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3. Syn chloride (unlabeled 9): 30 mg, 9.5% yield; mp and mmp1° 
144-145'. 
B. With Labeled 4.2 The reaction was carried out as described 

in A, above, to give the following. 
1. A mixture of pure syn and anti acetates 5 and 6: 64.3% yield; 

ratio of syn:anti 1~3.3. 
2. Pure anti chloride 10 (25.9% yield): the pmr spectrum showed 

no methine at  6 5.18 (anti chloride) which confirmed deuterium at  
the methine carbon; mass spectral analysis showed 95.2% mono- 
deuterated species and 4.8% unlabeled species. 

3. Pure syn chloride (1.5% yield): mass spectral analysis showed 
63.2% nondeuterated, 32.7% monodeuterated, and 4.1% dideuterat- 
ed species; the pmr spectrum (using a computer of average tran- 
sients) gave an apparent triplet centered at 6 5.97 for anti H (9) 
which integrated for -0.5H us. aromatic H. 

Analysis of the label in acetates 5 and 6 was conducted on the 
pure alcohols obtained by hydroly~is.~ The syn alcohol (mp and 
mmp 158-159°)9 showed by mass spectral analysis 82.7% unla- 
beled and 17.3% monodeuterated species; the pmr spectrum 
(CDC13) showed, subsequent to treatment of a sample with DzO to 
eliminate overlapping signals due to OH, a quartet at 6 5.33 (meth- 
ine H) which integrated to 0.85 H us. the aromatic H. The anti al- 
cohol (mp and mmp 205-206°)9 showed by mass spectral analysisls 
97.4% dl and 2.6% dp species; pmr showed no observable methine 
resonance. 

Reaction of 4 with p-toluenesulfonyl chloride was carried 
out as previously described10 to give only syn tosylate (m 122-123O 
from ether);20 no anti tosylate10 was detected. The mass spectrum 
of this product showed 97.5% d l  and 2.5% dz species; pmr (CDCl3) 
showed one proton (methine H) at  8 6.35.$ 

Registry No.-4 (unlabeled), 25907-81-7; 4 (labeled), 51820- 
05-4; syn-5 acetate, 51933-62-1; syn-5 alcohol, 25866-36-8; anti-6 
acetate (unlabeled), 52078-88-3; a n t i 4  acetate (labeled), 52151- 
91-4; anti-6 alcohol (labeled), 52079-43-3; syn-7 tosylate, 37781- 
25-2; syn-9, 37781-27-4; anti-10 (unlabeled), 52019-95-1; anti-10 
(labeled), 52078-89-4; acetic anhydride, 108-24-7; acetyl chloride, 
75-36-5; p-toluenesulfonyl chloride, 98-59-9. 
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The acid-catalyzed hydrolysis of 2-methoxyfuran in aqueous dimethyl sulfoxide results in the formation of cro- 
tonolactone (4, 55-65%), methyl succinate semialdehyde (5 ,  16-23%), and methyl cis -4-hydroxycrotonate (6, 
16%), as determined by nmr spectroscopy. These findings are not in agreement with an earlier report2 and require 
revision of the proposed mechanism of hydrolysis of 2-methoxyfuran. 

The acid-catalyzed hydrolysis of 2-methoxyfuran (1) has 
been reported2 to yield the enol 2 of the methyl ester of 
succinic acid semialdehyde, presumably arising uia a tetra- 
hedral addition intermediate3 (eq 1). The proposed inter- 

mediate is similar in structure to those believed to be 
formed in many acyl transfer reactions: and in particular 
to those of ester hydrolysis5 and formatiom6 It  seemed of 
special interest to determine whether the direction of de- 
composition of the addition intermediate would be pH de- 
pendent, as had been found with the closely related inter- 
mediates generated during the lactonization of coumarinic 
acids,6 and if so, to measure the partitioning ratio of the 

OH 3.0 different ionic species of the intermediate. While attempt- 
ing to obtain this information, we have found that the hy- 
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Table I 
Hydrolysis of 2-Methoxyfuran 

