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1 REVIEWS AND SUMMAEY ACCOUNTS

About two years ago the CGMELIN Institute‘began.to issue new
suppiements to update the coverage of the element bofon within
the GMELIN HANDEBUCE DEB ANOEGANISCHEN CHEMIE. All of these new
volumes fzll within the framework of the "Erg#nzungswerk" (New
Supplement Series) and the material is arranged by topics rather
'than'by a completely systematic apprcéch to the presentatioﬁ.
Individual volumes may»be cbtained separately and it is hoteworthy
that the coverége by topics extends beyond the traditioral GMELIN
s&stem,whereby cnly compounds cf elements with é lower "system
number® than the onerunder consideration are diséussed; On the
otherrhand, the extended coverage isrscmewhat less detailed Than
to what qqe is accustomed to and one has to consult the system -
numbers (given inside’the back-cover‘of ezch voldmej‘inrofderiﬁp_
‘establish whether or #ot éomplete discusssion qf a7givéﬁ:¢dmp§und:

'or-type of compound is called for. However, fhe:reféfehcing‘of‘the
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literéturé doés not seem t0 have sufferedrby this new approach. —
‘During the paéfkyear a total of five such supplement vclumes have
been publis ched and others are'tc fellow in rarid order of successlion.
The first of these volumes (10) contains ccmprehensive chapters on
sigie—bondéd boron_éulfur species as well as B-5 donor accentor
complexes, boron-selenium and boron-tellurium compounds. A chapter
cn koron-rhospkorus derivatives covers the literature from 1960
through 1975; it is rot as detailed as thcse chapters mentioned
first though it seems_exhaustive in the literature survey. The
lack of detail is readily sxplainred by the fact that phosphcrus
comes after boron in the GMELIN system.and, hence, the data ur to
196C are fournd in the phosphorus volumes. Further zccounting is
dedicated to boron-arsenic, boron-antimony ard boron-silicon
compounds and the twc concluding chapters cf the volume describe
those species containing a boron-to-metal bond. - The seccrd volume
(11) precents a detailed accounting of such bercen-nitrcgen compounds
that contzin trigonal isolzted boron atoms with at least one sigmé
becrd to nitrogen; included are linear as well as cyciic srecies
and ?he literature is stated to be covered from 1350 through 1973

though many later dated references (including seversl from 1975)

are given, - Vibratioral, mass, rhotoelectron and nuclear magnetic

[

rescnance spcctroscopic data on these compounds are summarized in

a third new suprplement volume (12), that alsc contains a compre-

"hensive chapter on boron-pyrazcle derivatives including z section
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60 A
‘dévoted-tonthe“cééf&ihafiaﬁ‘qhémiétfyréflpaiyfif?&f??é;flib§fafé§:
Thé,féﬁrﬁh voiﬁmé (229)1is ﬁhevéécbn&toﬁéideééfi?iﬁg ééfbérané;
chemistry (the first one dealing wrizth'trhis sﬁbjéct .Wa'sf '#UBiis{hed
in 19745 and deals ﬁith the elecfronic néture.of g;ggggéérbqraﬁes,
Vthe chehistry of ﬁetallp-carbcranes (including_eitenéive»tables7
sumrarizing nuclear'magnetic reséna.nce,data) and with po}ymeric
cafboraﬁes. The Fifth volume (230) is-of,ncvdirect interést-fo the
crgancmetallic chemist since it deals with boron dkides, boric
acids, borates and peroxcborates only.

The year 1975 also brought about the publication of a number
of new bocks dealing with various aépecfs of boron chemistry. A
broad survey of this area is giyen by N. N.-GEEENWOGD (221) aﬁd
a critical perspective of boron hydridé chemistry including
carboranes is presented elsewhere (220). A compréhensive and im-
pressive collection of physical and chemiqéi properties of compounds
containing boron-carbon boﬁds has been compiled by T. ONAK (140);
the preséntation includes three— and four-coordinate species as well
as ﬁolyborane derivatives.

Organié syntheses via boranes have been summafized by the
picneer in this fieid, H. C. BECWN (231), whé also traces the
development,of tﬁis area in a review article (331). Thé topiqs.of
~other reviews. range from éolymérs‘derived fromfﬁoranééraﬁd‘§ér—'
‘boranes (297) and those containing B-N and, B-P units (37) to. the

industrial applications of boron compounds: (116).
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survéys_onithe preparation of‘organoboranes for use in ofggnic

’éynfhéées‘havé 5§en>compiled (9, 31), another summary of this area
Aihéludes organoborate anions (75), while still another one cenfers
-on.ﬁomolytic reactions of organoboranes (118). Syntheses employing
triallylboranes (6; 117), trialkylhydroborates (39), sodium cyano-
trihydroborate (40), methane tetraboronic esters of the type
C[?(OB)Z]u and triboronic esters of the type B'C[B(OB)2]3 (1)

have also been reviewed.

A brief survey on the reduction of organic functional groups
with methylsulfide-borane lists 10 references (30), recent advances
in the chemistry of bcron hydrides have been summarized (119) and
gas-phase electron diffraction data of crganoboron species have
teen compiled (12Z). A review on oxime and hydroxylamine deriv-
atives of metals and metalloids includes various boron compounds
(13) ané an accounting of condensed-phase isotope effects for
B(OR)3 species (R = CHB’ CZH5, Cqu) and BX3 {X = F, Cl) is given
elsewhere (8). Finally, boron-containing polymers have been

surveyed briefly (199).

2 SOME DATA OF GENERAT, ITNTEREST

Part I of this review deals in detail with the aspects cof

‘hydroboration; hence, only a few species containing boron-hydrogen
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bonds and that are oP general vnterest are mentloned here. L

The BH and the BH species have been treated by PNG-CI ’Dalr

natvral orbital configuration interaction)~and CEEA—PNO.(Complete
electron pair approiimétion with éair,néfufai'prbitais)~calculations
'(100):and a thecretical study of tﬁe ionization’potential and
electron affinity of BH has been reported (191).

H. NOTH (113) nas discussed the nature of one of the original

hydroboration agents, i.e., a 3:1 molar mixture of NaBH, with AlCl 1s

7 igs the active agent in that

in digl&me; it is suggested that B2
mixture. The reducticn cf carboxylate esters with NaBHﬁ was found
to be activated by thiols (348) and the hydroboration of 1,5-cyclo-

octadiena offers a direct synthesis of 9-borabicyclo(3.3.1)nonane

(74, 171). The utilization of benzodioxaborole

&s hydroboration agent has been elaborated upon (252). Ab initio
calculations on hydroxyborane, HZBOH, show that a partial m-bond

is superimposed on the B-0O sigma bond in the most stable planar

form of this molecule (97); the barrier to rotation about the
B-0 bond of HZBOH is 16.4 kcal/mol if partial geometry optimizaticn
is carried out in both the planar and orthogonal forms, Remarkably,

the B-0 bcnd of the molecule exhibits less multiple bond character
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than r"'Ghe B-S- bend in HZBSH. The geometry of the linear molecule
,HBC.has been inveétigatéd;witﬁin restricted HARTREE-FOCK LCAO-MO-
SCF approximation (121).

The veaction of B2H6 with arylthallium derivatives seems to
proceed via an arylborane species, ArBH2 (80). A LEWIS orbital
model for CH35H2 has been presented (338) and electronic spectra
and rotational barriers of the vinylbcranes HBH,, R,BH and BB}

by

o))

have been studied by the INDO method and BBHZ was also probs

ab initio ecalculations (70); tThe calculeated spectra shew large

systematic errcrs due mainly to the negiect of hyperconjugation,
Tetraalkyldiboranes(6) interact with (l-alkinyl)dialkylboranes

to yield 1,1-bis(dialkylboryl)-1-alkenes (240):

2 RBR,B-C=C~R' + (HEBZ)z ~p 2 (R25)20=CH»R'

2
The latter species can be converted to yield pentazlkyl-1,5-dicarba-
closo-pentaboranes(5). Byproducts of the reactions zare polymeric
orgarylboranes which are formed via 1,2-bis{dialkylboryl}alkenes, .
1,1,2-tris(dizlkylboryli)alkenes or 1,2,2-tris{dialkylbcryl)alkenes.
Tris(diethylboryl)methane is obtained from tris(dimethoxy-
beryl)methane and triethylborane in the presence of ethyldiborane(d)
(24c); thermal rearrangement of tris(diethylboryl)methane at
150°G in the presence of Al(CéH5)3 gives a borazadamantane
derivative.

Experimentally determined 11B—13C coupling constants of a
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V_Qatlety Sf organobaton speclestsuch aa :'CH B5H8, B(CH3)3
>and [h BCR]"fagree we11 w1th the calculated data (59), 1t appears i
that the flnlte perturbablon theory of; spln counllngs can account‘f
for"the'majorvpatteras oftsubstituent effecta-oa~bofoa%aarbaari.,~
Vrcoupiing_cbnstants; Multifrequency fesonanaétmathadé“have»beenr
-ﬁs_édfbr the indirect measurement of vcoxiprling’;' ebnstants' in various
organylboranes, e.g., trimethylamine—borane, tfiméthylﬁorane and
'(o#y)diorgaﬁylboranes:(15). Similarly, double and triple resanance
techniques were used to determine 1‘1B and 13C chemicalrshift data
as well as coupling oonstants for a series of simple organylbaranes
of the type B3 DBXh (B = CH3; X = N(CHB)Z’ OCH3, SCH3; n =0 to 3)
(263); there is no ready explanation yet for the observed iinear
‘correlation between &'3C and Eng. A correlation coefficient
af 0.98? has been suggested for the 130 chemical shifts of .
_carbenium ions with &'lm of isoelectronic trigonal borane
analogs (177). 7

FPinally, some calculations on the energy of formation of

BZHé from BH, have been performed (139).
-

3 TRIORGANYLBCRANES AND RELATED SPECIES

3;1_ PREFARATIVE GHEMISTRY

v (Dialkyl)bromoborahes~may be conyerted intorunsymmetrical’




65
t'ri'élkylbora'_ne_s' viajs’odium hydridé reduction in the presence of
an alkene (314); the yields of the process, which can be

formulated:

