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" 4. BEVIEWS AND SUMMARIES

:?f}:'Synthesesrand uses gf:organoborapes iﬂ‘ofganié_reseéfch are

R buﬁliﬁed in a ne# book (74) and =a summary by H. C. BROWN alsqr
'—deScribss'the utilization of bofanes in organic chamistry (55). A
, felativelyvbriéf-article illustrates the use of orgénobdron
iefivaﬁiﬁes as éelective agents for organic syntheses (259) znd
dynamical prbcesses in boranes, borane complexes, carboranes and
reiated-compounds have 2l1so been reviewed (121). A detailed discuss
of three-center Ttonds in electron deficient compounds oﬁ the basis
of the localized molecular ofbital approach (124) certainly is of

interest to ths boron ch=amist.

Othar reviews are concerned with the chemistry of boron sub-
halides (123), rearrangement reactions in organoberon chemistry (28¢
~fhe coordination chemistry of the 1—pyrazoiylborates (122), as well{
as the prdperties, structure and methods for preparing the covalent
tetrahydri&oboretes of several metals (205). An evaluation ¢f ths
flame retardant potential of some 25 organoboron compounds having
various different structures (157) presents some guideiines for
future work.

2. TRICRGANOBORANES AND RETATED SFECIES
2.1 Syntheses and Reactions

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

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

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

now beénidesgribed in detail (147) ; the two heterocycles should
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be extremely valuable as reagents for free-radical reactions of
organoboranes. .

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

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

HgC ~CHj
G —(CHZ)é—O » { -(GHy ) ¢-B >
IIT v |

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

borinane and borepane are obtained (223).

The reaction of lithium tetrahydridcborate with 3,4-bis(dichloro-
boryl)-2,2,5,5-tetramethylkexane (98) can be described by the follow-

ing equation:

(CH ) C CHBCl -CHBCl -C(CH,}, + 4 LiBH, —

3’3

4 1ici + 2 B H6 + C10 20B2H4

The structure of the resultant organcborane is supposedly analogous
to that of the cyclic organodiborane(6) species obtained by the

hydroboration of butadiene.

A detziled description is given for the preparation cf trimethyl-
berane in high yield from the reactior of tri(n-butoxy)borane with

Alz(CH 013 (221); triethylborane>can be obtained in similar fashion

33
from boron trlfluorlde etherate and triethylaluminum. A modified
procedure for the preparation of 9_borabicyclo(3.3.1)nonane has also
been described (246). Triphenylborane is readily obtained from the
thermal decomposition of trimethylémmcﬁium tetraphenylborate; a
detailed procedure for the prepafation of the latter reagent is now

‘also available (137).

Reférences p. 249
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Pyroly51s of trlmethylborane 1n a closed tube at 450 ylelas
materlal havzng the comD051t10n (BCH )6(CH )4 (189). A structure
js1mllar to that of adamantene ‘has been proposed for the materlal.
stnucture, based on guclear»magnetlc»resqnance data, . is one in whi
- the_BCHS groups are 1ihked'in the cage structure via methylene

bri&ges.'

. Pyrolysis of Dyrldlne—(Z-benﬂylpbenyl)borane or of pyrldlne—(
benzhydrylnhenyl)borane Drov1des access to the 9,10-dihydro-9- bora
anthracene system (14)}; the products were 1solated as the ethanola

esters V.

K R
[¢;
pyrolysis
hydrolysis; B
~
C q ethanolamine f THZ
HZC CHE
v

Similarly, pyrolyéis of pyridine-{(2-biphenyl)borane proceeds as

BH — [OIO

~
a2 i
CHH | H

shown:

‘oeveral derlvatlves of the borepanthlophene system VI, have
been prenared by eonventlonal syntheses; remarkably, the ultraviole

'snectra of these organoboranes are very 51m1ar to that of tropone

(285)




L1197

(2-Alkoxyvinyl)boranes can be obtained by the_hydfobbration of

acetylenic ethers with tetraalkyldiborane(é)'or diboréne(é) (38):

(RBHZ)'2 + R'OC=CH — R'0C-GH=CH-BRy

BH, + 3 ROCSCH — B(CH=C_HOR)3

3
The trié(trans-2—alkoxyvinyl)boranes are stable to at least 130°.
On treatment with alechols, one or two of the, boron-carbon bonds
cleave to provide (alkoxy)vinylboranes. The latter compounds can also

be obtained by a ligand exchange reaction, e.g.:
B(OR)3 + B(CH=CHOB')3 — (RO),B(CH=CHOR') + ROB(CH=CHOR'),

Sterically pure 2-cis-silylated vinylboranes have been obtained by
the reaction of chlorotrimethylsilane with alkali metal trialkyl-
1-alkinylborates (207). This latter reacticn is depicted in the

following equation:

Na(R3B—CEC—CH + C18i(CH BZB—CR=CCH3—SJ'.(CHB)3 + NaCl

3) 33

Hydroboration of alkynes with disiamylborane yields vinyl-
boranes which, upon addition to tetrahydrofuran solutions of the
hindered base lithium 2,2,6,6-tetramethylriperidide, produce a red
solution (79). The latter supposedly contains a boron-stabilized
carbanion. Additional fepresentatives of such boron-stabilized carb-
anions have been described elsewhere (53) and the triphenylcarbenium
ion has been stabilized with BH3 (224), The reaction of t-butoxy
radicals with diborane(6) has been shown (71) tb yield t-butyl
radicals.

Interesting studies of the chemistry of allylbpranes - are
continuing in the laboratories of B. M. MIKHAILOV. It has now
been found (72) that, in contrast to therreaction of triallylborane
with 1—¢h10ro-3~methy1-1,2~butédieﬁe, allene or 3—methy1—1,2—buta-

diene react with triallylborane only at elevated temperatures to yield

References p. 249



198
V;derlvatlves of 3 Dorablcyclo(B 3 1)nonane as’ shown in. the fo1low1n

.fequatlon".:‘[" BSOS TR S U S
| CH{°=°H,2 * B(CB 5)3 g ‘°3H5B@CH2

The 111ustrated product can.be hydrogenated to the B-n—propyl
,derlvatlve (46) If the latter is reacted with tetra-n—propyldl-
vborane(6) hydroboratior occurs to produce VII. This latter compouﬁ
rearranges on- addltlon of pyridine to yleld tri-n-propylborane and .

the pyridine adduct of a i-boratricyclodecane, VIII.

VII

VIII

Triallylborane reacts with l-ethynylcyclohexene to yield the cyclic
organoborane IX,'which thermally rearraﬁges to X (39). Methanolysis
of ﬁhis product results in the replacement bf the.boron-bonded C3H5
group byVOCHB, and the resultant material was found to undergo a

DIEIS-AILDER reaction with maleic anhydride to produce the bolycyclic

—_ C3H5—g/ f >——< )

X : ' X

system XI.
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Tris(2—methy1ellyl)beréne is less reactive towafds acetyiene‘ a
or 1i-hexyne than trlallylborane. For example, reactlon w1th acetylene
requires the use of an autoclave and temperatures of 1#0-150 (40).
Depending on the ratio of reactants, the novel boranes XII or X111
are obtained; » |

CH3 : ’ » ' CH3

CH2=CCH3—CHZ—B CH2=CCH —CHZ—CH=CH—B

3

CH
X1t X111
Triallylborane reacts with i-methylcyclopropene by
(a) cis addition of the diallylboron and allyl fragments to the double
bond of the alkene leading to the formatiorn of (cis-2-allylcyclo-

propyl)diallylborane,

(c3 5)2B—CH————CCH3—CH2—CH=CH2,

NS

CH2

and by

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

methyl-2, 5-hexadienyl)borane, ( B-CH, ~-CGCH,=CH-CH,~CH=CH_,

C3Hs)y 3”

is obtained.
It was found (14) that the addition reaction occurs with allyl re-
arrangement whereas in the ring cleavage reaction the configuration
of the allyl group is preserved.
The reaction of i1-methylcyclopropene with trialkylboranes in a molar
ratio of 2:1 seems to involve only ring cleavage and subsequent

allylic rearrangement (24); as is illustrated below:

HC

C-CH3 + BB3 — H20=CCH3—CHBBZ—B —

o
\

RZB—CHZ—CCH3=CH-R )

Refenencesp.jég



Pt room temoerature, trlallylborane reacts w1th 3 chloropropyr

to yleld ‘an. equlllorlum mlxturP of products (274)

-

HC—C GHéCl -+ B(CHZ—CH——CHZ)3

ClCH2

B - B
G, R b
375 . ' 375

XIV Xv

Compound XIV slowly oyolizes subsequently under formation of XV

C5Hs-B CH,C1

XVI

On stow heating to 130O the eyclization occurs more rapidly and unq

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

13 brlum mixture to .300 also prompts the cyclization of XIV to XVI
Jt XV is converted to XVII.

3H5—B - QHZ

Cl

XVIT

In other work»(214) complex formation between triallylborane and
2, 2'—b1pyr1d1ne has been studied.

: Hydroboratlon of 3—pheny1 1,2~butadiene Nlth dlslamylborane
producas -a substltuted allylborane

i. e., d151amy1(3 phenyl-2-but-
enyl)borane, ‘CH

3—006P5 CH-—CH:?'-—-ER2 (88) The species undergoes the
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typical organoborane reactions with uﬁséturatédféémpbﬁhds"aﬁdbév,
six-membered transition state involVingraliylicfréarrangemenf'ﬁasf3 -
discussed for these processes. . B .

(Allyl)aminoboranes are isoelectronic analogs_ofil,Q—dienes
which have been found to undergo a photochemical reaction invoiving
the 1,3-shift of an aminoboryl fragment to yield an isomeric species
(222). But-}_.-en—B-yl(dimethylamino)ethylboran‘e,v (CH4) ,N-BG,H - '
CHCH340H=CH2,.is a. rather stable (allyl)aminobcrane (146). Only when
the compound is treated for several hours at 1500,7thermal isomeri-
zation to y_ield (CHB)2N—B02H5-CH2—GH=GHCH3 is accomplished. The
rearrangement follows first order kinetics with the equilibrium

being completely in favor of the latter compound.

2.2 Applications and Physicochemical Studies

There seems to be no end to new applications of organcboranes
in organic syntheses. A novel, general route from trialkylboranes to
the corresponding carbon structures involves the base-induced

reaction of boranes with &, d-dichloromethyl ethers (235,237); for

example:
: base
RR'R"B + ChCl,0CH —_— RR'R"C-BCi-0CH
2 3 -HC1 3

Other work (261) shows that pyridine promotes the 1,4-additiorn of
tricycloalkylboranes to crotoraldehyde. Anodic oxidation of- trizlkyl-
boranes (268) is a new typg of alkyl coupling reaction of the organo-
boranes. 7

Details for the syntheSis of N-acylamidines by the interaction
of primary amides with nitriles in the presence of trialkylboranes
have been reported (8)..In this procedure, dialkylborylacylamidinates
are obtained—as‘intermediates; thése can bé-hydrolyzed to give the:

respective N-acylamidines, B—CO—N=CB'-NH2. A very chfenient method

References p. 249



'fﬁfor the prenaratlop of the dlalkylborylacylamldlnates 1nvolves'th@'

~{>d1rect synthe51s as deplcted below (276;.

