
113 

JownaI of &-&onietalIic Chemistry, 154 (1978) 113-130 
@ Elsevier Sequoia S.A., Lausanne - Printed in The Netherlands 

ORGANOBORON COMPOUNDS. SYNTHESIS OF ALLYL(DIALKYL)BORANES 
AND DIALLYL(ALKYL)BOR_ANES 

B.M. MIKHAILOV *, Yu.ti. BUBNOV and A.V. TSYBAN’ 

MD. Zelinsky Institute of Organic Chemise, Academy of Sciences, Moscow B-344 (U.S.S.R.) 

(Received January lOth, 1978) 

Highly reactive allyl(dialkyl)-, crotyl(dialkyl)-, 3,3-dimethylallyl(dialkyl)- 
(= prenyl(dialkyl), and diaByl(alkyl)-boranes were prepared by allylation of esters 
KBOR’, RB(OR$ or thioesters R,BSR’ (R = all@) using allylic derivatives of 
aluminium, magnesium or boron in exchange reactions. 

The titled compounds are stable up to 100°C and do not symmetrize even 
on heating at 100°C for a long time. PMR spectroscopy data show that the 
characteristic feature of these compounds is a permanent ally1 rearrangement, 
the rate of which increases with an increase in temperature. For allyl(diethyl)- 
borane at 100°C and 125°C the rates are equal to 2500 and 5000 set-’ respec- 
tively; activation energy of the rearrangement amounts to 11.8 + 0.2 kcal mol-’ _ 

The boron-ally1 bonds in unsymmetrical allyl(alkyl)boranes readily split 
under the action of water and alcohols, protonolysis being accompanied by 
ally1 rearrangement, crotyl and prenyl compounds are converted into l-butene 
or 3-methyl-l-butene, respectively. 

Introduction 

Triallylborane and its homologs are compounds of unusually high reactivity 
which find use in organic synthesis as allylating reagents [l-3]. The higher 
reactivity of these allylboranes, when compared with their alkyl analogs, is 
caused, firstly by a decrease in energy of B-C bond and, secondly, by their 
ability to undergo rearrangement of the carbon structure on reaction. 

Reactions of allylboranes both with compounds containing active hydrogen 
(water, alcohols, amines, mercaptanes, and acids) [l-3] and with unsaturated 
compounds (allylboration of carbonyl compounds [4-6], nitriles [7-g], activated 
olefins [lO-ll], cyclopropenes [12-141 and acetylenes ]1,2,15-1’71) occur 
with ahylic rearrangement proceed&g via the cyclic electron transfer mechanism 
(e.g. Scheme 1). _- 



R’OCZCX 

.- 
‘R - 

I 
R 

I 
R’*\c/c~cH 

II II 
H/c\B CH2 

‘I \ 

Only.four reactions of allylb.oranes occurring without rearrangement are 
known to date: oxidation with alkaline hydrogen peroxide * [IS], splitting the 
cyclic system of cyclopropenes [X3,14] and bicyclobutane fZl], and allylation 
of diazoacetic ester f22]; it is noteworthy that trialkylboranes react similarly 
with these. four types of reagents. 

Up to now, symmetrical triallylboranes, triallylborane and tri(Z-methylallyl)- 
borane have been used. es +Ivlborating reagents [l--3]. Unfortunately, in quite 
a.number of-reacti~ns~only one or two of the three radicals which the triallyl- 
borane moleculecontains can be utilized. In this connection, Imsymmetrical 
organoboranes with boron atom containing both ally1 and all@ radicals, allyl- 
(dialkyl)boranes (I) and diallyl(alkyl)boranes (ll), are undoubtedly of interest. 

CH,=CH-_CH~-BR, (CH2=CH--CH2)&R (R = alkyl) 

(1) <II) 

Compounds of type I and 11 appertain to the basic classes of organoboranes. 
Before our_investigation, there_ were no simple methods of preparing allyl- 

(dialkyl)boranes end diallyl(alkyl)boranes; the problems of their stability and 
ability to symmetrize under different conditions were also unresolved. 

The first representatives of mixed organoboranes of this type, 3,3-dimethyl- 
allyl(diethyl)borane aud di(3,3&methyfallyl)ethylborane, were prepared via 
hydroboration of IJ-dimethylallene with tetraethyl diborane 151. Some 
authdrs [6,19,23-J have studied hydroboration of allenes with disiamilborane or 
di(9-borabicydo[3.3;l@Ionane~) but mixed ~yl~di~kyl)bor~es were not 
isolated in a pure state. 2-Hepten-1-yl(disiamil)borane is formed by the action 
of CH,SCH&i and CHsI on l-hexe~yl~~i~)b~r~e f2U3. ~yl~~~l)- 
boranes~CH,=CH-CH,-BAr, (Ar =: CBH,, o-, pXH&H, o-, p-ClC&) were 
obtained by reaction of allylmagnesiumbromide and Ar2BOC4H9 f24f, trans- 
cynnamyl(diphenyl)borane was synthesized in 32% yield by reaction of tmns- 
cy~amyl~ph&~yltin with bromdd&henylborane [25-J, 

: ~. 
-. 

