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Summary

Highly reactive allyl(dialkyl)-, crotyl(dialkyl)-, 8,3-dimethylallyl(dialkyl)-
(= prenyl(dialkyl), and diallyl(alkyl)-boranes were prepared by allylation of esters
R,BOR', RB(OR'), or thioesters R,BSR' (R = alkyl) 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 allyl 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 sec™! respec-
tively; activation energy of the rearrangement amounts to 11.8 + 0.2 kcal mol™.

The boron—allyl bonds in unsymmetrical allyl(alkyl)boranes readily split
under the action of water and alcohols, protonolysis being accompanied by
allyl rearrangement, crotyl and prenyl compounds are converted into 1-butene
or 3-methyl-1-butene, respectively.

Introduction

Triallylborane and its homologs are compounds of unusually high reactivity
which find use in organic synthesis as allylating reagents [1—38]. 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) [1—3] and with unsaturated
compounds (allylboration of carbonyl compounds [4—86], nitriles [7—9], activated
‘olefins [10—11], cyclopropenes [12—14] and acetylenes [1,2,15—17]) occur
with allylic rearrangement proceeding via the cyclic electron transfer mechanism
(e.g. Scheme 1).
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Only four reactions of allylboranes occurring without rearrangement are
known to date: oxidation with alkaline hydrogen peroxide * [18], splitting the
cyclic system of cyclopropenes [13,14] and bicyclobutane [21], and allylation
of diazoacetic ester [22]; it is noteworthy that trialkylboranes react similarly
with these four types of reagents.

Up to now, symmetrical triallylboranes, triallylborane and tri(2-methylallyl)-
borane have been used as allvlboratmg reagents [1—3]. Unfortunately, in quite
a number of reactions only one or two of the three radicals which the triallyl-
borane molecule contains can be utilized. In this connection, unsymmetrical

“organoboranes with boron atom containing both allyl and alkyl radicals, allyl-
(dialkyl)boranes (I) and dialtyl(altkyl)boranes (II), are undoubtedly of interest.

CH,=CH—CH,~BR, = (CH,=CH—CH,),BR (R = alkyl)
(49 . an

Compouhds of type I and II appertain to the basic classes of organoboranes.

Before our investigation, there were no simple methods of preparing allyl-
(dlalkyl)boranes and dlallyl(alkyl)boranes the problems of their stability and
ability to symmetrize under different conditions were also unresolved.

The first representatlves of mixed organoboranes of this type, 3,3-dimethyl-
allyl(diethyl)borane and di(8,3-dimethylallyl)ethylborane, were prepared via
hydroboration of 1,1-dimethylallene with tetraethyl diborane [5]. Some
authors [6,19,23] have studied hydroboration of allenes with disiamilborane or
di(9-berabicyclo[3.3:1lnonane ) but mixed allyl(dialkyl)boranes were not
isolated in-a pure state. 2-Hepten-1-yl(disiamil)borane is formed by the action
of CH;SCH,Li and CH;I on 1-hexenyl(disiamil)borane [20]. Allyl(diaryl)-
boranes CH,=CH-—CH,—BAr, (Ar= CsHj, 0-, p-CH3CsH,, 0-, p-CIC¢H,) were
~ obtained by reaction of a]lylmagnesmmbronnde and Ar,BOC,H, [24], {rans-
cynnamyl(d1pheny1)borane was synthesmed in 32% yield by reaction of trans-
cynnamyltnphenylhn w1th bromod1pheny1borane [25]. .

' *= Some a\.thoxs [19,20} assert oxidation of a.nylboranes usng the usual methods (alkahne hydrogen
. peroxide) to bea ‘conveniéent way of preparing allyl alcohols However, in the case of allvlic boron -
'v »;1denvatwes these routes are not suited since: allylbora.nes readily split under the a.lkal\ne conchtxons
.. to give the conespondmg olefinic hydxocarbons (pzotonolys:s occurs with al'lylic xeazzangement)
- I Mikhailov et al. have shown [18] that allyl alcoho!s can be obtained in very hxgh vields if ‘one
B oxld:.zes the complexes of allylboranes w1th amines and not allylboranes themselva
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Various divinyl(allyl)boranes of type III were synthesized by addition of
triallyl- or trimetallyl-borane to acetylenic compounds [1—3]. In addition
cyclic IV and V and bicyclic VI compounds are mixed allyl(dialkyi)boranes
[1—8]. 9-Allyl-S-borabicyclo[3.3.1Inonane (VII) was prepared by the action
of lithium or magnesium allylic derivatives on 9-methoxy-9-borabicyclo[3.3.1]-
nonane [26]. It should be noted, however, that VIII and its analogs are very
expensive substances.

