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a water bath (25 °C) to 25 mL with a rotary evaporator. After
being cooled at -5 °C for 5 h, the precipitated solid was filtered
and washed with an ether-pentane mixture (1:1; v/v) which had
previously been cooled to dry ice—acetone temperatures. The
crude material (3.35-3.75 g) was recrystallized from ether to give
2.9-3.5 g (26-30.7%) of the pure dione 3 as white needles: mp
114-115 °C; IR (CHCI3) 1780 (sh), 1740 em™ (C=0); 'H NMR
(CDCl,) 6 1.47 (s, 3, CHy), 2.08 (s, 8, CH3CO), 2.34 (m, 4, CHy),
3.10 (m, 2, CHCHy,), 5.90 (m, 2, =CH); MS (80 eV), m/e 222
{parent); *C NMR (CHCl;) 210.4 (ketonic C=0), 169.3 (ester
C==0), 127.3 ({vinylic carbons), 81.1 (COCOCH,;), 42.3
(CH,CHCO), 22.2 (CH,), 19.1 (CH,CO00), 18.4 (CH;COCOCHj,).

An analytical sample was prepared by recrystallization from
ether followed by sublimation at 85 °C (0.3 mm), mp 114.5-115
°C.

Anal. Caled for C;oH Oy C, 64.85; H, 6.35. Found: C, 64.86;
H, 6.45.

2-Acetoxy-2-methylindan-1,3-dione (4). A mixture of 0.66
g of 3, 1.18 g of N-bromosuccinimide, and a few grains of benzoyl
peroxide in 20 mL of CCl, (spectrum grade) was refluxed with
magnetic stirring under N, for 40 min. Since the reaction had
not been initiated by this time, a second portion of benzoyl
peroxide was added and refluxing was continued. Within 40 min
the reaction was initiated as evidenced by the appearance of a
brown color and the evolution of HBr. When the brown color
had disappeared, heating was continued for an additional hour.
Succinimide was removed by filtration, and the filtrate was diluted
with 25 mL of CH,Cl, and washed with four 15-mL portions of
saturated NaHCO, solution and four 20-mL portions of H,O. The
solution was dried (MgSO,) and rotary evaporated at 25 °C. The
residue was dissolved in a small amount of ether, and hexane was
added to the cloud point. After the solution was cooled in a dry
ice-acetone bath at ~40 to -35 °C for several hours, 0.21 g of solid,
mp 91-93 °C, was obtained. A second crop (0.05 g) was obtained
from the mother liquor. Sublimation of the combined material
gave 0.23 g (36%) of 4, mp 94-96 °C (lit.> mp 100.5-101 °C),
identified by infrared and NMR spectral comparisons with an
authentic sample: IR (CHCl,) 1760 (sh), 1730 cm™ (C=0); 'H
NMR (CDCly) 6 1.52 (s, 3, CHy), 2.11 (s, 3, CH3CO), 7.96 (m, 4,
aryl); 1®*C NMR (CHCl;) 6 196.5 (ketonic C=0), 169.4 (ester
C==0), 138.2 (CH-C-CO), 135.9 and 123.6 (remaining aryl
carbons), 78.6 (COCOCHy), 19.2 (CH,COO0), 18.4 (CH;COCOCHo);
MS (80 eV), m/e 218 (parent).

Anal. Caled for C;oH (0, C, 66.05; H, 4.62. Found: C, 66.19;
H, 4.71.

8-Acetoxy-3,4-trans-dibromo-8-methylbicyclo[4.3.0]-
nona-7,9-dione (6). To a magnetically stirred solution of 0.67
g of 3 in 25 mL of CCl, (spectrum grade) and 5 mL of dry CH,Cl,
maintained between -35 and -25 °C with a dry ice-acetone bath
was added 2-3 drops of Br, under an atmosphere of N,. After
a short induction period, the bromine color disappeared and the
remaining Br, (total 0.48 g) was added over a period of 1 h. After
the solution was warmed to room temperature, 35 mL of CH,Cl,
was added, and the solution was washed with 30 mL of saturated
NaHCO; solution, 30 mL of Hy0, and 30 mL of saturated NaCl
solution. Removal of solvent from the dried (CaSO,) solution left
1.05 g of white solid, mp 118-120 °C dec. Recrystallization from
ether gave 0.75 g (65%) of 6 as white crystals: mp 125.56-126.5
°C dec; IR (CHCI;) 1780 (sh), 1740 cm™ (C=0); NMR (CDCl,)
6 1.48 (s, 3, CHy), 2.1 (s, 3, CH;CO), 2.25-2.96 (m, 4, CH,), 3.3
(m, 2, CH,CHCO), 4.5 (m, 2, CHBr). The analytical sample was
obtained by two recrystallizations from CH,Cl,—ether (1:12; v/v),
mp 127-1%7.5 °C.

