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1. INTRODUCTION

The chemistry of organoboranes shows peculiar characteristics resulting from the
electronic structure of the boron atom (three valence electrons and four atomic orbitals).

Trisubstituted derivatives exist as electron-deficient trigonal entities and usually act as Lewis

acids. They have a strong tendency to react with nucleophiles to give more or less stable species

negatively charged organoborates that are key intermediates in the great majority of the ionic
organoborane reactions.? Only a few reports or chapters in more general books are specifically
concerned with neutral species 3 and, to the best of our knowledge, none of them has been
published since the mid-1980s, except a survey of cyclic boron-containing systems 4 and an
account of the synthesis and the reactions of some phosphine-boranes.> The purpose of this
review is to focus on recent advances in the pr i i i
boranes adducts (Figure 1) and their subsequent synthetic applications. No attempt has been
made to cover cxtensively boron heterocycles containing intramolecular N-B or N-P
coordinations which were previously reviewed in 1995.4 Only some representative examples

are given when necessary to illustrate new aspects of their chemistry.

N + -
N—B, \P——B/
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Figure 1. Neutral amine- and phosphine adducts
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sharing involves a charge transfer to the boron atom resulting in a very strong bond. The

stability of amine- and phosphine-boranes is therefore greatly affected by the nature of the
groups directly attached both to the boron and the nitrogen or the phosphorus atoms. Some

addition compounds are only stable at low temperature while others can be distilled without

decomposition even at atmospheric pressure. In many cases, an equilibrium is established
P B N N T A anid ctunmatlho e Aiel e Af smcacorsma ctatalat o ado U LU T
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B. Carboni, L. Monnier / Tetrahedron 55 (1999) 1197-1248

+ L i .
_B__ — v B
Scheme 1

o
ju
¢

3
§
@
T
w
2.
o
4]
o=
-~
w
ED

configuration at boron are known in the literature.” Some of them have been directly obtained
as single isomers, the others have been resolved by classical methods or by using the
phenomenon of crystallization-induced asymmetric transformation. Interconversion of the two
stereoisomers occurs if the complex is insufficiently stabilized. Thus, if the stereochemical

information is readily stored at boron and can be used in asymmetric synthesis, it can also be

W—3<
|
x

+
P
c

100 =

<N

N Y7 C Ynu
Scheme 2

The stability of selected systems has been studied in order to establish relatively
general principles. Polar effects have been underscored in the series Me3NBF3,

Ma-NDE . MLT., A\

A NREMa.~ AMa NTAL,
AVEC JANDIL)NC R 14, WVICAINIDLUVICT ], IVIT JINDILY.

fes.
the three highly electronegative fluorine atoms increasing the Lewis acidity compared to the
situation where the boron was bound to electron releasing alkyl groups.®? However, such
expectations only based on electronegativity are not always verified and it is known that the
Lewis acidities of boron halides increase in the order BF3 < BCl3 < BBr3. This behaviour has
been often attributed to back-donation of charge from the py orbitals of halogens to that of
boron, although recent computational analysis of the bonding in boron trifluoride and boron
trichioride complexes with ammonia suggesied that the key factor was the ability of the borane

to accept an extra charge.?
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Steric strains also directly affect the stability of the Lewis acid-base adducts. For
values of

can be
dissociation that the order of stability NH3 < Me3N < MeNH, < Me,NH aimost fits with
simple electronegative arguments. When the size of the acid changes, electronic effects can be
often negated and, with tri-f-butylborane, complete domination of steric factors was observed,

(t-Bu)3BNEt3 < (+-Bu)3BNHEt; < (z-Bu)3BNH;Et < (-Bu)3BNH3.10 In the field of

[
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arylboranes, while Ph3B has been known to give 1:1 adducts with tertiary amines, Ar3B (Ar =
2,6-(Me0)2CgH3) only form isolable adducts with ammonia and some primary amines, but not

with tertiary, secondary or sec-alkyl amines.!!

most stable adduct is (CeF5)3BPH3 where the P-B bond length (2.046 + 0.002 A, compared
with the sum of covalent radii 1.90 A) suggests a weak coordination. Accordingly, this
complex releases gazous phosphine when heated at 50°C. (2,6-F»-CgH3)3B forms a weaker
adduct and (CgHs)3B does not give any complex at all.

Determination of the kinetic parameters for dissociation of the N-B coordination
bonds in intramolecular boronate-and borane-amine complexes (Figure 2) reveals that the
barrier height is affected by various factors, including boron and nitrogen substituents and

solvents. This barrier is reduced when N-methy] are replaced by N-ethyl groups. The strength

be weaker in a boronate than in a trialkylborane.!3 Phosphine-boranes with the P-B bond
integrated into a five-, six- or seven-membered ring have been recently prepared by

hydroboration of alkenyldiphenylphosphine using 9-borabicyclononane. !4

R
~N
R +
YOG (el n
. B/ R d l

Numerous boron heterocycies derived from boronic and borinic esters have been
prepared, thus exploiting the stabilization of the intramolecular boron-nitrogen coordination
(Figure 3).415 In some cases, such as 2-pyridylthio derivatives, they can even be treated with

hydrochloric acid without decomposition,
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element, synthetized in 1809 by Gay-Lussac,!6 has been subjected to extensive examination.

The experimental techniques employed varied from gas phase electron diffraction, X-ray
diffraction, microvawe, ESCA, UPS spectroscopy to vibrational spectroscopy in the gas,

liquid, solid states and in cryogenic matrixes.!” A number of ab initio molecular orbital studies

were also carried out. 18 This topics with no immediate applications to organic synthesis is not
Acvalanad in thic raviawy Hawavar i 10 wwnrth nating tha immartanca ~AF intarmalacailor-
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interaction in several amine-borane complexes resuiting from unconventional B-H--H-

hydrogen bond.!?

structural proof rests on X-ray analysis (B-N in the range 1.55-1.75 A and B-P in the range
1.90-2.10 A),2! NMR spectroscopy have been found to give reliable and very helpful
informations in the assignment of structures 2022 and in the study of chemical behaviour.23
The intramolecular complex formation has been also studied in the gas phase by UV

photoelectron spectroscopy.24
r r rJ

3. SYNTHESIS OF AMINE- AND PHOSPHINE-BORANES

The most obvious synthesis of amine and phosphine-borane complexes involved the

were based on the modification of pre-existing compiexes. We chose to examine the approaches
dealing with the reactivity of the amine or phosphine moieties of these complexes in Section
4.4, since, in most cases, borane complexation was then used as a temporary protection or

activation of the Lewis base.

3.1. Creation of a new boron-heterocatom bond

3.1.1. Amine and phosphine-BH3

Me3NBH3 was first synthesized in 1937 by reaction of diborane and
trimethylamine.25 Since this initial discovery, a large number of complexes have been prepared

from a wide range of amines. THFBH3 or Me>SBH3, which are easier to handle, are now

preferred instead of diborane (Scheme 3).26 Amine ex reactions have bee

change
= (=}
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from amine salts (Scheme 4).28 For the synthesis of H3BNH3_ best results were obtained from

ammonium carbonate and sodium borohydride in THF.2?
+ -
RaNH*X  + LiBHyor NaBH, —— RgN—BH; +LiX or NaX + Hp

Scheme 4

Dimethylallylamine hydrochloride reacts at room temperature with sodium

borohydride to afford the corresponding borane complex, while, at higher temperature

hyd rnknrc\f 10N
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Scheme 5

Regioselective reductive ring opening of oxazolidinium methiodides can be achieved
in the presence of sodium borohydride in dimethoxyethane (Scheme 6). 31.

o P R Ph
h
pi oA L NaBHs pel A Loy

4 —_———

Y N R N “OCHRR?
R° Me Me _
BHj
Scheme 6
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complexation can afford a mixture of diastereoisomeric adducts, which can be separated by
simple selective crystallization or column chromatography.3? In the case of methyl (S)-N-

benzyl-N-methylalaninate, it was possible to obtain selectively one isomer using the
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phenomenon of crystallisation-induced asymmetric transformation (Scheme 7).33 ($)-N-
| PP, DUy BT Alensl b hmae e o ot b R e e m wx-lal. TIEY P Y o Vo Uk W o4 1
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other.34
Me BH; BHa
i Me,SBH i .
_N___CO;Me 22EMs BNt _COMe , Mer N 3_CO:zMe
Bn ; Hexane M e/ 1 B I
Me Me ivie
95/5 (single diastereoisomer after one recrystallisation)
COzMe COQMe
l/\ BHg-SMe; (\
N—Bn
‘\/ 3/1 Hexane/CH,Cl, l\/N‘BH;.,
Scheme 7

As with their amino analogues, phosphine-borane adducts usually have been
synthesized from borane dimethyl sulfide or borane tetrahydrofuran complexes. Amine-boranes

can be also used for exchange reactions provided that amine is removed by distillation.35

R1R2R3PO Lt RaRgR{P"BHg

LiAlH4/ BH3 THF +
RR.PCI > RoRP(H)—BH3

Scheme 8

The boronation of P-chiral phosphines occurred with complete preservation of the
stereochemical integrity at phosphorus. When required, chiral non-racemic phosphine-boranes
can be obtained in high enantiomeric purity by recristallization. Liberation of the

enantiomerically pure phosphines was achieved from the corresponding boranes complexes

with retention of configuration (see Section 4.4) (Schem
BH3
I .
D1’F<h” Rz ﬂs n1ip\"" RZ ﬂ-e—- 1’P' "RZ
R\ > R R >
R3 R3 R
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with BH3.3% Chemoselective borane addition to phosphines occured in the presence of other
functional groups such as alkyne, ester, nitrile,3 and phosphonate groups.*? Alkenyl, allyl and
3-butenyldiphenylphosphines are also readily converted into their monoborane adducts. No
cyclic product can be obtained even on prolonged thermal treatment, while the allyl-z-
butylphosphine derivative gives internal hydroboration at 30°C (Scheme 10).38.41.42 The

atiaa ~F dilao e ceala s o Ter o
1L dt 1011 O1 uluyuu)puuapm LG UUl dalic bUlllplC/\ wds dbbUlllpdlllCU Uyl

Py KT mT Y AP
Ph X N L/ H AN
Scheme 10

Mono- and bis-BH3 adducts of diamines have also received attention and it has been

reported that tetramethylethylenediamine, N,N'-dimethylpiperazine and 1.4-diazabicyclo-

[2.2.2]octane each form a monoadduct that can be isolated and characterized (Scheme 11).44

A
BH3 I
Me. | T\ Me N
n/N\/\‘ ./Me Me—'\ 7 NTo . ﬁ\l+
i Ny, \ / BHa NS
Me
- DL
Brig
Scheme 11
Bis-chelation was observed with 3,7-dimethyl-3,7-diazabicyclo[3,3,1]nonane, which
raantad with twa annivalante Af harane_Adimeathulenlfida ta give a hicgh melting nnint enlid 43
IEacith wiul two CQuiva:Cils Of OOIall-GlnCuiy1SUiilGl O give 4 iga mcidang poinuy s611aG.

Heating this compound at 100°C in the solid state led to a new product, which is a member of a
class of boron-containing cations of the type BH>L;, first examined by Miller and Muetterties
(Scheme 12). 46

Me Me  BH [ Me 1
N W A | .'L'-.BHQ |
i/’N N—Me + 2 MGQSBHg - I {/N/BHg ——— l r_/'k!‘l\M | BH4.—
~ el
o g
. —_ -l

Scheme 12
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present, but the bis-adduct was the major product. Iis structure was determined by X-ra
Y

crystallography to be a twist-boat-boat with the BH3 groups cis (Scheme 13).

Me Me Me, Me Me Me
% p ; Y 4

z
o
z
e
z
[))

Me—N N—Me ——= _ N+ N—Me —

Scheme 13

Although there are four donor sites in 1,5-dithia-3,7-diazabicyclo-[3.3.1]nonane only

mono- and di-N-coordinations were observed depending on the amount of borane (Scheme
14). 47 Evap

8 IIETRNT TS | PAPPN -
thc vOry Opcil algiod alt

avour a stro 12 coordination. The
N-B bond is weaker in the bisadduct due to the presence of an important electron withdrawing
effect resulting from the coordination of the other nitrogen atom. This was also observed with

imidazolidines.48

l}“ N ,BH3
1IN 1.3 THF-BH, I~ 213 THF-RHA i+
N* 3 | 2.3 THF-BH3 N
V// / \\\ r// N\\\ % N‘;\\
S -BH, S S S s —“/H3 S

'-‘h

A series 0

also synthesized.4? Only bis(borane) adducts were isolated, with the exception of 1,2-
bis(($,5)-2,4-dimethyiphosphetano)benzene, which was shown to form the monoborane
derivative.50 Analogous partially or fully borylated adducts were obtained from

polyphosphines.3!
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OR' \
. - -+ -
R—B’ ﬂ_“__, RBH; , Li* 1) HCl or TMSCI; —N—BH,R
\ .
OR' + HAIOR), 2) amine /
Scheme 15

Monoalkylborane-amine complexes were also readily available by dehydroboration
of thexylmonoalkylboranes.5> Similarly, N,N,N’,N’-tetramethylethylenediamine displaces a—

|
+] -
2 lpcyBH TMEDA - |+ f—N=BHzpe 5 4opinene
lpcBHz——I\IJ—-/ l
I
Me
1

Scheme 16

In a different approach, alkylidenetriphenylphosphoranes add BH3 to give a stable

phosphonium salts, which rearrange on heating to afford monoalkylborane-triphenylphosphine

Amine-cyanoborane complexes were first prepared from sodium cyanoborohydride.

Addition of hydrochloric acid in THF was followed by an exchange reaction to afford the amine
adduct (Scheme 18).58

THF amine \+ -
NaBH3;CN + HCl———— s THFBH,CN ——s» —N—BH,CN
- NaCl, - H, /
Scheme 18

This method was later improved by employing ammonium or phosphonium salts to
introduce simultaneously the amine and the acid. A number of aminc and phosphine-

cyanoboranes were prepared by using this efficient and practical route (Scheme 19).59
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\ + - \+ =
—NH, X —N—BH,CN
NaBH;CN  + or _— or + H, + NaX
+ - \_+ -
—PH, X —P—BH,CN

Scheme 19

A variety of monosubstituted borane adducts have been also obtained by amine or

phosphine exchange reactions from an appropriate substrate (Scheme 20).60.6!

- + NR'3 or - + - +
HZBX_L PR » HZBX—NH':; or HQBX—PR'3
L = Et,0, MeyS, NR3, PR3 X = halogen, CN, COgH,...

3.1.3. Amine- and phosphine-HBRR’

Except in a few cases, dialkylboranes readily disproportionate. Therefore, as their

monoalkyl congeners, they were mostly prepared in situ from RpBHoLi and stabilized by
complexation (Scheme 21).62
bUlllyleﬂllUll LRoVLIVILIG &1 ).
- +  HCl Pyridine Y
MeBH, Li ———» (MesBH)y —o > MeBH—N,
Y/

Scheme 21

Trimethylamine- and pyridine- monoalkylcyanoboranes have been synthesised from

the corresponding borohydride and the amine hydrochloride (Scheme 22).63

1/2 Hg(CN - + amine, HCI - .
RBHsLi 219Nz |y oy 2 T RBH(CN)__,\/_

1y

Scheme 22

As monohalogenoboranes, dihalogenoboranes easily add amines or phosphines. In

the case of difluoroborane derivatives, the initial formation of the 1/1 adducts was followed by

redistribution reactions.t4
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3.1.4. Amine- and phosphine-BR;

As previously described, the addition compounds were readily obtained from the
corresponding amine or phosphine and the trisubstituted boranes (trialkylboranes,65

trihalogenoboranes, boroxines,%7 triarylboron compounds 68), Ortholithiation of

N o

ATy TIM . PSS N L « 'S FUITEEE S e AN | PPN IR RIS, SR S
2 A IDUYDUIVIC, rc:,pcc.uvcxy (OCIHCIIE £D).%7 4ITNoeCculdr cneiation

)
was observed for tBuBAr; and tBuyBAr, while the steric bulk in BAr3 led to the formation of

\/\ —_— \/\ > BuBAr, Ar = K H—
| 1 | | or h—
H PR, Li PRy Bu,BAr
Scheme 23
The reactivity of diborane compounds B»(1,2-E;CgH4)2 (E=0 or S) has also been

studied with respect to their ability to coordinate Lewis bases. Mono- and bis adducts of 4-

methylpyridine, phenyldimethylphosphine and triethylphosphine have been isolated (Figure
4).70

L‘:\)\ . oA = Q =/
O =g — / l O-—.'B——-—B{.,,
l:NI+ \Q F r—1 f l O\
' & ) O

Fiowura A Annn. and hic addncte af diharane comnoannde
A AGUET ¥ o LVAVLIVT dllU U1d aUBUULLS Vi WiUvi iy vULLIpUULuS

Finally, the transformation of perfluoroalkylderivatives of tricoordinate boron into
tetracoordinate species has also been reported. Trifluoromethyl boron compounds behave in an
entirely specific fashion and a recent overview presented the preparation and the reactivity of
trifluoromethyl-substituted borane-amine adducts.”!



