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ether-methanol gave 4-methylprogesterone (0.36 g.) as acetone-hexane yielded the hemi-ketal VIIId, m.p. 178-
needles, m.p. 155-157°, [O]D +235° , W 251 m/u (log e 180°, H D + 3 7 ° , Xmax 2.96 and 5.84 M-
4.18); Xmax 5.84. 6.00 and 6.20 u. , , ^ . , c ^ Tjr , . „ _ „ _ - - . . . „ „ . „ . 

, , „ . „ „ /Iwa/. Calcd. for C^HmO3: C, /6.;>;>; H, 10./.I. Found: 
Anal. Calcd. for C22H82O2: C, 80.44; H, 9.82. Found: c 70 14- H 10 60 

C, 80.60; H , 9.69. , . , , . . 
The fractions eluted with ether on crystallization from REHOVOTH, ISRAEL 
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A crystalline lactone, isolated in 15% yield after treatment of a-cinenic acid (I) with concentrated sulfuric acid, has been 
shown to possess structure I I I . This lactone has been synthesized using a two-step procedure involving the Diels-Alder 
addition of isoprene to ethyl methacrylate and lactonization of the resultant adduct. The formation of I I I from I involves a 
reaction sequence which is unrelated to the carboxyl transfer process which produces geronic acid (I I ) . 

Introduction 
As a continuation of our study of the acid-cata­

lyzed rearrangements of a-cinenic acid (I), we have 
investigated the structure of the crystalline lactone, 
C9H14O2, which is formed in about 15% yield when 
a-cinenic acid is isomerized to geronic acid (II) (see 
eq. I).2 '3 The results of these synthetic anddegra-
dative studies are presented below. 
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On the basis of a mechanism for the formation of 
II which is now known to be erroneous (eq. 2a), 
Rupe derived formula III2 for the lactonic product 
(eq. 2b). The support for this formulation, aside 
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from these "theoretical" considerations, came only 
from the observations that the lactone was satu­
rated (therefore bicyclic) and that it could be hy-
drolyzed to a hydroxy-acid which dehydrated to 
regenerate the original lactone. Since this rather in­
complete evidence in favor of III is weakened by 
the discovery that the formation of II involves a 
carboxyl transfer process rather than the path 

(1) Presented at the 131st National Meeting, American Chemical 
Society, Miami, Florida, April, 1957. For the previous paper in this 
series see J. Meinwald and C. C. Cornwall, T H I S JOURNAL, 77, 5991 
(1955). 

(2) H. Rupe and C. Liechtenhan, Ber., 41, 1278 (1908). 
(3) H. Rupe and H. Hirschmann, HeIv. CMm. Acta, 16, 505 (1933). 

shown in equation 2,4 we have sought a rigorous 
proof of the lactone structure. 

Structure Proof 
The rearrangement of I was carried out as pre­

viously described, and a crystalline lactone, m.p. 
50-51°, was obtained from the neutral portion of 
the product. A Kuhn-Roth determination indi­
cated the presence of two C-methyl groups. The 
infrared spectrum of the crystalline lactone (in 
Nujol) showed a maximum at 5.60 p.. More signifi­
cantly, in chloroform solution the lactone showed 
maximal absorption at 5.67 /u,. Since these findings 
were in accord with the proposed structure, an in­
dependent synthesis of this structure was under­
taken as the simplest method of unambiguous iden­
tification. The method chosen for the synthesis is 
outlined in Chart 1. Diels-Alder addition of iso­
prene to ethyl methacrylate gave a mixture of ad-
ducts, not easily separable into its individual com­
ponents by fractional distillation. The formation 
of both of the theoretically possible products was 
anticipated, and ensured the success of the synthe­
sis. Treatment of the mixture with sulfuric acid 
in acetic acid gave a mixture of lactones, from which 
HI, m.p. 50-51°, and IV, m.p. 48-49°, were isolated 
by distillation and purified by crystallization. These 
were the lactones to be expected from acid-catalyzed 
cyclization following Markownikoff's rule. In ac­
cord with the structural assignments. III showed 
lactonic absorption at 5.67 /J. (in chloroform) while 
IV showed absorption at 5.80 /J. (in chloroform). 
The reported carbonyl bands for the known models 