R R
] l RCH:CHCHZBG m
) , BCHoCH==CH, ?
(II) (ID) CHCH=CH,
)
CH2=CHCH28@— R CHy==CHCH,B N
(i)
(¥

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 first and the second routes involve the reactions of esters R,BOR’
or RB(OR'), with allyl derivatives of magnesium or aluminium. The third
method is based on exchange reactons of allylboranes with esters R,BOR' or
thioesters R,BSR'.

Results and discussion

Preparation of allyl(alkyl)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 allyl bromide (Scheme 2). Reactions are carried out by adding
allyl bromide (or ‘‘crotyl bromide”) * and the ester of organoboronic acid simul-
taneously to aluminium turnings, activated with HgCl,, in a small amount of
ether (20—25 ml). After completing the reaction, allyl(alkyl)boranes (I, II or
VIII) are distilled from the reaction mixture under reduced pressure.

* #Crotyl bromide’’ and “3,3-dimethylallyl bromide’ were prepared by addition of HBr to 1,3-
butadiene or isoprene, respectively; for the reactions, the mixtures of isomeric allyl bromides
were used since both a-methylallyl bromide and a,c-dimehtylallyl bromide convert into VIII and
IX (with ,‘xearrangement). -



;3 CH2=CHCH25‘" 1- 2 arl “ﬂrf_;;, (CH2=CHCH2)-AIZBI‘3

1raor ST : .
% (CHZ—CHCHz)QBR
80-92%

S

(R = csz n«C H,, ,n-C aHs » r'\--CGH13 R,— n-C Hg,n-CSH,:,)

CHRCH==CHCH,Br + Al + R,BOR  ————— = CH3CH=—-"CH\.H28R2
, ) ‘ 83~87 %

(&)

By this metnod allyl(dlethyl)borane (I, R = C,Hy), allyl(d1-n~propyl)borane
‘(I R = n-C3H;), allyl(d1~n—butyl Jborane (I, R = n-C;Hjg), diallyl(ethyl)borane (11,
R C.H;), dlallyl(n-propyl)bora.ne (L, R = n-C;H,), diallyl{n-butyl}borane (iI,
.R-=n-C,;H,), diallyl(n-hexyl)borane (II, R = n-CsH,3), crotyl(diethyl)borane
(VIII R =C,H;), crotyl(dl-n-propyl)borane (VLI R = n-C;H,), and crotyl-
(dl-n’butyl)borane (VIII R n-C4H9) we):e synthesmed in 57—98% yleld (see
‘Table1).
“We elaborated another method of preparatmn of allyl(dlalkyl)boranes which
mvolved reaction of dlalkylbonnates with the correspondmg allyl derivatives
' of magnesmm ; V ;

RZBOR .+ cn—42=Cch-125r 4. Mg o™ ‘CH,=CHCH,BR, + R'OMgBr
: * ey

R,BOR’ '+_ CH3CH=:CHCH25;- + Mg ————— CHCH==CHCH,BR, + R'OMg8r

[ranag
. HC ) o H3C S
R,BOCH,. + . TIC==CHCHLBr '+ Mg ———t - C==CHCH,BR, + CgHy30MgBr
2moTe i S . 40-43% L

. o (IX)
(R m'czs-u‘ -, n’-C3H7' W A=C, Hg‘)

The method of 1solat10n of products is of greaf lmportance The reachon

_ should be carried out as follows: to magnesmm turningsina large amount of -

‘ether, ester R,BOR' and “crotyl” ‘or ““3, 3—d1methy1a}1yl” bromlde are added

N smultaneously. On completion of the reaction, ether is completely distilled -

. -off, and mxxed aﬂyl(dlalkyl)borane extracted from a sohd resxdue mth hexa.ne
* After removing the so iTe C ’ ut | ]
R3B)1sxsolated by distillatio IR Rt e

