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As in the past several years, this survey reports on crganobcren
and related species containing only isolated bcron atcms. The
cnly exceptions involve diborane(4) derivatives, which exhibit a
similar chemistry. Carborane and typical organoboron hydride
cnemistry (hyaroboration) are reviewed in Fart I of this survey.
Although the present material is divided intco 14 mzjor sections

strict adherence to this classification has not been attemrted.

1 BREVIEWS AND SUMMARIES

A supplementary volume of the GMELIN HAMDEUCH DER ANORGAN-

ISCHEN CHEMIE entitled "Borverbindungen 1" has been publishned (11;
Its contents comprise three major areas: (a) binary boron-nitroge .
compounds, particularly boron nitride; (b) pclymeric derivatives
containing a boron-nitrcgen tackbone; and (c) boron—nitrogen—carb-:
heterocyclic systems. This latter part (155 pages) which is of
special interest to the organcboron chemist contains an exhaustivg
survey of the area up to 1972 and a brief but interesting prcposa
for the raming of organcberon heterocycles. Despite its high cost,[
this book is a most certainly worthwhile addition to the library.
Another supplement, "Borverbindungen 2", includes an initial

description of carbcrane chemistry (275); a secord volume treatin-f
large carboranes, heterocarboranes, metallo carboranes, and rolymel

species will be published later. The descriptive part of this
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upplement is a ccmprenensive documentation of small carborane
chemistry; however, the 138 pages devoted to "nomenclature and
compound types" seem overly lerngthy and - a2t lezst to the casual
reader - confusing and (sometimes) irritaifing° It should be noted
that both cited supplementary volures deviate (to a degree) frcm the
"normel? GMELIN tradition in theilr presentation of material which,
however, does not diminish the value,

Structural data on varicus corgancboron species studied during
the period 1960-1965 are coxpiled elsewhere (103) and detailed
procedures for the analysis ¢f crganoborcn species heve been
surmarized (104). An article on the reaction chemistry of diborane(6)

lists 683 references, many of which deal with organcmetallic

v

species (144). Mass spectral data on inorganic and organic boro
derivatives have been assembled -(73) and the abstracts of the papers
presented at the Second International Feeting on Boron Chemistry
are available (154).

Comprehensive reviews describe structural and bonding aspects
of elemental boren and metal borides (251), metallotoranes and
metal-boror bonding (260), and the technology of boron derivatives,
particularly binary compounds such as boron carbide, metal borides,
boron nitride, and also toron whiskers (255), Recent results in
boron-sulfuvr, -selenium, and -tellurium chemistry (252) as well as
boron-nitrogen chenistry (253) have been summarized, VOELTER (254)
reports on the structures, determination, separation, and applications
of cartohydrate-toric acid ccmplexes.

In a review of "organometallic compounds and living organisms®
the role of boron derivatives in this area is discussed by citing
some 22 references (237). Additicnal summaries treat metalloboroxanes

ani related compounds (147) and the chemistry of sugars in boric acid

References p. 428
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solutien (134). The reactions of isonitriles, cyanides, carbon mo
oxide and other LEWIS bases with organylboranes have been reviewe
in an article listing 71 references (217) and the uses of thexyl-
borane (= 2,3-dimethyl-2-butylborane) as hydrcboration agent in V

organic syntheses have been summarized (324).

2 GENERAIL. QORGANOEORON-HYDRIDE CHEMISTRY

Methyl sulfide-borane has been suggested as a hydroboration

agent since it is & liquid and stable source of BH3 (136). As an
example, the hydrobceration/oxidation of alkenes has been described
and was found to be a facile regioselective and stereoselective
method for the preparation of the corresponding alcohols. Reductid
of aromatic carboxylic acids with methyl sulfide-borane was effec-f
particularly well in the presence of tris(methoxy)borane (314),

Hydroboration of alkenes with sodium tetrahydroborate and
zcetic acid in tetrahnydrofuran is another new method using the in
situ formation of BH3 as hydrobhoration agent (143); alsq,poly(h_
vinylpyridine-borane) has been suggested as a polymreric reducing
agent (202) and chloroborans, dichloroborane, and catechol-borane B
have been advocated as new hydroborating agents (326).

Of particular interest to the spectroscopist may be the
observation that, in the presence of catalytic amounts of
B06H5)3P]33uHCl, hydrogen atoms can be exchanged by deuterium at
boron atoms but not at carbon atoms (114), The reaction proceeds
smoothly at temperatures from 65-100°C with deuterium gas; triphenf
phosphine~Rh-carborane derivatives can also function as catalysts
for this exchange.

The symmetric (CZh) approach of twc BH3 molecules to form BZHf

was compared with the unsymmetric (CS) approach via extensive
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self~-consistent field calculations (50); the data indicate a strong
preference for the CZh transition state. Simple harmoric force
fields of the tetrahydroborate ion, methane, and the ammonium ion

' have been computed by the FSGO method (227); th= calculated main
force constants are larger than th= values that were determined
experimentally.

An imprcved method for The determination of boron in organo-
boron species has been described (233) and boron nitride, boron
phosphide, and boron oxide have been used for the detecticn of
thermal neutrons (173). .

A Tacile laboratory procedure for the preparation of tetra-
alkyldiboranes and aimeric 9-borabicyclo(3.3.1)nonane has been
described in detail (269). Also, the preparation of a singly
hydrogen bridged organoboron aniocn, (0458)232H3e, containing &
single transannular hydrogen bridge, has been reported (61); its

formation is illustrated by the following equation:

The hydrogen bridge of the ion is resistent to nuclecphilic dis-
rlacement and the structure of the species was confirmed ty X-ray
diffraction data. The heterocyclic hydridic species HB(O-CHCH3)20H2
has been cbbtained by the reaction of diborane(6) with pentane-2,4-
diol (187). The same compound is also found zlong with other
products on reaction of acetylacetone with kgfcaHgo)BBe BHL,_u

The reaction of lithium kydride with (fluoro)dimesitylborane

yields, depending on the conditions employed, dimesitylborane or
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lithium dihydrodimesitylborate (56). The latter salt was initial:'
isolated as its complex with two molecules of solvent, e.z.,
1,2-dimethoxyethane. All three of the cited species are crystallii

materials; the last on= shows exceptional stereoselectivity for

reduction cf ketones. Disiamylborane has been used to hydroborztd

acetylenic acetals and the reaction was developed tc provide a

novel synthesis of a-keto ethers and cis-allylic ethers (12).
Hydrogen teroxide oxidation of the (not isclated) products forme
from aryl halides and diborane(6) in the presence of metallic
1ithium, potassium, or calcium in tetrahydrofuran yields phenols

(236). Presumably, the process occurs via an arylboron intermedialfl

Vinylbcraae, CH2=CH—BH2, has been studied by 2b initio
calculations (15). The barrier to rotation szbout the B-C bond
was found tc be 7.6 kcal/mol and optimizred values for the C-C andj
B-C bond distances were calculated as 1,32 2 and 1.57 Q for the
planar mclecular form and 1,32 2 ana 1.57 £ ror the orthogeral

species, The latter value is in virtual agreement with the experig

mentzlly determined B-C distance cof srimethylborane (18).

Decomposition of carbon moncxide-triborane(7) leads to
bis (carbon monoxide)-diborane(4), B2H4(00)2 (20). As shcwm by a
X-ray crystal structure study, the latter has a 1,2-disubstituted §
ethane-1ike structure in which bond distances and angles appear
to be "normal® (distances: B-C, 1.52 8; B-B, 1.78 8; c-0, 1.125 R;;
B-H, 1.14 2. B-H,, 1.11 2). an ab initio molecular orbital calcula
on carbon monoxide-borane has shown that among the various
electronic configurations of the compiex a charge-transfer species]
plays an essential role (76}; the influence of hyperconjugation

on the prcoperties of carbon monoxide-borzne has been studied by

CN/INDO calculations (322).
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Carbon moncxide-borane reacts with NO at temperatures below —130°C
in a redcxX reaction to yield N20, NZ’ C0O, and boric acid (1307 ;
the adduct HJB=NO is formed as zan intermediate. Carbon moncxide-
torane forms a 1:1 adduct with trimethylamine wnerein the nitrogen

is bonde@ to the carben atom of the CO moiety (329). The adduct

is stable at low temperatures but it thermally dissocliates into

the initial reactants. At still higher temperatures base displace-
ment occurs and trimethylamine-vorane is Tormed, Triethylamine

and triphenylphosphine alsc react with carbon monoxide-borane

tut pyridine deces nct. Infrared spectral evidence (288) supports
the proposed structure of HBB-CO-N(CZH5)3. High resolution infrared

10

. 1.3 _ i
spectra have also been recorded on _—DDB'CO and ~ BD,°CO but no

3
definite conclusion with respect to the structure of carbon mon-

oxide-borane could be reached on that basis (310),.

3 TRIOEGANYLEORANES

3.1 Syntheses and Reactions

A facile labcratory procedure for the preparation of tri-
phenylborane has besr described in detail (267). (Dialkyl)allyl-
boranes have been prepared via hydroboration reactions using
9-bora-bicyclo(3.2.1)nonane (282) and the reaction of triorganyl-
boranes such as tri-n-propylborane or triallylborane with bicyclo-
(1.1.0)butane affords butenylboranes, CH2=CH~CHR-BR2 (@2). The
latter reaction is highly excthermic and the formation of the
unsymmetrical triorganylboranes wes confirmed by spectroscopic
data although the materials were not actually isolated. Lithium
chloroprorargylide, Li—CEC—03201, reacts with trialkylborznes to
yvield allenic boranes of the type CH2=C=CB-BBZ (350) and (dialkyl)-

allylboranes have been obtained by the reaction of trizlkylboranes

References p. 428
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with allylmagnesium bromide; the resultant materials were identif

by elemental analysis and infrared data (142).

Biacetylene reacts with triallylborare or tris(2-methylallyE

borane accordirg to the "usual" allylboron-acetylenic condensati§l

(153); at 120-150°C compounds of type 1 (R = H, R' = CH,-CH=CH,;
= CH ' = CH.—-CCH_.=CF = tai
R Ch3, R CH2 CC__3 CHZ) are ottained.
R
_p’
o B—R
R

1

A new procedure for the preparation of i-boraadamantane in-

volves the reaction of tetra-n-propyldibcrane(6) with 3-n-propyl

7-methylene-3-becracyclo(3.3.1)nonane (151); tri-n-propylborane
is formed as a byproduct:

B

B_C3H7

BoH2(C3Hy)s * — =2 B(CH; +

Th

e reaction of (C2H5)20-BF3 with indenyllithium leads to
the Tormaticon of tris(inden-1-yl)borane (4L). The compound exists 
in the gl1l1lyl form which, as evidenced by magnetic resonance
studies, undergoes a permanent allyl rearrangement at high tempe-
ratures. Complex formation of tris(inden-1-y1)borane was observed}
on treatment of the compound with nitrogen bases such as trimethy}
amine, diethylamine, or pyridine,

(Dialkyl)methoxyboranes react with organolithium reagents to

provide mixed triorganylboranes according to the reaction

RZBOCH3 + R'Li —9¢ R,BR' + LiOCH3 (148). The desired unsymmetrid
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triorganylbcrane is formed in high yield and purity in hydrocarbon
solvents; the alkali metal alkoxide precipitates.

