-A182 688

UNCLARSSIFIED

HVDRRZINE COMPLEXES OF B- TRIORGRNVLBOROXIHS(U) KENTUCKV i1

INIV LEXINGTON DEPT OF CHEMISTRY
UK/DC -TR-16 N@OA14-84-K-8611

M K DRS ET AL. JUL 8

F/G 7/3




EEEEE
ddia “

. h.bh.-.-;—.__..

. O — i
- . «

o — —
|

s welale e aty s m AR s RO
C— I el . - - v A y Ay S eV e




p— -~ v v - W -

| . /
JNCLASSIFIED N (i::;i)

AD-A182 688

REPORT DOCUMENTATION PAGE

& REPORAT SELLATY CLASSHCATION 1D RESTRICTIVE MARKINGS . RN
1 R 2 ',' .
Ta SECLRITY L ASSIFCATION ALTRORITY 1 CSTRIBUT.ON AVAILABILITY CF REPOAT ., . ..
A I TN
X X ' R LY ES (j,b ~
15 DEC.ASSF CATICN . DOWNGRADING SCREDULE preparea for publication 1n e de Y
INORGANIC CHEMISTRY e Yy Tog
a4 SERAFQRMING JRGANIZATION REPORT NUMBERL(S) S MONITORING ORGANIZATION REPORT NUMBER(S) S /
LA
LUK DC TR-16
54 NANME SF PEIFORMING JRGCANIZATICN 60 CFFCE SYMBOL 7a NAME OF ‘AQONITORING CRGANIZAT,
(1f appucadie) .
Department of Chemistry —
Upivers tuck Office of Naval Resear
3 ADJRESS Ty Stace ana JiP Coae) 79, ADORESS .Cry, State. ana liP
' AY
. ¥ ?
' 800 North Quincy Streew
Lexington. KY 40306-0085 Arlington, VA 22217 v
. 33 NAME SE SUNDING SPONSCRING 8b QFFCE SYMBOL 3. PROCUREMENT INSTRUMENT :CENTIFICATION NUMBER
. SRGANIZATON (If applicadie)
‘ Jffice of Naval Research N00O14-84-K-0611
? e ACCAREIS. Ity State. ana 2iP Cogei 0 SOURCE OF SUNDING NUMBERS
I R05aaM SROLECT TASK WORK JNIT
gy~ ELEMENT NO NO NG ACCESSION NO
Ar.ington. VA 22217
4 ¢ NROS 3-342
. T YLD .nCuoe SecurTy lasuncanon)
}
' AVORAZ INE COMPLEXES OF B- TRIORGANYLBOROXINS
DOREAITNAL ALT~CAS)
la TvO€ If AEICRY Tip T'ME [DVERED *4 DATE OF RERQRT (Year, Monen Day; 1S PAGE COUNT
e 3 ;
om o] 37 7 10 !
S L IMENTARY NCTaT TN
- (2547 2243 8 5. 3.6CT TEAMS Continue on reverse f Neceisdry and .gentify Oy DiCCK NuMDeEr)
S E_ S b JotUr SRC!
oz nhd Sl oAC? boroxin hyarazine-noroxin comp.exes -
nydrazine NMR studies
¢ ABlTEILT JLrlrue N cevarie ! YeCRSSary 4nd GeNntify Dy BIOKK umoer; ,
v Tr.organy.oorox:ns. . L :BRO-) R = Cz”s- CgHsg). torm 1.1 moiar compiexes with nvyadarazine,
" ¥V Jimerny.nyarazine and N N dimetnyinyarazine At rooa temperature, the coapiexes exnxblq
PN )ne ‘'3 NMR signa. suggesting that the species are fluxlonal with nitrogen conra:niting
5 4. three nDoron atoms ol the dorcxin ring The signais broaaden on lowering of th
tegperatute ang at  S0°C. the signal ot (-aczuso-;B-(caq),snua appears as two separate peas
2 . ratio 1nuicating that fiuxlon has been arrested. lhe compiexes (—Bko-)n-L witn R =
Sy of ‘a"S ang [ - NQH4 ana wath R - C6H5 and L = |CH3;2.\‘.\‘Hz can furm sojvates with excess
' the aydraz:ine and sutid 1 2 molar compiexes were 1s30jateq Yowever , the secona nydrazan
.s readl.; 1O st under reduced pressure Oor at eievated teaperatures The complexes o B-
') .phenyiboroxin are thermalily aucnh iess than those ot B -iriethylborox.rn.
TITARLTON Avaad T I aesTRAL”
TONC AT RN MTED T CAME o 2B° Ry 1/
8 el L6 wr 2 l%, 8.f ML e Zual 8OL