ST Usmg thls method allyl(d butyl)borane (I R = n—C4H9), crotyl(dx-n- o
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O yI)boranr (VIII R: n—CaH7), 3 3-d1methylally1(d1ethy1)borane (IX R =
"Csz), and'3 3_—d1methyla]lyl(d1—n—propy1 yborane (IX, R = n-C;H,) were: obtamed
in‘40—50% yields. Al attempts to synthe51ze the latter two compounds using
"alurmmum resuited-in failure. = ¥

I 1solat10n of a]lyl(cualkyl)boranes is camed out Wlthout extractlon with
hexane i.e.’by: dlstlllatlon under reduced pressure from solid salts, compounds
I, VIII and IX are obtamed in ylelds not ‘exceeding 10—15%. Moreover a
n:uxture ‘of allyl(&alkyl)borane ‘torresponding. tnalkylborane (1 ' 4) is distilled
'-from the sohd salts not -a pure allyl(dla.kyl)borane

', Py : ether .. . e L

Iy

‘CH3OH | —C3Hg
(R = CpHs,n-C3Hy , n-CyHg) ' '
R,BOCH; + R3B

- The latter fact Was_,ascertained"on the basis of alcoholysis of distilled reaction
products. Under the action of methanol, borane (I) readily and quantitatively
is converted into ester R,BOCHj; (see below) whereas, under similar conditions,
trialkylborane remains unchanged (it-is well known [29] that trialkylboranes
‘react with alcohols only at temperatures exceeding 150°C). The ratio R3B : (I)
in the products of methanolysis was estimated by means of 'B NMR spectro-
scopy (51gnals at —=54.5 ppm (R,BOCH;) and —85 ppm (R 3;B) were integrated)
as well as by directly determining the weights of R,BOCH; and R;B isolated.

- Formation of trialkylboranes can be explained by symmetrization of mixed
organoboranes under the influence of magnesium compounds in ethereal medium.
In some papers [30; 31], allyl(dlalkyl)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 allyl(dialkyl)boranes (I) in this way failed,
and in all the cases only initial tnalkylboranes were obtained from reaction
mlxtures

Preparation of allyl(dialkyl)boranes by the use of exchange reactions

-1t has been shown previously that esters of boronic [32—34] and thioboronic
acids [33, 34], as-well as boron halides [ 33,34}, readily undergo exchange reac-
tions with’ allylboranes the exchange bemg accompanled by allyhc rearrange-
ment accordmg t0.Scheme 3. .

_Such! reactions appertam to equihbnum ones. The exchange rate of the goups
attached to the. boron atom depends essentially on the structure of the boron
ester B(XR)3. In oxygen-contalmng esters the exchange proceeds relatwely
lslowly, while triallylborane—thioester system is characterized by a very fast -
exchange:: Itis noteworthy that thioboranes catalyze mtermolecular permanent
allyhc rearrangement the fragment B—SR transferrmg a]lyl groups from one-
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SCHEME 3
v H
/"C‘\\\ /CH3 CHa
— Gha ?H ~ .
CHyCH=CHCHB  +  B(XR); —= N é —= B—XR + CH=CHCH—B(XR);
S (XR),
‘(X = Q,S) }?
)
boron atom to the otherviaa L,_y\,}.u. Hmmxt‘ n state of tfyp 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-allyl-3-borabicyclo[3.3.1Inon-6-ene derivatives, were used:

20—100°
(CH,=CHCH,)3;B + R,BXR' 40mmug CH,=CHCH,BR, + (CH,=CHCH,).BXR'
—_—

83—95%
(R=CH;; X=0,8) (0

The reaction is aided by shifting of the equilibrium to the right by distilling
out the lower-boiling compcunds, usuallyl allyl(dialkyl)boranes (I). For example,
heating a mixture of triallylborane : diethylboronic acid hexyl ester (1/1) under
reduced pressure gave allyl(diethyl)borane (I, R = C,H;) in 83.5% yield. The
latter compound was also prepared, in 92—95% 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);B.

