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1 REVIEWS AND SUMMARY ACCOUNTS 

Reviews dealing with organylboranes include one article on 

the preparation and properties of allylboranes (loo), the versatility 

of organyliioranes with respect to their chemical behavior (3281, a 

brief summary on the use of organylboranes as alkylating agents 

(107). recent work on aromatic boron-containing heterocycles (2741, 

and the formation of organoboron heterocycles via cyclic hydrobor- 

ation of dienes (3X5), a compilation of data on various (perfluoro- 

orsfiyljborane species (51, and a survey of the chemistry of 

organylborates (48). Applications of organoboron compounds as 

nucleophiles in organic syntheses have also been compiled (197) 

and the use of catecholborane as hydroboration agent (286) is 

surveyed elsewhere. An article on structural and bonding patterns 

in cluster chemistry centers about borane and carborane species (304) 

and the influence of these patterns as affected by coordination 

number preferences is discussed in another accounting (305). 

Various topics are discussed in a new book on boron hydride 

chemistry, reviewing theoretical and experimental data on boron 

hydrides and carboranes and derivatives thereof (43). A compilation 

of recent advances in poly(l-pyrazolyl)borate chemistry centers on 

the use of the species as coordinating ligands (185) and further 

short reviews deal with metalloboranes containing ligand-to-metal 

single bonds (1861, reductions involving diborane(6) and its 

derivatives (30~2)~ and borane anions (187). A general guide to the 

literature on the organometallic chemistry of the main group 

elements (16) may be of interest to some readers. 

Three.additional volumes of the New Supplement Series of the 

GMEIIN HANDBUCH DEE ANORGANISCHEN CHEMIE dealing with boron compounds 

have been published during this past year; see some relevant remarks 

in 3. Organometal. Chem., 119 (1975) 58. The first one of these new 

additions to the boron literature (194) describes the tetrahydro- 
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borate ion and a variety of derivatives thereof in which the 

hydrogen is partially or completely replaced by ligands such as 

halogen, hydroxy. organyloxy. hydrothio, organylthio, amino, or 

organic groups. Another volume (195) deals with boron-halogen 

derivatives and contains chapters on (halo)hydroboranes and ether 

adducts thereof as well as on (organyl)haloboranes containing 

trigonal boron. The third volume (196) presents various compounds 

containing tetra-coordinate boron. Specifically, p-derivatives of 

diborane(6) and some related species, boronium salts, and tetra- 

haloborate ions are discussed. In addition, carbon monoxide-boranes 

and some boron derivatives with noble gases are presented. 

2 SOME DATA OF GENER4L INTEREST 

Localized molecular orbitals of diborane(6) have been 

calculated by the & initio method (2171, and another molecular 

orbital study (75) elaborates on the role of BH5 in the hydrolysis 

of the tetrahydroborate ion: for some computations of energy 

differences for motions in B2H6 and CH3BH2, see (190). 

The catalytic hydroboration of ethylene in the gas phase and 

employing diborane(6) has been described (69) and the photochemically- 

catalyzed reduction of ketones with sodium tetrahydroborate has been 

studied (180). Elsewhere (1791, evidence is presented disputing 

a four-center transition state in the borohydride reduction of 

Ire-tones. Asymmetric induction in the hydroborative reduction of 

carbonyl compounds by means of a chiral phase-transfer catalyst 

has been described (192) and the hydroboration of poly(alkadienes) 

and their models by bis(boracyclanes) has been studied (239). 

The mercury-sensitized photochemical reaction of boranes 

and carboranes at 2537 a seems to be 2 convenient method for the 

synthesis of the corresponding B-B coupled_ species (158). I-iigh- 

resolution nuclear magnetic resonance measurements on small boron 

Referencesp.112 
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hydrides illustrate that the magnitude of the coupling constant 

J(BB) is related to the bonding between the coupled nuclei (171). 

For some llB nuclear magnetic resonance shift data and coupling 

constants of diboranes. polyboranes, and carboranes, see (313). 

Trimethylborane reacts with close-1,5-C B H to provide a mono- 
235 

methylation according to the equation 

C2B3H5 + B(CH3)3 --_b 2-CH3_C2B3Hb + 3 (cH~)~B~H~ (76). 

Reaction of trialkylboranes BR 3 (R = C2H5, i-C3H7) with BH3 in 

tetrahydrofuran has been studied by "B nuclear magnetic resonance 

spectroscopy at various temperatures. The first step in a ligand 

exchange reaction was found to be the formation of the unsymmetrical 

dialkyldiborane(6): consecutive steps depend on the molar ratio 

of the two initial reactants. Steric effects are considered to 

interpret the equilibrium compositions and the significance of a 

base-catalyzed exchange of terminal and bridging hydrogen is 

discussed (199). For the gas-phase reaction of deuterium atoms 

with triethylborane, see (218). 

A& initio calculations on H2B-0-0-BH2 predict a simple 

minimum for the barrier to internal rotation in the trans position 

(89). Non-empirical 'LCAO-MO-SCF calculations on p-aminodiborane 

indicate electron donation to the amino group from the diborane 

moiety; u-bonding within the BHBN ring of the species is negligible 

(140). 'Bonding and properties of carbon monoxide-borane. (OC)BH3, 

have been examined by a single-determinant approximation (72) and a 

new a initio calculation on the electronic structure of the molecule 

has also been reported (60); for additional molecular orbital 

studies on the compound. see (292). The electronic structures 

0f (oc)~B~H&, (oc)B H 
3 7’ 

and their parent boranes have also been 

examined by non-empirical molecular orbital tecbfiques (139). The 

v7 perpendicular band of (OC)BH3 has been studied by high-resolution 

infrared spectroscopy (62). 
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Boron-11 chemical shift data on two series of boranes, i.e., 

R3_,BX, (R = alkyl; X = N(CH3)2, Cl, Br; n = 0, 1, 2) and 

R;_,BX, CR* = phenyl, thienyl, furyl, vinyl, etc.; X = alkyl, Cl, 

Br, N(CH3j2; n = 0, 1, 21, respectively, indicate an increase of 

dative n-backbonding from cyclic systems to boron that is correlated 

to a decrease of the aromaticity of the rings (26); the conjugated 

system of cyclopentadienylboranes results in a high-field shift 

of 611 B as compared to vinylboranes. 

3 TRIORGANYLBORANES AND RELATED SPECIES 

3.1 PREPARATIVE CHEMISTRY 

(Dimethyl)phenylborane, (CH 1 BC H 3 2 6 5, has been prepared from 

(CH3j2BCl and Hg(C6H5)2 and the 'H NMR band-shape method has been 

used to determine exchange parameters of this compound (and of 

trimethylborane) with methylphosphines (260). 9-Borylfluorenes 

have been prepared from the corresponding haloboranes and sodium 

fluorenide as depicted in the following equation (24): 

NaC13HS + R,BX - 

R = C2H5, C6H5, OCH3 

The 9-borylfluorene with R = C2H5 can be deprotonated with the use 

of Na HB(C2H5)3] [I to yield Na L (C H ) Bc 
252 13%1 as a diglyme adduct. 

Reaction according to 

2 Sn(C5H5)2 f B13 --_) (C5H5)SnISn12 -I- B(C5H5j3 

supposedly occurs in quantitative fashion (77). Tris(organylsilyl)- 

boranes of the type B<CH2-Si(CH3)2-X)3 with X = Si(CH3)3, 0Si(CH3J3, 

or halogen have been obtained, in principle, y& a Grignard pro- 

cedure. The compounds are distillable liquids that oxidize in air 

(319). 

Referencesp.112 
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Triallylborane reacts with 3-bromopropyne 

of compounds as illustrated by the equation: 

BQH,), + HCZC-CH2Br 
110to125~C 

H&-B 
CT7 

/ CH,Br + 

75% 

to yield a mixture 

H5C3-B 

a= 

CH2 

Br 

25% 

Various organic reactions at the Br sites of the two species are 

possible with retention of the original skeletal arrangement (37). 

in a series of chemical transformations 3,6-dibutyloxy-7-methylene- 

3-borabicyclo [3.3-i] nonane was also obtained (37). (Allyl)dialkyl- 

boranes are prepared by the reaction of allylboranes with R2BSR' 

(Ii and R' = alkyl groups) according to (73): 

'(c~H~)~Bsc~H~ t E(c~H~)~ --_) (c~H~)~B-CH~-CH=CH~ 

The products are obtained in 95 $ yield and are stable towards 

symmetrization to 115OC; however, intramolecular allylic rearrange- 

ment does occur. (Allyl)dialkylboranes as well as (diallyl)alkyl- 

boranes can be obtained according to the following schemes (68): 

R2BOR' -I- BrCH2-CH=CH2 t Al + R2B-CH2-CH=CH2 

RS(OR')2 + BrCH2-CH=CH 
2 

•i- Al + RB(CH2-CH=CH&. 

The compounds (CH3)2B-CF=CF2 and CH3B(CF=CF2)2 were prepared by 

transfer of C2F3 groups from tin to boron (49). The two cited 

species are thermally stable at 100°C but decompose rapidly at 

200°C. Spectral data show that B-C n-bonding may be more signi- 

ficant in these two compounds than in analogous vinylboranes. 

The compound (CH3)2B-CXC H has been prepared by the reaction 
65 

of (CH ) 
32 

BI with ICSC H 6 5 (94). At room temperature trialkylboranes 
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react with bis(trimethylstannyl)acetylene in a e-addition (46) 

according to the equation: 

BRj + R,Sn-CEC-SnR, - 
R,Sn 

‘c=c< 
SnR3 

R” BR; 

R = CH 3; R' = CH3, C2H5, &-c3H7, s-C4Hg 

Reactivity differences in the R' groups were briefly evaluated and 

products were identified by 'H and llB NMR data. Various (vinyl)- 

diethylboranes have been prepared by the interaction of the salt 

Na[(C2H5)3B-C=C-Si(CH3)3] with nucleophiles (82). The reaction 

proceeds primarily with the formation of the (El-isomers, thus 

illustrating a pronounced eI"fect_of the silicon on the stereochemistry 

of the final product. 

