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Synthesis and Study of Monomeric and Dimeric Boronates by Spectroscopic Methods and
X-ray Crystallography
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A series of 2-salicylideneamino ethanol derivatives with substituents in different positions have been brought to
reaction with phenylboronic acid. Depending on the number and position of the substituents in the ligand, three
boronate structure types have been obtained. Thereby, it could be shown that the formation of a macrocyclic
dimeric boronate is preferred over the monomeric compound and a [5.4.0]heterobicyclic system with-a B(4)
O—B(3) structural unit. The three structure types have been analyzed by X-ray crystallography, where a series
of parameters such as™B bond length, torsion angles, tetrahedral character at the boron atom, deviation of the
boron atom from the mean plane and sum of bond angles in the heterocyclic rings have been evaluated in order
to determine the factors for the preferred formation of each compound. Finally a new synthetic strategy is presented
that permits the synthesis of other macrocyclic boronates in the future.

Introduction Chart 1

During our studies of boron complexes with a coordinative
N—B bond! we recently reported the synthesis of two new
macrocyclic structures that consist of a dimeric and a tetra-
meric boronate ring system of 10 and 20 members, respectively
(Chart 1).

Both molecules are stable in the air and are obtained in high
yields in one step syntheses from the corresponding amino
dialcohol and phenylboronic acid. The molecular structures of
both macrocycles have been studied by X-ray crystallogréphy,
and it could be shown that the monomeric system would be
too strained due to the tetrahedral geometry at the boron atom
and its small atomic radius. This is in contrast to other metal
complexes, where only monomeric species have been obtained
with the same ligand.
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R = phenyl

In the present contribution the effects of different substituents
in the amino dialcohol that lead to the dimeric boronates are
studied by spectroscopic methods and X-ray crystallography.
It will be shown that the presence of certain substituents inhibits
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the formation of the dimeric structure and leads to the mono-
meric boronate.

Results and Discussion

Synthesis and Characterization of Dimeric Boronates.In
accordance with the preparation 882 a series of amino
dialcohols1lb—e with different substituents have been synthe-
sized from salicylaldehyde or-hydroxyacetophenone and the
corresponding amino alcohol and reacted with phenylboronic
acid, whereupon the dimeric boronat2s—e were obtained
(Scheme 1).
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The reaction provides the highest yields {5&%) in
benzene, if a DeanStark trap is used to separate the water
formed during the condensation.

The 10-membered heterocyclic compou@ds-e are practi-
cally insoluble in all common solvents, and NMR spectra could
only be recorded in the case of compouted ThelH and3C
NMR data for the ligand.e and the corresponding produé
are presented in Table 1. A comparison of tHeNMR data

Hopfl et al.
Chart 2

+
R R2

See
0B

to the molecules with théB isotope is only about one-fourth
of the base peak. For two boron atoms in one molecule a
relation of about 2:1¢B/11B:11B/1%B) should be expected.

The discussion so far has shown that the spectroscopic
characterization of compoun@s—e is rather difficult. There-
fore a big effort was undertaken to obtain single crystals of the
new structures in order to perform an X-ray crystallographic
study. Besides2&?, the macrocycle®b,d, and e could be
crystallized. Figures-13 show their crystal structures (Tables
2—4). For comparison selected crystallographic data for com-
pound22? have been also included in Tables 3 and 4.

The macrocycles consist of two rigid boronate units. This
rigidity and the required tetrahedral boron environment are
responsible for the preferred dimerization of the compounds with
a tridentate chelation around the boron atom being too strained.
The structures consist of 10-membered heterocyclic rings in a
boat-chair—boat conformation. As in the case @B?2 all
molecules are symmetric having a crystallographic inversion

between the ligand and the corresponding boron chelate showsenter and thus belong to ti@& point group. The inversion

that the signal of the methyl group is shifted downfiel(=
0.56 ppm) with the formation of the coordinative-MB bond.

center of all four molecules is located at this special position in
the crystal lattice (Table 2). Interestingly, the distance between

The same can be observed for the resonance signals of theone of the hydrogen atoms of the Oggtoup (H-121) and the

phenoxy groupAd = 0.16-0.30 ppm for H-3, H-4, H-5, and

H-6) and is in agreement with observations on similar struc-

opposite oxygen atom (O-11) is below the sum of the van der
Waals rad# in compound®a (2.43 A)2 2d (2.57 A), and2e

tures#® The signals of the methylene hydrogen atoms are split (2.46 A), indicating a transannular interaction (Table 4).

in diastereotopic signal®\p = 0.26 ppm for NCH andAd =
0.35 ppm for OCH), whereby those adjacent to nitrogen are
shifted upfield Ao = 0.37 ppm) and those adjacent to oxygen
are shifted downfield 46 = 0.35 ppm) with respect to the
corresponding signals of the tridentate ligalel

A comparison of the bond lengths (Table 3) shows no sig-
nificant differences between the four compouBédsb and2d—
e. The phenolic O(1}B(2) bond is about 0.05 A longer than
the O(11)-B(2) bond in all four structures. The mean value
of the O(11)-B(2) bond lengths for the four compounds of

From the3C NMR data it can be seen that the azomethine 1.438(5) A is significantly shorter than the mean-B bond

signal is shieldedA6 = 0.7 ppm), while the methyl group is
shifted to lower field Ad = 2.4 ppm) due to the B
coordination.

length of 1.477(5) A observed in different ethanolamine esters
of diarylborinic acid€. The N—B bond lengths with values of
1.624(3)— 1.634(7) A are in the upper range of bond lengths

The tetracoordination of the boron atom can be seen from found for diphenylboron chelates with salicylaldehyde azome-

the 1B NMR spectrum, where a value & = +4 ppm has

thines (1.572(2)1.634(5) A)1° The N—B bond strength can

been measured. This shift can be compared to those of diphen-also be evaluated by thetrehedralcharacter around the boron
ylboron chelates that have been synthesized from different atom?!! the corresponding THC values being in the range of

amino-substituted salicylaldehyde azomethihes.

The dimeric structures of compoun@b—e could be estab-
lished by mass spectrometry. In all four cases only the{M
CeHs) ion is detected due to the easy loss of a phenyl radical.

86—91% (Table 4). Thereby, a linear correlation between the
N—B bond length and the magnitude of the THC character is
not observed probably due to the chelative bonding of the ligand.

In contrast to the bond lengths, the bond angles are more

It is interesting to notice that the highly dominating base peaks sensitive to the variation of substituents around the macrocyclic
correspond to the cations shown in Chart 2, where the ring strainstructure (Table 3). In comparison to the unsubstituted deriva-

is lowered by the spbhybridization of the boron atom.

Thereby, the dimeric dicationic structure can be excluded on (7) The natural abundances éfB and 1B are 80.4 and 19.6%,

the basis of the isotopic abundance that would be expected for
two boron atoms. The intensity of the peak that corresponds

(4) Hohaus, EZ. Anorg. Allg. Chem1983 506, 185.

(5) (a) Tripathi, S. M.; Tandon, J. B. Prakt. Chem1978 320, 685. (b)
Hohaus, EMonatsh. Cheml98Q 111, 863. (c) Hohaus, EZ. Anorg.
Allg. Chem.1982 484, 41.

(6) (a) Hohaus, E.; Riepe, W.; Gruetzmacher, HOFg. Mass Spectrom.
1983 18, 359. (b) Hohaus, E.; Riepe, V. Naturforsch1973 28B,
440. (c) Hohaus, E.; Klapel, K. D.; Paschold, B.; Schulten, H. R.
Anorg. Allg. Chem.1982 493 41. (d) Hohaus, E.; Riepe, WZ.
Naturforsch.1974 29B 663.
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gart, Germany, 1987.
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A: Bondi, A. J. Phys. Chem1964 68, 441.
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S. J.; Trotter, JCan. J. Chem1973 51, 1288. (c) Rettig, S. J.; Trotter,
J. Acta Crystallogr.1974 B30, 2139.

(10) (a) Rettig, S. J.; Trotter, Can. J. Chem1983 61, 206. (b) Allmann,
R.; Hohaus, E.; Olejnik, SZ. Naturforsch.1982 37B, 1450. (c)
Kompan, O. E.; Furmanova, N. G.; Stuchkov, Y. T.; Sitkina, L. M.;
Bren, V. A.; Minkin, V. I. Zh. Strukt. Khim198Q 21, 90.

(11) Toyota, S.; ®i, M. Bull. Chem. Soc. Jpri992 65, 1832.
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Table 1. 'H, 3C, and™B NMR Data (270.1, 67.8, and 86.6 MHz) for Compouridgs(in CDCls) and 2e (in DMSO-ds) (ppm)

BC¢Hs

compd H-3 H-4 H-5 H-6 CH NCH; OCH;, o m p 1B (hy2 (Hz))

let 6.75 7.26 6.71 7.62 2.37 3.67 3.67

2e 7.05 7.47 6.94 7.78 2.93 3.17 3.85 7.49 7.21 7.24 4 (490)

3.43 4.19
BCeHs
compd C-1 C-2 C-3 C-14 C-5 C-6 C-7 GH NCH; OCH> o] m p

1le 117.7 164.9 116383 132.6 118.7 128.9 173.1 14.5 51.0 60.8

2e 117.7 160.0 1200 136.2 118.5 128.5 172.4 16.9 51.3 60.9 132.0 127.3 126.8

a4 NMR, 90 MHz.?22.6 MHz.¢ Signals may be interchanged.

Figure 1. Molecular structure of compounizb.

tive 2athe most striking changes are the decrease of theB(2)
N(3)—C(13) bond angle by 4?3when a substituent on C(4) is
introduced 2¢), the decrease of the BED(1)—C(6) bond angle

by 3.3-4.5°, when any substituent is introduced, the increase
of the B(2)-0O(11)-C(12) bond angle by 4:35.3°, when a
substituent on C(12) is introduced, and the decrease of the
N(3)—C(13)-C(12) bond angle by 3?1 when the substituent

at C(12) is a phenyl group.

To examine the effects of the substituents in the 10-membered
heterocyclic ring, a series of torsion angles have been selected
and summarized in Table 4. The ideal values for the torsion
angles are 60for the first four values and 18Cor the fifth,
while the last two values should not vary too much frofn 0
due to the planarity of the six-membered heterocycle. An
evaluation of the data shows that already the unsubstituted
derivative2ais somewhat strained. A comparison of the torsion
angles between the four molecular structures demonstrates that
the rest of the compounds deviate still more from the ideal
values, particularl2b. When all the deviations from the seven
ideal values in Table 4 are summed up for each structure andFigure 3. Molecular structure of compourize
divided by seven and a qualitative evaluation of the torsion ) )
angles is not considered necessary, a factor is obtained that maye sum of bond angles in the heterocycles (Table 4) that indeed
be used to express the relative strain of each molecule. TheProvides the highest average value &y with 115.2(4 in
factors calculated are 6.4, 13.5, 11.5, and 120t 2ab,d.e, comparison to 113.9(2)for 2a and 114.1(3) for 2d, but 2e
respectively, confirming the above stated observations. The Surprisingly presents the lowest value with 112.8'(4)
elevated ring strain of the substituted dimers can also be seen A further interesting observation goes along with the intro-
from the deviation of the boron atoms from the molecular mean duction of substituents around the macrocyclic ring. Com-
plane. While the deviation ia is only 0.129 A, this value pounds 2b,d,e include one or two solvent molecules per
varies from 0.459 to 0.504 A for the rest of the molecules. The macrocycle in the crystal lattice (solvent channels), while the
maximum ring strain irkb can only be in part confirmed by  unsubstituted compour2i crystallizes without them.
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Table 2. Crystallographic Data for Compoun@®,d,e

Hopfl et al.