B,BBr + NaH —g Na [HB:-BBZ] —» NaBr + HER,

~m_ 7 [ |

HBR, + 2C=C{ —4» B,B-C-C-H
range from 81 to 99%. (Thexyl)monoalkylboranes are readily
converted to monoalkylboranes{(175). The hydroboration of
olefins with (thexyl)monoalkylbcranes provides a convenient
route to (thexyl)dialkylboranes, mixed dialkylboranes and
mixed trialkylboranes (174).VCis—alkenylboranes are formed in
a highly stereoselective manner by the reaction of dialkylboranes
with 1-halo-i-alkynes followed by treatment with either
Li [HB(C,Hy) 5] or k[HB(s-CyHg)5] (152) as is illustrated in the
following sequence:

RC=CX + HBBé — BHC=CX—BBé —’RHC=CH-BR§
Protonation of lithium (trialkyl)ethynylborates with concentrated
hydrochloric acid at low temperatures provides the borane with
the opposite stereochemistry from that realized in the hydro-

boration of the éorresponding acetylene (309); lithium (trialkyl)-

alkenylborates react in 2 similar manner.
(Z—Biphenylyl)diethylborane reacts with ethyldiborane(6)

to give an approximately 80% yield of 1,2-diethyl-1,2-(2,21_

biphenylene)diborane(6):
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H

R I :
-/ \ R = CyHg .

el B 2

The sthyl groups. can bé&replaced by H via reaction with additional

B,H, w . ot _- i N: yiel
BZHO whereas the reaypl?n:w1th_(C2H5)20 BF3,J1e ds

and with'BCl3 the species -

is obtained.(lio). A11 of the proposed structures weré verified
“by nuclear magnetic resonance @ata and'the chemiéal behavior
of the various compounds. |

Triorganylboranes react wifh N,N;diefhylamipoprbpyne
according to the follow_ing:,séq‘uence (112)':

(02}15)ZN-C_:_C-CH3 + BR4 —> ‘V(CéH5‘)2y—_c(BRZ),=6chH3- R
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'Methacryldnitr;le”interacts with triallylborane to yield species
of the type CH,,=C'CH3'—CB=N—B122 whereas with BCl; and adduct,

CH,=CCH,-C=N*BCl; is formed (112). Similarly, benzylidenemethyl-

3 3
amine and triallylborane'form the compound 06H5—CHR-N(BBZ)—CH3
whereas with BCl3 an adduct is obtained. These data illustrate
the greater reactivity of the B-C and as compared to the B-Cl
linkage toward C-C multiple bonds. The allylboronation of alk-
‘oxyacetylenes with (2—methy1a11y1)boranes proceeds via
cis-addition of the 2-methylallyl and borane fragmencs to the
triple bond tq yield vinylboranes (210). On the basis of protor
magnetic resonancerdata, tris(2—methy1a11y1)borane reacts with
-alkoxyacetylenes in three successive stages (212).

Onn the basis of proton magnetic rescnance data a permanent
211yl rearrangement occurs’ on heating of tris(3-methyi-2-buten-
enyl)boranse or of 1-allyl-5-(3-butenyl)-2-(chloromethylene)-
3,3-dimethylborolane (213). The influence of permanent allyl
rearrangement on the NMR parameters of allylborane derivatives
has been studied by double heteroruclear magnetic resonance
spectroscopry (16). Tkhe data irdicate the preservation of the
alliyl-boron and tke (Z;methylallyl)—boron sigma bond under
the conditions of rapid permanentballyl rearrangement. The
B-C bond of (2—methylally1)bcranes undergoes protolytic
cleavége with ccrnsiderably greater ease than in unsubstituted

allylboranes (210).

VRefer,encu ‘p. 115
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The first non-cordensed bopepin!has héehQpreparedVb& é?;'l
sigmatropic rearrangement and subsequent ring opening as isi

depicted>below (369) :

R.
R RCaCR
B—R
‘R
R
R R R
R
R R R
- B8—R
R AR R
i R
R R

The pyrolysis of trimethylborane to yield ﬁhe adamantane-type
species-(CHBB)6(CH)4 has now been descrived in detail (84).
The boron-carbon cage is formed in approximatély 25% yield.
Though the compound is stable toward water, degradation occurs
with various reagents such as oxygen, propanoic acid or |
ammoﬁia;,the species is only a weak écceptorrtqwafd the donors
trimethylamine or trimethylphgsphine énd,_aflféom,tempéféfure,

no stable complex can be isolated. -
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32 - PHYSIGOGHEMICAL STUDIES

' Some geometry—optimized»§g initio calculations have been
reported for trimethylbqrane and trivinylborane (206) and the
“latter ﬁolecule was also the object of a gas-phase electron
diffraction study (146).

The éarbon—13 nuclear magnetic resonance shifts of the
terminal vinyl carbons in trivinylborane, various (vinyl)halo-
boranes and sevveral LEWIS acid-base adducts of the vinylboranes
have been determined (329). The boron-1il1 chemical shifts of
these species are discussed in the same paper (329) and a
boron-11 nuclear magnetic resonance study of the scrambling
between tri—grpropylborane and its oxidation products is described
elsewhere (339). For a detailed nuclear magnetic resonance study
of the nature of the B-C bond in vinylboranes see also (310),
for carbon-13 nuclear magnetic resonance studies of alkenyl-
and alkynylboranes see (160, 325).

The He(I) photoelectron spectra of trimethylborane and
(methyl)haloboranes have been analyzed in (318) and a detailed
analysis of the mass spectrum of tri-n-butylborane has been
reported elsewhere (157). The ion cyclotron resonance spectrum
of the compound shows the formation of only low molecular
wdghf ions with m/e values smaller than 59 (71). This observation
is inferpretéd-in terms of a lesser stability of boron-containing

cations relative to pure hydrocarbon species.

References p. 115
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'SSome speculatioﬁs on. the electronhlllc det_mp051t10n of

'orgenometalllc spe01es i clude comments on trlbenzylborane (251).
”he stereclsomerlzatlon of tr1@es1ty1boranerhae been exaﬁlned |
by empurlcal Porce field calculatlons (68) The calculated
Venergies for the idealized transitlon;stetenp01nt to a two—ring

- flip mechanlsm as the pathwav of lowest energy.

For some comments on the structure of_diborane(é) see (154).

3.3 BEACTIONS

The utilizatior of organylboranes in organic syntheses is
now such a common occurrence that only a brief mentioning of
such reactions can be made here. For example, tﬁe reaction of
alkyl or aryl crotyl ethers with tetrabutyidiborene(é) (287)
and tributylborane (286) has been studiedrand reactions of
trialkylboranes with aromatic amine N-oxides (352), aromatic
nitrc compounds {(353) and o-bromoketones have been investigated
(288).

Trialkylboranes are readily oxidized in acetonitrile
solution ccntaining tetraalkylammonium halides,as’supportin
electrolyte by transfer of an alkyl grcup from boron. to the
acetchitrile (295). The nature of the-electfocheﬁicai reduction
of triafylbcranes is largely iﬁ accord with>chemicalf£educticn>

studies (305).
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zﬁ;}}iéikyibéfanés féact with‘feClZVandrtbiocyanéte in aqueous
;r'}rrﬁ'j‘_fo ‘y-_ieldv— alkyl chlorides and cyanates in good yield (32).
Tﬁébi;gl diorgan&lborane obtained by hydroboration of diphenyl—
acetfleﬁe reacts with CrO3 to form transz-stilbene via a
sevenfmembered tfansition state (203). The reaction of organyl-
bofénes and lithium diallyl cuprétes with 1-acyl-2-vinyl cyclo-
propanes is a convenient new route to y,8-unsaturated ketones
(342) and bicyclic organylboranes react with AgNOq in alkaline
solution to give a mixture of a monocyclic ketone and a cis-
monoolefinic ketone (105))and with an excess of chromic acid
only monocyélic ketones are obtained (370). For the reaction of
organylbdfanes with lithium aldimines see (327), with lithium
chloroacetylide see (345), and for the action of triorganyl-
boranes and acyl halides nrn phenylmagnesium bromide see (350).
The oxidation of organylboranes with trimethylamine N-oxide
dihydrate is a mild and convenient route to the corresponding
alconols (193).
| The displacement of alkyl groups of mixed trialkylboranes
by butylthiyl radicals (derived from butanethiol) follows the
sequence primary < secondary < tertiary alkyl substituent (104).
Ligand exchange reactions of triallylbofanes with (organylithio)-
boranes, (organyloxy)boranes and hzloboranes have been studied
by maclear magnetic fesonance spectroscopy and the resultant
data'substantiate the formation of a six-cenfer transition state

References p. 115
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and the . occﬁrrence of an 1ntermolecu1ar permancnb'éliy;Erearréﬁge%.
men+ (233 23&). The magor pathway for the B-ellmlnatlon of

a (silyloxy)organylborane moietY‘fromna»p;silyIQXylated“orggnyl-ﬂ
borane is a cis elimination that oCdursAgven}iﬁ,thé-pfeéénéé éf :
(CZHS)ZO'BFB (333).

Cyclic and acyclic ketones react with triethylbcraﬁe in the
presence of diethylboryl pivalatebto form (vinquxy)diethylboranes
by elimination of ethane (241):

B(CyHg)5 + R-CO-CHR'R" == B-C [OB(GZH5)2]=CB‘B“
The reaction may be viewed as enolysis of triethylborane and the
action of the diethylboryl pivalate 1is stfictly catalytic in
nature, On the absence of the catalysf higher reaction témperatures
are required and provide for various side reactions.
A reinvestigation of the previously reported preparation of,
(acyl)dialkylboranes (= borylketones) has.shown the earlier data
to be erroneous (313).

The diethylboronation of alcohols, phenols or dihydroxy
derivatives with triethylborahe proceedé readily in the presence
of diethylboryl pivalate (109). 'Trialkylbofanes interact‘with
LiBHu in ethereal solvents in a 1:1 molar ratio (214). Based on
boron-11 nuclear magnetic resonance data, lithium trialkyltetra-
hydrodiborates are formed which are in equilibrium ﬁ;thvfhe:

original reactants.
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Tris(gralkoxyphényl)boranes fdrm 1:1 molar complexes with
L_aminopyridine (90). The resultant compounds exhibit two strong

1 frequency region

infrared absorptipns in the 3300 to 3500 cm~
corresponding to N-H stretching modes of a free amino group.
Heﬁce, the annular nitrogen of the pyridine ring appears to
coordinate to the boron atom.

