
Experiments with benzaldehyde are summarized in Table I. 
The triethylbenzylidene phosphonoacetate obtained in experi- 
ment No. 4, b.p. 140°/0.01 mm., n y  = 1.520-1.524, had the 
correct analysis. 

Anal. Calcd. for C1bH2105P: C, 57.7; H, 6.77. Found: C, 
57.2; H, 7.1. 

The cinnamic acid obtained from all experiments was 
identified by melting point and mixed melting point of the 
substawe itself and hv its p-bromophmacyl bromide de- 
rivative. m.p. 147.8 

The substanre obtained in experiment No. 2 had the cor- 
rect analysis for benzylidenebis(triethyl)phosphonoacetate), 

Anal. Calcd. for C23Ha801~P2: C, 51.57: H, 7.09. Found: 
CsHsCH[CH(COOC2Ha)PO(OC2Hs)212, IV. 

C, 51.67; H. 6 85. 
No attempt was made to establish the stiucture of this com- 

pound, but its analysis and the fact that i t  gave cinnamic 
acid on hydrolysis are strong evidence for its constitution. 

The reactzon of p-nztrobenzaldehyde with triethyl phosphono- 
acetate. In a representative experiment, 6 g. (0.0398 mole) of 
p-nitrobenzaldehyde and 5.5 g. (0.0246 mole) of triethyl 
phosphonoacetate were refluxed for 5 hr. in 60 ml. of pure 
ethanol containing 0.4 g. of piperidine. After removal of most 
of the solvent in vacuo, the residue solidified and melted a t  
80-85". After one recrystallization from dilute ethanol, the 
substance melted a t  86-87'' (fast heating) and 90-91' (slow 
heating). After the second recrystallization the substance 
melted a t  86" (fast heating) and at 138" (slow heating). 
After the third recrystallization the melting point n-as 138", 
both on fast and slow heating. 

The cis-ethyl p-nitrocinnamate is not described in the 
literature; the trans-ester melts a t  138O.* 

Anal. Calcd. for C1~H1lO*N: C, 59.8; H, 4.98; N, 6.34. 
Found: C, 60.2; H, 5.4; N, 6.3. 

On hydrolysis the substance yielded trans-p-nitrocinnamic 
acid, m.p. 285" der , shom-ing no depression with an authen- 
tic sample. 

Attempted reaction of benzophenone with triethyl phosphono- 
acetate. Using the same conditions as in the above experi- 
ment, over 85% of the benzophenone was recovered un- 
changed and no other product could be isolated from the re- 
action mixture. 
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In  our investigations dealing with substituted y- 
lactones3"" we became interested in the synthesis 
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of a,B-disubstituted y-butyrolactones, especially 
a#-unsymmetrically substituted y-butyrolactones. 
This type of butyrolactones occurs in nature as a 
class of l i gnan~ .~J  These are compounds which, at 
least formally, could be derived from substituted n- 
propylbenzenes which are dimerized by joining the 
0-carbon atoms of the side chain. Haworth and 
Woodcock6 gare a synthesis of such a compound, 
namely, matairesinol (I), and its dimethylether (11). 

In paper 1113" of this series we described a method 
which is generally applicable for the synthesis of 6- 
benzyl-y-butyrolactones. In  paper 13b of this series 
we showed that y-butyrolactone condenses with a 
large variety of aldehydes to yield a-benzylidene-y- 
butyrolactones. A combination of these two nieth- 
ods resulted in a convenient procedure for synthe- 
sizing symmetrically and unsymmetrically a,8-di- 
substituted y-butyrolactones. We tested this 
method in the synthesis of I1 as a member of a 
natural occurring lignan and in the synthesis of a- 
(4-dimet hylaminobenzgl) -p- (3,4-dime thosy benzyl) - 
y-butyrolactone as an example for an a,p-un- 
symmetrically substituted y-butyrolactone. 

The following chart illustrates the route of the 
syntheses. 

