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U m w a n d l u n g  v o n  C y s t e i n y l s e r i n  in  L a n t h i o n i n  

I m  Ver lauf  unsere r  A r b e i t e n  t iber  den  Schu tz  v o n  
A m i n o s / i u r e - S e i t e n k e t t e n  bei  P e p t i d s y n t h e s e n  s ind wir  
fo lgendem Fal l  begegnet .  

13el der  U m e s t e r u n g  v o n  N - 1 3 e n z y l o x y c a r b o n y l - S -  
b e n z o y l - L - c y s t e i n y l - L - s e r i n m e t h y l e s t e r  (I, Smp.  174 ~ 
[~]~)i = _ 36.4 ~ in D i m e t h y l f o r m a m i d - D M F )  m i t  m e t h a n o -  
l i scher  N a t r i u m m e t h y l a t l 6 s u n g  b i lde t  s ich e rwar tungsge-  
m/iss~ der  S-benzoyl- f re ie  E s t e r  I I ;  wi rd  dagegen  der  
e n t s p r e c h e n d e  S, O-Dibenzoyles te r  I I I  (Smp.  147 ~ [a]~)l = 

Wol le  a etc. u n d  yon  Insul in% sowie an  die Syn these  v o n  
L a n t h i o n i n  d u t c h  Wechse lw i rkung  yon  Cys te in  u n d  
Acety laminoacryls~iure  in s t a r k  a lka l i scher  L 6 s u n g <  
Schliessl ich m 6 c h t e n  wir  d a r a u f  h inweisen,  dass  Cyclolan-  
t h i o n y l p e p t i d e  ein i n t eg r i e r ende r  13estandtei l  yon  N a t u r -  
p r o d u k t e n ,  z. ]3. Nisin,  b i lden  6. 

N a c h t r a g  bei  der  K o r r e k t u r :  die S u b s t a n z  yon  Smp. 
284-285 ~ h a t  s ich inzwischen  als ein d imeres  yon  V b  m i t  
e inem 14gliedrigen R i n g s y s t e m  erwiesen. 
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--41.3 ~ in DtKF) auf  dieselbe Weise  b e h a n d e l t ,  so wird  
de r  Se r inan te i l  d u r c h  f i -Abspa l tung  in Aminoac ry l -  
s~turederivat  umgewan de l t ,  w~ihrend sich die g le ichzei t ig  
in  F re ihe i t  gesetz te  S H - G r n p p e  an  der  e n t s t a n d e n e n  
D o p p e l b i n d u n g  a d d i e r t  u n t e r  B i l d u n g  von  N - Benzy l oxy -  
c a r b o n y l d e r i v a t e n  des L-Cyc lo lan th iony lme thy le s t e r s  (Va, 
Smp.  170 ~ [e]}l = _}_1.2 ~ in DMF)- u n d  des meso-Cyclo-  
l a n t h i o n y l m e t h y l e s t e r s  (Vb, Smp.  284-285 ~ [~]~1 = 
--84.1 ~ in D ime thy l su l foxyd) .  Die b e i d e n  Stereoisomere  
Va  u n d  V b  e n t s t e h e n  auch,  sogar  in  besserer  Ausbeu te ,  
w e n n  m a n  den  aus  dem  S-13enzoyl-O-tosyldipept ides ter  VI  
(Smp.  120 ~ [~]~t = _ 37.8 ~ in DMF)  in b e k a n n t e r  Weise  2 
d u r c h  f i -Abspa l tung  erh~Lltlichen N-13enzyloxycarbonyl -  
S -benzoy l - z -cys t e iny l - aminoac ry l s / i u reme thy le s t e r  V I I  
m i t  m e t h a n o l i s c h e r  N a t r i u m m e t h y l a t l 6 s u n g  b e h a n d e l t .  
A n s c h e i n e n d  is t  I V  als Z w i s c h e n p r o d u k t  bei  der  U m -  
w a n d l u n g  yon  I I I  -+ V zu b e t r a c h t e n .  E n t c a r b o b e n z o x y -  
l i e rung  u n d  anschl iessende  Hydro ly se  yon  V a  u n d  V b  
l iefer t  L- bzw. m e s o - L a n t h i o n i n .  

