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:1inEViﬁws ANb SUMMARIES

V"Boranes in Organlc Chemlstry" is the title of a new book by
H C. Brown (72) whlch is a "must" on the shelves of the organo-
,boron chemlst.»A well illustrated review (56) describes hydroboration
,asra synthetic tool iﬁ organic .chemistry;a review of syntheses via
 organoboran¢s_is~available in the Japanese language (78). Organic
syntheses j;g free-radical displacement reactions of organoboranes
‘have beén,summariZed elsewhere'(221). The organometallic aspects of
the chemiétry of diborane(4) derivatives (129), reductions of
.functlonal groupgs with sulfurated borohydrldes (241) and a listing
of organlc boron compounds, their syntheses’ and reactions (59) have
also been complled.

. In a recent book (64) about 300 pages are devoted to a review
ofiéyntheses, reactlons, and properties of boron hydrides and
‘volume 7 of "Preparatlve Inorganlu Reactions" contains a sectlon
on: polynedral and heteroatom boranes (o4). An excellent artlcle
idlscu551ng pharmaceutlcal aspects of boron chemistry lists 204
jreferences summarlzes recent trends of research -and deplcts future -
fposs1b111t1es (87) The ohemlstry of 1m1noboranes.conta1n1ng the

skeletal unit C=N-B' has been reviewed by Meller (18) and thée main
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fflectures of an 1nternat10nal meetlng on boron compounds held 1n
' :Prague in 1971 and coverlng various aspects of boron chmelstry have -
_/been publlshed. (149 235) R T B,
Durlng the 1ast decade ailylboron 6hemi§try has developéd as

a new area of organoboron chemlstry, whlch has now .been reviewed

by Mlkhallov (209)' also, a sumnary on llght—sen31t1ve tetraaryl-
borates has been publlshed (219). Other artlcles treat the use of

organoboranes as alkylatlng and arylatlng agents (211), boron-

nitrogen betaines {(210), and the chemistry of trialkyloxonium

tetrafluorcborates -(188). ‘
Finally, the reader's attention is called to an article on the

nomenclature of inorganic boron compounds (192) and another on

bonding in boron hydrides (193).

2. ORGANOBORON HYDRIDES

The role of hydroboration in organic chemistry is discussed in
detail in Part I of this review. Hence, references to organéhydrido—
boranes are limited herein to some basic studies.

In a vecent note (196) the synthesig of tetraalkylammonium
tetrahydridoborate has been described; this may be of interest for
the synthetic chemist since this salt can be utiliZzed for Preparing
solytions of diborane(6) in such non ethereal solvents as dichloro-
methane. In this context it should be noted that soie recent studies
-on the hydrolysis of the tetrahydridoborate ion suggest the formaﬁion,
of an intermediate BH5 species (215). Another novel hydroboration

agent is the salt lithium tri-sec.-butylhydridoborate which can be

obtained in guantitative yield ffom,the interaction of>tri—sec.—buty1-
borane with 1ithium'trimethoxyaluminohydride {(232). The new'reducing>

agent exhibits high stereoselectivity in the: reduction of cyciic'andf
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et Neﬂ syntheses of organohydridoboranes 1nclude a novel preparatlm
fﬁof monoalkylboranes as trlethylamlne adducts (02H5)3N BHZB v1a :
Ejthexylborane (1 e.; 2 3 dlmethyl-Z—butylborane) (184). It may be -
‘fnoted that thexylborane is: readlly avallable from the hydroboratlon
Aof 2, 3-d1methy1-2—butene with borane in a 1:1 molar ratlo, whlch
ﬁiproceeds cleanly to the monoalkylborane'atage (25) o ‘ o
Monomarlc dlalkylboranes are exceedlngly vare, however;Vthey are
-1

 read1ly 1dentifled by a characterlstlc band near 2470 cm in their

'infrared spectra and the lack of a typlcal B-H-B bridge absorption

'1‘région’(169). Dialkylboranes can be obtained

" :in'the 1600-1500 cm
’ b&‘th;Afeéction of thexylbdrane‘with an internal olefin (22). Also,
T it has been reported (240) that hydroborationAof.1,Q-péntadiene in
a.3:2 molar ratio leads to a mixture of compounds. After thermal
treatmentlof this product at 170°'an& subseéuent reaction with an
»equimolar_quantity of borane, bisborinane, 1, is obtained in B80%

yield.

Tetraborane(lo) Bhﬁio, reacts with ethylene to yield 2,4-di-
methylene-tetraborane (83). The base cleavage of the molecule

proceeds in 2 1 molar ratio to ¥ield a symmetrical product 2.

(CH 3 \\B/,CH ZCH, /,H-BH
: H” : ’f \\H—BH-P(CH 3

f; 2- -
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. 3. TRIORGANOBORANES
3t Syntheses ,

‘As noted - above, the hydroboration of 2 3-d1methyl 2-butene
proceeds cleanly to the monoalkylborane stage (25) and subsequent
reactlon with an internal olefin proceeds rapidly to the dlalkyl—
borane (22). Further treatment of the dialkylborane_with a terminaljr
olefin provides forAunsymmetriéal trialkylboraneé.,Howéver,vit.

" should be noted that displ&cement»reactionsrmayvdcéur in this last
step, depending on the nature of the utilized terminal olefiﬁ;
Apparently, steric requirements can force a reaction as depicted

in the following equation:

| _ 3 hrs, 25°
e-C HgBRH + 2 CH,=CCH4-CH,-CH(CH;), v >
HgB [CH, ~CHCH,~CH,-CH(CH,) ], +. (CH;) ,C=C(CHj),
R = c(CH3 2-CH(CH3)2

In principle, this‘development affords a highly convenient route
to certain mixed trialkylboranes. Also, the experimental observations
~ imply that displacement reactions may be quite common with -
increasing steric crowding of an organoborane.

A brief communication (60) reports the formation of organo-
boranes from Grignard reagents by reaction with borane in tetra-
hydrofuran. By thisrmethod several alkyl halides were converted to
organoboranes which, without isolation, were oxidized to yield the
corresponding alcohols.

The hydroboration of olefins with bisbérinane, 1, provides a
‘convenient synthesis of B-alkylborihénes (2&0).71-A11y1bor01éne, 3,
is readily.obtained'by the reaction of 1-alkoxyborolanes with allyl

BfCBHS
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f?Grzgnard_or w1th dlallylalumlnum bromlde (139)-:0ther spe01flc
j*reactlons 1nc1ude the formatlon of ethyl(3-methyl 2-buteny1)boranes

:[kc ),6= CH-CH2] B(C,H, )3 s from uetraethyldlborane and 3—methyl—
1, 2-butad1ene (234). ' : ) :

: The mechanlsm of the- transalkylatlon (ellmlnatlon—addltlon)
‘\of trlorganoboranes, flrst reported by Késter - (30}, has been studied
,:by reactlng trl—npbutylborane and tri- 1-butylborane respectlvely
i?w;th»styrene and p-chlorostyrene (28). Also, the’ ‘hydroboration of
‘these latter olefins with tetra p-butyldiborane(5) and tetra-i-
. bﬁtyldiborane(é)'was.investigated'in that same work. The rate of
transalkylation of tri-i-butylborane was found to be'higher than that
1of'tri;grﬁutylboranefand theorientation in transalkylation reactions
was found to be differeht from that observed in hydroboration
reacfions. These data were interpreted to support a mechanism for
the transalkylation at boron of trialkylboranes proceeding through
a six-center transition state with synchronous bond cleavage and
formatidn of new ones. In this connection it is of interest to note
that optically active trialkylaluminums have been prepared by alkyl
exchange reactions between triethylaluminum and trialkylboranes (154).
The’data indicate that in this case alkyl exchange occurs stereo-
'spe01f1ca*1y and they also support a four-center transition state

for the process.

Several E—substltuted phenyldimesitylboranes have been synth931zea
'by uhe reaculon of dlme31ty1f1uoroborane with substituted phenyl-
llthlums (137). DePlVauTVeS of 10-phenyl- 9'10 dihydro-9- boraanthra-
_cenes have been.synthe51zed by pyrolysis of tr1s(2-benzhydry1)bor—
'ox1n with llthlum alumlnum hydride and. trls(butoxy)borape (22?,.

Detalls are 111ustrated in the follow1ng reactlon scheme.
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,;CH(06H5)2

o), M
' B(OCuﬁg)j -

—B—0— : 3.

Br

Hy,
LiAlH,, B(OC,Hg) B
+ L - 493> (5 S
pyrolysis : 3 - BCly
1’ \CéHS
H GCyH ' G H
\/65 . |65
.
: B

3.2 Reactions of Triorganoboranes
The reaction of tris(2-methylallyl)borane with acetylene and

derivatives thesreof gives bicyclic derivatives as shown in the

following equation (99):

CH3

CxH,

B(CH,-CCH,=CH,,) >  CH7=GGH,-CH,-B
27375273 Tho 1500 Z=CCH4=Cly

Ve

CHg
4
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' Addltlonal actlon o racetylene on 4 produces i,‘whlch'reacts w1thvf

fimethyl alcohol

to yleld'the alkox1de 6

| omgmoery-Gy-CioH-B

5.
» iIt should be noted that on the basis. of infrared . and:protonbmagnetic
resonance spectroscoplc studies (ab4) trls(2—methy1allyl)borane
undergoes a permanent allylic rearrangement at- temperatures above
,_400. Presumably this rearrangement proceeds through a cyclic tran-
51t10n,state and exchange 1is 'slow at room temperature. However, at

-1 and the

1500 the exchange rate was found to exceed 103 sec
';actlvatlon energy was calculated to be about 9.V kcal/mole.
g_ The. reactlon of trlallylborane w1th 1— ethynylcyclohexene and
subsequent methanolysls yields 5—a11y1-3-(1-cyclohexen— ~-yl)-1-
1metnoxybqracycloheer—ene, 7 (158). This latter compound undergoes

._a.diene condensation with maleic anhydride.

”ATriallyiboréne reacts very.slowly:with:propargyl:chloride at room . .

: temperaturelaccording to the following procedure:

S HGSC-CH,CL .+ B(C S \
i 1“2_ ; 3 5 3 - 20-25 days f




CLH,C? gsz»_erH=CH2c ‘.4‘;'VH'2’,C' 7 ‘?Hz-cngHz S

“B.
i
c

If, however, the reaction is effected at ' 130° by adding the
chloride to the.hot bbra.ne over a period of 2-3 houfs, a mixture

of 8 and 9 is obtained (237).

@cnzm CHg-B =CH,

ex}

N

8 2

The reaction of 9—pheny1-9,10—dihyd.ro-9-boraa.nvthracene- with
E-butyllithium can yield, depending on the reaction conditions,

either the acid-base type addizct 10 or the ion pair 11 (172).

(\/‘ . LlC(CH3)3

) ARefe_rc'noes p-398
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‘The thermal decomp051t10n of tr1 1—buty1borane 1n the gas phase
has been studied in: thc presence of - excess o; ethylene ami over the3
f'temperature range of 407-#69°K (43) Ellmlnatlon of 2-methylpropene:
v~and rapld addltlon of ethylene to the resultlng hydrldoborane 1eads'
to: the formatlon of ethyl-dl-l-butylborane dlethyl—lsobutylborane,
i arid. trlethylborane by a consecutive mechanlsm. The results are
con31stent w1th.a polar four-center transition state. Pyrolys;s of
Vetrialkﬁlhoranes Was.also etﬁdied in the presencevof polar compounds
'eachraefalmethjl-sulfoxide,'dimethyl formamide, acetophenone, benz-
"aldéhyderor“furfural' (84). Substantial elfmination of an alkyl
fgroup as olefin was observed ‘at temperatures hlgher than 120°
In dlmethyl sulfox1de dimethyl formamide or acetophenone only
‘one of»the three‘alkyl groups is eliminated while in benzaldehyde
;ér furforal two of the alkyl grouﬁs of the trialkylborane are splitc
cff Secondary alkyl groups are preferentially ellmlnated from
mixed. trlalkylboranes and 1nterra1 olefins are formed.
7 On gamma 1rrad1at10u of trlmethylborane or its adduct with
ammcnia (135), the formavlon of the free radicals HZC—B(CHB)Z and
HZC—B(CHB)Z-NH3 respectively has been observed by esr spectroscopy.
: AlSo, the esr speCtrum of the trimesitylboran anion radical has
-been r-ecorded (24?).

