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Agaritine : Isolation, Degradation, and Synthesis1 
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Agaritine has been isolated from dyarzcus bzspoi us by an improved procedure and the proposed structure, I.-glutamic acid 
y-( u-hydroxy-p-tolylhydrazide) (IIIa), confirmed by degradation and synthesis. 

Recently Levenberg2 reported the isolation of 
agaritine from Agaricus bisporus, the commercial 
mushroom, for which he proposed structure IIIa. 
This novel derivative of L-glutamic acid occurs 
predominantly in the fruiting body of young mush- 
rooms and the concentration diminishes with age.a 
Levenberg2 also observed that glutamic acid is 
freed from agaritine by an enzyme present in 
A .  bisporus. 
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By an improved extraction procedure, f ollon-ed 
by ion exchange chromatography, we have iso- 
lated agaritine from mushroom sporophores in ca. 
0.04yo yield (based on fresh tissue) and we have 
confirmed its structure as IIIa by degradation and 
synthesis. 

The 1i.m.r. spectrum of agaritine indicated the 
presence of a p-disubstituted benzene ring with a 
CH2OH group as one of the substituents. In  
accordance with the n.m.r. spectrum and the pro- 
posed structure, oxidation of agaritine with ferric 
chloride4 yielded glutamic acid and benzyl alcohol 
with the concomitant evolution of nitrogen. 

Since agaritine is stable only at  pH values near 
neutrality, a synthesis of 7-phenylhydrazides of 
L-glutamic acid employing mild and essentially 
neutral conditions was required. For this purpose 
the condensation of the y-azide of N-mrbobenxosy- 
i,-glutamic acid (11) with R phenylhydrazine in 
wld ether was found to be appropriate. With 

(1) A preliminary account of this work has been published by the 
authors. J .  Am. Chem. Sac., 83, 3333 (1961). 

(2) B. Levenberg, ebzd., 83, 503 (1961). 
( 3 )  R. Levenberg, private communication. 
(4) H. B. Milne. J. E. H a l \ m ,  D. S. Ho, sild 31. S. Mason. J .  A t n .  

Cficm. SOC., 19 ,  637 (1957). 

phenylhydrazine (Ia) and p-tolylhydrazine (Ib), 
yields of up to 707, of the substituted analogs 
IIIb and IIIc, respectively, were obtained. 

The procurement of a-hydroxy-p-tolylhydrazinej 
(IC) required for the synthesis of agaritine, however, 
was complicated by its extreme sensitivity. This 
sensitivity, and that of agaritine (IV. R = 7- 
glutamyl), is assumed to be due to the facile elimi- 
nation of water across the benzene ring (IV -+ V). 
The isolation of p-tolylhydrazine in 41y0 yield 
after reduction of p-carboxymethylphenylhydrazine 
(Id) with lithium aluminum hydride in boiling 
ether can be regarded as good evidence for the ease 
of operation of the elimination IV-+V, especially 
since, with related aromatic carbonyl compounds, 
much more severe conditions are required for the 
lithium aluminum hydride reduction and hydro- 
genolysis of the resulting benzyl alcohol.6 The 
reduction is envisaged as proceeding through the 
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desired alcohol (IT’) m hieh undergoes eliminiition 
of water to give the intermediate Y. The latter 
is then reduced to p-tolylhydrazine. 

Some a-hydroxy-p-tolylhydrazine was finally 
obtained by reduction of p-carboxymethylphenyl- 
hydrazine (Id) n ith lithium aluminuni hydride 
for a short time (90 min.) in boiling ether. But 
it was not until a technique was devised whereby 
the reduction mixture could be worked up under 
essentially neutral conditions that any success 
was achiered. This technlyue involved the de- 
composition of excebs lithium aluminum hydride 
by the addition oi a siixtll qiuintity of s:Lturiitetl 

(i) No dccuilnt of tirr Ibolatlun z l i d  cil.Llttct,-rl/&ttolI of thi, coni-  

(6) Norman S Gaylord, “Reduction with Complex Metal H l -  
See especially 

pound could be found in the literature 

dridPs,” Interscience Publishers, Inc., New York, 1956. 
Chap. 16 for lead references, see alao ref. 7 

(7) Cf L H Conover and D 8. Tarbell. J A m  Chem. Sar , 73 
d5S6 (1950). 