'. pexoxide)tobe~e~eo~venient~y ofpr&~aUyl aIcoh&.n?we~er,~in the -ofalMic boron'- 

-_de~~ativ~theseiautes'-hotNitedsjlice_allylboranesreadLlysplitunderthe~econditibns 

., _,iogive~~co~ondisg~Iefinic~~~~~~‘<~~at~noly~occurswithajl~~ xe+zangement). 

M3kbaiIo~etal.have&own ~~SJthatalIyl~cobolscanbeobt~edinveryhighyieldsif.one 
oxidizesthe compleiesofellylbkeneswitbaminesandnotaUylboren~sthemselves. 
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Various divinyl(allyl)boranes of type III were synthesized by addition of 
triallyl- or trimetallyl-borane to acetylenic compounds [l-3]. In addition 
cyclic IV and V and bicyclic VI compounds are mixed allyl(dialkyl)boranes 
[l-33. 9-Allyl-9-borabicyclo [ 3.3.l]nonane (VII) was prepared by the action 
of lithium or magnesium aIlylic derivatives on 9-methoxy-9-borabicyclor3.3.1]- 
nonane [26]. It should be noted, however, that VIII and its analogs are very 
expensive substances_ 

R 

) z BCH,CH=CH, 

(III) 
~H~CH=CH~ 

CH2=CHCH2B<r> R CH,=CH CH,B 

We worked out three simple methods of preparation of allyl-, 2-methylallyl-, 
crotyl- and 3,3-dimethylallyl(dialkyl)boranes as well as diallyl(alkyl)boranes, 
and studied the properties of these compounds. Some of the data obtained 
have been published as a preliminary communications [27,28]. 

Both the fir&and the second routes involve the reactions of esters R*BOR’ 
or RB(OR’)2 with ally1 derivatives of magnesium or aluminium. The third 
method is based on exchange reactKons of allylboranes with esters R2BOR’ or 
thioesters R,BSR’. 

Results and discussion 

Preparation of allyl(aIkyl))boranes from alkoxy(alkyl)boranes and allylic deri- 
vatives of magnesium or aluminium 

The most convenient methods of preparing allyl(dialkyl)boranes and diallyl- - 
(alkyl)boranes involve reactions of dialkylborinates or alkylboronates with 
allylaluminiumsesquibromide, which is obtained from aluminium and the 
corresponding ally1 bromide (Scheme 2). Reactions are carried out by adding 
ally1 bromide (or “crotyl bromide”) * and the ester of organoboronic acid simul- 
taneously to aluminium turnings, activated with HgCl*, in a small amount of 
ether (26-25 ml). After completing the reaction, allyl(alkyl)boranes (I, II or 
VIII) are distilled from the reaction mixture under reduced pressure. 

* Wrotyl bromide” and “3.3-di.metbylallyl bromide” were prepared by addition of HBr to 1,3- 

butadiene or isoprene. respectively; for the reactions. the mixtxres of isomeric al&l bromides 
were used since both a-methylally bromide and a.c-dimehtylallyl bromide convert into VIII and 

IX &ritb rearran gement). :. 



Cti,Ct&CHCH;Br + Al + R250R’ 
83-87 %a 

14 CH&i =CWCH9?2 

By-this method, ~y~(d~ethyl)bo~e (I, R = C$&), atf.yffdi~n-propyf)borane 
(I, R = u-C&H,), ~~l~d~-~-bu~l)~o~e (I, R = n-C&Is), diahyl(ethyl)bor (II, 
R = &I&), diallylfn~propyl)bora&e (II; OR = n-C,H,), diallyl(n-butyl)bor (II, 
R = n-C&&j, dial&l@-hexyl)boraue (II, R = n-C&&), crotyl(diethyl)borane 
(V&I$ R ,=_ C&I,), orotyl(di-n-&kopyl)borane (VIII, R = n-C3H7), and crotyl- 
fdi-n-butyl)bora&. (WI, R = n-C4H,) were synthesized in 57-4#S% yield (see 
TabIel).-:. ... .. .-._-- .. 

We. elabo&ed another method of preparation of ~yl(dia~l)bo~es, which_ 
involved reaction of dialkylborinates tith the corresponding ally1 derivatives 
of x+ign&siunt. 

