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Anal. Calcd. for CITHzzOs: C, 66.66; H, 7.24. Found: 
C, 66.60; H, 7.56. 

a-( 3,5-Dimethyl-2-hydroxyphenyl)glutaconic Acid, E -  

Lactone (VIII).-The solid obtained from the reaction of 20.2 
g. of diethyl a-ketoglut'arate (0.1 mole) and 21.1 g. of 2,4- 
xylenol (0.2 mole) was collected and dried, yield 21.6 g. 
This was steam distilled and the residue refluxed for 16 hr. 
with 40 g. of potassium hydroxide (0.71 mole), 120 ml. of 
water, and 40 ml. of ethanol. The hot solution was treat,ed 
with decolorizing charcoal, filtered, and acidified with dilute 
hydrochloric acid. Filtration vielded 21.6 g. of yellow solid. 
Recrystallization from 150 ml. of nitromethane yielded 3.5 
g. (15%) of white microcrystalline product, m.p. 240-244' 
dec. -4n analytical sample was obtained after two additional 
crystallizations from nitromethane, n1.p. 245-2.26.5" dec. 

Snal.  Calcd. for C13H1?04: C, 67.23: H, 5.20. Found: 
C, 67.28; H, 5.31. 

The nitromethane mother liquoi. from VI11 was stripped 
a t  reduced pressure and 60" and the residue continuously 
extracted with 225 ml. of met,hylcyclohexane for 12 hr. 
Evaporation of the solvent left a residue which was taken 
up in 22.4 g. of potassium hydroxide (0.4 mole), and 150 
ml. of water. Acidification and filtration yielded 7.6 g. 
(22.543) of yellow solid, m.p. 105-108'. Recrystallization 
from glacial acetic acid-water gave 4.5 g. of 3-[4-(6,8-di- 
methyldihydrocoumaryl)] -5,7-dime t h yl c o u m  a r  a n-  2 -on e 
(XV), m.p. 129-131'. An analytical sample was obtained 
after two recrystallizations from niethylcyclohcsane; n1.p. 
148-150". 

.Inal. Calcd. for C21H2004: C, 74.98; H, 5.99. Found: 
C, 75.10; H, 6.18. 

a-( 3,5-Dimethyl-2-hydroxyphenyl)glutaric Acid, €-Lactone 
(X).-Two grams of a-( 3,5-dimethyl-2-hydroxyphenyl)glut- 
aconic acid, €-lactone (0,0086 mole), 0.1 g. of platinum oxide, 
and 25 ml. of glacial acetic acid were shaken at  room tem- 
perature for 2 hr. under an initial hydrogen pressure of 35 
p.s.i., after which time hydrogenation was complete. On 

pouring into ice water 1.7 g. (S5c/,) of white solid, m.p. 165- 
168", precipitated. .4n analytical sample was obtained 
after two recrystallizations from nitromethane; white nee- 
dles, m.p. 168-169.5". 

Anal. Calcd. for C13H1104: C, 66.66, €1, 6.02. Found: 
C, 66.55; H, 5.94. 

' P,p-Bis(3;5-dimethyl-4-hydroxyphenyl)adipic Acid.--The 
crude product obtained from the reaction of 33.5 g. of diethyl 
6-ketoadipate (0.155 mole) and 37.8 g. of 2,6-xylenol (0.31 
mole) was steam distilled and refluxed for 16 hr. with 40 g. of 
potassium hydroxide (0.71 mole), 120 ml. of water, and -10 
ml. of ethanol. i\cidification with dilute hydrochloric acid 
and filtration yielded 9 g. of tan solid. Trituration with hot 
1,2-dichloroethane left 3 g. (5%) of residue; m.p. 189.5- 
195' dec. An analytical sample was obtained after four 
recrystallizations from nitromethane; white needles, m.p. 
210-212" dec. 

-4nal. Calcd. for C22H260~: C, 68.38; H, 6.78. Found: 
C, 67.83; H, 6.76. 