Treatment of 1,2-azabcrolidines with metal alkyls leads to
the formation of y-functional trialkylboranes with an internal

coordinate B-N bord (45):

£,N\H _RM (B.'NHz

B (H,0) O\

R R R
IM-= MgBr, Li
The preparation of 9-mesityl-9,10-dihydro-9-boraanthracene, 2,
has been described in detail. Proton abstraction with organo-

lithiur reagens gives the corresponding anion, which was converted

H H

R = mesityl

v 0—00

by reaction with various electrophiles such as D20, 002, or CHBI
into 10-substituted derivatives of Z. Proton nuclear magnetic
resonance and ultraviolet spectra of the various species have been
discussed (241)., Equilibrium acidities of 9-mesityl-9,10-dihydro-
9-boraanthracene and of its 10-phenyl derivative have been deter-
mined toward lithium cyclohexylamide in cyclohexylamine, From these
data, alcng with ultraviolet spectroscopic studies, it was concluded

that the 9-boraanthracene anion shows aromatic stabilization (216).

The hydrolysis of linear and cyclic trialkylboranes at room

temperature is catalyzed by diethylborylpivalate, (CH C—COZ-B(CZH5)2

3)3
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(256). Cleavage of one voron-carton vond of the trialkylbcrane

occurs guite readily and bis(dizlkylboryl) oxides, (RZB)ZO, can
isolated in gcod yield. Other proton-sctive materials such as

alcohcls or amines react with triethylborane in the presence cf
Giethylborylpivalate to provids fcr O- cor X-diethylboroaatioin.

The catalytic effect of the dietnylborylpivaiate h2s besa studies
oy bthe reaction of trisgthylborane with nrimary alkylamines and a
vvo-step cabalytiz cyecle was forrulated (250), The suggested

mechanism is supporiesd by the isolakicn of reaction intermediated

)n-COOH + B(C “,)3 —& C H, + HRN—(CH ) n~50-0- B(C )2.;

e

The spe=ad of this reaction is also catalyzed by diethylborylpi-
valate., If n = 3 or 5. simultaneous diethylboronation of the amin
Zroup can be effected. Taes lack of N-boronation in the case of

n =1 or 2 may te interpreted as being due to the formation of

magnetic resonance d4data. On thas other hand, diethylborylvivalate
may Jdeactivate intramolecular coordination to provide for a bororn

-

on reaction aceording to:

fe

o

HB)BC—CO—O-B(CQH )2 + HBN-(CH2)n—CO-O—B(C H5)2 —
anx + (CHB) c-CcC- O-BCZUr—VB—(Ch ) -CO—O—B(JZHS)D.
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Amino acid esters such as glycine methyl ester react with tri-
ethylborane even in the presence of the cited catalyst to form
only simple 1:1 zadducts.

In the presence of sufficient quantities of diethylborylpivalate,
triethylborane may react with amino acids to yield, for example,
(CHB)BC-CO—O-B02H5—NH—(CH?_)?_—CO-O—BCZH5~O-CO—C(CH3)3. Such
doubly boronated amino zacids are colorless solid materials which

probably do not have any intramolecular B-N coordination (27).

Triorganylboranss add across the multiple bond of unsaturated
species such as N-benzylidenemthneylamine, N-diethylaminooropyne,
or methacrylonitrile (185). Addition of the dialkylboron moiety
occurs at the most electron-rich site, e.g.:

CH2=CCH3—CN + BR3 — CH2=CCH3—CB=N—BBZ.
However, reaction of these szms organic molecules with boron tri-
chloride leads mostly to simple adducts:

CH2=CCH

-C¥ + BC1 — CH2=CCH3—CN-BC1qu

3 3

Trialkylboranes react with carbon monoxide in the presence
of excess ethylene glycol to yield cyclic glyecol esters of tri-
alkylcarbonylberic zcids (152). Addition of small amounts ofA
metallic sodium to the reaction mixture appears to change ths
direction of the reaction (mechanism?) affording secondary alcohols

by decomposition of the carbonylation product.

Additional work on the free radical reaction of organylboranes
with q,B-unsaturated ketones leading to (vinyloxy)boranes has now
been shown to provide a ready means of preparing a-bromoketones (58).
In this procedure, thz (vinyloxy)borane is brominated and subse~
quently is treated with methanol. The overall reaction can be

summarized as follows:

References p- 428
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) Oé . T BI‘2 y
BRB -+ CH2=CH—C0—CH3'", ———-’ BCHZ-—CH—‘—CCHB—O-BBZ
. CHBOH ’ :
RCH,-CHBr-CBrCH.,-0-BR ~——ioeer g RCH,-CHBr-CO-CH,.
2 3 2 (H,0) 2 3%
2

The intermediate products need not to be isdlated. In the présendi
of base triorganylboranes react with u,p—dibromoketones‘by |
attack of bromine on thes initial ketone~borane adduct (228). Thisf
step is followed by the rate-determining transfer of an organyl
group from boron to carbon.

The a-position of B-isopropyl-9-borabicyclo(3.3.1)nonane is
activated by the boron moiety to an even greater extent than by ajg
phenyl group as is evidenced by competitive bromination (57). Thi}
feature makes it possible to syathesize and isolate a-bromoalkyl
derivatives and tceo émploy them in syntheses. The reaction of
u,u'—dibromoketones with triorganylboranes can be used to prepare
monoalkylated ketonz=s (8); this is illustrated in the following

scheme:

O o)

Br Br R
BR,

——
KOR! THF
20°C

Six-mambered boracyclanes of type 4 when treated with brominj
in the presence of water undergo a ring contraction to produce
the corresponding five-membered carbocyclic compound (191). Tri-

alkylboranes react with a-bromosulfenyl compounds in the presencel]
B—R
L

of potassium t-butoxide to yield the corresponding a-alkylated

sulfenyl derivatives (135):
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BR3 + BI'CHZSOZY —_—— RCHZSOZI.

Y,y-Dimethylallylamines isomerize under the influence of>tfi€
butylborane (96); also, the reaction of tributylborane with ethers
COntaining a y,ydimethylallyl group has been studied (212). Tri-
allylboranes resact with ethyldiazoacetate in tetrazhydrofuran =zt
low temperatures to produce, after hydrolysis of the reaction
mixture, the esters of vy,5-unsaturated acids (180); this reaction
is similar to that of trialkylboranes (182), The oxygen induced
1,4-addition reaction of organylboranes to croton aldimine has
been described (208). The reaction of styryl sulfoxides or sulfanes .
with trialkylboranes provides for ready access to g-alkylated
styrene (291). Trialkylboranes have been used to prepare tertiary
alcohols (341) and the anodic oxidation of trialkylboranes using
graphite as the anode seems to proceed through a carbonium ion
mechanism (302). The copolymerization of vinylhydroguinone and

acrylonitrile by tributylborane has bsen described (206).

The trialkylboranes B[CHZ—Si(CH3)2—O—Si(CH3)3]3 and
B[QHZ—Si(CHB)Z—O—Si(CH3)2-06H5]3 undergo a bzse-catalyzed B-~elimin-

ation which appears to generate i-silaethylene species (273).

3.2 Physicochemical Studies

The vibrational spectrum of trivinylborane has been recorded
(1,64). The spectrum was assigned on the basis of a planar (CBh)
symmetry and the data were interpreted as evidence for the presence
of B-C m-bording (€4%). Two conformers seem to exist in the liquid
state ‘1) but only one planar species is observed in the'solid
material. A complete vibrational assignment has been given for the

molecule in the solid state (1). Also, the photecelectron and ultra-
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violet spectra of trimethylborane, (fluoro)dimethylborane, aund
(dimethylamino)dimethylborane have been recorded and were assign:;

(335).

The structure of triphenylborane has been determined by X-r
diffraction studies (159). Vo intermolecular interaction was
observed and the phenyl groups were founi to be tilted about 30°
with respect to ths BC3 valerice plane., A two-ring flip mechanismr

is supposedly the thresnold mechanism for the stercsoisomerizatio

of triarylboranes (331;.

=

he Lrimethylborane exchange with trimsthyiphosphine-trimetif
borane is first order in complex concentration (188); this obser

ation is consistent with =2 dissociative mechanism,

Chnemical shifts i:: carbon-13 rnuclear msgnetic resonancse
spectra of tetraalkylammonium ions, tetraalkylborates ions, and

3

trialkylboranes correlate linearly with ths shifts calculated fo
the correspording isoelzctronic hydrocarbons (34). Also, additivs
substituent effects con chemical shifts fcor chargsd and neutral
boron were clarified and it was fcound that aromatic solvent indu-i
shifts of tetraalkylammoniumn tetraslkylborates are smaller (in pril

in carbon-13 specira than in proton nuclear magmetic resonance

spectra.

L EALOBORANES

Detailed procedures have been descrited for the facile
laboratory preparation of (chloro)diethylborane and (chloro)di-
vhenylborane (270). (Alkenyl)dichloroboranes may be prepared by
hydroboration of alkynes with dichloroborane-etherate; the

reaction is initiated by boron trichloride and proceeds cleanly
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with virtually no formaticn of byproducts (15).

)

errocena reacts with boron triiodide at 18°C in benzene

to form a precipitate of (ferrocenyl)diiocdoborane (17). Additioral
interaction of the latter with boron triiodide provides for the
boraonation of the second cyclopentadienyl ring. Both of the
boronated compounds are susceptible to halogen exchange and the
corresponding chlorine znd bromine derivatives have been prepared

using this latter procedure.

Thermdl degradation of 1,2-bis(dichleoroboryl)ethane gives a
white solid of %the composition (BCl)S{CH)4 in low yield (243).
O the basis of wmass, proton magnetic resonance, and Raman
spectroscopic data an szdamantanse-like structure was assigned to
the material, Methnylation of the compound with tetramethyltin
gives the B-methyl derivative, which 1s identical with the species
obtained by the pyrolysis of trimethylborane (244). Also, the
exchange of boror bonded chlorine by bromine via treatment of
(BC1)6(CH)4 with boron tribromide has been described (243).
The reaction of (dialkyl)chloroboranes with lithium aldimines

can be used for the synthesis of unsymmetrical ketones (54),

The vibrational spectrum of (ethynyl)difluoroborans and that
of (ethynyl)dichloroborane have been studied (174);:; B-F valence

-1

absorptions were assigned at 1292 and 1390 cm ~, B-~Cl stretchiag

modes at 960 and 1076 em™l, and v(BG) was found near 740 (fluorine

1

derivative) and 498 cm™ " (chlorine derivative), respectively.

Chemical shift data have been used to establish the relative

acidities of a series of halcboranes which were found to decrease
i B »
in the order BCl3 )(02-3)5012 )(02-3)2301 >B(CZF3)3 >BF3 (5).

A study of the microwave, Raman, and infrared spectrum of

References p. 428
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(vinyl)difluorcborane indicates that the molecule is planar (41)
it has an experimentally determined total dipole momentiof 1.74
Assignment of the fundamental vibrations suggests B-C stretéhing
to occur at 766 em™! and v(C=C) at 1624 cm'l; B-F stretching mod
wers assigned at 1373 and 1316 cm_l, respectively. The Raman,
infrared, and proton magnetic resorance spectra of (X = B, Cl)
X2B—CH2-CH2—BX2 and X23-CH=CH—BX2 have been recorded. The rroton
magnetic resonance spectrun suggest the existence of a dipolar
species ClZB—Cﬁ-CH;§C12, and the vibrational data indicate a ¢is
modification for the molecule which cecnverts to a trans species
prolonged standing.