R26QR’ i- C~=CHCH@r -+ Mg p CH2=CHCH2SR, + 
50 % 

R’OMgSr 

(11 

R,EOR’ + CH,CH =CHCH,f3r 4 Mg p CH3CH=CHCH,BR2 C d’Of4QBr 
. . 50 % 
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._ If ~olati~n:,f ~~~~~~~~~~~~~ is ca;rie~ out witk;ou~ extraction_ lath 

@q&S, &_ by distillation under reduced pressure from solid salts, compounds 
I, -a and’pz. are obtainedin y.ields notexceeding 10~15%. Moreover,‘a 
m&u&&f allyl(dialk$ljbo&ie; -~o~e~psridin~.tiialkylborane- (I : 4) is distilled 
f&n the solid salts; no a pure allyl(dialkyl)boiane. . t - 

.- 

-1 ether- 
R2t3Qe i CH2=CHCH2M~8r CH~=CHCH~B& + I+_B 

-, : 
-.(I> 

_ :. 

CH,OH -C3H6 

(R = C2H5,n-C3H7, n-C,H9) t 

R,BOCH, + R,B 

The latter fact was ascerta&ed,on.the basis of alcoholysis of distilled reaction 
products. Under the action of methanol, borane (I) readily and quantitatively 
is converted into ester R2BOCH3 (see below) whereas, under similar conditions, 
trialkyiborane remains unchanged (itis well known 1291 that trialkylboranes 
react with alcohols only at temperatures exceeding 15OOC). The ratio R3B : (I) 
in the products of methanolysis was estimated by means of llB NMR spectro- 
scopy (signals at -54.5 ppm (R2BOCH3) and -85 ppm (R,B) were integrated) 
as well as by dire&y determining the weights of R2BOCH3 and RBB isolated. 

Formation of trialkylboranes can be explained by symmetrization of mixed 
organoboranes .imder the -mfluentie of magnesiuzn compounds in ethereal medium. 
In some papers [30~31],~allyl(dialkyl)boranes and cynnamyl(dialkyl)boranes 
are affirmed to be obtainable by the interaction of trialkylboranes and allyl- 
[30] or cynnamyl-magnesiumbromide [31]. However, this assertion is erroneous; 
our numerous attempts to synthesize al&l(dia&yl)boranes (I) in.this way failed, 
and in all the cases only initial trialkylboranes were obtained from reaction 
mixtures. 

Prephration of ~llyl(dialkyl)bomnes by the use of exchange reactions 
’ It has been sh~own previously that esters of boronic 132-341 and thioboronic 

acids [33134], asmell as boron halides 133,341, readily undergo exchange reac- 
tions-with Alylboranes; the exchange being accompanied by allylic rearrange- 
ment, according to.Scheme 3; u.~ ._’ 

Stich:reactiohs ap&tain to equilibrium ones._.The exchange rate of the groups 
attached.to thelboronatom depends essentially on the structure of the boron 
ester B(%.&),; I% o&yge~n-cont$ning e$em. -the exchange. proceeds .relatively 
.s&ly, tihile triallylborarie-thio~t+$ s&tern is characterized by a very -fast. 
e&hang&It is &eworthy t_hat thioboraiies~ batalyz;e intermolecular permanent 
allylidrearrangement,’ the fiagm+nt B_LSR transferring ally1 groups fromone 
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SCHEME 3 

/&;r’“’ CH-l_1 
p2 \ I 

CH$H=CHCH@ ’ + 
\ 

B(XR), - t 

‘8. B -/ 
S-XR + Cii,=CHCH----a(XR)> 

/ =‘X_--- 
(XRI 

I r 
(X = 0,s) R 

boron atom to the other via a cyclic transition state of type X [33,34]. 
We discovered that, provided appropriate selection of reagents, one can use 

the exchange reaction for synthesis of allyl(dilakyl)boranes (I) [27]. Starting 
substances, dialkylborinates R,BOR’ and either triallyl-, tri(2-methylallyl)-borane 
or 3-ally&3-borabicyclo [3.3.1]non-6-ene derivatives, were used: 

zo-100°C 

(CH2=CHCH&B + R,BXR’ 40 mm Hg CH,=CHCH,BR, + (CH,=CHCH,),BXR’ 
> 

(R = CzH5; X = 0, S) 
83-9 5% 

The reaction is aided by shifting of the equilibrium to the right by distilling 
out the lower-boiling compounds, usually1 allyl(dialkyl)boranes (I). For example, 
heating a mixture of triallylborane : diethylboronic acid hexyl ester (l/l) under 
reduced pressure gave allyl(diethyl)borane (I, R = C,H,) in 83.5% yield. The 
latter compound was also prepared, in 92-95s yield, by heating triallylborane 
with the amyl or hexyl ester of diethylthioboronic acid. The other product cf 
this reaction, the ester of diallylthioboronic acid, symmetrizes when distilled 
to give thioborate (RS)3B. 