2b?

2d

2e

Crystal Data

formula Q,2H3szNzo4'2CHCl3 C44H4052N204'2C6H5 C32H3282N204'CH2C|2b
cryst size 0.3x 0.4x 0.5 0.3x 0.4x 0.5 0.3x 0.4x 0.4
MW 530.24 682.43 530.24
space group P2,/c P2i/c P2i/c
Cell Parameters
a(d) 13.373(2) 10.465(2) 10.7924(4)
b (A) 9.752(1) 19.631(2) 11.9838(5)
c(A) 14.299(1) 11.553(2) 11.8659(11)
S (deg) 101.760(8) 100.10(2) 97.162(4)
V (A3 1825.7(5) 2336.6(7) 1522.9(2)
z 2 2 2
u(cm™) 5.1 0.69 25
Pcaled (g CNT3) 1.40 1.19 1.34
Data Collectiofi
scan range (deg) 0.800.83 tand 0.42+ 0.54 tand 0.41+ 0.52 tand
scan speed (deg mit) 1.8<sp.<20.1 1.0<sp.<20.1 0.8<sp.<20.1
0 limits (deg) 2<0<26 2<60<21 2<0<26
hkl limits —16,16;0,12-17,0 -10,0;0,19-11, 11 —13,13;—-14,0;—-14,0
no. collcd reflcns 3955 2781 3297
no. ind reflens R 3574 (0.02) 2502 (0.01) 2990 (0.02)
no. obsd reflcns 1535 1732 1318
Refinement
Rd 0.047 0.042 0.061
Ry® 0.037 0.038 0.052
w 1/0? 1/0? 1/0?
no. of variables 260 316 248
GOOF 3.34 3.17 3.17
max,Alo 0.03 0.3 0.05
Apmin (€ A7) -0.27 -0.15 —0.53
Apmax (e A9 0.22 0.18 0.69

2 Crystal with intensity loss of 42% during data collection that had to be corrétlgte solvent is disordered, therefore the high values®fin
and Apmax ¢ T = 293 K, Amoka = 0.710 69 AIR = S(||Fo| — |Fell)/Z|Fo|. € Ry = [SW(|Fo| — |Fe|)¥YWF Y2

Table 3. Selected Bond Lengths and Bond Angles of Compowzalb,d,e

22 (R=H, 2b(Rt=H, 2d (R*=H, 2e(R! = Me,
RZ=H, R®=H) R2=H, R® = Me) R?2= Me, R® = Ph) RZ=H, R®=H)
Bond Lengths (A)
O(1)-B(2) 1.492(3) 1.480(6) 1.494(5) 1.481(7)
O(1)—-C(6) 1.332(3) 1.332(5) 1.339(4) 1.337(5)
B(2)—N(3) 1.624(3) 1.632(6) 1.626(5) 1.634(7)
B(2)—0(11) 1.433(3) 1.441(6) 1.448(5) 1.431(6)
N(3)—C(4) 1.291(3) 1.293(5) 1.297(4) 1.303(6)
N(3)—C(13) 1.477(3) 1.462(6) 1.496(4) 1.481(6)
0(11)-C(12) 1.412(3) 1.415(5) 1.419(4) 1.412(6)
C(12)-C(13) 1.512(3) 1.524(7) 1.528(5) 1.524(7)
Bond Angles (deg)

O(1)-B(2)—N(3) 106.5(2) 105.4(4) 105.6(3) 105.7(4)
0O(1)-B(2)-0(11) 111.6(2) 114.1(4) 112.7(3) 113.4(5)
B(2)—N(3)—C(4) 122.4(2) 120.4(4) 119.9(3) 123.5(4)
B(2)—N(3)—-C(13) 119.4(2) 122.6(4) 119.7(3) 115.1(4)
B(2)—0O(1)—C(6) 126.5(1) 123.2(4) 122.7(3) 122.0(4)
B(2)—0(11)-C(12) 118.7(2) 123.0(4) 124.0(3) 119.1(4)
N(3)—B(2)—0(11) 109.0(2) 108.6(4) 109.2(3) 108.6(4)
N(3)—C(4)-C(5) 122.8(2) 122.3(4) 122.9(4) 119.2(5)
N(3)—C(13)-C(12) 113.0(2) 114.0(4) 109.9(3) 111.4(4)
C(4)—N(3)—C(13) 118.2(2) 116.9(4) 120.3(3) 121.3(5)
O(11)-C(12)-C(13) 109.6(2) 107.9(4) 107.6(3) 110.0(4)

Synthesis and Characterization of Monomeric Boronates. The monomeric composition of compounda—c can be
The aim of the synthesis of tridentate ligands with different concluded from mass spectrometry, where the molecular ion is
substituents was also to investigate, if the dimeric structure is detected in all three cases. In contrast to the dimeric boronates
still obtained, when the steric hindrance around the heterocycles2b—e the base peak corresponds now to the fMCgHs]™*
is enhanced (Scheme 2). fragment ion.

It can be seen that this is not the case, especially when the The 1H, 13C, and'B NMR data for the tridentate ligands
amino dialcohol is substituted by two methyl groups at the 3a—c and the corresponding boronas—c are presented in
carbon atom adjacent to the nitrogete,@b). A monomeric Tables 5 and 6. All three compoundia—c have diastereotopic
compound is also formed, when the tridentate ligand permits 'H NMR signals for the OCklgroup A6 = 0.13, 0.07, and
the formation of a [4.4.0]heterobicyclic systedx). 0.30 ppm). In thel®3C NMR spectra two signals for the2R
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Table 4. Selected Torsion Angles, Sum of Bond Angles in the Heterocycles, THC, and-©H(1P1) Hydrogen Bond Length of Compounds
2a,b,d,e

2 (RL=H, 2b(Rt=H, 2d (Rt=H, 2e(R! = Me,
R?2=H, R®=H) R?2=H, R®= Me) R?= Me, R = Ph) R?2=H, R®=H)
Torsion Angles (degd)
O(11)-C(12)-C(13)-N(3) 58.1 —49.7 61.1 89.8
Con—B(2)—N(3)—C(13) —51.6 37.3 —-37.1 —46.1
R°—C(13)-C(12)-R?® —53.8 48.4 58.0 —53.2
B(2)—-0O(11)-C(12-R? 77.2 —88.0 80.0 74.5
N(3)-C(13)-C(12)-R? —176.8 170.0 —174.6 —-175.1
C(4)-N(3)—C(13)-R? -3.2 14.6 12.8 —-14.7
R-C(4)—-N(3)—C(13) —4.6 3.2 6.0 21

Sum of Bond Angles in the Heterocycles (deg)
7188 6 x 119.7(2) 710.7= 6 x 118.5(4) 710.3= 6 x 118.4(4)
1139410 x 113.9(2)  1152.2210x 115.2(4)  1140.8= 10 x 114.1(3)

six-membered ring
ten-membered ring

711.4= 6 x 118.6(5)
1128.4= 10 x 112.8(4)

THC (%)
86 88 91 87
Hydrogen Bond H(121)-0(11) (A)
2.43 2.87 2.57 2.46

@ A positive rotation is counterclockwise from atom 1, when viewed from atom 3 to atom 2.

Scheme 2
R1 R2‘R2
NN (G . CeHe
OH HO B, ~2H20
HO™ ~OH
3a-3c
, R RR2
] _
7 Tl‘l>\(CH2)n n Rl Rr2
4 Bl 4a 0 H Me
3 200 4b 0 Me Me
© 4c 1 H H

methyl groups are detected for both compou#as, although
in theH NMR spectrum they appear only fda. The displace-
ments in thé'B NMR spectra indicate tetracoordinated species
in all three casesd(= +7, +7, and+5 ppm for4a—c).12

Since it was desirable to get some information about the
stereochemistry in the monomeric structudes-c in order to
compare them with the dimeric boronates, an X-ray crystal-
lographic study was performed for compourddsc. Adequate
crystals of compounda could not be obtained. The crystal-
lographic data are displayed in Tabless9. The data of
structuredc are of lower quality (Table 7), because the rotational
disorder of the dichloromethane incorporated in the crystal lattice
could only be partially resolved. The molecular structures of
compoundglib,c are presented in Figures 4 and 5.

Molecular modeling shows that the heterobicyclic structure
4b with a five-membered ring is more strained than the one of
4cwith a six-membered ring instead. The different ring strain

can be studied in more detail based on the bond lengths and
bond angles of the molecular structures that are displayed in

Table 8.

Significantly different in the two heterocycles are the N{3)
C(13,14) bond length (1.508(3) vs 1.459(9) A), the B{R|(3)—
C(13,14) bond angle (108.8(2) vs 116.2{6}the B(2-0O(1)—
C(6) bond angle (114.8(2) vs 124.1{pxhe B(2-0O(11)-C(12)

(12) Nah, H.; Wrackmeyer, B. INMR Spectroscopy of Boron Compounds
Diehl, P., Fluck, E., Kosfeld, R., Eds.; NMR-Basic Principles and
Progress, Vol. 14Springer-Verlag: Berlin, 1978.

bond angle (105.7(2) vs 115.4¢5)the N(3)-B(2)—0O(11) bond
angle (100.7(2) vs 107.6(H) the N(3)-C(13)-C(12)/N(3)—
C(14)-C(13) bond angle (99.5(3) vs 109.0{pand the C(4);
N(3)—C(13,14) bond angle (129.2(3) vs 120.7{6lor com-
pounds4b,c, respectively.

Interestingly, the ring strain in the five-membered ringlbf
which is expressed by an average value of 104°5(&) the
five bond angles (Table 9), is transmitted also to the six-
membered ring, where an average value of only 1162 %@\
be determined. The corresponding bond angleddare 111.7-
(7)/119.3(7j, and the mean values for the dimeric compounds
2a,band2d,eare 114.0(3)/118.8(4)Table 4). The high strain
can also be evaluated by the deviation of the boron atom from
the molecular mean plane, that is 0.629 A 4, 0.264 A for
4c, and 0.394 A (mean value) for the dimeric structures. It
should be noted that the deviation of the C(4) atom is very
characteristic, too (0.280 A vs 0.073 A).

Although unexpectedly the NB bond lengths of the two
compoundsib,c are practically identical (1.601 A), the THC
characters are different (Table 9). The lower THC value is
obtained for the [4.3.0]heterobicyclic molecudd (71% vs
86%). The N-B bond lengths are 0.28 A shorter than the mean
value for the dimeric structures (1.601(4), 1.601(9) A vs 1.629-
(5) A), where the THC values are 881% (Table 4).

When the bond angles of the monon#y and the unsub-
stituted dimerka are compared, some very striking differences
can be found that may vary up to 13.5vhile a comparison
betweemdc and2ashows a maximum difference of 8.6rables
3 and 8).

If all the observations mentioned so far are summarized, it
can be concluded that there must exist at least one decisive factor
that inhibits the formation of the much more favorable dimeric
structure in the case ofdab; for 4c the formation of the
monomer is sufficiently reasonable. This factor should be the
necessary inward orientation of the additionahiethyl group,
if the dimeric species were formed, that would cause a repulsive
interaction with the B-phenyl group (compare the molecular
structures oftb, Figure 4, and®d, Figure 2). In structurdb a
repulsive interaction between the! Rnd the R (cis to R)
methyl groups could also be relevant.