ZOFCARM "4T T aasan 33 4P @g " o T ay D@ 108 LNty exTaLsiec
A. Jtre’ €31 3N are 0 et




Contribution from the Department of Chemistry,
University of Kentucky, Lexington, Kentucky 40506
.
L
' Hydrazine Complexes of B-Triorganylboroxinsl
A
" M. K. Das,T J. F. Mariategui, and K. Niedenzu*
4
Received
L)
)
i’ N
¥ ‘ Abstract
.; — . . n \ Ny \! R .
B-Triorganylboroxins, (-BRO-)3' R = 6135' CgHg), form 1:1 molar complexes with hydrazine,
y N, N°dimethylhydrazine, and N, N-dimethylhydrazine. At room temperature, the complexes exhibit only one 11B
4
" NMR signal suggesting that the species are fluxional with nitrogen coordinating to all three boron atoms of the
!‘ . M
boroxin ring. The signals broaden on lowering of the temperatwre and, at 0%YC, the signal of
’A . . \ N \ ' 13 03 . . - .
4 (-BCyH50-)3(CH3);NNH; appears as two separate peaks in 2:1 ratio indicating that fluxion has been arrested.
l.' ~ , § , \ - N a -
N The complexes (~BRO-)3L with R = C3Hs or CsHs and L = NyHy and with R = CgHs and L = (CHj),NNHj can
form solvates with excess of the hydrazine and solid 1:2 molar complexes were isolated. However, the second
¢
A hydrazine is readily lost under reduced pressure or at elevated temperatures. The complexes of B-triphenytboroxin
r are thermally much less stable than those of B-triethylboroxin.
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Introduction
It has been known for a long time that B-triorganylboroxins, (-BRO-)3, form 1:1 molar adducts with amines (=
L) 1 yield species of the type (-BRO—):;,-L.2 The structures of such complexes have been studied only recently.
Fluxional attachment of L to all three boron atoms of the boroxin as shown in A (below was indicated by a single
113 NMR signal, said to persist even at low tcmperatures.3 In more recent work, however, it was shown that at
~20°C the 11B NMR signal of (-BCyH50~)3-N(CH,CH3)3CH (which is at 23.8 ppm at ambient temperature) is
split in two signals at 30.9 and 5.7 ppm, respectively, and in an area ratio of 2:1. This illustrates that at low
temperatures the amine is coordinated to a single boron atom of the boroxin ring, leaving the other two boron atoms
in an sp? environment (B, below). Indeed, low temperamure 1H NMR spectra of several adducts of the type

(-BCgHsO-)3-L. exhibited similar signal splitting, thus substantiating a slowing down of the fluxionality with a

lowering of the tcmpermu:c.4
o __R
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| el l | L
gL ~a”

.?.. l

R R

A B

In this context it is worth noting that. p-phenylenediamine forms a 3:2 molar complex with B-u'ipho.:nylboro;dn.5
However, crystal structure data show that only one of the three diamine molecules is directly involved in the
bonding and donates each of its two nitrogen atoms to a boron atom of a different boroxin ring. The remaining two
amine molecules merely fill the empty space in the lattice structure.4 This situation is similar to that encountered
for the 1:2 molar adduct of 1,4-diazabicyclo[2.2.2]octane with B-triphenylboroxin. Here again each nitrogen atom

of the base donates to one boron atom of a different boroxin ring and the crystal structure is stabilized by three

solvent (benzene) molecules.4
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B-Triorganylboroxins also form 1:1 molar adducts with pyrazole and C-substituted derivatives thereof.

However, in this case the two donor sites of the pyrazole molecule both seem to interact with boron atoms of the

same boroxin ring. Moreover, subsequent interaction of such adducts with additional pyrazole can lead ©0 a

condensation reaction and thereby to the formation of unusual triply bridged pyrazabole structures by amination of
boron-oxygen bonds, even at room tempex'amre.6

Inorder to obtain a better understanding of the interaction of nitrogen donor molecules with B-

triorganylboroxins, reactions of the latter with hydrazines have been investigated.

