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As in the past several years, this survey reports on organobcrcn 

and related species containirrg only isolated bcsron atcms, The 

cnly exceptions involve diborane(4) derivatives, which exhibit a 

similar chemistry. Carborane and typical organoboron hydride 

chemistry (hydroboration) are reviepzed in Fart I of this survey. 

Although the present material is divided into 1& major sections 

strict adherence to this classification has not been attempted. 

1 REVIEXS AMD SWXURIES 

_A supplementary volume of the Gi%LIR RABDBUCF; DRR AKCRGAX- 

ISCXEX CHBZE entitled UBorverbindungen 1" has been published (II 

Its contents comprise three major areas: (_a) binary boron-nitroge 

compounds, particularly boron nitride; (b) pclymeric derivatives 

containing a boron-nitrcgen backbone; and (c) boron-nitrogen-carb 

heterocyclic systems. This latter part (155 pages) which is of 

special interest to the organcboron chemist contains an exhaustiv 

survey of the area up to 1972 and a brief but interesting proposa 

for the naming of organcboron heterocycles. Despite its high cost, 

this book is a most certainly worthp:hile addition to the library. 

Another supplement, l'Dorverbindungen 2", includes an initial 

description of carborane chemistry (275); a second volume treatin 

large carboranes, heterocarboranes, metallo carboranes, and polyme 

species will be published later. The descriptive part of this 
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supplement is a ccmprehensive documentation of small carborane 

chemistry; however, the 136 p2ges devci;ed to Unomenclature and 

compound types" seem overly lengthy and - at least to the casual 

reader - confusing and (sometimes) irritating. It should be noted 

that both cited suqplementary volume's deviate (to a degree) frcm the 

'lnorme.ll' GNELIN tradition in their presentation of material which, 

however, does not diminish the value. 

Structural data on varicus organoboron species studied during 

the period 1$&O-1965 aYe conpiled elserqhere (103) and detailed 

procedures for the analysis of crganoborzn species heave been 

summarized (104). An article on the reaction chemistry of diborane(6) 

lists 683 references, many of which deal with organcmefallic 

species (144). iliass spectral data on inorganic and organic boron 

derivatives have been assembled.(73) and the abstracts of the papers 

presented at the Second International Reeting on Soron Chemistry 

are availa'ole (154). 

Comprehensive revielArs describe structLwa1 and bonding aspects 

of elemental boron and metal borides (251), metalloboranes and 

metal-boron bonding (260), and the technology of boron derivatives, 

p2~ticularly binary compounds such as boron carbide, metal borides, 

boron nitride, and also boron whiskers (255). Rece-nt results in 

boron-sulfur, -selenium, and -tellurium chemistry (252) as well as 

boroo-citrogen chemistry (253) have been summarized. VORLTER (254) 

reports on the structures, determination, separation, and applications 

of carbohydrate-boric acid complexes. 

In a review of "organometallic compounds and living organisms" 

the role of boron derivatives in this area is discussed by citing 

some 22 references (237). Additional summaries treat metalloboroxanes 

an4 related compounds (147) and the chemistry of sugars in boric acid 
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solution (134). The reactions of isonitriles, cyanides, carbon ml 

oxide and other LEWIS bases with organylburanes have been review, 

of thexyl. 

agent irr 

i_n_ 2x1 article listing 71 references (217) and the uses 

borane (= 2,3-dimethyl-2-butylborane) as hydroboration 

organic syntheses have been summarized (324). 

2 GENERAL ORGAMOEORON-WDRIDE CHRhISTRY 

Methyl sulfide-borane has been suggested as a hydroboraticn 

agent since it is a liquid and stable source of RY 3 (136). As an 

example, the hydrobcration/oxidation of alkenes has been describe 

and was found to be a facile regioselective and stereoselective 

method for the preparation of the corresponding alcohols. Reducti 

of aromatic carboxylic acids with methyl sulfide-borane was effec 

particularly well in the presence of tris(methoxy)borane (314). 

Hydroboration of albenes with sodium tetrahydroborate and 

acetic acid in tetrahydrofuran is another new method using the ir - 

situ formation of BE3 as hydroboration agent (143); also~poly(4- 

vinylpyridine-borane) has been suggested as a polyE?eric reducing 

agent (202) and chloroborane, dichloroborane, and catechol-borans 

have been advocated as new hydroborating agents (326). 

Of particular interest to t-he spectroscopist may be the 

observation that, in the presence of catalytic amounts of 

1I 
(C&&P 3RuHCl, 

1 
hydrogen atoms can be exchanged by deuterium at 

boron atoms but not at carbon atoms (11%). The reaction proceeds 

smoot'nly at temperatures from 65-1OOoC with deuterium gas; triphe 

phosphine-Rh-carborane derivatives can also function as catalysts 

for this exchange. 

The symmetric (Czh ) approach of twc BH3 molecules to form B2 

was compared with the unsymmetric (C,) approach via extensive 
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self-consistent field calculations (50); the data indicate a st??Ong 

preference for the C2h transition state. Simple harmonic force 

fields of the tetrahydroborate ion, methane, and the ammonium ion 

have been computed by the FSGO method (227); the calculated 'main 

force constants are larger than th+ values that were determined 

experimentally. 

An improved method for the determination of boron in or,gano- 

boron species has been described (233) and boron nitride, boron 

phosphide, and boron oxide have been used for the detecticn of 

thermal neutrons (173). 

A I'acile laboratory procedure for the preparation of tetra- 

alkyldiboranes and dimeric 3-borabicyclo(3.3.1)nonane has been 

described in detail (269). Also, the preparation of a singly 

hydrogen bridged organoboron anion, (C4&o)2B2H3e, containing a 

single transannular hydrogen bridge, has been reported (61); its 

formation is illustrated by the following equation: 

m + KH 
(‘H’) - 

K@ H= + --- 

The hydrogen hridge of the ion is resistent to nuclecphilic dis- 

placement and the structure of the species was confirmed by X-ray 

diffraction data. The heterocyclbc hydridic species LHB(O-CHCH3)2CH2 

has been obtained by 

diol (187). The same 

products on reaction 

The reaction 

yields, depending 

Of 

on 

the reaction of diborane(6) with pentane-2,4- 

compound is also found along with other 

of acetylacetone with 
[ 
(t,CbH90)3Be BH&. 

1 

lithium hydride with (fluoro)dioesitylborane 

the conditions employed, dimesitylborane or 
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lithium dihydrodimesltylborate (56). The latter salt was initial 

isolated as its complex with two molecules of solvent, e.g., 

L,2-dimethoxyethane. All three of the cited species are crystall 

materials; the last one shows exceptional stereoselectivity for 

reduction cf ketones. Disiamylborane has been used to hydroborat 

acetylenic acetals and the reaction was developed to provide a 

novel synthesis of a-keto ethers and cis-allylic ethers (12). 

Hydrogen peroxide oxidation of the (not isolsted) products forme 

from aryl halides and diborane(6) in the presence of metallic 

lithium, potassium, or calcium in tetrahydrofuran yields phenols 

(236). Presumably, the process occurs vie an arylboron intermedi 

Vinylbwane, Ch2=CH-Bii2, has been studied by ab initio - 

calculations (15). The b arrier to rotation about the 3-C bond 

was found to be 7.6 kcal/mol ~qd nptimired values for the C-C an 

3-C bond distances were calculated as I.32 8 ami 1.57 2 for the 

planar molecular forni and I., 12 2 and 1.57 I? for the orthogecal 

species. The latter value is in virtual agreement with the esper 

mentelly determ.ined 3-C distance cf frimetbylborane (18). 

Decomposition of carbon moncxide-triborane(7) leads to 

bis(carbon monoxide)-diborane(Q), i3,Ii~(CO), (&O). As shcwn by a 

X-ray crystal structure study, the latter has a 1,2_disubstituted 

ethane-like structure in which bond distances and angles appear 

to be "normal" (distances: B-C, I.,-. c3 R; D-D, 1.76 8; c-o, 1.125 8 

B-H, I,14 8; B+’ 1.11 8,. _ &I ab initio molecular orbital calcul 

on carbon monoxide-borane has shown that among the various 

&ectrorLic. configurations of the complex a cherge-transfer specie 

plays an essential role (76:; the influence of hyperconjugation 

on the properties of carbon mo-n_oxide-borane has been studied by 

CN/INDO calculations (322). 



Czbon =oncxide-borage reacts with MO at temperatures below -130°C 

ifl a redcx reaction; to yield X20, W2, CO, and borFc acid (130); 

the adduci; H39sN0 is formed as 2x1 inkermediate. Carbon moncxide- 

boraz:e forms 2 I:1 adduct with trimethyiamin e i<hePein t‘ne nitrogen 

is horded to the cerbcfi atom of the CO moiety. (32.9). The adduct 
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is stable at low temperatures but it thermally dissociates into 

the initial reactants. At still higher temperatures base displace- 

ment occurs 2nd trimethylamine-borane is formed. Triethylamine 

and triphenylphosphine also react with carbon monoxide-borane 

but nyridint? does net. Iflfrared spectral evidence (286) supports 

the proposed structure of H B-CO-E (C H ) 
3 2 5 3' 

High resolution infrared 

spectra f?aVe also been recorded on I.?- IJD 3'C0 and "SD 
3 
o CO but no 

definite conclv.sion jrith respect to the structure of carbol? Ilion- 

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

3 TRIORGANkT,BORAMES 

3.1 Syntheses 2.nd Rezctions 

A facile labcratory procedure for the preparation of tri- 

phenylborane has beer- described irt detail (267). (Dialhyl)allyl- 

boranes have been prepared via hydroboration reactions using 

9-bora-bicyclo(J.>.l)nonane (282) a_n-d 

boranes silch as tri-n-Dropylborane or -- 

(l.l.Q)butane affords butefiylboranes, 

the reaction of trlorganyl- 

triallylborane with bicyclo- 

CH2=CH-CIIX-BR2 (42). The 

lztter reaction is highly excthermic 2nd the formatior? of the 

unsymmetrical triorganylboranes wzs confirmed by spectroscopic 

data although the materials were not actually isolated. Lithium 

chloroproFargylide, Li-CFC-CH2C1, reacts vrith trialbylboranes to 

yield allenic boron-es of the type CH2=C=CR-BR2 (350) and (dialkyl)- 

allylboranes have beez obtained by the reaction of trialkylboranes 

References p_ 428 



376 

with allylmaghesium bromide; the resultant materials were identi 

by elemental analysis anCi infrared data (142). 

Biacetylene reacts with triallylborane or tris(2-methylally: 

borane according to the Wsuall* allylboron-acetylenic condensatic 

(153); at 120-150°C compounds cf type L (B = H, RI = CH2-CH=CH2; 

R=CR R' 
3’ 

= CH2-CCH3=CH2) are obtained. 

d-LL-Sb-R’ DI-R 

i - 

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

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

7-methylene-3-bcracyclo(3.?.l)nonane (151); tri-n-Dropylborane -- 

is formed as a byproduct: 

B&K3H714 + 
_ 

BK3H7)3 + 

The reaction of (C2H5)30.BF3 with Lndenyllithium leads to 

the formation of tris(inden-I-yl)borane (44). The compound exist 

in the ally1 form whjoh, as evidenced by magnetic resonance 

studies, undergoes a permanent ally 1 rearrangement at high tempe 

ratures. Complex formation of tris(inden-I-yl)borane was observe 

on treatment of the compound with nitrogen bases such zs trimeth 

amine, diethylamine, or pyridine. 

(Dialkyl)methoxyboranes react with organolithium reagents t 

provide mixed triorganylboranes according to the reaction 

R2BOCH3 + R'Li + R2RR' + LiOCH 3 (148). Tne desired unsymmetr 
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triorganylbcrane is formed in high yield and purity in hydrocarbon 

solvents; the alkali metal alkoxide precipitates. 

