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ABSTRACT 

The r e a c t i o n  o f  equimolar amounts o f  D-glucose and neopenty l -  
amine i n  phosphate b u f f e r  under p h y s i o l o g i c a l  c o n d i t i o n s  of pH and 
tempera ture  has been i n v e s t i g a t e d .  From t h e  d i e t h y l  e t h e r  e x t r a c t ,  
we have i d e n t i f i e d  a C-8 condensat ion produc t  and have demonstrated 
t h a t  i t s  fo rmat ion  does n o t  proceed v i a  a f r e e - r a d i c a l  mechanism. 
Based on l H  and 1 3 C  NMR and o the r  spec t roscop ic  techniques, 
i n c l u d i n g  UV, I R ,  EI -MS,  CI-MS o f  t h e  TMS d e r i v a t i v e ,  t h e  s t r u c t u r e  
3- ( 4- e ry t h ro - t r i hyd r oxyp ropy  1 ) - 1 - n eo pe n t y  1 py r ro 1 e- 2 -ca rbox a 1 d e hyd e , 
was assigned t o  t h i s  advanced M a i l l a r d  r e a c t i o n  product.  

INTRODUCTION 

Nonenzymat i c browning r e a c t i o n s  between sugars and ami no ac ids  

th rough t h e  M a i l l a r d  r e a c t i o n  a r e  known t o  be respons ib le  f o r  
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5 54 NJOROGE, FERNANDES, AND MONNIER 

d e t e r i o r a t i o n  o f  s t o r e d  o r  heated I n  recent  years  i t  

has become ev iden t  t h a t  t h e  i n i t i a l  s tep  o f  t h i s  r e a c t i o n  occurs  

- v i v o  i n  a v a r i e t y  o f  c e l l u l a r ,  e x t r a c e l l u l a r ,  and membrane pro-  

t e i n ~ . ~ - ~  However, ve ry  l i t t l e  i n f o r m a t i o n  on t h e  chemis t ry  of t h e  

l a t e - s t a g e  M a i l l a r d  process under p h y s i o l o g i c a l  c o n d i t i o n s  i s  a v a i l -  

able, and, as a r e s u l t  o f  t h i s ,  i t  has been d i f f i c u l t  t o  develop a 

c l e a r  understanding o f  t h e  r o l e  o f  t h i s  r e a c t i o n  i n  s t r u c t u r a l  and 

f u n c t i o n a l  changes i n  p r o t e i n s  i n  d iabe tes  and aging. 

I n  p rev ious  work,' we descr ibed t h e  i s o l a t i o n  and c h a r a c t e r i z a -  

t i o n  o f  t h r e e  g l  ucose-der ived p y r r o l e  compounds and a gamma-di hydro- 

pyranone from pet ro leum e t h e r  and d i e t h y l  e t h e r  e x t r a c t s  - compounds 

t h a t  had been formed under p h y s i o l o g i c a l  c o n d i t i o n s  o f  pH and tem- 

pe ra tu re .  However, we cou ld  no t  comple te ly  c h a r a c t e r i z e  one o f  t h e  

major  compounds t h a t  was e x t r a c t a b l e  i n  d i e t h y l  e t h e r  whose molecu- 

l a r  weight was 237. An analogous compound has been de tec ted  by 

Ka to ' s  group" d u r i n g  GC-MS a n a l y s i s  o f  r e a c t i o n  produc ts  o f  b u t y l -  

amine and glucose a t  e leva ted  temperatures , b u t  i t s  s t r u c t u r e  has 

remained u n i d e n t i f i e d .  

I n  an ex tens ion  o f  t h a t  work, we have now i d e n t i f i e d  t h e  unknown 

compound f rom t h e  e t h e r  e x t r a c t  t o  be 3 - ( q - e r y t h r o - t r i  hydroxypropy1)-  

1 -neopentyl  pyrrole-2-carboxaldehyde (1). 
p r e v i o u s l y  repo r ted  i n  t h e  M a i l l a r d  l i t e r a t u r e .  A p o s s i b l e  pathway 

f o r  t h e  fo rma t ion  o f  t h i s  compound w i l l  be discussed. 

