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., . . : ._. 
.- &BRY]- 

éx;~(n&Hs),B -I- LiC&-n 7 .LiB(C+Hg-n)s 
Cl 1 

s- ~.: 
: .: 

: -. . . 
: Ii ihe rycl.eophiles are “appronriately” substituted, 'the organoboratk 

thk formeo indergo thè foilowing spontaneous migration ‘[eqn 21. 
: 

XiBR. -F 
P 

A X-B-Y.+Z- ca 
-. 

. 
:-, 

,. 
-. . -. 

:~A1 thotigh thé. intermediacy -of the organobkate anion (1) has seldom .been 

established .[21, there. is little-.doubt that its formation as a .transient 

..~speci~es~and its 1,2-migration are ‘the keyr features of a ‘number of ionic -. 

.:organoborane_,reactions .[l]-; 

-.:. .It,shbüld:.be-:pointed-out, 

‘. . . 

I 1.:. 
however;: that the great ,majority of bases :. . . _- 

~:an_d.-.nucléophS1es-- are not. !‘a ppropriately’! s~bstituted. -’ In, su& cases_the. . . . . 

.:,stable and do- noot- undërgo ~furttie~~.spontaneous 

as?; 0-f -rather.:lusèless.‘compounds. from the._,vieti- .: .__ .._ .._- _ :. ._. 

-.reacti.ons_;::: llt%~l_ ‘ï%%tly_. relati-vel-y -1ittle had -been :knovjn- about- the re- . . 



omit&. _{- .::_. : 1 ,__.. : -. 
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II. PREPARATION OF OR’&NuBORATES ~.- : 
: 

_ ._ ‘. -. :_ .. ~--.-, ._ 

Silice ~his-:as&t of~organoborate.chmnistry has be& revitiwecl pre- 

viously [4], only a brief presentation pertinent to later discussions- is --. i 
made here. More..than a Century ago Frankland 151, who first synthesi>od .- 

organoboranes, found that trimethylborano reacted with potassium hydroxidei. 

In .1938 Johnson et ‘al. 161 observed a positive reaction between tri+- 

butylborane-and n-butyllithium: A few years later S&lësinger and Brown 

[7].observed a white solid’from the reaction of ethyllithium and trimethyl- 

borane, to which they assigned- the formulae LiB(CH,),(C,H,).. This complex-. 

ation reaction has since proved to be the most convenient route to organo- 

borates, and.a numbor of organoborates of the following structural types _. 

have been prepared by this method.. 

ArlÏ$R3 

&CH,-ËRS 

-CEGERs ‘. -SO-CH,-BRs : -.. _.’ ._ 

NEC-ËR, .,. -SO&-CHâ-ËRs ; .:.-. -1 

(R = organic &oup; -R’ = alkyl.). 
- 

: ._ 

: 1 _- 1:. ~’ 

.. On .the. other -hand, certain. carbanionic species .fail ‘to -for&, iorgano- -- 

borates -in tihi.ch the- carbanionic group.:is sigma%onded, to’boron’.~.~For:~:‘- -,_Y 

.- example, cy~lope&adi,enyll iihium does .not..‘seem to:interact:appréciablÿ with’ 

Thus, a .sharp--_ TH NMR‘.singl.ét at-;65;‘6 tppm for :&lopenta~‘~~~. ,. .-: ._... 
: dienyl lithiùm. is- essential-ly unaffected .by %& addition-of tri’~thyl~~~~~,ne..~‘- 

[8] _ ..-:Moreov@r,: the:mixtùre-.does _not- exhibit any- peak’ at: O:X~l~~~B :ppmf+are’-:.j- 
‘,_a1 ky&,yaltes. &h; b;i $y &,&&e,&~ 6 p&,&&. -.&e:I,&,&gef,~ fi-; 

^.. ~..... 1 -. -. ‘. 