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 (X1) derivatives were
utilized as allyl-supplying components. Since the latter have sufficiently high
boiling points, isolation of mixed organoboranes is appreciably facilitated. In this

; _20-100°C, 40mmHg __
CH,=—=CHCH_;B CgH,;; + R2BXR c0—58 % =

(X1)

CH,==CHCH,BR, + R’xe(}—cqu11

(1)
(xI

(R = CyHg , n-C4Hg ; R'= n-CgH;y» N-CgHy3 5 X = O,S)

way, heating, under reduced pressure (560—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]-
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'Compound obtained - | 'Staiting components . . . Yield': Bp. €O nfy
: TR T (®) (mmHs) "
NVOrga;ncf:bbxpn" e ;'Anyl'borax_iej; B
L esteriol il SRR
o ’(c;ﬂs)znocsnlg» - (CHZ—CHCHZ)E;ijjaa.s v 42-44(40) 0 -1.4152
LT L (CgHs)BOCsH 3 - XL 945 44—46(42). | - 1.4154
' CH=CHCH;B(CHg); - (C2Hs)sBSCgHy3 - (CH;=CHCH3)3B " 95 - . . 44—46(40) . - 1.4160
. T i (CaHs)2BSCsHy 1. - (CH=CHCH3)3B - 92.5 -~ 42-43(47) - 1.4165
. (C2Hg)BSCsHy1 .. XL - . .0 94 - '35—36(38) = :1.4162-
e - (C4Hg»BOCgH;3. ~-XI . - .- - 925 @ . 86—88(12) . 1.4380
‘CHz—CHCHzB(C439)2 | {CaHg)BSCsHyy .~ XL I .81 7 75—-77(10) - 1.4362
. ;’(Cqu)zBSCsng— XX 98 . " B1-562(2.6) - 1.4364 -
‘;CH2=CECHzB(Czﬁs) (0235)23004}19 R (CH2=CiCHz)3B g2 .7 36—BT(45) ~  .1.4235
_CHg:"-ﬁ%CHzB(Cqu)z" . (0337)2'BOC5HI3 .(cnfcfc_ﬂz)an 65 58—59(9) 1.4315
cH; 1Y - S s JeHy T : ‘

fnon-6~ene (prepared by condensatlon of tnallylborane vnth l-heptyne at 130—
,140°C [1—3) afforded a]lyl(dl-n-butyl)borane (I, R = n-C,H,) in 91—98% yield.
- .. Reaction of blcychc compound XI with the n-hexyl ester of diethylboronic
ac1d led to allyl(diethyl)borane (I, R = C,Hs). The yields and propertles of
» allyl(dlalkyl)boranes thus obtained are listed in Table 2. -
Allyl(dlalkyl)boranes, prepared by means of exchange reactlons, are pure
. compounds. This fact-was evidenced by alcoholysis of allyl(dialkyl)boranes; in
-this case scission of. the boron—a]lyl bond is accompanied by formation of ester
"~ R,BOCH; and propylene’ MB NMR spectrum of the reactlon mixture consists
- 'of only one 51gna1 at—54.5ppm. =
. The exchange . reactions described can be used to prepare 3- alkoxy- (X1,
X=0) and 8- alkvlthm-?-alkyl- -borabicycio[ 8.3.1]non-6-ene (XII, X = S)
denvatrves (see Table 3).
; Heatmg (45'mmiig, 20—100°C) a mixture of tn(2-methyla]ly1)borane and :
'dlethylboromc acid buty! ester afforded, after distillation, 2-methylallyl(diethyl)-
borane (XII1, R = C,H;). Z-Methylallyl(dl-n-propyl)borane (X111, R = n-C3H,)
was obtained in a similar way from tr1(2-methy1allyl)borane and the hexyl ester
N of dl-n-propylboromc acid.

CHs CH;

CHy=C— B + R;BOR" — -— C
(CHp==C—CHa)5 2°°% To0 e
X1y
: tn C2H5 5n- C3H7 ; R = n—C4H9 . - CSH,:,)

Unhke allyl(dlalkyl)boranes (I), 2-methy1allyl(dlalkyl)boranes (XIII) obtamed
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{m thls Way ptam‘ 10—20% cf an’ adm:xture of esters RQBOR' ”B NMR spectra
of these compounds exhlbxt two mgnals at —85 and ——54 5 ppm LT ;

