15 ml DMF in a sealed ampul was stirred at 50°C for 24 h, cooled to ~20°C, and poured into
100 ml water. The products were extracted with pentane and dried over MgSO,. Pentane was
evaporated off and the product was distilled in vacuum.

CONCLUSIONS

The ‘-regioselective arylétion of unsaturated compounds was carried out under metal com-
plex and phase transfer conditions by the action of aryl iodides.
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SYNTHESIS OF y-LACTONES BY THE HYDROBORYLATION AND OXIDATION
OF HOMOALLYLIG ALCOHOLS

Nguyen Cong Hao, M. V. Mavrov, UDC 542.91:547.361:546.273'161:
Z. G. Chrelashvili, and E. P. Serebryakov 542.943:547-314

In previous work [1], we showed that the hydroborylation of terminal olefins in situ
and the decomposition of the organoboranes formed with H,CrO, in a single operation gives
carboxylic acids with the starting carbomr skeleton. In a study of the range of this reac-
tion, we stablished that tertiary homoallylic alcohols (Ia) and (Ib) are convered to lac-
tones (IIa) and (IIb) directly upon the oxidation of the organoboranes obtained in s%tu
using the Jones reagent in ~607 yields.

\V/“\/’ 1, NaBH,/B¥,- Et,0 \T
C ‘ CHy) 2. H,Cr0,/H,S0, L CH2
2 n
(I b} (11a, B)

= 1(a), 2(b).

The products of the hydroborylation of secondary homoallylic alcohols under these condi-
tions give low yields of lactones due to the competing oxidation of the OH group. Thus, in
order to prepare y-lactones from these alecochols, the hydroxyl group is protected by acetyla-
tion and then the terminal double bond is hydroborylated. The organoborane is oxidized to
a carboxylic acid. Subsequent alkaline saponification of the acetate gives the y-lactone.
This method, starting from propionaldehyde, gave 4-hexanolide (III) which is a component of
the aggregational pheromone for skin beetles [2].
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CH=CHCH,Cl/Mg Ac;0/NEt,
= H(OH)CH,CH=CH; —————s>
CH,CH,CHO s CH,CH,CH(OH)CH, T

o
4% )
1. NaBH,/BFy Et.0
‘2. H,CrO,/H:S0,

CH;CHgCH (OAG)CHgCH:GHz
V)
—» CHyGH,CH(OAc)CH,CH;COOH -} CHyCH,CH(OAC)CHCH;CO

(VI) 519% CH;CH,CH(0Ac)CH,CH,CH,0

1. KOH/MeOH, (VIL), 12—20%
2. pH2 86%
CH,—CH,
| |
C.Hs—CH /C=0
\0
(I1I)

Ester (VII) is formed as a side-product upon the hydroborylation—oxidation of olefin
(V) in addition to acid (VI). The total yield of pheromone (III) is ~30% in four steps.

These examples show that the CH,CH=CH, group may be used in conjunction with the com-
bined hydroborylation—oxidation operation as a synthetic equivalent of the CH,CH,CO,H group
in the synthesis of lactones [3].

EXPERIMENTAL

All the boiling points were uncorrected. The reaction mixXtures were analyzed by gas—
liquid chromatography on a Biokhrom-1 chromatograph using a 30 m x 0.3 mm glass capillary
column packed with 0.15% OV-101 with 2.4 kg/cm® helium pressure. The IR spectra were taken
in CCl, on a UR-20 spectrometer. The PMR spectra were taken on a Bruker WM-250 spectrometer
for solutions in CDCl,.

