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Summary

A convenient procedure for the synthesis of homoallylic alcohols from car-
bonyl compounds and allvlboranes is described. Allyl-, 2-methylallyl-, crotyl-
and 3,3-dimethylallyl(dialkyl)boranes, as well as diallyl(alkyl)boranes and
derivatives of 3-allyl- and 3-metallyl-3-borabicyclo[3.3.1]non-6-ene are effective
reagents for allylation of carbonyl compounds (aldehydes, ketones, esters,
carboxylic acids and others) offering, in a number of cases, considerable advan-
tages over use of corresponding allylmagnesium halides. Allylboration of
carbonyl compounds is attended by the allylic rearrangement; while reacting
crotyl- and 3,3-dimethyl-allylboranes are changed tc homoallylic alcohols with
terminal double bonds.

Introduction

Having worked out preparative methods of synthesis of mixed allyl(dialkyl)-
boranes and diallyl(alkyl)boranes [1—3], we proceeded to the systematic study
both of the chemical properties of this interesting type compounds and the
possiblity of an application in organic synthesis [4]. The permanent intramole-
cular allylic rearrangement and the rupture of the boron—allyl bonds under the
action of water and alcohols have been discussed [3].

We now report allylboration of aldehydes, ketones and esters by means of
allyl(dialkyl)boranes, diallyl(alkyl)boranes, 3-allyl-3-borabicyclo[3.3.1]non-6-ene
and some derivatives of the latter as-well as (partly) triallylborane.

Resﬁlts aﬁd discussion
The reactions of organoboron derivatives with aldehydes and ketones is affected

by the nature- of radicals attached to boron, structure of carbonyl Lompounds
and process conditions [4].
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Alkylbo-anes do not add to the double bond —=C=0, the only exeptlon
known being the reaction of tnalkylboranes with monomeric 'formaldehyde,

hl"h in the presence of oxygen leads to higher esters of dlalkylboronlc acid
R,BOCH,R. Theése esters hydrolyse to yield alcohols, RCHon (an increase of
‘the carbon chain by one carbon atom) [5].

Aromatic aldehydes are quantitatively reduced when heated above 100°C
with malkylboranes to g1ve the correspondmg alcohols [6—8] (Scheme 1).
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N\ H-
RR'CHCH,8R; + ArCHO ————= :z_?: © TCH—Ar — = RR'C==CHp + RyBOCH,Ar
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The reaction proceeds with elimination of the olefin and was used for synthesis
of pure ¢-olefins {6,7] and for contr-thermodynamic 1somenzat10n of methyl-
cyclenes into methylencyclanes [6].

Aliphatic aldehydes and ketones react with triphenyl- and tribenzyl-borane
on heating to form mainly enolic esters of the type RCH=CR'—OBR", [9].

The latter compounds are easily obtained from trialkylboranes and carbonyl
compounds in the presence of catalytic amounts of pivalic acid [10]. Most of
cycloalkanones and aliphatic ketones are changed into dimeric or trimeric products
of crotonic condensation on reacting with triethylborane and pivalic acid [11].

Both triallylborane [4,12,13] and other allylboranes [4,13—15] react with
aldehydes and ketones, including steroids, in a similar manner to organomagne-
sium compounds, i.e. via an addition of boron—allyl fragment to the double
bond C=0. Such peculiarity of allyl type boranes is conditioned, firstly, by the
lowered bond energy of these compounds as compared with trialkylboranes and,
secondly, by their ability to react via six-center mechanism and allylic rearrange-
ment [4,13—15].

Depending on the ratio of reagents, tnallylborane reacts with aldehydes to
give 1-substituted butenylic esters of diallylboronic (1/1), allylboronic (1/2),
or boronic (1/3) acids [12]. Reaction with ketonesleads to esters of diallyl-
(1/1) or-allyl-boronic {(1/2) acids. The third-allyl fragment does not add to
ketones which seems to be due to shielding of the boron atom. Alkaline hydro-
lysis of butenylic esters Just like re-estenﬁcatlon a.ffords 1- substltuted buten-
ylic alecohols [12]. :

We have studied the reactions of unsymmetncal allyl(dlalkyl)boranes MO,
diallyl(alkyl)boranes, and 3-allyl-3-borabicyclof 3.3.1]non-6-enes with various
aldehydes, ketones, and esters. All these reactions were shown to occurviaan
organometalhc synthesis (Scheme 2) to give primarily substituted butenylic
esters, from which one can easily obtain the corresponding homoallylic alcohols.
In a preliminary report. [1] we described alelboratlon of propxonaldehyde and
acetone with allyl(diethyl)borane. =~ - -

Allyl(dxalkyl)boranes (I) react with aldehydes and ketones au —50 — +20°C E



with large heat evolution to afford substituted esters of dialkylboronic acids
(11).