Permanenf mtramolecutar aliylxc rearrangement IR and NMR spectra o

- Mixed allyl(a]kyl)boranes (I, I, vIOI, IX, XY are colourless liquids of low

mcosxty They aré stable under z an atmosphere of dry argon or nitrogen but

. readﬂy hydrolyze and oxidize on exposiire to a.u:, I T and XII are capable of

: spontaneous mﬂammabmty

.. These boranes do not symmetrize when heated up to 100 C for a long time.
PMR and ''B NMR- spectra show symmetrization to occur only at temperatures
‘above 120°C. So, B NMR spectrum of methanolysm products of allyl(diethyl)-

' borane or allyl(d1~n~buty1)borane (the borane having been preliminary heated

" at 106°C for-6 h) consists of only one signals, relatively: —54.1 [(C,H;),BOCH;]

,and —54.7 ppm [(CsH,),BOCH;]. However, if allyl(di-n-butyl)borane is prelim-

Jinary heated at 185°C for 3 h, the !'B NMR spectrum of methanolysis products
consists of two signals: —54.7 ppm [(CsH,), BOCH,1/—31.1 ppm (3/1) due to
the ester C4H.,B(OCH3)2, formed as the resukt of the protonolysm of (C3Hj;),-

: BC4H9 Allyl(dzethyl)borar-e (I, R = C,H,) is distilled under atmospheric pres-
sure without decomposition (b.p. 115°C). .

' The IR spectra of compounds I and II exhibit strong absorption bands at

1638 and ‘3080 cm ! (vibrations of CH,=CH moiety). The crotyl derivatives VIII

. shcw a weak broadened band at 1645 cm~? (shoulder at 1660 cm™!) together

. with intense bands at 968 and 3015 ecmn™! (—CH=CH—). The IR spectra of

3 3-d1methy1a}1yl(d1a1kyl)noranes (IX) contain bands of weak intensity at

1650, 1670 and 3020 cm

" The !'BNMR spectra of mixed allyl(alkyl)boranes show signals in the region
—81.2— —86.0 ppm relative to BF; - O(C,Hj;), (see Table 1). The structure of
PMR spectrz of mixed allyl{alkyl)boranes I and II depend on the temperature,
which demonstrates’ intramolecular permanent allylic rearrangement to proceed
in these compounds as well as in symmetrical allylboranes [1—3]. PMR spectra

. Hp
3 : 2 1 ‘ ) 2N ‘ 1 T2 03
 CHp==CHCH,B(CaHglp o= CH{_ "B(C Hg), = CHa==CHCH,B(C;Hs)2
S
(I Ha ‘ (1)

~ recorded at 25—30°C, besides these due to alkyl radical protons, exhibit broadened
signals at 2.10-:ppm (CH,—B), 4.85 ppm (CH,=C), and an anomalous quintet
centered at 5.85 ppm (C=CH—C). At —60 — —40°C the PMR spectrum of allyl-
(dlethyl)borane shows a multiplet at 0. 65—1.5 ppm (C.H;) and an allyl group

- spectrum::a doublet at 2.10 ppm (J 7.2 Hz,—CH,B) and multlplets at 4.74—4.95

(CH,=C), and 5. 52-—6.25 ppm (=CH—C). With increasing-temperatures (above
35°C), broadening of allylic. CH, gr:oups signals is observed, these begin to con-

L verge at 65°C and above 100°C transform into a doublet centered at 3.40 ppm;

- the. s1gnals due to methyne protonsis in the shape of regular qumtet centered
- at 5.85 ppm (intensity ratio 1/4/6/4/1), i.e: the spectrum due to the allyl radical ‘
_isthatofan. AX, pattern. The rate of intramolecular permanent allylic rearrange-
‘.ment is equal to approx1mately 2500 sec:-1 and 5000 sec™! at-100°C and 125°C,
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respectively. Activation energy of rearrangement, estimated according:to ref. 35,
amounts to 11.8 + 0.2 kecal mol™!..

