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The reaction of 2-halo-2-methylpropanal (1) with acylacetate (2) in basic media has been investigated. In 
nonaqueous media. tautomeric mixtures of 4-substituted 2,2-dimethyl-3-ethoxycarbonyl-4-oxobutanal (3) and 
5-substituted ethyl 2-hydroxy-3,3-dimethyl-2,3-dihydrofuran-4-carboxylate (4) were obtained. When kept for 2 
weeks a t  room temperature, this mixture equilibrated to give mainly 4. The cyclic hemiacetal 4 can be recon- 
verted partly to 3 by heating. The chromic acid oxidation of 4 gave y-substituted a,a-dimethyl-@-ethoxycar- 
bonyl-AJ,r-butenolide ( 5 ) .  In aqueous media, the enolate anion of 2 attacked the carbonyl carbon of 1 to give 
a-acyl-~-acylethoxycarbonylmethyl-~,~-dimethyl-y-butyrolactone (9). Compound 9 was decomposed to 2 and 
a-acyl-y,y-dimethyl-AeJ-butenolide (8) when heated a t  160-170" under reduced pressure. The butenolide 8 
readily reacted with 1 mol of acylacetate in aqueous KzC03 to regenerate the saturated butyrolactone 9. While 
the alkaline hydrolysis of a-acetyl-~-acetylethoxycarbonylmethyl-y,y-dimethyl-y-butyrolactone (9a) underwent 
both deacylation in the side chain and deacylation a t  the a position of the lactone ring to give terpenylic acid (ll), 
that  of a-benzoyl-~-benzoylethoxycarbonylmethyl-y,y-dimethyl-~-butyrolactone (9b) afforded P-phenacyl-y,y- 
dimethyl-y-butyrolactone (10) as a result of decaylation only a t  the a position of the lactone ring. 

We have been studying the reactions of a-halo aldehyde 
with active hydrogen In the previous 
paper,4 we reported the reaction of 2-halo-2-methylpropa- 
nal (1) with malonic ester, which gave y-butyrolactones of 
versatile utility such as terpenylic acid. Franke, et al.,6 in 
1922 reported that the base-catalyzed condensation of 2- 
bromo-2-methylpropanal ( la)  with ethyl acetoacetate (2a) 
afforded a product with the formula of CloHl6O4 and un- 
determined structure. It was anticipated that 3-hydroxy- 
dihydrofuran (7) might be produced which would b e ,  
promising as the precursor to make 3-furanones such as 
bul1atenone;s hence we became interested in investigating 
the reaction of 1 with benzoylacetoacetate (2b) as well as 
with 2a. Because of the bifunctionality of the substrate 1, 
two pathways can be postulated for the reaction as is 
shown in Scheme I. One involves s N 2  substitution leading 
to 1,4-dioxo compound 3, which may be cyclized to 2-hy- 
droxydihydrofuran 4 (route 1). Another possibility is nu- 
cleophilic attack of the enolate anion of 2 on the carbonyl 
carbon of the substrate 1 (route 2).  As the nature of the 
solvent appreciably influences the p a t h ~ a y , ~  we conduct- 
ed the reaction under various conditions in order to study 
the solvent effect: (a) using sodium ethoxide as base and 
absolute ethanol as solvent (same condition as Franke's);5 
(b) using sodium ethoxide in dry ether; (c) using potassi- 

um carbonate in tetrahydrofuran (THF); (d) using potas- 
sium carbonate in water. The present paper describes and 
discusses the results of these reactions. 