-. .:. . .’ 
_Ii ‘the -above. reaction -it must. be one _of ,the 8-hydrogens _tihich atits as hy- 

:‘-hridei’ sinie thére~~&e no -other kinds .of hydrugens present in t-butyl- 
$th&,/ Although. not’yet fully clarified; preliminary results indicate 

_ that .other .‘&sesL’al so: .invol ve.- the .&el imination. [S] _ . . . .,. -. _.- 
: ::. :-? Anal ternate method.. for. the Rreparation of organoborates involves 

the:re&tioh~of. triorganoborohydrides with.olefins or acetylenës. Thé 
-. : 

’ fë$&& wi.& ol~ofins_provides addition products [123 [eqn .5] , .whereas that .._ .;.-...I 
-1 with .-acetylenëj-producés substitution products [13] [eq.n 61. ._ 
:.-y. .-: - ; _ -. : __ .. 
: .- : ‘..._... ’ .i’. N&sBH~lf_Cl-i2=CHRt 1.2. NaRs8CHrCH2R’ .. c51 

._ _ .- :. . 
:-~. .: -.._... : ; _. ( :- : .= -_- --‘_ : : :. -RaRsBR_f RC+ CRI -.- NaR?BC=CR’ .i-. H; -. :.. . . -1: : _-- .. [6]- 

.‘...-:-l ._.... x_ :_,__.:, _:,...;: :---. . . _ ;, --. ,. . 
:-This$$o~&&re;. hotiever, do&:not se; -to offer._any advantagé,. when the _ ” ., ~__i, ._ _. 
-: bè~s~ired-:~jyga~bb;oratès-.are~ bb$aihabl e,‘t$ the cotiplexâti.o_n reacfzion,’ ‘. -’ ‘_.. 



_’ 

:_ -.. 

Fig. 1. StYucturë of LïEEi2(Mesityl)2-' Fig; 2. Structyre of LiBMe4. ‘. ,.. : 1:: 

(Fkom JAbS, 96(1~74)27i) i-~ - 

(F~om.~&3, 93(ig~i~1!%3): _: :-:.% 
,, . . ., ,_ -_. :_ -_ -: -: ,: ‘: ‘._+ 

,. _. In other cases, howeuer;. the .mon&&ic repreSe&ation is inadwjuate.’ : 

T~US, &ystal!itie lithi& ~etr~me~h~lfj&3kz existj as-.a’tiolym& :hàvir& ‘.? 

l-& structurè.‘shown: in’ Fi&e_‘2 Cl$] .- In, soiutjon, how$&f. iii&: &&ie : _‘. 

36k pair mode1 shok :‘in eqn -,7: appears tO'-bé,a.'satisfactory.~'repFesentatibn'( _': 



si-Attributable ‘to ‘thé S&-etchinu oi %he Aloha CL. H -Bonds-.&f x .’ 

..: __. .._ :. 
-1 :.; 

-7 I $he: r&n& .~f-~27&-&0 ‘cm 15 _shiited by.lCjO-150 -1.:‘. cm from that for the. 

-: -~tiOtiai::t~ .v. ,~&r&tching~ .‘_..I_ :. : T!e unu&lly low CL H -frequ&czy r&ie. suggests .- 

.~‘;T_t~~6;thè cr-tiy~.~~gen-pps~,esses_appreciable hydridk character as originally ‘: 
.__. _.;_,:;> L;._ ,.,-_ *,-_; _;r,“,_ . . , 





I T_ _-. -_- L ‘_y-_!_ z. . ..” -:- 
.~ 

.-. 

_.j$;:; y REACTIONS_ (j,- (j&&$&&~~~ .. 

::-.. -_ . . 
-. _ 1; .. y. 

.,,--.,y_ ,y. ,-. - .- ..- _ .’ 

-!Ai::r.. ~‘Inte~rmolecùïar ‘Transfer. V_S;-. Intramol&ular Transfér [ --. 
..-- . . 

: -.-.. L 
.;~~~~~~:J_In_thie’~~~?ctiO;i5 &.nucleophilîc organometalTïcs; such as .Grignard -. . _ ~._ __ 

~--..~eag-en.ts;..‘~i th organic -el ectro’philes;- .-- suc-h as ketones ;--the:,carbon-carbon ‘-.-. 

11; bond-formation takes:‘place between _the’?& reactants. Suih' a réaction- may . . 

.:arbitrarily be termod an -intërmolecular transfer reaction irrespective of 

_i ;Ci tireci se ‘mechanism- ,’ As organoborates are expected to act as nucleo- : .- 

.:-phiies;--thoy’ could in principle.,undergo intermolecular transfer reactions 

--with él ectrophi les as shown in eqn 8_ - .; 
. .: 

.._.:. 