Experimental Section

Elemental analyses were performed by the Schwarzkopf Microanalytical Laboratory, Woodside, NY. Melting
points (uncorrected) were determined on a Mel-Temp block.

NMR spectra were recorded of solutions in CDCl3 on a Varian XL-200 instrument. Chemical shift data are
given in ppm with positive values indicating downfield from the reference (internal MeySi for 1H NMR, external
EtyO-BF; for 118 NMRY); s = singlet, t = triplet, q = quartet, m = unresolved multiplet, and an asterisk denotes a
broad signal. Coupling constants J are given in Hz. Mass spectral data were recorded on a VG ZAB-2F
spectrometer, infrared data were obtained on a PE Model 621 instrument.

(-BCyHg0-)3¢(CH3);NNH3. Under inert aumosphere, 2.3 g (38 mmol) of anhydrous N, N-dimethylhydrazine
was added dropwise and with stirring to 6.0 g (36 mmol) of B-triethylboroxin. An exothermic reaction occurred and
the mixture was allowed to cool 0 room temperature with stirring. Subsequent distillation under vacuum gave 7.0 g
(86%) of the desired compound, bp 61 °C/2 torr. Anal. Caled for CgHp3B3N7O3 (M, 227.72): C, 42.20: H, 10.18;
B, 14.24; N, 12.30; O, 21.08. Found: C,42.07; H, 10.33; B, 14.09; N, 12.04.

NMR dawa: 8(1H)3.72* (2H, s), 2.63 (6 H.$),0.88 O H. 1,/ = 7.5),0.62 (6 H. q, / = 7.5); &11B) 23.8 (s, k1
= 200 Hz). At-50°C: &1B) 31.4 (ca. 2 B),6.9 (ca. 1 B).

(-BC3Hg0-)3¢CH3HNNHCH3. A solution of 4.5 g (75 mmol) of N, N"-dimethylhydrazine in 50 mL of ether

was slowly added with stirring to0 a solution of 6.3 g (38 mmol) of B-triethylboroxin in 25 mL of ether. After

subsiding of the exothermic reaction, the mixture was stirred at room temperature for 2 h and volatiles were then
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removed under reduced pressure to leave 8.45 g (99%) of colorless residue. After drying under vacuum over P40

for 24 h the material had a mp 4446 °C (mp 4546 °C after sublimation under vacuum at 60-80 °C bath
temperature). Anal. Caled for CgHy3B3NoO3 (M, 227.72): C, 42.20; H, 10.18; B, 14.24; N, 1230; O, 21.08.
Found: C, 41.95; H, 10.49; B, 13.98; N, 12.19.

NMR data: 8(1H) 4.24* (2 H, 3),2.67 (6 H, ), 087 O H, 1, J = 7.5), 0.5 (6H,q,J =7.5); &11B) 232 s, hip
=280 Hz).

(-BC3H50-)3eN2H4 was prepared in similar fashion as the preceding compound from 0.6 g (18.75 mmol) of
anhydrous hydrazine and 3.0 g (18 mmol) of B-triethylboroxin in 25 mlL of anhydrous ether. An essentally
quantitative yield of crude product, mp 113-115 °C, was obtained. An analytical sample, mp 115-116 °C, was
obtained by recrystallization from diethyl ether or carbon tetrachloride. Anal. Calcd for CeH19B3N2Oy (M,
199.66): C,36.09; H, 9.59; B, 16.24; N, 14.03; O, 24.03. Found: C, 35.93; H, 9.83; B, 16.20; N, 13.83.

NMR daa: 5(1H) 4.58* (4 H,5),0.90 O H. 1,/ = 7.5),0.59 (6 H. q.J = 7.5); 5(11B) 23.9 (s, hy p = 500 Hz).

