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In recent years we have demonstrated the powerful
acylation properties of isopropenyl esters, compounds
capable of acylating even weakly nucleophilic secondary
amides and imides.®* We presently report the applica-
tion of isopropenyl esters to the facile acylation of
highly hindered alcohols. Our test compound, 2-
butyl-2-heptyldecanoic acid* (1), was totally inert to
esterification with ethanolic hydrogen chloride under
reflux for periods up to 70 hr® but the isopropenyl
ester of compound 1 rapidly acylated hindered as
well as normal aleohols in a few minutes under our
usual operating conditions.? Conversion of compound
1 to its isopropenyl ester 2 was obtained by our stan-
dard method® in accordance with the reaction shown by
eq 1. Isopropenyl ester 2 efficiently acylated the fol-
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lowing representative alcohols—n-octadecanol (3a),
2-methyl-2-propanol (3b), and 2-butyl-2-heptyldec-
anol (3c) (obtained by sodium in alcohol reduction of
2)—to the corresponding esters 4a, 4b, and 4c¢ in good
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- 175°
3a—c ’ n-CyHis
4a—c
n-CdH,
a, R = n—CmHm; b, R = t-C4H9; c, R = n-CanCCHz .

n~CrHis

yields. The acylations when carried out neat at 175°
with a trace of acid catalyst were complete in 5~10 min.

The mechanism of the acylation is uncertain, but
it is evident that a ketene intermediate cannot be in-
volved with trialkylacetic acid derivatives. Our pre-
vious work with isopropenyl stearate indicated the
formation of hexadecylketene as the probable inter-
mediate in the acylation reaction.” Apparently, there
is more than one pathway available in isopropenyl ester
acylations.

Experimental Section

The carboxylic acid starting material was of higher purity
than 999, as estimated by gle. Products described below were
of a similar order of purity as assayed by the same method.

Isopropenyl 2-Butyl-2-heptyldecanoate (2).—The carboxylic
acid 1 (9.5 g, 0.029 mol) and ZnO (61 mg) were heated in an
autoclave® with propyne under N (auxiliary pressure 400 psi)
for 70 hr. Zinc salts were removed by chromatography on
Florisil and the liquid ester 2 (9.5 g, 90%) was eluted with
pentane: ir (CS;) 1740 (C=0), 1670 (C=C), 838 (C=CH,)
em~%; nmr (CClL) 6 4.58 (s, 1, C=CH), 4.53 (s, 1, C=CH),
1.90 (s, 3, C=CCHj), 1.75-0.70 (m, 41); mass spectrum, m/e
(rel intensity) 309 (1.24), 281 (92.8), 85 (58), 57 (100).

Anal. Caled for CyH0O,: C, 78.62; H, 12.65. Found:
C,78.81; H, 12.75.

Octadecyl 2-Butyl-2-heptyldecanoate  (4a).—A mixture of
enol ester 2 (406 mg, 1.11 mmol) and n-octadecanol (300 mg,
1.11 mmol) was melted, treated with p-toluenesulfonic acid
(5 mg), and heated for 6 min at 180° (Woods metal bath).
The ir of the crude product was similar to the ir of the analytical
sample. Purification for removal of catalyst was effected by
dissolving in pentane and filtering through a small plug of
Florisil in a microcolumn to give the ester 4a (591 mg, 92%):
ir (CS:) 1727 ecm ™! (C=0); nmr & 4.00 (t, 2, OCH,) 1.70-0.70
(m, 76); mass spectrum, m/e (rel intensity) 57 (100, butyl), 99
(17.5, heptyl), 113 (12, octyl), 253 (0.9, octadecyl), 269 (1.33,
octadecyloxy), 281 (48, trialkylmethyl), 309 (1.19, trialky
acetyl). The gaseous product of the reaction was acetone al
confirmed by’ conversion to the 2,4-dinitrophenylhydrazone
derivative, mp 125° (lit.> mp 126°). Prolonged hydrolysis of
4a with aqueous alcoholic potassium hydroxide under vigorous
conditions gave a single acid identical with the starting acid 1
in glc retention time (single peak) andir. The ester 4a is a liquid.