.However; ne bave: a1 so discussed that “appropriately” substituted 

i orgar;obor?te’anio’ns-(I). undergo 1; e-migration. ‘reactions_ Ceqn 21, in which 
‘. -.-. 
_:_the-.foriaation of ne\! bonds~ takes_ place betheen two. 1 igands of: an -orgSno- 

-.~i&&é~aiion_-u .Such a rea&itin may.t\erefore be.termeh_ an iÏ-iiamolecular_ 

Even .though’thermally stable organoborate anion&.do. 

intr$molecular. transfer :reactions, it has’.been -- 



ial reauirement ‘cGmcW1to -a11 Y : 

:: .:.. 

rea&ioni: reRresented by :eqn ‘2;: : The-essent, 
.:,__ : : -:...;._. : -1,. _.. 

_‘-__ _/:-.. :- 
.. of -these~~r&ctio~ns is the: presence .or Qe&a&on--if. an _ele&ion d&fi&jentl,. : <. .: 

Or electrophilic tenter in aposition. alpha.& t& ‘baron àtom if the -. ;. .-c-__:-.._ 

‘tetrahedral bot-on -int&nedï_at&. The only djffer$ce ._betweei the tv0 t& _- Y ‘:: 

.- actions Shown ix .eqti 2 and :9’ i& that -the former is kpontgneous;’ whei-cks .._ -. 
the latter req&res.activation by-an elet&&phile;, : ’ .’ : ‘. -? .: 

1: 

‘. 
._- 

., 
B. Intermolecular Transfer Reactions of Organborates ..’ .. 

1. Acylation and Alkylation 
:. 

It has been found that iarious organoborates react smoothly at 25”.. ‘: 

in tetrahydrofuran (THF) with acyl halides to forn.the corresponding ‘. 

ketones Cl01 [20] [eqn 11 l._ 
.- 

-. 
LiBRR; + R’ ‘COX L RCOR’ ’ + BR9 Cl11 

On. the other hand, a prel iminary study using 1 i thi&i tetra-n-butyl borate 

as a test system.indicates that the organoborate does not react readily .- 

at- 25” witlh alkyl. haiides and’ sulfonates, such as’ methy] ioc!ide,..dim&hyl .y 

.‘. &l.fàte .&-~d bénzyl ch1 oride, 
. 

. . ketones and esters; &cti,~às cyclohexanone. .-’ 

a& ethyl. benzoate;’ ‘and -epoxides; 
: 

such:as irobylene:oxide._ Tt&,‘?the- ‘; 1 ... 

reacti& providës-‘a’highly:functïonal~ty-seiectS’ to:fimi~+ k&go@&l:. -, , -_ -- ._..-._ -- 1, , 
&ti jridicated_by 'the:folj~wing~.:ex~mples.-. Iti.c&taiti.&ses, &’ reaction 1. ‘. .-_. 

-. app-ears._ bei;ter sui t_d :;Ch& -.the. .$del y empl o.Yed..;reecti o”:_.o-~__srsan~Cup~~~~~~.~-: z 



