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INTRODUCTION

at1ves and (3) epox1des, under 1on1c react1on cond1t1ons.3> R
he other’hand they have a strong tendency to react with bases or :f';ﬁ:
= c]eoph1 esuto form the correspond1ng organoborate comn]exes (“ate
-;:omplexes) oy anlons [eqn 1.

CXBR YT IKGBRY]T

- _ : : o
ex (H-Can)aB + L1C“H9-n —— i,l.'iB(f.?:.l-l_;}'r-l‘,l)ar.‘ o

-ij the nucleoph11es are "appropr1ate1y" subst1tuted the organoborates
'thus fOrmed undergo the fo]low1ng spontaneous m1grat1on [eqn 2T1.

= ’ : - i -
XzBR + Y—Z -—-—> X— ?-—Y —_— X— ?—Y‘*ﬁ Z, . [2]
SET B : X Z\I X ’ :

TA]though the 1ntermed1acy of the organoborate anion (1) has seldom been .

'estab11shed [2], there 1s 11tt1e doubt that its. format1on as a- trans1ent

}spec1es and 1ts i 2-m1grat1on are the key features ‘of a number of donic

}organoborane reactions - (13 ' s B SR

: 'It' hould: be . po1nted out however, that the great maJor1ty of bases
h ‘es are nﬂt "appropr1ately" substituted In such cases the




om1tted.r;{:fy»wi

It ’.* PREPARAVTjVQN oF _OR‘GANQBORATES' "

& a
v1ous1y [4], on]y

-hydr1des, wh1ch has recent]y been rev1ewed

e]sewhere,[3j5jjs »apge1x»

ent. to later discuss1ons 1s

made here.’ More than a century ago Frank]and [5], who f1rst synthes1zed

'organoboranes, found’ that tr1methy]borane

reacted with potass1um hydrox1de.]f

In 1938 Johnson et al. [61 observed a pos1t1ve react1on between: tr1—n-{o :
butylborane and n- buty111th1um- ‘A few years 1ater Schles1nger and Brown

[7] observed a wh1te solid from- the react1on of ethy?11th1um ‘and. tr1methy1- <
borane, “to wh1ch they a551gned the- formulae L1B(CH3) (C2H5) This comp1ex— :

at1on react1on has- s1nce proved to be- the
borates, and a number of organoborates of
‘have been prepdred by this method,r

L - N
,RI-BRVS ) ) i i —C= C— BR3

_ AriBRy . —C=C-BRs
ArCHz—BRs . N=C— BRa

most- conven1ent route to organo- )
the fo]low1ng structura] -types s

 =SO—CHa—BRs
N 502— CHz— BRs :

(R organ1c group.ul.*Rﬁiﬁ a]ky])

On the other hand, certa1n carban1on1c spec1es fa1] to fonn organo—




;In the above react1on 1t must be one’ of the B-hydrogens wh1ch acts as hy—

_?dr1de, s1nce there are no other k1nds of hydrogens present in t-buty]-v
;11th1um.1 A]though not yet fu11y c1ar1f1ed pre11m1nary resu]ts 1nd1cate

itha‘ other cases also 1nvo1ve the B-e11m1nat1on {81.
] An a1ternate method for the preparat1on of organoborates 1nvo1ves‘
fthe. eact1on of tr1organoborohydr1des w1th O]EfIHS or acetylenes. The )




“ethane). (141 [Figure 11. -

'F;Lg. 1. Structu.re of LJ.BH (Mes:.tyl)
'2(CH OCEIZCH OCE ) s
: (From JACS, 90(1974) 274) .-

;‘Thus, crysta111ne 11th1um tetramethylborate ex15ts as ‘a polymer hav1ng

itthe structure shown 1n F1gure 2 []5]. In so]ut1on, however, the”s’mp]e




R bsorpt1on ‘Attribu ble to the Stretch1ng of the A]pha C—-HsBchdstefgf;J

rganoborates

 C—H Stretching borid'(en') ©

: il 2770
;m(c,.u,-n),. Lo ame
SNaB(CaHo-n)u ™ oo 780
;AL‘B(CAHQ -n)s (csHs)r B »f>: . 'f;- R »flfzgdo';rvr’
th(C:.H;-n)(C.;H,)g L asno