Treatment of X,2-azabcrolddines with metal alkyls leads to 

the formation of y-functional trialkylboranes with an internal 

coordinate 3-X bond (45): 

/\ 
R R R’ 

M = NgEr, Li 

The preparation of +mesityl- $,lO-dihydro-9-boraanthracene, 2, 

has been described in detail. Proton abstraction Kith organo- 

lithium reagents gives the corresponding aion, which was converted 

H H 

0 R = mesityl 

I 

by reaction with various electrophiles such as D20, CO2, or CR31 

into IO-substituted derivatives of g. Proton nuclear magnetic 

resonance and ultraviolet spectra of the various species have been 

discussed (241). Ecuf.librium acidities of 9-mesityl-9,10-dihydro- 

9-boraanthracene and of its lo-ghenyl derivative have been deter- 

mined toward lithium cyclohexylamide in cyclohexylamine. From these 

data, along with ultraviolet spectroscopic studies, it was concluded 

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

The hydrolysis of linear and cyclic trialkylboranes at room 

temperature is catalyzed by diethylborylpivalate, (CH3)3C-C02-B(C2H5)2 
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(2_%)- Cleavage of one boron-carbon bond of the trialkglbcrane 

occurs quite readily and bis(dialkylbory1) oxides, (B2B)20, can 

isolated in good yield. Other proton-active materials such as 

alcohcls cr amines react with trlethylborane in the presence cf 

diethylborylpivalate to pros-i& fc.r G.- c.r ;2--dietiiylboroantron. 

The catalytic effect of the dieth~flborylpivalate ha.;: beet1 stud?. 

by the r*xicl ioz of triethylborane with primary alk~lamlnes and 

t<o--stop cataIyti: cycle P:-SS for-mulated (253). The su~g~geste_ri 

mechanism is sup~~Grt.e.3. 5;r the isolatiG;l .>f reaction intermediat 

in .a ?rega-stivc scale. 

Amino acids react wit!? triet'h;ylbofane to yield g-Sief,hylhzryl 

derivatives (27): 

El!%-(Cf12)n-COOH + B(C2E& + C2X6 i HRN-(CH2)n-CO-O-B(C 

The speed of this reaction is also catalyzed by .liethylbarglpi- 

valate. If n = 3 or 5, simultaneous diethylbGrGnstlon of the ami 

gr0v.p can be effected. Tne lack of N-boronation in the case of - 

n = 1 or 2 may be interpreted as being due to the foriaztio:q of 

coordinated cyclic structures such as zy which may render the ni 

inactive. The existence of such species is supporfe.d by nu.clear 

0 
a C- (32 

b AH2 
‘B’ 
/\ 

H5C2 C2H5 

2 

maffnetic resonance data. Oc the other :hanB, diethylborylgivalate 

may deactivate intranole.cular coordination to provide for a boro 

ation reaction according to : 

(CH3)3C-C~-0-9(c2"5)~ f ?XiN- (CH,)n-CO-0-S(C,H$, - 

C,H~ + (CH3)3C-CO-0-~C2~5-~R-(CHZ)n-~~-~-~(C2~5)~. 



Amlno acFd esters such as glyclne methyl ester react with 

ethylbcrane even In the presence of the cited catalyst to 

only simple I:1 adducts. 
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tl-i- 

form 

In the pre:;ence of sufficient qusntitles of diethylborylpivalate, 

trjethylborane may react with amino acids to yield, for example, 

(CH3)s~-CO-O-~C2~S-NH-(c~2)2-GO-~-0-~~2~~-~-~~-~(~~~)~. such 

dou3ly boronsted amino acids are coLorless solid materials which 

probably do not have any intramolecular 9-M coordination (27). 

Triorganylboranss add across the.mu1tipZ.e bond of unsaturated 

species such as &benzylidenemtheylamine, IJ-diethylaminopropyne, 

or methacrylonitrile (185). Addition of the dialkylboron moiety 

occurs at the most electron-rich site, e.g.: 

CH2=CCH3-C" + BR3 w CH2=CCH3-CR=%-BE 
2' 

However, reaction of these same organic molecules with boron tri- 

chloride leads mostly to simple edducts: 

CH,=CCH~-C9 + I3Cl 3 w CH,=CCE~-CWBCl 
3' 

Trialkylboranes react ~5th carbon monoxide in the presence 

of excess ethylene gZ!.ycol to yield cyclic glycol esters of tri- 

alkylcarbonylboric acids (152). Addition of small amounts of 

metallic sodium to the reaction mixture appears to change the 

direction of the reaction (mechanism?) affording secondary alcohols 

by decomposition of the carbonylation product. 

Add!_tional work on the free radical reaction of organylboranes 

with c,P-unsaturated ketones 1eadin.g to (vinyloxy)boranes has now 

been shown to provide a ready means of preparing a-bromoketones (58), 

In this procedure, the (vinyloxy)borane is brominated and subse- 

quently is treated with methanol. The overall reaction can be 

summarized as follows: 
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. . . 

02 Br2 
BR3 + CH2=CH-CO-CH 

3 
)- RCH2-CH=CCH3-0-BB2 

CR30R 
RCR2-CHBr-CBrCH?-0-BR2 t RCH2-CHBr-CO-CH3, 

(H20) 

The intermediate products need not to be isolated. In the presen 

of base triorganylbxxnes react with a,P-dibromoketones by 

attack of bromine on the initial ketone-borane adduct (228). Thi 

step is followed by the rate-determining transfer of an organyl 

group from boron to carbon. 

The a-position of B-isopropyl-o-borabicyclo(3.3.i)nonane is 

activated by the boron moiety to an even greater extent than by 

phenyl group as is evidenced by competitive bromination (57). Th a 

feature makes it possible to synthesize and isolate a-bromoalkyl 

derivatives and tc employ them in syntheses. The reaction of 

a,a‘-dibromoketones with triorganylboranes can be used to prepar 

monoalkylated ketones (8); this is illustrated in the following 

sche_ms: 

0 

0 

0 

Br Br 

* 0 

R 
BR3 

KOR!THF 
20°C 

Six-membered boracyclanes of type 9 when treated with bromi 

in the presence of water undergo a ring contraction to produce 

the corresponding five-membered carbocyclic compound {191)- Tri- 

alkylboranes react with a-bromosulfenyl compounds in the present 

C B-R 

4- 

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

sulfenyl derivatives (135): 



BR 
KOC4H9 .' 

3 
-i- BrCH2S02Y ) RCH2S02Y. 

3si 

y,y-Dimethylallylamines isomerize under the influence of tri-. 

blltylborane (96); also, the reaction of tributylborane with ethers 

containing a y,@imethylallyl group has been studied (212). Tri- 

allylboranes react with ethyidiazoacetate in tetrahydrofuran at 

%O-N temperatures to produce, after hydrolysis of the reaction 

mixture, the esters of y,S-unsaturated acids (180); this reaction 

is similar to that of trialkylboranes (182). The oxygen induced 

1,4-addition reaction of organylboranes to croton aLdimi_ne has 

been described (208). The reaction of styryl sulfoxldes or sulfanes 

with trialkylboranes provides for ready access to p-alkylated 

styrene (231). Trialkylboranes have been used to prepare tertiary 

alcohols (341) and the anodic oxidation of trialkylboranes 

graphite as the anode seems to proceed through a carbonium 

mechanism (302). The copolymerization of v&~ylhydroquinone 

acrylonitrile by tributylborane has been described (206). 

The trialkylboranes B[CH2-Si(CH3)2-O-Si(CH3)3]j and 
- 

using 

ion 

and 

B CH2-Si(CS3)2 II -O-S~(CH~)~-C~H~]~ undergo a base-catalyzed p-elimin- 

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

3.2 Physicochemical Stud_i,es_ 

The vibrational spectrum of trivinylborane has 

(l,&). The spectrum was assigned on the basis of a 

been recorded 

planar (C3h) 

symmetry and the data were interpreted as evidence for the presence 

of B-C n-bonding (64). Two conformers seem to exist in the liquid 

state I!_) but only one planar species is observed in the solid 

material. A complete vibration& assignment has been given3'or the 

molecule in the solid state (1). Also, the photoelectron and ultra- 
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violet spectra of trimethylborane, (fluoro)dimethylborane, and 

(dimethylamino)dimethylborane have been recorded and were assign 

(335). 

The structure of triphenylborane has been determined by X-r 

diffraction studies (153). Bo intermolecular interaction was 

observed and the phenyl groups were fo-end to be tilted about 30” 

with respect to the BC 
3 

valence plane. A two-ring flip mechanism 

is supposedly the threshold mechanism for the stereoi,sol;crLzatio 

of triarylboranes (33;;. 

The trimethylborane exch.%<g? with trimethyiphonphine-trimst 

borane is first order in conglex concentration (188); this obser 

atlon is consistent wLth a dissociative mechanism. 

Chemical shifts i:: carbon-13 nuclear magnetic resonance 

spectra of tetraalkyZ_amnonium ions, tetraalkylborate ions, and 

trialkylboranes correlate linearly with the shifts calculated fo 

the correspondins isoelectronic hydrocarbons (34). Also, additiv 

suhstituent effects on chemical shifts for charged and neutral 

boron were clarified and it was fcund that aromatic solvent indu 

shifts of tetraalkylammonium tetraelkylborates are smaller (in g 

in carbon-13 spectra -than in proton nuclear maaetic resonance 

spectra. 

4 I?_ALo9oFU?.. 

Detailed proce.dures have been described for the facile 

laboratory preparation of (chloro)diethylhorane and (chloro)di, 

phenylborane (270). (A~kenyl)dichloroboranes may be prepared by 

hy&pobopation of alkynes with dichloroborane-etherate; the 

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

Perrocene reacts with boron trilodide at 1Z""C in benzene 

to form a precipitate of (ferrocenyl)dlLodoborane (17). Additional 

interaction of the latter with boron triiodide provides for the 

boronation of the second cyclopentz?Genyl ring. Roth of the 

boronated compounds are susceptible to halogen exchange and the 

corresponding chlorine and bromine derivatives have been prepared 

using this latter procedure. 

ThermaLdegradation of 1,2-bis(dichloroboryl)ethane gives a 

white soEd of the composition (3C1)6!CH)4 in low yield (Z&3). 

On the basis of mass, proton magnetic resonaznce, and Reman 

spectroscopic data an zdamantane-like structure was assigned to 

the material. Methylation of the compound with tetramethyltin 

gives the B-methyl derivative, which is identical with the species 

obtained by the pyrolysis of trimethylborane (24'4). Also, the 

exchange of boron bonded chlorine by bromine via treatment of 

(BC1)6(CH)4 with boron tribroaide has been described (243). 

The reaction of (dialkyl)chloroboranes with lithium aldimines 

can be used for the synthesis of unsymnetrLca1 ketones (54). 

The vibrations1 spectrum of (ethynyl)difluoroborane and that 

of (ethynyl)dichloroborane have been Studied (174); B-P valence 

absorptions were assigned at 1292 and 1390 cm-', B-Cl stretching 

modes at 960 and 1076 cm-‘, and v(BC) was found near 740 (fluorine 

derivative) and 498 cm-' (chlorine derivative), respectively. 

Chemical.shift data have been used to establish the relative 

acidities of a series of haloboranes which were found to decrease 

in the order BC1 3 > (C25)BC12 ' (C2"3)2"Cl >3(C2R3)3 ,3F3 (5). 

A study of the microwave, Raman, and infrared spectrum of 
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(vinyl)difluoroborane indicates that the molecule is planar (4-l) 

it has an experimentally determined total dipole moment Of l.?lC 

Assignment of the fundamental vibrations suggests B-C Stretching 

to occur at 766 cm-l and v(C=C) at 1624 CE-~; B-F stretching mod 

were assi.gned at 1373 and 1316 cm -I , respectively. The Raman, 

infrared, and proton magnetic resonance spectra of (X = F, Cl) 

X2B-CH2-CH2-BX2 and X2B-CH=CH-BX2 have been recorded- The I;roton 

magnetic resonance spectrum suggest the existence of a dipolar 
El8 

species C12B-CH-CH=SCi2, and the vibrational data indicate a cis 

modification for the molecule which converts to a trans species 

prolonged standing. 

The microwave spectrum of F2B-SiF3 indicates a B-Si bond length 

that is larger than that expected for a single bond (168); this 

observation is consistent with the extremely low value for the 

barrier to internal rotation about this bond. 