VI YII 

VI and VII are at 5.67 and 5.76 ju, respectively.5 

Finally, III was degraded in good yield to w-xylene 
(identified by conversion to its trinitro derivative, as 
well as by its infrared and ultraviolet spectra) by 

(4) J. Meinwald, THIS JOURNAL, 77, 1617 (1955). 
(5) R. Grewe, A. Heinke and C. Sommer, Chem. Ber., 89, 1978 

(1950). 
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heating with a barium oxide-palladium-on-charcoal 
mixture. Similarly, degradation of IV gave rise to 
a good yield of p-xylene. 
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CHART 1 

In an effort to separate the hydrolysis and lac-
tonization steps, and to characterize the acid in­
termediates, a base hydrolysis of the original adduct 
mixture was carried out. A liquid mixture of acids 
was obtained, which gave rise to a mixture of lac­
tones on acid treatment. (Chromatography of this 
mixture produced III and IV, but this procedure 
for preparing the lactones was much more tedious 
than that described previously.) The acid V, m.p. 
62-64°, was isolated from the crude adduct hy-
drolyzate by virtue of the fact that it slowly crystal­
lized from the mixture of acids. Its structure was 
proven by degradation to ^-xylene and cyclization 
to the 5-lactone, IV. Unfortunately, it was impos­
sible to characterize the acid precursor to the y-
lactone, III . 

An authentic sample of lactone III was now avail­
able from these synthetic experiments, and a direct 
comparison with the neutral a-cinenic acid product 
was possible. Indistinguishable infrared spectra 
and an undepressed mixture melting point proved 
these two samples to be identical. The melting 
point of the 7-lactone III was depressed strongly 
upon admixture with the 5-lactone IV. 

Concluding Remarks 
The transformation of I to III would seem to pro­

ceed by the series of steps outlined in equation 3, 
the essential features of which were present in 
Rupe's suggestion. I t should be pointed out, how­
ever, that this sequence is not entirely satisfactory. 
I t would be possible to circumvent the rather un-

I 
CH3—L ,\—CH3 

O C = O 
II I 

attractive intermediate (A) by postulating a cycliza­
tion concerted with loss of the hydroxyl group. In 
any event, it is apparent that this reaction is quite 
unrelated to the carboxyl transfer reaction respon­
sible for the production of geronic acid (II), and that 
II and III do not have a common carbocyclic pre­
cursor as previously postulated.2 Nevertheless, in­
sofar as the structure and genesis of III is concerned, 
these results pay tribute to Rupe's organic chemical 
intuition. 

Acknowledgment.—The authors are indebted 
to the National Science Foundation, whose sup­
port in the form of a Research Grant has made 
this research possible. 

Experimental 
Rearrangement of a-Cinenic Acid.—The rearrangement 

of 30 g. of I was carried out as described previously.2-4 A 
neutral fraction weighing 12.1 g. was obtained from the re­
action product by the usual extraction procedures. This 
material yielded a crystalline solid on chilling. Recrystalli-
zation from 30-60° petroleum ether gave 4.6 g. (15%) of 
white plates, m.p. 50-51°. The infrared spectrum of this 
material showed maxima at 5.60 M in Nujol and 5.67 y. in 
CHCl3 solution. 

Anal. Calcd. for C9H14O2: C, 70.10; H , 9.15; -CH 3 , 
19.4. Found: C, 69.86; H, 9.03; -CH 3 , 10.83. 

Addition of Isoprene to Ethyl Methacrylate.—Two 
hundred grams (1.76 moles) of ethyl methacrylate, 120 g. 
(1.76 moles) of freshly distilled isoprene and 2 g. of hydro-
quinone were placed in a steel bomb, heated at 200° over­
night, and cooled to room temperature. The crude reaction 
product (316 g.) was subjected to distillation at diminished 
pressure. A small amount of unreacted ethyl methacrylate 
(27 g.) was recovered. A mixture (24 g.) of ethyl metha­
crylate and adduct was collected below 65° (3 mm.) and the 
main portion of adduct (263 g.) was collected over the range 
66-72° (2.3-2.5 mm.) . The infrared spectrum of this ad­
duct was free of the sharp maximum at 6.10 M characteristic 
of ethyl methacrylate. The yield, based on unrecovered 
dienophile, corresponded to 95%. Slow redistillation of 
the main fraction failed to separate the two isomeric esters, 
but gave an analytical sample, b .p . 71-72° (2.5 mm.) . 