' Ev1dence has beer presented for the formation of boron-stab111zed
carbanlonQ by the 1nteract10n of selected trlalkylboranes with tases
“of large sterlc»requlrements (217).‘F0r example, B-methyl-9-bora-
blcyclononane was reacted with N-lithio 2 ,2,6,6- tetramethylplperldlne'
:and the product was subsequently treated with deuterium oxide to
‘glve the monodeuterated (at ‘the methyl group) borane. ThlS observatlon
1was 1nterpreted by a hase-promoted removal of ar alpha proton from

fan organoborane to glve a boron-stablllzed carbanlon accordlng to
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;the followzng

j"g,v . pase .(-5 =y
e e

&

Dlmethylchlorometthborane (CH ) BCH201 1nteracts with
nucleophlles to yiela boron—subsultuted methylethylboranes by alkyl
rearrangemenc_or alpna—substltuueu metnylboranes‘w1tnoutrrearrangement
(128). For example, reaction of (GH 4) pBCE,CL with dimethylamine
provides for (dimethylamino)ethylmethylborane,. (CHB)ZN—B(CH35(02H5),
in 89% yield whereas the same borane interacts with potassiﬁm

iodide to yield dimethyliodomethylbcrane, (CH BCH,I. Alpha-

3)2
bromcethyldiethylborane rearranges at 25° under the influence of
aluminum tribromide and related electrophilic catalysts,in an almost
instanteneous reactioq,to yvield §fbuty1ethylbromoborane as shown

in the following scheme (2):
AlBr

CH —CHBr—B(02H5)2 ——————i} CHB—CH(C )-B(Br)(CZH5)

Bromination of 1-alkylborolanes in the abseﬁce of organic
bases is not very selective (230). Cleavage of the endocyélic
boron-carbon bond may occur ag wWwell as brcmination of the borclane
ring with evolution of hydrogen bromide. The latter may interact
with the borolane or the 2-bromoborolane. In the presence of base,
however, base adducts of alkylbromo (4-bromobutyl)boranes are
cbtained in high yielad:

bromine

B-R :; BrCHz-CHz—CHZ—CHZ-BR(Br)-base

base

The light-induced bromination of thexyldialkylboranes has also been
studied (239) aﬁd the photochemical jodination of triethylborane'in

cyclohexane was found to follow a simple free-radical mechanism in_the'

References p. 398
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zﬁtemperature:range of 50-90° (205) At lower temperatures and hlgh
“;1od1ne concentrations a more complex mechanlsm Qeems uO prevall.,_
i ‘ Mcnomerlc formaldehyde at”’ G reacts w1th trl—n—butyeborane to
:eproduce-l-batene and di-n-butyl(metboxy)borane (216).7However, in |
_}th- presence of alr,the one—caroon homologated ester is: produced
‘ias ‘is shown 1n the folloW1ng equatlons The homologatlon.seems to oca
>&v1a a free-radical chaln mechanlsm and the two reactlons appear to be
,:common to other tr1a1ky1boranes. A o
333v7+~ ggzq _ ,__5 3230053 +' CH4CH,CH=CH,
T
: BQB' + cszo ’f—éAVvBZB'ofCHZB,
‘ f‘ﬂj* "R = n-CyHy
”jilTrialkylboranes r-eact with pivalamide under formation of (acyl-
amino)dialkylbofanes, BEB-NH-CO-C(CH3)3; and generation of alkane
(138). Trialkylboranes such as tri-p-propylborane, tri-n-butylborane
or tribenzylborane were found to react with 1,4-naphthochinone by
aadition of " the borane at only one of the two carbonyl groups (29).
Allylboranes react readily with v1ny1 ethers (31). This reaction
'prOVLdes for a 51ﬂple method [For the synthesis of 1,4-dienes and is

1L1ustvaued by the follow1ng equation:

', _ o 110-140°
afCH=cg_c32-an ~+ CH,=CHOR" :

H"O-—BH2 -+ CHZCH~CHB‘-—CH=CH2

Tfis(24buteny1)borane reacts with~vinyljethers.with allyl rearrangement
Also, diene syntheses via vinylboranes of type 12 have been studied
"_‘\.17/.7
Lr /

om0, = B = BCly, B(O:CHy)y, BONGH;-Gi),



':w1th spec1al attentlon belng devoted to corflguratlonal aspects of the‘
resultant producus (114). Vlnylboranes derlved from termlnal and fi
1nternal acetylenes via hydroborat10n.w1th dlcyclohexy1borane unaergov
an 1nstanteneous reactlon with mercury(II) acetate at o° to glve tne
correspond;ng v1ny1mercury(II)vacetates.(82). »

In—t“:hisr context it is vof interest to Vnete a de‘i':a‘iled';stﬁd_.y on
the mercury-deboronation of trialkylboranes delineating the wide
scope of this procedure (155). The reacﬁiqu can berdeseribed‘by

the following basic equations:

THE S
3 + 3 Hg(OAC)2 —_— B(OAe)3 + 3 RHgOAc

3 + 3 BHgOAc ———> BlCAc)y; + 3 HgR,

BR

BR

However, RB(OAc)2 appears as a side product. In principle, the first
two of the boron-bonded alkyl groups react rapidly at room temperature
while the third one is more sluggish. It is noteworthyy that organo-
boranes derived from internal olefins via hydroboration are unreactive

towards various mercury(II) salts under these same conditions.

Some new studies cn the hydroboretion—carbonylatioﬁ reaction
include a general multi carbon homologation of olefins (162); also,
it was found that a tertiar& alkyl gfoup can be transferred from boron
to cafbon without isomerization (163) to provide a ready-synthesis of
highly brancied alcohols. Finally, it was found that the hydroboration
of methylchlorosilylalkenes with diborane(6) gives adducts via k
attack of the olefinic dowble bond and the Si-Cl bond is kept intact
(119). The coc mmdensation of dlfluor031lane w1th d1borane(6) yields

some new polyfluoropoylsllanes (196).

 Refererices p-398
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'J.3 Physicochemical Studles

Lasf year (270) ‘an’ 1nd1rect mnasurement of IIB H coup11n0~

T'arggﬂuburun ccmgvun& was’anﬁosea, some . exgerlmentali

.idat;‘on varlous v1nyLbcron aerlvatlves Ltlllzlng thlS approach have
f.now beep presenoed (2&2).,Dntalled proton magnetlc resonanue v

' studwes on dlborane(é) and metbylated and chlorlrated derlvatlves
,tnerepf'nave ‘peen reported L69). The- brlage hydrogen chemlcal shifg
Jmc%es'-G,#OIppmApef,méthYI group and -1.1 ppm with a chlorine sub-
ssituent ' A

S CLL °

Chemical shifts in boron 1-s electron bonding energies for
,Vgaseous boroﬁ,trifludride, boron trichloride, tris(methoxy)bbrane,
.diborané(é), triﬁethylborané, boraﬁe-carbonyl and trimethylamine-
borane were-shoanto be iinearly'related to boron atom charges as
estimated by Péuling, CNDO‘aﬁd extended Hiickel methods‘(llo). However,
thére is no apparentrcorrélation btetween the 1-s binding energy
chemical shifts and the boron-11 nuclear magnetic resonance shifts.
If is of interest. to note that molecular orbital calculations on
trimethylbérane ipdicate virtually complete sigma character for the
.boron;carbbn konds (226).

v Ultraviolet spectra of tribenzylﬁoranes Q-substituted at the
benzéne rihg have been studied (165) and experimental data were
rccrrelateq witn semiempirical moleﬂular orbital»calculétions.

The quantum yields of fluorescence of several g-bubstLtuted
phenyldlme31tvlocranes {in cyclohexane) vary with the mature of the
E‘ uObtltuenc in the order '

Cl < CN < CH3

: ‘ ~ H < N(CI—T )2 < N(C6H5)2
,and'wéfe f'ound to be sensitive to solvent polarlty (13?)

Trls(o—alkoxyphenyi)boranes form 2 1. complexes with dlamlnes

such,as ethylenedlamlne, m-nhenylenedlamlne, or toluene-2,4~d1am1ne



(197). only in the case 6f,1;6:hexaﬁediaﬁine,ﬁhen7ifAwas-reacted o
with tn;s(grethCXtheﬁyl)bbfaﬁe;was-a 1:i[adduct_obtaih¢d, apparentiy
3ué;tﬂ;thg,lgm-snluhiiiig or” the matéfial~iﬁ ether}lﬁé £ F&}e,-taa
complexes»of.aliphatic diamines.apﬁear'to be Chemicélly'more étable.
A‘computer metﬁod has been deseribed which’automatically and
exaCtiy determines the elemental composition of bbrane ions and the

ions of boraune deriwvatives from their polyisotopic mass spectra (175).

4. ORGANOHALOBUEANES

& genaral synthesis for alkyldichlorohoranes has been
developed: It was noted that trialkylboranes derived from terminal,
cyclic or bicyelie olefins via hydroboration in presence of a
slight excess of borane, react with bcron trichloride at 110° to
give alkyldichloroboranes in excellent yield (225). s-Butylethyl-
bromoborane, (§704H9)BBr(CZH5), has been oﬁtained in an almost
instantaneous rearrangement from bromoethyldiethylborane under
the influence of aluminum tribromide at 25° (2), and propinyl-
difluoroborane, CHBGEC—BFZ, was prepared by reacting a gaseous
mixture containing BF,Cl with solid dipropinylmercury (17). In the
presence of bases such as pyridine, 1-alkylborolanes can be brominated
with the elemental halogen to give high yields of diorganobromo-

boranes (230) as shown in the following equation:

r/’\\ bromine
B_-R __-;______} : .
. BI’CHZ— (C»HZ )B—BBZ"(R)

\\\J/ © . base

The organohaloboranes are obtained as base adducts.
'Detaziled procedures have been described for the preparation
of dichlorophenylborane and chlorodiphenylborane from boron trichloride

and tetraphenyl tin (200).Also, it was found that in the absence.

References p. 398



>Qiof solvents,.prsubstltuted tetraaryl tlns react w1th boron tri—.
:ichlorlde 1n a manner that all four tlnsbonded aryl grouns are
'lieffectively utilized,as deplcted 1n the follow1ng equatlon (272)
345n '+ 4 3013 j;;fa' P RBCl2 + SnCl,
'1:F1uoropheny1boranes (C6H5)3 nB n:t =1, 2) have been obtained
-'by halogen metathe51s from the corresponding chloro- and bromo-
Dhenylboranes w1th titanium tetrafluoride (15)

It may also be noted that silicon tetrafluoride 1nteracts
" with elemental silicor or silicon carbide at 1200- 1850 to form
gaseous species, which, on condensation with_boron triflucride at
_196° yiela (trifluorosilyl)difluoroborane, F3Si-BF, (101).

TetfaChlerOdiborane(Q) B Clh’ which has been prepared on a
10 g scale by reactloq of copper vapor with boron trlchlorlde (133),
was found to react with cyclopropanes to give ring cleavage addition
ccmnounds (24). Infrared and»nuclear magnetic rescnance data
indicate'the formation of structures with dichloroboryl groups in
the’i,B-position of the resultaﬁt hydrocarbon chain. Some orbital
ovefiap‘considerations have been described (95) in order to explain
: the unusual reactivity of trlgonal diboron spe01es as exemplified

in the follow1ng equation'
0123_3012 + HyC=CH, —>  C1,B-Ci,-CH,-BCl,

ihe concept of'having two fcrmally empty p-orbitals participating

in reactlons which occur via pi- complex mecnanlsms was stressed.

