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1 BEVIZWS AND SUMMtiY ACCOUNTS 

About izro Tees ago the CKELLN hns'citute began to issue cew 

supplenzents to update the coverage of the elenent bcron within 

tl?e GMELIN HkbDBUCH DEB ANOBGABISCHEN CHENIE. All of these new 

vclumes fa11 withln the framework of the "Erg%--ungswerk" (New 

Supplement Series) and the material is arranged by topics rather 

than by a completely systeicatic approach to the presentation. 

Individual volumes nay be obtained separately and it ia noteworthy 

that 'the coverage by topics extends beyo=d the traditional GFELIN 

system whereby cnly compounds of elercents with a lower lls>stem 

numberK than the one under consideration are discussed. 0-n the 

other hand, the extended coverage is somewhat less detailed t-han 

to what one is accustomed to and one has-to consul& the system 

nz;mbers (given insid& the back-caver of eech volume) in order to 

establish whether or cet complete discusssi'on of.a given compound 

or type of compound is called for. However .' .the.ref&encing.o+'the 

:. 
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literature do& not seem to have suffered by this new approach. - 

During the past year a total of îive such supplement volumes have 

been published and others are .to follow in rapici order of succession. 

The first of these volumes (10) contafns ccmprehensive charters on 

sigme-bonded baron-sulfur soecies as well as B-S donor aCCe@JOr 

complexes, boron-selenium and boron-tellurium compounds. A chapter 

CT-I boron-phoepkorus derivativus covers the IXterature from 1950 

%hrough 1973; it is net as detailed 3s thcse chapters me=tioned 

first though it seems exhaustive in the literaturo survey. The 

lack of detail is readlly explaiEec3 by the fzct thatt- phosphcrus 

COmfs after boron in the GREDIN systeIri.and, her.ce, the data UC to 

l9& are found in the phoqhorus volumes. F'urther accounting is 

dedicated to boron-arsenic, horon-antimony a-d boron- sili con 

compounds and the two concluding chapters of the volurre describe 

those species containing a boron-to-metal bond. - The se.zcnd volume 

(Il) presents a detailed accounting o_ f such bcrcn-nitrcgen compounds 

that contein trigonal isolzted bore-_ atoms with at least one sigma 

bond to nitrogen; incluàed are linear as well as cyckc scecies 

and the literature is stated to be covered from 1950 throcgh 1973 

though many later dated references (including several from 1975) 

are giver-. - Vibrational, mass, photoelectron and nuclear magnetic 

rescnance s@etroscopLc data on these compounds are summarized in 

a third new supplement volume (1.21, that also contâins a compre- 

hensive chapter on boron-pyrazole derivatives including a section 
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devoteri to the -coor&nation chemistry of. poly(l-pyrazolyl)borates, - . . . 

‘%e fourth volume (229)~ is the secondon.e .describing carborane- 

chemistry (the first one dealing with this subject W& pubiished 

in 1974) and deals with the electronic nature of closo-carboranes, 

the chemistry of metallo-carboranes (ïncluding extensive tables 

sumrrarizing nuclear magnetic resonance data) and with polyn?eric 

(230) isof ne direct interest to the 

it deals wFth boron oxides, boric 

carboranes. The fifth volume 

organonetallic chemist si.nce 

acids, borates and peroxcborates only. 

The year 1975 also brought-about the publication of a number 

of new books dealing with various aspects of boron chemistry. A 

broad survey of this area is given by N. N..GREENWOGD (221) and 

a critical perspeçtive of boron hydride chemistry including 

carboranes is presented elsewhere (220). A comprehensive and im- 

pressive.collection of physical and chemical properties of con?pounds 

containing boron-carbon bonds has been compiled by T. 0NA.K (140); 

the presentation includes three- and four-coordinate species as well 

as polyborane derivaiives. 

Organic syntheses via boranes have been summarized by ihe 

picneer in this field, H. 'C. BBCWN (231); who also traces the 

developnent of this area in a review article (331)'. The topics of 

other reviews rage from polymers derived from.boranes and car- 

-boranes (297) and those containing B-N and B:P-unitg (37) to the 

.industriaf. &pplications of boroa ~.ompouncIs (X16), 
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Survegs on the preparation of orgaaobormes for use in organic 

syntheses have been compiled (9, 31), enother sumary of this aree 

includes organoborate anions (75), while still another one Centers 

on homolytic reactions of organoboranes (118). Syntheses employing 

triallylboranes (6, ll7), trialkylhydroborates (39), sodium oYmo- 

trihydroborate 

C[B(OE)214 and 

-bave also been 

(40), methane tetraboronic esters of the tyl?e 

triboronic esters of the type B1C[B(CR)S]3 (41) 

reviewed. 

A brief survey on the reduction of organic functional groups 

with methylsulfide-borane lists 10 references (30), recent advances 

in the chemistry of baron hydrides have been summarized (119) and 

gas-phase electron diffraction data of crganoboron species have 

been compiled (122). A review on oxime and hydroxylamine deriv- 

atives of metals and metalloids includes various boron compounds 

(13) and an accounting of condensed-phase isotope effects for 

B(OW3 species (R = CEï3, C2E5, C4Hg) and BX3 .(X = F, Cl) is given 

elsewhere (8). Finally, borcn-containing aolymers have been 

surveyed briefly (159). 

2 SOLE DATA OF GENERAL INTEBEST 

Part 1 of this review deals in Cetail with the aspects of 

.hydroboration; hence, only a few species containing boron-hydrogen 
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bonds and that are of general Interest are mentioned here. ’ 

The BB and the BE3 species .heve been treated by PNC-CI <pair 

natural orbital configuration interaction) and CEPA-PNO-(complete 

eleCtrOn p2î.r ~pprOxhatiOn with pair natural orbitals). calculations 

(190) and a theoretical study of the ionization potential and 

electron affinity of BH has been reportod (191). 

H, N?h!ti (113) has discussed the nature of one of the original 

hydroboratioc agents, i.e., a 3:l molar mixture of Ns.J3HL with AlCl 
3 

in drglyme; Lt is suggested ihat B Hz is 
2 f 

the active agent in that 

mixture. The reduction cf carboxylate esters with NaBFI& was found 

to be activated by thiols (348) and the hydroboration of I,S-cyclo- 

octadlenr offers a direct sycthesis of 9-borabicyclo(3.3.1)nonane 

(74, _ 171). The utilS.zatiox~ or" *benzodioxaborole 

as hydroboration agent has been elaborated upon (252). _4b initlo 

calculations on hydnoxyborane, H2BOH, show that a partial m-bond 

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

form of this molecule (97); the barrier to rotation about the 

B-O bond-of H2BOH is 16.4 kcal/mol if partial geometry optimizaticn 

is carried out in both the planar and orthogonal forms. Bemarkably, 

the B-O bcnd of the molecule exhibits less multiple bond character 



thar, the B-S bond ~II H2BSH. The geometry oi' 

HBO has beeD investigated within restricted 

SCF approximation (121). 

The reaction of E2H6 with arylthallium derivztives seem to 

63 

the Ii.3car molecule 

HARTRBE-ROCK LCAO-MO- 

proceed 9 an arylborane species, ArBH2 (80). A DEWIS orb_tal 

mode.1 for CH EH has been cresented (338) and electron5c spectra 
3 2 

md roi;ational barri&s of the vinylbcranes REH2, R2EH and ES:, 

have been studied by the INDO method and REH2 PI~S also p?obed by 

ab initio calculûtions (70); the calculeted spectra show large - 

systematic errcrs due mainly to the neglect o_" hyperconjugstiozl. 

Tetraalkyldiboranes(6) interact with (1-alkinyl)dialkylboranes 

to yield l,l-bis(dialkylboryl)-1-alkenes (2bO): 

2 R2B-CEG-R' -i- (H3R2)2 e 2 (R23)2C=CH-R' 

The latter species con be converted to yield pefitaalkyl-1,5-dFcarba- 

closo-oentaboranes(5). -- Eyproducts of the reactions are nolymeric 

organylboranes which are Îormed via 1,2-bis(dialky~bOryl)alke~es, _ 

1,1,2-tris(dis.lkylboryl)alkenes or 1,2,2-tris(dia1kylbcryl)alkene.s. 

Trïs(diethylboryl)methane is obtalned from tris(dlmethoxy- 

bcryl)methane anà triethylborane in the presence of ethyldiborane(6) 

(2&); thermal rearrargement of tris(diethylboryl)methane at 

150°C. in the nresence of Al(C'9 ) gives a boraadamantane 
253 

der?vative. 

Experimentally determiued r1B-13C coupling COnStafibS of a 
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&&y of:.organoboron species.such as..i-CH3B5H8! B(CH3)3;-. CCBH3.:. 
-_. --. : 

&& [$B,E] - a&& well~with~ the.calculated data: tJ?$>; --- 'it- appéars -‘: 
: 

that the finite:perturbation theoryof; spin koupl&p &I acco&'t-- 

for-the- major patterns of substituent effects on boron-oarbon 

couplin& constants; Multifrequency resotice méthods bave-been : 

used for the indirect measurement of coüpling constants in various 

organylboranes, e.g., trinethylamine-borane, trimethylborane and 

(oxy)diorganylboranes (15). Similarly, double and triple resonance 

techniques were used to determine iiB arrd l3 G chemical shift data 

as well as coupling constants for a serîes of simple organylbcranes 

of the type B3_nBXn (B = CH3; X = N(CH3)8, OCH3, SCH3; n = 0 to 3) 

(263); there is no ready explanation yet for the observed linear 

correlation between 8i3C and 8iiB. A correlation coefficient 

of 0.987 has been suggested for the 13 C chemical shifts of 

carbenium ions with 811 B of isoelectronic trîgonal borane 

analogs (177). 

