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Figure 1.

the cis configuration, as determined for related é-butyrolac-
tones.®

The precursor of the latter is thus the acid 3, R = H, which
on heating under reflux in acetic anhydride gave the dehydro
derivative of the lactone 5, namely 2,4-bis(2',4’-dimethoxy-
phenyl)but-2-en-4-olide (7). The infrared spectrum of the
latter showed the expected a,3-unsaturated lactone carbonyl
band at 1750 cm=1, while the NMR spectrum exhibited dou-
blets due to the H; and H, protons at & 7.87 and 6.33 (J = 2
Hz),” respectively.

The synthesis of the lactones 5 and 7 via the acid 3, R = H,
and its corresponding ester 3, R = Me, from the resorcinol-
maleic anhydride condensation product therefore unequivo-
cally establishes the structure of the latter as 3-(2/,4’-dihy-
droxybenzoylmethyl)-6-hydroxybenzofuran-2-one (1).

Experimental Section?

Melting points are uncorrected. The *H NMR spectra were ob-
tained with a Varian HA-100 spectrometer in CDClj solution. Infrared
spectra were recorded with a Perkin-Elmer Model 237B spectro-
photometer in CHClj solution.

Methyl 2,4-Bis(2,4'-dimethoxyphenyl)-4-oxobutyrate Oxime.
The ester 3, R = Me (0.5 g), hydroxylamine hydrochloride (1.0 g), and
NaOAc (1.0 g) were heated together at 100 °C in 50% aq EtOH (40
mL) for 1 h. The mixture was poured into HyO and the precipitated
solid was filtered off and recrystallized from aqueous MeOH as white
prisms: mp 139-141 °C; NMR 6 3.29 (dd, J = 14, 9 Hz, 1 H, CHj), 3.52
(dd,J = 14,6 Hz, 1 H, CHy), 4.16 (dd, J = 9,6 Hz, L H, CH), 3.55 (s,
3 H, OCHj3;), 3.62 (s, 3 H, CO.CH3y), 3.77 (s, 3 H, OCH3), 3.78 (s, 6 H,
2 X OCHgy), 6.24-6.54 (m, 4 H, ArH), 6.76 (d, J = 8 Hz, 1 H, ArH), 7.05
(d,J = 8 Hz, 1 H, ArH). Anal. Calcd for Co;HosN O7: C, 62.5; H, 6.25;
N, 3.47. Found: C, 62.6; H, 6.32; N, 3.44.
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2,4-Bis(2',4’-dimethoxyphenyl)-y-butyrolactone (5). The acid
3,R=H (1.5g),in MeOH (100 mL) was treated with NaBH, (2.0 g),
added in portions, and the solution was stirred at room temperature
overnight. The mixture was poured into H,O and the precipitated
solid was filtered off, washed, air dried, and recrystallized from MeOH
as white needles (0.6 g), mp 119-121 °C. The aqueous solution was
extracted with Et,0, acidified with dilute hydrochloric acid, and ex-
tracted with CHCl3. The extract was washed, dried, and evaporated
and the residue was recrystallized from MeOH to give a further
quantity of the lactone (0.75 g): mp 119-121 °C; IR 1770 cm™~! (lactone
=0), NMR 6 2.30 (m, J2,3ﬂ = 12.5, J35'4 = 10.5, and Jga_ag =13.0 HZ,
1 H, H-3 ,3), 2.92 (m, J2'3a = 9.0, J3a,4 =6.0 HZ, and Jgayag =13.0 HZ,
1H, H-3a), 3.80 (5,6 H, 2 X OMe), 3.82 (s, 6 H, 2 X OMe), 4.05 (q, J2,34
=9.0,J238 = 12.5 Hz, 1 H, Hy), 5.74 (q, S 30,4 = 8.0, J35,4 = 10.5 Hz,
1H, Hy), 6.38-6.60 (m, 4 H, ArH), 7.11 (d, J = 9 Hz, 1 H, ArH), 7.42
(d, J = 8 Hz, 1 H, ArH); MS m/e 358 (M*), 314 (M = COQ,). Anal.
Caled for CooH2206: C, 67.04; H, 6.15. Found: C, 67.1; H, 6.19.
2,4-Bis(2/,4’-dimethoxyphenyl)but-2-en-4-olide (7). The acid
3,R =H (0.75 g), in AcsO (10 mL) was heated under reflux for 3 hé
and the solution was allowed to cool and was poured into ice—water.
The precipitate was filtered off, washed with Hy0, air dried, and re-
crystallized from Me,CO-MeOH as pale yellow prisms: mp 150-151
°C (0.5 g); IR 1750 em™~! (@,8-unsaturated lactone C=0); NMR 6 3.81
(s, 3 H,OMe), 3.84 (s, 6 H, 2 X OMe), 3.87 (s, 3 H, OMe), 6.32 (d,J =
2 Hz, 1 H, Hy), 6.38-6.63 (m, 4 H, ArH), 7.11 (d, J = 9 Hz, 1 H, ArH),
7.87(d,J = 2Hz,1H,Hs),826(d,J =8Hz,1H, ArH). Anal. Caled
for CooHgo06: C, 67.40; H, 5.66. Found. C, 67.4; H, 5.63.
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Registry No.—1, 15833-58-6; 3 (R = Me), 15833-60-0; 3 (R = Me)
oxime, 66239-92-7; 3 (R = H), 66239-93-8; 5, 66233-94-9; 7, 66239-95-0;
resorcinol, 108-46-3; maleic anhydride, 103-31-6.
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In our exploratory studies involving the synthesis and re-
duction characteristics of alkoxyborohydrides,! we required
a simple and direct route to alkyl and aryl borates of varying
structures, applicable to preparation of fractional molar
quantities.

