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N e w  R o u t e  for  1 - S u b s t i t u t e d  H y d a n t o i n s  x 

Alkyta t ion  react ions on hydan to ins  (I) lead smoo th ly  
to 3-alkyl der iva t ives ;  more  r igorous condi t ions  al low fur-  
ther  subs t i tu t ion  a t  posi t ion 1 p rov ided  the  N1-H group 
is ac t iva ted  by  an aryl  group or  an e thylenic  bond  at-  
tached to the ad jacen t  C52,a. All the  h i the r to  ava i lab le  
methods  for the  no t  readi ly  accessible 3-unsubst i tu ted-1-  

Al te rna t ive ly ,  the  a m i n o m e t h y l a t i o n  step was carried 
out  in anhydrous  N , N - d i m e t h y l f o r m a m i d e  using the cal- 
cu la ted  a m o u n t  of pa ra fo rmaldehyde  (stirring 24 h a t  
room tempera tu re )  instead of aqueous  fo rma ldehyde ;  the  
resul t ing solut ion was then  t rea ted  d i rec t ly  w i t h  sodium 
hydr ide  and the  process followed as above.  The  overal l  
yield was prac t ica l ly  coincident.  

S imi lar  results  were ob ta ined  in o ther  exper iments .  
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a lky lhydan to ins  (IV) require  p lacing the  subs t i tuen t  a t  
the  appropr ia te  n i t rogen a tom prior  to the  comple te  for- 
ma t ion  of t he  hydan to in  sys tem 2,~,5 

We  are repor t ing  here  a new rou te  t h a t  furnishes com- 
pounds  IV th rough  the  a lky la t ion  a t  posi t ion 1 of the  pre- 
formed hydan to in  ring. This  synthesis  involves  the  follow- 
ing steps:  (1) blockage of the  more reac t ive  posi t ion 3 by  
aminomethy la t ion~ ;  (2) a lky la t ion  a t  posi t ion 1 using a 
new procedure  t h a t  opera tes  under  mild condi t ions  and 
does not  require  the  presence of ac t iva t ing  groups at  Cs; 
(3) r emova l  of the  blocking group by  control led base or  
acid-cata lysed hydrolysis .  

The  ent i re  process can  be run  in one opera t ion  as illus- 
t r a ted  by  the  fol lowing example .  Crude 3-(N-morphol ino-  
methyl)-5 ,  5 -d imethy lhydan to in  (II ; R = R 1 = CH3), pre- 
pared from I (R = R 1 = CH s ; 0, 001 M) as described earlier 6, 
was dried to cons tan t  weight  a t  56°/10 -1 Tor r  and  dis- 
solved in anhydrous  N , N - d i m e t h y l f o r m a m i d e  (1.5 ml). 
To the  solut ion p ro tec ted  f rom humid i ty ,  sod ium hydr ide  
(0.001M) as oil dispersion was added and the  mix tu re  
s t i r red magne t i ca l ly  a t  room t empera tu r e  unt i l  hydrogen  
evo lu t ion  ceased;  af ter  addi t ion  of benzyl  chloride 
(0.0011 M),  the  mix tu re  was left  for 24 h under  the  same 
condit ions.  

The  solvent  was evapora ted  under  reduced pressure and 
the  residue conta in ing  I I I  (R = R~ = CHa; IZ~ = PhCHI)  
was washed wi th  hexane  (2- 1 ml), dr ied in v a c u u m  and 
then  st irred 1 h a t  room t empera tu r e  wi th  2 ml 3 N  
aqueous  sodium hydroxide .  F r o m  the  centr i fuged solu- 
t ion,  1-benzyl-5, 5 -d imethy lhydan to in  (IV; R = R 1 = CHs; 
R~ = PhCH2) was prec ip i ta ted  by  acidif icat ion wi th  con- 
cen t ra ted  hydrochlor ic  acid;  45% yield, m.p.  128-129 °, 
af ter  recrys ta l l iza t ion  from benzene-hexane.  

Zusammenfassung. 1,3-unsubstituierte Hydan to ine  (I) 
werden in e inem 3-Stufenprozess in 1-subst i tuier te  Ab- 
k/Smmlinge (IV) i ibergefi ihr t :  Blockierung der  Ste l lung 3 
du tch  Aminomethy l i e rung ,  gefolgt  yon  N, -Alky l i e rung  
mi t  anschl iessender  E n t f e r n u n g  der  Schutzgruppe  durch  
I tydrolyse .  
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A U n i f o r m  N u m b e r i n g  S y s t e m  for  I n d o l e  
A l k a l o i d s  1 

I t  is a remarkable  fact  t h a t  t he  occurrence of complex  
alkaloids (some 350 of known s t ruc ture  s) con ta in ing  in- 
dole or  equiva len t  moiet ies  is largely res t r ic ted  to a few 
p lan t  families, viz. Apocynaceae, Loganiaceae, and Rubi- 
aceae. I t  is wor th  remember ing  t h a t  these families s tand  

close toge ther  in the  phylogenet ic  char ts  of the  taxoni -  
mists  3. 