(-BC,Hg0-)3°2N,H,4 was obtained in similar fashion from 3 mL (94 mmol) of anhydrous hydrazine and 2.0
g (12 mmol) of B-triethylboroxin in 40 mi. of ether. The crude coloriess material was recrystallized from CCly to
give 2.7 g (98%) of purified product, mp 52-54 °C. If the material is kept under vacuum over P401( at ambient
temperature, it slowly but steadily loses hydrazine until it stabilizes at the stage of the 1:1 molar adduct. The latter
is produced rapidly if the original product is held at 60-80 °C over P4010 and under vacuum.

NMR data: &(H) 421% (4 H,5), 0.8 (9 H, t./ = 7.5),0.55 (6 H. q,J = 7.5); 5(11B) 22.5 (s, hy ;= 500 Hz).

(-BCgH50-)3¢(CH3),NNH;. A quantity, 1.0 g (17 mmol), of anhydrous N, N-dimethylhydrazine was slowly
added to a stirred mixture of 5.0 g (16 mmol) of B-triphenyiboroxin and 75 mL of beazene. The mixture was stirred
at room temperature for 4 h, a small amount of remaining insoluble material was filtered off, and all volatle material
was removed from the clear filtrate under reduced pressure. The resultant pasty residue was dissolved in a2 minimum
amount of diethyl ether, the solution was filtered and volatiles were evaporated from the fiitrate under reduced
pressure at ambient temperature to leave 5.6 g (94%) of colorless crystals, mp 44-48 °C (after drying in vacuum
over P40y for 24 h). Anal. Calcd for CygH23B3N903 (M, 371.84): C, 64.60; H, 6.23; B, 8.72; N, 7.53; O, 12.91.

Found: C, 63.29; H, 6.31; B, 8.43, N, 7.16.

NMR data: 8('H) 8.04 (6 H, m), 7.41 (9 H. m), 3.64* (2 H. 5), 2.65 (6 H. s); 5(11B) 20.5 (s. h; 1 = 600 Hz).
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PAGE §
(-BCgH 50-)3°2(CH3)3NNH; was obtained in analogous fashion by addition of a large molar excess (3 mL =
40 mmol) of N, N-dimethylhydrazine to a stirred mixture of 2.3 g (7.4 mmol) of B-triphenylboroxin and SO mL of
ether. Most of the solid dissolved and the mixmure was stirred at room temperature for 4 h, filtered, and volatiles
were removed under reduced pressure. The remaining colorless material was recrystallized from ether and dried
under vacuum at ambient temperature to give 2.8 g (87.5%) of product, mp 107-109 °C. Anal. Calcd for
Cp9H31B3N4O3 (M, 431.95): C,61.17; H, 7.23; B, 7.51; N, 12.97; O, 11.11. Found: C, 60.84; H, 7.08; B, 7.56;
N, 12.88.
NMR dara: §('H) 8.03 (6 H. m), 7.39 (9 H, m), 3.44* (4 H, 5), 2.53 (12 H, 5); &11B) 20.0 (s, k7 = 600 Hz).
(-BCgHg0-)3°CH3HNNHCH; was prepared in analogous fashion as the preceding compound from a
solution of 10 mmol of N, N’-dimethylhydrazine in 15 mL of ether and a mixture of 2.8 g (9 mmol) of B-
riphenylboroxin and S0 mL of ether to give 3.05 g (91%) of colorless, moisture-sensitive material. The species
loses hydrazine on heating under atmospheric pressure; a mp 102-105 °C decomp was observed in a sealed
capillary.
NMR daw: &!H)8.04 (6 H, m), 7.40 (9 H, m), 42* 2 H, 5), 2.61 (6 H, 5); 5(11B) 22.0 (s, hy p = 750 Hz).
(-BCgHgO~)3eN,H4 was prepared in similar fashion from 0.3 mL (9.6 mmol) of hydrazine and a mixture of
2.8 g (9 mmol) of B-triphenylboroxin and 50 mL of ether. The crude product (3.25 g, mp 70-75°C) was
recrystallized from petroleum ether (bp 30-60 °C) to afford colorless crystals of purified material, mp 95-97 °C.
NMR data: 5(!H) 8.0 (6 H,m), 7.4 (9 H, m), 4.1* (4 H, s); 5(11B) 21.6 (s, hy 3 = 1500 Hz).
(-BCgHgO-)3¢2NyH¢ was prepared in analogous fashion from 225 g (70 mmol) of hydrazine and 2.3 g (7.4
mmol) of B-triphenylboroxin in 50 mL of ether. The ¢rude product (2.78 g of slightly yellow solid, mp 42-46 °C)
was recrystallized from petroleum ether (bp 30-60 °C) t0 give an essentally quantitative yield of coiorless crystals,

mp 48-52 °C. The complex begins to lose hydrazine at abeut 60 °C under atmospheric pressure.