To prepare allyl(dialkyl)boranes (I) containing three or more carbon atoms in 
alkyl radical, 3-allyl-7-alkyl-3-borabicyclo[3.3.1]non-6-ene (XI) derivatives were 
utilized as allyl-supplying components. Since the latter have sufficiently high 
boiling points, isolation of mixed organoboranes is appreciably facilitated. In this 

CH,=CHCH,BR, f 

( R = C2Hs , I-I-C,Hg ; R’= n-C,H,, , n-CgH,3 ; X = 0, S) 

way, heating, under reduced pressure (50-100 mmHg), esters of di-n-butylthio- 
boronic acid or di-n-butylboronic acid with 3-allyl-7-n-amyl-3-borabicyclo[3.3.1]- 



noni6-ene (pr&p&e-bjr co~ti$iens&Op c& fziallylbor& with I-heptyne at 13U- 
140% f-1-31) &forded kllyl(di-n-but@)bortie (I, R = n-C4Hg) in 91-98% yield. 

R+&ion of bicycfic compound XI with the, n-hexyl ester. of diethylboronic 
&id. led $o @lyl(dik~hyl)@~orane (I; R = CzHS). The yields dnd properties of 
~yl(~~)~.~~~ thuk obtained ar+isf@ in Table 2. 

&iyl(d%kyJ)bor&e& prepared by means of exchange reactions, are pure 
combotindk. This fact-was evidenced by alcoholysis of aUyl(di&lkyl)boranes; in 
this c&.~Scks&n of.the boron-z-ally1 ‘bond is accomp&nied by formation of ester 
.&BqCH, an@ piopy@e. llB NMR speckum of the reaction mix&e consists 
ofpnty one signal &-54.5 tip*, 

The_ %qhtigF ~qAi&s described can be used to prepare 3-alkoxy- (XII, 
X]= 0) an~~~3~allrJr!thio-?~~l-3-bo~bicycIo~3.3.I~non-tiene (XII, X = S) 
derkatives (see-Tabk 3). 

Eieating (45 -knnlSg,- 2~dXl*_C) a mixture of ti(2-methylallyl)bo and 
diethyiboronic acjd b&l es&r afforded, after distillation, 2-methylallyl(diethyl)- 
borkne. (XIII, R % C,H,). Z-Methylallyi(di-n-propyl)borane (XIII, R = n-C,H7) 
was obtajrkd in a sinhilar way from tri(Z-methylallyl)borane and the hexyl ester 
of di-n-prop$lborouic a&d_ 

C&t CH3 

I i 
KHz =C-CH,),B -f- RjBOR’ 

70-82% CH2 =c -CH2BR2 
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& ~-wz%~"~o+&~ 10-2&G gf an%d@xture ijf:&&S%3,&~fl’; .l”B’ N&JR spectra 
of theSe_c&&o~dS e+ibit f;pvo si&&& St %5 tid -%~$5~p’pm, :... - ‘. .‘I _ . .-,_.,. _ 
Pertiqn@g~~ ;iatirim~leculai_or~i~ Mmrangemeg i* &t .~~~~N~~ spectru 

.: 

: k$%?d ~~l~~~~~~~~_~~ (I, II;,:VIII, IX,- XII)- &e coloinles$ liquids of low 
_ v&cOsity. ~?++~a& stable -utidek ti at;nosphere~c&lry &on or nitrogen but 
readily bydrolyie,~&d oxidize on exposure-to air,I, II and -XII are capable of. 

: spiph&e,quS itx&mmaetili~. 
. These boranes do.not sy&netrize &hen heated up to lb@% for a long time. 

PMR’and-’ !I3 N&AR spectra show sytimetrization. to occur okly at temperatures 
~bove_XiO”C. So, % j%MR spekum of’metb~oQ&s produef;s of allyI(diethyl)- 
bar;2ne or $J;rl(&&b&$)borane (the b&ane h’aving-been preliminary heated 

-I at- IdcPc for-6 h j eunsiits~of c&y one signals, relatively: -54-i ~(C2H&ROCH3~ 
and -54.7 ppm [(C4H9)2BOCH3]Y However, if all$l(di-n-butyl)borane is prelim- 
k&y heated at 135OC for 3 h, the IrR NMR spectrum of methsnolysis products 
con&&s of two signals: -S&7 ppm [(C,$-l~)~I30CII,f/-3l.l. ppm (3/l) due to 
the ester .C&EI~B@GljI&,,forr&!d as the resuktof the protonolysis of (C$I,),- 
BC.&. Al.lyl(diethyl)borane~(I, R = C&IS) is d&&Sled tinder atmospheric pres- 
sure without decomposition (b-p. 115”C)_ 

%he_?R-s@%ra of eompounds I and II exhibit strong absorption bands at 
$638 and ‘3080 cm-’ (vibrations of CHz=CH moiety). The crotyf derivatives VIII 
show a w&k broadened band at 3645 cm-’ (shoulder at 1660 cm-“) together 
with ;Itensit bands &t 968 and-3015 cm-’ (--CH=CH-), The IR spectra of 
3,3-diinethyla~di~~~bo~es (IX) contain bands of weak intensity at 
1650; .x670 and 3020 cm-‘. 

