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Summary 

Allylic organopotassium compounds prepared by metalation of olefins with 
trimethylsilylmethylpotassium reacted with chlorodiethylborane and B-chloro- 
borinane to give allylic diethylboranes and B-allylic borinanes, respectively. Hydrol- 
ysis of these organoboranes proceeding with allylic rearrangement leads to isomer- 
ized olefins. In this way, (E, Z)-Zpentene, (Z)-2-heptene, 1-methylcyclohexene and 
( +)-cw-pinene were cleanly transformed into 1-pentene, 1-heptene, methylenecyc- 
lohexane and ( + )+pinene, respectively. Stereochemistry of the addition of 
myrtenyldiethylborane to formaldehyde and 2-cyclohexenyldiethylborane to 4-t- 
butylcyclohexanone is described. 

Introduction 

Among organoboron compounds widely used as synthetic intermediates, allylic 
organoboranes play an important role due to their high reactivity [1,2]. In contrast to 
trialkylboranes, they readily react with acetylenes, aldehydes and ketones. These 
reactions find applications in the formation of C-C bonds [l-4]. The synthetic 
potential of allylic organoboranes, however, is not fully developed since the scope of 
the existing methods for their preparation is limited. The approaches most often 
used involve transmetalation reactions and hydroboration of conjugated dienes and 
allenes [1,2,5]. The usefulness of transmetalation, being in principle a very general 
method, depends on the availability of allylic organometallics. Considerable progress 
has been achieved recently in metalation reactions providing a convenient access to 
these compounds from readily available olefins [6-S]. This prompted me to study 
the synthesis of allylic dialkylboranes from olefins via their metalation, with the 
objective to develop new synthetic applications of these organoboranes. 

0022-328X/85/$03.30 0 1985 Elsevier Sequoia S.A. 
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Results and discussion 

Trimethylsilylmethylpotassium was chosen as the metalating agent. It is a strong 
base requiring no activation for the reaction with olefins [9]. The metalation was 
carried out in cyclohexane solution or without the solvent (eq. 1). The reaction 

Olefin •t KCH,SiMe, 
Cyclohexane /F- K+ 

- -c: - + Si Me, (1) 
48h, room 
temperature 

\ 
c- 

l 

mixture does not contain compounds interfering in the synthesis of allylic dial- 
kylboranes. Consequently, this procedure allows the use of allylic organopotassium 
intermediates without isolation. These compounds, insoluble in cyclohexane, were 
separated from the unreacted olefin which could be recovered. The solid material 
consisting of the intermediate, the unreacted metalating agent and mercury was 
dried and added to a solution of chlorodiethylborane or B-chloroborinane in diethyl 
ether or THF to give allylic diethylboranes and B-allylic borinanes, respectively (eq. 
2). The products are shown in Table 1. Although THF was found to be a better 

I 
/- 

-_c’ - 

\\ 
‘c- 

l 

Cl-B 3 
+ 

K 
-78 to 2O’C 

t 

/ CIBEt, _ 1 1 1 
C=C-c-6E12 + KCI 

I I 

KCI 

(2) 

solvent for the organopotassium derivatives than diethyl ether, the latter was 
preferred since the product isolation was easier and the yields were higher. 

These organoboranes oxidized with hydrogen peroxide under standard conditions 
or by simultaneous addition of hydrogen peroxide and an aqueous sodium hydrox- 
ide solution gave mainly olefins. The hydrolytic cleavage of the allylic group was 
suppressed by carrying out the oxidation with hydrogen peroxide in the presence of 
an excess of trimethylamine. However, even under these conditions, hydrolysis could 
not be stopped completely. The oxidation products are shown in Table 2. 