. . 
~~~‘bï@C$.-.:? <j.:th& I_~&&?&I of “&xed’!: teiraa! kyl borates contajnini bath 

:.~r-primar;y’and.-Secondary a1 k$.broips, the- prima& group i.s traniferred :(: 
;_:--nearlÿ ~&~1&&7y rigai-d!e& -6; statistical f&tors .Ceqn 121. . -. ., ; . 

-. 1 . 88% 1 trace. ;_ -‘:P .,.-:,I. ._ ] ,. .., 
. . 

-.I . . _’ .i _ _-._ ._ ,_ . : : :. -:. ._’ 
‘-Ttië’:tirtiatiob&ane. add& ii .r&ov&ed q&ntitati$ely;, Ïhus,_-the reactiori ‘. ,. : .._ -. : 

-SanobLwané-m&?ated. rëact-î-bn .oi .an ofganol ithibm - 
-_ ._. ._ : ._ -- :. . . ._‘_ _: .. __ 

.z .-, ._‘_.-* :-... ~._ 
lë$i :.ba‘siC. Cn-ganic sroufjs.I’su~h.-as,aryi., _b&&i...a~d met&i& -..y 



;. .::_ : ., : . : 
,. . . : _...: ,- 

:. : 1: :, -’ -... t: 
?%(IV) _. ...~. -. 

.:. 
: ‘!. ._. 7;. -‘I -ri33 

.F,(<_ 7) 

s-GA 

&-CA& ... .,‘. 
.:a t-..’ \ _’ . . ;- 

-..w..;. _ ,+. CHn&-+CI 7 &i)/+. _,, .~ ‘- : : : -_, .: 

- ; ., ., 

: 
‘. 

2: Other In~emlecul&r Tramfer R&ctions:of. OyganoboFaies ‘_ _- ._’ . . 
,Pk?ionatiok ‘@f a1 kyfborates; aryl boFates.‘arid ti&zyl~oràtes ,inv&‘liieS -. 

.ttie 4n%ze&noie.&ltir transfer of these-organic-groups; ‘produci&the. - : 

.’ &r&ptinding ..hydrocarbo& [8] [t71 t22i ; 9% ‘diScüssëd. lat&,.various ‘. -’ ‘. 

._ other tYPes:of’cj;rganotiorates undhrgo--intrarolecular~..transfer r&&tions .’ :_ .. 
.’ 

.-with~proton:donors. :.- :., :.‘. _‘.:: .: _-. ..: :. _,. :, .. ‘:’ _-_ .:_- 

__ Rh1 &$vel$ If& &her i’~tlermitécuiar.~trahsf’er. r&ict ioni of- t&&& : .- 



‘: 

: 

c141: 



londing hydr&zarbons iii -excelle& jG&lds with&%. redticing -s 

wimary a& &cpnd&ry 61 kyï. -a& aryl ha1 ides [eqn -16~181~. 

_ “.._ -__. . _- ._ 

F imul tanec&ly ‘. . 
: 

f .-. : 
. . .- :. 

n- - . . 

.. :G WL 
,>“d)’ “. 

yciti, . . 
,cw: 

_ / . . u 
: \;, CHs (100%) ci71 :: 

f CHâH,Br (6Oij. cl83 ‘. 







:yti%.th- alkylThalides-[34] r&ained .largeTy .unrecognized until recently .. .-.>Z . . .._ c_;. -_ .I -. .- . .._ 
‘.‘amsn9:th~:.~pra’~~itior;ërs~of ?organic synthesis; The.. synthetic Usefulkess . . 

.:~_~f,;th:reaction &s:clearly_ del ineated in -1973 by .Pel ter et. a1 . 1351. -, The 

“re~resentati~e r.esuTts ‘are su&arized in Table. 5. . .._ _ _. 

TABLE;5; _,_: y’- ~. :. 
.: 

_.‘Ké.tone~~~~~nthesi5--tiy the -Reaction. of. Al kynyl borates tii th Al kylating Agents 

-_ 
AlkynyTborate.. ‘.. : -< .: Alkylating Agent iield of Ketone (%) : 

-. _. .:_--_. :_. ._: .:.y ., : 
~-L’iBcC=~~~~~;n>S(~~t.H1;-n)’ .. .(CH,);SOS’ .. 84 . . . . 





. . . 

:. 



__ .-. . . . ,_ . . . .: ._ -. .:, ~=‘ ,.__ _ _- ,. -. 
i~+i~xyl 

I . . . __ _. 
_ ,: :--.~~n+exyl,: ’ 

.,:.-. 

-.+$xi’nty1- _. .rl+tyl )T 

îhat- th& -reacticin irivotves a,n analogous type II intramolecular transfér.f-. 

producing direct1y.a ‘mixture’.& trisubstituted blofins ‘[81. _Ce@ %81_,_ ; i‘ i:.--’ I 
.: ,. _: 

: .._‘y .: ., - ..‘~_- 

: 
.’ : ‘.. 

. . ‘, : : 
:Evidently, :the. orianoboran& iketiedia~e &dergoes a dèhyd&boratiok_ i-e< 
action. under these’.conditions similar‘to that observed‘ i? the protonation 

reacticn di&us&d’later (Section IV.C.3t;ff. .‘, 
‘_: 

. . . ‘.. . ‘. 
; .. _, 

.” 
‘. : ‘, 