Finally, some calculations on the energy of formation of 

B2H6 from BH, have been performod (139). 
2 

3 TRIOEGANYLBOHANES AND HBLATED SPECIBS 

3-I PHEPAHATIVE CHEMISTRY 

(Dialky1)bromoborane.s may be converted into unsymmetrical- 
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trialkylboram~ via sodium hydride reductïon in the pressnce of 

an alkene (314); the ylelds of the process, which cari be 

f'ormulated: 

R2BBr + NaH w Na[HEjrBB2] + Nar + HBEQ 

range from 81 to 99%. (Thexyl)monoalkylboranes are readily 

converted to monoalkylboranes(l75). The hydroboration of 

olefins with (thexyl)monoalkylbcranes Provides a convenient 

route to (thexyl)dialkylboranes, mixed dialkylboranes and 

mixed trialkylboranes (174). m-alkenylboranes are formed in 

a highly stereoselective marrner by the reaction of dialkylboranes 

with 1-halo-l-alkynes followed by treatment with either 

Li[RB(C2H5)31 or K[HB(s-C4H9)J (152) as is illustrated in the 

following sequence: 

BCzCX -i- HBR.j + BHC=CX-BE; +RHC=CH-BR; 

Rrotonation 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 corresPonding acetylene (309); lithium (trialkyl)- 

alkenylborates react in a similar manner. 

(Z-BiPhenylyl)diethylborane reacts with ethyldiborane(6) 

to &ve an aPPrOXi=telY 80% yield of i,2~diethyl_i,2_(2,21_ 

biphenylenejdiborane(6): 
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The ethy3_ grOUFS.caq b&-replaced bg H via &action with additionSI 

B2H6 whereas the reactiox with. (C2H5)20mBF3 yields 

0 0 
QS 

- csk3 
and with BCi 3 the species 

q--p. 

. 
il 

FS obtained. (110) I 811 of the proposed structures were verified 

'by nuclear magnetic resonance data and the chemical behavior 

of the various compounds. 

TrLorgazzylbor+es react with N,N-diethylaminopropyne 

according to the followhng sequence (112): _ 
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Methacrylonitrlle interacts with triallylborane to yield species 

of t&t.ype CI-Ï2=CCH3-CR=N-BR2 whereas with BCl: and adduct, 

CH2=CCH3-C=N*BC13 is formed (112). Similarly, benzylidenemethyl- 

amine and triallylborane form the compound CgH5-CHR-N(RR2)-CH3 

whereas with BCl 
3 

an adduct is obtained. These data illustrate 

the greater reactivity of the B-C bond as compared to the B-Cl 

linkage toward C-C multiple bonds. The allylboronation of alk- 

oxyacetylenes with (2-methylallyl)boranes proceeds via 

cis-adàition of the 2-methylallyl and borane fragments to the 

triple bond to yield vinylboranes (210). On the basis of proton 

magnetic resonance data, tris(2-methylallyl)borane reacts with 

alkoxyacetylenes in three successive stages (21.2). 

On the basis of proton magnetic resonance data a permanent 

allyl rearrangement occurs'on~heating of tris(3-methyl-2-buten- 

enyl)borane or of I-allyl-5-(3-butenyl)-2-(ch?oromethylene)- 

3,3-dimethylborolane (213). The influence of permanent allyl 

rearrangement on the NOIR parameters of allylborane derivatives 

has been studied by double heteronuclear magnethc resonance 

spectrcscopy (16). Thze data indicate the preservation of the 

allyl-boron and the (2-methylallyl)-boron sigma bond under ' 

ihe conditions of r-id permanent allyl rearrangement. The 

B-C bond of (2-methylallyl)bcranes undergoes prctolyiic 

cleavage with ccnsiclerably greate? ease than in unsubstituted 

allylboranes (210). 
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Tkie fi&t non-cor-densed bcrepin.has béen,prepared b$ a : 1 

sigmatropic rear&ngement atid subsequent rinE openj.+_as is-.‘ 

depicted below (369): 

R 

B = C/H 
o5 

The pyrolysis of trimethylborane to yielcl the adamantane-type 

species.(CH B) (CE),+ has now been descrited in detail (84). 
3 6 

The boron-carbon cage is formed in approximately 25% yield. 

Though the compound is stable toward water, degradation occurs 

with various reagents such as oxygen, propanoic acid or 

ammonia; the species is only a weak accepter toward the donors 

trimëthxlamine or trimethylphosphine and, at Foom temperature, 

no stable complex cari be isolated. . 
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-3.2 PHYSICOCHEMIC!k ST&IES 

ab - Some geometry-optimized 

reported for trimethylborane 

latter molecule was also the 

diffraction study (146). 

initio calculations have been 

and trivinylborane (206) and the 

abject of a gas-phase electron 

The carbon-13 nuclear magnetic resonance shifts of the 

terminal vinyl carbons in trivinylborane, various (vinyl)halo- 

boranes and several LEWIS acid-base adducts of the vinylboranes 

have been determined (329). The boron-11 chemical shifts of 

these species are discussed in the same paper (329) and a 

boron-11 nuclear magnetic resorance study of the scrambling 

between tri--propylborane and its oxidation products is described 

elsewhere (339). For a detalled nuclear magnetic resonance study 

of the nature of the B-C bond in vinylboranes see also (310), 

for carbon- nuclear magnetic resonance studies of alkenyl- 

and alkynylboranes see (160, 325). 

The He(1) photoelectron spectra of trimethylborane and 

(methyl)haloboranes heve been analyzed in (318) and a detailed 

analysis of the mass spectrum of tri--butylborane has been 

reported elsewhere (157). The ion cyclotron resonance spectrum 

of the compound shows the formation of only low molecular 

we;ght ions with m/e values smaller than 59 (71). This observation 

is interpreted in terms of a lesser stability of boron-containing 

cations relative to pure hydrocarbon species. 
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Some speculations on tkie. eleti~r~G-Ii++. d~eï$mp_o~sï~tion: of ::. -. . 

organo&ballic species‘lnslude &Xm&ts.on tr~benzyiborane (25i); 
. . 

The.stereoisomerization of .trimesitylborane has be-en .examined. 
: 

by empurical force field calculations (68). The Calcultited 

energies for the idealized transition.state point to a two-ring 

flip mechanism as the pathway of lowest energy. 

For some com?menk 011 the structure of drborane(6) see (lsQ.)_ 

3.3 BEACCCIONS 

The utilizatioc of organylboranes in organic syntheses Is 

now such a. common occurrence that only a brief mentioning of 

such reactions cari be made here. For example, the reaction of 

alkyl or aryl crotyl ethers with tetrabutyldiborane(6) (287) 

and tribrrtylborane (286) has been studied and reactLons of 

trialkylboranes with aromatic amine N-oxides (352), aromatic 

ni& compounds (353) and a-bromoketones have been investigated 

(288). 

Trialkylboranes are readily oxidized in acetonitrile 

solution containing tetraalkylammonium halidesas. supporting 

electrolyte by transfer of an alkyl group from boron to the 

acetonitrile (295). The nature of the electrochemical reduction 

of triarylboranes is largely in accord with chemical reduction 

studies (305). 
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: Triaikylboranes react with FeC12 and throcyanate in aqueous 

THF to yield alkyl chlorides and cyanates in good yield (32). 

The Vic. diorganylborane obtained by hydroboration of diphenyl- 

acetylene reacts with CrO3 to form trans-stilbene via a 

seven-membered transition state (203). The reaction of organyl- 

boranes and lithium diallyl cuprates with l-acyl-2-vinyl cyclo- 

propanes is a convenient new route to y,&-unsaturated ketones 

(342) and bicyclic organylboranes react with AgNO, in alkaline 
i 

solution to give a mixture of a monocyclic ketone and a cis- 

monoolefinic ketone (105),and with an excess of chromic acid 

only monocyclic ketones are obtained (370). For the reaction of 

o%gany_oranes with lithium aldimines see (327), with lithium 

chloroacetylide see (3451, and for the action of triorganyl- 

boranes and acyl halides 3~ ohenylnagnesium b-amide see (350). 

The oxidation of organylboranes with trimethylamine M-oxide 

dihydrate is a mild and convenient route to the corresponding 

alcohols (193). 

The displacement of alkyl groups of mixed trialkylboranes 

by butylthiyl radicals (derived from butanethiol) follows the 

sequence grimary C secondary L tertiary alkyl substituent (TO&). 

Ligand excha_nge reactions of triallylboranes with (organylthio)- 

boranes, (organyloxy)boranes and haloboranes have been studied 

by nuclear magnetic resonance spectroscopy and the resultant 

data substantiate the formation of a six-tenter transition state 
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and the occurrence of an intermoiëcular permanent-allyllrearrange- 
.’ 

ment (233; 234), 
; ... 

The major pathway for the &elimi&tion of . ..’ ’ 
\ 

a (silyloxy)organylborane moiety fr0m.a p-silylgxylated organyl-' 

borane is a cis elimination that occurs even in the-presence qf 

(C2H5)20-BF3 (333). 

