


as catecholamines, in contradistinction to their amino 
acid preciirsors, do not readily pass the blood-brain 
barrier. Thus, 6-hydroxydopamine, an agent which can 
produce a peripheral "chemical sympathectomy," is a 
most promising instrument for studies on the function 
of the sympathetic nervous system. 

In the present study, we report the synthesis of 2,4,5- 
trihydroxyphenylalanine (6-hydroxydopa), its enzy- 
matic decarboxylation to 6-hydroxy dopamine both 
in v i t io  and in vivo, and both the peripheral and central 
depletion of norepinephrine follon ing administration of 
this amino acid. 

Experimental Section 
All melting points are corrected unless otherwise noted; ir spec- 

tra were recorded in chloroform solutions with a Perkin-Elmer 
spectrophotometer Model 421; nmr spectra were obtained on a 
Varian A-60 spectrometer using TAIS as internal standard. 
Silica gel G F  253 plates (Brinkman Instruments) were used for 
both analytical and preparative tlr. 

1,2,4-Tribenzyloxybenzene was prepared as described previ- 
ously.18 The yield could be increased to  7 5 5  if the reaction mix- 
ture was allowed to  reflux for 72 hr under S?. Purification of 
the crude, oily product was carried out by column chromatogra- 
phy on silica gel with PhH-hexane (70:30) as the eluent. The 
pure product melted a t  82" (lit.18 mp 81-82"). 

2,4,5-TribenzyIoxybenzaldeliyde was prepared by a modifica- 
tion of the published procedure.18 .1 mixture of 5 ml of D l I F  and 
3.1 g of Poc13 (0.02 mole) were stirred at  room temperature for 
30 min. Carefully dried 1,2,4-tribenzyloxybenzene (3.96 g, 0.01 
mole) was then added and the mixture was stirred and heated at  
80" for 3 hr under anhydrous conditions. After addition of ice 
and filtration, the precipitate was extracted (EtOAc). The ex- 
tract was washed with dilute S a 2 C 0 3  and dried (SazS04). The 
solvent was removed a n  vacuo, and the product was recrystallized 
from PhH-hexane to yield 3.43 g ( 8 1 7 )  of aldehvde, mp 133-134" 

I 

(lit.18 mp 132-133 "). 
2.4.5-Tribenzvloxvbenzvl Alcohol (IL-To 1.3 e of LAH. sus- 

pended in 10 ml o f  THF under S2, was slowly added 1.5 g of 
2,4,5-tribenzylosybenzaldehyde in 8 ml of THF.  The mixture 
was stirred, refluxed for 3 hr, and cooled, and 1.3 ml of H20, 
1.3 ml of 15cc SaOH, and, finally, 3.9 ml of H20 were added. 
The granular precipitate was removed by filtration and washed 
several times with hot THF. The combined filtrate and washings 
were dried (SasSOa) overnight. After evaporation of the solvent, 
white crystals remained, weighing 1.2 g (SOc;); after recrystalliza- 
tion n i th  cyclohexane: mp 115-116"; Y:::" (em -l)  3400 (OH); 
nmr (CHC13), 6 4.60 (1, OH), 4.98 (2, OCH?.ir), 5.10 (4, OCHzAr), 
6.63 (1, aromatic H),  6.95 (1, aromatic H),  7.36 (15, aromatic H). 

2,4,5-TribenzyloxybenzyI Bromide (II).---To a cooled, stirred 
solution of 0.5 g of fresh PBr3 in 5 ml of CC14 was slowly added, 
250 mg of carefully dried 2,4,5-tribenzyloxybenzyl alcohol. The 
mixture was stoppered tightly and allowed to stand in the dark 
for 5 hr. The slightly yellowish solution was then refluxed 
briefly for 15 min, cooled, and poured over 20 g of crushed ice. 
The organic layer was separated, and washed with ice-cold 
S a H C 0 3  until the washings were almost neutral to litmus. After 
drying (XanSO4) and evaporation an vacuo at  40", a colorless oil 
was obtained which, upon chilling and scratching, solidified to 
rhombic crystals. Recrystallization from boiling hexane gave 
220 mg (SOL,) of pure 11: mp 88-89": nmr (CDCl,), 6 4.50 
( 2 ,  CH2Er), 4.98 (2, CH,Ar), 5.04 (4, OCHAr),  6.55 (1, aro- 
matic H), 6.95 (1, aromatic H),  7.36 (15, aromatic H).  Anal. 
(CdL5Br03) C, H,  Br. 