The microwave spectrum of FZB—SiF3 indicates a B-Si bond length
that is larger than that expected for a single bond (168); this

observation is consistent with the extremely low value for the

barrier to internal rotation about this bond,

5 ORGANOBORON-OXYGEN SYSTEWMS

5.1 Compounds Containing a BQ, Moiety and Related Systems
)

Boric acid reacts with trialkyltin hydroxides or bis(trial-
kyltin) oxides to yileld tris(trialkylstannyloxy)boranes, E(OSnRB)
(35). The latter interact with boric anhydride to form the
corresponding boroxines, (-BOSnRB-O—)B. Dialkyltin oxides and pyr
borate (or boric acid) react with glycol to yield 1,3-bis(boryl-

oxy)tetraalkyldistannoxanes, 5 (36). A1l stannyloxyboranes are

H,C-0-_ 0_cH
2] /B—O—SnR2~O-SnR2-O-B< [ 2
H,G-0 0-CH,

5

quite sensitive to moisture. 2~ (Trimethylsilyloxy)-1i,3,2-dioxa-
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baorolanes and -~dioxaberinanes have been prepared by the reaction
of thz corresponding trialkyltin or trialkylgermanium derivatives
with (trimethyl)chlorosilane (22). Using (dimethyl)dichlorosilane,

borosiloxanes such as 6 are obtained by an analogous procedurs.

C(CH.,).~0 0-C (CH.,)
H, G 372 \\B—O-SiEZ—O-B:: 3 Z\CHZ
C(CHB)Z-O” O-C(CHB)é/
é

The silyloxyboran=ss are colorless but moisture sensitive materials;

the prcton magnetic resonance spectra of the liquids are consistent

with the suggested structures.

Various Z2-substituted 1,3,5,2-oxadiazaborols, 7, have been
prepared by
(2) the reaction of the appropriate bis(triorganyltin) oxide with
boric aicd and an amidoxime,
(b) by the reaction of 7 (R' = H) with RBSnCI in the presence of
a tertiary amine, or
(c) by a similar procedure based on the reaction of 2,2'-oxybis(i,-
3,5,2-oxadiazaberoles and 338101 or (RBSn)ZO.
A11 compounds of type 7 are monomeric in benzene and are moisture

sensitive; selected infrared data have been presented (242).

AN
C—
/

_N_ _O

~N

L

H
Rl

~NO—0

R = CHy, CpHg, CgH,, CgHg

R' = Sn(Cqu)B, Sn(C6H5)3, Si(CH3)3
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Tris(pentafiuorotelluryloxy)borane, B(OTeFj)q, is readily

obtained by the reaction of boron trichloride with ventafluoro- i

thotelluric acid (60). The compound is thermally stable up to %
14000 and forms 1:1 adducts with donor molecules such as pyrldlng
or acetonitrile, A modified procedure has besn describsd for the%
preparation of triacetylborate, E(O—CO—CHB)3 (351) and tris(alk-
oxy )bhoranes were founi to react with N,N-diethylhydroxylamine to
give O-diethylamino derivatives of the type B(OH)n[QN(CZH5)2]3—n
(n = 2,3) (230). '

The CO bonds in straight chain tris(organyloxy)boranes cleav
when subjescted to electron bombardment, whereas tris(sec. alkyl--1
oxy)boranes undergo a-cleavage reactions under the same condition
(231). Both types of fragmentation are observed for cyclic specie
and the B-0 bond was found to be remarkably stable to electron
impact. 2-Phenyl-1,3,2-dioxaborolanes undergo rearrangements indu

by electron impact to form hydrocarbon ions (234).

5.2 (Organyl)oxyboranes

Arylmercury halides react with BH 3 in tetrahydrofuran soluti
to yield a material which, on hydrolysis, affords (aryl)dihydroxy
boraneg (284}, Linear and cyclic 2-unsaturated (organyl)oxyborane
of" the backbone C=C—C—B(OR)2 or CzC-C-B(OR), have been prepared
by conventional organcmetallic syntheses (272). The final structu
of the bceron-bonded carbon framework is related to a tetracoordina
metal borate intermediate; various intermolecular rearrangesment
and ligand exchange reactions as well as reactions with carbonyl
compounds of the cited species were studied. (But-l-en-3-y1) (di-
methylamino)methoxyborane and (but-i-en-3-yl)bis(dimethylamino)-

borane have been prepared by conventional organometallic syntheses
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(16). Both species, which are examples of a-methylallylboranes,
were fTound to be inert to allylic rearrangement at ambient

temperatures.

Continuing their studies with tetrakis(dimethoxyboryl)methane
MATTESON and coworkers reacted C[B(OCH3)2]4'with pinacol to produce
the correspondingpinacol ester (79). This ester reacts with alkyl-
lithium to form the corresponding triboryl methide anion, which can
be converted by treatment with bromine to give the bromomethane-
triboronic ester. Further abstraction of a oxyboryl group and sub-
sequent bromination leads toc the dibromodiboronic ester, whereas
reaction with triphenyltin chlorides gives (0655)35n—CBr~[?(O-CBZ—)ZJ‘
Similarly, the reaction of the triboryl methide ion with (trimethyl)-
chlorosilane produces the corresponding Si(CH3)3 derivative and ths
reaction with tetraphenylcyclopentadienone gives the expected

fulvene 8 via g-elimination (81).

0—C(CHy), _l
C —B\
0—C(CHs),

8

The triboryl methide ions condense readily with ketones, acetaldehyc
or benzaldehyde in a general reaction (80); with ketones,HéCO,
derivatives of the type BéC=C[B(O-B)2]2 are formed. These alkene-
1,1-diboronic esters appear to be quite versatile syﬁthetic inter-

mediates (80).

Esters of glycerol and other triols with the 06H5B02 moiety
usually form mixbures of isomers, the individual abundance of which

is related to coaformational effects (293). Pentene-1,3,5-triol,
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however, reacts with (dihydroxy)phanylborane with the exclusive ‘
formation of 9 (301). Derivativés of sugars such as D-glucose

or D-fructcse containing the RBO, moiety (R = gfcqu, C6H5) have
been prepared ty a ccndensation reaction (343): v(BO} of these

species was assigned in the 1310-1360 em~t region and the diestern
show a strong resistancs te Tragmentation under electror impact.
Phenyl (or butyl)oxyboron-oxygen derivatives obtained by the inten
action of arabinose or xylose with (dihydroxy)organylboranes are

1,2:3,4% and 1,2:3,5 diboronic esters, respectively (300).

Syntheses and properties of 2-substituted 4H-1,3,2-benzodi-
oxaborinanes, 10, have been described (70). Mass spectral data
indicate the faclile loss of one hydrogen at the 4-position of the
species and the resultant ions may have substantial hetercaromati
character. Assignwents of v(BO) and V(BN near 1235-1325 c:m_1 and

1560-1525 cmw 1

l//\\l/CHZ—-CHZ--OH O\B/R

|

0.0 e
| /A

CeHs H® 'H

9 10

» respectively, have been suggested.

Methyldiborane(6) and oxvgen react at temperatures above
150°C to yield the unsymmetricallysubstituted 2-methyl-1,3,b-tri-
oxadiborolane 11 as one of the major products. The compound was

09
B

11

identified by mass spectroscopic data and by the cbservation of

two infrared absorptions at 2628 and 883 cm’l, respectively, which
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were assigned to v(BH) and the B-H out-cf —plane deformation (138).

The tromine in (a—bromo-gftolyl)boroxine is highly reactive
Towards triethylamine or hexamethylenetetramine (139). This feabture
has been utilized for the preparation of derivatives of {(Gihydroxy)-—
p-telylborane containing a primary aminc sroup or a triallylammoniumn
function in the aliphatic moie*y. The interszction of triphenyl~
boroxine, (—506H5—0~)3, with vicinzl aminoalicohois leads to cyclic
N-B-0-C species (299). In the case of =z cig aminoglcohel grouping,
the Z-ghenyl-1,3,2-cxazaborciidine ring is formed, wheress a trans

grouping leads teo 2,L-diphenyl-1i,3,5-dioxaza-2,4-

=
Py
o
o]
]
]
'.h
3
o]
9]
«
4]
ct
]
=]
147}
.

Algo, A number

[#]

i heterccyclic spaciss of types 12 ard 13 have been

rapared. Thsse compounds will form LEWIS acid-bsss type adducts

N/ \ /
[—C— \ _C 0
n __9,/ ~\$c$
Y 0
X\\\\EB///,X \\?a'
| R
R
12 i3
E = Br, CH,, C.H.
° I 2
n=2,3
X=0,5
Y = ¢, NH

with cyclic nitrogen bases such as pyridine, picoline, or c¢ollidine
if the amnular carbon atoms are simultaneously part of an aromatic
system or if a carbonyl group is incorporated into the heterocycle.
Evthalpies of the acid-base interacticns have been measured and an

attempt hzs been made to correlate such enthalpies with the LEWIS
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acidity of the beoron stem in tne variocus compounds. Mass spectral
data on neterocycles of type 12 with either amino or alkylthio gr

as exocyclic boron substituents indicabte that the cyclic boronium

ions resulting from electron impsct can exhibiit considerable

stability (62), Boron substituted 1,3,2-oxathizborinanes are ther:
stable liquids which are, however, sensitive to hydrolysis {(186).

assigned in the 940-10C0 em™ 1 regicn.

The phetoslectron spectra of {(methoxy)boranes and (methylthi
boranes cf the type (CHB“)HQ(CH )3 . with X = O or S have Geen
-
(%

h tn

m

compared (133); in conjiunciion wi boron~11 nuslear nagretic
resonance sgpecira of the compounds, the data have been interprete
to indicate a noticeable w~contrivbution in the B-S bond. ZAERUDNI

and MATOUSEK (97) nave reported on the electronic structure of

1,3,2-%rioxadiboroiare and the corresponding 1,3,4-trithizditorol:s

Treatnent of (dicrganyl)organyloxytoranes, R,BOR*, with
a, a-dichloromethyl methyl ether yiells (p—chloroorganyl)organyl—

methoxyboranes ir a base iaducod reaction (74%):

32303' + ClQCH—O—-CH3 — Bn01C—POCh3~OR'.

-y

“11¢ thermal treztment of (a-chlorocorganyl)dimethcxyboranes resultj
in & ncvel a-elimination (313) and may be used az a novel synthesi:
for olefins =zccording to:

BZGlC—B(OCHB)Z —_— ClB(OCH3)2 + E-CH=CH-R,

The reaction of 2-chioro-1,3,2-dioxaborolane or -dioxa-

m

borinanes with bis(trimethylsilyli)aminzs or tris(trimethylsilyl)ami
proceeds via the exvected cleavage of the boron-halogen bond and
formation of a2 B-aminosilylated species (9L)., It is of interest

to note that the 2-bis(trimethylsilyl)=mino derivatives can underg'
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a second silazane cleavage reaction with the formation ¢f (diboryl)-
(trimethylsiiyl)amines, though considerable quantities of poliymeric

syprocucts are zlsc formed in this instance,

]
'Jl
N
d‘
’.J'
Q
2}

NOZAKURA and KIDA (323) report the zynthesiz and rolyne

-
1

of (phenyl)vinyloxyboranes; the GLC assay of sorbiiol in the form

of cyclic (n-vutyl)oxyboranes has beer described (315). Tris{i-
rroprl)toroxine, (_BCBH?_O_)B’ can be uged as 2 reducing agent for
substituited benzaldehyles (23%), (Dizslizoexylellylboranes react with

allenydes or ketones to give unsymmetrical tri(organyloxylboranes

(238,239):

R'B(GB)2 + 0C= -~ =CB'—O-B(0R)2.
With sterically unhindered carbvonyl compounds, the reaction proceeds
with propargyl-allenyl rearrangement (238}, In the case of ketones,

nowever, acetone, acetophenone, or cyclohexanone give only acetylenic
derivatives; all otker ketones studied give unmixtures ol acetylenic
and allenic derivatives (239).