5 SYSTEMS ORGANOBORON-OXYGEN 

5.1 Compounds Containing a B03__ ----_A-- Moiety and Belated Systems --- 

Boric acid reacts with trlalkyltin hydroxides or bis(trial- 

kyltin) oxides to yield tris(trialkylsta_nnyloxy)boranes, B(OSnR 
3 

(35). The latter interact with boric an!lydride to form the 

corresponding boroxines, (-BOSYIR~-O-)~. Dialkyltin oxides and my 

borate (Or boric acid) react with glycol to yield 1,3-bis(boryl- 

oxy)tetraalkyldistannoxanes, fl (36). All stannyloxyboranes are 

HZC-0, 
I 

,0-CH 
,3-0-SnR8-0-SnR2--O-B, 1 ’ 

H,C-0 0-CH:, 

quite sensitive to moisture. 2-(Trimethylsilyloxy)-1,3,2-dioxa- 
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barolanea 2nd -dioxaborlnanes have been prepared by the reaction 

of the corresponding trialkyltin or trialkylgeraani~~m derivatives 

with (trimethyl)chlorosilane (22), Using (dLmethyl)dichlorosilane, 

borosiloxanes such as 5 are obtained by an analogous proce&ure, 

,C(CH3)2-O\ 
H2C. 

/O-C(CHJ)2.cH 

C(CH&,-0' 
EL-O-SiR2-O-B, 

0-C(CH&' 2 
J 

The silyloxyboranes 

the prcton magnetic 

are colorless but moistlure sensitive materials; 

resonance spectra of the liquids are consistent 

with the suggested structures. 

Various 2-substituted 1,3,5,2-oxadiazaborols, 2, have been 

prepared by 

(a> the reaction of the appropriate bis(triorganyltin) oxide with 

boric aicd and an amidoxime, 

(b) by the reaction of 2 (RI = R) with R3SnC1 in the presence of 

a tertiary amine, or 

(cl by a similar procedure based on the reaction of 2,2'-oxybis(l,- 

3,5,2-oxadiazabcroles and R3SiC1 or (Fi3Sn)20. 

All compounds of type 2 are monomeric in benzene and are moisture 

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

R 
\ 

C=N 

,A, ,b 

7 
OR’ 
2 

R = CH 
3’ C2H5, C3H7 t C6H5 

R’ = .sdC4Ho) 
/ 3’ 
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Tris(pentafluorotelluryloxy)borane, B(OTeFS)II, 1.5 readily i 

obtafned by the reaction of boron trichloride with pen%aflUOrO- zf 

orthotellur~c acid (60). 'I 
The conpound is therzially stable up to i 

140°C and forss 1:1 adducts with donor molecules such as pyridinl 

or scotor-itrile. A modified. procedure has been described for the 

areparation of trracetylborate, E(O-CO-CRg)3 (351) and tris(alk- 

oxy)boranes were found to react with N,N-diethylhydroxylaqine to 

give Q-diethyla9ino derivatives of the type B(OP-),[@X(C2A5)2]3_n 

(n = 2,3) (230). 

The CO bonds in straight chain tris(organy1oxy)borane.s cleav 

when subjected to electron bombardment, whereas tris(sec. alkyl- 

oxy)boranes undergo a-cleavage reactions under the same condktlon 

(231). Eoth types of fragmentation aYe observed for cyclic specie 

and the B-O bond was found to be remarkably stable to electron 

impact. 2-Phenyl-1,3,2-dioxaborolanes undergo rearrangements indu 

by electron impact to form hydrocarbon ions (23LL). 

5.2 (0rganyl)oxybora~es 

_Arylmercury halides react with BH 
3 

in tetrahydrofuran soluti 

to yield a material which, on hydrolysis, affords (aryl)dihydrox 

boranes (28&j. Linear and cyclic 2-unsaturated (organyl)oxyboran 

of the backbone C=C-C-S(OR)2 or CsC-C-B(OE)2 have been prepared 

by conveztional organometallic syntheses (272), The final struct 

of the bcron-bonded carbon framework is related to a tetracoordin 

metal borate intermediate; various intermolecular rearrangement 

and ligand exchange reastlons as well as.reactions with carbonyl 

compounds of the cited species were studied. (Bnt-Z-en-3-yl) (di- 

methylaraino)methoxyborane and (but-I-en-J-yl)bis(dimethyl$mino)- 

borane have been prepared by conventional organometallic synthese 
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(16). Both species; which are examples of a-methylallylbora.tIes, 

were I"ound to be inert to allplic rcarraqement at ambient 

temperatures. 

Continuing their studies with tetrakLs(dimethoxyboryl)methsne 

MATTESON .and coworkers reacted C~(OCHg)2]4V with pinacol to produce 

the correspondingpinacol ester (79). This ester reacts with alkyl- 

lithium to form the corresponding triboryl methide anion, which ELII 

be converted by treatment with bromine to give the bromomethane- 

triboronic ester. Further abstracteon of a oxyboryl group azd sub- 

SeQUezt bromination leads to the dibromodiboronic ester, whereas 

reaction ~5th triphenyltin chloride gives (Co"5)3S"-C9r-~!o-CR~-)~]. 

Similarly, the reactior- of the triboryl methide ion rvlth (trimethyl). 

chlorosF1ane produces the corresponding Si(CR3)3 derivative an& the 

reaction with tetraphenylcyclopentadienone gives the expected 

fulvece 8 via pelimb-iation (81). 

The triboryl methide ions condense readily with ketones, acetaldehyt 

or benzaldehyde in a general reaction (8@); with ketones,RsCO, 

derivatives of the type R~C=C[B(O-B)~]~ are formed. These alkene- 

l,l-diboroaic esters appear to be quite versatile synthetic inter- 

mediates (80). 

Esters of glycerol and other trials with the C6R5B02 moiety 

usually form mixtures of isomers, the individual abundance of which 

is related to cclc_formational effects (293). Peatane-L,3,5-triol, 
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however, reacts w%th (dihydroxy)phenylbor.ane with the exclusive 

formation of 2 (301). Derivatives of sugars such as D-glucose 

or ~-fructcse.containing the RR02 moiety !R = n-CkHg, C6HJ) have 

been prepared by a condensafFon reaction (343); ~030) of these 

speckes was assigned in the 1310-1360 cm-' region and the dieste 

sho:q a S+PO~~ resistance tc fragmentation und.er electron impact. 

Phen.yl(or botyl)oxyboron-oxygen derivatives obtafned by the Inte 

actiorr of arabinose or xy1ose with (dihydroxy)organyLbor~es are 

X,2:3,4 and 1,2:3,_5 diboronic esters, respectively (300). 

Syntheses and properties of 2-substituted 4X-1,3,2-benzodi- 

oxaborinanes, IO, have been described (70). Mass spectral dat-a 

indicate the facile loss of one hydrogen at the k_oosition of th 

species and the resultant iofls may have substantial hetercaromst 

character. Assignments of ~(50) and V(%j near 1235-1325 cm-' an 

ISGC-1525 cm-l, respectively, have been s?.:g~ested. 

fYcH2-cH2-oH 
0 0 A0 

7 
C6H!i 

Methyldiborane(6) and oxygen react at te_mperatures above 

150°C to yield the unsyn!netricalfisubstitutad 2-methyl-1,3,k-tri 

oxadibopolane 11 as one of the major products. The coin.pound 

<:-? 

H 
,B. / B. 

0 CH3 

11 

identified by mass spectrcscopic data and by the cbservatior- 

two infrared absorptions at 2628 and 883 CXZ-~, respectively, 

?+?a s 

of 

whit :h 
I 



The bromine in (a-h~O~O-~-tO~~~)bOr@x~~~ is krighly reactive 

towards triethylamine or hexame!th~lenetetranine (139). This f&tu_re 

has bee2?_ utilized for the preparation of derivatives of (dhhydroxy)- 

E-tclylborane containing a primary amino g-o~tr, or a trialkylammonium 

function in the aliphatin moie?y, The interacti9r: of triphenyl- 

boroxine, (-sc&i5-o-)" vith vicinal aminoaisoho2s lea& to cyclic 

W-3-O-C species (299): Ia the case of a cis -- aminoalcohol grouping,' 

the Z-Fhenyl-1,3,2-o~azabor~~idi.~e rirlg is Iormed, ~herees a trans -_ 

&'l'c'i;Dii?_CJ l--ads to 2,k-diphenyl-1,3,_5 -diozaza-S,k-diborecine systems. 

Also, w nu~~ber cf hetcrccyolic sgeoies of ty;>es Z.2 a<d Q have been - 

prepared. Those COK.~C~~~&S ~i;l form LEWIS aoid-b.ase tyne adducts 

- 
P’ 7 n 

B = Pp 
d_ : +, C& 

I? = 2, 3 

x = 0, s 

Y = c, MH 

with cyclic nitrogen bases such as pyridine, picoline, or collidine 

if the annular carbon atoms are simultaneously part of an aromatic 

system or if a carbonyl group is incorporated into the heterocycle. 

Erthalpies of the acid-base interactions have beea measured and an 

attempt has been made to correlate such enthalpies with the LEWIS 

Referencesp.428 
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aciL%ity Gf the boron atom in tilde vsriolls compounds. fi!ass spectral 

data on hetepocycles of eype 12. ~rith eifher amino OF alkylthio - 

as ex3cyi2Lis borcrr; subAZ.tuents i:ldicate that the cycl3.c boroniu 

ions renultjng from electron impact -2s~~ exhibit considerable 

stability (62 1, moron substituted 1,3,2-oxathiaborinanes are the 

stable liqurids WhfCh are, hoSever, sensitive to hydrolysXs (186) 

The 3-S stretching f:-ea_Ee_ccy i:: these- conrpou:nds wzs te,l_tatively 

assigiled in the 9kO-IOCO cm-' reglcn. 

The phctoelcctron qectra OP (methoxy)horahes and !met!?ylth 

bopanea of the -iype (CEI,:~) 1 c ,B(CB,) ;I 3-r V!ii% X -= 0 or S havs -been 

compsrea i2.33); in ccnjunc:kio- n ;rrrth the boron-11 nu~>ie~ z:lagneti 

resonazce speclra of the csmpw_mcis, Z-2 data have been inte?-pret 

to indicate a noticeable n-contribution in the B-S bond. ZAFRUGN 

and. N&TOUSEK (97) have reported on the electronic stmcture of 

-I 12 -,_-* -trioxadlboroLace an3 the corresponding 1,3,4-tritniadiborol 

Treatment cf (disrganyl)or~anyloxybo~~~es, R,RORz * >rith 

a,a-dichloromet~~yl methyl ether yreL% ( ~-chlOPsOX~ga~~~~l) OFg3ajrl- 

meth,?,:ySmanes ir^ R brzse incfcccd reaction (7&) : 

R230E’ i- C1,CH-0-CB, * RpC-BOCH3-OB’. 
2 

Zild thermal treskment of (a-chloroorganyl)dimethczqboYanes resui 

in e ncvel a-elimination (3133 ~-52 niay he used as a novel synthes‘ 

for olefin s rCPordi:l= to- _.U .-.3 - 

R2clc-s(oca3)2 e CLB(OCR,) + R-CK=CH-R. 
32 

Tlie ra.actj.on OX' 2-chloro-1,3,2-dioxaborolane OP -dioxa- 

borrnanes with bis(Srimethylsilyl)amins or tris(trimethglsllyl)aml 

proceeds yia t;he ejzeoted cleavage of the boron-halogen bond and 

formation of a B-aminosllylated species (941. It is 0I' interest 

to note that the 2-bis(trimethylsllyl)amino derivatives can under 
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a second siiazark cleavage reacticn with the formation cf (dTboryl)- 

(trime-L'cylsilyl)a~iines, though considerable qu.ent.ities cf poiyneric 

3.yprod:;cts are r-.lsc formed in this instance. 

XOZASJFfh al?d KIDA (323) report tile q-c~hesi~ al_Li colymerizatior 

of (~henyl)vinylox~Sor~e~; tl-la GLC assay of sorb?_i;oI_. in the form 

of cyclic (2-but>-L1 c 7' 'oxvbora3es has been described (315) o Tris&- 

~ro~gl)boroxins, (-no3E7-a-)3, CES be used as .a reducing agent for 

subsbituted 'oenzaldehy~es (23<j. (Disl~~oxyjallylboranes react Xith 

al::.ehydes or ketones to give Ut?C~ilXiF trical ~ri(org~"ylcxyjbor~es 

(233,239): 

R'B(GR), + OC= q =CR'-0-S(OR)2. 

With si;erically unhindered carSony compounds, the reactron prcceeds 

with propzrgyl-allenyl rearrengemezt (238:. In the case of ketxaes, 

no:wver, acetone, acetophenone, or cyclohe_yanone give only acet!rlenic 

deri7a.tives; aXL otter ketones studied give mixis-urcs oi acetyienic 

and allenic derivatives (235). 