ﬁhe range of 2760 2800 cm I 1s sh1fted by 100-150 cm from that fbr the )
norma "C—-H stretchlng., The unusua]]y Tow’ C—-H frequency range suggests’ 5f
hat the a-hydrogen possesses apprec1ab1e hydr]de character as ar1g1na11yﬁ,'

r'oposed -'by N1tt1g [18]

road multiplet-at




LiB(CaHa)o

: ‘A deta11ed 13C NMR study of se]ected tetraa]ky]borates has demonstra-,;l

ed that ‘the’ 13C chemlcal sh1fts corre]ate I1nearly with calcu]ated chem1-,.“i
ca] sh1fts of the 1soelectron1c hydrocarbons [19] ' Tab]e 3 11sts subst1tu—?“s

- ent parameters for tetraa]ky]borates.,"

TABLE 3

- 13C NMR Subst1tuent Parameters for Tetraa1ky1boratns

BN o RS Subst1tuent Pavameter
- Carbon Atom SN (Ppm) :

7.6

Y "‘m_‘_ o, =< v'm“ﬁv"‘ :




'”ec1se mechan1sm-_ ‘As organoborates are expected to act as nuc]eo- ;,f
*,ph1]es, they cou]d 1n pr1nc1p]e undergo 1ntermo]ecu]ar transfer react1ons
w1th e]ectrcpn11es as" shown in eqn 8.~

_jHowever, we have a]so d1scussed that “appropr1ate1y“ subst1tuted

: organoborate an1ons (1) undergo 1 2-m1grat1on react1ons [eqn 21,71in wh1ch
= the‘format1on of. new bonds takes p]ace between two ]1gands of. an organo—'
ora ' ',IVSuch a reactmn may therefore be: ‘termed an’ mtramo]ecular
'transfe ‘react1on.’ Even though therma]]y stab]e organoborate an1on< do
not'und‘rgo spontaneous 1ntramo1ecu1ar transfer react1ons, 1t has been




}ﬁreact1ons represented by eqn Zv The essent1a1 requ1rement Commo! Wto ‘all
Efof these react1ons 1s the presence or generat1on of an electron def1c1en
'1or e]ectroph1]1c center in a: pos1t1on a]pha to the boron atom of th"
,tetrahedral boron 'mtermedlate.-, The only d1fferen'e between the +wo re-

fract1ons shown 1n eqn 2 and’9- 1s that the former- 1s spontaneous whereas :

_:the latter requ1res act1vat1on by an e]ectroph11e._ﬁ e

t B._rr Intermol ecular Transfer Reactmns of Organborates

N Acy1at1on and A1ky1at10n

It has been found ‘that various organoborates react smooth]y at 25°:'
in tetrahydrofuran (THF) with acyﬂ ha11des to form the correspond1ng ‘
_.:ketones []0][20] [eqn 1]]- . : e

L1BRR3 3 R"COX-——> RCOR* fBRY s -1.[11]” :

70n the other hand a pre11m1nary study us1ng 11th1um tetra—n butyiborate

.as a test system 1nd1cates that the organoborate ‘does not react read11y

1;at 25°‘w1th a1ky1 ha11des and sulfonates, such as methy1 1od1de, d1methy1
'iisulfate and benzyl ch10r1de, ‘ketones and esters, such as cyclohexanone .*d"
~and ethy]lbenzoate, and epox1des, such as. propylene ox1de Thus, the" ;f}:f>v
Hireactlon provides a- hlghly funct1ona11ty—se1ect1ve route to “mixed" ketonesif

- as 1nd1cated;byvthe fo;_ou1ng examp]es.' In:_ertaln cases, thj:reactlon'"




PhCOCl
—._._)_

". -xhus, »the r'eactmn :




S CH==CH--CH201 -—-—¥ RO

 2,’ Ouher IntermoTecular Transfer React1ons of Organoborates ﬂ~f .