Th is  compound has no t  been 

RESULTS AND DISCUSSION 

Equimol a r  concen t ra t i ons  o f  1 -g l  ucose and neopentyl  amine were 

reac ted  under p h y s i o l o g i c a l  c o n d i t i o n s  o f  pH and temperature.  A f t e r  
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A NOVEL NONENZYMATIC BROWNING PRODUCT 

10 days o f  i ncuba t ion ,  t h e  r e a c t i o n  was stopped and t h e  melano 

l i k e  p r e c i p i t a t e  was removed by f i l t r a t i o n .  The aqueous l a y e r  

e x h a u s t i v e l y  e x t r a c t e d  w i t h  pe t ro leum e the r ,  f o l l o w e d  by d i e t h  

5 5 5  

d i n -  

was 

1 

e ther .  

HPLC , were i d e n t i f i e d  as 2-acetyl -l-neopentyl p y r r o l  e, 5-hydroxy- 

methyl  -1-neopentyl p y r r o l  e-2-carboxaldehyde 2, and 2-(2-hydroxy- 

a c e t y l  ) -1-neopentyl  p y r r o l e  - 3, as p r e v i o u s l y  described.' The d i e t h y l  

e t h e r  e x t r a c t  con ta ined f o u r  ma jor  compounds: 

f r a c t i o n  (as evidenced by f a s t e r  m i g r a t i o n  on TLC) , 5-hydromethyl - 
1-neopentyl  p y r r o l  e-2-carboxaldehyde ( n o t  comple te ly  e x t r a c t e d  by 

pe t ro leum e t h e r )  was i s o l a t e d ,  w h i l e  i n  t h e  moderately p o l a r  f r a c -  

t i o n  a 2,3-di hydro-3,5-di hydroxy-4H-pyran-4-one was i d e n t i f i e d .  

Two compounds w i t h  mo lecu la r  weights o f  237 and 213, r e s p e c t i v e l y ,  

were conta ined i n  t h e  more p o l a r  f r a c t i o n  o f  t h e  e t h e r  e x t r a c t .  

l a t t e r  cou ld  no t  be i d e n t i f i e d  due i t s  i n s t a b i l i t y  d u r i n g  p u r i f i c a -  

t i o n .  

paper, was ob ta ined from t h i s  f r a c t i o n  i n  0.07% o v e r a l l  y i e l d  ( c a l -  

c u l a t e d  f rom s t a r t i n g  glucose).  

use of TLC and HPLC as descr ibed i n  exper imental  sec t i on .  Th is  com- 

pound had a UV abso rp t i on  maximum a t  291 nm comparable t o  t h a t  of 

o t h e r  p y r r o l e  aldehydes repo r ted  i n  l i t e r a t u r e ;  ',11-14 however, i t  

d i f f e r e d  from t h e  o the r  p y r r o l e s  by t h e  absence o f  a shou lder  a t  

265 nm and a smal l  s h i f t  i n  abso rp t i on  towards l onger  wavelength. 

I R  spectrum o f  was a l s o  very  s i m i l a r  t o  t h a t  o f  p y r r o l e  aldehyde 

p r e v i o u s l y  desc r i  bed9'11 '12 w i t h  c h a r a c t e r i s t i c  a ldehyd ic  C-H 

s t r e t c h  abso rp t i on  f requenc ies  a t  ca. 2825 and 2720 cm" and a 

s t rong  carbonyl  abso rp t i on  a t  1650 cm-l. 