3.2. Modification of a preexisting complex

The boron hydrogens of borane-trimethylamine undergo a rapid exchange with
deuterium much faster than hydrolysis when this complex is stirred with acidic deuterium oxide
(Scheme 24).72

M D20 et o
i '631‘ i—Bi l3 T MegN—BD3

Monohalogenated amine- and phosphine borane complexes were obtained by

treatment of the parent derivative with hydrogen halide (Scheme 25).73, 74, 75, 76, 77

0
C
o+

—BH,X X =Ci,Br,F

Scheme 25

Boron halides can also be used as h:

derivatives being then produced depending upon stoichiometry. This redistribution reaction

apparently occurred without cleavage of the boron-nitrogen bond (Scheme 26).73.76,78,79.80
3 HsB—NMes + BXy3 ———= 3 HmBX—NMes +  BHs
3 HsB—NMeg + 2BXs ——= 3 HBX,—NMe, + 2 BHg

AV D. i
A = pi, Ui

Scheme 26

Direct action of halogen also yielded amine- and phosphine-haloboranes. Chlorine
reacted vigorously with trimethylamine-borane in benzene solution while bromination and

were not so fast.73.75.77 With a rat

i

different ratios were used (Scheme 27).81.

-+ -+
2 HaB—NMeg + |2 — 2 HQBl—NMEQ, + Ho
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lo +

+ _ - PhN(Et),—BHI,
PhN(Et),—BH3
3/2 1 + -
PhN(Et)o.—BI3

Scheme 27

Several other reagents such as N-halosuccinimides,82:79 mercuric chloride,3 hypo-

chlorous acid,®* or halocarbons 8 have been also successfully investigated for the preparation
af mana_ ar nalvhalaharana camnlavag (Cohama 7Q)
UL LLvLive vt ‘.’Uly Hailvuui aliv VUL{IPI\(A\.'D \VwoviIviiiG 20
j /
- - N\ + - \
R3N—BH3 + N—X — R3N—BH,X + N—H
X, Y =CI, Br © 0
+ - + -
RsN—BHj3 + 4 HgCi; — RaN—BHCi, +  2Hg,Cl, + 2 HCI
Scheme 28
AINVAANVILAN AU

Amine-carboxyboranes were readily decarbonylated with bromide in dichioromethane
to produce amine-dibromoboranes, while in protic solvents such as water, only substitution

takes place giving bromocarboxyboranes complexes (Scheme 29).86

+ - H,O + -
MesN—BH>CO-H + Bry —_— MegN—BHBrCO,H  + HBr
s - MeOH s -
MegN—BH.COMe  + 2 Bry  —mmmpm MesN—BBr,COMe + 2 HBr
Scheme 29

Exchange reactions of halogens with various anionic nucleophiles have been
investigated as efficient routes to new complexes.87:88 For example, trimcthylamine-
monoiodoborane and sodium cyanide led to the corresponding cyanoborane, 8% which can be

plexes with mercuric cyanide %0 (Scheme

\+ - \+ -
—N—BRHI + NaCN ——=  —N—BRHCN + Nal
! 7/

Scheme 30



\
afford compietely substituted products. According to the stoichiometry, either mixed species or
tetrapseudohaloborate anions were obtained.%!

coordination chemistry.?? Bis-amine cations have been synthesized likewise from
bromocyanohydroboranes while dibromocyanoboranes did not react with amines even under
harsher conditions (Scheme 31).93 A boronium ion analogue of the tropane ring system has

been prepared from homopiperazine and bromoborane-dimethylsulfide %4

&+ - HBr Me\+ - PMej Me\+ - + Me -
Me—P—BH;  ———»>  Me—P—BH,Br Me—P —BH,—P=Me . Br
-Hy / / N\

Me Me Me Me

Me\+ SHON 1) picoline _<:\+ - +/_:>— _
Me—N—BHCNBr —_— Me N—BHCN-=N M , PF,

Y 2) KPFq W N/ ° ®

Me |\ MY | S—

Scheme 31

giva tha Aarracnanding enilfanatae Variane githotitiitinan meadiiste wara ahtninad he addiei~on ~F
ELV\, uiv \/UllbleUllUllls sutiuviiawwy YV Alivud suuvsuLuuiull PIUUUL«LB welo vvtialiiicu U‘y AUUILIOLT Ul
nucleophiles to these highly reactive species (Scheme 32).9°
* = Ph
+ - MeSO3zH + - Ph,PH—BH3 T
MegP—BHz ————— MeaP—BH,050,Me ——————> MezP—BHy,—P—BHj;
NaH I
Ph
. CF3SO3H + - Nu~ s -
IAtd~A D (=10} {rkavy PR NCN.CF. (C-HEX\GP"—BHANJ
(L-nex)sr’—bns \\-l 1 lhl\ldl L4 ld\JU\-IZ\JI d - A 79 &
Nu =D, Cl, Br, CN, SPh, CH3,C=C—SiMe3
Scheme 32
The generation of tricoordinate boron anions has been achieved from

~ a variety of electrophiles afforded new phosphine-boranes possessing a
substituent at the boron atom (Scheme 33).96
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+

+ - LDBB - E + -
(c-Hex)sP—BHyl ————— (c-Hex)aP—BHaLi —>  (c-Hex)zP—BH3E

E = D, SiMeg, RX, aldehyde, ketone, epoxide, ester, disulfide, ...

The kinetics and mechanism of hydride abstractions from trialkylamine boranes with
benzydryl cations have been determined photometrically (Scheme 34).97 Borenium ions,

generated from 2,3-benzaborolidines and trityl salts, are exceptionally potent electrophiles.98

A
Vs m\+ - \+
__N_.BHS + / H X —_— ArCH. Ar ~—N—BH ——=  Product
Ar

y »

Scheme 34

A number of boron analogues of amino acid betaines (see Section 5.1) have been

synthesized from a cyanoborane precursor by addition of triethyloxonium tetrafluoroborate.

Basic hydrolysis gave the corresponding amide while the acid can be directly obtained from the
- o . .
nitrilium salt and water (Scheme 35).7? Other alkylating agents, such as z-butyl chloride in the

presence of antimony pentachioride, have also been employed.!®,

4 -

= } + - ¢ - NaOH =
MegN—BH,CN >  MegN—BH—C=N—Et, BF, > MegN—BH,—C-NH-Et
c Ml
|

HoO

Scheme 35

Esters derivatives have been prepared by a variety of routes including the direct

treatment of a nitrilium salt with an alcohol 19! and the esterification of the corresponding boron

g
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condensation reactions in the presence of triphenylphosphine and carbon tetrachloride (Scheme
36)}03

PPhy, CCiy

)

o + - R
MesN—BH,CO,H Me3N—BH,—G-NH—
aminoester g COLR'

Scheme 36
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triarylphosphine-borane adducts.!% Other various functionalized amine- and phosphine borane
complexes were later prepared by this method 105 and, more recently, methylene insertion has

been reported with samarium carbenoids (Scheme 37).106,

\¢+ - :CCl, + -
—A—BH>X —— —)A—-BHXCHClz
/ Y
A =Por N
\+ - RCHI, \+ -
—P—BH ————— —P—BH,CH5R
3 Sm /
Scheme 37
4, REACTIVITY

4.1. Hydrolysis

Most of borane-aliphatic amine complexes are quite stable in water and alcohols at
near neutrality and room temperature while aryl amine derivatives are less stable and usually
react with protic media and moist air.197 As a general rule, the reactivity of the donor base-
ions both in the donor moiety and in the
coordination sphere of boron. The kinetics of solvolysis in acidic media have been the subject

of numerous investigations, 108

.
4.2. Borane complexes as hydroborating agents
Amine- and phosphine-borane complexes are notably more stable than the usual
vdraharoting ransants ciinbh ac harana tateahodeafizemn, e hnonis Al el T T T+
hydlubULah 1g reagents sucn as oorane-tetranyaroiuran of borane-dir ictnyisulpnide But, if

they are easily handled, they concomitantly show a lower reactivity toward alkenes and
alkynes.!07.110 The hydroboration reaction proceeds via a prior dissociation mechanism and the
ease of addition greatly varies with the strength of the complex.!!1.112 When it is necessary to
heat, the slow generation of borane can then be an advantage, as in the synthesis of polycyclic

organoboranes (Scheme 38).!13
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Scheme 38

Relatively drastic conditions can also cause undesired substantial isomerisations, 114
which can be suppressed by co-addition of alkylating agents, Lewis acids or elemental

sulfur.115

More reactive adducts might be expected with relatively hindered alkylamines or less
basic arylamines. Indeed, borane-dialkylphenylamine complexes hydroborate alk-1-cnes

without heating,!12.116 and selective hydroboration of monosubstitued alkene over

disubstituted olefin has been achieved usine N N-diethvlaniline-diiodoborane at room
1C1211 i1 jei ) §1 1110V g (Y, dVTUb UL Y IQIULLUTTULIDUL UV AL ar 1UVIL

dmann et P17 ATaser bigsdomle e dlon o mommnt b Lo o O STl L 11Q
C”l[)ﬁ[dlu[ﬂ. T INCW nyux )[)()ldl"lg dgan\ f1dvC DCCII [,)lcpdlﬂ(l 1rom bllyldl 1INnc-porancs. * v

Borane-diethylaniline complex has been also used to promote the formation of

alkenyl boronic esters from alk-1-ynes 119 and to prepare dialkylketones from alkenes in the

de and carbon monoxide 120
gae ang carbe €.

12 1AIVLIV AL

A2 Pawmama snmmnmlavac ag madmmaing agante

&.5. DOrane TOMpieXes a5 reauding agenss

Althouch amine boranes have been known for manv vears. some of them being
31 QlINC DOIANCs dave oCeh KUOWIH 100 Ihany yCarls, SOHIC O Ui OCH

commercially available, their use as reducing agents
late 1970’s.107.110 They often required acidic or relatively harsh conditions to show a
satisfactory reactivity. Recent investigations with more reactive complexes have demonstrated a
variety of useful and unique reducing abilities, which nicely complements those of other

organoborane reagents,!12.121

Chiral amine-borane complexes have been reported to reduce aromatic ketones in the
presence of Lewis acid with modest enantioselectively (e.e. < 57% ).122 By contrast, following
the pioneering work of the group of Itsuno,!23 considerable improvements were introduced by

Corey and co-workers by simple modifications such as the use of the oxazaborolidine derived

from (S)-2-{dinhenvlhvdroxvmethvDnvrrolidine as a catalvst in the nresence of borane
\UI el \UAPAAVII] AAAJ \llvliJ AAAV\-AAJ l/r’J AAN/AANALLAW BT “ UH\-“AJ L adal LA 'Jl\r‘u\«ll\'\r Vi VI AL
tptaaleca Ao Lo 124 Mhn s mmasmiomn b i em e bl ot o RN VISR SV TR S TR
lClrdIlyurOIUIdIl.“* I IIC NCCAINITL O LIIC TCAUCLIONT Wdd dSSUITICA 1) HTIVOIVE dil dININEe-porane

u
complex, X-ray structure of which was recently determined (Scheme 39).125 In the postulated
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Numerous syntheses have been carried out taking advantage of this major advance in the

enantioselective reduction of prochiral ketones to secondary alcohols.!26 Terpenic
azaborocyclohexanes 127 and oxazaphospholidines 128 complexed with BH3 have also been

reported more recently as promising enantioselective reducing agents (Figure 5).

Me ) BH, —\
me "N h BH ! u“!i )
: 3
<,/,\T? ,/N.\; ,/'\\‘/P \'OJ "y
H -

Figure 5. Azaborocyclohexane- and oxazaphospholidine-borane complexes

Lithium aminoborohydrides are a new class of powerful reducing agents comparable

5
o

ower with lithium aluminium hydride.!2® These non-pyrophoric and the

'S

allowing control of the steric and electronic environment of these reagents (Scheme 40).

+ - ..t
HaB—NHR, SERHE . LiHgBNR»

Scheme 40
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A number of other reductive processes mvolvmg N, N-diethylaniline-halogeno-
boranies have been also describe dimeriza tion of sulfonyl chlorides to disulfides,

deoxygenation of sulfoxides,!30 reductions of amides, iodination of alcohols, reductive
iodinations of ketones and carboxylic acids, 13! cleavage of ethers, geminal diacetates,!32 and

lactones 133, hydroiodic acid addition to alkenes and alkynes.!34

4.4. BH3 as a protecting or an activating group of amines and
phosphines

Borane complexation of amines appears to be a useful method for preventing

undesired reactions. For example, anhydrovinblastine-BH3 has the advantage of being highly

stable, while the base is known to be oxidized quickly and spontaneously by air oxygen into
ieurosine.!33 The formation of a considerable amount o he synth f (+)-

f pyrrole in the synthesis o

usaramine was suppressed when the pyrrolizidine intermediate was first treated with borane-
THF (Scheme 41).136 In the case of dihydroconessine, selective protection of the
dimethylamino group prevented reactions of cyanogen bromide and perbenzoic acid with the

olidine moiety, 137

0
. BL R __ositBuMe

HO !j ,.,-OS|t~BuMez q r' 2

‘i \ 1) Buli )\}4\
Q/N\) 2) (Et0),POCI, RCOH N

|

|BH3 -THF Q\
ho | —ositBuMe, o R _ositBuMe,

\ ¢ o [
s ‘ ?

/\l/‘\\ ” Bul > /\l/\\ (+)-1 i
NN/ T2 EORPOCI, ROOH \ N/ T T R

- BH3 - BH3

Attempts to trap 2-lithiooxazoles with electrophiles contend with complications due to
electrocyclic ring opening process. This troublesome anionic reaction is completely suppressed

using a borane derivative (Scheme 42).138 Direct access to lithiated aziridine-borane complexes

5 2 1dily

hac haan alen renartad 139
11ad> UCUll AloV Ly FRAWLY

=
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au A
/o /o3

—N . ... —N+ . —N + 1\ DALUA r——N

l \ THE -BH3 /@ \ Buli /4 )\ 1) ALnU l \
# ——’ .