In a brief note the hydroboration of bicyclo[3.3.1]-2.6-nona- 

diene is described (67). Thermal treatment of the resultant polymer 

at 200 to 250°C yields 2-ethyl-2-boraadamantane, whereas on 

refluxing with B(OCH3)3 the corresponding 2-ethoxy derivative is 

obtained. 

3.2 PHYSICOCHEMICAL STUDIES 

The vibrational spectra of triallylborane. tricrotylborane, 

and tris(methylallyl)borane and their complexes with pyridine have 

been recorded and assignments of the fundamentals are suggested (19); 

the data are interpreted with a localized double bond in the ally1 

moiety and pure sigma bonding between boron and carbon. On the 

other hand, various spectroscopic data on alkenylboranes seem 

to indicate an appreciable conjugation of the carbon-carbon 

n-systems with boron (198). An @ initio study on l-aza-&boratri- 

cyclo[2.2.2.0] octane and l-aza-4-borabicyclo[2.2.2]octane demon- 

References.p_112 



strates a bond-stretch isomerism as depicted below: 

3-3 CHEMICAL BEHAVIOR 

Trialkylboranes, BR3 (R = 2-C H , 
37 

L-C H ) react with amidines 
37, 

(295) to form 1:l molar complexes y& nitrogen-to-boron coordination: 

BR, + R'N=C' 
R’ R2, ,R’ 

‘NR3R4 - R3B 

,N=C, 
NR3R4 

Infrared and NMR spectroscopic data support the suggested structures. 

However, if R 3 and/or R 
4 

is hydrogen, heating of the complexes 

results in the formation of N-dialkylboryl-amidines with the 

elimination of RH, probably v_ia an intermediate cyclic state. 

The reactions of tri-n-butylborane and tetra-n-butyldiborane(6) 

with alkylbutyn-2-yl ethers (1291, methylenediamines (1281, iso- 

valeraldehyde diethyl acetal (1271, and alkyl-3-chloro-buten-2-yl 

ethers have been studied. 

Oxygen-induced 1,4-addition reactions of trialkylboranes with 

a,f3-unsaturated carbonyl compounds give evidence for the hypothesis 

that coordination of the boron of trialkylboranes to the carbonyl 

oxygen plays an important role in the process (223). Alkylative 

cleavage of the pyridine ring by trialkylboranes appears to be a 

stereospecific process (287). The reaction of trialkylboranes 

with iron(II1) azide in the presence of H202 presents a new 

synthesis of azidoalkanes (178); for reactions of amide compounds 

in the presence of trialkylboranes, see (207). Utilizing sodium 

methoxide as base presents a substantial improvement of yields 

in the conversion of trialkylboranes to the corresponding alkyl 
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iodides (193). Trialkylboranes react with a-methoxy<inyllithium 

to yield dialkylmethylcarbinols (95) and the reaction of OrganYl- 

boranes with lithium aldimines presents a new approach for the 

synthesis of partially mixed trialkylcarbinols (56). The reaction 

of trialkylboranes with ferric selenocy2nates has been used as a 

new procedure for the preparation of alkyl selenocyanates (99). 

:;ee also (232), and electrolysis of trialkylboranes and nitromethane 

is a new route to rritroalkanes (176). For the reaction of trialkyl- 

boranes with carbonyl compounds, see (52), and with aromatic 

sulfonyl chlorides, see (53). 

Electrophilic substitution of a primary alkylborane can 

proceed with inversion of configuration at carbon, provided the 

electrophile can coordinate to the boron (201). Consistent inversion 

has been observed in the base-induced reaction of elemental iodine 

with diisocamphenyl-2-butylborane, tri-exonorbornylborane, and 

B-methoxy 9-borabicycloi3.3.l]nonane (151). 

The utility of 9-borabicyclo[3.3.1] nonane as selective reducing 

agent has been studied in deta%l (202). Also, the reaction of the 

reagent with olefins provides for the synthesis of various 9-alkyl 

derivatives of the species (202), and conjugate addition of B-alkenyl- 

9-borabicyclo[3.3.1] nonanes to methyl vinyl ketones provides a 

convenient synthesis of y&-unsaturated ketones (303). Methoxide 

ion prcmotes the protonolysis of orgnosilylboranes which are 

obtained from the interaction of 9-borabicyclo[3.3.l]nonane 

(or dicyclohexylborane) and vinylsilanes (326). Alkaline peroxide 

decomposition of the products obtained from the interaction of 

B-n-hexyl-9-borabicyclo[3.3.1] nonane with the lithium aldimine 

derived from n-butyllithium gives the unsymmetrical ketones 

5-undecanone (227). 

Triarylboranes form 1:l molar complexes with hydrazine or 

semicarbazide (8). Irradiation of tribenzylborane produces toluene 

Referencesp. 112 
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as the major product (235); similarly, irradiation of ammine-tri- 

benzylborane in protic solvents gives a 26% yield of toluene, 

but the process is solvent-dependent. The reaction of trimesityl- 

borane with metallic Li, Na, or K in diethyl ether gives a blue 

paramagnetic solution which, on standing, turns red and diamagnetic 

(3). This color change is interpeted with a formation of a trimesityl 

borane di-anion by reacting the species with an electron acceptor, 

1-e.. trimesitylborane or naphthalene. 

The ion-molecule reaction of trimethylborane (alone and in 

mixture with 

spectroscopy 

observed but 

formation of 

Several 

other species) has been studied by ion cyclotron 

(150). No protonatedtrimethylborane -species could be 

proton transfer reactions lead exclusively to the 

(CH312E?* and CH4. 

studies report on the use of trialkylboranes as 

polymerization agents (109, 213, 214). 

Various alicyclic products have been obtained by annelation 

of organoboranes derived from geraniol (220) and perhydroboraphenaler 

is readily converted to l3-azabicyclo[7.3.l]tridecan-S-01 and 

perhydroazaphenalene (210). The reaction of an aryl-Grignard 

with trialkylborane and acyl halides yields o-alkylacylphenones (2841 

MgBr R R’ 
BR; 

R"COX 
- a 

0 
CO-R” 

Secondary alcohols have been obtained from the interaction 

of trialkylboranes with bis(phenylthio)methyllithium; the process 

amounts to a transfer of two alkyl groups from boron to the methyl 

carbon of the lithium derivative under displacement of the two 

phenylthio groups & a saltlike intermediate (285). 
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4 HALOBORANRS 

The reaction of trihaloboranes with tetraalkyllead has been 

advocated as a new method for the prepration of organylhalo- 

boranes of the type RnBX 3_n (R = CH3, C2H5; X = Cl, Br; n = 1. 2) 

(112). Reaction of stannocene, Sn(C5H5)2, with trihaloboranes, 

BX3 (X = Cl, Br, I), in a 1:l molar ratio results in ligand ex- 

change and formationofdicyclopentadienylhaloboranes (77). 

Various cyclopentadienyldihaloboranes are readily obtained by 

the reacticn of trimethylsilylated cyclopentadienes with trihalo- 

boranes (124); even the diborylated species 

-0 / \ 
X26 BX2 

X = Cl, Br, I 

were obtained by this procedure. 

In a detailed report on the hydroboration of a,w-dienes with 

(C H ) 
252 

O'BH2Cl the syntheses of various cyclic 1-chloroboraalkanes 

such as ClB(-CH2-) as well as their methanolysis products and 
5 

some intermediates have been described (81). Also, details for 

the hydroboration of alkenes and alkynes with etherates of Bfl2Cl 

have been described to present a convenient procedure for the 

preparation of dialkyl-, monoalkyl-. and dialkenylchloroboranes 

(90). Similarly, hydroboration of alkenes and alkynes with BHCQ- 

etherates provides for the convenient preparation of alkyl- and 

alkenyldichloroboranes, respectively (91). BI 
3 

interacts with ICN 

to yield 12BCN and reaction of (CH3)2BI with IECC6H5 yields 

(CH3)2B-CzC-C6H5 (94). (CH3)2BCN is obtained from the reaction of 

(CH~)~BF with IcN (94). 

The kinetics of atomic hydrogen/deuterium exchange in the 

reaction of BHF2 with molecular deuterium has been studied (237). 

References P. 112 
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Eoron-11 and 'H nuclear magnetic resonance studies of the reaction 

between BX3 (X = F, Cl, Br, I) and BR3 (R = C3H7, C4H9> shcw that 

the mixed (organyl)haloborane species are not uniformly favored 

in ligand exchange reactions (311); the effects of Lewis acidity 

and steric hindrance are discussed in this connection. 

Higher trialkylboranes react with CH3SH to yield dialkyl- 

methylthioboranes that, without isolation, are readily converted to 

the corresponding (dialkyl)bromoboranes by reaction with elemental 

bromine at low temperatures (259). Reaction of BC13 with CF3SNH2 

results in the formation of ClnB(NRSCF3)3_n (n = 0, 1, 2) (268). 

C12B-N(SCF3)2 reacts with CF SNH2 
3 

to yield unsymmetrical aminoboranes 

and C12B-NHSCF 
3 

reacts with chlprine to yield a sublimable material, 

supposedly dimeric C12E-NCl-SCF 
3 
. 

Several 2-chloro-X,3-butadienylboranes have been prepared 

by the following sequence (71): 

CH2=CH-C&H e CH2=CH-Ccl-CH-HgCl e CH2=CH-CCl=CH-EC12 

-_9 CH2=CH-CCl=CH-B(OCH3)2. 

