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Selectively 4,4-disubstituted pyrazaboles have been synthesized by the reaction of poly(l-pyrazolyl)borates with boranecs

containing at least one leaving group and particularly with dialkylboryl sulfonates,

4,4-Dialkylpyrazaboles undergo the

normal reactions such as dihalogenation or formation of an o-phenylenedioxy derivative at the unsubstituted BH; group.

The pyrazaboles are a new class of boron-nitrogen
heterocycles of remarkable oxidative and hydrolytic
stability. They withstand a variety of reaction condi-
tions used to perform operations on functional groups.
Thus, by a judicious choice of pyrazole and borane com-
ponents followed by other appropriate reactions it is
possible to prepare a variety of pyrazaboles (I) with
different substituents on carbon and boron. 2
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A necessary consequence of the above reaction path is
that positions 4 and 8 bear identical substituents.
While Heitsch?® successfully prepared 4-monofluoro- and
4,4,8-trifluoropyrazaboles by fluorination of the parent
compound with SFy, a general synthetic approach to
selectively 4,4-disubstituted pyrazaboles was not avail-
able, as sequential substitution on boron yields a 4,8 de-
rivative.

In this work it was shown that selectively 4,4-disub-
stituted pyrazaboles can be synthesized by the reaction
of a dipyrazolylborate®? jon with a borane containing at
least one substituent capable of being displaced as an
anion
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This reaction is analogous to those used to form bo-
ronium salts.® For instance, the reaction of KH,B(pz),
(pz = 1-pyrazolyl) with BF;-O(C.Hj), yielded IT (X =
Y = H, R = F) as a volatile solid, mp 87-88°. The
proton nmr spectrum confirmed the asymmetric nature
of substitution by the appearance of pyrazabole hydro-
gens as an ABC pattern, and the !'B nmr spectrum in-
dicated the presence of a BF, and a BH, grouping, re-
spectively, by the triplets at -+17.7 ppm (J =21 c¢ps)
and at 4+26.5 ppm (J = 110 cps).

4,4-Dialkylpyrazaboles were synthesized by the reac-
tion of KH,B(pz), with trifluoroacetoxydiethylborane
or, even better, with a dialkylboryl alkane- or arenesul-
fonate.” These reagents were prepared in situ by the
reaction of trifluoroacetic acid or the appropriate sul-
fonic acid with a trialkylborane. 4,4-Diethylpyraz-
abole was unusual in that its proton nmr spectrum in-
dicated an A,B system of the pyrazole ring, like a sym-
metrically substituted pyrazabole, and consisted of a
simple doublet—triplet pattern with no additional split-
ting. The possibility of a 1:1 complex of pyrazabole
with 4,4,8 8-tetraethylpyrazabole was ruled out since
(1) the infrared spectrum was not a composite of the two
suspected components and contained a new band at
820 em™*; (2) the ninr spectrum while similar to that of
both symmetrical pyrazaboles differed in the chemical
shift of the triplet and the distance from it, A, to the
center of the doublet; (3) derivatives were formed by
chlorination or by reaction with pyrocatechol (vide in-
The reason for this spectroscopic equivalence of
the 1, 3, 3, and 7 positions remains obscure. Thisappar-
ent equivalence is also manifested in 4,4-dibutylpyraz-
abole, although the 1-, 3-, 5-, and 7-hydrogens show signs
of separating into two unresolved doublets. 1In 4,4-di-
ethyl-1,3,5,7-tetramethylpyrazabole, on the other hand,
positions 1,7 and 3,5 are distinctly different.

4,4-Diethyl-8,8-bis(1-pyrazolyl)pyrazabole (III) in-
terestingly offered some insight regarding the lability of
the B-N bond in pyrazaboles. If one B~N bond were
easily detached to give the species (CoH;):B(pz)B(pz)s,
of sufficient lifetime to permit scrambling of the threc
uncoordinated pyrazolyl groups prior to reattachment,
only ene type of pyrazolyl group would be discernible by
nmr. The considerations here are similar to those in
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the case of B(pz).Pd-w7-C;H.* where the instan-
taneous structure involves planar, four-coordinate
palladium and yet the coordinated and uncoordinated
pyrazolyl groups are exchanging rapidly at room tem-
perature, as evidenced by their nmr equivalence. Only
on cooling to —40° is the exchange process slowed to the

\B/ \B/02H5= \B/ \3/2 :
N N\ N N\
N—N N—N CH; Cl N—N ,H
J & QJ
1T v

point where the two coordinated pyrazolyl groups be-
come distinguishable from the other two.