R! cf\paﬂ

E.NH

' ' BRq + B'CONE, + R"Cn -

onerof‘the boroﬁ~bon&ed alkyl groups is readily displaced with ace
acid'té give the corréspondiﬁg B-acetoxy derivative. The stfucture
,Of these chelatés was confirmed by béron-ll (éllB -5 ppm) and prot:
magnetic resonance studies as well as by infrared spectral data.
When (2,#—pentanedionato)dipropylboron or (benzimidoylbenzamidinaf
dibutylboron is heated with cartoxylic acids, one alkyl group on tf
boron is replaced by acyloxy ; the chelate ring remains intact

(273) . The acyioxy group can subsequently be replaced by an organoc

group.
Y gX * RCOOH — Y@ — reof X = C,
7 / ~N ~ VAN
X \X X 0O0CR X OR' Y = 0, NH

Triethylborane reacts with nitro olefins to yield dimericz

O-(diethylboryl) derivatives of aci-nitroalkanes (278):

"~C-CHER'

BB, B = CyH,
_-ﬁ——o :
R"-C-CHRR!

1CH= yY_R! —
2 RBR'CH C(NOZ) RY + BB3 B2

O Thee O 1

The structure of these coordinated cyeclic species was confirmed by
elemental'ahalysis>and spectroscopic data. Identical products are
obtained by reacting diethylhaloboranes with sodium salts of aci-
nifroalkanes (290), On standing the products rearrange spontaneously

aslshown below;
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_ S o ) ByB—0<
(CH3-CR'=NO-OBR,); -~ . t /BR
CH,~CR!=Ni-07

3
The light-injuced reaction of bromiﬁe'withrthexyldialkylboranes'
(257) and with boracyclanes (279) in the Dpresence oflwater has been
studied. In the latter case, ring contraction of the boracyclanes
occurs to produce carbocyclic structures. Also, N-bromosuccinimide

has been used as halogenating agent for the Q-bromination of tri-

organoboranes in the presence of water (42).

Other applications of organocooranes include the polymerization
of acridine with trialkylboranes (175), of vinyl bromide with an
aikyiboron catalyst (156), of N-carboxy-&-amino acid anhydrides by
organcboranes (171), as well as the preparation of organoboron surf-
‘actants (210) and a study of the potentials of organoboranes as flame
retardants (157).

The oxidation of small quantities of trimethylborane was found to
initiate the oxidation of isobutane under conditions where the latter

is normally stable (244). In a study of the trialkylbcrane/oxygen
system'for radical polymerization by the spin trappihg technique

it was shown {(190), that not only alkylperoxyboron radicals but also
alkoxy radicals are formed and together they initiate the polymerization

process.

Infrared spectroscopic data as well as X-ray diffraction studies
indicate that tris(ferrocenyl)borane exists in two different solid
modifications (289), both of which are remarkably air stable. The
crystal and molecular structure of bis-9-borabicyclo(3.3)nonane has
been détermined by X-ray diffraction (172). The molecule exists in
the twin-chair form with flattened six-membefed rings. An X-ray study
of tfimesitylborane (149) has confirmed,the'propeller_conféfmationrof

"the molecule in thevcryStal 1a£tice; on the basis of nuclear magnetic

References p. 249
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—resonance data, thlS form 1s retained in solution at low temperatu
'However ‘at hloner temperatures, rapld stereoisomerlzatlon oceurs
has been 1nterpreted in terms of a two-rlng flip mechanlsm.

v The ex1stence of’ (apdlalkylamlnc)dlalkylboranes N'(CHZ)n
as.. equlllbrlum mixtures of cycllc B-N coordinated and linear molecu
forms is supported by boron—ll and proton nuclear magnetlc resonane
data (23). '

" Boron-carbon eoﬁpling constants have been determined by carbon
nuciear magnetic resonance spectroscopy (29) for various organoborae
species such as triethylborane, triphenylborane, the teraphenylbors

5

anion, BHBCO and BHBCN' as well as for some vinylhaloboranes. The
coupl ng constants were found to be very sensitive to the symmetry
cf the field surrounding the bcron rucleus. Molecular orbital

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

a considerable amount of boron-carbon fi-bonding in vinylboron compc

3. ORGANOHALOBORANES
A new route to alkyldichloroboranes involves the reaction of
oleflns w1th dichloroborane-etherate in the presence of an equimola
quantlty of boron rrlchlorlde (78). Tne reaction can be depicted
by the follow1ng equation:
. ~c= 7 - . - = 1
, HBClZ-p + BCl3 + /CfC\ — FH-?—BClz + BCl3 L L ROR
The reaction Qf chloroborane-etherate with alkynes has been used
ih—similar fashion for;the_preparation of dialkenylchlqrobo:anes (1
2 BCGSCE + BH,Cl —~ - (HRC=CR),BCl
In this context it may also be noted that dichloroborane exhibits ar
enzyme-like selectivity and a remarkable speed for deoxygenating
aliphatlc sulfox;des (5& 4vthis reaction ié shown below.

250 + HBCl2 — BZS + HOBCl
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Cyclopentadlenyldlﬂhloroborane has been prepared by adding sodlumr
cyclopentadlenlde to 1liquid boron trichloride (173). Apparently, the
salt Na(ClBBC5H5) is Tormed initially and decomposes‘near 300 under’
formation of the desired material. As indicated by proton magnetic
resonance data, the structure of the compound is most likely'és-shown

(XVII1); however, XVIII can be deprotonated tec give XIX.

BCl, B012
H v

:

XVIITI XIX

Secondary or hindered trialkylboranes , BRB’ react with chloro-
difluoromethane, GlCHF,, in the presence of lithium triethylmethoxide,
LiOC(CZH5)3, to produce highly hindersd esters of . t-alkylfluorobcronic
acids, BBC-BF-OC(CZH5)3 (201); the latter are remarkably stable to

oxidation or alkaline hydrolysis.

Alkyldichloroboranes'react with organic azides in benzene solution

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

BBCl2 f B'N3 — BR'N-B012 + N2

hydrolysed; the reaction provides a facile synthesis of secondary

amines.

In similar fashion, organodichloroboranes react with 2—iodoalkyl
azides to produce/g-lodo secondary amines which, on treatm°nt with
base, undergo ring closure to give N-organo a21r1d1nes (226).

At low tempnratures alkyl— or aryldlchloroboranes eStabllSh an

,equlllbwlum with ethyl dlazoacetatD (17#)

' e
BBCl + N CHCOOC H. == ClZEB—CH—COOCZH5

2 2
’ ek,

vwhich is followed by loss of nitrogen from the saltlike .structure

References p. 249
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'and concurrent or. subsequent mlgratlon of the R group- or chlorlne

1'bor'on ro carbon. The experlmental data suggest a decrease in the

:mlgratory aptlbude 1n the order arvl) alkyl> chlor1ne.7-'
"Alkyldichloroborane-etherates react readlly with 0.5 molar
equivalent of oxygen, which can be deﬁicted by the foilowingvequat

(227):
BBCl2 0, — RO,BC1,

RBC1, + ROZBCJ.2 == 2 ROBCL,

. 2 .
However, the second reaction step is decreased drastically in the
pfesence of diethyl ether. Consequently, in a solution of the latt
the reaction proceeds to take up one molar equivalent of oxygen ar

hydrolysis of the reaction product provides alkyl hydroperoxides.

_Boron trichloride reacts with cyclic alcohols to give the
corresponding alkoxydichloroboranes,,HOBCIZ; the latter deccmpose
readily to form alkyl halides (242). The reaction of boron trihali
with phenylacetylene leads to a mixture of (2-halo-i-phenylvinyl)-
dihaloboranes and (2-halo-2-phenylvinyl)dihaloboranes (298). Subse
reaction of these boranes with additional phenylacetylene produces
bis(vinyl)haloboranes and tris(vinyl)boranes; the preferred sterec
selective formation of specific materials in these reactions has t

‘discussed in terms of different reactivity .

The standard enthalpies of formation of o~ and p-tolyldichlor
boranerand, in coﬁjunction with other data, the boron-carbon bond
enefgies'of the two compounds have been determined (296). Based on
these data it was concluded that the electronic e?fect of thetpara
methyl éroub on the B-C.bond energy is small but the ortho methyl
substltuent 1mposes a con31derab1e sterlc effect on the ‘boron-carb

bond of—aryldlchloroboranes.

Flnally, the halide B8F12 has been synthes1zed and was found

-react ‘with ecarbon monOX1de to give the unusual compound.’ (B )BBCO
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4. CHALCOGEN DE'BIVATiVES‘ OF ORGANCEORANES
L Organoborcn-Ox&gen Spécies
Hydrobcration with tetraalkyldiboranes(6) has beenrﬁsed'(é5) ,v;
for the preparation of 1 2;oxabcrepénes as illustrated beléw: '

(RQBH)2 + CH2=CH—CH2—CH2-CC-—CH3 —_—

The 1,2-oxabcrepane ring is readily cleaved with hzlogenating agents
such as phosphorus pentachloride or phcsphorus pentabromide.

Lithium tri-n-butylvinylborate reacts with methyloxirane tc yield the
1,2-oxaborinane, XX, probzbly via thermolysis of a cyclic borate
intermediate (260).The reaction of lithium trialkylzlkynylborates with
acyl chlcrides has been used in 2a novel preparation of agF-unsaturated

ketones (262). The reaction proceeds via 2-oxa-3~bororenes, XXI.

- C=C
CH,
3 JA
O -
Cqu B - \B/
R I
XX XXT

Pyrolysis of trimethylborane with éthylenevglycol at 380°
yields72—methy1—1,3,2—dioxaborqléne, XXII (103); the gas phase
reaction of 1,l1~dimethyldiborane(6) with oxygen aﬁ 80° afroras
2,5—dime£hyl-1,3,4-trioxadiborolane,'XXIII, as the ultimate broduct
(30, 140). Mass spectral and infrad data.indicate that in.this 1étter

process dimethylbcryl hydroperoxide,'(CEB)ZB-O-OH, is formed as

Referencs P. 249 -
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S T
.CE_——CE g—-0
‘4 | |72 CE ! 7}1! CH
o 0 1 - -
¢ty et
, J 111
XXIT

anjﬁnstable intefmediate‘product, which cocondenses_tO'the borolans
or may a2lso rearrange to form dimethoxyborane.

.. Several new arylhydroxy(alkoxy)boranes of the types XX;V and
XXV have been prebared by the interaction of lithium derivatives o:

alkoxyphenois with tris(methoxy)torane, B(OCH3)3 (247). A new

H
OCHq

OCH
B(OR)é

XXIV ' XV

procedure for the preparation of alkcxyboranes, (HO)B-nBBﬁ’ invclveé
tHe interaction of the corresponding alkylthiobbranes and tris(alky
thic)stibines (64). Ligand exchange occurs in an exothérmic_reaction
and the products are readily separated by distillétion.