Tetrachlorodlborane(4) reacts with trlfluoroethylene to give

ai chloro—z 2-difiuurov1ny1borane and both 1somers uf dichloro-2-~
1i0r0~2—11uorov1nylborane (206). Action of antimony(III) fluoride

bjon these compounds results in displacement ox chlorine by fluorine

i\andaatfaclle halogen_exchange w1th_B2014 was observed.for,several
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The v1bratioua1 spectrum of teLvabrumeanoorane(4) has bean
:utudled (296) -and the infrar ed. spec+ra of phenylhaloboranes have
been recorded in the 4,000-250 ecm~1. frequency range {(15). A531gnments
for the fundamental v1brat10ns were’ sugFeSued and characuerlstlc
frequency-trends were discussed. On that basis i% was nuncluded
thatthe inner vibrations o; boron-bonded phenyl grouns are not
significantly influeaced by the boron-bonded halogen; boron-halogen
frequency shifts ware related to mass and electronegativity diffe-
rences. Also, thevinfrared spectrum of propinyldiflucroborans was
recorded and an assignment of the fundamental modes of ?ibration

was suggested (17).

Di-p-butylchlorobecrane reacts wiﬁh sodium/potassium alloy
to give an alkali =etal speciess of di-n-butylboron of yet unknown
structure (26). When the latbter is treated with alkyl iodides in
ether at room temperature, verj little zlkylation occurs at the
boron atom (23). Organic azides react readily with dialkylchloro-
boranes (120). The reaction proceeds via a reversible coordination
of the azide with the borane followed by an alkyl group transfer

from boron to nitrogen:

BzBC1 + R'N3 = Bz?@—yR' ——> N, + RBC1-NRR*
Cl M, - ‘

Dialkylchlorcboranes react with ethyl diazoacetate at low temper-
- atures; protonolysis of the product vields the corresponiing ethyi
alkylacetate (170).

A series of adducts of‘a:kylfluoroboranes with trialkylipnhosphiaes
. have been prepared (54) and nuclear magnetic resonance data on thae

. compounds were evaluated in fterms of the dounor strength of phosphorus
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?th-boron. The Svabll’ty of *he complexes decreases 1n tqe order

>:B3P B.Br'z) BPRZBr'> BPBR3

HBP BF3

Itils of 1nterest GO note that xenon was found to react w1th S

‘5d10xygeny1'tetra. uoroborate under llberatlon of oxygen and fluorlne_-
‘”and formatlon-of FXe-EFZ, contalnlng a covalent xenon—boron ‘bond (1?1
}iﬁlna11y3’1t chOle be mentioned that the: crystal structure of dlch‘oro
: az1doborane, ClzBNB, hac been 81101d5ted by X-ray uenhnlques (189)
land that ‘the role of boron trlbromlde ‘and boron triiodlde as reagents
L;or the syntae51c of anhydroue metal - halldec by a naTooen exchange
reaction nas ‘besn evaluated (LZ) ‘

A kinetic study of the haldgen exchange between alkyl halides

',and boron trihalides (251) provided evidence for the formation of

:adducts between the ‘two cited species. .

5. ORGANOBOROMN-CHALCOGEN DEEIVATIVES
S.i-Organoboron-Oxygen Compounds
Monomeric fomaldehyde at 09 reacts with tri-n-butylborane to
produce i—butene and di-p-butyl(methoxy)borane (216). However, in
the presence of air, the one-carbon homologated ester is produced.
~B33 + QHZQ —_— BZBOCH3 + CAHB
e i 0,
- 2
BB3 + CHZO _— BZB—O-fCHz—B
-The homologation seems to oceur via a free—radical chain mechanism
and the two 01ted reactlons appear to be common to other tr1alky1~
'boranes.
o Beactlon of cyclopentadlenylmagn951um bromide w1th chloro(di-
'metho.xy)borane ClB(OC )2, in ether et 55 vyleldS'cyclopentadlenyl—

’dlmethoxyborane (145) On the basis of infrared_andiproten magnetic



-~ BORON.TL s

-rééonance,date,*a.mixture-°f~the'tﬁorisgﬁérsali"ana’li:iéfobtaiﬁed-'

W .l,."' B
H - T (BO) BTN H

B(OR),

O

ik

i3 =
in a 10:1 molar ratio. The ester mixture readily enters intc a
Diels-Alder reaction as a diene but only 15 was obtaired and identi-
fied from the reaction with maleic anhydride. Other esters of

cyclopentadienylborane are accessible by the same basic preparative

procedure
B(OR)2
CO
o
-CO
15

In this context it seems of interest to note that (cyclopentadienyl-
manganesetricarbonyl)dihydroxyborane, 16, reacts with copper(II)
acetate by displacement of the dihydrdxybcrane group fromithe

ring (146). On ths other hand, 1-(1'-bromoferrocenyl)boric acid
reacts with copper tetraphenylborate in écetone to yield phenyl-

ferrocene as the major product (156).

‘ cu(ohe),
4::%::>\B(0H)2 —_— 2y '4::%::>\Cu—OAc
Mn (CO) 5 | ”7 ' ‘ ‘.;7  - @;‘go)3'
16

References b. 398



"‘g_nmmﬁxzc 5

"if3sg;‘

f%VGatecholborane _z, has been evaluated as a new and general
1'reagent for'the—monohydroboratlor of alkynes (166). ThlS novel
 .,reagent prov1des a particularly easy route to alkeneboronlc'

: esters accordlng to “the follow1ng equatlon.'

" BH + RCECH o>  B-CH=CHR
S S ‘ v S

-'ROH : . .

—_— (RO)ZB-CH=CHR
‘It should be noted that the ihtermediate 18 reacts with mércury(II)
‘acétate to provide a ‘convenient and stereospecific procedure for
the synthesis of alkenylmercury(II) salts (167).

Hg(OAc),
18 > RHC=CH-HgOAc

A series of sterically hindered Qiaryl-g-butoxyboranes,
i BR{BOC#Hg, has been synthesized by the reaction of di-n-butoxy-
‘arylboranes with aryllithium reagents (34). Steric shielding of the
,-Boron’renders4these compounds hydrolytically stable and interttowards
manyvchemical reactions such as transesterifibation or oxidation.
ProtbnrmagnetiC‘resonance'data on these compcunds indicate (35) a

ibarriér oflihterna1"fdtation about the B-C bend inrfhe order of

aryl
. 11.5 ﬁo 12.5 kcal/mole which is due primarily to steric hindrance;
po significant—effeét of B- Caryl pi-bonding cén be deduced from
,the spectral data.v-r‘- : -

» Bls(dlbenzylboryl) ox1de [(06H CH2)2B]20 reacts with 1, -
r:naphthochlnone and w1th prchlnone w1th"ormat10n of 2- benzyl-l 4

iraphthalenedlol and 2-benzy1hydrochinone respectlvely (29). Polaro—vﬁ
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graphic —reid.uc'tri.‘c')n_ of the" diphenylb‘oryl.>es"t::'ef :of> 2, 5;dihydroxy;2;, .
benzoqhincné, 19, yie1d$ a BeC;C»héééfcc&clic'radical?as1evidenced
b& esr data (147) . in the anodic oxiqétionvof ti'i_he:vqumeai‘,ho:;c'y-T
bofafeé.in the ﬁfesence of butadiehe,ﬁothlépécies seem to be simul-
taheously oxidized and the resulting radicals interact to form a

variety of boron-free products (173).

, 0 0
oL ' ) B(C,H.)
(06h5)25‘< i Getisl
o 0
i9

On the basis of infrared and boron—il magnetic resonance data
on (acyloxy)dialkylboranes, R,B-0-CC-R', these compounds are
present in nonpolar solvents as monomeric and dimeric species (140).
The dimers are formed by cocrdination between boron and the oxygen
of a carbonyl group. In contrast, oxybis Bacyloxy)alkylboraneé],
O(BB-O-CO—B')Z, exist in solution only as monomers since intra-
molecular coordination occurs to give an unstrained six-membered
ring system., This is particularly evident by the great lowering
of the carbonyl stretching frequency.

The reaction ofAgrdimethylaminomethylphenols with p-substituted
dihydroxyvhenylborane in agetone ¥ields intermediates which form
the corresponding phenol esters, 20, upon treatment with alcohol (107).
These esters are #ery stable towards hydrolysis; this observation
can be accounted forrby‘the‘tetrahedral environment about the boron

atom.
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T p-X-06H4B(OH)2 C?CH -N(CH3)2

xvjz ROH

w

-0 —B(OR)"

- GRX(p)
.20 o

Hydrostannatlon of 2~v1ny1 4 4 6- trlmethyl-l 3, 2—d10xabor1nane

W1Eh trlcrgano°1n hydrldes (BBSnH R = CH.,, CZH5’ 3 ?, 9”C6H5)
prov1des derlvatlves w1th the organotln specles at the beta-carbon
- gtom,of_the vinyl group (212) free-radlcal mechanism. was

] ad#anced-fbr this process described in the following equations

A 0—C(CH.).,
B.SnH + GCH.= / F7EN
3 n Z—CH—B\ ///CHZ —_
O—CHCH;
/p-c(cn3)2
B4Sn~CH,- CHZ—B\ ///CHZ

O—GCHCH
3

Polymers containing a system of conjugated bonds have been
preparéd by polymerization of HCEC-B(OC4H9)2 (106). The presence
of the electron-accepting boron in the polymer structure was found
to affect only ﬁhe,resistivity value withouf changing the general
ﬁemperaﬁure dependence of the electroconducti#ity of the material.
'>Also; it might be méntioned here that the light;induced bromination
oP dlalkylbcrlnlc acids (dialkylhydroxyboranes) provides a simple

procedure for the synthe51s of hlghly substituted tertlary
alcohols (238)

v Proton and boror:11 nucléar maghetic resonance studies (180).
:_ on 2-pheny1 1 3 2= dloxaboracycloalkanes of" type 21 suggest the

ex1stence of rapldly 1nvert1ng chalr-type conformatlon for the
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‘31x-membered rlng system. The mass spectra of varlous 51m11ar

: heterocy¢les 22 have been exam:ned in detall (134) The formatlon

B/o_-cmz\ . , HZC ~CHy -
06H - < ‘ ‘ o
0 CH/ , )\ X=0,58
_ / - Y=0,8
21 06 5
22

hydrocarbon ions from these heterocycles by electron imract-induced
rearrangement was discussed}in terms of the relative bond energies
between the various annular atoms. The mass spectra of some cortico-
‘steroid boronates have also been studied (49). The compounds were
found to undergo characteristic fragmentation which is hardly .
influenced by the boron substituent.Other mass spectroscopic studies
report on the fragmentation of dihydroxyphenylborane and. B—tfiphenyl—
boroxin, (—B06H5-—O—)3 (256).

Several t-butoxyboranes have been prepared by displacement of
amino groups from aminoboranes with t-butoxy groups (203).In other
studies on tris-oxyboréne systems it was found that boron tribromide
reacts with phenoxyalkanes, C6H5OR’ to yield phenoxybcranes and
alkyl bromide (182); the reaction was interpreted by a bimolecular
mechanism,

- Catechol reacts with boron sulfide to give 2,2'-g-phenylene-
dioxybis(1,3,2-behzodioxaborole),gﬁ (199). On the other hand, boron
sﬁlfide_does not interact with the cafboxylic group .of éaliéylic

acid and only tris(gfcarboxylphenoxy)borané,‘gi, is obtained.
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Though phthallc ac1d is belng dehydrated by the action of boron

sulflde, ‘Sucecinic ac1d and maleic acid were found to be completely

1nert towards thls same reagent.