Cyclic and acyclic ketones react with triethylborane in the 

presence of diethylboryl pivalate to form (vinyloxy)diethylboranes 

by elimination of ethane (241): 

B’C2H& + B-CO-CHR’B” 

The reaction may be viewed 

action of the diethylboryl 

+ R-C[rOB(C2H5)2]=CR'RL' 

as enolysis of triethylborane and the 

pivalate is strictly catalytic in 

nature. On the absence of the catalyst higher reaction temperatures 

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 triethylborane proceeds readlly in the presence 

of tiethylboryl pivalate (109). Trialkylbormes interact with 

LiBH4 in ethereal solvents in a l:l molar ratio (214). Based on 

boron-Il nuclear magnetic resonance data, lithium trialkyltetra- 

hydrodiborates are formed which are in equilibrium with the 

orlgiral reactants. 
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Tris(-alkoxyphenyl)boranes form 1.;1 molar complexes with 

4-aminopyridine (90). The resultant compounds exhibit two strong 

infrared absorptions in t-he 3300 to 3500 cm 
-1 

frequency region 

corresponding to N-H stretching modes of a free amino group. 

Hence, the annular nitrogen of the pyridine ring appears to 

coordinate to the boron atom. 

Ate complexes of g-bCrabicyclo(3.3.i)nonane are a new 

type of reducing agents for the selective reduction oÎ 

terthary alkyl, benzyl and allyl halides to hydrocarbons (176) 

but an anomalous course for the hydrogen peroxide oxidation 

has been observed for ate complexes.of the cited organylborane 

(328). The latter specres FS a highly selective reducirrg agent 

for the conversion of a,g-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 copolymerization of 

'Lpropenyl 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-g-butylborane in the presence of amino acid 

esters (2271, the gref ting of vinyl polymers onto chlcrophyll 

and related compouirds with the aid of tributylborane (356) 
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H2C(BF2)2 aviong Gther products (216). 'I!h_e CGmpGund is a volatile 

and explosive liquid thât decomposes at roGm temperature. 

The reaction of (methylthiG)dialkylbGranes, CB3SBB2, wiik 

elmenta1 bromine has been advocated as a new method for the 

preparation of (dialkyl)brGmGbGranes (180) and redistribution 

reactions in (phenyl)dihaloborane/trihaloborane systems bave 

been studied. 

Geometry-Gptimized s Initio_mGleculer orbital studies hâve 

been r.eported for the series B BF3_, ZI (Et = CH3, C2H3) (206) and 

the microwa-_-e spectrum of (phenyl)diflUGrGbGrâne, C6H5BFZ, has 

been recorded; the resultant data were used to calculate a barrier 

to interrI rotation tibout the B-C bond of the mGleCUle of 15.3 

kJ/mole (86). A value of 1.551 auras calculated for the B-C 

distance of (~henyl)difluGrobGrane and ~the.B-F distance was 

calculated to be-1.330 8; the bond angle F-B-F.was found to be 

A laser-specific prcduct formation has.beerz observed in i;he 
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&&ha&e -r&actio? of -'HBr with B(CH3)3, (CH3)2BFIr and CH3BBr2 

w@r&y C$ is displaceà by "7 (259). 

Sitixle-crystal X-ray diffraction studies in (H2BCN)6 

substartiate a cyclic structure for the specles (319); the 

eighteen-membered ring formed of B-C-N-B-C-N moieties exists in 

chair conformation with average bond lengths of B-C an?. N-B = 

1.56 8, C-N = 1.14 8 anà 3-H = 1.14 8. The C and N atoms coulà 

net be differentiated. 

Some nork in simple haloboranes includes the preparation 

of dichlc.ro- and dibromo%socganatoborane (165) anc a report that 

the yield In the preparation of tetrachlorodiborane(4), B2C14, 

by passing BC13 through an_ electrical discharge between two 

mercury pools cari be increased by increasicg the BCl 3 pressure (20). 

Pentachloroborosilane, C13Si-BC12, is synthes%zed by passing a 

mixture of BCl 
3 
anà SiCIL, t'nrough a d.c. puise dlscharge (19); 

the colorless liquid is stable ai roon temperature but decomposes 

above 70°C. Cyclopropane reacts with C13Si-ZC12 according i;o the 

equation 

Cl 
3 

si-Bc12 f c H/ 
30 

+ m3si-(c" ) -BC1$ 
23 

An interesting laser-induced enrichment of borcn Isotopes 

has beei: observeà on irradiation of BCL3/H2S mixtures (125). 

The-cxperiments were performeà fn a small static %ystem 2nd chemical 

procedures for recovering selectively enriched BCl 
3 
are described. 
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The electronic structure~of'l$F~ ha-4 been càlcuiated by &.- 
.- 

înitio computations: The rotationai‘-barri& about-the baron-baron' 
-. 

bond of the molecule slightly favors -the D2d.conformer xïth a 

ï3-B force constant of 3.0 mdyn/8 (24); for some vibrationa 

spectroscopie studies on the solid molecule see (106). 

The BAMAN and infrared spectra of solid B2ClLC*2PH3 and 

B2C14.2PDg have been interpreted on the basis of a trans molecular 

conformation (C2h symmetry) (621.. On the basîs of the suggested 

a&signments of torsional mcdes the barrier of rotation about the 

B-P bond VI~S cclculated to be 2.92 kcal/mol ; the B-P valence 

stretching mode was assfgned at 651/713 cm-l (13, BANAI+) for 

B2ClLC-2PH, and at. .620/658 cm-l for B2C14-2PD3. 
> 

The reaction 

3 PF, -i- BCl 
2 

3 d 3 PF$Cl + BF 
3 

proceeds slor@- in the gas phase at ambient temperatures (219) 

and comparative proton affinity studies Indicate that HBF2 and 

BF3 are protonated by.HG but not by CH; (57). The reaction of 

N205 with BP3 gields nitryl hexafluoro-p-oxodibcrate(2-) (166). 

Halogen redistribution reactions of trihalohorane adducts of 

P(CH313, 0P(CH3: 3 and SP(CH3J3 have been stuàied by nuclear 

magnetic reso_nance techniques (159) and the enthalpies of 

complexation of BF 3 with various ketones have been measured (167). 

The valence force field for the acetone~adduct of BF3 has been 
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calculated based on experimental data that include those obtained 

on.six different isotopically labelled species (95). Also, a 

direct carbon- nuclear magnetic resonance study of BF 
3 

and BC14 

COIIIpleXeS with ethers bas been reported (3221, and SC13 was found 

to catalyze the isomerization of CycLopropane to yield Propene 

at 360 to 470~~ (2.89). Methylcopper induces rapid coupling of _ 

(dialkenyl)chloroboranes at OoC to yield 1,3-dienes (308). 

Fluorine-19 nuclear magnetic resonance data recorded at 

-155°C co_nfirm the existence of B2F7-as a fluorine-bridgea 

species ~26). A nuclear magnetic resonance study on B(BF,)3 in 

the N(CH3)3/F3P-B(BF2)3 system indicates adduct formation of the 

BF, moieties with trimethylamine (316). B8FZ2 is very reactive 

towards N(CH3)3 in dichloromethane and, ai; -90°C, (CH3)3N*B(BF2)3 

was tentatively identified (316). 

Mixtures of BC13 and H2 have been irradiated by a pulsed 

COS laserto yield HBC12 and HC1 as the only products; ,approximately 

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

5 BOBON-OXYGEN COMPOUNGS 

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-thesc acids h-e beenTmeasured~&dlthe dita: s_uggest. &I %&ease : 
: __ 

iz~the degree of dissociatikn of the acid-with'.t~e-_regérce cf.- .1 ,.‘. 
-- ;.. 

:.. 

zi dipolar.structure.. The effect of..the pH on-the~stab~iZty of- 
: 

(ohenyl)dihydroxyborane in aquequs solutio~n-has been studied (292). 

Also,. (2-furanyl)dihydrcxybora.ne and (3-furanyl)dihyhoxyborane _ 

were found to resemble in their chemical behavior.the corresponding 

carboxyllc acids (X7); the acidity or' the B(OE)i group is affected 

by essentially the szme facto? as that of a furax-bondeà COOH 

g~cup. For the synthesis of. (p-aminophenyl)hydroxyborane see (135), 

for a study of complex formation of (phenyl)dihydroxyborafie with 

oxalic acid see (305). 

A ready met'nod for the preparation of (organyloxy)diethyl- 

bermes, RGB(G,E5)2, fs orov:ded by the reaction of triethylborane 

with -alcohcls or phenols in the preselnce of (diethylboryl)pivalate 

as a.catalyst (109). Similarly, 2-ethyl-1,3,2-dioxaboracycloalkanes 

have been prepared from elkane diols and activated trhethylborme 

(2&2) and various carbohydrate derivstives contzinîrg Z-phenyl- 

X,3,2-dioxaboracycloalkane moieties have also been described (1&3). 

2-Phenyl-1,3,2-dioxaboracycloalkanesundergo rearrangements 

cnder electron impact whereby hydrocarbon ions are formed, 

specifically the tropylium and the methyltropylium ion (330). 

For cotzplete mass spectra. of various X,3,2-dioxaboracy&oalkanes 

and_a detailed discussion of ihe fragmentation patterns see (88), 

:- 

_’ : 
. . . 

:j ._ __ 
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for .a k_zclear magnetic resonance study on conforeational isomers 

of 1,~,2&oxaboracyclohexanes see (202). 