Ma jor  compounds i n  pe t ro leum e the r ,  as evidenced by TLC and 

i n  t h e  l e s s  p o l a r  

9 

The 

However, t h e  former,  compound - 1, which i s  t h e  s u b j e c t  o f  t h i s  

I t s  p u r i f i c a t i o n  was e f f e c t e d  by 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



5 56 NJOROGE, FERNANDES, AND MONNIER 

CDCla 

The 13C NMR spectrum o f  1 ( F I G .  1, below) showed e leven s i g n a l s  

which i nc luded  a d i s t i n c t  aldehyde carbonyl abso rp t i on  a t  6 179.46, 

f o u r  p y r r o l e  r i n g  carbon s i g n a l s  a t  6 136.58, 131.29, 128.93 and 

109.31, two methine carbon s i g n a l s  w i t h  -OH s u b s t i t u e n t  a t  6 74.56 

and 70.09, two methylene carbons a t  6 63.71 and 59.14, a t e r t i a r y  

carbon a t  6 33.51, and t h r e e  e q u i v a l e n t  methyl  carbons a t  6 27.60. 

The s t r u c t u r e  o f  t h i s  compound was p a r t i a l l y  determined by compari- 

d C  

1 1  I I  
f e  

. I  

son of i t s  "C NMR s i g n a l s  w i t h  those o f  p r e v i o u s l y  e s t a b l i s h e d  

p y r r o l e  compounds shown below. 

p e n t y l  mo ie ty  were p r a c t i c a l l y  i d e n t i c a l  f o r  a l l  t h r e e  p y r r o l e s  and 

so were t h e  aldehyde groups o f  compounds 1 and - 2. 

1 3 C  NMR f requenc ies  f o r  t h e  neo- 

The presence o f  

k 
I 

d 
CHiOH 

H---OH 

9 i 

, h  
I I 

a 
I 

b 

I I ,  1 I I I I 1 1 1 I I I 1 I I 

160 120 a0 40 0 

PPM 

FIG. 1. 100-MHz 13C NMR spectrum o f  1. - 
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A NOVEL NONENZYMATIC BROWNING PRODUCT 557 

two quaternary  carbons on t h e  p y r r o l e  backbone o f  compound 1, as 

i n d i c a t e d  by nega t i ve  I 3 C  s i g n a l s  by Attached Pro ton  Tes t  (APT)15 

( a t  6 128.9 and 136.5), was i n d i c a t i v e  o f  r i n g  d i s u b s t i t u t i o n .  

Absorp t ion  frequency o f  - 1 a t  6 109.3 cou ld  unequ ivoca l l y  be assigned 

t o  C-4 f rom comparison o f  compounds - 2 and - 3 s i g n a l s  a t  6 109.9 and 

108.2, r e s p e c t i v e l y .  

t i a r y  carbon, had a resonance a t  131.3 ppm which was comparable t o  

C-5 resonance o f  3 which absorbed a t  131.8 ppm and d i f f e r e d  apprec i -  

ably w i t h  t h e  C-5 s u b s t i t u t e d  resonance o f  - 2 (142.9 ppm). 

ment o f  C-2 s i g n a l  a t  (136.5) was made by comparison w i t h  t h a t  o f  2 
which was 133.8 ppm. The f i n a l  resonance o f  t h e  p y r r o l e  r i n g  of 1, 

The carbon atom a t  p o s i t i o n  5 (C-5), a t e r -  

Assign- 

109.9 124.2 HOCnt GC-H 1 4 2 ' 9 ~  / \ 179.2 

I 133.8 11 51.9 

2 

101.2 118.5 

131.8 

I 
CHJ 27.3 

P 

128.9 ppm, cou ld  o n l y  be assigned t o  C-3 s i n c e  it was quaternary  i n  

na tu re  and had a lower  down f ie ld  s h i f t  than  e i t h e r  - 2 o r  3, a s h i f t  

t h a t  cou ld  be exp la ined  by presence o f  s u b s t i t u t i o n  a t  C-3 o f  1. 
The p a t t e r n  o f  s u b s t i t u t i o n  on 1 was f u r t h e r  c l a r i f i e d  by com- 

p a r i s o n  o f  i t s  'H NMR spec t ra  w i t h  those o f  - -  2, 3 and a few o t h e r  