Ate cémplexes of 9—bbrabicyclo(3.3.1)nonane are a new
type of reducing agents for the selective reduction of
tertiary alkyl, benzyl and allyl halides to hydrocarbons (176)
but an ancomalous course Tor the hydrogen peroxide oxidation
has been observed for ate complexes-of the cited organylborane
(328). The latter species is a highly selective reducing agent
for the conversion of a,fi-unsatutated aldehydes or ketones to

the corresponding alcohols in the presence of other functional

groups (148).

Interaction of trimethylborane with adiponitrile causes
polymerization of the latter (351). The éopolymerization of
L_propenyl pyrocatechol derivatives with vinyl monomers is
readily effected by tributylborane (111). Other applications
in the polymer field include the polymerization of methyl
methacrylate by tri-n-butylborane in the presence of amino acid
esters (227), the grefting of vinyl polymers onto chlcrophyll

and related ¢ompouhds with the aid of tributylborane (356)

References p. 115
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fapd the copoTymerlzatlon of v1nylhy 1'-ocxuzr.nonea- and‘v1njl pclymers

by trl-n—buty1borape (107).

4 - HATLOBOBANES

Fluorination of C,] 5 7 with elemeﬁfal flﬁoﬁine yields
"ZC(BrZ)Z among cther products (218). The comoound is a volatile

and explosive liguid that decomposes at room temperzture.

The resction of (methylthio)diélkylboranes; CH,SBR,, Witk
elmental bromine has beeﬁ advocated as a new method forvthe
preparation of (dialkyl)bromoboranes t180) and redistribution
reactions in (phenyl)dihaloborane/trihaloborahe systems have
been studied;

Geométry—ontimized ab initio molecular orbital studies have
been reported for Bhe series B BFBIn (B = GHgy, CZHB) (206)'and
the microwa.e spectrum of (phenyl)difluoroboraﬁe,:o6H5BF2; has
beenr: recorded; the resultant data were used to oalculate,a‘barrier
to internal rotation about the B-C bond of the molecule of 13.3
kJ/mole (86). A value of 1.551 R'was'calculatéd for the B-C
distance of (phenyl)di luorocborane and tne .B-F dlsnarce was’
calculated to be-1.3j0 R; the bend angle F—B F was found to .be
116.0° |

A laser-specific precduct Fformation has_been:observed/inlthe
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exchange réaic:ﬁ;li_o:"\_‘_ of ‘HBr with B(CH;) 5, (CH;),BBr and CHjBBr,
'Wééféby'dﬂéiis &iéplééed by *r (259). |

- V;Si'ngrle—.crystal X-ray diffraction studies in (H,BCN)
substantiate a cyclic structure for the species (319); the
Veighteen—membered ring formed of B-C-N-B-C-N moieties exists in
chair conformation with average bond lengths of B-C ané N-B =
1.56 8, C-N = 1.14 R and B-H = 1.i4 2. The C and N atoms could
nct be differentiated,
Some work in simple haloboranes includes the preparation
of dichlcro- and dibromoisocyanatoborane (165) anl a report that
the yield in the preparation of tetrachlorodiborane (&), 32014:
by passing BCl3 through an electrical discharge between two
mercury pools can be increased by increasing the BCl3 pressure (20).
Pentachloroborosilane, ClSSi—B012, is synthesized by passing a
mixture of 8013 and SiClq through a d.c. pulse discharge (19);
the colorless liquid is stable at room temperzture but decomposes

above 7000. Cyclopropane reacts with ClBSi—ECl according to the

N

equation
i-BCL, + C.H 1.S1-(CH,),-BCl,.
C1451-BCZ, + CgHg — C1351-(CH;)4~BCl;
An interesting laser-induced enrichment of borcn Isotcpes
has beenr observed on irradiation of BClB/HZS mixtures (125).

The -experiments were performed in a small static system and chemical

procedures for recovering selectively enriched 3013 are described.
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- The electronlc.structure of BéFa héé been calculated by ab
'1n1t10 computations.: The rotatlonal barflel about the bcfon—boronf
bond of th= molecule sllghtly favors the DZdtCOnfofﬁer,with a'
B-B force constant of 3.0 mdyn/ﬁ (24); for some Vlbratlonal
spectroscopic studies on the solid molecule see (106).A1

The RAMAN and infrared spectra>df solid BZCiA-ZPﬁjrahd
B201,_'_-2PD3 have been interpreted on the basis of a trans molecular
conformation (C,, symmetry) (62). On the basis of theVSuggested
assignments of torsional mcdes the barriér of rotation about the
B-P bond was calculated to be 2,92 kcal/mol ; the B-P valence
stretching mode was assigned at 651/713 em™t (IR, RAMAN) for
B,Cl,-2PH, and at 620/658 em™ 1 for B,Cl,,-2PDg.

The reaction

3 pF, + BCL, — 3 PFLpCl + BF3

3
proceeds slowly in the gas phase at ambient temperatures (219)
and comparative proton affinity studies indicate that HBF2 and
BF, are protonated by-H*B' but not by CHJSr (57). The reaction of
1\1205 with BF3 vields nitryl hexafluoro-p-oxodibecrate(2-) (166).

Halogen redistribution reactions of trihaloborane adducts of

P(CH3)3, OP(CH and SP(CH have been studied by nuclear

, 373 3)3
magnetic resonance techniques (159) and the enthalpies of

complexation of BF3 with various ketones have been measured (167).

The valence force field for the acetone,adduct of BF3 has been -
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_caiéulated based'on expérimental data that include those obtained
:Bn?sixiéifferent isotobically labelled species (95). Also, a
difect carbon—lj'nﬁclear magretic resonance study of BF3 and BCl4
-complexés withvethers has been reported (322), and BC13 was found
to catalyze the isomefization of cyclopropane to yield propene
at 360 to 470°C (289)° Methylcopper induces rapid coupling of

(dialkenyl)chloroboranes at 0°C to yield 1,3-dienes (308).

Fluorine-19 nuclear magnetic resorance data recorded at
-155°C confirm the existence of B2f7—'as a Tluorine-btridged
species (126). A nuclear magnetic resonance study on B(BF2)3 in
the N(CH3)3/F3P~B(BF2)3 system indicates adduct formation of the
BF, moieties with trimethylamine (316). BgF,, is very reactive
towards N(CH3)3 in dichloromethane and, at —9000, (CH3)3N-B(BF2)3

was tentatively identified (316).

Mixtures of BCl3

laserto yield HB012 and HCl1 as the only products; approximately

and H2 have been irradiated by a pulsed
o,

50% conversion of the reagents was observed (296).

5 BORON--OXYGEN COMPOUNTS

Several (aryl)hydroxyboranes have been prepared by convent-
ional syntheses involving the interaction of organolithium

species with tris(organyloxy)boranes (236). Ionization constants
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::of-these a01ds hcve beep measuved and the data'sugges an 1ncreasef

vln the deéree of dvssoélatlon of the acid w{th the nﬁesence cf :

a di lar structure. Th° eifecu‘oL the DH on uhe stab111;f of V
(Dhenyl)dlhydroxyborane 1n aqﬁeous soluulon ‘has . been s“vdled (292)
{Also;ﬂ (2-1urapy1)d1hydrcxyborane and (3 Iuranyl)dﬂhydroxyborane .
were fcund to Pesnmble in their chemical behav1or the correspéndlng
carboxylic acids (17); tﬁe a¢idity of the B(Oh)2 group is affected
by essentially the same faptor as that of' 2 furan-bonded COOH
grcup. For the synthesis of . (p—am_nophe yl)bydroxybovape see (135},
for a study of complex formztion of (phenyl)dihydro: vborane with
oxalic acid see (309).

A ready method for the preparation of (organyloxy)diethyl-
boranes, RGB(02H5)2, is provided by the reaction of triethylborane
wifh-alcohcls or phernols in the presence of (diethylboryl)pivalate
as a:cé%élyst (109). Similarly, 2-ethyl-1,3,2-dioxaboracycloalkanes
have been preparéd~from alkane diols snd activaeted triethylborane
(242) aﬁdrvarious carbohﬁdrate derivatives contawnlng 2-phenyl -
_,j,ﬁ—dioxaboracycloalkane moieties have alsc been described (143).

2-Phényl—1,3,2-dioxaboracﬁcloa1kanés_undergo réarrangemeﬁts
under electron impact whereby hydrocarbon lons are formed
specifi ra1ly the tropyllur and the methyltropylium ion (330)
For complete mass spectra‘of various 1?3,Z,dloxaboracycloalkanes

‘and a detailed discussion_of the fragmentation patterns see (88),
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_fbf:éfhﬁdiéér ﬁagnetic resonénce study on conformaztional isomers
df 1;3,2;§ioiaﬁora§yclohexanes see (202).
Varidgs 1,3,2-benzoxathiaboroles heve been prepared by the
 réaction of - 2-hydrocxythiophenol with diborane(6), trichloroborane
or (phenyl)dichiofoborane, respectively (18). The B-H species
réacts with cyclohexene to yield the B-06H11 derivative (18) and
reaction of the B-H compound or similar cyclic species with
(C, H5)3PRhX (X = C1, Bf) gives a species with & sigma metal-to-
boron bond that is, however, readily cleaved by reaction with

trievhylsilane (294%),

|—l

(Diorganyloxy)orgaenylborares react readily with dichloromethyl
methyl}ether to give tertiary a-chloro derivatives; the latter
undergc a remarkable rearrangement with hydride or methide ghiflt
and elim i-aflon during solvolysis in agueous solvents to prcduce
the corresponding olefins in high yield (100). The reaction of
(alkenyl)hydroxyboranes with bromine in the presence of godium

methoxide and methanol provides a simple one-stage synthesis of

a-brcmoacetals (196). For the stereccchemistry of the reaction

%’
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of (organyloxy)propargyi- ydes see

q .

The eight-membcecred heterccycles cobtainsd by condensation
of (phenyl)dih yéroxyborane with HO—(CH9)2—X—(CH9)2—OH (X = 0, S)

shows nc transahnular coordination of the X stom to boron; this
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ééﬂélusibnlzéfﬁésed éh fhétchémicéijbéhéﬁiof;$f £hei¢6ﬁ§6unds  {?
: nd the observatioﬁréf a boron—11 ;hémlca1 sﬁlfe ﬁéar>;36 pém:
(226) The crysta1 Structure of theicérrespondlng spéélesﬁw1th
NH has ‘been studied by X—ray dlffractlon (134) and. a B—N bond
distance'of.l.ééé 8 was found. —The'crystal structure“of:thg
cémpou#d consists of &iscrete molécﬁles with a O-N disfance of .

