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re@onsible  for glucose intolerance�9 In  addi t ion,  serum 
from pa t i en t s  before and  af ter  dialysis had  the  same 
effect  on the  in vi t ro  ac t iv i ty  of added  insulin against  
ra t  h e m i d i a p h r a g m  in spi te  of the  fact  t h a t  in t ravenous  
glucose to lerance  improved  in every  pa t i en t  af ter  t rea t -  
m e n t  1. This  speaks against  a c irculat ing insulin an tagon i s t  
and is cons is ten t  wi th  the  nega t ive  effect  of GSA on 
in v i t ro  c a r b o h y d r a t e  metabol i sm.  Fur the rmore ,  improve-  
m e n t  of glucose to lerance  and recovery  of sensi t iv i ty  to  
in jec ted  insuIin onIy af ter  r epea ted  dialyses s could no t  
be expla ined by  an effect  of the  readi ly  dialyzable  2 
compound  GSA. Glucose in tolerance in chronic renal  
failure would s e e m  to be secondary  to  per iphera l  t issue 

The effect of GSA (0.03 mg/ml) on the in-vitro response of paired 
rat hemidiaphragms ~ to glucose (2.0 mg/ml) and insulin (500 p~U/ml) 

Basal Insulin I B 

Mean 2.68 b 2.31 5.94 6.27 3.26 3.96 
-L S.E. 0.22 0.16 0.22 0.27 0.18 0.28 
GSA - -  + -- + -- + 

i0 animals, b [xg/nag/h. 

insens i t iv i ty  to the  act ion of insulin ~,6 and/or  a de layed 
pancrea t i c  insulin response  to  glucose ~. 

Zusammen/assung. Da Guanidinosuccins/ iure  in der  
UHimie akkumulier t ,  wurde  angenommen ,  dass dieses 
S tof fwechse lprodukt  bet  Niereninsuff izienz die b e k a n n t e  
Glukoseintoleranz verursachen  knnnte .  In -v i t ro -Versuche  
am Ra t t enzwerchfe l l  haben  diese H y p o t h e s e  jedoch n ich t  
best / i t igen knnnen,  da Gnanidinosuccinsi iure  in der  Kon-  
zen t ra t ion  yon  3 rag/100 ml keinen Einf luss  auf die basale  
oder  insul ins t imul ier te  Glucoseaufnahme du tch  dieses 
Gewebe zeigte. 
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Diazoacetyl Choline Bromide 

We have  syn thes ized  d iazoacetyl  cho]ine b romide  (III) 
in order  to evalua te  its potent ia l i t ies  as an af f in i ty  labeI 
for acetyl  cholinesterase,  choline acetyl  t ransferase  and, 
especially, acetyl  choline receptor  molecules. Diazo 
analogs of enzyme subs t ra tes  have  been  shown to  reac t  
w i th  s ter ical ly  favorable  groups of the  b ind ing  site of the  
enzyme  ei ther  in the  dark  (in the  presence  1-3 or absence ~ 5 
of cupric ions) or dur ing  photolys is  6-s. In  the  dark  reac- 
t ion,  t he  diazo compounds  p r e sumab ly  a t t ack  ca rboxyl  
groups  of t he  enzyme.  Photolys is  produces  carbenes  which 
m a y  be reac t ive  enougti to  inser t  themse lves  even into 
carbon  hydrogen  bondsS. Diazo ketones  and  diazo esters  
may,  in addi t ion,  undergo a WOLFF r ea r r angemen t  ~~ 
before produc ing  covalent  b o n d s  wi th  func t iona l  groups 
of t he  enzyme.  
�9 Synthesis proceeded in a s t r a igh t fo rward  m a n n e r  

according to  the  following scheme:  

CI.CO.O.GH2~HzB F N~CHz; NafiHCO.O.CHzCHz5 r 
I[ 

N(CHB) s~l NzCIICO'O'CHzBH2N(CtIB)~ Br ~ 

2-Bromoethy l  chlol-oformate (I, p roduc t  of F L U K A  Ltd . ,  
Buchs,  Switzerland) was t r ea t ed  wi th  diazome~hane to 
yield 2 -bromoethy l  d iazoace ta te  (II). A smal l  a m o u n t  of 
a con t aminan t ,  p r e sumab ly  2-bromoethyl  chloroaceta te ,  
was r emoved  by  chromatography �9  Pure  I I  was then  t r ea ted  
wi th  t r i m e t h y l a m i n e  in to luene to  yield essent ial ly  pure,  
crysta l l ine  d iazoacety l  choline b romide  (III) l~. 