Dibenzyl carbobenzyloxyaminomalonate was prepared by the 
method of Kissman and JVitkop.lg Dihenzyl malonate was 
nitrosated, reduced with A1-Hg, and acylated with benzyl chloro- 
carbonate in in the presence of K&03. The over-all yield 
of product based upon dibenzyl malonate was 3 5 5 .  It melted 
at  109' (lit.19 mp 111-112"). 

Dibenzyl Carbobenzyloxyamino(2,4,5-tribenzyloxybenzyI)- 

Anal. (C2sH26O4) C, H.  

(IS) J. W. Daly, J. Benigni, R. Rlinnis, Y .  Kanaoka, and B. Witkop, 

(19) H. M. Kissman and B. Witkop, J .  Am. Chem. Soc., 75, 1967 (1953). 
Biochemzstry, 4, 2513 (1965). 

malonate (III).---To a solution of 0.433 g (0.001 mole) of dibenzyl 
carbobenzyloxyaminomalonate in 8 ml of anhydrous Phl le  was 
added 58 mg of a S a H  slurry ( 5 3 5  in mineral oil, 0.0013 mole) 
under S2. The mixture was heated and stirred at  100" until the 
gas evolution had subsided (30 min). 2,4,5-Tribenzyloxybenzyl 
bromide (528 mg) m m  added and the mixture was refluxed for an 
additional 18 hr. The chiiled mixture u'as poured over ice and 
the organic layer was separated and dried (Sa2S01) overnight. 
Akfter evaporation of the solvent i n  vacuo, a viscous mass was 
obtained which, by tlc examination (silica GF 253, CHCh), con- 
tained a number of products. The major product, 111, was 
purified by tlc. An analytical sample was prepared by repeated 
tlc. .ittempts to crystallize this compound were unsuccessful: 
Y:::" (cm-l) 3400 (SH), 1740 (COOCH&&Hj), 1710 (COOCH,- 
C&); nmr (CDC13), 6 3.70 ( 2 ,  CHp.%r), 4.95 (12, OCHAr),  
6.53 (1, aromatic H), 6.90 (1, aromatic H),  7.31 (30, aromatic H).  

Diethyl formamido(2,4,5-tribenzyloxybenzyI)malonate (IV) 
was prepared in a similar manner, using 2,4,5-tribenzyloxybenzyl 
bromide, diethyl formamidomalonate (107~ excess), and S a H .  
After working up the reaction mixture as described above, a 
crystalline product was obtained in 65'5 yield; mp 109"; v",",l;' 
(ern-') 3300 (XH), 1730 (COOEt), 1650 (COSH) ;  nmr (CDC13), 
6 1.10 (6, CH3), 3.60 ( 2 ,  CHzAr), 4.00 (4, OCH2), 4,85 (2,OCH?.%r), 
5.04 (4, OCH*.%r), 6.50 (1, aromatic H), 6.90 (1, aromatic H),  
7.36 (15, aromatic H). A4naI. (C36H37S08) C, H. 

Diethyl ac~tamido(~,4,5-tribenzyloxybenzyl)malonate (V)  
was prepared in t,he same manner in 60' yield. The product, 
which melted at  115-116", was recrystallized from PhH-petro- 
leum ether; P~~~~ (ern-') 3300 ( S H )  1720 (COOEt), 1640 (COSH) ;  
nmr (CDCl,), 6 1.10 (6, CHS), 2.2  (3, COCHI), 3.65 ( 2 ,  CH?hr),  
4.05 (4, OCH?), 4.90 ( 2 ,  OCH?Ar), 5.10 (4, OCHpAr), 6.52 
(1, aromatic H),  6.95 (1, aromatic H ) ,  7.39 (15, aromatic H) .  