Der  obige R e a k t i o n s v e r l a u f  e r i n n e r t  a n  die 13ildung yon  
L a n t h i o n i n  bei  de r  Hydro ly se  yon  a l k a l i - v o r b e h a n d e l t e r  

Summary. N - B e n z y l o x y c a r b o n y l -  S-benzoyl-L-cyste inyl -  
0 -benzoy l -L-se r ine  m e t h y l  es ter  is t r a n s f o r m e d  to  N- 
b e n z y l o x y c a r b o n y l  de r i va t i ve s  of cyclo-L- lanth ionyl  
m e t h y l  es ter  and  of cye lo -meso- lan th iony l  m e t h y l  ester .  
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T h e  D y e  S e n s i t i z e d  P h o t o o x y g e n a t i o n  of  K r y p t o p y r r o l e  

I n  connec t ion  w i t h  chemica l  i nves t iga t ions  in to  a n  
increas ing ly  wide ly  appl ied  p h o t o t h e r a p y  for n e o n a t a l  
jaundice1,  ~ t he re  has  b e e n  a renewed  in t e r e s t  in t h e  
b e h a v i o r  of monopyr ro l e s  d u r i n g  pho tosens i t i zed  oxygena-  
t ion  3. O n e  of t h e  m o s t  easi ly syn thes i zed  4 and  biological ly  
i m p o r t a n t  monopyr ro l e s  5, k r y p t o p y r r o l e  (1), has  been  
per iodica l ly  e x a m i n e d  fol lowing au to-ox ida t ion6 ,  L a f te r  
wh ich  t he  p r inc ipa l  i so la ted  p r o d u c t s  were found  to h a v e  

d imer ic  s t ruc tu re s  ~. However ,  t he re  h a v e  been  no repor t s  
on t he  p h o t o o x y g e n a t i o n  of 1. Because  of t he i r  poss ible  
r e l a t ionsh ip  to  or ex is tence  as biological  me tabo l i t e s  and  
the i r  s t r u c t u r a l  nove l ty ,  we wish  to  r epo r t  on  t he  pho to -  
ox ida t i on  p r o d u c t s  of 1. 

The  p h o t o o x i d a t i o n  r eac t ion  was conduc t ed  in a 
water -cooled  i m m e r s i o n  a p p a r a t u s  c o n t a i n i n g  a d i lu te  
(0.84 m m o l e  %) m e t h a n o l i c  so lu t ion  of k r y p t o p y r r o l e  (1) 
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and 3.2 mg % of Rose Bengal  (~O~ sensitizer). I r rad ia t ion  s 
was cont inued for a period of 4 h while a slow s t ream of 
oxygen  was bubbled  th rough  the  solution. After  evapora-  
t ion of me thano l  f rom the  react ion mixture ,  the  residue 
was co lumn chromatographed  on silica gel (E. Merck, 
Darmstad t ,  70-325 mesh ASTM) using gradient  elut ion 
(chloroform-ether-ethyl  acetate-acetone) .  A more complete  
separat ion of the  eluted mater ia l  was achieved using 
prepara t ive  th in  layer  ch roma tog raphy  (TLC) (Silica 
gel F, M. Woelm,  Eschwege,  1 mm,  d ie thyl  ether) to give 
four main  components ,  2 (Rf 0.91) 3 (Rf 0.55), 4 (Rf 0.27) 
and 5 (Rf 0.41); tbeor,  yields:  3, 14, 16 and 18% respec- 
t ively.  
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The s t ructure  of e thy lmethy lmale imide  (2) was confirm- 
ed by its TLC and spectroscopic [IR-, N M R -  and mass 
spec t rum 9] ident i ty  to a known sample ~0. The  expected  
m e t h o x y l a c t a m  (3) m.p. 84-5 ~ was ident ical  to the  4-ethyl-  
5-methoxy-3,  5-dimetbyl-3-pyrrol in-2-one isolated during 
the  course of ano ther  work  ~*. I t  exhibi ted  a mass spec- 
t r u m :  m/e (reIative intensi ty)  169.1105 [M+, CgH~hNOa] 
(15%), 154 [M-CHb~ (11%), 140 [M-C~H~] (28%), 138 
[M-OCH~] (100%) and 122 (25%); N M R  spectrum.: 