It is important to note that compourkh cannot be obtained
in a one-step synthesis betwe8a and phenylboronic acid,
becaus&awith a seven-membered NBOBOCC ring precipitates
first (Scheme 3).
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Table 5. *H and*'B NMR Data (270 and 86.6 MHz) for Compoun8s—c and4a—c in CDCl; (ppm)

Hopfl et al.

BCeHs
compd H-3 H-4 H-5 H-6 R R? NCH; OCH, o} m p UB (hyz (Hz))
3a8p 6.81 7.41 6.93 7.26 8.69 1.25 3.40
3b? 6.84 7.41 6.84 7.75 2.63 1.07 3.27
3c 6.92 7.30 6.83 7.20 8.30 3.67 3.67
42 6.81 7.43 6.89 7.60 8.81 1.28 3.60 7.21 7.07 7.07 7 250)
1.43 3.73
4b 6.96 7.33 6.78 7.45 2.68 1.60 3.82 7.30 7.11 7.15 7 (130)
3.89
4c¢ 7.27 7.27 6.76 7.27 8.14 3.641.11 7.38 7.27 7.27 5(160)
214 NMR, 90 MHz.® In DMSO-ds. ¢ OCH,CH,: 6 = 1.91 ppm.¢In CDCl;. ¢ OCH,CHy: 6 = 1.97 ppm.
Table 6. 13C NMR Data (67.8 MHz) for Compound3a,cand4a—c in CDCl; (ppm]
BCsHs
compd C-1 C-2 C-3 C-4 C-5 C-6 C-7 2R NCR, OCH, o} m p
3ab 118.7 162.¢ 1169 132.2 1178 132.0 1624 23.8 60.6 69.2
3c 118.3 161.8 1170 132.2 118.F 131.2 165.1 55.2 59.5
42 119.2 159.0 1190 136.6 1186  131.6 157.9 23.6 63.8 75.5 130.3 126.8 126.2
24.9
4h9 121.7 159.8 1209 136.2 118.8 127.8 167.2 24.8 64.2 76.6 131.3 127.1 126.6
26.4
4c 1155  159.6 1198 137.8 118.7 1311 160.3 55.5 61.5 1311 1278 1272

a22.6 MHz.? In DMSO-ds. ¢ Signals may be interchangedDCH,CH,: 6 = 33.2 ppm. 9R%: 6 = 18.0 ppm." OCH,CH,: 6 = 30.9 ppm.

Table 7. Crystallographic Data of Compounds,c

4b 4c 4b.c
4b(n=0, 4c(n=1,
Crystal Data P2 —p2—
formula QgszBNOz CleHlsBN02‘ RI=R= Me) RI=R= H)
1/2CHCl? Bond Lengths (A)
cryst size (mm) 0.3 0.5x 0.5 0.20x 0.25x 0.48 0O(1)-B(2) 1.463(4) 1.48(1)
MW 293.17 265.12 O(1)-C(6) 1.337(4) 1.337(8)
space group P2,2:2; P2,/c B(2)—N(3) 1.601(4) 1.601(9)
B(2)-0(11) 1.450(4) 1.45(1)
ad) Sclel"?g(a?ff‘mewrs 6.4556(6) N(3)—C(4) 1.284(3) 1.292(9)
b (A) 13.2085(6) 12.6603(7) N(3)—C(13,14) 1.508(3) 1.459(9)
c(A) 14.4774(8) 18.753(1) O(11)-C(12) 1.416(4) 1.412(9)
d ) 2'47 7 C(12)-C(13) 1.548(4) 1.53(2)
p (deg) 90 92:479(7) C(13)-C(14) - 1.52(1)
V (A3 1552.2(1) 1531.3(2) -
z 4 4 Bond Angles (deg)
u (cm?) 0.75 25 O(1)-B(2)—N(3) 106.7(3) 107.6(6)
Peaica (g CNT3) 1.25 1.36 0(1)-B(2)-0(11) 110.7(3) 106.1(6)
, B(2)—N(3)-C(4) 121.4(3) 123.1(7)
Data Collectioh
scan range (deg) 0.340.55tand  0.72+ 1.03 tand E%:g%:g%? 14) 11;?55((22)) 11214?;5((66))
sclgnispeded (deg mif %9 < Sp-2< 20.1 %.4< Sp.2< 20.1 B(2)—0(11)-C(12) 105.7(2) 115.4(6)
< < < < : N
 limits (deg) 25028 250=26 N(3)—B(2)—0(11) 100.7(2) 107.6(6)
hkl limits 10,0;0,17;0,19 —7,0;0, 15;—23, 23 N@)—C(4)-C(5) 116.5(3) 120.7(7)
o nd reflons R 2136, 2002 (0.04) N(-C(13) C(128 99.5(3 109.0(6}
no. obsd reﬂcnsn 1427 1166 C(4)-N(3)-C(13,14) 129.2(3) 120.7(6)
' _ C(4)-C(5)-C(6) 118.2(3) 119.7(7)
Refinement O(11)-C(12)-C(13) 107.9(3) 110.9(7)
EcNd 8.828 8'823 C(12)-C(13)-C(14) - 111.0(7)
W 102 102 2N(3)—C(14)-C(13) in the case ofc.
no. of variables 261 200
GOOF 2.49 4.91 dimeric structure could be inhibited due to the impossibility to
XEX'A(Z;OA*) 8-831 3 Ebzg 3 obtain a centrosymmetric molecule that seems to be a necessary
Apmas (€ A9) 0.14 0.71 requisite. The same is observed with ligakfda derivative of

Table 8. Selected Bond Lengths and Bond Angles of Compounds

1d with an additional methyl group at the C-7 atom, either with

a2 The solvent is disordered, therefore the high values of fvax
Apmin and Apmax ° T = 293 K, Amoke = 0.710 69 AR = 3(||Fo| —

theracemicmixture or theenantiomericallypure form. In both
cases onlpnediastereomer is obtained. Compousfccannot

d = — 2 12
IFell)/ZIFol. Ry = [2w(IFol — [Fol)/2wWFoT™ be transformed into a dimeric or [4.3.0]heterobicyclic mono-

meric system, as it has been achieved with compd&ameven
when toluene is used as a solvent. Herewith it is demonstrated
that the substituents in this molecule inhibit both the formation
of the monomeric and dimeric structure in favor of a third

The desired produeta can only be synthesized in a further
step, when an additional 1 equiv of the corresponding ligand
3ais added to a solution da in benzene (Scheme 4).

The [5.4.0]heterobicyclic compound tyfeis also favored,
when ligandl1d is brought to reactiorenantiomericallypure
with phenylboronic acid d),'® whereby the formation of a

(13) Note that theacemicmixture provides the dimeric structugel.
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Table 9. Selected Torsion Angles, Sum of Bond Angles in the
Heterocycles, and THC of Compoundb,c

4b(n= 4c(n=1,
Rl=R2= Me) R!=R2=H)
Torsion Angles (degd)
O(11)-B(2)—N(3)—C(13,14) 17.8 —49.1
Con—B(2)—N(3)—C(13,14) —-104.5 76.1
C(4)-N(3)—C(13)-R2be 62.4 —7.6
R—C(4)-N(3)—C(13,14) 11.3 -25

Sum of Bond Angles in the Heterocycles (deg)

six-membered ring 7006 715.9=
6 x 116.7(3) 6 x 119.3(7)
five- and six- 522.6= 670.1=
membered rings 5 x 104.5(3) 6 x 111.7(7)
THC (%)
71 86

a A positive rotation is counterclockwise from atom 1, when viewed
from atom 3 to atom 22 C(4)—N(3)—C(14)-R?in the case ofic. Only
the R methyl group ¢is to RY) is considered.

Figure 5. Molecular structure of compoungt.

structure typeR). The dimer should be placed at a disadvantage
by the 1,3-repulsive interaction between theadrd R methyl
groups and the gauche interaction between thenBthyl and

Inorganic Chemistry, Vol. 37, No. 8, 1998685

Scheme 3
R1
CeHe
5 —_—
R *+2 -3 H0
OH HO HO™ ~OH
3a, 14,
R1 R2R3
4 5aH MeMeH H
5dH H MeH Ph
5fMeH MeH Ph
Scheme 4
Me Me MeMe
Py S
B g oH Ho M0

zéo B©
@f
@

4a

interaction between the SRand R substituents in acis-
orientation that must be eclipsed, when it is assumed that the
boron atom prefers to leave the molecular plane of the five-
membered ringP

The formulation of moleculeSa,d,f has been determined by
mass spectrometry. The molecular peak is only observed for
5d, while for the other two compounds the [M CgHs]* ion
could be detected. The base peak isttmomericcation with
one boron atom as it has been observed already for the dimeric
boronates.

Compoundsbaf have been further studied by NMR spec-
troscopy. ThéH, 13C, andB NMR data are given in Tables
10 and 11, whereby compourdf has been included for
comparison. ThéH NMR data show that the Rydrogen atom
in the seven-membered compoubalis shifted to higher field
when compared to the ligar&h (Ao = 0.29 ppm), while it has
been shifted downfield in the five-membered compodadAd
= 0.12 ppm). The Rand R methyl groups irba and4a are
diastereotopic, whereby the shift difference in the seven-
membered heterocycle is highekd = 0.15 and 0.38 ppm,
respectively). The AX system of the OGlgroup in5a (Ao
= 1.39 ppm) could be due to the proximity of the hydrogen
atom R to the B-CgHs phenyl group of the tetracoordinated
boron atom (comparsf, Figure 6).

The inclusion of two different coordinated boron atoms in
the structure typé& can be confirmed by th#B NMR spectra,
where the signals at = +5 (5a) and+6 (5f) ppm indicate the

R> phenyl group. The monomer is disfavored, because the tetracoordination and the onesdat= +28 (5a) and+25 (5f)

already high ring strain is still enhanced by the repulsive

ppm indicate the tricoordination of the boron atots.
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Table 10. *H and*'B NMR Data (270 and 86.6 MHz) for Compound@s, 1f, 4a, and5af in CDCl; (ppm)

BCeHs?
compd H-3 H4 H5  H6 R R? R R RS 0 m p 1B (hy, (Hz))
3ae 6.81 741 693 7.26 869 125 125 3.40
1fe 712 760 704 7.84 250 443 158 500 d
4z 681 743 689 7.60 881 143 128 359 376 721 707  7.07 +7(250)
5a 6.94 728 684 728 840 161 123 475 336 747 728  7.28 +5(580)
7.99 728 728  +28(190)
5fe 697 738 685 757 265 442 142 578 g 742 717 717 +6 (320)
826 749 749  +25(1280)

aThe first row corresponds to the phenyl group of the tetracoordinated boron atom, and the second one, to the tricoordinated bbtbin atom.
NMR, 90 MHz. ¢In DMSO-s. 46 = 7.54-7.74 ©0-H, m-H, p-H) ppm.¢*H NMR, 400 MHz.f 1B NMR, 128.3 Hz.9 6 = 7.35-7.49 (©-H, mH,

p-H) ppm.
Table 11. 3C NMR Data (67.8 MHz) for Compound3a, 1f, 4a, and5af in CDCl; (ppm)
BCgHs?
compd C-1 C-2 C-3 C-4 C-5 C-6 C-7 2R NCR?R® OCR*R® o] m p
3ae 1187 1624 1169 1322 1175 1320 1624 23.8 60.6 69.2
1fegh 1189 1641 1164 132.2 1183 128.7 170.6 175 59.8 76.3
48 119.2  159.0 1190 136.6 118.6 1316 157.9 23.6 63.8 75.5 130.3 126.8 126.2
24.9
52 1153 159.9 119.5 138.5 118.6 130.4 162.2 26.6 65.8 69.7 130.6  127.4 127.3
27.3 134.9 127% 1317
5fi—k 121.2  160.7 122.0 138.0 120.2 129.3 171.7 14.6 66.8 74.6 131.3 1291 128.4
136.3 128.7 131.7

aThe first row corresponds to the phenyl group of the tetracoordinated boron atom, and the second one, to the tricoordif@2® dfidz.
¢In DMSO-ds. ¢~* Signals may be interchangetiR®: ¢ = 126.9, 127.7¢, m), 127.0 @), 143.1 {) ppm."R%: ¢ = 14.0 ppm. 13C NMR, 100.5
MHz. 1 R% 6 = 127.2 (n), 128.9 0), 129.8 ¢), 142.8 () ppm.¥R%: ¢ = 17.6 ppm.