1-Oxaspiro[4.4]nonan-2-one (IIa). A sample of 0.16 g (5 mmoles) dry NaBH, was added
with rapid stirring to a solution of 1.26 g (10 mmoles) l-allylcyclopentanol (Ia) in 10 ml
THF at 0-10°C and then 0.9 ml boron trifluoride etherate was added. The mixture was stirred
for 1 h at 20°C and then cooled to 0°C. A sample of 4 ml of a solution of Cr0O, and H,S0, in
water (Jones reagent [4]) was added over 1 h. The mixture was stirred for 1 h at 0°C and 3
h at ~20°C. THF was distilled off in wvacuum. The residue was extracted with three 10-ml
portions of ether. The extract was washed with water, dried over MgSO,, and evaporated.
Distillation of the residue in vacuum gave pure lactone (IIa) bp 94-96°C (4 mm), np2*:°
1.4920. The product yield was 0.85 g (61.5%Z). IR spectrum (v, cm™'): 1775, 1460, 1440,
1420, 1290, 1240, 1170, 1120, 1010. PMR spectrum (&8, ppm, J, Hz): 1.4~2.1 m (8H, CH,
units), 2.29 t (2H, 2-H,, J = 7), 2.56 t (2H, 1-H,, J = 7). Gas—liquid chromatography at
120°C: R, = 8.5 min.

1-Oxaspiro[4.5]decan-2-one (IIb) was obtained by the identical procedure from 1.40 g
(10 mmoles) I-allylcyclohexanol (1b). The product yield was 0.94 g (63%), bp 103-105°C
(2 mm), np2° 1.4895. IR spectrum (v, em™!): 1775, 1460, 1290, 1275, 1170, 1130. PMR
spectrum (8§, ppm, J, Hz): 1.2-2.0 m (10H, CH, units), 2.02 t (2H, 2-H,, J = 7), 2.60 t
(24, 1-H,, J = 7). Gas—liquid chromatography at 120°C: Re = 11.3 min.

3-Hydroxy-5-hexene (IV). A solution of 4.06 g (0.070 mole) freshly distilled C,HyCHO
in 20 ml ether was added dropwise under argon with vigorous stirring to a solution of CH,=
- CHCH,MgCl prepared from 7.7 g (0.1 mole) CH,=CHCH,Cl and 2.8 g (0.115 mole) Mg in 100 ml
abs. ether. This addition was carried out at —10°C. The mixture was stirred for 1 h at
—10°C and for an additional 5 h at 20-25°C. The reaction mixture was decomposed with
saturated aqueous NH,Cl. The upper layer was separated. The aqueous phase was extracted
with two 30-ml portions of ether and the combined ethereal solution was washed with water
and saturated aqueous NaCl and dried over MgSO,. The solvent was distilled off. Vacuum
distillation of the residue gave alcohol (IV), bp 39-40°c (22 mm), np®® 1.4327. The prod-
uct yield was 5.2 g (74%). IR spectrum (v, em~'): 3370, 3082, 1640, 1465, 1380, 1120,
1000, 918. PMR spectrum (6, ppm, J, Hz): 0.89 t (3H, 1-H;, J = 7), 1.44 m (2H, 2-H,),
2.15 m (2H, 4-H,), 2.28 br s (1H, OH), 3.51 m (1H, 3-H), 5.0-5.78 m (3H, CH,=CH group). Gas-
liquid chromatography at 60°C: R; = 5.3 min. TFound, %: C 72.02; H 12.14. Ce¢H;,0. Cal-
culated, Z: C 71.95; H 12.08. ‘

3-Acetoxy-5-hexene (V). A sample of 0.1 g 4-dimethylaminopyridine (DMAP) was added
to a mixture of 5 g (50 mmoles) alcohol (IV), 10 ml acetic anhydride, and 18 ml NEt; in 100
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ml dry CH,Cl, and maintained for 48 h at 20-25°C. Then, 100 ml water was added and the
aqueous phase was extracted with three 100-ml ether portions. The organic solution was
washed with saturated aqueous CuSO, and NaCl, dried over MgSO,, and evaporated. The residue
was dissolved in 50 ml pentane and filtered through 1.5-2 g neutral alumina. The filtrate
was evaporated and the residue was distilled in vacuum to give 6.5 g (91%) acetate (V), bp
60-61°C (25 mm), np'® 1.4174. IR spectrum (v, cm™!): 3050, 1730, 1640, 1470, 1440, 1380,
1250, 1120, 1090, 1030, 920. PMR spectrum (8, ppm, J, Hz): 0.87 t (3H, 1-H;, J =7), 1.56
m (2H, 2-H,), 2.01 s (3H, CH,CO), 2.28 m (2H, 5-H,), 4.82 m (1H, 3-H), 5.04-5.70 m (3H,
CH,=CH group). Gas-liquid chromatography at 70°C: R = 5.2 min. Found, %: C 67.68; H
10.12. CzH;,0,. Calculated, %: C 67.57; H 9.93.