On the  chemical  side there  has been discerned an ap- 
pa ren t  un i fo rmi ty  in the  bui lding blocks of these  sub- 
s tances  which is no t  a lways obvious  upon casual  exami-  
na t ion  4. Fo r  a n u m b e r  of alkaloids t r y p t o p b a n  or  its 
equ iva len t  has been proved  to be one of the  precursors;  
bu t  the  source of the  remain ing  port ion,  a t en  (or nine) 
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ca rbon  f r a g m e n t  divisible ~ in to  l inear six ca rbon  (6 C), 
one carbon  (1 C) and  three  ca rbon  (3 C) units ,  connec ted  
as def ined  in Char t  I, r emains  obscure.  The nine  ca rbon  
f r a g m e n t  is cons idered  to  be fo rmed  by  the  loss a t  some 
s tage  of one  of t he  ca rbons  f rom t h e  3 C uni t ,  and  the re  
are  also a few indole bases  which  appea r  to  h a v e  ended  up  
w i t h o u t  t h e  3 C or the  1 C units ,  e.g. f lavoperei r ine"  and  
gelsemicine ~, as well as examples  where  t he  3 C has  lost  
C-17 a n d  t h e  ca rboxy l  group,  e.g. a sp idospe rma t id ine  s. I t  
is n o t  k n o w n  a t  th i s  t i m e  w h e t h e r  the re  is a n y  b iochemica l  
rea l i ty  to be a t t a c h e d  to  t he  formal  residues,  6 C, 1 C a n d  
3 C, le t  a lone the  t h ree  h y p o t h e t i c a l  bui ld ing  blocks, 
T y p e s  I, I I  and  I I I .  I t  is never the less  a useful w a y  of 
d iv id ing  indole  alkaloids in to  groups  based  on the i r  sub-  
a rch i tec ture .  Since Type  I alkaloids are  by  far  t he  m o s t  
numerous ,  t h e y  m a y  be t h e  source of Type  I I  and  I I I  

bases,  b u t  there  is no t  ye t  any  expe r imen ta l  basis for th is  
a s sumpt ion .  

For  a n u m b e r  of years  i t  has  become c u s t o m a r y  to as- 
sign to  t he  a t o m s  of Type  I a lkaloids  the  n u m b e r s  given to  
t he i r  p r e s u me d  equ iva len t s  in yoh imbine .  This  has  had  a 
pedagogic  value in serving to  accen tua t e  c o m m o n  fea tures  
of s t ruc tu re  and  chemis t ry  and  has  been  an aid in r e m e m -  
ber ing  degrada t ions  and  in te rconvers ions .  We  would  like 
to  sugges t  t h a t  th i s  conven t ion  be e x t e n d e d  to  cover  
Type  I I  and  I I I  a lkaloids (Figure). 

Fo r  those  bases  which  re t a in  the  ca rboxyI  g roup  a t  
C-16 9 the re  is an a m b i g u i t y  for Type  i I I  bases  s ince t h e  
l inear  th ree  ca rbon  unit ,  C-17 + C-16 + COOH is on 
p a p e r  equ iva len t  to  C-15 + C-14 + C-3; in th is  possible  
equ iva lency  m a y  lie the  reason for the  isolat ion of op t ica l  
an t ipodes  and  r acema te s  among  the  a sp idospe rma-  
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v incamine  alkaloids l°. We suggest  for the  p re sen t  the  
conven t ion  t h a t  the  carbon  to  which  the  ca rboxyl  group 
is a t t a c h e d  be C-16. 

W h e n  an alkaloid lacks a carboxyl  group the  n u m b e r i n g  
should be the  same as its ca rboxy l  con ta in ing  homologue.  
This  convent ion  is necessary  because in the  line d rawings  
of the  Figure, carbons 16 and 17 become equ iva len t  to C-14 
and C-3 in Type I bases, to  C-19 and  C-18 in Type  II ,  and  
to C-19 and C-18 in Type  I I I  bases,  respect ively .  This  is 
not  regarded as an amb igu i ty  in dec id ing  the  n u m b e r i n g  
since the biogenesis  of the  a lmos t  ub iqu i tous  two ca rbon  
side chain (C-19 and  C-18) is p robab ly  the  same for all 
types  and also in the  specific case of Type  I alkaloids t he  
absolute s t e reochemis t ry  a t  C-15 1°,11 has so far been  
proved  to be invar ian t .  

