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-i. RBVIEWS .AND SL.ICIARIES~- 

-. Syntheses and uses oforganoboranes iti organic research are 

outii.ned in a new book (74) and a summary by H.'C. BRGWY also 

describes the utilization of boranes in organic chamistry (55). A 

relatively brief. article illustrates the use of organoboron 

derivatives as selective agents for o- rganic syntheses (259) and 

dynamical processes in boranes, borane complexes, carboranes and 

related compounds have also been reviewed (121). A detailed discuss 

of three-center bonds in electron deficient conpolunds on the basis 

of the localized molecular orbital approach (124) certainly is of 

interest to the boron chemist. 

Other reviews are concerfied with the chemistry of boron sub- 

halides (1231, rearrangement reactions in organoboron chemistry (28(i- 

the coordination chemistry of the I-pyrazolylborates (1221, as well 

as the properties, structure and.methods for preparing the covalent 

tetrahydridoboratea of several metals (205). An evaluation of the 

flame retardant potential of some 25 organoboron compounds having 

various different structures (157) presents some guideLines for 

future work. 

2. TRICRGANGBORANES AND RELATED SFECIES 

2.1 Syntheses and Reactions 

The hydrcboration of 2,4-dimethyl-1,4-pentadiene and 2,4-di- 

methyl-1,5-hexadiene to yield the dimeric species bis(3,5dimethyl)- 

borinane, I, and bis(3,6-dimethyl)borepane, II, respectively, has 

now been described in detail (147) ; the two heterocycles should 

.:: J--J>9;; ;;pH>EQ .. 

CH.. -. 
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be extremely valuable as reagents for free-radical reactions of 

organoboranes. 

Hydroboration of 1,5-hexadiene with borane in a 3:2 molar.ratiO leads 

to the borepane III, which can be thermally isomerized to yield IV. 

When the latter is treated with additional borane, BH3, 2-methyl- 

IV 

borinane and borepane are obtained (223). 

The reaction of lithium tetrahydridcborate with 3,k-bis(dichloro- 

boryl)-2,2,5,5_tetramethylhexane (48) can be described by the follow- 

ing equation: 

(CH3)3C-~~~C12-~~~~12-~(~~g)g + 4 LiBH& -+ 

4 LiCl + 2 B2Hg + Ci0H2CB2H4 

The structure of the resultant organcborane is supposedly analogous 

to that of the cyclic organodiborane(6) species obtained by the 

hydroboration of butadiene. 

A detailed description is given for the preparation Cf trimethyl- 

bcrane in high yield from the reaction of tritg-butoxy)borane with 

A12(CH3)3C13 (221); triethylborane can be obtained in similar fashion 

from boron trifluoride-etherate and triethylaluminum. A modified 

procedure for the preparation of 9-borabicyclo(3.3.1)nonane has also 

been described (246). Triphenylborane is readily ob-tained from the 

thermal decomposition of trimethylammcnium tetraphenylborate; a 

detailed procedure for the preparation of the latter reagent is now 

also available (137). 

Refhenees p_ 249 
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Pyrolysis of &im&hyiborane in a closed tube at 4500 yields 

material- having the composition (BCH ) (C&2)& (189). A structure 
36 

.~similar to that of adamantane has been proposed for the material. 

strtictxre, based on nuclear magnetic resdnance data, is me in whi 

the BCH 
3 
groups are linked in the cage structure via methylene 

bridges. 

Pyroly&s of pyridine.i(2-benzylphenyl)borane or of pyridine-(, 

benzhydryf@henyl)bora2le provides access to the 9,10-dihydro-9-bora 

anthracene system (14); the products were isolated as the ethanol2 

esters, V. 

-. tic'@ 

.j?"2 
C5H5N 

pyrolysis 

hydrolysis; 

ethanolamine 

R 2/ 
C 

&Q B 

P 
NH2 
I 

H2C -CH, 

Similarly, pyrolysis of pyridine-(2-tiphenyl)borane proceeds as 

shown: 

Several derivatives of the borepinothiophene system, VI, have 

been preaared by converition& syntheses; remarkably, the ultraviole 

spectra of these organoboranes are very simlar to that of Cropone 

(285). 
?J==JJ 

B 

VI 
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(2-Alkoxyvinyl)boranes can be obtained by the_hydroboration of' 

acetylenic ethers with tetraalkyldiborane(6) or diborane(6) (38): 

(RBH2>2 f R'OCWH - R'OC-CH=CH-RR2 

BH3 + 3 ROCmCH - B(CH=CHORj3 

The tris(trans-2-alkoxyvinyl)boranes are stable to at least 130°. 

On treatment with alcchols, one or two of the-boron-carbon bonds 

cleave to provide (alkoxy)vinylboranes. -The latter compounds can also 

be obtained by a l&and exchange reaction, e.g.: 

B(OR)3 + R(CR=CHOR')3 - (R0j2R(CH=~H0Rtj + RoE(cH=CHoR~)2 

StePiCallY pure Z-cis-silylated vinylboranes have been obtained by 

the reaction of chlorotrimethylsilane with alkali metal trialkyl- 

1-alkinylborates (207). This latter reacticn is depicted in the 

following equation: 

Ra(%.R-C&-CH3j C ClSi(CR3j3 -+ R2R-CR=CCH3-Si(CR3)3 f KaCl 

Hydroboration of alkynes with disiamylborane Yields vinyl- 

boranes which, upon addition to tetrahydrofuran solutions of the 

hindered base lithium 2,2,6,6_tetramethylFiperidide, produce a red 

solution (79). The latter supposedly contains a boron-stabilized 

carbanion. Additional representatives of such boron-stabilized carb- 

anions have been described elsewhere (53) and the triphenylcarbenium 

ion has been stabilized with BH 3 (224). The reaction of t_-butoxy 

radicals with diborane(6) has been shown (71) to yield t_-bctyl 

radicals. 

Interesting studies of the chemistry of allylboranes are 

continuing in the laboratories of B. M. MIKHAILOV. It has now 

been found (7.2) that, in contrast to the reaction of triallylborane 

with 1-chloro-3-methyl-1,2-butadiene, allene or 3-methyl-1,2-buta- 

diene react with triallylborane only at elevated temperatures to yield 

Referencesp. 249 
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derivatives of 3-borabicyclo(.3:3.$)nonane as. shown in the followin, 

,equtitioni 

.. d .c?"l/T&% :_ CF2=C=CH2 + B(G3H5)3 -’ 

The illustrated product can be hydrogenated to .the B-E-propyl 

derivative (46). If the latter is reacted with tetra-s-propyldi- 

borane(6) hydroboration occurs to produce VII. This latter compoun 

rearranges on-addition of pyridine to yield tri-g-propylborane and 

the pyridine adduct of a l-boratricyclodecane, VIII. 

VII 

VIII 

Triallylborane reacts with l-ethynylcyclohexene to yield the cyclic 

organoborane IX, which thermally rearranges to X (39). Methanolysis 

of this product results in the replacement of the boron-bonded C H 
35 

group by 0CH3, and the resultant material was found to undergo a 

DIELS-ALDER reaction with maleic anhydride to produce the ~uolycyclic 

system XI. 

c3H5 

W 
- C3H47J4-J 

'C H 

IX 

CH30-;&-p 

X 

XI oc\o/co 
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Tris(2-methylallyl)borane is less reactive towards acetylene 
_' 

or l-hexyne than triallylborane. For example, reactionwith.acetylene 

requires the use of an autoclave and temperatures of 140-150° (40). 

Pepending on the ratio of reactants, the novel boranes XII or XIII 

are obtained. 

XII 

Triallylborane reacts with l-methylcyclopropene by 

(a) cis addition of the diallylboron and ally1 fragments to the double 

bond of the alkene leading to the formation of (cis-2-allylcyclo- 

propyl)diallylborane, 

-CCH3-CH2-CH=CH2, 

and by 

(b) cleavage of an annular bond of the alkene, whereby diallyl(2- 

methyL2,5hexadienyl)borane, (c~H~)~B-CH~-CCH~=CH-CH~-CH=CH~, 

is obtained. 

It was found (14) that the addition reaction occurs with ally1 re- 

arrangement whereas in the ring cleavage reaction the configuration 

of the ally1 group is preserved. 

The reaction of l-methylcyclopropene with trialkylboranes in a molar 

ratio of 2:i seems to involve only ring cleavage and subsequent 

allylic rearrangement (24)., as is illustrated below: 

HCy,C-CH -i- BR 
3 3& H2C=CCH -CHBRz-B 

3 
-c 

cH2 

B2B-CH2-CCH3=CH-B 



XIV xv 

Compound XIV slowly cyclizes subsequently under formation of XVI. 

XVI 

On slow heating to 130° the cyclization occurs more rapidly and, 

those conditions, XV isomerizes to XIV. Rapid heating of the equi- 

librium mixtwe to i30° also prompts the cyclization of XIV to XVI 

b;lt XV is converted to XVII. 

C-+-B CH2 ’ 
J 

XVII 

In other work (214) 

2,2'-bipyridine has 

complex formation between triallylborane and 

been &udied. 

Hydroboration of 3-phenyl-1,2-butadiene with disiamylborane 

produces--a_ kbstituted allylborane, &, disiamyl(J-phenyl-Z-but- 

'enyl)borane., CH3-"C6H5=CH-CE2-ER2 (88). The species undergoes the 
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typical organoborane reactions with unsaturated compounds and a 

six-membered transition state involving allylic-rearrangements was .. 

discussed for these processes. 

(Allyl)aminoboranes are isoelectronic analogs of l,&-dienes 

which have been found to undergo a photochemical reaction involving 

the 1,3-shift of an aminobory 1 fragment to yield an isomeric species 

(222). But-l-en-3-yl(dimethylamino)ethylborane, (CH3J2N-BC2HS- 

CHCH3-CH=CH2,. is a rather stable (allyl)aminobcrane (146). Only when 

the compound is treated for several hours at 150°, thermal isomeri- 

zation to yield (CH ) N-BC H -CH2-GH=CHCH 
32 25 3 

is accomplished. The 

rearrangement follows first order kinetics with the equilibrium 

being completely in favor of the latter compound. 

2.2 Applications and Physicochemical Studies 

There seems to be no end to new applications of organoboranes 

in organic syntheses. A novel, general route from trialkylboranes to 

the corresponding carbon structures involves the base-induced 

reaction of boranes with Q%-dichloromethyl ethers (235,237); for 

example: 

base 
RR'R"B + CRC12OCH 

3 -HC; 
RR'R"C-BCi-OCR 

3 

Other work (261) shows that pyridine promotes the 1,Laddition of 

tricycloalkylboranes to crotonaldehyde. Anodic oxidation of trialkyl- 

boranes (268) is a new type of alkyl coupling reaction of the organo- 

boranes. 