Various 1,3,2-benzoxathiaboroles %e.?e been prepared by the 

reaction of 2-hydroxythiophenol with diborane(6), trichloroborane 

or (phenyl)dichioroborane, respectively (18). The 5-H specles 

reacts with cyclohexene to yield the B-GoHI derivative (18) and 

reaction of the 5-H compound or similar cyclic species with 

(X = Cl, Pr) gives a species with 2 signa matal-to- 

boron bond that is, however, readily cleaved by reaction 73th 

triethylsilane (294). 

(Diorganyloxy)organylboranes react readily with dichloromethyl 

methyl ethen to give tertiary a-chlore derivatives; the latter 

undergc a remarkable rezrrangement ~5th hydride or methide shift 

and elimination during solvolysis in aa_ueous solvents to produce 

the corresponding o?eÎins in h5gh yield (100). Tne reactlon of 

(alkeny?)hgdrox~borarres with brorr.lne in -the pr-esence CS sodium 

methoxide and methanol provides a simple one-stage synt'nesls of 

a-bromoacetals (196). For the stereochemistry of t'ne reaction 

of (organyloxy)propargyI- and allenylbora-_es with cldehydes see 
*. 

(153). 

Thc edght-membcred heterocyzles'o_cVuincd by ccndcncctiou 

of (pheny?)dihydroxyborane with ho--( cE2)2-X-(CE2)2-OZ3 (X = 0, S) 

shows no transannuiar coordinatior_ of the X atom to boron; this 

Referezkesp. 115 
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CO&LIS~~~’ &-‘based on the .chemic& behaviqr-of the.~~om&rids_ .-. 
:.--. ,,. . 

ad the- observation of a boronAll. chernice i shift near:-30 cpm :. . 

(226).. The crystal structure'of the correspondingspecies &th 

X = NH has been studied by X-ray diffraction (134) andaA.B-N bond 

drstence of 1.666 2 was found; The crystal .structure. of the 

compound consists of discrete molecules with a O-N distance of 

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

The crystal structure of the diboryl oxide B20 with 

has also been studied by X-ray diffraction (25). Each half of 

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-oxazabborolans have 

been described (185) and some properties of these compounds 

includïng the infrared spectra and some mass spectral features 

are disqssed. 

(Dim.ethyl)bromoborane reacts with organic oximes .to yield 

(alkylide_niminoxy)dLmethylboranes, (CH312B-0-~=CBB* .(283). At 
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-~to+l.xtr~ogen qf a-second m01&Ll1e. 
. . 

(Diethyl)chioroborane interacts with sodium or potassium 

salts of primary nitroalkanes, .a-phenylnitroethane and nitro- 
.- 

paraffins,thatcontain ester or amide functions ato the nitro 
: 

grotip tti yFeld esters of the corresponding nitro2ic acid (239). 

primary nïtroalkanes react as follows: 

2 Na cmi*(No2) .+ 2 (C~H~)~BC~ -+ ~'C=N(O)-CLB(C~H~)~]~ 

B = CH 3’ s-c35 R = C6H5 + 2 NaCl 

B' =H B' = CH 
3 

Boron-11 chemkcal shift values of -12 to -13 ppm suggest the 

presence of tetracoordir--ted bcron in these species and the dlmeric 

structure is further supported by the proton nuclear magnetic 

resonance data. - The esters decompose rapidly at ca. 20°C to 

yield a species.of.-the composition (c~H~)~B-o-B(c~H~)-~-N=CBB' 

in which the terminal boron is coordinated to the nitrogen to 

form a cyclic species. Identical products cari be obtained 

from the reaction of bis(diethylbory1) oxide with (C2H5)zB-0-N=CHR. 

The 0-diethylboryl esters of the correspoxzding nitronic acids are 

formed in.simlar fashion from the sodium sa7t.s of amides- 

of a-nitro acids. 

Ucyloxy)(3-aminopropyl)butylboranes form interna1 complexes 

of th.e amine-borane type (235): in addition,intermolecular 

hydrogen bonding as well as intramolecular hydrogen bonding seems 

Refereneesp.115 



fur- with precipitaticz of- the correspondiae 1ithiÜm methide 
. 

.(151). Thé .&on is. suff&iently basic in.orde? to tibstract .& 

proton from dinethyf sulfoxide and triphenyltin and bromo 

derivatives were obtained fron the lithi,m Salt. For the reaction 

p:ith carbo_ulyl compounds see (307). 

The qnthesls an-d polymerization of (vinyloxy)phenylborzes 

krss been- deecribed-(115). Polystyrene beads car be coated with 

poly(-vinylphenyl-dZhydroxybora,ne) and the resultiflg material 

revers2bI.y sorbs vicinal diols in a highly pH dependent process 

(87). This 

separation 

see (2281, 

featwe car.be used for the column ck-romatographic 

of diol mixtures. Eor the use of (organyloxy)butyl- 

ihe gas-l?.a_uid chrormtography of some carbohydrates 

and for khe 0-dialkylborylatioz of pclyols and 

saccl?ayMes see (2.43 1. 

Cozcïensation of dibutylti-n oxide with boriz acid and amici- 

OXIEPS (290) leads to species of the tme. (B* = c&"g) 

N-O, 
3' 

O-N 
II 

RC-N' 
B-O-&-o-a' II 

1 91 -+Ca 

H B 

:_. 

. . :. 
:. -; 

,. .- _. 
:. ._‘.y . . 

:. 
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: 1. 
&_n&:.lqis (boryioxy)dibutylg&m& es and related ccmpou!ds bave been 

d&ribëd elkewhere (165). 

Semi-empirical molecular orbital calculations on boroxines, 

(-BR-o-)3 (R = I-5, OR, F, Cl), indicate a sigma electron drift 

within the boroxine ricg towards oxygen ; the m-electron drift 

is directed towards boron (149). 

The LEWIS acidity of boron in tris.(aryloxy)boranes, 

R(OC6R~X)3' varies wlth the electronle nature of' X (5Q); thermo- 

chemical measurements sHow a maximum variation of about 60 kJ/mol 

between the Q-C?? and the &-OCR 
3 

derivatives. For the kinetics 

of the hydrolysLs of tris(alkoxy)boranes see (35j). 

The -hotoelectron spectrum of B(0-CH2-CH2)3N is interGreted 

in terms of a close ap-roachment of nitrogen and boron resulting 

in intramolecular bonding interaction (85). 

Trioxazaboratricycloalkanes (362) and related species (363) 

have been prepared. The infrared spectra of 2-iminoxy-x,3,2-di- 

oxaborinane exhibit a weak C=N strn+ _~ching mode in the 1630 to 

51660 cm ml freque-rcy region (35); the N-O valence vibration of 

the compounds is observed near 900 tc 9&0 cm -1 and B-O ring modes 

are assigned near 1414 and 1110 cm 
-1 

, respectively. The 9-O 

stretch of dlboryl cxides of the ty-e 
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wit.h__G --=.r2 or .3 is observed near 1350 Cm 
: -i.. (;Yri. _:;:;::-\-~~:.1_:. 

. ..- 
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-: 
-. .Y. 

'The-interaction of boric acid'with.ethrioI- &&&s h& b&en 
., : : . _.~ 

studied (360) anà. infrared spectra of borate.sp&ies.andtheir 

thermal dehydration products- have been recorded-(361): '-- Various 

metriolborates have been synthesized by the reaction of metriol 

with boric acid and alkali or alkaline earth metal hydnoxides 

(209); the data indicate the exclusive formation of thé anion 

~H3C(CH20)3BOH]-. For the formation of ethylene glycol-borates 

in aqueous medium see (127) and for the preparation and anodic 

peak potentials of salts of coordination compounds derived from 

boric acids and polyhytiidic phenols see (192). Fourier transform 

nuclear magnetic resonance studies bave been described for the 

[B(OH)& ion (2641, and polarimetric data indicate that D-glucose 

interacts with B40T2- in a 1:l molar ratio only (48). 

6 COMPOUNDS CONTAIKING B-S AND B-Se BONDS 

Tris(methylthio)borane, B(SCH3)3, is readily obtained from 

Li[Al(SCH3)d (prepared in situ by the reaction or.LiAlH4 with 

(CH~)~~) and (c~H~)~o=BF~ (266), whereas. B(SCF3)3.isprepared by 

the reaction of Hg(SCF3)2 with BBr3 (22). However, B(SCF3)3 is. 

unstable at room temperature an.d decomposes with the formation 

of BF3 and SCF2; B(SCF3)3 is -a strongerL%WIS aci~ than H(SCH3)3 
.- 
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'~s:~i~-&viden~& by the ready formation of (Cï33)3N-B(SCF3)3. This 

latter adduct .decomposes slowly to yield- (cH~)~N-BF~ and an 

-unidentified~~solid bysroduct (22). 

(Hydrothio)diorganyIboranes, HSBB2, have been prepared from 

]frixn the correspondir? halobo&es and H2S (198). At elevated 

temperatures the reaction 

3 HSRB2 -_c (-BR-S-)3 + 3 RH 

occurs; in addition, H2S is elimineted to yield diborylsulfanes, 

(R2B)2S. The latter specie, @ rearrange with the formetior, of BB, 
.3 

and (-BE-S+ 

(OrganyZ.ttio)bcranes of the type Ff'SBR2 react with ethoxy- 

acetylene via thicboronation of the carbon-carbon trip'-_e bond 

(208): 

B,BSB' + HCrC-0C2H5 + R2B-CH=C(SR')-0C2H5 

TrLs(organylthio)boranes, B(SR)3, react in analogous feshion 

anc ) in the presence of excess ethoxyacetylene, B(CE=C(SR')-OC-H ) 
r-53 

is obtained (208). However, this reaction may be stopped at the 

Intermediate stage of (RS),B-CH=C(CR>-0C,H5 and the boron-bcnded 

SR groups con be replaced by OR' on treatment with kohols and 

by NR; on treatment with amines (144). For the redistribution of 

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

The_fundamental v1 of linear H-B=S is observed near 2750 

Referencesp.115 



86 . . .: 
__ ,-: -. . . 