(alxoxy)difluoroboranes form 1:1 addition compounds with amines
(L) at low temperature. At tempsratures above -30°C ligand exchange

oceurs with the formation of L.BF, and tris(alkoxy)boranes (118),
3

The cxidation of tri-n-propylboranc with hydroperoxides results

% mixbturc of products (141). The nature
of these products suggests a2 free radical mechanism for tne process
which may be initiated by the formation of an unstable donor-acceptoer
complex. Evidence for a free radical mechznism in the reaction of
triorganylboranes with \HO) -0-0Rk' cr 'BO)QD -C- O—B(OB)7 has also

been presented (356). Bis(zlkoxy)chloroboranes, ClB(OB)Z, with R =

References p. 428
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- .
03H7 or Cqu, react with hydrcgen peroxide in ethsr to give the

copresponding orgarichoron peroxides (49):
2 (:11‘1(01?1)2 T HyOp —p (BO}ZB-O-O-B(OR):, + 2 HC1,

Thermal decomposition of thess percxides seems to occur via a fre

radical mechanism in which the initial stage is the hcomolytic
cleavage of the oxygen-oxygen bond.,

Sever=s]l new percxykoron derivatives, i.e., {(alkoxylaikyli-
(9, a~dimethylbenzyldioxy)boranes, have been prepsred by the react

cf (alkoxy)alkyichlcroboranes with sodium a,a-dimethylbenzyl rper-
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oxide (14(0). Thermal dezompo
ifoilows Tirst order kinetics aad the Cemperaturs dependeice cof tin
rate conszant K confcriis Lo the ARRHENIUS equaticn. The main cours

o

of the dscomrosition scerns to include an intramclecular rearrsngec

wnerein an lkyl group migrates frcim a boron tc an oxyger atom;
le

subsequently, homciytic cleszvage of the oxygen-oxygen bond occurs.

3] BORCN-SULFUR AND BORON-SELmNIUM CCMFQUNDS

1,3- or 1i,4-.diicdcbenzene tT¢ yiel
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1,2-diicdobenzene or J3,4-diicdothiophence with 513 leads to the
polycyclic systems i4 and 15, respectively (31,3£0). Either of the
two latter conipounds can thsn te rescted wuith (—BI—S——)3 uncer mild

conditions to yisld 16 or 17, respectively; 16 has also been

besn obtained from the reactioa of 1,2-diicdobenzens with BI3 and
elemental sulfur. When 15 is reactad with CHB—S-S-CH3, 18 is
obtained in a clear reacvionh, The E-S5-B bridge in 16 to 18 and
other boromn-substituted cerivatives therz=of is readily cleaved,
e.Z., with seccndary amines to give 19, with primary amines to

yield 20, and with hydrazires tc yield 21 (31). 1-Diicdovoryinaph-
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T

tiralens was founi Lo react with (-BI

ditorole derivative analogous to 14 (340).

Mass speztral dasa zzem to indicacte = considerabls stability (7)

thne beroa-sulfur rinz (190). The thermody

X =201, Br, or I
greaber than is normally assumed and tha compounds can be purif
by sublimetion without decomposition {(21¢), They crystallize in

were compared wit

monoclinic system and their vivrational spectra
those of (—BS'I—S—)3 and (-8SD-5-),; B-S ring stretching vitration§
were assigned in the 8301000 o™t region. A redstcrmination of ti

crystal structure of tridromcborihiire, (—BBr~S—)3, gave the foll

mean values for bond distances and ammular angles: B-S = 1,807 R,

9]
!
¥
wn
|
=
0
o
.
~J
Q
—
W
\n
Na)
~
)

B-Br = 1.895 8, angie E-S-B = 109,27, angle

Vibraticnal spectrosceopic data on B(3H), and XB(SE}, (X = Br
and their Jeuterated analogs have been collected (307). The specid
have an essentially planar skeleton and v(BS)

-
-1

[=)
{hydrothio)d

830-930 um region,
toranes, HSBX2 with X = Cl, Br, I, have given values in the order
of 28 kecal/mol for the barrier to internal rctation about the

B-S bord in these species (131). Calculaticns on these same
mclecules by the CNDO/2 methed yield much lower values (by 2 factd
of about ten}; they are, hcowever, in better zgreement with the
experimental data.Ab initic calculatiocns of the bsrrier to intern
roletion for HSBH, heve shown (312) that the B-S distance calculai]

for a planar model agrees with that which was experimentally
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B-S w-bonding; calculaticns on the basis of an orthogonal molecule
disclose z weakening of the B-5 bond strength and a decrease of the
rotational barrier to about 10 keczl/mol.

The ZEEMAN microwsve spectrun of EBS has béen recorded on a
fleow system conprising HZS gas pascsad over boron at ca. 110000;
molecular magnetic data were also reported (218). Computed molecular

properties cf the grovrd state of HRS (303) were found to be in

)

eascnable agrecment witin the experimental data and the photoelectron
spactrum of the species (304) indicates that Lhe highest occupied
molecular orbital is essentially non boending and is localized at

the suvlfur atom.

\

Adducts of pyridine with (methyl)methylthioboranes BnE(SB;B_n
(R = CH,) are mcre stable than the corrziponding adducts of tri-
Tethylamire (279). The pyridine adducts react with CH2012 to form
borcrniun szlts such as [?ZB(C5H5N35101; their fermaticon depends cn

3

the dissociation cf the zmine-bocranes snd tThe nucleophilic dis-

~

placement of CH,S groups followed by S 2 substitution at the carbon

3

atom ¢f the dichlcrcocmethane,

Dimethyltin selenide reacts with {(icdo)diorganylboranes to yield
compounds of the type R,B-Se-BR, (361). If R = CgHy, or CéHB’ the
diborylselenenes are thermally stable and can be isolated; hcouever,

if R = CHB or C4H9, the products readily decompcse to polymeric
(RBSe)n species. Routes to the diboryldiselenanes)RZB—Se—Se—BBZ,
invclve the reaction of (0535)2TiSe5 with R,BI or the in%eracticn

¢f a cyclic borolane with elemental sslenium. At elevated temperatures

the diboryldiselenanes decompose to yield triorganylboranes and

triselenadiborolanes (361).
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7 HETEPOCYCLES CONTAINING FOUR-COORDINATE ANNULAR BCEON

As representative cf a novel type of B-N-C heterocycle, the ;
1,1,3,3-tetranethyl derivative of the 1,3-diazonia~2,4-dibcrato- :
cyclorentane system 22 has bteen prepared (334). The compound is
isomeric with the cyclic adduct formed from (dimathylamino)di-—

methyiberane and (dimethylamino)methylborane (338) and

~N-—B-

\Es,o? ZI\N"

e \é/ N
/' \

22

structurally links the cyclic dimeric aminctoranes with the six-—

menbered 1,4-diazonia-2,5-diboratocyclokexane species {(339).

Thermal treatment of amine-Lorane tyre adducts of 3,4-dihydred
2H-1,2-benzoxazines provides (4H)—1—oxa—}—azonia—z—boranaphthalene

as shown in the follcwing scheme (6%):

o 0
\(|:H2 . \?Hz
, _N~CH,R . N=—CH3R
R £ \BH3 /N CH,
AW H H

The structure of the reaction rroducts was confirmed by ruclear

magrnetic resonarce and infrared data.

zn
The cyclic borane 23 is an intermediate in the hydrolysis of
the (ethyl dimethylglycine)trimethylamine-boron(i+) caticn (340).
It can be methylated at the annular m=2thylene carbon atom.
Cyclization displacements in- borane cations (toronium ions) with
iodine and/or trimethylamine leaving groups as well as borane

cleavege of amino acid esters lead to various similar five- or six
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membhered heterocycles (111), These can formally ke considered as
cyclized amiro acid-bkoranes, which Zave row been studied in detail
(111}); 24 was found to be a novel strong base, Also, O-diethylboryl-

ated amiro acids exists in analogous cocrdinated cyclic structures

O O\

<§:———-?f12 \\?'_——CEHZ
/ \ CH \ CHj
H H 3 H/ 0—CO—CH,—N(CH3),
23 24

(Diaikyl)alkylthicbcranes react with cyclchexanone anil and

aliphatic nitriles to form amincbcrane chelates of type 25 (179):

HgCsg
\
by
RCN ”
N RS 2By -
/N—-C\
H R
25

Species of type 25 can undergo hydrolytic cleavage and condensation
to yield acridine derivatives. Biguanidides react with tris(di-
ethylamiro)borane to form chelates of type 26 (229) and lactic

acid gives a 1:1 complex with (dihydroxy)phenylborane (34¢) which

was formulated as 27.