Boron—ll and proton magnetic resonance spectra of mixtures of
 tris(ﬁethoxy)borane—aﬁd»tris(diméthylamino)borane were utilized
tb.study.some ligand exchange reactions. The exchange equilibrium
" was féund to be virtually random and all possible species

B{(OCH EN(CH )2] ‘were identified in the mixture (250). The

3’3 n
dlnole moments . of the boron-oxygen bond in tris(alkoxy)boranes
have}been»studied.(195) and it has been reported that tris{meth-
oxy)borane can be hydroiized in organic solvents and in the presence

‘of cesium~t-butylate to yield various polyborates (81).

- Last ‘year the crystal structure of triethanolamine borate,
fB(OCHéCHz)BN;_was studied by X-ray diffraction technigues (160).
A ﬁore_acdﬁrate study has now shown that the B-N bond distance
of the cited compound, which has a threefold symmetry along the
>interm01ecuiar boron;nitrogen coordinate bohd has a length of
.1 677 - 0 006 R (153). Vibrational and magnetlc resonance studies
-on triethanolamlne borate and its 1:1 adduct with antlmony(v) ‘
; chlorlde have conflrmed a pyramldal structure for the 03BN grouplng
i ‘of: the molecule (152).

.;Schlff bases,containing,gf or o'- hydroxy groups can be .




A,reduced to benzanlllne derlvatlves Wlth sodlum tetrahydrldoborate

(115).'However,v1n the case of 0,0!

dlhydroxy Schlff bases boron i
chelates such as 25 were isolated after ac1d1flcat10n of the

'vreactlon mixture. Sublimation of the product 1n_vacuum readlly'

25

yields the dehydrated material. On the other hand, if steric
factors prevent the formation of the borane derivative, the normal

reduction path will be followed.

The electrophoretic mobilities of various polyols such as
aldoses, ketoses, glycosides, etc. in diphenyiborate at pH 10
closely parallel those obtained in borate (273). Raman spectra of
aqueous solutions containing B(OH)Z and various polyols have
also been studied (61). The experimental data were interpreted

by assuming chelate formaticn, e.g., 26, and observation of a

HyC—O0__ _OH™
| SNB”
HZC—O/ ~oH

26

1

boron-oxygen stretching frequency near 760 cm ~ seems to be a

 peliable diagnostic means to establish a five-membered ring size,

whereas this same vibration is observed near 720 cm"1 in six-

membered chelates.

An X-ray crystal structure study of blstropolonatoboron(III)
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B] Br- Hzo has shown: (96) that the two
furopolonato r.ngs are planar and the 1nd1v1dual bond dlstances can

best be explalned by a delocallzed structure,'§2{

 The erystal structure of benzoylacetonatoboron difluoride has
also béén’étudied by X-ray spectroscopy (245). Individual bond
lengths were found: to be B-F = 1.37 R and B-0 = 1.49 % and the boron

~.of the compoﬁnd, 28, has an approximately tetrahedral environment.

~ Several quinazirin borates have been preparsd (191) and the
‘synthesis and some properties of borodicitric acid have been
descrlbed (51). Also, boric esters of‘substituted pyrans (52) and
zine and cadmlum boropentaerythritols have been reported (53).
1Transester1ficatlon of monosaccharides can ‘te accompllshed with a
large excess. of trls(alkoxy)boranes but is accompanied by homo-
ﬂ“genlzatlon.cf the reactlor -mixture (100). Finally, new methods for
f!*he preparatior of’ boros;loxanes (263) and partlcular of. some of

:hlgh boron.contents (264) have been. reported.




'tVfJ.z Sulfur and. Selenlum Derlvatlves

A new. synthe51s of organoboron sulfolenes has been reported (269)
bzﬂaﬁd some reactions of isonitriles with thloboranes:haye begn studled

: - (159). Interaction of isonitrileS'With.diethyi(phenyithiquoféne or .
diethyl (ethylthio)borane yieids 1:1 adducté, 29, whichrcan dimerizé

under the formation of species such as 30. These adducts can undergor~

B-N=C+BR} ;
! c
SR :
e \BBé
29 ] ]
BN=C SR?
\\B,/
R/| \Bl
30

1.3-cycloaddition of an additiomnal thioborane to yield heterccycles

of type 31, which thermally isomerize to 32.

e I S
RN BR} BN B(SR')R!
\C/ 2 \C/
éB' é!
31 32

Tris(alkylthio)boranes react with hydroxy- or mercapto-amines

under formation of borazines (40) as depicted in the following

equation:
_ _ , H,G .?—-
3 HS_CHZ—CHZ—NH2 + 3 B(SR)3 —> 9 BSH + H,C_ B—
o NS
S 3

Proton magnetic resonance studies of the pyridine and gamma-

picoline complexes of tris(methylthio)borane and~tr15(ethy1thio)—
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fborane prov1de strong eV1dence that the pl-bondlng 1n the boron-sulfu:

ibond 1s much weaker-than that 1n the boron-oxygen bond (259)

'Arylselenodlhaloboranes' ArSe-BXé are. thermally unstable,(105).
iFor example\-phenylselenodllodoborane decomposes quantltatlvely
,to yleld phenyldiiodoborane elemental 1od1ne and the flve—membered

}heterocycle 33 On the other hand, phenylselenodlchloroborane -

e-

S

/
i
-rearranges on_thérmal treatment to yield boron trichloride and
this(phenylseléno)borane, B(SebéHs)j. Methylselenoboranes such as
CHBSe—BI2 orr,CHBSe-—BI--CH3 are readily obtaihed by redox réactibns
of iodoboranes with dimethyldiselenane (104). The two cited compounds
form stable trimers, whereas bis(diméthylseleno)iOdoborane and

specles such as (CH Se) BR . (R ='CH3, 06H5) as well as the

(methylseleno)phenyllodoborane CHBSe-BI;CéH , are monomeric.

6 .. BORON-NITROGEN CHEMISTRY
6.1 Aminoboranes

Trimeric methylaminoborann (CH HN BHZ)B’ hydroborates
1- hexene in the presence of pyridine to yield the {methylamino)~
hexylborane trlmer (98) On rapid heating of the latter compound
,to temperatures'above 200° dehydrogenation-occhrs vielding B-tri-
Hhexyl N-tr1metny1b0r321ne..However,.if the aminobdréne trimerris

’kept at lower temperatures (120- 1800) for prolonged perlods of
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tlme (methylamlno)dlhexylborane apnears ‘as- maJOr reactlon producty
‘ j Hexafluoro1sopropy11denim1ne (CFB)QGNH, reacts W1th phenyl_ o
haloboranes in a 1:1 molar ‘ratio to yield: (perhaloalkylamlno)- -

boranes (181)%

CgHBX, + (GF4),0NH  —> "(CFB)zCk;NH;BX;Céﬂs'
N-Alkylated hexafluor01sopropylldenlmlnes, (CF3)ZCNB Were found
to react with boron trlhalldes, 3 either according tc this same

scheme or with formation of 1:1. adducts, (CFB)ZCNH-BX3 In theA
case of R = 02H5 and X = Br both of the cited reactlons occur
simultaneously.

Organic azides react réadily with dialkylchlorobofanes‘(120).
The initial addﬁct formation 1is reversible; alkyl group transfer
from boron to nitrogen with simuitaneous elimination of ﬂitfogen

yields (amino)chloroboranes as depicted in the following equation:

R,BCL + R'NB = BZ§¢-§B' —_— RC1B-NBRR' + N
' C1 N,

2

(Acylamino)dialkylboranes have been obtained by the reaction
of trialkylboranes with pivalamide (138) to yield RZB-NH-CO—C(CH3)3
undef elimination of alkane. The structure of the acylamindoboranes
was confirmed by their infrared spectra; the compounds,tend to

dimerize with the formation of a coordinated cyclic species, 34.

i(_CHB)3
/NH \
Bz% 0
~ 4
.0 B

N e

W
~

W

12
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(Dlalkylamlno)haloboranes react w1th 11th1um.phosph1nes ar31nes
-for stlblnes under ellmlnatlon of 11thium hallde and. formatlon of a
‘bond.between boron and the Group V element (151). Compounds such as

" _' [(CH3 ZN]ZB-P(GH3)2 and [(CHB)ZN]ZB A.,(c2 5)2 have been obtalned
i.by thls procedure and boron—11 chemical shift data on. the materlals
- were reported. ' ) o

The reactlon of boron tr1chlor1de with methylamlne can be
fdlrected to yleld either trls(methylamlno)borane B(NHCH )3, or
B-trls(Qethyleplpo)—N—trlmethylborazine, (—BNHCHB—NCHB-)B, as

mejof product (4), The vibrational spectrum cf tfis(methylamino)-
befaneband ofiits N-deuterated deritative were reeorded and an
vaSsignment of the fundamentals has been suggested. The valence force

constant kgn, of the molecule was calculated to be 4.51 mdyn/R.
_ Trié(dimethylamino)borane reacts with carbonyl sulfide by
1,2;addition’of the borane to the carbonyl group (20).

13A[1~r(c:1~1:_')2]3 + 2065 -> (CH;),N-B 0-cs[N(cH;), ],

In cqntrast; the same borane interacts with phosgene or thiophos-~
gene under formation of bis(dimethylamino)chloroborane and substi-
‘tuted carbamides. Bis(dimethylamino)chloroborane reacts with

carbonyl sulfide according to the following equation:
ClB{N(CHS)Q]Z + 005 —>  (CHy),N-BGC1-0-CS-N(CHy),

Tris(2,2-dimethylhydrazino)borane, B[NH-N(CHB)z] 3, does not react
with,either 082 or OCS (20). However, reaction of the cited hydrazino-

-borane with three equivalents of carbon dioxide leads to 2 carbamoyl-

'ox¥borane'according to:
P.[N’H—N(CH 2]3 + 300, -—> B[O-CO-NH-N(CH ),2]

;It may also be noted that amlnoboranes have been utilized to prepare
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_sulfenamldes from sulfenlc esters (224)

V»B(NR2)3 i 3 06H5SOCH3 _-; : B(OCH3)3' + 3 C6HrSNB2v-
Boron trlfluorlde reacts with hexamethy1d1s11azane-below 0°

to yield the adduct (R Sl)zNH BF (97) Above 00, ellmlnatlon of

'BBSlF occurs and RBS1NH -BFB,

511y1ated derlvatlves of . fhe'latter are formed. If the two cited

B—trlfluorobora21ne and N-trlmethyl-;

BF3 adducts are reacted w1th ethyldllsopropylamlne trlfluoroborane,
(RBSl) N—BF2 and (- BF-NSlRB--)3 (R = CH3) respectively are obtained

in good yield. Bis(trimethylsilyl)amino-difluoroborane is a quite
versatile reagent since both the B-N and the B-F bonds can be reactive.
Forrexample, at 150o dialkyl(tfimethylsilyl)amines will cleave

a boron-fluorine bond as is depicted in the following equatibn:

(BBSi)zN—BF + R SiNBé —_— BR,SiF + (BBSi)zN-BF—NBé

, 2 7 73 3
Bis(trimethylsilyl)alkylamines react in analogous fashion; however,
silylamines containing a proton bonded to the nitrogen preferentially

undergo a transamination reaction:

(R4Si),N-BF, + HNB(SiR3) >  (BySi)yNH +  R,SiEN-BF,

3

Silylamines of the type BBSiNHR react with boron trifluoride
at 0° to yield unstable adducts which readily decompose with the
elimination of RBSiF. The resultant aminobéranes, RHN—BFZ, are also
unstable und undergo cyclization to give B-trifluoroborazines and
adducts of primary amines with boron trifluoride (118). However,
in the presence of HF acceptors, dehydrofluorination can also bé
accomplished leading to{bompounds such as‘BBSiRN-BF . Thermal
decomposition of the latter yields B;trifluoroborazinesz (aBF—NB—)B,
in virtﬁally quantitative yieid. 7 »

Excess diborane reacts with heptasulfur imide, S,NH, under
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"formatlon of S7N~BH2 (179) The 1atter compound is Stablllzed asfr

- ether adauct or as a 1 1 adduct w1th tetrahydrofuran or: pyrldlne.:ﬂ

_ At Studles on the n1trogen-14 chemlcal shlft of a lamge number
73;of 81mp1e.aminoboranes have been reported (220) and Were dlscussed
71n terms of nelghboring group anisotropy effects and the order -of »
_the bowon-nltrogen bona in the compounds. Apparently, 1ncrea51ng
B-N bond.strength results in a decrease 1n the shleldlng of the
ifn1trogen—1h nLcleus. Molecular propertles such as bond ensrgies,
:over1ap populatlor and group charges aypear to permlt ready
elstlrctlon of a covalent boron-nltrogen bond in aminoboranes ys,.