The ‘*B NMR spectra of mixed allyl(alkyl)boranes show signals in the region 
--S~.Z--- -36.0 ppmrelative to BF 3 * O(C&R,), (see Table 1). The structure of 
PEAR speck& df mixed ~l~l~~l~bo~~ I and II depend on the temperature, 
which rtemonstrates, intramolecular permanent ally& rearrangement to proceed 
in these comljounds as well as in symmetical allylboranes [l-3], PMR spectra 

H2 .c 

3 2 1 _ cH*c“; t 2 3 
CH2=CHCH2BcC2H~>2 _.._ 

\C__“* 
BK,H,), _ cH~=cwcx~f3rc2H5~2 

<IfI) w2 (f) 

recorded at 25--3Q”C, hesides thesedue to &yl radical protdns, exhibit broadened 
signals at 2.18.ppm (CH,-B), 4.85 ppm (CH,=C), and an &omalous quintet 
centered at 5.85 ppm (C=CH-C>.~At -0 - -40°C the PMR spectrum of allyl- 
(diethyl)borane show% a multipfet at O-65--1.5 ppm f&J&,) a.@ an al&l group 
spectrum:. a doublet at 2.10 ppm (J 7.2 IIz;--CH2B) and multiplets at 4.74-4.95 
fC&=Q, and 5.52S.25 ppm (=CH+& With increasing-~mper&ures (above 
35PC=), br&idening Of allyfic. -cH, groups signafs is observed, the,+begin to con- 
verge at 65*C Snd above 100°C transform into a doublet centered, at 3.40 ppm; 
the signals due to methyne protons is in the shape of regular quint& &entered 
at 5.85 ppm.(intensitjrratio l/4/6/4/1), i-&i the spectrum due t<i the ally1 radical 
is &a& of a&Ax, ~atteti. Tiierate’of irktrtiolec~ per&inent &Uylic rez2rmrige-, 

-. tiefit% eaua,l to appioxitiat&250,0 s&~-~‘~&nd, 50UQ see+ -at-I.O@C and I25”C, 
_: ‘. c- 



respectively. Activation energy of rearrangement, estimated according. to ref _ 35, 
amounts to 11.8 f 0.2 kcal mol-1. 

The PMR spectrum of crotyl(diethyl)borane (VIII, R = C&H,); recorded at 
room temperature, contains a multiplet due to ethyl group protons at 0.72-1.45 
ppm, a complex signal at 1.4’i-1.72 ppm (cis- and trans-CH,), a broadened 
signal centered at 2.03 ppm (CH,-B), and a multiplet due to methyne protons 
at 4.8-5.4 ppm- The PMR spectrum of 3,3-dimethylallyl(di-n-propyl)borane 
(IX, R = n-&H,) consists of a doublet centered at 2.13 ppm (CH*-B, J 8 Hz), 
two broadened signlets due to two methyl groups at 1.50 and 1.62 ppm, triplet 
due to methyne protons centered at 5.16 ppm, and a multiplet due to propyl 
radical protons at 0.6-1.3 ppm. 

Hydrolysis and alcoholysis of mixed allyl(alkyl)bbranes 
The boronally bond in allyl(dialkyl)boranes is readily cleaved under the 

action of alcohols, whereas the boron-alkyl bond remains unaffected. Proto- 

CHz=CHCH2BR2 sc R2BOR’ + C,HB 

(R = C2H5, n-C3H7, n-C,H,; R’ = CH3, C4H9, C9H19) 

lytic cleavage at -30-+2O”C is highly exothermic and gives esters of the corre- 
sponding dialkylboronic acids accompanied by evolution of one mole of propyl- 
ene. The structures of esters thus prepared were determined by physical and 
chemical methods. It should be emphasized that the spectra of crude products 
of alcoholysis of allyl(dialkyl)boranes (reaction mixture) erchibit only one signal 
at -54.5 ppm depending on the nature of the ester R,BOR.‘. The absence of the 
signal at -31 f 1 ppm (RB(OR’),) demonstrates the purity of allyl(dialkyl)- 
boranes (I) obtained. 

Alcoholysis of crotyl(di-n-propyl)borane (VIII, R = n-C&I,) affords l-butene 
(98% purity) with an admixture of 2-butene (20/o, GLC; IR spectrum: 1640 
and 3082 cm-‘) and ester of di-n-propylboronic acid. When protolysing 3,3-di- 
methylallyl(di-n-propyl)borane (IX, R = n-C H 3 ,) only 3-methyl-l-butene and 
boron ester are formed. Both these reactions are exothermic and proceeds at 
room temperature (Scheme 4)_ 

These data offer additional confirmations of the fact that protolytic cleavage 
of ally1 type boranes occurs with allylic rearrangement [l-3] via a six-member 
cyclic transition state of type XIV. 