(Alkoxyjdifluoroboranes form 1:: addition compounds :\;ir;h amines 

(L) at 10X temperature. At tempsratures &we -3OOC X.gand exchange 

cccurs with the formation of L-SF, and tris(alkoxy)boranes (118), 

5.3 Feroxyborules 

The cxidatlon of tri-n-nronglboranc -- - %iLth hydrooeroxides reslults 

CSLZpleX ;TL-;x+.rc 0f products (l&I). The nature 

of these pro&et= suggests a free radical machenlsm fcr trle process 

-Ah?.& may be Initiate2 by bhe formation of an unstable donor-acceptor 

complex. Evidence for a free radical mechanism in the reaction of 

triorganylboranes K:rlt% (RO j,e-0-OFi' OF (EO)@-C-0-B( DRj2 has also 

been presented (356). Bis(alkoxyjchloroboranes, ClB(OR)2, with R = 
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w 

C31-Lz or CL;H9, 

corresponding 

react with hydrogen peroxide in ether to give the 

orgariohol;on pepoxides (b9): 

2 crBioE)z f H202 + (ROj,B-0-%B(OR), -I- 2 HCl. 

Thermal decomposition of these peroxides seerzs to OCCLE m a fre 

i-adical nechazism in Wk~Cii the initial sixge is the homolytic 

cleavege of t'he oxyge-n_-0xygeE bond. 

Severs1 neri peroxybnror, derivatives, i-e,, (alkoxyjaikyl- 

(~,a-dio;ethylb~l2gldioxy)boi-yes, have been prepared by the react 

c-f (alkoxy)alkylcfilcroborsnes with sodi-;rn a,c-dimethylberq~l yer- 

oxide (140). !?!lorBal dezonqos%tion of these crgaoboro; peroxides 

='ollows firs-t Oi;dt?r: kinetics a3d tile I;cnpc;_at~we Zcpeil~ellce cf tll 

??a. 1-E r;sns-,atik K .2021:'OT‘iGS to izhe kEKI'XXIXS equ:lticn. 'The tiai2l cou7 

of ';he d5coslFos~tion s&zrE zo iiiclude an ilrtramclecular rearrange 

wkei-err- 2.22 elkyl ge'7 i hap migrates from a boro2? to a~ oxyger atom; 

subsequently, homolytic clae.vage of the Dxygec-oxygen b-zlnd occurs 

6 BORCX-SULFUR AND BC!ROH-SELZNIOX COPFO‘JNDS 

.Boroa triiodida reacts #ith 1,3- or X,4--diicdcbenzene tc yie 

tile cc:rres>cr;_c?irlg bis(diiodoboryl)beczerie but the reactio2 of 

9 ,,2-*Jiiodober,cene or _~,4-diicdoehiophelrc ~5th BI 3 leads to the 

colycyclic systems 14 and u, respectively i31,350). Either of r;h - 

t>ro latter compounds can thz-rr be reacted with (-RI-S-), under* mill 
> 

conditions to yield 16 or 17, respectively; 16 has also bee?1 - t 

been obkained from the reactioa of 1,2-diiodoberlzene with BI 
3 

and 

elemental sulftir, 'W&en u is reacted *;ith CB, 3-S-S-C" 3, sis 

obtained in a cle:aE reac-cioli. TP- It B-S-B bridge in 16 to 18 and -- 

other boroil-subatitutod derivatives thereof is readily clea:jed, 

e-g:. , 2itki seccndary amines to give 19, with prrz:ary ami:-,es to 

yield 20, z:d +:iU? hydrarices to yield 21 (31; o - I-Diiodoboryi~lap~i- 
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t 

%XH, 

:a - 

R 

a 

d 
‘N-R’ 

B’ 
\ 
R 

20 - 

BR-NR; 

BR-NR; 

a B A/ 
Y 
N 

B ‘\ 

A 
21 - 
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ti-*a-= P”h> gra:< fqLlp5 - _&__*I_ to reaci; :ri<.li (_Si_s_) 
3 

diborole dey=;v;?_Lgive naalog.st:.s tz 16 (3.50). 

(iXh5.1 0) v’r’gar,-j iezc.:-ane:; y-%act i.!L+i; .FJj -t-I.i;tylsuifene tc y5el - 

the &-butyl halid? asd the corres>o&ing borthkini? (126) : 

3 FBxz -i 3 B$S -_db (-m-s-)3 + G E’X. 

Raa s s_uF?otral &I-',a :::.ljem: to irldlca<e a ,~.:~~~s~dera-olz ::tability (2) 

F'cr .+ . ..I _ - - ,+icny~oorthilx~e, C-bC&-S-) l.;hii:?i could be dLle to c!iar 
/ 3’ 

~,e-~c_o.z-iize ;-i o.- \;i i;*,ir;_ t=ic;- tn_r_:--_.~..~__‘, f?_cf pilj.y _A ’ *_. L.--IL I u d_ 5 CL;I.SI. me t’ilermoc.yr 

sf;;~~il-lty ST tri”alcbc~~~hiinea, (-Sji_S_; .= &-;S’;h ;< := Cl, By, 
J 

0°C 8 z I; By- than Is normally assume& and thz compounds can be purifi 

by su'o-iimetior& i;ir;!ho-t dEc0F.nnqit.j n_n :21<:) _y-. -_ . They crystallize in 

monoclinic system and t!;eir vibz-ational s,oectra were compare~I wi 

those ol (-tiS&S-)_ and (_3!SD_S_),; 3-S ring stretching vibratio 
> 

xere assfgned in the S~O-Ii3C9 cm-l regir.n. A redetermination of 

crystal structure of i;rijro:noborilhiine, (-Zr-S-)3, gave the fol 

mean values for bond distances and annular angles: 

FJ_Ey = ;.a35 R, angle &S-B = 1cy.25, ang;lo S-B-S = 130.7” (359). 

Vibrational spectrosccsic data ofi E(LX), xx?. 
,' 

am5 thei?- deuterzte;2 analogs have bee5 collected i307). The speci 

have atl- essentially planar skeleton ani v(BS) is assigned in the 

830-930 cm-' region. 
.I 

&:ter&i=J Ii-tiCxSL cs.'Ac-dlati -._L 

boranes, JASEK2 with X = Cl, Dr, I, have given values in the order 

of 28 kcal/mol for the barrier to internal rctation about the 

B-S bond in these species (131). Calculaticns on these same 

molecules by the CWD0/2 method yield much lower values (by a fact 

of about ten_); they are, hCiPJEVS=, in better aeeement with the 

experimental data-@ initic calculation-s of the bsrriey to intepn 

rot.etinn for FLSSH~ have S~OWE (312) that the B-S distance calcula 

for a planar model agrees with that which was experimentally 
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determined for the corresponding methyIated derivative. The caIcuIated 

rotatianel barrier of about 20 kcal/mol suggests a fairly strong 

B-S ~-bonding; cal culaticns on the basis of an cr-thcgonal rr!ol.ec:ule 

cliscloee 8 rqeali,ening f;f i;he E-S ‘OGEC. streilgth alid z decrease of the 

rotational barrier to about 10 kcal/sol. 

The ZEEI.:_AN rr.i c~o~<.:c?ve speckurn of FEE. kaS b&y! I-_~COIYk?d 012 a 

flCIS system comprising H2S gas passed over boron at ca, lloo"c; 

molecuIar magln_etic data XETE also reported (21e). Computed molecular 

Ix-cmer-ties cf the grcvi:d stake of 53s (303) were found to be in 

reascnabie agreement with khe experimental data and the photoelectron 

spectrum of the species (30&j ind_icates that the highest occupied 

mol_ecular orbital is esser?tLally ~gr_ bcncting arid is localized at 

the SLzlt’Lzr sto1.n.. 

AddLxcts of pyridLne with (methyl)methylthioboranes RnE(SR13_n 

(R -- CH3) are ncre stabI.e than the corrz;gonding adducts of tri- 

z.ethy1amir.e (279). The pyridine adducts react with CH 2 Cl 2 to form 

borcniun salts such BE k,3 (C51i5~~JC’; the%!- fcrrzatiicn depends cn 

the dissociation cf the amine-joranes and ';he nucleophLlic dls- 

-,Iacement of CH3S groups followed bp S 2 
N 

substitution at the carbon 

atom of the dichlcromethane. 

Dimethyltin selenide reacts with ';iodo;diorg~:l;yltlorarles to yield 

cmpounds cf the type R2B-Se-BR2 (361;. 1.f R = C6Hll cr C6h5;, the 

diborylselenanes are thermally stable and can be isolated; however, 

if R = CH, or C 
J 

k R 91 the products readily decompose to polymeric 

(RBSe), species. Routes to the diboryIdiselenanes,RZS_Se-Se-Se-BR2, 

involve the reaction of (C :i ) TiSe 
552 5 

with R BI 
2 

or the in?eracticn 

of a cyclic borolane with elemental salenium. At elevated temperatures 

the diboryldiselenanes decompose to yield triorganylboranes 

triselenadiborolanes (361). 

and 
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7 _RBTEEWYCLES _CONTAT,NING FOUR-COOHDIUTB ABNULAR BORON 

As representative cf a novel type of B-K-C hcterocycle, the 

1,1,3,3-tetra~:eth;~l de:ivative of the 1,3-diazonia-2,4-diborato- 

cycloFentane system 22 has been prepared (334j, The compound is - 

isomerfc with the cyclic adduct formsed from (dimethylamino)dS- 

methyiborane and (di~et~~il~:.ino)met~iylbor~e (33s) and 

22 - 

structurally links the cyclic df.meric aminoboraxes with the six- 

membered I,&-diazonia-2,5-diboratocyclohexane species (3391, 

Thermal treatment of amine-borane type adcvcts of 3,&_dihy&c 

2H-X,3-tenzoxazines provides (~R)-I-Gx~-? ,-azr~r5a-2-bora~:aph~~a~en~ 

as shown irz the follcwing scheme (69): 

0 
‘BH2 - 

R’ R’ a ,Li~R 

1% ‘CH, 
H H 

The structure of the reaction Froducts vias confirmed by nuclear 

mametic resonance and infrared data. 

The cyclic borane 21 is an intermediate in the hydrolysis of 

the (ethyl, dimethylglycinejtrimethylamine-boron(1-F) cation (340). 

It can be methylated at the annular mathylene carbon atom. 

Cyclization displacements in borane cations (boronium Xons) with 

iodine and/or trimethylamine leaving groups as well as borane 

cleavage of amino acid esters lead to various similar five- or si> 
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mem'bered heterocycles (Ill). These can formally be considered as 

cyclized amino acid-boranes, which ?ave now been studied in detail 

(111); 24 was found to be a novel strong base. Also, &diethylboryl- 

ated amino acids exists in analopus ccordinated cycljc structures 

(27). 

0 0 
a 
F-?H2 

a 
F-?H2 

0 +pH3 0. ,N-CH3 

H 
/ iH CH3 

H/“\,“:; - - CH2-N(CH ) 32 

I 21 24 - 

(Dialkyl)alkylthiobcranes react with cyclchexenone 

aliphatic nitriles to form amincbcrene chelates of type 

anil and 

Z (179): 

species of type s can undergo hydrolytic cleavage and condensation 

to yield acridine derivatives. Biguanidides react with tris(di- 

ethyiamiro)borane to form chelates of type 26 (229) and lactic - 

acid gives a 1:l complex with (dihydroxy)phenylborane (3&y) which 
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The cyclic dipolar complex 2E, 

ptoluerre bo~~ate, is stable in 

derived from g-phenylene-a- amino 

Boroacetate complexes of various P-diketones, 29, and p-ket 

ester-s have been prepared (224). The iflfrared spectra cf these 

materials show good agreement wit'n previous assignments for ::in:i 
. complexes. Cltraviolet abswptzor_ maxima and chemical shift data 

Of 2-E can -06: ccrrelated, in most ceses , v:ith t!le electr-oi?Xc nnt 

or” the substituents R an6 RI. 

H 

H3C-CO-O 0-CO-CH3 

Anionic dinuclear cOmr;lexes containing two tetracoordlnate bc.rcn 

atoms with two xylitcl molecules zre obtained from the reaction 

of boric acid with xylitcl in xater/alcohol. The structure of tlh 

species and several salts thelzeof ~2s determined by infrared 

spectr0sc0py, th.armogravimetric anal.ysis, and cryoscopic measure 

ments (IE4). 