Results and Discussion 
In all cases except d, tautomeric mixtures of 3 and 4 

were obtained. Structural assignments of the products 
were made principally on the basis of ir and nmr spectra. 
Compound 3 seems to predominate in the mixture during 
the distillation; however, these compounds gradually 
equilibrate via an intramolecular conversion. For instance, 
from the reaction of 2-bromo-2-methylpropanal (la) with 
2a under the condition b, a tautomeric mixture7 of 2,2- 
dimethyl-3-ethoxycarbonyl-4-oxopentanal (3a) and ethyl 
2 -hydroxy-3,3,5-trimethyl-2,3-dihydrofuran-4-carboxylate 
(4a) was obtained as an  oily product in a 67% yield.8 The 
elemental analysis and mass spectrum of this oil were 
compatible with the formula CloHl604 reported by 
Franke, et aLs The nmr spectrum of freshly distilled 
product exhibited proton signals of 3a a t  6 2.24 (s, 
COCHs), 3.83 (s, CHCOzCzHs), and 9.62 ppm (s, CHO), 
while 4a showed three singlets a t  2.19 (=CCH3), 2.98 
(OH), and 5.29 ppm (methine proton), respectively. When 
kept for 2 weeks a t  room temperature, this mixture equili- 
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brated to give a ratio of 4a to 3a of ca. 40:l. The ir bands 
a t  1670 and 1635 cm-l appear in the spectrum as the ab- 
sorption a t  1720 cm-1 disappears, indicating that trans- 
formation of the system to an a$-unsaturated ester has 
occurred. The cyclic hemiacetal 4a can be reconverted 
partly to 3a by heating. Ethyl benzoylacetate (2b) reacted 
with lb similarly, affording ethyl 2,2-dimethyl-3-ethoxy- 
carbonyl-4-phenyl-4-oxobutanal (3b) which, when kept a t  
room temperature for several days, tautomerized to ethyl 
2-hydroxy-3,3-dimethyl-5-pheny1-2,3-dihydrofuran-4-car- 
boxylate (4b). 

The oxidation of 4a with Cr03 gave a,a,y-trimethyl-6- 
ethoxycarbonyl-Ab,'-butenolide (5a) in a 64% yield. The ir 
spectrum of 5a showed a strong band a t  1800 cm-l due to 
Ab,y-butenolide carbonyl.9 Chromic acid oxidation of 4b 
also gave A@,?-butenolide (5b) in a 40% yield. 

In contrast with reactions under nonaqueous conditions, 
the enolate anion of acylacetate (2) attacked the carbonyl 
group of 1 in aqueous media to give a-acyl-0-acylethoxy- 
carbonylmethyl-y-butyrolactone (9). The reaction of lb 
with acetoacetate in aqueous KzC03 afforded a-acetyl-& 
acetylethoxycarbonylmethyl-y , y-dimethyl-? -butyrolactone 
(9a) in a 91% yield. From the reaction of l b  with 2b in 
aqueous KzCO3, a-benzoyl-b-benzoylethoxycarbonyl- 

1 methyl-y,y-dimethyl-y-butyrolactone (9b) was obtained 
as a crystalline product in a 94% yield. The butyrolactone 
9 eliminated 1 mol of ethyl acylacetate to give a-acyl- 
y,y-dimethyl-Aa,b-butenolide (8) when heated a t  160-170" 
under reduced pressure. Mass spectra of both 8b and 9b 
showed a clean molecular ion peak of 8b at m / e  216.1° Fur- 
thermore, the butenolide 8 readily reacted with l mol of 
acylacetate in aqueous KzCO3 solution to regenerate the 
saturated butyrolactone 9 in good yields. Based on this 
fact, i t  is reasonable to consider that the butenolide 8 is 
produced first in the reaction of 1 and 2, and then under- 
goes Michael addition of 2 as is shown in Scheme 11. In 
aqueous alkaline solution, 2 -halo-:! -met hylpropanal 
promptly undergoes displacement of halogen to give 2- 
hydroxy-2-methylpropanal (IC) ,11 Therefore, i t  is possible 
that the hydroxy aldehyde IC produced in the reaction 
medium is the real substrate in this reaction.12 Com- 
pound 9b can be prepared also by the condensation of IC 
with enolate anion of 2b even in nonaqueous media. The 
alkaline hydrolysis of the lactonic ester 9b is complicated 
by the deacylation a t  the a position affording P-phenacyl- 
y,y-dimethyl-y-butyrolactone (10). The lactonic ester 9a 
underwent both deacylation in the side chain and deac- 
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% yield. The reaction described in the present article will 
be helpful for synthesizing ketone carrying y-butyrolac- 
tone or Aa>b-butenolide rings. 