Anal. Calcd. for CnH18O2: C, 72.53; H, 9.84. Found: 
C, 72.73; H, 9.94. 

Lactonization of the Diels-Alder Adduct to III and IV. A. 
—Several techniques were used to prepare the desired lac­
tones. In one experiment, the adduct (1 g.) was boiled 
with 50% sulfuric acid for about two days. The neutral 
product (85%) from this experiment was chromatographed 
on a Magnesol-Celite (1:1) column, using 30-60° petroleum 
ether as solvent. The early fractions showed carbonyl 
absorption at 5.80 y., while later fractions showed a 5.65 n 
maximum. Fractions showing chiefly 7-lactone absorption 
were combined and recrystallized to give about 7 % of fine, 
colorless, platelike crystals, m.p. 50-51°, mixture m.p. with 
cinenic acid product 50-51°. The infrared spectra of the 
rearrangement product and the synthetic lactone were in­
distinguishable. 
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Some c rys ta l l ine 5-lactone was o b t a i n e d from a n ear ly 
f rac t ion. I t showed m . p . 4 8 - 4 9 ° after s u b l i m a t i o n . 

B . — T h e following t e c h n i q u e g a v e b o t h I I I a n d I V as 
c rys ta l l ine p r o d u c t s in r ea sonab l e y ie ld . T e n g r a m s of 
a d d u c t was dissolved in 30 m l . of glacial ace t ic acid a n d 1 m l . 
of c o n c e n t r a t e d sulfuric ac id was a d d e d . After s t a n d i n g a t 
room t e m p e r a t u r e for 06 h o u r s , t h e honey-co lored r eac t ion 
m i x t u r e was n e u t r a l i z e d w i th s a t u r a t e d sod ium b i c a r b o n a t e 
so lu t ion . T h e n e u t r a l p r o d u c t was isola ted b y e the r ex­
t rac t ion in t h e u sua l m a i m e r , a n d 7 g. ( 8 3 % ) of l ac tone mix­
tu re was o b t a i n e d . V a c u u m dis t i l la t ion s e p a r a t e d th i s mix­
tu r e in to t w o m a i n f rac t ions , b . p . 7 0 - 7 2 ° (1 .5 m m . ) a n d 7 9 -
81° (1 .0 m m . ) , r e spec t ive ly . T h e s e p r o d u c t s solidified on 
cool ing, t h e lower boi l ing c u t y ie ld ing 2.9 g. of 7 - l ac tone 
( m . p . 5 0 - 5 1 ° after t ec rys t a l l i za t iou from p e t r o l e u m e the r ) 
a n d t h e h igher boi l ing giving 4.0 g. of 5-lactone ( m . p . 4 8 -
49° after r ec rys ta l l i za t ion from p e t r o l e u m e t h e r ) . 

T h e 5-lactone was resubl imed t o yield an a n a l y t i c a l 
s a m p l e , m . p . 4 8 - 4 9 ° . I t h a d a single s h a r p m a x i m u m in 
chloroform a t 5.80 /1. 

Anal. Ca lcd . for C9H14O.,: C, 70 .10 ; H , 9 .15 . F o u n d : 
C, 0 9 . 9 1 ; H , 9 .00 . 

D e g r a d a t i o n of I I I to wz-Xylene.—One g r a m (0.000 mole) 
of I I I ( m . p . 5 0 - 5 1 ° ) was g r o u n d t o a fine p o w d e r a n d mixed 
t h o r o u g h l y w i th 300 m g . of 1 0 % p a l l a d i u m - c h a r c o a l and 
3.0 g. of b a r i u m oxide . T h e m i x t u r e was placed in a 25-ml . 
dist i l l ing flask a n d h e a t e d gen t ly over a micro-f lame. T h e 
p r o d u c t , TO-xylene, c a m e over r ead i ly as a colorless l iqu id . 
T h e yield was 0 .55 g. ( 8 0 % ) . F o r c o m p l e t e ident i f icat ion 
of th is p r o d u c t , inf rared a n d u l t r av io l e t spec t r a were t a k e n 
a n d a n i t ro d e r i v a t i v e was p r e p a r e d . M a x i m a a t 13.00, 
13.75 a n d 14.50 n in t h e infrared6 a n d a t 259 , 265 .4 , 268 .8 
and 272 .5 m,u in t h e u l t r av io l e t , 7 all cha rac te r i s t i c of m-
xylene , were o b s e r v e d . N i t r a t i o n of 500 m g . of t h e degra ­
da t ion p r o d u c t us ing 2 m l . of c o n c e n t r a t e d sulfuric ac id a n d 
2 m l . of fuming n i t r i c ac id , a n d keep ing t h e m i x t u r e a t 100° 
for 20 m i n u t e s , g a v e a w h i t e p r ec ip i t a t e w h e n t h e r eac t ion 
m i x t u r e was p o u r e d o n t o ice. After r ec rys ta l l i za t ion from 
9 5 % e t h a n o l , fine, pa l e yel low, needles , m . p . 177-180° 
( l i t . 8 182° ) , were obtained". A me l t i ng po in t of 177 -181° 