(CCI,) 1.14 (3H, t, CHa) , 1.48 (3H, s, CHa), 1.79 (3H, s, 
CHs), 2.24 (2H, q, CH2), 2.95 (3H, s, OCHa), and 7.68 
(1H, br, NH) ppm. ;  and IR- spec t rum:  vm~ (KBr) 1689 
(C=O) cm -a. The  h y d r o x y l a c t a m  s t ruc ture  (4), m.p. 
135-137.5 ~ was established by  its mass spec t rum:  ra/e 
(relative intensi ty)  155.0943 [M+ CsHxaNO2] (27%), 140 

/ \ t -  ~ 1 
C H ~ H N / ~ H  { 1,4-add'n 

6 8 

[M-CHb] (54%), 138 [M-OH] (19%), 126 (100%) and 122 
(32%); NMR-spec t rum:  d (CDCls), 1.17 (3H, t, CH~), 
1.51 (31aI, s, CH3), 1.73 (3H, s, CH3), 2.35 (2I-I, q, CI-I2) , 
2.90-3.50 (1H, br, OH) and 6.83 (1H, br, N i l )  ppm. ;  and 
IR- spec t rum:  v~a~ (K]3r) 1670 (C=O) c m - L  The closely 
related s t ructure  of 5 was de te rmined  f rom its mass 
spec t rum : m/e re la t ive  in'tensity) 155.0941 [IV[+, CsH13NO~] 
(7%), 140 [M-CHa] (10%), 138 [M-OH] (100%), 126 
(25%) and 122 (17%); N M R - s p e c t r u m :  d (CDCI~) 1.16 

(3H, t, CHa), 151 (3I-I, s, CH3), 1.80 (3H, s, CH3), 2.34 
(2H, q, CH2), 7.17 (1H, br, NH) ppm. ; and IR- spec t rum:  
v ~ x  (KBr) 1701 (C=O) and 1625 (C=C) cm -1. The  close 
spectroscopic s imi la r i ty  of 4 and 5 rendered the s t ruc tura l  
ass ignments  diff icul t ;  however ,  the  ]ower carbonyl  
infrared s t re tching f requency of 4 agrees best  wi th  o ther  
3-pyrrolin-2-ones and the  higher  va lue  of 5 agrees wi th  
o ther  unconjuga ted  4-pyrrolin-2-ones 1~ and is akin to 
tha t  observed in unsa tu ra ted  y-lactones ~s Moreover,  in 5 
the  C-3 me thy l  group is shielded by the  ad jacen t  carbonyl  
group and appears  a t  s l ight ly higher  field (6 1.80 ppm) 
than  the  corresponding C- 5 me thy l  group of 4 (d 1.73 ppm).  