- (Di-p-butyl)phenylthioborane reacts with ketene at low temperai
under formation cf a vinyloxybcrane (5):

iH2C=C?O + BZB—SC6H5 —— H2C=C(SC6H5)—OfBR2 v' B =,04H9
An alternate procedure for the preparation of vinyloxyborares involv
the redction of trialkylboranes with q-diazocarbonyl compounds (231)
SRR : . - =“} : o
BRy * NpCH-C(C)R' — ECH=CR'-0-BR, + N,

ﬁiﬁjquybofénes'ﬁaj:be,quitefuseful reactants in_brganic.SYcheses.
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For example, with carboryl compounds the following reactlon ‘has been

observed (5)

r'r?c=cr?-0-BR, + R*R%c= —~ R3cO-cR®R'-CR'R7-0-BR,

7 Various organoboron heterocycles pf type XXVI have been prepared
by the interaction of tris(dimethylamino)borane, bis(dimethylaminc)-
phenylborane, or dichlorophenylborane and g—amino(hydroxy)benzene-

‘carboxylic acids(amides) (102).

(0]

. C
CC-XH O \}f
vu |t ZZBR —*T 2 HZ + ’,éﬁ A

X = NH, (8] }QCVI

Y = NH, O

Z = N(CHB)Z’ Cl

R = N(CHB)Z, CgHe

Compounds of type XXVI which contained at least one anular nitrogen

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

intermolecuiar association. '
The interaction of diphenyl (isobutoxy)bcrane and amino hydroxy

derivatives leads to coordinated cyclic species (48), e.g.:

?HB

HyG
RiR"N-CHZ-CHOH—B+ (CgHZ) pB-0-CyHy — RIB'Ny, O + CyfigOH

C ,H /B\C H
65 675

The reaction proceeds evén in those cases where R' or R" are fairly
‘bulky groups. The dlphenylboryl group ‘is . readily removed by trans-
esterlflcatlon w1th 1,3- propanedlol or via ox1dat1ve:e11m1nat10n of
phenyl (dihydroxy)borane.

Dip@gnylbqron esters of type XXVI’undergo a thermal rearrangement

to give XXVITI (49).

Refefencec p. 249
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CH —CHB" e CHZ—CHR“ AN

LBy \‘ y -
- - O,—‘BR2'/ \ /
T __' o . o B" OR'
. . S - .

‘The latter compounds can also be obtained by the direct esterifi
_of phenyl(dihydroxy)borane with the corresponding aminoalcchols
- ‘or aminophenols.
Diphenylhydroxyborane or 2-a1koxy—1,3,2—benzodiéxaboroles react v

ﬂ;aminoenones-to afford chelated compounds (264):

O =CR""'
B.BX + HR'N-CR"=CH-CR"'=0 —» RZB‘/ cH
< N ’//

N —CR"

Bl

The structure of the latter was confirmed by proton magnetic reso
studies. The non—équivalence of the two annular atoms bonded to b
does not effect the sﬁability of the chelates to any appreciable
extent.

n-Butyllithium reacts with tetrakis{trimethylenedioxyboryl)-
methane to yield the lithium salt of the tris(trimethylenedioxybo
methide ion (229):

0-CH O-CH2 /O-CH

ol Z\Cl-i + LiR LiC|B cu,| + B-B Z\CH
L. ~ i e i -
No—cns ° o~cu,” 2 No—cH 2
2 L —CHy 3 2

The salt can be isolated; it acts as a strong base, e.g., it abst:
proton from dimethylsulfoxide. However, the salt need not be isolc
but can be used in situ for other reactions. For example, reactior

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

tin, or lead provides - compounds of type XXVIIT (119).
, [ _0-CH, _ ,
T {cgHg)gM-Cl B "/ H, | ' M =Ge, Sn, Pb
0-CH ' : :

. 2 3 -
XXVIII S
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Subséquentvtreétment'pf XXVIIT with gfbutyllithiumffesulté i@'cléavagé
of anothér'boron-carbon bond and the obtéined lithium saltbcah.
react - with elemental iodine to give XXIX, or again withvartriphehyl
metal derivative to give XXX. This process can be'fepeated to give

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

(06H5)3M\ /O—CHZ\ (06H5)3M'\ /O—CHZ\ '
c B\ CH,| - C B\’ CH,
i/ O—CHZ/ PO (CgHg) 3M/ 0-—CH2/ 5
XXIX XX

boron-carbon bonéd via treatment with n-~butyllithium (or lithium
methoxide) can zalso be effected on tetrakis(bismethoxyboryl)methane
(120). Though the lithium salt was not isolated, reactions with
triphenyl derivatives of metals such as those cited above are
possible.

The reaction of indenyllithium with chloro(dimethoxy)borane,
ClB(OCHB)z, at low temperatures yields 1-indenyl(dimethoxy)borane
in small amounts (293). The proton magnetic resonance spectrum of the
compound suggests the presence of an allylic structure; this conclusion
is also supported by boron-11 nuclear magrnetic resonance data; no
vinyl isomers were observed. It is interesting to note, however, that
the action of water on 1i-indenyl(dimethoxy)borane leads to cleavage
of the boron-carbon bond, whereas an analogous reaction of water
on allyl(diaikoxy)boranes yvields the anhydride of the corresponding .
allylboronic acid. '

Triphenylbtorane reacts with organic perckides OPAorgénbboron
peroxides even at room temperature (36). Analysis of the reaction
products and the observed kinetic relations indicaté'that,in the

first stage of the reaction a radical mechanism predominates:

B(CgHg)y + ROOR' —=  (CgH,),BOR + C6H5'-' + R'0-

Reference§ p- 249
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‘With inoréééiﬂg'édnceﬁtratioﬁ1ofroxidati0n pfo&ucfs,'theserlatter
oa&~interaétbwith~theiexoess:of,triphenylboraneg Fﬁfther oxidatior
of:bdroﬁ+¢érbon~bohds'is effected'héterol&tioally} Alkaneboronic

esters, RB(OR'),, react with (g;c4H90)ZB_0_Q_§-04H9 primarily by

~a molecular reaction though a radical mechanism can be substantiat
as a second mode (99), Also, the photolytic decomposition of-orga:
boron‘péroxides hés been studied (35) and a probatle reaction sche

for that process has been advanced.

The low temperature nuclear magnetic resonance spectra of
alkoxydialkylboranes can be explained in terms of flip mechanisms
for stereoisomerization (150). Analysis of the isomerization proce

gi#es evidence of restricted fotation about a boron-oxygen bond.

The kinetics of the Lewis acid-catalyzed dealkoxyboronation ¢
esters of trans-2-ethoxycyclohexane-dihydroxybtorane in a variety c
donor solvents have been studied (288). The dealkoxyboronation
reaction seems to proceed via a concerted anti elimination transit
state in.which two donor molecules are aséociated with the incipie
boronium ion. Relative rate studies on the mercuri-deboronation of
(dimethoxyboryl)methanes, XCHZ—B(OCHB)Z, with mercuric chlorido
iliustrate the dependency on X for that process (199); the results
were satisfactorily interpreted on the basis of a cyclic three-cer
and four-center electron pair bonding in the transition state.

Two different crystalline forms of bis(ferrocenyl)hydroxybors
have beén isolated; they exist as-separate entities even in soluti
(289). Ferrocenylboronic anhydride exists as a cyelic dimer and
trimer.

The light-induced reaction of dialkylhydroxyboranes with broro
in the presence of water provides a simple procedure'for the prepe
ationof highly substituted tertiary alcohols (256). Trané—l-alkex

hydroxyboranes react with iodine in alkaline medium (144) to yiel¢
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the corresponding tfans-l—alkenylfiodides; 4;4;69Trimethy1;1,3;2fdi-
oxabofinane has been used for the hydroboration of several olefins
(13). This reagent is more stable than most other common hydfobbrating'
agents and the hydroboration products can be directly:isolated'and ’

identified.

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

ROH;: BH as well as to alkoxyhydridoboranes, CRO)nBH (11).

3’ 3-n
Apparently, adduct formation is the initial step in the interaction
of borane and alcohols and the bimclecular rate constant for the

reaction of BH3 with 2-propanol is estimated to be 108 liter / mol x

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

Finally, a2 dihydroxyboryl substituted polymer has been used for

the column chromatographic separation of neutral sugars (269).

4.2 Compounds Gontaining the BO3 Group

The preparation of tris(sec. alkcxy)boranes and their reactions
with zcetic anhydride or acetyl chloride has been reported (83).
Tris(tri-n-butylgermyloxy)borane and several 2-tributylgermyloxy-
1,3,2-dioxaborole, -borolane, and -borinane derivatives have been
prepared by the reaction of tri-n-butylgermanium derivatives wifh
appropriate boron compounds (203). The liquid materials are readily
distilled and the B-0-Ge antisymmetrical stretching mode was found
as a strong absorption near 1310 cm_l.

Tris(tributylstannyloxy)borane, B(OSnR3)3 (R = 04H9), has been

obtained by the following reaction (22):

0o

2 B(OH)3 + 3 (BBSn)ZO —_ 2 B(OSnBB)B + 3 Hy

The formation c¢f B-0-Sn bonds has also been accomplished by the inter-
action of diois , boric acid and bis(tri-n-butyltin) oxide. A
strong and broad infrared absorption in the 1275-1290 4::m—1 region

was assigned to the antisymmetric B-0-Sn stretching mode.

References p. 249
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1Var10us other boron—substltuted derlvatlves of 1 J,“ 1 oxaborolane
ihave been reported (1,8), in whlch the exocycllc boron substltuent
fls F, c1, Br I NHZ, NHCHg, - N(CHB)Z, P(CH )2 and CH3f'

- = - =T hyrdxwrams:

Trlmethcxyborane reacts readily wi th salicylhydroxamic acid

*-
I

[

acetone solution under formatlon of a boron chelate (251).7Low-spid
iron(II) clathro chelates have been prepared in a 51mp1e one-step
“iron salts, dimetdylglyoxime, and either boron tri-
fluoride or boric acid (96).The resultant cage complexes, XXXI,

exhibit high thermal stability.

? CH o)

XXXT

X = F, OH, OCHB, OCZH5, 0-i- 03H7’ O—gfcqu

Trialkoxyboranes do not form Lewis acid-base adducts with
nitrogen bases (176); rather they form onium salts in which the anic
is a tetraalkoxyborate complex. Thermodynamic properties have been
elucideted for some of these complexes, e.g., piperidinium tetrametl
'oxyborate (177). Also; ﬁhermodynamic nroperties have been determined
for some substltuted aryloxyboranes(Z?i) and a mechanlstlc study
descrlbea the ‘thermal cracking of trlsq3—phenylam¢n0ethoxy)borane,
B(C*CHz“CHz'NH’CGH5)3’ which leads to réasonable yields of indole (1
- The mass speetrum of tris(methoxy)borane indicates the faclie 1
of a Cﬁéd uﬁit as the most dominant process (181). The heat of
formation of gaseous tris(phenoxy)borane. has been determined-(1?9)

and was used to calculate a mean boron—oxygen dissociation energy

of 437 kJ/mOl.
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The structure of tetraacetyl dlborate has Tinally been clarified .
by an X—ray orystallographlc study (183). The observatlon of two:
abnormally long B-O bonds (1.56 &) and two rather short ones (1.38 R)
was interpreted in terms of detailed valence neutrallzatlon.Other
stfuctural studies include an X-ray diffraction analysis of B-tri-
ethanolamine (169) and of the trihydrate of tri-gﬁpropanolaminé
borate, N(CH,-CH,-CH,~0- )BB (3). The latter molecule was found to
have a threefold axis with a transannular B-N coordinate bond of
1.67 R and the six~memberedvrings have chair configuration.
Proton magnetic resonance studies have been reported on tris(alkoxy)-
boranes and tris(allyloxy)boranes (187) and tris(methoxy)borane was -
found to readily lose a CHBO unit under electron impact (181).
A crystal structure determination of meso-2,4-pentanediolhydroxy-~
borane, XXXII, by X-ray diffraction (232) has shoWn that the B(OC)2
/CHZ\CH
2

L
0
\\%//
QH

XXXIT

Hy

Q=

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

boromalate monchydrate has been studied (240).