((O F. D. Rossini, et a!., "Infrared Spectral Data," American 
Petroleum Institute Research Project 44, Carnegie Institute of Tech" 
nology, Pittsburgh, Pennsylvania, 1955, Serial Xo. 311. 

(7) "Ultraviolet Spectral Data," American Petroleum Institute Re­
search Project 44, Carnegie Institute of Technology, Pittsburgh, 
Pennsylvania, 10Ki, Serial Ko. 51, 

The nitration of m-tyrosine has been shown1 to 
produce three crystalline isomers of /3-(3-hydroxy-
dinitrophenyl)-D,L-alanine which upon acetylation 
yielded three isomers of N-acetyl-/3-(3-hydroxy-
dinitrophenyl)-D,L-alanine; methylation of two of 
these compounds afforded two isomers of N-acetyl-
/3-(3-methoxydinitrophenyl)-D,L-alanine methyl 
ester. Hydrolysis and deacetylation of these two 
methyl esters gave the two isomeric /3-(3-methoxy-
dinitrophenyl)-D,L-alanines. The present paper 

(1) E. I,. Jackson, Tins JOURNAL, 77, 4860 (1955). 
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was observed on a d m i x t u r e wi th an a u t h e n t i c s ample of 2 ,4 , -
6-trinitro-jM-xylene. 

D e g r a d a t i o n of IV to p-Xylene.—Five h u n d r e d m g . (0 .003 
mole) of IV ( m . p . 4 8 - 4 9 ° ) was deg raded in a fashion paral le l 
t o t h a t descr ibed a b o v e . A yield of 300 m g . ( 8 8 % 1 of />-
xylene was o b t a i n e d . T h e p r o d u c t was identified by its 
cha rac te r i s t i c infrared (12 .58 , 13.72, 14.41 JJ.)'' and u l t r a ­
violet (260 .7 . 2 0 6 . 1 , 269 .0 , 275.0 IIUJ)1" s p e c t r a . 

B a s e H y d r o l y s i s of t h e D i e l s - A l d e r Adduc t , - -For ty 
g rams (0 .22 mole) of t h e Die l s -Alde r a d d u c t was refluxed 
wi th 210 m l . of 59?) p o t a s s i u m h y d r o x i d e solut ion for 70 
h o u r s . N'ot all t h e ester had been hydro lyzed a t th i s po in t , 
a n d 8.5 g. of s t a r t i n g ma te r i a l was recovered b y e ther ex­
t r a c t i o n . T h e reac t ion m i x t u r e was then acidified wi th hy ­
drochlor ic acid a n d e x t i a c t e d w i th five 100-inl. po r t ions of 
e the r . T h e e the r layer was w a s h e d wi th w a t e r , dr ied over 
a n h y d r o u s m a g n e s i u m sulfa te a n d e v a p o r a t e d . V a c u u m 
dis t i l la t ion of t h e res idual acid gave a m a i n fraction (21 .9 g. , 
82%, yield on basis of ester c o n v e r t e d ) , b . p . 104-105° (1 .0 
mm.). Us ing a 70-cm. P o d b i e l n i a k c o l u m n , no ev idence 
for s e p a r a t i o n of isomers was o b t a i n e d . On cooling, how­
ever , t h e ac id slowly depos i t ed c rys ta l s of V . These c rys ­
ta ls were col lected a n d w a s h e d w i t h p e t r o l e u m e t h e r . T h e 
c rude m a t e r i a l , m . p . 6 0 - 6 4 ° , g a v e an ana ly t i ca l s a m p l e , 
m . p . 6 2 - 6 4 ° , on v a c u u m s u b l i m a t i o n . 