0.001 1.64, 1.68 0.01 0.28' 0.24' 
0.003 4.70, 5.46 0.08 2.8' 2.4d 
0.005 8.05, 8.20, 8.38 0.25 11.2, 12.5' 7.8, 9.6' 

kH = 1.66 iZI-' sec- '  kD = 0.033 M' sec-' 

a At 25", 0.8% CHsCN-HzO, g = 0.1. *At 32.5", 41 mol % dimethyl sulfoxide-&-deuterium oxide. c Disappearance of 2-methoxyfuran. 
Appearance of 4. 

drolysis of 2-methoxyfuran is appreciably more complex 
than hitherto reported.2 

Results and Discussion 
The identification2 of the enol 2 as the product of hy- 

drolysis of 2-methoxyfuran was based on the interpretation 
of the nmr spectrum of the reaction product (in 50 mol % 
dimethyl sulfoxide) as shown in eq 1. That  the assigned 
structure 2 is probably incorrect is revealed by the publish- 
ed7a nmr spectrum (in CCld) of the corresponding enolic 
methyl ether 3 (Chart I). On the other hand, the measured 
chemical shifts and coupling constants assigned2 to struc- 
ture 2 correspond closely to those determined in this labo- 
ratory for 4-hydroxycrotonic acid lactone (4) in 50 mol % 
dimethyl sulfoxide-water.8 In the same solvent, the methyl 
group of methanol had a chemical shift of 3.23 ppm relative 
to tetramethylsilane. 

Chart I 
4.48 

7 .e4 616 
266 H 

CH,-CH 

C02CH3 
591 H _Xi:ggg CO,CH,. 4'92 H CHO , < 

950 3.59 OCH, 162" 
%I38 

3 4 
(6.35) 5.76 6.28 5.71 

5 

H" H" 

4.4iCH:, CO,CH, 4.40CH2 COZCH, H 
I 219" 

3.66 I 
OH OCH3 3.64 

6 7 8 
Individual values of the chemical shifts of the two methyl 

Kinetic Studies. The disappearance of 2-methoxyfuran 
in 0.8% acetonitrile-water ( w  = 0.1, NaC1) at 25', followed 
by the decrease in ultraviolet absorbance a t  230 nm, was 
found to obey the rate law h&sd = h ~ [ H + l ,  with h~ = 1.66 
M-' sec-' (Table I). This constant agrees very well with 
the reported2 value of 1.68 M-' sec-l in water (25'), mea- 
sured by gas chromatography. 

The rate of hydrolysis of 2-methoxyfuran was also deter- 
mined in 41 mol % dimethyl sulfoxide-d~-deuterium oxide 
solvent (at 32.5 f l.O'), using nmr spectroscopy. Measure- 
ments were made a t  0.01, 0.08, and 0.25 M DC1 concentra- 
tion, and the ionic strength was equal to  the concentration 
of added acid. The resulting rate constants were considera- 
bly less precise than those determined in dilute solution by 
uv spectroscopy, especially a t  the highest acidity, but were 
approximately linearly dependent on D+ concentration and 
gave h D  = 0.033 M-' sec-l (Table I). The protons a t  C3 
and Cs9 were found to disappear a t  the same rate, in agree- 

groups in 3 and 7 (ref 7a) were not assigned. 

ment with the previous report,2 thus ruling out rapid, pre- 
equilibrium hydrogen exchange at Cg, such as was found in 
the hydrolysis of 2-methy1f~ran.l~ In addition, the appear- 
ance of the Cd and the (single) CF, protons of the crotono- 
lactone 4 also followed first-order kinetics at a rate equal to 
that of the disappearance of 2-methoxyfuran (Table I), 
suggesting that no significant concentration of any inter- 
mediates accumulated prior to the formation of 4. 

The reaction rate was also measured by the nmr tech- 
nique in 47 mol % CD~CN-DZO a t  a single acid concentra- 
tion (0.08 M DCl), yielding k~ = 0.07 M-' sec-l. 