The nmr spectrum of compound III shows no indica-
tion of exchange up to +100°, the 8,8-pyrazolyl groups
maintaining their separate identity, which is also in line
with the observed stability of pyrazaboles toward nu-
cleophiles.

The chemical reactivity of compounds II containing
one BH; group is normal, like that of the parent pyraz-
abole. Thus, 4,4-diethylpyrazabole can be converted to
IV by chlorination of the BH, group or to an o-phen-
ylenedioxy derivative (V) by reaction with pyrocate-

chol.
)
O\B / \B /CZH;,
O/ \NGN/ \CQH
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As the above examples illustrate, the present ap-
proach, in conjunction with the direct synthesis, makes
it now possible to synthesize pyrazaboles with almost
any type of substitution.

Experimental Section

4,4-Difluoropyrazabole.—To a solution of 25.4 ml (0.2 mol) of
BF;-O(CH;) in 100 ml of ether was added slowly a solution of
18.6 g (0.1 mol) of potassium dihydrobis(1l-pyrazolyl)borate in
100 ml of tetrahydrofuran. An exothermic reaction took place
and solid started precipitating. When the exothermicity sub-
sided, the reaction mixture was evaporated.

Another run on the same scale involved reverse addition. The
two runs were inadvertently combined and were hence processed
together by dissolving the residue from evaporation in water and
extracting with methylene chloride. The extracts were evap-
orated yielding 29 g (75%) of an oil which solidified on standing.
1t was purified further by distillation #» vecuo. The product
boiled at 100° (4.7 mm), solidified, and melted, after recrystalliza-
tion from hexane, at 87-88°. Anal. Caled for CsHsBaFaNj:
C,36.7; H, 4.08; N, 28.6. Found: C,36.9; H, 4.68; N, 28.4.

The nmr spectrum has a doublet (J = 2.3 ¢cps) at 7 2.09, an
unresolved doublet at 7 2.33, and a poorly resolved triplet
(J =~ 2cps)atr3.61in1:1:1 ratio along with the BH; hydrogens
detectable by integration in the 7 4-9 range. The infrared spec-
trum contains a strong BH, multiplet similar to that of pyraz-
abole.

The "B nmr spectrum has two triplets at +17.7 ppm (J = 21
cps) and +26.5 ppm (J = 110 cps) from trimethyl borate.
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The ultraviolet spectrum has Amax 213 mu (¢ 13,200).
4,4-Diethylpyrazabole. Method A.—To a solution of 30 ml

(0.4 mol) of trifluoroacetic acid, stirred under nitrogen in 200 ml

of benzene, was addéd 56.4 ml (0.4 mol) of triethylborane.

Evolution of ethane commenced spontaneously and proceeded

rapidly, necessitating occasional cooling. When 9.6 1. of ethane

had been evolved, a solution of 75 g (0.4 mol) of potassium di-

hydrobis(l-pyrazolyl)borate in 400 ml of tetrahydrofuran was

added slowly. An exothermic reaction took place. When it
subsided, the tetrahydfofuran was distilled out and the residue
was stirred with water and extracted with ether. Evaporation
of the organic layer gave an oil which was distilled, the 110-140°

(2.7 mm) cut being collected. It solidified on standing and was

obtained in 62-g (729,) yield. The material was purified further

by recrystallization from petroleum ether; mp 61-62°. Anal.

Caled for CyHisB:Na: C, 55.5; H, 8.33; N, 25.9. Found: C,

558.5; H, 8.15; N, 26.2.

The nmr spectrum consists of a doublet (J = 2.5 cps) at =
2.43, a triplet (/ = 2.5 cps) at 7 3.69, and a three-peak multiplet
centered at r 9.34, in 2:1:5 ratio. The BH; hydrogens can be
seen by integration in the r 3-10 range. The nmr spectrum of a
1:1 mixture of pyrazabole and 4,4,8,8-tetraethylpyrazabole is
distinctly different.

The B nmr spectrum has a broad peak at +416.5 ppm over-
lapping an unresolved triplet at +26.6 ppm, from trimethyl
borate.

The ultraviolet spectrum has a shoulder at 215 mu (e 11,200).