The PMR spectrum of crotyl(diethyl)borane (VIII, R = C,H;), recorded at
room temperature, contains a multiplet due to ethy! group protons at 0.72—1.45
pPpm, a complex signal at 1.47—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-C3H,) 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(alky!l )bbranes
The boron—allyl bond in allyl(dialkyl)boranes is readily cleaved under the
action of alcohols, whereas the boron—alkyl bond remains unaffected. Proto-

CH,~CHCH,BR, —— %2 R;BOR’ + C;H,

(R = C,Hs, n-C3H4, n-CoHy; R’ = CH;, C3H,, CoH,yo)

lytic cleavage at —30—+20°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) exhibit only one signal
at —54.5 ppm depending on the nature of the ester R,BOR.'. The absence of the
signal at —31 + 1 ppm (RB(OR'),) demonstrates the purity of allyl(diaikyl)-
boranes (I) obtained.

Alcoholysis of crotyl(di-n-propyl)borane (VIII, R = n-C5H,) affords 1-butene
(98% purity) with an admixture of 2-butene (2%, 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,) only 3-methyl-1-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 allyl type boranes occurs with allylic rearrangement [1—3] via a six-member
cyclic transition state of type XIV.

SCHEME 4
CH3
|
cr
. CH H
R OH i . . . . ‘
CH3C==CHCH,B(C3H;), _0—20—"_2)— ’5 : ————» CH3CH—CH=CH,; + (C3H;},B0R
} - CHz O—R'
[~ Ssel LT R
AN

(R = H,CHz}
(XTV)



vtams only- one SIgnal at —31 * 1 ppm [RB(OR )z], ie. dlallyl compounds II
;prepared in this work are mdnndual ‘ones. ~ o
© - Mixed allyl(alkyl)boranes T and II react thh water to g1ve the correspond-
‘mg acxds or then' an.hydndes and one or two’ moles of propylene Hydrolysm is

CHz“—CHCHzBRz —"""") RzBOH + C3r16

@ S
highiy 'exothermlc and cccurs at rcom tetnb‘erature oron cooling. Hydrolytic
cleavage of the boron—allyl bonds is accompanied by a]lyhc rearrangement, which

was conﬁrmed by formation of 1-butene as the main gaseous product (98%)
in hyd:oly51s of crotyl(d1—n—butyl)borane (VIII, R = n-C,H,, Scheme 5).

scHEMEs .
. CH3
- _CH
HoO Y g
CHyCH==CHCH BR, —2 =~ ]i ! = CHCH,CH==CH, +  R,BOH
: , i _
CHz  Ow
(¥ R = n-CgHg) -
S : - VAN

Unsymmetpcal allyl(alkyl)boranes react with ca.rbonyl compounds [‘77 ] and
nitriles [36] as organometallic reagents and add to the triple bonds of terminal -
‘acetylenes [27]. The reaction-with carbonyl compounds leading to substituted

homoallylic aleohols will be described in the following paper [51].

Experiﬁaeﬁtal

General comments
All reactlons of organoboron compounds were. r-arned out under an’ atmos—
- phere of dry argon or nitrogen. -
‘IR specira were measured on UR-20 spectrometer, PMR spectra were recorded
S on a DA-GO-IL mstrument :and all chemlcal ‘shifts are relative to tetramethyl-
; sﬂane. le NMR specira were recorded on RS 56/ 19 spectrometer, chemlcal
shifts are relative to BF3 = O(CoHs)s. -+ -
Hexyl esters of dxalkylboromc aclds were obtamed via reactlon of tnalkyl-
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' th hexano 'm the»presence of catalytl.. \,amou‘lts of mercaptanes [37], o
or pivalic ac1d [38] ‘Butyl esters of ethyl- -and n~hexyl-boromc acidsas wellas -
; hexyl esters of n'pmpyl- and n~buty1-boromc acids were synthesmed by reesteri--
‘fication of con'espondmg dlmethyl esters that in their turn - were preparod by
;_heatmg zmx*ures of tnalkylboranes and methylborate-in the presence of small
amounts -of tetraa.kyld*borane [39]. Prupertles of the compounds thus prepared‘ :
are listed in Table. 4. *
Tna.lylborane and tn(2~methy1a11y1)borane wére obtamed from alummlum,
butylborate and allyl- or ?-methylallyl bromlde, respectwely [11.