SCHEME 2
R'\ R'\ _ R‘\
—-50~+20°C Ha0z » OH
C=0 + CH,==CHCH,BR; —— " = c e T . N + 28m0u
/ pd ! 7 i
R” R" osr, R on
(I (1)
L i
]

(R = CoHg , n-CyH, . n-CHg _gzaop'"

R',R” = H, alkyl,ary! ;
w - . . .
R OH = n-hexancl, nonanol, ethcnolamine , di- or tri-ethanolemine)}

Allylboration of aldehydes and ketones, after this manner, can be effected
both without solvent or in any inert solvent, e.g., isopentane, petroleum ether,
hexane, benzene, ether, tetrahydrofuran, chloroform, carbon tetrachloride etc.

The reactions occur within several minutes and are not complicated by side-
reactions. As mentioned above, trialkylboranes and dialkylborinates of type II
do net react with carbonyl compounds either at 20°C or lower temperatures
[4]. Butenylic esters of dialkylboronic acids (II) are isolated by distillation in

83—85% yield.
When heated with higher alcohols, esters IT undergo re-esterification to afford

1-substituted homoallylic aicohols ITI, which are easily distilled from reaction
mixtures under reduced pressure. Any alcohols with boiling points higher than
that of the homoallylic alcohol ITI formed may be used (e.g. hexanol, nonanol,
decanol, glycol, ethanolamine, diethanolamine, triethanolamine etc.) In this
work triethanolamine (TEA) was usually used. To obtain homoallylic alcohols
with higher molecular weight (over 200) from higher aldehydes and ketones, it
is advisable to oxidize esters IT with alkaline hydrogen peroxide, in the presence
of sodium acetate or carbonate.

When using allylboration of aldehydes and ketones for synthesis of homoallylic
alcohols there is no need to isolate esters II as individual compounds. Instead
the reaction product (rough este;s II) are oxidized (H,O,, OH™) or treated with
a higher alcohol (~1.1 mol) and subsequently the carbinol III is distilled from
the mixture under reduced press.ire.

Carbinols obtained by allylboration of some aldehydes (acetaldehyde, propion-
aldehyde, benzaldehyde, furfural, crotonaldehyde, cytral, a- and §-cyclocytral)
and ketones (acetone, acetophenone, benzophenone, hexafluoroacetone,
acrolein, -chlorovinyl{methyl)ketone, mesityl oxide, benzalacetone, «- and
B-ionone) with allyl(diethyl)-, allyl{di-n-propyi)- or allyl{(di-n-butyl)-borane are
listed in Tables 1 and 2, respectively. It will be noted that o,f-unsaturated alde-
hydes and ketones react with allylboranes via 1,2-addition only.

Allylborating reagents also used were 3-allyl-3-borabicyclo][3.3.1Jnon-6-ene
(IV, R = H) and its 7-alkyl derivatives (IV, R = alkyl), obtained from triallyl-
borane and acetylene or 1-alkynes [13] (Scheme 3). Homoallylic alcohols syn-
thesized from 3-allyl-7-n-propyl-3-borabicyclo[ 3.3.1}non-6-ene and correspond-
ing carbonyl compounds are listed in Table 3.
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'B—"Q—C'—.CHZCH-——‘CH?_ — CH2=CH——CH?_—C—_—OH

S : ’ . o - "

SR - : , .. R
(R = H ,n-C3zH;; TEA = triethanolamine) :

SCHEME 4

CH3 : o CHs . R
g v s ' TEA
CHp==C——CHp—B(C3H;);, + RCOR’ ———= CH;=C—CH,—C—O0B(CzH;); —— =

’

R
-CH=3 R
—— CHy=C—CH;—C—OH (TEA = triethanolamine)
&)
TABLE 3

’ R
. R R .
" B—CH,CH=CH, + \C=0 —_ l [
C3Hy L . OH -

- - R’
/)