Anal. Caled for Ci,H,,0,Brs: C, 37.73; H, 3.69; Br, 41.83.
Found: C, 37.84; H, 3.71; Br, 41.79.

When this reaction was carried out in CH,Cly, and the crude
product was recrystallized from CH,Cly-ether (1:5; v/v), there
was obtained a mixture which consisted of white granules and
green-white needles which could be separated manually. The
white granules were shown to be 6, obtained in 11% yield.
Repeated recrystallization of the green-white needles from
CH,Cly-ether (1:5; v/v) gave 10% of 5: mp 183-186 °C; IR
(CHCI,) 1740, 1715 em™ (C=0); NMR (CDCl;) 6 1.45 (s, 3, CHj),
2.05 (s, 3, CH3CO), 3.35 (m, 4, CH,), 4.7 (m, 2, CHBr), which was
identified by treatment with 2 equiv of 1,5-diazabicyclo[4.3.0]-
5-nonene (DBN) in CH,Cl, at room temperature (16 h). There

Notes
was obtained compound 4, mp 100-102 °C, in 91% vyield.
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Previously we reported the relative importance of
mesomeric B-C w-bonding forms in alkenyl- and alky-
nylboranes.! An unanswered question remained con-
cerning the ®C chemical shifts for (1-hexenyl)disiamyl-
borane (1): two kinds of signals appeared in the C? region
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(6 155.2 and 154.4, in parts per million from Me,Si;
converted by using 6c(CsDg) 128.7). Other alkenylboranes,
such as butyl (1-hexenyl)boronate, methyl bis(l-hex-
enyl)borinate, and (1-hexenyl)(1,2-phenylenedioxy)borane,
exhibited one signal in their C? regions as would be ex-
pected. We now decipher the origin of the two kinds of
signals by investigating the 'H NMR spectra of alkenyl-
disiamylboranes and related boranes.

To solve this problem, we examined 'H NMR spectra
of various types of (5-decenyl)- and (1-hexenyl)boranes.
(5-Decenyl)disiamylborane (2) exhibited a triplet-triplet
signal in the olefinic H? region as shown in Figure 1. The
corresponding H? signal of 1 became more complex due
to long-range coupling (Figure 2). On the other hand,
(5-decenyldicyclohexylborane (3) exhibited a simple triplet
signal as shown in Figure 3. Irradiation of the methylene
protons helped to analyze the olefinic proton. Chemical
shifts of alkenylboranes which exhibit two kinds of olefinic
signals are summarized in Table I, and those which exhibit
one olefinic signal are summarized in Table II.

Two reasons may be considered for the two kinds of
olefinic signals (Table I). First, there is the possibility that
two stereoisomers are present on the NMR time scale at
room temperature due to the restricted rotation around
the boron—carbon bonds.? The 'H NMR spectrum of 1
at various temperatures (-76 to +83 °C) remained es-
sentially unchanged. Second, the present observation may
be rationalized by the presence of diastereomers (racemic

(1) Y. Yamamoto and 1. Moritani, J. Org. Chem., 40, 3434 (1975).

(2) J. F. Blount, P. Finocchiaro, D. Gust, and K. Mislow, J. Am. Chem.
Soc., 95, 7019 (1973); J. P. Hummel, D. Dust, and K. Mislow, ibid., 96,
3679 (1974).
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Table I. Alkenylboranes Which Exhibit Two Kinds of Olefinic Signals®
chemical shift (8 in CCl,)
borane H! H? AH! AH? other
778U Pl 6.02 0.1 2.40-2.04 (4 H, m), 2.00-1.60 (4 H, m),
e SN e 5.92 1.60-1.15 (8 H, m), 1.08-0.72 (24 H, m)
2
1 6.30 6.81 0.05 0.05 2.35-2.10 (2 H, m), 1.85-1.50 (4 H, m),
6.25 6.76 1.50-1.15 (4 H, m), 1.05-0.70 (21 H, m)
neBun A 6.22 6.74 0.06 0.06 2.40-2.12 (2 H, m), 1.80-1.04 (24 H, m),
o= w(@) 6.16 6.68 0.94 (3 H, tJ= 6 Hz), 0.76-0.60 (6 H, m)
/2

@ The methylene protons adjacent to the double bond were irradiated. The decoupled spectrum of 2 showed two kinds
of singlet in the H? region, and the spectra of the (1-hexenyl)boranes showed two kinds of doublet in both H' and H? re-

gions. AH" indicates the difference between two chemical shifts in the H" region.
Table II. Alkenylboranes Which Exhibit One Olefinic Signal®
chemical shift (6 in CCl,)
borane H! H? other
5.60° ¢
n—Bu n-—Bu
o= { \
pe” \‘B%O
3
n—Bu -8y 6.72 7.25-6 5(4H m),24 2,00 (4 H, m),
o=l o 1.60-1.12 (8 H, m), 1.04-0.90 (6 H, m)
e ~g ]
o N
- n=Bu 6.54 2.40-2.14 (4 H, m), 2.08-1.72 (12 H, m)