Figure 6. Molecular structures of compound$ and 5f.

For compoundsf and the corresponding ligarid a crystal-

lographic study could be carried out (Tables 12 and 13). The
molecular structures of the two molecules are represented in

Figure 6.

It is interesting to note that the tridentate amino dialcdtfol
is a zwitterion in the solid state. The hydrogen atom of the
phenolic hydroxyl group is associated with the nitrogen atom,
and an iminium cation is formet.

The structure analysis &f confirms the [5.4.0]heterobicyclic
formulation with a seven-membered NBOBOCC ring.

The N—B bond length of compoundf (Table 13) is
comparable to the mean value that has been found for the dimers
2a,band2d,e(1.629(5) vs 1.629(6) A). Comparing the different
O—B bond lengths in the heterobicycle, there is evidence of
O—B pp (7) back-donation in the ©(sp?)B—O fragment of
the seven-membered ring, the partiabond character causing
short O-B bonds, especially at the O(+1B(12) bond. The
bond lengths of 1.431(5), 1.346(5), and 1.375(5) A in the
(sp’)B—O—(sp?)B—O portion are similar to corresponding bond
lengths in five-membered heterocycles, where mean values of
1.471, 1.333, and 1.410 A have been fodfid! although the
(sp’)B—0O and (sp)B—O bond lengths are somewhat smaller.
As compensation, the B(12)XC(30) bond length with 1.569(6)
A'is slightly longer than the mean value for the above-mentioned
compounds (1.554 A6 Nevertheless, the B(12)C(30) bond
length is still indicative of somer-interaction between the
phenyl group and the &boron atom. The mean value of the
(SP)B—Cphenyibond length is 1.601 A% The planarity of the
fragment can be also confirmed by the deviation of the B(12)
atom f'r&f)m the O(11y0O(13)-C(30) mean plane that is only
0.013 A.

(14) The hydrogen atoms have been determined by difference Fourier
maps.

(15) (a) Kliegel, W.; Nanninga, D.; Rettig, S. J.; TrotterCan. J. Chem.
1984 62, 845. (b) Amt, H.; Kliegel, W.; Rettig, S. J.; Trotter,Jan.

J. Chem.199Q 68, 1791.

(16) (a) Rettig, S. J.; Trotter, J.; Kliegel, W.; Becker, Gan. J. Chem.
1976 54, 3142. (b) Kliegel, W.; Rettig, S. J.; Trotter,Jan. J. Chem.
1984 62, 515.

(17) (a) Kliegel, W.; Nanninga, D.; Rettig, S. J.; TrotterCan. J. Chem.
1983 61, 2329. (b) Kliegel, W.; Motzkus, H.-W.; Rettig, S. J.; Trotter,
J.Can. J. Chem1984 62, 838.
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The formulation of the three structures is confirmed by mass
spectrometry, where in all cases the [M CgHs]™ ion is
detected. The base peak representsntio@omericstructure
SN (CH2)n\O\E_;/O minus the phenyl group at the boron atom with a relation of
|

I about 4:1 for the corresponding isotope peaks.

B.
o o N . .
@ S(CH2)w S Conclusions and Perspectives

The above discussion has shown that macrocyclic boronates
can easily be formed, when ligands of appropriate geometry
are present. A key point is the formation of a dative-R
bond providing rigidity to the structure. On the basis of the

The average value for the bond angles of the seven-memberedlimeric boronates, it has been shown, in detail, that the
ring is 118.8(3) and is similar to the value observed for the formation of the macrocyclic structure may be favored by only
six-membered heterocycle (117.3(4) But the variety between ~ Small energetic advantages which can be easily lost by the
the bond angles can be remarkable, e.g. the smallest bond anglétroduction of two methyl substituents at the carbon atom
is N(3)—B(2)—0O(11) with 108.5 (4) and the largest one is ~ adjacent to the nitrogen.

B(2)—O(11)-B(12) with 131.4(3). No doubt further tridentate ligands that conduce to macro-

The ring presents a twisted boat conformation with the B(2) Ccyclic boronates exist and may be designed using the model in
atom at the top (Figure 2. The deviation of the boron atom ~ Chart 4. It can be expected that macrocyclic structures are
from the mean plane is 0.714 A, the highest value observed soobtained when ligands with one amino and two hydroxyl groups
far, so that a certain ring strain in this [5.4.0]heterobicycle is are designed in such a way that a cyclic structure with-aBN
indicated. Up to now only few seven-membered boronate com- bond is only formed between one hydroxyl group and the amino
plexes have been prepared, and none has been characterized ynction, while the second hydroxyl group has to form an ester
X-ray crystallography? so that a further comparison is not With the boron atom from another molecule.
possible. The present macrocylic compounds could serve as receptors

The reaction of 3-(salicylideneamino)-1-hydroxypropadg (  for Lewis bases and even anionic molecules, if the dativeBN
with phenylboronic acid has shown that a monomeric species bond is broken, so that the Lewis acidity of the boron atom can
is obtained, because the formation of an unstrained [4.4.0]- be exploited. In the case of an application as anionic host the
heterobicyclic compound is possiblédf. A further study with nitrogen atom could be transformed to an ammonium ion, so
amino dialcohols, where the number of methylene groups that the overall hostguest molecule would be neutfal.

between the imino and hydroxyl functional groups is increased, UP to now the hostguest chemistry of the tetrameric and
shows that the dimeric structure can again be favored, e.g.dimeric boronates obtained has not been carried out due to their

ligands6a,b provide compoundga,b (Scheme 5). insolubility. Therefore the introduction of hydrophilic or lipo-
Compound7ais a yellow oil, while compoundb is a solid. philic functional groups into the ligands would be a perspective

During the preparation of compourtth, 8b precipitates first. o undertake further studies.

This intermediate can be transformed#b by reaction with

another 1 equiv of the ligan@b as it has been shown for Experimental Section

compound4a (Chart 3). 1. Instrumentation. NMR studies were performed with the
following spectrometers: JEOL FX 90 Q, JEOL GSX 270, and JEOL
(18) Bocian, D. F.; Pickett, H. M.; Rounds, T. C.; Strauss, HJLAm. ECLIPSEF400. Special techniques (COSY, HETCOR) were applied

Chem. Soc1974 97, 687. when necessary to assign the spectra adequately. Standards were TMS
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Table 12. Crystallograpic Data for Compounds$ and 5f

1f 5f
Crystal Data

formula GH1NO; CaoH27B2NOs
cryst size (mm) 0.2k 0.39x 0.48 0.21x 0.48x 0.60

269.34 459.16
space group P2; P212,2;

Cell Parameters
a(d) 7.6083(2) 11.880(2)
b (A) 8.5934(7) 13.924(1)
c(A) 11.004(1) 15.521(3)
f (deg) 99.003(8) 90
V (A3 710.6(2) 2567.4(8)
VA 2 4
u(cmt) 0.77 0.70
Pcaled (g CNT3) 1.26 1.19
Data Collectiof
scan range (deg) 0.56 0.56 tand 0.65+ 0.76 tang
scan speed (deg mi) 1.3<sp.<20.1 0.9<sp.<20.1
6 limits (deg) 2<0 <28 2<6<30
hkl limits -10,0;0,11;-14,14 0,16:-19,0;0, 22
no. collcd reflcns 1952 4347
no. ind reflcns Rint) 1817 (0.04) 4309
no. obsd reflcns 1357 1897
Refinement

Re 0.038 0.042
Ru¢ 0.033 0.037
w 1/0? 1/o?
no. of variables 240 318
GOOF 3.12 251
maxAl/o 0.06 0.001
Apmin (€ A73) —0.16 —0.16
Apmax (e A9) 0.14 0.14

aT = 293 K, Amoka = 0.71069 APR = Y(||Fol — |Fe/)/3|Fol.
CRy = [IW(IFol — |Fe)&YWRAY2

(*H, 3C) and BR-OEt (*'B). Chemical shifts are stated in ppm; they

are positive, when the signal is shifted to higher frequencies than the

standard.

Hopfl et al.

structural studies performed in here. This ratio could have been
improved in those cases if the hydrogen coordinates had been refined,
but we would have lost important information on intra- and intermo-
lecular hydrogen interactions.

2. Reagents. All starting materials were commercial. Solvents
were used without further purification, but single crystals were grown
from spectrophotometric grade solvents.

3. Preparation of the Tridentate Ligands. General Method for
the Preparation of the Ligands 1a-f, 3a—c, and 6a,b. To prepare
the tridentate liganddéa—f, 3a—c, and6a,b, equimolar quantities of
the corresponding amino alcohol and salicylaldehyde'dry@roxy-
acetophenone were refluxed in benzene for 30 min. The solvent and
the water formed during the reaction were then removed by a Bean
Stark trap to yield an oil or a solid that was washed with chloroform
and used without further purification.

Part of the spectroscopic data for some of the ligands has already
been published. This is the case fth®? (elemental analysisyd?!

(*H NMR), 1€® (elemental analysis, IRBa? (*H and 3C NMR in
CDCl;, IR), and3c® (elemental analysissH NMR). Therefore our
spectroscopic data are only included when they could be obtained in
more detail.

Preparation of 2-[[(2-Hydroxypropyl)imino]methyl]phenol (1b).
Compoundlb was prepared from 1.00 g (13.36 mmol)oef1-amino-
2-propanol and 1.62 g (13.36 mmol) of salicylaldehyde. The product
obtained is a yellow oil (2.20 g, 12.30 mmol). Yield: 92%.

1H NMR (270 MHz, CDC}) [6 (ppm)]: 1.24 (3H, dJ = 5.9 Hz,
CHg), 3.45 and 3.65 (2H, ddl = 12.8 and 7.5 Hz, ddd] = 12.8, 3.4
and 1.3 Hz, NCH), 4.05 (1H, m, OGICH;), 6.83 (1H, t,J = 5.6 Hz,
H-5), 6.91 (1H, dJ = 6.6 Hz, H-3), 7.20 (1H, dJ = 5.9 Hz, H-6),

7.28 (1H, t,J = 6.6 Hz, H-4), 8.28 (1H, s, H-7).13C NMR (67.8
MHz, CDCk) [6 (ppm)]: 20.8 (CH), 66.6, 67.1 (NCH, OCHCHj),
117.2, 1185 (C-1, C-3, C-5), 131.5, 132.5 (C-4, C-6), 161.6 (C-2),
166.7 (C-7).