Ph o) Ph o Ph o Li 2)H0 Ph o)
OH

Scheme 42

Boron complexation has also found valuable synthetic applications in the activation of
n

tertiary amines.!40 o-Deprotonation is promoted and a number of a-amino carbanions can then

regiochemical course of the reaction (Scheme 43).141 Lewis acid addition also selectively

affected the anti/syn ratio in aldol reactions of ethyl N-benzyl-N-methylglycinate (Scheme

44),142

1) n-BuLi e 1) BH; 2) n-BuLi (\

E
Y il
QA NMe;  2) Electrophile L__2k__NMe, 3) Electrophile QLA NMe,

S -7 4) EtOH
L
Scheme 43
OH
Me 1) LDA R)YCOZE: _
/N—.CHZCOzEt 2\ DOWUN > ma]Or
Bn’ &) T h-l
| Me” “Bn
l MEQSBH:;
y
- OH
e 1)LDA 2) RCHO /'\\/502Et
Me —N—CH,CO,Et R™ % major
3) aq NH,CI ﬁ
Bn Me”" “Bn
Scheme 44

A pertinent review of this topic appeared very recently 143 and we have only selected

SmTmn Tmmrsmeandadicra ae s aml o corlels wmome e Y] P S
SOME representative examples with regard to asyminetiic sy
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derivativec noceeceing a temnorary sterenoenic nitrooen atom afforded aftar aonaanc warkn
UL VaL VWD PUSIWIOIE G Wilip/VIdl Y SIVIVUEWIIIW LML VEWLI GLVLM SiiViuvw, aitvd BLUUUdS WULAUD,
ppy . P s Xo Vi ARN4 « % Mg are 144
disubstituted amino esters in enantomeric puriti€s up 1o 8L7o (SCHCME 43).'**
- BH
Me =T T Al 1)Base 2)RX Me
I o0—DHy D l/," + 1] 2aSC &) nin i
_N__COMe ——— ~ "NI__COMe ————n_ _N__CO,Me
- M’ X 3)aq NH,Ci  Bn™ 73
= = >
Me Me R Me
68-82% ee
Scheme 45
Tirnrmemime ~F tho Alnntens ol ot ieritnr vxrnn ~biomra den b st e o et ] e
1VCIdIVIL UL UG U.ld.hl.ClCUbClCLuVlly wad UUDCI VCU il ui€ i'€aciion 01 potassiui enolau

QOgMe
: aBn
without 18-crown-6 K
CO,Me - - e
2 BH3 oK / L/
\ N"BHS 4‘ ! o 54% ee
"4 “Bn + NHD.-.Q
. X = CO,Me
l ~ \ with 18-crown-6
P - N—Bn
60% ee
Scheme 46

Another interesting approach has been reported in the deprotonation of
oxazaborolidinones, which can also serve as chiral equivalents of aminoacid enolates.
Crystallization of a mixture of phenyldifluoroborane and o-amidino carboxylates under

P P L

configuration at the stereogenic boron. Reaction of the corresponding potassium enolates with
electrophiles allowed the synthesis of chiral o, 0-dialkyl amino acids with high levels of optical

purity (Scheme 47).146

1
RN B H n//( R’ .
7\ N _hBFz Ph...:l >\ RY=iPr
NaO  Nx; 142/1 de

Me\gg .)\H

M
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O 0 o
(0] ..\R 1) KHMDS "OI XH MeOH o ‘\RQ
Phaod  +/N\, > Ph NG T N\
B’ “H 2) R2X B R +/ gt
Foon F >\\ H3N
H y H =1 s e Y .
Me;N MezN R'=8Bn, rPr R<=Me >95% ee
major R' = Ph, RZ=Me 40% ee
Scheme 47

As for their nitrogen analogues, BH3 can serve as protective group of phosphines
during purification procedures !47 or during chemical manipulations such as alcohol 148 or

hydrazone oxidation,!49 alkylation,!5? organozincs additions 31 or Wittig reactions 146
), g

(Scheme 48). The electrosynthesis of a polypyrrole film bearing a diphosphine substituent
protected from oxidation by borane complexation recently has been described.!3?
BHa on Pcc B g
1 1
+ +
NN or PhoPd M
R CrO3/ H2S0, R

2) reduction +

T
g:z
o)
o
D
o
w
o,

Scheme 48

It is noteworthy that the addition of borane occurs with retention of configuration at
the phosphorus atom.!53 The deboronation is also stereospecific and can be done with various
reagents (EtoNH 34, morpholine,!55 DABCO 156, HBF4).157 Quaternary phosphonium salts
have been directly prepared from the corresponding borane complex by treatment with an

alkylating agent in the presence of oct-1-ene.! %8

Besides a simple role of protection, complexation of phosphines with BH3 has
attracted the interest of several research groups because of the peculiar chemical properties of

the resulting adducts. Secondary phosphine-boranes were easily deprotonated to give the

P

orresponding anion, which have also been generated from triphenylphosphine-BH3.!59
Treatment with a variety of electrophiles afforded new functionalized complexes in good yields

(Scheme 49).
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Scheme 49

In the synthesis of P-substituted-o-anisylcyclohexyl-(or ¢-butyl)phosphine-borane,

the alkylation reaction occurred with retention of configuration (Scheme 50).160 In contrast, the
ermanrifirity nf tha malladinm_rataluzad arvliatinn reaction denanded laroelv on the enlvant and tha
SPLAiLILItyY Ul Liv paliaululii-tatdly 20U dl y1ativil 1LAabiivil ULV pPUiiuei ddi gl y Uil WL SV VULEL dlild L
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treatment with n-butyilithium, alkylation with methyi iodide proceeded in high yield while
hydrophosphination of carbonyl derivatives was carried out under neutral conditions.162
Reactions with o,B-unsaturated esters afforded in reasonable yields either the mono- or the

bis-adducts (Scheme 52).163

_BHs F‘\1 /R2 Rf /R‘R\1 /R2
i 1 2 H
Ph—rP—H RIcoR? N, %o o o N oH
| J\ - (and) A
o PH BHj PH BHs
\\
\ 7 COaMe H\ /~ A\ or / \
\ o + pt
/P\ _ CO.Me (and) MeO,C + P\ _ CO.Me
PH BHj PH BH,
Scheme 52

The reactions of optically active menthyloxymethylphenylphosphine-borane with
organolithium compounds afforded the corresponding substitution products with high
stereoselectivity and inversion of configuration.!%4 In this way, bulky residues were introduced

to give tertiary phosphines in greater than 92% ee (Scheme 53).165

R = tBu, 1-adamantyl ee > 92%

A successfull sequential double displacement was based on the use of pure
diastereomeric crystalline oxazaphospholidines as precursors to chiral non-racemic phosphines.

At low temperature, alkyl and aryl lithium reagents afforded the corresponding phosphinamides

by stereoselective P-O bond cleavage, with retention of configuration at the phosphorus atom.
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(Scheme 54).160 The regio- and stereochemistry of nucleophilic attack at the P-chiral center of a
g P

dxoxaphospholanc-boranc complex has also been studied by the same group.!67

PRPIN(CH3)2l2 Heb. PR S
\ .0 1) RLi (ret) H3B J\
+ —_— R Me ———— \ +
AN Z +
(+)-ephedrine PR N 2) H0 Hv"lp N* Me
Me Ph Me
| MeOH, H*
i (inv.)
gHs “BH,
aregP G EERNH ,L R2L L
n = B o - .
Ph/ H R / (‘nV.) MeO/N,Fﬂ
P "Ph
Scheme 54

Diastereoisomerically pure phosphine-boranes possessing a menthyloxy group were
reduced by lithium naphtalenide with cleavage of the P-O bond. The subsequent reaction with

electrophiles afforded the corresponding tertiary phosphine-boranes with good to excellent

~ BHj ‘BHS
+F|' 1) Lithium naphthalenide l B H Mo B
1 > PR ™~ ‘= , Me, Bn
P “OMen 2) R'X or MeOH & R
Scheme 55

o

H

In a related approach, lithiated bis-(diethylamino)phosphine-borane complex

the amino groups can be readily replaced by chloride to afford dichlorophosphine-borane

complexes (Scheme 56).169

- - + - -
q * [ d .q'f-s RX ? HC! ?
ELNE S BN —  ENPN_ = PN
EtzN b THF, - 780 C EI?_N ! EtzN n (.,I . 1

R =prim, sec alkyl, allyl, benzyl, aryl

Scheme 56



prepared by

ing phosphines with BH3, were found to be exceiient
precursors for further chemistry.!70 They have been converted into triorganophosphines by

addition of organometallics (Scheme 57)16%.171.172 or used in the synthesis of at-phosphanyl

ketones and 2-phosphanyl alcohols (Scheme 58).173

Ca HgB A TN
_ e . \ /+‘r 1
~ BHs (25N | ST N
F

N DA Noen pn O ] e
1 . I 4 - 1/ \
RI“N 2) CIPPh,BHj3 m)\/z; y R \/2‘_ BH,
;lz R2 8 R
R', R%=alkyl 95 to 98% de 9110 94% ee
Scheme 58

As with the P-H bond, borane complexation activates the adjacent methyl group to
arbanions reacted with alkyl halides and carbonyl compounds and

deprotonation. The resulting ¢
underwent copper-promoted oxidative coupling to give diphosphines (Scheme 59).170.174
Borane adducts of (3-anisyl)- and (3-fluorophenyl)diphenyiposphine can be readily deprotona-
ted at the heteroadjacent para position.!75
BH
HX +1 °
/ thp"'CHQR
- - 4 “BHs R!
[«] W] -1 ny_ 1 a 1
ohia s-Buli ks ) - + !
I_,_ —————— +I . -E——C—(—)—R-b Pth—CHQ—'C“OH
Pho,P—CHs Ph,P—CHbLi ‘ ||q )
L "BHg "BH,
CuCl, +] +
N thP_CHz_CHz_PPhZ
Scheme 59
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4.5. Amine- and phosphine-borane complexes in radical reactions.

Amine- and phosphine-borane complexes have also found valuable applications in
radical chemistry. Roberts’s group has extensively studied the generation and the reactivity of

amine- and phosphine-boryl radicals, mainly by ESR spectroscopy (Scheme 61).177

They rapidly a
Cgo was also recently reported.!7 Amine-borane complexes can function as polarity-reversal
catalysts in hydrogen-atom abstraction reactions. The single-step abstraction by r-butoxyl
radical is replaced by a two-step catalytic cycle. The electron-rich hydrogen atom is first

abstracted from the amine-alkylborane to give a nucleophilic amine-boryl radical, which
subsequently captures with high regioselectivity the hydrogen o to a carbonyl group.180 -

Alkoxycarbonylalkyl radicals formed in this reaction add to vinylic epoxides and to allylic zert-
iiter] marnvideae (Qahoma A9Y 18] Tha addiznte radinala avalirn imtn allyvyavel amAd £o08 Tasatene o
UU.lyl l}Cl AIUCY (OULHICILE VL) 11l auluuuildy 1audivald ovulve 1w aquAyl alil (€7 ‘Uule\yl

radicals leading to chain reactions for the synthesis of allylic alcohols and 2,3-epoxypropanated

products.

E
slo .
RO * + H—'}— L ROH + >—E
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—/N‘—'BHR + H ! > >—E + —N—BH,R

ZH \ o Z.\//.\.\/OQIBU — z\/ \(j)
_A~-O0Bu .
BuO
Scheme 62
Optically active amine-borane complexes have been used for kinetic resolution of
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alkenes to form alkyl radicals.!83 Phophine-boranes have been found to be good selective

reagents for the deoxygenation of alcohol xanthate’s.184

5. MISCELLANEOUS APPLICATIONS

amine-carboxyboranes, which are isoelectronic and isostructur
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carbon counterparts (Figure 6).186

\I + \\
/NYCOQH /N\ ,COQH
F A i
H R H R
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The replacement of a carbon by a boron atom has a profound effect on the pK,. For

example, H3NBH,COOH has a carboxyl group pKa of 8.3 compared to 2.4 for glycine.
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Similarly, the pK; for the ammenium deprotonation is >11 while, for glycine, it is 9.7.187
L i T I [P N iy NS, P .y [ s e e b 2 lipcon mamous LV
11udS, WIIIC th COLIPpOUNUS alt Simmiiar lll SILC d.Ilu gCUIIlEUy, * nc y nave vcry airrerent eleC[rOIllC

and hydrogen bonding properties and, therefore, different biological responses. Indeed, a
diverse array of aminoacid analogues, including precursors and derivatives (such as peptides),
have been synthesized and have expressed a promising therapeutic potential, as

antiproliferative, antiinflammatory, analgesic, and hypolipidemic agents.!88.189

Another class of boron analogues of biomolecules are nucleosides and nucleic acid
derivatives. Hydrolytically stable nucleosides cyanoboranes were prepared by an exchange
reaction of silylated nucleosides with triphenylphosphine-cyanoborane (Figure 7).190 2'-

Deoxycytidine-N3-cyanoborane was shown to possess antineoplastic activity in murine and

IBH2CN BH,CN
*.N\ 2 "N o]

The “boronophosphates” oligonucleotides were prepared by treatment of a phosphite-
borane with base (Scheme 63).192 The internucleotide boronophosphate group is remarkably

stable to basic and acidic hydrolysis and also quite stable to nucleases. This is of considerable
importance for a possibie use in antisense therapy and in boron neutron capture therapy
(BNCT).193

Scheme 63

Related to these species are nucleoside triphosphates that are substrates for DNA
polymerases and can be enzymatically incorporated into DNA during the polymerase chain

reaction (Figure 8).194
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n the intramolecular interaction of a boronic acid

Figure 8. Boronated nucleoside triphosphates
ased o

Host molecules containing a Lewis acid metal centre and donor sites selectively bind

primary amines via three-point binding (Scheme 64). The presence of a reversible boron-
nitrogen bond permit the simultaneous formation of hydrogen bonds with the donor positions

unit and a tertiary amine.!95
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our boron-nitrogen bonds in fixed orientation with their positive ends pointing towards the
centre of the cavity (Scheme 66). The formation of host-guest inclusion complexes, which
arose essentially from ion-dipole interactions, was confirmed 'H NMR and by electrospray

mass spectroscopy.198

BHj3 BH3
o o
/ \\ @nion> yd \\x .
N.,BHg Xaar_ > \ _BHs
+ X"' + / xX—
..T-.,N/L-;_j \ X o D_N< \,
3b A-——N + 1 l3u A—ﬁl—N
ru. + \ -
DIz BH3
X= —(CHap)s— anion = Br,Cl °, I', CN-, PFg’
Schemie 66

A new type of neutral paraquat receptor was described the structure of which
incorporated two dative B-N dipoles fixed in convergent orientations that are complementary

with the two cationic centres of paraquat.!9?

A chiral diboronic ester with two Lewis acid centers showed exceptionally strong
binding with benzylamine. The formation of a 1/2 complex can be explained in terms of an
allosteric effect. The first amine molecule coordinates with one of the two boron atoms. At the

same time, one NH proton interacts with one of the two oxygen atoms in the other

dioxaborolane ring to form a hydrogen bond. As a result, the two boronic esters are
confarmatinnally fivad ta nravide a nrefarahla hindino to the cacond amine malacnile (Crhamaa
LuUlLliviniativiiall 11ACU W PIU viuv a yx\duxauxv UILLIULLIE VU LIV SULULIU allie JHUICGLCULIC (Ouiicllc
67).200
Ph Ph
— O"\__ — O"\_
o H\,, B Ph H‘ . i Ph
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P (! |
= B\O BnNH2 ,_;' / BnNH2 ',-' Vi '
I -~ | — NI
N o) AN - A A
\/\B‘, \ .Ph éj\g é)\g |‘|~4'~-+;Bn
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o/ Phed | Py 1~ N
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1/1 complex (non detected) 1/2 complex

Scheme 67
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selects 1,6-diaminohexane over 1,2-diaminoethane by using two boron centres and two
carbonyl oxygens (Figure 9). In the interaction with 1,2-diamino-1,2-diphenylethane, it

chooses a different complexation pattern by recognizing the chiralitiy of the amine.20!

{(R=H) readily dehydropolymerizes ai moderate iemperaiures o afford polyborazyiene
(B3N3Hy)n, which is a good precursor of boron nitride (Scheme 68).202 The pyrolysis of
pyridine-borane adducts in argon yields borocarbonitrides with graphite like, turbostatic

structure, 203,204

I
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te ceramic mixiures of AiN

with liquid ammonia. Both precursors were iransformed into intim:

and BN via pyrolysis under NH3 at 1000°C.205 The synthesis of a boron-substituted
polyaromatic mesophase was studied by copyrolysis of a filtered coal tar pitch with pyridine-

borane under an argon atmosphere. These mesophases are potential precursors for the
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amine-borane complex was recently reported. 2/

Hydroboration polymerisation of dicyano compounds with #-butylborane-

trimethylamine complex produced boron-containing polymers. This reaction includes the
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Borane-amine complexes were also reported to be effective reagents with regard for cross-

linking of elastomers.209,

N\‘\C _ C”/N - + / t-BL{ ,/H e m H\_'t—BU m\
Y\/ FBUBH{_N(MG)S_ \{\ﬁ '\ B\m_r-’H H\("_...M/B\M: M
L \Fe =N
i \" H “tBu \I\/ tBd H /n

Scheme 69

A series of neutral pyridyl adducts involving strong Lewis acids BF3 and c6He)3 has

6. CONCLUDING REMARKS

B S T .