s u b s t i t u t e d  p y r r o l e  compounds repo r ted  i n  1 i t e r a t u r e . 1 6  Impor tan t  

i n fo rma t ion  was e s p e c i a l l y  ob ta ined by observ ing  t h e  presence o f  a 
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558 NJOROGE, FERNANDES, AND MONNIER 

s i n g l e  s igna l  a t  6.85 ppm, a r e g i o n  where p ro tons  on C-3 and C-5 

resonate.  11y16’17 Such a resonance was a l s o  observab le  f o r  bo th  

compound 1. and 3 as shown below. 

1 - 2 9 - 

A d d i t i o n a l  i n f o r m a t i o n  t h a t  supported t h e  assignment o f  t h e  s i n g l e  

p ro ton  resona t ing  a t  6 = 6.85 t o  C-H a t  p o s i t i o n  5 was t h e  observa- 

t i o n  t h a t  t h e  coup l i ng  cons tan t  f o r  t h e  v i c i n a l  p ro tons  o f  1. was 

J4,5 = 2 Hz, u n l i k e  t h a t  f o r  v i c i n a l  p ro tons  o f  2 where J 

This  obse rva t i on  was a l so  i n  agreement w i t h  values reBor ted  i n  

1 i t e r a t u r e  whereby t h e  J -coup l i ng  cons tan t  va lues  f o r  C-H (4-5) have 

been repo r ted  t o  be 1-2 Hz, w h i l e  C-H (3-4) were 3-4 Hz f o r  p y r r o l e  

compounds.16 Our observed c o u p l i n g  cons tan t  o f  2 Hz c l e a r l y  i n d i -  

cated t h a t  t h e  two ad jacent  p ro tons  were i n  p o s i t i o n  4 and 5 o f  t h e  

= 5. 
394 

p y r r o l e  r i n g .  

A c e t y l a t i o n  o f  - 1, us ing  c o n d i t i o n s  p r e v i o u s l y  repo r ted  by 

Tsuchida and coworke rsY l8  gave t h r e e  d i s t i n g u i s h a b l e  2 - a c e t y l  

groups as i n d i c a t e d  by t h r e e  ace ta te  methyl  p ro ton  resonances a t  

6 2.00, 2.08 and 2.12. Th is  r e s u l t  f u r t h e r  conf i rmed t h a t  1. was a 

t r i  hydroxy compound. 

GC-MS of 1 us ing  t h e  e lec t ron - impac t  (EI) mode o f  i o n i z a t i o n  

e x h i b i t e d  a peak a t  IIJ/~ 237 w i t h  o t h e r  ma jor  f ragmen ta t i on  p a t t e r n s  
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A NOVEL NONENZYMATIC BROWNING PRODUCT 559 

ve ry  s i m i l a r  t o  t h a t  o f  - 2. 

minus water mo lecu le  (M -H20). Al though t h e  a c e t y l a t e d  d e r i v a t i v e  

o f  - 1 d i d  no t  chromatograph we l l  f o r  GC-MS ana lys i s ,  i t s  t r i m e t h y l -  

s i l y l  d e r i v a t i v e  gave a s i n g l e  peak on GC and e x h i b i t e d  a peak of 

- -  m/z 471, corresponding t o  t h e  molecu la r  i o n  o f  t h e  s i l y l a t e d  1. 
Other fragments were observed a t  nJ2 456 (Mf-CH3), 415 [M - 
C(CH,),l+, 368 (M+- CH20TMS), and a base peak a t  266 a r i s i n g  from 

[M' - CH(OTMS)CH20TMS]. Based on t h e  da ta  descr ibed above, t h e  

s t r u c t u r e  o f  compound - 1 was pos tu la ted .  