IR (NaCl) [7 (cm™1)]: 3384 (br, m), 3060 (w), 2970 (m), 2926 (m),
1632 (s), 1614 (m), 1580 (w), 1520 (w), 1496 (m), 1456 (w), 1418
(W), 1374 (w), 1278 (m), 1220 (w), 1150 (m), 1136 (m), 1086 (w),
1044 (m), 1024 (w).

Preparation of o-[[[(2-Hydroxyphenyl)methylene]amino]methyl]-
benzenemethanol (1c).Compoundlcwas prepared from 1.00 g (7.29

IR spectra have been recorded with a Perkin-Elmer 16F-PC FT-IR mmol) of pL-2-amino-1-phenylethanol and 0.89 g (7.29 mmol) of

spectrophotometer.
Mass spectra were obtained with an HP 5989 A equipment.

Melting points were determined with a Gallenkamp MFB-595

apparatus and have not been corrected.

salicylaldehyde. The product obtained is a yellow solid (1.44 g, 5.98
mmol). Mp: 9799 °C. Yield: 82%.

'H NMR (270 MHz, CDC}) [6 (ppm)]: 3.80 (2H, m, NCH), 5.00
(1H, dd, OCHPh), 6.86 (1H, tJ = 7.2 Hz, H-5), 6.94 (1H, d) = 6.6

Elemental microanalyses were performed by Oneida ResearchHz, H-3), 7.21-7.43 (7H, m, H-3, H-5, Ph), 8.33 (1H, s, H-7}*C

Services, Whitesboro, NY 13492, and by the InstitutAmorganische
Chemie, Ludwig-Maximilians-UniversitaMtinchen, Germans?

NMR (67.8 MHz, CDC) [ (ppm)]: 67.1 (NCH), 73.5 (CCHPh),
117.1, 118.7 (C-1, C-3, C-5), 126.0, 128.0, 1288, m-Ph, p-Ph),

X-ray diffraction studies of single crystals were determined on an 131.5, 132.5 (C-4, C-6), 141.T-Rh), 161.2 (C-2), 167.1 (C-7).

Enraf-Nonius CAD4 diffractometerifoke = 0.710 69 A; mono-
chromator: graphitel = 293 K, w—26 scan). Crystals were generally

IR (KBr) [# (cm 3] 3346 (br, m), 3162 (m), 3060 (m), 3028 (m),
2920 (m), 2850 (m), 1648 (s), 1610 (s), 1578 (w), 1560 (W), 1540 (w),

mounted in Lindeman tubes. Cell parameters were determined by least-1522 (s), 1496 (s), 1464 (m), 1452 (m), 1432 (m), 1340 (w), 1316 (w),
squares refinement on diffractometer angles for 24 automatically 1282 (m), 1254 (w), 1222 (m), 1194 (s), 1152 (s), 1146 (s), 1120 (m),
centered reflections. Absorption correction was not necessary; cor- 1090 (w), 1058 (s), 1026 (m), 918 (m).

rections were made for Lorentz and polarization effects. Solution and

Preparation of o-[1-[[(2-Hydroxyphenyl)methyleneJamino]ethyl]-

refinement; direct methods (SHELXS-86) for structure solution and benzenemethanol (1d).Compoundld was prepared from 1.23 g (8.18
the CRYSTALS (version 9, 1994) software package for refinement and mmol) of racemic norephedrine and 1.00 g (8.19 mmol) of salicylal-
data output. Non-hydrogen atoms were refined anisotropically. Hy- dehyde. The product obtained is a yellow oil (1.81 g, 7.10 mmol).
drogen atoms were determined by difference Fourier maps (in the caseYield: 86%.

of 2b,e, 4b, and 1f) or calculated (in the case @i, 4c, and5f). In

IH NMR (270 MHz, DMSO#ds) [ (ppm)]: 1.20 (3H, dJ = 6.6

the first case their positions and one overall isotropic thermal parameter Hz, CHs), 3.61 (1H, m, NGICHg), 4.62 (1H, t,J = 4.3 Hz, OGHPh),
were refined, while in the second case only one overall isotropic thermal 5.57 (1H, d,J = 3.6 Hz, OHyipn), 6.82 (1H, dJ = 7.9 Hz, H-3), 6.84

parameter was refined P 30(1); R = Y (||Fol — |Fd/|)/3|Fol, Ry =
[Sw(|Fo| — |Fe|)¥SWFAY2 In all cases only independent reflections

on the basis of Friedel's law have been collected and a refleetion

(1H, t,J = 6.7 Hz, H-5), 7.19-7.37 (7H, m, H-4, H-6, Ph), 8.37 (1H,
s, H-7), 13.50 (1H, br, S, Okhma). °C NMR (67.8 MHz, DMSO#)
[ (ppm)]: 18.1 (CH), 69.0 (NCHCH;), 75.9 (QCHPh), 116.4, 118.1

parameter ratio> 5 has been considered sufficient for the type of (C-3, C-5), 118.5(C-1), 126.9{Ph), 127.0, 127.50tPh,m-Ph), 131.5,

(19) Cragg, R. H.; Miller, T. JJ. Organomet. Cheni985 294, 1.

132.0 (C-4, C-6), 142.51h), 160.7 (C-2), 164.6 (C-7).

(20) Elemental analyses of boronic acid derivatives are complicated by (21) Brunner, H.; Miehling, WMonatsh. Chem1984 115 1237.
incombustible residues (boron carbide): James, T. D.; Samankumara(22) Singh, H. B.; Tandon, J. B. Indian Chem. Sod 979 56, 768.

Sandanayake, K. R. A.; Shinkai, Sngew. Chem., Int. Ed. Endl996
35, 1910.

(23) Gopinathan, S.; Degaonkar, M. P.; Hundekar, A. M.; Gopinathan, C.
Appl. Organomet. Cheni993 7, 63.
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Table 13. Selected Bond Lengths, Bond Angles, and Torsion Angles of Compbtind

Bond Lengths (A)

O(1)-B(2) 1.470(6) 0(11)B(12) 1.346(5)
O(1)-C(6) 1.340(5) B(12)0(13) 1.375(5)
B(2)-N(3) 1.629(5) 0(13)¥C(14) 1.430(4)
B(2)—-0(11) 1.431(5) C(14yC(15) 1.560(5)
N(3)—C(4) 1.307(5) B(2)-C(16) 1.600(6)
N(3)—C(15) 1.491(5) B(12)C(30) 1.569(6)
Bond Angles (deg)
O(1)-B(2)—N(3) 105.6(3) N(3)C(15)-C(23) 111.0(4)
0O(1)-B(2)—0(11) 105.1(3) C(4yN(3)—C(15) 121.0(4)
O(1)-C(6)—C(5) 120.4(4) C(4)C(5)—-C(6) 119.4(4)
B(2)—N(3)—C(4) 120.7(4) C(5rC(4)-C(22) 119.2(4)
B(2)—N(3)—C(15) 118.3(3) O(11)yB(12)-0(13) 124.2(4)
B(2)—0(1)—C(6) 119.3(3) O(11yB(12)—-C(30) 118.5(4)
B(2)—-0(11)-B(12) 131.4(3) B(12)C(30)-C(31) 120.3(4)
B(2)—C(16)-C(17) 125.6(3) B(12)C(30)-C(35) 123.0(4)
B(2)—-C(16)-C(21) 119.0(4) O(13)B(12)—-C(30) 117.3(4)
N(3)—B(2)—0(11) 108.5(4) 0O(13YC(14)-C(15) 114.1(3)
N(3)—C(4)—C(5) 118.6(4) O(13)yC(14)-C(24) 108.7(4)
N(3)—C(15)-C(14) 111.8(3) C(14)C(15)-C(23) 113.7(4)
N(3)—C(4)-C(22) 122.2(4) C(15)C(14)-C(24) 109.1(3)
Torsion Angles (degd)

O(1)-B(2)—N(3)—C(4) 315 B(2)-0O(11)-B(12)-0(13) —29.3
B(2)—N(3)—C(4)—C(5) -2.3 N(3)-B(2)—0(11)-B(12) 70.6
N(3)—C(4)—C(5)—C(6) —18.4 N(3)-C(15)-C(14)-0(13) 85.2
C(4)-C(5)-C(6)—0(1) 5.5 O(11)B(2)—N(3)—C(15) —36.8
C(5)—C(6)-0O(1)-B(2) 29.9 0O(11)B(12)-0(13)-C(14) 43
C(6)-0(1)-B(2)—N(3) —44.9 B(12)-0O(13)-C(14)-C(15) —49.8
B(2)—N(3)—C(15)-C(14) —-35.4

a A positive rotation is counterclockwise from atom 1, when viewed from atom 3 to atom 2.

IR (NaCl) [# (cm™1)]: 3420 (br, m), 3062 (w), 2974 (w), 2876
(w), 1652 (m), 1644 (m), 1634 (m), 1622 (m), 1614 (m), 1574 (m),

2-amino-2-methyl-1-propanol and 1.00 g (8.19 mmol) of salicylalde-
hyde. The product obtained is a yellow oil (1.22 g, 6.32 mmol).

1558 (m), 1538 (m), 1532 (m), 1520 (m), 1504 (m), 1488 (m), 1454 Yield: 77%.

(m), 1418 (m), 1276 (m), 1196 (m), 1134 (m), 1076 (m), 1046 (m),
1002 (m).

MS (EI, 70 eV, DIP): miz 255 (M, 15), 148 (100), 131 (66), 107
(22), 77 (79), 51 (31), 28 (21).

Preparation of 2-[1-[(2-Hydroxyethyl)imino]Jethyl]phenol (1e).
CompoundLewas prepared from 0.44 g (7.34 mmol) of 2-aminoethanol
and 1.00 g (7.34 mmol) of 'zhydroxyacetophenone. The product
obtained is a yellow solid (0.82 g, 4.58 mmol). Mp: 830 °C.
Yield: 62%.

H NMR (90 MHz, DMSO4s) [0 (ppm)]: 2.37 (3H, s, Ch), 3.67
(4H, s, NCH, OCH,), 6.71 (1H, t,J = 7.7 Hz, H-5), 6.75 (1H, dj =
7.8 Hz, H-3), 7.26 (1H, tJ = 8.5 Hz, H-4), 7.62 (1H, d) = 8.1 Hz,
H-6). °C NMR (22.5 MHz, DMSOds) [0 (ppm)]: 14.5 (CH), 51.0
(NCH,), 60.8 (OCH), 116.3, 118.7 (C-3, C-5), 117.7 (C-1), 128.9 (C-
6), 132.6 (C-4), 164.9 (C-2), 173.1 (C-7).

Preparation of a-[1-[1-[(2-Hydroxyphenyl)ethylene]amino]ethyl]-
benzenemethanol (1f). CompoundLf was prepared from 1.00 g (6.61
mmol) of (+)-norephedrine and 0.90 g (6.61 mmol) ¢ftB/droxyac-

1H NMR (90 MHz, DMSOs) [0 (ppm)]: 1.25 (6H, s, Ch), 3.40
(2H, s, OCH), 4.90 (1H, br, s, OHipn), 6.81 (1H, t,J= 7.9 Hz, H-3),
6.93 (1H, d,J = 7.9 Hz, H-5), 7.26 (1H, dJ = 8.1 Hz, H-6), 7.41
(1H, t,J = 8.2 Hz, H-4), 8.69 (1H, s, H-7), 14.30 (1H, br, s, Qd3a).
13C NMR (22.5 MHz, DMSO#é) [0 (ppm)]: 23.8 (CH), 60.6 (N\CMey),
69.2 (OCH), 116.9, 117.5 (C-3, C-5), 118.7 (C-1), 132.0, 132.2 (C-4,
C-6), 162.1, 162.4 (C-2, C-7).