Similarly, the addition of BC13 to vinylacetylene and subsequent 

‘methanolysis was found to give a mixture of & and trans products 

(71). 

The electronic nature of R in nitroso compounds of the type 

R-N=0 governs their reactivity with haloboranes (I). For example, 

N-nitrosoam%nes form I:1 molar adducts with BC13 or organylboranes 

whereas l,l-dichloronitrosoethane interacts with EC13 or EBr3 e 

haloboronation of the N=O bond and subsequent dehalogenation to 

y%eld iminoxyborane dimers; individual structures were determined 

by spectroscopic and elemental analysis data. (Dialkenyl)chloroboranes 

undergo cross-coupling with organic halides under the influence of 

methylcopper to yield monoolefins and 1.4-dienes (254). Diiodoborane 

was found to be a regioselective reagent for the conjugate 
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reduction of enones (209). Unsymmetrical ketones are obtained 

in good yield y& the reaction of (dialkyl)chloroboranes with 

lithium aldimines followed by treatment with thioglycolic and 

alkaline hydrogen peroxide (227). 

The mixed halide-pseudohalides BXn(NCS)3_n (n = 1, 2) have 

been obtained for X = F (136). Vibrational spectroscopic data 

show that the boron is bonded to the nitrogen of the NCS group 

of the species. 

As determined by X-ray diffraction data (1211, the crystal 

structures of C12BSCH 
3 

and Br2BSCH 
3 

are isostructural. Seth 

compounds exist as trimers in the form of a six-membered ring 

system of alternating boron and sulfur atoms in chair conformation. 

The compound 

*5c2 ,C2*5 

'f-c, 

1-K ,=I 
S 

is obtained from the reaction of (C2H5)CI=CC2HS-B12 with (-BI-S-)3 

(94). It crystallizes in a triclinic system and contains two 

molecules in t'ne unit cell (113). The two moieties are associated 

by a center of symmetry forming a four-membered B2S2 ring. This 

leads to the presence of two differently coordinated boron atoms 

in each thiadiborolene ring (each of the latter is nearly coplanar). 

The photoelectron spectra of (methyl)haloboranes of the 

composition (CH3j3_,BXn (X = F, Cl, Br; n = 1, 2) have been compared 

with those of the corresponding trihaloboranes and that of trimethyl- 

borane utilizing &J initio calculations (98). The resultant data are 

compared with those on various additional trigonal methylborane 

derivatives in terms of s-bonding activities. 

MBssbauer spectra of (ferrocenyl)dihalobora.nes. 

Referencesp.112 
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Fe(n-CSHkBX2)2 (X = F. Cl, Br, I) show 2 decrease in the 

quadmpole splitting with increasing Lewis acidity of the BX2 

group whereas the isomer shift remains constant (ill). The 

vibrational spectra of (organyl)haloboranes RnBX3_, (R = CH3, 

C2H5. C6H5; X= Cl, Br; n= 1, 2) have been recorded and several 

new assignments of fundamentals are suggested (112). For an 

analysis of the vibrational spectrum of B&Cl& see (188). The 

microwave spectra of CH2=CH-SF2 and isotopically labelled 

derivatives thereof have been recorded (165); on that basis 

structural parameters of the molecule were elucidated. 

Carbon-13 nuclear ma-etic resonance data of complexes of 

BF 
3 

with various alkyl and cyclic ketones indicate that at 

temperatures from -85 to -125'C exchmge is slow enough (on the 

IGG? time scale) to permit the observation of separate 1% 

resonance signals for bound and free ligands (264). 

5 PORON-OXYGRN CO?l:POUNDS 

The carborane 1,5-C B H reacts rapidly with methanol or 
235- 

water to form initially R0BkH2B(OR)2]2 (R = H, CR3) (160); other 

mall close-carboranes, however, give smaller cleavage products 

such as B(OR)g, CH3B(OR)2, and CH2[B(OR)2]2. Tris(dimethoxyboryl)- 

methane. HC[B(OCH3)2]3. can be reacted with ethylene glycol to 

yield HC[B(-O-CH2-)2]3 (45). The latter compound can be converted 

to Li+[xc [B(-o-cH~-)~]~]- y& reaction with LiCH3 (50). The 

lithium salt reacts with aldehydes to give trans-RHC=CH-B(-O-CH2-)2 

in exceedingly high stereoselectivity, a reaction which is also 

possible with ketones. Reaction of the lithium salt with 

(C6E5)3KC1 (M = Ge, Sn, Pb) yields species of the type 

(C6~~)3~-CE[B(-O-CH2-)2~2: treatment of this tin compound with 

LiCH 
3 

followed by addition of (C H ) 
653 

SnCl will produce the compound 

[(C6h5)3Sn]2CH-B(-O-CH2-)2 (45). The cited lithium salt can also 
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be alkylated with benzyl bromide to give l,l-bis(ethylenedioxy- 

boryl)-2-phenylethane, C6H5CH2-CH[B(-O-CH2-)2]2 (50). Treatment 

of this latter species with HgC12 and NaOCH3 gives the compound 

Co-H5CH2-CH(HgC1)-B(-O-CH2-)2, which reacts with bromine to produce 

C6H5CH2-CHBr-B(-O-CH2-)2. 

l-Methoxy-cycloboraalkanes are readily obtained by the hydro- 

boration of a,w-dienes with (C,H5)20~BH2C1 and subsequent methanolysis 

(81). Reaction of LiCHC$ with B(OCH ) and subsequent hydrolysis 
33 

yields CHC12-B(OH)2 in impure form (330). The hydroxyborane was 

converted, however, to several well-characterized organyloxy 

derivatives. Reaction of (diethyl)chloroborane with the corresponding 

silver salt has been used to prepare the 0-diethylboron derivative 

of R-toluene-N-nitrosulfonamide, CH3-C6H4-S02-N=N(0)-0-B(C2H5)2 (32) 

and reaction of (dibutyl)chloroborane with Na/K alloy followed by 

treatment with benzoyl chloride yields (benzyloxy)dibutylborane 

(308). (0rganyl)dihaloboranes and a-hydroxy carboxylic acids 

interact to yield cyclic species of the type 

These compounds are closely related to the condensation products 

derived from RBX2 and oxalic acid but are considerably weaker 

Lewis acids than the latter (114). Thermal and mass spectral 

fragmentation of the species are discussed. 

lo-Hydroxy-10,9-boroxaro( and azaro)phenanthrene 

OH 
/ 

Referencesp.112 
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can behave as protonic as well as Lewis acid and llB nuclear 

magnetic resonance data on the species are interpreted to 

demonstrate a lack of aromatic character in the heterocycle (78). 

The relative hydrolytic stability of the species is assumed to 

be due to the B-X bond strengthening y& rehybridization of the 

heteroatom orbitals. Unsymmetrical (organyloxy)diarylboranes have 

been reacted with amino-hydroxy compounds to yield boroxazolidines 

containing an asymmetric boron atom (103): 

ROSR’R’ + ;+-C_-OH - 
-++A 

+ ROti 

R” ‘R2 

The structures of the resultant products were confirmed by 

infrared data. 

(Vinyloxy)diethylboranes are obtained by the 1,4-addition 

of triethylborane to methacrolein, methyl vinyl ketone, isopropenyl 

methyl ketone, phenyl vinyl ketone, or phenyl isopropenyl ketone 

z-t terrperatures between -78 to iOO°C (85). The stereoselectivity 

of the reaction varies widely but structures were unequivocally 

assigned -with the aid of nuclear magnetic resonance data. Similarly, 

various trialkylboranes add in 1,4-fashion to Z-methylacrolein 

to yield (alkenyloxy)dialkylboranes at various rates (84); however, 

(El-vinyloxydialkylboranes are formed predominantly. Analogous 

reactions of 2-methylacrolein with (diethyl)organylboranes, tri- 

allylboranes, triphenylborane, and ethyldiborane(6) have been 

described (84). A new cross-aldol reaction y& vinyloxyboranes 

also been reported (234). 

has 

Trialkylboranes, RR 

bicyclo[3.3.1] 

3 (R = C2H5, L-C H )> and the dimeric 9-bora- 3 7 

nonane react with Z-isopropyl-6-methyl-4-pyrimidine 

according to (276): 
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BRR’R2 + + RH 

R’R2B0 
I 
H 

Subsequent reaction of the boron-containing species with aldehydes 

yields (2,2-dialkylvinyloxy)dialkylboranes in virtually quanti- 

tative yield. 