L Protonat10n of a]ky]borates ary1borates and benzy1borates 1nv01ves ;Aﬁ,
f_‘the 1ntermo1ecu1ar transfer of these organic groups, produc1ng the el

- correspondxng hydrocarbons [8] [17] [22]. ‘As’ d1scussed 1ater, var1ous

::fother types‘ ”rganobor tes undergo 1ntramolecu1ar transfer react1ons
w1th proton‘donors., ; o : _-,; = :
: Re]at1ve1y few other 1ntermolecu1a¢ transfer reactxons of organo—




chHs-n

—» ‘ —||3 CH— CaHy—n




fthetrc ut111ty, s1nce the reagent se]ect1ve1y reduces tert1ary alky],
§benzy1 and a]]y] ha11des (ch10r1des and brom1des) to produce the corres—
‘ponding hydrocarbons 1n excellent y1e1ds w1thout reduc1ng s1mu1taneous]y
. Dr'lmary and secondary a'lk_y’l and ary1 hahdes [eqn 16 18]. o

- T ______.__> L : . (90%) ,7[16],-,:
o CHz—C] ________’ - '—CHs (100%) []7] ':
CoBr

: @CH— CHBr —————> CH;CHzBr (50%) US]'

_These reagents appear far more se]ect1ve than other hydr1de agents that can"

‘also reduce tert1ary a]ky] ha]1des, ‘such- -as’ organot1n hydr1des [25], d1- Ca
,horane 1n SO [26] and’ sod1um borohydride [271. : R '
' It appears certain that one of the brldge-head hydrogens acts as a
”hydr1de, s1nce the- borane by-product has. been “identified as [11b].ﬂ The
’copIanar reIat1onsh1p of the C(]) B—-C(S) H moiety must. be at Teast:
f'part1a11y resp0n51b]e for the fac1]e hydr1de transfer- A very 51mllar
f;hydrlde transfer has a]so been: observed 1n the 0x1dat10n of organoborates
liconta1n1ng the same b1cyc11c borane [28]. These resu]ts strong]y support o
:_the ear11er assumption by NIttig [18] that the u~hydrogens of organoborateszf
Zhave a cons1derab1e hydr1de character. TR

h‘2 Intramo]ecu]ar Transfer React1ons of a-Thloorganoborates fg"iiv’ -

The react1on of tr1a1kv1boranes w1th a—11th1o der1vat1ves'of methy1
; pheny1 su]fone, d1methy1 su]fox1de, and d1methy1 su1f1de pro uces “the :




{SCH, ol R,B- cuz—s(cn )2 —_ stmzx R L[
¥ S(CHg)z T

h :reactIOn prov1des a un1que route to benzy]boranes and a]]y]boranes

P L1CHzSCH3-TMEDA L
1; , CH I

R e 5 a BH -;'4:'; f;.j7'h4CaH9 i<i., H: -
- Cach‘CH 7 TN

- . 3 il
o L1CH2$CH3 “TMEDA- R
TR




S _.‘ i T —
7"~,R%B‘jc(sph)g‘fv¢—'7v.u{'*

’The1r react1ons are synthet1cal1y equ1va1ent to those of organoboranes with
3r.:arbon monox1de or:- u—po]yha]ocarbamons [13.° : At present, it 1s not
-clear whether these aTternate reactions offer any advantage over the
: weH estabhshed organoborane reactmns.

RN

. 3. Intranid]e(::ula»r»Trah;fer React1ons -6f A]_kehyi'l,‘;'_ath A_'ikiyh}:"]rbqravtesl 7

'_a: A1 kyny1borates — Eno1ate Amon Equ1va1ents

~In. 1965 the fo'llowmg reactmns of a'lkyny‘lborates were reported
[[34] [eqn 23]. - R P ;

- /—L U RB—C=CHR' . T
"a[RsB- ’CR] LR 23
R L b




A;[34] remamed ‘large1y um‘ecogmzed untﬂ recent‘l_y _
“an th, pract1t1oners of orgamc synthes1s.‘ The synthet1c usefu]ness
: of the ~eact1on was c1ear]_y dehneated in 1973 b_y Pe]ter et. a]. [35]. o The

L kT Aot i o tetone @0
’.'.ff',CHsors e g

;(CH CH ) UBF,. e :

PhCH,Br




‘boranes (11)[36][37][eqn 25]

. \R“r .