( 8 )  C/. the reduction of vinylogous amides with lithium aluminuiu 
hldride. See ref. 6, 3180 J. Szrnuankovlca, zbad., 88, 1180 (1960). 
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sodium chloride solution and removal by filtration 
of inorganic salts, which, by hydration, acted as a 
drying agent. Since no satisfactory method was 
found for the isolation and purification of CY- 

hydroxy-p-tolylhydrazine, the filtrate was treated 
directly with a cold ethereal solution of carbo- 
benzoxy-cglutamic y-azide (11). 

Decarbobenzoxylation was effected by hydro- 
genolysis under conditions whereby the benzyl 
alcohol group of agaritine was not hydrogenolyzed. 
In  the case of the substituted phenyl analog (IIIb) 
and the p-tolyl analog (IIIc), the respective 
decarbobenzoxylated compounds, L-glutamic acid 
y-phenylhydrazide (IIId) and Gglutamic acid y- 
(p-tolylhydrazide) (IIIe), were crystallized with- 
out further purification. The crude agaritine was 
purified by chromatography over Dowex-50 resin. 
Spectral analysis of the effluent indicated a 6% 
yield of agaritine (based on the carbobenzoxy- 
L-glutamic acid y-hydrazide from which the azide 
I1 was prepared), half of which was isolated in 
pure crystalline form.g 

Agaritine is quantitatively converted to the p- 
tolyl analog (IIIe) by prolonged catalytic hydro- 
genation. This conversion constitutes an inde- 
pendent confirmation of I I Ia  as the structure of 
agaritine. 

So far as we know, agaritine represents the first 
reported occurrence of a phenylhydrazine deriva- 
tive in natural products and its discovery may 
have in teres ting biogenetic implications. 

Experimental 
Isolation of Agarithe.-Sporophores from 2- to 3-day-old 

mushroomslo (2.9 kg.) were homogenized in 5.6 1. of methanol 
a t  4-10' for 1 min. in a Waring Blendor. After standing a t  
room temperature for 30 min., 80 g. of Celite was added and 
the mixture was filtered. The filtrate was concentrated 
zn vucuo to a volume of 2.0 1. The concentrate was applied 
to a column (7.5 X 45 cm.) of Dowex-2 (X-8, .4c-) resin 
and the column was eluted with water a t  the rate of GOO ml./ 
hr. The effluent volume between 1360 ml. and 3700 ml., 
having the absorption a t  240 mp > the absorption a t  260 
mp, was collected and adjusted to pH 7.0 with 1 N sodium 
hydroxide solution. This was passed through a column 
(10 X GO cm.) of Doa-ex-50 (X-4, XH4+) resin and the 
column was eluted with water a t  tlie rate of 800 ml./hr. 
The agaritine-containing fractions, selected by ultraviolet 
absorption, were concentrated in vacuo a t  38' to 50 ml., 50 
ml. of ethanol and 200 ml. of n-butyl alcohol were added, 
and the resulting solution was evaporated in  vacuo to  incip- 
ient turbidity. This solution, left a t  4", drposited 1.037 
g. of crystalline agaritine. After recrystallization, m.p. 
205-208' (dec.), 237 mp (E 12,000) and 280 mp ( e  
1400), [ a ] % ~  + 7" ( c ,  0.8 in water) and infrared spectrum 
in agreement with IIIa. 

Anal. Calcd. for C12H17O4Ns: C, 53.92; H, 6.41; N, 
15.72; "2, 5.2. Found: C, 53.77; H, 6.60; N, 15.47; 

Ferric Chloride Oxidation of Agarithe .-A solution of 404 
mg. of agaritine in 10 ml. of water was treated dropwise at 

"2, 5.2. 

(9) The 6% yield given in our preliminary communication (ref. 1) 
was in error; this is tho yield computed from spectral analysis and not 
the yield of crystalline agarithe. 

(10) Procured from Miahigsn Muahroom Co., Nilee, Michigan. 