H
N_ - o)
S, N l
~~~C N —_—C
(}.’\ ® ) H (,: ? CHj
HNQE?N O\B,O
/ /A
RN NR; HO_ CgHs
26 27
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The cyclic dipclar complex 28, derived from o-phenylene-a-
L-toluene borate, is stable in aguecus solutior (139).
O, _OH
eB
/

®
o CH,—N(CHg3)3

23

Boroacetate complexes of various B-diketones, 29, and p—keté

esters have been vrepared (224). The infrared spectra cf tLhese
materizls show good agreenent with previous assigrnments for simil
compliexes., Ultraviolet absorptior raxims and chemical shift data%

of 2-H can be ccrrelated, in mest cases

.
kil
5
)
Il
¢l
oy

e electronic natu

cf the substituents R and R!', ;

/
H3C—CO—0 0—CO—CHj

Anionic dinuclear complexes containing two tetracoccordinate bercn
atoms with twe xylitcl molecules are obtained from the reaction
cf boric acid with xylitcl in water/alcohol. The structure of the
species and several salts thereof was determined by infrared
spectroscopy, thzrmogravimetric analysis, and cryoscopic measure-
ments {184).

Complexes of boric acid with 2,2-bis(hydroxymethyl)-3-methyl]
1-butanol (trimethyliscbutane borates) have been described (195)
and the thermal decorpesition of pentaerythrol berates has been

studied (162). The extraction cof toric acid with 1,3-nonanediol

occurs via borate formation (161),
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The rnuclear magnetic resonance spectra of gome methriecl and
ethriol borates have bteen recorded {(160) and the electrolytic
ccnductivity of me boric acid comprexes with

nethricl and trimethylisobtufane have beer investigated (316). The

double tridentate ccmplex of triguinoyl with “oric¢ acid is strongly

[y

C

[

dic and the dipotassium salt thkereof is almecst water inscluble

(2

N0

0).

The formration of tvorate and diphenyiborste complexes cf
polyhydroxy ccmpounds has teen studied by carvon-1i3 nuclear
magnetic rescnance spectroscony £{286). Carbon-13/boron-11 coupling

does not seem to occur and the swectra of complexes of sugars

n

containirg the Bobe moiety are broadened due to the presence of

The mass spectrzs of borcn chelates with pyridine and quinoline

derivatives of the types 30 and 31 have been discussed (132). In

N C::c) N C*ﬁz

\ / —’Ei C§
HSCG/,B"O HsCe

CeHs CeHs

20 31

agueous sclution (3-pyridyl)dihydroxytorare and (4-pyridylldi-

ol
(233). These acids are the
with methyl iodide; a pheto induced ceboronation to give pyridine

and berate occurs in neutral or slightly basic solutior (233).

B,B-Diphenylboroxazolidine, 32, exists in a half-chair ccn-
formation (248). The X-ray study of the molecule provided the follow

ing distances: B-C = 1.611 8, B-N = 1.653 &, B-0 = 1.464 &. Annular
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angles range from 99.7 tc 120.1°, The crystal and molecular
structure of the corresponding B,B-bis{p-fluorophenyl) derivativ

has also been determired by X-ray diffraction {247). The B-N bon

(1.652 R)

f=t

s somewhat longer than the B-C bond (1.618 ®) and the
B-0 distance was founé to be 1.471 3; thz 0-E-N angle is 99.9°

and the angle B-0-C is 108°, The five-membzred ring ol 23 was fo

}12? ?}12 lﬁz? T(CFEQZ
HZBL\B/I) CL\B/JD

/ \ / \
HgCe CgHs HsCe CgHs

32 33

to be distorted to a half-chair configuration with the distances
B-0 = 1,506 ® and B-C = 1.632 £ (294). The angle 0-B-0 is 107°.
In the triethanolamine complex B(OCHZCHQ)BN the boron is tetra-
hedrally surrounded by the three oxygen and ths one nitrcgen atom
the B-0 bond éistances are 1.431, 1.432, and 1.475 R, respectivel
and the B-N distance is 1.693 & (129); there exists nc hydrcgen

tonding between irdividual complexes,

8 BORON-NITROGEN-CAREON HETEROCYCLES

The B-N bond of 1,2-azabcrolidines is readily cleaved by
treatment with metal alkyls (45); advantage can be taken of this

characteristic in preparing y-functional triorganylbcranes. Dehy

CH CH
v/ 3 -2 Hz / ril/ 3
B‘\H NS B\\H

34

genation of N-methyl-tetrahydro-2,i-borazarene gives N-methyl-2,1
borazarene, 34, as an unstable intermediate, which could not be

isolated but was ldentified by mass spectroscopic data and the
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observation of a B-N stretching frequency at 1620 em~t (32).

Refluxing a mixture of N,N-diphenylacetamidine and tri-np-propyl

borare in tetrahydrofuran yields N-di-n-propylboryl-N,N'-dipheryl-
acetamidine (181). Pyrolysis cf the associzted (probably dimeric)

compound gives a bercn-containing analog of 3,4-dihydroquinazoline,

—

35, as illustrated in the following sequence:

~NCgHg BR, H.C— ~-NCgH5
H3C—~-C ~RH) 3 ~NC.H
NH—CgHg | 65
BR,
N_ _CHj
230 bis 280°C \\C|Z
(-RH) - N R = y._—CBH,?
? CeHs
R
35

The structure of the final product was esvablished by elemental
analysis and infrared, nuclear magnetic resonance, and mess spectral
data.The synthesis of 1,3,2-diazaborolines by the catalytic dehydro-

geration of 1,3,2-diazaborolidines according to:

GG, HE=
/N\B/N\ (Pd) /N\B/N\

I |

has now besn described in detail (25). As an alterrate route to
the unsaturated five-membered heterocycle it was founé that the
reaction of diacetyldianil with (dibromo)methylborane gives a
boronium salt (198), which is readily reduced with sodium amalgam

as illustrated in the following reaction sequence:
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H3C ~CHg HsC
N= N . 7
l ) + H3CBB|’2 —_— N /N\ i
H5Cg CgHs HsCp SECel
HsC CHs HsC Br
=5 1
-2 NaBr
(Na) HsCe™ \Els’ CeHs
CHj

Boron-11 and nitrogen-i4 nuclear nagnetic resonance data indicate. |
a decrease in the electron density about nitrogen and an increzse §
sbout becren for the 1,3,2-diazaborcline system (25). Ultraviolet
srectroscopic studies in conjurction with mcleculer corbitzal cal-
culations support the ccncept of extensive electron delocalizatid)
within this ring, which is isoelectronic with the cyclopentadienidl
anion. On this basis, the heterocycle can be considered as a Lseu
aromatic system, 36 (25). This assumption is further sutstantiatedl
by a comparison the the He(I) photcelectron srectra of 1,3,2-diazei
borolidines with those of 1,%,2-diazaborolines (121). The conside
2ble w-delocglization withir the rirg is supported by CNDO/S

calculaticns.

/
=g
——N\B/N\ R’N\B’N\H
l
! N(C,H5),
36 37

Tris(diethylanino)borane and N-alkyl propylenediamines can

=

nteract te give a 2-diethylamino-1,3,2-diazaboracyclohexane ( =

J=

,3,2-diazaborolane ) in which oniy one of the annular nitrogen



403

atoms is not vulnerable to polymerizatiorn, 37 (129). Although yields
of up to 53% were obtained, polycyclic borazine derivatives are
also formed in substantial quantities by loss of diethylamine and

simultaneous trimerizatior.

Haloboranes undergo a 1,2-addition across the nitrile grougs
of 2-aminochenzcnitrile (128). Using BClg in this reaction, the
resultant product 38 can cyclicize with the amino group to fcrm the
1,3,2-diszaboranaphthalene derivative 39, Both 38 and 39 are repre-
sentatives of ketiminoboranes. The cveclization reaction does rot

cceur when (dihaleo)organylborares are used in the cited reaction.

NH
NH; BCl, 2 -HCL
CN CCl=N—BCl,
N\B,Cl
|
~N
C
|
Ct
39

Becently(lUé), colored compounds which were cbtained by 1,2-
addition of haloboranes to phthalodinitrile have been described,
The proposed structure of a phthalocyanine like ring system (see
structure 53, p. 37% of the re;iew covering the year 1G72) has now
been confirmed by an X-ray diffraction study (145). The relatively
short B-N distances of 1,467 R are quite remarkable and prokably

reflect steric hindrance; in principle, the polycyclic system can

also be considered as a2 ketimincbornae,
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9 AMINOBORANES AND RELATED SYSTEMS

A general method has keen described (117) for the preparati
cf tris(organylamino)boranes by the interaction of boron triflu
etherate with N-lithio dialkyl-, liaryl- or alkylarylamines in
tetrahydrofuran. (But-i-en-3-yl)bisdimethylaminoborane has been
prepared by conventional organometallic synthesis (1€). This rex
sentative of a-methylallylboranes was found to be stable up to
ZOOOC; some iscmarization could be detected near 225°C.

Trimeric (azido)dihalotoranes, (N3-BX2)3 (x=7F, C1, Br) ha
been prepared by the reaction of the corresponding boron trihali
with (azido)trimethylsilane (125). The reaction ¢f (dialkylamino
dibcrane(6) with amines or hydrazines vrovides a mixture cof amin
boranes and amine-boranes as the final product (46). Formaldehyd
dimethylhydrazong reacts with BH3’ amine-boranes or hydr=zzine-
boranes in & simple hydroboration process (47):

+ BH

CHZ=N-N (cH ——p HZB—-NCHB—N (CI—I3 )2 -

3)2 * Bl
Ketiminoboranes in which the ketimino group C=N-B is conjugated
with a carbon-carbon double bond have been obtained.by the folloy
ing reaction (185):

CH2=CCH ~CN + BB3 — CH2=CCHB~CR=N—BBZ.

3
Both 3- and 4-aminobenzonitrile react with haloboranes to yield
primarily the corresponding amine-haloboranes along with some det
halogenation rroducts (128). (Diphenylketiminc)diethylborane,
(C6H5)ZC=N-B(CZH5)2, reacts with bis(benzonitrile)palladium dich
to yield the ccmplex [(02H5)2B—N=C(06H5)2]2Pd012 (67). Based on
boron-11 nuclear magnetic resonance and infrared spectroscopic

studies the ketiminoborane is coordinated to the palladium via b

C=N group.



Reactions of alkali metal derivatives of (trimetuylsilyl}-
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zlkylaminas with *alcborarn=s have besil used for thz p

of silylaminobhoranss of ths ftype 043)3 i-NR-BD ,H5—X with R = CdH
c

oaly their condensation projuzts, (-3C ﬂ MJR—)q, could be isolated.
Tna reacsion of (bromo)dimetnylboran=s with '[}'u,—31(PH3)5]3 can

bz manipulated to zive, via suzcessive cleavage of Si-N bonds, all

ncssible members of thz series BCNB)ZB Vu“q] "[ﬁu —:1(033)3]3‘n
eactlons are strongly temperature depsndent. Ca the
basis of protou ani boron-11 nuclear magnstic rasonanse data, the
ted series (n = 3) is a particularly slectron
poor trisaminoborane. This latter characteristic accounts for ths
great tharmal instability of the compound which can lose trimethyl-

. 2
Lorane at Lemparatures as low as 50°C

{Dichloroamino)iichlorohorane, ClzN—BClz, has been prapared
fraomn WUTB and an sxcess of boroa tricnloride (155)., Tn= vibrational
spectrum of ths compound shows an ususual low B-N valence frequency
at 13i2 cm_i; B-Cl stretching modes were assigned at G8£ and 446

2 AR -1 - . -
cri N-C1 stretcning at 735 and 541 cm™ -, The boron-11 cnemical

y L

snift of the compounda with &= -34%.7 ppm is very close to that of

s(tp) =

(cnloroethylamino)dichloroborane, 02H 5~NG1-BCl,, ~-32.4 ppm,

Cnloroboranz adduczts (ethers, amines) rezct with disilazanssz
to cleave ths Si-N boad in fazile manner (43), However, thz reaction
cannot be utilized for ths preparation of diborylamines of the

type (HOB)zNR which apparently ssem %o rearrange to yield (--BI—I,—NB—),3

and BHB, Hewever, simple (silylaminos)boranes of the tyre
PZB -NR-S iBé could be isoclated as reaction intermediates. Tne

preparation of some naw diborylamines of the. type (R,B),NR' (9%)
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has alrsady been described above (see section 5).

(Pyridylaminolboranss have been abtained by a transamination

reaction as ig showa in ths following eguatioa (23):

NH, NH—BR)
+ R,N—BR)}, —= @\ + R2N
N

As was noted last year (2L), the (pyridylaminc)boranes react
with multiple bonds via 1,2-addition of the boron-nitrogen li=nk,

e.z.:(23):

O + Cl3€—CHO —= Q

thesis of (2-pyridylamino}boranes by thzrmal condensation of

2_aminopyridine with btrialkylboranes (357). It is of interest to

note that steric overcrowding at the anitrozea szite of aminsborane
is apparently relieved by molecular distorticss otnzr tnan those

involving significant 3-¥ tond rotation (359).
2,h-triaza-3,5-diborclidinas have been preparad by

disvlacement of boron bonied methylthio groups (26):

H4,C CH
P13CZ\ /}:fia 3 \ / 3
N—N N—N
/ \ HX / E

Hycs— BB scH;

I
CH, CH,
%) b1