Reaction Products. Nmr spectra of reactions carried 
out in 41 mol % dimethyl sulfoxide-d~-deuterium oxide 
were obtained after complete disappearance of 2-methoxy- 
furan (at least 8 half-lives) over the range of 0.001-0.93 M 
DCl. These spectra showed that the reaction product was 
an unexpectedly complex mixture of components. The pre- 
dominant product (55-6596 yield) exhibited chemical shifts, 
spin-spin multiplicity, and coupling constants identical 
with those measured in this solvent for the crotonolactone 
4 (Chart I) and similar to those reported for CDC13.8 The 
integrated signals showed that the protons a t  6 4.92, 6.16, 
and 7.84 were present in the ratio of 1:l:l when hydrolysis 
was performed in solvents containing deuterium oxide (the 
integration of the signal at 6 6.16 was invariably 10-15% 
greater than that of the signal a t  6 7.84; see below). The 
splitting pattern for each of the C3 and Cq protons changed 
from a doublet of doublets for the D20 reaction to a dou- 
blet of triplets when hydrolysis was carried out in H20. 
The splitting patterns, integrated areas, and the broaden- 
ing of the signal a t  6 4.92 are consistent with the conclusion 
that the crotonolactone 4 produced in the presence of deu- 
terium oxide contains a single deuterium atom incorporat- 
ed a t  the C5 positions. 

Comparison to authentic material allowed the identifica- 
tion of the second reaction product (16-23% yield) as the 
methyl ester of succinic acid semialdehyde ( 5 )  (singlets for 
the aldehydic proton1' a t  6 9.50 and for the methoxyl group 
at 6 3.59, Chart I). The weak and broad signal (at least two 
deuterium atoms are expected to be incorporated in the 
-CH2CH2- group; see below) anticipated a t  6 2.66 for the 
methylene groups of 5 is masked by protonic impurities in 
dimethyl sulfoxide-ds. 

A third product formed in significant quantities (about 
16%) is tentatively identified as cis- 4-hydroxycrotonic acid 
methyl ester (6) (Chart I). Although this substance does 
not seem to have been described, the corresponding methyl 
ether 7 is well k n o ~ n ~ ~ ~ ~  and its nmr spectrum7a (Chart I) is 
consistent with the assignments made here for 6. The large 
coupling constant (J2,3 = 11.7 H z ) ~ ~  for the olefinic pro- 
tons of 7 is reflected in the well-separated doublet of dou- 
blets centered at 6 5.76 and assigned to C2 in 6. The Cs pro- 
ton of 6 (centered approximately a t  6 6.35) appears partial- 
ly masked by the more prominent C3 proton of the crotono- 



2922 J.  Org. Chem., Vol. 39, No. 19, 1974 Garst and Schmir 

Chart I1 
route a 

H HmhH : P C 0 2 C H 3  OH 

4 6 

5 

lactone. This overlap is presumably responsible for the 
consistent observation mentioned above that the integral 
of the C3 proton of 4 was always slightly higher than that of 
the C4 proton. For reactions in DzO, the signal at 6 4.47 (C, 
of 6) is expected to correspond to one proton only, although 
precise integration of these weak signals is difficult. The 
most convincing indication of the existence of 6 is, of 
course, the presence of the sharp methoxy singlet slightly 
downfield from the methoxy signal of the aldehyde ester 
5. 

The lactone 4 and the two acyclic products 5 and 6 ac- 
count for about 90-95% of the reaction products. Particular 
attention was directed at the possibility that the enol lac- 
tone 8 might be a reaction product. Although the prepara- 
tionsl2 of 8 and of its tautomer 2-hydroxyfuran13 have been 
claimed, the existence of these compounds is in do~b t .1~9~5  
In any event, a signal at ca. 6 6.75 would be expected for 
the C5 proton of 8 (based on the reported17 nmr spectrum 
of the 3-methyl derivative of 8). The absence of any signifi- 
cant resonance in this area of the reaction product spec- 
trum serves to rule out the possibility that the enol lactone 
8 is a stable product of the hydrolysis of 2-methoxyfuran. 

