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followed by  the  slow addi t ion  of o.22 mole freshly distilled acetyl  chloride. Af ter  4 h, the  precipi- 
t a ted  t r i e t h y l a m m o n i u m  chloride was removed by  filtration and  the  fil trate evapora t ed  to give 
71 To of crude N,N' -d iace ty l -L-cys t ine  d ime thy l  ester.  0.05 mole of th is  p roduc t  was dissolved in 
a m i x t u r e  of 250 ml distilled water  and  60 ml conc. HCI and  to th is  solution Br~ was added,  
slowly and  wi th  st irr ing,  unt i l  a s l ight  excess was present .  A p p r o x i m a t e l y  0.25 mole was required.  
The  resul t ing  solution was concen t ra ted  in vacuo to give 75 % of crude N-acetyl-L-cysteic  acid 
c a r b o x y m e t h y l  ester,  m.p.  z86 ° with decomp.  A solut ion of 0.o 4 mole of the  crude ester  in t 1 
d ry  m e t h a n o l  was s a tu r a t ed  wi th  a n h y d r o u s  a m m o n i a  and  the  react ion mix tu r e  ma in t a ined  
a t  25 ° in a sealed vessel for 5 days.  The  react ion mi x t u r e  was then  evapora ted  to d ryness  and  
the  residue recrystal l ized from a n h y d r o u s  e thanol  to give the  a m m o n i u m  sal t  of N-acetyl-L-cysteic  
acid ca rboxamide ,  m.p.  2o l -2o2 °, [a]~ = - - 9 . 3  ° (in water).  Yield from L-cystine, 18 %. 

Anal.  Calcd. for CsHz3OsNsS (227): C, 26.4; I-I, 5.7; N, I8.5; S, z4.z. F o u n d :  C, 26.4; H, 5.8: 
N, z8.5; S, 14.o. 

The  condi t ions  employed  in exami n i ng  the  act ion of a - c h y m o t r y p s i n  on the  a m m o n i u m  sal t  
of N-acetyl-L-cysteic  acid ca rboxamide  are s u m m a r i z e d  in Table  I. The  a - c h y m o t r y p s i n  was an 
A r m o u r  prepara t ion ,  lot No. 00592. 

The  procedure  employed  for observ ing  the  effect of  added  a m m o n i u m  N-ace ty l -L-cys tea te  
ca rboxamidc  upon  the  a - chymot ryps i n - ca t a l yzed  hydro lys i s  of a -N-ace ty l -L- ty ros inehydraz idc  
(Table II) was identical  to t h a t  described prev ious ly  4 and  again  the  enzyme  prepara t ion  was 
crysta l l ine  a - c h y m o t r y p s i n ,  A r m o u r  lot No. 00592. 

This  inves t iga t ion  was suppor ted  in par t  by a g r an t  from the Nat ional  In s t i t u t e s  of Heal th ,  
Publ ic  Hea l th  Service. Microanalyses  by  Dr. A. EL~K. 
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3-Methoxy-4-hydroxy-D-mandelic acid, a urinary 
metabolite of norepinephrine* 

One of the  phenolic  acids in h u m a n  urine, c o m p o u n d  zo 1, appea r s  to be of endogenous  origin, 
s ince its excre t ion  is no t  affected by  d ie ta ry  changes .  Many  of the  qua l i t a t ive  reac t ions  of th i s  
subs t ance  were observed to be s imilar  to those  of some c o m p o u n d s  con ta in ing  the  3 - m e t h o x y -  
4 - h y d r o x y p h e n y l  group.  This  fact,  a long  with the  recent  observa t ion  t h a t  homopro toca t echu i c  
acid undergoes  biological m e t h y l a t i o n  to homovani l l ic  acid 2, and  the  solubi l i ty  charac te r i s t ics  of 
t he  u n k n o w n  subs t anc e  as indicated by  its ch roma t og raph i c  behav ior  were sugges t ive  t h a t  it  
m i g h t  be 3 - m e t h o x y - 4 - h y d r o x y m a n d e l i c  acid (I). (I) m i g h t  be expected  to be formed by  the  ac t ion  
of amine  oxidase  upon  norep inephr ine  or ep inephr ine  s, followed by m e t h y l a t i o n  of t he  resu l t ing  
3 ,4 -d ihydroxymande l i c  acid. The  following resul ts  indicate  t h a t  (I) is, indeed, an  i m p o r t a n t  u r i na ry  
metabo l i t e  of norep inephr ine :  (I) The  pa ren te ra l  admi n i s t r a t i on  of no rep inephr ine  leads to an  
increased a m o u n t  of ( I ) i n  t he  urine**; (2) oral ly inges ted  3 ,4-dihydroxy-DL-mandel ic  acid gives  
rise to an  increased excre t ion  of (I); and  (3) th ree  pa t i en t s  wi th  p h e o c h r o m o c y t o m a s  excre ted  
grea t ly  increased a m o u n t s  of (I) p reopera t ive ly  and  no rma l  a m o u n t s  pos topera t ive ly*** .  

A u t h e n t i c  DL-(I) was prepared  by  the  m e t h o d  of GARDNER AND HIBBERT4; m.p.  z29--z3 O° 
dec. §. L- and  D-(I) were p repared  by  f rac t ional  c rys ta l l iza t ion  of the  c inchonine  sa l t  of DE-(I). The  

* Th i s  work  was  suppor t ed  by  research g ran t s  f rom the  Na t iona l  I n s t i t u t e  of Hea l th ,  U.S.  
Public  Hea l t h  Service. 