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Since 40 is readily accessible from the interaction of tris(methyl-

thiojboranz, N,N'-dimethylhydrazine, and methylamine (28), this

H,N
heterocyclic system can now be stuldied in detail. For examplie, 1if
methylamine is replaced by ammonia in tha latter reaction, the i-
hydro derivative is obtained. Subs=squently, the 4-nitrogen may bhe
metallated by reaction with lithium a2lkyl; the resultant N-1ithio
compound is very reactive and various groups such as B(NBZ)Z'

have been attached to the 4-position

P(NR,),, Si(CHj),, or Sn(CH

2 373
off the hetsr cvcle. Magnetic resonance studies indicate that the

six m-electron system of the 1,2 L_triaza-3,5-diborolidine ring

has cornsiderable zromatic character which may explain the rather

=

unusual chemical stability of this system.

In complexes of B2 with TiCl, and aromatic hydrocarbons the

latter are only loosely held in the crystal lattice (3453); infrared

and Raman data on 1:1 complexes of 42 with 5nCl,, or SbCl5 have

been recorded on the solid materials,

Details for the synthesis of a2 heterozycle comprised of four
silicon (exocyclic substituernts: pnenyl groups) and one boron (exo-~
cyclic dimethylamino groupn) as annular atoms have now become avail-
able (55). Vibrational, ultraviolet, and proton magnetic resonance
data suggest the complete absence of delocalized electroas within

the ring.

Cleavage of the boron-boron bond is characteristic for the

electron impact induced fragmentation of bis(amino)diborane (i)

References p. 428



408

derivatives, R,N-BR'-BR'-NR, (163)., The ions with m/2 frequently
are base peaks but are not observed in the mass spectra of specief
in whicn boron and nitrogen are annular members of the same heterg

cyelic system.

The nitrogen~i4 and boron-ii nuclear magretic rescnance spec
o' some i9Y (silylamino)boranes have been recorded in conjunction
with the nitrogen-iZ spectra of 39 silylamines (123). The
resultant iata are rezadily interpreted in terms of sp2 hybrid-
ization of the nitrogen together with a B-N double tond character §
but they alsc reflect geometric factcrs.Bonding boron to the
nitrogen of silylamines leads to a decrease in the shielding abouif
the nitrogen atom and illustrates the greater sirength o
bonding for ths B-N beond as compared to the (rd)mw-bonding of the

1 shift values cf organic amido

5
!
|~
&
0
8
o
i
'—-
I
ol

Si-¥ linkage. Nitroger

derivatives (N-m=zthylated uresa, aceotamide, etc.) and their isosterg
5 : - 14

aminoborares correlate linearly as do the &(~ 'N) values of carb-

onium icns and their isoelectronic aminoborane anzlogs (278).

The B-N bond length of aminoborane, F,N-BH,, has been deter-
mined by 2b initio calculations to bs 1,38 & for a planar model
and 1.47 A for the orthogenal form (14). The barrier to internal
rotation was estimated to be 33.3 kecal/mol. The elecitronic structu
of (amino)diflucroborane, H,N-BF,, has been calculated by the
CNDO and INDO methods (89); the calculated dipole moment of about
3.0 D for the molecule is in satisfachory agreemsnt with the exper
mental data,.

(Anilino}dimesitylboranes fluoresce showing the largest
Stokes shifkts as yet reported, corresponding to en=rgy losses of

35.3 to 61.8 kecal/mol (102).
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10 BORAZINES

E-Tris(alkylamino)—ﬂ-trialkylborazines and B-tris(arylaminc)-
N-triarylborazines have been prepared almost quantitatively by
employing the approprizte stoichiometry in the reaction of boron
trichleoride and an alkyl- or arylamine (124). Tn= borazines sO
formsd react with boron trifluoride or boron trifluoride-etherate
to give good yields of B-trfluoro-N-triorganylborazines. It has
also been founil that, in the presenze of aluminum dust, primary
alkylamine-trifluoroboranes readily dehydrogenate to give B-tri-
fluoro-N-trialkylborazines (10). However, in the case of the alkyl
group being methyl a liquid byproduct, m.p. 20-2400, 1s obtained
which was shown to bs the tetrameric species (—BF—NCHB—)M. This
latter compound represents the first example of the eight-membered

borazocine ring in which the N-substituent is not a bulky sgroup.

Tne reaction of a-naphthylamine with triethylamine-borans or
boron trichloride gives ths expzcted borazinas, (—BX—NP—)3 with
X =H, C1, and R = a-Cy,H, (240). Reaction of either species with

CHquI results in B-methylation, Mass, oroton magnetic resonance,

i}

nd ultraviolet spectra of the thres horazinss cited have been
recorded and were compared with dsta obtained on a-naphth-3-yl-2,4-

dibora-~1,3-diazarophznanthrenes, &3. Th=2 reaction of tri(organyl-

R
) /C|0H7
P e
HN f;‘
BR

43
oxy)boranes with o-phenylenediamine apparently does not afford a

polycyclic borazine derivative (308) but rathsr a polymeric species
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which is reasonzbly stable towards hylrolytic attack is obtained @

o~

A two-step synthesis has been cdevelopei for the specific
preparation of 2,4-dichloroborazine (10Q), The procedure involveg
the initial preparation of 2-dimsthylamino-4,4-dichloroborazine
in essentially quantitative yield and subseguent reaction of #Hhi
produst with diborane(6) in ether.

A reinterpratation of the earlier (221) X-ray diffraction

Hl
(D
3
g
el
5
[
[¢]
b

data on hexachloroborazine on the basis of CNDO/BW sem
molecular orbital calculations is consistent with a regular hexa

onal ring structure for the compound (120), No meaningful potent

0

curves can be obtained for - type molecular intersctions by
standard CNDO/2 methods (352). A modification in which

atoms are associated with the same molecule and with different
molecules leads to reduced intermolecular bonding and provides
reasonakle stabilization energies., Calculations based on this var
tion suggest that borazine/benzene and horazins/borazine con lehe;
1n wnich the malecules are symmz2trically dispossd in parzllel plaj

can exist in thes ground state.

The proton magnetic resorance spectra of several borazinss
nave been studied in a2n attempt to elucidate ths electronic effec
in th= borazine ring system (235). The results were interpreted
to indicate that the anisotropy of the borazine ring might not bel
caused by a ring current., On tne other hand, the proton magnetic

rasonance srectra aid magnetic susceptibilities of N-trialkyl-3-t

flucro, -tribromo, and-tri{organyloxy)borazines seem to suggest tif
these species may be considered as aromatic moieties {173). Methyv}
methyl proeoton spin-spin counling constants, however, indicate onlj

a relatively weak traunsmission of spin density information via

the presumed m-electron system of the borazine ring (292). Other
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aunthors {(85) report that the chemical shifi values »f X-bonded

methyl groups of borazines zre virtuzlly saaffected by increasing

tre number of N-methyl groups whereas a gsystematic change Lo higher

field is observed with increasinrg B-nethyletion, No final conzlusion

analysis of fine splitiing in
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The acetoritrils groups of i__—C“(CO)B(CHqCN)Q have bkeen
- >
displaced by horazines to yield (CO).,’CP(—BR--NR'—)3 complexes with
= _c j_C.u 34 B! = CI ) 3 1 (287} infy 2
R CH3, n. JBH7, i C3“7 and B 13, n qH7, ;‘CBEI (287); infrared,

i
was also observed on ra2z2cting trimethylborazins with the complex
Cr (-BC JE—NH~)Q (342). In %the presence of an excass of the
free ligand the equilibriur of the intzraction is readily snifted

to permit the isolation of (CO).Cr(-BCH,-NH-)..
3 3 3

(Dichlorojphenylborans ard l}Si(CH3)2—NHf]3 interact o yield
B-triphenylborazine, (—506q5—mn—)3, or either of the two sila-
borazines 44 and 45, respsctively, dspending on thes molar ratio
off the reactants (289), The silaborazin=ss are hydrolytically
relatively stable materials but the B-N bond strength s=ems to

increase with decreasing number of annular silicon atoms.

H C Hs CeH
3 /C r6Hs
H|~'1’ “NH Hr\ll’ \r;lH
B (CH,), Si_ _Si(CH3)
HSCS/ \N ~ H 372 \N 372
H 6°75 H
4 a5
Tne cyclic trisaminoborame 46 reacts with lithium 21ikyl Lo give
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the N-dilithio derivast rich, in burn, . can be reactad with
the: ¥-dilithio derivative which, in burn, . can re

R™W(PR1), or R”H[?(O)RCI]Q to yield phosphaborazines such as

N
. y
T 2 LiR’ N’B\N
B (CIRP),NR” \ I
“TON /,P\\ P~
H H R T\ll R :
RII
46 1
&7 (368). The nonophosphadorazine 48 ins obtained by silazane
avage of (CH,),Si-NCH,-BC HE_-NCH, -EC, H_-NCH,-Si(CH,), 2nd sub4
cleavage of (uh3)3-1 NC 3 BG, 5 N Hy Cg 5 C{3 Si( 3); 4 sub
seguent condensation. The ¢yalic structures of the cited phosphad

borazines were confirmed by cslemental 224 soectroezcopic analysis.

31 A R
The 1g ani <P nuclesr magnetic resonance datz suggest the existg]
of some sterzoicemers which might be caused, =.g;., in the cssz of
48, br¥ non-planarity of %Shz ring system.

11 AMINE-BORANES

Hydridic Adducts

- a
Py
L[]
-

A'detailed procedure has been describsd for the facile labori

vtor§'§reparation of dimethylamine-borane (265) and the four possi

adducts of BH3 with hexamethylenetetramine have been described (3
They were found to be antagonistic to boronium cation formaticn

and pyfolySis of tne tetra adduct proceeded with rearrangerent by
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hydride migration to form (dimethylamino)borane derivatives such

as bis(dimethylamino)bdrane and dimeric (dimethylamino)borane.

The hezts of Tormation rhave been determined for hiydrazine-
borane (92) and hydrazine-bis(borane) (91) and the vibrational
spectrum of the latter has been studied (90). The tharmal decompos-

tion cf hydrazine-torane is z multistage process, the first of
vhich involvegs the loss of hydrogern frcem the amine-torane tyre
grouping., In additiorn to standaré mancreiric methods, infrzred arnd
mass spectroscopy were usel to investigate the kinetics 0f the
process and a free racdical mecharism has definitely been ruled out
(93, 183). The kinetics and the mechanism of the thermal decompos-—

ition of 1,1-dimethylhydrazine-borane have also beer studied (327).

The infrared snd BRAMAN spectra nf trimethylamine-borane and
devterated derivatives thereof have been recordeﬁ from séljd state
sawples and the spectra were assigned on the basis of a CBv moleculer
symmetry. The B-N stretch uas cobkserved in the 61C-68C c:m"l region

.but it ie extensively mixed with the symmetric N-C stretchk. The
calculated E-N- force ccnstant of 2,58 mdyn/ﬁ seenis to be consistent
witk the adeéuct stability (337). & conformetional study has been
perfcerned on trimethylamine-borane via CNDO/2 calculatiors (88)

and the structural effects of an amine-borane on the latter's '’

activity in electroless plating have been investigated (306).

The basicity of a series of phcsphites hzs been correlated
with v(BH) and the relative stability of their BH3 adducts (352).
A slow tertiary hutyl rotation has been dbservéd‘in tris(E}hutyi)—
phosphine-borane and di (t-butyl)chlorcphcsrhine-borane using’ﬁroton
magnetic resonance spectroscory (72). The cborﬁinated BH3'was'fbund
to be significantly more hindering to the t-butyl rctation than the

free electrorn palr in the free bases.
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A convenient preparation for amine-bhaloboranes involves the

relogenation of amine-horanes of the type BBN-BH3 with elemental
halcgen or hydrogen hzlides (21). The halogenation process can belf
menitored by boron-11 rnuclear magnetié resonance srectroscopy ,
thus permitting the isolation cf partially hzlogenated species.
The bis(borane) adduct of N,N,N',N'-tetramethyl ethylenediamine
was similarly halogenated at the boron sites by treatment with
hydrogen halide (F, Cl, Br) or elemental bromine (158). Reaction
ronitoring was acconpliched by protcen magnetic resonance SpeCtrosi
and the new compounds TMED°ZBH2X (X = F, C1, Br; TMED = tetrameth 
ethylenedismine) aﬁd THMED.2BHX, (X = Br) were isolated. Exchange