Aa coordlnate bond as exempllfled in the amine-borane svstem (55).

 The formation of the tropylium ion,from_organoboranes by
electron impact has arcused quite some interest (276). Acyclic and
cyoiic'derivatiﬁes cf organoboranes containing at least one boron-
nitrogen sigma bond were now found to give peaks—in their mass
’ .sbectra'(71) which can be assigned to the boratropylium, 35, and.

boracyclopentadienyl ; 36, ions.

DI

35 o , 36
(m/q 89) , - (m/q 63)

Boron trichloride or dichlorophenylborane react with SPF,)NHZ
“or P3N3F5NH2 under e11m1nat10n of hvdrorer chlorlde and formation
of the amlnoboranes B[NH-P(S) ]3, C,H BlﬁH—P(S)W ] and
ENH~P(N-PF2 2N]3 respeotlvely. All three compounds are ‘solid
‘Vat room temperature and are extremely sénsitive to’ m01sture (150)

Both sodlum heptahydridoborate NaB H? aad alxall metal




:r:_éqkon,u e ] SR :‘,';569'

vftfiaikyitetrahydriddboraﬁeé,fﬁBzﬁéﬁk,[can-bé'utilizéd foy'th¢‘~
hydroboration of anils with resultant formationZOf substituted

trisanfinoboi‘aries (27). This observation iliﬁstra‘tes T:the"s'tfuétural
similarities of the two-citéd types of hydfiddborétésjffurthermore,A
the'reactidn:provides fairly ready access. to substituted Qerivatives
of tris(benzylphenylamino)borane, | ’ '

" Hexafluoroisopropylideniminolithium, (CF3)20=N—L1, was found

to react with boron trichloride to yield B[N=c(cF),]; (3).
Surprisingly, the CF3 groups of the.latter compound are magnetically
nonequivalent at 30° though at -30° a single sharp fiuorine-19
resonance line is observed. Several new ketihinoborahes of the type
B,C=N-BX, (R = £-C)Hgy; X = C1, CgHy, n-GyHg) have been prepared (132).
The compounds are monomeric in benzene solution in agreement with the
observation of a boron-11nuclear magnetic resonance line at -32 ppm
(relative to BFB-etherate). The Q=N(—B) group frequency of the
various compounds was observed in the 1812-1839 em~ 1 range. The linear
configuration of the C-N-B grouping is indicated by observation of

only one proton magnetic resonance line for the t-butyl protons.

6.2 Coordinate Heterocycles

The interesting cotrimer 37 is readily obtained by the inter-

action of dimethylaminodiborane(S) with CHBSH and dimethylamine or

BZN BH,

H,B NR

2 2 R = CH
\ / 3
BS BH,
. »32

by reaction. of dimethylaminodiborane(6) with tris(methylthio)=
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.vborane and7(d1methy1am1no)borane (204) 'the compound 1s chem1callyl

Trls(dlmethylamlno)alane reacts with dlborane(é) to yleld the'
NB H amongst other

'T;amlnolysis products [(CHB)ZNBHZ]2 and (CH3)2 2Hs

','specles for whlch

~5products (168). Most 1nteresu1ng appears ‘to be a hlgher aggregated
on the basis of boron-11 nuclear magnetlc

: resonance data, the hydrogen—brldged structure 3_ was proposed.

|  HegeH
e N
(CHB-)ZI“ | 1\11((:;13)2
25N\ 2
N
38

Qa:heating of a mixture of benzamidine, benzonitrile and a .
trialkylbovane' good yields of dialkylborylimidoylamidinates, 39,
_have been Obtalned (65). These compounds are stable in air and are
not hydrollzed by oolllng water or by bage. The synthetlc reaction

can be 11lustrated by the follow;ng equatlon.

| BRy + CgHC(NHINH, + RICN - SN
S : 100-120°
G6H ‘ ScoRt

l
\‘/,
'R/‘B ‘

32

.'For analogous reactlons 1nvolving low b0111ng nltrlles the tri-

:alkylborane can convenlently be replaced by (alkylth10)d1a1ky1~'




ivboranes, B"SBB, Though allphatlc amldlnes are falrly unstable,
it was p0331b1e to obtaln'the complex of acetamldlne w1th trl-n--f

propylborane, EQ Thp 1atter was reacted w1th acetonltrlle to},f

avelM. .-
. H C_@H',B(Q—CBH'?)B : . CHB—CKQ\.‘.‘C—CH3- :
’ " | | = Hl!l o IIIH
B - \g\/
CQH{(J 0337
b

Or. treatment of the acetamidine complex of tri-n-propylborane
with amino-di-n-propylborane reaction,océurs according to the

following scheme (141):

_ G5
/NH-BBB : o }m/g\N
CH,C + R,B-NH —3  RBR.B.NH, + l: |
3 \np. . 2 3 3
e : BZB\@ eBB
4 \
HH

The cyclic species 42 can be reacted with antimony(III)
fluoride or arsenic(III) fluoride to provide for complete
replacement of -chlorine by fluorine (2655. Nuclear magnetic -
resonance data establish that thchompound must be considered

as an inner salt containing four-coordinate toron.

N .
C?sz/'é§3912
CHaN \e/ 3
01 c 42
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A mechanlsm for the formatlon of boraz1ne, (—BH;NH—)B,
:the interactlon of dlborare(é) w1th ammonla hasmbeen suggeqfed-(h)
,Several reaction.steps 1nvolv1ng covalent and 1on1c specles were
;formulated and some experlmental data seem to support the postulated
vmechenlsm.-Also the effect of ortho-substltutlon at the aromatlc
-rlng on the formatlon of N-trlarylbora21nes nas been studled (131).
:In the reactlon of substltuted arylamines with triethylamine-~-borane
or boron trichloride;-ﬁhe presence of two substituents in the:
ortho-position prevents the formation of the corresponding borazine.
kBather, bisam_inobo;eanes, XB(NHR)Z, and aminodichloroboranes as
well as linear‘triaZabdranes, RHN-BX-NR-BX-NHR, are formed. A possible
reaction path to yield borazines via similar intermediates was
formulated. k
A New preparative studies describe the synthesis of B-tris(methyl-
amino)-N-trimethylborazine, (-BNHCH,-NCH;-) 5, by direct interaction
of boron trichloride with methylamine (4) and B-cyclopentadienyl
as well as B-methylcyclopentadlenyl derivatives of N- trlmethylbora21ne'
were readily obtalned from the interaction of the corresponding
B—trichloroborazine with potassium cyclopentadienide (127). Analogous
reactions ova—trichloroborazine apparently lead to polymeric
materials. Several B-chlorinated N-monomethylborazines have been
prepared byﬁthe reaction of N-monomethylborazine with mercury(II)
chloride (45). Subsequent aminolysis of the boron-halogen bonds.
gives aecess to such compound as B3 2N(CH3)2N3H CH3 and isomeric
SpeCIGS eould be. 1solated. Details on the preparatlon of such
'unsymmetrlcally substituted bor321nes have been desrlbed elsewhere
(164) and;all possible B-phenyl, —methyl and —chlpro»substltuted

'derivatives°of,N-trimethylboraZine_haﬁe been prepared'by the
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'vreactlon of B—trlchloro—N—tr;methylboraz1ne w1th Grlgnard reagents'
(142). Correlatlon technlques were used to establlsh characteristlc‘>
frequency trends for the fundamental v1brations of the boron and '
nitrogen substituents. Detailed procedures_have been descrlbed,fqr
the preparation of B—trichloroborazine ana'B;trichloro—N—triméthyls
borazine (201).ahd the formation of borazines'b& reaction of
tris(alkylthio)boranes with hydroxy- or mercabto—aminés'(uo) has
alréady been noted in the above section on boron-sulfur compounds.
Hydrolysis of.25 borazines has bteen studieq under homogeneous
conditions in 90% THF / 10% Hy,0 (257). A marked steric effect of
o-substitution in the phenyl groups of N-arylborazines was observed

whiéh tended to enhance the hydrolytic stability of the compounds.

Photolysis of borazine produces hydrogen, borazanaphthalene,
diborazinyl and a non-volatile polymer (109). The experimental results
were interpreted by assuming the intermediate formation of a borazyne
species, BBN3H4. The guantum yields for B-monoaminoborazine and
hydrogen in the photochemical reaction of borazine with ammonia
were found to increase with increasing ammonia to borazine ratio,
reaching limiting values at approximately an equimolar mixture (258).
The reacting intermediate appears to be a vibrationally excited
borazine molecule. Similar experiments with mixtures of borazine
with methyl bromide lead to the formation of monocbromoborazine.

Chemical ionization studies of several other reaction mixtures
containing borazine have been studied (5). Two classes of reactions
were investigated: 7 V

a. Reactions of a proton donor with borazines through the sequence

+ +
CH5 + R . RH + GHQ

BHY + B —» BH + R

borazine
proton acceptor

|

B
R
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'_}Beactions of: protonated boraz;ne w1th a proton acceptor through
“fthe sequence ﬁ'- E ‘ : '

= o BH T+ ocH

-
The resultant datarlndicate that the proton afflnlty of bora21ne is
greater than that of phosphine cycloprcpane,.allene or Z—bupype
.but 1S less than the- proton afflnity'bf ammonia. Thué, borazine can
be con51dered as a relatltely strong base and it should be possible
to stablllze the cation (33N3 7)+ un§¢r~arpropr1ate reaction
condltlons.‘
-:Thg’photoelectrbn and gas phase far UV spectra of ‘several

borazines,' (gBX-NY—)j with X = H, F, Cl, CH, and Y = H, CHj, have
" been réchded and scas molecular orbital calcuiations were presented
(2&8);-0n,fhe‘basis of nuclear magﬁetic resonance studies on borazine,
‘nitrogen and boron spin-lattice relaxation -data were obtained (261);
the follqwing‘quadrupole coupling constants were reported:

boron-10, 7.6 ¥ 2,9 MHz; boron-11, 3.6 & 1.3 MHz, nitrogen-1k4, 1.4 =
Oi5>MHz; The proton magnetic resonance spectra of borazine and
boron-10 enriched borazine have been studied at various temperatures
in the -40 to +59° range (91). Ths observed line width data were
inﬁerpreted by a2 combination of guadrupole relaxation effects resulting
_ffom;the high-épin nuclei present and from long-range spin coupling.
.The aromatic character of some substituted borazines was evaluated
byfstdd&ing hucléar magﬂetic resonance solvent effects caused by
énisotropy‘(249). Also, an interpretation and some calculations of
ﬁhe7vibpationa1 spectra of N-_trimethylborazines have been pfesentei
(255).;_ ' |

Experlmental deta1ls on the prev1ous (271) structural study

of trlcarbonylhexaethylbora21ne-chrom1um have now become avallable
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,%’(268) and the crystal sUructure of- hexachlorobor321ne has been{ ;E :'D
,‘studled (207) " by X-raj dlffractlon. The molncular symmetry 1s,q$7fr
and the follow1ng bond length daua were obtalned'

B-N, 1.398, 1. 451 RB; B-C1, 1. 724-8- N C1, 1.7%9 R R
‘Thes exocyvllc bonds are. not exactly para1le1 to the rlng plane énd
the puckered conflguratlon of the chlorlne atom; mlght well bn‘dué

to steric factors.