Cocplexes of boric acid 75th 2,2-bis(hydroxymethyL)-3_netha 

x-bLItanol (trimethyiisobutane berates) have been described (195) 

2nd the thermal decomp@sition of pe??taerythrol borstes has been 

studied (162) o The extraction of boric acid with 1,3-iionanediol 

occurs via borate formation (161;. 
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The rwd_ea?~ magrietic resonance spectra of soxe nethziol anA 

ethrl.01 borates have been recorded (160) acd the electrolytic 

ccnductivlty of n!et'naEol .solutio~e of borLc acid compiexes with 

methriol and. trimetkylisobutane have beer1 investigated (31&). The , 

double tridezztate ccm~?_ex cf triquir?oyl wifh ~:oric acid is stl%ngly 

acidic arid the c';ipotassiwc s&t tker-eof 5s alrncst kater insoluble 

(280). 

The fornaticn of torate and diDhe-n;fllborste colrplexes C$ 

golyhydroxy conFounds kas bee3 studi ed by carbon-13 nuclear 

magnetic resonasae spectroscopy 1286) . Carbon-13/baron-ll coupling 

doea not seem to occur azld tihe spectra of complexes of sugars 

containkg thaz BGbe rzoiety are broadened due to the presence of 

multiple species. 

The ~.ass spectra. of bore%> chelstes v:ith pyridini ard quinoline 

derivatives of the types 30 a71d 31 have been discussed (132). In 

0 

';' /CH2 

-8-o 
H5C6 / 

C6H5 

31 

aqueous solution (3-pyridyl)dihydrcxyborase and (4-pyridyl)di- 

hydroxybcpane exist predominantly in the pyridiniLmkorate f Ol-III‘ 

(233). These acids .are thermally stable but tiecompose on treatmen% 

with me+.hyl iodide; a photo induced deboronation to give pyridine 

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

B,E-Diphe?~ylboroxazolidine, 72, exists in a half-chair cc=- 

formation (2&8). The X-ray study of the molecule provided the follow 

in2 distances: B-C = 1.611 8, B-W = 1.653 8, B-G = 1.454 8. Anrnllar 
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angles range from 99.7 to 11O.lo. The crystal and molecular 

structure of the COrreSpOndinE -R B-bis(p-fluorophenyl) derivativ U _1- 

has also been determined by X-ray diffraction (247). The B-N bon' 

(1.552 8) is somewhat longer than the D-C bond (1.618 8) and the 

9-G distance was found to be 1.471 2; the O-E-N angle is 99.7O 

and the a_n_gle B-O-C is 108O. The five-rembsred ring of 21 was fo 

to be distorted t0 a haj.I"_ChSir COnf~_gpratiOn with the distances 

B-Cl = 1.506 a and E-C = 1.632 2 (294). The angle O-&O is 107O. 

In the triethanolamine complex B(OCH2CH2)3S? the boron is tetoa- 

he&ally surrounded by the thJ%ee oxygen and the one nitrc.gen aton 

the B-O bond distances are 1.431, l-&32, em?. 1,475 8, respective1 

and the 5-N distance is 1.693 2 (129); there exists %c. hydrcgen 

.bonding between individual complexes. 

8 Bo~oN-NIIROG~N-CARBOP~ Hmmocmx~s 

The S-M bond of 1,2-azaborolidines is readily cleaved by 

treatment with metal alkyls (45); advantage ten be taken of this 

characteristic in preparing y-functional triorganylbcranes. Detyd 

C N 
AH3 A*, 

8 

-2Hz /‘N 

‘H 
p c 

\A 
‘H 

genation of N-methyl-tetrahydro-2,l-borazarene gives i?-methyl-2,l 

borazarene , &as an unstable intermediate, which could not be 

isolated but was identified by mass spectroscopic data and the 



observation of a B-N stretching frequency at 1620 cm-l (32). 

Refluxing a mixture of &,?J-diphenylacetamidine and tri-g-propyl 

borane in tetrahydrofuran yields g-di-n-nropylboryl--,&I'-diphenyl- -- 

acetamldine (181). Pyrolysis of the associated (probably dimeric) 

compound gives a bcrcn-containing analog of >,b-dihydroquinazoline, 

21, as illustrated in the following sequence: 

GNCgH5 
H&-C, 

BR, /,NCGH, 

NH-C6H5 
pi?T H&-C, 

ycsH5 

230 bis 280”~ 

(-RH) R = '-C3H7 

The structure of the final product was established by elemental 

analysis and infrared, nuclear magnetic resonance, and mass spectral 

data.The synthesFs of 1,3,2-diazaborolines by the catalytic dehydro- 

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

has now been described in detail (25). As an alternate 

the unsaturated five-membered heterocycle it was found 

route to 

that the 

reaction of diacetyldianil with (dibromo)methylborane gives a 

boronium salt (1981, which is readily reduced with sodium amalgam 

as illustrated in the following reaction sequence: 
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H3C, AH3 
s---c, 

E;" ‘N 

H5Cfj 
! 
C6H5 

-2NaBr 

(Na) 

H3C\ CH 
c-c’ 

+ H,CBBr, - 
H5CG 

/(&C 

H3C CH3 
H,C’ ‘Br 

\c=c’ 
\ 

ti N 
H5C6 

/\/ 

7 
-c6H5 

CH3 

3oron-11 and nitrogen-14 nuclear Eagnetic resonance data indicate 

a decrease in the electron density about nitrogen and an incr-easf 

about bcrcn for the 1,3,2-dlazaborcline sysi;em (25). Ultraviolet 

spectroscopic studies in conjunction >jit:h molecular orbital cal- 

culations suppo& the ccncept of extensive electron delocaliratj 

within this ring, which 5.s isoelectronic with the cgclopentadienj 

anion. On this basis, the heterocyc3e can be consider-ed as a pse? 

aromatic system, 36 (25). This assumption is further substantiate 

by a comparison the the Ee(I) photcelectron sy:ectra of 1,3,2-(iian 

borolidines with those of I ,?,2-diazzborolines (121). The considc 

able rr-delocalizztion withir the ring is s:,cported by CiWO/S 

calculaticns. 

‘c-c’ 
_J,B,k 0 

r-7 
N 

R 
/x AN, 

1 

7 H 

36 
NIC2?5)2 
jj 

Tris(diethylan!ino)bOr~e and N _-alkyl propylenediamines can 

interact tc give a Z-diethylamino-1,3,2-dLazaboracyclohexane ( = 

1,3,2_dZazaborolane ) in which only oz~e of the annular nitrogen 
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atoms is not vulnerable to polymerization, 77 (129), Although yields 

of up to 53% were obtal:zed, _ nolycyclic borszine derivatives are 

also formed. in substantial a_uantities by loss of diethylamine and 

simultane-ous trimerization. 

Zalobora-nes uuxdergo 2 1,2-addition across the nitrile grou, 

of Z-amino>errzcnitrile (128). Usiq BCl 3 in thhs reaction, the 

resultant product 38 can cyclicize with the amino group to form the 

1,3,2-diazaboranaphthalene derivative 2. Both 38 and 39 are repre- 

sentatrves of ketiminoboranes. The cyclization reactlon does not 

cccur when (dihnlo)organylbora~es are used in the cited neaction. 

NH2 BCI, 
NH2 

-HCl_ 

CN CCI=N-BCI, 

Recerrtly (l&5), colored compounds khich were obtained by 1,2- 

addition of haloboranes to phthalodinitrile have been described. 

The proposed structure of a phthalocganLne like ring system (see 
? 

structure 51, p. 379 of the revLevI covering the year 1572) has nox 

been confirmed by an X-?ay diffraction study (145). The relatively 

short B-N distances of I.467 a are quite remarkable and probably 

reflect steric hind.rance; in principle , the polycyclic system can 

also be considered as a ketimincbornae. 
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9 AKINOBORANES AND RELATED SVSTEES - 

A general method has been described (117) for the ureparat 

of tris(organylamino)boranes by the interaction of boron triflu 

etherate with E-lithio dialkyl-, Zaryl- or alkylarylamines in 

tetrahydrofuran. (But-l-en-3-yl)bisdimethyIaminobore.re has been 

prepared by conventional organometallic synthesis (16). This re. 

sentetive of a-methylallylboranes was found to be stable up to 

ZCOOC; some iscmarization could be detected near 225OC. 

Trimeric (azido)dihaloboranes, (N3-BX& (X = F, Cl, Br),h~ 

beefi prepared by the reaction of the corresponding boron trihali 

with (azido)trimethylsiIaEe (X25). The reaction c-f (dialkylaminc 

diborane (6) with m:iEes or hydrazines provides a mixture cf amir 

boranes and amine-boranes as the final product (46). Formaldehyi 

dimethylhydrazone reacts with BR 
3' 

amine-boranes or hydr?zine- 

boranes in a simple hydroboration process (47): 

GI2=N-N(CH3)2 -i- BH3 --_c H2B-NCH3-N(C"3)2, 

Ketiminoboranes in which the ketimino group C=N-B is conjugated 

with a carbon-carbon double bond have been obtained by the follc 

ing reaction (185): 

C32=CCH3-CN + BR3 ---+. CH2=CCH3-CR=%BR2. 

Both 3- and 4-aminobenzonitrile react with haloboranes to yield 

primarily the corresponding amine-haloboranes along with some dE 

halogenation Froducts (128). (Diphenylketiminc)diethylborane, 

(C6H5)2C="-B(C2Hg)2, reacts with bis(benzonitrile)palladium dick 

to yield the ccmplex [(C2R5)2B-R=C(C6H5)2]2PdC12 (67). Based on 

boron-11 nuclear magnetic resonance and infrared spectroscopic 

studies the ketiminoborane is coordinated to the palladium via t 

C=N @~=oup. 



(122); WI? ?Eta::tiOz-l3 are2 stron~ly tenperature dependent. (s-2 the 

basis of prston snd bororr-11 nuclear magnetic resonn-n,ce data, the 

final member of the cited series (n = 3) is a particularly electron 

poor tris.aminoborane. This latter characteristic accotrnts for the 

great thermal instability of the ca.mpO,und &ich can lose trimOthvl_ _ 

bOrane at temperatunes as 10s~ RS 53°C. 

(DichlorOaaiao)dichlOrebOrane, CQN-SC12, has besn prepared 

from NC-!_ 3 and an excess Of boron trichloride (155), The vibrational 

spectrua of the sompo~~zn*rl shoxs an ~~ns-~.al lox B-N valence frequency 

.at 13i2 cm -.i ; B-Cl stretchin. modes Nere assigned at 536 and 446 

-2 
cr.-l , Z-Cl stretciling at 735 a-nd. 54s m--1-. The boron-11 chemical 

shift Of i;‘ne Co~po~~I with 6= -39.7 ppm is very close to that 0.7 

(chlorOethylamino)dichloro50rane, C2H5-NCl-ECQ, 6(1113) = -32_k npm. 

Chlor0boran.e addgcts (ethers. amines) react with disilazanes 

tO. cleave the Si-N bO!ld in fa.Oile manner (&B). HtxveVeP, the reaction 

cannot be utilized for the Freparation of diborylamines Of the 

type !tT,B12NR which apparently seem to rearrange to yield (-BY.-NR-)9 

and BH 
3' 

HcweTrer, simple (silylaminO)boranes of the type 

E2B-NR-SiBI 
3 

cortld be isolated as reaction intermediates. Tne 

preparation Of some new diborglamines of the type (EL$)~NR~ (9%) 
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+ R,N-BR; - + R2N 

As w4s i-l~ix?d last year (2&j, tile (gyridylaaino)b~rsnes YeaCt 

with multiple bonfis via 1,2-Edition of the -- boron-zItro,qn li-qk, 

NH-B& 

+ Cl&-CHO GL 
N ‘NH-CH-O- 

&I, 

Pr?parstive details hsve no:! also be-?5 p~esei~te.3 for the sy:l- 

thesis of (2-pyridylanino jborlnes by th~?~;sl sonSdensation 3f 

2-aminopyridine with trial%ylboranss (357). It is of itzterest to 

Yl0te thst stsric overzrzdin~ st tsle r?itroaefl s;ite 3f aC.n?Snrane 

is apparently relieved by molecular dist,ul 'q-tie-; o';hsr t;h;:_: t_h_.:;;e 

H3C, f-3 
/ 

H3C 
\ 

CH3 

N-N N-N’ 
/ \ HX \ 

H3CSRB’-~0B-SCH, 
d x’ \ 

‘;’ 

0 B-X 

CH3 

4-r 
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Since 40 is readily accessible from the interaction of trisknethyl- - 

thio)borano, _,; 3 ~'-dimethylhy~razine, and methylamine (28j f t-hi. s 

heterocyclic system c.an now be studied in detail_. For example, if 

methylamine is raplace.? by ammonia in the latter reection, the &- 

Thydro derivati.ve is obtained. Subsequently, the 4-nitrclgert may be 

metallate by reaction with lithium al.ky1; the resultant x-lithio 

ComPounrt is very reactive and various groups such as B(NR2)2, 

P(XR,),, SL!CH~)~, or Sn(Cii: ) have been attach& to the &-poaLti_on 
3 3 

of the hetarocycle. Magnetic resonance studies indicate that the 

six n-electron system of the 1,2,k-triasa-3,5-diborolidine ring 

has considerable aromatic character which may explain the rather 

unusual chemical stablllty of this system. 