..- c. Acyfatjon.. : _. : ~ .. . . ..- . ; -_; .’ : : 2. t ‘ 

It.was discussèd in Section IV;B,l that ‘tetrâal,kylbora<es,- bon.&~ ~.‘- 

borates; aryl borates: and methyl sulfi nylmethylborates undergo-.an :‘inter_ 1: . 

~molecular~transfer -reacticn with acyl halides:,: On the. other h&d,-the.1, .- 

: i-eactîon of a1 kynylborates with .acyl haiides has been $~owri .to proceed. “.. l”:.i 

Gainiy-hy the +Se .II intram&lecular-transfèr mechani+fL, ‘-The following:‘.: “.-__ ’ 
. . 

interestins -double migration pathway -bas’ been proposed ‘[42,431’ [eqn 2 



l:i.:- .:‘:‘: -:If41 &-,$l b&~~e&-~$~ts’a~’ eioii$&<anjin eqÜival_ént& in &&r .reactfon _‘.:Y 
. . .y-. : 

_: . . . il_.- 

$u;ji~tth.?al dëhydes ahd .ketotie_s , i the correspondîncj uns$nmetrically -substituted ;i: ; _. -_ -. . . 
:~a&-jl’~ :&üjd $&&,+a&d;;;: j&e,ief.,; n-h su&+p&t h& i’,jèen m,j& t. date-_ :-- .. 

-: ;;_ .“ _,_:. . ..z-._-- .- -: -. 
:.::‘Recently, :the,reaction: of vinyltrial kylborate&wîth ‘ald&yd& bas been ;. 

:-‘rshown?.to. :proceed‘-‘as- show ..în- e&30 [441;: .-The. intermediates. 12 I&I also ... 
j _.- .Y :_ ._- --’ -- be..con:u~~~é~;~o yl,hlo~~oa,~o~o~s, :. _,’ : ,;’ -. : 1 ;;.- . . .- : _ -1 

: :- -I_.-_..R,B_CH=CH, :F(C+ .;;$ : coi ~ ._ ~&&;~;~’ ;;, ,; [303 .. :_ 
.-’ : .-. :-: :: -._. . . O.\cH,/ -’ +H OH ‘. 

‘&’ .. : .; ;- .._’ .: 
2.2. -. 
,;_:_ T 
. . .Y .._ 

: 

~~-i~~~re~ctio~_._i.epresent;..another~ exa.mple of the Type II~.intramole~~lar trans- t 
.fer reactions. -Although net’.yet’demonstrated:it should ‘be feasibleto . . 

convert the or&nobor&e’intermediate _ to unsymmetrically substituted 

1:: a1 dol s . The, representative experimental resul ts .are’summarized in :’ 
.; Table 7. .. ..- c ’ ; : : .- _. _~ .: 

;, : 

_. 

.- -:Preparation if 1.3~&ols. by the’ Reaction of Vinyltrialkyl borates with :. 



R-C-CH-CH~YCHOH 

. . 
> --. .’ 

~_~Sincey&ydroxy ketones are readily convert;ble .,te 7 ;4-dioarbonyf deriva-, 

tives; _this’and.~the reactfon’ shown in eqn 27 are ,compTementary to- . 
each other . ‘Several y-hydroxy ketones were obtained in 53-82% yields. ‘. -’ 

.The reaction’ appears to be of co.&iderabt e synthetio- uj51 ity, although only 

one.of.the three ai&-groups’.has--been utilized. ‘.’ y,‘ : 

ihe ‘inté$ediate B’can- readily..be tionverted to.‘trjsubstituted hydroxy 

olefîns. by treatment wîth acetiti acid [eqn 323. ‘in most cases the reacl‘ .-’ 

tion appears. to be nearly_,.lOO% ‘stereoselective producing only’one isomer 

in which .the :rnj&atiinb’ group ,and ‘the -ELhydroxyal kylj &up. are trans’,.to each 

-- other;. Ttie- rea&ion’repre$.ent& one’.of ‘themost. ëffititent stereoselective ‘_ .,. 
synthes&of trisubstituted.:olefins., : -. :-. ._. - 1.‘. . _- 

‘... .’ _._,_ .,._,_ 
.-.. 

.’ .: ;_ -.. .,__. ._. .. ‘._. :. -: ; ;- _, .__ . i ._: -. -..-. 
1. ::Some of .the &&$imental resul ts .are ‘s~~ariièd- in-‘Tabie. 6. 



.-- . . -- -< 

1 . . -_. _. .‘_r .‘? __.‘.‘--..__ _ 







more:highly-.substituted~olef~.n. isomer, ,- . . . 
serve& .&th- both interna1 and terminal- acetylen&I 1 Efforts -_~~e._b~~i?g’wad~:“:-~. 