Sm nthes:s of dzalkylth zobormates )
n-Amyl ester of dtethylthloboromc acid. This was prepa.ted following the
known method [40]. Into a flask equipped with a dropping funnel, thermom-
eter, condenser and a gas-removing tube was placed 40.6 g of triethylborane
and some pieces of porcelain. 65.5 ml of amylmercaptane was then added at
such a rate to maintain the temperature of the mixture at 50—60°C. After
. heating for 10 min at 110°C the mixture was distilled giving 40 g (94%) of
n-amy! ester of diethylthioboronic acid.
n-Amyl ester of di-n-butylthioboronic acid, n—hexyl esters of diethyl- and
di-n-butylthioboronic acids were obtained in a similar way (see Table 3).
3-Allyl—?~n-amyl—3-borabzcyclo[ 3.3.1]non-6-ene {XT). To 37.1 g of triallyl-
borane heated to 135—140°C was added dropwise 26.2 g of 1-heptyne over 2 h.
The mixture was kept at 140°C for 1 h and distilled to afford 53.3 g (83%) of
compound XI, b.p. 124—125°C/3 mmHg (Found: C, 84.40; H, 11.80; B, 4.80.
 CygH,4B caled.: C, 83.50; H, 11.73; B, 4.69%).

Synthesis of allyl(alkyl)boranes I, II and VIII from allylaluminiumsesquibromides
and alkylooronates or dialkylborinates
Allyl(di-n-butyl)borane (I, R = n-C4H;). 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 HgCl,, and 25 ml of absolute ether. The mixture was stivred
for 10 min, then 10 ml of allyl bromide was added. After the reaction was
initiated, a mixture of 12 ml of allyl bromide and 44 g of n-hexyl ester of
di-n-buiylboronic 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. Distillation gave 32 g (98%) of allyl(di-n-butyl)borane (I, R = C4H,).
Allyl(di-n-propyi)borane (I, R = n-C;H,), allyl(diethyl)borane (I, R = C,Hs),
diallyl{ethyl)borane (I1, R = C,H,), diallyl(n-propyl)borane (11, R = n-C;H,),
" diallyl{n-butyl)borane (II, R = n-C;H,), diallyl(n-hexyl)borane (II, R = n-CsH,3),
crotyl{diethyl)borane (VIII, R = C,H;s), crotyl(di-n-propyl)borane (VIIL, R =
n-C5Hy) and crotyl(di-n-butyl)borane (VYII R = n-C;H,) were prepared by
sitzilar methods (see Table 1). =

Synthesis of allylf dtalkyl)boranes from aIlyZmagneszum bromides and dialkyl-

- borinates

Allyl(dz-n-butyl)borane {I, R= n-C4H9) (a) Using hexane extraction. To a mix-
ture of 19.5 g of n-hexyl ester of di-n-butylboronic acid, 2.1 g of magnesium
tummgs and 100 ml of absolute ether was added 7.8 g of allyl bromlde. The
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mixture was stirred until the magnesium dissolved completely, and then refluxed
for 0.5 h. After the 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-C;H,), 3,3-dimethylallyl{(diethyl)borane
(IX, R = C,H;) and 3,3-dimethylallyl(di-n-propyl)borane (IX, R = n-C;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 allyl 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
removhl 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™, ''B NMR spectrum contains two signals: at
—54.5 ppm [(C3H5),BOCH;] and —84.6 ppm [(CsH);B] with intensity ratio
1/4. Distillation afforded 1.62 g of the methyl ester of di-n-butylboronic acid,
b.p. 79—80°C/24 mmHg, ny 1.4150 (lit see ref. 41), and 5.85 g of tributyl-
borane, b.p. 108—110°C (24 mmHg), n} 1.4281 (lit. see ref. 42). The content
of allyl(di-n-butyl)borane (I, R = n-C;H,) in the mixture was 25%, and the total
vield was equal to 9.5%.

Synthesis of allyl(dialkyl}boranes via exchange reactions

Allyl(diethyl)borane (I, R = C,Hs) (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 allyl(diethyl)borane was distilled mto a cooled trap (see
Table 2).

(b). On heating a mixture of 30.5 g of triallylborane and 59 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°C/
1 mmHg, n#® 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[3.3.1]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).

(d). As described above, from 5 g of n-hexyl ester of diethylthioboronic acid
and 6.7 g of 8-allyl-7-n-amyl-3-borabicyclo[3,3.11non-6-ene (XI), 3 g of com-
pound I (R = Csz) and 8.3 g (96%) of 3-n-hexylthio-7-n-amy1-3-borabicyclo-
[3,3.1]non-6-ene (see Table 3) was prepaped.