Oxidation of II derived from (Z)-2-heptene gave a mixture of (E)- and (Z)-2- 
hepten-1-01s. The IR spectrum of II showed an intense absorption at 970 cm-’ 
characteristic of a tram disubstituted double bond [lo]. This indicates that II is a 
mixture of geometric isomers. Consequently, the overall transformation of Z-2- 
heptene into II proceeds with loss of configurational identity of the double bond. 
The change of configuration could take place either in the metalation step or in the 
product due to its allylic rearrangement well known to occur in allylic dialkylboranes 
[1,5]. No attempt was made to clarify this problem. It was important, however, to 
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TABLE 2 

OXIDATION AND HYDROLYSIS OF ALLYLIC DIETHYLBORANES AND B-ALLYLIC 

BORINANES 

Organo- 

borane 

Oxidation 

Product 

(Z composition) 

Yield 

(%) 

Hydrolysis 

Product ‘.’ Yield 

(R) 

I 

II 

III 

IV 

V 

VI 

VII 

2-Pentcn-l-01 “.h 

(76 (E). 24 (2)) 
2-Hepten-l-01 Us’ 

(80 (E), 20 (Z)) 
2-Hepten-l-01 O.’ 

(78 (E). 22 (Z)) 
I-Hydroxymethyl- 

I-cyclohexene ‘.’ 

( + )-Myrtenol c,d.e 

(+)-Myrtenol ‘.d.r 

2-Cyclohexen-l-01 ‘.’ 

76 I-Pentene 92 

85 I-Heptene 95 

82 I-Heptene 95 

72 

65 

60 

17.5 

Methylene- 

cyclohexane 96 

( + )-P-Pinene K 95 

( +)-P-Pinene R 93 

Cyclohexene 93 

“-Identified by GLC (25 m capillary column Carbowax 20M). ‘Authentic samples prepared by the 

reduction of (E)- and (Z)-2-pentenoic acid with AlH,. (E)-2-Penten-l-01, b.p. 7377139”C, tr$ 1.4335 

(lit., b.p. 74-74S”C/45 mmHg, n 2Ds 14335 [37]), ‘H NMR(CCI,). 6 1.01 (t. J 7.5 Hz, 3H. Me). 2.04 

(m, 2H, CH,), 3.95 (m, 2H, CH,O), 4.19 (s, lH, OH), 5.58 (m. 2H, HC=CH). (Z)-2-Penten-1-01, h.p. 

136-137°C nz 1.4345 (lit., b.p. 135-137°C. nz5 o 1.4350 [37], ‘H NMR CCL,. 6 0.98 (t. J 7.5 Hz. 3H. 

Me), 2.06 (quintet, / 7.5 Hz, 2H, CH,), 4.07 (d, J 5.5 Hz. 2H, CH,O), 4.75 (s, lH, OH). 5.44 (m, 2H. 

HC=CH). ‘Authentic samples prepared according to the literature; (E)- and (Z)-2-hepten-I-ol [3X], 

(+)-myrtenol [19], l-hydroxymethyl-1-cyclohexene [39]. “ Identified by GLC (2.5 m column Carbowax 

20M 5% on Chromosorb G). e [a]:” + 31.4”. ’ Commercial authentic samples. p ( -)-p-Pinene used for 

GLC ananlysis as an authentic sample. 

establish the position of the boron atom in the organoboranes, I-VI. Examination of 
their ‘H NMR spectra, obtained at room temperature, revealed the boron atom at 
the primary position. GLC analysis of their oxidation products did not show 
l-penten-2-01, 1-hepten-2-01, 2-methylenecyclohexanol and pinocarveol, respectively. 
Hydrolysis of I-VI gave in each case only one olefin derived from the organoborane 
having the boron atom at the primary position. Organoboranes with the boron atom 
at the secondary position, which may be involved in the allylic rearrangement, must 
be present in very low concentration. 

The organoboranes I-VII hydrolized under very mild conditions. Stirring with 
water at room temperature for one hour was sufficient. The stoichiometric amount 
of sodium hydroxide was added to keep the corresponding dialkylborinic acid in the 
aqueous phase. Separation of the organic phase and distillation gave an olefin in 
high yield and purity. The products obtained are shown in Table 2, these are isomers 
of the olefins used for metalation and are uncontaminated with the starting material. 
Thus, the overall transformation involving a 1,2-transposition of the double bond is 
the contrathermodynamic isomerization of these olefins. 