Preparation of 2-[1-[(2-Hydroxy-1,1-dimethylethyl)imino]ethyl]-
phenol (3b). Compound3b was prepared from 0.65 g (7.36 mmol)
of 2-amino-2-methyl-1-propanol and 1.00 g (7.36 mmol) df 2
hydroxyacetophenone. The product obtained is a yellow oil (1.48 g,
7.10 mmol). Yield: 96%.

*H NMR (90 MHz, CDC}) [ (ppm)]: 1.07 (6H, s, Ch), 2.63 (3H,

s, CHy), 3.27 (2H, s, OCh), 6.84 (2H, m, H-3, H-5), 7.46 (1H, § =
7.9 Hz, H-4), 7.75 (1H, dJ = 7.8 Hz, H-6).

IR (NaCl) [ (cm™Y)]: 3283 (br, w), 3160 (br, w), 3050 (w), 2968
(w), 2930 (w), 2872 (w), 1644 (s), 1614 (m), 1584 (w), 1558 (w), 1540
(w), 1488 (w), 1470 (w), 1448 (w), 1418 (w), 1370 (w), 1302 (w),

etophenone. The crystals (1.57 g, 5.84 mmol) obtained after recrys- 1244 (w), 1222 (w), 1186 (w), 1158 (w), 1044 (w).

tallization from methanol are green and fluorescent. Mp: -1B91
°C. Yield: 88%.

IH NMR (270 MHz, DMSO#) [6 (ppm)]: 1.58 (3H, dJ = 6.2
Hz, CHs), 2.50 (3H, s, CH), 4.43 (1H, m, NGICHs), 5.00 (1H, tJ =
5.6 Hz, OGHPh), 6.10 (1H, d, Okpn), 7.04 (1H, t,J = 7.6 Hz, H-5),
7.12 (1H, d, H-3), 7.547.74 (6H, m, H-4, Ph), 7.84 (1H, d,= 5.6
Hz, H-6), 16.83 (1H, br, s, Okbma). *C NMR (67.8 MHz, DMSO-
dg) [0 (ppm)]: 14.0 (CH), 17.5 (CH), 59.8 (NCHCHg), 76.3 (GCHPh),
116.4, 118.3 (C-3, C-5), 118.9 (C-1), 127®Rh), 126.9, 127.7¢c¢
Ph,m-Ph), 128.7 (C-6), 132.2 (C-4), 143.itRh), 164.1 (C-2), 170.6
(C-7).

IR (KBr) [¥ (cm™1)]: 3134 (br, w), 2982 (w), 2934 (w), 2866 (W),
1608 (s), 1560 (m), 1540 (m), 1376 (m), 1154 (m), 1058 (m).

MS (El, 70 eV): m/z193 (M + H — CgHs, 49), 192 (M— CegHs,

6), 162 (78), 136 (75), 121 (36), 91 (63), 65 (28), 42 (39), 31 (100).

Preparation of 2-[[(2-Hydroxy-1,1-dimethylethyl)imino]methyl]-
phenol (3a). Compound3awas prepared from 0.73 g (8.19 mmol) of

Preparation of 2-[[3-Hydroxypropyl)imino]methyl]phenol (3c).
Compound3c was prepared from 0.61 g (8.19 mmol) of 3-amino-1-
propanol and 1.00 g (8.19 mmol) of salicylaldehyde. The product
obtained is a yellow oil (1.41 g, 7.87 mmol). Yield: 96%.

'H NMR (270 MHz, CDC}) [0 (ppm)]: 1.91 (2H, qJ = 6.6 Hz,
OCH,CHy), 3.67 (4H, m, NCH, OCHy), 6.83 (1H, t,J = 6.9 Hz, H-5),
6.92 (1H, d,J = 8.1 Hz, H-3), 7.20 (1H, dJ = 7.6 Hz, H-6), 7.30
(1H, t, J = 7.5 Hz, H-4), 8.30 (1H, s, H-7)13C NMR (67.8 MHz,
CDCl) [0 (ppm)]: 33.2 (OCHCH,), 55.2 (NCH}), 59.5 (OCH), 117.0,
118.1 (C-3, C-5), 118.3 (C-1), 131.2, 132.2 (C-4, C-6), 161.8 (C-2),
165.1 (C-7).

IR (NaCl) [ (cm™1)]: 3358 (br, m), 2942 (m), 2876 (m), 1634 (s),
1582 (m), 1558 (m), 1540 (m), 1522 (m), 1496 (m), 1456 (m), 1436
(w), 1418 (w), 1338 (w), 1278 (m), 1212 (w), 1150 (w), 1118 (w),
1064 (w).

MS (El, 70 eV, DIP): m/z 179 (M, 70), 148 (69), 134 (100), 107
(86), 77 (49), 65 (37), 51 (37), 39 (47), 31 (77).
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Preparation of 2-[[(5-Hydroxypentyl)imino]lmethyl]phenol (6a).
Compound6a was prepared from 1.50 g (14.56 mmol) of 5-amino-
pentanol and 1.78 g (14.56 mmol) of salicylaldehyde. The product
obtained is an orange oil (2.78 g, 13.43 mmol). Yield: 92%.

'H NMR (270 MHz, CDC}) [0 (ppm)]: 1.38-1.73 (6H, m, H-9,
H-10, H-11), 3.56 (4H, m, NCK OCH,), 6.83 (1H, t,J = 7.3 Hz,
H-5), 6.92 (1H, dJ = 7.9 Hz, H-3), 7.19 (1H, dJ = 7.3 Hz, H-6),
7.27 (1H, t,J = 7.3 Hz, H-4), 8.26 (1H, s, H-7).13C NMR (67.8
MHz, CDC) [6 (ppm)]: 23.8 (C-10), 30.6, 32.3 (C-9, C-11), 59.0
(NCHy), 62.3 (OCH), 117.1, 118.3 (C-3, C-5), 118.6 (C-1), 131.1,
132.2 (C-4, C-6), 161.7 (C-2), 164.7 (C-7).

IR (NaCl) [# (cm™1)]: 3360 (br, m), 2934 (w), 1634 (s), 1616 (w),
1576 (w), 1558 (w), 1506 (w), 1496 (w), 1456 (m), 1436 (w), 1418
(w), 1280 (m), 1150 (w), 1056 (w).

Preparation of 2-[[(6-Hydroxyhexyl)iminolmethyl]phenol (6b).
Compound6b was prepared from 1.50 g (12.84 mmol) of 6-amino-
hexanol and 1.56 g (12.84 mmol) of salicylaldehyde. The product
obtained is an orange oil (2.67 g, 12.06 mmol). Yield: 94%.

H NMR (270 MHz, CDC}) [0 (ppm)]: 1.36 (4H, m, H-10, H-11),
1.58 (4H, m, H-9, H-12), 3.50 (2H, §,= 6.6 Hz, NCH), 3.58 (2H, t,

J = 6.6 Hz, OCH), 6.81 (1H, t,J = 7.9 Hz, H-5), 6.92 (1H, dJ =

7.9 Hz, H-3), 7.19 (1H, dJ = 7.3 Hz, H-6), 7.26 (1H, tJ = 7.3 Hz,
H-4), 8.23 (1H, s, H-7).°C NMR (67.8 MHz, CDCJ) [6 (ppm)]:
255, 26.9 (C-10, C-11), 30.7, 32.5 (C-9, C-12), 58.8 (N 182.2
(OCHp), 117.1, 118.2 (C-3, C-5), 118.6 (C-1), 131.2, 132.2 (C-4, C-6),
161.9 (C-2), 164.6 (C-7).

IR (NaCl) [ (cm™1)]: 3360 (br, m), 3080 (w), 3020 (w), 2932 (w),
2856 (m), 1634 (s), 1582 (w), 1558 (w), 1540 (w), 1496 (w), 1456
(m), 1418 (w), 1340 (w), 1280 (m), 1210 (w), 1150 (w), 1118 (w),
1056 (w).

4. Preparation of the Boronates. General Method for the
Preparation of Compounds 2b-e, 4a-c, 5a,d,f, 7a,7b, and 8bAn
equimolar amount of phenylboronic acid was added to a solution of
the tridentate ligand in benzene (usually about 10 mL fe82nmol).

The mixture was refluxed for 30 min and quantified by water and
solvent separation with a DeaiStark trap. The solid obtained was
collected by filtration under vacuum and washed with small amounts
of benzene and hexane.

Preparation of 4,13-Dimethyl-2,11-diphenyldibenzdf,q]-7,16-
diaza-1,3,10,12-tetraoxa-2,11-diboracyclooctadeca-6,15-diene (2b).
Compound2b was prepared from 0.50 g (2.82 mmol) 1 and 0.34
g (2.82 mmol) of phenylboronic acid. The product obtained is a yellow
solid (0.42 g, 0.79 mmol) that is slightly soluble in chloroform. Crystals
suitable for X-ray diffraction were obtained when the reaction was
performed in a small amount of chloroform at room temperature without
stirring. Mp: 265°C. Yield: 56%.
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(m), 1398 (w), 1370 (w), 1352 (m), 1306 (s), 1270 (m), 1236 (s), 1198
(s), 1148 (m), 1130 (m), 1110 (s), 1094 (m), 1070 (m), 1058 (w), 1016
(s), 956 (s).

MS (El, 70 eV, DIP): mz577 (M — CgHs, 10), 298 (6), 249 (26),
250 (GsH13BNO, ™, 100), 220 (37), 148 (5), 103 (5), 91 (4), 77:(GT,

9), 58 (8), 51 (4).

Anal. Calcd: C, 77.09, H, 5.54, N, 4.28. Found: C, 75.89, H,
5.14, N, 4.24.

Preparation of 5,14-Dimethyl-2,4,11,13-tetraphenyldibenzdi,q]-
7,16-diaza-1,3,10,12-tetraoxa-2,11-diboracyclooctadeca-6,15-diene
(2d). Compound2d was prepared from 0.50 g (1.96 mmol)Xd and
0.24 g (1.96 mmol) of phenylboronic acid. The product obtained is a
yellow solid (0.51 g, 0.75 mmol) that is insoluble in all common
solvents. Crystals suitable for X-ray diffraction were obtained when
the reaction was performed in benzene at room temperature without
stirring. Mp: 254-256°C. Yield: 77%.

IR (KBr) [¥ (cm™1)]: 3068 (w), 3028 (w), 3010 (w), 2920 (w), 1634
(s), 1608 (m), 1560 (m), 1492 (w), 1480 (m), 1462 (m), 1434 (m),
1402 (w), 1336 (m), 1316 (m), 1240 (m), 1220 (w), 1202 (s), 1152
(m), 1140 (w), 1128 (m), 1106 (m), 1094 (m), 1074 (m), 1048 (m),
1028 (m), 956 (m).

MS (El, 70 eV, DIP): m/z 605 (M — CgHs, 6), 342 (6), 312 (6),
263 (27), 264 (@H1sBNO,*, 100), 234 (96), 148 (24), 117 (12), 105
(9), 91 (11), 77 (GHs', 15), 51 (8).

Anal. Calcd: C, 77.44, H, 591, N, 4.10. Found: C, 77.71, H,
5.57, N, 4.11.