Method B.—A suspension of 38 g (0.2 mol) of p-toluenesulfonic
acid monohydrate in 250 ml of toluene was stirred and refluxed
until no more water distilled into the attached Dean-Stark trap
and a clear solution resulted. To this solution was added, under
nitrogen, 28.2 ml (0.2 mol) of triethylborane and the solution was
stirred and refluxed until 5.4 1. of gas was evolved. This solution
was cooled, transferred rapidly to an addition funnel, and added
dropwise to a solution of 40 g (0.2 mol) of KH,B(pz); in 40 ml of
dry tetrahydrofuran. The mixture was refluxed briefly and was
then poured into 1 1. of water. Thelayers were separated and the
aqueous layer was extracted twice with hexane. The extracts
were combined with the original organic layer, filtered, and evapo-
rated. The residual oil was distilled ¢n vacuo yielding 25 g (58%,)
of the main cut, bp 105-112° (3.7 mm). The infrared spectrum
of the oil was identical with that of authentic 4,4-diethylpyraza-
bole from the preceding experiment.

4,4-Dibutylpyrazabole.—A suspension of p-toluenesulfonic
acid monohydrate (38 g, 0.2 mol) in 250 ml of toluene was re-
fluxed, the water being removed ®a a Dean-Stark trap. When
the theoretical amount of water had been collected, the clear
solution was cooled and 0.2 mol of tributylborane was added.
The solution was stirred and refluxed until 0.1 mol of butane was
evolved and was then cooled, transferred rapidly to an addition
funnel, and added dropwise to a solution of 40 g (0.2 mol) of
KH;B(pz), in 400 ml of THF. The mixture was refluxed briefly
and was then poured into 1 1. of water. The layers were sepa-
rated and the aqueous layer was extracted twice with hexane.
The organic extracts were combined, dried (MgS0,), filtered, and
evaporated. The residue was distilled, the main cut boiling at
142-144° (1.7 mm), »%®p 1.502.  The product was obtained in
33.4-g (62%) yield. Amnal. Caled for C4HyB:Na: C, 61.7;
H, 9.57; N, 20.6. Found: C, 61.7; H, 9.86; N, 20.6.

The nmr spectrum had two overlapping doublets (unresolvable)
centered at 7 2.52, a triplet (J = 2.4 ¢ps) at 7 3.83, and a coniplex
multiplet with sharp peaks at r 9.17 and 9.25, in 2:1:9 ratio.

The ultraviolet spectrum has Amax 215 mu (¢ 11,900).

4,4-Diethyl-1,3,5,7-tetramethylpyrazabole.—Toa mechanically
stirred slurry of 29 g (0.12 mol) of potassium dihydrobis(3,5-
dimethyl-1-pyrazolyl)borate in 400 ml of toluene was added
slowly 100 ml of 1.2 M solution of diethylboryl methanesulfonate
in toluene. A moderately exothermic reaction took place and
the flask contents gelled partially as potassium methanesulfonate
precipitated. The slurry was refluxed with stirring for 1 hr and
was then cooled and stirred with 500 ml of water. The organic
layer was separated, dried, filtered, and evaporated. The residue
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solidified on cooling to give 26 g (969,) of solid which was purified
by recrystallization from methanol; mp 91-92°. This material
may also be distilled iz vacuo, bp 158° (1.6 mm). Amnal. Caled
for CiuHeeB:Ny: C, 61.8; H, 9.56; N, 20.6. Found: C, 62.5;
H, 9.22; N, 20.7.

The infrared spectrum contained the BH, band as a complex
multiplet in the 2270-2450-cm ! range.

The nmr spectrum is confirmatory: it has singlets at = 4.14,
7.66, and 7.78 as well as a complex multiplet (B-ethyls) at =
9.1-9.8 in the correct 1:3:3:5 ratio.

The ultraviolet spectrum has Amax 219 mu (¢ 17,800).

4,4-Diethyl-8,8-bis(1-pyrazolyl)pyrazabole.—To a mechanically
stirred slurry of 16 g (0.05 mol) of potassium tetrakis(l-pyrazol-
yl)borate in 200 ml of toluene was added 42 ml of a 1.7 A4 solution
of diethylboryl methanesulfonate in toluene. The slurry was
stirred and refluxed for 1 hr. It was then cooled, stirred with
water, and extracted with ether. The organic layer was dried,
filtered, and evaporated, and the residue was chromatographed
on acid-washed alumina eluting first with hexane (which removed
some 4,4,8,8-tetraethylpyrazabole) and then with ether which
eluted the desired product. It was obtained in 12.7-g (739)
vield and was purified further by recrystallization from heptane;
mp 120-121°. Anal. Caled for CigH2B:Ns: C, 55.2; H, 6.32;
N, 32.2. Found: C, 55.3; H, 6.45; N, 32.8.