2,4,5-Trihydroxyphenylalanine (6-Hydroxydopa) (VII).--A 
slow stream of H2 was bubbled through a suspension of 150 mg 
of 105; Pd-C in 20 ml of EtOH containing 172 mg (0.2 mmole) 
of I11 and 0.2 ml of 2 S HCL. After 4 hr, the catalyst was filtered 
off. The filtrate was concentrated in  u a c ~ i o  at  4OrC to yield a 
yellowish residue. Dissolving this material in MeOH, followed 
by reprecipitation with Et;lO, gave a very hygroscopic solid which 
darkened rapidly upon exposure to air. TIC (silica gel GF 253, 
n-BuOH-AcOH-HzO, 4: 1:  1) revealed essentially one major 
product with an Rf value of 0.32 and a minor product a t  Rf 0.50. 
The former compound (brownish coloration with ninhydrin) was 
apparently the dibasic amino acid, amino(2,4,5-trihydrosy- 
benzy1)malonic acid hydrochloride (VI),  while the latter (purple 
coloration with ninhydrin) was the desired 2,4,5-trihydroxy- 
phenylalanine (1-11). Both gave brown coloration with Gibbs' 
reagent.20 

I n  order to effect complete decarboxylation, 31 mg of reprecipi- 
tated VI (crude material could not be used) was dissolved in 10 ml 
of EtOH and heated under K2 for 5 min. After evaporation of 
the solvent in vacuo, a white precipitate (21 mg, 80%) remained 
which showed only one spot (Rf 0.50) on silica gel G F  253 plates 
(n-BuOH-AcOH-HzO, 4: 1:  1). This compound was further char- 
acterized VI1 by mass spectroscopy (mie 214 = 31 - 1, 168 = 
11 - COOH) and by decarboxylation to 6-hydroxydopamine 
(see below). Anal. (CgH&lSOj) S. 
2-Phenyl-5-(2,4,5-trimetli~xybenzal)oxazolone (VIII).-2,4,5- 

Trimethosybenzaldehyde (1 g, 5.1 mmoles), 1 g of hippuric acid 
(5.6 mmoles), 0.5 g of fused SaOAc, and 4 ml of AczO were heated 
at 110' for 6 hr. Ice was added to the deep orange mixture and 
the product was removed by filtration or decantation. Recrystal- 
lization from C~Hs-hexane gave 1.48 g (875%) of orange-red 
prisms: mp 205"; ~2::' (em-') 1750 (lactone carbonyl), 1620 
(C=S);  440 mp ( e  19,000). .-lnal. (C19H,,S05) C, H, S. 

a-Henzamido( 2,4,5-trimethoxy)cinnamic Acid (IX).-2-Phenyl- 
5-(2,4,5-trimethoxybenzal)oxazolone (0.5 g, 1.47 mmoles) was re- 
fluxed with 16 ml of 0.1 A' SaOH until the solution was almost 
clear (3  hr). The mixture was filtered and chilled well before 
being acidified (pH 2) with 10% ice-cold HCI. The slightly yellow- 
ish solid was isolated by filtration and air dried. Recrystallization 
from boiling EtOH afrorded 432 mg (867,) of pale yellow needles: 
mp 223-224" dec; YEIF' (cm-l) 1675 (COOH, a,P unsaturated), 
1640 (COSH) ;  mass spectrum, m/e 357 = AI, 313 = 11 - CO?. 
Anal. (ClgHlsOe) C, H, S. 

N-Renzamido(2,4,5-trimethoxyphenyI)alanine (X).--.4 sus- 
pension of 150 mg of ~-benzamido-2,4,5-trimethosycinnamic acid, 

Anal. (C&mT\'Og) C, H, S. 

(20) H. D. Gibbs, J .  B i d .  Chem.. 72, 649 (1927) 
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tietails o r  ~)ropc'rticxs of tlic sul)staiicc \ v ~ r ( i  rcyortect 
cwept that thc cwnipouiiti. gave lower yielclb of iriclaiiiii- 
lilic inaterial thaii either c1op:iminc or (lopa. T h u s  thtl 
present procedurc swiiis to lie the first report of :i sntie- 
factory riietliotl of syiithesiziiig th t .  quailtities of 
$liydroxj dopa required for p1iarm:tcologic:tl studieb. 

