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bicarbonate solution and the alkaline layer acidified. The 
precipitated acid was purified by sublimation under low 
pressure. When the product (1.6 g.), m.p. 72-73', was crys- 
tallized fiom water containing a few drops of acetic acid 
the melting point rose to 80'. Mixed m.p. with the acid 
previously described was undepressed. 

8-(o-tolyl)vaZeric acid (11). To a solution of sodium hy- 
droxide (4 g.) in diethylene glycol (42 ml.) was added ethyl 
7-2-methylbenzoyl butyrate (5.9 g.) followed by hydrazine 
hydrate (50%, 8.5 ml.), The mixture was refluxed on an oil 
bath kept a t  140' for 1 hr. The system was then connected 
to a distilling arrangement and the temperature was raised 
to 200". Brisk evolution of nitrogen set in, and a few milli- 
liters of water distilled out. After 3 hr. the reaction mixture 
was cooled, diluted with water, and acidified with hydro- 
chloric acid (1 : 1) in the cold. The precipitated white solid 
(3.9 g.) h.id m.p. 57-58' which rose to 58.5-59" on crystal- 
lization from petroleum ether (b.p. 40-60"). 

Anal. Calcd. for CI2H1802: C, 75.00; HI 8.33. Found: 
C, 75.10; H, 8.60. 

I-l~~ethyZbcnzosuber-5-one. (111). To a mixture of phos- 
phorus pentoxide (153 g.) and phosphoric acid (89%) 
97.5 ml.), maintained a t  lOO', 6-(o-tolyl)valeric acid (5 
g.) was gradually added with stirring. In  7 min., the reac- 
tion mixture turned an amber color which gradually deep- 
ened. Thc temperature was maintained a t  100" for 2 hr. 
Then the reaction mixture was decomposed with ice water, 
and allowed to stand for 15 min. The separated solid was 
filtered, and mashed with dilute ammonia; yield, 4.9 g., 
m.p. 62-03', which rose to 65" on sublimation in high 
vacuum and crystallization from methanol. 

Anal. Calcd. for CI2HlcO: C, 82.76; HI 8.05. Found: C, 
82.52; H, 3.11. 

The dI4-dznitrophenylhydrazone crystallized from bmzene- 
ethyl acetate mixture, m.p. 240'. 

Anal. Calcd. for C1SH180dN4: C, 61.02; H, 5.08. Found: 
C, 61.12; H, 5.22. 
6-Form!/l-l-methyZbenzosuber-5-or~e (IV). To an ice-cold 

suspensioii of sodium ethoxide from sodium (0.55 9 . )  and 
ethanol (1.4 ml.) in thiophene-free benzene (26 ml.) was 
added a mixture of compound I11 (2.1 9.) and ethyl formate 
(1.8 9.) in benzene (13 ml.) under nitrogen. After keeping 
overnight in a nitrogen atmosphere, the reaction mixture was 
decomposed with ice mater. The benzene layer was separated 

and washed twice with 3% alkali, and mixed with the water 
layer. The combined aqueous solution was extracted once 
with ether, and then acidified with 80% acetic acid. The 
formyl derivative was extracted with ether and distilled to 
yield 1.8 g., b.p. 133"/0.4 mm. With ferric chloride it gave 
a reddish violet color turning greenish violet. 

Anal. Calcd. for C13H1402: C, 77.23; HI 6.93. Found: C, 
77.65; HI 7.12. 

~-(W-Carboxy-6-methyZphenyZ)butyric acid (V).  ( a )  By oxi- 
dation with permanganate: To an ice-cold solution of the 
formyl derivative (IV, 1.65 g.) in 370 sodium hydroxide, 
powdered potassium permanganate (3.9 g.) was added 
slowly with stirring. After 2 hr., the solution was treated 
with sufficient hydrochloric acid (1 : 1) and saturated sodium 
bisulfite solution when a tarry mass separated. This was re- 
moved and washed several times by decantation with water 
and then dissolved in hot sodium bicarbonate solution. 
The alkaline solution was acidified and left in a refrigerator 
overnight. Black and white particles of solid separated, the 
latter melting at  129-130'. This was subjected to evaporative 
distillation and the distillate crystallized twice from benzene 
to yield 0.3 g., m.p. 136-136.5'. 