H—BRZ(C_CR' )L1 _R_X.>H—é

u ' L o S
S
| LiBRa(cser') —RKL '>C=»C<"‘ o >C=C<
T R” - RV R R!
14 '
: vig » 13

: The thexy1 group does not m1grate compet1t1ve]y, as has also been observed
in the1r protonat1on [38] More 1mportant1y, the a]ky]at1on of 11 has
'proved to be cons1derab1y more stereose]ect1ve (12: 13 <90: 10) than that
6f the’ correspondlng a]kyny1trialky]borates (14) (12:13 = 65: 35) Some-gﬁf

"what unexpected]y, the maJor isomers; in a]] cases were 12 1n which the e

f‘m1grat1ng group (R) and the group 1ntr0duced by a]kylat1on (R") are on fl'nL

the same side of ‘the’ doub]e bond. - No sat1sfactory rat1ona1xzat10n of 'fﬁ B

;fthe stereochemwstry has been offered-,: , .
- The: react1on of a]kyny]tr1a1ky]borates w1th d1ha10methanes 1nvo1ves
;;the fo]]ow1ng double 1ntramolecu1ar transfer [39] [eqn 26].
E'The f1rst step must 1nv01ve the Type Ir 1ntramolecu1ar transfe
i‘The second m19rat1on step may be v1ewed as ‘a viny og' £ thl tr ,
ethway~ha bee proposed”for -

fkshown 1n eqn 2. An,ana]ogous mechan1st1

“the- react1on of 3—ch]oro-1-a1keny]boranes 401




~_;v' $ $' 'i‘
R B c=C- cu,cox

TR ' R‘
\c— /_

o H/ \CHzCOX

. RCOCHR'CHZCOX =~~~

t 1s deSIrable to be ab]e to prepare T, 4 d1carbony1 der1vat1ves in -

The react1on, as 1t 1s carr1ed :




-Hexy]
nyc]openty]
;neHexyle,.e.

~:_n-Hexy1

7that the reactxon 1nvolves an. ana1ogous Type II 1ntramo1ecu1ar transfer:l
'produc1ng d1rect1y a m1xtur of tr1subst1tuted o1ef1ns [8] [eqn 28]

EORR R H

; o 5:7. r L A i‘hffl*;lfﬂf; RN
RgB—CH*CHR' ;_..L. RaB— g- Cl:—R' ‘-—-» RHC-—CR R"‘ S peer

H Rll

ﬁvadent]y, the organoborane 1ntermed1ate undergoes a. dehydroborat1on re~f f:"
~'act10n under these cond1t1ons S1mllar to: that observed in. the protonat1on S
'5react1on d1scussed later (Sectlon 1V.C.3. f) ' : ) :

;c; AcyIat1on o T T S - : B :
; STt Was d1scussed 1n SectxonIV B. lthat tetraa]ky]borates, benzy]-
-borates, arylborates and methylsulf1ny1methy]borates undergo ‘an 1nter-?
fmo]ecuIar transfer react1on w1th acyl ha11des._ On the other hand, the
':react10n of a1kyny1b0rates w1th acyl ha11des has been shown “to’ proceed
' ma1n1y by the Type - II 1ntramolecu1ar transfer mechan1sm., The follow1ng
i1nterest1ng double m1grat1on pathway has been proposed [42 43] [eqn 29]

o LIBRa(CZCR’) ——-——-a-R cox

e ‘,~:;T;?
Jones reagent R c_.é)fR‘gs
e Deorn
]_6_'_.“ I




ou]d» e- obta1ned. However, no” such report has been made to date._fif
Q eactxon of v1ny1tr1a1ky1borates w1th a]dehydes ha° been . -
The 1ntermed1ates 17 can a]so

o oM oW BRI

:?fer react1ons. Although not yet demonstrated, 1t shou]d be feas1b1e to .
lgconvert the organoborane 1ntermed1ate 17 to unsymmetr1ca11y sub5t1tuted
;ia1do]s. ~The representat1ve exper1menta1 resu1ts are. summar1zed 1n

?;Preparatxon of 1 3 on]s by the React1on of V1ny1tr1a1ky]b0rates w1th
A]dehydes R .

Vtgi’h .it:if ;*j[ffszf;x7{53theddqu;1§3{dib1 (i)vi?'-e




R | B ) S e
" R=C— CH-~CHa— CHOH “=

‘fS1nce Y-hydroxy ketones are read11y convert1b1e to 1 4 d1carbony1 der1va- -
:’t1ves, th1s and the react1on shown in eqn 27 are comp]ementary o ‘
Leach other.; Severa] Y-hydroxy ketones were obta1ned in 53 .82% y1e1ds.
*_The reaction’ appears “to: be of cons1derab1e synthet1c ut111ty, a1though on]yt'
N one of. the three alky] groups has- been ut111zed N ‘w,»- T o
) The 1ntermed1ate 18 can read11y be- converted to. tr1$ubst1tuted hydroxy,
Aio1ef1ns by treatment w1th acet1c ac1d [eqn 32].; In most cases the reac- L
it1on appears to be nearly ]00% stereose]ectnve broduc1ng on]y one’ 1scmer n
©dn wh1ch the m1grat1ng group and the B hydroxya]ky] group are’ trans to each
]?other. The react}on represents one of- the most eff1c1ent stereoselectlve 4
'rsyntheses of trlsubst1tuted o]efdns..‘lV