The  format ion  of imides dur ing pyrrole  pho tooxida t ion  
has a l ready been noted  when bo th  fi-poSitions are 
alkylated~a,~5, and they  p resumably  or iginat  e f rom an 
curio-peroxide in termediate ,  e.g. 6 -+ 2 (Scheme). Metho- 
xy l ac t am 3 was also an expected  p roduc t  fol lowing 
methanolys is  of curio-peroxide 6 wi th  subsequent  decom- 
posi t ion of hydroperox ide  7. This  is an expected  react ion 
for a lkyla ted  pyrroles 3,~*-xs and is well  documented  for 
furans tT. Al though  the  fo rmat ion  of hydroxy lac t ams  
(e.g. 4) has been observed whenever  t he  pyrro le  had  one 
c~-position a lkyla ted  and the  remain ing  ~-position unsub- 
s t i tu ted  ~s,ls, the  OH group was a lways located a t  an 
e-posi t ion of the  pyrrole  ring. The  p roduc t  p resmnab ly  
arises v ia  an endo-peroxide (e.g. 6). Two possible mechanis-  
t ic  routes  have  been discussed brief ly ~s. In  marked  
depar ture  f rom the  behavior  of re la ted alkyl  pyrroles,  
pho toox ida t ion  of k ryp topyr ro le  leads to a compara t ive ly  
high yield of the  unexpec ted  isomeric h y d r o x y l a c t a m  (5) 
in addi t ion  to the  ant ic ipa ted  isomer (4). I t  is in teres t ing 
to note  t h a t  HOFT, KATRITZKY and IgESBIT 7 first  repor ted  
a s t ructure  akin  to 5, viz. 3-hydroxy-3 ,5-dimethyl -4-  
pyrrolin-2-one,  as an au toox ida t ion  p roduc t  of 2,4- 
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d ime thy lpy r ro l e  and la ter  revised the  s t ruc ture  to the  
c~-hydroxy isomer, 5-hydroxy-  3, 5-dimethyl-3-pyrrol in-2-  
one. The only r epor ted  p roduc t  of au toox ida t ion  of kryp-  
topyr ro le  is a d imer  7. We were thus  qui te  surpr ised to  
discover  5 as a p h d t o p r o d u c t  of 1, especially because no- 
ne of the  equiva len t  was p roduc t  de tec ted  following photo-  
ox ida t ion  of the  re la ted  3, 4 -d ie thy l -2-methy lpyr ro le  ~s. 
At  p resen t  the  only o ther  ins tance  of a s imilar  p roduc t  
or ig inat ing f rom p h o t o o x y g e n a t i o n  of a pyrrole  m a y  be 
found in t he  pho toox ida t i on  of 3 -methy lpyr ro le  ill 
me thano l  8 f rom which  low yields of b o t h  3-hydroxy-3-  
methyl -4-pyrro l ine-2-one  and 3 -methoxy-3-methy l -4 -pyr -  
rol in-2-one were isolated a m o n g  o ther  products .  For  
k ryp topyr ro l e  as well as 3-methylpyrro le ,  we propose  a 
d ioxe tane  in t e rmed ia t e  (e.g. 8) arizing f rom 1, 2-cyclo- 
addi t ion  of ~O~ to one of the  enamine- l ike  double  bonds  ~s 
of the  pyrrole.  We could f ind no analogous p roduc t s  
arizing f rom a t t ack  of ~O 2 at  the  o ther  double  bond  of 1, 
nor  could we de tec t  a m e t h o x y l a c t a m  corresponding  to 5. 
We  p resume  t h a t  an in t ramolecular  r e a r r angemen t  in 8 
leads to  5. Such a reac t ion  course is abnorma l  in t h a t  
s imilar  d ioxe tane  in te rmed ia tes  lead ma in ly  to carbonyl  
p roduc t s  af ter  C-C bond  clevage ~9, and a p p a r e n t  solvolysis 
p roduc t s  are usual ly minor  components19, 2~ F u r t h e r  
work  on the  mechanis t i c  detai ls  of these  react ions  and  
s tudies  on the  pho toox ida t i on  of o ther  a lkyla ted  pyrroles  
are cur ren t ly  under  inves t iga t ion  in our laboratories.  

Zusammen/assung. Die d u t c h  Rose Bengal  sensibili-  
s ierte  Pho tooxygen ie rung  des K ry p t o p y r ro l s  in Methanol  
ergab Athy lme thy lma le imid ,  4 -~ thy l -5 -me thoxy-3 ,5 -d i -  
methyl-3-pyrrol in-2-on,  4-)kthyl-5-hydroxy-3,  5-dimethyl-  
3-pyrrol in-2-on und  4 -Athy l -3 -hydroxy-3 ,5 -d imethy l -4 -  
pyrrol in-2-on.  

]2). A, LIGHTNER '~ and  D. C. CRANDALL 

Department o/ Chemistry, 
Texas Tech University, .P.O. Box 4260, 
Lubbock Texas USA 79d09, 5 December 7972. 

17 I~. GOLLNICK and G. O. SCHENCK, 1,4-Cycloaddition Reactions, 
(Ed. J. HAIriER, Academic Press, New York 1967). 

is C. S. FOOTE and J. W.-P. LIN, Tetrahedron Lett. 7968, 3267. 
l, For leading references see D. R. t(EARNS, Chem. Rev. 77, 395 

(1971). 
~0 W. FE•ICAL, D. R. KEARNS and P. RADLIC~, J. Am. chem. Soc. 97, 

3396 (1969). 
21 The authors wish to thank the National Science Foundation (No. 