Th is  i o n  was a t t r i b u t e d  t o  mo lecu la r  i o n  
+ 

It i s  conce ivab le  t h a t  compound 1. was formed v i a  a base-ca ta-  

l y z e d  condensat ion r e a c t i o n  o f  3-deoxygl ucosone, 19s20 w i t h  g lyco-  

aldehyde, f o l l o w e d  by subsequent r e a c t i o n  w i t h  neopentylamine. 3- 

Deoxygl ucosone i s  a we1 1 -documented d i ca rbony l  compound formed by 

t h e  r e a c t i o n  o f  g lucose and amine th rough an Amadori p roduc t ,  f o l -  

lowed by a l Y 2 - e n o l i z a t i o n  s tep  as shown i n  Scheme 1. Glycoalde- 

hyde, t h e  o the r  r e a c t a n t  p o s t u l a t e d  i n  t h e  fo rma t ion  o f  1, i s  a C-2 

f ragmenta t ion  produc t  o f  glucose. I t s  f o rma t ion  has been exten- 

s i v e l y  s t u d i e d  by Namiki and coworkers, 21'22 and t h e  l a t t e r  have 

e s t a b l i s h e d  t h a t  t h e  two-carbon f ragmenta t ion  occurs p r i o r  t o  

Amadori rearrangement. They have a l s o  c l e a r l y  shown t h a t  g l ycoa lde -  

hyde forms independent ly  f rom 3-deoxygl ucosone. One p o s s i b l e  mecha- 

nism f o r  t h e  fo rma t ion  o f  g l yco la ldehyde  f rom a glucose molecu le  i s  

f i s s i o n  by reverse-a1 do1 condensat ion occu r i  ng a t  t h e  C2-C3 bond 

( r o u t e  A, Scheme 1 )  t h a t  has been p o s t u l a t e d  t o  occur under b a s i c  

An a l t e r n a t i v e  mechanism ( r o u t e  b) would i n v o l v e  

cleavage o f  an aminated sugar r a t h e r  than by c leavage o f  t h e  sugar 

i t s e l f .  The S c h i f f ' s  base formed can undergo a base-catalysed 

reverse-a ldo l  - type  r e a c t i o n  t o  g i v e  r i s e  t o  glycoaldehyde neopenty l -  
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5 60 NJOROGE, FERNANDES, AND MONNIER 

I n-c=o H - c = N - - ~  H-C-NHR 
I I I I  
CH~OH - CH,OH - cnoH 

glycoaldehyde 

route 9 I 
n - c r o  

I 
H-c-OH 

I 
HO-C-H 

I 
R 

glucose 

I 

R =  I 
H-c-OH 

I 
CHIOH 

n- c-ow 

H- C=O 
I 
c =o 

I 
C H l  
I 
R 

3-deoxyglucosone 

glycoaldehyde 
neopentyllrnlne 

glycoaldehyde 
neopentyllrninol 

route b 1 
I 

H - C C N R  
I 

I 
b H-c-OH 

I 

I 
R 

+ NHa-R 
-HtO 

uo-c-n 

Schlff base 

I cnl - NnR 
1,2-EnolIratlon I 

4 c = o  
I 

I 
R 

Amadori product 

Ho-c-n 

Scheme 1 

amine (eno l  form).  The l a t t e r  can then rear range t o  glycoaldehyde 

imine, a compound t h a t  can be e a s i l y  hydro lysed t o  glycoaldehyde. 

React ion o f  g lycoaldehyde w i t h  3-deoxyglucosone would g i v e  r i s e  

t o  a d i ca rbony l  - 4 (Scheme 2 ) .  I n te rmed ia te  - 4 can then  r e a c t  w i t h  an 

amine t o  fo rm t h e  i m i n o l  - 5 t h a t  can r e a d i l y  c y c l i z e  t o  g i v e  d ihyd ro -  

p y r r o l e  aldehyde 5. The l a t t e r  i n t e r m e d i a t e  can l o s e  a molecu le  of 

water t o  g 

p r e v i o u s l y  

a l l  f o u r  r 

molecule.  