& -la&& whether or .not .the abnormal results~shown in eqni43. are-Tdue.toL’S II._- . . . 
the presence of.water. 

.: -. - ___-. : . . 
I J ._: 

Fer more significant-is’ our recent finding that under basic cor&tion&~~:~ 

a1 kenylborâtes undergo’.an intermolecular transfër ,reaction, thereby!Rro- 1:: ::1- 

viding .a mild basic Rrocedure forthe protonolysis of al-kenylbyoron specîes :- 

(511 [eqn44]...’ _ _. 

- -:- 
- 

R\ - , RI, <. R\,&R’: 
. . n-BuLi; R28/ 

R&i;/ 
c- c,H. 

lH 
. . R” .- 

aqN~oy’<&, 

\Bu-n HI ; ‘H.. 1 ., [44j.. 
: 80:100%. 

. 198% cjs 
,>. :‘; 

. . 
It i,s .interesting that the..fownation-.of the .abnormal .ole<in ~&oÏ$c& cari --,: 

be almost cokpleiely prevented by shifting from an -acidic :.reagent‘to_a :’ : 

basic. one... Whereas the a1 kaline hydrogen peroxide‘ oxidation. i.s- a highly -_ ‘, 

dependabie, general. procedure for. the- convè&ion qf .orga_noboranës. into 

thb corresponding alcohols; the protonolysis with carboxyl ic aci’& ras-a ’ : 

method of clea_ving the’carbon-baron’ bond .leaves.~much to bedesîredij ::It ‘~y .:. 
appears.‘certain that the- basic protonolysis :will. .help salve’ .muoh- of .the- Y 

existing. problems- associated with thq acid .protonolysis. Its- mechani &i -: _, ..- 
is not clear. However; the following :di&ociation .mechanism ap<ear$.-_-: ._.- :. 



_.: 
-.. .;.,. :.-.- -., .-: : 

:; -_ 
,.. -:‘ ,. .: : -. 
,. 1 ._. ._, 
:‘s{ncë’ the‘ Al ke_tiyj borate 22 i&e& ,&t. utidérgo_Yreadily -any spontanëous . . 



. . ._- . ..--. ..: _: 

Bath .f utecnal $r& termi ual :acetyl enes- cari be :prepared j ni excell ent rjelds_. -i 7: .- 

M&e&e+, unlike-. the’~conventi&ai. reactioi of ~.aikyny~~i$um or~&la~@l: L !-’ -...- 

‘.Grig&@ rea9ents wiih.1 alkyl halides -or sulfonates -tihich. pyoceeds well..‘;- -1: ;. .* 
onl.y’When the electrophiles- are primary, the. iodination of. a1 kynylborates y: -. 

.peimits .seco.udary’alkyl-alkynyl _and aryl-alkynyllcoupling as’ stïown in’ --! .. .-.-. 

.Tabl.e 9.‘ .I-.’ ‘- -....- .. : : 

‘.TABLE. 9.:. ’ 

_ Preparation, of Acetylenes by. the RI : 
eaction. of. Al kynylborates with Iodin_& -1’ 

. . .< 

.._R ‘. R’.. ‘Yield of acetyleue (9) .. .ï? 
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_.‘, 1 ; c. p~~to~~tion’.followea by iodination of -a] kynyitrial kylborates provides 

-i_a."othé~_entr;y:into.trisubftitutedjolef~?51 [56], ,‘The scoRe.of the.reactio,n, 

_:::ho~~ver~_is.lgmited to the .Rreparationof.‘tr;substituted oléfins of the : 
. 

-: ,.kytyp; ,&C&CHR"_ .‘;.,- .. .. :’ 

--- :-‘ .: : 

._ _ti;z~CIther. Reactions of -Al kenyl- and Al.kynylborates _. : 
: 

: 

-:- -..The reactions of -a1 kenyl- and a1 kynyl borates with carbon el ectrouhiles. 

,.. ..~$& beenreasonabl’y .well .de] ineated within the ‘last few yéars. Cn .the 

-_ ._otheri hand;.,:th&r .reactions &tk- other electro’phiies sti]l remain. largely 

1: ‘&&l~&d: &&pi th&e .involving pro& donors and- iodines: .. sonle of +? 
.- : --, 
,,: .‘&ctibti.&__al kynyl borates with -“non-carbon’: ‘eiectrophiles are shown in the 
- -. .-,i-. 
‘_ .-rfoll&iig: &atiops [eqi.50-53j; i :. ‘, ...‘Y _ . -. -, ... 