4-( 2-Carbethoxyethyl) 6,8-dimethylcoumarin (XXII) .- 
The oil obtained from the reaction of 19 g. of diethyl 8- 
ketoadipate (0.088 mole) and 21.5 g. of 2,4-xylenol (0.176 
mole) solidified on standing and was collected, yicld 4.6 g. 
(19%); m.p. 82-84". Four recrystallizations from methyl- 
cyclohexane-methanol yielded 2 g. of white necdles, m.p. 

A n d .  Calcd. for C16Hl8O4: C, 70.06; H, 6.61. Found: 
85-85.5'. 

C, 69.94; H, 6.46. 
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The reaction of dichlorocarbene ivith the sodium salt of diethyl malonate (I) has been shown to lead to  the formation of 
A plausible mechanistic route leading to formation the sodium salt of tetraethylpropene-l,1,3,3-tetracarboxglate (11). 

of I1 is presented and discussed. 

The reaction of the sodium salt of diethyl 
malonate (I) with chloroform in the presence of 
sodium ethoxide has been reported to yield the 
sodium salt of tetraethylpropene-l,1-3,3-tetra- 
carboxylate (11) . 3  Since Him4 has clearly demon- 
strated that the basic hydrolysis of chloroform 
proceeds via dichlorocarbene, i t  seemed probable 

(1) NDEA F ~ l l o w .  
( 2 )  American Cyanamid Company, Bound Brook, New Jersey. 
(81 (a) &I. Conrad and  M. Guthzeit, Cnem. Ber., 16, 2841 (1882). 
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(d) L. Bateman and H. P. 

(1)) C. Coutelle, J. pralct. Chem., 181, 49 (1906). 
W. J .  Powell, J .  Chem. Soc., 1222 (1921). 
Koch, zbtd., 216 (1945). 

(4) .J. Hine, .I. Am. Chem. Soc., 72, 2438 (1960). 

that I1 was formed from reactioii with a cwbene 
precursor. In order to elucidate the mechanism 
of formation of 11, a study of this reaction was per- 
formed. 

Na' 6H( COz13t)A ( E t O l C ) 2 6 - - C : H = ~ ( ~ O z ~ ~ t ) ~ N a t  
I I1 

To obtain evidence for the possible intermediacy 
of dichlororarbene. the sodium salt of diethyl 
malonate (I) mas preparcd in dry 1,2-dimethosy- 
ethane and to this solution sodium trichloroacetatc 
u-as added in approximately a 2:  1 molar ratio. 
The resrilting solution was refluxed for one hour, 
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and the precipitated salt was removed from the hot 
solution by filtration. By concentrating and cool- 
ing the filtrate, I1 was obtained in 52% yield (based 
on diethyl malonate). Similarly, the reaction of I 
with ethyl trichloroacetate and sodium methoxide 
yielded 17% of I1 (based on acetate). The sodium 
salt (11) was also obtained from the reaction of I 
with chloroform and sodium ethoxide (46%), 
with bromoform and sodium ethoxide (34%), 
and with chloroform alone (14%). The identity 
of these products was established by spectral and 
degradation data. 

The results obtained in all cases are most readily 
rationalized via a carbene attack on the carbanion 
(I). The formation of dichlorocarbene is well 
substantiated during the thermal decomposition 
of sodium trichloroacetate in aprotic s o l v e n t ~ , ~  
during the basic decomposition of ethyl trichloro- 
acetate,6 and during the basic decomposition of 
chloroform or b r o m o f ~ r m . ~ ? ~  I n  the reaction of 
the sodium salt of diethyl malonate (I) with 
chloroform, the carbanion (I) acts both as a base 
to generate dichlorocarbene and as a nucleophile 
t o  add dichlorocarbene. The formation of I1 
in these reactions can be rationalized in the follom- 
ing mechanistic route: 