Boron-11 nuclear magnetic resonance data indicate that the inter-
conversion of boric acid and the tetrahydroxyborate ion is pH dependent
in aqueous.solution (230). The interaction of borate anions and
1,2-dioles at pH 12 leads to 1:1 and 1:2 complexes; these are readily
identified on the basis of their boron-~11 chemical shifts, i.e., 6.1
and 10.1 ppm respectively; shift values for 1:1 complexes of borate

ions with 1,3-dioles are 1.5 ppm.

- Various spectroscopic data have been~recorded-for'boroaCetate
complexes of several.fldiketones and FLketoestérs (291). The iﬁfraréd

- References p. 249
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XXXIIT
sbeétra of these materials, XXXIII, are characterized by absorpti

1

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

1

1490-1570 cm™ ", and boron-oxygen stretching modes at 1365—1385 ar

1040-1075 em~1 respectively.
Chelating agents such as 2-hydroxyacetophenorne or salicylaldehyde

form difluoroboron chelates (109). Three different basic types of
materials were prepared in which the BF2 group is linked to eithe

two oxygen atoms, two nitrogen atoms, or one oxygen and one nitrc
atom. On the basis of the experimeﬁtal data it was concluded that
stable chelates can always be obtained if the resultant cyclic sy

contain six annular atoms and two formally conjugated bonds.

Bis!aminodiaéetatoboranes) of the type B(OOCR)ZNH2 5> with B =
CHB-an (X =, C1, Br) have been prepared by the reaction of B-t
chleroborazine with the appropriate acetic acid derivatives (4).
structures of the Spécies were elucidated by infrared and nuclear
magnetic resonance spectroscopy and a detailed procedure for the
preparation of the parent compoﬁnd (R = CH3) has been described e
where (138).

of interest to the synthetic chemist may be the observation
boron triS(trifluoroacetate), B(OOCCF3)3’ can be used equally wel
as boron tribromide or boron triiodide for the femoval of protect
grdups in peptide chemistry under mild conditions (125).
The ready determination of boratefion as phenylmercﬁric borate by

fléméless’atomié.absorption spectroscopy. (211) may be useful for

_;gaiyt;ca1"pprp6éés.,
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4.3 Sulfﬁr and Selenium Derivatives

‘Diborane(6) was found tolféact in toluene solution ﬁitﬁ<£hiophenAi 
to yield ﬁhenylthioboraﬁé; 06H5SBH2 (32). The iatter compound:reacts
slowly with ethers,_but a freshly prepared solution of phenylthibg
borane in tetrahydrofufén readily dissolves potassium ﬁetrahydridof~
borate under formation of the salt K[péH5S(BH3)2]. The latter species
was also prepared from equimolar amounts of potassium fhibﬁhenolate
and diborane in toluene.

Several thioboranes of the general formula (C6H5)nB(SR)3-n have »
been prepared by the interaction of lead thiolate and the corresponding
halcboranes (154). A boron-sulfur stretching vibration was assigned

for these compounds in the 900-960 cm™t

frequency range.
Various derivatives of 1,3,2-dithioborolane, XXXiIV, have been

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

H,C——CH,
S‘B’S R = F, Cl, Br, I, NHy, NHCH,
‘ -
R N(CHB)Z’ P(CH3)2, CH3
XXXIV

greater thermal stability than the corresponding 1,3,2-dioxaborolanes.
Also, several derivatives of Z-methyl-1,3,2-dithiaborolane have been
reported (70). These compounds were found to react with phenyl iso-
cyanate in 1:1 molar ratio to yield rirg expansion products of the
type XXXV.
——CHCH
Hzi % 3
O(!:\ /BB

\
XXV _
Other heterocyclic species containing annular boron-sulfur bonds

are the tWo thiodiborole systems XXXVI and XXXVII (166). The sulfur

References p. 249



XXXVIT
-bfidge~in‘theée materials is readily_diépiaced_fby proton actit
agents suéh as-émines;' ' ‘
Cystéamine (2-aminoethanethiol) derivatives of boron contai
skeleton B-S- CH, CHZ-NH as a structural unit. Such maﬁnria s hav
-been prepared (195) as indicated by the following equatlon'

/NH-CHZ

SB(SCZHE)Z + H2N(CH2)ZSH - 06H53\‘ + 2 02H5SH

C6H
s—Chp

The resultant heterocycle readily dimerizes, a process which
can be observed by a frequency shift in the NH stretching mode f
3425 to 3215 em~r.

Tris(dialkylamino)boranes react with cysteamine in a manne:
analogous to that depicted in the above equation. However, the
resultant heterocycle is unstable and,in the reaction of tris(di

amino)boranes with cysteamine, only the condensation product of

monocyclic system, i.e., the borazine derivative XXXVIII, can be
isolated (195).

H2?-—-9H2
S -
N\_/

3 3
XXXVIIT
Tris(alkylthio)boranes reacttwith difunctional organic comp
undér formation of hetefécyclic species (165) as outlined in the
follow1ng equatlon.
,i H, C—NHCH

21 3 + B(SB) |
SHGon 2 e o

-~

Hpf-NCH,
B-SR + 2 BSH
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A différent heterocyclic system;"is‘ L obtainedfwhén”bis-
(methylthio)methylborane, CHBB(SCHB)Z, is  rPreacted with N,Nﬂ—dimethy;g o
hydrazine to yield an intermediate spécieé, CHSS~BCH3—NCH3;NCH3-

BCH;-SCH, (6). The latter reacts with hydrogen sulfide affording the

3 3

H.CB BCH
3 3

7 H,CN NCH

[ |

S
XXXIX

~ Hydrogen sulfide reacts with boron trihalides, BX, (X = Cl, Br, 1),
uwnder formation of the three possible species XzBSH, XB(SH)Z, and
B(SH)3 (255), All of these are rather unstable and cyclize to
afford (-BX—S-)3 or (-BSH—S-)B, respectively. The vibrational
spectra of dihalothioboranes, X,BSH (X = Cl, Br, 1), have been studied
(17) and the boron atom was found to exhibit the same sp3 hybridization
as in the boron trihalides. The boron-sulfur bonds in (—BSH—S-)3
are considerably longer than expected (168) ; experimental values
of 1.813 & (exocyelic B-S distance) and 1.803 & (anular B-S distance)
were determined. The bond distances in thioborane, HBS, are B-H = 1.169

R and B-S = 1.599 & (253). Electron diffraction studies on dimethyl-

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

Se—5

1 i
CH3Q\ /P¢H3

XL

planar arrangement for the anular atoms (92); the cbserved bond
lengths are B-S = 1,80 %, S-S = 2.08 B, and B-C = 1.57 R. Similar
values (S-S = 2.07 R, B-Cl = 1.76 R) were found for the analogousr

B-dichloro derivatives (91).

2

Proton and boron-1il1 magnetic resonance data demonstrate.that_.
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,bis(élky;thio)(&}éiélkyléminbalkyl)boranes exist  as equilibrit

mixtures of linear and cyclic coordinated-forms (23):

: T : r—--;;--B(SR')é »
R. - |} . .
R,N(CH;), B(SR'), == (CH, :

L——lg;———-NRZ

The mass spectral fragmentatiorn patterns of 4-methyl-1,3,:
borolanes have been discussed in detail (70) and the mass spect
of tris(methylthio)borane has also been examined (181). The lat
shows a fairly intense peak for the parent ion, which is'in cor
to the spectrum of tris(methoxy)borane, where loss of a OCH3 g1

was found to be the most dominant process.

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

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

HZC=C=0 + RZB(ScéHE) — HZC=C(S(36H5)—O-BB2

The exothermic reaction of thicboranes with trialkoxystibines 1
by 1iéand exchange (6L); since the resultant alkoxybcranes and
(alkylthio)stibines are readily separated by distillation, the
can be utilized for the preparation of alkoxyboranes.

 The boron-sulfur bend distance in gaseous (methylthio)dime
borane, CH3SB(CH3)2’ has been determined by electron diffractic
1.78 & (314) as compared to 1.80 g in tris(methylthio)borane (-
Both molecules are essentially planar with B-5-C bond angles ¢

and 1040, respectively, and sulfur-carbon bond distances of 1.t

Elementzl selenium reacts with a wide varisty of boranes,
triorgancboranes, diiodoorgancboranes, dialkyldiborane(6),. teb:

‘diborane{(6), to yield triselenodiborolanes, XLI (65).

‘Se——Se
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However when dlorganoborares, R2BX (X =H, I) ‘are reacﬁWed wiﬁﬁ
elemental seleniur or dlcyclopenfadlenylt1tan1um pentaselenlde, '
-dlborylselenanes, R,B-Se-Se-BR,, can be isolated. The latter deuompose
on thermal treatment to yleld triselenodiborolanes,’ selen-um and
triorganobor anes. ) .
Triselenodiborolanes react with hvdrazine or primary amines to

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

. =N——-N- Se—Se
]L | { |
-B_ /ﬁ-A —3\ B-
Se g//
XLIT XLIIT

5. BORON-NITBOGEN CHEMISTRY

5.1 Aminoboranes

The synthesis of (amino)dichloroboranes by the interaction of
alkyldichloroboranes and organic azides (77) has already been
mentioned (see Section 3). Pyrolysis of trialkylboranes with primary
or secondary amines leads to (amino)dialkylboranes. If triethylborane
is used, the addition of diethylborylpivolakte catalyzes the reaction
and provides for much milder conditions (26). Apparently, the catalyst
forms an intermediate adduct with the amine, and this adduct subse-
gquently reacts with an additional amine molacule under transfer of

the dlethylboryl moiety:

P -
(cH C—COO-B(CZHs)z + 2 HZNB — BHN-B(CZH5)2 + RNHB—b(CrIB)BCO2

303
The salt, in turn, reacts with triethylboréne to regenerate’the

amine/catalyst adduct with the elimination of ethane:

" mNHT

3 )

-C:(CH co2 + B(02H5)3

37
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;k; Severa1 (amlno)dlme31tylboranes have oeeqisyntne51zed by
Ponven‘ional methods and were feund tc be fairly stable to ai:
wWater, and dllute aclﬂ or base (200) '
"-B on- trichloridsa reants with t- bJtyl—trlmetnylSlLyianln<
;JlP1d rhe amlnoboraﬂe (CH ) al-NR—BCl2 (B = t-GyH 9)' at 150° 1
compound eliminates chlorotrimethylsilane uader formation of :
borazocizne, (-NR-BCi-), (105).
' .Diborane(é) reacts with (méthyl)phenyl isocyanate‘té yiel
N-meth&l(phenyl)—Néborylfqrmamidé, which exists as a cyclic t
(H,B-NR-CED) 3 (180). It may also be noted that pentameric amir
(H B-NH,)S, has been obtaiuned by the decomposition of a solut!
[H B(Nd ]BHA in monoglyme in the presence of ammonia (5). R
~more, it has been found that bis(ammine)boronium tetrahydridot
will convert to ammonia-borane, HBN-BHB, in polyether solutior
contain diborane(6) (208). No hydrogen gas is evolved during
process!
A The gas phase cryochemical reacticn of boror trichloride
ammonia leads to the formation of aminodichloroborane, HZN-BCJ

The infrazred spectrum of ths condensed species (—1960) has bee

recorded but no assignment of fundamentals was attempted.