By this convenient two-step procedure the conversion of (+)-~pinene into 
(+)-P-pinene in 54% yield and 90.8% optical yield was achieved. In contrast to 
( -)-P-pinene, a chiral material used in synthesis, the ( +)-enantiomer occurring in a 
few plants [ll], is not readily available. Several preparations of this enantiomer have 
been reported. It has been obtained from ( +)-~pinene via hydroboration with 
diborane, thermal isomerization of the intermediate organoborane and displacement 
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with a high-boiling olefin [12]. In another preparation based on hydroboration the 
thermally isomerized organoborane derived from ( + )-a-pinene reacts with benz- 
aldehyde to give (+)-/3-pinene in 51% yield and 93.5% optical yield [13]. It has also 
been prepared in low yield from (+)-lo-camphensulphonyl chloride [14]. The 
conversion of LY- into P-pinene, 53% yield, 94% purity, by photooxidation/reduction 
has been described for the (-)-enantiomer [15]. Finally, fl-pinene is the minor 
constituent of the equilibrium mixture produced by catalytic isomerization of 
a-pinene [16-181. The product isolation in these preparations requires either chro- 
matographic separation or an efficient fractional distillation. This is avoided in the 
conversion of (+)-a-pinene into (+)-P-pinene, 25% yield, 90% optical yield, 99% 
isomeric purity, by a four-step synthesis via (+)-myrtenol [19]. 

The preparation of ( + )-fi-pinene described here gives isomerically pure material 
in high optical yield. The intermediate is stable and may be easily purified. No 
solvent is required in the hydrolysis step and the product is isolated by simple 
distillation. The procedure is amenable to scaling up. 

The addition of allylic organoboranes to aldehydes and ketones provides a ready 
access to homoallylic alcohols [l-3,20]. Stereochemistry of this addition is actively 
investigated [4,21-231. In this study the stereochemical course of the reaction of 
myrtenyldiethylborane (V) with formaldehyde and 2-cyclohexenyldiethylborane (VII) 
with 4-t-butylcyclohexanone was examined. The reaction of V with formaldehyde 
gave ( - )-trans-2-methylene-3-hydroxymethyl-7,7-dimethylbicyclo[4.l.l]heptane 
(VIII) in 91% yield. The alcohol showed identical GLC retention time, ‘H NMR and 
IR spectra with an authentic sample obtained in 6% yield from (+)-a-pinene by the 
Prins reaction [24]. The truns position of the hydroxymethyl group and the gem-di- 
methyl bridge was corroborated by ‘H NMR through a comparison of lanthanide- 
induced shifts of the methyl groups. Thus, the gradient of shift diagram [25], 
A6 . VIII/Eu(DPM),, of the 8 and 9 methyl groups (standard pinane numbering 
employed [26,27]) was 2.8 and 4.4, respectively. The value for the 9 methyl group is 
much smaller than may be expected if the hydroxymethyl group is in a cis position 
to the bridge. For example, the gradients of the 8 and 9 methyl groups in isobomeol 
and borne01 are 4.4, 4.0, 11.0 and 4.7, respectively [28]. The synthesis of VIII by this 
method is highly stereoselective and proceeds with much better yield than reported 

previously [24]. 
The reaction of VII with 4-t-butylcyclohexanone gave the 8/2 mixture of cis- and 

tram-1-(2-cyclohexenyl)-4-t-butylcyclohexanols indicating predominant equatorial 
attack on the carbonyl group. Thus, both reactions described above show preference 
of the addition from the less hindered side of the organoborane or the ketone. 