No systematic variation in the yield of the crotonolac- 
tone 4 was noted in the acidity range of [DCl] = 0.001-0.9 
M. In 0.04 M DCl, the crotonolactone undergoes neither 
hydrolysis nor hydrogen exchange over a period of 6 days. 
Similarly, the yield of the aldehyde 5 appears approximate- 
ly constant over the same range of acidity, as judged from 
the intensity of the methyl signal at 6 3.59. It is noteworthy 
that the aldehydic proton signal is not a reliable indication 
of aldehyde yield in these experiments. The sharp singlet 
observed at 6 9.50 in 50 mol % dimethyl sulfoxide-d6-D20 
is appreciably broadened in 0.04 M DC1 and is essentially 
undetectable in 0.93 M DC1. This behavior is most likely 
the result of the increasing rate of the (acid-catalyzed) 
chemical exchange reaction between the aldehyde and its 
hydrate. In the absence of acid, the nmr spectrum of the al- 
dehyde exhibits a weak triplet a t  6 4.84,lS presumably the 
signal of the spin-coupled proton of the hydrated aldehyde, 
whose intensity suggests that about 25% of the total alde- 
hyde exists as the hydrate.lg That exchange between the al- 
dehyde and its hydrate would become significant on the 
nmr time scale in this range of acid concentrations is sup- 
ported by the reportz0 of line broadening in the I7O nmr 
spectrum of acetaldehyde and its hydrate in 0.1-1 M HCl 
and the measured rates of the acid-catalyzed hydration of 
simple aliphatic  aldehyde^.^^^^^^^^ 

The yield of methyl cis-4-hydroxycrotonate (6) is con- 

stant in solutions where [DCl] = 0.001-0.08 M ,  is reduced 
by half in 0.25 M DC1, and falls to nearly zero at higher aci- 
dities. I t  is not certain whether the acyclic alcohol was not 
formed a t  high acidity, or underwent rapid subsequent 
reaction. Under conditions where an appreciable amount of 
6 is formed (e.g., 16% in 0.04 M DC1 after 1.5 hr), the meth- 
yl signal associated with 6 had almost completely disap- 
peared after 14 hr, while that of the aldehyde 5 was largely 
unchanged. Possibly, the 4-hydroxy ester 6 undergoes acid- 
catalyzed lactonization to the crotonolactone 4.22 However, 
the relative stability of 6 after short reaction times rules 
out the possibility that lactonization of initially produced 6 
constitutes the main pathway for the formation of the cro- 
tonolactone 4. 

Reaction Mechanism. For the hydrolysis of 2-methoxy- 
furan in 41 mol % dimethyl sulfoxide-water, a reaction 
mechanism consistent with the observations made in this 
study is outlined in Chart 11. According to this proposal, 2- 
methoxyfuran suffers rate-determining protonation either 
a t  the 5 position (route a) or the 3 position (route b). The 
former pathway, resulting (formally) in 1,4-addition across 
the dienic system, occurs four times as fast as the compet- 
ing 1,2-addition of route b. For route a, the allylic oxocar- 
bonium ion is suggested to yield a tetrahedral addition in- 
termediate (of unspecified ionic state) which breaks down 
mainly by expulsion of methanol but also undergoes signif- 
icant ring opening to the allylic alcohol 6. The incorpora- 
tion of one atom of deuterium a t  C5 of the crotonolactone is 
in accord with the proposed pathway. 

In route b, the protonation which occurs a t  C3 yields 
eventually a tetrahedral intermediate which appears to 
break down solely by ring cleavage, presumably to the enol- 
ic form of 5; rapid tautomerization then gives the observed 
aldehyde. 

The pattern of deuterium incorporation in the crotono- 
lactone 4 (one atom of deuterium a t  C5) rules out a mecha- 
nism wherein the predominant hydrolytic pathway is that 
of route b, yielding mainly the (possibly unstable) enol lac- 
tone 8, which undergoes double-bond migration to the cro- 
tonolactone 4. Such a mechanism would necessarily require 
the presence of a deuterium atom at C3 of the crotonolac- 
tone. 

The mechanism of hydrolysis of 2-methoxyfuran thus 
appears to differ from those proposed for the acid-cata- 
lyzed hydrolysis of furan23 and its alkyl-substituted deriva- 
tives,10~23~z4 for which it has been suggested that the major 
reaction pathway consists of rate-determining P-protona- 
tion ( i e . ,  a t  C3 of the furan ring). 
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The identity of the products of hydrolysis of 2-methoxy- 
furan in dilute aqueous solution is not known. If both hy- 
drolytic pathways also occur in predominantly aqueous me- 
dium, the observed2 solvent deuterium isotope effect and 
general acid catalysis may contain contributions from both 
reaction pathways and are thus not amenable to interpreta- 
tion a t  this time. 