Experimental Section 
Melting points and boiling points are uncorrected. Elemental 

analyses were carried out by Mr. Eiichiro Amano. We are indebt- 
ed to Mr. Heizan Kawamoto and Miss Hiromi Ootani for nmr 
measurements. Analytical determinations by glpc were performed 
on a Hitachi Model K-53 gas chromatograph filled with the fol. 
lowing materials (3 mm 0.d. X 1 m): A, 10% Apiezone Grease L 
on Chromosorb W; B, 10% polyneopentyl glycol succinate on 
Chromosorb W. The preparative isolations by glpc were per- 
formed on a Yanagimoto Model GCG-55OT gas chromatograph (3  
mm 0.d. X 2.25 m, 10% Apiezone Grease L on Chromosorb W). 
The nuclear magnetic resonance spectra (60 MHz) were recorded 
with Hitachi Model R-24 and R-20 spectrometers. Mass spectra 
were obtained with a Hitachi Model RMS-4 mass spectrometer. 
Thin layer chromatography (tlc) was done on silica gel GF254 (E. 
Merck AG, Darmstadt) with layers of 0.25-mm thickness. Prepara- 
tive tlc was performed on silica gel P F m  (E. Merck AG, Darm- 
stadt) with 1.0-mm layers. 

Starting materials such as 2-bromo-2-methylpropanal ( la),13 
2-chloro-2-methylpropanal (lb),14 2-hydroxy-2-methylpropanal 
(lc),15 and ethyl benzoylacetate (2b)16 were prepared by proce- 
dures described in the literature. 

Tautomeric Mixture of 2,2-Dimethyl-3-ethoxycarbonyl-4- 
oxopentanal (3a) and Ethyl 2-Hydroxy-3,3,5-trimethyl-2,3- 
dihydrofuran-4-carboxylate (4a). Procedure A (Condition a). 
An ethanolic solution of ethyl sodioacetoacetate was prepared by 
dissolving 1.9 g (0.082 mol) of sodium in the mixture of 10.7 g 
(0.082 mol) of ethyl acetoacetate (2s)  and 50 ml of ethanol. To 
the stirred solution, 12.3 g (0.082 mol) of la was added dropwise 
a t  0". The mixture was stirred for 30 min a t  0" and then for 1 hr 
a t  room temperature. After being refluxed for an additional 1 hr, 
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the mixture was poured into a large excess of water. The organic 
layer was extracted with ether and dried over MgS04. After re- 
moval of the solvent, the residual oil was distilled to give 4.3 g 
(26%) of a tautomeric mixturel7 of 3a and 4a (1:4):7 bp  102-103" 
(3 mm); ir (neat)lS 3400 (OH), 1720 (C=O), 1690 (CEO), 1635 
cm-l  (C=O); nmr (CDC13) 6 1.24 (s, 7.5, CH3), 1.28 (t, 3.75, J = 

2.98 (broad s, 1, OH), 3.83 (s, 0.25, CHCOzEt), 4.19 (9, 2, J = 7 
Hz, ester -CHz- of 4a), 4.24 (4, 0.55, J = 7 Hz, ester -CHZ- of 
3a), 5.29 [s, 1, -OCH(OH)-1, 9.62 (s, 0.25, CHO); mass spectrum 
(70 eV) m/e  (re1 intensity) 200 (37, M + ) ,  185 (25, M +  - CH3), 
171 (49, M' - CzHs), 157 (30, M+ - COCH3), 155 (38), 139 (49, 
M+ - COCH3 - HzO), 129 (96, CH3COCHCOzEt+), 125 (loo), 
113 (75), 111 (63). 

Anal Calcd for C&1&4: C, 59.98; H,  8.05. Found: C ,  60.21; 
H, 7.78. 

The ir and nmr spectra of this product changed slowly until the 
spectral shift data ceased to be observable 2 weeks after distilla- 
tion: ir19 (neat) 3400 (OH), 1690, 1670 (C=O), 1635 cm-1 
(C=C); nmr (CDC13) 6 1.24 (s, 6, 2 CH3), 2.16 (s, 3, =CCHs), 
4.10 (broad s, 1, OH), 4.18 (q, 2, J = 7 Hz, ester -CHz- of 4a), 
5.29 [s, 1, -OCH(OH)], and 9.62 (5, trace, CHO). 