Anal. Caled for CypHz0,: C, 80.89; H, 13.58. Found:
C, 80.93; H, 13.74.

tert-Butyl 2-Butyl-2-heptyldecanoate (4b).—The enol ester 2
(200 mg, 0.55 mmol) and p-toluenesulfonic acid (2 mg) were
heated to 200° (Woods metal bath) and an excess of dry 2-meth-
yl-2-propanol was added as rapidly as possible through a reflux
condenser (caution); this was followed by a 3-min reaction time.
(The procedural modification was necessary owing to the low

‘boiling point of the alcohol.) The product was contaminated

with a little anhydride® removable by a pass in pentane solution
through a microcolumn of mildly alkaline alumina (Florisil was
unsuitable since the anhydride impurity eluted easily and with
the same Rr value as the ester). The tert-butyl ester 4b (156 mg,
75%) gave ir (CS;) 1721 em™! (C=0); nmr (CCL) 5 1.42 [s, 9,
C(CHs)s], 1.40-0.70 (m, 41); mass spectrum (m/e, rel intensity),
281 (31), 57 (100).

Anal. Calcd for CstsoOz:
C,78.52; H, 13.15. ‘

2-Butyl-2-heptyldecanol (3c).—A sample of the enol ester
2 (700 mg, 1.9 mmol) was dissolved in dry ethanol and treated
with an excess of sodium metal until the rate of metal dissolution
became very sluggish. Dilution with water, extraction of the
organic material with ether, drying (MgSO,), and solvent re-
moval gave the carbinol 3c. To prepare the analytically pure
material, small amounts of impurities'® were removed by chroma-
tography on Florisil. The product (475 mg, 85%) was eluted
with CH,Cl:  ir (CS;) 3620 (OH), 1193 em ™! (CO); nmr (CCL)
8 3.25 (s, 2, CH,OH) 1.62 (s, 1, OH) 1.50-0.70 (m, 41); mass
spectrum (m/e, rel intensity) 281 (100).

Anal. Caled for CyHuO: €, 80.69;
C, 81.02; H, 14.02. i .

2'-Butyl-2’-heptyldecyl 2-Butyl-2-heptyldecanoate (4c).—The
alcohol 3¢ (105 mg, 0.34 mmol) and the enol ester 2 (123 mg,
0.34 mmol) were heated to 195° for 6 min in the presence of
p-toluenesulfonic acid (2 mg). Gas evolution (acetone vapor)
was immediate. The product was freed of catalyst by passing
its pentane solution through a Florisil column to yield ester 4c
(199 mg, 95%): ir (CS;) 1720 (C=0), 1190 cm™! (CO); nmr
(CDCls) 6 3.76 (s, 2, OCH,) 1.70-0.70 (m, 82); mass spectrum
(m/e, rel intensity) 57 (100, butyl), 99 (39, heptyl), 113 (0.4,
octyl), 281 (100, trialkylmethyl), 295 (9.7, RCH.).

Anal. Caled for CpHgO,: C, 81.22; H, 13.63. Found:
C, 81.28; H, 13.66. i

Registry No.—2, 35341-91-4; 3c, 35341-92-5; 4a,
35341-93-6; 4b, 35341-94-7 H 4c, 35341-95-8.

C, 78.47; H, 13.17. Found:

H, 14.19. Found:
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water or 2-methyl-2-propanol, respectively, to an isopropenyl stearate—acid
catalyst mixture which had been heated to 200° and cooled to room tem-
perature prior to addition of reagent (unpublished data).
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(9) The anhydride of acid 1 [ir (CS;) 1803, 1737 cm 1] may arise via the
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(10) The impurities were essentially traces of acid 1, its ethyl ester, and a
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