Details for the synthesis of N-acylamidines by the interaction 

of primary amides with nitriles in the presence of trialkylboranes 

have been reported (8). In this procedure, dialkylborylacylamidinates 

are obtained as intermediates; these can be-hydrolyzed to give the 

respective N-acylamidines, B-CO-N=CR'-NH2. A very convenient method 
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: 
: for. the-p&oaratioh:of the dialkylborylacylamidinates iuvolves thq 

.direct ,tiynthesis.-as.depicted below (2761: 

One of the boron-bonded alkyl groups is readily displaced with ace 

acid to give the corresponding B-acetoxy derivative. The StZWCtUZW 

of these chelates was confirmed by boron-11 (dI1 B -5 pprc) and protc 

magnetic resonance studies as well as by infrared spectral data, 

iJhen (2,Lpentanedionato)dipropylborou or (bensimidoylbenzamidina~ 

dibutylboron is heated with carboxylic acids, one alkyl group On tt 

borer- is replaced by acyloxy ; the chelate ring remains intact 

(273). The acyioxy group cm subsequentl;r.be replaced by an organoc 

group. 

Y e/Y + RCOOH - 
'B 

%$jJ 

x' 'x x' 'OOCB 

Triethylborane reacts with 

0-(dfethylboryl) derivatives of 

2 B'CH=C(N02)-R" + BR3 4 

__. 

X"OB' 

X = C3H7 

Y = 0, NH 

nitro olefins to yield dimerio 

aci-nitroafkanes (278): 

FL”-C-CRRR’ 

04-O 
&I 
Li 

E;P i ‘2 
o-;-o 
B"-C-CHFLR' 

R = C2H5 

The structure of these coordinated cyclic species was confirmed by 

elemental analysis and spectroscopic data. Identical products are 

obtained by reacting diethylhaloboranes with sodium salts of aci-. 

nitroalkaxes (290). On standing the products rearrange spontaneously 

as shown below: 



(CH+R'=NC-Caa,), _ 

B2B-C 

t 

cH3~CB*=Nd 

) 

: 203 

The light-induced reaction of bromine with thexyldialkylbor~~es 

(257),and with boracyclanes (279) in the presence of water has,been 

studied. In the latter case, ring contraction of the boracyclanes 

OcCUPS to produce carbocyclic structures; Also, N-bromosuccinimide 

has been used as halogenating agent for the Gbromination of tri- 

organoboranes in the presence of water (42). 

Other applications of organoboranes incluae the polymerization 

of acridine with trialkylboranes (175), of vinyl bromide with an 

alkylboron c&calyst (156), of N-carboxy-c&amino acid anhydrides by 

organoboranes (l?l), as well as the preparation of organoboron surf- 

actants (210) and a study of the gotentials of organoboranes as flame 

retardants (157). 

The oxidation of small quantities of trinethylborane was found to 

initiate the oxidation of isobutane under conditions where the latter 

is normally stable (244). In a study of the trialkylbcrane/oxygen 

system .for radical polymerization by the spin trapping technique 

it was shown (ISO), that not only alkylperoxyboron radicals but also 

alkoxy radicals are formed and together they initiate the polymerization 

process. 

Infrared spectroscopic data as well as X-ray diffraction studies 

indicate that tris(ferrocenyl)borane exists in two different solid 

modifications (289), both of which are remarkably air stable. The 

crystal and molecular structure of bis-9-borabicyclo(3.3)nonane has 

been determined by X-ray diffra&ion (172). The molecule exists in 

the twin-chair form with fiattened six-membered rings. An X-ray study 

of trimesitylborane (149) has confirmed the propeller conformation of 

the molecule in the crystal lattice; on the basis of nuclear magnetic 
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resonance data, this form..i's retained in solution at. low temperatu 

However; at higher temperatures, rapid stereoisomerization occurs 

has been interpreted in terms of a two-ring flip mechanism. 

The existence or (~dialkylaminc)dialkylboranes, R2N-(CH2jn-Bi 

as equilibriu& mixtures of cyclic B-N coordinated and linear molecu 

forms is supported by boron-i1 and proton nuclear nhgnetic resonana 

data (23). 

Horon-carbon coupling constants have been determined by carbon 

rmclear magnetic resonance spectroscopy (29) for various organobora 

species such as triethylborane, triphenylborane, the teraphenylbora 

anion, BH,CO and BH3CN- as well as for some vinylhaloboranes. The 

coupling constants were found to be very sensitive-to the symmetry 

of.the field surrounding the bcron nucleus. Molecular orbital 

calculations on vinylborane (297) seem to indicate the existence of 

a considerable amount of boron-carbonGbondin& in vinylboron compo 

3. ORG~P~OHALOBORA?IE5 

A new route to alkJldichloroboranes involves the reaction of 

olefins with dichloroborane-etherate in the presence of an equimola 

quantity of boron trichloride (78). The reaction can be depicted 

by the following equation: 

HBCL2=L + BC13 + ;C=C’\ - -,H-;-Xl, + BC13*L L = ROR' 

The reaction of chloroborane-etherate with alkynes has been used 

iA similar fashion for the preparation of dialkenylchloroboranes (1 

2~ BC=CB + BH2Cl - (HRC=CB)2BCl 

In this context -it may also be noted that dichloroborane exhibits az 

enzyme-like seiectivfty and a remarkable speed f'or deoxygenating 

3liphat'h sulf c&d& (#?;' this reaction is shown below. 

B2S0 -GIBC12 ,. R2S + HOBC12 
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Cyclopentadienyldishloroborane has been prepared by adding sodium 

cyolopentadienide to liquid boron tricbloride (173) . Apparintiy, the 

salt Na(C1 BC H 
3- 55 

) is formed initially end decomposes near 300* under' 

formation of the desired material. As indicated by proton magnetic 

resonance data, the structure of the compound is most likely as shown 

(XVIIi); however, XVIII can be deprotonated to give XIX. 

BCl* 

6 

H 

H 

EC12 

0 -.- 0 8 
XVIII XIX 

Secondary or hindered trialkylboranes , BS3, react with chloro- 

difluoromethane, ClCHF2, in the presence of lithium triethylmethoxide, 

LiOC(C2H5)3, to produce highly hinderad esters of &alkylfluorobcronic 

acids, R3C-BF-OC(C2H5)3 (201); the latter are remarkably stable to 

oxidation or alkaline hydrolysis. 

Alkyldichloroboranes react with organic asides in benzene solution 

with the formation of aminoboranes (77). The latter are readily 

RBC12 -i- B'N 
3 

+ FWN-BC12 + N2 

hydrolysed; the reaction provides a facile synthesis of secondary 

amines. 

In similar fashion,organodichloroboranes react with 2-iodoalkyl 

azides to produce/%iodo secondary amines which, on treatment with 

base, undergo ring closure to give N-organ0 az+ridines (226). - 

At low temperatures alkyl- o r aryldichloroboranes establish an 

equilibrium with ethyl diazoacetate (l?L;); 

EBCl2 + N2CHCOOC2HS 

which is followed by loss of nitrogen from the saltlike.str@zure 
-' 
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206 

and.cooourrent or subsequent-migration of the B group or chlorine 

boron to.carbon. The experimental data suggest.a decrease in the 

migratory .aptitude in the order aryl) alkyl> chlorine. : 

Alkyldich&oroborane-etherates react readily with 0;s molar 

equi%alent of oxygen, which-can be depicted by the following equal 

(227) : 

RX12 + 02 - R02BC12 

REX12 + R02BC12 - 2 ROBC12 

However, the second reaction step is decreased drastically in the 

presence of diethyl ether. Consequently, in a solution of the latt 

the reaction proceeds to take up one molar equivalent of oxygen ar 

hydrolysis of the reaction product provides alkyl hydroperoxides. 

.Boron trichloride reacts with cyclic alcohols to give the 

corresponding alkoxydichloroboranes, ROBC12; the latter decompose 

readily to form alkyd halides (242). The reaction of boron trihali 

with phenylacetylene leads to a mixture of (2-halo-l-phenylvinyl)- 

dihaloboranes and (2-halo-2-phenylvinyl)dihaloboranes (298). Subse 

reaction of these boranes with additional phenylacetylene produces 

bis(vinyl)haloboranes and tris(viny1)borane.s; the preferred sterec 

selective formation of specific materials in these reactions has t: 

discussed in terms of different reactivity . 

The standard enfhalpies of formation of g- and E-tolyldichlor 

borane and, in conjunction with other data, the boron-carbon bond 

energ$esof the two compounds have been determined (296). Based on 

these data it was concluded that the electronic effect of the park 

methyl group on the B-C bond energy is small, but the ortho methyl 

substituent imposes a considerable steric effect on the boron-carb 

bond of aryldichloroboranes. 

Finally, the halide B8F12 hasbeen synthesized and was found 

-react-with oarbon monoxide to give the &usual compound (BF2)3RC0 



207 

4. CIiALCOGEN DERIVATIVES OF ORGANOBORANES 

4.1 Organoborcn-Oxygen S.pecies 

Hydrobcration with tetraalkyldiboranes(6) has been used-(25). 

for the preparation of l,2-oxaborepanes as -illustrated below: 

(R2BR)2 + CE2=CH-CH2-CH2-CG-CB 
3 

- 

BR, + cH3 
CH3 

2 + 

> 

I! $. 

The 1,2-oxabcrepane ring is readily cleaved with halogenating agents 

such as phosphorus pentachloride or phcsphorus pentabromide. 

Lithium tri-g-bctylvinylborate reacts with methyloxirane to yield the 

1,2-oxaborinane, Xx, probably via thermolysis of a cyclic borate 

intermediate (260).The reaction of lithium trialkylalkynylborates with 

acyl chlorides has been used in a novel preparation of 05 
a$- 

unsaturated 

ketones (262). The reaction proceeds via Z-oxa-3-bororenes, XXI. 

CH3 
‘C-r’ 

:c! ’ \,P 
I 

xx XXI 

Pyrolysis of trimethylborane with ethylene glycol at 380' 

yields 2-methyl-1,3,2-dioxaborol&ne, XXII (103); the gas phase 

reaction of l,l-dimethyldiborane(6) with oxygen at 80° .affords 

2,5-dimethyl-1,3,4-trioxadiborolane, XXIII, as the ultimate product 

(30, 140). Nass spectral and infrad data indicate that in this latter 

process dimethylbcryl hydroperoxide, -(CR3)2B-O-OH, is formed as 
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I I 
CEgYB\O,B-CHg 

XXIII 

an unstable intermediate product, which cocondenses to the borolanti 

or may also rearrange to form dimethoxyborane. 

_ Several new arylhydroxy(alkoxy)boranes of the types XXIV and 

IMV have been prepared by the interaction of lithium derivatives olj 

alkoxyphenols with tris(methoxy)borane, B(OCH3)3 (247). A new 

OCH 

# &wy2 
XXIV 

B = H,.aIkyl 

procedure for the preparation of alkoxyboranes, (RO>3_nBq, involve: 

the interaction of the corresponding alkylthioboranes and tris(alk; 

thic)stibines (64). Ligand exchange occurs in an exothermic reaction: 

and the products are readily separated by distillation. 