Procedure B (Condition b). Sodium (2.3 g, 0.1 mol) was dis- 
solved in 15 ml of absolute ethanol with cooling. After complete 
evaporation of excess ethanol, 13.0 g (0.1 mol) of 2a dissolved in 
30 ml of dry ether was added. To the resulting mixture, 15.1 g 
(0.1 mol) of la was added dropwise a t  0" in the course of 1 hr. 
The stirring was continued for 2 hr a t  0", and then for a n  addi- 
tional 2-hr period a t  room temperature. After being allowed to 
stand overnight, the mixture was worked up in the same way as 
in procedure A to give 13.3 g (67%) of the tautomeric mixture of 
3a and 4a (7:13),7 bp 116-119" (6 mm). Glpc analysisz0 showed 
one peak with a retention time of 13 min. Both ir and nmr spec- 
tra showed patterns similar to those of the product described in 
the preceding section. In 2 weeks after distillation, the ratio of 4a 
to 3a in the mixture changed to 40:1.7 

Procedure C (Condition c). To a dry THF solution (50 ml) of 
potassium carbonate (16.8 g, 0.12 mol) and 2a (15.6 g, 0.12 mol), 
12.8 g (0.12 mol) of lb was added dropwise a t  0" with stirring. 
The mixture was stirred for 40 hr a t  room temperature and for an 
additional 10-hr period a t  50". It was worked up  as described 
above to give 10.5 g (44%) of a mixture of 3a and 4a, bp  130-134" 
(15 mm). Its ir and nmr spectra were almost identical with those 
of the product in procedure B, finally exhibiting only the charac- 
teristic pattern of 4a.19 

Ethyl 2,2-Dimethyl-3-ethoxycarbonyl-4-phenyl-4-oxobutanal 
(3b) a n d  Ethyl 2-Hydroxy-3,3-dimethyl-5-phenyl-2,3-dihydro- 
furan-4-carboxylate (4b). Procedure A. To a suspension of 17.4 
g (0.125 mol) of potassium carbonate in 50 ml of dry THF was 
added 24 g (0.125 mol) of 2b a t  room temperature. After the mix- 
ture was stirred for 20 min, 13.3 g (0.125 mol) of l b  was added 
dropwise a t  0". The stirring was continued for 4 hr a t  room tem- 
perature, and then for an additional 11 hr a t  65". The reaction 
mixture was filtered to remove solid material, which, after being 
dissolved in water, was extracted with ether. The filtrate com- 
bined with the ethereal extract was washed with water and then 
dried over MgS04. It  was subjected to vacuum distillation to give 
20.8 g of 3b, clean oil, yield 63%: bp 156-157" (0.06 mm); ir 
(neat)lS 2720 (CHO), 1725 (C=O), 1683 (C=O), 1595 and 1577 
cm-l (benzene C=C); nmr (CDC13) 6 1.13 (t, 3, J = 7 Hz, 

Hz, COZCHZCH~),  4.65 (s, 1, -CHCOZEt), 7.22-8.1 (m, 5,  C ~ H S ) ,  
9.79 (5, 1, -CHO); mass spectrum (70 eV) m / e  (re1 intensity) 262 
(3, M+),  234 (31, M* - CHz=CHz), 192 (19, PhCOCH&OzEt), 
187 (30, M' - COzEt), 173 (221, 161 (79), 129 (93), 105 (100, 
PhCO), 101 (74). 

Anal. Calcd for Cl5H1804: C, 68.69; H, 6.92. Found: C, 68.66; 
H, 7.12. 

The patterns of ir and nmr spectra of 3b shifted completely to 
those of 4b in 2 weeks after distillation. 3b was quantitatively 
transformed to white crystals of 4b: m p  78-79" after recrystalliza- 
tion from benzene-petroleum ether; ir (KBr) 3430 (OH), 1678 
(conjugated C=O), 1620 (C=C), 1600 and 1573 cm-1 (benzene 
C=C); nmr (CDC13) 6 1.13 (t, 3, J = 7 Hz, C O ~ C H Z C H ~ ) ,  1.32 (6, 

6, 2 C H d ,  4.0 (broad s, 1, OH), 4.08 (q, 2, J = 7 Hz, 
COZCHZCH~),  5.36 (d,21 1, J = 6 Hz, -0CHOH-), 7.2-7.7 (m, 5, 
C6H5); mass spectrum (70 eV) m / e  (re1 intensity) 262 (9, M+) ,  
247 (2, M +  - CH3), 234 (28, M+ - CHz=CHz), 192 (21, PhCO- 
C H ~ C O Z E ~ ) ,  187 (49, M+ - COzEt), 173 (25), 161 (%), 129 (99), 
105 (100, PhCO), 101 (75). 