I f CCh 1, C1-y-C(COzEt)z -% C1-&cc(COnEt)r 

H 

,I 

r': 

cg 
VI 

I1 (Et0zC)zCH-CH=C(COzEt)z 
VI1 

Step 1 resembles the previously report,ed nucleo- 
philic additions of alkyllithium compounds to 
chlorocarbene* and phenylsodium to methylene, 
CH2.9 Because of the acidic nature of the hydro- 
gen in 111, an intramolecular proton transfer 
should readily occur, step 2, and t8he carbanion 
(IV) thus formed should undergo p-elimination to 
yield diethyl chloromethylenemalonate (V), step 3. 
It is also possible t'hat chloride ion is lost from I11 
simultaneously with hydrogen migrat'ion leading 
directly to V, step 2'. The Michael addition of 
the sodium salt of diethyl malonate (I) to V, step 
4, would yield the carbanion (VI), which would 

(5) (a) W. M. Wagner, Proc. Chem. Soc., 229 (1959). (b) W. E. 
Parham and R. Koncos, J .  Am. Chem. Soc., 83, 4034 (1961). 

(6) W. E. Parham and E. E. Schweiaer, J .  Ow. Chem., 2 4 ,  1738 
i 19.59). 

(7) For a recent oarbene review: W. Kirnise, Augew. Chem., 73, 
161 (1961). 
(8) (a) G. L. Closs and L. E. Closs, J .  A m .  Chem. Soc., 31, 4996 

(1959). 
(9) L. Frirdman and .T. G .  RPrger, ibid. ,  82, 5758 (1960). 

(b) G. L. Closs, i b i d . 3 4 ,  809 (1962). 

undergo P-elimination of chloride ion to yield VII, 
step 5 .  A proton transfer from VI1 to I or sodium 
ethoxide would result in the formation of 11, step 6. 

Some support is possibly afforded step 2 by the 
fact that the addition of dichlorocarbene to the 
sodium salt of diethyl methylmalonate yields as 
the major product diethyl dichloromethylmethyl- 
malonate.1° However, it  may also be possible 
that since methyl migration is a much slower proc- 
ess compared to hydrogen migration, the anion 
here may have a long enough lifetime to combine 
with a proton. The Michael addition step is sup- 
ported by the fact that diethyl ethoxymethylene- 
malonate has been reported to yield I1 in the re- 
action with the sodium salt of diethyl malonate 
(I).lla Similar results have been reported for the 
reaction of ethoxymethylenemalononitrile with 
carbanions.'lb 

The postulated mechanistic scheme can also 
accommodate the reported formation of disubsti- 
tution products comparable to I1 in the reaction 
of ethyl cyanoacetatelza and malononitrilelzb with 
chloroform and sodium ethoxide and many other 
reactions of active methylene compounds under 
these conditions. These reactions are currently 
under investigation. 

E~perirnental'~ 
(a) Reaction of I with Chloroform and Sodium Eth- 

oxide.3b-To a solution of sodium ethoxide, prepared by 
treating sodium (9.2 g., 0.4 g.-atom) with 200 ml. of abso- 
lute ethanol, there was added diethyl malonat'e (32.0 g., 
0.2 mole). Chloroform (12.0 g., 0.1 mole) was added drop- 
wise to the stirred solution. The mixture was reflused with 
stirring for 30 niin., during which time a solid precipit,ated. 
The mixture was filtered while hot and the residual solid 
(19.5 9:) was washed with hot ethanol. After partial con- 
centration and cooling, yellow crystals deposited from the 
dark red filtrat'e. The sodium salt (II), 16.2 g., 46% based 
on chloroform, mas filtered and crystallized from ethanol 
to yield nearly quantitatively yellow crystals of m.p. 
271-2i4"; lit. m.p.3d 260"; infrared 6.00, 6.50, 8.06, 
8.75, 9.30 /I. 