ve compound 1. Thus, i n  c o n t r a s t  t o  t h e  o t h e r  p y r r o l e s  

described,' t h e  proposed mechanism s t i p u l a t e s ,  t h a t  n o t  

ng carbon atoms a re  d e r i v e d  from t h e  same glucose 
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H - C = O  n -c=o  
I I 

I I I I 

I I I 

c=o + cn,on c =o e n m  

cn, n -e=o  en-c-n 

R glycoaldehyde R on 

c 

3-dwxyglucorono 4 - 
RNH, I '  

,+ d n - c = o  

I I  
R OH 

c - c - n  
R on 
I I 

I 
R 

5 - 

CHiOH 
I 

I 
OH 

8C-n 

Scheme 2 

I n  an e f f o r t  t o  e s t a b l i s h  whether 1 was formed th rough a mecha- - 
nism i n v o l v i n g  f r e e - r a d i c a l  i n te rmed ia tes  o f  g lucose, we incubated  

g lucose and neopentylamine w i t h  and w i t h o u t  an i o n  c h e l a t o r  (EDTA) 

i n  presence of N2 and 02, r e s p e c t i v e l y ,  

f o r  t h e  two exper iments was f o l l o w e d  us ing  reverse-phase HPLC, 

m o n i t o r i n g  absorbance a t  285 nm. The t ime-course study on t h e  

fo rmat ion  of - 1 under t h e  two c o n d i t i o n s  i s  shown i n  FIG. 2 below. 

From t h i s  study, it i s  apparent t h a t  f o rma t ion  o f  compound 1 i s  no t  

mediated by a mechanism i n v o l v i n g  f ragmenta t ion  o f  g lucose by f r e e  

oxygen r a d i c a l s .  

i t s  p o s s i b l e  occurence i n  v i v o  remain t o  be demonstrated. 

The r a t e  o f  f o rma t ion  of 1 

- 

The proposed mechanism f o r  t h e  fo rma t ion  o f  1 and - 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



562 NJOROGE, FERNANDES, AND MONNIER 
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FIG. 2. K i n e t i c s  o f  f o rma t ion  o f  1 under atmospheres o f  a i r  (0) and 
n i t r o g e n  w i t h  EDTA (t). 
descr ibed under 'Exper imenta l  ' and q u a n t i t a t i o n  was pe r -  
formed by HPLC . 

React ions were conducted as 

EXPERIMENTAL 

General Methods. 'H NMR were recorded a t  200 MHz on a Var ian  

13C NMR spec t ra  were XL-200 Four ie r - t rans fo rm spectrophotometer.  

ob ta ined us ing  Bruker WH-400 NMR spec t rometer  ope ra t i ng  a t  100.6 

MHz, equipped w i t h  quadra ture  phase d e t e c t i o n  and i n t e r f a c e d  w i t h  an 

ASPECT 300 da ta  system. The a t tached Pro ton  Test (APT) exper iment 

was done as descr ibed by Le Cocq.15 H and 13C NMR ana ly -  

s i s ,  compounds were d i s s o l v e d  i n  deu te ra ted  ch io ro fo rm us ing  t e t r a -  

m e t h y l s i l a n e  as an i n t e r n a l  standard.  UV spec t ra  were measured i n  

ch lo ro fo rm w i t h  a Hew1 e t t  Packard 8450A UV/Vis spectrophotometer.  

1 For b o t h  

Combined gas chromatographic-mass spec t romet ry  (GC-MS) a n a l y s i s  

was performed us ing  an HP 5985A mass spectrometer (Hew le t t  Packard). 
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A NOVEL NONENZYMATIC BROWNING PRODUCT 563 

A g lass  column (1.8 M x 2 mm i .d.) packed w i t h  3% OV-17 on 

gaschrom-Q 100/120 mesh ( A p p l i e d  Science Co l l ege  S t a t i o n ,  PA) was 

used f o r  GC ana lys i s .  