Experimental 

All glassware was dried at 150°C for at least 5 h, assembled hot and allowed to 
cool under an argon purge. All reactions were carried out under a static argon 
pressure. ‘H NMR spectra were recorded on a Tesla 80 MHz spectrometer and 13C 
NMR spectra on a Tesla BS-567 25 MHz spectrometer. GLC analyses were 
performed on a Chrom-4 instrument using, if not otherwise stated, a 2.5 m column 
packed with 5% Carbowax 20M on Chromosorb G. IR spectra were recorded with a 
Carl Zeiss Jena Specord 75 KSR 4100 spectrophotometer. Mass spectra were 
obtained on an MX-1320 spectrometer (electron ionisation). Melting points were 
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determined on a Boetius apparatus and are uncorrected. C and H analyses were 
carried out with a Perkin-Elmer 240 microanalyser. B was determined by the 
oxygen-flask method [29]. 

Chlorodiethylborane [30], B-chloroborinane [31], trimethylsilylmethylpotassium 
[32] and bis(trimethylsilylmethyl)mercury [33] were prepared according to the litera- 
ture. Diethyl ether, THF, (Z)-2-heptene (Merck), (E, Z)-2-pentene (Fluka) and all 
other hydrocarbons were distilled from LiAlH, prior to use. 

Synthesis of allylic diethylboranes and B-allylic borinanes 
General procedure. A mixture of potassium, 2.0 g, 50 mmol, and mineral oil 20 

ml, was placed in a centrifugal vial provided with a rubber septum. The mixture was 
heated until the potassium melted and the vial was vigorously shaken to form 
potassium sand. After cooling to room temperature, cyclohexane, 20 ml, was added 
and a magnetic stirring bar was placed in the vial. The potassium sand was washed 
with cyclohexane, 3 x 20 ml. Cyclohexane, 50 ml, was added followed by bis(tri- 
methylsilylmethyl)mercury, 9.4 g, 25 mmol, added all at once with stirring. A slightly 
exothermic reaction started and a trimethylsilylmethylpotassium precipitate was 
formed. After 1 h an olefin, 100 mmol, was added and the mixture was stirred at 
room temperature for 48 h and then centrifuged. The liquid was decanted and the 
solid was washed with cyclohexane and dried under vacuum at room temperature. 
The vial was connected to a flask containing a solution of chlorodiethylborane, 5.2 g, 
50 mmol, or B-chloroborinane, 5.8 g, 50 mmol, in diethyl ether and the solid 
organopotassium derivative was added to the stirred solution at -78°C. The 
mixture was allowed to warm up to room temperature and left overnight. The 
solution was separated from the solid material by centrifugation/decantation and 
the product was isolated by distillation. 

Hydrolysis of allylic diethylboranes and B-allylic borinanes. A typical example is 
as follows. Myrtenyldiethylborane, 5.1 g, 25 mmol, derived from ( + )-a-pinene ([a] g 
+ 35.1” (neat), 68.0%, enantiomeric excess, (e.e.) [34]) was added to water. 4.5 g, 250 
mmol, at 0°C and the mixture was stirred for 1 h at room temperature. Sodium 
hydroxide, 1.2 g, 30 mmol, was added at 0°C and stirring was continued for 0.5 h at 
this temperature. The organic layer was separated, washed with water, 1 ml, dried 
over magnesium sulfate and distilled to give (+)-/3-pinene, 3.2 g, 95% yield, b.p. 
60-61’C at 15 mmHg, ng 1.4772, [a[g + 14.1” (neat), 61.8% e.e. [14], 90.8% optical 
yield. GLC analysis of this product did not show contamination with a-pinene. 

Oxidation of allylic diethylboranes and B-allylic borinanes. The following is a 
typical example. 2-Cyclohexenyldiethylborane, 3.8 g, 25 mmol, was added to a 
solution of trimethylamine, 1.8 g, 30 mmol, in THF, 10 ml. The oxidation was done 
by the addition of 30% aqueous hydrogen peroxide solution, 10.2 ml, 100 mmol, at 
0°C with stirring for 2 h at room temperature. The organic layer was separated, 
washed with saturated brine, dried over magnesium sulfate and distilled to give 
2-cyclohexen-l-01, 1.9 g, 77.5% yield, b.p. 60-61°C at 10 mmHg, ng 1.4856, 
identified by comparison (GLC, ‘H NMR) with an authentic sample. 