i 

R’OH 
CH,C=CHCH,BtC,H,), 

t 
o-2o”c 

- CH3Cti-CH=CHa i 

1 

K,H,1, BOR 

(R = H,CM31 



ing-acids or their anhydrides and one or two moles of propylene. Hydrolysis is 

&BOH + C&Is 

(CHz=CHCH&BR -=& RB(OH)* + 2 C3H6 

hi&y exotfiermic and occurs at room temperature or on cooling. Hydrolytic 
cleavage of. the boron-$lyl bonds _is accom@nied by -allylic rearrangement, which 
was confir@ed,by formation of I-butene as the main ga&ous product (98%) 
in hydrolysis of crotyl(di-n~butyl)borane (VIII, R = n-C4H9, Scheme 5). 

SCHEME 5 
C’-‘3 
I 

CHgCX=CHCX$3R2 - CH3CH2CH=CH2 -Z- Rz601i 

(9iEI R = k-C,l-$! 

U&ymmetrical allyl(alkyl)boranes react with carbonyl compounds [27] and 
nitriles E-361 as organo-metallic reag&s,and add to the triple bonds of terminal 
aceQ&nek [27‘f. The-reaction-with carbonyl compounds leading to substituted 
homoallylic alcohols will be described in the following paper 1511. 

Expe&ental 

General comments 
Au_ re&$&s of organoboron compounds were carried out under-an atmos- 

. . phere of dry argon- or nitrogen. 
1-R speck +ere measured on UR-a0 spectrometer; PMR spec& were recorded 

on a DA6@II+&ument,-and all chemical Shifts are relative to tetramethyl- 
siltie~L1fB NMR spectra were recordedon,.RS-56/1~.spectrometer, chemical 
sSf%s are reltive 40, BFJ- o(cq3, ji.. . . : 

wexyl esters &f dialkylboronic acids were obtained via reaction -of t&lkyl~ 
_ 

: .__- .._ ‘: 
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TrQ.llylborBne- ~~.tri(-2-rnethj;laliyl)borane. were obtained from aIuminium, 
but$“&ake, _and.$Iyl- or 2-methylallyl bromide, respectively [I]. 

_:. 

S&zthe& of_~Mlky!~hioborina~e~ 
&Amy1 est&t of dieth$lthioboronic acfd. This was prepared following the 

known method [40]+ Into & flask equipped wi%h a dropping funne1, thermom- 
eter, condenser, and a gas-removing tub& wqs pIticed 40.6 g of triethylborane 
and some pieces of porcelain. 65.5 ml of amyhnercaptane was then added at 
such a rate to main&in the temperature of the mixture at 50-60°C. After 
heating for 10 min at rlO”C the mixture -was distilled giving 40 g (94%;) of 
n-amyl’ ester of diethyithioboronic acid. 

n-Amy1 ester of di-n-buelthioboronid acid, n-hexyl esters of dietbyl- and 
di-n-butylthioboronic acids were obtained in a similar way (see Table 3). 

3-Afb~-~-n-amyl-3-borabicyclo[3.3.1]non-6-i-ene (XI). To 37.1 g of trial&l- 
borane heated to 135-140°C was added dropwise 26.2 g of I-heptyne over 2 h. 
The mixture was kept at 140°C for 1 h and distiIled to afford 53.3 g (83%) of 
compo&d XI, b.p. 124-125”Cf3 mmHg (Pound: C, 84.40; II, 11.80; Bt 4.80. 
C1&12.$3 &cd.: C, 83.50; II, U-73; B, 4.69%)_ 

Synfhesis of a~ly~(a~kyl~bora~es I, II and VlII from allylalutniniumsesquibromides 
and afky’lboronates or dia~ky~bor~~a~es 

Altyl(di~n-butyUborane (I, R = n-C,$&). To a three-necked flask fitted with 
a stirrer, a condenser, and a dropping funnel was added- 10 g of aluminium 
turnings, 0.1 g of I&$&, and 25 ml of absolute ether. The mixture was stirred 
for 10 min, then 16 ml of ally1 bromide was added. After the reaction was 
initiated, a mixture of 12 ml of ally1 bromide and 44 g of n-hexyl ester of 
di-n-butylboronic acid was added dropwise at such a rate to maintain reflux.’ 
After completing the addition the reaction mixture was refluxed with stirring 
for 1 h. Distiiation gave 32 g (98%) of aIIyl(di-n-butyl)borane (I, R = CGH,). 