38' with a 20% solution of ferric chloride hexahydrate until 
the rapid evolution of nitrogen had ceased (3.5 ml. of ferric 
chloride solution). The solution was extracted with three 
10-ml. portions of benzene. Vapor phase chromatography 
of a portion of the benzene extract showed the presence of a 
single component indistinguishable from benzyl alcohol. 

A p-nitrophenylurethane derivative (33 mg.) was pre- 
pared from the remainder of the benzene extract. It had 
m.p. 155-157" and was identical with an authentic sample 
of the p-nitrophenylurethane derivative of benzyl alcohol 
(m.p., mixed m.p., and infrared spectrum). 

Glutamic acid was detected in the extracted aqueous 
solution (above) by paper chromatography. 

N-Carbobenzoxy-L-glutamic Acid 7-Phenylhydrazide 
(IIIb).--A solution of 51.4 g. (0.18 mole) of N-carbobenzoxy- 
L-glutamic acid r-hpdrazidell in 300 ml. of 3 AT hydrochloric 
acid and 100 ml. of water was cooled on an ice bath, then 
covered with 1 1. of cold (-10") ether. A cold solution of 
15.2 g. (0.22 mole) of sodium nitrite in 100 ml. of water was 
added to the cold stirred mixture over a period of 15 min. 
The lower layer was separated and extracted with two 1-1. 
portions of cold (-10') ether. The ether extracts were 
quickly washed with two 500-ml. portions of cold water, 
combined, and dried briefly over sodium sulfate. The 
dried ice-cold ether extract was added portionwise with 
stirring over a period of 20 min. to 43.2 g. (0.40 mole) of 
phenylhydrazine in 500 ml. of ether cooled in an ice bath. 
The resulting solution was cooled in an ice bath for 8 hr., 
then allowed to remain a t  room temperature for 8 hr. The 
heavy precipit'ate which had formed was collected, washed 
with ether, and dissolved in a mixture of 1 1. of ethyl acetate 
and 500 ml. of 1 N sulfuric acid. After mixing well, the 
layers were separated and the aqueous layer was extracted 
with two 1-1. portions of ethyl acetate. The ethyl acetate 
extracts were washed with two 500-ml. portions of 1 N 
sulfuric acid, then with two 250-ml. portions of water, 
dried over sodium sulfate, and evaporat,ed in vacuo a t  38". 
The residue, on crystallization from 60% methanol, yielded 
47.3 g. (70%) of product. Recrystallized from 6570 eth- 
anol, it melted a t  70-80", slowly resolidificd and melted a t  
148-149", A::" 235 mp ( E  10,300) and 280 mp ( c  1500) and 
infrared spectrum consistent with II Ib.  

Anal. Calcd. for CI9Hz1OsN3: C ,  61.44; H,  5.70; N,  
11.32. Found: C, (31.12; H, 5.86; N, 11.25. 

N-Carbobenzoxy-L-Glutamic Acid y-(p-Tolylhydrazide) 
(IIIc).-This was prepared hy the procedure det,ailed in the 
preceding experiment. from 21.5 g. 10.073 mole) of N-carbo- 
henzoxy-L-glutamic acid y-hydrazide and 18.3 g .  (0.15 mole) 
of p-tolylhydrazine. The prrcipit,ate was worked up with 
methylene chloride and 1 A' hvdrochloric acid rather than 
ethyl acetate and 1 A' sulfuric acid. The crude product, 
on crystallization from 7570 methanol, yielded 15.0 g. of 
crystalline product. Recrystallized from methanol-ether, 
then from 80% ethanol, m.p. 153-165" 236 mp (E 
11,000) and 285 mp ( e  1400), infrarcd spectrum consistent 
with IIIc. 

Anal. Calcd. for C.(20H2306XS.C2ISjOH: C, 61.24; €1, 
G.77; N, 0.74. Found: C, 61.16; H, 6.64; N, 10.01. 