Hydrolysis of d iazoacetyl  choline b romide  (III) by  the  
enzym e  ace ty l  chol ines terase  f rom Elec t rophorus  etec- 
t r icus  a t  p H  = 7 and  25~ proceeds  app rox ima t e l y  
1.6 • 104 t imes  more  slowly t h a n  t h a t  of ace ty l  choline 
iodide. This  p h e n o m e n o n  migh t  be caused by  the  topo-  
chemical  differences be tween  the  two molecules, b u t  i t  
m i g h t  also be due to  t he  inac t iva t ion  of the  ester  l inkage 
in esters  of diazoacet ic  acid. I t  was found  in our l abora to ry  

t h a t  p -n i t ropheny l  d iazoace ta te  s does no t  behave  like 
an act ive  es ter  15, bu t  reacts  ve ry  much  more  slowly wi th  
amines.  An electronic mechan i sm is p ro b ab l y  opera t ive  
which makes  it more  difficult  for the  carbonyl  C-a tom to 
assume a par t ia l  pos i t ive  charge dur ing  a t t ack  by  a 
nucleophile.  A plausible electron d i s t r ibu t ion  is de l inea ted  
in the  following electromeric  formulae:  

Z x 

- ~ - J  \ X  
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which are meant to indicate that the negative charge is 
distributed mainly over that  portion of the molecule near 
the carbonyl C-atom. 

Pharmacological activity of diazoacetyl choline bromide 
(III) is similar to that  of acetyl choline bromide in a) the 
electroplax of Electrophorus eleatricus, b) the isolated rat 
diaphragm and c) preparations of central neurons ~6. 

Photolysis of diazoacetyl choline bromide (III) was 
preliminarily studied in water and deuterium oxide. 
Upon illumination with light from incandescent lamps 
(filtered to remove wavelengths below ~ 315 nm), nitrogen 
is eliminated and the light absorption due to the diazo 
grouping decreases accordingly (Table I). The carbene (IV) 
produced in this process can react either directly with the 
solvent or after WOLFF rearrangement ~~ ~3 to the ke- 
tene (V) : 

X 
I | 

NzED.OCHzCHzN(GHa) s gr e liT 

(-Nz) 

X a' (1 a 
:~I;O.OGHzCHzN(CHa) ~ogre X20 :. ~ e XBI~X~GO'gCHz CHzN EH~) ~ Br 

• 0r k 
I ~, | Xz O XO\ /~ 0( 

B=C=g'OOH~CH2N(CH~) s BF ----~ o~c-gxz-BCHzgHzN(CHa)~BFO 

V VE 

(In these formulae, X can be either Pl or D, depending 
on the solvent; according to ~a, the exchange of the 
methine proton against a deuteron in D=O proceeds much 
more rapidly than photolysis.) The possible products of 
photolysis, hydroxyacetyl choline bromide (VI) and 

O-carboxymethyl choline bromide (VII), should be 
recognizable by their proton-NMR-spectra: a) the signals 
of the fi-protons of VII  should appear some 0.4 ppm 
upfield of those of VI, the difference being similar to that 
between choline and acetyl choline, b) in VI (X -- H) 
the a'-protons could be coupled to the hydroxyl proton, 
with spin coupling being pronounced in a solvent with 
low exchange rate iv (p.e. DMSO-d6), and disappearing if 
the hydroxyl proton is exchanged against a deuteron, 
resulting in a reduction of the multiplicity at the point 
of the ~'-protons. 

The results of a preliminary NMR investigation of the 
mixtures of products of photolysis in H20 and D20 are 
compiled in Table II. They indicate that  the carbene 
undergoes WOLFF rearrangement  to only a small extent 
( ~ 1 5 % )  during reaction with the solvent. This may be 
due to the strong electron-attracting properties of the 
quaternary nitrogen, reducing the required nucleophilicity 
at the choline oxygen atom. 