( 6 )  By ozonolysis: Sufficient ozonized oxygen was passed 
through a solution of the formyl derivative (IV, 0.2 g.) in a 
mixture of ethyl acetate (5 ml.) and glacial acetic acid (5 ml.) 
chilled in an ice-salt bath. Three such lots were combined 
and treated with water (4.5 ml.) and hydrogen peroxide 
(30%, 1.5 ml.). The mixture was then kept overnight. Ethyl 
acetate and acetic acid were removed under reduced pres- 
sure and the residue was treated with water and then taken 
up in ether. The ether solution was thoroughly extracted 
with saturated sodium bicarbonate solution. The combined 
bicarbonate solutions were acidified and extracted with 
ether. Removal of ether and trituration of the residue with 
petroleum ether (b.p. 40-60") gave a solid having an indefi- 
nite melting point. Evaporative distillation followed by 
two crystallizations from benzene gave colorless crystals 
having m.p. 136-136.5' which was not depressed on admix- 
ture with the product prepared according to  the method (a). 

Anal. Calcd. for CI2Hl4O4: C, 64.86; H, 6.31. Found: 
C, 64.80; H, 6.16. 

C.4LCUTTA, INDIA 
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The rates of precipitation of twelve substituted hippuric anilides have been studied, in papain-catalyzed reactions 
between hippuric acid and substituted anilines a t  pH 4.6. Six of these are new compounds. A comparison of these rates 
permits a reasonable interpretation of results in terms of steric hindrance, electrostatic effects and resonance. In the 
absence of steric effects, the reaction of substituted anilines appears to increase with increasing basicity. 

Preliminary to a series of enzymatic resolutions 
being instigated in this laboratory, it was impor- 

hippuric acid and appropriately substituted ani- 
lines. The general procedure given by Bergmann 
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Bennett and Nieniann2 and others, was followed. 
L-Cysteine was used as a promotor. - 

- 

papain, L-cysteine 

pH N 4.6; 40' 
C~HECONHCH~COOH + NHZCeH4X --+ 

C6HbCONHCH&ONHCeH4X + HzO 

Reactions between acylated amino acids and 
aniline,' or phenylhydrazine' or even substituted 
anilines8 have been reported without regard to 
effects of the position of substituents on the ben- 
zene nucleus of the base reactant. A few studies 
have been made with respect to dependence of 
yield't4 on p H ,  which have revealed that amide 
formation usually proceeds fastest in the pH range 
of about 4.5 to 5.0. All of the reactions in the pres- 
ent investigation were carried out a t  pH = 4.6, 
with convenieiit usage of an acetic acid-sodium 
acetate buffer. 

Since the substituted anilines were not all of 
equal molar solubility, five were selected for graphic 
comparison from the entire group studied. All five 
had an initial concentration of 0.05 mole in 250 ml. 
of buffered solution. These were the 0-, m- and p- 
aminophenols (Fig. 1) and the m- and p-amino- 

II I 

0 s  P A R A  
/ 

/ 
l 

o 12 e4 a8 40 eo 72 e4 od ioe ieo 132 144 IW lee 

TIME, HOURS 

Fig. 2 .  Comparative rates of precipitation of hippuric 
m- and p-acetylanilides formed from hippuric acid and 
aminoacetophenones. 0.050 mole hippuric acid; 0.050 mole 
aminoacetophenone; 1.00 g. L-cysteine hydrochloride mono- 
hydrate; 0.50 g. Schwarz papain; buffered a t  pH 5X 4.6, 
HOAc-NaOAc; total volume of solution, 250 ml. 