L-Glutamic Acid y-Phenylhydrazide (IIId).-N-Carbo- 
benzoxy-r,-glut,amie acid y-phenylhyraxide (IIIb; 5.0 g.) in 
200 ml. of 50% methanol was hydrogenated over 500 mg. of 
palladium-charcoal (10%) catalyst a t  2 atm. for 1 hr. The 
catalyst was removed by filtrat,ion and washed well with 
warm water. The combined washings and filtrate were 
evaporated in vacuo a t  36" to a volume of 300 ml. and ex- 
tracted with 200 ml. each of methylene chloride, ethyl 
acetate, and ether. The extracted aqueous solution was 
concentrated in z'ucuo a t  38" to a volume of 100 ml. The 
product (1.99 g., 65%) crystallized upon addition of 100 ml. 
of ethanol. Twice recrystallized from 50Yo ethanol, 
m.p. 203', 229 m p  ( e  10,000) and 275 mp ( e  1400), 

(11) S. G. Waley, J .  Chem. Soc., 517 (1965). 
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infrared spectrum consistent with IIId and [a]% $24" 
( c ,  0.41 in-0.5 N HC1). 

17.71. Found: C,  55.50; H, 6.16; N, 17.73. 
Anal. Calcd. for CllH1,03Na: C, 55.68; H, 6.47; N, 

L-Glutamic Acid &-(p-Tolylhydrazide) (IIIe).-N-Carbo- 
benzoxy-L-glutamic-acid y-( p-tolylhydrazide) (IIIe; 3.85 
6.) in 250 ml. of 60% ethanol was hydrogenated over 250 
mg. of palladium-charcoal (lOOjO) catalyst for 1 hr. a t  2 
atm. The catalyst was removed by filtration and washed 
with warm water. The combined filtrate and washings 
were evaporated in Z J ~ C U O  at  38" to a volume of 100 ml. and 
150 ml. of water was added to redissolve a precipitate. 
The aqueous solution was extracted with two 150-ml. 
portions of ethyl acetate, then with 150 ml. of ether and the 
organic extracts were washed with two 100-ml. portions of 
water. The extracted aqueous solution and the washings 
were combined and evaporated in  vacuo t o  a volume of 200 
ml. and the product (1.94 g., 77%) crystallized by the addi- 
tion of 200 ml. of ethanol. It had m.p. 183-184', A=: 
232 mp ( e  11,700) and 283 mp ( e  1500), infrared spectrum 
consistent with IIIe and [a] %D +25' ( c ,  0.88 in 0.5 N HCl). 

Anal. Calcd. for CIZH1,OaNa: C, 57.29; H, 6.82; N, 
16.71; 0, 10.18. Found: C, 57.42; H, 6.69; N, 16.25; 
0, 19.34. 

p-Carboxymethylphenylhydrazine (Id).-A solution of 
20.0 g. of p-hydrazinobenzoic acid in 200 ml. of absolute 
methanol and 20 ml. of concentrated sulfuric acid was re- 
fluxed for 1 hr., then concentrated in vacuo to a volume of 
7 5  ml. Ice (400 g.) was added to the residue and t,he re- 
sulting solution was cooled to - 10' while treated with 30% 
sodium hydroxide solution.'* The product crystallized 
when the solution became strongly alkaline and was promptly 
collected and washed with ice water until neutral. The 
dried product weighed 14.3 g. (66%). Recrystallized 
from ether, with charcoal treatment, it  melted a t  110' 
(dec.), AzT 218 mp and 287 mp. It decomposes a t  room 
temperature and is best kept as the hydrochloride. 

Anal. Calcd. for C8Hlo02N2: N, 16.86. Found: N, 
16.78. 

The hydrochloride, prepared by treating a cold methanolic 
solution of the ester with hydrogen chloride gas, after 
crystallization from methanol had m.p. 234-236" (dec.), 
A:::' 217 mp ( e  2,000) and 287 mp ( e  12,500) and infrared 
spectrum consistent with the hydrochloride of Id. 

Anal. Calcd. for CsHl~02N~.HC1: C, 47.41; H, 5.47; 
N, 13.83. Found: C, 47.36; H,  5.56; N, 13.96. 