In complexes of 42 with Ti.Cl+ -- and aromatic hydrocarbons the 

latter are only loosely held in the crystal lattice (345); infrsre.ri 

y=N 

H3C 
‘N,B/‘-CH 

3 

;H3 
h2 - 

and Raman data on I:1 complexes of 42 with SnCl& or SbCl -- 5 have 

been recorded on the solid mstarials. 

Details for the synthesis of a heterosycle comprised of four 

silicon (exozyclic substituents: pY?esyl grmps) and. o_ne boron (eso- 

cyclZc dimethvlamino ,~rov.g) as annular atoms have now bezo.me avaIl- 

able (155)~ Vibrational, ultraviolet, and proton magnetic resonance 

data suggest the complete absence of delocalized electro-rrs within 

the ring. 

Cleavage of the boron-boron bon? is characteristic for the 

electron impact induced fragmentation of bis(amino)diborane(&) 
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derivatives , R2N-BR'-BR'-NE2 (163). The ions with n1\2 frequently 

are base peaks but are not observed ir?_ the ~~8s spectra of specie 

irz whim bo.?on axI nxtrogen are annular members of the same heter 

Syclic system, 

The nit..ro.~en-l& and boron-IX nuciear _mgmtiC resonance spec 

of some 12 (silylamino)boranes har;e been recorded in con.j*mction 

with the nitrogen-14 spectra of -39 silylamines (123j. The 

resultant dfata are rea5iil.y interpreted in terms of sp 
z hybrid- 

ization of the nitrogen togeWer wit!q a B-X double bocl charact.er 

but they also rerlect geometric factcrs.EondiE? boron tc the 

nitrogen of silylamizes 7.eaC.s to 3 decrease in t'he shleldlng abou 

the Yi_itrogen atoI;: ard iilustraten the greater s?renL&zh ol" (ppfrr- 

bopd:<o. for the ._ 8-N bcxd as comparerl ix the (cd)n-bonding of the 

Si-?? ljnkage. Nitrogen-14 cheinicai. shlf'_ values cf 3,rgacic axLdo 

derjvatj.-res (N-:zthylated urea, aco?axide, 2 6c.) and their isoste: 

14 
aminobora?.es correlate linearly as do the 6(- N) values of carb- 

onium icns and their isoelectronic am?_noborane ansl-ogs (27.8). 

The B-N bond length of aminoborane, H N-BH 
2 2, has been jieter- 

mined by ab init-io calculations to be 1.33 8 for a plansr model ---I_ 

an.3 1.47 2 for the orthozanal form (14). The barrier to internal 

rotation was estimated to be 33.3 kcal/mol. The electronic structl 

of (a.M.no)difluoroborsne, H2N-BF2, has been calculated by the 

CND3 and INDO methods (?9); the calculsted dipole moment of abotlt 

3.0 D for the molecule is in satSsfactory agreement with the expel 

mental data. 

(Anilino)dimesitylboranes fluoresce showing the largest 

Stokes shifts as yet reported, corresponding to energy losses of 

35.3 to 61.8 kcal/mol (102). 
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10 BORAZT-NES 

&TrZs(alkglamino)-B-trialkylborazines and &tris(arylamino)- 

g-triarylborazines have been prepared almost quantitatively by 

employing the appropriate stoichiometry i-n the reaction of boron 

trichlcride and an alkyl- or arylamine (12@)- Tie borazines so 

for-mea react with boron trifluoride or boron trifluoride-etherate 

to give go03 yields of &t&fluoro-$-triorganylborazines. It has 

also baen fo!nd t'flat, in the preSenZe of aluminum &_Ist, primary 

alkylamine-trifluoroboranes readily dehydrogenate to give s-tri- 

fluoro-&trialkylborazines (10). However, in the case of the alkyl 

group being methyl a liquid byprsluct, m-p. 20-24OC, is obtalned 

which was shown to be the tetrsmeric species (-BF-NCH3-)U. This 

latter compoand represents the first example of the eight-membered 

borazocine ring in which the g-substituent is not a bulky group. 

The reaction of a-nsphthylamine with triethylanins-borane or 

boron trichloride gives the ex_oeeted borazines , (-RX-RR+ wS.th 

X = H, Cl, and R = a-C,0H7 (2&O). Reastion of either specLes with 

CH$?gI results In g-methylation. Piass, proton ma,qIetic resonance, 
/ 

aar? ultraviolet spectra of the three horazinos cited have boon 

recor3ed and were comp.ared with *data obtained on a-naphth-3-yl-2,4- 

dibors-1,3-diazarophananthrcnes, 22. The reaction ,of tri(organyl- 

oxy)b.oranes with o-phenylenediamine apparently 3oes not afford a - 

polycyclic borazine derivative (308) but rather a polymeric species 
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which is reasonably stable towards hy.lrolytic attack is obtained 

-4 two-step synthesis has bee-n 2.evelopei for the specifLc 

preparation of 2,&dichloroborazine (I@?). The procedure involve _ 

the initial preparation of Z-dimsthylamino-4,. 6-dichloroborazLne 

in essentLal1.y o_uantitatSve .yicld and subsequent reactZor_ Of thi 

product with diborane(6) %n ether. 

A reinterpretst?.on of the earlier (221) X-ray diffractron 

data on hexachloroborazLne on the basis of CXDO/StI semi-empirica 

molecular orbital calculations is scnsistent with a re_gular hexs 

gonal rZ.ng strnct3re for the compound (120). MO meanfngful poten 

curves can be obtained for n-n tyne molecular interactions by 

standard CMDO/2 methods (352). A modification in which pairs of 

atoms are associated with the same molecule and ?rith ?if-fere.vlt 

mcltecrzles leads to reduced intermolecular bonding and provides 

reasonable stabil5zatio-n ener_gLas, Calculations based on thi_s va 

tion suggest that borazine/benzene and borazine/borazLne compiex 

in which the molecules are sgmxetrically disposeid In p.aralleL pl 

can exist in the ground state. 

The proton msspetic resoca,yLce spec”cra of several borazinss 

:3ave been studie3. ln 23 attempt to elucidate the el-ectroaic effe 

in the borazine ring system (235). The results were interpreted 

to iWtisate that the anisotropy of the borazine ring mtght not 5 

caused by ;i ring current. On the other hand, the proton magfletic 

resone:ce spectra a9d magnetic susceptibilities cf g-trialkyl-&- 

flucro, -tribrono, and-tri(organyloxy)bo.razines seem to sUggest 

these species may be considered as aromatic moieties (173). 

neth:~l proton spin-spin zou>ling constants, horjrever, inriFzate on 

a relatively xeak tra:?smission of spin density information via .- 

the ~"asumed n-electron system of the bcrazine ring (292), Other 
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authors (85) report that the chemical shift values -sof K-bonded 

methyl groups of boraz.Srxes art? L-Lrtuzlly i2naffected by 5ncreaaicg 

the number of ;-reth;rl grcaps vAe;_ess a systematic change to higher 

field is observed with increasirg 3_s.etpzylat5.0n. X0 fine1 conclusica 

CSIT yet he reache.& 3 from the first analys.i..s of fine spiittkg _ 111 

the FOURIER transfer grot.on mag.k -**efic resnna:~ce spectra of citrogan-1: 

labeled borazines (319). 

The acetonitrile groups of fac_-Ci~(C:O)3(Ci-i?CN)3 have been 
> 

.displaced by borazines to yield (C0)3Cr!-ER-P?R'-) 3 complexes with 

R = CH 
3' 

p"3"7, &C3"7 and R' - c1-i 3: - "-C3H7' &C3"7 (287); infrared, 

ma s 3 , and protozi magYeti C ?es3na:Y2e spectrosco2i.c datn of these 

borazinr conolexes are 31S.J &Pesentert. A iigand exchange reaction 

was also obsrtrved. on reacting 3_t;l;imet!?ylb30rasil:s - 

(co)3c~~(-""2~~-"~-)? (3k2:. In t'he presence of an 
2 

free ?.i.gand the equilibrium cf the intsraction is 

to permit the isolation of (CO)3Cr!-SCRq-NX-) 
_* 3' 

G.th the COIZ!~~~X 

excess of the 

readily shifted 

(Dichloro)phenylborane and [I-Si(CIi3)2-NR-J3 interact to yield 

ZLtriphenylborazine, !-X,X -NH-)3, 05 or either of the two sila- 

borazines 4k and “5, respectively, depending on the molar ratio - 

of the reactants (283). The silaborazinos are hy?lrolytically 

relatively stable materials but the B-M bol?d strerrgtk zeems to 

increase with decreasing number of annular silicon atoms. 

H3C CH, 

Si’ 

C6H5 

HY 
‘YH 

HY 
/A 

‘TH 

H5C6 
9 

A;0BL~6~, 
K&l2 Si,/dCH,), 

H 
44 45 -- - 

The c:yclic trlsaminoborane $6 reacts wit!h lithium alkyl to give - 

Referencesp. 428 



' 412 

C,ke g-dili',;lr.io deriva';ive which, ir, tU?Ll, call be -_racted xit!l 

R"X(PR':Q2 OF RF8 P(o)RCL], to yield phosphaborazines such as c -_ 

2LiR' _- c!J 

(ClRP),NR” 

R R 
I 

H5C6, 

,=--y&y0 

RN P’ 

‘s&R ‘R 

/ 
H5C6 

Ll.s 

11 

11.1 
, 

tori gksparation of dimethylamine-bgrane (265) and the fox pos 

ANINE-BOEMNES --_c- 

F$&eidic A24ucts 

A'detailed procedure has been described for the facile Lak 

adducts of 3-L 
3 

with hexamethyle:netetramine have been described 

They were found to be antagonistic to horonium cation formation 

and pyrolysis of the tetra adduct proceeded with rearrangezent 
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hydride mi,gration to form (dlmethylamino)borane derivatives such 

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

The heats of formation have been determined for hxwazine-. 

borane (92) and hydrazinc-bis(borane) (?I) and the vibrational 

spectrum of the latter has been studied (90). The thermal decomFos- 

itiorr cf hydrazine-borane is a mu'ttistage process, the first oI" 

which involves the loss of hydrogen from the amine-borane tyge 

grouping. I-r, addition to standard maoometric methods, infrared and 

mass spectroscopy were use?. to investigate the kinetics of the 

process and a free radical mechanism has definitely been ruled out 

(93, 183). The kinetics and the mechanism of the thermal decompos- 

ltion of l,l-dimethylhvdrazLne-bo~,ane have also been studied (327). 

The infrared arid BARAX spectra nf tritr.ethyl&mine-borane and 

deuterated derivatives thereof have been recorded from solSd state 

samples and the spectra 6ere assigned on the basis of a C3v molecular 

symmetry. The B-E stretch uas observed in the 6lC-6eC cm-l region 

but it. is extensively mixed with the symnetric N-C stretch. The 

calculated E-M- force constant of 2.58 mdyn/R seems to be consistent 

wI=Ltk tte adduct stability (337). A conforrrztional study has b$en 

xierfcraed on t.rimethylamine-borane via CND0/2 calculations (88) 

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

activity in electroless plating have'been investigated (306). 