Amine- and phosphine-borane complexes

.
)
3
3
r

ave stimulated research interest from
chemists for nearly a century. However, it is only in the last three decades that a better
understanding of their basic reactions has led to a wide range of new synthetic applications.
Oxazaborolidines have proven to be very efficient catalysts in the enantioselective reduction of

prochiral ketones and significant advances have been made in the preparation of chiral non-

racemic phosphines by using borane both as a protecting and an activating group. Promising
2ac1ilte wiara alon roannrtad i »e 3 Py nh a hnarnm anmalAaciianc AfF amscmanassda a
TCSUiLSs WCIC disQ ICpPOICd 1 vdalloOus dIcds, SUCil ds DOTONn d mu)guc:b 01 diminoacdias ana

nucleotides, boron-containing host molecules and in materials sciences. The chemistry of
amine- and phosphine-borane complexes will certainly find many other opportunities for further

expansion into stereocontrolled transformations and other useful applications.

ADDENDUM

Several new results have been described in the literature since the original manuscript

was submitted. We have not modified the initial text and the representative examples previously
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chagen to illustrate the chemistry of amine- and nhosphine-boranes. References from the end of
cnosen to tiustrate the cnemustry of amine- and paospiane-poranes. keierences rom th eend ol
100 o Lt 211, 1NN Lo b it 1] e Al adad s a bl AL enn b et
1YY/ 10 U1€ ITHAUIC O1 1770 11dVC DCCII SiI lpl_y UUCU alld COLdICU UNUCE UIC (MTICICHIU LUPICS

xxr

Acknowledgments : We are grateful to the Conseil Régional de Bretagne for a
doctoral fellowship (LM).

References and notes

1 For general reviews and books, see: (a) Pelter, A.; Smith, K.; Brown, H.C. ‘Boranes Reagents’,

Katritzky, A.R.; Meth-Cohn, O.; Rees, C.W. Eds., Academic Press, New York, 1988. (b) ‘Current
Topics in the Chemistry of Boron’, Kabalka, G. Ed., The Royal Society of C hemlstry, Cambridge, 1994.
A attacnn T\C‘ Cetopnnds nnf
(L[ viaiiedull, L7, JEICICULL L3

ec s
M.; Carboni, B, in'Comprehensive Organometallic Chemistry II', Abcl

ivi. ax 2, D, 1 LOmMpPred

Wﬂkmmn G. Eds., Pergamon Press, Oxford, 1995, Vol 11, p 191. (¢) ‘Advances in Boron Chemistry’,
Siebert, W. Ed., The Royal Society of Chemistry, Cambridge, 1997.

[s ) 7Y Namia YT I Nhaw. T4 1078 &2 180 /by Noaoioh o3 | I Nunsssmarsne £'haw. 10AL 1NO0 N01

& Laj nchbm, L. J. UNEM. La. 1715, J4, 137, \U) INEEISil, C.1. y. UTEanomel, Lnem. 1770, 1U0, L01
oY Craco (GMT nch KR hom ne Reov 1977 A 30 (A Suzuli A Arr Chernm Roc 10879
{c) Cragg, GM.L,; Koch, K.R. Chem. Soc. Rev. 1977, 6, 393, (d) Suzuki, A. Acc. Chem. Res. 1982,
15, 178. (e) Koster, R. in 'Organobor Verbindungen, Houben Weyl Methoden der Organischen Chemie’,

Koster, R. Ed., Thieme, Stuttgart, 1982, Vol. XIII 3b, p 749. (f) Odom, J.D. in ‘Comprehensive
Organometallic Chemistry’, Wilkinson, G.; Stone, F.G.A.; Abel, E.-W. Eds., Pergamon Press, Oxford,
1982, Vol. 1, p 296. (g) Negishi, E. in ‘Comprehensive Organometallic Chemistry’, Wilkinson, G.;
Stone, F.G.A.; Abel, EZW. Eds., Pergamon Press, Oxford, 1982, Vol. 7, p 255, 265, 303, 323 and 337.
(h) Suzuki, A. Topics in Current Chemistry 1983, 112, 67. (i) Mikhailov, B.M.; Bubnov, Y.N. in
‘Organoboron Compounds in Organic Synthesis', Harwood Academic Publishers GmbH, Glasgow, 1984,
p 433, 549 and 677. (j) Negishi, E.1; Idacovage, M.J. Org. React. 1985, 33, 1. (k) ref 1a, p 280. (I) ref
1d p 220

3 (a) Gerrard, W. ‘The Organic Chemistry of Boron’, Academic Press, London, 1961, p 161 and 187.(b)
Niedenzu, K.; Dawson, J.W. in ‘The Chemistry of Boron and its Compounds’, Mutterties, E.L. Ed.,
Wiley, New York, 1967, p 377 and 617. (c) Noth, H. ‘Progress in Boron Chemistry’, Steinberg, H.;
Brotherton, R.J. Eds., 1970, p 211. (d) Lane, C.F. Aldrichimica Acta 1973, 6, 51. (e) Schmidbaur, H. J.
Organomet. Chem. 1980, 200, 287. (f) Koster, R. in ‘Organobor Ver bmdungen Houben Weyl

2s

mMeéein 0([8" aer urgunuc 1€

uuom, J.us I Lom H
Eds., Pergamon Press, Oxford, 1982, Vol. 1, p 298.
Pytlewski, D. Org. Prep. Proced. Int. 1984, 16, 335.

4 Housecroft, C.E. in ‘Comprehensive Organometallic Chemisiry II', Abel, E.W.; Stone, F.G.A
A} 72 | PPy ~ TAc Dawsarmian 1Q0& Al 1 170
AARYE klllbu"; ., LA [Clsd non, 17770, vyuli.1, 147

5 Imamoto, T. Pure Appl. Chem. 1993, 65

N
)
“©

1231



¢}

11

I

_—
'

—
Uh

Commun. 1989, 500. Mohler, L.K.; Czarnik, AW. J. Am. Chem. Soc. 1993, 115, 7037. Sutton,
C.H.; Baize, M.W_; Todd, L..I. Inorg. Chem. 1994, 33, 4221. Gyéri, B; Kovécs, Z.; Emri, J.; Berente,
Z. J. Organomet. Chem. 1994, 484, 225. Gyoni, B.; Kovics, Z.; Emri, J.; Ldzar 1. Inorg. Chim. Acta
1994, 218, 21. Gyori, B.; Berente, Z.; Emri, J.; Lazdr, 1. Synthesis 1995, 191.

Gyéri, B. Emri, J. J. Organomet. Chem. 1982, 238, 159. Farfan, N.; Contreras, R. Heterocycles 1985,
23, 2989. Mancilla, T.; Contreras, R. J. Organomet. Chem. 1987, 321, 191. Brown, H.C.; Gupta,
A.K. J. Organomer. Chem. 1988, 341, 73. Farfan, N.; Mancilla, T.; Castillo, D.; Uribe, G.: Carrillo,
L.; Joseph-Nathan, P.; Contreras, R. J. Organomet. Chem. 1990, 381, 1.Vedejs, E.; Fields, S.C.;
Schrimpf, M.R. Pure Appl. Chem. 1993, 65, 723. Snow, R.J.; Bachovchin, W.W.; Barton, RW._;
Campbeil, $.J.; Coutts, 8.j.; Freeman, D.M.; Gutheii, W.G.; Keily, T.A.; Kennedy, C.A.:
Krolikowski, D.A.; Leonard, S.F.; Pargellis, C.A.; Tong, L.; Adams, J. J. Am. Chem. Soc. 1994,

11A 1NRAN YVada:e B - Rialdeg crm T in < Cohrimmannf N D F MNrn MNhan, 100QE £nN 2NN
119, 1U0ouu, VCUDJD 1o., LU ICIUDY, ..y Leddly ., DULLHLLL ll_ll, IV AN, J. I.IIS. st 1775, uuv, JULO
Olhvault M- Monmier [ Carboni R Tetrahedron- Asvmmetrv 1997 8 1955 For the qunthecic of
Olhivault, M.; Monnier, L.; Carboni, B. Tetrahedron: Asymmetry 1997, 8, 1955, For the synthesis of
an enantiomerically pure nlanar—borabcnzenc omplex, see: Tweddell, J.; Hoic. D. A.; Fu, G. C. J. Org.

Chem. 1997, 62, 8286. For a direct observation of stereotopic group recognition in solution and solid

state, see : Huskens, J.; Goddard, R.; Reetz, M. J. Am. Chem. Soc. 1998, 120, 6617.
Burg, A.B.; Green, A A J. Am. Chem. Soc. 1943, 65, 1838,
Brinck, T.; Murray, J1.S.; Politzer, P. Inorg. Chem. 1993, 32, 2622.

Brown, H.C. in ‘Borane in Organic Chemistry’, Cornell University Press, 1972, New York, p 53. See
also : Flores-Segura, H.; Torres, L.A. Struct. Chem. 1997, 8, 227.

Wada, M.; Kanzaki, M.; Ogura, H.; Hayase, S.; Erabi, T. J. Organomet. Chem. 1995, 485, 127,

Dradlay, T ( Hurcthanca MM T N Aatavalli RA Zhana MU T Mhaow Can Lo Moaean.... 1001
DIatIcy, L.C.) Nursinouse, vMi.o., Molevani, M., Lneng, v.n. 4. Laem. Soc., Lnem. Commun. 157k,
10]. 7. Bradlev. D( Hardineg. 1.S.- Keefe. AD.: Motevalli. M.: Zhene. D H. J. Chem. Soc. Dalton
101, Bradiey, D.C.0 Rarding, Lo, Keele, AL Molevally, M. Zheng, V.1, J. Chem. doc., Dalton

\
Q
o
3
1%}
<
s
Q
:-
o
3
9]
[~
3
3
s
=
[y
&
&
n
N4
P
N=
©
w2
=
=
jond
&
-~
=]
=
[o}
7]
kel
g
o]
=
o
7
[=%
(4]
=
<
)
=
<
o
7]
T
o
<
o
o
o
o
=
=
»
[e]

Crlhmidlhan- T il A Crhiar A D I Nya~nnniat Fhane 1007 $790 2177 Cial A Cabhiar A
Duintiupaudr, 1., \)lél, AVE., OIWiNIVL, S AN O \Ilsulllllllcl TLETTL. RZ7 4, JLZ, .1 0151, lvl., DL ELICT t\..’
Schmidbaur, H. Chem. Ber./Recueil 1997, 130, 951. See also : Gaumont, A.C.; Bourumeau, K.; Denis,
J.M.; Guenot, P. J. Organomet. Chem. 1994, 484, 9

Tlae mmsame cezemend mamn om b nvamnlane onn A rhitrAau n A NIl e 7 NT ... | & PN Fat My 1400 2
ror some supplu ICIIary CXalipics, SCC. AIUUZOY, D.A., INIKUNOY, U.IN. R€V. fI€iero. Lnen. 137y, J,
1 Dicderunlb: RA . Qomeiitoen B LT . Dindeebn 7 T MVeeovrnniionnnd L. 1TOOT 121 NELE Danefbe

L. DI€UrZycki, vi.; Scoulen, vw.n., DIearLyCKa, 4. v. Urganomet. CRem. A37 &, 431, 235. rduau N.;
Silva, D.; Santillan, R. Heteroatom Chem. 1993, 4, 533. Mohler, L.K.; Czarnik, A.W. J. Am. Chem
Soc. 1993, 115, 7037. Vede | E.; Fields, S.C.; thrlmnf M.R. Pure Arm/ Chem. 1993 65, 723.

3 1773, I, VI,

Snow, R.J.; Bachovchin, WW Barton, R.W.; Campbell, S.J.; Coutts, S.J.; Freeman, D.M.; Gutheil,
W.G.; Kelly, T.A.; Kennedy, C.A.; Krolikowski, D.A.; Leonard, S.F.; Pargellis, C.A.; Tong, L
Adams, J. J. Am. Chem. Soc. 1994, 116, 10860. Kliegel, W.; Riebe, U.; Rettig, S.J.; Trotter, J. Can.
J. Chem. 1995, 73, 835.Vedejs, E.; Ficlds, S.C.; Lin, S.; Schrimpf, M.R. J. Org. Chem. 1995, 60,
3028. Wrackmeyer, B.; Maisel, H.E.; Milius, W. Z. Naturforsch. 1995, 50b, 809. Balueva, A.S;



>

18

19

20

21

88
o

Mustakimov, E.R.; Nikonov, G.N., Pisarevskii, A.P.; Struhkov, Y.T.; Litvinov, L.A.; Musin, R.R.
Russ. Chem. Bull. 1996, 45, 1965. Ollivault, M.; Monnier, L.; Carboni, B. Tetrahedron: Asymmetry
1997, 8, 1955. Ashe, A. J.; Kamp{, J. W.; Waas, J. R. Organometallics, 1997, 16, 163. Hopfl, H.;
Fartan, N.; Castillo, D.; Santillan, R.; Contreras, R.; MartinezMartinez, F. J.; Galvan, M.; Alvarez, R.;
Fernandez, L.; Halut, S.; Daran, J. C. J. Organomet. Chem. 1997, 544, 175. Hopfl, H.; Farfan, N. J.
Organomet. Chem. 1997, 547, 71. Cruz, A.; MaciasMendoza, D.; BarraganRodriguez, E.; Tiahuext,
Noth, H.; Contireras, R. Tetrahedron: Asymmeiry 1997, 8, 3903. AndradeLopez, N.; CartasRosado,

GarciaBaez, E.; Contreras, R.; Tlahuext, H. Heteroatom Chem. 1998, 9, 399. For a soluble polymer

approach to the nunfmmmn of R amino alcohols using horinate complexes

Org. Chem. 1998, 62, 889.

,,,,, TY as

Gay-Lussac, J.L.; Thenard, J.L. Mem. Phys. Chim. Soc. d’Arcueil 18689, 2, 21

Nxumalo, L.M.; Andrzejak, M.; Ford, T.A. J. Chem. Inf. Comput. Sci. 1996, 36, 377 and references
therein.

Bihl, M; Steinke, T.; von Ragué Schleyer, P. Boese, R. Angew. Chem. Int. Ed. Engl. 1991, 30,
1160. Brinck, T.; Murray, J.S.; Politzer, P. Inorg. Chem. 1993, 32, 2622. Jonas, V.; Frenking G. J.
Chem. Soc.,Chem. Commun. 1994, 1489. Jonas, V.; Frenking, G.; Reetz, M.T. J. Am. Chem. Soc.
1994, /16, 8741. Fujiang, D.; Fowler, P.W.; Legon, A.C. J. Chem. Soc.,Chem. Commun. 1995,
113. Nxumalo, L.M.; Andrzejak, M.; Ford, T.A. Vibrational Spectroscopy 1996, 12, 221. Durig, J.R.;
Shen, Z. J. Moi. Stuct. (Theochem) 1997, 397, 179. Rabien, P.R. J. Am. Chem. Soc. 1997, /1 ]9.
8350 and references therein. Anane, H.; Boutalib, A.; Tomas, F. J. Phys. Chem. A 1997, 101, 7879.

nnﬁ - (ialyan M - Farfan N - Cantillan R 7 Af.] C4
Opii, 1 1., 1'di y AN, O ia . It

Q0 497 1
1., Ldivdil, ivi., iidaii diiti 0, N\, 7. Vi3 70O, ¥4

b4 £y oh.

Crabtree, R.H.; Sicgbahn, P.E.; Eisenstein, O.; Rheingold, A.L.; Koetzle, T.F. Acc. Chem. Res. 1996,
29, 348.

Wrackmeyer, B.; Koster, R. in ‘Houben Weyl, Methoden der Organischen Chemie’, Koster, R. Ed.,
Thicme, Stuttgart, 1984, Vol Xllc, p 519.