Alkane trials react with trialkylborane in the presence of 

diethylboryl pivalate as a catalyst to yield the corresponding 

0-diethylborylated species (87). Pyrolysis of the products at 

temperatures above 150°C or interaction with ethyldiborane(6) a-t 

room temperature have been employed to prepare 2-ethyl-1,3,2-dioxa- 

boracycloalkanes, e.g.: 

7 H 

R,BO-t-_(CH,),-OBR, R,BO-_(CH,), -:: -KH,), 
- 

742)x "-,/A 

OBR, A 

At temperatures above 220°C (or below _SO°C in the presence of 

B-H groups) the resultant species condense in an intermolecular 

reaction 

R2BO-CH2-~L~H2 RB 

2 00 - \/ 
B •t BR, 

2 

with the elimination of BR3. Alternatively, the exocyclic BR2 

moiety can be displaced by H & interaction with CH,OH: ring 
_J 

opening occurs simultaneously but to a minor degree. Subsequent 
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substitution reactions at the OH site of the molecules are 

feasible. Tetraols react in similar fashion as outlined above 

and species of the type 

can be obtained (87). The structures of all products were 

ascertained by infrared, mass,and nuclear magnetic resonance 

spectroscopic data. The pentaol xylitol reacts in similar 

fashion (86) to yield the following two species: 

Hz7-oBRz 
H--F-oBRz R,BO 

R2Bo-?-H 

H-roBR2 1 
0 \ 
/B-R 

0 

0 

I 
H2C-0BR2 R-B-O 

The exocyclic R2B group of the latter compound is readily displaced 

by H a reaction with acetylacetone whereas treatment with CHgOH 

results in partial ring opening: subsequently, the hydrogen has 

been replaced by C6H5C0 through treatment with benzoyl chloride/ 

pyridine. Also, the bicyclic species depicted above undergoes 

an intermolecular condensation (86) to form the following compound: 

RB- 5 Q 
-0 B-R 

0' 

0 I> 
.R-B-0 

2 
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This latter reaction is reversible by treating the product with 

a large excess of triethylborane. It is worth noting that in the 

bicyclic species the six-membered heterocycle undergoes a ring 

opening more readily than the five-membered ring system. The 

reaction of the hexol dulcitol with triethylborane proceeds in 

quite similar fashion as outlined above (88). The polydiethyl- 

boryloxy derivative can be isolated but undergoes an intramolecular 

condensation to yield 

The two exocyclic BR 2 groups of this latter species can again_ k,e 

displaced by H which, in turn, can be replaced 'by various organic 

groups such as CH3C0. Also, the molecule undergoes an additional 

intramolecular condensation to form the following compound: 

R-B-O 

0 
‘B-R 

0’ 

However, the structural information on the latter two species 

illustrated above is not completely conclusive and alternate 

structures involving 1,3,2-dioxaboracyclohexane moieties rather 

than the depicted five-membered ring system are possible. For 

similar reactions of D-mannitol with triethylborane, see (83). 

Two routes are described for the preparation of ethylboronated 
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O-derivatives of some methyl glycosides in a 

synthesis (2943. 

Condensation of (phenyl)dihydroxyborane 

(n = 5, 6) yields heterocyclic species which 

illustrated by the following scheme (316): 

regioselective 

with HO(CH2)nOH 

equilibrate as 

Pl 
2 H&5-8\ 

0 

3H2),, 

,,W,C) 
HO\ 

I 
B-c6H, 

I 
0 

I P 
H5C6-B\ , KH2)n 

0 

The N-oxides of I-alkyl-3,5-piperidindiol interact with (aryl)- 

hydroxyboranes to yield betaines with an adamantanoid or a bicyclic 

ring system (306): 

The crystal and molecular structure of the following compound 

with R = C6Hg or C6H4-4-cR3 , respectively, has been studied by 

X-ray diffraction (317) and features intermolecular NH...0 bonding. 

"2/C-C\"2 

"AB,O 

"2 
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The structure of 

features one nearly planar BOBON ring in which the two boron 

atoms are in different coordination (318); intermolecular 

NH . ..O bonding is also observed. X-ray data on (salicylaldehydato)- 

diphenylborane 

H 
\ 

show that the heterocycle is almost planar, the boron atom 

0.33 8 from the mean plane of the other five atoms (135). 

The stability constant for the reaction C6H5B(OH)2 f 

being 

2 H2mal + C6H5B(OH)(mal-) f H30+ (H2mal = malonic acid) is 

0.026 suggesting the formation of a tetrahedral anionic complex 

as illustrated below (14): 

For a study of the pka and the protodeboronation of (Z-furyl)- 

dihydroxyborane,see (332). 
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Cyclic derivatives of several sugar phosphates containing 

CH3B02 and C@9B02 groupings as structural unit have been 

examined by mass spectrometry (169); the data seem to substantiate 

the formation of rearrangement ions ccntaining a B-O-P linkage. 

For mass spectral data on cyclic bistalkaneboronates) of various 

monoacetylated carbohydrates see (293). The mass spectral 

fraeentation patterns of various chelates containing the BF2 

or B(C6H5)2 moiety are substituent dependent (117); boron-bonded 

fluorine-containing species form trigonal boron moieties by 

chelate ring opening whereas the boron-phenyl species lose a 

phenyl group_ 

2,4,6-Trimethoxytoluene reacts with (CH3)2CH-(CH2)n-~OOH 

(n = 0, 1) and BP 
3 

to form boron-containing heterocycles in a 

selective demethylation process as is illustrated by the following 

equation (275): 

H&O OCH, 0, 
BF, 7F2 

(CH,),CH(CH,),COOH 4 

OCH, H&O : 

KH2),-CH(CH3)2 

The resultant species can be hydrolyzed and the process may be of 

potential use in natural product chemistry, particularly since 

a similar reaction, i.e., formation of boron-containing hetero- 

cycles, is also observed with X,3,5-trimethoxybenzene. 

The pulse radiolysis of aqueous solutions of (phenyl)di- 

hydroxyborane and its E-nitro and m-amino derivatives have been 

studied (219); a band observed at 297 nm is assigned to the 

[c~H+oH)~]- anion which is formed in an electron-capture 

reaction; electron inductive effects are discussed. 

Poly(styryldihydroxyborane) resin has been used successfully 



85 

in the selective functionalization at glycosides (278) and cyclic 

boronate species have been utilized in gas chromatographic analysis 

(215) and in gas-liquid chromatography-massspectrometry studies 

(216, 267). The deboronation of (r&vinylphenyl)dihydroxyborane 

polymers has been utilized for the synthesis of B-deuterated 

polystyrenes (54). For copolymers of (g-vinylphenyl)dihydroxyborane 

with styrene see (277). 

Ab initio molecular orbital calculations on H3BOH2, - 

(H2B0B12, and some related compounds have been made (47). Based 

on these data it is concluded that the bonding in the cited species 

is very simi.1z.r to that of related aluminum compounds and that the 

reorganization energy due to conjugation in H2BOH is responsible 

for a very low dissociation energy for the (H2BOH12 molecule. 

Electron diffraction data on gaseous [(CH3J2B120 indicate the 

existence of coplanar C2B0 units in the molecule with a B-O 

distance of 1.359 8 and a B-C bond length of 1.573 fi (41). The 

structure of B(OCH ) as determined by electron diffractcon 
33 

involves a planar B(OC)3 skeleton of C3h symmetry with a B-O 

distance of 1.367 a (40). Tris(organyloxy)boranes, B(OR)3, 

hydrolize in organic solvents in the presence of KOH to yield 

anhydrous potassium polyborates (115); the rate of hydrolysis 

is dependent upon the size of the organic moiety, the reaction 

temperature, and the polarity of the solvent. Several polyborate 

and fluoropolyborate ions have been identified in solution by 

Raman spectroscopic measurements (247). 

Four routes involving condensation reactions have been 

developed for the synthesis of 2-(N-alky~salicylaldimino)borinanes, 

-borolanes, and -boroles (101): 

rR7 
0 0 \/ 

B 
I 

o--C6H4--2--_CH=NR' 
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These compounds are reasonably stable toward moisture indicating 

back-coordination of the azomethine-nitrogen to boron. 

Tetrachlorosilane, metallic lithium,and ClB(OCH 
3 
) interact 

to form solid Si B(OCH ) ] II 324 
(155); the B-Si bond is sufficiently 

stable to survive transesterification. Tris(trimethylstannyloxy)- 

borane and the corresponding Ge and Sn compounds have been prepared 

by condensation reactions and were characterized by infrared and 

proton magnetic resonance data (241). 

The vibrational spectrum of B(OCH3)3 has been studied in 

detail (337) and the data were interpreted in terms of a C3h model: 

the calculated forceconstant f(BO) is 4.75 mdyn/a. The cell para- 

meters of B(-O-CH2-CH2-)3N have been re-determined (168) and the 

14 N nuclear magnetic resonance spectrum of the compound has been 

recorded (222). The synthesis of B(O-CH2-CH2NHC6H5)3 has been 

described and thermal cracking of the compound was found to lead 

to indole (224). 

Complex formation equilibria Ln the system MF/B(OCH3j3 

(M = alkali metal) were determined by the solubility of MF in 

the reaction medium (2). The resulting salts of the type _ 

M[FB(OCH3)3] are readily soluble in CH 
3 
OH in which solvent, 

however, decomposition occurs. For vapor-liquid equilibria of the 

trimethoxyborane/carbon tetrachloride and trimethoxyborane/benzene 

systoms,see (253). 

Boric acid and ethylene glycol fom equilibria in aqueous 

medium in the presence of NaC104 that contain polyborate ions as 

well as glycol complexes such as the following species (17): 

H2~---~H2 

&g/o 

p' 'y 

HO/BNO’BbH 
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For the thermal condensation of boric acid with pentitols and 

hexitols (166) as well as with pentaerythriols and analogous 

compounds (167),see the cited references. Also, complexes of 

sodium tartrate with boric acid have been studied (273) and 

several borate-polyol complexes have been investigated by Rsman 

spectroscopy (231). For anion-exchange chromatography of alditols 

in borate medium see (175). The reaction of boric acid with 

various monobasic bidentate ligands in refluxing acetic anhydride 

gives chelates of boroacetate of the type CL-L)B(O-CO-CH3)2 (271). 

In the I:1 molar interaction of boric acid and benzoyl acetone 

a chelate is formed that has an intramolecular charge-transfer 

band at 310 nm; photo-excited species of the ligand are discussed 

(248). For a benzylamine-borotartrate complex,see (2981, and 

for solid solutions in the Mn, Co, and CU pentaerythritolborate 

series,see (297). 

Heterocylces of the structure 

Hz/C-C\% 
0 s \/ 

? 
R 

with R = C6H5, N(C2H5)2, NHC4H9. and SC H have been prepared 
25 

by condensation of Z-mercaptoethanol and an appropriate borane 

such as C6H5B(SC2H5j2 (164). 

Boric acid and (phenyl)dihydroxyborane have been used in 

the partial acetonation of monosaccharides (230). 