Ally&d%n-propyi)borane (I, R = n-CsH7), allyl(diethyl)borane (I, R = C2Hs), 
diallyl(ethyl)borane (II, R = CzHs), diallyl(n-propyl)borane (II, R = n-&H,), 
diallyl(n-butyljborane (II, R = n-C&), diallylfn-hexyljborane (II, R = n-C6Hz3), 
crotyljdiethyl)borane (VIII, R = C&H,), crotyl(di-n-propyl)borane (VIII, R = 
M&H+) and cro~I(di-n-bu~~)bor~e (VIII, R = n-G4Hs) were prepared by 
similar met]iods (see Table l)_ 

Synthesis of affyl(dialkyl)boranes f+rom a~lyl~a~es~u~ bromides and dialkyl- 
borinates 

AIlyl(d~--n-butyfJborane (I, I$ = n-C,,_&,). (a) Using hexane extraction. To a mix- 
ture of 19.5 g of n-hexyl ester of di-n-butylboronic acid, 2.f g of magnesium 
turnin&, &d 100 ml of absolute ether was added 7.8 g of ally1 bromide- The 
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mixture was stirred until the magnesium dissolved completely, and then refluxed 
for 0.5 h. After Ihe ether was distilled off, 200 ml of hexane was added to a 
solid residue, the mixture was heated to boiling, cooled to 20°C and the hexane 
solution decanted. The extraction was repeated twice. After removing the solvent 
by distillation 7.1 g (50%). of I (R = n-C,H,) was obtained. 

Crotyl(di-n-propyl)borane (VIII, R = n-&H,), 3,3-dimethylallyl(diethyl)borane 
(IX, R = C&H,) and 3,3&methylallyl(di-n-propyl)borane (IX, R = n-&H,) were 
synthesized analogously. Properties of these boranes are listed in Table 1. 

(b) Without extraction. To 13.7 of magnesium turnings in 150 ml of absolute 
ether was added a solution of 22 g of ally1 bromide and 25.1 g of hexyl ester of 
di-n-butylboronic acid in 100 ml of ether. The mixture was refluxed with 
stirring for 1 h and both solvent and volatile compounds were distilled off under 
reduced pressure. Heating the residue under reduced pressure, with simultaneous 
removal of the volatiles. afforded 8.15 g of a clear liquid, b-p. 60-62”C/3 mmHg. 
Its IR spectrum showed absorption bands at 1635 and 3080 cm-’ (terminal 
double bonds). 

To 8 g of the mixture obtained, 2 ml of CH,OH was added at 0-5°C. The 
mixture was heated at 50°C until evolution of propylene ceased; excess methanol 
was removed under reduced pressure. IR spectrum of the residue did not exhibit 
absorption at 1635 and 3080 cm-l, ‘I B NMR spectrum contains two signals: at 
-54.5 ppm [ (C4H9)2BOCH3] and -84.6 ppm [ (C,H,),B] with intensity ratio 
l/4. Distillation afforded 1.62 g of the methyl ester of di-n-butylboronic acid, 
b-p. 79--8O”C/24 mmHg, ng 1.4150 (lit. see ref. 41), and 5.85 g of tributyl- 
borane, b.p. 108-110°C (24 mmHg), ng 1.4281 (lit. see ref. 42). The content 
of aIlyl(di-n-butyl)borane (I, R = n-C;H,) in the misture was 25%;, and the total 
yield was equal to 9.5%. 

Synthesis of allyl(dialkyl)boranes via exchange reactions 
Allyl(diethyl)borane (I, R = C2H5) (a). To 13.8 g of n-hexyl ester of diethyl- 

boronic acid in a Claisen flask was added 9.15 g of triallylborane (heat evolu- 
tion was observed on mixing reagents). The mixture being heated (40 mmHg) 
for 0.5 h; 5.65 g of aIlyl(diethyl)borane was distilled into a cooled trap (see 
Table 2). 

(b). On heating a mixture of 30.5 g of triallylborane and 50 g of n-hexyl 
ester of diethylthioboronic acid, 29.6 g of the title compound was distilled 
out. Distillation of the residue gave 22.5 g of n-hexylthioborate, b-p. 180-181”Cj 
1 mmHg ng 1.5042 (lit. see ref. 43). Constants of the compound are listed in 
Table 3. ’ 

(c). A mixture of 6.8 g of 3-allyl-7-n-amyl-3-borabicyclo[3.3.i]non-6-ene 
(XI) and 5.2 g of n-amyl ester of diethylthioboronic acid was vacuum distilled 
giving 3.5 g of compound I (R = C,H,)_ The residue gave on distillation 8.35 g 
of 3-n-amylthio-7-n-amyl-3-borabicyclo[ 3_3_1]non-6-ene (XII, R = n-C,H, ,S) 
(see Table 3). 

(rl). As described above, from 5 g of n-hexyl ester of diethylthioboronic acid 
and 6.7 g of 3-allyl-7-n-amyl-3-borabicyclo[3,3.l]non-6-ene (XI), 3 g of com- 
pound I (R = C,H,) and 8-3 g (96%) of 3-n-hexylthio-7-n-amyl-3-borabicyclo- 
[3,3_1]non-6-ene (see Table 3) was prepaped. 