The kinetics of rotatiopal isomerization about the B-N hc
p~-substituted aryl(benzylméthylamino)chloroboranes were examin
nucieaf magnetic resonance studies. The rotational barrier was
to decrease as the electron withdrawihgvpower of the para subs

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

A numbér of aminobofanes coﬁtaining a B-N-S5i, B—N—Ge; or
grouping have been prepared by various organometallic reaction
128). It is noteworthy that N-silylation results in an enhance
6f,shié1ding at the adjacedt boron nucleus as compared to. N-st

:ationt(128).;Also, several compounds of the type RZP(S)-NR‘—BR
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been déséribed (129). Thiophoséhoryiaticﬁ at the nitrogen of an éﬁino%i
borane also results in deshielding of the boron atom which was;cofre—
lated to 2 weakening of the boron-nitrogen bond. The unuaua¢ amino-
borane XLIV, containing a boracyclopentasilane rlng has been synth351zed
(126) and was found to exhibit an extremsly low boron-nitrogen stretch-

ing frequency =t 1394 cm_l.

(CgHo) ,81—S1(CoHs)

(06H5)231 Si(c6H5)2
'8’
{
N(Ciq),
XLIV

Upon refluxing trialkylboranes with 2-aminopyridine in tetra-~
hydrofuran, (Z-pyfidylamino)Qialkylboranes, XLV, have been obtained

(73). The (2-pyridylamino)}dialkylboranes can add to unsaturated

. N
1N

S R b.p. (mm Hg)
(:::) n-CsH, 83-35° (0.5)

- n-GCy Hy 113-117° (0.7)
1~CyHg 89-90° (0.4)

compounds to afford inner complexes:

H 0C,H

275
R, B-C = C>NH

CHyN-NH-BR, + HC=C-0C Hg —- 2<E§::::j5’

Supposedly, aldehydes, ketones, isocyanates, and isothiocyanates

can undergo analogous reactions with the pyridylaminoboranes.'
Various photochemical studies on boron-nitrogen dérivativeé,have

been reported. For example, a photochemical rearrangement involving

References p. 249



_224~0‘
H the 1 3-sh1ff of an amlnoboryl fragment has been descrlbed for

: allyl(amlno;boranes (222)

(CH N—BG & —CHCH _GH=CH, —» (CH N-BC H,-CH _0h CHGH
6 - : 2 3

3’ 5 3’2 5"
' The B-ethyl derivative of the former speciés has been found to
. an analogous isomerization on thermal treatment at 150° for sei
hours (146\

(Mnthylphenvlamlna)al ryiphenylboranes underge a general photoct

reactlon, i.e., an excited state cleavage of a boron-alkyl bond

This proecess is illustratzsd by the following example:

Ry (CH3)(05H5)N-B(06H5)(01)
(CHQ)(05H5)N-B(06H5)(R) 55;—
L (CHB)(CéHj)N—B(Céﬂj)(0013)

This boron-alkyl cleavage has nc parallel in the solution phase
chemistry of the isoelectronic stilbene analogs!
In carbon tetrachloride solution, tetrakis(dimethylamino)dibora
also ﬁndergoes a photochemical reactioun at 3007nm, .affording
primarily chlerotris(dimethylamino)diborane(4) (148). Howeve
distinct solvent effec: was otserved for this reaction., Utilizi
less chlorinated solvenis such as chloroform, some hydrogsnzstio
boron was found to occur; in methylene ch;oride, tris(dimethyla
torane was found to be the major product of the photolysis.
Iminoborane deriVatives-containing the C=N-B skeletal unit
generally linear when: carbon subs+1tue 1ts are too bulky to perf
a bridging role (164) ' These conclusions are supported by an in
and nuclear magnetic resonance study Oﬂ.‘}t Cuﬂg)zc'N] BX and ol
-[(t 04H9)2 —N] ; the 1attervapparent1y adoptsva paddle-wheel sl
More deflnlte Droof has beeﬁ'obtained by a X—faybdiffractiOn’st
on.(dlph=nylmethy1ene1m1no)dlme51tylborane (194). ‘The BNC unit

thls molecule has -ain allene-llke geometry w1th a boron-nltrogen
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disfance of 1.38 &, a VVC'distahce'of 1'29 2 and a’B—ﬁ C‘an&“éﬁ&ié13:1
of 1739 molecular -orbital calculations: 1ndlcate that the B-N bond B
order is aboat 1.6, whereas the C-N bond: order approxlmates 1.8.0
bn’the other hand, some,boron—ii nuclear magnetic resonance and )
dipole studies (272) do not seem to substantiate thergenéraliyAaésumed
similarity of iminoboranes +c¢ allenes. These latter investigation§
were performed on some moncmeric iminoboranes derived from the inter-
action of (dialkylamino)boranes and imine hydrbchlorides as depicted

in the following reaction schems:
(3-n) (GgHg),C=NH,C1 + BnB[N(CZHS)ZJB_n —_
B06H5)20=N]3_nBRn + n (CHg)NH,CL
R = n-CyH,, n-CuHy, Cghy '

A boronium éalt intermediate was postulated for this reaction.

A new type of iminoborane species has béen~obtainéd by the
reaction of boron trifluoride with S,S-dimethyl-N-(trimethylsilyl)-
sulfoximide, (CHB) Si-N=SO(CH3)2, which proceeds to form

iminoboranes of the type F B[N SO(CH3)2 (n =1, 3) (110).

It may be of interest to note that ab initio molecular orbital
calculations of the (non-existent) 1,3,2,4-diézadiboretidine,
(—NH—BH-)Z, have been reported (9). The data appear to indicate that
this cyclobutadiene analog would be more stable by about 74.3 kcal/mole.

than two iminoborane monomers, HN=BH,

Among the most notable species containing the structural unit
B-N-N are the 1-pyrazolylborates. However, since most ‘of their
chemistry invelves transition metal complexes in which they function
as ligands, this grour of compounds will be discussed in'Sectionl?.
- Various other heterocycles containing an anular B-N—N arrangéﬁent'

have been prepared by the reaction of bis(methylthio)methylbbrane,
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1'4-‘»:._CH B(SCH )2; w1th hydra21nes and subsequent tredtment with primary
;famlnes, water, or hydrogen sulfide {6). For»example, heterocycles o

"_étype XLVI have been descrlbed and even the ‘bicyclic system XIVIT

" is known. . ,

IR N

T . A
R - . CH -B B—Ch

CH.,~ B-CH
3R Iy N
, t

L CHy-B_ /B-CHB

X =0, S, NH, NR N

XIVI o XLVII

Theiskeiétal unit B-N-N is also found in several coordinated
heterocycles which are best formulated as inner salts. These were
chtained (41) when azidcdicarbonic acid diethyl esters were reacted

with trialkylboranes according tc the fellowing scheme:

R'.CO-N=N-CO-R' + 2 BR — O 0 + R!'-CO-NH-NH-CO-R!

3

B = CyHg, n-CyHy

B' = OC,Hg, CgH

The etructure of the heterocyclic system was confirmed by infrared,
proton magnetlc resonance and mass spectral data.

Boron-ll and nitrogen-14 nuclear magnetic resonance data have
. been collected for a variety of aminoborane derivatives including
‘heterocyclic species containing anular boron atoms (101). The observe
nitrogeﬁ-l# chemical shift data were discussed in terms cf relative
contrzbutlons of the free electron pair on nitrogen to the boron-nitr
d—-bondlng. It ,  noteworthy that the nitrogen-14 nuclear magnetic
resonance snectrum of az1dod1methy1borane (CHB) BN3,‘exhibite only

two of the three expected resonance lines (87).
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‘ B1s(n—butylamlno)—n—butyibcrane b.p. 83- 85° (3 mm Hg) and .

,rls(n—butylamlno)borane, b.p. 87- 90O (3 mm Hg), were prepared by
tandard procedures (112), thelr heats of combustion were experlmentally

1eterm1ned.to be -2158 kcal/mole and —2171 kcal/mole, respectively.

*ron these data standard heats of formation were calculated'for'the‘.

WO aminoboranes. Heats of comﬁustion have glso been deternined for

sris(diethylaminc)borane (136) and for (dimethylamino)methoxy-but&l—

Jorane, (CHB)ZN-BOCHB—%H9 (133).

Studies on tris(2,2-dimethy1hydrazino)borane have shown (93)
hat the mclecule is planar with respect to the B(N—N)3 fragment of
:he mclecule and the B-N bond distance was determined to be 1.42 8.
s determired by X-ray diffraction (75), cyclotriborazane, (H2N-BH2)3,
-he incrganic analcg of cyclohexane, exists in the chair form and the
cron-nitrogen bond distance is 1.58 R. an X-ray diffraction study
(197) has also shown that [(C6H5)2P-BH2]3 exists in two crystalline
nodifications (%, triclinic; P, monoclinic). The mean B-P distance
f 1.85 % seems to dispute any possibility for B-P af-bonding in that
nolecule, Also, stuructural parameters of N,N-dimethylaminodiborans(6)
1ave been clarified by microwave spectroscopy (155) and sxtended
tickel calculations have been reported for the yet unknown btis-
amine)diborane(4), H,N-BH-BH-NH,, as well as for (amiro)vinylbcrane,

H,=CH-BH-NH, (97).

Finally, a practical application of amincboranes deserves
entionirg: It has been found (130) that t-hutylaminoborane forms energy

enters for nondevelopable silver centers on silver halide surfaces.
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liSkZJBpfbﬁ;NitfogeQJCarbbﬁvHétérobycieSf i_

J{f3i3f§riaiﬁef&iﬁromide feactS"withvbyridineVéd&géts*éf"l;alkyi;’
'Vbbroia_'né,.srr undsi‘;' ciéavage .o'f"_the'bordiahe‘ xfing (265) and this ppge
*:haéfbeeh‘uséd for’ﬁherpreparatidn of‘(élkyl)(4-broﬁobut&1)alkoxybc

Br(CH,),~BR-OR'. The latter react with bisaminoboranes (37) as
 iiiuStréted in the foliowing equaticn: )

2 3r(CH,),-BR-OR' + B"B(NHR), - 2 Br(CH,),-BR-NHR + R'B(OR'

If these same alkéxyboranes are feacted with primary amines, howev
boronium salts'are initially cbtained. At higher temperatures, the
latter decompose under formation of cyclic azaborines, as is shown

in the'following sequence:

Br(CHZ)LF—BR-OB' + 2 BNH, —
’ Br + R!'0OH
/,NHR

r” \NHZR

} 100-140°

+ RNH,Br
B/NH 3

i
R
Alkyl(bromoalkyl)alkoxyboranes have also been used (100) for the
preparasion of 1,2-azaborepanesi
| CHB—CHBrf-(CH'Z)L;-QBR—OCH3 + 2 B'NH2 —
- ' A + + CH
CH30H BNHBBP. . 3
B/
I
R
.Aﬁvaltérnéte route to this same heterocyclic system (47) is

“illustrated in the following sequence:




Br-C h,,—CHOB—CH ~CH CHZ

2
} 2 BLBH
Br-CH,~CHOR~CH,, CH,,~ CH2_13132
¥ B(OCH;) 4
Br-CH, ~CHOR~CH,,~CH, ~CH, -B(0CH;) ,
§ R'NH,

OR OR

LiAlH
B/NR' —-————E;> NR?