NMR data: 8('H) 7.9 (6 H,m), 7.4 (9 H, m), 3.8* (8 H. s); &(11B) 20.7 (s, Ay = 600 Hz).
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Results

When B-triethylboroxin, (-BCHsO-)3, and N, N-dimethylhydrazine, (CH3);NNH,, are mixed at room
temperature (neat or in the presence of solvents such as toluene, benzene, or ether), interaction occurs in 1:1 molar
ratio only (and independent of the employed stwichiometry of the reagents) to form the complex
(-BCyH50-)3-(CH3),NNH; as a clear distillable liquid.

At room temperature, the complex exhibits only one 113 NMR signal at § 23.8 (as compared to 5(11B) 337
(this work: 33.4) of the pure boroxin). The signal sharpens somewhat when the temperature is increased from
ambient temperature (h1f2 = 200 Hz) to 50°C (k12 = 100 Hz). On the other hand, when the temperature is
lowered, a broadening of the 1B NMR signal is observed and at —50 °C two signals at 31.4 and 6.9 ppm,

respectively, are evident in approximately 2:1 area ratio. This illustrated in Fig. 1.
Figure 1

The cited observations suggest that the molecule is fluxional at room temperature and all three boron atoms of
the boroxin ring are involved in the bonding as shown in A, abave. However, at low temperatures, the nitrogen-to-
boron coordination localizes at one boron atom of the boroxin ring (B, 8(11B) 6.9) and only one of the nitrogen
atoms of the hydrazine seems to participate in the bonding.

The infrared spectrum of (neat) N, N-dimethylhydrazine exhibits N-H stretching as a strong and broad band
near 3300 cm"! with a shoulder near 3220 cm-1. On the other hand, two sharp and distinct bands are observed near
3340 cm'l (swong) and 3280 cm! (medium), respectively, in the infrared spectrum of (near)
(-BCyH50-)3-(CH3),NNH;. This observation suggests a lack of hydrogen bonding in the latter compound and
makes the NH, moiety of the hydrazine likely to be the coordinating site.

Similarly, B-triethylboroxin interacts with hydrazine to form the complex (-BCyH50-)3-NoHy, and with
N, N dimethylhydrazine 0 form (-BCyH50-)3-CH3HNNHCH3, two colorless solids. The latter complex is
extremely hygroscopic. It can be purified by sublimation and does not decompose on melting. The room

temperature !B NMR spectrum exhibits only one signal at 23.2 ppm. At 0 °C, the signal broadens, a shoulder

appears near 31.2 ppm, and a small signal emerges near O ppm. At -50 °C, the latter has increased in intensity and
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Figure 1. The 1B NMR spectrum of (-BC,H50~)3+(CH3),NNH; at +25 and -50 °C.

+25°C
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::‘:: the overall signal is now extremely broad (ca. 2500 Hz) and unsymmetrical with maxima near 31, 23, and 0 ppm.

As is the case with N, N-dimethylhydrazine, no species other than the 1:1 molar complex seems to be formed

:,';:o',‘ between N, N -dimethylhydrazine and B-triethylboroxin.

:E;EE‘ The 11B NMR signal of (~-BC2H50-)3-N2Hy also broadens on lowering of the temperature (k) = 1500 Hz at
"l: 0 °C, ca. 4000 Hz at —40 °C) and, at - 40 °C, there seems to be a signal emerging near 0 ppm. The compound does
:," not decompose on melting; it readiiy sublimes under vacuum (at 30 °C) or even atmospheric pressure (at 150 °C).
::, The latter complex interacts with additional hydrazine to form solvates with variable quantities of excess
R hydrazine and a solid species of the composition (~-BCyH50-)3-2N9Hy can be isolated. The solvation causes an
::',;n upfield shift of the (NYH NMR signal of about 0.4 ppm. At room temperature, the 1 1B NMR spectrum exhibits only
: :;-: one signal at 22.5 ppm. The signal broadens on lowering of the temperature and at ~50 °C the broad (k1 ca. 4000
"‘,! Hz) signal is unsymmetric and shows two maxima at 32.0 and 2.2 ppm, respectively, suggesting two overlapping
T' signals in an (estimated) area ratio of 1:2. This observation may be interpreted that one nitrogen atom each of the
_ :;,E':‘{ two hydrazine molecules localizes at a different boron atom of the boroxin ring.