reactions of the type
(CH3)3N~BHZI = MX —p (CHS)BN-EHZX + MI
where X = NCS, NCO, CN, F, Cl, or Br rroceed exceedingly well

in tetrahydrofuran as solvent (363).

The infrared spectra of (CHB)BN'BHZX and (CHB)BN-BHX2 (x = c§
Br, T) have been recorded (245); using the group vibration assignf§
ment the following fundarentals could be identified:

2328-248¢ cm™t

I

NeBH, X : v(BH}

(CH3)3 i,

693-703 e

v (BN)
1

(CH3)3N°BHX2 : v (BH) 24712514 cm™
: v(BN} = 712-716 cm™ L.

Most of the other important fundamentzls were also assigred. The

rotational barriers about the B-N bond for H3N'BF3’ HBN'BHFZ,

H N-BH,F, and HBN-BH3 have been calculated by 2b initio moieculany

3
orbital methods (157); fluorine substitution causes the rotationall
energies to decrease.
Adducts of cyanchborane of the type L-BHZCN Wwith L = dimethi}§

amine, trimethylazmine, morpholine, N-methylmorpholine, 4_picolin, §
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or tetramethyl ethylenediamine have been prepared a2nd their
mechznism of hydrolysis has been studied (108), In alkaline solution
the hydrolysis can be described by the equation:

L-BH,CN + 2 H,0 + 2 0F® —p L + B(OH)P + 2 H, + ONO,

Boron-11 and nitrogen-14 chemical shifts of a large number of
B-N derivatives conhaining tetracocrdinate boron have been recorded
(277). A nearly linear correlation betweer the chemical shift
values of amine-boranes L-BB3 (L = aliphatic amine, B = H, CH3)
and the carbon-13 chemical shift values of the corresponding iso-
electronic alkanes was noted. Furthermore, stability and structural
information cf the L-BR3 adducts (L = heteroaromatic ritrogen base,
E = H, CH3, C2H5) can be deduced from the nuclear magnetic resonance
data.

Both nitrogen atoms of the LEWIS base 1,4-diazabicyclo(2.2.2)~

octane coordinate with BX3 (X = hydrogen or hslogen) (175); the

. . 5 ~1
ir-phase E-N mode of the Bd3 complex was observed near 720 cm .

11,2 Boron Halide Complexcs

A detailed procedure has heer described for a simple labora-
tory preparation of dimethylamine-tribromctorane (266). Halogen
exchange of trimethylamine—BX3 species in solution with B¥3 Yields
the mixed adducts (CH3)3N-BXZI (293). Apparently, the B-N bond
rémains intact during the reaction which proceeds in either direction
and probably occurs via a bridged transiticn state involving five-
coordinate bcron. However, in the gas phase halogen exchange occurs
even in the abtsence of excess acid and probably involves a B-N
bond cleavage,

The 1:1 adduct of tetramethyl urea with bcron trifluoride can

rearrange to give the icnic species (OC[N(CH3)2]2IBF2)+(BF4)‘ (78).
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A more convenient source of the cited cation is.the 1:1 adduct»off
tetramethyl urea with (chloro)difluoroborane which is obtained
from the reaction of the BF3 adduct with that 6f BCl3 in solutionjgy
subsequent displacement of chlorine via nucleophilic attack of
tetramethyl urea provides the desired cation.

pomplexas of boron trifluoride with methyl, ethyl, and n-butyl
ethers of a-naphthol have been described (209) and exchange reacth
of aromatic amine adducts with boron trichloride and (dichloro)-
rhenylborane have been examined by nuclear magnetlc resonance
techniques (71). In the presence of an excess of free base the ra_'
determining step of the ligand exchange 1is normally a unimolecula
ionization of the initial adduct according to:.

L-BRX, ==> L.BRXY + x©,

2
The electronic structures and heats of formation of some
adducts ofvboron trifluoride have been calculated by the ab ;giti-}
mefhod (1QO). An_experimental carbon-13 nuclear magnetic resonancd
stud& sf boron trihaiide adducts with several ethers has showm th;.
the GC-13 chemical shiftis of the a-carbon atom in the complexes arij
to lower field than in the free ethers (7); a variation in the ord
’ tetrahyd}ofuran >(CZH5)20 >(CBH7)éO::(CQH9)20 was observed. The
cafbon—lj'signals of all other carbon atoms are displaced to a hig
field. -
The ihfrarea spectra of borsn trifluofide adducts with aromatic
ethers and carboxyllc esters have been recorded (204) and it has
'been shown by a nuc1ear magnetlc resonance study (189) that in th-f
‘boron trihalide adducts of methyl acetate and its sulfur analogs
the coordinating site is always the multiple bonded chalocgen, evel
in the case pf CHB—CS—OCHB. The v{(CO) frequency of’efhyl acefate

and benzophenone changes when the latter form a complex with boronj
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trihalides (296)., Mixed hsalide adducts can be fcrmed by simple
ligand exchange; they are less stable than the unmixed species.

A brief thecretical evaluastion cf the proton, boron~11, flucrine-19,
and phospnorus-31 nuclear magnetic resonance data on complexes of
boron trifluoride with amine oxides, phosphine oxides, and arsine
cxides has bteen reported (305); the base strengths decrease 'in the
order R3N02:R3ASO >B3PO. Boror-1i and fluorine-19 chemical shift
data on boron trifluoride adducts of a variety of donors such as
nitrogen bases, ethers, and other oxygen donors have been studied
(112), Donor-halogen interaction parameters appear to permit the
determination of the donor ator within a multidonor site molecule.
Nuclear magnetic resonance studies also indicate a close relaticn-
ship between the complexing ability of various cyclohexanones with
boron trifluoride and the w-electron density of the carbonyl
group (328).

CGround state prorerties of BF3
aldenydes have veen investigated by nuclear magnetic resonance and
infrared spectroscopic studies (200). Very good correlations were
observed between v(C0) and the proton chemical shifts of the formyl
procont with the respective BROWN-&+ substitueni ccnstants; this
observation emphasizes the dependence of these quantities on the
charge density on the carbonyl carbon atom of the complexes, An
infrared analysis of the aﬂetone—BF3 complex has also bsen reported
(309) and acrylate estersadducts with BF3 have been used for the
polymerization cf a-clefins (207). .

~ The basicity of various aromatic carbonyl compounds (cyclic
ketones, benzaldehyde, acetophenone, etc.) as inferred from the
enthalpy of complex formation with boron trifluoride.appears to be

a function of inductive effects, steric factors, and possible
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conjugetion (167). Phosphine and methylphosphine form 1:1 adductsi
with mixed boron trihalides (346). Boron trickloride, tribromide,
and triiodide also form 1:1 adducts with (methyl)dichlorophosphin
(2} but boron triflucride does not interact with the same LEWIS

base, Infrared data on H.P.BX., ard D,P<BX, (X = F, Br, I) producej

3 3 3 3
a force constant of the B-P bond of asbout 2.0 mdyn/8 (344).
Tertiary phosphines ard their chalccgenide derivatives Torm 1:1
complexes with boron tribromide and boron triiodide (116), the
proton and toron-11 nuclear magnetic resonsnce spectra of which h;
been studied. Also, complexes of the type X3B°PR3! with X = C1, Bi
I; R = CHB’ C6H5’ CeHqyqs ¥ = S, Se, have been prepared (170) and
was noted that v(PY) shifts drastically uron ccordination by abou{
Lo cm"l to indicate B-Y interaction. Pnosphine oxides react with
diborane(6) via symmetrical cleavage of the latter to give 1:1 B
adducts whereas amine oxides promote unsymmetrical cleavage of theg
diborane(é) molecule (336). In contrast, trimethylamine(N)oxide
hydrochloride reacts with sodiur tetrahydroborate to yield the
trimethylamine (N)oxide-borane, The 1:1 adduct of'AS(CHB)3 with
BX3 (X = Br, I) is stable at room temperature whereas the analogoj

adduct with Sb(CH3)3

SbX, ( 347).

slowly rearranges under the same conditions

to form (CH

33

12 JTONIC COMPOUNLS

The electronic structures of borane and the tetrahydroborate

ion have been examined by ab initio calculations (176). The vibra-§

tional frequencies calculated from the data are in good agreement
with the experimental values and the heat of formation cf the gas

phase reaction
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BH; + © —» BE
wzs czlculated to be -278.6 kJI/mcl.

The compownd [H,B(N(CH;);),][a1(8H,),] and similar species
have been prepared by the resaction of diborane(6) with various
alanes in ether solvents (330). Also, the reactions of sodiun tetra-
hydrcborate and scdiun cyanotrihydrcborate with divalent chlorides
of Co, Ni, Cu, Pd, and Pt in the presence of tertiary phosphines
(285) and a facile latoratory preparation of trans-carbonyl(cyano-
trihydroborato)bis{triphenylphosphine)rhodium(I) (271) have been
described.

The reaction of sodium tetrahydrcborate with open-chain
conjugated nitrones results in deoxygenation of the nitrone function
cnly (231). Reductive alkylation of proteins is readily acccmplished
using aromatic aldehydes and sodium cyanctrihydroborate (353) and
the same reagent can be used in the preparation of biologically
active nitroxides (311).

Bis(cyanctrihydroborato)-1,1,4, 7 7-pentamethyldiethylenetri-
aminecopper(Il) crystallizes in the orthorhcmbic system with eight
moncmeric mclecules in the unit cell (77). The compound is a penta—
coordinate complex of ccpper(II) and, on the basis of single-crystal
X-ray diffraction data, the coordination rolyhedron is a distorted
square-based pyramid with one of the NCBP3 ligands occupying the
apical position, Thg structure of p-bis(cyanotrihydroborato)-tetra-
kis(triphenylphosphine)dicopper(I) has also been determined by
single-crystal X-ray analysis (11). The HBBCN ligands bridge the

two copper atoms forming a ten-~membered nonplanar ring.

Sodium cyanotrihydroborate reacts with metal hexacarbonyls
M(CO)g with M = Cr, Mo, W, to give the anions [:1{31301\1»1(00)5'_}e in

which the cyanc group acts as an electron donor (33). On the other

References p. 428
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hand, scdium tetraphenylborate reacts with such metal carbonyls
B(C 5.1 ©, in which two of tl - pheny]

form BC6H5)2“<C6ﬂ5“(C0)3>2] , in which two of the four phenyl

groups are w-complexed to the metal tricarbonyl mcieties. Sodiun

cyanotripnenylborate in the same reaction affcrds a complex of ©

cyanro group to give the anions [}Cék )BBCHM(CO)5]9.

The direct flucorination c¢f alkali metal tetrahydroborates

yields the corresponding tetrafluoroborates (156)., Nitrosyl tetrd
fluoroborate, (NO)(B‘h), has been prepared by the reaction of solls
boron nitride in a quartz reactor with a L4:1 mixture of fluorine

and oxygen (205}, and z detailed procedure for the preparation o

(\FL)(J L) via the interaction of BF,, NF

described (43),

ation of propylene sulfide (232). Stable carbonium ion salis are

one of the best examples of such a stable species is (ferrocenyl

rt
oy
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“
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o
~
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[e]
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diphenylcycloprovenium tetrafluoroborate,
has been studied by X-ray diffraction (38). Silver tetrarluorocbor
complexes of organic species such as oxaziridine (105) or ketones}_
(10€) have recently been studied. Also, an example has been preser;

of a a weakly coordinate tetraflucrcborgy

kel
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anion (107). Ccpper(I) and silver(I) complexes of O-ethylborano-
rted netal derivatives of the cited

carbonate are the Tirst repo

anion (332).

Tre reaction chemistry cf alkali metal trialkylalkynylborates
seems to be expanding rapidly. For example, the reaction of lithiui

tr1alky1alkyny1oorates with propionic acid can he used Ffor the
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syntheses of terminel and internal olefins, in which the acid acts
as a protonylizing agent (197). Also, the reaction of the same
reagent with acetyl chloride leads to 2-oxa-~3-borolenes (164):
Rl CHy
C=C
/ \
Li[R;B—C=CR’] + CH3COCl —= RZC\B/O

1
R

Since the latter are readily oxidized, the overall reactions
represents a novel synthesis of highly substituted o,B~unsaturated