R"MgBr 1'3/

!
OH 1
C 3 R

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

presented elsewhefe (100).

2-Butyl-1-(1-cyclohexen-1-y1)-1,2-azaborolidine reacts with

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

X9

equation:

o—u
N

Various other agents such as acetic acid, hydfogen»chloride, and

alcchols react with the szme 1,2-azaborolidine to yield inner complexes

having an imino form, XVIII.

(BZ {> X = C1, OR, CH,CO

XLVIII

The boron-sulfur bond of the heterocyclic systems XXXVI and

‘XXXVII (see Section 4.3) is readily cleaved under displacement of
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.thnvsulfuﬂ>(166). The reactlon wwth secondary amlnes leads to the
f“formgtlon of ortho-boryl sp°c19s such as XIIX; whereas with Drima

-[amlnps or N N'-dlalkylhydra21ne the novel heterocycllc systems L

,and LI ;,respectlvely, are obtalned

o R L R
BR-NRJ : \ - SNR!
L /NR' ,
BR-NR. .

- 2 ~3B MR!?
R {
R ~B7
‘ R
XLIX L LI

The -interaction of bis{(dimethylamino)chloroborane and N,N'-~
dimethyl-d;b-diamines,yields primarily 1,3—dimethy1-2-diméthylaming

diazaboracydloalkanes (10).
C1B(NBR)), + HRN-(GH,) -NRH -—=  RANH,C1 + RjN-B(-NE-(CH,),-NH

Vﬁo,z—chloro heterocycles are obtsined but tris(dimethylamino)borans
is formed as.z2 byproduct.These data seem to infer a twd—step
mechanism for the reaction in which a transaminaticn occurs initial
with generation of dimethylamine and is followed by intramolecular
condensation undér elimination of hydrogen chloride. Competing with
“this reaction; the free dimethylamine may react with the excess of
bis(diﬂethylsmino)chloroborane via aminolysis of the bqron—chlorine
bond.

Gas phase electron dlffractlon studies (4127) have shown that t
fivefmembered heterocycle of 1,3-dimethyl-2-chlorodiazaboracyclopen
LII,-is essentially planar and the boron-nitrogen bond distance is
1.41 8. Also, the distarice B-Cl was found to be 1.77 & and the obse
bond angles were N-B-N = 111° and C-N-B = 109°.

Hyg—CH,

CH, N N-CH

3 3

-t

c1

LITI
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 The:§ibfatioha1 Spectra; proton énd-borOn—llinucléar_magnetic:féSOAahcéf

épeétfa_éhd the tin-119,Mbssbauerrspectra.ofb1;B—dimethyl;Zitrimefhyl—;

. éténnyiéiazaboracyclopentane and'the‘corresponding'six;membéred hétéro;‘

c&cle have been recorded (9%). Apparently; the boron_bdndédrtrimethylf

stannyl group exerts little influence on the electronic,en#iroh@ent _
of the organoboron-nitrogen neterocycle.

The first 1,3,2-diazéb0rolin, LIII, has been obtained (86) by

dehydrogenation of the corresponding saturated species:

NCH,—CH, s, _/NCHy—CH
CotisB | —=— CetsBL_
NCH,—CH NCH.—CH
3 2 3
LIII

The ring system of LIIT is isoelectronic withrthe cyclopentadienide
anion; molecular orbital calculations indicate that the latter and
LITT have similar 9r-electron donor capabilities.

The reaction of tris(ethylamino)borane with N-methyl-1i,3-diamino-
propane alsoc leads to the 1,3,2-diazaboracycloalkane system (165).
However, the resultant compound, LIV, readily loses ethylamine and

trimerizes to yield a borazine derivative.

CH.,-NCH
<2 3~B_NHC_H

H,G
NH - 25

2N
CHZ——

LIV
(Anilino)dimesitylboranes photocyeclize in the presence of iodine
(200). The reaction is accompanied by a facile 1,2-methyl migration

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

v
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e B r"he cnemlstry of adducte of aromatlc amlnes with boron triiod
' dlfferg subetantlally from that of the adducts w1th the 1ower boro
:ﬂhalldes..Mosn pronounced appnars to be: the'ready_formatlon of.1,3
?}dlaza-z 4—d1boranaphthalene derlvatlves iNI,,invdehydrohalogenati

’,reagtlonsiof,theramlne—trllohoboranes'(198);,Howéver, the condensa

LVI

of aromatic amine halides with boron trichlcride provides
tﬁe'same heferogycle and. in addltlon yields
N-aéymmetric borazines (249). Spectrosconlc data on these species
Ahéve been feporfed (282).

The low témperature (-5 to +35°) reaction of diborane(6) with
2;amino—benéonitrile jields 2—cyanophenylamine-boraﬁe, bis(2-cyano—
phenylamino)borane, and the heterocycle LVIT (111). At elevated

temperatures (850),.the borazine LVIII is obtained as the primary

product.

>
i 3
LVII ’ LVIII
Anaiogous reactions of 2—amino-1-cyano—1-cyclppentene vield only
bis(2-cyan5-1—eyclopentenylamino)borane.and polymeric préducts.

The condensation of some ortho-substltuted benzoic acid derivat

With. several boranes (102) 1is 111ustrated in the. following equatlon.
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CO-XH R
+ Z,BR . —
YH : '
LIX.
= NH, O Z = N(CE,),, Gl
-
= NH, O E =

5

Those compounds of type LIX containing at least one NH group bonded
to the -boron atom were found to be quite stable toward
hydrolysis. On the basis of infrared spectroscopic studies, this

stebility is linked to intermolecular hydrogen tonding.

Several boron-containing selencphene derivatives have been
prepared by the replacement of of-hydrogen or of tromine of selencphenes
with the dihydroxyboryl group (313). If this is reaction is performed
with selenophene aldehydes, subsequent condensation with hydrazine
or hydroxylamine provides for an easy entry into bicyclic derivatives .

as is illustrated in the following equations:

: B_
B(0H), NH
+  H,N-NH —
CHO 2 2 Lly

Se Se c“

OHC B(OH), B\O
: % § + HN-OH — 1\}

Se

An interesting and novel means of organcsubstitution at an annular
boron atom involves the use of silyl ether derlvatlves of hydroxyboranes
-as - 1ntermediates (18), for example, the reactlon 111ustrated~

References p. 249



]
0Si(CH

373

5.3 Borazine Chemistry
Apart from some'syntheses of hexasubstituted polyborazines (3

and mixed polyborazines (307) very iittle attention has been devot
to the development of novel synthetic procedures in borazine chemi:
However, tris(alkylthio)boranes, B(SR)B, have been reacted with
amino alcchols and mercaptans (165) and, provided the amino group
a primary one, thorough condensstion was found to occur yielding

pclycyclic borazines as illustrated by the following equation:

X

3 B(SR)4 + 3 HX-(CHy),-NH, —~ 9 BSH + B< - (cHy)

s 3
X=0, S;n=2, 3
Various unsymmetrically boron-substituted MNH--borazines have

been prepéred in which the boron subtstituents were H, Cl, CN, and
OCN (28, 139). Proton magnetic resonance studies on. these compounds
indicate an additivity relationship for the effects of the substitue
of boron-disubstituted borazines on the chemical shift of the nitrog
protons, provided the ortho and para NH protons of the corresponding
B-monosubstituted species are magnetically equivalent (139); Proton
magnetic resonance spectra of a number of B-substituted N-trimethyl-
bvorazines have also been analyzed in terms of characteristic group
contributions to the chemical shift (58). A correlation between the
strucpu#al.and electronic parameters and solﬁent induced shifts was
.estaﬁiishéd;»Also, éome spéqtroscopic studies on borazines cohtainin

bulky aryl substituents have been reported. (282).
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Position isomers of some tetrasubstituted borazineé:hafevbéeh'
prepared and Were_separatedvby gas chromatography (59). Characterization
of the individual comﬁounds was accomplished by using proton magnetiq
resonance and mass spectroscopic data. ' : 7
Atropsiomerism in borazines has been observed for the first time (31)
when B-tris-p-tolyl-N-triethylborazine was (partially) resolved into.

¢is ard trans isomers, which were found to e thermally intercon-

vertible.

The basicity of the dimethylamino group in B-dimethylaminoborazine
has been investigated by studying a series of competitive reactions
with other bases and using diborane(6) as a reference acid (90). On
this basis, the 2f-electrons of borazine appear partially delocalized
and seem to have a significant inTluence on the chemical properties
of a ring substituent. Similar conclusions were reached in a2 magneto-
optical study of the aromatic character of substituted borazines of
D3h symmetry (220). The results of a proton magnstic resonance study
on hexamethylborazine and B-trichloro-N-trimethylborazine at 110—300°K
were conmpared with the data obtained for the corresponding benzene

derivatives (284).

The ion mass spectrum of borazine (309) and the mass spectra of
various B-substituted derivatives of borazine and N-trimethylhorazine
(27,51) have been recorded; data ocn the latter were analyzed in terms
of the relative contribution of ths pareant ion and certain fragment
ion intensities. The results were discussed in terms of relative
stabilities of fragment ions arising from substitusnt effects. In
general, boron substituents are more readily cleaved off than the
cbrrespondihg nitrogen substituents leading ﬁo the:conclﬁsion that the
six-membered ring fragments are stabilized by delocalization of electron
density from the nitrogen atoms.‘Organic‘substituents bonded,tb fhe

'nitrogen atoms of borazines.willAcleave at the af-carbon through électron
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zlmpact. On the other hand, when bonalng is- effected at the boron ai
‘ths" boron—carbon bonds ceeaves under the same conditions. .

The comp031t10n of the py”oly51s products of hexamethylboraz1r
and gjxiB-deuterlomethyl—der;vatlve and the proportions of products
vof»diffefent»isotopie composition indicate that'thermodegradation i
'accomﬁanied by the homolytic rupture of the bonds btetween the methy
‘substituents and the borazine ring (277). The boron-carbon bonds

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

The first borazine-metal complex was described but four years
~ago (142). Since that time several additional representatives of th
type of compound have been reported and tricarbonylchromium(Q)
complexes of hexamethylborazine, B—monophenyl—pentamethylborazine,
B-monoethyl-pentamethylborazine, and B-trimethyl-N-triethylborazine
‘have now been prepared. (141). Spectroscopic data (IR, nmr, UV) on
these species were interpreted in terms of metal complexes containi
puckered borazine rings with sigma bonding through the anular nitro

atoms.

Semi-empirical valence electrbn molecular orbital calculaticns
on B-trichlorobofazine, N-trichloroborazine, and hexachloroborazine
(43) substantiate the expected sigma electron drift within the hete:
cycle toward nitrogen and a pi-electron drift toward boron. Also,

CNDO/2 calculations on the parent borazine have been reported (283)

6. ADDUCTS AND SALTS
6.1 Acid-Base Type Adducts

The electrolysis of sodium tetrahydridoborate in ethylamine
at 1ce—bath temperature leads to the formation of ethylamlne-borane:

C,H_NH BH in ca. 60% yleld (20).