2.914 8 to form continuous spirals along the b axis. -

The crystal structure of the diboryl oxide BZO with

has also been studied by X-ray diffraction (25). Each half'qf
the molecule is approximately planar, the molecule is propeller-

shaped and the B-C distances are 1.533 8.

The syntheses of several 2-phenyl—1,3,2~oxaéaborolans have
been described (185) and'some properties of these compounds
ipcluding,the infrared spectra and some mass Spectfal features
are disqussed.

(Dimethyl)bromdborane‘reacts with organic_oximes.to vield
(alkylideniminox&)diméthyiborépes, (CHB)ZB—O—N=CBB"(283);'At5
room temperature only ﬁhe specieé with‘B = R' = Céﬁgris'mdnomericv

whereas the others form cyclic dimers via coordination of boron
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lﬁb;pitrééén'éf*é;éecbﬁd,mdlécule.

: jkbi;thyl)gﬁipfébér;ne iﬁteracts with sodium cr potassium
fséiﬁé'dfvpriméfirnitroéikanes,‘u—phenylnitroethane and nitro-
paréffigsithat:cqntaih éster or amide functions a to the nitro
group:tblyiéla‘esteré of . the corresponding nitronic acid (239).

Primary nitroalkanes react as follows:

2 ﬁa_CBﬁ'(NOZ) + 2 (02H5)2B01 — @.B‘C=I\I(O)—O—B(CZH5)2]2
B = GHy, n-CgH, R = CgHg T 2 NaCl
R' = H B = (.7H3

Boron-1il1 chemical shift values of -12 to -13 ppm suggest the
presence of tetracoordinated bcron in these species and the dimeric
structure is further supported by the proiton nuclear magnetic
resonanceAdata. — The esters decompose rapidly at ca. 20°¢ to
¥ield a species. of -the composition (CZHS)ZE"O'B(CZHS)_O'N=CBR'
in which the terminal boron is coordinated to the nitrogen to
form a cyclic species. Identical products can be obtained
from the reaction of bis(diethylboryl) oxide with (CZHE{ZB—O—N=CHB.
The O-diethylboryl esters of the corresponding nitronic acids are
formed in simlar fashion from the sodium salts of amides-
of a—ﬁitfo acids.

(ACyioxy)(3—aminbpr0py1)Eutylboranes form intermal complexes
of the amine-borane type (235); in additiocn, intermolecular

hydrogen bonding as well as intramolecular hydrogen bonding seems
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. to.occur in these species as is indicated

magnétic resonance daﬁé:

But '% hium: reacts with HC[B( OCHQCB CH?) )]2 in tetrahydro—
furar wvthvprec+p1tatlon of th~ corresnondlng llthlum meuhlde‘

{151). Thé anion is sufficiently basicrin'prderito abstraqt a
pfotén ffdﬁ diﬁeéhyl sﬁlfékidefand'friphenfitiﬁ aﬁa broma.
derivatites‘were 6btained from the lithium salt. For the reaction -
with carbonyl'compbundsvsee (307); |

qu‘synt hesis and Dolynerlzatlon ot (Vinyloxy)phenylboranes
‘hzs been described. (115). Polystyrene beads can be coated With
poly(Ervinylphenyl;dihydroxyborane) and the resulting material
feversibly sorbs vicinal diocls in a highly pH dependent process
(87). This feature can be used for the column chromanocraph1c
'séparation of diol mixtures. For the use of (organyloxy)butyl—
boranes in the gas-liquid chromatography of some carbohydrates
‘see (223), and for the O-dialkylborylation of polyols and
sacchéfides,see (243).

Coﬁdehéatioﬁ of dibutyltin oxide with boric acid and am;d-
oximes (290) leads to'spgéies of the tyve (R' = CyHg)

N—O._ B _0—N

il B-—o—-Sn-o-B Il

- . \\
HC—-? B' : N—-CR

B . m
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' éﬁdlBiéfﬁbf&;éﬁi)dibutjigérmanes and félated ccmpounds have been
; déé;riﬁéa éiééwﬁéré‘(l69), |

,?:éémi;embirical mol°Culaf orbital calculationé on boroxines,
.(5BB—O-)3 (B = H; OH, F, Cl), indicate a sigma electron drift
within the boroxine fing towards oxygen ; the m-electron drift

" is directed towards boron (149).

The LEWIS acidity of boron in tris(aryloxy)boranes,
3(006H4X)3’ varies with the electronic nature of X (54); thermo-
chemical measurements show a maximum variation of about 60 kJ/mol
between the 4-CN and the L.L—OCH3 derivatives. For the kinetics
of the hydrolysis of tris(alkoxy)boranes see (355).

The whotoelectron spectrum of B(O"CHZ'CHZ)BN is interrreted
in terms of 2 close approachment of nitrogen and boron resulting

in intramolecular bonding interaction (85).

Trioxazaboratricyclozlkanes (362) and related species (363)
nave been prepared. The infrared spectra of 2-iminoxy-1,3,2-di-

oxaborinane exhibit a weak C=N stretching mode in the 1630 to

=~ 1660 em™1 frequency region (35); the N-O valence vibration of
- _1

the compounds is observed near 900 tc 940 cm ~ and B-0 ring modes

are assigned near 1414 and 1110 bm—l, respectively. The B-0

stretch of diboryl oxides of the tyre

(CHZ)n o

—NCHX NGH
N o_pg” 3T 1
NCH//

3 3
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with n'='2 or 3 is observed near 1350 cm = (33).

ngevin;g;a¢£iaﬁiaf<aggig.;CQAT¢i£a~eﬁggi5iféyé£;gs7hagﬂﬁéeg1
'studled (300) and infrared spectra of borate sﬁecles end-their'j;
thermal dehydrauio- products have been recorded (361).: ﬁar;ousr
meﬁ#ieiborates have been synthésized by the reactlon of—metriolrfr
with ;c)'or{.:'r.c acid and alkali or‘aikali'z"le'earr'th metal hydroxides
(209); the data indicate the exclusiverformatioh ef the anion
[bHBC(éHZO)BBOHJ—. For the forﬁe?ion of eth&lene glycol-borates
in aqueous medium see (127) and for the preparetion end anedie,
peak potentials of salte of coordination compounds derived from
borlc acids and polyhydridic phenols see (192). Fourier transform
nuclear magnetic resonance studies have been described for the
'[B(OH)#]_ ion (264), and polarimetric data indicate that D-glucose

- interacts with B4072 in a 1:1 molar ratio only (48).

6 COMPOUNDS CONTAINING B-S AND B-Se BONDS

~Tr-is(mé£hy11§hie)5§ra.ne, B(SCH,) 5, is readiliybobt‘ained from
Li [Al(SCHB) ul (_Vpreparedr in situ by the reaction of LiAlH, with
(CH ) S) and  (C H')zo BPB (266); whereas’ B(SCF ) .is prepared by
the reaction of Hg(SCF3)2 with BBr3 (22) However,rB('SCFB)3 1s;-
unstable at room temperature and,decomposes w1th the formatlopr

of BF‘3 and SCF B(SCFB) is.a strongev LEWIS a01d than B(SCH )
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asls Vévv‘i,d?ﬁdeiivbyr the Vre'adjyv formation of (CHB)BN-B(SCFB)B. This
;1étferﬁgdduct:décémposéé sldqu to yielﬁ’(CH3)3ﬁ-BF3 and an
-pﬁidénfified sa1id byoroduct (22). N

‘(Hydrothio)diorganylboranes, HSBBZ, have been prepared from
1frbm the gofresponding halobofanes éhd st (198). At elevated

temperatures the reaction

3 HSBE, —& (—BR—S_)3 + 3 RH

cccurs; in zddition, HZS is eliminated to yield dibory]sulfanes,
(RnB)ZS.VThe latter species rearrangé with the formetiorn of BBQ
ang (-BE—S-)B.

(Organyltkio)beranes of the type R'SBER, react with ethoxy-

acetylene via thicboronation of the carbon-carbon triplie bond

(208):
BZBSB' + HCEC—002H — RZB—CH'—‘C(SR')—OCzHE

Tris(organylthio)boranes, B(SR)B, react in analogous fashion

and, in the presence of excess ethoxyacetylene, B(CH=C(SR! )—0C2H5) 3

is obtained (208). However, this reaction may be stopped at the
intermediate stage of (RS)ZB—CH=C(SB)~OCZH5 and the borcn-bended
SR groups can be replaced by OR' on treatment with zlcohols and

by NRé on'trgatment with amines (144). For the redistribution of

methilthic and dimethylamino ligands at trigonal boron see (164).

The_fundan}entalrv1 of linear H-B=S is observed near 2750
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cmﬁ} (90) and 1n'bhe spec+rum cf p HS-B2 5 the rlng cuukerlng -
mode 1s ass;gned at -00.5 Ccm. -1 (9@). Ab 1n1t10 calculatlonu have'l

shown:that the B-S. beond of HZBSH exhlbﬁts more multlple bcnd

charactefithah the B- 0 bona in HZBOH (97). In this conjpncplanlt.
igs of interest to rote that the He(I) photqeledtrbn speéfré of
30 derivatives of five-meébered isoeledtrohic'hetefocycles of

the fcllowing ske1eua1 arrangements (211 of which ccontain six

m—elecirons)

N / \
N—N S$—S N—O
/ \B / % J %
—— — _B — -_— —
‘\x// ‘\x/’ \\x//
X =95, NR X=0, S, NR X =S, NR -

suggest cyclic m-conjugation within all of these ring systems
(262); however, that m-conjugation decrezses with successive

replacement of NR groups by S.