6 BORON-SULFUR COMPOUNDS 

Various 2-substituted 1,3,2-dithiaboracyclohexanes, 

CH2(-CH2-S-j2BX wit'? X = C6HJ, N(C2HJ)2, NHC3H7, NHC4H9, NHC6H,-, 
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and SC H have been prepared and mass spectral data on the species 
25 

were recorded (327). For the preparation of some arylthiopoly- 

boranes,see (242); the preparation and structure-of a thiadi- 

borolene derivative (ll3-lZl) has been discussed above. 

& initio calculations on HBS (63) and H2B-S-S-BH2 (29) have 

been reported: the results on the latter compound indicate a 

substantially higher barrier 

compared to the anti form of 

of a mixture of B2X6 and H2S 

respectively, are formed (as 

to internal rotation for the m as 

the molecule. On C02-laser irradiation 

(D2S) the species HB(SH)2 and HB(SD12, 

unstable materials) besides p-HS-B2H5: 

the compounds are not produced in an analo&ous thermal reaction 

(183). 

Sis(methylthio)methylborane, (CH S) 
3 2 

BCH3, has a molecular 

skeleton which is nearly coplanar but with non-equivalent SCH 
3 

groups (18); the electron diffraction data on the gaseous species 

give values of I.796 _% for the B-S bond distance and 1.818 2 for 

the C-S bond. Bis(trifluoromethylthio)methylborane has been 

obtained from the reaction of (methyl)dihaloborane with Hg(SCF3), 

(110): various other haloboranes react in analogous fashion and 

C12EiCF3, C1B(SCF3J2, BWF3J3, and o.thers have also been prepared 

by this procedure. The compounds are chemically unstable and 

decompose readily with the formation of fluoroboranes. 

For kinetics and mechanism of the reduction of ketones 

employing Na[h2BS3] as agent)see (342). 

7 EORON-NITROGEN COMPOUNDS 

7.1 -AKINGBORAI'ES 

(Dimethylzqino)haloboranes of the type (CH~)~N--BHX with 

x = Cl, Sr have been obtained by the reaction of dimeric (di- 

methylamino)dihydroborane with HgX2 at llO°C (13): monomer-dimer 

equilibria persist in the gas phase, the dimer involving a B2N2 
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ring system. Diphenylamine and BBr3 interact in refluxing 

benzene to form (C H ) 
652 

N-B& 2: 
the colorless solid interacts with 

pyridine to yield a boronium salt (181). Pyrrole reacts with 

THF-BH 
3 

at O°C to yield (I-oyrrolyl)dihydroborane as a 1:l molar 

adduct with THF (6). Further reaction with pyrrole yields Tris(l- 

pyrrolylborane) besides a polymeric species, most likely resulting 

from a hydroboration of the pyrrolyl moiety with (I-pyrrolyljdi- 

hydroborane. This polymer is the exclusive product in the reaction 

of B2H6 with pyrrole in the absence of solvent. (I-Pyrrolyl)di- 

hydroborane is also obta5ned when THF-BH 
3 

is reacted with tris(l- 

pyrrolyl)borane and pyridine-trichloroborane was found to react 

with (I-pyrrolyljpotassium to yield pyridine-(l-pyrrolyl)dihydro- 

borane (6). Trihaloboranes, 2X 3 !x = F, Cl, Br! react with tris(- 

trimethylsilyl)amine N-silylated (amino)haloboranes (20). and 

(CF3Sj2NH reacts in similar fashion (95). Reaction of X,B-N(SCF3), 

with Hg(SCF3)2 gives (F3CS)2N-B(SCF3)2 and with LiBR& the 

corresponding dihydroborane is obtained. All of these species 

appear to corrtaic a~ extremely electron-Poor boron-nitrogen bond. 

(Dimethylthiophosphoryiamino)boranes of the type 

BbR-PS(CH3)i]3 and xB[NR-PS(CR~)~]~ are monomeric whereas 

X2B-NR-PS(CH3)2 species (X = Br. CH3) form monomer-dimer equilibria 

iD_ which B-S coordination seems to prevail (80). 

Molecular orbital calculations suggest an eclipsed boat con- 

formation for (H,B-NH,)3 and indicate that the molecule is 

thermodynamically unstable with respect to disproportionation 

(261). The electronic influence of the substitutents on the free 

enthalpy of rotation about the B-N bond of aminoboranes of the 

type (CH3j2N-BClR and RCH3N-B(CE3)2 where R is a m-substituted 

phenyl group has been studied by nuclear magnetic resonance 

spectroscopy (212), and the stereochemical rigidity and enantio- 

merization of bis(diisopropylsmino)diaikylaminoboranes has been 
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studied by 'H and 13C NMR spectroscopy and was established for 

R = C2H5 (334). 

For electroless plating baths containing (dimethylamino)borane 

as the reducing agent and the properties of the deposits,see (299). 

7.2 BORON-NITROGEN RING SYSTEMS 

Excess BBr 
3 

reacts with Cl 
3 
WC1 to yield the novel borazine 

F SBr-N(8Br2)-]3 (21): the compound was characterized by its 

vibrational spectrum exhibiting the B-N'ring frequency at 1450 cm -1 

and by nuclear magnetic resonance and mass spectroscopic data. 

Boron-deuterated borazines can readily be prepared in a gas phase 

reaction with a D 
& 

BF2 mixture, in which the HBF2 acts as an 

H/D exchange catalyst (148). Borazine cations are formed by 10.2 

eV photon impact on borazine, B-trimethylborazine, or N-trimethyl- 

borazine; the ions react with their precursors by proton transfer. 

In the methylated cations the odd electron seems to be located at 

a carbon atom (338). 

Boron-11 and 14 N chemical shift values of borazines can be 

interpreted in terms of delocalized pz electron pairs of the 

nitrogen atoms in the ring system (182); i514N correlates linearly 

with the calculatedm-charge densities at the nitrogen atoms. 

Coriolis constants of the E" species of borazine have been determined 

by a study of the vapor phase Raman spectrum of the compound (61). 

For force constant calculations on the borazine ring by the Coulsen 

and Longuet-Higgins method,see (96). and for the pure rotational 

spectrum of borazine,see (270). 

The molecular structure of the compound 

H3C 
\ 

CH3 

,N-N/ 

KH,),N-B, ‘f-NKH,), 
N-N’ 

\ 
H,C’ CH, 



91 

was investigated by X-ray diffraction techniques (118). The B2N4 

ring is non-planar with a B-N distance of 1.43 a and a N-N 

distance of 1.43 8. The mass spectra of dimeric (l-pyrazolyl)- 

boranes (= pyrazaboles) of the structure 

N-N 

give evidence for three major fragmentation processes (341). 

Common to all spectra isthe symmetrical cleavage of the molecule 

under electron impact whereas the occurrence of rearrangement 

processes via B2N3 and B2N2 ring systems is depending on the 

nature of the carbon substituents. 

7.3 IMINOBORANES 

Bisiminoboranes and trisiminoboranes 

thioboranes (74)~ 

have been prepared y& 

RB(SR')2 -I- 2 C6H5R"C=NH --_) RB(N=CR"C6H5)2 

B(SR')3 i- 3 C6H5R"C=NH --W B(N=CR'C6H5)3 

Diarylketimine hydrochlorides react with aminoboranes to yield 

(diarylketimino)boranes (307): 

Ar2C=NH-HCl + R2B-N(C2H5)2 + Ar2C=N-BR2 + (C2H5)2NH*HCl 

Dipole measurements on the resultant species give relatively low 

values in the order of approximately 1.5 to 2.5 D; this observation 

seems to dispute allene-like structures for the. compounds. On the 

other hand, 13C nuclear magnetic resonance data on (CF3)2CiN-B(CH3)2 
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suggest that the CNB ckeleton is linear with an allene-like 

structure (12). The cited compound exhibits a vapor pressure of 

$58 Torr at 19°C and is readily obtained by a dehydrohalogenation 

reactLo= between (CF3)2CiW and (CH3)2BSr. 

7.4 COMPOUNDS GOIWATNING AN?XUZAR SCJRON 

The reaction of tris(trimethylstannyl)amine with the 

corresponding I-bromoborolane yields the compound 

3 

Piuclear magnetic resonance data OR this tris(boryl)arnine 

demonstrate that the borolanyl group withdraws electron density 

fro=? the nitrogen y&~ B-N interactions (39). A number of novel 

diborylamines have been described in which the boron is In- 

corporated into an annular system (23). The species of the types 

are relatively stable toward hydrolysis and can be distilled 

without noticeable decomposition. 

The reaction of triethylamine- phenylborane with N,N-diallyl- 

aniLine yields 1,2-diphenyl-1,2-azaborolidine 
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and I,+diphenyl-i-aza-5-borabicJrclo ~.3.O]oete-ne 

as the mafor boron-containing products (163). The species 

normally exists as a dime??: however, at temperatures near 180°C 

monomer formation occurs and the He(I) photoelectron spectrum 

of the monomer has been recorded (22). 

2-Phenyl-1,3,2-diazaboracyclohexane reacts with phenyl iso- 

cyanate or isothiocyanate in a 1:1 molar ratio according to (7): 

R 

The structures of the products were 

nuclear magnetic resonance data that 

confirmed by infrared and 

clearly dispute the presence 

of alternate species. Additional derivatives of this triaza- 

boracyclooctane heterocyclus have been obtained by such an amino- 

boronation procedure (329). The following reaction series has been 

briefly described (184): 
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B(OCH313~ 
/ \ 

B1NKHdd3 

/ 

NH-SiR, 

NH-SIR, 

H - 
ti 

\B-0CH3 
N’ 
\ 
H \ 

H 

N’ 
‘B- 

N’ 
\ 

\ 

IH 
N- 

‘B-N(cH& 
N’ 
\ 

/ i4 

3 

and X-ray data on B.B'-bis(l,+dimethyl-1,3,2-dtazaborolidin-2- 

yl, (-CH2-NCH3-j2B-B(-NCH3-CH2-j2, have been gathered (312). 