( i so the rma l  ) w i t h  an i n j e c t i o n  p o r t  temperature was 250°C. 

was used as a c a r r i e r  gas a t  a f l o w  r a t e  o f  20 mL/min. The mass 

spectrum was determined us ing  an i o n i z i n g  energy o f  70 eV and i o n  

source tempera ture  o f  200OC. 

The column temperature was h e l d  a t  180°C 

Hel ium 

Th in  l a y e r  chromatography (TLC) was run  on aluminum sheets 

precoated w i t h  S i l i c a  Gel-60 F254 (E. Merck). 

was performed by t h e  method o f  W.C. 

(400-230 mesh) S i l i c a  Gel-60 (E. Merck No. 9385). 

F lash  chromatography 

us ing  a 40-65 wn 

HPLC chromatography employed a Waters 510 dual  -pump system 

equipped w i t h  a Model 411 absorbance de tec to r ,  automated g r a d i e n t  

c o n t r o l  l e r  and a Waters 740 Data Module. 

and analyses were made us ing  a Vydac C-18 (RP) 10-um column (3.2 x 

250 mm) and w a t e r - a c e t o n i t r i l e  g rad ien t  system. 

Reverse-phase separa t ions  

React ion  o f  g l  ucose w i t h  neopentyl  ami ne phosphate s a l t  . The 

r e a c t i o n  was conducted as descr ibed previously. '  Glucose (90.0 9, 

0.5 mol) was d i s s o l v e d  i n  200 mL o f  p u r i f i e d  water,  and 43.6 g (58 

mL, 0.5 mo l )  neopentylamine was added. 

m i x t u r e  was ad jus ted  t o  pH 7.2 by a s tepwise  a d d i t i o n  o f  85% phos- 

p h o r i c  ac id .  The r e a c t i o n  m i x t u r e  was incubated  a t  37 "C f o r  10 

days, d u r i n g  wh ich  t i m e  t h e  s o l u t i o n  tu rned  f rom c l e a r  t o  dark -  

brown, and some m e l a n o i d i n - l i k e  m a t e r i a l  p r e c i p i t a t e d  out.  The 

m i x t u r e  was f i l t e r e d ,  and t h e  aqueous f i l t r a t e  was s a t u r a t e d  w i t h  

sodium c h l o r i d e  and e x h a u s t i v e l y  e x t r a c t e d  w i t h  petroleum e t h e r  t o  

remove t h e  more non-pol a r  compounds p r e v i o u s l y  descr ibed .' 
pet ro leum e t h e r  e x t r a c t i o n ,  t h e  aqueous f r a c t i o n  was f u r t h e r  

The pH o f  t h e  r e a c t i o n  

A f t e r  
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5 64 NJOROGE, FERNANDES, AND MONNIER 

e x t r a c t e d  w i t h  d i e t h y l  e t h e r  ( 5  x 400 mL). The d i e t h y l  e t h e r  was 

removed by r o t a r y  evapora t i on  t o  y i e l d  0.20 g o f  crude product.  

I s o l a t i o n  o f  3 - ( D - e r y t h r o - t r i  hydroxypropyl  ) - l - n e o p e n t y l p y r r o l e  

2-carboxaldehyde (1 )  f rom e t h e r  e x t r a c t .  

ob ta ined f rom above was charged on a s i l i c a  ge l  column (20 x 150 m) 

which  was packed w i t h  hexanes-ethyl ace ta te  ( 4 : l ) .  The column was 

then e l u t e d  w i t h  hexanes-ethyl a c e t a t e  (3:2) and e t h y l  ace ta te -  

methanol (8 :1 ) ,  successively.  A f t e r  a n a l y s i s  by TLC [ s o l v e n t  system 