Rdsumd. Nous  proposons  un  mode  uni forme de num6ro-  
ra t ion  pour  le sque le t te  des alcaloides indol iques com-  
plexes.  II es t  bas6 sur  le fait  que tous  ees compos6s sont  
suscept ib les  d 'St re  coupSs en 6Mments ident iques .  
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Effect of Din i trophenol  on the Pattern of 
Meth ion ine  T r a n s p o r t  A l o n g  the  S m a l l  I n t e s t i n e  

of the Rat  

I t  is well known  t h a t  metabol ic  inh ib i tors  such as 2, 4- 
d in i t ropheno l  reduce t h e  in tes t ina l  t r a n s p o r t  of amino  
acids 1. I t  is also k n o w n  t h a t  in the  case of glucose t rans-  
por t ,  metabol ic  inhib i tors  have  a much  grea te r  effect  on 
those  por t ions  of in tes t ine  which  t r a n s p o r t  the  bes t  2. By  
v i r tue  of th is  effect  f luoride is able to abol ish the  g rada t ion  
along the  ra t  in tes t ine  for glucose abso rp t ion  in v i t r o ' .  
The  purpose  of t he  p re sen t  s t u d y  was to de t e rmine  if a 
s imilar  effect  of a metabo l ic  inh ib i to r  could be shown on  
the  p a t t e r n  along the  in tes t ine  for amino  acid t r anspor t .  

~Iethods. The ever ted  smal l  in tes t ine  f rom 24 h - fas t ed  
male  albino ra ts  (Ho l t zman ;  b o d y  we igh t  281-408 g) was 
d iv ided  in to  e igh t  s e g m en t s  of nea r ly  equal  l eng th  and  
t r a n s p o r t  was  s tudied  using the  in v i t ro  t echn ique  of 
CRANE and  S¥ILSON a. Procedura l  detai ls  m a y  be found in 
a prev ious  p u b l i c a t i o n ' .  Ini t ia l ly ,  b o t h  mucosal  and  
serosal  solut ions (8.0 ml and  1.0 ml  respect ively)  con- 
t a ined  D-glucose a t  5.55 /~moles/ml; the  mucosa l  solut ion 
con ta ined  L-meth ionine  a t  a concen t ra t ion  of 12.0 / ,moles 
per  ml;  no me th ion ine  was p resen t  in t he  ini t ial  serosal  
solution.  In  some e x p e r i m e n t s  10-33~ r 2 ,4 -d in i t ropheno l  
(DNP) was  p re sen t  on b o t h  sides. I n c u b a t i o n  was a t  
37°C for 1 h. Meth ionine  concen t ra t ions  were d e t e r m i n e d  
on samples  of the  serosal  solut ion by  a modi f ica t ion  of the  
RUDRA and  CHOUDHURY revision 4 of the  McCARTHY and  
SULLIVAN m e t h o d  5. 

W h e n  in tes t ina l  segments  were i ncuba ted  in t he  ab-  
sence of a d d e d  meth ion ine ,  smal l  a m o u n t s  of endogenous  
meth ion ine  appea red  in the  serosal  solut ion;  in 16 seg- 
m e n t s  0.45 4- 0.17 #moles  appea red  per  segment .  This  
a m o u n t  was cons idered  to be negligible compa red  to  t he  
a m o u n t s  t r a n s p o r t e d  in the  presence  of mucosal  meth io-  
nine. -When me th ion ine  was  ini t ia l ly  placed on b o t h  sides 
of the  in tes t ine ,  uphi l l  t r a n s p o r t  into t he  serosal  solut ion 
was readi ly observed,  t h e r e b y  reaf f i rming  the  v iabi l i ty  of 
th is  p repara t ion .  

Results and discussion. The resul ts  are shown  in t he  
Figure.  T ranspor t  is expressed  a s / , m o l e s  of L-meth ionine  
which appeared  in t he  serosal  solut ion of each segmen t  
dur ing the  1 h incuba t ion  period.  In  the  absence  of D N P  
m a x i m u m  t r a n s p o r t  was observed  in s egmen t s  5 and  6 
(upper  ileum). This  p a t t e r n  is qui te  s imilar  to  the  p a t t e r n s  

r epor ted  by  LIN and  WILGON for L-tyrosine 6, SPENCER 
and  SAMIY for L - t r y p t o p h a n  and  L-phenyla lanine  7,8, and  
SPENCER and  BRODY for L-proline% This  p a t t e r n  is no t  
a t  all s imilar  to  the  p a t t e r n s  r epor ted  b y  NEIL for L- 
cys t ine ' ° ,  NATHANS et  al. for monoiodo-L- tyros ine  n ,  and  
SCHEDL and  CLIFTON for L-methionine~2. These discrep-  
ancies c a n n o t  a t  p r e sen t  be expla ined.  
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Transport of L-methionine into the serosal solution by 8 levels of rat 
small intestine. Segment 1 is duodenum, segment 8 is ternfinM ileum. 
Each point is mean from 10 animals in experiulents without inhibitor, 
and 6 animals in presence of 10-aM 2,4-dinitrophenol (DNP). 

Standard error of mean is indicated for each point. 
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