Preparation of 7,16-Dimethyl-2,11-diphenyldibenzd,q]-7,16-
diaza-1,3,10,12-tetraoxa-2,11-diboracyclooctadeca-6,15-diene (2e).
Compound2e was prepared from 0.50 g (2.73 mmol) bé and 0.34
g (2.73 mmol) of phenylboronic acid. The product obtained is a yellow
solid (0.52 g, 0.98 mmol) that is slightly soluble in chloroform,
dichloromethane, methanol, and DMSO. Crystals suitable for X-ray
diffraction were obtained when the reaction was performed in dichlo-
romethane at room temperature without stirring. Mp: 2334 °C.
Yield: 70%.

I1H NMR (270 MHz, CDC}) [0 (ppm)]: 2.93 (6H, s, Ch), 3.30
(4H, m, NCH), 4.02 (4H, m, OCH), 6.94 (2H, t,J = 7.9 Hz, H-5),
7.05 (2H, d,J = 8.5 Hz, H-3), 7.21 (4H, mm-BC¢Hs), 7.24 (2H, m,
p-BCeHs), 7.47 (2H, t,J = 6.9 Hz, H-4), 7.49 (4H, mg-BCgHs), 7.78
(2H, d,J = 7.8 Hz, H-6). *3C NMR (67.8 MHz, CDC}) [0 (ppm)]:
16.9 (CHy), 51.3 (NCH), 60.9 (OCH), 117.7 (C-1), 118.5, 120.0 (C-

3, C-5), 126.8 |-BCeHs), 127.3 (m-BCgHs), 128.5 (C-6), 132.0¢¢
BCsHs), 136.2 (C-4), 160.0 (C-2), 172.4 (C-73B NMR (86.6 MHz,
CDCl) [0 (ppm)]: 4 (a2 = 490 Hz).

IR (KBr) [ (cm™Y)]: 3066 (m), 3038 (m), 3004 (m), 2942 (m),

2864 (m), 2758 (m), 1614 (s), 1554 (s), 1456 (s), 1432 (m), 1370 (M),

In the NMR spectra a series of decomposition products are observed.1332 (m), 1276 (s), 1198 (s), 1166 (m), 1142 (m), 1132 (m), 1114 (s),
The data reported here correspond to the major product that may bel076 (m), 1010 (s), 1002 (s), 994 (s).

the dimeric structure.'H NMR (270 MHz, CDC}) [0 (ppm)]: 0.64
(6H, d,J=6.2 Hz, CH), 3.07-4.12 (6H, m, NCH, OCHCHj), 6.85-
7.58 (18H, m, Hrom), 8.49 (2H, s, H-7).23C NMR (67.8 MHz, CDC})
[0 (ppm)]: 21.2 (CH), 64.5, 67.5 (NCH OCHCHs), 118.8, 119.6
(C-3, C-5), 126.91§-BCeHs), 127.3 m-BCgHs), 131.1 (C-6), 132.2¢
BCgHs), 137.4 (C-4), 164.3 (C-7)MB NMR (86.6 MHz, CDC}) [
(ppm)]: 4 (1 = 360 Hz).

IR (KBr) [# (cm™Y)]: 3068 (w), 3042 (w), 3006 (w), 2968 (w), 2932
(w),1636 (s), 1608 (w), 1560 (m), 1480 (m), 1464 (w), 1448 (w), 1434
(w), 1400 (w), 1314 (m), 1260 (w), 1238 (w), 1198 (s), 1156 (s), 1140
(m), 1090 (m), 1072 (w), 1042 (m), 1030 (m), 952 (s).

MS (El, 70 eV, DIP): m/z 453 (M — CeHs, 7), 264 (1), 220 (26),
187 (26), 188 (GH1:BNO,*, 100), 148 (8), 77 (eHs", 5), 41 (14).

Anal. Calcd: C, 72.49, H, 6.08, N, 5.28. Found: C, 71.73, H,
5.86, N, 5.11.

Preparation of 2,4,11,13-Tetraphenyldibenzdi,q]-7,16-diaza-1,3,-
10,12-tetraoxa-2,11-diboracyclooctadeca-6,15-diene (2€yompound
2cwas prepared from 0.50 g (2.07 mmol)lafand 0.25 g (2.07 mmol)
of phenylboronic acid. The product obtained is a yellow solid (0.51
g, 0.78 mmol) that is insoluble in all common solvents. Mp: 304
(dec). Yield: 76%.

IR (KBr) [¥ (cm™Y)]: 3046 (m), 3020 (m), 3004 (m), 2908 (m),
1638 (s), 1610 (m), 1558 (s), 1480 (m), 1462 (m), 1452 (m), 1442

MS (El, 70 eV, DIP): m/z 453 (M — CgHs, 2), 296 (1), 268 (26),
234 (3), 187 (14), 188 (feH.1:.BNO,", 100), 162 (10), 146 (5), 77
(CeHs™, 13), 51 (12).

Anal. Calcd: C, 72.49, H, 6.08, N, 5.28. Found: C, 74.02, H,
5.85, N, 4.62.

Preparation of 5,5-Dimethyl-2-phenylbenzof]-6-aza-1,3,2-diox-
aboracyclonon-6-ene (4a).Compoundda has been synthesized in two
steps. First, 0.50 g (2.60 mmol) &&a and 0.32 g (2.60 mmol) of
phenylboronic acid have been brought to reaction. After 15 min 7,7-
dimethyl-2,4-diphenylbenzj{8-aza-1,3,5,2,4-trioxadiboracycloundeca-
8-ene ba) precipitated (0.72 g, 1.87 mmol) as a yellow solid that is
slightly soluble in benzene, THF, chloroform, dichloromethane, and
diethyl ether. Mp: 238240°C. Yield: 72%.

'H NMR (270 MHz, CDC}) [0 (ppm)]: 1.23, 1.61 (6H, s, C),
3.36-4.75 (2H, m, OCH)), 6.84 (1H, m, H-5), 6.94 (1H, d] = 8.5
Hz, H-3), 7.22-7.33 (8H, m, H-4, H-6m-B(3,4)C¢Hs, p-B(3,4)CeHs),
7.47 (2H, dJ = 7.2 Hz,0-B(4)C¢Hs), 7.99 (2H, d J = 8.5 Hz,0-B(3)-
CeHs), 8.40 (1H, s, H-7).13C NMR (67.8 MHz, CDCJ) [6 (ppm)]:
26.6, 27.3 (CH), 65.8 (NCH), 69.7 (OCH), 115.3 (C-1), 118.6 (C-
5), 119.5 (C-3), 127.3%B(4)CeHs), 127.4, 127.61(+B(3,4)CsHs), 130.6
(0-B(4)CeHs), 130.4, 131.7 (C-6p-B(3)CeHs), 134.9 6-B(3)CeHs),
138.5 (C-4), 159.9 (C-2), 162.2 (C-7}B NMR (86.6 MHz, CDC})

[0 (ppm)]: 5 (a2 = 190 Hz), 28 [, = 580 Hz).



Monomeric and Dimeric Boronates

IR (KBr) [¥ (cm™1)]: 3070 (w), 3050 (w), 3008 (w), 2978 (w), 2936
(w), 1628 (s), 1606 (w), 1576 (w), 1558 (s), 1534 (w), 1526 (w), 1522
(w), 1508 (w), 1482 (s), 1460 (m), 1438 (m), 1432 (w), 1418 (w), 1394
(m), 1386 (m), 1364 (m), 1342 (w), 1312 (s), 1278 (s), 1250 (m), 1230
(w), 1190 (m), 1178 (m), 1150 (w), 1138 (m), 1074 (w), 1030 (w),
1010 (w).

MS (El, 70 eV, DIP): mz 306 (M — CgHs, 34), 305 (16), 202 (M
— CeHs — CeHsBO, 100), 148 (31), 130 (7), 103 (7), 774+, 23),

51 (18), 41 (10).

Anal. Calcd: C, 72.12, H, 6.05, N, 3.66. Found: C, 72.41, H,
6.08, N, 3.59.

To obtain compounda, 0.50 g of5a (1.30 mmol) was dissolved in
benzene and a further 1 equiv 8 (0.25 g, 1.30 mmol) was added.
The product then obtainedd) is a yellow solid (0.22 g, 0.78 mmol)
that is slightly soluble in chloroform. Mp: 188190°C. Yield: 30%.

IH NMR (270 MHz, DMSO¢k) [0 (ppm)]: 1.28, 1.43 (6H, s, CHj
3.67 (2H, m, OCH), 6.81 (1H, dJ = 7.3 Hz, H-3), 6.89 (1H, tJ =
8.5 Hz, H-5), 7.07 (3H, mm-BCeHs, p-BCsHs), 7.21 (2H, do-BCsHs),
7.43 (1H, t,J = 8.5 Hz, H-4), 7.60 (1H, dJ) = 7.9 Hz, H-6), 8.81
(1H, s, H-7). 13C NMR (67.8 MHz, DMSO#€g) [0 (ppm)]: 23.6, 24.9
(CHg), 63.8 (NCMey), 75.5 (OCH), 118.6, 119.0 (C-3, C-5), 119.2
(C-1), 126.2 p-BCqHs), 126.8 -BCsHs), 130.3 6-BCsHs), 131.6 (C-

6), 136.6 (C-4), 157.9 (C-7), 159.0 (C-2)'B NMR (86.6 MHz, CDC})
[0 (ppm)]: 7 (a2 = 250 Hz).

IR (KBr) [# (cm™Y)]: 3064 (w), 3044 (w), 2998 (w), 2966 (w), 2922
(w), 2852 (w), 1644 (s), 1608 (m), 1554 (m), 1476 (m), 1456 (m),
1430 (m), 1396 (m), 1352 (w), 1294 (m), 1226 (m), 1202 (m), 1178
(m), 1152 (w), 1128 (w), 1066 (s), 1032 (m), 1012 (m), 984 (m), 924
(m).

MS (El, 70 eV, DIP): vz 279 (M, 1), 278 (1), 248 (4), 202 (M
CsHs, 100), 148 (53), 77 (Hs™, 8), 51 (7), 39 (3).

Anal. Calcd: C, 73.15, H, 6.50, N, 5.02. Found: C, 72.77, H,
6.45, N, 4.42.

Preparation of 5,5,7-Trimethyl-2-phenylbenzop]-6-aza-1,3,2-
dioxaboracyclonon-6-ene (4b).Compoundib was prepared from 0.50
g (2.42 mmol) of3b and 0.29 g (2.38 mmol) of phenylboronic acid.
The product obtained is a yellow solid (0.64 g, 2.18 mmol) that is
soluble in most of the common solvents. Crystals suitable for X-ray
diffraction were obtained from ethyl acetate/hexane. Mp: 2333
°C. Yield: 91%.

H NMR (270 MHz, CDC}) [0 (ppm)]: 1.60 (6H, s, Ch), 2.68
(3H, s, CH), 3.85 (2H, m, OCH)), 6.78 (1H, tJ = 7.3 Hz, H-5), 6.96
(1H, d,J = 8.5 Hz, H-3), 7.13 (3H, mn-BCsHs, p-BCsHs), 7.30 (2H,

d,J = 8.5 Hz,0-BCgHs), 7.33 (1H, t,J = 7.3 Hz, H-4), 7.45 (1H, d,
J = 7.8 Hz, H-6). 13C NMR (67.8 MHz, CDC}) [0 (ppm)]: 18.0
(CHy), 24.8, 26.4 (Ch), 64.2 (NCMe;,), 76.6 (OCH), 118.8, 120.9
(C-3,C-5),121.7 (C-1), 126.6, 127.5 (CgBC¢Hs), 127.1 (n-BCqHs),
131.3 6-BCgHs), 136.2 (C-4), 159.8 (C-2), 167.2 (C-7}B NMR
(86.6 MHz, CDCH) [6 (ppm)]: 7 (= 130 Hz).