Table I. Decrease in absorpt ion at  251 nm of d iazoacety l  choline 
bromide  (62.5 mg in 25 ml  H20 a t  4 ~ upon i l Iumina t ion  wi th  2 
sunlamps,  dis tance 15 em, in the appa ra tu s  described in the experi-  
men ta l  part 

Dura t ion  of Absorpt ion Dura t ion  of Absorpt ion 
i l lumina t ion  a t  251 nm i l lumina t ion  at  251 mn  
(rain) (min) 

0 1.8 220 0.66 
60 1.12 280 0.49 

120 0.99 340 0.32 
180 0.68 510 0.08 

Table  I I .  NMR character is t ics  of I I  and  I I I  and  of the unpuri f ied mix tu res  of products  of photolysis  

o 
Compound Solvent XO- cd II • c~ 

(internal N2= -CH~- -C-O- -CH~- -CHo- 
standard) =CH- 

-N(CHa)a q7 
- B r  

I I  DCCI~ 
(HCCla, 7.32) 

I l l  DMSO-d6 ~ 
(DSS) 

DsO 
(DSS) 

Products  of DMSO-d6 ~ 
photo ly is  in  H20 (DMSO, 2.52) 

DMSO-d 6 + 
D~O 
(2.52) 

Products  of DiO 
photolysis  in D~O 

HO-b 

DO- 

s t t Br 
4.78 4.45 3.5 
(1) (2) (2) 

S m m s 

5.7 4.7-4.3 3.85-3.6 3.20 
(1} (2) (2) (9) 

m m s 

4.8-4.5 3.85-3.65 3.2 
(2) (9) 

d m m s 
4.15 4.00 4.65-4.35 3.80-3.60 3.15 
(1.7) (1.9) (1.9) (9) 

S 1171 1TI S 

4.08 4.65-4.30 3.75-3.50 3.10 
(1.7) (1.9) (1.9) (9) 

]:11 I n  S 

4.80-4.45 ~ 3.85 3.60 3.20 
(1.8) (91 

Chemical  shifts  ~ in p p m  wi th  TMS, DSS, HCC13 or DMSO as in t e rna l  reference; s, s inglet ;  d, double t ;  t, t r ip le t ;  m, mul t ip le t ;  ( ), number  
of protons  re la t ive  to me thy l  protons  as ob ta ined  by  in tegra t ion  of spect ra ;  - - ,  superposi t ion of solvent  signals. All  spect ra  t aken  at  60 MHz, 
except  compound I I  a t  100 MHz. ~ DMSO, dimethylsul foxide ,  b Not  observable.  ~ Accompanied by  ve ry  weak  s ignals  between 4.35 and 
4.15 ppm wi th  a m a x i m u m  of app rox ima te ly  0.25 protons.  
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Experimental. 2-Bromoethyl diazoacetate ( [ I) : A so lu t ion  
of 14.9 g (80 mmoles)  of 2 - b r o m o e t h y l  ch lo ro fo rma te  in  
200 ml  of d i e thy l  e the r  was  i n t r o d u c e d  s lowly a n d  drop-  
wise in to  a qu ick ly  s t i r red  so lu t ion  of 218 mmoles  of 
d i a z o m e t h a n e  in 680 ml  of t h e  same  so lven t  a t  - -  10 ~ 
S t i r r ing  was c o n t i n u e d  for  6 h a t  0 ~ a n d  t he  m i x t u r e  
f ina l ly  k e p t  for 3 days  in t he  d a r k  a t  4~ Excess  diazo- 
m e t h a n e  was  r e m o v e d  w i t h  a s t r e a m  of n i t rogen  a t  0 ~ 
a n d  t he  r e m a i n i n g  so lven t  was  e v a p o r a t e d  in a r o t a t o r y  
e v a p o r a t o r  a t  30 ~ in vacuo.  The  yel low fluid res idue  was 
pur i f i ed  b y  c h r o m a t o g r a p h y  on a co lumn  of n e u t r a l  
a l u m i n a  (ac t iv i ty  IV) 160 cm in l e n g t h  w i t h  s tepwise  
r e d u c t i o n  of d i a m e t e r  f rom a m a x i m u m  of 5 cm to  a 
m i n i m u m  of 1.5 cm is. E l u a n t  was  a 9 :1  (v :v)  m i x t u r e  
of n -hexane -benzene .  F r a c t i o n s  were e x a m i n e d  b y  I R -  
spec t roscopy  (ca rbonyl  bands) ,  because  p r o d u c t  a n d  
b y p r o d u c t  are  h a r d  to d i f f e ren t i a t e  on  t h i n - l a y e r  chro-  
m a t o g r a m s  ( a lumina  a n d  silica gel). Yie ld :  71% (11 g) of 
ye l low oil. 