Bruce, M.1. in ‘Comprehensive Organometallic Chemistry II’, Abel, EEW.; Stone, F.G.A.; Wilkinson,
G., Eds., Pergamon, 1995, vol.13, p 107. The synthesis of new phosphine- and amine-boranes
complexes is often accompanied with the corresponding X-ray data. For some specific recent references on
X-ray analysis of amine- or phosphine-borane adducts, see: Ferguson, G.; Kaitner, B.; Myers, M_;
Spalding, T.R. Acta Cryst., 1990, C46, 125. Blumenthal, A.; Bissinger, P.; Schmidbaur, H. J.
Organomet. Chem. 1993, 462, 107. Nagawa, Y.; Goto, M.; Honda, K.; Nakanishi, H. Analytical
Sciences 1994, 10, 525. Wrackmeyer, B.; Maisel, H.E.; Milius, W. Z. Naturforsch. 1995, 50b, 809.

Day, M.W.; Mohr, B.; Grubbs, R.H. Acta Cryst. 1996, C52, 3106. Bradiey, D.C.; Harding, 1.S;
fe M li, M.; Zhen H. J. Chem. Soc., Dalion Trans. 1996, 3931. Robinson, P.D.;

R I - White P € TIn
& i

s AN. L.y VYRS, K. 0D,

Chem. 1996 35, 5007. Mancilla, T Hopﬂ H.; Bravo, G.; Ca.mllo L. Main Group Metal ('hemlstry
1997, 20, 31. Qiao, S.; Hoic, D.A.; Fu, G.C. Organometallics 1997, 16, 1501. Maderna, A.;
Pritzkow, H.; Siebert, W.; Sommerfeld, T.; Cederbaum, L. S. Z. Naturforsch. 1997, 52b, 1315,
Brown, D. S.; Carmalt, C. J.; Cowley, A. H.; Decken, A.; Isom, H. S. Heteroatom Chem. 1998, 9,
79. Schlengermann, R.; Sieler, J.; Hey Hawkins, E. Main Group Chem. 1997, 2, 141.

Noth, H.; Wrackmever, B. in ‘NMR Basic Prmrmlpc and Prnarpn' Diehl, P.; Fluck, E.; Kosfeld

eyer, , 12 X, 14 5 AN

Eds., Sprmger Verlag, Berlin, 1978. Hermanek, S. Chem. Rev. 1992, 92, 325. Széantay Jr, C.; Baldzs,

—

~o
w



,..
3

N
(%]

25

26

27

28

[S%]
[

33

M.; Bolcskei, H.; Szdntay, C. Tetrahedron 1991, 47, 1265. Flores-Parra, A.; Farfan, N.; Herndndez-
Bautista, A. I.; Fernidndez-Sidnchez, L..; Contreras, R. Tetrahedron 1991, 47, 6903. Deng, RM.K.;
Dillon, K.B. Polyhedron, 1992, 11, 397. Wrackmeyer, B.; Kupce, E.; Koster, R.; Seidel, G. Magn.
Res. Chem. 1992, 30, 393. Ariza-Castolo, A.; Paz-Sandoval, M. A.; Contreras, R. Magn. Res. Chem.
1992, 30, 520. Penner, G.H.; Daleman, S.1.; Custodio, A.R. Can. J. Chem., 1992, 70, 2420. Padilla-

T A : TP A ra) . n as n —~ Py ven

Martinez, 1. 1.; Ariza-Castolo, A.; Contreras, R. Magn. Res. Chem. 1993, 3i, 189 Farfin, N_; Siiva,

M Y P R Y, L. 100 4 &£272 D 7 L 1717 10NN
1 R. Hetervatom Chem. 1993, 4, 533. Power, W.P. J. Am. Chem. Soc. 1985, /117, 1800.

Penner, G.H.; Zhao, B.; Jeffrey, K.R. Z. Naturforsch. 1995, 50a, 81. Martinez-Aguilera, LM.R;
Pllggn G.; Flores-Parra, A.; Contreras, R. Tetrahedron: Asymmetry 1995 6, 1585 Livant

0
[
(=9
!’b
~
g

Majors, A.W.; Webb, T.R. J. Org. Chem. 1996, 61, 3061. Hopfl, H.; Farfdn, N.; Castillo, D,;

Santillan, R.; Contreras, R.; MartinezMartinez, F. J.; Galvan, M.; Alvarez, R.; Fernandez, L.; Halut, S.;
Daran, J. C. J. Organomet. Chem. 1997, 544, 175.

in, C.; Shaw, B. R. J. Am. Chem. Soc. 1996, 118, 6606

ee, K.J.; Livant, P.; McKee, M.L.; Worley, S.D. J. Am. Chem. Soc. 1985, 107 5901. Wiesmann,
R , P. 4 i

Burg, A.B.; Schlesinger, H.I. J. Am. Chem. Soc. 1937, 59, 780.

Such a vast number of amine-boranes have been prepared that no attempt was made to list them. Tables
cataloguing these compounds can be found in ref. 3. More recent compounds are described all along the
review. For example, see: Zaidlewicz, M.; Brown, H.C. ‘Advances in Boron Chemistry’, Siebert, W. Ed.,
The Royal Society of Chemistry, Cambridge, 1997, 171.

Brown, H.C.; Schlesinger, H.1.; Cardon, J. Am. Chem. Soc. 1942, 64, 325. S.Z. Baldwin, R.A.:
Washburn, RM. J. Org. Chem. 1961, 26, 3549, Mark Midland, M.M.; Kazubski, A. J. Org. Chem.
1992, 57, 2953.

Schaeffer, G.W.; Anderson, E.R. J. Am. Chem. Soc. 1949, 7], 2143. For the use of a
tetracthylammonium salt, see: Spielvogel B.F., Ahmed, F.U.; McPhail, A.T. J. Am. Chem. Soc. 1986,
108, 3824. For a crown-ether catalyzed reaction, see: Kampel, V.; Warshawsky, A. J. Organomet. Chem.
1994, 469, 15. For the generation of borane from sodium borohydride and iodine in the presence of the

amine, scc: Nainan, K.C.; Ryschkewitsch, G.E. Inorg. Chem. 1969, 8, 2671.

Hu, M.G.; Van Paasschen, J.M.; Geanangel, R.A. J. Inorg. Nucl. Chem. 1977, 39, 2147.

ann »x

Czech. Chem. Commun.. 196%, 34, 3009. Baboulene, M.; Torregrosa,
J.L.: Speziale, V.; Lattes, A. Bull. Soc. Chim. Fr. 1980, 565. Goeller, B.; Dicko, A.; Baboulene, M.
95

Main (}'rnun Met.Chem. 1997 20 795. For a detailed review of the b"l‘rehoratmn reactions of w-ami

FALN £or O

~

Py P PN . PN PN ~1
Polivka, Z.; Ferlcs, M. Coll

alkenes, see: Mikhailov, B.M.; Bubnov, Y.N. in ‘Organoboron Compounds in Organic
Harwood Academic Publishers GmbH, Glasgow, 1984, p 127. A new surfactant family whose
hydrophilic head contains an intramolecular borane-amine complex has been recently reported : Le
Tourmelin, J.B.; Baboulene, M. Langmuir, 1996, 12, 2128,

Andrés, C.; Delgado, M.; Pedrosa, R. Synth. Commun.. 1992,

o

2
b

o0

29

t, A.; Lusinchi, X.; Bull. Soc. Chim.

*ta

Fiaud, J.C.; Kagan, H.B. Buii. Soc. Chim. Fr. 1969, 2742,
Fr. 1977, 1227.

Ferey, V., Toupet, L., Le Gall, T., Mioskowski, C. Angew. Chem. Int. Ed. Engl. 1996, 35, 430.



43

a4

46

B
w

49

Ch
—

B. Carboni, L. Monnier / Tetrahedron 55 (1999) 1197-1248

_—
[ 3]
oY)
W

Ferey, V.; Vedrenne, P.; Toupet, L.; Le Gall, T.; Mioskowski, C. J. Org. Chem. 1996, 61, 7244.

Imamoto, T.; Kusumoto, T.; Suzuki, N.; Sato K. J. Am. Chem. Soc. 1988, 107, 5301. Imamoto, T.;
Oshiki,T.; Onozawa, T.; Kusumoto, T.; Sato K. J. Am. Chem. Soc. 1990, 112, 5244.

Gaumont, A.C.; Bourumeau, K.; Denis, J.M.; Guenot, P. J. Organome:. Chem. 1994, 484, 9.

As for their amino analogues, a vast number of phosphine-borane complexes have been descibed and no
attempt was made to list them. Tables cataloguing these compounds can be found in ref. 3. More recent
complexes are described throughout the review.

er, F.; Piintener K. : Stiirmer, R.: I(nnx‘hg!’ P.

i)
unwiencr, Ao, SUUnnel, ., JNnoC

Kockritz, A.; Weigt, A.; Kant, M. Phosphorus Sulfur and Silicon 1996, 117, 287.
Shay, R.H.; Diel, B.N.; Schubert, D.M.; Norman, A.D. Inorg. Chem. 1988, 27, 2378.
Schmidbaur, H.; Sigl, M.; Schier, A. R. J. Organomet. Chem. 1997, 529, 323.

Keglevich, G.; Ujszaszy, K.; Szollosy, A.; Ludényi, K.; Téke, L. J. Organomer. Chem. 1996, 516,
139

157,

Gatti, AR.; Wartik, T. Inorg. Chem. 1966, 5, 329. Gatli, A.R.; Wartik, T. Inorg. Chem. 1966, 5,
2075. VanPaasschen, J.M.; Geanangel, R.A. Can. J. Chem. 1975, 53, 723.

Livant, P.; Majors, A'W.; Webb, T.R. J. Org. Chem. 1996, 61, 3061.

Miller, N.E.; Muettertics, E.L. J. Am. Chem. Soc. 1964, 86, 1033. For reviews on these boronium
ions, see: Shitov, O.P.; loffe, S.L.; Tartakovskii, V.A.; Novikov, S. Ups. Khim. 1970, 39, 1913
(Engl. Trans. : Russ. Chem. Rev. 1970, 39, 906). Ryschkewistch, G.E. in ‘Boron Hydride Chemistry’,
Mutterties, E.L., Ed.; Academic Press, New York, 1975, p 223.

Cadenas-Pliego, G.; Contreras, R.; Flores-Parra, A.; Daran, ].C.; Halut, S. Phosphorus, Sulfur and
Silicon 1993, 84, 9.

Nainan, K.C.; Ryschkewitsch, G.E. inorg. Chem. 1969, 8, 2671. Beres, J.; Dodds, A., Novabito, AT ;
Adams, RM. Inorg. Chem. Acta 1971, 10, 2072. Martin, D.R.; Merkel, C.M.; Ruiz, J.P.; Mondal,

, hmidbaur H.; Stutzer nger P Schier A, Z. Anorg. A!bg. Chem. 1993
619. 1519, Borner, A.; Ward, J.; Ruth, W.: Holz, J.; Kless, A.; Heller, D., K_a_ga_n H. Tetrahedron

1994, 50 10419, Seitz, T.; Muth, A.; Huttner, G. Chem. Ber. 1994, 127, 1837. Longeau, A.; Langer,
F.; Knochel, P. Tetrahedron Lett. 1996, 37, 2209. Longeau, A.; Knochel, P. Tetrahedron Lett. 1996,
37, 6099. Langer, F.; Piintener, K.; Stiirmer, R.; Knochel, P. Tetrahedron: Asymmetry 1997. 8, 715.
Longeau, A.; Durand, S.; Spicgel, A.; Knochel, P. Tetrahedron: Asymmetry 1997, 8, 987.

Marinetti, A.; Kruger, V.; Buzin, F.X. Tetrahedron Lett. 1997, 38, 2947.

F Wimmar T -

; Herdtweck, E. Chem. Ber. 1991, 124, 1095. Schmidbaur,

>
I

H.; Stiitzer, , Stiitzer, A.; Bissinger,



52

wn
N

55
56

60

61

63

N
=)

P.; Schier, A. Z. Anorg. Allg. Chem. 1993, 619, 1519. Seitz, T.; Huttner, G.; Biichner, M. Z.
Naturforsch. 1994, 496, 1813. Baudler, M.; Block, C. Z. Anorg. Allg. Chem. 1996, 622, 2035, 2042
and 2519. Antelmann, B.; Winterhalter, U.; Huttner, G.; Janssen, B. C.; Vogelgesang, I. J. Organomet.
Chem. 1997, 546, 407.

Hawthorne, M.F. J. Am. Chem. Soc. 1961, 83, 831.

Brown, H.C.; Gupta, S.K. J. Am. Chem. Soc. 1971, 93, 4062.

Q: n. N, TN Yo 112 An0 4 3 mma o LR R = P T 5o
singaram, p.; LOIe, I.E.. prown, H.L. C rganomeltallics 1984, 3, /17 Lole, I.&.) bakshi, K N
Cingaram B - Cheal il A - Denass w I MNenamuw a1l 10QL £ H2IN2
Sifigdaiain, 0., SOICKIiIK, V1., DIOWI, ... UFganomeidnics 1790, J, L3U5.

Negishi, E.I.; Brown, H.C. Synthesis 1974, 77.

Brown, H.C.; Schwier, J.R.; Singaram, B. J. Org. Chem. 1978, 43, 4395. Brown, H.C., Mandal, A K.,
Yoon, N.M., Singaram, B., Schwier, J.R., Jadhav, P.K. J. Org. Chem. 1982, 47, 5069. Brown, H.C.;
Cole, T.E.; Srebnik, M.; Kim, K.W. J. Org. Chem. 1986, 51, 4925.

Bestmann, H.J.; Roder, T.; Siihs, K. Chem. Ber. 1988, 121, 1509.

Wisian-Neilson, P.; Das, M.K.; Spielvogel B.F Inorg. Chem. 1978, 17, 2327. Das, M.K.; Roy, S.
Synth. React. Inorg. Met-Org. Chem. 1985, 15, 53. Burnham, B.; Chen, $.Y.; Rajendran, K.G.; Soad,

~ -1 n wr sal A . N O Ir_1n TIY
A DPICIVOgel, D.I'., 10UsCl, J.A.; Burnham, B.; Hall, 1. in ‘Current l()pz(‘v in the (,nemzsfr\ U]
PRasyvasn’ Wahallka T W EA Dauvual Cantaty ~F M hanaicte Cavbheidsas 1004 ~ 1QQ
DOFGgR »xaodikd, U. vy, C4., R0Yar SOCIEY O Lnchiisty, Lamofidge, 1574, P 167.

Das, M.K.; Mukherjee, P. J. Chem. Res. (S) 1987, 368. Sood, C.K.; Sood, A.; Spielvogel, B.F.;
Yousef, J.A.; Burnham, B.; Hall, LH. J. Pharm. Sci. 1991, 80, 1133. Sood, A.; Sood, C.K.;

all, LH. Tetrahedron 1991, 47, 6915. Mittakanti, M.; Morse, K.W. Inorg. Chem.
. .

¢ 4. For the synthesis of 2'-deoxynucleoside-cyanoboranes, see for example : Sood, A
Spielvogel, B.F.; Shaw, B.R. J. Am. Chem. Soc. 1989, 111, 9234. Sood, A.; Spielvogel, B.E.; Shaw,

B.R.; Carlton, L.D.; Burnham, B.S.; Hall, I.H.; Hall, E.S. Anticancer Res. 1992, 12, 335. Sood, A.;
Shaw, B.R.; Spielvogel, B.F.; Hall, E.S.; Chi, L.K.; Hall, LH. Pharmazie, 1992, 47, 833. Tomasz, J.;
Shaw, B.R.; Porter, K.; Spielvogel, B.F.; Sood, A. Angew. Chem. Int. Ed. Engl. 1992, 31, 1373.
Chen, Y.Q.; Qu, F.C.; Zhang, Y.B. Tetrahedron Lern. 1995, 36, 745,

Noth, H.; Beyer, H. Chem. Ber. 1960, 93, 2251.
Brown, H.C.; Cole, T.E.; Srebnik, M.; Kim, K.W. J. Org. Chem. 1986, 51, 4925. For a direct

preparation of diaikylhorane-complexes from the corresponding stable precursors, see: Brown, H.C.;

"
)
=~
i
]
]
=]
e

Singaram, B. Inorg. Chem. 1979, 18, 5
Mills, W.J.; Sutton, C.H.; Libby, E.; Todd, L.J. Inorg. Chem. 1990, 29, 302.