1 _- :-._.;Y- ..- , -_ 

._ .R -_._: RI’_: ’ :-_,,.. -. : : 
I $& C&=_C+$ + C, &’ -++. \C=C’. :. : 

. . . R,& .-.- : \BR;‘. .‘_ ‘.. ..” 1’ : : 
c501 

-..: ._. .- : : :, . 
.._ . ,. 

_. ~.. .-- ; . .-:- .. : 65+8,g . ;. _:. . . .:. \ .’ ; 
.: ‘. .- . . :.- :_ ; __. _ ’ 7 cisI: on]y:-,-. F. . . . 1 1 ., j_ __ .. .:: -:. ..,, __ :, 

_.. :. : 
y: :_ ~.. : _ . . . . -.. 

-_.. .-._ _-f_ 1 -__ : _ : :. -.__-._ -- .. ._ . . ; ~. .~:..- . . . . ..=,-._-_. __~ ,;.y*_- _. __;_. .:. .,_ .-- y_. y_.__ -.;‘:_;.._~ 1 .~._ : -_ -.:- -: 1,: -. -_ y. ::.:: 
.I .y- ,.I. ~ . . . . . . . . -..-..-. :- ... _- ,.- 

_. ,I - . . ._ . . . . -. -7. y_ ,.__ :: _~. :-. ‘I __~_;.:_f: i-. _:_::.- -- -.--.- .._- -1:. ;. ,; - .: ‘- ..‘- : _;._-_ :. .Y 
c-.?.:: -:.‘:~jz;::‘,; _. ._._;~: _,,~‘: : ___ I (_ .L ._ :_. -; z .- -. _; -- ~-‘; -: I. .:-,~y.. i.. ,__.:v. :‘__-..y .C__. ;. . . . ..___ :-.:. ..:.._. _.._ : ] :.: _‘ : 
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‘-4. Intramo]ecular Transfer .-Reactions’of Aryiborates _- :. ..:.-:_..: . . . . ..-: _:.i 
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philes ~.ca;n--reàdily.-9enerate ‘an ël’ectron defi tient .center in a .‘positton::‘:‘-~--.-- .. 

alpha ; t.6. <he: k&~. atom, ene of- .the bot&-bound groups..! mi&&. to :thoJ_ ,:-_,i -J‘ 

‘electron-deficient cqnter_.. The intramolecular transfer- re_actions:~may “_ .: : 

’ .bitrarily be.divided into~ two ‘types. Iri -the Type. I..intramolecular.-~&VS-.- : -. 

fer, an electroihile .undergoes a substitution reaction;. whereas-the.Type.‘II --~_- 

-~intr&ioiecular transfer-.involves the addition of an elect&hile_ and thus I. 

reouires .the uresence of :an a,$-unsaturated cjroup. These. intramolécular -_ ‘- 

mechanisms’ do notlappear ta be shared extensiveyly’ by any other- organo- 1 -. 
: 

metallics including-organoaluminates.. . . 
Owing to the recent rapid development -in this area, chemists &e.now _. 

in a position to be able to predict the approximate course of the .reaction -. 

of a given organoborate with a reasonable degree of confidence. Wany of. 

the reactions appear ready .to be _applied by the: practicing synthetic 

ch’emists to the synthesis of molecules of their..interest. . 
What remain. .difficult’are (1) to be abl,e to predi&-and accurately. 

interpret the relative transferability of differerk..bcwon-bound.broupS; and 

(2) .to be. able to transfer selectively :..and. at Will oné of the. four bot% 

bound grou& in-many of thë organoborate’reactions. Initiation of-theoret- 

.-ical tind, physieo-ehemical studies..appears~ .i.n_-order. .Simul taneously, fur- I 

ther efforts to .br&denthe’~scope”of .this, area musc be made before these 

’ reactions’: becorne: trul y. üseful._:synthetic tools. _For- exainple, a1 though-- the .>y._ _. 
ionic conjuga’t-e--addition reaction of,unstable .organobor&es has ‘been- dis- . . 

“covëred’.l886] &-6f5; -.li.ttle is..known about {the reaction of therm&lly’ _’ .- -. ‘- 
stable oroanoborates with a.B-un’saturated carbonvl svst&ns. 
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