C4HsBrN202 calc. C 24.89 H 2.61 N 14.52 
found 24.80 2.66 14.52 

O 16.58 Br 41.41% 
16.67 41.13 

I R - s p e c t r u m  (chloroform, cm 1), cha rac te r i s t i c  b a n d s :  
3130 (m), 2110 (s), 1690 (s), 1385 (s), 1350 (s), 1330 (s), 
1170 (s) 19. 

Diazoacetyl choline bromide ( I I I ) :  1.028 g (5.35 mmoles)  
of 2 - b r o m o e t h y l  d i azoace t a t e  were dissolved in 1 ml  of 
t o luene  a n d  t r e a t e d  a t  --  10 ~ w i t h  8 ml  of a 30% so lu t ion  
of t r i m e t h y l a m i n e  in to luene  (p roduc t  of F L U K A  Ltd. ,  
Buchs) .  The  a m p o u l e  was sealed and  k e p t  for 3 days  in 
t he  d a r k  a t  r oom t e m p e r a t u r e .  The  a m p o u l e  was t h e n  
opened  a t  10 ~ e the r  was  added  and  all so lven ts  were 
r e m o v e d  in vacuo.  T he  yellow, c rys ta l l ine  res idue was 
d isso lved  in e t h a n o l  a t  60 ~ Crys ta l l i za t ion  resu l ted  in 
544 m g  (2.17 mmoles)  of d iazoace ty l  chol ine  b r o m i d e  
(yield 40.6%).  The  m o t h e r  l iquors  c o n t a i n e d  essent ia l ly  
pu re  educ t  t h a t  could be  c o n v e r t e d  to p r o d u c t  in  t h e  
same  manne r .  The  p r o d u c t  was  rec rys ta l l i zed  f rom e tha -  
n o l / d i e t h y l  e the r  5 :1  ( v : v ) ;  m p  (uncorr.)  178-179 ~ (de- 
compos i t i on  ) . 

C~H14N302Br calc. C 33.34 H 5.60 N 16.67 
found 33.21 5.60 16.66 

O 12.69 Br 31.70% 
12.56 31.66 

I R - s p e c t r u m  (KBr,  cha rac t e r i s t i c  b a n d s ) :  3070 (m), 
2110 (s), 1680 (s), 1665 (s), 1365 (s), 1345 (s), 1180 (s) 1" 
U V - s p e c t r u m  (e thano l ) :  Zmax = 248 n m  ( log s = 4.25);  
1max = 370 n m  (log s = 1.27). 

Hydro lys i s  of d iazoace ty l  chol ine  b r o m i d e  in t he  pres-  
ence of ace ty l  chol ines te rase  f rom Electrophorus electricus 
(1000 u n i t s / m g  enzyme,  W o r t h i n g t o n  Biochem.  Corp., 
U S A ) :  The  r eac t ion  was followed b y  t i t r a t i o n  w i t h  0 .1N  
N a O H  of t he  acid l i be r a t ed  du r ing  t he  r eac t ion  (pH- 
S t a t  of R a d i o m e t e r  Ltd . ,  Copenhagen)s0.  I t  was  a s sumed  
t h a t  t h e  r eac t ion  r a t e  is p r o p o r t i o n a l  to  t he  a m o u n t  of 
e n z y m e  p r e s e n t  a n d  t h a t  MICHAELIS-MxNT~N cond i t ions  
apply .  The  so lu t ions  c o n t a i n e d  0 .15N NaC1, 0.0421/I 
MgC12, and  0.1% a l b u m i n  a n d w e r e  m a i n t a i n e d  a t  p H  = 
7.00 and  25 ~ n i t r ogen  a tmosphe re .  

W i t h  ace ty l  chol ine  iodide (puriss., F l u k a  Ltd.)  a t  
5.6 X 1 0 - a M  (pS = 2.25) and  2 • 10 -s m g  of enzyme,  t h e  
c o n s u m p t i o n  of 0 . 1 N  N a O H  in t he  l inea r  p a r t  of t he  
p lo t  was  100 ~xl in  5.1 min,  t h a t  is a p p r o x i m a t e l y  1.96 
~moles /min .  