In the present contekt it may also be noted that the ground-
state electronic and gebmetrié structure of the yet unknown imino—
borane, HN=BH, has been investigated By ab initio SCF-LCAO
molecular orbital ealeulations (1). The molecule is predicted to
be linear with a B-N distance of 1.23 £ and with a dipole moment
of 0.86 D. Aralysis of the calculated wave funciions indicates that
the B-N bond of the iminoborane is indeed isoelectronic with the
carbon-carbon bond of acetylene and is best represented as a tfuly
triple bond.

Two new compounds have been synthesized which may be'considered
as heteroborazines (190). It was found that dichlorophenyiborane
reacts with the N—lithié silicon derivatives (CHB)ZSi[O-Si(CHB)Z—
NBLi]2 and 0[§i(CH3)2_NRLi , under formztion of 43 and 4%
respectively, containing boron, nitrogen, silicon and oxygen as

.
annular atoms.

o)
 (CH,),Si——0—Si (CH.,) / .
3 2' 3’2 (CH3) ;81 Si(CHsy),
RN 0 ‘
BN " NB
CéﬂjB__--I\lr_-—sl(CHB)2 7 B//
. ben,
L3 by
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'7336 4 Boron-Nltrogen-uarbon Heterocycles

' In an attempt +o synthe51ze 2, 1-borazarobenzene, ;j, varlous

'fﬂreactlons of buten-(3)-ylam1ne and its N-methyl derlvatlve with

>'var10us boranes have been qtudled (202) The cited amine 1nteracts
“w1th dlborane(é) ‘under formation of trls(tetramethylene)bor321ne,

‘ﬁi46 and polymerlc materlals. Beplaclng dlborane(é) w1th the less

) r’ : z
r.*.‘ - - N /H
AN o PN
@ g Y
HC BH H,.C B—
N 2N,/
8 R O
45 L6

reacti?e_trimethylamine—borane gave similar results and utilization
ef mcnochldrqboraneAyielded an ionic species, [(CH2=CH-CH2-CH2-
NH2)23H2161. Buten—(j)-ylamine'reacts with boron trichloride under
formation of a borazine,e(-BCl—NCaH7—)3, and interaction with
organohaloboranes was found to provide for acyclic aminoboranes
such as CuH7NH—BC106H5 as well as borazine derivatives. In high

) ulluthH trimethylamine~borane was founq to react with N-methyl-
buten-(3)-ylamine to give N—methyl—tetrahydro—Z,1-borazarobenzene,

47, as well as an unidentified dimeric material. Compoﬁnd 47 can

\C/
zcl: \JCH
C<

2\C/
W

in| hydroboratlon reactlons and several B-alkyl derivatives of 47

- H

were- prepared by thls route.
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Polycycllc organoboron—nltroven systems have been obtalned,by
fthe 1nteract~on of aromatic dlamlnes and tetraamlnes w1th bls(dl-‘
methylamlno)nheny_q.borane (223). Beactlon occurs qulte readlly o
- even if one of the reacting apecles (prlmarlly or comnletely) is
. present 1nrthe soiid state. Also, heterocycllc amlnes such as
5 6 d1am1n01ndazole could be reacted 1n the same manner and. compounds

such as 48 to jL_were described.

@H@*@ 51

18 , n9
0
O s 7@ OO
- S~ B
! 8 (ot N
H : h¥ H
50 | 51

The reaction of (Y-naphthylamine with boron trichloride or
boron tribromide was found to give 1:1 adducts, L. Bx3, as well
as {(Ctnaphthylamino)dihaloboranes (113). However, the reaction

can also be directed to give heterocyclic species of type 52.
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Some theore,lcal stuales on- the yef unknown dlboradlaza; L,{'
:7benzeaes have been renorted (260). Calculatlons on s1gma charges;‘
;?1nteratom1c dlstances ‘nd descrlptlon of the pl-olnctron dlstrl- -
t‘butlon seem to- 1ndlcate that the dlboradlazabenzenes would be more‘

;sLable than.bo“azarobenzenes but less stable than boraulne.

7 1 3-D1methy1—2—,hlorodlazaboranyclopentane, ClB(NCH ) (CH )2,
;reacts w1“h trlmethylstannyl lithium to yleld 1 3—d1methy1—2 tri-
1methylstannyxdlazaboracyclopentane (5?) The compound is not
_;nartlcularly oxygen.sen51t1ve su gestlng that incorporation of a
"motal—bonded boron into a cycllc system increases the ox1dat1vc.
stablllty of the resultant material as compared to an acyclic
system. Freshly generated borane reacts in boiling tetréhydrofurah
with'ﬁrimary pr 3econdary amines under,formatibn of monoamino-— 7
boranes (161). Even in the presence of a large excess of the amine
no additional boron—hydrogen bond of the borane is reactive under
these condltlons. In.contrast, diamines, aminoalcochols, glycols
or dithiols feact with borane under these same conditions. by
reactionr of two of'therB-H bonds of the borane to yield hetero-

: cycliC'materials according to the following equation:

BH, + » ' I
By HX(CH)tH —> 2 Hy + BB (),
X = NR, O, S
Y = NB, O, S
n=2,3

.Prdton,and borbn—il magnétic resonance studies on 2-phenyl-1,3,2-

rdiazaboraCyclohexanes suggest that the N-C-C-C-N part of the

—compounds exists 1n rapidly 1nvert1ng chair-type conformatlons (180} .
The 1nterest1ng polycycllc system 53 was obtalred by reaction

of phthalodlnltrlle with boron trlcnlorlde or pheny1d1haloboranes (21).



" 379

53

6.5 Compounds Containing the B-N~-N Group

Tetfazaborolines which are halogen substituted at thz boron
have been prepared (130) ty treatment of methylamine-trichloroborane
with methyl azide in the preéence of a tertiary amine and by
bromination of 1,4-dimethyltetrazaborolin with N_bromosuccinimide.
1,4-Dimethy1—5—chlorotetrazaborolin can be reacted withAsilver
pssudohalides to yield the corresponding 5-cyano, thiocyano and
selenocyano derivatives; the vibrational spectra of the materials
have been recorded. Coupling of the 5-chloro compound with sodium
amalgam leads to the formation of the ditorane(4) tetrazaborolin

derivative 54.

B i
N—N —N
I B—=B I
Ne——N—"" \l\‘l-—-N

R R

54

Bisboratriazaroles, 55, can be prepared in excellent yield

by heating oximidrazones with dihydroxyboranes (19) as shown in the
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s \c cZ
NB:/ :~ \NB" BR-

55

/N——I\lIB v

rtft51mllar products are obtalned on treaument of dlhydroxyphenylbo*ane
:hA-Wlth 2, h_bls(hvdr321no)pyr1m1d1ne (i_) or 2, B-bls(hydra21no)au1n— s

>i?.oxa11ne (jZ) _
) : C6H5fB—4N‘F -

C6H5-B-d—N-H

5§ I . o - 57

Baney-nickel desulfurization of borazarothienopyridines, 58,

yields the novel monocyclic heteroaromatic 73,2-borazaropyridine
,System;rzg,'which is isoelectronic with pyridine. Compounds of
t}pe 59 are extremely resistant towards hydrolytic ring cleavage;
- the °quCtu“€ ‘was-confizr eﬁ by nuclear magnetic reuonance

) data and the u1traV1olet spectra of conpoands of type 5_ are

extremely.s;mllar to those of their isoelectronic analogs (274).

V,R"

'*;fz Formyl 3-furanboronlc acid and 3 formyl-z funanboronlc

acld react w1th hydr321nes to- yleld the borazarofuropyrldines,.
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[”4 5—borazaro[2 3— cjpyrldine, 60 and 7 6-borazaro[b 2—c]pyrld1ne
'f_61 respectlvely (266) No aromatic substltutlon may be performed )
:*on these compounds, which is at least partlally due to the 1nstab111ty

r_of the furan rlng.

The reection of hydrazine-1,2-bis(diphenylborane) with nitriles
yields azines of borjlamine ketoﬁes by addition of each boron-
nitrogen bond of thevhydrazinoborane across the carbon;nitrbgen
triple bond of a nitrile (16). The reaction can be deﬁicted by the

following equation:

2 BCN + HéB—NH—NH;BRé — RéB-NH—CR=N—N=CR—NH—BRé

R = alkyl, aryl

. R'= 06H5

The resultant produets appear to have. a coordinated cyclic structure’;
by back-coordination of the boron atoms to the ﬁitrbgen atoms of
the hydrazine grouping. In analogous reactions of the same hydrazino-
~borane with carbonyl compounds {aldehydes, ketones))the same basic
‘reaction path seems to prevail. However, due to the great: affinity
between‘boron_and'oxygen,‘derivatives of a 06H5BC speciesrand the
aZines of the original cerbonyl compound are formed. A

The chemistry of the pyrazoboles, ég, and the unique:role'of
'the.pyfaZQIylberates, é B(pz) 1‘(52 = —pyrazolyl) ﬁére:

reviewed last year (2??) and contlnue to receive cons1derab1e
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B Infrared.and nuclear magnetic resonance studles on [B(pz)u](c )-
?(CO) Mo 1nd10afe that the tetrakls(pyrazolyl)borate llgand is
bidentate while the cyclopentadlenyl group ;s pentahapto (117).
Siﬁilaf studies on [hydridotris(1—pyrazolyi)borate](h5—cyclopenta-
'diehyl)didarbonylmolybdenum, [hB(pz)BJ (C )(CO) Mo and on
DCZH5)2B(PZ) ](CS 5)(CO)2M0 support these flndlngs (136). The
bidentate pyrazolyl groups coordlnate to form six-msmbered rings
rwhlch exist in two conformers which interconvert in solutlon.‘Also,
the fémberaﬁure dependenée of the proton magnetic resonance spectra
_55 some poly(1-pyrazolyl)boratodicerbonrlmelybdenum-n—allyls,
[RB(pz)%](CO)EHo—n—allyl, has béen studied (122). Fluxional behavior
ﬁasvobs;rvéd involving an internal rotation of the tridentate
BB(pz)B_rgfoup around the boron-molybdenum axis., Further infrared and
_proton magnetlc resonance studies on [H B(3, 5—(CH )2PZ) ](C )
(CO) Mo and [(c,Hy) 2B(pz)2:l(C?H (CO) Mo indicate that the c7 ,
‘groups are.trlhapto and the pyrazolylborate groups are bidentate (213).

7 ADDUCTS AND SAITS )

71 Borane Adducts
. ° Amine hydrochlorides; LHX, react with Li(CHg),P(BH;), to yield’
compounds of the type L—BH —P(CH 3)-BHy (176). Pyrolysis of the

latter products results in the formatlon of [(CHB)ZP—Bﬂz]Bzghd
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matevlals whlch are characteristlc for the thermal decomp031tlon
"of thc-corresponding amlne—boranes,_L BHB.»The Lew1s ba51clty of  7
some | dﬂfluo“ophosphlnes towards ‘borane has been evalaated (229).

The base strengths ‘were found to decrease in the series: CHBPFZ’

(CH )ZNPF CH3OPF2, CHBSPFZ' D1alkylam1no-fluorophosphlnes,»
FnP(NRZ)B_A,.react with various boranes to form relatively stable_
adducts (12). For example, diborane was found to give 1:1'adductsb

of the type HBB.FnP(NBZ)B_n and similar materials were obtained

from the interaction of dialkylaminofluorophosphospines with tri-
methylborane and also higher boranes such as tetraborane. In the
1atter'case, the boron hydride forms a BH3 and a B3H7 fragment, ‘
each of which coordinates with the phosphine. In all of these adducts
the boron is presumably coordinated with the phosphorus atom. In
contrast, boron trifluoride interacts with dialkyiaminofluorophosf
phines by coordination between boron and nitrogen and-the resultant
complexes decompose by fluorine migration to produce phosphorus(III)
fluoride and dimeric (dimethylamino)difluoroborane.