ketones.Cationic metal complexes such as [§6H5OCH3Fe(CO)3][ﬁF4]
react with trialkylalkynylborates in stereo- and regioselective
manner (365) and the reaction of lithium trialkylalkynylborates
with methanesulfenyl chloride leads to (B-methanesulfinylvinyl)-
boranes,

= T _ —CH
2B-CE=CR'~SC~CH,,
which lose the methanesulfinyl and dialkylboryl groups in a c¢is

Li[BBB-C=CR'] + CE3SCCL —a R

elimination to yield acstylenes (115). The reaction of lithium
trialkylalkynylborates with oxiranes gives nonisclable intermediates
which lose lithium alkyl to form oxaborinenes (281)., This reaction
has been used Tor the preparation of y-nydroxyketones and the

stereoselective preparation of trisubstituted ethylenes.

Efficient laboratory procedures for the syntheses cf sodium
triethylhydroborate, sodium tetraethylborate, and sodium triethyl-
1-propynylborate have been described in detail (269). Sodium tri-
alkylalkynylborates react with (chloro)diorganylphosphines to give
organosubstituted 1,2-phosphaboret-3-enes, 49, in high yield (178).
The structure of this novel type of compounds was ascertained by
nuclear magnetic resonance data., In general, the materials react

fairly rapidly with nucleophiles such as trimethylamine(N)oxide
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Rl

Rll
. /N
Na[R;B—C=CR'] + CIPRy — R—C{SP_,

iig

but are stable in boiling methanol,

A ncvel double migration was observed in the reaction of trialkylg
alkynylborates with dihalomethanes (261). Hydrolysis of the

reaction products gives good yields of ferminal olefins.

The nucleophilic reactivities of halide ions in liquid tri-
ethyl-n-hexylammoniur triethyl-n-hexylborate have been studied (3
The halide ions follow the same crder of reactivity as dissociate{
halide ions in normal polar aprotic solvents though the range of

relative rate ccnstants is much narrcwer.

The crystal structuresof potassium tetraphenylborate and thal
of tetramethylammonium tetraphenylborate hsve been determined by
single-crystal X-ray diffraction (75); the B-C.bond distance was :
found to be 1.64 2. Bis(trimethylphosphite)tetraphenylboron
rhoaium (1), [(CH;0);P],RR[B(C4H,), ], 15 monoclinic and one aromatid
ring of the tetraphenylboron moiety is w-bonded to the rhodium

atom which is situated symmetricelly with respect to the ring (22

The B-C coupling constants for the tetrapherylborate ion have}
been redetermined (32C) and thallium(I) tetraphenylborate has beerg
used as a stationary phase for the gas chromatographic separation'
of some unsaturated hydrocarbons (66). The tetravhenylborate ion
is an effective shift reagent for aminosulfonium ions and as such
can be used for the solution of diastereotropic problems (318). :

The hydrolysis of phenyl-l-pyrrolylborates4?(C6H5)n(CQHuN)u_L
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.8 second crder and is cetalyzed by hydrogen ion (274). The thermal
decomposition of saits of the type M[ﬁB(OH)é] with M = Li, Na, K,
and B = CgHy or CgH,,, and I [06H5B(0H)3]2 with M = Ca, Sr, Ba, leads
to the anhydrous metaborate salts (84). Thermogravimetric data
suggest that the initial prccess is a condensation in which two

molecules lose one hydrocarbon molecule.

13 BORON-_METAI. DERIVATTIVES

Perfluoroalkylmetal carbonyl halides of iron and cobalt have
been reacted with potassium poly(l-ryrazolyl)borates (51); the
1-pyrazolylborate ligands of the resultant complexes are bidentate.
Similar reactions have been described for trimethylplatinum
derivatives (52); however, in this latter case, the 1-pyrazolyl-
borate moiety serves as a tridentate ligand. It is intersting to
note that through-space hydrogen-fluorine couplings between the
axial methyl hydrogens or the axial 3-H pyrazole ring hydrogen and the
the fluorine of [HB(pz)B]PtCHB(Rf) complexes (pz = 1-pyrazolyl,

Rf = fluoroolefin) have been observed (194).Bis hydrotris(1-pyr-
azolyl)borato copper(I) is the first example of a compound where
the 1-pyrazolylborate ligand bridges two metal atoms (355), X-Ray
diffraction studies indicate a centrosymmetric structure for the
dimeric molecule with each HE(pz}3 unit contributing two terminal
i-pyrazolyl ligands (one to each copper atom) and one 1-pyrazolyl
group bridging crosswise, The major feature of the structure is
the result that each copper atom is in a highly distoerted tetrahedral
environment and that the Cu-Cu distance is longer than in the
bridged Cu(I) acetate structure. In solution, however, all 1-pyr-
azolyl rings appear to be magnetically eauivalent.

A variety of 1-pyrazolylborate species derived from allyliron
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tricarbonyl iodide have been described (53) and seversl (i-pyraz
ylborato)carbonyl derivatives of manganese(I) have been studied

infrared and nuclear magnetic resonance spectroscopy (3). Data o

influence the intercarbonyl angles.
[piethylbis(1-pyrazcly1)boraté]pyrazolato—trihaptoallyl~di—_

carbonylmolybdenum contains bcth a unidentate pyrazole ligand

and a bidentate (l-pyrazolyl)borate ligand {9). The structure of
[@iethylbis(1—pyrazolyl)borato](trihapto—z-phenylallyl)(dioarbony-
molybdenum as determined by X-ray diffraction (37) reveals an ext‘
ly strong interaction between an aliphatic CH bond and a metal. T
a-carbon atom of cne ethyl group of the cited compound is directef
toward the molybdenum atom with a C-Mo distance of 3.06 R; the
rotational barrier about the B-C bond is such as to direct one of §

the a-hydrogen atoms toward the molybdenum resulting in an appare{

two-electron bond is postulated in order to account for this strol
interaction and to provide molybdenum with an effective closed Shri
configuration. Proton magnetic resonance studies have revealed thgl
a dissymmetric structure for [ﬁCZH5)2B(pz)é]Mo(CO)L with L =

CH,=CC H.--CH
£ pl

—

¢ » or CHE,=CH-CH,; the fluxional molecules also contain [§

2 three-center C-H-Mo two-elactron bond (348),

On the basis of a crystal structure analysis, the B(pz)4

4]
el

ligand of |:(c6:—x§)3u|'_13 (pz) 4]] [PF6] is .tridentate and the benzen
is hexahapto (193). Tne erystal structure of bis[ﬁiethylbis(l—pyr—j
azolyl)boraté]nickel(ll) has been determined by X-ray diffraction
(249). It is noteworthy that twc of the ethyl groups, one from eaci

boron ligand, are either above or below the Ni-N plane and ons=
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hydrogen from each of th: methylene groups is directed Soward
nickel. These data dispute the results of a previous nuclear
magnetis resopance stwliy whereby it was c¢oncludad thnat methylene

hydregens oczupy equivalan? environmenits,

Reaction of the 1,5-cyclcooctadiere complex (CBHiZBhCl)Z with
potassium poly(l-pyrazolyli)bvorabes of tha type K[§¢ ﬂB(pz)p] gives
compounds of the type,(CSH 2)Rh[3pz)n Hy, n] as stadle maberials

(149). Heaction of [:Rn(co)z'“1 with potassium bla('!-—ny""‘zolyl')—-
borate gives [;LIZB(pz;ZJRh\GO)Z° Complexes of the general type
[:RB(pz)B-]Rh(alkene)2 have tean showa to involve a fluxional h,~
poly(l-pyrazcliyl Jborate ligand (29). The alkene groups are readily
displa_ei by ghosphnines, nitrogen, Or carton monoxide, but only
the latter yields 3 st=zble proeduct. Similar observaiions have been
reportad for some other poly(l-vpyrazoliyl)borate complex of
rhodium (30). However, in this latter study, the Fformation of
rhodiuvn-dimecthyloyrazolyl complexec is also Jescribed; their. form-

ation nmash occurr ¥ia boron-carbon bord cleavage of a 1-pyrazolyl-
borave spz2cies.

Five-coordinate methylnlatinun(il)-acetylene comnplexes can be
stabilized by tridentate poly(i-nyrazolyllborate ligands (110) and
the wixed sandwicin zompound (C H5)U012[ﬁ8(pz)3] has been prepared
by the reaction of (CD‘{ )0013 2THF with KEHB(pz) ] (246). The B-H
stretching frequency of the complex i1s observed nzar 2509 cm 1. The
crystal structura cf [?B(pz)gFtCH3(CG) has been jetermincd by A-ray
diffraction; the coordination aboul platinum is a slightly distorted
square-planar arrangament and the six-membered PtNaB ring is in the
boat conformation.

The N=N sbretching frequexcy of some poly({i-pyrazolyl)borates of

the type [RB(pz)B]M(CO)Z(NzAr) (R = H, pz; M = Ho, W; Ar = GgH

532 CsD 3
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p-CeHy ¥ F) was assigned to the 1530-1580 cm ~1 region (295)..

1-Methylborinato(tetraphenyicyclchutadiene)cobzlt has been

prepared by 1ligand displacement as depiched below (203):

<C__>5'B—CHj < _35,8—CH;y

Co —_— Co
R R
R R

Dicarbonyl (l-pheaylborinatojcobalt wes also obtained by a ligand

displacement wnen Ni(CC)q was reacted with bis(1 plenylborlnato)—;
coozli: One of the organylboron groups is displaced with the formj
ation of the dssired compound, m.p. $2°C (274). Nickel tetracar-
bonyl reacts with (C. H5—BC5 5)2Co to displace one of the two

1-phernylborinato groups to yieid (CéH-—BC

ij)CO(CO)Z (362)
and th2 reaction of (R-B 5..5) Co (R = CHB’ 06H5) with iron zarbon}
can be directed to yield (R—ECS.;E)L-a(uO)2 23 these species proba?
contain a doubly CO-cis-bridged structure (366). Pyrolysis of thell
compounds at 230°C yields (R-CHg)  Fe.

The struztures of (C“j—BCS"’)”Fe(CO)L and (béh ~BC5- =)¥n(CO) §
have been determin=d by X-ray diffractioa (367). Both molecules

contain virtually planar wm-boinded "borabenzene®" grougs.

14 PHYSTOLOGICAL ASPECTS

Fomplex1n5 of nucleosides and nucleotides with a boryl-groupf
modified sephadex (95) azd the bdinding of (organyloxy)boranes to
chymotysin has bzen studied (263). Also, ths comparative action
of (dihydroxy)phenylborane and (dihydroxy)-4-methylphenylborane o

the central nervous system has been investigated (264) ana (hydroi
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organylboranes have been found to inhibit subtilism (20). Several
reports are concerned with the thermal isomerization of steroidal
boranes (82, 159, 192) and the hydroboration of steroids (354).

The tetraphenylborate ion exhibits a detergent like action on
phospholipid labeling in guinea pig cortex subfractions (213) and
was found to effect the spontaneous transmitter release at frog
neuromuscular junctions (225). The effects of tetraphenylborate ion
on the automatic nervous system have also been studied (169).

Boric acid affects the catalytic activity of streptomyces

griceus protease 3 (262). In this connection it seems of interest
to note that the boron-free hydrolysis product of boromycin is
remarkably similar in constitution, configuration, and even con-
formation to the antibioticum showing that its.overall molecular

shape is retained on removal of the spiro boron atom (220),.

A general concept of the physiological role of boron in plants
has been suggested (214) and the factors affecting the boron uptake
by grasses have been studied (210). CHAPMAN and JACKSON (226) have
reported an increased RNA laveling in boron deficient root tip
segments and the effects of a boron defieiency on the activity of
B-glucosidase in sunflowers have been studied (111). Also, the
effect of boron on alfalfa weevil opposition (99) and on the anti-
caries action of fluorine in drinking water (19) have been investi-

gated.

Boron derivatives of sulfadizine have been studied as potential
carriers for polymers into cancer tissue (261) and the syntheses
of’ potextial protein-modifying reagents containing borane cages
for use in boron-10 neubtron capture therapy have been described

(257). The agents, which were obtained from orthocarborane and from
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decahydrodecaborate(2-), contain either amine, imido ester, or

aldenhyde functions besides ionic centers and were bound to human

y~-globuline and bovine serum albumin (258). Similar work centers

on the incorporation of sulfur-containing polyhedral boranes into

antibodies (259) but the need for water-solubilizing groups in

order to increase the number of boron atoms which may be attached

to an antibody carrier is still apparent.
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