7 Hz, C O Z C H ~ C H ~ ) ,  2.19 (s, 3, =CCH3), 2.24 (s, 0.75, COCHa), 

COZCHZCH~),  1.22 (6 ,  3, CH3), 1.24 (s, 3, CH3), 4.11 (9, 2, J = 7 

Distillation of 4b under diminished pressure regenerated 3b 
quantitatively, bp 130" (0.1 mm).  

Procedure B. To the mixed solution of ethyl sodiobenzoylace- 
tate (0.05 mol) in 140 ml of ether was added dropwise 5.4 g (0.05 
mol) of l b  a t  5-10" with stirring. The mixture was stirred for 5 hr 
a t  30°, and then was made acidic with dilute HC1. From the eth- 
ereal extract, which was worked up  in the usual way, 3.5 g of 3b 
was collected by distillation, yield 27%, bp 140-143" (0.06 mm). 
This product also tautomerized quantitatively to the crystalline 
product of 4b. 

Procedure C. To a solution of 2b (1.92 g, 0.01 mol) and l b  (1.07 
g, 0.01 mol) in 10 ml of dry hexamethylphosphoramide was added 
1.38 g (0.01 mol) of potassium carbonate with moderate coolling. 
The mixture, stirred for 23 hr a t  room temperature, was poured 
into a large excess of water and then acidified with 10% HC1. The 
ethereal extract of the organic layer was washed with water and 
dried over MgS04. After removal of the solvent, the residual oil 
was distilled to give 1.15 g (44%) of 3b, bp 141-143" (0.05 mm).z2 
a,a,y-Trimethyl-/3-ethoxycarbonyl-A8-y-butenolide (5a). To a 

mixed solution of 8 g (0.08 mol) of chromium trioxide in 20 ml of 
70% acetic acid was added 8.0 g (0.04 mol) of the tautomeric mix- 
ture of 3a and 4a (7:13)7 in several portions with cooling. The 
mixture was stirred for 2 hr a t  room temperature and then for 2 
hr a t  60". After 80 ml of water was added to the mixture, it was 
extracted with ether. The extract was washed with water and 
dried over NazS04. Removal of the solvent left 6.8 g of a clean 
oilz3 which showed two peaks on glpc analysis.24 The compo- 
nents, retention times (minutes), and integrated percentages are 
as follows: 1, 0.8, 15%; 2, 5.2, 74%. The retention time of compo- 
nent 1 was identical with that of acetic acid. Component 2 was 
collected by preparative glpc and identified as 5a: yield 64%; nmr 

2.40 (s, 3, =CCH3), 4.22 (q, 2, J = 7 Hz, C02CH,CH3); mass 
spectrum (70 eV) m/e  (re1 intensity) 198 (38, M+), 183 (20, M+ - 
CH3), 170 (7, Mf - CHz=CHz), 159 (14), 155 (28, M+ - 
CHsCO), 153 (18), 125 (69, M+ - COzEt), 124 (39), 109 (38), 96 
(100) * 

Anal. Calcd for C10H1404: C, 60.39; H, 7.12. Found: C, 60.68; 
H,  7.00. 

a,a-Dimethyl-P-ethoxycarbonyl-y-phenyl-A~,~-butenolide 
(5b). Compound 4b (1.7 g, 0.0065 mol) was oxidized with chromi- 
um trioxide (5 g, 0.05 mol) in 77% acetic acid (13 ml) in the same 
way as 4a. From the reaction mixture, 0.8 g of a clean oil was ob- 
tained. Glpc analysisz5 of this oil showed two peaks. The compo- 
nents, retention times, and integrated percentages are as follows: 
1, 24.8, 85%; 2, 40, 15%. The retention time of component 2 was 
identical with that of 4b. Component 1 was collected by prepara- 
tive glpc and identified as 5b: yield 40%; ir (neat) 1806 (lactone 
C=O), 1723 and 1700 (ester C=O), 1632 (C=C), 1596 and 1578 
cm-l  (benzene C=C); nmr (CDC13) 6 1.22 (t, 3, J = 7 Hz, 

COZCHZCH~), 7.3-8.1 (m, 5 ,  CeH5); mass spectrum (70 eV) m / e  
(re1 intensity) 260 (29, M+),  245 (44, M+ - CH3), 231 (3), 199 

(CDC13) 6 1.30 (t, 3, J = 7 Hz, C O Z C H ~ C H ~ ) ,  1.41 (s, 6, 2 CH3), 

COZCHZCH~),  1.56 (s, 6, 2 CH3), 4.20 (9, 2, J = 7 Hz, 

(25), 187 (18, M+ - COzEt), 171 (6), 158 (45), 105 (100, PhCO), 
77 (75, C6H5). 