&." The room temperature NMR data may also be interpreted to reflect an exchange of coordinated and free
% hydrazine. However, the moisture-sensitive (~-BCyH5O-)3-2N7Hy is thermally unstable and loses hydrazine
:.:a readily at 60-80 °C and under vacuum, slowly on prolonged storage under vacuum at ambient temperature,
"3: | ultimately forming the 1:1 molar complex. This observation lends credence to the suggested concept of solvation.
o B-Triphenylboroxin reacts with hydrazines in a fashion analogous to that of B-triethylboroxin. The 1:1 molar
-;‘}’ complex with (CH3)9NNH; does not appear to be moisture-sensitive (the 1H NMR spectrum of a material exposed
v: ' to laboratory atmosphere for 24 h was identical with that of a freshly prepared product) but the adduct is thermally
__:.ﬁ fairly unstable. Decomposition to the individual components was observed to occur near 100 °C under vacuum.
:\:E: The complex (-BCgH50~)3-2(CH3)oNNH, was also isolated; it is thermally quite unstable and, after melting,
g begins to decompose into the individual components. The room temperature 11B NMR data for both the 1:1 and the
.:Tg 1:2 complex are essentially identical. |

‘3:“ (-BCgH50-)3-CH3HNNHCH]3 is extremely hygroscopic and thermally not very stable. On heating under
e atmospheric pressure it loses hydrazine even before melting.. No other adduct composition between the two agents
.EE;.' was observed.
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B-Triphenylboroxin and hydrazine interact in both 1:1 and 1:2 molar ratio. Of these adducts, the 1:1 molar
complex does not readily decompose on melting but decomposes to the components on heating to 90-100 °C under
vacuum. The 1:2 species loses hydrazine just above its melting point (48-52 °C) and under atmospheric pressure.

Thereafter the thermal behavior is analogous to that of the 1:1 complex.

Discussion

Hydrazines interact readily with B-triorganylboroxins to form 1:1 molar complexes. The room temperature lig
NMR data show that these complexes are fluxional and all three boron atoms of the boroxin are involved in the
bonding. At low temperatures, however, the N-to-B coordination is localized at only one boron atom rendering it o
be sp3 hybridized, whereas the other two borom atoms are in sp2 environment. These observations also imply that
the hydrazines function exclusively in monodentate fashion when interacting with boroxins. Otherwise, the
observed ratio of the 1B NMR signalis for three-coordinate versus four-coordinate boron should be in the reverse
order to show bidentate intramolecular coordination, or the hydrazines should form 1:2 molar complexes with the
boroxins, which is not the case. On the other hand, it is possible that more than one hydrazine molecule coordinates
to a single boroxin ring. However, such additional interaction is very weak and may be viewed as solvation rather
than coordination. This _intcrprezmion is supported by the ready loss of excess (as compared to a 1:1 molar ratio) of
the hydrazine. There is little if any difference in the ambient temperature 11B NMR spectra of the 1:1 complexes
and the solvated species.

It is worth noting that such solvated complexes were observed only in cases where the hydrazine contained at
least one NH5 group. This suggests that the NHy group of N, N-dimethylhydrazine is the more likely donor site in
this 1:1 complexes. Coordination of the sterically least hindered donor site is also in consonance with some infrared
data. Furthermore, a steric effect is also suggested by the different thermal stabilities of the various species, i.c.,
with increasing steric crowding (either at boron or at nitrogen) the thermal stabilities of the adducts decrease.
However, the different thermal stabilities are not reflected by the room temperature 11B NMR data, since all
compounds exhibit a (single) signal in the 20-24 ppm range. The 70 eV mass spectra of all of these complexes

exhibit only the fragmentation patterns of the individual components. Very weak parent ion clusters of the 1:1

molar complexes could be observed in some cases in the 14 eV spectra.
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