Ca.tﬁonyl compougd Carbinol, yield w) ¢

C;HzCHO - - 85.7

>@CH0 ' C71a

CH3COCH; , 92.3
CF3COCF3 _ 82.6

O

—0 . Tssa

2 The constants of carbinols are in close agreement with those guoted in Tables 1 and 2. °
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TABLE4 SRR
T .CHy,

R . CH3 R
CH,;=C—CH,B(C3H); + RCOR’

0—20°C N(CH;CH; OH)3 1 I
— CH,=C—CH,—C—OH
: I

V) R’
RCOR' " Compound V Lit. data for V
- 2 20 o 20
Yield B.p. (" C) (mm Hg) np B.p. ( C) (mm Hg) np Ref.

’CH3CHO 91.7 85—86 (157) 1.4337 129 27

CH3CHO ¢ 92.8 — —

CH3CQCH3 - "~ 944 © .73—73.5 (80) 1.4351 126 27

CH3COCH3 % -90.3 24--25. 9) 1.4359

CgH5CHO - 89.2 T6—7T7 ) 1.5273

CgHsCHO® 178 78—79 2) 1.5272 b

D:o 82.3 87—88 (30) 1.4716 98.5 (40) 1.4720 22
" CF3COCF; 89.1  63—65 (120) 1.3499 113—115 1.3485 24

“A"I"ri(z-mei.hylal]yl)borane was used as allylborating reagent. 2 d2° 0.9907.

2-Methylallyl(dialkyl)boranes react with aldehydes and ketones in a similar
manner to their ailyl analogs. 1-Substituted 3-methyl-1-butenols (V) synthesized
from 2-methylallyl(di-n-propyl)borane and acetaldehyde, benzaldehyde, acetone,
hexafluoroacetone or cyclohexanone are outlined in Table 4 (Scheme 4).

The same carbinels are obtained from trimetallylborane: aldehydes (1/3) or
ketones (1/2) with consequent hydrolysis of the boron esters formed in alka-
line solution (Scheme 5) (in Table 4, these carbinols are marked with asterisks).

SCHEME 5

CHa CHj =

. 0-20°C H,C, OH
(CH;==C~—CH,)38 + 3 R'CHO ————— (CH,==C-—CH,—CHO}»B ————

CHgy R
I

i
———————= CHz==C—CHy—CHCH (R = CH;,CgHs)
5729}

CH3 CH3 R CH3

! -~
i . 0-20°C l ! l H;C, OH
(CH,=C—CH5)38 4+ RCOR® — = {(CH=—C-—CH;—C—0);3CH,C=CHy; ——————

R
CH3 R

e CH;=C—CH»—C—OH (R,R"= CH; , CF3 ; R + R’ = (CH,),)

z

R
()

1,1,3-Trimethyl-3-buten-1-ol and 1,1-di(trifluoromethyl)-3-methyl-3-buten-
1-ol are prepared in 91% and 86% yield, respectively, from 3-metallyl-1,5-di-



::SCHEME 6

CH,=—=CCH,);B . |1140° R,CO.  f s o
SN el B Re CH;=C——CH,—C—OH
Q) TEA © o T el ’ IR

S S—CHZ—C—-C 2

".R'

: H_(:"E"ci-li:ii';-,; LA e
©UR'= CHy (21%) R = CF3 (86%)

The structures of alcohols III \'Z and VI are borne out by PMR spectroscopy
data For example, the spectrum of «-allylfurfuryl alcohol (IIT, R’ = H, R"=
‘@-C4H;0): shows the following signals (50% solution in CCly): 2.54 (t, J = 6.8
‘Hz, CH;, 2H), 4.13 (s, OH, 1H), 4.63 (t, J 6.8 Hz; CHO; 1H), 4.82—5.22 (m,
'CH;=C, 2H), 5.42—6.00 (m,’ C=CH, 1H), 6.18 and 7.28.ppm (2m, C;H;0, 2H
and’ 1H) The PMR spectrum of some 2-methylbutenyl alcohols of type VI
depend on ‘the recordmg conditions which shows non-equwalence of the C=_

- C—CH, group protons. In order to resolve, for example, the structure of carbi-
‘nol (VI, R'= CH;) specira. of the latter were recorded under different conditions:
- pure compound CCl4 solutlon, in the presence of CF3COOH and by using
‘double resonance procedure. PMR’ spectra both of neat sample a.nd solution in
CC]4 exhlblt acomplex signal of CHz-group protons in the region 2. 1 ppm (a -
doublet of doublets ora multlplet) PMR- spectrum of solution in CCl, (50%)
:in the presence. of one drop of CF3COOH shows: following signals: 1.16 (d, J

6 Hz, CH3, 3H), 1.73 (s, CH3—C 3H), 2. 13 (d, J 6 Hz, CH,, 2H), 3. 92 (sextet,
J 6 Hz, CHO, 1H),'4.72 (m; CH,=C, 2H), 5.60 ppm (s, OH, 1H).