Anal. Calcd for C15H1604: C, 69.22; H, 6.20. Found: C, 69.25; 
H, 6.15. 
a-Acetyl-P-acetyIethoxycarbonyImethyI-y,y-dimethyI-y-bu- 

tyrolactone (9a). To a solution of l b  (6.4 g, 0.06 mol) in 50 ml of 
water was added 8.4 g (0.06 mol) of potassium carbonate in sever- 
al portions. After the mixture was stirred for 2 hr a t  room tem- 
perature, 7.8 g (0.06 mol) of 2a was added. After being stirred for 
14 hr a t  room temperature, i t  was neutralized with dilute HC1. 
The organic layer was extracted with ether and the extract was 
dried over MgS04. After removal of the solvent, 7.7 g of crude 9a 
was obtained: yield 91%;26 mp 168-169' dec after one recrystalli- 
zation from the mixed solvent of acetone-n-hexane (1:1, v/v); ir 
(Nujol) 3400 (enolic OH), 1740 and 1710 cm-' (C=O); nmr27 
(CDaSOCD3) 6 1.20 (t, 3, J = 7 .5  Hz, C O ~ C H Z C H ~ ) ,  1.30 (6, 6, 2 
CH3), 1.49 (9, 2.9), 2.13 (5, 0.2), 2.48 (d, J = 12 Hz), 2.90 (d, 0.8, 
J = 9 Hz), 3.18 (s, 1.4), 3.31 ( 8 ,  1.6), 3.62 (d, 0.6, J = 2 Hz), 3.80 
(d, 0.4, J = 2 Hz), 4.15 (4, 2, J = 7.5 Hz, COZCHZCH~),  5.29 (s, 
0.8); mass spectrum (70 eV) m / e  (re1 intensity) 284 (0.5, M+),  266 
(9, M' - HzO), 194 (27), 180 (44), 136 (94), 134 (loo), 108 (91), 
107 (95), 80 (72), 79 (75). 

Anal. Calcd for C14H2006: C, 59.14; H,  7.09. Found: C, 59.63; 
H, 6.70. 

a-Acetyl-y,y-dimethyl- AeJ-butenolide (8a). Procedure A. To 
a solution of 2a (6.5 g, 0.05 mol) and potassium carbonate (3.5 g, 
0.025 mol) in water (50 ml) was added 7.6 g (0.05 mol) of l a  a t  



2604 J. Org. Chem., Vol. 39, No. 17, 1974 Takeda ,  Tsuboi,  and Sakai 

room temperature with stirring. The mixture was stirred at room 
temperature for 24 hr, and finally at 50" for 20 hr. After being 
neutralized with dilute HCl, i t  was extracted with ether. The ex- 
tract was washed with water and dried over N a ~ S 0 4 .  Removal of 
the solvent left 7.1 g of yellow oil which, on distillation, gave 4.8 g 
(62%) of 8a: bp 93-102" (5 mm); mp 64-65" (benzene); ir (Nujol) 
1750 (conjugated lactone C=O), 1670 (acetyl CEO), 1620 cm-l 
(conjugated C=C); nmr (CDC13) 6 1.58 (s, 6, 2 CH3), 2.55 (s, 3, 
COCH3), 8.10 (s, 1, =CH); mass spectrum (70 eV) m / e  (re1 in- 
tensity) 154 (48, M+), 139 (100, M+ - CHs), 136 (85), 111 (88, 
M+ - COCHs), 97 (91). 69 (71). 67 (65). 

Anal. Calcd for C8H1003: C, 62.33; H, 6.54. Found: C, 62.04; H, 
6.25. 