(b) Reaction of I with Bromoform and Sodium Ethoxide. 
-To a solution of sodium ethoside prepared by reacting 
sodium metal (9.2 g., 0.4 g.-atom) with 200 ml. of absolute 
ethanol, t,here was added diethyl mnlonate (32.0 g., 0.2 
mole). Bromoform (27.3 g., 0.1 mole) was added dropwise 
t,o the stirred solution. A y~llow color immediately de- 
veloped. The mixt,ure was refluxed for 30 min. a~ ld  was 
filt,ered while hot. The residual solid was washed with 
et,hanol. Or1 conwntration and cooling crj-stals separated 
from the dark red filt'rate. The sodium salt (11), 11.8 g., 
34yc based on bromoform, was filtered and recrystallized 
from ethanol. The infrared spectrum was identical to t,hat 
of the product obtained in (a) .  

Reaction of I with Sodium Trich1oroacetate.--To H, 

solut,ion of diethyl malonate (32.0 g., 0.2 mole) in 100 ml. of 
(c) 

(10) A. P. Krapcho. J .  O w .  Chem., 27, 2375 (1962). 
(11) (a) H. J. Schaeffer and B. R. Baker. zb id . ,  23, 625 (1958). 

(b) S. 0. Cottiu and H. Tisckslmann, ihid., 26, 79 (1961). 
(12)  (a) Y. Ruheman and K. Browning, J .  Chem. Soc., 73, 281) 

(1898). 
(13) All melting points were determined on a melting point block 

and are uncorrected. Infrared spectra xere  recorded on a Perkin- 
Elmer Model 21  recording spectrometer. The analysis WHS per- 
forttied by t h e  Schwarzkopf l l icroanxlyt ical  Lnhorntory. 

(b) A. Kota and R. Zornig, J .  prakf .  Chem., 182, 425 (1906). 
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1,2-dimethoxyetharic (distilled from lithium aluminum 
hydride) was added sodium (4.6 g., 0.2 g.-atom). -4 vigor- 
ous evolution of hydrogen resulted. To  the stirred solution 
was added sodium trichloroacetate (35.0 g., 0.188 mole) 
and the mixture was refluxed with stirring for 1 hr., during 
which time a tan solid eeparated. A vigorous evolution 
of carbon dioxide occurred. The mixture was filtered hot 
and the residual solid (24.F g.) was washed with hot 1,3- 
dimethoxyethane. On partial Concentration and cooling 
crystals separated from the red-brown filtrate. The sodium 
salt (11), 12.5 g., 52% yield based on 3 moles of I to yield 1 
mole of 11, was filtered and recrystallized from ethanol, 
m.p. 274-276’. The infrared spectrum was identical to 
the spectra of I1 produced in the bromoform and chloroform 
reactions. 

Anal .  Calcd. for C1;H~,Os?;a: C, 51.11; H, 6.01. 
Found: C, 51.04; H, 6.28. 

The salt (11) was shaken with dilute hydrochloric acid and 
rther until the yellow cdor disappeared. The ether extract 
was washed with water and the ether was evaporated using a 
Rinco evaporator. The product was dried over anhydrous 
sodium sulfate aiid pumppd under a pressure of 0.3 mm. to 
remove traces of ether. The infrared spectrum of this tetra- 
ester was identical to that of the free ester prepared under 
these conditions from the product of the chloroform-sodium 
ethoxide run above. 

Reaction of I with Chloroform.-To a solution of 
diethyl malonate (32.0 g., 0.2 mole) in 100 ml. of 1,2-di- 
methoxyethane (distilled from lithium aluminum hydride) 

(d)  

was added sodium (4.6 g., 0.2 g.-atom). A vigorous evolu- 
tion of hydrogen occurred. To the stirred solution chloro- 
form (12.0 g., 0.1 mole) was added dropwise. The mixture 
was refluxed for 16 hr., during which time a yellow solid 
separated. The mixture was filtered while hot and the 
residual solid (9.0 9.) wm washed with hot 1,2-dimethoxy- 
rthane. On concentration and cooling crystals deposited 
from the filtrate. The salt (11), 12.0 g., 14y0 based on 4 
moles of I to yield 1 mole of 11, was filtered and recrystal- 
lized from ethanol, m.p. 274-276’. The infrared spectrum 
was identical t o  the spectra of the samples previously 
isolated. 