Existing routes of borate esters? can be broadly classified
into three types: (1) direct esterification of boric acid or an-
hydride with azeotropic distillation of water; (2) transesteri-
fication with a low boiling borate (usually methyl or ethyl
borate); and (3) reaction of sodium borohydride with acetic
acid in the presence of excess alcohol (eq 1).

NaBH4 + CH3COOH + ROH (excess)
— CH3COONa + B(OR); + 4Hyt (1)
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Table 1. Synthesis of Borate Esters by the Reaction of Alcohols and Phenols with Borane-Methyl Sulfide
Registry Isolated Mp, 1B NMR
no. Borate Procedure yield, % Bp, °C (mm) °C np (ppm)@®

2467-15-4 n-Dodecyl A 99 1.4470 +17.8

229238-17-1 sec-Butyl B 91¢ 85 (14) 1.3951 +17.4
5419-55-6 Isopropyl B 83¢ 60 (12) 1.3868

22238-21-7 3-Pentyl B 90¢ 85-87 (2) 1.4100

40589-09-1 3-Methyl-2-butyl B 82¢ 82-83 (2) 1.4068
2467-16-5 Cyclohexyl C 86°¢ 145-150 (0.4) 58-60

21105-05-5 [-Menthyl C 81¢ 155-158 +17.9
7397-43-5 tert-Butyl B 83¢ 60 (12) 1.3872 +15.3

22238-22-8 tert-Amyl B 87¢ 85 (6) 1.4110
1095-03-0 Phenyl C 84c¢ 172 (0.35) 98-100

a For a new sign convention in 1!B NMR spectroscopy, see J. Organomet. Chem., 131, C43 (1977). ® F. H. Davis, L. J. Terchi, and
D. N. Gheeley, J. Org. Chem., 36,1300 (1971). ¢ Yield after distillation or recrystallization from suitable solvent systems.

Each of these methods possesses certain drawbacks such
as the need for careful fractional distillation and/or excess
alcohol, contamination of the products with inorganic mate-
rials, moderate yields, etc. These problems become especially
significant in preparation of borate esters which are solids or
high boiling liquids® or in which the alcohol component is
expensive.