The ring system

: S
R BR
\ /-
.N—N
A\
REsm ¥

with B = CH, ccntains two CBKBC plairs that are tilted ‘cy,18c
(260). The average B-N distance in the molecule is 1.42 g cnd .

the B-C distance is abnormally skort with orly 1.!;!;5;01 LL55 R
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The V—V dlstance of 1 4‘ R 1s analogous to that of hyd” zine and
the B-S dlstance is about 1.80 2. a B-3 d1stance of 1.8C5 R was

found in gaseous bls(dlmethylboryl)dlsulfane, (CH,),B-S-5~B(CH,, 3729

3)2
by electron diffraction (237). The molecular arrangement abcut the
B-S bonds of the molecule were found to be planar; the S-S

distance is rather long with 2.078 R and tre torsiocnal angle about

the S-S bornd is about 120°.

For sulfatoboric acids and anhydrides czee (163). Proton
nuclear magnetic resonance studies cn the adducts B2S'BX3,
BZS-BRXZ, RZS-BBZX and the corresponding RZSe derivatives (R =
VCHQ; X = Br, I) demonstrate a displacement of the resonance signals
to higher field with increasing methylatior of the boron (49).

This observation is interpreted tc indicate an accompanying

decrease in the B-S and B-Se boné order, respecitively.

Infrared, proton magnetic resonance and X-ray data on the

two complexes

R R

Rc— —B B\

I sm [cO] sm[co]
3 -3

RC\\B/ /
; B
R R

(R = CHy; B' = CyHg; M = Fe) indicate that both of the boron

ligands act as 2-electron donors (132).

Tris (methylselenoc)borane, B(SeCHy)4, is readily obtained
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on reaction of L1[}1(SeCH )4] with (c H, )20 BF3 (266)_:andftﬁeF<;r

formation of (hydroseleno)d1organylboranes, HSeBRZ, by 1ntéract10n
.cf the correspondlng (ha]o)dlorgcnylborapes with HZSe has been.
descpibed (198). The molecular structure of gaseous 5(530H3)3‘
has been studied by electrqn diffréction,tecﬁniques-(iBO); fhe
B-Se bond length of 1.936 2 appears to disputé a double bond
character for the B-Se bond. For the vibrational spectra cfr
(hydroseleno)haloboranes, (HSe) nB¥X3_ps See (£3).

The reaction of (3,4-xylenyl)diicdctorane vith polymeric
(—BI—Se—)n at 180% (267) gives a good yield of a yellow solid,
melting-from 138 to 1&000, to which the following structure has

been assigned (R = CH3):

1
R 8\
Se
R /
B
I

Reaction of X,, HX or BX, (X = Br, I) with dimethyl-
sulfane-borane, (CHB)ZS Bh3, leads to boron halozenation and
(CHB)ZS'BHZX or (Cﬁj)ZS'BHX2 are formed (123). No acid exchange
was observed and proten magnetic resonance data on the series_

_n suggest an increase in the donor-acceptor

(CH,),S*BH, X,

bond strength with decreasing n.
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"7 ' BORON-NITROGEN CHEMISTRY

7.1 - AMINOBORANES

Pyrblysis,of HBN-BF3 at 185°C yields H2N—BF2 as the primzry
volatile product (270); the appearance potential of the species
‘is 12.4 eV. (Dialkylamino)hydrophenoxyboranes, RZN—BH—OCGHj,

are readily prepared by theé following reaction sequence (271):

L BF3 + 3 NaBHLL. — 3 NaBF, + 2 B2H6
BoHg + 2 HNB2 —_—py 2 BZHN'BHE_

BZHN'BH3 + C6H50H — BZN—BH—OcéHj.

Molecular association and proton magnetic rescnance studies in
benzene solution are consistent with a planar, monomeric con-
figuratior of these species with considerable m-interacticn
tetween toron and nitrogen. A novel synthesis of B[E(CH3)2]3
involves the reaction. of LiAlHLL with dimethylamine to generate
LiAlR, (R = (CH3)2N) in situ  which is subsequently reacted

with (CZ O°BF., (266). Also, the reaction of LiN(CH with

H5)p0"BF3 302
PIB[N(CHB)Z]Z, [(CHB)ZN—BHZ:]Z, LiNBZ-BH3 and similar species
leads, in general, to the ready formation of tris(dimethylamino)}-
torane. (61).

(Dialkylgmino)dibrombbcranes, R,N-BBr, (R = 02H5, g703H7,
gfcaHg, CEHll)’ have been prepared by conventional syntheses,

i.e., dehydrchalogenation of the corresponding dialkylamine-tri-

bromoborane with the aid of a tertiary amine. (1-Imidazolyl)-
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reaa11y obtalned by the reactlon 01 trlethylamlne-borane W1th

3,5—dimethy1pyrazole_(28);"X}ﬁayvdiffrapﬁion @gpa on'bis(3;5-,
dihethyl;i—?&razbiyi)dihydro£érgneiin@ibéﬁéitﬁgt»eééﬁ1501ecule,
of the dimer lieéiin. a‘,center éf bflsymmet:&:andﬂis slightly'
chaiffshéped withr a ‘dinedral andle of 12.7° between the N-B-N
plane and the éentr'al plane. The 012]3ch skeleton of (di?heﬁyl_
amino)dichlorcborane is virtuzlly planar and the B-N distance
is short with 1_.3807'?. (223); however, the two phenyl rings
of th; molecule are considerably distqrted out of the cited
plane. |

The fluorescence spectra of aminoborane anaiogé of stilbenes
and styrenes are generaliy vauctureless are sigﬁificantly
red;éhifted in polar solvents and are in—plane pclarized (197%
and a LCAO-MO-CNDO/2 analysis of tris(dimethylamino)borane (278)

presents no particular surprises.

_Tithium amide and diborane(6) interact in ether acccrding
to the equation (92):
L"lNH + B H6 —’l/n (H N—-DH ) + LiBHL,’.
The resultant amorphcus species has a'degreéfof association, n,
averaging from j to 4.5. Protolysis‘with.watef'or méthahol

1ndvcates tn° preQe ice of two ty{es of boron—bondea hydrogen  one
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éftﬁhiéhﬁisf?eédiix_?gféékéd;.fhiSVObservation is interpreted
’t6 indicété7tﬁé‘éﬁié?égdéfdf Qhain;like rather than cyclic
éﬁééies:élﬁhoﬁéh the given infrared data are inconclusive in
this féspect. KOn—empifical.LCGO#MO—SCF célculation of the boat
and chélr conformers of cyclﬂc (HZN BHZ)3 indicate that, in the
gas phase; the molecule can indeed exist in the boat form with

electrostatic attraction being a contributing factor (78).
Radical-initiated hydrophosghination of (diethylamino)-
dipropynylborane with phenylphosphine leads to a novel hetero-

cyclic system as is shown in the following equation (256):

((:2115)21\1-13((:_=_C—CHB)2 + HZPC6H5 —

(R = CH;)
(GyHg) ,N-B P-C¢H

5

R
Ancther new heteroeyclic system, the 1,3,2,4-diazaphosphabor-
etidine rin

(R = Si(CH3)3; X = CGi, Br)

/\
\/

X
has been obtained from the reaction of BNH-P=NR with BX, ().
A new and general method for the preparation of imino-
borahes COnfaining the skeletal unit C=ﬁ—B involves the inter-
,actién of iminéérwith (alkylthio)diaikylboranes according to

.the equatlon (170)'
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5 CB—NH + R'SPR2 -—Q B'SH + CéH CR-—N-BB’V,

5

Though no experimental' details 'ai‘é given, ;-phy'sic’al ;'é.:ai:a on’

several compounds obtained by'thié~proeedurefarejpfeéented.

7.2 VBOBON—ﬁIVTROGEN—CARBOAN HETEEOCYCLES

Addition of the B-N bonds of 061;15B(—N:CI—13-CH2—)2 across the
multiple bond of small unsaturated molecules such aAs'CO2 and
SOzvhas been reported bu? no defined'products wererisolated (52).
However, the reaction of the correspording L—Dhenyl 1,3,2-diaza-
boracyclorexane with ph enyl 1socyanate was found to proceed

according to the eguation (371):

m NH
. + RNCO —p I b -
HN__NH HN_ _BR R = CgH

C—N
o R

5

Controlled hydrolysis of 2—methylthio-1,3,2—diazaboracircloalkanes
yields the cerresponding diboryl oxides (33); the B-0 stretching
mode in such snecies is observed near 1350 cm"l. The structure -
of Cl-B(-NCH3 CH -)20H has been studled by electron dlffractlon
{(228) . The data illustrate planar environment abcut ‘eoron and
nitroge.n»and' the shor'rt B-N bond distance of 1’.41_5;2 indicates

considerable -bond character in the B-N -bo'nds. '



'rBenzoyl chlorlde cleaves the hetero rlng of 2—pheny1—benzoc11—
_azaborolldlne w1th the formatlon of N; N'-dlbenzyl— ~-phenylene
?diamine_(BS); in the presencg,ofipyr1d1ne, however, small amounts
of b'd-rc.)nri'um" salts are also formed.

| "New borazaromatic Speéiésrinélude boroaromatic sulfamides
(46.) anld various nitro compb@ds such as the one obtained by
:nitration of 3,4—dimethyl-4,B;bofazaroisoquinoline with
N-nitropicolinium tetrafluoroborate (129); these nitro deriv-
atives can be reduced to the corresponding amino compounds,
which appear to have substantial utility for further reactions.
ﬁerivatives of 3,2-borazaropyridines are also readily brominated
with elemental bromine in pyridine/CCla or iodinated with
iodine in pyridiné/CHBCN (128). Benzo- and thieno-fused ring
systems react at the remaining CH group of the B-N-C heterocycle.
In some cases dihalogenation was observed with excess of the
reagents; some meéhanistic speculations for the halogenation
procedure are based on the observeation that the corresponding
isoelectronic pyridines are not halogenated with the cited
reagents under similar conditions.

The electron spectra ofrsome 3,2-borazaropyridines have

been studied (51) and all of the anrular atoms of the following

pyridine analog
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'are auproxlmatoly oonlanar (26) bond alstances of the specles
-as foupd by X—ray dlffractlon dre B—V —-1 435 ﬁ and B—C~— f
_.5282 ' o i

A new type of heierocyclic inner complex

Ruc/
| |
HN<V§”NH
R R

is obtained when'equimélar mixtures of trizlkylboranes, BBB’

end a primary amide; "RCONH,, are heated'in a largé exdeSS of

a nitrile, R'CN, at 80 to 100°C andthe resultant cyclic product
igs subsequently treated with ammeonia or nﬁonylam_ue (14).