2 5 2 T3 )
"'1 Amine-boranes react with certain alkyl halldes such as chloro-

triphenylmethane to yleld amlne—haloboranes and alkanes (80).
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L-BH; + BX — L-BHX + BH

The alkyl halides must be capable to form carboniﬁm ions peadily;
and the reactivity according to the depicted eéuaticn was found tc
‘increase with indreasing stability of the carbonium ion. On the other
hand, amine-boranes may‘also interact with alkyl halides such as
carbon tetrachloride, where it is reasonable to assume a free-radical
mechanism to proceed, which is induced by abstractioﬁ of halogen
from the halocarbon. .

Worth mentioning seems tc be the use of dimethylamine-borane

as the reducing agen: in electroless plating systems (310).

Recent spectroscopic studies o2 amine-boranes deal with the
adducts of difluorocborane at low temperature (IR, NMR) (202), tri-
methylamine-borane (microwave sgectrum) (239), and carbonyl-bcrane
(high resolution IR) (7).Furthermore, measurements of molar Kerr
constants, dipole moments, etc., in benzene or dioxane have been
reported for ths trimethylamine adducts with BX3 where X = H, ¥, C1,
Br, I (195).

Adducts of mixed boron halides with trimethylamine and 4-picoline
have been shown to exist in solution as demonstrated by proton and
fluorine-19 magnetic resonance studies (193). Also, based upon
magnetic resonance data, boron trihalides appear to form adducts with
dialkylurea in which oxygen acts as the donor atom and rotation about

the B-O bond is restricted (254),.

A kinetic study of the halogen exchange between alkyl halides and

boron trihalides, according to the equation

RY + BX, —~— BX + YBX, ,

3
has given evidence for the formation of an irntermediate adduct,
BY-BX3 (192).

 The boron-niﬁrogen bond iengths in ammonia-isothiocyanatoborahe,
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N BHZ(NCS) bave been determlned by X—ray QlffPaCtLOL tc be 1. 53
fo* B—N(CS) ‘and 1. 58 2 for B—N(H ) respectlvely (286).

: 7 The core h1nd1ng eqergles of boron trlfluorlde coinetes with'
nltrogen bases such as ammonla ‘alkylamlnes or pyrld_nes were fow
to. refleot the change in molecular charge dlstrlbu+1on which occur‘
when the boron—nltrogen bond is formed (245). Molecular orbital

calculations on the boron triflucride adduct with unsymmetrical di-

methylhydrazine suppoft an equilibrium between gauche and trane

Vforms of the complex (68); note that the boron %rifluoride is bonde
to the dimefhyl-substitgted nitrogen.‘Other theoretical treatments
(CNDO/2) treat ail the possible species from ammonia-borane, H,N+BE

3
_to trifluoroamine-trifluoroborane, F NeBF, (238). Analogous calcula

3

on the trimethylamine adducts of boron trichloride and trimethylbor
(206) substantiate the concept that donor-acceptor charge transfer_
incfeases with increasing electronegativity of the boron substituen
Fluorine-~19 chemical shift data have been used to evaluate t
relative basicities of boron trifluoride complexes with cycloalkan-
‘ones (236); also, nuclear magnetic resonance spectra of boron trifl
adducts with sulfoxides, amine oxides, phosphine oxides, and arsine

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

discussed.

The formation of 1:1 complexes of boron trifluoride with aroma
aldenydes was reported last year (258). A protoﬁ magnetic resonance
etudy on such adducts with p-substituted benzaldehydes (252) has no
been deecribed and upfield shifts of the formyl proton resonance
signel'are correlafed with the delqcalization of poSitivie charges
in these complexes. A calorimetric study. on the complex formation
betweeg_aromaticwaldehydes and boron trifluoride_has.also been repor
(250); Boron trifiuoride forms a 2:1 and two different 1:1.eomp1exes

'with p-dialkylamino benzaldehydes (243). In the 1:1 adducts, coordir
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occurs with either the amino group (formation controlled by thermo-
dynamics) or with the carbonyl group (formation controlled by kinetics)

as evidenced by ultraviolet and infrared spectra.

The rates and mechanisms of exchange of some tertiary amine
adfucts with boron trichloride have been deduced from their temperature
‘dependent proton and borcen-1i1 nuclear magnetic resonance spectra (287).

Thne amine exchange seems to occur via a unimolecular ionization.

The reduction of vanadium tetrachloride with (dimethylamino)-di-
chloroporane results in the formation of the trichloroborane-stabilized
imine HBCN=CH2'B013 along with dimethylamine-trichloroborane (89).
Treatment of K(CHB)QNBHBin diglyme with a fthreefold excess of sodium
tetrahydriioborate and one half mole of iodine provides a solution of
Na(CH3)2N(BH3)2 , which may be converted to Frdimethylaminodiborane(6)
by addition of ancther half mole of iodine (106).

The enthalpy of formation of the acetonitrile-bcron triiodide
adduct has been determined (270). The cyclic hydrazinodiphosphine
P(NCHB-NCHB)BP forms a 1:2 adduct with BH3 in which the boron is
coordinated with the phosphorus. In contrast to the adduct HyB-
the borane adduct of the cited hydrazinophospnine is quite

P[N(CH3)2 3

sensitive toward hydrolysis (12).

6.2 Ionic Species

The interaction of a solution of diborane(6) and hydrogen cyanide
in tetrahydrofuran leads to the internal boronium(-i) salt IX (115).

L ®
\\B

e H,
B-c=n~ 2

Hs

IX
The reaction may also be effected in other ethers and the tetrahydro-~
furan in IX is readily displaced by pyridine or trimethylamine.
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The structure of . these compounds was conflrmed by proton and borc
o nuclear magnetlc resonaqce data and also by 1nfrared spectroscov;
The neutral 1somer of LX 1n which the 11gand is trlmethylamlne ce
obta;ngd by,che interaction of trlmethy;amlne-cyanoborang, (CH'3)3
' BH,ON, and tetrahydrofuran-borane; [(C4HN),BH,|" [BH,oN]" has ve
preparéd from‘sodium‘annotrihydridoborate and bis{pyridine)dihyd

boronium chloride.

The compound Na(CH 2As(BH )5 has been prepared by the react:
of diborane(6) with Nads(CH3), (62). On treating the former with
methylarﬁmdnium chloride, the compound (CHB)3N--BI-12—-AS(CHB)Z—BH3
results. This latter observation suggests that Na(CHj)zAs(BHB)2 ar
L1(CH3)2P(BH3)2‘haVe similar structures.

» Potassium hydride reacts with weak bases such as trialkylbore
tetraalkyldiborané(é), or tris(alkoxy)voranes to form the
dorresponding hindered and complex hydridoborates (228). Similarly
lithium hydride interaéts with triethylborane in tetrabydrofuran t
form lithium hydridotriethylborate (76). This latter salt is a qui
powerful nucleophile in displacement reactions with organic halide

Tetrabutylamaonium cyanotrihydridoborate is an unusually sele

.,reduciﬁg agent (145). However, the selectivity is strongly depende:
on the reaction conditions. For example, at room tehperature and i1
hexamethylphosphqramide as solvenﬁ, only primary iodides are convel
to the corresponding hydrocarbons. In moderately acidic solution
(O.i‘to,o.iz.n) selective reduction of aldehydes was observed, wher
in 1.5 n écidic»solution ketonés are also reduced ; under the
éame condifions cyano, ester, amido or nitro groups rema2in intact,
" Lithium borates of the type LiBR, (B = H, CHy) do not interact
_withvhexamethylaifin (116). This lack of reaction is in contrast to

]the behaV1or of entltles such as L1A1H4 or L1T1(CH )4, Whlch readllw

'cleave the tln—tln bond.,
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Trialkylalkynylborates are'interesting'and_versatile reégehtsl
which continue to receir = considerable attention. In recent studies 1t.
has been Iﬁuﬂd that 11tb1um trl-ﬂ—butvlv1nylborate *eacts with
,methylox1rane to Jleld an oxaborlnane, LXI, probably via thermole1q
of a cveclic borake intermediate (260). The alkylation and protonation
of triaikylalkynylborateé has also been studied (204). The reaction
of lithium trialkylalkynylborates is known to proceed g;g_Z—oxa—B—

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

R--C=—C-CH
! ol \ 3
! :
TN ¥
X1 IXTIT

d:ﬁ—unsaturated ketones (262). Also, the reaction with methane-

sulfonyl chloride, which proceeds via the intermediate LXITI provides

~ ~
BZB SOCH3

ILXIIT
an efficient route to internal acetylenes (263).

Metathesis of tetraalkylammonium bromides witil lithium tetra-
alkylborates yields tétraalkylammoniuﬁ tetraa;kylborates (234), It
at least one of the organic groups (either atrthe boron or at the
nitrogen) is a long alkyl chain, the resultént salts are low melting
‘solids or are liquids at or near room temperature. This reaction

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

The redox pair cesium ammonium nitrate / ammonium hydridotri-
ethylborate apparently can be used’as initiator system for the
polymerization of vinyl chloride (67). Binary systems of tetraphenyl-
borates and organic acids can be used for the same purpose (34).
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‘ A.detalleu procedure for the preparatlor of trlmetnylammoﬁlum
tetraphenylborate ha been iescrlbed (137) ThlS salt is qulte stab
,1t can be. used as ready source Of trlnhe ylbo"ane._,‘*
‘:eThe‘tetraphenylborate‘ion~is a powerful chamical ehift‘reagent
‘for p&ridine ioﬁe:(69);»The-magnitpde'and direction of the observed
ehifts‘of_the nuclear magnstic resonanceVSignéls reflects the influi
of.arbmatic ringicurrents in the anion as well as the geometry of
the ca‘ion. Thie use of the tetraphenylborate anion in nuclear magn
resonance spectroscopy has been exhaustively explored. Fof example,
Aiﬁ cﬁlorinated hydrocarbon solution, the cited anion promotes a
resenancejsignal‘shift of protons in the -position to As or Sb in
‘arsonium and stibonium cations, respectively (95). The use of the
tetraﬁhenylﬁorate,ion as a £hift reagent for quaternary ammonium io:
(132), anilinium cations {133) and sulfonium compounds {134) has

also been described.

Hexaantipyrinelanthanide(III) tetraphenylborates have been

studied (217) and the temperature dependency of the nuclear magnetic
‘resonance spectrum of the rhodium salt Bh[P(OCH3)3]5[B(06H5)4] has
been investigated (184). Also, an amperometric method has been
,developed for the rapid determination of tetraphenylborate ion (216)
it can be ueed for ths quantitative determination of potassium ion.
The viscosity of socdium tetraphenylborate and its glyme complexes ir
ether solvents such as tetrahydrofuran or 2-methyltetrahydrofuran ha
been studied (;67).

,v$ome;unsymmetrical tetraarylborates have been found to show a
dynamic\nuclear megrnetic resonance behavior and only one stereosiome

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

A new synthe31s of nltranl tetrafluoroborate is based on the
;reactlon oP boron nltrlde W1th fluorlne and oxygen in a quartz react

under ultraviolet radlatlon (294).
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It is of interest Lo note that a comparison of the jonization
énergiesféf the electronic valence levels of Ban’z,-BFn;i and‘CFu
iﬁdiéates a steady change of the sbsolute energy levels and of ‘the ‘
distances between them with an increase of the degree of chemical bond

covalence (299).