Procedure B. Distillation of Sa (7.2 g, 0.025 mol) under re- 
duced pressure afforded 3.3 g of 8a, yield 86%, bp  99-121" (5 
mm) . 

Addition of 2a to 8a in the Presence of KzC03. The mixed so- 
lution of 2a (0.37 g, 0.0029 mol), 8a (0.44 g, 0.0029 mol), and po- 
tassium carbonate (0.40 g, 0.0029 mol) in 5 ml of water was 
stirred for 2 hr at 30". White crystals (0.085 g) precipitated; they 
were collected, washed with dilute HCl and then with water, and 
identified as Sa by comparison of ir spectrum with that of an au- 
thentic sample, yield 10%. From the filtrate, 0.59 g of oil was re- 
covered. Alkaline hydrolysis of this oil with 10% NaOH gave 0.14 
g of crude terpenylic acid ( l l ) ,  yield 27%. 

a -Benzoyl-P-benzoylethoxycarbonylmethyl-y,y-~methyl-y- 
butyrolactone (9b). To the mixed solution of 2b (11.5 g, 0.06 mol) 
and potassium carbonate (8.4 g, 0.06 mol) in 30 ml of water was 
added 5.3 g (0.05 mol) of l b  with moderate cooling. After the mix- 
ture was stirred for 40 hr a t  room temperature, for a further 6 hr 
at 50", and finally for 1 hr at 60-70", i t  was poured into a large 
amount of water. The product separated a s  a white solid. It was 
collected and washed with ether to remove excess of 2b. One re- 
crystallization of crude product from benzene yielded 11.5 g 
(94%)28 of 9b: mp 133-134"; ir (Nujol) 1754 (lactone C=O), 1727 
(ester C=O), 1663 (benzoyl C=O), 1588 and 1572 cm-1 (benzene 
C=C); nmr (CDC13) 6 0.92 (t, 3, J = 8 Hz, C O Z C H ~ C H ~ ) ,  1.33 (s, 
3, CH3), 1.65 (9, 3, CH3), 3.83 (4, 2, J = 8 Hz, C O ~ C H Z C H ~ ) ,  4.17 
(t, 1, J = 9 Hz, CB H), 4.65 (d, 1, XHCOzCzHs),  5.23 (d, 1, J = 
9 Hz, C, H),  7.3-8.2 (m, 10, 2 CeH5); mass spectrum (70 eV) m / e  
(re1 intensity) 216 (17, M+ - PhCOCH&OzEt), 201 (33), 192 (30, 

Anal. Calcd for C24H2406: C, 70.58; H, 5.92. Found: C, 70.50; 
H, 5.96. 

Reaction of 2-Hydroxy-2-methylpropanal (IC) with 2b in 
THF. A solution of 2b (19.8 g, 0.1 mol), IC (8.8 g, 0.1 mol), and 
potassium carbonate (15.2 g, 0.11 mol) in 30 ml of THF was 
stirred for 38 hr a t  room temperature. After work-up of the result- 
ing mixture in the usual manner, 9.8 g of crude 9b was obtained, 
yield 48%. 
a-Benzoyl-y,y-dimethyl-P~fl-butenolide (8b). Lactone Sb was 

distilled a t  oil-bath temperature (160-170") under reduced pres- 
sure. As the first fraction [bp 101-120" (1.0 mm)], 3.0 g (88%) of 
2b was recovered. As the second fraction [bp 145-150" (1.0 mm)], 
2.7 g (71%) of 8b was obtained. The analytical sample was col- 
lected by preparative t l ~ : ~ ~  mp 65-66'; ir (Nujol) 1750-1780 (lac- 
tone C=O), 1650 (benzoyl C=O), 1630 (C=C), 1598 and 1580 
cm-1 (benzene C=C); nmr (CDC13) 6 1.58 (s, 6, 2 CH3), 7.70 (s, 
1, =CH), 7.4-7.9 (m, 5, CeH5); mass spectrum (70 eV) m / e  (re1 
intensity) 216 (2, M+),  201 (3, M+ - CH3), 188 ( l ) ,  173 (51, 170 
(4), 158 (29), 105 (100, PhCO), 77 (57, CsHs). 

Anal. Calcd for C13H1203: C, 72.21: H ,  5.59. Found: C, 72.04; 
H, 5.79. 