Experimental Section25 
2 - M e t h o x y f u r a n  (1) (A ldr ich Chemical Co.) h a d  bp 103-105' 

( l i t z 6  bp 108-109') and was k e p t  in the  dark in sealed ampoules a t  
-10'. Pr io r  t o  use, the purity o f  the compound was rout ine ly  
checked by nrnr spectroscopy and compared t o  the  nrnr spectrum 
o f  a freshly d is t i l led sample. 

I: U v  (CH3CN) A,,, 222 nm (t 6750);27 nrnr (CDC13)2S 6 3.73 (s, 
3 H, OCH3), 5.05 (m, 1 H, C3), 6.14 (m, 1 H, C4), 6.75 (m, 1 H, CS); 
nrnr (50 m o l  % DMSO-ds-D20:) 6 3.79, 5.30, 6.34, 7.00. 

4 - H y d r o x y c r o t o n i c  a c i d  y - lac tone (4), bp 107-109' (24 m m )  
[litz9 bp 107-109' (24 mm)] ,  was prepared using the procedure o f  
Pr ice and Judge.29 T h e  nrnr spectrum in CDC13 agreed w i t h  the re- 
por ted values.8 Nmr (50 m o l  % DMSO-ds-D20): 6 4.92 (t, 2 H, 
CH2), 6.16 (m, 1 H, C3), 7.84 (m, 1 H, C4). 

S u c c i n i c  A c i d  Semia ldehyde M e t h y l  E s t e r  ( 5 ) .  M e t h y l  hy- 
drogen succinate30 was converted t o  the acid chloride.31 Rosen- 
mund reduction32 o f  the  la t ter  gave the  aldehyde: bp 68-71' (11 
m m )  [lit.32 bp 69-70' (14 mm)] ;  nrnr (CDC13) 6 2.66 (m, 4 H, 
CHzCHz), 3.62 (s, 3 H, OCH3), 9.67 (s, 1 H, CHO); nrnr (50 m o l %  
D M S O - ~ G - D ~ O )  6 2.33-2.90 (m, 4 H, CHzCHz), 3.59 (s, 3 H, 
OCH:j), 4.84 [t, 0.25 H, HC(OD)zC], 9.50 (s, 0.75 H, CHO).  

Deuter ium oxide, concentrated aqueous DCl, CD3CN, and di- 
methy l  sulfoxide-ds were obtained f r o m  M e r c k  Sharpe and 
Dohme o f  Canada. 

K i n e t i c  Measurements.  T h e  rate o f  hydrolysis o f  2-methoxyfu- 
r a n  in d i lu te  aqueous H C l  solut ion (25', p = 0.1, NaC1) was deter- 
mined by fol lowing the decrease in absorbance a t  230 nm, using a 
Cary 15 spectrophotometer. Reaction was in i t ia ted by addi t ion o f  
25 pl o f  a stock solut ion o f  2-methoxyfuran in acetonitr i le t o  3 ml 
o f  aqueous HC1 solut ion previously equi l ibrated in the thermo- 
stated cel l  compartment o f  the spectrophotometer. T h e  f ina l  con- 
centrat ion o f  substrate was about 3 X M ,  and the  absorbance 
change was 0.8-0.9 units. 

T h e  following procedure was used for ra te measurements in 41 
m o l  % DMSO-ds-D20.  A mix tu re  of 0.5 g o f  DMs0-d~ and 0.13 g 
o f  DzO was added t o  0.05 g o f  2-methoxyfuran in a n  pmr tube. T h e  
sample was allowed t o  equi l ibrate t o  the temperature o f  the probe 
(32.5 & l.Oo), and the nrnr spectrum was recorded t o  check the  pu- 
rity o f  the reactant. Hydrolysis was in i t ia ted by the addi t ion o f  50 
p l  o f  standard aqueous DC1 solution, and the nmr tube was rap id ly  
shaken and immediate ly  reinserted i n t o  the probe. T h e  rate o f  dis- 
appearance o f  2-methoxyfuran was fol lowed by the  decrease in the  
integrated signal o f  the protons a t  C3 and CS, while the  signals a t  
C4 and C g  o f  the  crotonolactone 4 were used t o  moni tor  the  forma- 
t ion  o f  product. First-order ra te constants were calculated by 
means o f  the integrated f irst-order ra te equation. 