The reaction of borane with substituted piperidines is similar
in energetics to the gquaternary salt formation of the amine with
methyl halides or tosylateq,giving preferential axial B-N bond
Tormation (70). In the cited reaction a mixture of diastereomeric
amine-boranes is obtained and the composition could be determined
by nuclear magnetic resonance épectrosdopy. '

‘Near 120° pyridine-borane, CSH5N BHB’ undergoes a rearrangement

be'migration of boron-bonded hydrogen to the ring; the latter is
partially saturated and a chain polymer containing boron-boron bonds
is formed (252). The reactioh of borane with acetoné.gives a 1:1
adduct rather than an alkoxyborane (7). At 450?K’and low partial

pressures -of the reagents, the absolute bimolecular rate constant
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i:for thlS reaction is 3 X 108 / mole sec.jf.

’ The mlcrowave spectra of four 1so+op1c spec1es of (CHB) P-BHj‘
:;and nine- isotoplc specles ‘of CHBPHZ-BH3 have been - a331gned (62). -
-VInfrared Raman and nuclear magnetic resonance data saggest that in

';1 1- d1methylhydraz1ne-borane ‘the BH3 group is attached to the ritrogen
'atom,whieh-ls'substltuted-w1th'hydrogen (198). The standard enthalpies

f.ofvfefﬁationmof,h&drazine—borane and hydrazine—bisboranevhave been

'determined by pyrolysis (38). The reaction leads to quantitative

'formationnof boron nitride and hydrogen and, in the case of the bis-
'bofane adduet, nitrogen and ammonia as well. The molecular structure
and erystal structure of ethylenediamine-bisborane has been studied

‘-by X-ray spectroscopy (11). In the solid state the compound exists

-as an open-chain molecule in trans conformation with a boron-nitrogen

-distance of 1.60 X.

Hydrogen fluoride was found to react with trimethylamine-borane

’by Stepﬁise exchange of boron-bonded hydrogen with fluorine (121);
trimethylammonium tetraflueroborate was obtained as a side-product.
In a'study of displacement reactions by nuclear magnetic resonance
techﬁiques it was shown (214) that,using trimethylamine as a reference
base,boron trifiuoride is the stronger acid than either BHZF, BHF2
op_diborane. |

" The Yaeuum ultraviolet spectra of trimethylamine-borane and
etrimethylamine-trideuterioborane~exhibit two electronic transitions

_(253);Also, the barrier to intermal rotatiocn in ammonia-borane,

» HBN-BHé,rwas analyzed in terms of the localized charge distributions
and -was . found tone ca. 1.9 - 2.0 keal/mole (262), and the reader's
:attentionlls called to a detalled proton magnetic resonance study
ion,trlmethylamlne-trlmethylborane (275).1, V

The 1nfrared spectra of some complexes ‘of boron trifluoride
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1 w1th aldehydes have been. reburded (66). Complex1ng of the aldehydes
" wWith the BF3 causes a shlft of the carbonyl stretchlng frequency
of ca. 70 cm” -1 to 1cwer'frequenc1es_whereas the CH streﬁch of the
aldehyde group shifts aboﬁt :L‘50bc:m"1 to higher fréquencies..As

. elucidated from theif infrared spectra (67) comple#es formed from

two molecules methyl alcohol or acetic acid and one molecule of

boron triflucoride have an open structure, 63. The dimethyl etherate

P Bu--:O_H reeses Qmm H
3 ]

CH CH,
-~

3
&3

of boron trifluoride was found to act as a selective methylatingb
agent of (di)thiohydantoin derivatives (6), and the curing of
epoxy resins with amine complexes of boron trifluoride has been
described (47, 86). '

Boron trifluoride forms solid 1:1 complexes with aromatic

aldehydes (122); the —CHO-BF3 pseudo substituent is an extremely

strong electron-withdrawing group.

The kinetics of the hydrolysis of pyridine—frichloroborane
and triméthylamine—tfichloroborane hes been studied (48). Magnetic
resonance spectra of bbron trihalide complexes with heterocyclic
organic nitrogen bases such as pyrazine, iﬁidazole and pyridiné

- derivatives have beén investigated (14). Chemical shift differenées
were 1nterpreued in terms of an electrostatic efféect and p0551ble

pl—part1c1pat10n in the complexlng process.

The 1nfrared spectra of HCN- BBI-3 and isotopically labeied .
derlvatlves thereof have been recorded (185). Fundamentals of the

molecule were ass;gned_ana some force constants have_been‘calculated.
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oFalrly stable trlalkyl phoephite complexes w1th boron trl—‘
?'bromlde cancbe obtalned by bromlnatlon of the correspondlng borane
F.complexes \63) as shown 1n the. follow1ng equatlon'

“(go) P-Bnéjj+ ,3 Br, .—> (30)32=BBr3’ + 3 HBr
-,The rate of decompos1t10n ‘of the hallde complexes in dioxane
solut1on decreases with 1ncreas1ng size of the alkyl substltuent

’probably due to steric reasons.

Tris(gfalkoxyphenyl)boranes form 2:1 complexes with diamines
such as ethylenediamine, m-phenylenediamine or toluene-z,h-diamine
(197). Only in the case of 1,6-hexanediamine when it was reacted

' withitris(grethoxyphenyl)borane was a 1:1 adduct obtained,'apparently
7 due_to the low solubility of the material in ethers. As a rule,
-the complexes of aliphatic diamines appear to be chemically more

- stable than those of aromatic amines.

7.2 Boronium Cations
lIodlme displacement from trimethylamine-iodoborane with amides
_yield‘s ce.tlons of the type [(CHB) 3N-BH2(amid_e)]+ which can be
1solated as hexafluorophosphates (92). Similar ions with cyanldes
in place of the amldes and. even such containing cyanlde bridges
» between two boron.mo1et1es have been described in the same work.
The reactlon of dlborane with ammonla in r—hexane or in liquid
'ammonla_atr—83VA1eads to both symmetrical and unsymmetrlcal
:~eleavage products 'i.e., ammonla-borane and bisammineboronium
,tetrahydrldoborate (93). However the former is obtained in low
ivy1e1d only, 1naepenaent of the ammon;a copcentrat1on. ‘On the other

"hand,nincreasingithe;temperature'favors formstion_of‘the ammonia-
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borane as does 1ncrea31ng base strength of ether if the reactlon
1s carrled-out in suchrlatter solvents..A prellmlnary report on
the reactlon -of methyldlboranes w:Lth ammonia or methylammes notes
a tendency for unsymmetrlcal cleavage of the borane to decrease
'w1th the methyl substitution of the 11gand (44). In the boronlum
salts boronrbonded methyl groups seem to res1de exclu51ve1y on the

boronium ion rather than on the borate 10n.

7.3 Borates

A kinetic study of the intermediates formed in the hydrolysis
of the tetrahydridoborate ion, BH, , hasvbe}en reported (177); recent
studies (215) suggest the existence of an intermediate BH5 species
in that process. ,

The synthesis of tetraalkylammonium tetrahydridoborate has been
described in a recent note (186); however, 2ll attempts to isolate
HMgBH, have failed (123). Indeed, if the latter compounds is formed,
it apparently readily disproportionates to yieldAMgH2 and MgBH4.

The crystal structure of a homolog of the latter, e.g., beryllium

P

hydridoborate, is thoet of & helicel nol Bi,Be end B

units (80).

Diborane(6) adds to trimethylamine-alane, (CH,).N- AlHg, to

Yield (CH3)3N°A1(BH4)3 (8). Excess diborane(6) is ieieected in an
equilibrium competition between aluminum tetrahydridoborate and
diborane(6) for the trimethylamine. Upen addition of diborane(6)
to solutions of dimethylaminoalane, (CH3)2HH'A1(BH4)3 is formed.
In this case, excess diborane(6) provides p-dimethylaminodiborane
and aluminum tetrahydridoborate. '

A low temperature study of the 1nteract10n between water or

~alcohol and dlborane(é) has prov1ded evidence 1ndlcat1ng asymmetric
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!%cleavage of the latter Wlth both of the agents (1?8). The reactlon
;fof trl-sec. butylborane with 11th1um trimethoxyalumlnohydrlde affords

ffllthlum trl—sec.-butylhydrldoborate in quantltatlve,yleld (232).~

, The V1brat10na1 spectra of borane adducts presumably contalnlng
rranlons such as- BHBCN BD3CN BHBNC or BHBF have been recorded '
:and the. hybrld orbibal Iorce field model: was found to be applicable

to these 1ons (124). A rough correlatlon ‘seems to exlst between

':donor strength boron - hybrldlzatlon and the BH3 stretching force
' constant for the A symmetric coordinate and the BX force constants

v

'iuere found to decrease in- the series F, CN, NG, H, CGC, PFB’ .

;" The . compound [NF4]+[bF ]‘ has been prepared by irradiation
of a mixture of NFB’ BF3 and elemental fluorine’(143). The
‘orystalline material is stable at room temperature in dry air; it
reedil& reacts with moisture or organic matter. A complete
'vibrational'aseignment for NHy,BF), has been suggested (68).

; Triphenylphosphine oxide complexes of metal(II) tetrafluoro-
borates have been reported (89) and the tetrafluoroborate anion
is'still a-favored'anion for the preparation and isolation of many
- unusual;ionicrspecies.rFor example, several new iron(IV) oomplexes
of N,N-disubstituted dithiocarbamates (9) and 1,1-heterosubstituted
phesphorinyl-Q-carbonium derivatives (112) could be isolated as
tetrafluoroborates. Also, g—methyldibenzofuranium tetrafluoroborate,
2 new Meerwein reagent, has been described (102) and the crystal
stfucture of'dicarbonyl;z,z'-bipyridine—pyridine~nla11ylmolybdenum
was- studied on its tetrafluoroborate (116). The use of aryldiazonium
:tetrafluoroborates to synthe51ze aromatlc tellurlum compounds may
also be noted in this context (243). ' '

: Thertetrafluorobo;ate ion causes characteristic shifts inr

- the VisibleoabSOrption spectra of lanthanum(III)—alizerin complexon
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rachelate (33). This. observation seems of signlflcance for the
colorimetric determlnatlon of fluorlne by the ALC ‘method in ther;'

‘presence of boron.

The tetrahaloborate 1ons undergo halogen exchange in methylene
chloride solution. to form mlxed tetrahaloborate ions (125). Only
in the BFu-/Blu' systeq,exdhapge is so raﬁid that nucleaf’magﬁetiC'
resonance signals cannot be observed for mixed species. In all
other cases the latter can be detected by boron-11 and fluorine-19
resonance and the nmr parameters of such mixed tetrahaloborate
anions show trends resembling those of the mixed boron trihalides.