.- :. ;: . . . . 

-l cm (96j and i& the spectrum ]of p-HS-B2~~ the~~~in&&k.e&ïg 

nlode is .&s&ne& at~306.5 crr.'l . . 
(9%). __ initia ~calculations..have. . . 

shown that the 5-S.bc.n& of H2BSï-I exhibi-<& motie.nktiple: bond- : -- 
: 

cha,rac&r than the B-0 bond in H2EOH .(97): 13 this c&jur&ion it 

is of interest to cote thzt the_ He(I) chotoelectron spectra of 

30 aerivatives of five-membered isoelectronic heterocycles of 

the following skeletal arrangements (ail of which cc-n-tain six 

. 
nTelectrons) 

\ 
/N-NC s-s ‘N-O 

/ \ / \ 
-B -yB- -B\x,B- -B 

X= S, NB X = 0, S, NR X= S, NB 

suggest cyclic rr-conjugation k-ithin a11 of these ring systems 

(262) ; however, that m-Co_n-jugation decreases with successive 

replacement of NR groups by S. 

The rirx sysiem. 

\ / 
N-N 

/ \ 

RB\s/ 
R. 

brith R = CE, ccntains two CBBBC plairs that are tilted by 18” 

(260). The arerage 5-E distznce in the molecul? is 1.,42 2 gnd 

the B-C~distan-ce is abfiormally short rrlth Orly 1.445 to1.455 8. 
._. .- : 

. 

I 
: 

: : 
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Tkï&~N=N distance of 1.4, cc 2.is anaIogous to that of hydrazine and 

t.he B-S distance is 2bout.l.80 8. A B-S distanoe of 1.805 2 w2s 

fomd in gaseous bis~(dimethylboryl)disulfane, (CH3)2E-S-S-B(CH3:2, 

%y. electron diffraction (2371. The rrolccular arrangeaent about the 

B-S bonds of the molecule were fOund to ‘DE planar; the S-S 

distaEce is rather long with 2.078 2 a~d tke torsion& angle about 

the S-S bor,d Is about 120°. 

For sulfatoboric acids 2nd anhydrides sec (163). Proton 

nuclear magnstic resoylance studies cn the aàducts fi,S.ï3X3, 

R2S-BRX2, R2S-BB2X a-rd the corresponding R2Se derivatives (R = 

CH,; X = Br, 1) demor,strate a displacement of the resonance slgnals 

to higher field wFth increasing methylatior of the boron (49). 

This observation is interpreted .tc indicate an accomF2nying 

decrease in the B-S and B-Se bon& order, resoectively. 

Infrctred, proton magnetic resonwce 2nd ,Y-ray 62t2 on the 

two coiplexes 

R R 
B\ 

SM [COI 
B/ ‘3 

k P 

(R = CH3; R' = C2H5; M = Fe) indicate that both of the borcn 

ligands act as 2-electron donors (132). 

Tris(methylseleno)bo+ane, B(SeCH > 
3 3’ 

is readily obtained 
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formation, of (hydroseleno)diorganylboranes, IkkBR2;- by-inkactioti 

cf the correspond%& (ha7.o)dior&znylboraEes with- H$i has been 

described (r9Ci). The m&ecular structure of gaseous B(SetiH313 

has been studied by electron diffractiori technîWes (130); the 

B-Se bond le_ngth of 1.936 8 appears to dispute a double bond 

character for the B-Se bond. For the vibrational spectra of 

(hydroseleno)haloboranes, (HSé)nBT3_n, see (43). 

The reaction of (3,4-xylenyl)diiodoborane with polymeric 

(-SI-Se+ zt 580'C (267) gives e good yield of a yellow solid, 

melting.from 138 to lkO°C, to which the following structure has 

been assigned (E = CH3): 

a 1 
R 

0 
BsE? 

R 
B/ 
1 

Reaction of X2, HX or BX3 (X = Br, 1) with dimethyl- 

sulfane-borane, (cH~)~S&H~, leads to boron halogenation and 

(CS3)2S-BH2X or (CE3)2S-BHX2 are formed (123). No acid exchenge 

WS.S observeù and protcn magnetic resonance data on the series 

KH3)2S*BHnX3_r suggest an increase in the donor-accepter 

bond strengih with decreasing n. 
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7 -. _- BCEON NITROGEN CHRMISTRY: 

7.1 ANINORORANRS 
_- 

.Pyrol$sis of H3N'BF3 at 185OC yields HîN-BF2 as the primary 

volatile product (270); the appearance potential of the species 

is 12.4 eV. (Dialkylamino)hydrophenoxyboranes, R2N-BH-0C6H5, 

are readily preoared by thé following reaction sequence (271): 

4 RF? + 3 N~BH~_ e 3 NaBFb + 2 E$H6 

B2H6 + 2 HNR2 e 2 R2HN-BH, 
,' 

R2H.WB, + C6H50H 4 R2N-BH-0C6HS. 

Molecular association and proton magnetic resonance studies in 

benzene solution are consistent with a planar, monomeric con- 

figuration of these species with considerable n-interaction 

between boron and nitrogen. A novel synthesis of BpZ(CH3)2]3 

involves the reactioc of LiAlH rc with d%methylamine to generate 

LiAIRL: (R = (cH~)~N) in cite which is -~ subsequently reacted 

with (c~~H~)~~-BF~ (266). AISO, the reaction of LiN(CH ) 
32 

with 

H+'WH3)2]2, DCH3)2N-BH2]2, LiNR2-BH3 and similar species 

leads, in general, to the ready formation of tris(dimethylamino)- 

borane (61). 

(Dialkylamino)dibromobcranes, R2N-BBr2 (R = C2Hs, -C3H7, 

P%+H~, C5Hll), have been prepared by conventional syniheses, 

&, dehydrohalogenation of the corresponding dialkylamine-tri- 

bromoborane with the aid of a tertiary amine. (l-Imidazolyl)- 

Refereniesp.115 



is short wiih 1.380 8_ (223); however, %he two phenyl rings 

of the nxolecule are considerably distorted out of the cited 

plane. 

_he fluorescence spectra of aminoborane analogs of stilbenes 

anà styrenes are generally structureless, are significantly 

red-shifted in polar soit-ents and are in-plane polarieed (1971, 

and a LCRO-PIO-CND0/2. analysis of tris(dimethylamino)borane (278) 

presents no pzrticular surprises. 

.Lithi~~~ amide and àiborane(6) interact in ether acccrdïzg 

to. the equation (92): 

LiNH2 t B2~6 -.& r/n (H~N-BH~)~ + LiBH4. 

Th& resrzltant amorchcus snec5es has a deg-ree of aSSOCi2tiOn, n, 

aver-agi& from 3 to 4.5. ~roio~.ysis with water or methanol 

indicates th- ,-presence of two tyy.es of baron-bond+ hydrogen, .one 

. . _. .-. 
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of &@ich.is readiiy.attacked; .this observation is interpreted 
_.. 

to iridicate the .exis&lcë 6f chain-like rather than cyclic 

sp&ies'althou&h the given infrared data are inconclusive in 

this respect. Non-empirical-LCGO-MO-SGP calculation of the boat 

and chair.conformers Of CyCliC (%N-BH2)3 Indicate that, i?x the 

gas phase, the molecule cari indeed exist in the boat form with 

electrostatic attraction being a contributing factor (73). 

Radical-initiated hydrophosphination of (diethylamino)- 

dipropynylborane with phenylphosphine l'eaas t? a novel hetero- 

cyclic system 2s is showa in the following eqxation (256): 

(c~H~)~N-B(cEC--CH~)~ + H2pc6H5 --) 

(C2H5)2N-B 

\=hp-c6H5 

(R = CH$ 

Arxther new heterocyclic system, the 1,3,2,4-diazaphosphabor- 

etidine ring (R = si(cH313; x = G1 , E?T) 

has been obtained from the reaction oÎ RNH-P=NR with BX- (4). _? 

A new and ge_rleral method for the preparation of in;inO- 

boranes c.ontaining ihe skeletal mit C=N-B irxolves the inter- 

action Of imines with (alkylthio)dialkylboranes according to 

the equation (170)_: 
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!en@yl'chloride cleavds the hetero ring of Z-phenyl-benzodi- 

azaborolidine with the formationof %J,N'-dibenzyl-g-phenylene 

-diamine_ (38); in the presence of-pyridine, however, small amounts 

of boronium. salts are also formed; 

New borazaromatic species include boroaromatic sulfamides 

(46) and various nitro compounds such as the one obtained by 

nitration of 3,4-dimethyl-4,3-borazaroisoquinoline with 

N-nitropicoIinium tetrafluoroborate (129); these nitro deriv- 

atives cari be reduced to the corresponding amino -compounds, 

which appear to have substantial utility for further reactions. 