2—Methylallyl(dz- -propyl)borane (XIII, R = n-C;H,). This was obtained by
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'heatmg under reduced pressure a m_xxture of 14 1 g of tn-z-methylallylborane ‘
-and 19.7.g of n-hexyl ester.of dl—n—propylboromc ac1d (yleld 7.4 g, see Table 2).
IR spectrum:1640.and 3080 cm"! (CH,=C). PMR spectrum (§): 0.69—1.42
(CsH,); 1.67 (s CH3—C), ‘broadened: signals centered at 2.10 (CH,—B) and 4.30
ppm (CH,=C): Integrating the**B NMR spectrum shows that the compound also
contains (n—C3H-,)2BOCGHI3 (10%) ,

2—Methylally1(dxethyl)borane was synthesxzed ina s1m1lar Way (see Table 2)

‘ .Reactzons of allyl( alkyl)boranes wzth methanol _

(a). To 3.5 g of allyl(diethyl)borane (I, R = C,H;) was. added with care, 1.1 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 exhibit 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 rnethoxy(dl-
ethyl)borane, b.p. 89—90°C n%-5 1.8875 (lit. [441 b.p. 88—85°C).

.(b). Propylene was evolved {1120 mi) on reaction of 6.7 g of allyl{di-n-propyl)-
borane (I, R = n-C;H,) with 4 ml of methanol. Subsequent distillation of the
residue gave 5.7 g (92%) of methoxy(di-n-propyl)borane, b.p. 36—37°C/17
mmHg, 2} 1.4027 (lit. b.p. 55—56°C/44 mmHg, n}’ 1.4023 [45]). }'B NMR
spectrum consists of only one signal, at —52.9 ppm. ‘

{c).- A similar reaction of 3.9 g of ailyl(di-n-butyl)borane (I, R = n-C;Hy) with
2.5 ml of methanol gave propylene (530 ml) and 3.4 g (93%) of methyl ester
of di-n-butylboronic acid, b.p. 78—80°C/33 mmHg, n¥ 1.4147. !B NMR
spectrum contains but one signal, at —54.6 ppm. : :

-(d). To 5.6 g of crotyl(di-n-propyl)borane (VIIL, R = n-C,H,) was added 5.6 ml
of methanol at 0—5°C. 1-Butene was evolved (0.8 1), and dlstﬂlatlon gave 3.2 g
(70%) of methoxy(di-n-propyl)borane, b.p. 65—67°C/85 mmHg, n2¥ 1.4022.

(e). To 2.3 g of 3,3-dimethylallyl{di-n-propyl)borane 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-1-butene
(GLC), b.p. 21—22°C (IR spectrum: 1640 and 3080 cm“) and 1.4 g (80%) of
methoxy(di-n-propyl)borane, b.p. 65—66°C/80 mmHg, n° 1.4029.

(7). To 6.15 g of diallyl(n-butyl)borane (IL, R = n—C4Hg) 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
dim&hoky(n-butyl)borane b.p. 45—56°C/32 mmHg, n} 1.3950 (lit. [46] b.p.
37*38"0/21 mmHg, n3 1.3933). . :

Reactions of allyl(alkyl)boranes with water

(a). To 2.1 g of crotyl(di-n-propyl)borane (VIII, R = n-CaH7) was added 1ml
of water at room temperature. Reaction proceeds with violent evolution of heat
and 300 ml of a mixture of 1-butene (98%) and 2-butene (2%). The residue
gave, on distillation, 1.3 g (89%) of di-n-propylboronic acid anhydnde b.p.
T5—T16°C/T mmHg, & 1.4160 (lit. [47] b.p. 91—92°C/10 mmHg, n} 1.4170).
- (b). To2.4gof dlallyl(n-propyl)borane (II, R = n-C;H;) was added 1 ml of
water, with care; at room temperature. A highly exothermic reaction occurred
accomparied by evolution of propylene (780 ml). After distilling out the volatile
products under reduced pressure, solid n~pr0pylb0"0mc acid remained. Sublima-



129

tion of the latter yielded 1.1 g (90%) of the pure acid, m.p. 105—106°C (lit. [48]
m.p. 107°C).
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