The basicity of a series of phcephites h&s been correlzited 

with v(BH) and the relative stability of their BH 3 adducts (352). 

A slow tertiary butyl rotation has been cbserved.in tris(&butyl)- 

phosphine-borane and di(&-butyl)chlorcphcsphine-borane using -proton 

magnetic resonance spectroscopy (72). The coordinated BH3 was found 

to be significar_tly more hindering to the &butyl rctation than the 
. 

free electron pair in the free bases. 
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P_ ccnverr%ent prepzratiorr for mine-haloboraes ,in~olves the 

halogenation of amine-boranes of the tyI;e R3N*EH3 with elemental 

halogen on hydrogen halides (21). The halogenation process can h 

mcnitorad by bcrort-11 nuclear magnetic resonance spectroscopy , 

thus permitting the isolation cf partially halogenated species, 

The bis(borane) adduct of ~,jJ,~*,~l-tetramethyl ethylenediamine 

T:'as similarly halogenated at the boron sites by treatment with 

hydrogen halide (F, Cl, BP) or elemental bromine (158). Reaction 

monitoring was accor,!pliehed by protcn magnetic resonance spectrc 

and the new compounds WiED'ZBH2X (X = F, Cl., Br; TIDIED = tetramet 

ethylenedizline) and TPlED.ZBRX2 (X = Br) were 5solated. 

reactions of the type 

(cH,)~N-BH~I = MX - (cH~)~R-BH~x + MI 

where X = NCS, NCO, CR, F, Cl, or Br proceed exceedingly well 

in tetrahgdrofuran as solvent (363), 

The infrared spectra of (CR3)3N.BH2X and (CH ) N=BHX2 (X - 
33 

Er, T) have been 1-ecorded (245); using the group vibration assigr 

ment the following fundar;.en-tals could be identified: 

-1 (CH3)3N*BH2X : v(BH) = 2328-2480 cm 

v(BR) = 693-703 cc:-’ 

(CE3)3NoBh-I : v(BH) = 2471-2514 cm-l 

v(BN) = 712-716 cm-'. 

EIost of the other imrol;tant fu.ndar;entals were also assigr_ed, The 

rotational barriers about the B-R bond for E N.EF 
3 3’ 

H3N.BH2F, and H3NoBH3 have been calculated by ab initio - 

orbital methods (157); fluorine substitution causes the rotationa 

energies to decrease. 

Adducts of cyanoboralie of the type LaBH2CN with L = dimeth 

smine, trimethylamine, morphoI!ine, K-methylmorpholine, 4-picolin, 
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or tetramethyl ethylened<amine have been prepared rAd their 

mechanism of hydrolysis has been studied (108). In alkaline solution 

the h;rdrolyeis can be described by the equation: 

L.BH2CN f 2 H20 + 2 O@ + L i- B(OH)r + 2 H2 + C&j- 

aoron-11 and nitrogen-14 chemical shifts of a large number of 

B-N derivatives containing tetracoordinate boron have been recorded 

(277). A nearly linear correlation between the chemical shift 

values of amine-boranes L-RR 3 (L = aliphatic emine, I? = H, CH3) 

and the carbon-13 chemical shift values of the corresponding iso- 

electronic alkanes was noted. Furthermore, stability and structural 

information of the LoBR 
3 

adducts (L = heteroaromatic nitrogen base, 

R = H, CH3, C2H5) can be deduced from the nuclear magnetic resonance 

data.. 

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

octane coordinate with BX3 (X = hydrogen or halogen) (275); the 

ir.-phase E-K mode of the BH3 complex was observed near 720 cm -1 c 

11.2 

tory 

Boron Halid_e Comolexes 

A detailed procedure has beer described for 

preparation of dimethylanine-tribromcborane 

a simple labora- 

(266). Ralogen 

eschange of trimethyiamine-BX 
3 

species in solution with BY 
3 

yields 

the mLxed adducts (CR3)3N-BX2Y (293). Apparently, the B-h' bond 

remains intact during the reaction which proceeds in either direction 

and probably occurs via a bridged transition state involving five- 

coordinate boron, However, in the gas phase halogen exchange occurs 

even in the absence of excess acid and probably irrvolves a B-N 

bond cleavage. 

The I:1 adduct of tetramethyl urea with boron trifluoride CXl 

rearrange to give the ionic species (oC[rJ(CH3)212BP2)+(BFq)- (78). 
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A more convenient,source of the cited cation isthe 1:1 adduct o 

tetramethyl urea with (chloro)difluoroborane which is obtained 

from the reaction of the BP3 adduct with that of BCl3 in solutio 

subsequent displacement of chlorine via nucleophilic attack of -- 

tetramethyl urea provid_es the desired cation. 

Complexes of boron trifluoride with methyl, ethyl, and g-butyl 

ethers of a-naphthol have been described (209) and exchange reac 

of aromatic amine adducts with boron trichloride and (dichloro)- 

Fhenylborane have been examined by nuclear magnetic resonarxce 

techniques (71). In the presence of an excess of free base the r 

determining step of the ligand exchange is normally a unimolecul 

ionizathon of the initial adduct according to: 

LmBRX2 c L.BRX@+ fl. 

The electronic structures and heats of formation of some 

adducts of boron trifluoride have been calculated by the ab init -- 

method (100). An experimental carbon-13 nuclear magnetic resol-r 

study of boron trihalide adducts with several ethers has sh0t.m th 

the C-13 chemical shifts of the a-carbon atom'in the complexes ar 

to lower field than in the free ethers (7); a variation in the or 

tetrkhydrofurm >(C2H5)30 ) (C3E7)20~(C4Z9)20 was observed. The 

carbon-13- signals of all c&her carbon atoms are displaced to a hi 

field, 

The infrared spectra of boron trifluoride adducts with aromatic 

ethers and carboxylic esters have been recorded (204) and it has 
. 

been shown by a nuclear magnetic resonance study (189) that in th 

'boron'trihalide adducts of methyl acetate and its sulfur analogs, 

the coordinating site is always the multiple bonded chalocgen, eve 

in the case of C83-CS-OCEI . 
.3 

The v(CO) frequency of ethyl acetate 

and bensophenone &hanges when the latter form a complex with bore 
-: 
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conjugation (167)_ Phosphine and methylphosphine form l:l adduct 

with mixed boron trihalides (346). Boron trictloride, tribromide 

and triiodide also form l:l adduots with (methyl)dichlorophosphi 

(2) but boron trifluoride does not interact with the same LEWIS 

base. Infrared data on H3P.BX3 and D3PoBX3 (X = F, Br, I> produc 

a force constant of the B-P bond of about 2.0 o,dyn/A (344). 

Tertiary phosphines and their chalccgenide derivatives form 1:l 

complexes with boron tribromide and boron triiodide (il6), the 

proton and boron-l.1 nuclear magnetic resonance spectra of which 

been studied, Also, complexes of the type XSROPR II with X = Cl, 
3 

I; R = CH3, C6H5, C6Hlr; V = S, Se, have been prepared (170) and 

was noted thet v(PY) shifts drastically upon coordination by abo 

110 cm-i to indicate B-Y interaction. Phosphine oxides react wit 

diborane(6) via symmetrical cleavage of the latter to give I:1 

adducts whereas amine oxides promote unsymmetrical cleavage of t 

diborane(h) molecule (336). 13 contrast, trinet~~yla~ine(_)ox~~e 

hydrochloride reacts with sodium tetrahgdroborate to yield the 

trimethylamine(N)oxide-borane. The l:l adduct o~'As(CH~)~ with 

RX3 (X = Br, I) is stable at room temperature whereas the analog0 

adduct with Sb(CH3)3 slowly rearranges under the same co2?dLtiorrs 

to fern? (CEi3$SbX2 (3k71.2 

12 IONIC COiwOUNCS -_w 

The electronic structures Of borane and the tatrahydroborate 

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

tional frequencies calculated from the data are in good agreement 

p!ith the experimental ValUEs and the heat of formation cf the gas 

phase reaction 
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was calculated to be -278.6 kJ/mcl. 

The compound k2B(N(CH3)2)2][A1(RHk)2] and similar species 

have been prepared by the reaction of diborane(6) with various 

alanes in ether solvents (330). Also, the reactions of sodium tetra- 

hydroborate and scdiun cyanotrihydrcborate with divale=t chlorides 

of Co, Ni, Cu, Pd, and Pt in the presence of tertiary phosphines 

(285) and a facile laboratory preparation of trans-carbonyl(cyano- 

trihydroborato).bis(tri~henylphosphine)rhodium(I) (271) have been 

described. 

The reaction of sodium tetrahydroborate with open-chain 

conjugated nitro-lles results in deoxygenation of the nitrone function 

only (231). Reductive alkylation crf proteins is readily accomplished 

using aromatic aldehydes and sodium cyanotrihydroborate (353) and 

the same reagent can be used in the preparation of biologically 

active nftroxides (311). 

Bis(cyanotrihydroborato)-~,~,~,7,7-~entamethyldiethyle~etri- 

aminecopper(I1) crystallizes in the orthorhcmbic system with eight 

monomeric mclecules in the omit cell (77). The compound is a penta- 

coordinate complex of ccpper(I1) and, on the basis of single-crystal 

X-ray diffraction data, the coordination Folyhedron is a distorted 

square-based pyramid with one of the NCBI- 3 ligands occupying the 

apical position. The structure of p-bis(cyanotrihydroborato)-tetra- 

kis(triphenylphosphine)dicopper(I) has also been determined by 

single-crystal X-ray analysis (11). The H3BCN ligands bridge the 

two copper atoms forming a ten-membered nonplanar ring. 

Sodium cyanotrihydroborate reacts with metal hexacarbonyls 

N(CO)6 with iY = Cr, No, W, to give the anions ~313CNPl(CO)5]e in 

which the cyano group acts as an electron donor (33). On the other 
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hnd, scdium tetraphenylborate reacts with 'such metal carbonyls 

form [TCg"5)2"(cj"f"(co)3)~~, -1 11 Frhich two of the four phenyl 

.groups are n-complexed to the metal tricarbonyl moieties. Sodlun. 

cyanotriphenylborate in the same reaction affcrds a complex of t 

cyar,o group to gfve the anions [(cg"5)3"c"Ii!(co)~~~. 

The direct fluorination cf a.lkali metal tetrahydroborates 

yields the Corresponding tetrafluoroborates (156). Nitrosyl tetr 

fluoroborate, (NO) (W&j, has been prepared by the reaction of so 

boron nitride in a quartz reactor with a 4.11 mixture of fluorine 

and oxygen (205j, and a detailed procedure for the preparation o 

(NF )(3F ) via the interaction of SF,, 
r: Q--- 

Np-, and flucrine has bee 
, 3 

described (43). 

Triethyloxonium tetrafluoroborate has been used as agent for the 

cyclization of 6- and y-alkenenitrlles (137) and for the polymer 

ation c.f propylefie sulfide (232). Stable carbonium ion salts are 

exceedingly rare and, in general, exist only in solution. Howeve 

one of the best examples of SUC?I a stable species is (ferroceilyl 

diphenylcycloproceniu~~ tetrafluoroborate, the structure of which 

has been studied by X-ray di*fraction (38). Silver tetrafluorobo 

coqAexes of organic species such as oxazLridine (105) or ketone 

(106) have recently been studied. Also, aa example has been pres 

of a coFper ccmplex containing a ?reakly coordinate tetrafluorobo 

anion (107). __ Ccoaer(I) and silver(I) complexes of O-ethylborano- 

carbonate are the first reported metal derivatives of the cited 

anion (332). 

The reaction chemistry of alkali metal trialkylalkynylborat 

seems to be e_xpanding rapidly. For example, the reaction of lithi 

trialkylalkynylborates v:ith prOpiOnic acid can be used for the 
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syntheses of terminal and internal olefins, in which the acid acts 

as a protonylizing agent (197). Also, the reaction of the same 

reagent with acetyl chloride leads to 2-oxa-3-borolenes (164): 

“l ,CH3 

Li[R,B-CECR’] + CH3COCl - 

FCC\ 

R2C, ,o 
B 

Since the latter are readily oxidized, the overall reactions 

represents a novel synthesis of h4ghly substituted a,@-msaturated 

ketones.Cationic metal complexes such as CC6HSOCH3Fe(C0)~~[BP~~ 

react with trialkylalkynylborates in stereo- and regioselective 

manner (365) and the reaction of lithium trialkylalkynylborates 

with methanesulfenyl chloride leads to (P-methanesulfinylvinyl)- 

boranes, 

Li P B-C=CR' 
r/3 3 

+ CE3S"Cl -_) R2B-CR=CR'-SG-CR 
3' 

which lose the methanesulfinyl and dialkylboryl groups in a cis 

elimination to yield acetylenes (115). The reaction of lithium 

trialkylalkyi3ylborates with oxiranes gives nonisolable intermediates 

which lose lithium alkyl to form oxaborinenes (281). This reaction 

has been used for the preparation of y-hydroxyketones and the 

stereoselective preparation of trisubstituted ethylenes. 