P r o d u c t  Analys is .  Nmr spectra o f  reaction mixtures were re-  
corded after 10-20 half-lives o f  reaction. T h e  y ie ld  o f  crotonolac- 
tone 4 was calculated by comparison o f  the  area o f  the signal for  
the Cq pro ton  t o  t h a t  o f  a n  authentic sample o f  4. T h e  to ta l  con- 
centrat ion of methy l  esters 5 and 6 was determined f r o m  the com- 
b ined areas o f  the  methoxy signals a t  about 6 3.6 and the relat ive 
amounts of 5 and 6 were estimated f rom the relat ive heights o f  the  
signals a t  6 3.59 and 3.66. 

Acknowledgment. We are grateful to Dr. James K. 
Coward for the use of the nmr spectrometer. 

R e g i s t r y  No.-2-Methoxyfuran, 25414-22-6. 

References and Notes 
(1) This research was supported by a grant from the National Science 

(2) A. Kankaanpera and R. Aaltonen, Acta Chem. Scand., 26, 2537 (1972). 
(3) The putative addition intermediate could exist in cationic, neutral, or an- 

ionic forms. 
(4) (a) M. L. Bender. Chem. Rev., 60, 53 (1960); (b) T. C. Bruice and S. J. 

Benkovic, "Bioorganic Mechanisms," W. A. Benjamin, New York, N. Y., 
1966, Chapter 1; (c) S. L. !ohnson, Advan. Phys. Org. Chem., 5, 237 
(1967); (d) W. P. Jencks, Catalysis in Chemistry and Enzymology," 
McGraw-Hill, New York, N. Y., 1969, Chapter 10. 

(5) (a) M. L. Bender, J. Amer. Chem. SOC., 73, 1626 (1951); (b) M. L. Ben- 
der and R. J. Thomas, ibid., 83, 4189 (1961); (c) M. L. Bender, H. Mat- 
sui, R. J. Thomas, and s. W. Tobey, ibid., 83, 4193 (1961); (d) s. A. 
Shain and J. F. Kirsch, ibid., 90, 5846 (1968). 

(6) (a) E. R .  Garrett, B. C. Lippold, and J. 8. Mielck, J. Pharm. Sci., 60, 396 
(1971); (b) E. C. Lippold and E. R. Garrett, ibid., 60, 1019 (1971); (c) R. 
Hershfield and G. L. Schmir, J. Amer. Chem. SOC., 95, 7359 (1973); (d) 
R .  Hershfield and G. L. Schmir, ibid., 95, 8032 (1973). 

(7) (a) S. J. Rhoads, J. K. Chattopadhyay, and E. E. Waali, J. Org. Chem., 
35, 3352 (1970). Similar values have been reported: (b) J. Hine, L. G. 
Mahone, and C. L. Liotta, ibid., 32, 2600 (1967); (c) Y. Mialhe and R. 
Vessiere, Bull. SOC. Chim. Fr., 3651 (1970). 

(8) Cf. (a) S. Ducher and A. Michet, Bull. SOC. Chim. Fr., 1640 (1969); (b) 
N. S. Bhacca, D. P. Hollis, L. F. Johnson, E. A. Pier, and J. N. Shoolery, 
"NMR Spectra Catalog," Varian Associates, Palo Alto, Calif., 1963, No. 
51. 

(9) Furan derivatives are numbered starting with the heteroatom; thus the 
a-carbon atom is Cp. Acyclic compounds are numbered with the car- 
boxyl group as C1. 

(IO) A. Kankaanpera and S. Kleemola, Acta Chem. Scand., 23, 3607 
(1969). 

(1 1) The absence of visible splitting of the aldehyde proton indicates a very 
small or zero coupling with the neighboring methylene group. Similarly, 
no spin-spin coupling was observed with glycolaldehyde: C. I. Stassino- 
poulou and C. Zioudrou, Tetrahedron, 28, 1257 (1972). 