(Di-n-butyl)phenylthiob@rane reacts with ketene at low tempera1 

under formation cf a vinyloxybcrane (5): 

.H2C=C=0 + B2B-SC6H5 - H$=C(SC#+0-BR2 B = C&H9 

An alternate procedure for the @reparation Of vinyloxyboranesinvolv 

the reaction of trialkylboranes with EC-diazocarbonyl compounds (231) 

BR_3 .+ ,~2CH-C(0)B' - RCH=CR'-O-RR2 + N2 

-: 

.?&yloxybo&.nes may be quite useful reactants in.organic-syntheses. 
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For example, with carbonyl compounds the followitig reaction has been 

observed (5): 

R1R2C=CR3-0-BR2 -I- R4R5C= - R3CO-CR2R1-CR4R5-0-BI$ 

Various organoboron heterocycles of type XXVI have been prep&vd 

by the interaction of tris(dimettylamino)borane, bis(dimethylaminc)- 

phenylborane, or dichlorophenylborane and g-amino(hydroxy)benzene- 

carboxylic acids(amides) (102). 

0 

CC-XH 

YH + Z$R - 2Hz+ 

X = NH, 0 XXVI 
Y = NH, 0 

2 = N(CH3)2, Cl 

R = N(CH3J2, C6H5 

Compounds of type XXVI which contained at least one anular nitrogen 

atom were found to be hydrclytically quite stable, probably due to 

intermolecular association. 

The interaction of diphenyl(isobutoxy)borane and amino hydroxy 

derivatives leads to coordinated cyclic species (481, e.g.: 

HC-CHR 
21 

R'R~~N-cH~-CROH-R + (C6H5)2~-0-~4H9 - 
I 

.'R"N\y ,0 + C&,OH 

RB\ 
‘gH5 ‘gH5 

The reaction proceeds even in those casss where R' or R" are fairly 

bulky groups. The diphenylboryl group isreadily removed by trans- 

esterification with 1,3-propanediol or via oxidative .elimination of 

phenyl(dihydroxy)borane. 

Diphenylboron esters of type XXVI undergo a thermal rearrangement 

to give XXVII (49). 
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The latter compounds can also be obtained by the direct esterifi 

of phenyl(dihydroxy)borane with the corresponding aminoalcchols 

.or aminophenols. 

Diphenylhydroxyborane or 2-alkoxy-1,3,2-benzodioxaboroles react Y 

Pi aminoenones-to afford chelated compounds (264): 

do =_CR” ’ 

R2BX + HR'N-CR"=CH_C!R"'=O - R2B 
\ ._C,,>H 

B’ 

The structure of the latter was confirmed by proton magnetic reso 

studies. The non-equivalence of the two annular atoms bonded to b 

does not effect the stability of the chelates to any appreciable 

extent. 

g-Butyllithium reacts with tetrakis(trimethylenedioxyboryl)- 

methane to yield the lithium salt of the tris(trimethylenedioxybo 

methide ion (229): 

/ o-cH2\ 
4 + LiR - LiC + R-B 

\ /H2 

3 
O-CH2 

The salt can be isolated; it acts as a strong base, e.g., it abstl 

proton from dimethylsulfoxide. Vowever, the salt need not be isol? 

3ut can be'used in situ for other reactions. For example, reactior -- 

of the salt with'triphenyl derivatives of metals such as germaniun 

tin, or lead provides compounds of type XXVIII (119). 
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Subsequent treatment of XXVIII with r+butyllithium results. in cleavage 

of another boron-carbon bond and the obtained lithium salt can. 

react with elemental iodine to give XXIX, or again with a triphenyl 

metal derivative to give XXX. This process can be repeated to give 

acces to a variety of similar novel materials. The cleavage of a 

XXIX 

boron-carbon bond via treatment with e-butyllithium (or lithium 

methoxide) can also be effected on tetrakis(bismethoxyboryl)methane 

(120). Though the lithium salt was not isolated, reactions with 

triphenyl derivatives of metals such as those cited above are 

possible. 

The reaction of indenyllithium with chloro(dimethoxy)borane, 

C1B(OCH3)2, at low temperatures yields l-indenyl(dimethoxy)borane 

in small amounts (293). The proton magnetic resonance spectrum of the 

compound suggests the presence of an allylic structure; this conclusion 

is also supported by boron-11 nuclear magnetic resonance data; no 

vinyl isomers were observed. It is interesting to note, however, that 

the action of water on l-indenyl(dimethoxy)borane leads to cleavage 

of the boron-carbon bond, whereas an analogous reaction of water 

on allyl(dialkoxy)boranes yields the anhydride of the corresponding 

allylboronic acid. 

Triphenylborane reacts with organic peroxides or organoboron 

peroxides even at room temperature (36). Analysis of the reaction 

products and the observed kinetic relations indicate that in the 

first stage of the reaction a radical mechanism predominates: 

B(C6H& + BOOS' - 
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-With in&ea&g &onc&ratiori of oxidation products, these latter 

&a$ interact with-the excess of.triphenylborme, Further oxidatior 

of boron-carbon bonds is effected heterolytically. Alkaneboronic 

esters, =(OR')2, react with (n-CqHgO)2B-0-O-&C4H9 primarily by 

a molecular reaction though a radical mechanism can be-substantiai 

as a second mode (99). Also, the photolytic decomposition of. orgar 

boron peroxides has been studied (35) ‘and a probable reaction sche 

for .that@ocess has been advanced. 

The low temperature nuclear magnetic resonance spectra of 

alkoxydialkylboranes can be explained in terms of flip mechanisms 

for stereoisomerization (150). Analysis of the isomerization proce 

gives evidence of restricted rotation about a boron-oxygen bond. 

The kinetics of the.Lewis acid-catalyzed dealkoxyboronation c 

esters of trans-2-ethoxycyclohexane-dihydroxyborane in a variety c 

donor solvents have been studied (288). The dealkoxyboronation 

reaction seems to proceed via a concerted anti elimination transit 

state in.which two donor molecules are associated with the incfpie 

boronium ion. Relative rate studies on the mercuri-deboronation of 

(dimethoxyboryl)methanes, XCH2-B(OCH3)2, with mercuric chloride 

illustrate the dependency on X for that process (199); the result: 

were satisfactorily interpreted on the basis of a cyclic three-cer 

and four-center electron pair bonding in the transition State. 

Two different crystalline forms of bis(ferrocenyl)hydroxyborz 

have been isolated; they exist as separate entities even in solutj 

(289). Ferrocenylboronic anhydride exists as a cyclic dimer and 

trimer. 

The Light-induced reaction of dialkylhydroxyboranes with bron 

in the presence of water provides a simple procedure for the prep: 

ationof highly substituted tertiary alcohols (256). Trans-l-alker 

hydroxyboranes react wFth iodine in alkaline medium (I&-&) to yielt 
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the corresponding trans-l-alkenyL .iodides. 4,4,6-Trimethyl^l,3;2-di- 

oxaborinane has been used for the hydroboration of several olefins 

(13). This reagent is more stable than most other common hydroboratin& 

agents and the hydroboration products can be directly isolatedand 

identified. 

The reaction of borane with alcohols leads to acid-base adducts, 

ROH;BH3, as well as to alkoxyhydridoboranes, CRO)nBH3_n (11). 

Apparently, adduct formation is the initial step in the interaction 

of borane and alcohols and the bimolecular rate constant for the 

reaction of BH3 with 2-propanol is estimated to be 10 
8 - 

liter / mol x 

set at 450°K and a total pressure of 4.5 torr. 

Finally, a dihydroxyboryl substituted polymer has been used for 

the column chromatographic separation of neutral sugars (269). 

4.2 Compounds Containing the B03 Group 

The preparation of tristsec. alkoxy)boranes and their reactions 

with acetic anhydride or acetyl chloride has been reported (83). 

Tris(tri-n-butylgermyloxy)borane and several 2-tributylgermyloxy- - 

1,3,2-dioxaborole, -borolane, and -borinane derivatives have been 

prepared by the reaction of tri-n-butylgermanium derivatives with 

appropriate boron compounds (203)- The liquid materials are readily 

distilled and the B-0-Ge antisymmetrical stretching mode was found 

as a strong absorption near 1310 crnsl. 

Tris(tributylstannyloxy)borane, BCOSIIR~)~ (R = C4H9), has been 

obtained by the following reaction (22): 

2 B(OH)3 + 3 (R3Sn)20 - 2 B(OSnR3)3 -I- 3 H20 

The formation of B-0-Sn bonds has also been accomplished.by the inter- 

action of diois , boric acid and bis(tri-n_-butyltin) oxide. A 

strong and broad infrared absorption in the 1275-1290 cm-' region 

was assigned to the antisymmetric B-0-Sn stretching mode. 
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.Verious other boron-substituted derivatives of X,3,2-dioxaborolane 

_hape been reported .(178), in which the exocyclic boron substituent 

-ikb, Cf? I&, I,.NH2, NHCH3, .N(CH3)2, P(CH3)2, and CH3. 

!&imet;hc-xyborene reacts readily with salicylhydroxamic acid i& 

acetone solution under formation of a boron chelate (251). Low-spir; 

iron(I1) clathro chelates have been prepared in a simple one-step 

synthesis using iron salts, dimethylglyoxime, and either boron tri, 

fluoride or boric acid (%).The resultant cage complexes, xXxX, 

exhibit high thermal stability. 

XXX1 

X = F, OH, OCH 
3' 0C2H5, 

0-A-C3H7, 0-@4H9 

Trialkoxyboranes do not form Lewis acid-base adducts with 

nitrogen bases (176); rather they form onium salts in which the anic 

is a tetraalkoxyborate ccmplex. Thermodynamic properties have been 

elucidated for some of these complexes, e.g., piperidinium tetrametl 

oxyborate (177).Also, thermodynamic properties have been determined 

for some substituted aryloxyboranes(271) and a mechanistic study 

describes the thermal cracking of tris(&phenylaminoethoxy)borane, 

B(C-CH,-CH2-NH-_C6H5)3, which leads to reasonable yields of indole (1 

The mass spectrum of tris(methoxy)borane indicates the facile 1 

of:a CH30 unit as the most dominant process (181). The heat of 

formaf;ion of gaseous tris(phenoxy)borane has been determined (179) 

and.was.used to Galculate a mean boron-oxygen dissociation energy 

of 437. l$mol- 
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The structure of tetraacetyl diborate has finally been clarified 

by an X-ray crystallographic study (183). The observation of 'two. 

abnormally long B-O bonds (1.56 8) and two rather short ones (1.38 8) 

was interpreted in terms of detailed valence neutralization.Other 

structural studies include &I X-ray diffraction anal_ysis of B-tri- 

ethanolamine (1.69) and of the trihydrate of tri-~~propanolamine 

borate, N(CH2-CH2-CH2-O- )3B (3). The latter molecule was found to 

have a threefold axis with a transannular B-N coordinate bond of 

1.67 2 and the six-membered rings 

Proton magnetic resonance studies 

boranes and tris(allyj_oxy)boranes 

found to readily lose a CH30 unit 

A crystal structure determination 

have chair configuration. 

have been reported on tris(aIkoxy)- 

(187) and tris(methoxy)borane was' 

under electron impact (181). 

of meso-2,4-pentanediolhydroxy- 

borane, XXXII, by X-ray diffraction (232) has shown that the B(OCj2 

fragment is nearly coplanar. Also, the crystal structure of POtaSSiUm 

boromalate monohydrate has been studied (240). 