( - )-trans-2-Methylene-3-hydroxymethyl-7, 7-dimethylbicyclo[4.I.l]heptane (VIII). 
Formaldehyde, 0.9 g, 30 mmol, was passed into a solution of myrtenyldiethylborane, 
5.1 g, 25 mmol, in diethyl ether, 25 ml, at 0°C and the mixture was left for 1 h at 
room temperature. An aqueous 3 M sodium hydroxide solution, 10 ml, 30 mmol, 
was added at 0°C and the mixture was stirred for 0.5 h at room temperature. The 
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organic layer was separated and the aqueous layer was extracted with diethyl ether. 
The etheral solutions were combined, washed with water and dried over magnesium 
sulfate. Distillation gave VIII, 3.8 g, 91% yield, b.p. 62-64°C at 0.1 mmHg, ng 
1.4990, [c@ - 28.8” (neat) (lit., b.p. 86-87°C at 2 mmHg, n$’ 1.5019, [a]: - 17.3’ 
(neat) [24]). Anal. Found: C, 79.46; H, 10.92. C,,H,,O calcd.: C, 79.46; H, 10.91%. 
‘H NMR (Ccl,), 6 0.75 (s, 3H, CH,), 1.77 (s, lH, OH), 1.44-2.84 (m, 7H, CH, 
CH,), 3.50 (d, J 7 Hz, 2H, CH,-0), 4.73 (m, 2H, C=CH,). The product showed 
identical ‘H NMR spectrum and GLC retention time with an authentic sample 
prepared from (+)-~pinene by Prins reaction [24]. 

Cis- and tram-l (Z-cyclohexenyl)-4-t-butylcyclohexanol. A solution of 2-cyclo- 
hexenyldiethylborane, 7.5 g, 50 mmol, in diethyl ether, 25 ml, was added to a 
solution of 4-t-butylcyclohexanone, 7.7 g, 50 mmol, in diethyl ether, 50 ml, at 0°C 
and the mixture was left for 2 h at room temperature. An aqueous 3 M sodium 
hydroxide solution, 19 ml, 57 mmol, was added and the mixture was stirred for 1 h. 
The organic layer was separated, washed with water and dried over magnesium 
sulfate. The product isolated by distillation, 11.0 g, 93% yield, b.p. 87-89”C/O.l 
mmHg, solidified in the receiver. GLC analysis showed two components 8/2. The 
major component isolated by crystallization from n-pentane was cis-l-(Zcyclo- 
hexenyl)-4-t-butylcyclohexanol, m.p. 90-92°C. Anal. Found: C, 81.30; H, 12.09. 
C,,H,,O calcd.: C, 81.29; H, 11.93%. ‘H NMR (CDCl,): 6 0.85 (s, 9H, (CH,),C), 
1.12-2.12 (m, 16H, CH, CH,), 1.25 (s, lH, OH), 5.80 (m, 2H, HC=CH). 13C NMR 
(CDCI,): 6 129.68, 127.29, 72.56, 48.00, 46.88, 35.39, 34.04, 32.33, 27.55, 25.23, 
23.67, 22.47, 22.32. Mass spectrum: no molecular ion, 154 (lo), 155 (loo), 137 (12), 
95 (lo), 81 (30), 67 (13), 57 (27). IR (CS,): 954 cm-’ (axial OH, [35,36]). 

The 8/2 mixture, 0.3 g, was dissolved in ethanol and hydrogenated in the 
presence of platinum black until hydrogen absorption ceased. GLC analysis of the 
solution showed cis- and transd-tert-butylcyclohexanol, 8/2, identified by compari- 
son with an authentic sample prepared by the reaction of 4-t-butylcyclohexanone 
with cyclohexylmagnesium bromide. 
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