6-Hytlroxytlop:i was fouiid to cause release of iiortlpi- 
iicphrine froiii cardiac tissue rising the tecliiiiquc1 of  prcb- 
laheliiig thc norepiiiephriiie storw with t mcer amounts 
of 1iorc.piiiephriiic-1K.~~ ,As preseiitcd i l l  Table I ,  
(i-hydrosytlop:i c:ivseci a significant reIrast. of iiorcpi- 
iicphriiie-jH froni cardiac tissue during t lie 2-hr periotl 
of thc assay. The. eflcc'ti\ c' (lost for 500,; rcleasp ot 
iiorepiiiephriiic-'H m as fount1 to he 100 riig kg. I:or 
comparisoii, thv EDjo of other :imino acids that :ire 

iiorcpintphrine-dct,lftnlg agents. such :IS a-m~thyI-u/- 
tyrosine aiitl ~3,3-tliligclrox~-4-mcthoxypli~~iiyI~iiinc :ircl, 
rcyectively, !Yi aticl 3 1 mg i ~ g . ? ~  That 6-hydroxydop:t 
tloes iiot rclcwsc ~iorcpiiiei,hriiie-~H per  sc was shown by 
cwiicoriiitxiit us( of the ckcarhoxylase iiihihitor, K-DL- 
sc~r~1-2,3,4-triliytlroxyl,t"lhy~~razi1ie.? ' EinpIoyiiig 
the tcchnique of ( ' ic~c~lii ig,  et al.,?' 28 i t  \ w s  found that  
6-11) droxytiop:i c*:ttisf~l (mentially 110 rcicase of norepi- 

( 2 i )  ( I< < r ~ ~ t i t i ~ z  .I \\ l) 't l \  and 13 \iithoj), J .If<d ( h e t n ,  9 2x4 

(28 )  C' K Civ\eIii~g J \\ , alid U \$ithop, t b z d ,  11 j 9 i  (1908) 
f2Q) 11, 1' Hti ihnr i i  U J C T  n d  A I'letscher, Erprrtenlm, 18, 411 I l O t i L )  

j 19bh) 
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T.IBLE I 
TtIE DEPLETION O F  SOREPINEPHRINE I N  ;\IOUSE HE \RT 

I N D  BRUN BY 6-HIDROXYDOPI 
Dose, 

Compound m g / k  
6-Hydroxydopa 50 

100 
6-Hydroxydopa 200 

(plus decarboxylase inhibitor)c 100 
6-Hydroxydopamine 
6-Hydroxydopamine 5 

(plus decarboxylase inhibitorIc 5 

Hearta Brain! 
'% of control) *g ig  

63 0 .2 i  
51  0.24 
43 0.16 
94 0.12 

42 0.36 
45 0.38 

Control 0.35 i 0.02 

a Assay as debcribed for chemoreleaqe of riorepinephrine-&Hi6 
with five mice per group; time, 2 hr. Standard error i7z. 
HCl salts were used. See Table 11. Time, 2 hr. c The 
peripheral decarboxylase inhibitor Xi-DL-seryl-1J '-2,X,Ptrihydrox- 
ybenzylhydrazine (50 mg/kg ip) was given 30 min before 6-hy- 
droxydopa or 6-hydroxydopamine. 

~iephrine-~H when the action of aromatic amino acid 
decarboxylase was blocked by the inhibitor (Table I). 
This is convincing evidence that, as is the case with 
other amino acids,j0 prior decarboxj lation of 6-hydroxy- 
dopa is required for norepinephriiie release. I n  vitro 
studies (see Experimental Section) indicate that 
G-111 droxy dopa is readily decarboxylated to G-hydroxy- 
dopamine by mammalian aromatic amino acid decar- 
Ijoxylase. 