Tne fragmentation of the inner complex

under electron impact is characteristically iﬁfluenced by  the

nafure of the Substituent R though‘thé ion P minus 06H5Vis

alwajs the most abundant one (205).
TrimetkyTamine~brcmobofane (Ch3)3N BH Br reacus w1th

sod-um/nota551um alloy in tr1methy1am1ne to give the cy011c/
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.S§éé£éé offthe %ollqwiﬁgréﬁructﬁré‘(63):
B
(CHy)pN = = N(CH3),
-CHE———BHZ
Aé éhqﬁn by X-ray diffraction, the ring has chair conformation
and the—féllowing anmular bond distances were iound: C-B = 1.609

®, B-N = 1.615 8, N-C = 1.511 8; the N-C bond distances to

the equatorial anc axial CH, groups are 1.482 a.

7.3 BOEAZINE CHEMISTRY

Borazines of the type (—BX-NR-)3 with X = F, CL and R =
H, CH3, CeH react with bis(trimethylsilyl)acetamide tc yield
the corresponding borazines with X = OSi(CH3)3 (284). However,
(—BCl—NCHB— 3 feacts with the same reagent to yield products

containing both 0SiR andyOCH(SiBB) (R ='CH3) bonded to boron.

3
N-Trimethylborazine undergoes a reversible addition reaction
with HX (X = €1, Br, I) in a 1:3 moliar ratio (215). At elevated
temperatures hydrogen-halogen exchange occurs to yield B-halo-
genated species. Elemental bromine interacts with N-trimsthyl-
Borazine‘unier equivalent conditiors to yield B-dibromo-N-tri-
methylbcrazine-‘B—Trichlorobbrazine reacts with HBr to yield =a
.1:3 molap adduct Eut an analogous reaction between B-tribromo-

borazine and HCLl could'nct be effected (215).

‘References p. 115



.ﬁﬁbteiysis:effa:ﬁiitﬁfe Efeboféeiﬁé?W1thfﬁe;eflueroéeefqge_
»y1e1ds a m1xture of B;menocubstltuted bora21ﬁe w1th e1ther )
OC(uF3 3. or . OCP(CF )2 bcnded to one of.the anpular boron‘atoms ;:
(1); beth compounds were 1dent1f1ed by Spectroecoplc data.;; N
Fhotolysis of pure N-methylbora21ne ylelds hydrogen methane,
borazanaphthalene, N-methylborazanaphthalene and N—dlmethylbor-
azaznaphthalene (56), phcto1y51s in the- presence of ammo'la,—
methancl or dimethylamine yields predominantly a B-moncsubsti—
tuted borazine derivative. Ion—moiecule reactions have been
observed for borazines unaervhoton impact with 1G.2 ev radiation
(276). Protonation occurs and the resultentAborazine cation
BBNBH; can further react to yield the species BéN6H11' CNDO
Calculations support mass spectroscopic evidence that the
ptro%onation occurs at a nitrogen site and dissociative

proton transfer at a boron site. The mercury sensitized ﬁhoto-
lysis of_hydrogen-withVN-tri@ethylborazine preduces a new bor-
azine defivative; 1,2-di(3',5'-dimethylborazinyl)ethane (91).

A novel pentacyclic borazine specles contalnlng a - (BN)12 ring
is obtained in abcut 60% yleld when 1,2 3,;-tetramethylbora41ne
is reacted with hexamethyldisilazane,(3;,r Minor»byproducts'>
of the reaction afe’a>B,B';trimeth&leilyiemiﬁefed séeeiée;and
the cerrespcnéiﬁg d;ﬁera;inyiamine;fForbotﬁef_pe1ycyeiie bbre.e

azine ' dérivai_:iv'es see (317).




97

A,;.he borazine .[—B(CGHL!’—Z—CHB)—NCZHS-]3 is the first example
of an arylsubstituted borazine where the absence of coplanarity
of the arometic ané borazine rings is clearly cdemonstrated (55).
The compound'exists as a palr of diastereomers due to steric
hindrance of rotation about tke B-C bonds; partial separaticn
of the isomers was accompiished but they are thermally inter-

convertable.

Borszines and B-monosubstituted amine-boranes have been

Referencgs p-115 -



ZCOmpered on fhe'basis'of'their,cheﬁicaigfeeofiiit§;eodjﬁfotoﬁiﬁéi
magnetlc resonance spec..,r-a'l propertles (2): ‘ihe»sffuctﬁfé:Aff;:
was solved.by we1ghted muTti so1utlon tangent lormula placel
irefinement fromsX-ray'diffraction data (29); The central
boraZine_ringrsuffePs-severe distortion from planarity to a
shaiiow chair conformation as a result of the crowding of the
biphenyl groups. The B-N distances of the molecule are not equal;
they are shorter (with a mean of 1.430 2) when bridged by a
biphe 1wyl than when not (mean = 1.488 X), the latter B-N distance

representing the Iongest one known for any borazine.

The vibrational spectra of N-trimethylborazine and some
isotopically labelled derivatives thereof have been recorded
(224). The N-methylation does not seem to cause fundamental
changes in the electronio structure of the borazine heterocycle.
The ion kinetic energy spectra of a2 series of N-trimethylbor-
azines suggest the possible formation of a cyclopentadienyl-
1ike ion by metastable decomposition inrthe first field-free
region of a mass spectrometer (359). For an ab initio study
of the eieetronic structure of borazine as eompared to that
cf boroiine see (147), and for‘some theoretical investigations
of's§mmetrica11y ﬁrisubstituted berazines see (3&3).

Various silaborazines containing BZSiNB'ahd;BSizN3

heterocycles. have. been described (261); nuclear magnstic -
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resonance data seem to indicate that these ring systems are

not»planar.

Hexamethylborazinechromium tricarbonyl reacts with tetra-

phenylarsonium trichlorostannate or trichlorogermanate 1n THE

via displacement of the bcrazine ring from the chromium (302).

7.4 AMINE-BORANES AND SOME RELATED SPECIES

Dialkylamine-Lrihalcboranes are obtained in good yield and
purity by halogenation of the corresponding dialkylamine-boranes,
BZHN-BH3 with elemental halogen, Partial chlorination is also
feasible and the resulting ﬁZHN'BH201 may be utilized for the
subsequent synthesis of bisamine-boronium salts via interaction
with additional amine (225). Triallylbcranes such as tris(2-
methylallyl)borane complex readily with nitrogen bases such
as trimethylamine, pyridine or picolines to form amine-borane
species (16) and 1:1 molar adducts of piperazine and triethylene
diamine with BH; F (n = 0 to 3) have been obtained via base
displacement reactions from the corresponding trimethylamine-
boraznes (47). Also, the preparation of poly(4-vinylpyridine-
borane) and its aétion as polymeric reducing agent have been

described (108).

Trimethylamine-haloboranes exhibit a shift to lower field

References p. 115
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in‘fhe'prdtdn méghetié'resqﬁanée specfrﬁm‘ﬁith;iﬁ¢#§ééiﬁg;§;§§ ;f:
of fhé halégén éstwéllvés ﬁith an'ircréage:in;%héjﬁﬁmbérigfgiffi.
halogen'étoms bpnded to the borén atom (2755; for éddiﬁi&néi f;
nuclear.magnetié rééonance studies and bofonvquadrupale;iﬁdﬁced
reléxation of tertiary.amine addﬁcti ofAtfihaloborapes See‘f93)?
for carbon-13 nuclear magnetic-resonance studie; in.(CHB)::iNfBX3
with X = F, Cl, Br, ‘H (including somérmixed species) see (138)..
Nuclear magnetic resonance studies on nydrazine-borane (in
hydrazine) have been reported elsewhere (244, 245), for the‘
kinetics and mechanism of the thermal decomposition of methyl-
hydrazine-borane see (124).
Electron spin resonance data and theoretical studies of radicals
formed from trimethylamine-bofane have been presented (155) and
moleculér orbital studies of the dipole moments of methylamine-
boranes have been reported (280).
The UV pheoteoelectron spectrum of pyridine-borane exhibits three
assignable peaks 5elow 12 eV and this basic pattern persists
in the spectra of the 4-substituted pyridine-boranes (28i).
lMicrowave spectroscopic studies gave a value of 1.638 ﬁ_for the
B-N distance cf trimethylamine-borane (6L); the C-N distancé
is 1.483 8 and the dipole moment of the molecule is 4.84 D.r
Infrared spectroséopic dafa indicate'that thé addu@ts of
ClBC—CO—NH2 ‘ »

and (CHB)ZN-COfCI,'respectively, with‘boron’tridhlofide
contain a B-0 bond (265); the chlorine—35 NQR'speCtrumIexhibits



101
an;éxtraordinary high shift of the C-Cl resonance Signal as

compared to the free donor molecule. Supposedly this effect can

be interpreted by a substantial C-Cl double bond character.

Tfiethylamineftrifluorbboraneris an effective agent for
the dehydrofluorination of monohydrofluoroalkanes fb yield
perfluoroolefins (282). Mixing (CZH5)20'BF3 with an alcohol
provides BFB-ethePate—alcohol, which is a mild and effective
esterification agent. For some complexes of BCl3 with dicarb-

oxylic esters see (168)

8 PHOSPHORUS, ARSENTC AND ANTIMONY DERIVATIVES

Lithium diethylphosphide, LiP(CZH5)2, reacts with the diethyl
ether adduct of 8013 to yield a wide variety of compounds contain-
ing B-P bonds, ‘the nature of which depends or the ratio of the
reactants and the temperature conditions (204). Among the species

identified as products from this reaction are (R = CZH5)

11 [B(PR,), ] , [B(PRy) ;. [01B(PRy),1,, [01,8-PR, 1,

R P-BClZ(OB) and B(OB)S. Also described are preparative routes

3

to give [HB(PR R,P°BH, and R,P-BCl, (204).