Derivatives of 3,2-borazaropyridines are also readily brominated 

with elemental bromine in pyridine/CC14 or iodinated with 

thieno-fused ring iodine in pyridine/CH3CN (128). Be-nzo- and 

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 mechanistic speculations for the halogenatiofi 

procedure are based on the observeation that the corresponding 

isoelectronic pyridines are not halogenated with the cited 

reagents under similar conditions. 

The electron spectra of some 3,2_borazaropyridines have 

been studied (51) and a11 of the annular atoms of the following 

pyridine analog 
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as fo&d by X-ray diffraction are B-N i-i.435 8-h&_ B-C.= '.. . . 

1.528 8.. 

A new type of letrîscplib inner complex 

HN .-NNH 

R /BLR 

is obtziured when equimolar mixtures of trialkylboranes, BE3, 

anà a primary amide, '*BCONH2, are heated ir- a large excess of 

E MtrLle, B'CN, at 80 to 100°C andthe resultant cyclic pro&_zct 

5s subseq?Jer-tly treated with am=cnia or propylamine (I&). 

The fragmentation- of the inner complex 

a 0 B' = C6H5_ 

under electron impact is characteristically infl-uenced by the 

nature of the substituent Et thouah the ior, P rniz~~~s C H is 
65 

always the most abmdant one (205). 
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species of the following Stm.Xtiure (63) 

-CH' 
./y2 ~.2\ 

95 

As shown hy X-ray diffraction, the ring has chair conformation 

and the folrowing annuiar bond distances were found.: C-B = 1.009 

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

the equatorial anc axial CH3 groups are 1.462 2. 

7.3 BORA%INE CHEMISTRY 

Borazines of the type (-BX-NR-)3 with X = F, Cl and R = 

H, CH 
3' 

C6H5 react with bis(trimethylsllyl)acetamiàe to y4eld 

the corresponding borazines with X = OSi(CH3)3 (284). However, 

(-Bc:--NcR~-)~ _ reacts with the same reagent to yield proàucts 

containing both OSiR 
3 

aCi OCR(SiR 
3 
) (R = CH ) bonded to boron. 

3 

N-Trlmethylborazine u-ndergoes a reversible addition reaction 

with Hx (X = Cl, Br, 1) in z 1:3 nolar ratio (215). At elevzted 

temperatures hydrogen-halogen exchange oocurs to yield B-halo- 

genated species. Elemental brominc interacts with N-trimethyl- 

borazine unler equivalent conditiocs to yield B-dibromo-N-trS- 

methylborazine, B-Trichlorob&razine reacts with HIr to yield a 

1:3 molar adduct but an analogous reaction between B-tribromo- 

borazine and HC1 could net be effected (215). 



yields. a mixture of B-konosubatituted borazine;'kth 'either 
--;. :. . . .. : 

octCF& or._oCE(Cy3)2 bc-ndedto oixe of the--&nulk-baron atoms . 
._ 

(1); bkth compounds were identified by spectroscopie. data.: .: 
:. 

Fhotolysis of pure N-Eethylborazine yields hydrogen, meth~e, 

borazenaphthalene, N-nethylborazanaphthalene and N-dimethylbor- 

azanaphthalene (56); phctolysis in the preseke of ammonia, . . . 

methancl or dimethylamine yields predominantly a B-monosubsti- 

tuted borazinc derivative. Ion-molecule reactions have been 

observed for borazines unaerphoton impact with lG.2 eV radiation 

(276). Protonatior, occurs and the resultant borazine cation 

BsN3% cari furiher react to yield the species B6N6H11. CNCO 

Calculations support mass spectroscopie evidence thet the 

ptrotonation occurs at a nitrogen site and dissociative 

proton transfer at a boron site. The nercury sensitized photo- 

lYSiS of hydrogen with N-trimethylborazine produces a new bor- 

uzine derivative, 1,2-di(3S,51-dimethylborazinyl)ethane (91). 

A novel pentacyclic borazine species containing a -(BN)12 ring 

is obtained in about.60;8 yield when 1,2,3,5-tetranethylboraxine 

is reacted with hexamethyldisilazane (3j. Minor byproducts : 

of the reaction are.a-B,B* -trimethylsilylaminated species. and 
: 

the correspcnding dibcrazinyf&nine; For other polycyclic bor- 

azine derivatives sec (317). 
I 

:. 
. . 

: -. 
,' :. 

:: .-. 
: .’ 
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R = CH 
3 

_he borazine ~-B(GDH4-2-CH3)-hTC2HS-13 is the first example 

of an arylsubstituted borazine where the absence of coplanarity 

of the aromatic anE borazine rings is cleerly tiemonstrated (55). 

The compound exists as a pair of diaster- -omers due to steric 

hindrance of rotation about tke 3-C bonds; partial separaticn 

of the isoners was accomplished but they are thermally inter- 

convertable. 

Borazines an& B-monosubstituted amine-boranes have been 
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.compared on the btisis -of their ~hemicai-_reactivity and $dton . . . 
T 

mag-etic rescinance spectral properties (2);.-The structure -of 

was ~solved by weighted multi-solution tangent formula $laoe 

-refinement from X-ray'diffraction data -(29). The central 

borazine ring suff&rs severe dïstortion from planarity to a 

sh&low chair conformation as a result of the crowdi-n-g of the 

bfphengl groups. The B-N distances of the molecule are not equal; 

they are shorter (with a mean of 1.430 8) when bridgea by a 

biphenyl than whexz net (mean = 1.488 x1, the latter B-N distance 

representing the longest ona 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 electronic structure of the borazine heterocycle, 

The ion kinetic energy spectra of a series of N-tr%methylbor- 

azines suggest the posshble formation of a cyclopentadienyl- 

like ion by metastable decomposition in the first field-free 

regkon of a mass spectrometer (359). For an ab initia studÿ - 

of the electronic structure of borazine as compared to that 

of boroxine see (1471, and for some theoretical investigations 

of symïetrically trisubstituted bcrazinks see (343). 

Various sLlaborazines containing B2SiN 
3 

and BSi2N3 

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

not planar. 

Hexamethylborazinechromïum tricarbonyl reacts withtetra- 

phenylarsonium trichlorostannate or trichlorogermanaie in THF 

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

7.4 AMINE-BORANES AND SOME RELATED SPECIES 

Dialkylamine-trihalcboranes are obtained In good yield and 

purity by halogenation of the corresponding dialkylamine-boranes, 

R,HN-BH3 with elemental halogen. Partial chlorinaiion is also 

feasible and the resultin, m R2HN-BE2C1 may be utilized for the 

subseouent synthesis of bisamine-boronium salts via interaction 

with zdditional mine (225). TriaKLylbcraes such as tris(2- 

methylallyl)borane complex readily with nitrogen bases such 

as trimethylamine, pyridine or picolines to form 

species (16) and I:I molar adducts of piperazine 

amine-borane 

and triethylene 

diamine with BH3_,FE (n = 0 to 3) have been obtained v& base 

displacement reactions from the corresponding trimethylamine- 

borznes (47). Also, the preparation of poly(4-vinylpyridine- 

borane) and its action as polymeric reducing agent have been 

described (108). 

Trimethylamine-haloboranes exhibit a shiÏ% to lower field 
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in _the proton magnetic resonance spectrum tiith-increasingkize -' ‘. 

of the halogen as well as with an ircrease in.the-number. of.: ' 

halogen atoms bonded to the boron atom (275). For additionkl 

nuclear magnetxc rekonance studies and boron quadrupole-induced 

relaxation of tertiary amine adducts. of .trihaloboranes see (93), 

for carbon- nuclear magnetic reso_nance studies in (CE3j3NoBXq _ J 

with X = F, Cl, 9r, .H (including some mixed species) s.ee (138). 

Nuclear magnetic resonance studies on hydrazine-borane (in 

hydrazine) have been reported elsewhere (2w, 2451, for the 

kinetics and mechanism of the thermal decomposition of methyl- 

hydrazine-borane see (124). 

Electron spin resonance data 2nd theoretical studies of radioals 

formed from trimethylamine-borane have been presented (1.55) and 

molecular orbital studies of the dipole moments of methylamine- 

boranes have been reported (280). 

'Ihe UV photoelectron spectrum of pyridine-borane exhibits three 

assignable peaks below 12 eV and this basic pattern-persists 

in the spectra of the &substituted pyridine-boranes (281). 

Microwave spectroscopie studies gave a value of 1.638 8 for the 

B-N distance cf trimethylamine-borane (64); the C-N distance 

is 1.483 2 and the dipole moment of the molecule is 4.84 D. 

I_nfrared speciroscopic data indicate.that the adducts or‘ 

Cl 
3 
C-CO-NH2 and (Ca ) 

32 
N-CO-Cl, respectively, with boron.trichloride 

contain 2 B-O bond (265); the chlorine-35 NQR spectrum exhibits 

_ 
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.- 
~of'alternating B and P atoms arranged,_in two m-fused .cyclo-'- 

_.” .: 
~tke.CH 

_i 
hexane rings; groups are bonded to-phosphorus &d-Bn :is. 