“Addition of the boron—a]lyl fragment to carbonyl group proceeds with
the allyhc rearrangement [4,18,15].

We :showed the reactions of crotyl(di-n-butyl)borane with acetaldehyde
acetone, hexaﬂuoroacetone, mesityl oxide, and benzalacetone to afford only
butenyhc esters of type VII with the terminal double bond, i.e. again allylbora-
. tion occurs with allylic rearrangement, apparently via a transition state with
cychc electron transfer (A) (Scheme 7).

" SCHEME T CHs
R } R /"‘\\C/R
CH,CH==CHCH,B(C,H;), -+ c=0c — | 1 >~et —
. . R' ' L\.B e
(A)
~ CHj
R
u
R“OH &
_ oe(c4Hg)2 . : LR

(m) S )



139

‘PIOIK 9L 8 UY OS[¥ *AUNIIDVOION[JEXIY PUE JUBXOQIAT0II[AT WOL) POZISIN[IUAS SuM [OUGAD I, , 'DUWB[OUBLIDIP Y)j# UOIUIIIIID}60-0X JuonbIsqNs (3m susjuad
0o Ado8I00[471010 Juisn wapj a..onsox_E UuO0y30udx 3O S1EA10APAY Juonbasqns yiIm ouvxodq[£joxow} (B) (3uisn [¢g] wAdRIONIN ‘V'N Aq Poudaxd 1s1j) 5umM [OUJCINd Ay, v

ve - 81T 2996'1 (09L) 9TI~PII 2888 HOO6'H D €4000¢40
6% 60¥9'1L (¢) 9'901—~9't01 91¥9'1L (2 001—66 q99L _HO %0 EHDODHO=HOH%D
62 029¥'1 (01) L9—09 LTOV'T 6 99-~99 p V18 Vil EHO0DOHD=DUEHD)
8% 89L¥'T (002) £9—-29 TIEV'T v (4 /112 a8 vy, EHO0DEND
8¢ arer't L3 6LEY'T 9'82I—~L3T 126 val OHJEHO

Jou o@: (31 ww) () ‘d'g oo (31 wur) (0 ) d'g PINA
X %0} ujUP 311 ¥ punoduto) HO,U ;1004

A ((X)
I

HO~0~HO—HO=CH) ¢me——— UOOHU + YU 6HYD)ITHOHO=HOEHD
o HO, ¥ D 9—0

u OEH

9 F1aVL



o 7 ) these were converted by means
»of re-esteriﬁcatlon or. oxldatlon mto substltuted 2-methy1-3-buten-1—ols (VI]I) B
‘the constanus of Whlch are listed in. Table 5. As was shown by GLC carbmols
VI]I do not contain an adxmxtu:e of crotyl isomers. o
IR spectra of .the carbinols VIII reveal absorptlon bands due to the termmal
vdouble bond. (1640—1650 1820 3080 cni") and hydroxyl group (3450 cm™).
Structure of carbinols. (VI]I) is substantlated by PMR spectroscopy as well. Thus,
‘the spectrum of 1, 1 2-tnmethy1-3-buten-1-ol (VIILR = R'= CHj) shows the
'51gnals (neat): 0. 82-1.25 (m, CHs), 2.15 (q,CH, J 7 Hz), 3. 55 (s, OH), 4.75—
'5.15 (m,. ‘CH,=C), 5. 45—6.15 ppm (m,=CH—). PMR spectrum of 1,1-di(tri-
ﬂuoromethyl)-z-methyl 3-buten-i-ol exhibits the signals: 1.26 (d, J 8.7 Hz, J
1.5 Hz, CH;), 2.82 (g, CH), 3. 62 (s, OH), and multlplets of CH,=CH (4. 06—
.5.41 and'5. 45—6.28 ppm)