Boron-11 nuclear magnetic resonance data indicate that the inter- 

conversion of boric acid and the tetrahydroxyborate ion is pE% dependent 

in aqueous solution (230). The interaction of borate anions and 

1,2-dioles at pH 12 leads to 1:l and 1:s complexes; these are readily 

identified on the basis of their boron-11 chemical shifts, i.e., 6.1 

and 10.1 ppm respectively; shift ValueS for 1~1 complexes of borate 

ions with 1,3-dioles are 1.5 ppm. 

Various spectroscopic data have been recorded for boroacetate 

complexes of several 
P 

diketones &d ketoestkrs (291). The infrared 
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spectra of.these materials, XXXIII, are characterized by absorpti 

for the chelate group at 1540-1600 cm-i, for the C-C-C arrangemer 

1490-1570 cm-l, and boron-oxygen stretching modes at -1365-1385 ar 

1040-1.075 cm-l respectively. 

Chelating agents such as 2-hydroxyacetophenore or salicylaldehyde 

form difluoroboron chelates (109). Three different basic types of 

materials were prepared in which the BF2 group is linked to eithe 

two oxygen atoms, two nitrogen atoms, or one oxygen and one nitrc 

atom. On the basis of the experimental data it was concluded that 

stable chelates can always be obtained if the resultant cyclic sy 

contain six annular atoms and two formally conjugated bonds. 

Bis!aminodiacetatoboranes) of the type B(OOC5)2NH2 2 with B = 

CH3_nXn (X = F, Cl, Br) have been prepared by the reaction of B-t 

chlcroborazine with the appropriate acetic acid derivatives (4). 

structures of the species were elucidated by infrared and nuclear 

magnetic resonance spectroscopy and a detailed procedure for the 

preparation.of the parent compound (R = CH3) has been described e 

wher'e (138). 

Of interest to the synthetic chemist may be the observation 

boron trik(trifluoroacetate), B(OOCGF ) 
3 3' 

can be used equally we1 

as boron tribromide or boron triiodide for the removal of protect 

groups in peptide- chemistry under mild conditions (125). 

The ready determination of borate ion as phenylmerdmic borate by 

flameless atomic absorption spectroscopy (211) may be useful for 

.analytical.purposes. 
. 
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4.3 Sulfur and Selenium Derivatives 

Diborane(6) was found to react in toluene solution with thiophenol 

to yield phenylthioborane, C6H5SBH2 (32). The latter compound reacts 

slowly with ethers, but a freshly prepared solution of phenylthio- 

borane in tetrahydrofuran readily dissolves potassium tetrahydrido-- 

borate under formation of the Salt K[C6H5S(BH3)2j. The latter species 

was also prepared from equimolar amounts of potassium thiophenolate 

and diborane in toluene. 

Several thioboranes of the general formula (C6H5)nB(SB)3_n have 

been prepared by the interaction cf lead thiolate and the corresponding 

haloboranes (154). A boron-sulfur stretching vibration was assigned 

for these compounds in the 900-960 cm-' frequency range. 

Various derivatives of 1,3,2-dithioborolane, XGIV, have been 

described (178). These compounde are monomeric in solution and show 

H C-CH 
21 I 2 

s s 
‘/ 

R = F, Cl, Br, I, NH2, NHCH 

B 
3 

R N(CH3)2, P(CH3)2, CR3 

XXXIV 

greater thermal stability than the corresponding 1,3,2-dioxaborolanes. 

AlSOj several derivatives of &-methyl-1,3,Ldithiaborolane have been 

reported (TO). These compounds were found to react with phenyl iso- 

cyanate in 1:l molar ratio to yield ring expansion products of the 

type XXXV. 

B 
C6H5 

XXXV 

Other heterocyclic species containing annular boron-sulfur bonds 

are the two thiodiborole systems XXXVI.and XXXVII (l&j. The sulfur 
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bridge-in these materials is readily displaced by proton acti 

agents such as amines. 

Cysteamine (Z-aminoethanethiol) derivatives of boron contai 

skeleton B-S-CH2-CH2-NH as a structural unit. Such materials ha\ 

been prepared (195) as indicated by the following equation: 

c6H5B(SC2H5)2 + H2N(CH2 jZSH + 2 C2H5SH 

The resultant heterocycle readily dimerizes, a process which 

can be observed by a frequency shift inthe NH stretching mode f 

3425 to 3215 cm-l. 

Tris(dialkylamino)boranes react with cysteamine in a m-e1 

analogous to that depicted in the above equation. However, the 

resultant heterocycle is unstable and,in the reaction of tris(di 

aminojboranes with cysteamine, only the condensation product of 

monocyclic system, i.e., the borazine derivative XXXVIII, can be 

isolated (195). 

Tris(alkylthio)boranes react-with difunctional organic camp 

under formation of heterocyclic species (165) as outlined in the 

ftillowing equation: 

.., 
: I-I2C-NHCH 

I 3 
H;C-OH 

.’ 



219 : 

A different heterocyclic system iso obtained when bis- .- 

(methylthio)methylborane, CH3B(SGH3)2, is reacted with N,kj-dimethyl- 

hydrazine to yield an intermediate species, CH3S-BCE3-NCH3-NCH3- 

BCH3-SCH3 (6). The latter reacts with hydrogen sulfide affording the 

heterocycle xXx1X. 

Hydrogen sulfide reacts with boron trihaiides, BX3 (X = Cl, Br, I), 

under formation of the three possible species X2BSH, XB(SH)2,- and 

B(SH)3 (255). All of these are rather unstable and cyclize to 

afford (-BX-S-)3 or (-BSH-S-)3, respectively. The vibrational 

spectra of dihalothioboranes, X2BSH (X = Cl, Br, I), have been studied 

(17) and the boron atom was found to exhibit the same sp3 hybridization 

as in the boron trihalides. The boron-sulfur bonds in (-ESH-S-)3 

are considerably longer than expected (168) ; experimental values 

of 1.813 a (exocyclic B-S distance) and 1.803 8 (anular B-S distance) 

were determined. The bond distances in thioborane, HBS, are B-H = 1.169 

2 and B-S = I’.599 a {253). Electron diffraction studies on dimethyl- 

1,2,4-trithio-3,5-diborolane, XL, substantiate a nearly 

3-s 
CH B BGH3 

3 Ns/ 

XL 

planar arrangement for the anular atoms (92); the observed bond 

lengths are B-S = l-80 8, S-S = 2.08 8, and B-C = i.57 8. Similar 

values (S-S = 2.07 8, B-Cl = 1.76 8) were found for tne analogous 

B-dichloro derivatives (91). 

Proton and boron-11 magnetic resonance data demons&ate-that 
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~b~is(~aikylthio)(~dialkyl&ninca1ky1)boranes exist as equilibria 

mixtures of-linear and cyclic co&dinated.forms .(23): 

I 
R2N(CH2);B(SR')2 + (CH2)n 

B(SR')2 
f 

NR2 

The mass spectral fragmentation patterns of 4-methyl-1,3,; 

borolanes have been discussed in detail (70) and the mass spect 

of tris(methylthio)borane has also been examined (181). The lat 

shows a fairly intense peak for the parent ion, which is in COT 

to the spectrum of tris(methoxy)borane, where loss of a OCH 
3 

gl 

was foundto be the most dominant process. 

(Di-g-butyl)phenylthioborane reacts with ketene at low ten 

under cleavage of the sulfur-boron bond (5) to yield a vinylbor 

H2C=C=0 + R2B(SC6HS) d H,C=C(SC6H+O-B"2 

The exothermic reaction of thioboranes with trialkoxystibines I 

by ligand exchange (64); since the resultant alkoxybcranes and 

(alkylthio)stibines are readily separated by distillation, the 

can be utilized for the preparation of alkoxyboranes. 

The boron-sulfur bend distance in gaseous (methylthio)dimc 

borane, CH3SB(CH3)2, has been determined by electron diffractic 

1.78 8, (314) as compared to 1.80 g in tris(methylthio)borae (5 

Both molecules are essentially planar with B-S-C bond angles c 

and 104O, respectively, and sulfur-carbon bond distances of l.E 

Elemental selenium reacts with a wide variety of boranes, 

triorgancboranes, diiodoorganoboranes, dialkyldiborane(6),.tetI 

diborane(6), to yield triselenodiborolanes, XL1 (65). 

SASe 
B$ i HBR 

.’ Se 

\ XL1 : 

-_ 
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However, when diorganoboranes,- R2Bx.(X = H, I), are reactwed with 

elemental selenium or dicyclopentadienyltitanium pentaselenide, 

diborylselenanes, R2B-Se-Se-BR2, can be isolated. The latter decompose 

on thermal treatment to yield triselenodiborolanes, selenium, and 

triorganoboranes. 

Triselenodiborolanes react with hvdrazine or primary amines to 

form the ncvel heterocycles XLII and XLIII, respectively (65). 

Se -Se 
I I 

-B 
‘n/B- 

f3 

XL11 XL111 

5. BORON-NITROGEN CHEMISTRY 

5.1 Aminoboranes 

The synt'nesis of (amino)dichloroboranes by the interaction of 

alkyldichloroboranes and organic azides (77) has already been 

mentioned (see Section 3). Pyrolysis of trialkylhoranes with primary 

or secondary amines leads to (amino)dialkylboranes; If triethylborane 

is used, the addition of diethylborylpivolate catalyzes the reaction 

and provides for much milder conditions (26). Apparently, the catalyst 

forms an intermediate adduct with the amine, and this adduct slrbse- 

quentIy reacts with an additional amine molecule under transfer of 

the diethylboryl moiety: 

(~H~)~c-coo-~(C~H~)~ + 2 H,m - RHN-S(C~H~)~ +. R$-C(CH~)~C~; 

The salt, in turn, reacts with triethylborane to regenerate'the 

amine/catalyst adduct with the elimination of ethane: 

R?!JH;-C(CH3)3CO; + B&H& - C,H~ f (cH~)~C-C~O-B(C~H~)~~.H~NE 
. 
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:1- -:Several (amino)dimesitylboraes have been synthesized.by 

coqentional.methods an& were fcun;?. t& be fairly stable-to ai: 

water, and dilute. acid or base- (ZOCJ)~ 

BoFon trichloride reacts with &b-Jtyl-i;rimethylsilylaminc 

yield the aminoborke (CHg)3~i-NR-BC12 (R = t_-C&E$); at 130" 1 

compound elizninates chlorotrinethylsilane under formation of : 

borazocine, (-NlLlX1-),+ (1@5). 

Diborane(6) reacts with (methyl)phenyl isocganate 'to yiel 

N-mefh$l(phenyl)-N-borylformamide, which exists as a cyclic t 

(32B-NR-CR0)3 (180). It may also be noted that pentamsric amir 

(H2B-NH+ has been obtained gy the decomposition of a solutl 

[H,B(NH~)~]BQ in monoglyme in the presence of ammonia (5). PI 

more, it has been found that bis(ammine)boronium tetrahydridol 

will convert to ammonia-borane, H N.BH 
3 3' 

in polyether solutior 

contain diborane(6) (208). No hydrogen gas is evolved during 

process! 