* *  W e  are  indeb ted  to Dr.  HAROLD BROWN and  the  res ident  s taf f  of the  Vete rans  Admin i s -  
t ra t ion  Hospi ta l ,  Salt  L ake  City, Utah ,  for p rov id ing  mate r ia l  f rom pa t ien ts .  

*** W e  are  gra te fu l  to Dr.  JoHN WALDO, Salt  Lake  City, Drs.  J .  G. Or.SEN AND PAUL SOUTHWICK, 
Ogden,  U tah ,  and  Dr.  HAROLD BROWN, for p rov id ing  ur ine  f rom these  pa t i en t s .  

J All me l t i ng  po in t s  were m a d e  in open capil lary tubes  and  are uncorrected .  
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first crop of tess soluble salt was enriched m l~-(1) and the mother  liquor was enriched ill L-(1). Impure 
I.- and D-{I', were regenerated from their crude salts and recrvstallized (acetonitrile) 1¢) c~,nstant 
rotation. L..(I), m.p. 151 dec., [a]]'f', -t- 133 tl '}. in water); D-t1), m.p. 15-'  dec., Etl]'~i ~, 133' 
(l °o in water). The cinchonine salt ot l)-(l) was recrvslallized (abs. ethanM) to constant  rotal i,m; 

"4 u]iS, l 8t~: (1% in EtOH),  m.p. -'o 3 -'04 dec. l)-(1) was regenerated from this salt; [~1~'~:~ ~, 13 I 
(1% ill water),  m.p. 15"" dec. L-(l), nl.p. 1.52 dec., i.uJ'~Y, } ~2S (0. 7''i, in water) was also, prepared 
by enzvmic hydrolysis of Di.-(l)-amide with purilied leucine aminopeptidase.  The enzymic res~hltion 
served-for as£ignment ot c .nf igurat ion since leucine aminotmptidase shown an absolute npeciticity 
for amities having the l.-conligurations: the aminopept idase hydrolyzes ~t-hvdroxy acid amides 
an well as a-amino acid a l n i d e n  8 ". 

o-(I) was isolated from the urine of a ilatient with a l)heochromocytoma, tlrine (l 4 lj c,m- 
taining an est imated 135 mg ,,f (1) was extracted with ethyl acetate and the organic acids were 
separated in the manner  described previouslyL For initial purification, the extract  of . rganic  
acids was subjected t(J a nmditied countercurrent  extract ion procedure 7, a port ion of the resulting 
purified concentrate  (containing about  0o mg (I)) was applied t~ W h a t m a n  3 MM filter paper 
(about o.5 mg (I) pc," spot) and subjected to ascending chromatography  with isopropyl a lcohol-  
aqu. NHa-wa te r  (V;:l : ,). The area containing most  of the (1) was eluted and 3 ° mg of crude D-(I) 
w a s  obtained by digesting tile concentrated ehlate with acetonitrile. The crude material was 
recrystallized fr(ml o. t ml of acetonitrile to yield it) mg of lmro D-t1) ; m.p. 15z dec. (not depressed 
by admixture  with authentic  D-(I)): [u]~y, 13S (o.7°,, in wa te r ) . ' l ' hec rvs ta l  form, solubility, 
and chromatographic  properties of tile isolated material were the same as those of authentic  l)-(I). 

3,4_l)ihydroxy-Dt--mandelic acid was prepared from protocatechuahlehyde via the c\ 'an,> 
hvdrin, imino enter hvdrochloride, and ethyl enter: m.p. 138 dec. . \nalvsis:  Calculated for ('sil~()5: 
('~ 5z.18, tt, 4.38; I ' :ound (', 51.4(}, | I ,  -t.3.5. This acid had been prepared previ~mnly in a xerv 
impure s tate  bv |JARGI'.'R AND EXt,'INS s. 

(1) in urine may be est imated by two dimensional paper chrmnatography  of an extract  of 
the organic acids pr;.~pared as described previously t. For chromatography,  aliquots of extract  
containing about  I 7 of (I) are applied to paper, ahmg with suitably placed ntandard quant i t ies  
( 0 . 5 ,  l .0, l "5, anti ".o 7) of authent ic  (I). l;or the tirst system, isopropyl alcohol aqu. ammonia  - Ha() 
(8 : 0.2 : ~ .8), ]¢F, o.4°, and for the second system, l )enzene-propionic acid- - H2() ( ~ oo : 7 ° : 5). t?.F, 
o. lO, give good results. "l'hc chromatograms  arc" sprayed with diazotized sulfanilic acid 9 and the 
amoun t  ot (I) is est imated 1,v comparing it with the s tandard spots. The extract ion procedure 
recovers0o  95 % of added ( l ' ) ,and the accuracv of the ent imati-n is about  }- 15'),,. Normal adults  
excrete (I) at  the level of J.5 to 3.o y/rag creatinine. The three pat ients  with l )heochromocytoma 
excrete.d 0o, "3, and l - ) ,  {I)/mg crcatinine preoperatively and -'-7, 4.-t, and I. 5postopera t ive ly .  

respectively. 
It  is iikelv that  (I) is also a metabolite of epinephrine, since both amines are substra tes  for 

amint, t,xidasea-and the distributitm of ratlioactive compounds  in the urine of rats  has been shown 
to be siinilar after the adnainistration of l~C-epineplarine and norepinephrine TM. Under normal 
conditions, however, the daily excretion ~f norepinephrine is about  live times that  of epineph,'ine u. 
Est imation of (I) in urine will probably be of vahte for the detection of pheochromocytomas,  and 
in phyni~d¢~gical studies of the l~rotluction of imrepinephrine in various other c .ndi t ions.  
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* We wish to thank  Dr. R.  L. HILL for carrying out the enzymic hydrolysis.  