RCHz 
n 

i O & O  I , A O  

R = 3,4-dimethoxyphenyl 
R' = 3,4-dioxymethylenephenyl 
R" = 4-dimethylaminophenyl 

3 RCHO + diethyl succinate (Route by Haworth et al.6) 

RCHz CH2K AI-amalgam n 

11 

IT was converted into a dinitro derivative. I1 and its 
dinitro derivative synthesized by this route were 
identical in melting points and infrared spectra 
with I1 and dinitro-I1 prepared by Haworth's 
method. Both compounds gave no depressions when 
mixed melting points were determined. 
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As is shown in the condensation between piper- 
onal and 0-veratryl- y-butyrolactone this method is 
not restricted to  a few aldehydes but is obviously a 
general one for the synthesis of +disubstituted 
y-but,yrolactones. 

We are presently engaged in applying this route 
in the preparation of other lignans of the a,P-ben- 
zylbutyrolactone class. 

EXPERIMENTAL 

Melting points are uncorrected. hlicroanalyses by A. 
Bernhardt, Mikroanalytisches Laboratorium im Max- 
Planck-Institut, Mulheim/Ruhr, Germany. 

The infrared spectra xere taken in nujol mulls on a Baird 
double-beam spectrophotometer. 

dl-a-(3,~-Dimethoxybenzylidene)-~-(S,4-dimethoxybenzyl)- 
butyrolactone. Two grams (8.5 millimoles) of /3-(3,4-dimeth- 
oxybenzyl)butyrolactone,3 1.4 g. (8.5 millimoles) of veratral- 
dehyde, 0.5 g. (9 millimoles) of sodium methoxide, and 16 
ml. of benzene were kept in a stoppered bottle for 6 days with 
occasional shaking. Sulfuric acid, 25 ml. of 2N, was added; 
after some agitating, the layers were separated. The aqueous 
layer was once more extracted with benzene and the com- 
bined  organic^ phase \vas washed successively with 10% 
sodium bisulfite and 2N sodium carbonate solutions, then 
with water. After removal of the solvent a brownish oil re- 
mained which was taken up in methanol-ether. The com- 
pound crystallized after standing in the refrigerator for 
about 10 days; in lat'er experiments, the process could be 
accelerated by seeding. The crude first fraction (0.5 g.; m.p. 
130-131') was brownish but could easily be vashed color- 
less with a small amount of methanol. By working up the 
filtrates, an additional 0.4 g. (m.p. 127-128") of the com- 
pound was obtained; t.otal yield 0.9 g. (28%). The analytical 
sample melted a t  131-131.5'; microcrystalline powder from 
methanol. The infrared spectrum was as follows: 5.77 p and 
6.08 p (lactonic C=O, C=C double bond). 

Anal. Calcd. for CP."2406: C, 68.73; H, 6.29. Found: C, 
68.57; H, 6.19. 

dl-cu,/3-Bis(S,4-dinzethoxybenzyl)butyrolactone (dl-Matairesi- 
nol dimethyl ether) (11). A. One gram of a,p-bis(3,4-dimeth- 
oxybenzy1)succinic anhydride (m.p. 109-111"; lit., m.p. 
110-112") was reduced TTith amalgamated aluminum ac- 
cording to Haworth and Woodcock.6 The work-up procedure 
was changed as follon-8: After filtration, the alumina was 
extracted (Soxhlet, 24 hr.) with chloroform; evaporation of 
the combined extract and filtrate yielded an oil which was 
refluxed with 5T methanolic potassium hydroxide solution 
(10 ml.) for 30 min. The methanol was removed, the residue 
taken up in water (10 ml.), the aqueous solution washed 
ttvice with methylene chloride, acidified \1 ith hydrochloric 
acid, and heated on a water bath for 1 hr. The cooled mix- 
ture was extracted with chloroform, t,he extract washed 
1vit.h sodium bicarbonate solution and wat,er, dried (sodium 
sulfate), and the solvent removed. The residue was taken 
up in methanol t'o give 420 mg. (4374) of the lactone, m.p. 
111-113°. One recrystallization from methanol raised the 
melt,ing point to 112-114" (lit., 113-115'). 