GP-32483X and No. GP-35699X) and the National Institute of 
Child Health and Human Development. US Public Health Service 
(No. HD-07358) for generous support of this work. One of us 
(DCC) acknowledges receipt of a National Science Foundation 
Undergraduate Fellowhsip and a Pesident's Undergraduate 
Fellowship at the University of California, Los Angeles. We thank 
Miss ELISABETtt IRWIN for determining all high resolution mass 
spectra reported in this work. 

A ~ C h o l i n e s t e r a s e  f r o m  Bean  R o o t s  and i ts  Inhib i t ion  by  P l a n t  G r o w t h  R e t a r d a n t s  

Acetylchoi ine  (ACh) levels have  been  shown to be 
re la ted  to  p h y t o c h r o m e - m e d i a t e d  processes in several  
p l an t  sys tems  ~,2, which  sugges ted  t h a t  a chol inesterase  
(ChE) migh t  p lay  a regula tory  role in p l an t  deve lopment .  
The occurrence of ACh-hydro lyz ing  ac t iv i ty  of p l an t  
ex t rac t s  has been repor ted  in several  works 3-~, bu t  a 
detai led charac te r iza t ion  of the  enzyme(s)  involved is 
still  missing, and the  ques t ion  of whe the r  or no t  ChE and 
especially acetylchol ines terase  (ACHE) exist  in p lan t s  has 
no t  ye t  been  answered.  The p resen t  pape r  describes the  
pur i f ica t ion and  charac te r iza t ion  of a ChE wi th  high 
aff in i ty  for ACh f rom m u n g  bean  (Phaseolus aureus) roots  
and  the  effects of var ious  p l an t  g rowth  r e t a r d a n t s  on the  
ac t iv i ty  of the  bean  ChE. 

Materials and methods. The ChE was purif ied f r o m  
roots  of 12-day-old l ight -grown seedlings. The roots  were 
first  ex t r ac t ed  wi th  10 m M  po tass ium p h o s p h a t e  buffer,  

p H  7.0, to remove  soluble pro te ins  and  the  ChE was then  
ex t r ac t ed  f rom the  p l an t  residue wi th  4% (NH4)2SO 4 
(w/v) i n  p h o s p h a t e  buffer. Af ter  concen t ra t ion  wi th  
(NH4)2SO ~ at  80% sa tura t ion  followed by  dialysis, t he  
enzyme was fu r the r  pur i f ied on a Sephadex  G-200 
column. Overall  pur i f ica t ion was 36-fold. 

ChE ac t iv i ty  was  de t e rmined  by  the  me t h o d  of ELL- 
~AN et al.6 using th iochol ine  esters  as a subst ra te ,  and  

i M. J. JAF~E, Plant Physiol. 46, 768 (1970). 
2 2. HARTMANN, Planta, Beri. 700, 159 (1971). 
a W. D. I)ETTBARN, Nature, Lond. 79d, 1175 (1962). 
4 A. TZAGOLOFF, Plant Physiol. 38, 207 (1963). 
50 .  J. SCHWARTZ, M. Sc. thesis, North Carolina State University 

(1967). 
6 G. L. ELLMAN, K. D. COURTNEY, V. ANDRES and R. M. FEATHER- 

STONE, Bioehem. Pharmac. 7, 88 (1961). 

Table 1. Properties of bean root ChE 

Characteristics Bean ChE 

Localization 
Rate of hydrolysis of choline esters 
Hydrolysis of non-choline esters 
pH optimum with acetylthiocholine and ACh 
Shape of activity curve (ACh or acetylthiocholine as a substrate) 

Km with ACh and acetylthiocholine (JIM) 
Moi. Wt. 

Concentration of eserine causing 50 % inhibition (raM) 
Concentration of neostigmine causing 50% inhibition (tzM) 
Effect of choline. 

Membrane-bound 
Acetyl ~ propionyl = butyry] 
+ 
8.5, 8.7 
Bell-shaped (inhibition by 
excess substrate) 
72, 84 
2> 200,000 (evidence for 
smaller tool. wt. forms) 
0.42 
0.60 
Stimulation 