 The joint interaction of boron trichloride and phosphorus
pentachloride with ammonium chloride leads to the formatién of
chlorophosphazonium tetrachloroborates, |p1(012P=N)nP013][§Cl4J
(267). The degree of condensation of the cation is primarily
dependent on the reaction temperature. Pyrolysis of these salts.

occurs according to the following equation:
[c1(c2,p=m)pe ] BOL,]  —  (~Por=no)g + [Poy,] [Bc1,]

Alkali metal tetrachloroborates, MBCl, (M = K, Rb, Cs, NH,),
have been prepared by reaction of (NG)(BClh) with the alkali metal
chlorides in liquid nitrosyl chloride (36). All the tetrachloro-
borates are hygroscopic crystalline materials which react vigorously
with water. Their thermalrdecomposition generally occurs according
to:

MBC1,, _— MC1 + BCl3

The ammonium salt, however, begins to decompose even at room
temperature and under vacuum; the salt affords an unidentified

materigal in 20% yield.Rubidium and cesium tetrachloroborate react -
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: 1th N204 1n 11qu1d nltrosyl chloride to form tetranltratoboratesV '"

-'ccording to the follow1ng equat10n°"
,;5y§g}4i]+5;4 N2Q4'j;—->'; n[B(N05),] + 4 NOcL

- The alkali metal tetranitratoborates are crystalline materials
'f_whiéh-aré:insolﬁﬁlé in water and which gradually decompose ab .
, [room temperature with release of nitrogen dioxide.
| The exlstence of cycllc cyanoboranes of the comp051tlon B
/:(BHZCN) w1th n = 4.to 9 has been demonstrated (46, 233) Such
, spe9;es_are obtalned on interaction of the cyanotrlhydrldoborate
anion with,hjdrogeﬁrchloride in medi=z othef than ebthers.Several
c0ppér(I) énd silvér(l) cyanotrihydridobOrates and cyanotriphenyl-
bdratéé_have beenrpfepared and their structure was elucidated by
-_sPeétroscopic studies (13). Sodium ecyanotriphenylborate in o-nitro-
toiuene was found to be an effective reagent for the solvent
extractiOnfof cesium and rubidium ion from agueous solution (231).
" In the reactions of sodium tétréphenylbofate with acyllperoxides
heterolytic cleavage of the peroxide -link occurs with formation of
~ the phenyl eéter and the sodium salt of the corresponding acid (157).
?he;triphenylbofane reacts with the solvent and also undergoes
':oxiQation.The absorptibn,behavior of the tetraphenylborate anion
,lat a mefcury electrq&e has been stﬁdiedv(lli). Strong absorption
was noted in the potential value range of -0.15 to -1.00 Volt,
»whereés at‘more‘positive values the anion is oxidized.Finalily, it
Vﬁéy be~notéd'that the bonding of molecular nitrogen in trans-hydrido-
‘(dlnltrogen)bls(phosphlne)lron(II) tetraphenylborate has been Studled

fby Mbssbauer spectroscopy (32)




8 METAL—BOBON COMPOUNDS

:, On reactlon of 1 3~ dlmethyl-Z—chlorodlazaboracyclopentane
‘with trlmethylstannyl 11th1um a covalent boron—tin bond 1s formed

as shown in the: follow1ng equation (5?)

H,C-NCH v ' o NCBB-CH '
2] 3861 + Li-Sn(CH,), —» LiCl + (GH;) 5 sn-B{ 1
H_C-NGH ‘ 3°3 ~ “NCH,,~CH,,
C-NCH, | o v . 3=

64

Surprisingly, 6% is not as oxygen sensitive as the guite similar
acyclic [__(CHB)ZNJZB—Sn(CH3)3 (58) suggesting that a stabilization
of the boron-metal bond is brought about by incorpcration of the

boron into an annular system.

Other new metal derivatives of organoboron species include
several paramagnetic cobalt complexes of "borabenzene®. Though the
parent compound, C5H5B, is unknown, derivatives of the borabenzene
can be obtained by reaction of CO(CSHS)Z with organoborbn dihalides
(1, 278). Preparative details for the synthesis of the paramagnetic
species Co(05H5)(C5 5BB) and Co(C BB)2 as. well as the diamagnetic
cation [bo(C5H5)(C 5BB)] were described. In these materials,
borinate ions, (C5 5BB) ; are bonded to the metal as benzenoid
hexahapto ligands. The synthesis is'thought tc proceed by the

following mechanism:
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 >The structure of bis(1-methoxyborinato)cobalt and bis(1-
- methylborinato)cobalt was studied by three-dimensional X-ray
spectroscopy (174,279). Both molecules of type 65 are centro-
-symmetric and the very nearly planar rings are parallel to each

- other to form sandwich-type complexes with the metal.

(R = CH,, OCH

3 OCHs)
) ~ In hexaethylborazinstricarbonylchromium the borazine ring is
bonded centric to the cr(co), moiety (268,271); the heterocycle

"has a'#ery_minuteAchair conformation and the nitrogen atoms are
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staggered w1th respect to the CO groups. The medlan boron-nltrogen'
,7bond dlstance 38 1. ublﬁ close to thau of boraz1ne..s-~

"Vhrious metal-;o,pleXes;of l—pyraZQlylboraJesiua.e:been

-ldiscussed in detail in sectlon 6.5 of- thlS artlcle However, closely
related to the cobalt: derlvatlves of the borabenzene 01ted above

R seem to be some iron complexes which were obtained on reactlon

of alkoxydlvlnylboranes with dllron enneacarbonyl (39). In thlS'
reactionia lebile tetracerbonyl_iron complex,,gé, is formed
initially. After removal of the byproduct ifoo-pentacarbohyl the

' species can be irradiated to yield alkoxydivinylborane-tricarbonyl—
iron, éZ: which contains a boron-iron bond. On the basis'of nuclear
magnetlc’resonance.data the divinylborane ligand of 67 acts as a
pensadienyl species. The overall reaction is depicted in the

following scheme:’

/ . irradiation

Fe(CO)n

%‘e(CO)3

v

OB/ ;ffzifglg_q> ROB
\t_—_- o

67

The reaction of dicobaltoctacarbonyl with the triethylamine
adduct of boron trichloride or boron tribromide respectively
leads to methylidynetricobalt nonaeafbonyl cluster compounds,
063(00)9COBXZN(02H5)3 (X = €1, Br) (236). The mechanism of the
-reaction was discussed in terms - of the initial formation of an -
- adduct ‘in which the Boron is bonded to the ox&gen of a CO bridge

of the Co,(CO)g. Partial decomposition of the adduct supposedly
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, ylelds transient 00(00)4 whlch reacts w1th the 1n1t1a1 adduct
'¥¥and loss of carbon monox1de to yleld.the flnal product Treatment

?Tof' BcéHs)BPJBPf w1th,boron trlchlorlde ylelds the adduct_-

N

| {}céﬂs)BP]BPt 23013, whereas [(CgH,) 3314Pt affords the same species

:;be51des trlphenvlphosphlne—trlchloroborane (126). Treatment of

1?1trls(tz1pheny1phosph1ne)platlnum(o)~bls(trlchloroborane) ‘with
.pyrldine-decomposes,the.cpmplex,w1th the - formation of pyrld;ne—
trlchloroborane. In. this’eontext*it may be mentioned that the
,complex [366'5 BPJBBuHcl reacts with triethylaluminum and nltrogen
-in ether to give dlhydrldo(dlnltrogen)trls(trlphenylphosph;ne)—
rutheniumiT[K0635 3P]3Ru(N2)H2' The nitrogen of this latter compound
can be displaced with the inner diazonium salt N2B10H85(CH3) under

formatlon of [KCBHS 3P]jﬁu(H JN,B IOHBS(CHB)Z' in which dinitrogen

is bridging boron and ruthenium (10). The RuNNB molity 1s surprisingly

steb1e>as evidenced by its inertness to HC1l, NaBH),, hydrogenolysis

or atmospheric oxidation. Interaction of boron trichloride with

stennylphosphine—metal pentacarbonyl, (CO)5M-P(C6H5)2[§n(CH3)5]

(M = Cr, Mo,1W) leads to chlorination of the tin atom (228).

Finally, a study en the synthesis and an investigation of the

V'electrophysical properties of polymers containing ferrocene and

boron moieties might be mentioned (50).

9. MEDICINAL ASPECTS
: The interest in the potential application of boron compounds
_for'medicinal purposés seems to. grow constantly;'in the fellowing
"sec+10n.some data are complled Whlch ‘may be of part10ular 1nterest

 1to the med1C1nal chemlst.

A rev1ew artlcle 111ustrat1ng pharmaceutlcal aspects of .




BORONH T T S TR - “"3'9"5
1norganlc and organlc boron compounds has already been.c1ted (87).
The. crystal structure of the recently dlscovered boromycln,:;'
68 has been studled by X-ray spectroscopy of the crysta;llne,f'
ces1um salt whlch was’ obtalned by cleavage of D—vallne from :,
boromyc1n with~ce51um~hydrox1de (88). ThlS 1nvest1gat10n has led to
a slightly revised empirigial formula,-@uS 745N015’ for the anti-
biotic .and the anion was'found to have roughly the shape of a

sphere with a lipophilic surface and a cleft. lined with oxXygen atoms.

o

et \0_ - »macrolide

A ymumber of heteroaromatic boron compounds containing B-N-N
groups as annular units, e.g., 69 and Z_Q, were found to exhibit
interesting antibacterial activity (80). In particular, derivatives
of the latter type 70 were found to be ﬁighly active against gram-
negative bacteria. In order to elucidate the substituent effects

?H

B .
\bi-s O,R

N

69 | 70
‘on the antibacterial activity, a series of exocyclic substituted
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31(2 3, or 7-posit10n of _2, 2 3, or 4-p031t10n of Z_) have been
.;synthe51zed.(79). It is interestlng to note that methylatlon of
1*1the borazaromatlc rlng causes a dlstinct decrease ‘in the anti—
'i;bacterlal actlv1ty. More oomplex effecus are observed.w1th substl-f:'
ﬂi-tutlon Of either rlng Wlth nitro- groups or, 1n,part;cular,rw1th

chlorlne.o

AN Several neutral polyhedral boranes contalnlng a varlety of
functional groups have been prepared and are being evaluated as
lposslble egents for neutron capture therapy (218). In this context
it may also be‘noted;that a diazanium salt of 1-(4-aminophenyl)-
1,2- dicarbe—g;ggg—dodecaborane(12) has- been incorporated into
,ant1-bov1ne serum in the continuing search for tumor-specific boron
comoounds (148).

Preparative separation of ribo- and deoxyribonucleic acid
components can be'eccomplished by column chromatography of dihydroxy—
boryi-substituted polymers (244). The boron monomer, 71 can be
redical polymerized and the resultant material was found to be an

effective'agent for the cited purpose.

CH.

_SC—CO—NE

cH;
B(OH), 71

_ In StudlES concernlng the reaction between sodlum tetraphenyl-
borate and alka101ds it was found that the ester function of ester-
,type alka101ds is readlly hydrolized by the borate (208). Methyl-
homatropines and methyltroplre were found to yleld methyltroplne
"tetraphenylborate quantitatively. Prellmlnary data 1ndlcate a

;spbstantlal'aceeleratlon-of,ester throlys1s'bybthe sodium tetra-




phehylberate. Alsb sodlum tetraphenylborate has been utlllzed for
the dlssoclatlon of hepatlc cells (7@) bub 1t has been shown that
cells trus treated show metabollc and ultrastructural ‘alterations _:
(73,76). The exposure of 1ntacc “human erythrocyues to sodlum tetra-
pheny‘borate results in inactlvatlon of acetylch~11nesterase (77).
In.conurast to otherAdesact1vat1on agents, sodlum tetraph°njloorate
afrfects the activity of cycoplasmic eﬁzymes of whole erythrOeytes

indicating that the reagent traverses biolqgical membranes (73).

Thermal isomerization of steroidboranes has been studied (187,
222) and the mass spectra of some corticosteroii boronates give
evidence for characteristic fragmentation which is virtually not

affected by the boron substituent (49),

The diffusion of organoboron species iato cerebrospinal fluid
has been studied on pregnant rats (85) and an artiecle on the toxicity
of boron trifluoride may be of interest (194). Aiso, toxicological

studies on borax and boric acid have bheen reported (254).

The electrophilic moﬁilities of various polyols such as
aldoses, ketoses, glycosides, etc. in diphenylborate at pH 10
closely parallel those obtained in borate (273). The Baman'spectra
of aqueous solutions containing-B(OH)u' and various polyols have
been studied (61). The experimental data were interpreted by

assuming cheslate formation as indicated in 72, and the observation

of a boron-oxygen ring stretching seems to be a reliable way

to establish the ring size of such chelates.
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