2]3’ 3 3 3 3

As shown by X-ray diffraction data the compound 4-bromeo-1,1-

2)2]3, [ClzB—PR

3,3,5,7,7;9,9fnonaméthy1'bicyclo[}.4.0]péntaborophane is an

inorganic analog of decalin. The molecular framework consists
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jofi%ltefﬁafing'B and P étomsjgrranqu;iﬁfyéo é;ééf?éedf§tq?§f?; i
'hékéﬁe-fi#gs;;tﬁeiCHB groﬁps ére boﬁéééléq;phééthEQSV%%éiﬁ%fi; {
AatrB(ll (fing posiﬁion:@)'(iﬁj).
'Fof1£ﬁé pfé@éfétién of tfiméthylphospﬁiné;boranésLof the

?Yée (ng)BP’BXB (x = H, R, Cl,‘Br, CHB) and theirZOrde?'of

adduct bond strength as determined by gas-phase calorimetrj see -
(217). fhe B-P distance in (CHB)FZP-BH3 nas been found to be

1.8% & as determined by micfowave spectral data on theA compound.

as well as on those of isotopically labelled BHq derivatives (272).
The vibrational spectrum of the solid compound has béen assigned
and a Torce constant of 2,4l mdyn/8 was calculated for the

B-P stretching mcde (366). A vibrational analysis has also been
performed on solid phosphine-borane (145) and molecular orbital
studies of the dipole moments cf methylated phosphines and their
borane adducts are reported elsewhere (280). The B-P bond disfances
in trimethylphosphine-trihaloboranés, (CHB)BP-BX3 (X =-C1, Br, I),
range from 1.957 tq 1.918 8 as based on X-ray diffraction data
(27). Non-empirical calculations pn<F2HP-BH3>giv§ a value of
23.09'kJ/m01 for‘the barrier to rotation about the B-P bond of

the moleculeA(66). An X-ray crystal structure determination of
(CH,)

33

C(—CHQ—NCHB-)BP-Bﬁj shows that there are two molecules in
the unit cell and the B-P bond distance‘isrl;QB.R (11k)..

- A variety of arsinoboranes has been obtainéd‘by_three basic

procedﬁres'(257):
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;é;'ﬁéaéﬁioﬁ of 1ifhium dibfga#Y1alsehid¢vwitﬁ a haloborané,
b; reaction offsilylkér sfahnyl)ﬁrgénylérsanes with a halcborane,
ahd'

C. teractﬂon ofrdlbo”ane(é) with tetramethyldiarsane.
‘The resultant arsino-bis(émino)boranes, R As-B(NR')z, are
monomeric species,  (CH )2As—B(CH )2 is trimeric, the corresponding
B-diphenyl compound is unstable and partially associated, and
(CHB)ZAS_BHZ exists as trimer and tetramer,

The LEWIS acidity of simple boranes towards triphenylarsine
and diphenylarsine decreases in the order BBY*3 a BH3 a CHBBBP2 h )

BBr > (CE,) BSCH (258); triphenylarsine is the stronger

(cH B

302
of the two cited bases. Gas-phase calorimetric data on the
interaction of L(CH3)3 (L = P, -As, Sb) with BX3 (X = H, F, C1L,
Br, CHB) give a relative base strength decrease in the order

P(CH3)3 EN As(CH3)3 EN cb(CH3)3 and an acid strength decrease in

the order BBr-3 a 13 = BH3 EN BF‘B--‘ B(CH3)3 (65).

The reaction of (CHB)20-33H7- or B H;, with PF,X (X =78, C1,
Br) yields a mixture of FZXP-BH3 and (F2XP)2-B2H4 (58); the
and

latter species is prone to rearrange tc yield F,XP BH3

(FZXP-BH)n
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9 BORONIUM.SALTS AND BORATES

a
‘The salt [(BH?N)ZBFZ]BF4 (B ’,n”04H ) has been obtalne

from the reactlon of n—butylamlne w1th (02 5) O BF3 in HCC'I3
solution (249). - Vibrational assignments,havg been,Suggested-
y ' derivative on
for. RHBN)ZBHé]I and the corresponding N(CH3)3 - . 4
the basis of the group vibrational approximatiom; v(BN) is -
i 1 -1 region (23).
assigned ir the 690 to 775 cm frequency regicn
The rate law for the hydrolysis of the BHQ_ ion in éimethyl

sulfoxide as solvent has the form of a general acid-catalyzed

~reactior (173). The kinetics of the reaction of NHu+ with BE)~

'in 1iquid ammonia have been studied (273), The rescticon proceeds

according to

(NHLL)ZSOI;- + 2 NaBHLx_ —_— NaZSOLx. + 2 H, + H3N°BH3

L 4

and rate constants, a heat of activation ana the effect of ionic

strength have been determined.

NaBHa/carboxylic acid systems have been studied as reagents
for the alkylation of amines (326). In benzene sodium tetrahydro-
borate interacts with acetic acid to give Ka[HB(O-CO-CH3)3]’(76).
This latter salt may be viewed as a new and reasonably seléctive
reducing'agent;_for example, although aldehydes are smoothlyr
reduced by the salt, kétones apparently do not react. Sodium
tris(2—méthoxyethoxy)hydroborate'hés been ppeéared by the reaction

of sodium hydride with tris(2—methoxyetkoxy)borape (248).. The
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_c?yétél‘étructure'erK[ﬁ(O—CO-CHBJQ has been determined by
X-féyrdiffraction techniques (141);

Dimeric (dimethylamino)borane reacts with lithium hydride
iﬁ diethy; ethér according to the equation (60):

[(CH,),N-BH,], + 2 Lii — 2 Li [(CH,) ,WBH,].
However, this reaction is extremely slow with a 90% conversion
conipleted at-25°C after two months.

(C5H5)3U(BHM) reacts with triorganylboranes to form species
of ths type (C5H5)3U(H3BB) (72). Vibrational spectrosoccpic
data indicate that the BR moiety is connected to the U atom via
a triple hydrogen tridge; for (C5H5)3U(NCBX3) with X = H or 06H5

U-N=C-B bonding was established.

Alkeli metal szlts of oxo acids reacts with BF3 in carbon
tetrachloride or pentane to form complexes such as [ﬁrOQ(BF3)2]2'.
[cro, (8F,) ]2 or [s0,(BF,).]?" (222). similar =dducts are

8150373 T3 - o
3', 32‘ and 0032'; however, these latter species

‘are unstable and readily decompose to yield BF4_ and B203 as the

formed with NO SO

only boron-containing species. Thermodynzmic functions of
Rb(BC1l,) and Cs(BCl, ) have been measured (83).

Using HCCl, or BCl_, as solvent, tetraalkylammonium per-

3 3

chlorates interact with BCl3 to form trichloroperchloratoborates,
[NBA][C13B01OA] (207). The solid colorless products hydrolize

readily though they are thermally reasonasbly stable. On heating
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to 1?0 C the salt with R = CI-'3 loses BClB. Tn the case of R
G, 5 or C4H9 decomposition occurs in- the 205 to 230 O¢ range
without the loss of BCl3 15 an: autox1datlop-rnduct1on process. -

Infrared data on the salts conf1rm the above structure rather than

the formation of BCl -solvated cations. Standard heats of formation

3
cf (P014)3014 and (PC1 4)B3r4 have been dEuerl ed by a ca1or1metvlc

method to be ~223.9 and -135.5 kcal/mol, respectively (82).

Under mild conditions [?( 6 5 3]BFL readily fluorinates
Si—-H bonds in dialkyl- or trialkylsilanes (103) and a mixture of

BF4/0H3I has been used 2 methylating agent in the preparation

~

vy

Vet

2 calensnanhthaiene (7Z). Sodium cyanotrihydroborate has been

used for the seliective reduction cof suger iodides and p-toluene

sulfonates (247)and reactions of conjﬁgated carbonyl compounds

with the cyanotrihydroborate ion in acidic media (323) as well

as with a,P-unsaturated p-tosylhydrazones have been studied (98).
The synthetic utility of the rezction of trialkylcyanoborates

with trifluoro acetic anhydride has been explored (188, 189) andé

new applications of such ions in organic syntheses have been

described (186, 187).

i

Miixing of lithium aryls with trialkylbofanes yields (tri-
alkyl)arylbocrates (77); reactions of these salts with acyl
halides have been utilized for a novel regiospecific aryl ketone

synthesis.
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:f'ryile‘7i.i: chemical shift of ‘Ii[B(CH;),]is strongly solvent
dépéﬁdéﬁt due to therready formation of ion pairs. The structure
'bf this,sa1t consists of planar sheets of Li atoms which zre
bridgéd by the tetramethylborate groups through linear B—CHB—Li
andiﬁulticenter fragments (304). Por iH and 130 nuclear magnetic
resoﬁance studies on tetraalkylbeorates see (293). The specific :
conductance of the liquid (at room temperature) salt
[H(CZH5)3(2f06H13)][B(CzﬁE)B(gf06H13)] increases by a factor of
7.8 when the salt is warmed from 25 to.75°C (£2); the useful
working range of the salt for recording cyclic vcltammcgrzms is

zbout ~-0.5 to -2.5 V.

Various applications of organylborates in organic syntheses
have been described. Fer example, the reduction of quaternary
ammonium salts with Li[HB(C2H5)3] provides a convenient method
for the demethylayion of substituted trimetnylammonium salts (101).
Alkali metal trialkyl{(l-alkynyl)borates have been used for the
ﬁreparation of Z/E substituted allyl methyl ethers (120).
Similarly, addition of dimethylmethyleneammonium btromide to

.sod;um trialkyl{(l-propynyl)borates gives Z/E mixtures of
N-(3-dialkylboryl-2-methyl-3-alkyiallyl)dimethylamines (50).
Additicnzl studies describe -the reaction of lithium tributyl-
(1—propynyl)borate with oxiranes (161), bprotonation-iodinstion

of lithium (trialkyl)alkynylborates to yield olefins (3k1),
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a facile double migrétién in the pfotonéfioﬁﬁdﬁ{ii%niﬁm*tfiéikyiﬁ 
(alkynyliborates with acid (324), and’ﬁhé?féaéﬁion qfflitﬁipmA'f
tf;alkyl(alkynyl)borates withrpropargy; brom%dé:éﬁi-%eﬁ;acétofr
nitrile (349). Thé alk&lation of theiyl(dialkji)aikyﬁjlboratgs
prqvides a new stereoselective synthesis 6f trisubétitﬁtéd blefins
(344), the reaction of BrCN-with diiithium eth&nyl—bié(ﬁrialkyl—
borates) has been described (340), intermolecular alkyl transfer
of tetraorganylborate ions with acyl halides is reported as a
novel method for moderating carbanion reactivity (194}, and the
reaction of lithium {dizalkyl)dialkynylborates with iodine in THF

gives symmestrical conjugated dienes in excellent yields (311).