3 

at B(l) (ring position 4) (1-33). -- 

For the preparation of trimethylphosphine-boranes of the 

t-ype (CH3)3P,Bxj (X = H, P, Cl, Br, CI-! ) and their order of 3 

adduct bond strength as determined by gas-phase ca~orimetry sec.- 

(217). The B-P distance in (CH,)?? P-BH3 has beec found ko be 
,2 

1.84 2 as determrned by microwave spectral data on i;he compound 

as well as on those of isotopically labelled BH, derivatives (272). 
J 

The vibrational spectrum of the solid compound has been assigned 

and a 'force constant of 2-44 mdyn/a was calsulated for the 

B-P stretching mode (366). A vibrational analysis has also been 

Derformed on solid phosphine-borane (145) and molecular orbital 

studies of the dipole moments cî methylated phosphines and their 

borane- adducts are reported elsewhere (280). The P-P bond distances 

in trimethylphosphine-triheloboranes, (CH3)3P="X3 (X = Cl, BP, I), 

ra_nge from 1.957 to 1.9X8 fz as based on X-ray diffraction data 

(27). Mon-empirical calculations on F2HP-PH3 give a value of 

23.09 kJ/mol for the barrier to rotation about the B-P bond of 

the molecule (66). A_n X-ray crystal structure determination of 

(cH~)~C(-CH~-~C~~-)~P=PH~ shows that there are two molecules in 

the unit ce11 and the B-P bond distance is 1.98 2 (Il&), 

A variety of arsinoboranes has Ijeen obtained by three basic 

procedukes (257): 

.- _ 

._ 
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a; .Beaction of lithium diorganylarsenide with a haloborane, : 

b. reaction of silyl(or starznyl)orga2ylarsanes with a haloborane, 

c. interaction of drborane(6) with tetraneth:;ldiarsaYre. 

The resultant arslno-bis(amino)bo?anes, R,As-B(NRR;),, are 

monomeric species, (CH3)2As-B(CH3)2 is trimerie, the corresoonding 

B-diphecyl compound is unstable and partia1J.y associated, and 

(CH3)2As-BE$ exists as trimer and tetramer. 

The LFNIS acidîty of simple boranes towards trîphenylarsîne 

and diphenylarsi-vre decreases in the order BBr 3 
A BH 

3 
1 CH BBr2 

3 
h 

(CH3)2BBr a (CE3)2BSCHT (258); triphenylarsine îs the stronger 
2 

of the two cited bases. Cas-phase calorîmetric data on the 

interaction of L(CH& (L = P, -As, Sb) wîth BX3 (X = H, F, Cl, 

BP, CH3) give a relative base strength decrease in the order 

P(CH3j3 a As(CH3J3 a Sb(CH3j3 and an acid strength decrease in 

the order BBr 
3 
A BCl 

3 
= BH 

3 
-3 BF3--5 B(CE3>3 (65). 

The reaction of (CE 
32 
) 0ma3H7' or B4HI0 wîth PF2X (X = F, Cl, 

Br) yields a mixture of F2XP'BH3 and (F2XP)2'B2Hi (58); the 

latter species îs prone to rearrange tc yîeld F,XP.BH3 a~d L 
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cjystal structure .of K[B(O-CO-CR3]4 

X-ray diffraction techniques (141). 

105 

has been determined by 

Dimeric (dimet hylamino)borane reacts wlth lithium hydride 

ir- diethyl ether eccording to the equatit>n (60): 

[(CH3)2N-BH2]2 + 2 LLH + 2 Li [(CH3)2NBIi3]. 

However, this reaction is extremely slow with a 90% conversion 

completed at 25OC after two months. 

(C5H5f3U(EH4) reacts uith triorganylboranes to form species 

of the type (C5H5)3U(H3BB) (72). Vibrational spectrosoccpic 

data indicate that the BR moiety is connected to the U atom JI& 

a triple hydrogen bridge; for (C H ) 
553 

IJ(NCBX 
3 
) with X = H or C H 65 

U-NEC-B bondlng was established, 

Alkalî metal salts or" 0x0 acids reacts with BF3 in carbon 

tetrachloride or pentane to form complexes such as [Cro~(DF3)2]2-. 

[Cr0,(BF3)3]2- or [SO~(BE'3)3j2- (222). Sîmîlar adducts are 

formed with NO -, 
3 

SO 
32- 

and CO 92-; however, these latter species 

are unstable and readily decompose to yield BF&- ad B203 as the 

only boroa-containing specîes. Thermodynamic functions of 

Rb(BC1b) and Cs(BC$) have been measured (83). 

Using mm3 or BCl 
3 

as solvent, tetraalkylammonium per- 

chlorates interact with RC1 
3 

to form trichloroperchloratoborates, 

[NQ][C13BC10~] (207). The solid colorless products hydrolize 

readily though they are thermally reasonâbly stable. On heatîng 

Referenwp.115 
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to 17OoC, the sait with B = CE3 .loses,$i3. ,__ TP. the case of'B = .. 

C2Hi or C&H9 decomposition occurs in the 20.5 :to_230°C range 

wlthout the loss of BC13 in an autoxidation-reduction process; 

Irïfrared data.on the sal_cs oonfirm the above S~~UC~U~~ rabher tha 

the formation of BCl 
3 
-solvated .&itions. Standard heats of formation 

cf (PC$)aC14 and (PC14)BBr4 have been determined by a calorimetric 

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

Under mrld conditions [C("6H5)3] BE'& readily fluorinates 

Si-H bon& in aialkyl- or trialkylsilanes (103) and a mixture of 

_A@@H3 1 bas been used Z. methylating agent In the preparation 

ri 3 .?_cnJ_ ,"^,T.:'mc' .._,LnR1C?e i??I_ _. - Sodium cyanotrihydroborate has been 

used for the selectlve reduction of suger iodides and -toluene 

sulfonates (247)and reactions of conjugated carbonyl compounds 

with the cyanotrihydroborate ion in acldic medFa (323) as well. 

as with a,P-unsaturated E-tosylhydrazo:nes have been studied (98). 

The synthetrc utllity of the rezction of tria.lkyJ_cyanc~borates 

with trlfluoro acetic anhydride has been explored (188, 189) and 

new applications of such ions in organic syntheses have been 

described (186, 187). 

Mixing of lithium aryls with trialkylbcr2ne.s yields (tri- 

alkyl)arylbcrates (77); reactions of these salts with acyi 

halides have been utilized for a novel regiospecific aryl ketone 

synthesis. 
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.: .. The"Li chemical shift of 7Li[13(CEi3)b]is. strongly solvent 

dependent due to the ready formation of ion pairs. The structure 

of-this salt consists-of'planar sheets of Li atoms which are 

bridged by the tetramethylborate groups through linear B-CH3-LX 

and multicenter fragments (3Ob). For lH and '=C nuclear magnetic 

resonance studies on tetraalk_ylborates see (293). The specific 

conductance of the liquid (at roor~ temperature) sait 

[NC~H~)~(~--C~H~~)~ [B(c,~+)~(I~-c~H,~)] --- lncreases by a factor of 

7.8 when the salt is warmed from 25 to 75OC (b2); the useful 

workit~~ range of the sait for recording cyclic vcltammograms is 

about -0.: to -2.5 V. 

Various applications of organylborates in organic syntheses 

have bec= described. Fer example, the reduction of quaternary 

ammonium salts with Li[hB(C2H5)3] -rovides a convenient method 

for the demethylayion of substituted trimethylammonlum salts (101). 

Alkali metal trialkyl(l-alkynyl)borates have bec= used for the 

I;reparatior of Z/E substituted allyl methyl ethers (120), 

Similarly, addition of dimethylmethyleneammonPum bromide to 

sodium trialkyl(l-propynyl)borates gives Z/E mixtures of 

Additional studies describe the reaction of lithium tributyl- 

(l-propynyl)borate with oxLran_es (I~I), _ urotonation-iodination 

of lithium(trialkyl)alkynylborates to yield olefins (341)) 
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a Facile double mig&~tior_ in the protonation.of-.lithiwn trialkyi-2 

(alkyny1)borate.s with acid (324), and -thé..reaction of:lithium 

trialkyl(alkynyl)borates with propargyl bromide- and -':Soticeto- 

nitrïle (349). The alkglation of thexyl(dialkyl)alkynylborates 

provides a new stereoselective synthesis of trisubstituted &efins 

(344), the reaction of BrCN with diEthium ethynyl-bis(trialkyl- 

borates) has been àescribed (3bO), intermolecular alkyl transfer 

of tetraorganylborate ions vrith acyl halides is reported as a 

novel method for modereting carbanion reactivity (x94), and the 

reaction of lithium[dialkyl)dialkynylborates with iodine in THF‘ 

gives symmetrical conjugated àienes in excellent yields (311). 

The structure of Kb(C,H ) c54 ] has been deternined by X-ray 

diffraction analysis (246) and-previous experimental data on 

the conformation of the tetraphenylborate ion have been re- 

considered (136). 

4-Methylpyridinium hydrochloride reacts vrith Na[B(C6H5)4] in 

4-methylpyridine tc give the salt [(4-CH3-C5H4NH)(4-CH3-C5H4N)]S 

[B(C6H5)4]- (21); the formulation of this rather unusual species 

is based on the elemental analysis data. The possible existence 

a (pyridlne-H-r>~-ridi-vre)tcatio~ obtained as a tetraphenylborate 

is discussed elsewhere (365) and varlous complexes of alkali- 

metals with macrocyclic polyethers have been prepared by u&ng 

the tetraphenylborate as the' counter ion (279). The tetrapheryl- 
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borate anion has also been used for the determination of 

sparteine (53) and the ar?isotropic electricel conductivity of 

methoxyber-zilidene butylaniline containing tetrabutylammonium 

tetraphenylborate has been studied (ZOO). For rearrangement 

Feactions of low-spin pentacoordinate Ni(I1) complexes with 

sodium tetrapheny3borate to produce polynuclear complex species 

see (89) and for the preparation-and properties of sodium tetra- 

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

The photolytic degradation OÎ Na@(CgH5)b] in aprotic media 

occurs via two principal reactions (69): 

a. Direct formation of bipheoyl and generation of.a species (in 

solution) which has the properties of sodium diphenylborate; 

and 

b. formation of a mixture of sodium triarylhydroborates, Na[mR3], 

where B = phenyl, biphenyl, E-terphecyl or -terphenyl. 