Aliphatic amides react with anhydrous HF and BF3 to give stable

amide hydrofluoroborates (15):

® o
R-CO-NR, + HF + BF; —~ R-COK=NR, BF,

The synthesis of 2,4,6~triarylpyrylium fluoroborates from aromatic

aldehydes and arylmethylketones has also been described (33).

Platinum complexes of the type {Pt2X2L4 BFQ have been obtained
by the reaction of trimethyloxonium tetrafluoroborate with dihalo-
bis-ligandplatinum(II) complexes (57); the oxonium salt appears to

act as a halide acceptor in these reactions.

The reaction of boron trichloride with MCl1 (M = K, Rb, Cs, NB4)
in inert solvents leads to the corresponding tetrachloroborates (281);

1

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

typical for the tetrachloroborate anion,

7. BORON-METAL DERIVATIVES

In this section those derivatives of becron will be discussed in
which a metal to boron bond exists, and also varicus metzl complexes
With boron-conteining ligands, where there is not necessarily a direct
metal-boron interaction. Additional boron-metal species have been

mentioned in secticns 5 ard 6.

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

which may contain the germyltrimethylborate ion, A[HBB(CH,%)‘B—JG (Lh);
some studies on the hydrolysis of the adduct have bteen performed.
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J’ chyclopentadlenylthalllum(III) tetranydrldoborate and dlme<
jthelllum(III) tetrahydrldoborate ‘have been prepared and the 1rfra
spectra ‘of. these two compounds have been discussed (966) There s

,'to ex1st some evidence for a metal to borop bondlng through hydrc
Cyclopentadlenyllndlum(l) reacts with EXA (x = F, Cl Br, Cha) tc
yleld-monomerlc 1:1 adducts in whlch the organic rlng appears to
a dlene (monohapto form) structure (143)

Several transition metal complexes contalnlng the coordlnate
[BHL]G- cr [H BCN:]e 1on hzve been described (267). Inf I'ared. data s
that the-BHu species is coordinated to the metal E;g double-hydro
bridges, .whereas the LH BCN:Ie ion is bonding through the nitrogen
The structure of hm— 5 5)Fe(CO)[}HNChB)zBH,,] has been determined

X—ray dlffPaCuIOﬁ (63); the six-membered heterocycle Fe~-C-N-B-N-C

of this compound has a becat geometry.

Treatment of -bis(dimethylamiro)bromoborane with titanium tet:
tromide affords a 2:3 comple:é (6G). Based on infrared spectroscop:
studies, a structure was suggested for this compound in which the

coordiration sequence is as follows:

Er’q’Ti-N (CHB)Z—BBI'—N ( CH3 ) 2—T:'I.BI"L,’—I\F ( CH3 )Z—BBI'—N ( CH3 ) Z—TiBr4 .

Reaction of titanium tetrabromide with tetrakis(dimethylamino)di-~
borane(4) yields a 1:1 complex (€1), for which the following binuc

structure was. suggested:

Br Br
BzN-B-Br I Br l /Br-B-NRz

Ny’ , B = CHy
N-B-Br l\Br I\Br—B-NB

'R

2 2

Br ~ Br

Bromodlphenylborane BrB(06H5)2, reacts w1th blS trlcarbonyl-

(phenyl)chromlo mercury under formation-of trlcarbonyl(dlphenylboz
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;chromlum(o) (152). The orange compound is monomerlc and SDthPOSCOplCV
data 1nd1cate weaker4anond1ng ‘between the boron atom and the phenye
groups as compared ‘to the free ligand. ,
Bls(1-pheny1bo"1nato)cobalt reacts w1th an(CG)10 in H0111ng A
toluene in a ligand transfer reaction to yleld trlcarbonyl(l-phenyl—

borlnato)manganese (209)

< “B-E < “B-R
Mn, (CG) . A | :
2 10 Ur R = CgH,-

Co —_—
R 1IN 5
< :E CO COo Co

The reaction of copper(i) chlcride with K‘ﬁB(Pz)B] in the
presence of carbcn monoxide affords[?B(pz)j]CuCO (pz, = 1-pyrazolyl)
(294). The carbonyl group can be displaced by other ligands such as

53 33
to Cuz[ﬁB(pz)B]z, which subsequently disproportionates to metallic

As(CéH P(0CH et al.; heating of the carbonyl complex leads

copper and CuEHB(pz)B]2

The crystzl and molecular structure of dicarbonyl-hydrotris(pyr-
azol~-1-y1l)borato-N(2),N(2)!,N(2)"~ (2-methylallyl)molybdenumr has
been determined by X-ray diffraction (295). The coordination sphere
of the molybdenum atom consists of one nitrogen from each of the three
pyrazele rings, two carbon atoms from the sigma-bonded carbonyl groups,
and a 1-2-methylallyl group. Several additional structures of metal
complexes containing pyrazolylborate ligands have been determined.
These include the structure of bis(aihydridobis(1—pyrazolyl)borato]—
cobalt(1I); [H,B(pz),],Co (50), and [dihydridobis(3,5-dimethyl-1-
Pyrazolyl)borato](h3—cycloheptatrienyl)didarbonylmolybdenum (56).
'Crystallographlc data on the latter indicate the presence of a three—
center B-H-Mo bond which. provides for the molybdenum to attaln an’
effective 18—electron configuration by counting the two eleotrvns_of,
the:three;center bong. ' ‘
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, The flrst true mlxed sandwich compounds 1n whlch a tran51t10n met

-*1s bonded tc- 2 pyrazolylborate and another llgand have reportedly

'been,syntheslzed, though experlmental details are ‘not yet known (

3

SISy PRSI RRUINY W S S as als Y
N e:UI‘l(l e poLiypyrazoiLyiporave gana. as atso peen

e
U

ot

 stab111ze 5= coordlnate plathum(II) (225) Insoluble Pt(CH
- is probably a polymer ‘that is cleaved on treatment w1th acetylen
.or ocher hydrocarbons contairing multiple bonds to give complexes

of type IXIV,

3

N—N ——P

S
@

M = carbon-carbon multiple bond of a hydrocarbon

XTIV

Diiron enneacarbonyl reacts with potassium tris{(i-pyrazolyl)-
borate in the presence of methyl iodide to yield acetyl(tri-i-pyr-
azolylborato) (dicarbonyl)-iron in low yield (153). The crystal
structﬁre of the material has been studied by X-ray diffraction an
the coordination of iron was found to be slightly perturbed from t
~dctahedral arrangement. Allyliron tricarbonyl iodide reacts with
polypyrazolylbofates by'isomerization of the 4r~allyl ligand to a
sigmafpfopenyl'ligand; cleavage of the pyrazolyl ring from the pol
pyraZolylborate anion is also‘observed (16). Likewise, compounds o
the. type LMo(CO)2 v 7 ‘Wwith L being a pyrazolylborate ligand have b

shown to react w1th Fe(CO)5 to yield Fe(CO)3 adducts, ‘..,
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'[B(pz)'d(c',fﬂ?)(CO)ZmOfFe(co)B (117). These adducts seem to be formed
by a binding of the Fe(CO)3‘group to the butadieﬁe‘inCrements7of_the_

C7H7‘rings._

8. BIOLOGICAL AND MEDICINAL ASPECTS

Various repérts are of peripheral interest to studigs of the
bioclogical and medicinél aspects of boron chemistry. These ineclude,
for example, the esterification of insulin utilizing triethyloxonium
tetrafluoroborate (108) and an investigation of complexing on the
boric acid/adonitol system (107) as well-as studies on the reaction
of boric acid with urea (215). Also, equilibria between boric acid
and mannitol in aqueous 3 M NaClOu solution have been studied in the
pH range from 2 to 9 (292). The latter data were obtained by potentio-
metric (glass electrode) and polarometric measurements and may be
explained on the assumption that ternary charged complexes and a

binary neutral species, B(OH)B'C6H1406’ exist in such solutions.

In other work, organoboranes have been utilized as tools for the
syntheses of compounds of medicinal interest, e.g., the preparation
of the prostaglandin skeleton (218) or the sterically -selective
reduction of protein carboxyl groups with disiamylborane or 9-bora-

bicyclo(3.3.1)nonane (219).

The accumulation of B group vitamins under the effect of boron
has been studied (21) and an approach to elucidate the physiological
function of boron derivatives was described (131).Functional aspects
of boron in plants (304) and the occurrence of boron .in.cultivated
soils and irrigation waters (305) have been discussed. Alsc, the
distribution of boron in groundnut leaf cells has been studied- (306).
It is a bit surprising that the effect of the nitrogen form on boron
toxicity; boron absorpﬁion and distributibnnin,young cucumber piants
hnas been investigated (186) but not much is known about the iﬁtef—
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."actlon of boron derlvatlves w1th for example, éuéh éminb_acidSR
those found in the human body. | V. o
o Reactlons 1nvolv1ng boron conpounds and whlch are of® releva
'to drug research mostly 1nvolve the utlllzatlon of hydridic sped
For. exampTe, reduction of saturated sterold mono and dlketones W
cyanotrlhydrldoborate has been studied (81) and the same reagent
“was found to bte regioselective in thebreductive amination of ste:
ketones (8‘) Ureide ring scission of phenobarbital can be
accompllshed with eodlum tetrahydrldoborate (84) and BABITGCH (82
has reported onvthe effects of the'tetraphenylbdrate ion on the
“isolation of neuronal and gliél cells from guinea pig brain. The
reaction of 16~dehydropregnenclone acetate wWith tris(2-methylally
7 btorane proééeds by the addition of a boron-allyl fragment to the
20-carbonyl group of the steroid‘molecule (45). Also, the formati

'of‘methadol boranes and isomethadol boranes has been described (1

Boron derivatives continue, however, to receive considerable
atﬁention,in.carbohydrate research. For exzmple, the effects of
arylhydroxyboranes on the alkaline conversion of D-glucose into
D-fructose (159) and the interaction of the same type of boranes
monosaccharides (158) have beeﬁ studied. Also, the use of poly(4-
vinylbenzeneboronic acid) resins in the fractionation and interco:
version of carbohydrates (160) as well as column chromatographic
separation of neutrél sugars on a dihydroxyboryl-substituted polyr
{i63) have been investigated. A nuclear magnetic resonance study ¢
the interaction of sugars and borate (162) and mass spectral date
on phenylboryl derivatives of some hexose pyranosides (161) have
béen;published.;Becent work on alkali and ammonium salts of penta-
erythrolborates (212) , methriclborates (213, 300-302) and este

thereof (303) should also be.noted in this context.
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 Also, the differential identification of some sympathomimetic
drugs by microcryétalline reaction with sodium tetfaphenylborate (66)
and avmicrodeterﬁina£ion Qf boron in organic cdmpouﬁdé have béen
described (311). ' ‘ o

The N-carboxy anhydride of DL_h—boronophénylalanine has been
synthesized (312) and was usedé to prepare soluble copocly (DLfalanyl—
DL—&—borongphenylalanyl) borine Fuglobulin. Variations in the ratio
of the two anhydrides seem to effect tke solubility of the riodified
glcbulins; the maximum boron content of the resultant materials was
about 36 hLoron atoms per prosein molecule. These results-may cpen

aniother approach to use toron-10 neutron capture in cancer therapy.
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