The structure of K[ﬁ(céH5)4] has been determined by X-ray
diffraction analysis (246) and-previous experimental data on
the conformation of the tetraphenylborate ion have bee£ re-
considered (136).
4-Methylpyridinium hydrochloride reacts with Na[B(Céﬁi)uj in
L_methylpyridine te give the salt [k@—CHB—CjHuNH)(U-CHB—CjHuN)]*
[B(C6H5)Q]— (21); the formulation of this rather unusual species
is based on the elemental analysis data. The possible existence of
a (p&ridine_H-pyridinei*cation cbtained as a tetraphenylborateb
is discussed elsewhere (365) and various complexes of alkali-
metals with macrocyelic polyethers have been prepared by uéing

the tetraphenylborate as the counter ion (279). The tetraphenyl-
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”béféte énion has also been used for the determination of
;sparteine (53) and the anisofropic electriczl conductivity of
methoxybehzilidene butylaniline containing tefrabutylammonium
tetrapﬁenylborate'has been studied (200). For rearrangement
vreactions of low-spin pentacoordinate Ni(II) complexes with
sodium tetraphenylborate to produce polynuclear complex srecies
see (89) and for the preparation-and properties of sodium fetra—

kis(3-chlcrophenyl)becrate see (131).

The photolytic degradation of Na{?(06H5)4] in aprotic media

occurs via two principal reactions (69):

a. Direct formation of bipheryl and generation of a species (in
solution) which has the properties of sodium diphenylborate;
and

b. formation of a mixture of sodium triarylhydroborates, Na[HBRBJ,

where B = phenyl, biphenyl, m-terphenyl or p-terphenyl.

10 BORON-METAL COMPOUNDS

Improved methods for the preparation of (CEHE)ZZP(BHL,_)2
and Zr(BH4)4 nave beer described (36), for some rroton ruclear
magnetic resonance studies on (C5H5)22r(BH4)2, (C;Hq)ZHf(BHL;)2

and (C<H5)2ZrH(EHu)_see (172) and for some comments on the bonding
L . g

of the BHM’ ion to transition metals see (137). The suvecies
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(c --5)2v (E-Hq) - can 'be:vi‘ew'ed} as ébiféieﬁt-'in -nétﬁf_e‘iwith' two b
V-H-B br1dges (178) brvdge—uo termlra1 hydrogen exohange has a 'f
reTatlveTy high free en 1ergy barr1er of 7 6 kcal/mol The Co—B

distance in the paramagnetic complex;

le
H _ _H.
~ S
H——Col > B : B = C4H,
[ 1
R.P
3

is 2.13 2; the complex shbws distorted penta-coordination
aboutv the Co atom as shown by single crystal X-ray diffraction
éata (79).

A1(354)3» C1A1(BH,), and Ci,Al(BH;) react with ammon’a via
unsymmetrical cleavage of the’ AlHZB group resulting wainly in the
. -3 ol [ \ 13+ - ~ - - -
formation of Al(hHQ)GJ , C17 and BH& (7). Organylmercury
chlorides interact with NaBHu te form a coordinatior species which

transforms through a orne-electron transfer leading tc the gencr—

Borinzto (= borabenzene) complexes of the tyre

<K < >B-R
M
<:' < B-n
(1 = Co; R = CHB,'06H5) deccrpose on heating'with alkali metal
cyanides, MI!CN (h' = Na, K), in acetonitrile to yield aikali

metal borinates, M(C H_BR) (5). The latter are "excellent
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;doﬁpiékiﬁg ggeﬁts ésliééillﬁstrated by the_following eguation:
Rh(CSHiZ)Ci‘ + 2 K(C 5BB —e 2 KC1 + (C8 th(C5 5BB)

Several (1- Q#bSbltuted borabenzene)lron comple¥es have
been prepared" by direct irzteraction of FeCl, with the ligand (303);
the resultent species exhibit préperties and show reactions that
closely parallel the chemistry of ferrocene.

The C H5 ring of (C5H5)CO(CEB9H11) is expanded by insertion
of B when the initial coba1£ comrlex is treated with scdium and
then 06H5B012 is added (218). In a reverse of their synthesis,
torinato complexes undergo a ring contraction (357). For electron
spin resonance studies on bis(1—phenY1borabenzene)cobalt(II)
see (181).

Fe2(00)9 reacts with CHBB(SCHB)2 to yield zmong cther
products a boron-containing intermedizte that decompeses with the
fofmation of BCC) FeSCHB]2 (354); however, reactiorn of FeZ(CO)9
‘with [__1:,1~1(c:_.3)2.s_]3 yields (CO)gFe,(S;B-N(CHg),). Based on
spectroscopic data on this latter compound there are twe
Fe(CO)3 groups linked via two S-bridges, the two sulfur stoms
being bcnded to the boron aztom. For the structure of

(C0) ,Co,(CO}4BCL,-N(C,H_) see (322).
79T 3 -E 2 2753
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Single crystal X-ray datz on

(M = Ni; R = CH3) show that the fwo heterocyclgs are nearly
rlanar and all six anmilar atoms are bonded to the central metal
atom (315). For crystallographic data on the corresponding
complex in which one of the rings is displaced by twe CO groups

see (321).

New transition metal complexes with (1-pyrazolyl)borate
ligands include methylplatinum(IT) derivetives of the type
[EZB(pZ)Z]PtCHSL kpz = i1-pyrazolyl; L = tertiary phosrhine,
isocyanide, acetylene) (250) as well as rhodium(I) and iridium(I)
species of the types (CO)ZM(pz)ZBH2 and (CO)(RBP)M(pZ)ZBH2
(R = 06H5) (102) and uranium(IV) tetrakis(l-pyrazclyl)borates
(184). For some further complexes obtained from K[}B(pZ)BJ see
(277, 312); see also (182).

Electron spin resonarce and electronic spectra of complexes
of the type (CSH5)2Ti[HxB(PZ)4~x] indicate that the cyclopenfa—
dienyl.groups are pentahapto and the (1—pyra201y1)boréte ligand
is pidentate (334). High resolﬁtion nuclear-magnétic resonance
studies on K[ﬁéé(pz—3fCH3)2].are consistent with é Sihgleiisomefic

structure (274).
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-'S_Yi_ngle cfystéi_ x'_ray'_ diffraction data on the copper complex
_EHB(pz)SJCu(CO} iliﬁétféﬁéjyhat there are two crystéllographic
‘distil.'lct t;:}fpesj 6f mdl_ecqle within the unit sell (26%). Ar X-ray
diffraction study pn'[(C635)23(pz)2]Mo(CO)2(CHE-CCH3=CH2)
shows the Mo atomrto havg a 16-electron configuratior (67) and
in [(02H5)ZB(§2)2]Pt(CH3)(céﬁ5c=CCH3) the cocrdination about Pt
ié square planar (335); the conformation of the ring formed by
the bidentate (1—pyrazolj1)borate ligand in the latter compound
cs that of a shallow boat. In [ﬁB(pz)B]Pt(CHB)(CO) the cocrdinstion
about Pt is slightly distorted square planar (81); the PTN,B ring
of the molecule is in boat conformation with a (non-bonded)

Pt;ﬁ distance of 3.36 R; the N-B-N bond angle averages 109.70.

The ‘enthalpy of chelation ef Co(II), Ni(II), Gu(II) and Zn(II)
with four (il..pyrazolyl)borzte ligands in water and acetoniirile
has been determined (268) and scme spectroscopic studies on
(1-pyrazolyl)borate cémplexes of CulII) and Ni(I1) are described

elsewhere (183).

11 PHYSTOLOGICAL AND RELATED ASPECTS

The effects of the tetraphenylborate ion on freg skeletal
and cardiac muscle (4%) and neuromuscular btransmission (253, 254)

have been studied. - The stability of memerane acetylcholin-

References p. 115
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has been investigated (298) and N,N-trimethylpropylanmontun
?rémiae methanébor;#ié-aéid'was fégnd.té éefa:sééqific';#&f; f:a;'u

reverzible bifunctional inhibitor of acetylcholinesterase (158).

~ The acute ip toxicity of (R = GpHy)

R __R
\ .
N
\ N__ /N
"R R

was found to be LDjO = 69.5 mg/kg in mice (255). Initial toxic
,symptoms are noticed within 3 to 6 hours by an increase in the
mqscle tone followed by severe hyperreflexia and convulsive
response; oral and sc LDSO'S appear to be in the order of
180 mg/kg and 420 mg/kg, respectively. The experimentalldafa
indicéte a,high propensity fcr the compouhd to concentréte in
liver tissue and the most signiTicant effect of the species
appears to be the inducement of porpnyria-like complications.
-Monte Carlo calcﬁlations for determining boron dosis for
neutron capture treatment of brain tumors have been describeﬁ (156).
The bﬁron tolefancé,and enhancement of boron toxicity by

chloride ion in alkali solution during germination of spora;

bolus airoides torrAhaS'béenbstudiédz(299). The amino acid '
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ﬂgb@bééi£i¢n{an@“N;féf%iﬁél;éréﬁﬁs_6f.pr§teins in ribosomes of
éordﬁ;deficieﬁtfﬁeaipiénféfha§é been determined (301) and the
.;££§¢f of:Bo}ﬁn%@éfiéiéﬁéy'oh the level of the growth inhibitor
'fiAQénol—é—glycé;ide‘;ﬁd'other flavonoids has been investigated
;(360);7‘ | |
xChromatogfapHicrcolumn'materials such as Sephadex can be
'modifiéd via rééétionsrﬁith (aryl)hydroxybofanes; such modified
species interact with carbdhydrates and the chemical stabilities
of the resultant complexes are related to the conformation of the
polyolé which can thus be separated in a chromatographic
procedure (368). Other (organjloxy)boranes have been used for
the determinétion of sorbitol and mannitol by GLC in pharmaceu-
ticals (336,337) and in conjunction with mass spectrometry for
the identification of various carbohydrates (367). For the inter-
action of polyols with polymers (based on dextrose or cellulose)
containing‘N—substituted Bﬁ—boronophenyl)methyl]ammonio groups
see (291). Arylboron polymers heve been used Tor the isolation

of nucleotides and amino acylated nucleotides (45).
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