These data clearly support the suggested structure and dispute 

the interpretation of earlier mass spectroscopic results. 

The transmission of substituent effects in the system 

with X = Cl, OCH 
3’ NO2 and similar heteroimidazolidine systems 

has been studied by 'H nuclear magnetic resonance investigations 

(154). The transmission does not seem to be affected by the 

hetero atom. 
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Some electronic properties of 2-methyl-2,1-borazaronaphthalene 

have been studied by CND0/2 approximation (333). The rotational 

barrier of the methyl group was found to be approximately 

1 kcal/mol and there exists a net charge transfer from the heterocycle 

to the methyl group along the B-CH 
3 

bond. The preparation, bromin- 

ation and nitration of some thieno-fused 3.2-borazaropyridines 

have been described (31) and halogen-metal exchange has been found 

possible by reacting iodo- or bromo-substituted 3,2-borazaro- 

pyridines with butyllithium (30). 

24minopyridine and triphenylborane form a 1:l molar adduct 

in which the pyridyl nitrogen is coordinated to the boron (Ii); 

pyrolysis of the compound yields B-triphenyl-N-2-pyridylborazine. 

Similarly_, 2-aminopyridine coordinates with the boron atom of 

(2-pyridylamino)diphenylborane and the latter reagent was also 

found to form a 1:l:l molar adduct with (diphenyl)hydroxyborane 

and 2-aminopyridine. Pyrolysis of this latter adduct 

yields (diphenyiborylj(2pyridylaminophenylboryl) oxide, 

which has a coordinated bicyclic structure: 
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H5C6 ,/C,", 

G 
6. 

0 
N’ p 

NB 
/\ 

I C6H5 

(Z-Pyridylamino)diphenylborane reacts cleanly with aldehydes or 

ketones in a 1,2-addition of the pyridylamino and diphenylboryl 

fragments of the amkoborane across a carbonyl group (10). The 

resultant products, however, have again a bicyclic coordinated 

structure 

HSC6, FsH5 /. 
G 

B 

0 N ? 
‘: 
,CrR 

R' 
H 

as is evidenced by their 11 I3 nuclear magnetic resonance spectra 

and their high hydrolytic stability. A similar species is obtained 

on reaction of (2-pyridylamino)diphenylborane with carbon dioxide, 

whereas with molecular oxygen or water the diboryl oxide cited 

above is obtained (II). 

The reaction of bis(trimethylamine)-dihydroboronium iodide 

with potassium metal yields the following heterocyclic species (33): 

"27- E;I(CH312 

"zC.",B", 

/- -1 
H,C CH, 

This same compound is also obtained y& the reduction of 

(CH3)3N*EJH2X (X = Sr, I> with sodium-potassium alloy (35). For 
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this latter process, a reactive intermediate [Ux3)gNBH2:]- 

was formulated. Monohalogenation of the heterocycle with HX 

(X = Cl, Br, I) under mild conditions occurs at the C-B-N boron 

atom. A second halogen can be attached to the other boron atom, 

a third halogen again bonds to the C-B-N boron and displacement 

of all four boron-bonded hydrogens has also been accomplished (33). 

The monoiodinated product reacts with Lewis bases L such as 

pyridine or trimethylamine by iodide ion displacement to yield 

a novel type of boronium salt (34): 

H 

L-$- y(CH312 1 
H2C\N/BH2 

I 

\ 

H,C' 'CH, 

7.5 -AMINE-BORONIUM IONS 

(Diphenylamino)dibromoborane interacts with pyridine to 

form the following boronium salt (181): 

1 Br 
Several boronium salts of the type [LL'BH& were obtained in 

a two-step process (27). Initially, adducts of iodoborane. 

L'BH21 with L = trimethylamine, pyridine, triphenylphosphiae. 

are obtained by combination of the reactants: addition of a 

second donor molecule L' = trimethylamine. trimethylphosphine or 

triphenylphosphine yields the cited salts. The various species 

were characterized by elemental analysis as well as 'H and =B 

nuclear magnetic resonance data. 
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A newly defined class of 0 and N bonded boron cations 

derived of betaines and amino acid esters, e.g., 

[(cH~)~N-BH,-O-CO-(CH,)~N(CH~)~]*, has also been described (145). 

7.6 AMINE-BOEANES 

Simmons-Smith reagent, an organometallic complex formed 

between Zn and CH212. interacts with (CH3)3NmBH3 by transferring 

methylene groups to a B-H bond (44). It appears that the B-h 

bond is destroyed in the initial stage of the reaction: if the 

reagent is prepared in the presence of trimethylamine-borane on 

a 3:1 molar ratio, a yield of trimethylborane is obtained that 

is close to the theoretical value. However, interaction of the 

two species in a 1:l molar ratio does not yield any trimethylborane. 

Adducts of iodoborane of the type L-BH21 where L is a nitrogen 

donor molecule (or a phosphine) are readily obtained by direct 

combinaticn of the two reactants (27). Trimethylamine-iodoborane 

reacts with _AgCN to form (CH > N'BH2NC*AgC!N whereas interaction 

of the cited amine-borane wizh3K[Ag(CNj2] in CH2C12 yields a 

precipitate of [(CH3)3NBH2]2CNAg213: evaporation of the solution 

yields (cH~)~N-BH~cN (157). 

For species of the type L-BH2X (L = trimethylamine, pyridine, 

trimethylphosphine; X = F, Cl, Br, I, NCS, NCSe) there seems to 

exist a correlation between the B-5 coupling constant , the electro- 

negativity of X and the (estimated) B-X distance (28). This 

observation appears to be useful for the prediction of coupling 

constants of yet unknown compounds of this type. The 13C nuclear 

magnetic resonance spectra of trimethylamine-trihaloboranes 

exhibit trends of the chemical shift values that reflect the order 

of Lewis acidity of the trihaloboranes (143). Elsewhere (641, the 

preparation and some physical data of amine-haloboranes of the 

tyRe R3N-BXny3_n (R = organ%c substitutent, -X = halogen, Y = 

cyanate or thiocyanate group) are reported. 
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Trimethylamine-iodoborane reacts slowly in liquid ammonia to 

transform into bisamminedihydroboronium iodide (263); the reaCtiOn 

rate is greatly increased in the presence of halide salts. Reaction 

of (CH3J3~*Eti21 with NaCN gives mainly H3N-BH2CN (in liquid ammonia$ 

and with NaNH2 polymeric (H2B-NH2)n is obtained. 

The annular atom of 2-aminopyridine serves as donor Site in 

the complex with triphenylborane (11) and, based on molecular 

orbital calculations, the principle contribution to the stabilization 

of H N.BH 
3 3 

and the corresponding N-methylated species -is the 

electrostatic interaction (292). For molecular motion studies 

on solid trimethylemine-borane by nuclear magnetic resonance 

techniques,see (132). 

The hydrolysis of (CH3)3N*BH2F occurs y& acid-independent 

and acid-catalyzed pathways, each of which is first order in 

substrate (93). The mechanism of the thermal decomposition of 

solutions of hydrazine-borane in hydrazine has also been studied 

(55). 

(CH3)3N*BBr2CN has been obtained by direct bromination of 

(CH3)3NsBH2C~ in aqueous solution (170). (cH~)~N.BH~(COOH) has 

been obtained by the reaction sequence (149) R3N*BH2CN e 

R N-BH2-CNC H '"F4- 
3 25 

+ R3N*BH2(CONHC2H5) --_) R3N-BH2(COCH) 

(where R = CH 
3 
). The molecular structure of the product was 

determined by single crystal X-ray analysis and dimensions were 

found to be similar to those of other carboxylic acids. The 

compound, which may be viewed as the boron analog of an amino 

acid, exhibits significant antitumor activity. Various amine- 

boranes derived from amino acid esters have been prepared i= 

another study (282); the amino groups serve as donor sites to 

the boron. 

Tetramethylthiourea and tetramethylselenourea form I:1 molar 

adducts with BF 
3 

which are partially converted into ionic species 
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(1331,and the adducts of tetramethylurea and l,l-bis(dimethyl- 

amino-Iethylene with trihaloboranes were found to show similar 

complexation shifts and restricted rotation about the central 

C-N bonds (134). 

Consecutive addition of aqueous alkali, an aldehyde and 

acetamidine hydrochloride to (butyloxy)diphenylborane 

yields chelates of the following type (4): 

R2 

R A 
H-k C 

/\/ R' 

/ .\ 
"5=6 =6”5 

The intramolecular adduct 3,4-dihydro-3,4,4-trimethyl-4,3-bor- 

azaroisoquinoline 

contains 2n aspmetric nitrogen atom. One of the two possible 

isomers has been studied by X-ray diffraction techniques (336) 

2nd was found to contain a B-N bond distance of 1.645 8 and 

2 N-N distance of 1.463 2. 
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8 PHOSPHORUS-CONTAINING SPECIES 

When H3P-RH3 is dissolved in liquid ammonia at -45OC, the 

salt NR4 LH2P(BH3)2] is the final product of the reaction (141). 

At higher temperatures,increasing amounts of H3N-BH3 are formed 

besides the cited species. In contrast, methylamine and dimethyl- 

amine from the corresponding amine-boranes at -45'C whereas at 

higher temperatures salts corresponding to the one cited above 

are obtained. Trimethylamine forms the amine-borane under all 

conditions that were studied. 