2-Methylallyl(di-n-propyl)borane (XIII, R = n-C&l,). This was obtained by 
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~h&ing. under red<ced$ressure a n&ture of 14.1 g of @i-&nethylallylbo&ne 
ancf 19;7- g of n-hexyl ester ef di+pio@ylborpi+ a&d) (yield 7.4 g; see Table 2). 
IR-sp&run+640.and 3080 em? (CH,=C): P&IR spedtrkri’(Q: 0.69-1.42 
(C&l,); &67 (s, .CH~~);broadened:signals centered.at 2.10 (C&-B) and,4:30 
ppm (C]EI,==C); Integrating the”B NMR spectrum shows that the compound also 
conk&k (n-‘&H;kBd&H& (iO%). 

2_-Methylallyl(diethyl)borane was synthesized in a sin&r way (see Table 2). 

React&s of ~liyl(ulkyl)boranes with methanol 
(a). To 3.5 g of allyl(diethyl)borane (I, R “: C&&) was added, with care, 1-f. g 

of methanol at ~20 to -10°C. The reaction was accompanied by violent evolu- 
tion of .heat and propylene (710 ml, 100%). IR spectrum. of the residue does 
not e:xhibit an absorption band at 1640 cm-‘; ?‘B NMR spectrum shows only 
one signal, at -54.5 ppm. Distillation~afforded 2.5 g (78.5%) of methoxy(di- 
ethyljborane, b.p. 89--9O”C, n g-” 1.3875 (lit- [443 b.p. 83-85°C). 

, (b). Propylene was evolved (3.120 ml) on reaction of 6.7 g of allyl(di-n-propyl)- 
borane (I, R = n-&H,) with 4 ml of methanol. Subsequent distilIation of the 
residue gave 5.7 g (92%) of methoxy(di-n-propyljborane, b.p. 36-3?“C/l7 
mmHg, n?,O 1.4027 (lit. b-p. 55-56”C/44.mmHg, TZ~ 1.4023 [45]). llB NMR 
spectrum consists of only one signal, at -52.9 ppm. 

fc). A similar reaction of 3.9.g of allylfdi-n-butyl)borane (I, R = n-C&,) with 
25 .ml of methanol gave propylene (530 ml) and 3-4 g (93%) of methyl ester 
of di-n-buiylboronic acid, b-p. 78-80*Cf33 mmHg, ng 1.4547. Ill3 NMR 
spectrum contains but one signal, at -54.6 ppm. 

fdj_ To 5.6 g of crotyI(di-n-propyl)borane (VIII, R = n-G3H7) was added 5-6 ml 
of methanol at 0-5°C. I-Butene was evolved (0.8 l), and distillation gave 3.2 g 
(70%) of methoxy(di-n-propyljborane, b-p. 65--67”Cf85 mmHg, ng 1.4022. 

fe)_ To 2.3 g of 3,3-d~ethyl~yl~di-n-propyl~bor~e was added 1 ml of 
methanol at room temperature, the mixture was allowed to stand for 0.5 h at 
room temperature, then distilled to afford 0.85 g (90%) of 3-methyl-l-butene 
(GLC), b-p. 2X-22°C (IR spectrum: 1640 and 3080 cm-I) and 1.4 g (80%) of 
methbxy(di-n-propyl)borane, b-p. 65-66“ C/80 mmHg, ng 1.4029. 

(fl. To 6.15 g of Ceylon-bu~l~bor~e (II, R = n-C,H,) was added 4 ml of 
methanol at 0-5°C. Violent heat evolution accompanied the production of 
propylene-(1825 ml, 99%). Distillation of the residue gave 4.05 g (91.5%) of 
dimethoxy(n-bufyl)borane, b-p. 45-56”C/32 mmHg, zzg 1.3950 (lit. [46] b-p. 
37-38%/2X mmHg, n2,0 1.3933). 

Reactions of allyf(alkyl)boranes with water 
[a). To- 2.1 g of crotyl(di-n-propyl)borane (VIII, R = n-C-&) was added 1 ml 

of tvater atroom temperature. Reaction proceeds with -violent evolution of heat 
and 300 ml of a mixture of Iibutene (98%) and 2-butene (2%). The residue 
gave, on distillation, 1.3 g (89%) of di-n-propylboronic acid anhydride, b-p. 
75-76”C/7 mmffg, ng 1.4160 (lit. [47] b.p. 91--92*CJlO mmEIg, n2,0 L4170). 

Ibf. To 2;4 g.of di~yl~n-propyl)bor~e (II, R = n-(&H,) was added 1 ml of 
watti, with care; at room&mperature_ A-highly exothermic reaction occurred 
accompariied by evolution .of propylene (780 ml). After distilling out the volatile 
products under reduced pressure, s&d n-propylboronic acid.remained. Sublima- 



129 

tion of the Iatter yielded 1.1 g (90%) of the pure acid, m-p. 105-106°C (lit. [483 
I&p. 107” C). 
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