Tuchagues, J.P.; Laurent, J.P.; Mongeot, H.; Dazord, J.; Cueilleron, J. J. Organometr. Chem. 1973, 54,
69.

Noth, H.; Wrackmeyer, B. Chem. Ber. 1974, 107, 3070.

o 7 Tax

Chem. Soc. Dalion Trans. 1972, 2341. VanPaasschen, J.M.; Geanangel, R.A.
2
N

W S

j Al....! ML ... 10" 2
| {. Chem. 1974, 36, 1461.

(14} g\ INUC
75, 53, 326. Brown, H.C.; Singaram, B.

AT
y T4 UClllllblUll Ivi.i.., 1V

A & 4 3
Bula, M.J.; Hartman, $.; Raman, C.V. Can. J. Chem.
Inorg. Chem. 1979, 18, 53.



67

68

69

~i
<

71

82
83

x
O

8

to
B
X
]
~
]
-
N
~
~
3
b
4N
Co
[y}
(%)
-3

Snyder, H.R.; Konecky, M.S.; Lennarz, W.J. J. Am. Chem. Soc. 1958, 80, 3611. Beckett, M.A.;
Strickland, G.C.; Varma, K.S.; Hibbs, D.E.; Hursthouse, M.B.; Abdul Malik, K.M. Polyhedron 1995,
14, 2623.

Bradley, D.C.; Harding, L.S.; Keefe, A.D.; Motevalli, M.; Zheng, D.H. J. Chem. Soc., Dalion Trans.
1996, 3931.

Muller, G.; Lachmann, J. Z. Naturforsch. 1993, 48b, 1248. For related compounds, see: Braunschweig,
H.; Dirk, R.; Englert, U. Z. Anorg. All. Chem. 1997, 623, 1093.

Clegg, W.; Dai, C.; Lawlor, F.J.; Marder, T.B.; Nguyen, P.; Norman, N.C.; Pickett, N.L.; Power,
Ly mn Q s AT I /L. Cn TN s T e 1H0M Q20
wW.r., OCOW, A.J. J. Lnem. SOC., paion irany,. 1>i, 027.

Pawelke, G.; Biirger, H. Applied Organomet. Chem. 1996, 10, 147.

Davis, R.E.; Brown, A.E.; Hopmann, R.; Kibby, C.L. J. Am. Chem. Soc. 1963, 85, 487.

VanPaaschen, J.M.; Geanangel R.A. J. Am. Chem. Soc. 1972, 94, 2680.

Sisler, H.; Mathur, M.A. J. Inorg. Nucl. Chem. 1977, 39, 1745.

Brown, M.P.; Heseltine, R.W.; Smith, P.A.; Walker, P.J. J. Chem. Soc. (A) 1970, 410.
Frisch, M. A.; Heal, H.G.; Mackle, H.; Madden, 1.O. J. Chem. Soc. 1965, 899.
Ratajczak, S. Bull. Soc. Chim. Fr. 1960, 487.

Jugie, G.; Laussac, J.P.; Laurent, J.P. Bull. Soc. Chim. Fr. 1970, 2542.

2

aulks, IN.G.; Greenwood, N.N.; Morris, JH. J. Inorg. Nucl. Chem. 1967, 29, 329.

o
INL fROVE, VU

Reddy, C.K.; Periasamy, M. Tetrahedron Lert. 1990, 31, 1919. Narayana, C.; Padmanabhan, S.;

Kabalka, G.W. Tetrahedron Leit. 1990, 31, 6977. Reddy, C.K.; Periasamy, M. Tetrahedron 1992, 48,
8329. Das, M. K.; Suha, U.; Banerjee, R. Ind. J. Chem. Sect. A 1996, 35, 513.

Douglass, L.E. J. Org. Chem. 1966, 31, 962.

Wiggins, J.W.; Ryschkewitsch, G.E. Inorg. Chim. Acta 1970, 4, 33. Beachley, O.T.; Washburn, B.
Inorg. Chem. 1975, 14, 120.
Bell, K.E.; Kelly, C.R.; Minter, D.E.; Kelly, H.C. Inorg. Chim. Acta 1993, 211, 187.

n 1y P R W 2 1 noor o4 o~ < 1nma ne Aong
KyscnKewiiscn, U.E.; MHIIET, V.K. J. Am. Lnem. 30C. 19173, 73, L530.

Gyori, B.; Kovécs, Z.; Emri, J.; Berente, Z. J. Organomet. Chem. 1994, 484, 225. Gyori, B.; Kovics,
Z.; Emri, 1.; Ldzér, 1. Inorg. Chim. Acta 1994, 218, 21.

Bratt, P.J.; Brown, M.P.; Seddon, K.R. J. Chem. Soc., Dalton Trans. 1974, 2161.
Schmidbaur, H.; Weiss, E. Angew. Chem. Int. Ed. Engl. 1981, 20, 283.

Emri. J.; Gyori, B. J. Chem. Soc., Chem. Commun. 1983, 1303.



91

92

93

95

96

[onsy

<
<

101

102

103

104

105

E.
[o0

Atchekzai, J.; Ouassas, A.; R’kha, C.; Bonnetot, B.; Mongeot, H.; Frange, B. Synth. React. Inorg. Met-
Org. Chem. 1991, 21, 1133. Atchekzai, J.; Bonnetot, B.; Mongeot, H.; Boufi, S.; Frange, B. Can. J.
Chem. 1992, 70, 2520.

Schmidbaur, H. J. Organomet. Chem. 1980, 200, 287. Schmidbaur, H.; Wimmer, T.; Reber, G.;
Miiller, G. Angew. Chem. Int. Ed. Engl. 1988, 27, 1071. Sigl, M.; Schier, A.; Schmidbaur, H. Chem.
Ber./Recueil 1997, 130, 1411 and references therein.

Gyori, B.; Kovécs, Z.; Emri, J.; Lazar, 1. Inorg. Chim. Acta 1994, 2i8, 21. Emri, J.; Kovacs, Z.;
Gyoni, B.; Lazar, 1. Inorg. Chim. Acta 1994, 223, 155.

Imamoto, T.; Oshiki, T. Tetrahedron Lett. 1989, 30, 383. Imamoto, T.; Asakura, K.: Tsuruta, H.;
Kishikawa, K.; Yamaguchi, K. Tetrahedron Lett. 1996, 37, 503. Imamoto, T.; Hirakawa, E.; Yamanoi,
Y .; Inoue, T.; Yamagushi, K.; Seki, H. J. Org. Chem. 1995, 60, 7697.

Imamoto, T. ; Hikosaka, T. J. Org. Chem., 1994, 59, 6753. Blumenthal, A. ; Bissinger, P. ;
Schmidbaur, H. J. Organomet. Chem. 1993, 462, 107.

Funke, M.A., Mayr, M., Chem. Eur. J. 1997, 3, 1214.

Spielvogel, B.F.; Wojnowich, L.; Das, M.K.; McPhail, A.T.; Hargrave, K.D. J. Am. Chem. Soc.

1976, 98, 5702. Spielvogel, B.F. in ‘Advances in Boron and the Boranes’, Liebman, J.F.; Greenberg,
A.; Williams, R.E., Eds., VCH, New-York, 1988, p 325. Das, M.K.; Mukherjee, P. J. Chem. Res. (S)
1985, 66. Mills, W.J.; Sutton, C.H.; Baize, M.W_; Todd, L.J. Inorg. Chem. 1991, 30, 1046. Sood
A, Spielvogel, B.F. Main Group Metal Chemistry 1989, 12, 143, For the corresponding phosphorus

derivatives, see: Wisian-Neilson, P.; Wilkins, M.A.; Weigel, F.C.; Foret, C.J.; Martin, D.R. J. Inorg.
Nucl, Chem. 1981, 43, 457. Sood, A.; Sood, C.K.; Hall, I.H.; Spielvogel, B.F. Tetrahedron 1991,
47, 6915. Berente, Z.; Gyori, B. Chem. Commun. 1997, 1799.

Hall, I.LH.; Starnes, C.O.; McPhail, A.T.; Wisian-Neilson, P.; Das, M.K.; Harcheclroad Jr., P.;
Spieivogei, B.F. J. Pharm. Sci. 1980, 69, 1025.

Spielvogel, B.F.; Ahmed, F.U.; McPhail, A.T. Synthesis, 1986, 833. Mittakanti, M.; Feakes, D.A.;
Morse, K.W. Synthesis 1992, 380. Gyari, B.; Kovics, Z.; Emri, J. ; Berente, Z. J. Organomet. Chem.
1994, 484, 225. Spiclvogel, B.F.; Ahmed, F.U.; Silvey, G.L.; Wisian-Neilson, P.; McPhail, A.T.
Inorg. Chem. 1984, 23, 4322. Gyon, B.; Berente, Z.; Emri, I.; Ldzér, 1. Synthesis, 1995, 191. For
other derivatives of amine-carboxyborane, see: Das, M.K.; Mukherjee, P. J. Chem. Res. (S), 1987, 368.

4

RA WS LT PSP &) "N 10
DUU.UII L n DdlLC 1vLk. VY lUUU, L;VJ lU K- vnem. , 17

Sood, A.; Sood, C.K.; Spielvogel, B.F.; Hall, LH. Eur. J. Med. Chem. 1990, 25, 301. Hall, LH.; Hall,
E.S.; Miller III, M.C,; Sood, A.; Spielvogel, B.F. Amino Acids. 1993, 4, 287.

Bedel, C.; Foucaud, A. Tetrahedron Lett. 1993, 34, 311.

Monnier, L. Ph. D. Thesis, University of Rennes 1, 1997. Keglevich, G.; Ujszdszy. K.; Szollosy, A
Ludanyi, K.; Toke, L. J. Organomet. Chem. 1996, 516, 139.

-



107

108

109
110

—
—
N

113
114

—
—
wn

—
[
cN

122

o
G

Lane, C.F. Aldrichimica Acta 1973, 6, 51.
Das, M.K.; Bandyopadhyay, S.N.; Bhattacharyya, S.; Banerjee, R. J. Chem. Soc., Dalton Trans. 1991,

2929. Bell, K.E.; Kelly, H.C. Inorg. Chem. 1992, 31, 2665. Bell, K.E.; Kelly, H.C. Inorg. Chem.
1996, 35, 7225. Murariev, D.; Warshawsky, A. React. Funct. Polymer 1996, 29, 185.

Frisch, M.A.; Heal, H.G.; Mackle, H.; Madden, 1.O. J. Chem. Soc. 1965, 899.
Hutchins, R.O.; Learn, K.; Nazer B., Pytlewski, D. Org. Prep. Proced. Int. 1984, 16, 335.

Brown, H.C.; Chandrasekharan, J. J. Am. Chem. Soc. 1984, 106, 1863. It is worth noting that the use

of chiral amine-borane complexes with prochiral olefins gave, after oxidation, the corresponding alcohois
in low enantiomeric excess. It indicates that the Lewis base was present in the hydroboration transition
statc. Narayana, C.; Periasamy, M. J. Chem. Soc., Chem. Commun. 1987, 1857, Andres, C.; Delgado,
M.; Pedrosa, R. Anal. Qu 1993, 89, 630.

Zaidiewicz, MA; Brown, H.C. ‘Advances in Boron Chemistry’, Siebert, W. Ed., The Royal Society of

Rotermund, G.W.; Koster, R. Justus Liebigs Ann. Chem. 1965, 686, 153.

Ashby, E.C. J. Am. Chem. Soc. 1959, 81, 4791. Baker, C.S.L. J. Organomet. Chem. 1969, 19, 287.

Pelter, A ; Rfvaser, R.; Mills, S. J. Chem. Soc., Chem. Commun. 1981, 1014, Brown, H.C.; Murray,
K.J.; Murray, L.J.; Snover, J.A.; Zweitel, G. J. Am. Chem. Soc. 1960, 82, 4233. Bestmann, H.J,;

Siihs, K.; Roder, T. Angew. Chem. Int. Ed. Engl. 1981, 20, 1038.

Noroama . Dol ncmas ~

t W A4

The Royal Society of Chemlstry, Camhrldge, 1997, 171. Brown, H.C.; Kanth, B.J.V_; Zaidlewicz, M.
J. Org. Chem 1998, 63, 5154.

eddy, C.K.; Periasamy, M. Tetrahedron 1992, 48, 8329.

72

<

Soderquist, J.A.; Medina, J.R.; Huertas, R. Tetrahedron Lert. 1998, 39, 6119 and 6123,

Suseela, Y.; Bhanu Prasad, A.S.; Periasamy, M. J. Chem. Soc., Chem. Commun. 1990, 446,

Rao, M.L; Periasamy, M. Tetrahedron Lerr. 1995, 36, 9069

Reddy, C.K.; Periasamy, M. Tetrahedron 1992, 48, 8329. Das, M.K.; Maiti, P.K.; Bhaumik, A. Bull.
Chem. Soc. Jpn 1993, 66, 810. Chen, J.; Wayman, K.A.; Belshe, M.A.; DiMare, M. J. Org. Chem.
1994, 59 oman, M.D uch, 1.C.; DiMare, M. J. Org. Chem. 1985, 60, 5995. Salunke,

1986, 27, 635. Kanth, J.V.B.; Pcrlaqamy, M. J. Chem. Soc., Chem. Commun. 1990, 1145. Andres
C.; Delgado, M.; Pediosa, R. Ann. Quimica 1993, 89, 629. Periasamy, M.; Kanih, J.V.B.; Reddy,
C.K. J. Chem. Soc., Perkin Trans. 1 1995, 427, Yamaguchi, Y.; Takada, A.; Ckamoto, Y. J. Her

7

irao, A.; Itsuno, S.; Nakahama, S.; Yamazaki, N. J. Chem. Soc., Chem. Commun. 1
[ PO . ~ - . o ral’ - o Fal Vad 4 NO Ao Y. ~ 1
S.; Ito, K.; Nakahama, S. J. Chenm. Soc., Chem. Commun. 1983, 469. Itsuno, S.; Nakano,



[ay

S

124

125

]
23

127

M.; Miyazaki, K.; Masuda, H.; Ito, K.; Hirao, A.; Nakahama, S. J. Chem. Soc., Perkin Trans 1 1985,
2039.
Corey, E.J.; Bakshi, R.K.; Shibata, S. /. Am. Chem. Soc. 1987, 109, 5551.

Corey, E.J.; Azimioara, M.; Sarshar, S. Tetrahedron Lett. 1992, 33, 3429.

E.V. btonc l- G.A; Wnlkmson G. Eds., Pergamon Press, Oxford, 1995, Vol 11, 191, Deloux, L.;
Srebnik, M. Chem. Rev. 1993, 93, 763. Wallbaum, S.; Martens, J. Tetrahedron: Asymmetry 1992, 3,
1475. Singh, V.K. Synthesis 1992, 605. Corey, E.I.. Helal, C.H. Angew. Chem. Int. Ed. Engl. 1998,
37, 1987 For some recent references, see: Taraba, M.; Palecek, J. Chem. List 1997, 9/, 9. Prasad,
K.R.K.;: Joshi, N.N. Tetrahedron: Asymmetry 1997, 8, 173. Reiners, 1.; Martens, J. Tetrahedron:
Asymmetry 1997, 8, 277. Almgqvist, F.; Torstensson, L.; Gudmundsson, A.; Frejd, T. Angew. Chem.
Int. Ed. Engl. 1997, 36, 376. Simpson, A.F.; Szeto, P.; Lathbury, D.C.; Gallagher, T. Tetrahedron:
Asymmetry 1997, 8, 673. Lang, A.; Noth, H.; Schmidt, M. Chem. Ber. Recueil. 1997, 130, 241.
Salunkhe, A. M.; Burkhardt, E.R. Tetrahedron Lert. 1997, 38, 1523. Bellucci, C.M.; Bergamini, A_;
Cozzi, P.G.; Papa, A.; Tagliavim, E.; UmaniRonchi, A. Tetrahedron: Asymmetry 1997, 8, 895.