uent in a meta or para position (Fig. 1).  If the 
hydroxyl is para the reaction is faster thaii if it is 
meta, since with the hydroxyl in the para position 
resonance tends to keep the electron pair available 
on nitrogen for amide formation. m-Aminoaceto- 
phenone reacts faster than p-aminoacetophenone 
because the acetyl group is an electron-attracting 
group and electrons are withdrawn froin the amino 
group by a resonance effect when the acetyl is para, 
but not when it is meta. 
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Fig. 1. Comparative rates of precipitation of hippuric 
0-, m- and p-hydroxyanilides formed from hippuric acid and 
aminophenols. 0.050 mole hippuric acid; 0.050 mole amino- 
phenol; 1 .OO g. L-cysteine hydrochloride monohydrate ; 
0.50 g. Schwarz Papain; buffered at pH E 4.6, HOAc- 
NaOAe; total volume of solution, 250 1111. 

acetophenones (Fig. 2 ) .  Although the rates are 
qualitative, there is sufficient consistency to draw 
certain conclusions. Hydroxyl ortho to  the amino 
group provides steric hindrance and decreases the 
rate of reaction, compared with the same substit- 

( 2 )  (a) E. L. Bennett and C. Niemann, J .  Am. Chem. Soc., 
70, 2610 (1948): (b) J .  Am. Chem. Soc., 72, 1798 (1950); (c) 
J .  Am. Chem. Soc., 72, 1800 (1950). 

(3) E. Waldsohmidt-Leitz and K. Kuhn, 2. physiol. Chem., 
285,23 (1950). 

(4) Unpublished results from this laboratory. 

A comparison between p-aminophenol aiid m- 
aminoacetophenone shows that the latter reacts a t  a 
somewhat faster rate in these experiments. The 
implication made by these qualitative rat3e com- 
parisons is that the reactivity of the substituted 
anilines is proportional to their basicaities in the 
absence of steric effects in similarly substituted 
compounds. 

Although methyl p-aminobenzoatc was reported 
elsewhere3 not t o  undergo a reaction with hippuric: 
acid, it did under the conditions of our experiment. 
The low yield can be attributed to  the low solu- 
bility of methyl p-aminobenzoate. Methyl anthra- 
nilate and p-nitroaniline were very low in solubility, 
anthranilic acid was of moderate solubility and 
both mietanilic acid and sulfanilic acid were of sub- 
stantial solubility. None reacted with hippuric 
acid. Six new substituted hippuric anilides are re- 
ported here. Two substituted anilines not pre- 
viously investigated gave no product under con- 
ditions of this study. 
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TABLE I 
SUBSTITUTED HIPPURIC ANILIDES FROM HIPPURIC ACID A N D  SUBSTITUTED ANILINES 

Melting 
Point - Yield of Product in Grams for Consecutive Periods of Incuba- 

Substituted Aniline Reaction of Product, 0-18 18-42 42-66 66-90 90-114 114-138 
Reactant Product "C. hr . hr. hr . hr . hr. hr . 

m-Phenylenediamine 

p-Phenylenediamine 

0- Aminophenol 

m-Aminophenol 

p-Aminophenol 

Anthranilic acid 
m-Aminobenzoic acid 

p-Aminolrmzoic acid 

m-Aminoxeto- 
phenone 

p-Aminoaceto- 
phenone 

o-Anisidirte 

p-Anisidine 

Methyl p-aminoben- 
zoate 

Hippuric o-Ami- 260-262'4 1.4904 1,8545 0,5185 0.2259 0 2238 0.1350 

Hippuric p-Ami- 326'4 2.305 2.103 0.667 0 .372  0 205 0.140 
noanilide 

noanilide 
Hippuric o-hy- 202-203' 0 ,462  1.105 0.563 0 ,327  0.238 0.209 

droxyanilide 
Hippuric m-hy- 223-225' 3,2715 2,3599 0,8683 0,3086 0,1006 0.0720 

droxyanilide'" 

droxyanilide 
Hippuric p-hy- 243-244' 5 .264  1,320 0.820 0,605 0.379 0.251 

No Precipitate Similarly methyl anthranilate, metanilic acid,'" sulfanilic 
m-Hippuramido- 283-284' 3.2731 0.8647 0,4106 0,2412 0.1384 0.1004 