4-Acetoxvhexanoic Acid (VI). A sample of 1.42 g (10 mmoles) acetate (V) was added to
a suspension of 0.18 g (5 mmoles) NaBH, in 10 ml THF and then, 0.8 ml freshly distilled
boron trifluoride etherate was added with rapid stirring at 5-10°C. Stirring was continued
for 1 h at 20°C. The mixture was then cooled to 0°C and 5 ml 6 N Jones reagent was added
dropwise with care. Stirring was continued for 1 h at 0°C and for an additional Z h at
18-20°C. THF was distilled off. The residue was dissolved in 15 ml water and extracted
with three 30-ml ether portions. The ethereal layer was separated into acid and neutral
fractions by the action of three 20-ml portions of saturated aqueous NaHCO;. The aqueous
bicarbonate extract was acidified to pH 2 and extracted with three 20-ml ether portions.
The extract was washed with saturated aqueous NaCl, dried over MgSO,, and evaporated. Pure
acid (VI) was obtained as a colorless liquid with np'® 1.4407. The yield of this product
was 0.87 g (51%). IR spectrum (v, em”'): 3400-2800, 1740, 1710, 1460, 1380, 1250, 1180,
1030. PMR spectrum (§, ppm, J, Hz): 0.85 t (34, 6-Hy, J = 7), 1.0-2.0 (4H, CH, units),
2.10 s (3H, CH,CO), 2.33 m (2H, 2-H,), 4.8 m (1H, 4-H), 11.5 br s (1H, CO,H). The neutral
ethereal layer was washed with water and saturated aqueous NaCl, dried over MgSO,, and
evaporated to give the 4-acetoxyhexyl ester of 4-acetoxyhexanoic acid (VII) as a colorless,
chromatographically uniform liquid (thin-layer chromatography). The product yield was 0.27
g (17%Z). IR spectrum (v, em™!): 1740, 1460, 1375, 1250, 1180, 1120, 1095, 1040. PMR
spectrum (8, ppm, J, Hz): 0.90 t (6H, two CH; groups, J = 7), 1.0-1.8 m (10H, CH, units), 1.95
sand 1.97 s (6H, tiwo ChyCO groups), 2.15 m (2H, CH,CO), 3.70 m (2H, CH,O0COR), 4.70 m (2H,
two HCOAc).

4-Hexanolide (III). A sample of 1 g KOH powder was added in portions to a mixture
of 0.7 g acid (VI), 4 ml methanol; and 4 ml water at 18-20°C. The mixture was stirred for
4 h at this temperature. Methanol was distilled off and 10 ml water was added. The alka-
line -aqueous solution was extracted with ether and then acidified with 2 N H,50, to pH 2
and further extracted with three 30-ml ether portions. The extract was washed with satura-
ted aqueous NaCl, dried over MgSO,, and evaporated. Distillation of the residue in vacuum
gave pure lactone (III), bp 95-97°C (10 mm), np'® 1.4370. The product yield was 0.40 g
(867). IR spectrum (v, cm™*): 1775, 1460, 1420, 1380, 1280, 1220, 1185, 1170, 1130, 1100,
1025. PMR spectrum (8, ppm, J, Hz): 0.94 t (3H, 6-H,, J = 7), 1.45-2.0 m (4H, 5-H,), 2.47
m (2H, 2-H,), 4.38 m (1H, 4-H). Gas—liquid chromatography at 100°C: R; = 4.0 min. Found,
%: C 62.94; H 8.49. CgH,,0,. Calculated, %: C 63.133 H 7.83 (bp 103°C (14 mm), np*®
1.4433 [5]).

CONCLUSIONS

1. The hydroborylation of tertiary homoallylic alcohols in 81tU and oxidation of the
resultant organoboranes using chromic acid in one operation gives y-lactones with the origi-
nal carbon skeleton in ~607 yield.

2. The extension of this method to acetates of secondary homoallylic alcohols in the
case of 3-acetoxy-5-hexene permitted the simple synthesis of 4-hexanolide, which is a com-
ponent of the aggregational pheromone of skin beetles.
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