”‘BU\C_: /”—55“ 6.42

n-Bu\C__C/,ﬂ‘BU 7.06
g \BC\Z
H‘Bu\ B /”_BU 6.17

n—Bu\P__ﬂ// n=Bu 5.80%
H?/“__::]\ B

"'B“\C--/”E 6.19b 6.78%
SRS

: 2

e T 5.60 d
Hz/ \B(]D

n=-8u CH 6.10 6.72

\C::(/

p2” \E<

NG P 6.08 6.98

C==¢
e -é'j\ BCI

¢ Irradiation was performed as in Table I.

gion and those of the (1-hexenyl)boranes showed a doublet i m both the H' and H? regions.
d Phenyl proton signals masked the H' signal,

(THF) signals masked the methyl and methylene protons.

and meso compounds) since the alkenylboranes in Table
1 possess two asymmetric carbons (Scheme I). Indeed,
the boranes in Table II do not possess any asymmetric
centers.

Accordingly, we prepared (1-hexenyl)diisopino-
camphenylboranes (6a,b) from optically pure (+)-a-pinene
and from racemic ()-o-pinene and examined their 'H
NMR spectra. The data are listed in Table III. As would
be expected, two kinds of olefinic signals appeared in 6b.

1.60-1.16 (10 H, m), 0.94 (6 H, t, J = 6 Hz)
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©
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-
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||
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H, bs)

The decoupled spectra of the (5- decenyl)boranes showed a singlet in the H? re-

b THF solution. ¢ The solvent

One type of signal (6 6.60 and 6.24) must be ascribed to
the meso isomer (such as 5) and the other (6 6.24 and 6.28)
to the enantiomers (such as 4a and 4b).

In conclusion, it is now clear that diastereomeric alk-
enylboranes can be distinguished by the two kinds of
chemical shifts of the alkenyl protons. Although the other
protons of such isomers should also appear in different
regions, complex overlapping of methyl or methylene
protons prevents clear analysis.
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Figure 1. 'H NMR spectra of the olefinic region of 2: (a) width
X 1; (b) width X 2; (c) width X 4. (d) The decoupled spectrum
of 2,
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Figure 2. (a) 'H NMR spectrum of the olefinic region of 1. (b)
The decoupled spectrum of 1.
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Figure 3. 'H NMR spectrum of the olefinic region of 3.

Experimental Section

Most of the boranes were prepared according to the standard
procedure.® (5-Decenyl)dimethylborane,* (5-decenyl)dichloro-
borane,® bis(5-decenyl)chloroborane,® and bis(1-hexenyl)-
chloroborane® were prepared as previously described. Some of
the boranes were distilled under reduced pressure, and others were
used after evaporation of the solvent. Boiling ranges at reduced
pressures are as follows: 5-decenyl-9-BBN, 152-154 °C (0.02
mmHg); bis(5-decenyl)chloroborane, 110-115 °C (0.005 mmHg);
(5-decenyl)dimethylborane, 43-45 °C (1 mmHg); (5-decenyl)-
dichloroborane, 64--70 °C (2 mmHg); bis(1-hexenyl)chloroborane,
70-72 °C (0.05 mmHg); (1-hexenyl)(1,2-phenylenedioxy)borane,

(3) For the preparation of alkenylboranes, see H. C. Brown, “Organic
Syntheses via Boranes”, Wiley, New York, N.Y., 1975.

(4) Y. Yamamoto, H. Yatagai, K. Maruyama, A. Sonoda, and S.-I.
Murahashi, J. Am. Chem. Soc., 99, 5652 (1977).

(5) H. C. Brown and N. Ravindran, J. Am. Chem. Soc., 98, 1798 (1976).

(6) H. C. Brown and N. Ravindran, J. Am. Chem. Soc., 98, 1785 (1976).
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Scheme I. Diastereomeric Alkenylboranes
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Table III. 'H NMR Spectra of
(1-Hexenyl)diisopinocamphenylboranes?®

chemical shift (§ in THF)

borane H! H? AH' AH?
n—Bm\C::C//H‘ 6.64 6.28
=

2

6a
from (+ )-a-pinene

6b 6.64 6.28 004 0.04
from (t )-a-pinene 6.60 6.24

2 See footnote a to Table I. The NMR spectra were re-
corded in THF.

60-70 °C (0.01 mmHg); 1-hexenyl-9-BBN, 52-55 °C (0.01 mmHg).
'H NMR spectra were measured on a JEOL PS-100 spectrometer.
Chemical shifts are in parts per million, referenced to Me,Si.
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One of the most active areas of research in organic
chemistry involves the use of reagents supported on porous
solids to effect various synthetic transformations. Such
reactions often occur under gentle conditions, are simple
to work up, and can be selective as well. Recent studies,
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