The compound F2B-NH-PF2 has been obtained by the interaction 

of BF3 with F2P-NH2 (262). Controlled halogenation of the species 

L ~cH~I~P-BH~]~ to yield partially halogenated species is possible 

with several reagents of which N-halosuccinimides are the most 

selective (244); B-monohalo derivatives are nucleophilic attacked 

by amides to yield the corresponding organyloxy derivatives 

besides ammonium halides (243). Detailed multinuclear magnetic 

resonance studies of various derivatives of the cited six-membered 

heterocyclic system have been utilized for structural assignments 

(245). Detailed nuclear magnetic resonance studies on aryldifluoro- 

phosphine-boranes, RF2P-BH3, have been recorded and chemical shift 

data are presented elsewhere (161). Based on "B nuclear magnetic 

resonance data on haloborane adducts with various phosphines (as 

well as arsines) both the "B chemical shift increment as well as 

the P-E coupling constant are sensitivie to the donor-acceptor 

bond strength (189). 

Single-crystal electron spin resonance studies on triphenyl- 

phosphine-trichloroborane indicate the formation of the triphenyl- 

chlorophosphine radicalduring X-irradiation (238). oP[N(cH~)~]~ 

forms adducts with BF3 and BC13 that have been characterized 

(205); however, interaction of the phosphor amide with BBr3 and 

BI 
3 

is more complex and results in the cleavage of a P-N bond as 
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implicated by the isolation of the iodide of the cation 

~(CH3)2N~3PO-~H2-~(CH9)2N~2PIO* l These studies led to the 

discovery of a new type of boronium cations in which the boron 

is bonded to one nitrogen and two oxygen bases, e*, the cation 

\L.BH[~CH~)~N]P~J+. Reduction of trimethylphosphite-borane 

with sodium naphthalide seems to yield the dianion depicted 

below (142). 

1 
2- 

KH,O),~ y(OCH& 

BH, BH3 

9 BORATE3 

Various tetraalkylammonium 

prepared from the corresponding 

tetrahydroborates have been 

anmonium iodides by an exchange 

reaction with BR4-- loaded exchange resin in aqueous alcoholic 

media at O°C (9) and on a cationic exchange resin (225) according 

to the equation: 

(~4N)x + MRR~ ----I, (R~R)BII~ + MX. 

Quaternary ammonium hydroxides undergo a metathesis reaction 

with Na(H BCN) 
3 

(170) and the latter salt has been utilized as a 

selective reducing agent in acidic ethanol at ambient temperatures 

(203). For the mechanism of the reduction of a,P-unsaturated 

tosylhydrazones with the cited salt,see (289). 

(I-Pycrolyl)borane reacts with metal hydrides to yield alkali 

metal trihydro(l-pyrrolyl)borates (6). The lithium salt is also 

obtained as the sole product on interaction of LiBH4 with pyrrole 

2t temperatures below 160'~; however, on prolonged reflux the 

lithium tetrakis(l-pyrrolyl)borate can be obtained whereas an 

analogous reaction involving NaBH4 proceeds at much slower pace. 
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Dihydrobis(l-pyrrolyl)borates are also described (6). Sodium 

trifluoroacetoxytrihydroborate is a convenient reagent for the 

reduction of nitriles to the corresponding amines under mild 

conditions (211). Fluorine-19 nuclear magnetic resonance data suggest 

that in the presence of alkali the first step in the hydrolysis of 

methoxy-trifluoroborate ion is the displacement of F- y& a 

dissociative mechanism (339); acid hydrolysis, however, proceeds 

via the hydroxytrifluoroborate ion as the initial product. 

Thermogravimetric analysis of tetraalkylammonium tetrahalo- 

borates shows the products of the thermal decomposition to be 

trialkylamine-trihaloboranes and (dialkylamino)dihaloboranes (226). 

The reaction of BC13 with various alkali metal and ammonium nitrates 

proceeds slowly at 20°C and leads ultimately to the decomposition 

of the nitrate ion and formation of tetrachloroborates (36): the 

species M(C1 BONO2) is an intermediate in the process but the 

salt ~C2H5)~NJCa(O~~2)J could be isolated and identified. Tetra- 

alkylammonium perchlorates react with SF 
3 

to give I:1 molar adducts 

in which the boron is coordinated to an oxygen atom of the ClO,+ 

group (102). The "B chemical shift values of tetrabutylammonium 

trihaloperchloratoborates are very close to that of (C2H5)20*BF3 

(70): at room temperature a rapid chemical exchange of free and 

complexed trihaloborane is observed. Boron trichloride and boron 

tribromide as well as boric acid and oxide interact with disul- 

furic acid to form condensed structures with bridging SOLc groups 

(240). 

The reaction of lithium lithioethynyltrialkylborates with 

alkyl halides provides a facile route for the preparation of 

lithium trialkyl-1-alkynylborates (309). Sodium triethyl(trimethyl- 

silylethynyljborate is readily obtained by the interaction of 

sodium triethylhydroborate with trimethylsilylacetylene (82). 

Various reactions of the new reagent with electrophiles to yield 
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v%nylborane derivatives have been studied. The coupling reaction 

of copper(l) methyltrialkylborate with benzyl bromides has provided 

a convenient synthesis of alkylbenzenes (177). Lithium "ate" 

complexes derived from the addition of alkyllithium to B-alkyl- 

9-borabicyclo[3.3.1] nonane react with a variety of reducible 

organic compounds to form a-bicyclo[3.3.l]oct-l-yldialkylboranes 

(92). The high stereo-, chemo- and regioselectivities of lithium 

di-z-butyl "ate" complexes of 9-borabicyclo[3.3.X]nonane in the 

reduction of carbonyl groups are elaborated upon elsewhere (288). 

Trialkylboranes derived from hydroboration of olefins with 

Y-borabicyclo[3.3.1] nonane are remarkably resistent to thermal 

isomerization (172). 

Alkynyltrialkylborates undergo p-alkylation with alkyl 

migration from boron to the a-carbon atom under mild conditions 

to give (dialkyl)vinylboranes (320, 321) and protonation of tri- 

alkylalkynylborates followed by oxidation provides a very general 

route for the synthesis of ketones (322). Alkenyltrialkylborates 

react with aqueous NaOH in a selective protonolysis to give 

excellent yields of the corresponding alkenes (173). Treatment 

of alkenyltrialkylborates with hydrochloric acid produces primarily 

an olefin (105). The latter is formed via, migration of an alkyl 

group from boron to the alkenyl a-carbon atom followed by 

extremely facile dehydroboronation of the triorganylborane inter- 

mediate. The reaction of lithium dialkynyldialkylborates with 

iodine has been used for the preparation of unsymmetrical 

conjugated dienes (58). 

The reaction of lithium triethylhydroborate with alkyl 

tosylates is an advantageous procedure for the deoxygenation of 

alcohols (162) and lithium as well as potassium trialkylhydro- 

borates are reagents for the direct reduction of a,(+unsaturated 

carbonyl compounds to yield synthetically useful enolate anions 
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(59). Alkali metal triethylhydroborates react with nitriles to 

form the corresponding triethyliminoborates (200) and lithium 

trisiemylhydroborate has been prepared and was found to be an 

exceptionally stereoselective agent for the reduction of cyclic 

ketones (291). 

For new uses of copper(I) methyltrialkylborates in organic 

syntheses,see (2831, and for reactions of lithium trialkyl- 

alkynylborates with several group III to V electrophiles,see 

(2791- 

The crystal structure of the anion [B(C=CH)4]- has been 

studied by X-ray diffraction tecniques (120). For solubilities 

of potassium, cesium,and ammonium tetraphenylborate,see (108). 

for a study of the interaction of the anion with pinacyanole in 

solvent extraction,see (2281, and for a kinetics study on the 

thermal decomposition of sodium tetraphenylborate)see (191). 

The salt triethyl-n-hexylammonium triethyl-n-hexylborate 

is a liquid at room temperature: the viscosity of the species 

decreases non-exponentially with l/T by a factor of 15 in the 

range of 20 to 80°C while its ea_uivalent conductance increases 

similarly by a factor of 13 (42). Dilution of the salt with an 

equal volume of benzene increases the specific conductance at 

25OC by a factor of 10.5 (42). Carbon-13 spin-lattice relaxation 

times of the cited salt have been measured (290). 

10 BORON-RETAL COMPOUNDS 

Metallic potassium reacts with Al(BX4)3 to give KBH4 or 

K[A1(BH414] though the latter complex is obtained only from 

non-solvated starting materials (340). Tic14 reacts with LiBH4 

in ether to yield Ti(BH ) 
43 

.O(C H ) (335); the ether is readily 
252 

displaced by stronger bases such as tetrahydrofuran. Pyridine, 
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however, yields z l-2 molar adduct and displaces BH 
3 

from the 

salt. 

The vibrational spectrum of (c~H~)~z~(BHQ~ can be inter- 

preted in terms of pentahapto cyclopentadienyl ligands and 

doubly-bridged BH,+ groups(206): the compound loses hydridic 

hydrogen near 200°C as the initial thermal event in TG-DTA 

analysis. 

Metal tetrahydroborates are readily carbonylated to yield 

metal carbonyls (156). The reaction of Ti(salen)C12 with LiBHb 

gives a dimeric complex containing seven-coordinate Ti(IV) and 

an amine-borane dcnor group (258). The latter is formed by 

addition of BH; to the imino function of the ligand. Several 

addition complexes of ammonium and sodium tetraphenylborate with 

[N,N'-ethylenebis(salicylidene iminato)]Ni(II) have been described 

and X-ray data on tr Nits&Len) ]2Na(NCCH3)2 b(C6H5)4]]s2CH3CN have 

been obtained (314). 