Endogenous norepinephrine in brain3I was reduced to 
GOL of control levels following the administration of 
100 mg kg of 6-hydroxydopa (Table 11). This deple- 

(30) G L Gessa, E Costa, R Kuntaman, and B. B. Brodie, Lzfe Sea, 8 ,  
353 (1962) 

(31) J. R. Crout in "Catechol Amines in Urine, Standard Vethods of 
Clinical Chemistrx," Vol 11, D Seligson, E d ,  Academic Press, S e u  Yor6, 
N. Y ,  1961, p 62 

TABLE I1 
DEPLETIOX O F  B R . \ I N    OR EPINEPHRINE BY 6-HYDROXYDOP.\ 

------Norepinephrine, pg/g" 7 

6-Hydroxydopab (peripheral 
Time, hr  6-Hydrox~-dopa~ decarboxylase inhib)< 

2 0.24 i 0.04 0.11 i 0.01 
a 0.25 i 0.05 0.14 * 0.02 

24 0.23 i 0.02 0.31 i 0.02 
4s 0.19 i 0.02 0.27 i 0.03 
7 2  0.24 i 0.01 0.35 i 0.03 

Control 0.35 * 0.02 0.36 i 0.02 
.issay31 on three to five groups of five mice (16-20-g male 

white S I H  general purpose). 100 mg/kg sc. S-DL-Seryl-S'- 
2,3,4-trihydroxybenzylhydrazine (50 mg/kg ip) administered 
30 rnin before and 30 min after 6-hydroxydopa. 

tioii persisted for at  least 3 days. Occasional toxic 
effects were observed i,i mice receiving higher doses of 
6-hyclroxydopa and slightly greater depletion of central 
norepinephrine was efiected. 6-Hydroxydopa (50-200 
mg kg) produced a syndrome similar in some respects to 
that caused by reserpine. The mice were less active and 
exhibited a typical "hunched-hack" posture, mincing 
gait, and a distinct trrmor. 

Depletion of norepiiiephrine in the brain to a level of 
less than 30°C of control was brought about by the 
administration of a peripheral decarboxylase inhibitor, 
S-m-sery l -S ' -2 ,3 ,4-  trihydroxybenzylhydrazine (50 
mg kg), 30 min prior to the subcutaneous administra- 
tion of 100 mg kg of 6-hydroxydopa. This technique 
has heen used previously to inhibit selectively periph- 
eral aromatic amiiio acid decarboxylase and thereby 
cause increased uptake of dopa into the central nervous 
system xhere it is decarboxylated to d o p a m i ~ i e . ~ * , ~ ~  Al- 
though the depletion of endogenous norepinephrine in 
the brain was greater when 6-hydroxydopa and a 
peripheral decarboxylase inhibitor were used together, 
the norepinephrine levels returned to normal more rap- 
idly than when 6-hydroxydopa was used alone (Table 
11). The  reason for this is not known. 

Further studies will be needed to determine whether 
selective destruction of adrenergic nerve terminals can 
be effected in the CYS with 6-hydroxydopa. The re- 
sults reported here only indicate that this amino acid 
can partially reduce the level of norepinephrine in the 
whole brain, a reduction which is enhanced in the 
presence of a peripheral decarboxylase inhibitor. The 
depletion of norepinephrine and concomitant reserpine- 
like syndrome persists only for a few days in these mice, 
which suggests an inipairment of nerve function rather 
than destruction of the nerve terminals. It is note- 
worthy that the reserpine-like syndrome is elicited when 
norepinephrine is only partially depleted (greater than 
5OC';, of control) which suggests that  6-hydroxydopa 
may have a greater affinity for certaiii regions of the 
C M  and produce a more extensive depletion of specific 
iiorepinephrine-containing nerves.34 

(32) G. Bartholini, H.  31. Bates, IT. P. Burkard, and A. Pletscher, Nature, 
215, 852 (1967). 

(33) G. Bartholini and -4. Pletscher, J. Pharmacol. Eip l l  Therap ,  161, 14 
(1968). 

(34) While this manuscript uas in preparation, Dr H. Thoenen, F. Hoffman- 
La Roche & Co. Ltd , Basle. infoimed the authors of esse'l:iall) similar results 
obtained uith 6-hg drox\dopa in ratz. 