Reactions of. 3.3 dlmethylallyl(dl-n-propyl)borane (IX) W1th butync or iso-
valenc aldehydes followcd by treatment W1th tnethanulamme led to 3,3-di-
methyl-l-hepten-4-ols (X). (Scheme 8):.

esters» VII) Were not 1solatedj

SCHEME 8 o o
H3C T R ) V — R -
N , i N(CH,CH,OH)3
C=—=CHCH B(C3H;)a + _ I —— | K -

HSC_/ 5 : o OB(C3H,),
o . : '

N - " - . R
< . CH5COCl \'/%

. - ! I CgHgN !
~  OH . OCOCH;
x) - ‘ (X1)

- (R = H,CH3)

IR spectra of the carbinols X show intense absorption ‘bands characteristic
of the terminal double bond (1640, 3085 cm“) PMR spectra of these com-
pounds exhibit a singlets of two gem-methyl group at 0. 98 ppm and ABC-spec-
trum of the terminal double bond protons with 8 = 4.60—5.09 (CH,=C, 2H)
and 5.50—6.20 ppm (=CH—, 1H). Acetylation of alcohols X with acet:ylchlonde
in pyridine gave correspondmg acetates (XI).

. Allylboration of esters with allyl(dzalkyl)boranes or dlallyl(alkyl)boranes
proceeds with heat evolution at 0°C, and gives rise to esters of type XII which
on re-esterification afford dlallyl(alkyl)carbmols Thus, as a result of distilling.
products of reaction of allyl(di-n-butyl)borane with- butylacetate, the butyl ester
of- d1—n—butylboromc acid was isolated together with 4-methyl-1, 6-heptadiene-
4-ylic ester of d_l-n-butylboromc acid (X1lIa); re-esterification of the latter com-
pound gave 4-methyl-1, 6-heptad.1eneo4-ol-1 (XIII) in 85% yleld (Scheme 9).

First stage of the reaction involves addition of the boron—allyl ﬁ'agment to the
carbonyl group to- afford a boron: contalmng ketal XIV that is however unstable
and undergoes B-ehmmatlon to: glve boron ester and allylmethylketone This -
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SCHEMES
2 . CH—CH,B(C Hg)y + CHzCOOCH o’¢
CH,==CH—CHyB(C;Hg), 3 479
| —(C4Hg),BOC, Hg
CH3 CHasa )
N(CHaCHaOH)3
— | | |
OB(C4H), OH
(X1 a) (X111

latter reacts with another molecule of allyl(dialkyl)borane to form the ester
XTI (Scheme 10). All attempts to isolate intermediate allyl methyl ketone from

SCHEME 10

CHs
OBR2
CH>,=—CHCH,BR + CH4CO0OCH _— —
2 2BR> 3 aHg I TR,BOC, Hg

OC,Hg

(X1IV)

CHs

CH,
CH,=—CHCH,BR
“/\Il/ ¥ N - l I

o OBR,

(XI1)

the reaction products met with failure. It seems to be more reactive with allyl-
(dialkyl)borane than initial ester is.

Reaction of diallyl(n-hexyl)borane with ethylacetate gave carbinol {XIII) in
88% yield (Scheme 11). Tertiary alcohol XIIi was also obtained, in 70% yield,

SCHEME 11

CHa

(1) CH3COOEt
(CHp==CHCH,) ,BCgH,4 3 - m
(2) TEA ,88¢%
_ OH
' i (1) CH3COOEt /

(X111)
(2) TEA, 70%
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on: alcoholysm Wlth tnethanolamme of the reactlon product of tnallylborane

R th allyhc boron compounds. .These reactions offer a convement
method of synthesxs of various’ 4~subst1tuted— 6-heptad1en-4—ols
As the pro‘_edure for synthesm of homoallyhc alcohols, allylboratlon in
certam cases, nges dlﬁmte advanta,,es when.compared with organomaguesmm
procedures. All the reauhons occur under mild conditions, easily and unam-
biguously to give rise to corresponding homoallylic alcohols in high yields
(70—95%) whereas similar reactions of a]lyhc denvatwes of magnesium are
oncasmna]ly comphcated by sxde-reactxons Allylboratxon may be performed
“either without solvent or in any inert solvent, which is of great importance for
‘thé use-of solid carbonyl compounds. Further isolation of homoallylic alcohols
from boron esters is effected with' the: use of such neutral ‘reagents as higher
‘alcohols (re-estenﬁcatlon) or in alkaline medmm (hydroly51s or .oxidation with
hydrogen peroxide). In conirast, the salts formed on synthesis of homoallylic-
-alcohols using Grignard reagents are usually hydrolyzed in acidic solution,
whlch is at times not desirable, espec1ally if some functlonal groups are present
m “the carbonyl compound. -
'Iha]lylborane reacts exothermally with acetic acid at 0—20°C (Scheme 12).