The gas phase cryochemical reacticn of borer, trichloride 

ammonia leads to the formation of aminodichloroborane, H2N-BCI 

The infrared spectrum of the condensed species (-196~) has bee 

recorded but no assignment of fundamentals was attempted. 

The kinetics of rotational isomerization about the B-N bc 

E-substituted aryl(benzylmethylamino)chloroboranes were examin 

nuclear magnetic resonance studies. The rotational barrier was 

to decrease as the electron withdrawing power of the para subs 

(dimethylamino, methoxy, hydrogen, chlorine, nitro) increased 

A nlzmber of aminoboranes containing a B-N-Si, B-N-Ge, or 

grouping have been prepared by various organometallic reaction 

128). It is noteworthy that N-silylation results .in an enhance 

of..shielding at the adjacent boron nucleus as compared to N-st 

ation.(l28)..Also, several compounds of the type R,P(S)-NR'-BR 



223 

been described (129). Thiophosphoryiation at the nitrogen of an am&no-~ 

borane also results in deshielding of the boron atom which 'tras-corre- 

lated to a weakening of the boron-nitrogen bond. The unusuai amino- 

borane XLIV, containing a boracyclopentasilane ring has been synthesized 

(126) and was found t-o exhibit a- CL extremely low boron-nitrogen stretch- 

ing frequency at 1394 cm 
-1 . 

I 
N(CJ3J2 

Upon refluxing trialkylboranes with Z-aminop$ridine in tetra- 

hydrofuran, (Z-pyridylamino)dialkylboranes, XLV, have been obtained 

(73). The (Z-pyridylaaino)dialkylboranes can add to unsaturated 

.N o- NH-BR2 

XLV 

R b.p. (mm Hg) 

n-C3H7 83-35O (0.6) 

n-C4R9 113-i17O (@.7) 

i-C4H9 89-9o" (0.4) 

compounds to afford inner complexes: 

C5H4N-NH-BR., f HEC-0C,H5 + 

Supposedly, aldehydes, ketones, isocyanates, and isothiocyanates 

can undergo analogous reactions with the pyridylaminoboranes. 

Various photochemical studies on boron-nitrogen derivatives have 

been reportod. For example, a photochemical rearrangement i&olving 
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the-1,3&hift of an amino3oril fragment has beg described f,or 

aflyi(aalojbor&s (222):. 

'-1 (cH~)~N-BC~H~-CHCH~-CH=CH~ - (CH3j2N-BC6H5-CH2-CH=CHcH3 

The B-ethyl derivative of the former species has been found to 

-an an&logous isomerization on thermal treatnent at 15Co for se1 

hours (146). 

~(Methglphenylamino)alkylphevylbcranes undergo a general pkotock 

reaction, i.e., an excited state cleavage of a boron-alkyl bone 

This process is illustrated by the following example: 

This boron-alkyl cleavage has no parallel in the solution phase 

chemistry of the isoelectronic stilbene analogs! 

In carbon tetrachloride solution, tetrakis(dimethylamino)dibora 

also undergoes a photochemical reactiorl at 300 nm, ,affording 

primarily chlorotris(dimethylamino)diborane(4) (148). Howeve 

distinct solvent effect was observed for this reaction. Utilizi 

less chlorinated solvents such as chloroform, some hydrogenetio 

boron was fourd to occur; in methylene chloride, tris(dime5hyla 

borane was found to be the major product of the photolysis. 

Iminoborane derivatives containing the C=N-B skeletal unit 

generally linear when carbon substituelts are too bulky to perf' 

a bridging role .(x64). These conclusions are supported by an in 

and nuclear magnetic resonance study on [(t-C4H9)2C=N12= and 01 

[(t-ChH9)2C=N]3B; the latter apparently adopts a paddle-wheel Sl 

More definite.proof has beeri 'obtained by:a X-ray diffraction stl 

on (diphenylmethyleneimino)dimesitylbora?e (194). The BNC unit I 

thi~:&l&d.& has ail allene-like geometry.with a boron-nitrogen 

-.: 

-‘. ::._ . ..- 
::. 

-_. 
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distance of 1.38 8, a N-C distance.of 1.29 2 and a.B-N-C bond&&e 

of 173O; molecular orbital calcul_ations.indicate that the- B-N bonds 

Order is about 1.6, whereas the C-N bond order approximates 1.8.~ 

On the other hand, some boron-11 nuclear magnetic resonance and 

dipole studies (272) do not seem to substantiate the generally-assumed 

similarity of iminoboranes t0 allenes. These latter investigations 

were performed on some monomeric iminoboranes derived from the Znter- 

action of (dialkylamino)boranes and imine hydrochlorides as depicted 

in the following reaction scheme: 

(3-n) (C6R512C=NH2C1 + RnBb(C2H5)2]3_n 

b6Hs)2C=d3_nBR, + 
R = r+C3H7, g-C4Hg, C6H5 

A boronium salt intermediate was postulated 

n (C2H5)2xH2Ci 

for this reaction. 

A new type of iminoborane species has been obtained by the 

reaction of boron trifluoride with S,S-dimethyl-N-(trimethylsilyl)- 

sulfoximide, (CR3)3Si-N=SO(CH3)2, which proceeds to form 

Lminoboranes of the type F3 n B[N=SO(CH3)2]n (n = I, 3) (110). 

It may be of interest to note that &I initio molecular orbital 

calculations of the (non-existent) 1,3,2,4_diazadiboretidine, 

(-NH-?3H-12, have beeE reported (9). The data appear to indicate that 

this cyclobutadiene analog would be more stable by about 74.3 kcal/mole. 

than two iminoborane monomers, RX=BH. 

Among the most notable species containing the structural unit 

B-N-N are the l-pyrazolylborates. However, since most of their 

chemistry invclves transition metal cornFlexes in which they-.function 

as ligands, this grout of com2ounds.will be discussed in Section 7. 

Various other heterocycles containing an anular B-N-N arra,nge&ent 

have been prepared by the reaction of bis(methylthio)methylborane,. 
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.CH~R(SCH~~~, with hydrazines and. subsequent treatment with primary 

---.amines, water, or hydrogen sulfide (6,); For example, heterocycles o 

-type XLVl have:been described arkeven th e bicyclic system XLVlI 

is km&n; .:..-- 

XLVI XLVII 

The skeletal unit B-N-N is also found in several coordinated 

heterocycles which are best formulated ae inner salts. These were 

obtained (&I) when azidodicarbonic acid diethyl esters were reacted 

with trialkylboranes according 

R'-CO-N=N-CO-R' + 2 BBg - 

scheme.: 

. B'-CO-NH-NH-CO-R' 

R = CzH5, @& 

R' = 0C2H5, C6H5 

The .structure of the heterocyclic system was confirmed by infrared, 

proton magnetic resonance and mass spectral data. 

Boron-11 and nitrogen-14 nuclear magnetic resonance data have 

.been collected for a variety of aminoborane derivatives including 

heterocyclic species 

nitrogen-24 chemical 

contributions of the 
.’ 

&-bondi%. It is noteworthy that the nitrogen-14 nuclear magnetic 

containing ariular boron atoms (101). The observe 

shift data were discussed in terms cf relative 

free efectron pair on nitrogen to the boron-nitr 

re~on&ce'spectrum -of azidodimethylborane, -(CH ) BN 
32 3’ 

exhibits oirly 

two &..the three expected resonance lines (87). 
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Bis(r+butylamino)-g:butYlborane, .b.p. e3-85O (3 mm Hg), and : 

:ris&butylamino)borane, b.p. 87-90° (3 mm Hg), were prepared by 

standard procedures (112); their heats of combustion were experimentally 

letermined.to be -2158 kcal/mole and -2171 kcal/mole, respectively. 

?rom these data standard heats of formation were calculated for the 

;wo aminoboranes. Heats of combustion have also been determined for 

;ris(diethylamino)borane (136) and for (dimethylamino)methoxy-hutyl- 

lorane, (cH~)~N-B~CH~-C~H~ (135). 

Studies on tris(2,2-dimethylhydrazino)borane have shown (93) 

;hat the mclecule is planar with respect tc the B(N-N)3 fragment of 

;he molecule and the B-N bond distance was determined to be 1.42 8. 

Is determir_ed by X-ray diffraction (75), cyclotriborazane, tH28-BH2j3, 

;he inorganic analog of cyclohexane, exists in the chair form and the 

>cron-nitrogen bond distance is 1.58 8. An X-ray diffraction study 

rT97) has also sho-wn that [[C61i5)2P-BH2]3 exists in two crystalline 

nodifications (a, triclinic; 
P, 

monoclinic). The mean B-P distance 

If 1.85 2 seems to dispute any possibility for B-P d-bonding in that 

nolecule. Also, stuructural parameters of N,N-dimethylaminodiborane(6) 

iave been clarified 

tickel calculations 

amino)diborane(4), 

H2=CH-BH-NH2 (97). 

by microwave spectroscopy (155) and extended 

have been reported for the yet unknown bis- 

H2N-BH-BH-NH2, as well as for (aminojvinylborane, 

Finally, a practical application of aminoboranes deserves 

entioning: It has been found (130) that t-butylaminoborane forms energy 

enters for nondevelopable silver centers on silver halide surfaces. 

.~ 

eferences p. 249 



-.=a -<.:,: --:- 
: 1. 

:5i2_.B.~rbn-~itrogen_Carbon ~eterocycles:- 

: .: .&+.dine.&ibromide reacts with pyridine adducts..df-llalkyi- 

boroiatie.s under- cleavage ofthe bOrOltie ring (265) and this proc 

- -has been'uded 'for. the preparation of'(alkyl)(4-bromobutyl)alkoxybc 

Br(CH2)11-BR-ORt. .j "he latter react with bisaminoborties (37) as 

illustrated in the .following equaticn: 

2.3r(CH2)& -RR-OR + R"B(NHR)2 T 2. Br(CX2)4-BR-NRR + R"B(OR' 

If these same alkoxyboranes are reacted with primary amines, howev 

boronium salts are initially obtained. At higher temperatures, the 

latter decompose under formation of cyclic azaborines, as is shorn 

in the following sequence: 

BP(CH~)~-BE-OR f 2 RNH2 - 
Br -I- R'OH 

c loo-140° 

Alkyl(bromoalkyL)alkoxyboranes have also been izsed (100) for the 

preparabion of 1,2-azaborepanes: 

CH3-CHBr-(CFi2)4 -BR-0CH3 f 2 R'NH2 - 

CH30H + RNH3Br_+ 

0 

CH3 
P ' . . 

B' 

B 

An alterxate route to this same heterocyclic system (47) is 

illustrated in the follo&ing'sequence: 

‘.. : 

-. . . 
._. : 



2% 

Br&H,- CHO~-CHz-C~=CEiz 

6 R.$BH. 

Br-CH2-CHOR-CH2CH2-CH2-BRi 

4 B(OCH313 

Br-CH2-CHOR-CH,-CH,-CH,-B(OCH3)2 ‘Z. 
f 

(--$gJ$ 

bCH 
3 

g,* 

Some general chemical and physical data on 1,2-azsborepanes are 

presented elsewhere (100). 