Synthesis of Agaritine (IIIa).-Asolution of 2.08 g. (0.0125 
mole) of p-carboxymethylphenylhydraaine (Id)  in 125 ml. 
of ether was added to a refluxing suspension of 1.00 g. of 
lithium aluminum hydride in 125 ml. of ether over a period 
of 10 min. The reaction mixture was stirred under reflux 
for 00 min., then allowed to remain a t  room temperature 
for 30 min. The apparatus was flushed with nitrogen while 
5 ml. of saturated sodium chloride solution was added in 
one portion. The inorganic salts were collected by filtra- 
tion, resuspended in ether with anhydrous sodium sulfate, 
and again collected and washed with ether. The ether fil- 

(12) Rapid manipulationis necessary from this point until the prod- 
uct ia thoroughly washed with cold water. 

trates and washings were promptly cooled in an ice bath 
while treated over a period of 60 min. with a cold ethereal 
solution of E'-carbobenzoxy-L-glutamic acid y-azide pre- 
pared as abovo from 1.77 g. (0.006 mole) of N-carbobenzoxy- 
L-glutamic acid 7-hydrazide. The mixture was then allowed 
to remain a t  room temperature for 2 hr. The solvent was 
evaporated in vacuo a t  30" and the residue was hydrogenated 
in 65 ml. of 60% methanol over 350 mg. of palladium- 
charcoal (lOa/O) catalyst for 1 hr. a t  2 atm. The catalyst 
was removed by filtration and washed with 50 ml. of warm 
50Yc methanol. The combined filtrate and washings were 
evaporated in vacuo at 30" to a volume of 10 ml., diluted 
with 50 ml. of water, and extracted with two 30-ml. portions 
of ethyl acetate, then with two 30-ml. portions of ether. 
The extracted aqueous solution was applied to a column of 
5 1. of Dowex 50 (NH4+) (10 X 60 em.) and the column was 
eluted with water. The effluent volume between 9500 ml. 
and 11,000 ml., having A,*, 236 and 280 mp, was combined 
and evaporated in vacuo a t  40' to a volume of 7 ml. n-Butyl 
alcohol (25 ml.) was added and the mixture was evaporated 
in  vacuo until a single phase resulted. This solution de- 
posited 50 mg. (3%) of agaritine which was identical with a 
sample of natural agaritine (m.p., mixed m.p., ultraviolet 
and infrared spectra, [CY] %D, and paper chromatography). 

Anal. Calcd. for C12HnOJTa: C, 53.92; H, 6.14; N, 
15.72. Found: C, 53.92; H, 6.57; N, 15.45. 

Conversion of Agaritine to L-Glutamic Acid 7-(p-Tolyl- 
hydrazide) (IIIe).-Agaritine (100 mg.) in 15 ml. of water 
was reduced for 7 hr. a t  2 atm. over 50 mg. of palladium- 
barium sulfate (10%) catalyst. The catalyst was removed 
by filtration and the filtrate applied to paper strips along 
with agaritine and IIIe. When developed in n-butyl alcohol, 
acetic acid, water (4: 1 : l ) ,  and sprayed with either ninhydrin 
solution or potassium ferricyanide-ferric sulfate solution, 
only one spot was detected. This differed from agaritine 
and had the same R f  value as L-glutamic acid y-(p-tolyl- - ._ . 
hydrazide) (IIIe). 

Reduction of wCarboxvmethvlDhenvlhvdrazine with Lith- 
ium Aluminum 'Hydride:-The ester-( 1:66 g., 0.01 mole) 
was added to a boiling suspension of 2.0 g. of lithium alumi- 
num hydride in 180 ml. of ether from a Soxhlet apparatus 
over a period of 40 min. After refluxing 19 hr., the appara- 
tus was flushed with nitrogen while 5 ml. of saturated so- 
dium chloride solution was added in one portion. The 
inorganic salts were removed by filtration and washed well 
with dry ether. The filtrate and washings were evaporated 
in  vacuo and the residue, in 50 ml. of methanol, was treated 
with 0.8 ml. of concentrated nitric acid. The resulting 
precipitate (1.37 g.), on crystallization from methanol- 
chloroform, gave 760 mg. (41%) of p-tolylhydrazine nitrate 
with m.p. 149-152'. It was identical t o  a sample of p- 
tolylhydrazine nitrate prepared from authentic p-tolyl- 
hydrazine (m.p., mixed m.p., ultraviolet arid infrared spec- 
tra). 
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