'SCHEME 12

S ’ 0-20°C
oH3c00H + . (CHy==CHCHp)3B —————= CHy + (CHg),BOCOCH; ——=

&3

« f v‘ CHy o ‘ (‘IHa
— T = Y
| oso | S OH

R R (XU1,80%)

‘With the ratio of reagents 1/1 one mole of propylene is evolved, and borate

XVIis formed, which on hydrolysis with aqueous alkali, gives 4-methyl-1,6- -
heptad1en-4-01 (XII) in 80% yield. The first step of the reaction involves proto-
lysis of one boron—allyl bond, as a result propylene evolves. Then acetoxy(diallyl)-
borane (XV) undergoes intra- or mter-molecular allylboratlon to afford borate

; XVI. Benzoxc and other organic. amds react w1th triallylborane in a similar way.

Expenmental

A.I mampulatlons w1th organoboron compounds were carned out under a -
stream of dry: mtrogen or argon.] IR ‘spectra were ‘recorded-on a UR-20 spectrom-
eter PMR spectra on a DA-60-IL instrument ‘with respect to TMS. (8. 0, ppm).

Allyl- crotyl— 3 3-d1methylallyl(d13]ky1)~boranes, a.nd dlallyl(a]kyl)-boranes .
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were prepared from esters of alkyl- or dialkyl-boronic acids and corresponding
allylic compounds of magnesium, aluminium, or boron [3]. Triallylborane and
tri(2-methylallyl)borane were synthesized from aluminium, butylborate and allyl
or 2-methylallylbromide [4,13]. 3-Allyl-3-borabicyclo[3.3.1Inon-6-ene (IV.R =
H) and 3-allyl-7-n-propyl-3-borabicyclo[3.3.1Inon-6-ene (IV, R = n-C;H,) were
obtained by heating triallylborane with acetylene or 1-pentyne, respectively
[3.4,13]. 3-(2-Methylallyl}-1,5-dimethyl-3-borabicyclo[3.3.1 non-6-ene was
prepared in 81% yield by heating tri(2-methylallyl)borane with acetylene in
an autoclave [13].

In this work, commercial aldehydes and ketones were used; all the compounds
were purified by distillation before use.

General procedure for allylboration of aldehydes and ketones

1. With the use of re-esterification with triethanolamine (a) 1-Hexen-4-ol (I11,
R'=H, R" = C,H;). To 4 g of allyl{di-n-butyl)borane was added 2 ml of propion-
aldehyde at —40—0°C, and warmed to room temperature. Then 4 ml of triethanol-
amine was added to the mixture, which on distillation gave 2.2 g (91.5%) of 1-
hexen-4-ol. Other butenyl alcohols are obtained in this way, their physical con-
stants are listed in Tables 1, 2, 3, and 4.

(b) 1,1,2-Trimethyl-3-buten-1-o0l (VIII, R = R’ = CH3). 5 g of acetone was added
to 4.5 g of crotyl(di-n-butyl)borane at 0—5°C and the mixture warmed to 20°C
(in the IR spectrum an absorption band at 1635 cm™! appeared). After adding
5 ml of triethanclamine, the mixture was distilled under reduced pressure giving
2.3g (85%) of 1,1,2-trimethyl-3-buten-1-ol. IR-spectrum: 1635, 3080 (CH,=CH),
-3400 cm™ (OH) (see Table 5).