" Some of the experimental results are Sumarized in Table 8.




roport1ona e ccord1ng to eqn 33 [34]

2R3§— CEC—“H —_— Rs-i—'é?’.(f,——E'R;:«F HC=CH- - - - [é3j '

.';;Th1s d1ff_1cu1ty has been part1a'|1y solved in ‘an 1nd1rect manner. ThUs, 'i:t .
};has been' ound “that v1ny1tr1a1ky]borates react read11y w1th epox1de5 to

:v“jform 1ntermed1ates wh1ch on ox1dat1on, prov1de 1 »4- d1ols 1n 77 93% y1e1ds y
461 [ecn 34]-,-; SR ' ‘ -

—= RCH(CHz)zCHR [34] :



. Jones oxidation

- f. React10ns w1th Proton Donors - - R e
As 1n the case of a]kylat1on of a1kyny1borates,‘the 1ntramo1ecu1ar ﬂ'ﬁj'-
carbon carbon’ bond format1on in the protonat1on of a]kyny]borates was .
jd1scovered by B1nger et al.. [34] and deve]oped 1nto a usefu] synthet1c pro-f L
‘cedure by Pe1ter et a1. [35] [eqn 36].v - R

RaB- c—c—RI RS B—c—- CHR" -593—-»- R— c— CH,R' . [36]

'Although var1ous ketone syntheses via: organoboranes have been deve]oped
[1], the protonat1on of alkyny]borates represents one of the most conven—f'“
' 1ent routes to. ketones 1n which the carbony1 group is f1anked by two
: d1fferent unh1ndered pr1mary ‘groups.. ' - :

As in. the case of alkylation (Sect1on IVC 3. b. ), the protonat1on re-f'
action can be applied to the synthesis of olefins [38) [38]. Protonation”.
“of alkyny]borates der1ved from s1mp]e tr1a]ky]boranes (RSB) resu]ted in the 7
- 'non~ stereose]ect1ve formatxon of. d1subst1tuted o]ef1ns. However use of - o
) thexy]d1a]ky]boranes in p]ace of the s1mp]e tr1a]ky]boranes gave > 95%
‘pure cis o]ef1ns [eqn 37].m

R \H EURNCE DA & 7
peeis T

.-FFE:!;_CECetPh_' | _CHCHCOOH R Ph

7;1H1gh1y puzz]1ng are the oppos1te stereochem1cal results obta1n q'1n the =
i'fa]ky]at1on (Sect1on Ilc 3 b ) and 1n the protonat10n-~ A5carefu1 TETHVEStT- 3




SRR 1Y

”Hf.f. 8

HO— € CHaR" [42]

o
LN
T

obta1nab1e by hydroborat1on.
L ReB
C—-C
\\R'

R2BH +X CR_,. o

\B—IC_PH RII

HCL
ethers H:C{/



1Surpmsmg]y, no. carb1no] was detected in: the 1atter react1on,
’mentxon was made about the olef1n format1on 1n the former [49]

more h1gh1y subst1tuted 01ef1n 1somer

’served with: both 1nterna1 ‘and term1na1 acety]enes “Efforts; refbeang made’
t0 c]arlfy whether or not the abnorma] resu]ts shown in eqn 43 are:due o]
the presence. of water. oo : F S R
' . Far more s1gn1f1cant is our recent f1nd1ng that under bas1c cond1t1on
alkenylborates undergo an 1ntermolecu1ar transfer react1on, thereby pro' s
“vidinga ‘mild bas1c procedure for the protono]ys1s of a1keny1boron spec1es;gsi
»{51] [eqn 44]~1 .»c,{?f‘, S o e 'fA~" T.T»‘j'{u}~

Rl - Rll 'v

R RY _ C"C anaOH R : RYM o :
: A Yo 1 1111 T S
.;>98% c1s ‘d[.t '