The nmr spectrum is confirmatory: it has two overlapping
doublets at 7 2.26, a doublet (J = 2.6, J' = 0.7 cps) at = 2.54,
a doublet (/ = 2.3, J' = 0.6 cps) at = 3.05, a triplet (J = 2.5
cps) at = 3.48, a ‘‘triplet’”’ (overlapping doublets J = 2.3 and
1.7 cps) at = 3.74, and an asymmetric ‘‘doublet’’ (B-ethyls) at
7 9.48 in the correct 2:1:1:1:1:5 ratio.

ITnorganic Chemistry

The ultraviolet spectrum has Amex 218 mu (e 19,400).

4,4-Dichloro-8,8-diethylpyrazabole.—Chlorine was bubbled
into a solution of 43.2 g (0.2 mol) of 4,4-diethylpyrazabole in
500 ml of carbon tetrachloride until the yellow color persisted.
The solution was evaporated to dryness and the residue was
recrystallized from hexane. The product was obtained in 51.5-g
(90.569%,) yield as colorless crystals, mp 90-91°. Anal. Caled
for CpHieB.CLNs: C, 42.1; H, 5.62; Cl, 24.9; N, 19.7.
Found: C, 41.5; H, 5.30; Cl, 24.4; N, 19.7.

The nmr spectrum has doublets at » 1.76 (J = 2.5 cps) and
r 225 (J = 2.3 cps), a triplet at r 3.37 (J = 2.4 cps), and a
multiplet at about 7 9.4 in 1:1:1:5 ratio.

4,4-Diethyl-8,8-phenylenedioxypyrazabole.—A mixture of 10.8
g (0.05 mol) of 4,4-diethylpyrazabole and 5.5 g (0.05 mol) of
pyrocatechol was refluxed in 150 ml of xylene. Hydrogen evolu-
tion was sluggish. The solvent was distilled out, whereupon
hydrogen evolution speeded up and soon 2.4 1. was collected.
The crude reaction niixture was chromatographed on alumina.
Eluting with hexane gave 1.7 g of a solid which was identified as
4,4-diethylpyrazabole. Switching to ether-hexane as eluent
produced a second fraction in 11.8-g yield (799, based on un-
recovered 4,4-diethylpyrazabole). The material was recrystal-
lized from heptane; mp 82-83°. Anal. Caled for C;sHyB:N1Os:
C, 59.6; H, 6.22; N, 17.4. Found: C, 59.2; H, 5.97; N, 17.6.

The nmr spectrum has two overlapping doublets at = 2.23
(/ = 2.6 cps) and r 2.30 (J = 2.3 cps), each split further by 0.6
cps, a singlet at 7 3.12, a triplet at = 3.56 (J = 2.55 cps), and a
“triplet’” at 7 9.29 in 1:1:2:1:5 ratio.

The ultraviolet spectrum has Amax 287 mu (e 4300), 280 mu
(e 5320), 275 mu (e 4480), and 215 (sh) mu (e 20,000).
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The preparation, infrared spectra, and phosphorus-31 nuclear magnetic resonance spectra are reported for 15 compounds of
the type cis- and trans-L,M(CO),, where M is Cr (¢rans only), Mo,or W,and L is tributylphosphine, dibutylphenylphosphine,

or diphenylbutylphosphine.

compounds, are larger for the frans compounds than for the corresponding c¢zs compounds.
consistent with the z-bonding abilities of tertiary phosphines.

Phosphorus-31-tungsten-183 spin-spin couplings, which are observed in all of the tungsten

This is interpreted as being
The phosphorus chemical shift in the frans compound of a

particular ligand is farther downfield than that for the corresponding ¢is compound.

Introduction

In the very recent past, the concept of = bonding
between phosphorus (and similar ligands) and transition
metals had been accepted and was utilized to explain
or partially explain various phenomena. In platinum-
(IT) chemistry, = bonding has been used to explain the
trans effect,’ the relative thermodynamic stabilities of
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¢is and frans isomers,® the greater magnitude of
platinum-195-phosphorus-31 coupling constants in cis
relative to frans isomers,”® and fluorine chemical shifts
in  fluorophenylplatinum  compounds.® Also, the
shorter phosphorus—platinum distance in cis-((CHg)s-
P);PtCl; compared to that of the #ans isomer could be
explained by 7 bonding, although the original investi-
gators!® were reluctant to do this.
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