p-Hippuramido- 278-279' 0,704 0.925 0,085 0.027 0,0140 0.0130 
benzoic acida 

benzoic acid 
Hippuric m-ace- 229-230" 6,558 2.460 0 .  777 0.395 0.145 0.128 

tylanilidea 
Hippuric p-ace- 198-199' 0.5552 0.5140 0.4174 0.3648 0.3458 0.2558 

tylanilidea 
Hippuric o-meth- 120-121 ' 0.0000 1.6551 0.8012 0,6235 0.4330 0.3342 

oxyanilide 
Hippuric p-meth- 217-218' 4.8200 2.3905 1,2587 0.6905 0.4684 0.3196 

&yanifidea 
Methylp-hippur- 194-195' 0.2959 0.2856 0.2286 0.2115 0.1403 0.1201 

amidobenzoate' 

a Prepared or studied for the first time. 

EXPERIMENTAL 

Activation of pupuin. The papain used in this investiga- 
tion was supplied by the Schwarz Laboratories, Mount 
Vernon, N. Y. A modification of the method of Grass- 
mann6 and Bennett and NiemannZb for activation of the 
enzyme was employed. Fifty grams of papain was ground 
rapidly to a paste in a mortar with a few milliliters of cold 
water and was then stirred mechanically with 200 ml. of 
water in an ice bath for 4 hr. The solution was removed by 
suction filtration. Hydrogen sulfide was passed into the 
filtrate, surrounded by an ice bat)h, for 18 hr. Suspended 
matter was removed by ccntrifug:ttion a t  2000 r.p.m. for 20 
min. The papain was precipitated once by addition of 
enough methanol to give a 70 volume 7 0  of solution, followed 
by centrifuging for 20 min. a t  2000 r.p.m. The precipitate 
rras dried over phosphorus pciitoside in a v:L(:uuin desiccator 
and then crushcd lightly to :L powdcr. Tlic coarsc powtier 
was stored in stnpperctl vi:tls, kept iri a lugc, air-tight, 
brown bottle, fitted i r i th it s('rcw cap, a i i t l  refrigerated a t  
about 5".  

Proceduw for rate studies. A sodium xetittc (0.25M)- 
acetic acid (0 .25M) buffcr was used. For cadi rcaction, 
0.050 molt: of hippuric acid, 0.050 mole of the substituted 
aniline, 1.00 g. of L-cysteine hydrochloride monohydrate, 
and 0.50 g. of papain were employed, with enough buffer to 
make 250 ml. of solution. The pH was adjusted to and 
maintained a t  4.6. Usually the hippuric acid and substi- 
tuted aniline were dissolved in hot buffer solution, which 
was cooled to 40'. Then L-cysteine and papain were added, 
after first being dissolved in about 5 ml. of buffer, with fur- 
ther addition of enough buffer to give a total volume of 250 
ml. The solution was filtered, followed by incubation at 40". 

(5) W, Grassmann, Biochem. Z., 279, 131 (1935). 

Filtration was then carried out a t  the end of 18 hr., subse- 
quently at the end of each 24 hr. for 6 days, and finally 7 
days later. The precipitate for each period was dried and 
weighed, and then the total amount of precipitate was col- 
lected and recrystallized from a suitable solvent. In general, 
two or more recrystallizations, with the use of decolorizing 
carbon, were necessary to bring the sample to sufficient 
purity for nitrogen analysis. Melting points were corrected 
in the usual way for those determincd in a potassium SUI- 
fate-sulfuric acid bath. Other melting points were determined 
by means of a Fisher-Johns melting point apparatus. Nitro- 
gen analyses were determined at the Oakwold Laboratories, 
Alexandria, Va., and The Microchemical Specialties Com- 
pany, Berkeley, Calif. Results are summarized in Table I. 
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TABLE I (Cont'd) 

SUBSTTTUTED HIPPURIC ANILIDES FROM HIPPURIC ACID AND SUBSTITUTED ANILIXES 

tion in Hours Total 
138-162 162-380 Solvent for Nitrogen Analyses Yield, Percentage Color of 