10 BORON-METAL COMPOUNDS 

Improved metho?s for the preparation of ( C5E5j2Zr (BHh)2 
: 

and Zr(BH4)4 _ bave beeE described .(36), for some grcton cL;clear 

magnatic resonar,ce siudies on (C5H5)2Zr(BH4)2, (C5.H5)2Hf(BH4)2 I 

an0 (C H ) ZrH(EHL,).. see (172) and for some comments on the bonding 
.552. . 

of the BH4- ion t0 transition metals see (137). The species 
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V-H-B bridges (17.8); bridge-to-ter&& hy&ogq~~exchan&e bas a 
-.. 

: 
rela-kvely high Ïree_ bnergy barrie+ oi' 7.6 k&l/mol. The CO-~ 

à?stance 1~ the pa?amagr,etic complex. 

E3P. 

_Co/H,B/H I 

H I 
-yy 13 

B=C6Bll 

BP 
3 

ic 2.r3 __; e the coEplex shows distor'ted penta-coordir,atLon 

&,ou_L the CO atom as shown by 

data (74j. 

A1(B~~)3, CIA1 (BH& and 

7Smsymqetrical cleavage of the 

single crystal X-ray diffraction 

CQAl(BQ) react w?th ammoELa a 

AlE$3 ~Z=OU~ resulting 1~ain3.y in the 

formatloZ of [Al(KE3)6]3G, Cl- ar~d BF+..- (71. Organ~lmercury 

cklorides ifiteract with NaBH4 ic for-m a coordinatior? species Twhich 

t-ramforms through a me-electmn transfer leading to the gener- 

ation of a radical pair (211). 

2ori111to (= bmabenzene) coEplexzs of the type 

(PI = CO; Fi = CH3, .C6H5) decwpose or? heating with alkali E&tal 

cyaidesi M*CN 

metal borinôtes 

(I”i * = Wa, K), 5.n .acetonitrile to yleld all+li 

, s'(C H,BB). (5). The latter are *exce.li&r_t 
52 

-_ J. 
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complexing agents as is.-~ïllustrâted by the ~ollowin~ eGuation: 
. _ 

Rh(C8H12)CI 2 + 2 K(C5H5BR 4 2 KCl + (C8H12Rh(C5HSBE; 

Several (1-substituted borabenzene)iron complexes have 

bean preGared by direct îritersctîon or FeC12 vfith the ligand (303); 

the resultent species exhibit properties and show rsactions that 

closely Farallel the chemistry of ferrocene. 

The C5H5 ring of (C5Hs)Co(C2B9Hll ) iS expanded by %flss?%iorJ 

of B when the initial cobalt com-lex is treated tYith sodium ad 

then C6H5BC12 is added (218). In a reverse of their synihesis, 

borinato complexes undergo a ring contraction (357). For electron 

spin reso_nance stadies on bis(l-phenylborabenzene)cobalt(II) 

see (18X), 

Fe2 (CO) 3 reacts with CH,B(SCH3)2 to yield among other 
2 

products a boron-containing intermediate that decomposes with the 

(CO formation of kCC)3FeSCE3]2 (351;); however, reaction or" Fe2 

with LBF(CH3)2-S-]3 yield s (CG)6Fe2(S2B-N(CH ) ). Eased on 
32 

spectroscopie data on this latter compound there are ~X;C, 

Fe(C0)3 groups linked m two S-bridges, the two sulfur e,toms 

being bonded to the boron etom. For the structure or” 

(~~)9c03(C~)-~~~12~~(~2~5)3] seo (322). 
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Sixt&e crgstal X-ray data on 

(N = Ni; B = CH3) show that the two heterocycles are nearly 

@anar and a11 six annLlar atoms are bonded to the central metal 

atom (3r5). For crystallographic data on the corresponding 

ëomplex in rihich one of the rings is displaced by two CO grovps 

see (32.1). 

NePI transition metal complexes with (I-pyrazolyl)borate 

ligands_include methylplatinum(II) derivatives of the ty-oe 

[R24(pz)2]PtCH3L (pz = l-oyrazoly?; L = 

isocyanide, acetylene) (250) as well as 

species of the tmes (C0)2M(p~)2BH2 and (CO)(R3P)Mipz)2BHZ 

tertiary nhosnhine, -_ 

rhodium(1) and iridium(I) 

(E = C6H5) c102) and uranium(IV) tetrakistl-pyrazclyl)borates 

(184). For some further complexes obtained from KkB(pz)3] see 

(277, 312); see also (182). 

Electron spin resonance and electronic spectra of complexes 

of the type (c~H~)~T~[H~B(~~)~_~] __ rrdicate that the cyclopenta- 

dienyl groups are pëntahapto and the (I-pyrazolyl)borate ligand 

is bldentate (334). High resolution nuclear magnetïc resonance 

stuties on K[%B(~Z-~-CH~)~] _ are consistent with a single isomeric 

structure (274). 

‘. 
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Single crystal X-ray diffraction data or, the copper complex 

[IWPz)Jcu(cO) illustrate tkat there are two crystallograPhic 

distinct types of molecule withinthe unit se71 (269). An X-ray 

diffraction study on [(C&)2B(Ps)2]"o(CO)L(CR~,-CCN3=CH2) 

shows the Mo atom to have a r6-electron c.onfiguratioE (67) and 

c 
in l(C2H5)2B(pz)21Pt(CE3) (c6f5,c=mï3) the cocrdination about Pt 

is square planar (335); the conformation cf the ring formed by 

the bidentate (1-pyrazolyl)borate Iigand in the latter compound 

os that of a shallow boat. In [HB(Pz)~]P~(CH~) (CO) the cocrdination 

abuut Pt is slightly distorted square planar (81); the PtN&B ring 

of the molecule is in boat conformatioa with a (non-bonded) 

PI;-B distance of 3.36 8; the N-B-N bond angle averages 10$.7°. 

The-qnthalpy of chelation cf Co(II), Mi(II), Cu(II) and Zn(I1) 

with four (l-.pyrazolyl)borate ligands in water and acetonikrile 

has been Ueternined (268) and some spectroscopie studies on 

(l-pyrazolyl)borate complexes of Cu[II) and Ni(If) are described 

elsewhere (183). 

11 PHFSIOLOGICAL ANG RELATED ASPECTS 

The effects of the tetraphenylborate ion on frcg skeletal 

and cardiac muscle (44) and neuromuscular transmission'(253, 254) 

have been stuàied. - The stability of memerace acetylcholin- 
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._Y ::_ 
esterase in- h.&an.,erythrbcytes~ treateCwit5 tetraph.eny7borat.~.~-. .:_:’ -. _’ ; 

._ : .- ‘. 
has boen investigated (258) 

I<. ---... . . 
~d~N,N-trimethy~~rOp~l~oni~, : ... 

bromide methaneborinio acid.was Pound to be a specific _nd-: .--- ~ 
_. 

:..- 
reversible bifunctional inhibitor:of acetylcholinéstiërasé (i58). 

Ihe mute ip toxicii;y of (Il = C2H5) 

was found to be ID,---, = 69.5 mg/kg in rnice (255). Initial toxic 

sysptoms are coticed withfn 3 to 6 homs by an increase in the 

muscle tone followed by severe hyperreflexia and convulsive 

response; oral and SC LD5* 's ôppear to be in the order of 

180 mg/kg and 420 mg/kg, respectively. The experimental.data 

indicate a high propensity for the compound to concentrate in 

liver tissue and the most significant effect of the species 

apDears to be the inducernent of porphyria-like complications. 

-Honte Carlo calculations for determining boron dosis for 

neubon capture treatment of brain tumors have been described (156). 

The baron tolerance and enhancement of boron toxicity by 

chloride ion in alkali solution during.germination of. spora- 

bolus airoides torr has been studied. (299). The anino a&d ’ 
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~ëoxnpoSiti& an6 N-teFïr+nal groups Of proteins in ribosomes of 

b‘orc&Lef~cien%~~ea.p~~ts~ha~e been Uetermined (301) and the 

effect of baron-deficiency on the love1 of the growth %r&ib?.tor 

flav&oTL-3-glycoside &d.other flavonoids has been investigated 

,(300). 

~Chromatogr~phic column materials such as Sephadex cari be 

modified via reactions &th (aryl)hydroxyboranes; SUC~ modified 

species izteract with carbcjhydrates and the chemical stabilities 

of the resultant complexes are related to the conformation of the 

polyols which cari thus be separated in a chromatograohic 

procedtire (368)_ Other (organyloxy)boranes have been used for 

the determination Gf sGrbitGI_ and mannit~ol by C-LC in phaITECeu- 

bicals (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) 

contalning N-substituted [(&boronophenyl)methyl]ammonio groups 

see c29d. &?ylbGron polymers hzve been used for the isolation 

of nucleotides and amino acylated nucleotides (45). 
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