(c) 3,8-Dimethyl-1-hepten-4-0!l (X, R = H). To 9.5 g of 3,3-dimethylallyl(di-n-
propyl)borane (IX) was carefully added 3.8 g of butaldehyde. The temperature
of the mixture increased to 60°C and after cooling to 20°C 10 ml of triethanol-
amine was added. Distillation afforded 7.35 g of compound (X, R = H), b.p.
77—78°C/19 mmHg); n%} 1.4400. (Found: C, 75.53; H, 12.95. CyH, 0O calcd.:

C, 75.99; H, 12.75%.) IR spectrum: 1640, 3085 (CH,=CH), 3990 (OH). PMR
spectrum: 0.72—1.72 (m, aliphatic protons), 0.98 (s, CH;), 3.00—3.33 (CH),
3.20 (s, OH), 4.58—5.08 (m, CH,=C), 5.54—6.07 (m, =CH).

Using 3 g of carbinol (X, R = H) and 2 ml of acetyl chloride acetate (XI, R =
H) was prepared in 62% yield (2.35 g), b.p. 77—78°C/15 mmHg, n% 1.4305.
(Found: C, 71.32; H, 11.06. C,;H,,0, caled.: C, 71.69; H, 10.94%.) IR spec-
trum: 1640, 3087 (CH,=CH), 1740 (C=0). PMR spectrum: 0.72—1.70 (m),

0.98 (s, CH3), 3.97 (t,J 6 Hz, CH), 4.57—5.10 (m, CH,=C), 5.53—6.03 (m,
C=CH).

{d) 3,3,6-Trimethyl-1-hepten-4-o0l (X, R = CH3). This was synthesized in
65% yield (3 g) from 4.9 g of 3,3-dimethylallyl(di-n-propyl)borane and 4 ml of
isovalaldehyde, with consequent treatment of the mixture with 8 ml of triethanol-
amine. B.p. 62—64°C (13 mmHg), n§y 1.4438. (Found: C, 75.90; H, 12.99.
C1oH300 calcd C,76.86; H, 12. 90% ) IR spectrum: 1640, 3085 (CH,=CH),
3430 cm* {OH). PMR spectrum: 0.63—1.76 {m, aliphatic protons), 0.98 (s,
CHs;), 3. 07--3 47 (m, OCH), 3.57 (s, OH), 4.69—5.09 (m, CH,=0), 5.52—86.07
(m, =CH).

Acetate XI (R = CH;) was obtained in 89% yield, b.p. 80—82°C/15 mmHg),



% 1.4294. (Found C, 72 63 H 1L 30 cl,Hno2 caled.: C, 72.68; H, 13.18%.)
IR spectrum: 1638; 3090 (CH;=CH), 1740 (C=0). PMR spectrum: 0.67—1.55
(rn, aliphatic protons), 0.98 (s, CH,), 1.95(s, CH3CO), 8.98 (£, 6 Hz, CI—I),
4.59-5. 11 (m, CH,—C), 5.53-6.06 (m, —CH)

2 Wltn, the use of oxzdatzon : ' '

~To 5gof aﬂyl(dl-n-propyl)borane was added on coohng, (10—15°) 4.17 ml
of mesityl oxide over a period of 5 min. After stirring for 10 min at 20°C,
15 ml of 3 N NaOH was added, followed by careful addition of 10 ml of 30%
hydrogen peroxide at 10—30°C. The mixture was then heated for 10 min at
50°C, extracted with ether and dried over Na,SO,. Distillation gave 4.68 g
£92.2%) of 2,4-dimethyl-2,6-heptadien-4-ol. The same carbinol was prepared from
the same initial compounds using re-esterification mth tnethanolamme in
97.4% yield.

Constants of homoallylic alcohols thus obtained are hsted in Tables 1 and 2.

1-Hexen-4-yloxy(diethyl)borane (II, R = C,Hs, R' = H, R" = C,H;). 4 ml of

propionaldehyde was added dropwise to 4.5 g of allyl(diethyl)borane at —50°C.
On distillation of the mixture, 4.25 g (62.5%) of compound II (R = C,H;) was
obtained, b.p. 68—70°C/20 mmHg, n}}*5 1.4165. (Found: C, 71.10; H, 12.51; B,
6:43.C,oH,,BO caled.: C,-71.50; H, 12.54; B, 6.44%.) IR spectrum: 1645 and
3080 cm™ (CH,=CH). PMR spectrum (50% solution in CCls): 0.62—1.70 (m,
aliphatic protons), 2.0—2.35 (t, CH,C, J 6.5 Hz), 3.98 (m, CHO), 4.75—5.2
(m, CH,=C), 5.4—6.2 (m, =CH).