2-Butyl-l-(l-cyclohexen-l-yl)-1,2-azaborolidine reacts with 

benzonitrile to a tricyclic chelate (19) as shovm in the following 

equation: 

c-JJ-(-J 
7 
c4”9 

Various other agents 

C&m 

B 

such as acetic acia, hydrogen chlcride, and 

alcohols react with the same 1,2-szaborolidine to yield inner complexes 

having an imino form, XVIII. 

X = Cl, OR, CH3C0 

The boron-sulfur bond of the heterocyclic systems XXXVI and 

XXXVII (see Section 4.3) is readily cleaved under displacement of 
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.tfie &E&5 (166). The- reaction with secondary amines:leads..to the 

fc&atiori of'ortho-6oryl species such as XLIX , whereas with prima 

amines :or N,Nt-dialkylhydrazine the novel heterocyclic systems L 

atid LI .t respectively, are obtained. 

&NRl Q-f>: 

I: 
R 

XLIX L LI 

The interaction of bis(dimeth;lamino)chloroborane and N,N'- 

dimethyl-d,cr)-diaminesyields primarily 1,3-dimethyl-Z-dimethylaming 

diazaboracycloalkaes (10). 

ClB(NR& f HRN-(CH&+RH e R;NH,Cl + R;N-B(-NR-(CH2),-Ng 

No 2-chloro heterocycles are obtained but tris(dimethylamino)borane 

is formed as a byproduct.These data seem to infer a two-step 

mechmism fcr the reaction in which a trazxaminatioc occurs initial 

with generation of dimethylamine and is followed by intramolecular 

condensation under elimination of hydrogen chloride. Competing with 

this reaction, the free dimethylamine may react with the excess of 

bis(dimethylamino)chloroborane via aminolysis of the boron-chlorine 

bond. 

Gas phase electron diffraction studies (127) have shown that t 

five-membered heterocycle of 1,3-dimethyl-Z-tihlorodiazaboracyclopen 

LII, is essentially planar and the boron-nitrogen bond distance is 

1.41 8. Also, the distalice B-Cl was found to be 1.77 8 and the obse 

bond angles were N-3-N = lli" and C-N-B = 139O. 

CH N 
3 \B/N-CH3 

61 

LII 
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.Th@ vibrational spectra, proton and boron-11 nuclear magnetic resoriance~ 

spectra &d the tin-119 .Mbssbauer spectra.of 1,3-dimethyl-2itrimethyl- 

stannyldiazaboracyclopentane and the corresponding six-membered hetero- 

cycle have been recorded (94); Apparently; the boron-bonded trimethyl- 

stannyl group exerts little influence on the electronic environment 

of the organoboron-nitrogen heterocycle. 

The first 1,3,2-diazaborolin, LIII, has been obtained (86) by 

dehydrogenation of the corresponding saturated species: 

/NCH3-CH2 -Hi / 
rjCH3-CH 

C6H5B\NCH I II 

3 
-CH2 

) C6H5B\ 
NCH,-CH 

J 
LIII 

The ring system of LIII is isoelectronic with the cyclopentadienide 

anion; molecular orbital calculations indicate thdt the latter and 

LIII have similar4electron donor capabilities. 

The reaction of tris(ethylamino)borane with N-methyl-1,3-diamino- 

propane also leads-to the 1,3,24iiazaboracycloalkane system (165). 

However, the resultant compound, LIV, readily loses ethylamine and 

trimerizes to yield a borazine derivative. 

,CH2-NCH3, 

HZC. 
cH2 -NH' 

B-NHC2H5 

LIV 

(Anilino)dimesitylboranes photocyclize in the presence of iodine 

(200). The reaction is ascompanied by a facile 1,2-methyl migration 

and leads to a B-mesityl-trimethylboraxarophenanthrene, LV. 

R mes 

(=J& 
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The-chemistry of adducts of-aromatic amines- with boron triiod 

differs~substantially from-that of-the adduots w.ith the.lower bore 

halides.:Mcst prdnounced appears'tn.be. the ready formation of 1,3 

-- 'diaza-2,kdibokkaphthalene derivatives; LVI, in dehydrohalogenati 

. . reactions of the amine-triiodoboranes (198); However, the condensa 

of aromatic amine halides with boron trichlcride provides 

the same heterocycle and- in addition, yields 

N-asymmetric borazines (249). Spectroscopic data on these species 

have been reported (282). 

The low temperature (-5 to +35') reaction of diborane(6) with 

2-amino-benzonitrile yields 2-cyanophenylamine-borane, bis(2-cyano- 

ghenylamino)borane, and the heterocycle LVII (111). At elevated 

temperatures f85O) , the borazine LVIII is obtained as the primary 

product. 

LVII LVIII 

Analogous reactions of 2-amino-l-cyano-I-cyclopentene yield only 

bis(Z-cyano-l-cyclopentenylamino)borane and polymeric p&ducts. 

The condensation of some ortho-substituted benzoic acid derivat 

with several boranes (102).is illustrated in the following equation: 
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0. 
CO-XH C \ 

‘; 
. . 

+2Ez 
YH 

YYBB .. 

LIX . 

x = m, 0 2 = N(CE3!2, Cl 

Y = NE, 0 h = M(CH&, C&i5 

Those compounds of type LIX containing at least one NH group bonded 

to the boron atom were found to be quite stable toward 

hydrolysis. On the basis of infrared spectroscopic studies, this 

stability is linked to intermolecular hydrogen bonding. 

Several boron-containing selencphene derivatives have been 

prepared by the replacement of&-hydrogen or of bromine of selenophenes 

with the dihydroxyboryl group (313). If this is reaction is performed 

with selenophene aldehydes, subsequent condensation with hydrazine 

or hydroxylamine provides for an easy entry into bicyclic derivatives 

as is illustrated in the following equations: 

B(W2 
•l- 

CHO 
H2N-NH2 - 

Se 

OHC' 

-7-F 

BW+ 
+ HZN-OH - 

Se 

. OH 
B, 

NH 

OH 

Z 

BLO 
Se I 

C4 
N 

H 

in interesting and novel means of organosubstitution at an annular 

boron atom involves the use of silyl ether derivatives of hydroxyboranes 

as-intermediates (18); for example; the reaction illustrated: 
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5.3 Bor&ine Chemist*y 

Apart from some syntheses of hexasubstituted polyborazines (3 

and mixed polyborazines (307) vary little attention has been devot 

to the development of novel synthetic procedures in borazine chemi: 

However, tris(alkylthio)boraes, B(Sk)3, have been reacted with 

amino alcchols and mercaptans (165) and, provided the amino group 

a primary one, thorough condensation was found to occur yielding 

pclycyclic borazines as illustrated by the following equation: 

3 B(SB$ + 3 HX-(CH2),-NH2 + 9 =H + [P<;3H2Jn]3 

X = 0, S; n = 2, 3 

Various unsydlmetrically boron-substituted NH-borazines have 

been prepared in which the boron substituents were H, Cl, CN, and 

OCN (28, 139). Proton magnetic resonance studies on.these compounds 

indicate an additivity relationship for the effects of the substituc 

of boron-disubstituted borazines on the chemical shift of the nitroE 

protons, provided the ortho and para NH-protons of the C;orresponding 

B-monosubstituted species are magnetically equivalent (139). Proton 

magnetic resonance spectra of a number of B-substituted N-trimethyl- 

borazines have also been analyzed in terms of characteristic group 

contributions to the chemical shift (58). A correlation between the 

structural and electronic parameters and solvent induced shifts was 

established. Also, some spectroscopic studies.on bqrazines containin 

bulky-.aryi substituent i have been reported. (282). 
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Position isomers of some tetrasubstituted borazines have been- 

prepared and were,separated by gas chromatography (59). Characterization 

of the individual compounds was accomplished by using proton magnetic 

resonance and mass spectroscopic data. 

Atropsiomerism in borazines has been observed for the first time (-31) 

when B-tris--tolyl-N-triethylborazine was (partially) resolved into 

_ and trans isomers, cis which were found to be thermally intercon- 

vertible. 

The basicity of the dimethglamino group in E-dimethylaminnoborazine 

has been investigated by studying a series of competitive reactions 

with nther bases and using diborane(6) as a reference acid (90). On 

this basis, the &electrons of borazine appear partially delocalized 

and seem to have a significant influence on the chemical properties 

of a ring substituent. Similar conclusions were reached in a magneto- 

optical study of the aromatic character of substituted borazines of 

D3h symmetry (220). The results of a proton magnetic resonance study 

on hexamethylborazine and B-trichloro-N -trimethylborazine at ll@-300°K 

were compared with the data obtained for the corresponding benzene 

derivatives (284). 

The ion mass spectrum of borazine (309) and the mass spectra of 

various B-substituted derivatives of borazine and N-trimethyltorazine 

(27,511 have been recorded; data on the latter were analyzed in terms 

of the relative contribution of the parent ion and certain fragment 

ion intensities. The results were discussed in terms of relative 

stabilities of fragment ions arising from suhstituent effects. In 
. 

general, boron substituents are more readily cleaved off than the 

corresponding nitrogen substituents leading to the-conclusion that the 

six-membered ring fragments are stabilized by delocalization of 

density from the nitrogen atoms. 

.nitrogen atoms of borazines will 
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.iclpact. -On the other hand, when bonding is-effected at the boron ai 

the-boron-carbon bonds cleaves under the same CoMii~ions. 

The composition of the pyrolysis products of hexamethylborazir 

and its.B-deuteriomethyl derivative and the proportions of product: 

of-different isotopic composition indicate thatthermodegradation i 

accompanied by the homolytic rupture of the bonds between the meth) 

substituents and the borazine ring (277). The boron-carbon bonds 

were found to cleave a ‘bit easier than nitrogen-carbon bonds. 

The first borazine-metal complex was described but four years 

.ago (l&2). Since that time several additional representatives of th 

type of compound have been reported and tricarbonylchromium(0) 

complexes of hexamethylborazine, B-monophenyl-pentamethylborazine, 

B-monoethyl-pentamethylborazine, and B-trimethyl-N-triethylborazine 

have now been prepared.(ibl). Spectroscopic data (ID, nmr, UV) on 

these species were interpreted in terms of metal complexes containi 

puckered borazine rings with sigma bonding through the anular nitro 

atoms. 

Semi-empirical valence electron molecular orbital calculaticns 

on B-trichloroborazine, N-trichloroborazine, and hexachloroborazine 

(43) substantiate the expected sigma electron drift within the hete 

cycle toward nitrogen and a pi-electron drift toward boron. Also, 

CNDO/Z calculations on the parent borazine have been reported (283) 

6. ADDUCTS AND SALTS 

6.1 Acid-Base Type Adducts 

The electrolysis of sodium tetrahydridoborate in ethylamine 

at ice-bath temperature leads to the. formation of ethylamine-borane, 

C2HS"U2..DH3, in ca. 60% yield (20). 