IR (KBr) [¥ (cm™Y)]: 3068 (m), 2970 (m), 2934 (m), 2870 (m),
1652 (s), 1640 (s), 1616 (s), 1608 (s), 1570 (w), 1558 (w), 1540 (w),
1534 (w), 1526 (w), 1522 (w), 1506 (w), 1486 (s), 1472 (m), 1456 (s),
1448 (s), 1374 (m), 1304 (s), 1244 (m), 1222 (m), 1188 (w), 1112 (w),
1076 (m), 1050 (m).

MS (El, 70 eV, DIP): m'z 293 (M, 1), 292 (1), 216 (M~ CgHs,
100), 215 (27), 162 (36), 77 ¢Bs, 16), 51 (11), 42 (5).

Anal. Calcd: C, 73.74, H, 6.88, N, 4.78. Found: C, 73.58, H,
6.94, N, 4.69.

Preparation of 2-Phenylbenzoi]-7-aza-1,3,2-dioxaboracyclodec-
7-ene (4c). Compounddc was prepared from 0.50 g (2.79 mmol) of
3cand 0.34 g (2.79 mmol) of phenylboronic acid. The product obtained
is a yellow solid (0.69 g, 2.60 mmol) that is slightly soluble in
chloroform, dichloromethane, methanol, and DMSO. Crystals suitable
for X-ray diffraction were obtained when the reaction was performed
in a small amount of dichloromethane at room temperature without
stirring. Mp: 229-231°C. Yield: 93%.

H NMR (270 MHz, CDCH [0 (ppm)]: 1.72-2.22 (2H, m,
OCH,CHy), 3.64-4.11 (4H, m, NCH, OCH,), 6.76 (1H, t,J = 8.5
Hz, H-5), 7.27 (6H, m, H-3, H-4, H-6n-BCsHs, p-BCsHs), 7.38 (2H,

m, 0-BCeHs), 8.14 (1H, s, H-7).3C NMR (67.8 MHz, CDC}) [6
(ppm)]: 30.9 (OCHCH,), 55.5 (NCH), 61.5 (OCH), 115.5 (C-1),
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118.7,119.8 (C-3, C-5), 127.28CsHs), 127.8 n-BCeHs), 131.1 (C-
6, 0-BCgHs), 137.8 (C-4), 159.6 (C-2), 160.3 (C-7}'B NMR (86.6
MHz, CDCk) [6 (ppm)]: 5 iz = 160 Hz).

IR (KBr) [¥ (cm™1)]: 3060 (w), 3014 (w), 2998 (w), 2960 (w), 2942
(w), 2918 (w), 2858 (w), 1644 (s), 1610 (m), 1558 (s), 1540 (w), 1478
(w), 1464 (w), 1442 (w), 1412 (w), 1380 (w), 1368 (w), 1348 (w),
1338 (m), 1302 (m), 1232 (w), 1168 (m), 1154 (m), 1146 (m), 1098
(s), 1032 (m), 1022 (s), 1012 (m), 950 (m).

MS (El, 70 eV, DIP): miz 265 (M, 1), 206 (1), 188 (M~ CgHs,
100), 148 (9), 132 (16), 77 @s*, 15), 51 (17), 41 (5).

Anal. Calcd: C, 72.49, H, 6.08, N, 5.28. Found: C, 72.42, H,
6.14, N, 5.17.

Preparation of 7-Methyl-2,4,6-triphenylbenzof]-8-aza-1,3,5,2,4-
trioxadiboracycloundec-8-ene (5d). Compoundbd was prepared from
0.50 g (1.96 mmol) of enantiomerically putd and 0.24 g (1.96 mmol)
of phenylboronic acid. The product obtained is a yellow solid (0.46
g, 0.13 mmol) that is slightly soluble in THF and dichloromethane.
Mp: 141-143°C. Yield: 7%.

IR (KBr) [# (cm™3)]: 3014 (w), 2972 (w), 2884 (w), 1633 (s), 1616
(m), 1580 (w), 1574 (w), 1538 (w), 1532 (w), 1520 (w), 1514 (w),
1488 (m), 1472 (m), 1456 (s), 1446 (s), 1434 (m), 1428 (m), 1402
(m), 1392 (s), 1354 (m), 1326 (s), 1284 (m), 1246 (w), 1224 (w), 1164
(w), 1142 (w), 1116 (w), 1100 (w), 1060 (w), 1036 (m), 1012 (w).

MS (El, 70 eV, DIP): m/z 445 (M, 1), 368 (M— Cg¢Hs, 45), 367
(25), 264 (M— CgHs — CgHsBO, 100), 234 (18), 165 (4), 148 (52), 77
(CeHs*, 29), 51 (15).

Anal. Calcd: C, 75.55, H, 5.66, N, 3.15. Found: C, 73.75, H,
5.83, N, 3.68.

Preparation of (2R,6S,7R)-7,9-Dimethyl-2,4,6-triphenylbenzoj]-
8-aza-1,3,5,2,4-trioxadiboracycloundec-8-ene (5fICompoundbf was
prepared from 0.50 g (1.86 mmol) of enantiomerically plirand 0.22
g (1.86 mmol) of phenylboronic acid. The product obtained is a yellow
solid (0.40 g, 0.87 mmol) that is slightly soluble in chloroform. Crystals
suitable for X-ray diffraction were obtained when the reaction was
performed in dichloromethane at room temperature without stirring.
Mp: 243-245°C (dec). Yield: 47%.

H NMR (400 MHz, CDC}) [0 (ppm)]: 1.42 (3H, dJ = 6.9 Hz,
CHj), 2.65 (3H, s, CH), 4.42 (1H, m, NGICH3), 5.78 (1H, dJ = 4.6
Hz, OCHPh), 6.85 (1H, tJ = 7.7 Hz, H-5), 6.97 (1H, d) = 8.4 Hz,
H-3), 7.17 (3H, mm-B(4)CsHs, p-B(4)CeHs), 7.38 (1H, t,J = 8.6 Hz,
H-4), 7.42 (7H, mp-B(4)CeHs, Ph), 7.49 (3H, m, mB(3)CsHs, p-B(3)-
CeHs), 7.57 (1H, dJ = 7.6 Hz, H-6), 8.26 (2H, dJ = 6.1 Hz,0-B(3)-
CeHs). 13C NMR (100.5 MHz, CDG)) [0 (ppm)]: 14.6 (CH), 17.6
(CHs), 66.8 (NCHCH), 74.6 (CCHPh), 120.2 (C-5), 121.1 (C-1), 122.0
(C-3), 127.2 (+-Ph), 128.4 [-B(4)CeHs), 128.7 -B(3)CsHs), 128.9
(p-Ph), 129.1 1+-B(4)CeHs), 129.3 (C-6), 129.8d-Ph), 131.3 ¢-B(4)-
CeHs), 131.7 p-B(3)CeHs), 136.3 0-B(3)CsHs), 138.0 (C-4), 142.8i{
Ph), 160.7 (C-2), 171.7 (C-7)}B NMR (128.3 MHz, CDC}) [0
(ppm)]: 6 2z = 170 Hz).

IR (KBr) [# (cm™)]: 3056 (w), 3026 (w), 3008 (w), 2952 (w), 1604
(s), 1574 (w), 1524 (w), 1514 (w), 1504 (w), 1486 (m), 1470 (m), 1444
(s), 1434 (m), 1428 (m), 1392 (s), 1362 (m), 1336 (s), 1318 (s), 1310
(s), 1286 (s), 1216 (w), 1200 (w), 1162 (m), 1134 (m), 1120 (m), 1098
(m), 1080 (m), 1058 (m), 1022 (m), 1008 (w).

MS (El, 70 eV, DIP): m/z 459 (M, 0.1), 382 (M— CgHs, 67), 381
(33), 278 (M— CeHs — C¢HsBO, 100), 162 (24), 117 (4), 77 (Bs™,

22), 51 (11).

Anal. Calcd: C, 75.86, H, 5.93, N, 3.05. Found: C, 73.21, H,
5.81, N, 3.06.

Preparation of 2,14-Diphenyldibenzok,»]-9,21-diaza-1,3,13,15-
tetraoxa-2,14-diboracyclotetracosa-9,21-diene (7a)Compound7a
was prepared from 0.50 g (2.40 mmol) @&d and 0.29 g (2.26 mmol)
of phenylboronic acid. The product obtained is a yellow oil (0.55 g,
0.94 mmol) that is insoluble in all common solvents. Yield: 79%.

IR (NaCl) [ (cm™1)]: 3344 (br, w), 3048 (w), 3006 (w), 2932 (w),
2864 (w), 1652 (m), 1646 (m), 1608 (m), 1558 (m), 1480 (m), 1456
(m), 1436 (m), 1316 (m), 1236 (m), 1196 (m), 1152 (m), 1028 (m),
950 (m).

MS (El, 70 eV, DIP): m/z 509 (M — C¢Hs, 1), 424 (2), 397 (1),
362 (2), 320 (12), 292 (3), 215 (27), 216:68:sBNO,*, 100), 148
(17), 77 (GHs", 8), 51 (4), 41 (7).
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Preparation of 2,15-Diphenyldibenzol,x]-10,23-diaza-1,3,14,16-
tetraoxa-2,15-diboracyclohexacosa-10,23-diene (7bfompound’b
was prepared from 0.50 g (2.26 mmol)&tf and 0.27 g (2.26 mmol)
of phenylboronic acid. The first product obtained is 2,4-diphenylbenzo-
[n]-12-aza-1,3,5,2,4-trioxadiboracyclopentadec-12-i®, (@ yellow
solid (0.45 g, 1.12 mmol) that is slightly soluble in chloroform. Mp:
210-212°C. Yield: 48%.

1B NMR (86.6 MHz, CDC}) [0 (ppm)]: 4 iz = 390 Hz), 29
(h1/2 = 200 HZ)

MS (El, 70 eV, DIP): mz 334 (M — CgHs, 3), 296 (7), 268 (4),
229 (26), 230 (GH:17BNO;*, 100), 208 (6), 162 (5), 148 (36), 91 (6),
77 (7), 58 (9), 44(4).

To obtain compoundb, 0.30 g (0.73 mmol) oBb was dissolved
in methanol and a further 1 equiv 6b (0.16 g, 0.73 mmol) was added.
After 2 h of reflux, the solvent was evaporated and a yellow solid was
obtained (0.58 g, 0.94 mmol) that is insoluble in all common solvents.
Mp: 239-240°C. Yield: 64%.

IR (KBr) [# (cm™Y)]: 3066 (w), 3006 (w), 2932 (m), 2858 (m), 2838
(m), 1644 (s), 1610 (w), 1560 (m), 1480 (m), 1464 (m), 1432 (w),
1404 (w), 1310 (m), 1264 (w), 1236 (m), 1194 (m), 1152 (m), 1126
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(m), 1112 (m), 1090 (m), 1056 (w), 1040 (w), 1032 (w), 1006 (w),
948 (m).

MS (El, 70 eV, DIP): m/z 537 (M — CeHs, 1), 438 (1), 334 (6),
308 (4), 229 (26), 230 (sH1/BNO,*, 100), 222 (19), 208 (10), 148
(25), 77 (GHs*, 13), 41 (14).

Anal. Calcd: C, 74.29, H, 7.22, N, 4.56. Found: C, 74.25, H,
7.63, N, 4.47.
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