1,1-Dimethyl-3-buten-1-yloxy(diethy!)borane (II, R = C,H;, R' = R" = CH3).
1.2 ml of acetone was added to 1.7 g of allyl* .iethyl)borane. Strong spontane-
ous heating (80°C) took place. Distillation o ...c mixture yielded 2.15 g (83.5%)
of II (R = C,H;, R = R" = CH;), b.p. 77—78.5/30 mmHg, n¥"5 1.4191. (Found:
C, 70.58; H, 12.78; B, 6.47. C,oH,,BO caled.: C, 71.50; H, 12.54; B, 6.44%.)
IR spectrum: 1645, 3080 (CH,=CH). PMR specirum (neat): 0.86 (s, C.H;), 1.3
{s, CH'3), 2.3 (d,J =T Hz, CH,C=), 4.75—5.15 (m, CH,=C), 5.4—6.2 (m, =CH).

Reactlons of allylboranes with alkylacetates

1,1-Diallylethoxy(di-n-butyl)borane (XIla). To 6.2 g of allyl(dl-n-butyl)borane
was added 5.2 g of butylacetate at —40°C and the mixture warmed to 20°C (there
were no absorption bands in the region of 1700—1725 em™ of the IR spectrum,
however an intense band at 1745 ecm™! was observed). To the mixture was
added 8.2 g of allyl(di-n-butyl)borane, the temperature then increased sponta-
neously to 40°C. Distillation afforded 7 g (94%) of butyl ester of di-n-butyl-
boronic acid, b.p. 66—68°C/3 mmHg, nZ} 1.4228, together with 8.12 g (86%)
of ester XI1a, b.p. 86—87°C/3 mmHg, n 01.4410.

IR spectrum of ester XTla exhibits absorption bands characteristic of CH,=CH
bond (1645 and 3080 cm™). PMR spectrum: 0.62—1.75 (m, aliphatic protons),
2.80 (4, J 6.5 Hz, —CH,—C=, 4H), 4.60—5. 15 (m, CH,=C, 4H), 5.45—6.20
{m, —CH=C, 2H). :

4-Methyl-1, 6-heptadzen-4—‘ol (X1III) (a). Distillation of a mixture of 4.6 g of
ester XIIa and 3 ml of tnethanolarmne gave 2.15 g (93%) of carbinol XIII, b.p.

48—50°C/12 mian, $ 1.4497 (lit. b.p. 50—51°C (12 mmHg) [30], b.p.
155—156 C,n¥ 1. 4495 [31]). IR spectrum: 1645 and 3060 cm™ (CH,=CH).
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PMR spectrum: 1.1 (s, CH;), 2.2 (d, CH,—C=, J 7 Hz), 3.05 (s, OH), 4.65—5.15
(CH.=C), 5.45—6.25 (m, =CH—).

{b).To 5.8 g of allyl(diethyl)borane cooled to —30° was added 4.7 g of ethyl-
acetate (the temperature of the mixture warmed exothermally to 60°C). 6.4 g of
triethanolamine was added at 20°C, subsequent distillation yielded 2.3 g (76.5%)
of alcohol XIil, b.p. 62—63°C/23 mmHg, n?’ 1.4502.

(c) Reaction of 7.2 g of diallyl(n-hexyl)borane with 4 ml of ethylacetate fol-
lowed by re-esterification of the mixture with triethanolamine (5.5 ml) led to
2.25 g (88%) of carbinol XI1I, b.p. 64—65°C/24 mmHg; n 1.4497.

(d) As described above, from 8.7 g of triallylborane, 8.6 g ethylacetate, and
20 ml triethanolamine 5.6 g (70%) of carbinol X1Ii was synthesized, b.p. 63—
64°C/23 mmHg, n -5 1.4509.

(e) To 15.5 g of triallylborane was added, at 5—15°C, 6.6 ml of acetic acid
over 0.5 h. Strong exothermic heating took place and 2.58 1 of propylene was
evolved. The reaction mixture was hydrolyzed by shaking with 150 mi of 10%
NaOH, the organic layer was decanted and the agqueous one was twice extracted
with ether (25 ml each time). After drying over Na,SO, the mixture was distilled
to afford 11.5 g (79.4%) of 4-methyl-1,6-heptadien-4-ol (XIIi), b.p. 153—155°C/
745 mmHg, n¥ 1.4510.
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