Efficient laboratory procedures for the syntheses of sodium 

triethylhydroborate, sodium tetraethylborate, and sodium triethyl- 

l-propynylborete have been described in detail (269). Sodium tri- 

alkyltilkynylborates react with (chloro)diorganylphosphines to give 

organosubstituted 1,2-phospha-ooret-3-enes, 47, in high yield (178). 

The structure of this novel type of compounds was ascertained by 

nuclear magnetic resonance data. In general, the materials react 

fairly rapidly with nucleophiles such as trimethylamine(N)oxide 
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R’ 
I 

g- 0 R” 
Na[R,B-CsCR’l + CIPR; - R-CC,&P, 

lB\ 
R” 

R R 
49 - 

but are stable in boiling methanol. 

A novel double migration was observed in the reaction of trialky: 

alkynylborates with dihalomethanes (261). Hydrolysis of the 

reaction products gives good yields ofterminal olefins. 

Tne nucleophilic reactivities of halide ions in liquid tri- 

ethyl-g-hexylammonium triethyl-n-hexylborate have been studied (1 

The halide ions follow the same order of reactivity as dissociate 

halide ions in normal polar aprotic solvents though the range of 

relative rate ccnstants is much narrower. 

The crystal structuresof potassium tetraphenylborate and th: 

of tetramethylammonium tetrzphenylborate have been determined b: 

single-crystal X-ray diffraction (75); the B-C.bond distance was 

found to be I.64 8. Bis(trimethylphosphite)tetraphenylboron 

rhodium(I), [(CR30)3_P12Rh~~(CgH~)J, is monoclrnic and one aromati 

ring 

atom 

of the tetraphenylboron moiety is s-bonded to the rhodium 

which is situated symmetrically with respect to the ring (2: 

been 

used 

The B-C coupling constants for the tetrapherylborate ion ha\ 

redetermined (32C) and thallium(I) tetraphenylborate has bet 

as a stationary phase for the gas chromatographic separatior 

of some unsaturated hydrocarbons (66). The tetraphenylborate ion 

isan effective shift reagent for aminosulfonium ions and as suck 

can be used for the solution of diastereotropic problems (318). 

The hydrolysis of phenyl-Z-pyrrolylborates, B(C6H5)n(CQHbN)& 
c 
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_.s seccnd crder and is catalyzed by hydrogen ion (274). The thermal 

decomppsition Of salts of the type B[RB(OH)<] with M = LA, NB, K, 

and B = C6H5 or C6HLl, and M~6H5B(OH)3]2 with N = Ca, Sr, Ba, leads 

to the anhydrous metaborate salts (84). Thermogravimetric data 

suggest that the initial process is a condensation in which two 

molecules lose one hydrocarbon molecule. 

13 BORON-KETAL DERIVATIVES 

Perfluoroalkylmetal carbonyl halides of iron and cobalt have 

been reacted with POtaSSiUm poly(l-pyrazolyl)borates (51); the 

1-pyrazolylborate ligands of the resultant complexes are bidentate. 

Similar reactions have been described for trimethylplatinum 

derivatives (52); however, in this latter case, the l-pyrazolyl- 

borate moiety serves as a tridentate ligand. It is intersting to 

note that through-space hydrogen-fluorine couplings between the 

axial methyl hydrogens or the axial 3-H pyrazole ring hydrogen and the 

the fluorine of c HB(pz)3]PtCH3(Rf) complexes (pz = 1-pyrazolyl, 

Rf = fluoroolefin) have been observed (194) .Bis hyd.rotris(l-pyr- 

azolyl)borato copper(I) is the first example of a compound where 

the l-pyrazolylborate ligand bridges two metal atoms (355). X-Ray 

diffraction studies indicate a ceiitrosymmetric structure for the 

dimeric molecule with each HB(pz) 
3 
mit contributing two terminal 

l-pyrazolyl ligands (one to each copper atom) and one l-pyrazolyl 

group bridging crosswise. The major feature of the structure is 

the result that each copper atom is in a highly distorted tetrahedral 

environment and that the Cu-Cu distance is longer than in the 

bridged Cu(1) acetate structure. In solution, however, all l-pyr- 

azolyl rings appear to be magnetically eauivalent. 

A variety of l-pyrazolylborate species derived from allyliron 
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tricarbonyl iodide have been described(53) an& Si?VePbl 

ylborato)carbonyl derivatives of manganese(I) have been studie 

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

these conipounds of the type [pzB(p~)~]Nn(C0)~L with L being vari 

phosphines indicate that the steric properties of the ligands 

influence the intercarbonyl angles. 

[Diethylbis(l-pyrazclyl)borato))borato]pyrazolato-trihaptoallyl-c?i- 

carbonylmolybdenum contains both a unidentate pyrazole ligan 

and s bidentate (1-pyrazolyl)borate ligand (9). The structure of 

[diethylbis(l-pyrazolyl)borato](trihapto-2-pheny:iallyl)(dicarbon 

molybdenum as determined by X-ray diffraction (37) reveals an e 

ly strong interaction between an aliphatic Ci bond and a metal. 

a-carbon atom of one ethyl group of the cited compound is direct 

toward the molybdenum atom with a C-MO distance of 3.06 2; the 

rotational barrier about the B-C bond is such as to direct one o 

the a-hydrogen atoms toward the molybdenum result&g in an appar 

H-MO distance of 2.15-2.27 8. On that basis, a three-center C-H- 

two-electron bond is postulated in order to account for this str 

interaction and to provide molybdenum with an effectrve clos.ed s 

configuration. Proton magnetic resonance studies have revealed t 

a dissymzetric structure for ~C2HS)2B(pz)2]Mo(CO)L Mth L = 

C%,=CC,GH5-CH2 cr Cii,=CH-GF12; the fluxional molecules also contain ‘.. ‘., 

a.thre~-zenter C-H-MO two-electron bon.d (3b8)_ 

On the basis of a crystal structure analysis, the By 

ligard of ~C635)~~~~(pz)d]~PBS] is.trideni;ate and the benzene r 

is hexahapto (193). The crystal structure of bisbiethylbis(l-pyr 

azolyl)borato] nickel(IL) has been deter&n ed by X-ray diffzaci;ion 

(249). It is noteworthy that two of the ethyl groups, one from ea 

horor_ ligsr_d, are eithar above or below the Ni-N plane and one 



425 

hydrogen from each of th2 methylene groups is dlrected toward 

nickel. These data disptte the results of a previous nuclear 

poly(l-~yrazclgljbo~~a~e 1I~an:Ld (Z?). The alkene groups are readily 

dis->Lace5 by phosphines, nltrogeii, or ca-r+.zan monoxide, but only 

the latter yZelrls a stsble product. Sllrllar observa2ions have been 

reoorted for some &he‘? poly(1 -pyrssoLyl)borate coa~plexea of 

rhodium (30). However, in this latter stud;~, the formation of 

rhodi-~~_~~-~~!.n.et~~ylyyrszol;rl complexes is also .iescribed; the-ir. form- 

ation :1!2s-t occu5- via boron-carbon bond -- cleavage of a l-pyrazolyl- 

bcxate sp=clesD SL _v 

Five-coordinate ne~~hyt31atl~~un(lI)-acetylene complexes can be 

-&nbiI_iz~ed by tridentate poly(l-pyraz,~iyl)borace ligands (110 1 anti 

the miset sanTv:ic% =oinpottil& (CsW5)UC12[33(p~)3] has bsen prepared 

by the reaction of (C5Hj)*3Cl 
3 
-2THF with KLHE$(p+] (2%). The B-H 

stretching O?equezcy of the complex is observed near 2503 cm -1 o The 

crystal str:Acture o:' K3B(pz)$tCH3(CG) has been IZetermincd by X-ray 

di?fractiou; 1_ the coorulzX3tion sbouf platinum is a slightly distorted 

square-planar arrangement and the six-membered PtN4B ring Is in the 

baat conformation. 

The N=N stretching frequency of some poly(l-pyrazoiyl)borates of 

the type ~B(~z)~]M(CO)~(N~A~) (R'= H, pz; M = MO, W; .Ar = CgH5, CsDs, 
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p”&p) was assigired to the 1539-15SC CEI -' region (295). 

l-Methylborinato(tetraphen~lc-yclc'utadiene)cobalt has been 

preparea by ligend displacement as depicted below (203): 

<?jf>--C& - co 
R R 

i= R 
Dicarbo~yl(l-phenylborinato;coSslt wzs also obtsined 

displacement when Ni(CC)4 was reacted with bls(l-p~lenylborinato). 

co&l-i. : One of the organylboron groups is displaced with the for; 

atiorx or' the dasire.d cozuotwd _ -, m.p. Y:J°C (276). Mickel tetracar- 

bony1 reacts with (C6H5-PC P ) 
552 

Co to displace one'of th- tno 

l-phe-ylborinato gr'oups to yield (C6HS-BCSH,)Co(C3)2 (362) 
i 

and the reaction of (R-BC5Z5),Co (R = CH 
3' 

C/H ) with iron sarboj a.. 0 5 

can be directed to yield (R-PC515)Pe(C0)2 2; these species probr 

contain .a doubly CO-cis-bridged structure (366). Pyrolysis of the 

compounds at 23OOC yields (R-C5H5)2Fe. 

The structures or' (CE3-BC555).,Pe(C0)4 and (C65 -YC5HcjMn(CC: 
J 

have been cletermined by X-ray diffraction (367). Both molecules 

contain viztually plnn%r n-SolIded Uborabenzene'* groups. 

14 PHYSIOLOGICAL ASPECTS 

Complkxing of fiucle0slCeS and nucleozides xith a boryl-group 

modified sephadex (95) and the binding of (organyloxy)boranes to 

chgmotysin has been studied (263). Also, the comparative action 

of (dihydroxy)phenyroorane and (dihydroxy) -4-methylphenylborane c 

the central nerv@us system has been investigated (264) and (hydrc 



organylboranes have been found 

reports are concerned with the 

boranes (82, 159, 192) and the 

The tetraphenylborate ion 
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to inhibit subtilism (20). Several 

thermal isomerization of steroidal 

hydroboration of steroids (354). 

exhibits a detergent like action on 

phospholipid labeling in guinea pig cortex subfractions (213) and 

was found to effect the spontaneous transmitter release at frog 

neuromuscular junctions (225). The effects of tetraphenylborate ion 

on the automatic nervous system have also been studied (1.69). 

Boric acid affects the catalytic activity of streptomyces 

priceus protease 3 (262). In this connection it seems of interest 

to note that the boron-free hydrolysis product of boromycin is 

remarkably similar in constitution, configuration, .and even con- 

formation to the antibioticum showing that its-overall molecular 

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

A general concept of the physiological role of boron in plants 

has been suggested (211C) and the factors affecting the boron uptake 

by grasses have been studied (210). CHAPNAN and JACKSON (226) have 

reported an iIncreased RNA labeling in boron deficient root tip 

segments and the effects of a boron deficiency on the activity of 

B-glucosidase in sWflowers have been studied (111). Also, the 

effect of boron on alfalfa weevil opposlzron (99) and on the anti- 

caries action of fluorine in drinking water (19) have been investi- 

gated. 

Boron derivatives of sulfadizine have been studied as potential 

carriers for polymers into cancer tissue (261) arid the syntheses 

of potaztial protein-modifying reagents containing borage cages 

for use in boron-10 neutron capture therapy have been described 

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

aldehyde functions besides ionic centers and were bound to human 

y-globuline and bovine serum albumin (258). Similar Work Centers 

on the incorporation of sulfar-containing polykiedral boranes into 

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

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

-I;o an antii'bocly carrier is still apparent. 
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