Product . hr. hr . Recrystallization yo Calcd. % Found Grams Yield 

0.0982 0.4076 Ethanol 15.51 See Ref. 4 4.9539 36.75 White 

0.0850 0.5430 Ethanol 15.51 15.56 6,1500 45.62 White 

0.161 0.725 Ethanol 10.37 10.45 3,7900 28.00 White 

0.0026 0.0000 Ethanol or  ethanol 10.37 10.2G 6. '3844 51.69 Cream 

0.177 0.653 Ethanol 10.37 10.38 9.4690 i 0  09 White 

acid, and p-nitroaniline' gave no precipitate 
0.0791 0.3305 Glacial HOAc; then addition 0.39 9.29 5.4380 36,47 Cream 

0.0120 0.153 Glacial HOAC; then addition 9.30 0.32 1,9330 14.34 White 

0.091 0,3162 Ethanol or acetophenone 0.46 0.40 10.8702 '73.35 Cream 

0.2111 1.1169 Ethanol 9.4G 9.34 3.7810 25.51 Khite 

0.2266 1.161 1 Ethanol 9.86 9.87 5.2347 36.81 Cream 

0.2437 1 ,0495 Ethanol 9.8G 9.99 11.2409 79.05 White 

0.0941 0.3942 Ethanol 8.97 8.96 1.7703 11.71 Khite 

of water 

of water 
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-4 number of the chemical reactions of 9-methoxypsoraleiic and its derivatives are described. These include nitration, 
halogenation, reduction, thionation, demethylation, ozonation, and other degradation procedures. Degradation studies 
and unequivocal synthesis show that bromination occurs a t  the four position. The structures of the 2,3-dihydropsoralene de- 
rivatives were established by a comparison of the ultraviolet absorption spectra of psoralene and coumarin derivatives. 
Thionation of the 9-methoxypsoralenes proceeds in a manner analogous to that reported for coumarins. 

In 1911, Priess' discovered a new piscicide in an 
alcoholic extract of fagara zanthoxyloide,s Lam. to 
which he gave the name zanthotoxin. Later Thoms2 
after determining the structure of this compound 
renamed it xa,uthotoxin and in 1036 Spath repro- 
duced it ~ynthetically.~ 

In addition to its toxic action OH fish4 xanthotoxin 
(n-Inethoxypsoralt.ne or 0-methoxyfuro[3,2-g]cou- 
marin I) has since been shown to possess a mollusci- 

* This work was supported in part by grants from the 
Division of Research Grants and Fellowships, National In- 
stitutes of Health, Public Health Service. Published with 
the approval of the Monographs Publications Committee, 
Oregon State College as Research Paper KO. 327, School of 
Science, Department of Chemistry. 

(1) H. Priess, Ber. Pharm. Ges., 21, 227 (1911). 
(2) H. Thoms, Ber., 44, 3325 (1911). 
(3) E. Spath and M. Pailer, Ber., 69, 767 (1936). 
(4) E. Spath and F. Kuffner, Monatsh., 69, 75 (1936). 

cidal a c t i v i t ~ . ~  When administered in large doses to 
mainrnals it was found to produce fatty degenera- 
t ion of the liver and adrenal hemorrhagr,R while 
in humans the compound has found medical ac- 
c*cptance for the treatment of leukoderniia.' The 
most recent applications have made use of the fact, 
that, I alters the erythermal response to ultraviolet 
lightJ,sa*b~c a property which has beeii used clinically 
to prevent sunburn.** Therc is some cvitlcncc that 

( 5 )  A. Schiinberg and N. Lntif, J .  Am. C'hem. SOC., 76 ,  

(6) A. Elwi, J .  Roy. Egypt. Med. Assoc., 33, '773 (1950). 
( i )  I. Fahmy and H. Abu-Shady, Quart. J. Pharm. and 

Pharmacol., 21,499 (1948). 
(8) (a )  A. Lerner, J .  Invest. Dermatol., 20, 299 (1953). 

(b)  A. Griffin, M. O'Neal, and T. Fitzpatrick, Congress of 
intern. biochem., Brussels 1955, 121. (c) L. Musajo, G. Roti- 
ghiero and G. Caporale, Chemica e industria, 35, 13 (1953). 

6208 (1954). 