Addition of 2b to 8b in  the Preeence of K&03. A mixture 
consisting of water (5 ml), potassium carbonate (0.32 g, 0.0023 
mol), 2b (1.0 g, 0.0052 mol), and 8b (0.4 g, 0.0019 mol) was stirred 
a t  room temperature for 20 min and then a t  50" for 2 hr. Work-up 
of the reaction mixture in the usual manner afforded 0.5 g (67%) 
of white crystals, which were proved to be 9b by comparison of its 
infrared spectrum with that of an authentic sample. 
y,y-Dimethyl-P-phenacyl-y-butyrolactone (10). The lactone 

Sb (1 g, 0.0024 mol) was suspended in aqueous sodium hydroxide 
which was prepared by dissolving NaOH (2 g, 0.05 mol) in 5 ml of 
water. After the mixture was stirred for 15 hr at W, i t  was acidi- 
fied with dilute HCl. The ethereal extract of the organic layer was 
washed with water and dried over NazS04. Removal of the sol- 
vent left 0.7 g of yellow solid. Tlc analysis3O of this solid showed 

PhCOCHzCOzEt), 173 (38), 170 (28), 158 (85), 146 (35), 106 (60). 

two spots a t  R f  values of 0.25 (component 1) and 0.38 (component 
2). Each component was collected by preparative tlc30 and ana- 
lyzed. The weight ratio (component 1 to component 2) was 2:3. 
Component 1 was identified as the lactone Sb by comparison of 
its ir spectrum with that of an authentic sample. Component 2 
was identified as 10: yield 73%: mp 97-98"; ir (Nujol) 1750 (hc -  
tone C=O), 1683 (benzoyl C=O), 1603 and 1584 cm-l  (benzene 
C=C); nmr (CDCl3) 6 1.34 (s, 3, CH3), 1.47 (s, 3, CH3), 1.9-3.3 
(m, 5, lactone ring proton and CHzCOPh), 7.3-8.05 (m,  5, 
C6H5); mass spectrum (70 eV) m / e  (re1 intensity) 232 (8, M+), 217 
(19, M" - CH3), 214 (12, M+ - HzO), 203 (l), 174 (12), 146 (49), 
105 (100, PhCO), 86 (59), 84 (70), 77 (72, CsH5). 

Anal. Calcd for C14H1603: C, 72.39; H ,  6.94. Found: C, 72.37; 
H ,  7.16. 

dl-Terpenylic Acid (P-Carboxymethyl-7,y-dimethyl-y-butyr- 
olactone, 11). Compound Sa (0.14 g, 0.0005 mol) was hydrolyzed 
in the same manner as Sb, using 2 ml of 20% sodium hydroxide. 
From the ethereal extract, 0.05 g of semisolid material was ob- 
tained. Tlc analysis31 of this material showed that i t  had 90% pu- 
rity. The analytical sample collected by preparative tlc was iden- 
tified as dl-terpenylic acid by comparison of its ir and nmr spec- 
tra with those of an authentic  ample,^ yield 52%, mp 87" (lit.4 
mp 88-89"). 

Registry No.-la, 13206-46-7; lb ,  917-93-1; IC, 20818-81-9; 2a, 
141-97-9: 2b, 94-02-0; 3a, 51716-51-9; 3b, 51716-52-0; 4a, 51716- 
53-1; 4b, 51716-54-2; 5a, 51716-55-3; 5b, 51716-56-4; Sa, 51716-57- 
5; Sb, 51716-58-6; Sa, 51716-59-7; Sb, 51716-60-0; 10, 51716-61-1; 
11,632-04-2. 
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Nmr (CDC13) of crude 4b also showed a singlet at 5.36 ppm.  
This product also underwent the transformation to 4b quantitatively 
within 2 weeks after distillation. 
Distillation of this oil gave 2.5 g (32%) of 5a, bp 93-1 02" (5 m m ) .  
Column B: temperature, 150"; carrier gas, N P  (42  ml /mln ) ;  detec- 
tor, FID. 
Column A: temperature, 180"; carrier gas, N2 (53 ml/min: detec- 
tor, FID. 
The yield based on 2a. 
Because of complicated patterns, it was difficult to interpret this  
spectrum. Compound 9a appears to consist 01 keto and enol tau- 
tomers. 
The yield based on 2b. 
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