(e) Reaction of I with Ethyl Trichloroacetate-Sodium 
Methoxide.-To a solution of diethyl malonate (32.0 g., 
0.2 mole) in 75 ml. of 1,2-dimethoxyethane (commercial 
grade) was added sodium (4.5 g., 0.2 g.-atom). A vigorous 
evolution of hydrogen occurred. The solution waa cooled to 
0’ and sodium methoxide (5.4 g., 0.1 mole) was added. To 
the stirred mixture ethyl trichloroacetate (19.2 g., 0.1 
mole) was added dropwise. A muddy brown precipitate 
formed immediately. The reaction mixture was stirred for 
8 hr. a t  0”. The mixture was filtered and the filtrate was 
evaporated to dryness with a Rinco evaporator. The resi- 
due was extracted in a Soxhlet extractor for 24 hr. (ethanol) 
and yielded I1 (6.0 g., 17% based on acetate). The infrared 
spectrum was identical to that of the above products. 
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The synthesis of a,a-dimethoxy-a-t-butylperosytoluene (I), or,cu,a’,or’-tetramethoxy-or,or’-di(t-butylperoxy)-p-~~lcne (I1 j, 
and a,a,or’,a’-tetranirthoxy-a,ol’-di(t-but~lperoxy)-~-sylene (111) from the related methyl ortho esters and t-butyl hydro- 
peroxide is described. The thermal decomposition of these perortho esters in both cumene and t-butylbeneene lead to 
t-butoxy and subgtituted a,a-dimethoxybenzglo~y radicals. The latter fragment to methyl arylcarboxylates and methoxy 
radicals about ten times more readily than the competitive fragmentation to dimethyl carbonate and aryl free radicals. 

The thermal decomposition of peresters, RCOsR’, 
has been well est’ablished as a source of free radicals 
capable of initiating vinyl polymerization.’ The 
kinetics of decomposition indicate that homolysis 
of either the 0-0 bond alone2 or both 0-0 and 
R-C bonds simultaileously are occurring, de- 
pending on the nature of R.3 In contrast, much 
less is known about perortho esters, RC(0R’)z- 
OOR”.4 These have been prepared by autoxida- 
tion of  acetal^,^^^ by transesterification of ortho 
esters with hydroperoxides7 and more recently, by 

(1) (a) N. A. Milas and D. &I. Surgenor, J .  A m .  Chem. SOC., 68,  
G42 (1946); (b) R. P. Perry and  K. P. Seltzer, Modern Ph8tiC8, 26, 
No. 3, 134 (1947). 

(2) (a) A. T. Blomquist and A. F. Ferris, J. Am.  Chem. Soo., 1 3 ,  
3408 (1951); (b) A. T. Blomquist and  I. A .  Bernstein, ibid., 1 3 ,  5546 
(1951). 

(3) P. D. Bttrtlett and R. R. Hiatt ,  ibid., 80, 1398 (1958). 
(4) R, R’ = alkyl or aryl. R” = alkyl, aryl, or RC(0R’)r--. 

Perortho esters containing more than  one peroxide group per ortho 
ester function are unknown. 

( 5 )  M. L e c h e r ,  dissertation, Rarlsruhe (1930). 
(n)  A .  Rieche, E. Schmitz, and E. Reyer, Chem. Ber., 91, 1035 

(1958). 

the addition of hydrogen peroxide to ketene ace- 
talsa; however, no studies of their thermal de- 
composition have been reported. In this work, 
the synthesis and decomposition of three perortho 
esters, a,a-dimethoxy-a-t-butylperoxytoluene (I), 
a,a,a’,a’- tetramethoxy-a,&-di(t-butylperoxy) - p -  

(7) A. Rieche, E. Sohmitz. and E. Beyer, %bid. .  91, 1942 (1958). 
(8) A. Rieche, E. Sohmitz, and  E. Grundemann, Angew. Chem., 12,  

635 (1960). 