W i t h  d iazoace ty l  chol ine  b r o m i d e  a t  2 . 5 •  
(pS = 2.6) and  0.5 m g  of enzyme,  t he  c o n s u m p t i o n  of 

base  as above  was 6 ~zl in 20 rain,  co r re spond ing  to an  
a c t i v i t y  of 0.03 tzmoles/min. 

Photolysis was carr ied  ou t  in a cy l indr ica l  r eac t ion  
c o m p a r t m e n t  (Pyrex  glass, 2.5 cm d iamete r )  s u r r o u n d e d  
b y  a cooling m a n t e l  (same mate r ia l ,  5 cm d iameter ) .  A 
s a t u r a t e d  so lu t ion  of copper  su l fa te  ill w a t e r  as op t ica l  
f i l ter  and  coo lan t  ( +  4 =c 1 ~ was con t i nuous ly  p u m p e d  
t h r o u g h  t h e  m a n t e l  (all r a d i a t i o n  below 315 n m  is abso rbed  
b y  th i s  f i l te r  plus  t he  p y r e x  glass). I l l u m i n a t i o n  w i t h  
275 W a t t  Genera l  E lec t r ic  Sun lamps .  

a) In deuterium oxide: 101 mg of d iazoace ty l  chol ine  
b r o m i d e  (III) in  10 ml  of so lven t  (c = 0.04 molar) .  Tenl-  
p e r a t u r e  : 4 ~ T ime  i l l umina t ed  w i t h  2 l amps  a t  a d i s tance  
of 15 cm each:  20 h. A b s o r p t i o n  a f t e r  i l l umina t i on :  0.01 
(at  251 nm).  The  so lven t  was  t h e n  e v a p o r a t e d  in vacuo  
in a r o t a t o r y  e v a p o r a t o r  a t  30 ~ The  res idue was a color- 
less, t h i c k  oil (97 rag) t h a t  c rys ta l l ized  a f te r  4 days  a t  
room t e m p e r a t u r e .  I R - s p e c t r u m  (liquid, no  so lven t  added ,  
cha rac t e r i s t i c  bands ) :  3650-3100 (s, associa ted  Oi l ) ,  
1740 (s). 

b) In  water: 100 m g  of d iazoace ty l  chol ine b r o m i d e  (III)  
in  10 ml  (c = 0.04 molar) .  Condi t ions  same as for deute-  
r i u m  oxide, howeve r  the  end  a b s o r p t i o n  0.01 a t  251 am)  
was r eached  af te r  18 h and  15 rain. P r o d u c t :  89 m g  of a 
t h i c k  colourless oil t h a t  c rys ta l l ized  a f te r  4 days.  I R -  
s p e c t r u m  (liquid, no solvent ,  cha rac te r i s t i c  bands ) :  3650 
to 3100 (s, associa ted  OH), 1740 (s). 

Zusammen/assung. Es wird  die Syn these  v o n  Diazo- 
ace ty l - cho l in -b romid  beschr ieben .  Die V e r b i n d u n g  zeigt  
in ve r sch iedenen  b io logischen Pr~ipara ten  s t a rke  ace ty l -  
cholin-~thnliche W i r k u n g ;  sie wi rd  yon  Ace ty lcho l in -  
es terase  e twa  1.6 • 104 real  l a n g s a m e r  als Ace ty lcho l in -  
iodid bydro lys ie r t .  Die P h o t o l y s e  gel ingt  m i t  Wel len-  
l t tngen gr6sser als 315 am.  Das haup ts / i ch l i che  Pho to lyse -  
p r o d u k t  in Wasse r  is t  H y d r o x y a c e t y l - c h o l i n - b r o m i d .  Es  
sche in t  - e n t s p r e c h e n d  d e m  s t a r k  e l e k t r o n e g a t i v e n  Cha- 
r a k t e r  tier T r i m e t h y l a m m o n i u m g r u p p e  - die WOLFF'sche 
U m l a g e r u n g  n u t  in u n t e r g e o r d n e t e m  Masse e inzu t re t en .  
A u f g r u n d  dieser Be funde  soll die E i g n u n g  der  V e r b i n d u n g  
zur  Aff in i t~ i t smark ie rung  yon  Acety lchol ines te rase ,  Cho- 
l i nace ty l t r ans fe ra se  u n d  von  R e z e p t o r m o l e k e l n  un te r -  
such t  werden.  
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