Trimethylamine-cyanoborane reacts with [Mk~(co)~]Br to give 

the following complex (157): 

OC’ io'cNBH2~(~~3)3 

The reaction of K[(=-C5Hg)Fe(CO)(CN)2] with boranes (BX3, X = 

F, Cl, Br, H. C6H5) yields iron complexes containing 

[CNSX3]- or [CNBX~NC]- ligands (106). Infrared data and 

molecular weight determinations suggest structures such as 

OC 
x2 

\ ,C=N-B-N=C, ,R 

/Fe\ 
R 

IF'\ 
C=N-B-N=C CO 

x2 
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for the lattter species (in which R = C5H5). Triamminechromium 

tricarbonyl reacts with (phenyl)dihydroxyborane in boiling 

dioxane according to the equation (104): 

C6H5B(0H)2 + (H3N)3Cr(C0)3 + [c~H~B(oH)~]c~(co)~ + 3 rm3 

The yellow crystalline complex is relatively stable in air but 

is readily oxidized in solution. On heating in vacuum, water is 

lost with the formation of (C6H5BO)Cr(CO)3, whereas reaction 

with 3-C H OH yields the extremely moisture-sensitive species 
37 

rC6H5B(OC3H7)~]Gr(CO)3. 

For the reaction of haloboranes with I%(O) and Pt(I1) species 

to yield complexes of the type kC6H5)3P]2Pt(BF3)2,see (144). 

In the case of (diphenyl)haloboranes oxidative addition of the 

B-halogen bond has been observed to occur at the Pt.(O) center to 

yield [(C6H5)3P]zPtrB(C6Hg)2]X. 

Various tetrahydroborate-, cyanotrihydroborate-,and hydrido- 

phosphine complexes of Ru(I1) have been described (131) and Similar 

Rh(I), Rh(I1) and Rh(II1) species have also been reported (130). 

The reaction of cis-Cr(CO),~(CH3)3][C(OCH3)(CH3)] with BF3 

proceeds y& elimination of a CH30 group and substitution of a 

CO ligand to yield mer-(BF4)Cr(CO)3~(CH3)3](CCH3), which contains 

a BF,+ group coordinated to the Cr atom (331); the species 

readily interacts with water to yield the compound 

[~-H20Cr(CO)3~(CH3)9](CCH3)]*BF~ _ The structure of the 

cluster species (OC)9C03COBBr2~(C2H5)3] has been determined by 

X-ray diffraction (116). 

The crystal structure of HB(~z)~Mo(CO)~(NO) (pz = i-PAT- 

azolyl) has been determined from single crystal X-ray data (38). 

Coordination about MO is roughly octahedral and that of B is 

tetrahedral. A_ single crystal X-ray diffraction study on 

L: HB(Pz)~]P~(CH~)(CO) showed the compound to be square planar 
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with only two of the three.l-pyrazolyl groups coordinated to 

the platinum (51). The metal is located slightly above the plane 

defined by the four donor atoms. X-Ray data on bis dihydro-bis(l- 

pyrazolyl) borato nickel(I1) give no evidence for Ni-H interaction 

in the complex (65). The structures of bB(~z)3Cu]2 and of the 

corresponding 3,5-dimethylpyrazolyl derivative have been studied 

in the solid state (X-ray diffraction) and in solution (IH NMR) 

(152); the methylated species is extensively dissociated in 

solution. X-Ray diffraction data show that in the complex 

(CH3)~Sfpz)3~Pt~~C(CR~)~ the Pt is in sa_uare planar environment 

with the hydrotris(l-pyrazolyl)borate anion functioning as a 

bidentate ligand (246). However, a significant difference in 

the Pt-N bond lengths is observed and is discussed in terms of 

a trans influence: the relation between the solution NMR spectral 

data and the solid state structure is also discussed. 

TiC14 react with K[HB(~z)~] or the corresponding 3,5-dimethyl- 

pJrrazoly1 derivative to give k5B(pz)31TiC13 in a very clean 

reaction (147).New rZ0 complexes containing poly(l-pyrazolyl)- 

borate ligans include [[(C2H5)2B(pz)2]4]Mo2, the species 

(CX3C0,)2 Mo2 [(pz)2R(C2H5)212 and (CH3C02)2M02 C(~Z)~BH]~ (146): 

the structures of the latter two species were determined by X-ray 

diffraction techniques. Dihalonitrosyl(tris-l-pyrazolylborato)- 

molybdenum complexes have been described. their alcoholysis was 

st-udied. and 1 H and 13 
I 

C nuclear magnetic resonance spectra (159) were 

discussed. Also, the structure of [(C6H5)2B(pz)2]2Ni has been 

studied by X-ray spectroscopy (139). Several lanthanide poly- 

(l-pyS3ZOly~)bOrates of the type L HS(oz) I: - JC13-n (L = lanthanide 

element, n = 0, 1, 2) have been obtained by the interaction of the 

appropriate LCl 3 with K[HB(~z)~] in THP solution (137): infrared 

data Suggest that the species contain coordinated THF. Stereo- 

chemically nonrigid five-coordinate methylplatinum(I1) complexes 
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containing the HB(pzJs ligand have been prepared and variable 

temperature nuclear magnetic resonance spectra were recorded (323); 

intramolecular exchange probably involves a rotation of the HB(Pz)~ 

ligand about the Pt-B axis. For some uranium(IV) pyrazolylborate 

complexes,see (2041, and some palladium pyrazolylborate complexes 

containing Pd-C bonds,see (233). 

All acetonitrile moieties of (CH CN) 
3 3 

Cr(C0) 
3 

are displaced 

on interaction of the compound with the cyclic ligand L = 

(-BR-NR-NR-BR-CR*=CR'-) (R = cH3, 2’ = C2H5) to yield the complex 

LCr(CO)g (125). 'i'he diamagnetic complex 

O‘\I/ co co 
Mn 

c c 

f 
I \ 

H,C’B,~NB-CH, 

is obtained on interaction of Mn2(CO)10 with the thiadiborolene 

(1221, whereas reaction of Mn2(CO)10 with C6Ei55 (-CH=CH-CH2-)2 

at 165OC (123) yields a novel type of triple-decker sandwich 

containing a borole as bridging ligand: 

MnK0)3 

&L 
f3 Cz"5 

rfin(CO), 

Bis(borabenzene)iron complexes are obtained by reacting 

FeCi3 with the following anion (153): \ c 0B--R 
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57 Fe MBssbauer spectra and He(I) PE photoionization potentials 

suggest that the borabenzene ligands are more electron-demanding 

than the cyclopentadienyl ring of ferrocene. Fridel-Crafts acetyl- 

ation and acid-catalyzed deuterium exchange occurs in the alpha 

position of the complexes. 

The ligand S(-BCH~-CC~HT)~ reacts with Ni(C!O)& by displace- 

ment of two carbonyl groups from nickel (119); the resultant 

species reacts with additional ligand molecules to yield the 

corresponding bis(l,Z,s-thiadiborolene)nickel(O).complex: 

The suggested structure containing staggered ring moieties is 

supported by X-ray diffraction and nuclear magnetic resonance 

data on the sandwich complex. 

Sis(borinato)cobalt complexes Co(C5H5BR)2 (R = CH3, C6H5) 

are degraded by interaction with alkali metal cyanides MCN to 

yield M C H L 55 
RR]. The latter compounds are versatile synthetic 

intermediates that can be used for the preparation of various 

transition metal borinato complexes (79). 

Ferrocene and cymantrene as well as methylcymantrene 

react with BBr 3, BI3, C6H5B12, 
or CH3B12 to form the metallo- 

cenylhaloborzmes (3.25): direct dichloroborylation is only possible 

with ferrocene. Ferrocene reacts with BI 
3 

or BBr 3 
in CS2 to give 

l,l'-bis(dihaloboryl)ferrocenes (310); the cyclopentadienyl 
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ring of cymantrene is doubly diiodoborylated on interaction with 

BI3. Nuclear magnetic resonance data on these complexes are 

presented and various reactions at the BX2 sites of the species 

are described. 

ii PHYSIOLOGICAL ASPECTS 

Organylhydroxyboranes have been used as reversible inhibitors 

in studies on the active center topography of pancreatic lipase 

(221) and the modulation of activity of glutaminase B in 

Eschericia coli by borate ions has been studied (251). Temperature 

jump (249) and potentiometric studies (250) on the interaction 

of (phenyl)dihydroxybore with chymotrypsin have been described. 

Depletion of synaptic vesicles at the frog neuromuscular junctions 

by tetraphenylborate ion has been observed (301) and the effect 

of the tetraphenylborate ion on the uptake of the lipophile 

dibenzyldimethylammonium cation by yeast cells has been studied 

(66). For the use of spin labels as probes for the interaction of 

the tetraphenylborate ion with liposomes,see (229). 

Toxicity, uptake and survey studies of boron in the marine 

environment have been reported (207) and acid extraction of plant 

boron has been studied (271). For some effects of boron on grain 

yield and boron concentration in barlay and wheat,see (296). 

The dihydroxyboryl-benzyloxycarbonyl group, 

(BO),B-C6Hrc-CH2-O-CO-, appears to permit the modification of 

solubility properties of peptides, thereby offering a great 

potential for facilitating manipulations of pep-tide chemistry (256). 

Efforts continue for the preparation of organoboron deriva- 

tives for use in neutron capture therapy. For example, a series 

of polyhedral borane derivatives based on B loH8 moieties and 

containing protein-binding functional groups has been synthesized 

(174); gluconamide functions in the species provrde for solubility 

References*.112 



112 

of the materials in water. Also, L-o-carboranylalanine, a boron 

analog of phenylalanine, has been prepared (300) and the synthesis 

of borylated porphyrins has been described (272). 

The attachment of the g-bromphenylboryl group to oxygen 

sites OF complex physiologically active molecules aids in the 

structural elucidation of the latter. Utilizing this procedure, 

X-ray diffraction data have been obtained on the cyclic E-bromo- 

phenylboronate ester of the antibiotic streptovaricin C tri- 

acetate (324) and on the g-bromophenylboronate ester of a 

steroid (265). 
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