B. The prerrding iinsaturat>ed lactone (2.60 g.) was hydro- 
genated in methanol with platinum oxide (50 p.s.i.). The 
rrude product, (2.52 g.)  \vas an almost, rolorless oil; its 
methanolic solution did riot, deposit) any crystals, even 
after standing in the refrigerator for 1 year. Crystallization 
could easily be induced, however, by seeding with a sample 
prepared by procedure A ;  1.56 g. (60%) of short white 
prisms, m.p. 102-107", were obtained. Two recrystallizations 
from methanol gave mat,erial melting a t  112-114", un- 
changed wheiI mixed wit,h il. sample prepared by procedure 
A. The infrared spectra (5.67 p )  were idrntical. 
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and WoodcockG: (1) from the reduction product of the anhy- 
dride (yellow needles from chloroform-methanol, m.p. 193- 
194'; lit.: 191-192'), and (2) from the crude hydrogen- 
ation product (yellow needles from dioxane-methanol, m.p. 
190.5-191.5'). Mixed melting point of the two specimens was 
191-193'. The infrared spectra ( 5 . 6 9 ~ )  were identical. 

Anal. Calcd. for C22H24N;2010: C, 55.46; H, 5.08; S, 5.88. 
Found: C, 55.45; H, 5.14; 1, 5.80. 

dl-a-( p-Dimethylaminobenz ylidene)-/3-( 3,4-dimethox ybenz yl)- 
butyrolactone was obtained from &(3,4-dimethoxybenzyl)- 
butyrolactone and p-dimethylaminobenzaldehyde as above, 
with a yield of 43% as pale-yellow short needles from 
dioxane-methanol, n1.p. 193-193.5" ; infrared spectrum: 
5.74 Band 6.12 p. 

Found: C, 72.00: H, 6.73: N. 3.99. 
Anal. Calcd. for C2*H2sB04: C, 71.91; H, 6.86; ?j, 3.81. 

dl-cu-( p-Diwieth ylamznobenz yl)-p-( 3,4-dimethox ybenzy1)- 
butyrolactone was prepared by hydrogenation of the pre- 
ceding compound in 60% yield, as colorless blocks from 
methanol, m.p. 115-115.5'. The infrared spectrum wa8 as 
follows. 5 . 6 4 , ~  (no peak at  -6.1 8, no C=C-unsaturation). 

Anal .  Calcd. for C22H27N04: C, 71.52; H, 7.37; K, 3.79. 
Found: C, 71.76; H, 7.47; S, 3.84. 

dl -CY-( 3,4-.V! eth ylenedioxzjbenz y1idene)- p-( 3,4-dimethoxy- 
benzy1)butyrolactone was prepared from /3-(3,4-dimethoxy- 
benxy1)butyrolactone and piperonal as above, yield 12% as 
pale-yellowish short needles from methanol, m.p. 97-97.5'. 
The infrared spectrum showed the folloLving bands: 5.75 
and 6.10 p. 

68.40; H, 5.44. 
Anal. Calcd. for C21H2~08: C, 68.47; H, 5.47; Found: C, 

and 6.10 p. 

68.40; H, 5.44. 
Anal. Calcd. for C21H2~08: C, 68.47; H, 5.47; Found: C, 
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In order to study the pharmacological properties 
of ketones and basic esters related to diphenylacetic 
acid, the preparation of a number of such com- 
pounds (Table I) was required. These molecules 
are of interest since they are structurally related 
to substances possessing antispasmodic, local an- 
esthetic, anti-adrenal, and analgetic activities. 

Most of the final compounds prepared in the 
present study possess nuclear amino groups. 2,2- 
Bis(pnitropheny1)propionic. acid (I) and 2 ,2 -  
bis(pnitropheny1)acetic acid (11) were pre- 
pared by acid hydrolysis of the respective methyl 
esters. The reported' facile decarboxylation of I1 
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