It is 1nterest1ng that- the fbrmat1on of the abnorma] o]ef1n products can
. be a]most comp]etely prevented by. sh1ft1ng from an ac1d1c reagent to a
fbas1c one.’ Hhereas the alka11ne hydrogen perox1de ox1dat10n As; a h1gh1y
. dependab1e, genera1 procedure “for’ ‘the’ convers1on of organoboranes 1nto

: the correspond1ng a]coho]s, the protono1y51s w1th carboxy11c ac1ds
‘ method of cleav1ng the carbon-boron bond leaves much to be des1red
'.appears certa1n that the bas1c protono]ys1s will he]p solve much of the :
Lﬁex1st1ng prob]ems assoc1ated wWith the: ac1d protono]ys1s. Its mechan1sm ia':
“is not. c]ear.r However, the fo]10w1ng d1ssoc1at1on mechan1sm appears
:fplaus1b1e [eqn 45]-7, R e :




CCHONER Rt
7 ::-‘A R .-lcw c“'s.-.;‘ _____>.. .

(H0)5BR_ji;¥;,f~=“

ince the a'l‘keny'lborate 22 does not undergo readﬂ_y any spontaneous S
_ act1on, the transformat1on shown in eqn 46 may be v1ewed as an examp]e of
f; th ] '-Type II 1ntramolecu1ar transfer reactmn. Earher resu] ts of the 10—? '
dmatwn reaction were recent]y rev1ewed [52], and therefore omitted from
fth ‘present d1scuss1on. IS oI e e
A]though the s_ynthet1c apphcabﬂﬂ:y of the or1g1na] procedure 1s
ather ‘hmﬂ_:ed due to the lack of: convement and genera] procedures for -
he ‘prepa Aat1on of d1a1ky1boranes, 1t has s+1mu1ated the development of




_590-100%'(R' 'alkyl or aryl)?}; =
f375 94% (R‘ =H H) - el T

,;Both 1nterna'l and termma'l acety'lenes can be’ prepared 1n exce'l'lent 'y1e'lds
_:,Moreover, un'hke the conventwna'l reactwn of- al kyny'l'hthwm or re'l ated‘
viGr1gnard reagents w1th a]ky] ha11des or su]fonates wh1ch proceeds well: -
..only when the e]ectrophﬂes are primary, the fodination of al k_yn_y]borates
*fperm1ts secondary alky]-alkyny] and ary1 a]kyny] coup11ng as shown 1n'
:Table 9. : g o - S :

”,.TABLE. gl

) f.'P"r’-e;}aj_}-a.'tid’n'; Qil’-;ACé_i_;y] enes by ‘the’ Rt_aéar';.‘tvi bh’: of Al kynylborates wi th Igdi’ ne S

TR R - ‘Yiéld of ‘acetylene (%) "
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Protonat1on fo]]owed by 1od1nat1on of alkyny1tr1a1ky1borates prov1des
another entry 1nto tr1subst1tuted olef1ns [56] The scope - of the react1on,
wever, is- 11m1ted to the preparat1on of tr1subst1tuted olef1ns of the
type‘RzC—-CHR' 75‘“’ S s

f’;{h_».,jotné‘r} Ré'acti'Onsff o_'fm k‘em- and Al_kynjﬂbofét.ﬁsf o

- _The react1ons of a]keny]— and aikyny]borates w1th carbon electroph11es“
: ‘have: been reasonab]y we]] de11neated wrth1n the last few years. ‘On*the "
cther hand, the1r react1ons w1th ‘other e]ectroph11es st111 rema1n 1arge1y
unexp]ored except those 1nvo1v1ng proton donors and 1od1nes-, Some of the |
act1onsof a]kynylborates w1th “non carbon"‘e1ectroph11es are shown 1n theg

ollow1ng equat1ons [eqn 50 53]




“55 82‘4

- he- reactwns mth d1a1 ky]ch]oroboranes [34] and w1th d1 al kylchlorophos
“:phines (571" are- both h1gh1y stereoselective. " If "
;-Tfproduct can be d1scr1m1nated from each other’ 1n the subseq n react10ns,
ffthe a]kenylborane,can be a usefu] 1ntermed1ate for o]ysubst1tuted_olef1ns
:'The Type II 1ntram01ecu1ar transfer and the 1nteﬁnolecu1ar transfe com