AT H abeialana Totperh ol o 1OOT O 1780 Clhir-ig:: AA . Toiiloaos oo
LcTuumc‘uu, JB Babuu}cuc, M. Tetrahedron: n.)ymmul_y LFF 1,0, 1237 ouuluLu M.; Tsukamoto,

K.; Fujisawa, T. Tetrahedron Lett. 1997, 38, 5193. Kanoh, N.; Ishihara, J.; Murai, A. Synlett 1997,
737. Mahsui, K.. Shiori, T. Synlett 1997, 273. Felder, M.; Giffels, G.; Wandrey, C. Tetrahedron:
Asymmetry 1997, 8, 1975. Ostendorf, M.; Romagnoli, R.; Pereiro, I.C.; Roos, E.C.; Moolenaar, M.J.;
Speckamp, W.N.; Hiemstra, H. Tetrahedron: Asymmetry, 1997, 8, 1773. Woltersdorf, M.; Kranich, R;
Schmalz, H.G. Tetrahedron 1997, 53, 7219. Lewis, P.T.; Davis, C.J.; Saraiva, M.C.; Treleaven, W.D.;
McCarley, T.D.; Strongin, R.M. J. Org. Chem. 1997, 62, 6110. Hull, K.G.; Visnick, M.; Tautz, W;
Sheffron, A. Tetrahedron 1997, 53, 12405. Reiners, 1.; Groger, H.; Martens, J. J. Prakt. Chem., Chem.
Zeit. 1997, 339, 541. Speicher, A.; Eicher, T. J. Prakt. Chem., Chem. Zeit. 1997, 339, 594. Li, X.S.;
Xie, R.G. Tetrahedron: Asymmetry 1997, 8, 2283. Higashijima, S.; Itoh, H.; Senda, Y.; Nakano, S.

Tetrahedron: Asymmetry 1997, 8, 3107. Corey, E. J.; GuzmanPerez, A.; Lazerwith, S. E. J. Am.

Chem. Soc. 1997, 119, 11769. Jones, G. B.; Heaion, S. B.; Chapman, B. J.; Guzel, M. Tetrahedron:
Asymmetry 1997, 8, 3625. Calmes, M.; Escale, F.; Paolini, F. Tetrahedron: Asymmetry 19%7, 8,
3691. Shen, Z. X.; Zhang, Y. W,; Lu, J,; Xu, X. N;; Lu, C. R. Chin. J. Chem. 1997, 15, 459
Brodfuehrer, P. R.; Smith, P.; Dillon, J. L.; Vemishetti, P. Org. Proc. Res. Develop. 1997, 1, 176.

Schmidt, R.; Jockel, H.; Schmalz, H. G.; Jope, H. J. Chem. Soc. Perkin Trans. 2 1997, 2725.
Schmalz, H. G.; Jope, H. Tetrahedron 1998, 54, 3457. Pinho, P.; Guijarro, D.; Andersson, P. G.
Tetrahedron 1998, 54, 7897. Zhou, Y. G.; Hou, X. L.; Dai, L. X. Chin. J. Chem. 1998, 16, 284.
Bringmann, G.; Breuning, M. Synlett 1998, 634. Masui, M.; Shioiri, T. Tetrahedron Lett. 1998, 39,
5195. Tamiaki, H.; Kouraba, M.; Takeda, K.; Kondo, S.; Tanikaga, R. Tetrahedron : Asymmetry 1998
9, 2101. Fujisawa, T.; Onogawa, Y.; Shimizu, M. Tetrahedron Letr. 1998, 39, 6019, Bach, J.; Garcia,
J. Tetrahedron Lett. 1998, 39, 6761. Bach, J.. Galobardes, M.; Garcia, J.; Romea, P.; Tey, C.; Urpi, F,;

.

Vilarrasa, J. Tetrahedron Lett. 1998, 39, 6765. Cho, B. T.; Chun, Y. S. J. Org. Chem. 1998, 63,

5280. For potymer—bouna oxazaborolidine ca[alysts see: Giffels, G; bellczey,l Feider, M. Kragl uU.

e
1

trahedron: Asymmetry 1998, 9, 691 and references therein.

Midland, M.M.; Kazubski A. J. Org. Chem. 1992, 57, 2953.



128

130

—
(¥8]
h—

132

133

134

141

S
e

“arboni, L. Monnier / Tetrahedron 55 (1999) 1197-1248

Brunel, JM.; Pardignon, O.; Faure, B.; Buono, G. J. Chem. Soc., Chem. Commun. 1992, 287.
Buono, G.; Brunel, J.M.; Faure, B.; Pardignon, O. Phosphorus, Sulfur, and Silicon 1993, 75, 43.
Brunel, J.M.; Buono, G. Synlert 1996, 177. Chiodi, O.; Fotiadu, F.; Sylvestre, M.; Buono, G.
Tetrahedron Lett. 1996, 37, 39. Brunel, J.M.; Chiodi, O.; Faure, B.; Fotiadu, F.; Buono, G. J.

Organomet. Chem. 1997, 529, 285. For ciosely reiated systems with phosphinamides, see: Burns, B.;
Merifieid, E.; Mahon, M.F.; Molioy, K.C.; Wills, M. J. Chem. Soc. Perkin Trans. i, 1993, 2243.
Burns, B.; King, N.P.; Studley, I.R.; Tye, H.; Wills, M. Tetrahedron: Asymmetry 1994, 5, 801

Gamble, M.P.; Studley, J.R.; Wills, M. Tetrahedron: Asymmetry 1996, 7, 3071. Burns, B.; Gamble,
M.P.; Simm, AR.C; Studley, J.R.; Alcock, N.-W.; Wills, M. Tetrahedron: Asymmetry 19978, 73.

it

Fisher, G.B.; Harrison, J.; Fuiier, J.C.; Goraiski, C.T.; Singaram, B. Teirahedron Leit. 1992, 33, 4533
Fuller, J.C.; Stangelan d G i, C.T., Singarami B. Tetrahedron Leit. 1993, 34, 257. Fisher

< , J.C., Stangeland, E.L.; Goralski, 7
G.B.; Fuller, J.C.; Harrison, J.; Goralski, C.T.; Singaram, B. Tetrahedron Lett. 1993, 34, 1091. Fisher,
G.B.; Fuller, 1.C.; Harrison, I.; Alvarez, S.G.; Burkhardt, E.R.: Goralski, C.T.: Smgaram, B. J Org.
Chem. 1994, 59, 6378. Harrison, J.; Fuller, J.C.; Goralski, C.T.; Singaram, B. Tetrahedron Lett.
1994, 35, 5201. Fuller, J.C.; Belisle, C.M.; Goralski, C.T.; Singaram, B. Tetrahedron Lerr. 1994, 33,
5389. Harrison, J.; Alvarez, $.G.; Godjoian, G.; Singaram, B. J. Org. Chem. 1994, 59, 7193. Alvarez,
S.G.; Fisher, G.B.; Singaram, B. Tetrahedron Lett. 1995, 36, 2567. Collins, C.J.; Fisher, G.B.; Reem,
A.; Goralski, C.T.; Singaram, B. Tetrahedron Lett. 1997, 38, 529. See also : Myers, A.G.. Yang, B.H.;

Kopecky, D.J. Tetrahedron Lett. 1996, 37, 3623.

Narayana, C.; Padmanabhan, S.; Kabalka, G.W. Synlett 1991, 125.

Narayana, C.; Padmanabhan, S.; Kabalka, G.W. Tetrahedron Lett. 1990, 3/, 6977. For the

regioselective reductive opening of 4,6-O-benzylidene acetals of glucose or glucosamine derivatives by
BH3-MeaNH-BF3-OEty, see: Oikawa, M.; Liu, W.C.; Nakai, Y.; Koshida, S.; Fukase, K_.; Kusumoto,
S Svnlers 1996 1179

AT

D IyreCes 13 W2

Narayana, C.; Reddy, N.K.; Kabalka, G.W. Tetrahedron Ler. 1991, 32, 6855.

Reddy, C.K.; Periasamy, M. Tetrahedron Lett. 1990, 31, 1919.

Baldzs, M.; Szintay Jr, C.; Bolcskei, H.; Szantay, C. Tetrahedron Lett. 1993, 34, 4397,
White, 1.D.; Amedio, J.C.; Gut, S.; Ohira, S. Jayasinghe, L..R. J. Org. Chem. 1992, 57, 2270.
Picot, A.; Lusinchi, X. Bull. Soc. Chim. Fr. 1977, 1227.

Vedejs, E.; Monahan, S.D. J. Org. Chem. 1996, 61, 5192.

For a study of the a-CH acidity and reactivity of borane-base complexcs in the gas phase, see: Ren, J.;
Workman, D.B.; Squires, R.R. Angew. Chem. Int. Ed. Engl. 1997, 36, 2230.

Kessar, S.V.; Singh, P.; Vohra, R.; Kaur, N.P.; Singh, K.N. J. Chem. Soc.,Chem. Commun., 1991,
568. Kessar, S.V.; Singh, P.; Singh, K.N., Dutt, M. J. Chem. Soc.,Chem. Commun., 1991, 570.
Kessar, §.V.; Vohra, R.; Kaur, N.P.; Singh, K.N.; Singh, P.J. Chem. Soc., Chem. Commun. 1994,
1327. Ebden, M.R.; Simpkins, N.S.; Fox, D.N.A. Tetrahedron Lett. 1995, 36, 8697. Katritzky, A. R.;
Fang, Y. F.; Belyakov, S. A. Org. Prep. Proced. int. 1998, 30, 325. For regioselective N-alkylation of

-
[\
e



,_.
o
]

142

143

Y
b

145

146

147

148

149

150

151

152

153

154

—
W
(W

156

157

2-aminobenzylamine via chelation with 9-BBN, see: Bar-Haim, G.; Kol, M. Tetrahedron Lett. 1998, 39,
2

Ferey, V.; Le Gall, T.; Mioskowski, C. J. Chem. Soc., Chem. Commun. 1995, 487,

Kessar, S.V.; Singh, P. Chem. Rev. 1997, 97, 721.

T_- N k welds (7 Aoy Choss ’u" E_‘J_ L‘urlln

aweld 2
UWORI, L. ANKEW. UIENL. ifik.

Ferey, V.; Vedrenne, P.; Toupet, L.; Le Gall, T.; Mioskowski, C. J. Org. Chem. 1996, 61, 7244,

Vedejs, E.; Fields, S.C.; Schrimpf, M.R. J. Am. Chem. Soc. 1993, 115, 11612. Vedejs, E.; Fields,
S.C.; Schrimpf, M.R. Pure Appl. Chem. 1993, 65, 723. Vedejs, E.; Fields, 8.C.; Lin, S.; Schrimpf,
M.R. J. Org. Chem. 1995, 60, 3028.

Lopusinski, A.; Bernet, B.; Linden, A.; Vasella, A. Helv. Chim. Acta 1993, 76, 94. Borner, A.; Ward,
I.; Ruth, W_; Holz, J.; Kless, A.; Heller, D., Kagan, H. Tetrahedron, 1994, 50 10419. Chen, Z.; Jiang,
Q.; Zhu, G.; Xiao, D.; Cao, P.; Guo, C.; Zhang, X. J. Org. Chem. 1997, 62, 4521.

Pellon, P. Tetrahedron Lett. 1992, 33, 4451.

Enders, D.; Berg, T.; Raabe, G.; Runsink, J. Helv. Chim. Acta 1996,79, 118. Enders, D.; Berg, T

Crunlorr 1006 70K Fndare TN - Rara T - Ranha (3 - Runci nk T Fiohine Ases /D] 10077
v 70U, LUV,

P 2AL
Tiit 770, 1 13, &7, LIVIE, 1., NddlIC, \J., l\ullallll\, J. L;Lculs AFUL/NECHELL LT [, JI9).

Scitz, T.; Muth, A.; Huttner, G. Chem. Ber. 1994, 127, 1837, Seitz, T.; Huttner, G.; Biichner, M. Z

Naturforsch. 1994, 49b, 1813. Soulier, E.; Clement, J. C.; Yaouanc, J. I.; desAbbayes, H. Tetrahedron
Lett. 1998, 39, 4291.

Lutz, C.; Graf, C.D.; Knochel, P. Tetrahedron, 1998, 54, 10317.
Stéphan, O.; Riegel, N., Jugé, S. J. Electroanal. Chem. 1997, 421, 5.

Corcy, E.J.; Chen, Z.; Tanoury, G.J. J. Am. Chem. Soc. 1993, 115, 11000. Sheehan, S.K.; Jiang, M ;
McKinstry, L.; Livinghouse, T.; Garton, D. Tetrahedron, 1994, 50, 6155. Bader, A ; Pabel, M.: Willi

A.C.; Wild, S.B. Inorg. Chem. 1996, 35, 3874. Vedeis, E.; Donde, Y. J. Am. Chem. Soc. 1997, 119,
9293,

Imamoto, T. Pure Appl. Chem. 1993, 65, 655. Jugé, S.; Stephan, M.; Merdes, R., Genét, J.P.; Halut-
np:ngrfgs S. 1 Chem. Soc. ) Chem. Commun. 1993 531. Rams en, JLA.; Brown, JM : HHIS{hGu‘»‘e,

d
M.B.; Karalulov, A1, Tetrahedron: Asymmetry 1994, 5, 2033, Lan nger, F.; Knochel, P. Tetrahedron
Letr. 1995, 36, 4591. Muci, A.R.; Campos, K.R.; Evans, D.A. J. Am. Chem. Soc. 1995, 117, 9075.
Brown, J.M.; Laing, 1.C.P. J. Organomet. Chem. 1997, 529, 435.

5

Imamoto, T.; Matsuo, M.; Nomomura, T.; Kishikawa, K.; Yanagawa, M. Heteroatom Chem. 1993, 4
475. Brenchley, G.; Fedouloff, M.; Mahon, M F.; Molloy, K.C.; Wills, M. Tetrahedron 199.,,50,
10581. Longeau, A.; Durand, S.; Spiegel, A.; Knochel, P. Tetrahedron: Asymmerry 1997, 8, 987

adaasla i ~ Ml WA Toe. L t.... 1Q0OE &N Nneo PRI
chuuluff Pv’I R Pv'la i 1‘ ‘v" l' oy, K.C,; “’1 M. Tetrahedron, 1995, 50, 10581. M ?viorlmow‘
T.; Ando, N.; Achiwa, K. .,yn’ﬂ" 1996, 1211, Marinetti, A.; Kruger, V.; Buzin, F.X. Terrghedron Lett.
1997, 38, 2947

,
Tetrahedron, 1895, 51, 7655. Chcn, Z.; Jiang, Q.; Zhu, G.; Xiao, D.; Cao, P.; Guo, C.; Zhang, X. J
N Fha;m 10T £9 A1
i e, RFF 4, UL, FILLE



158

160

161

162
163

164

165

166

167

168

169

Pelter A., Rosser R., Mills, S. J. Chem. Soc., Chem. Commun. 1981, 1014. Uziel, I.; Riegel, N. :
Aka, B. ; Figuiere, P. ; Jugé, S. Tetrahedron Lert. 1997, 38, 3405.

Imamoto, T.; Oshiki, T.; Onozawa, T.; Kusumoto, T.; Sato, K. J. Am. Chem. Soc. 1990, []12, 5244.
Brisset, H. ; Gourdel, Y.; Pellon, P.; Le Corre, Tetrahedron Lett. 1993, 34, 4523. Gourdel, Y.; Pellon,
P.; Toupet, L.; Le Corre, M. Tetrahedron Lett. 1994, 35, 1197. McKinstry, L.; Livinghouse. T.
Tetrahedron 1995, 51, 7655. Pellon, P.; Le Goaster, C.; Toupet, L. Tetrahedron Lett. 1996, 37, 4713.
Yamago, S., Yanagawa, M., Mukai, H.; Nakamura E. Tetrahedron 1996, 52, 5091. For the in situ
generation of PhPRLiBH3 from PhopPRBH3, see: Pellon, P. Tetrahedron Lett. 1992, 33, 4451. Pellon,

DT o nncter 7 Mool d £ T oo ) & SR o AN o 197
r., LC UUdblbl b lVldILlld[IU, U .y lUUpbl, L. aegieroatom Lnem. 137317, 0, 140,

Imamoto, T.; Matsuo, M.; Nomomura, T.; Kishikawa, K.; Yanagawa, M. Hetercatom Chem. 1993, 4,
475.