Accordingly, the development of a general procedure for
the synthesis of borate esters appeared highly desirable. Re-
cently, borane-methyl sulfide has emerged as an attractive
reagent for the hydroboration of olefins and the reduction of
organic functional groups.4#

The complex reacts with alcohols and phenols to yield bo-
rates (eq 2).

3ROH + BH3 . SMBQ - B(OR)g + SMGQ + 3H2T (2)

Straight-chain primary alcohols and unhindered phenols react
vigorously evolving all of the three hydrogens at room tem-
perature. With secondary and tertiary alcohols, the first two
of the three hydrogens are evolved rapidly and instantly,
whereas the evolution of the third hydrogen is quite sluggish.
However, subsequent heating of the reaction mixture at gentle
reflux results in complete hydrogen evolution.

The reactions were carried out by the dropwise addition of
an essentially stoichiometric quantity of the alcohol to the
BMS complex stirred at 25 °C. With alcohols and phenols
which are solids, the BMS was added dropwise to the neat
material previously weighed into the reaction flask (the re-
action can be carried out with the precise stoichiometric
quantities of the reagents as in synthesis of tri-n-dodecyl
borate). Hydrogen evolution was quantitative and no residual
hydride was found upon hydrolysis; the borate esters, pro-
duced in quantitative yield after removal of volatile dimethyl
sulfide under aspirator vacuum, were >98% pure as deter-
mined by refractive index, 'H and !B NMR, and boron
analysis. Variations in substrate structure were readily ac-
commodated (see Table I). These results show that direct
stoichiometric reaction of borane-methyl sulfide with hydroxy
compounds provides a clean, convenient, general route to
analytically pure borate esters of widely varying struc-
tures.®

Experimental Section

Alcohols and phenols utilized in this study are the commercial
products of the highest purity. They were further purified by distil-

lation over calcium hydride or recrystallization when necessary. Neat
borane-methyl sulfide, approximately 10 M, was utilized as received
from Aldrich Chemical Co., Milwaukee, Wis.

All reactions were carried out under dry nitrogen atmosphere, using
oven dried (150 °C) or flamed glassware.

11B NMR spectra were recorded on a Varian XL.-100 spectrometer
equipped with a Nicolet 1080 data acquisition system. 'H NMR
spectra were recorded on a Varian T-60 spectrometer.

Procedure A. A dry 100-mL flask (equipped with an injection port,
poly-TFE covered magnetic stirring bar, and a reflux condenser
connected to a bubbler) was purged with nitrogen. Then 5.2 mL (52
mmol) of BHj - SMeg was introduced and, with stirring and cooling
with a water bath, 35.4 mL (156 mmol) of n-dodecyl alcohol was added
dropwise over 10 min. After 1 h (hydrogen evolution was quantitative)
dimethyl sulfide was removed under reduced pressure to constant
weight. Tri-n-dodecyl borate, 29.15 g (99%), was obtained as a clear
viscous liquid. Hydrolysis of a sample of the ester and titration of
liberated boric acid indicated purity to be 99%.

Procedure B. Apparatus and the reaction conditions were as in
procedure A except that when hydrogen evolution ceased at room
temperature, the mixture was heated gently under reflux to complete
the hydrogen evolution.

Procedure C. Apparatus and reaction conditions were as in pro-
cedure B except that BH3-SMe, was added to the solid substrate. The
results are summarized in Table I.

Registry No.—BH3.SMe,, 13292-87-0; dodecanol, 112-53-8; 2-
butanol, 78-92-2; 2-propanol, 67-63-0; 3-pentanol, 584-02-1; 3-
methylbutan-2-ol, 598-75-4; cyclohexanol, 108-93-0; [-menthyl al-
cohol, 2216-51-5; tert-butyl alcohol, 75-65-0; tert-amyl alcohol, 75-
85-4; phenol, 108-95-2.
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