Amine-boranes react with certain alkyl halides such as chloro- 

triphenylmethane to. yield amine-haloboranes and alkanes (80): 
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L.BH3+RX -) L-BH2X + RH 

The alkyl halides must be capable to form carbonium ions readily, 

and the reactivity according to the depicted equation was found to 

increase with increasing stability of the carbonium ion. On the other 

hand, amine-boranes may also interact with alkyl halides such as 

carbon tetrachloride, 

mechanism to proceed, 

from the halocarbon, 

Worth Eentioning 

as the reducing age& 

where it is reasonable to assume a free-radical 

which is induced by abstraction of halogen 

seems tc be the use of dimethylamine-borane 

in electroless plating systems (310). 

Recent spectroscopic studies 311 amine-boranes deal with tke 

adducfs cJ,f difluoroborane at low temperature (IR, WIVIB) (202), tri- 

methylamine-borane (microwave spectrum) (239), and carbonyl-borane 

(high resolution IR) (7).F'urthermore, measuremen%s of molar Kerr- 

constants, dipole moments, etc., in benzene or dioxane have been 

reported for the trimethylemine adducts with BX, where X = H, F, Cl, 

Br, I (195). 

3 

Adducts of mixed boron halides with trimethylamine and 4-picoline 

have been shown to exist in solution as demonstrated by proton and 

fluorine-19 magnetic resonance studies (193). Also, based upon 

magnetic resonance data, boron trihalides appear to form adducts with 

dialkylurea in which oxygen acts as the donor atom and rotation about 

the B-O bond is restricted (254). 

A kinetic study of the haloge= exchange between alkyl halides and 

boron trihalides, according to the equation 

RY+EX - 
3 =+yBxz, 

has giveri evidence for the formation ?I" an intermediate adduct, 

RY*BX3 (192). 

The boron-nitrogen bond lengths in ammonia-isothiocyanatobora&e, 
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: N3N-B$(NCS), have been determined by X-ray diffraction 

for B-.N(C!.S.and 1.58 g.for B-N(H.& respectively (284). 

tc be 2.53 

The co;re birking energies of boron trifluorkk conpLexes with' 

nitrogen bases suah as ammonia, alkylamines, or pyridines were fou 

to reflect the change in molecular charge distribution which occur: 

when the boron-nitrogen bond is formed (245). Molecular orbital 

calculations on the boron trifluoside adduct with unsymmetrical di- 

methylhydrazine support an equilibrLum between gauche and trans 

forms of the complex (68); note that the boron trifluoride is bonds 

to the dimethyl-substituted nitrogen. Other theoretical treatments 

(CNDO/Z) treat all the possibl e species from ammonia-borane, H N*BE 3 
to trifluoroamine-trifluoroborane, F3N*BF3 (238). Analogous calcula 

on the trimethylamine adducts of boron trichloride and trimethjrlbor 

(206) substantiate the concept that donor-acceptor charge transfer 

increases 'wit% increasing electronegativity of the boron substituen 

Fluorine-29 chemical shift data have been used to evaluate t 

relative basicities of boron trifluoride complexes with cycloalkan- 

ones (236); also, nuclear magnetic resonance spectra of boron trifl 

adducts with sulfoxides, amine oxides, phosphine oxides, and arsine 

oxides (241) and with some steroids wd a limonoid (233) have been 

discussed. 

The formation of 1:l complexes of boron trifluoride with aroma 

aldehydes was reported last year (258). A proton magnetic resonance 

study on such adducts with E-substituted benzaldehydes (252) has nor 

been described and upfield shifts of the formyl proton resonance 

signal are correlated with the delocalization of positivie charges 

in these complexes. A calorimetric study.on the complex formation 

between aromatic aldehydes and boron trifluoride has. also been repox 

(250). Boron trifluoride forms a 2:1 and two different l:l-oomplexe~ 

with g-dialkylamino benzaldehydes (243). In the 1:l adducts, coordif 
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occurs with either the amino group (formation controlled by thermo- 

dynamics) or with the carbonyl group (formation controlled by kinetics) 

as evidenced by ultraviolet and infrared spectra. 

The rates and mechanisms of exchange of some tertiary emine 

adducts with boron trichloride have been deduced from their temperature 

dependent proton and boron-11 nuslear magnetic resonance spectra (287). 

The amine exchange seems to occur via a unimolecular ionization. 

The reduction of vanadium tetrachlori$e with (dimethylamiao)-di- 

chloroborane results in the formation of the trichloroborane-stabilized 

imine H3CN=CH2*BC13 along with dimethylamine-trichloroborane (8p), 

Treatment Of K(CH3)2NBH3in diglyme with a threefold excess of sodium 

tetrahyd.riAoborate and one half mole of iodine provides a solution of 

Na(CH$zN(BH3)2 , which may be converted to )t_dimethylaminodiborane(6) 

by addition of another half -mole of iodine (106). 

The enthalpy of formation of the acetonitrile-bcron triiodide 

adduct has bee3 determined (2'70). The cyclic hydrazinodiphosphine 

P(NCH3-NCX3)3P forms a 1:2 adduct with BH 3 In which the boron is 

coordinated with the phosphorus. In contrast to the adduct H3B* 

P[N(CXg)2 3, 1 the borane adduct of the cited hydrazinophosphine is quite 

sensitive toward hydrolysis (12). 

5.2 Ionic Species 

The interaction of a solution of diborane(6) and hydrogen cyanide 

in tetrahydrofuran leads to the internal boronium(-1) salt Ix (115). 

8 Lie 
H3B-C=N/ BH2 

Lx 

The reaction may also be effected in other ethers and the tetrahydro- 

furan in LX is readily displaced by pyridine or trimethylamine. 
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-. .The structure qf these compoundswas confirmed by proton-and bore 
* 

&clear ma&netic resonance data and also by infrared: sp&troscopJ 

The neutral.isomer of--LX in-which the ligand is trimethylamine CE 

obt;ained by the inter&ction 9: trjmethylamine-syano50rane, (CH3)3 

.. BH2CN,._~d tet&hydrofuran-borane; [(c~H~N)~BH~]+~H~cN]- has be 

prepared from sodium cyanotrihydridoborate and bis(pyridine)dihyd 

boronium &loride. 

The compbund Na(CH3)2As(BH3)2 has been prepared by the react: 

of diborane(6) with Na..s(CH3)2 (62). On treating the former with : 

methyl&monium chloride, the conpounri. (CH ) N-BH2-As(CH ) -BH 
33 32 3 

results. This latter observation suggests that Na(CH3)2As(BH3j2 a~ 

Li(CH3)2P(BH3)2 have sirr.ilar structures. 

Potassium hydride reacts with weak bases such as trialkylborE 

tetraalkyldiborane(6), or tris(alkoxy)boranes to form the 

corresponding hindered and complex hydridoborates (228). Similarly 

lithium hydride interacts kith triethylborane in tetrahydrofu_raiI t 

form lithium hydridotriethylborate (76). This latter salt is a qui 

porrerfuZ n?ucleophlle in displacement reactions with organic halide 

Tetrabutylamzonium cyanotrihydridoborate is an unusually selel 

reducing agent (l&g). However, the selectivity is strongly dependel 

on the reaction conditions. For example, at room temperature arZ il 

hexamethylphosphoramide as solvent, only primary iodides are convex 

to the corresponding hydrocarbons. In moderately acidic solution 

(0.1 to 0.12 n) selective red?uction of aldehydes was observed, whez 

in 1.5 n acidic solution ketones are also reduced ; under the 

same conditions cyano, ester, amid0 or nitro groups remain intact. 

Lithium borates of the tme LiB8& (B = H, CH3) do not interact 

with hextiethylditin (116). This lack of reaction is in contrast to 

,the behavior of entities such as LiklHlt or LiTl(CH3)Q, which readil! 

cleave *he tin-tin bond. 
. . 



Trialkylalkynylborates are interestin, P and versatile reagents. ‘. 

which continue to receire considerable attention. In recentstudies it 

has been foUn_a. that lithium tri-z-butylvinylborate reacts with 

methyloxirane to yield an oxaborinane, IxIj probably via th&nolysis 

of a cyclic borate intermedia%e (260). The alkylation and protonation 

of trialkylalkynylborates has also been studied (20%). The reaction 

of lithium trialkylalkynylborates is known to proceed via 2-oxa-3- 

bororenes, LXII, and has now been used for a novel preparation of 

()-CH3 

GLcH9 -4 0 
E’ 

L&H9 

LXI 

d,f- unsaturated ketones 

R-C=C-CH 
/ \ 3 

%C, ,o 
? 
R' 

IXII 

(262). Also, the reaction with methane- 

sulfonpl chloride, which proceeds via -the intiermediate XIII, provides 

R 
\r-."A 

R' 

R2B'd-aLSOCH 
3 

IXIII 

an efficient route to internal acetylenes (263). 

Metathesis of tetraalkylammonium bromides with lithium tetra- 

alkylborates yields tetraalkylammonium tetraalkylborates (23%). If 

at least one of the organic groups (either at the boron or at the 

nitrogen) is a long alkyl chain, the resultant salts are low melting 

-solids or are liquids at or near room temperature. This reaction 

provides a new class of solvents which may have an unusual potential (185). 

The redox pair cesium ammonium nitrate / ammonium hydridotri- 

ethylborate apparently can be used'as initiator system for the 

Polymerization of vinyl chloride (67). Binary systems of tetraphenyl- 

berates and organic acids can be used for the same purpose (34). 
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: I -A detailed procedure -for the pkparat'iozz of trimetiylkonium 

tetraphenylbor~te has been-described (137). This salt -is quite stab 

it can be- used as ready source of triphekylborane.. 

The. tekrapgenylborate ion is a powerful chemical shift reagent 

~for pyridine ioris (69). -The magnitude and direction of the observed 

shifts of the nuclear magnetic resonance signals reflects the infL 

of .arbmatic ring currents in the anion. as well as the geometry of 

the cakionr Thi_s use of the tetraphenylborate anion in nuclear magn 

resonance spectroscopy has been exhaustively explored. For example, 

in chlorinated hydrocarbon solution, the cited anion promotes a 

resonance-signal shift of proto% in thec&position to As or Sb in 

arsonium and stibonium cations, respectively (95). The use of the 

tetraphenylborate ion as a shift reagent .for quater-nary ammonium iol 

(132), anilinium cations (133) and sulfoniufn compounds (134) has 

also be& described. 

Hexaantipyrinelanthanide(II1) tetraphenylborates have been 

studied (217) a;ld the temper&ture dependency of the nuclear magnetic 

resonance spectrum of the rhodium salt Rh[P(OCH3)3~5eB(C695)4~ has 

been investigated (184). AXso, an amperometric method has been 

developed for the rapid determination of tetraphenylborate ion (216) 

it can be used for the quantitative determination of potassium ion. 

The viscosity of sodium tetraphenylborate and its glyme complexes irr 

ether solvents such as tetrahydrofuran or 2-methyltetrahydrofuran- ha 

been studied (167). 

Some-unsymmetrical tetraarylborates have been found to show a 

dynamic.nuclear magnetic resonance behavior and only one stereosiome_ 

could be isolated from any of the investigated examples (151). 