Imamoto, T.; Oshiki, T.; Onozawa, T.; Matsuo, M.; Hikosaka, T.; Yanagawa, M. Heteroatom Chem.
1992, 3, 563. Oshiki, T.; Imamoto, T. J. Am. Chem. Soc. 1992, 1]4, 3975.

Bourumeau, K.; Gaumont, A.C.; Denis, .M. J. Organomer. Chem. 1997, 529, 205.
Bourumeau, K.; Gaumont, A.C.; Denis, JM. Tetrahedron Lett. 1997, 38, 1923.

Oshiki, T.; Imamoto, T. Bull. Chem. Soc. Jap. 1990, 63, 3719. Imamoto, T.; Tsuruta, H. Chem. Lett.
1996, 707.

Brown, J.M.; Laing, J.C.P. J. Organomet. Chem. 1997, 529, 435.

Jugé, S.; Stéphan, M.; Laffite, J.A.; Genét, I.P. Tetrahedron Lett. 1990, 31, 6357. Jugé, S.; Genét,
I.P. US Patent, 5,043,465, 1991. Jugé, S.; Stephan, M.; Merdés, R.; Genét, J.P., Halut-Desportes, S. J.
Chem. Soc., Chem. Commun. 1993, 531. Ramsden, J.A.; Brown, J.M.; Hursthouse, M.B.; Karalulov,
A, Tetrahedron: Asymmetry 1994, 5, 2033. Pepper, V.; Stingl, K.; Thiimler, H.; Saak, W_; Haase,
D.; Pohl, S.; Jugé, S.; Martens, 1. Liebigs Ann. 1995, 2123. Kaloun, E.B.; Merdes, R.; Genét, J.P.;
Uziel, J.; Jugé, S. J. Organomet. Chem. 1997, 529, 455.

Uziel, I.; Stephan, M.; Kaloun, E.B.; Genét, I.P.; Jugé, S. Bull. Soc. Chim. Fr. 1997, 134, 379.

Oshiki, T.; Hikosaka, T.; Imamoto, T. Tetrahedron Lert. 1991, 32, 3371, Imamoto, T.; Matsuo, M.:
Nomomura; T.; Kishikawa, K.; Yanagawa, M. Heteroatom Chem. 1993 4 475 Imamoto, T.;

Yoshizawa, T.; Hirose, K.; Wada, Y.; Masuda, H.; Yamaguchi, Y.; Seki, H. Heteroatom Chem. 1995,
6,99.

Longeau, A.: Knochel, P. Tetrahedron Lett. 1996, 37, 6099. Longeau, A.; Durand, S.; Spiegel, A ;
Knochel, P. Tetrahedron Lett. 1997, 38, 987.

~1

Schmidbaur, H. J. Organomet. Chem. 1980, 200, 287.
Longeau A., Langer F., Knochel P. Tetrahedron Lett. 1996, 37, 2209.

Kaloun, E.B.; Merdes, R.; Genét, J.P.; Uziel, J.; Jugé, S. J. Organomet. Chem. 1997, 529, 455.

ann~

s Dok, Y. 11 AC
.y Rdaoeg, U] x\uuauu\, ] quxg.) Ann./Recueil AXF I, 347.

(7S]

Imamoto, T.; Oshiki, T.; Onozawa, T.; Kusumoto, T.; Sato, K. J. Am. Chem. Soc. 1990, 112, 5244,
Jugé, S.; Stephan, M.; Laffite, J.A_; Genét, I.P. Tetrahedron Lett. 1990, 3/, 6357. Schmidt, U.; Riedl,
B.; Griesser, H.; Fitz, C. Synthesis, 1991, 6355. Corey, E.J.; Chen, Z.; Tanoury, G.J. J. Am. Chem.

ANA TEr L o P SEE] Py

Soc. 1993, 175, 11000. Webb, K.M.; Miller, J. Organomei. Chem. 1993, 460, 1. Imamoto, T.;



175

176

180

181

—
o
[

183

184

185

—
o]
(@)

187

188

189

Tsuruta, H.; Wada, Y.; Masuda, H.; Yamaguchi, K. Tetrahedron Lett. 19958, 36, 8271. For the
metallation of 3,4-dimethylphosphole, see: Huy, N.H.T.; Mathey, F. Organometallics 1994, 13, 925.

Desponds, O.; Huynh, C.; Schlosser, M. Synthesis 1998, 983.

Muci, A.R.; Campos, K.R.; Evans, D.A. J. Am. Chem. Soc. 1995, 117, 9075. Imamoto, T.;
Watanabe, J.; Wada, Y.; Masuda, H.; Yamada, H.; Tsuruta, H.; Matsukawa, S.; Yamaguchi, K. J. Am.
Chem. Soc. 1998, 120, 1635. Wolfe, B.; Livinghouse, T. J. Am. Chem. Soc. 1998, 120, 5116.

Baban, J.A.; Marti, V.P.J.; Roberts, B.P. J. Chem. Soc. Perkin Trans.

., vianl . UGS, BT AL n.2

Roberts, B. P J. Chem. Soc. Perkin Trans. 11 1986, 1597 and references therein.

X7 I3 nnn

Paul, V.; Roberis, B.P. /. Chem. Soc. Perkin Trans. [ 1988, 1183.
Tumanskii, B.L.; Bashilov, V.V.; Solodovnikov, S.P.; Bubnov, N.N.; Sokolov, V.1; Kampel, V.T.;
Warshawsky, A. Russ. Chem. Rev. 1994, 43, 624,

Kaushal, P.; Mok, P.L.H.; Roberts, B.P. J. Chem. Soc. Perkin Trans. 11 1990, 1663 and references
cited.

Dang, H.S.; Roberts, B.P. J. Chem. Soc. Perkin Trans. 11993, 891.

Dang, H.S.; Diari, V.; Roberis, B.P. J. Chem. Soc. Perkin Trans. 1 1994, 1033. Dang, H.S.; Diart,
V.; Roberts, B.P.; Tocher, D.A. J. Chem. Soc. Perkin Trans. 11 1994, 1039

Kirwan, J.N.; Roberts, B.P. J. Chem. Soc., Chem. Commun. 1988, 480 ; J. Chem. Soc. Perkin Trans.

Barton, D. H. R.; Jacob, M. Tetrahedron Lett. 1998, 39, 1331.

Morin, C. Tetrahedron 1994, 50, 12521. See also : Medicinal Applications of Boron in ‘Current Topics
in the Chemistry of Boron™’ Kabalka, G.W., Ed.; Royal Society of Chemistry, Cambridge, 1994, 145.

Spielvogel, B.F. in ‘Advances in Boron and the Boranes’, Liebman, J.F.; Greenberg, A.; Williams, R.E.
Eds., VCH, New-York, 1988, 329. Spielvogel, B.F.; Sood, A.; , Shaw, B.R.; Hall, LH. ‘Current

Topics in the Chemisiry of Boron’, Kabaika, G.W., Ed.; Royal Society of Chemistry, Cambridge,
1994, 193. Spielvogel B.F. Phosphorus, Sulfur and Silicon 1994, 87, 267

Biological activities were often reported with the description of the synthesis.

For some supplementary recent references, see: Hall, I.H.; Hall, E.S; Chi, L.K.; Miller 1II, M.C.;
Bastow, K.F.; Sood, A.; Spielvogel, B.F. Appl. Organometal. Chem. 1992, 6, 229. Hall, 1.H.;
Rajendran, K.G.; Chen, 8.Y.; Norwood, V.N.; Morse, K.W.; Sood, A.; Spielvogel, B.F. Appl.
Organometal. Chem. 1994, 8, 473. Burnham, B.S.; Chen, §.Y.; Sood, A.; Spielvogel, B.F.; Hall, LH.
Pharmazie 1995, 50, 779. Miller, M.C.; Shrewsbury, R.P.; Elkins, A.L.; Sood, A.; Spielvogel, B.F;

Hall, LH. J. Pharm.Sci. 1995, 84, 933. Hail, L.H.; Rajendran, K.G.; Chen, S.Y.; Wong, OiT.; Sood,

S
(=T
)
9
3
D)
~
i
)7
X
—
o
-

T

B.S,; Splelvogel BF Sood A Wym,k .D.; Hall, L.LH. Appl. Organometal.
Chem. 1996, 10, 279. Miller, M. C.; Spielvogel, B. F.; Hall, I. H. Appl. Organometal. Chem. 1998,
12, 87.



190

191

192

193

ey
3

201

202

203

204

[
=]
WA

>
"

[

Sood, A.; Spielvogel, B.F.; Shaw, B.R. J. Am. Chem. Soc. 1989, /11, 9234. Burnham, B.S.; Wyrick,
S.D.; Hall, I.H.; Sood, A.; Spielvogcl, B.F. J. Label. Compd. Radiopharm. 1991, 29, 469.

Sood, A.; Spielvogel, B.F.; Shaw, B.R.; Carlton, L..D.; Burnham, B.S.; Hall, L.H. Anti Cancer Res.
1992, /2, 335.

Tomasz, J.; Shaw, B.R.: Porter, K.; Spielvogel, B.F.; Sood, A. Angew. Chem. Int. Ed. Engl. 1992,
31.1373. Chen, Y.Q.; Qu, F.G.; Zhang, Y.B. Tetrahedron Lett. 1995, 36, 745. Zhang, J. C.; Terhorst,
T.. Matteucci, M. D. Tetrahedron Letrt. 1997, 38, 4957. Higson, A. P.; Sierzchala, A.; Brummel, H.;
Zhao, Z. Y.; Caruthers, M. H, Tetrahedron Lett. 1998, 39, 3899. Jin, Y.; Just, G. Tetrahedron Lett.
1998, 39, 6429.

Hawthorne, M.F. Angew. Chem. Int. Ed. Engl. 1993, 32, 950. Goudgaon, N.M.; Fulcrand El-Kattan,
G.; Schinazi, R.F. Nucleosides and Nucleotides, 1994, 13, 849.

Tomasz, I.; Shaw, B.R.; Porter, K.; Spielvogel, BF.; Sood A. Angew. Chem. Int. Ed. Engl. 1992 3]
1373. Porter, K.; Bridley, D.; Huang, F.; Sood, A.; Spielvogel, B.F.; Shaw, B.R. Genome Sequencing
and Analysis Conference V, Abstracts, Hilton Head Island, SC, 1993. Krzyzanowska. B.K.; He, K.;
Hasan, A.; Shaw, B.R. Tetrahedron 1998, 54, 5119.

For a recent review on saccharide sensing with molecular receptors based on related boronic acids, see
James, T.D.; Sandanayake, K.R.A.; Shinkai, S. Angew. Chem. Int. Ed. Engl. 1996. 35, 1911.

Reetz, M.F.; Niemeyer, C.M.; Hermes, M.; Goddard, R. Angew. Chem. int. Ed. Engi. 1992, 31, 1017.
Reetz, M.F.; Huff, J.; Goddard, R. Tetrahedron Lett. 1994, 35, 2521.

Worm, K.; Schmidtchen, F.P.; Schier, A.; Schifer, A.; Hesse, M. Angew. Chem. Int. Ed. Engl. 1994,
33, 327.

Bien

cn,

1. T.; Eschner
Nozaki, K.; Yoshida, M.; Takaya, H. Angew. Chem. Int. Ed. Engl. 1994, 33, 2452. Nozaki, K ;
Yoshida, M.; Takaya, H. Bull. Chem. Soc. Jap. 1996, 69, 2043.

Nozaki, K.; Tsutsumi, T.; Takaya, H. J. Org. Chem. 1995, 60, 6668,

Paine, R.T.; Narula, C.K. Chem. Rev. 1990, 90, 73. Fazen, P.J.; Beck, J.S.; Lynch, A.T.. Remsen,
E.E.; Sneddon, L.G. Chem. Mater. 1990, 2, 96. Kim, D.P.; Economy, J. Chem. Mater. 1993, 5,
1216. Kim, D.P.; Economy J. Ceram. Trans. 1993, 38, 47. Paine, R.T.; Sneddon, L.G. Chemtech,
1994, 29. Cofer. C.G.; Economy, I.; Ferber, M.K.; Lara-Curzio, E. Ceram. Eng. Sci. Proc. 1994,
15(A), 447. Fazen, P.J.; Remsen, E.E.; Beck, I.S.; Carroll, P.J.; McGhie, A.R.; Sneddon L.G. Chem.
Mater. 1995, 7, 1942. Kim, D.P.; Cofer, C.G.; Economy, J. J. Am. Ceram. Soc. 1995, 78, 1546.

Walkers, B.E.; Rice, R.W.; Becher, P.F.; Bender, B.A.; Coblenz, W.S. Ceram. Bull. 1983, 62, 916.
Riedel, R.; Bill, J; Passing, G. Adv. Mater. 1991, 3, 551. Bill, J; Riedel, R.; Passing, G. Z. Anorg.
Allg.Chem. 1992, 610, 83.

For a recent review on novel high-performance ceramics from molecular precursors, see: Baldus, H.P.;
Jansen, M. Angew. Chem. Int. Ed. Engl. 1997, 36, 328 .

Dou, D.; Ketchum, D.R.; Hamilton, EJM.; Florian, P.A.; Vermillion, K E ; Grandinetti, P.J; Shore,

) . 208, Rdld 1, D.o. VL.

S.G. Chem. Mater. 1996, 8, 2839.

Eichner, T.; Braun, M.; Huitinger, K.J. Carbon 1996, 34, 1367.



i
[N
o)}

207

208

209

210

Chujo, Y.; Tomita, 1.; Murata, N.; Mauermann, H.; Saegusa, T. Macromolecules 1992, 25, 27.
Baker, C.S.L.; Barnard, D.; Porter, M. Rubber Chem. Technol. 1970, 43, 501. Schnecko H.; Steffen
U. Makromol. Chem., 1976, 177, 1725.

Lesley, M.J.G.; Woodward, A_; Taylor, N.J.; Marder, T.B.; Cazenobe, I.; Ledoux, 1.; Zyss, J.; Thornton,
A.; Bruce, D.W,; Kakkar, A.K. Chem. Mat. 1998, 10, 1355.



B: C{l}"bljn!‘, L; M()nnig,r /’rﬂlrn 101’)7";1 55 (710QQ
5 F€l i (ISR I I g

/ rhlnalls {7

Biographical sketch

Bertrand Carboni Laurence Monnier

Bertrand Carboni was born in Rennes, France, in 1954, He received his degree from
“Ecole Nationale Supérieure de Chimie de Paris™ in 1977 and obtained his “These de

under the supervision of Pr Robert Carrié. From
was a research scientist at Rhone-Poulenc in Vitry sur Seine working on the synthesis of new
fungicides and herbicides. After three years. he returned to the University of Rennes and
entered the CNRS. He carned a Ph.D. under the direction of Protessor Robert Carrié and Dr
Michel Vaultier in 1986 on the chemistry of azides. From 1989 to 1990, he conducted
reactions. He was promoted to the position of “Directeur de Recherche” in 1996. His research
interests concern the use of organoboranes in organic synthesis and biology, the design of new

polyamine derivatives as antiproliferative agents and, more recently, solid-phase organic

£
=



1248 B. Carboni, L. Monnier / Tetrahedron 55 (1999) 1197-1248

bl

arn Denomna 22 1 Clio ~lhénin.d L. DL T
L, lalie, 111 1707, ol DalIICU 1ICL rii.py

under the direction of Dr Bertrand Carboni in 1997 on the synthesis of boron anaiogues of
biologically active compounds. Her research interests concern the preparation of new amine-
and phosphine-borane complexes by insertion reactions of dichlorocarbene into boron-
hydrogen bonds and the development of new routes to a-aminoboronic acid