Zpete in the react1on w1th tr1a]ky1chloros11anes [58]’2' The react1on w1th
};methanesu1f1ny] ch]or1de [59] 1nduces a transformat1on wh1ch 1s synthe'
'*a]]y equ1va1ent ‘to. that 1nduced by 1od1ne, but does not seem to offer an
hfadvantage over the 1atter.f Ne1ther B-—AJky] 9 BBNs nor thexy1d1a1ky
'f:boranes transfer the a1kyl group se]ect1ve1y.;< »"- :

] M1sce11aneous carbon e]ectroph11es other than those d1scussed ear11
;j1nc1ude bromomethy1d1ethy1am1ne 601" and 25 [61] The1r react1ons pro-
1—ceed as: pred1cted based on the forego1ng d1scuss1on : ; : T

, B N T R‘\E;
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=3). The longer C— A] bond makes then‘ electrons more- access1b1e to the
5ie1ectroph11e than those of the C—-B bond, s1nce the 1arger C—-A1 bond
:fshou1d exert 1ess ster1c h1ndrance 1n the 1ntermo1ecu1ar sense.- _~

7In_any event, 1t is- grat1fy1ng that these structura]]y c]ose]y
e1ated spec1es exh1b1t a1most ent1re1y d1fferent react1on patterns.'"
A]though the react1ons of the a]keny]a]um1nates are mechan1st1ca11y

”%ana]ogous'to those of’the correspond1ng orgonometa111cs conta1n1ng 11th— “5”
um and magneswm, the abﬂ1ty of alummum hydmds to create’ stereochem- Lt
%gca]]y def1ned a]keny] der1vat1ves v1a hydroa]um1nat1on makes the reactlons

;fshown_1n eqn 66 'n1que stereose]ect1ve procedures.<.ef

3CONCLUSIONS

o »It has been estab11shed that the organoborate acts as a nuc]eoph11e B
*fby one or more of the fo]]ow1ng mechanlsms.~ ’:‘;:i ffry,f :

Intermo]ecu]ar transfer




o V‘On the other hand 'when the 1nteract1on of organoborates WTth electro
l:ph11es can? ead11y generate an eTectron def1c1ent center 1n a. pos1t1on
’fanha to the boron atom, one of the boron bound groups m19rates to the :
fe]ectron-def1c1ent center-s The 1ntramo]ecu1ar transfer react1ons may ar »
i.b1trar11y be: d1v1ded 1nto two tyoes. In the Type 1 1ntramo]ecu1ar trans—fl'7i
fer, an e]ectroph11e undergoes a subst1tut1on react1on, whereas the’ Type II,iT
{fantramOTeCUTar transfer 1nvo]ves the add1t1on of an: e]ectrophITe and thus
requ1res the presence of an a,8- unsaturated group These 1ntramo]ecu1ar i
ffmechan1sms do not- appear to be shared extens1ve1y by any other organo- ?4l> L

K meta111cs 1nc1ud1ng organoa]umInates.,

) 0w1ng to the. recent rap1d development A th1s area, chem1sts are now. .
f'1n a. posi ition. to be able to pred1ct the approx1mate course of the react1on B
of a- g1ve1 organoborate with a reasonab]e degree of- conf1dence.. Many of

"~the react1ons appear ready to be app11ed by the. pract1c1ng synthet1c

;.chem1sts to the synthes1s of mo]ecu]es of the1r 1nterest._ ', :

:” - What rema1n d1ff1cu]t are (1) to be able to pred1ct and accurately ‘
f1nterpret the re]at1ve transferab111ty of d1fferent boron -bound . groups, ‘and-
;(2) ‘to be. abTe to transfer seTect1veTy and at w1TT one of the fOUr boron-*

'-'bound groups in many of - the. organoborate react1ons.‘ In1t1at1on of- theoret— :

"f1ca1 ‘and phys1co chem1ca1 stud1es appears 1n order. S1mu1taneous]y. fur-=r~

o ther efforts to broaden the scope of th1s area must be made before these

f*“react1ons become truTy usefu] synthet1c tooTs.: For examp]e, a]though the ,
;';aon1c conJugate add1t1on react1on of: unstab]e organoborates has been d1s-, o
;f*covered {80][eqn 67 11tt1e 1s known about the react1on of therma]]y -
;t-stable organoborates w1th a,B unsaturated carbonyl systems.
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