A new synthesis of nitrosy tetrafluoroboratg is based on the 

reaction~of. boron nitTide with fluorine and oxygen in a quartz react 

under-ultraviolet 'radiation (294). 
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It‘is of interest to note that a comparison of the ionization 

energies of the electronic valence levels of BeF4 
-2 , BF4-l ana CF4 

indicates a steady change of the absolute energy levels and of the 

distances between them with an increase of the degree of chemical bogd 

covalence (zgg;. 

Aliphatic amides react with anhydrous HF and BF3 to give stable 

amide hydrofluoroborates (15): 

R-CO-NR2 i- _HF + EF 
3 

- R-COH=!kt2 BFh* 

The synthesis of 2,4,6_triarylpyrylium fluoroborates from aromatic 

aldehydes and arylmethylketones has also been described (33). 

Platinum complexes of the type [Pt2X2Lh]BF4 have been obtained 

by the reaction of trimethyloxonium tetrafluoroborate with dihalo- 

bis-ligandplatinum(II}' complexes (57); the OXOniUm salt appears to 

act as a halide acceptor in these reactions_ 

The reaction of boron trichloride with MC1 (M = K, Rb, CS, NR4! 

in inert solvents leads to the corresponding tetrachloroborates (281); 

an antisymmetric B-Cl stretch in the 650-710 cm 
-1 region seems to be 

typical for the tetrachloroborate anion. 

7. BORON-METAL DERIVATIVES 

In this section those derivatives of bcron will be discussed in 

which a metal to boron bond exists, and also various metal compleXes 

with boron-containing ligands, where there is not necessarily a direct 

metal-bcron interaction. Additional boron-metal species hzve been 

mentioned in secticns _5 and 6. 

The reaction of KGeH3 with trimethylborane yields a 1:l adduct, 

which may contain the germyltrimethylborate ion, ~3"(c"c7)~]* (a); 

some studieson the hydrolysis of the adduct have been performed. 
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..Dic~~lo~e~~~dienyltha.llium(III) tetrahydridoborate and dimes 

t~h~llium(III) tetrahydridoborate have been prepared and the.infra 

spectra .of.these two compounds have been discussed .(266). There 8 

to'exist some -evidence for a metal to boron bonding through..hydrc 

Cyclopentadienylindium(1) reacts with E!X3 (X = P,- Cl, Br, CL> tc 

yield monomeric 1:l adducts, in. which the organic ring appears to 

a.diene (monohapto form) structure (143). 

Several transition metal complexes containing the coordinate 

[BH~]~ cr [H3R~~J* - .- Ion have been described (267). Infrared data s 

that the BH4 species is coordinated to the metal via double-hydro 

bridges; whereas the b3~&Je ion is bonding through the nitrogen 

The structure of (&-C5H5)Fe(CO) L~KNcE~)~BH~] h as been determined 

X-ray diffraction (63); the six-membered heterocycle Fe-C-N-B-N-C 

of this compound has a boat geometry. * 

Treatment of bis(dimethylamino)bromoborane with titanium tet 

bromide affords a .Z:3 complex (60). Based on infrared spectroscop 

studies, a structure was suggested for this compound in which the 

coordination sequence is as follows: 

Reaction of titanium tetrabromide with tetrakis(dimethylamino)di- 

borane(4) yields a 1:l complex (El), for which the following binuc 

structure was suggested: 

R~~-~-B~~,B~~,Br-~-~R~ 

R2N-B-Br~tBr~iBr-B-NR2 

R = CH 
3 

Br Br 

Bromodiphenylborane, RrB(CdH5)2, reacts with bis tricarbonyl- 

(phenyi)chromio mercury.under formation-of tricarbonyl(diphenylbor 

i. 
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chromium(C) (152). The orange compound is monomeric and spectroscopid 

data'indicate weaker d-bonding.between the boron atom-&d. the phenyf 

groups as compared to the free ligand. 

Bis(l-phenYlborinato)cobalt reacts with Mn2(CC)10 in boilin& 

toluene in a ligand transfer reaction to yield tricarbonyl(l-phenyl- 

borinato)manganese (209): 

<-_-=9-H 

<+-B-R B = CEH5- 

The reaction of copper(I) chloride with K[HE3(Pz)g] in the 

presence of carbcn monoxide affords kB(pz)3]CuC0 (pz, = i-Pyrazolyl) 

(294). The carbcriyl group can be displaced by other ligands such as 

As(C~H~)~, P(OCH3)3, et al.; heating of the carbonyl complex leads 

to CU~[HB(PZ$]~, which subsequently disproportionates to metallic 

copper and cu[HB(~z)~]2. 

The crystal and moiecular structure of dicarbonyl-hydrotris(pyr- 

azol-l-Yl)borato-N(2),N(2)~,N(2)~-~(2-methylallyl)molybdenun! has 

been determined by X-ray diffraction (295). The coordination sphere 

of the molybdenrun atom consists of one nitrogen from each of the three 

pyrazole rings, two carbon atoms from the sigma-bonded carbonyl groups, 

and a d-2-methylallyl group. Several additional structures of metal 

complexes containing pyrazolylborate ligands have been determined. 

These include the structure of bis@ihydridobis(l-pyrazolyl)borato3- 

cobalt(II), k2B(~z)~]~Co (SO), and [dihydridobis(3,5-dimethyl-l- 

pyrazolyl)borato~(h3-cycloheptatrienyl)dicarbonylmolybdenum (56). 

Crystallographic data on the latter indicate the presence of a &tree- 

center B-H-MO bond, which provides for the molybdenum to attain an 

effective 18-electron configuration by counting the two electrons of 

the three-center bond. 
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-. 
The first t&e mixed &ndwi&'oompounds in which a trankition met 

--is-bonded tc a gyrazolyiboratti and another ligand have -reportedly 

beensynthesized, though experimente.1 details are -not yet known ( 

,The:tridentate polypyrazolylborate ligand has also been used to 

stabilize +coordinate platinum(I1) (225): Insoluble -Pt(CH3) [!(p: 

is probably a polymer that Is cleaved on treatment with acetylenl 

c)r other hydrocarbons containing multiple bonds to give complexes 

of type LXIV. 

M = carbon-carbon multiple bond of a hydrocarbon 

LXIV 

Diiron enneacarbonyl reacts with potassium tris(l-pyrazolyl)- 

borate in the presence of methyl iodide to yield acetyl(tri-l-pyr- 

azolylborato)(dicarbonyl)-iron in low yield (153). The crystal 

structure of the material has been studied by X-ray diffraction an 

the-coordination of iron was found to be slightly perturbed from t 

octahedral arrangement. Allyliron tricarbonyl iodide reacts with 

polypyrazolylborates by isomerization of the&-ally1 ligand to a 

sigma-propenyl ligend; cleavage of the pyrazolyl ring from the pal; 

pyrazolylborate anion is also observed (16). Likewise, compounds 0: 

the-type I&Io(CO)~C~H~'~~~~ L being a pyrazolylborate ligand have bl 

shown to react with Fe(COj5 to yield Fe(CO>3 adducts, a, 
-'. 
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.[B(~~)~](c~H~)(CO)~M~=F~(CO)~ (117). These adducts seem to be formed 

by a .binding of the Fe(C0)3 

C7Hi rings. 

group to. the butsdiene increments. of the 

8, BIOLO&CAL AND MEDICINAL ASPECTS 

Various reports are of peripheral interest to studies of the. 

biological and medicinal aspects of boron chemistry. These include, 

for example, the esterification of insulin utilizing triethyloxonium 

tetrafluoroborate (108) and an investigation of complexing on the 

boric acid/adonitol system (107) as well as studies on the reaction 

of boric acid with urea (215). Also, equilibria between boric acid 

and mannitol in aqueous 3 M NaC104 solution have been studied in the 

pH range from 2 to 9 (292). The latter data were obtained by potentio- 

metric (glass electrode) and polarometric measurements andmay be 

explaifled on the assumption t-hat ternary charged complexes and a 

binary neutral species, B(OH)3-C6H1406, exist in such solutions. 

In other work, organoboranes have been utilized as tools for the 

syntheses of compounds of medicinal interest, e.lr., the Preparation 

of the prostaglandin skeleton (218) or the sterically-selective 

reduction of protein carboxyl groups with disiamylborane or 9-bora- 

bicyclo(3.3.l)nonane (219). 

The accumulation of B group vitamins under the effect of boron 

has been studied (21) and an approach to elucidate the physiological 

function of boron derivatives was described (131).Functlonal aspects 

of boron in plants (304) and the occurrence of boron.in cultivated 

soils and irrigation waters (305) have been discussed. Also, the 

distribution of boron in groundnut leaf cells has been studied- (306). 

It is a bit surprising that the effect of the nitrogen form on.boron 

toxicity, boron absorption and distributionin young cucumber plants 

has been investigated (186) but not much is known about the inter- 
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. . action of boron derivatives with; for example,, such amino acids 
:- 

ihoSe found in-the human body. 

Reactions involving boron compounds and irhich are of releva 

to drug researchmostly involve the utiiization of hydridic spec 

Forexample, reduction of saturated steroid mono and diketones w 

cyanotrihydridoborate has been studied (81) and the same reagent 

was found to be regioselective in the reductive amination of stel 

ketones (85). Ureide ring scission of phenobarbital can-be 

-accomplished with sodium tetrahydridoborate (84) and BABITCH (82 

has reported on the effects of the tetraphenylbjrate ion on the 

isolation of neuronal end glial cells from guinea pig brain. The 

reaction of 16-dehydropregnenolone acetate with tris(2-methylally 

borane proceeds by the addition of a boron-allyl fragment to the 

ZO-carbonyl group of the steroid molecule (45). Also, the formati 

of methadol boranes and isomethadol boranes has been described (I 

Boron derivatives continue, however, to receive considerable 

attention-in carbohydrate research. For example, the effects of 

arylhydroxyboranes on the alkaline conversion of D-glucose into 

D-fructose (159) and the interaction of the same type of boranes 

monosaccharides (158) have been studied. Also, the use of poly(& 

vinylbenzeneboronic acid) resins in the fractionation and interco! 

version of carbohydrates (160) as well as column chromatographic 

separation of neutral sugars on a dihydroxyboryl-substituted ~01~ 

(~63) have been investigated. A nuclear magnetic resonance study ( 

the interaction of sugars and borate (162’) and mass spectral datz 

on phenylboryl derivatives of some hexose pyranosides (161) have 

been published. Becent work on alkali and ammonium salts of peuta- 

erythrolborates (212) , methriclborates (213, 300-302) and e&e: 

thereof (303) shculd also be.noted in this COrdeti. 

. 

-. 

. . 
-.. 
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Also, the differential identification-cf some sympathomimetfc 

drugs by microcrystalline reaction with sodium tetraphenglborate (66) 

and a microdeterminaticn of boron Ln organic compounds have been 

described (311). 

The N-c&boxy anhydride of DL-4-boronophenylalan~ne has been 

synthesized (312) and was used to prepare soluble copoly (DL-alanyl- 

DE4-boronophenglalanyl) bovine 2Jlglobulin. Variations in the ratio 

of the two anhydrides seem to effect the solubility of the modified 

globulins; the maximum boron content of the resultant materials was 

about 36 boron atoms per prokein molecule. These results-may open 

another approach to use boron-10 neutron capture in cancertherapy. 
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