Anal. Ca lcd . for C9H1-O.,: C, 70 .10 ; 1 1 , 9 . 1 5 . F o u n d : 
C, 69 .84 ; H , 8 . 9 1 . 

D e g r a d a t i o n of V to />-Xylene.—Five h u n d r e d m g . (0 .003 
mole ) of V yielded 200 m g . (58%,) of colorless d is t i l la te when 
sub jec ted t o p a l l a d i u m - c h a r c o a l a n d b a r i u m oxide d e g r a d a ­
t i on , as descr ibed a b o v e . T h e infrared s p e c t r u m of t h e 
p r o d u c t was ind i s t ingu i shab le from t h a t of a u t h e n t i c p-
xy lene . 

Lac ton iza t ion of V.—A solut ion of 2.76 g. (0 .018 mole) of 
V in 10 m l . of glacial acet ic ac id a n d 0 .25 m l . of concen­
t r a t e d sulfuric acid was al lowed t o s t a n d a t r o o m t e m p e r a ­
t u r e o v e r n i g h t . T h e n e u t r a l p r o d u c t was isola ted in t h e 
usual w a y , a n d a p p e a r e d as long needles as soon as t h e e the r 
was t a k e n off. T h e yield was 1.9 g. (69%;) . R e c r y s ­
ta l l i za t ion from 3 0 - 6 0 ° p e t r o l e u m e the r gave p u r e wh i t e 
needles , m . p . 4 8 - 4 9 ° . 

(S) I. M. Heilbron, "Dictionary of Organic Compounds," 2nd ed 
Vol. IV, Oxford University Press, New York, N. V., 1953, p. 027. 

(9) See reference 6. spectrum Serial No. 312. 
(10) See reference 7, spectrum Serial No. 57. 

I T H A C A , N E W Y O R K 

describes the third isomer of /3-(3-methoxydinitro-
phenyl)-D,L-alanine and its N-acetyl methyl es­
ter; it also establishes the orientation of the nitro 
groups for two of the isomers by their comparison 
with the authentic compounds which have been 
synthesized from 3-methoxy-2,6-dinitrobenzalde-
hyde and 3-methoxy-4,6-dinitrobenzaldehyde, the 
structures of which were proved by Hodgson and 
Beard2 and by Troger and Eicker.3 

(2) H. H. Hodgson and H. G. Beard, J. Ckem. Soc, 2375 (1927). 
(3) J. Troger and C. Eicker, J. prakt. C.hem., [2] 116, 17 (1927). 

[ C O N T R I B U T I O N F R O M T H E N A T I O N A L I N S T I T U T E O F A R T H R I T I S A N D M E T A B O L I C D I S E A S E S , N A T I O N A L I N S T I T U T E S O F H E A L T H ] 

The Synthesis of /3-(3-Methoxy-2,6-dinitrophenyl)-D,L-alanine and 
/3-(3-Methoxy-4,6-dinitrophenyl)-D,L-alanine. Proof of the Structures of Two Isomeric 

Dinitro-m-tyrosines 

BY ERNEST L. JACKSON 
R E C E I V E D D E C E M B E R 29, 1956 

S-(3-Methoxy-2 ,6-d in i t rophenyl ) -D,L-a lan ine a n d /3-(3-methoxy-4,6-dini t rophenyl) -D, i . -a lanine h a v e been synthes ized 
from 3 -me thoxy -2 ,6 -d in i t r obenza ldehyde a n d 3 -me thoxy -4 ,6 -d in i t r obenza ldehyde . T h e s e t w o a m i n o acids h a v e been cor­
re la ted w i th t w o of t h e /3- (3-methoxydini t rophenyl) -D,L-alanines t h a t were o b t a i n e d b y w a y of t h e n i t r a t i o n of m- tyros ine , 
t h u s p r o v i n g t w o of t h e n i t r a t i o n p r o d u c t s t o b e 0- (3-hydroxy-2 ,6-d in i t rophenyl ) -D,L-a lan ine and ,8-(3-hydroxy-4,6-dini t ro-
phenyl)-D,L-alanine. 