(12) J. Boeseken, C. 0. G. Vermy. H. Bunge, and C. van Meeuwen, Reci. 
. Trav. Chim. Pays-Bas, 50, 1023 (1931). 

(13) H. H. Hodgson and R. R. Davies, J. Chem. Sfc., 806 (1939). 
(14) A. P. Dunlop and F. N. Peters, "The Furans, Reinhold, New York, N. Y., 

1953, p 170; (b) h.r. P. Cava, C. L. Wilson, and C. J. Williams, J. Amer. 
Chem. Soc., 78, 2303 (1956): (c) Y. Lefebvre, Tetrahedron Lett., 133 
(1972); (d) G. Hvistendahl, K. Undheim, and J. Bremer, Org. Mass Spec- 
horn., 3, 1433 (1970). 

(15) The enol lactone 8 has been proposed as a plausible reaction intermedi- 
ate in several reactions.8a,16 

(16) (a) N. Ciauson-Kaas and N. Eiming, Acta Chem. Scand., 6, 560 (1952); 
(b) V.-G. Kulnevich, L. A. Badovskaya, and G. F. Muzychenko, Chem. 
Heterocycl. Compounds (USSR), 6, 535 (1970). 

(17) R. Srinivasan and H. Hiraoka, Tetrahedron Lett., 2767 (1969). 
(18) The nmr signal of the hydrated aldehyde proton is shifted by 4.6-5.0 

ppm upfield of the signal for the unhydrated species: P. Greenzaid, 2. 
Luz, and D. Samuel, J. Amer. Chem. SOC., 89, 749 (1967). 

(19) This extent of hydration is consistent with observations made on a num- 
ber of simple aldehydes:18 (a) L. C. Gruen and P. T. McTigue, J. Chem. 
SOC., 5217 (1963); (b) J. Hine, F. A. Via, J. K. Gotkis, and J. C. Craig, J. 
Amer. Chem. SOc., 92, 5186 (1970); (c) L. R .  Green and J. Hine, J. Org. 
Chem., 38, 2801 (1973). 

(20) P. Greenzaid, 2. Luz, and D. Samuel, J. Amer. Chem. SOC., 89, 756 
(1967). 

(21) L. C. Gruen and P. T. McTigue, J. Chem. SOC., 5224 (1963). 
(22) The facile lactonization of methyl 4-hydroxybutyrate has been noted: H. 

C. Brown and K. A. Keblys, J. Org. Chem., 31, 485 (1966). 
(23) A. Kankaanpera and P. Salomaa, Acta Chem. Scand., 21,575 (1967). 
(24) P. Salomaa, A. Kankaanpera, E. Nikander, K. Kaipainen, and R. Aalto- 

nen, Acta Chem. Scand., 27, 153 (1973). 
(25) Nmr spectra were recorded with a Varian T-60 spectrometer. Spectra 

in CDC13 are relative to internal tetramethylsilane. Spectra in dimethyl 
sulfoxide-d6-D~0 are relative to external tetramethylsilane. 

(26) M. P. Cava, C. L. Wilson, and C. J. Williams, Jr., Chem. hd. (London), 
17 (1955). 

(27) These values are in contrast to the reported" A,,, 213 nm (t 42,000) 
(solvent not stated). 

(28) The nmr spectrum in CDCi3 is similar to that previously reported for the 
same solvent [S. Gronowitz, G. Sorlin. B. Gestblom, and R. A. Hoffman 
Ark. Kemi, 19, 483 (1963)] but differs considerably from the recently 
published2 spectrum in CC14. The chemical shifts given in ref 2 are all 
too low by about 2 ppm. 

Foundation. 

(29) C. C. Price and J. M. Judge, Org. Syn., 45, 22 (1965). 
(30) J. Cason, J. Amer. Chem. SOC., 64, 1106 (1942). 
(31) J. Cason, "Organic Syntheses," Collect. Vol. iil, Wiley, New York, N. Y., 

(32) E. B. Hershberg and J. Cason, "Organic Syntheses." Collect. Vol. 111, 
1955, p 170. 

Wiley, New York, N. Y.. 1955, p 627. 