CHCl 3-MeOH (8:1)] and subsequent 2 ,4 -d in i t ropheny l  hydraz ine  (DNP) 

spray de tec t i on ,  most of compound 1 was shown t o  be e l u t e d  w i t h  

e t h y l  ace ta te  - methanol ( 8 : l ) .  However, a f t e r  f u r t h e r  a n a l y s i s  

w i t h  HPLC and TLC us ing  t h e  same so lven t  i n d i c a t e d  above, f r a c t i o n s  

c o n t a i n i n g  compound 1 were found t o  be contaminated w i t h  some o t h e r  

minor  ca rbony l - con ta in ing  compounds. F u r t h e r  p u r i f i c a t i o n  o f  1 was 

e f f e c t e d  by p r e p a r a t i v e  TLC us ing  CHC13-MeOH ( 8 : l )  as t h e  e l u t i n g  

so l ven t .  

form. The so l ven t  was evaporated, and t h e  concen t ra te  was d i s s o l v e d  

i n  CH3CN-H20 and p u r i f i e d  f u r t h e r  w i t h  p r e p a r a t i v e  HPLC t o  g i v e  25 

mg (0.07%) o f  pure  - 1 as a y e l l o w  o i l :  'H NMR (CDC13) 6 1.00 (s,  9 

H, CH3), 2.00-2.50 ( b r s ,  3 H, OH), 3.65-3.95 (ty, 3 H, - H-2' and 2 

The e t h e r  f r a c t i o n  

E l u t i o n  o f  t h e  band c o n t a i n i n g  - 1 was performed i n  ch lo ro -  

- H-3 ' )  4.10 (s, 2 H, CHZ), 5.05 (d ,  J = 5 Hz, 1 H, L - l ' ) ,  6.35 (d,  

= 2 Hz, 1 H, H-4), 6.85 (d, J = 2 Hz, 1 H, H-5), 9.75 ( s ,  1 H, J4,5 
13 CHO). C NMR (CDC13) 6 27.61 ((CH3)3), 33.52 (C(CH3)3), 59.14 

(CH2N), 63.72 (CH20H), 70.09 (COHCH20H), - 74.57 (ArCHOH), 109.32 

(C-4) 128.94 (C-3), 131.30 (C-5), 136.58 (C-2), and 179.47 (CHO). 

I 3 C  APT NMR r e s u l t e d  i n  t h e  f o l l o w i n g  s i g n  f o r  t h e  s i g n a l s :  

( -ve) ,  33.52 (+ve), 59.14 (+ve),  63.72 ( t v e ) ,  70.09 ( -ve) ,  74.57 

( - ve ) ,  109.32 ( - ve ) ,  128.94 ( t v e ) ,  131.30 ( -ve) ,  136.58 (+ve) and 

27.61 
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A NOVEL NONENZYMATIC BROWNING PRODUCT 565 

179.47 ( - ve ) .  

GC-MS gave one major  peak - -  m/z 237 (M' - H20), 195 [M' - 
(-CH(OH)CH20H)], and o the rs  a t  - -  m/z 190, 120, 124, 109, and 107. 

TMS d e r i v a t i v e  of - 1 a l s o  gave one major  peak on GC with m/i 471 

(M'); o t h e r  ma jor  fragments were observed a t  414 [M' - (C(CH3)3)], 

368 (M' - CH20TMS), 292, 266 (M' - CH(-CH0TMS)-CH20TMS), 180, and 

165 (M '- (CH(OTMS)CH(OTMS)CH20TMS). 

I R  3380, 2950, 2870, 1645, 1495, 1365, and 1030 cm". 

The 

UV (CHC13) A max 291 nm. 

Compound - 1 (10 mg) was d i s s o l v e d  i n  A c e t y l a t i o n  of compound 1. 

2 mL of an equimolar m i x t u r e  o f  a c e t i c  anhydr ide and p y r i d i n e  and 

a l lowed t o  stand f o r  2 days a t  room temperature.  The m i x t u r e  was 

then poured i n t o  15 mL o f  i c e  water and ex t rac ted  w i t h  ch lo ro fo rm 

(5  x 50 mL). 

s o l u t i o n  ( 2  x 20 mL), water ( 2  x 20 mL), and d r i e d  over  anhydrous 

sodium s u l f a t e .  A f t e r  evapora t ion  o f  t h e  ch lo ro fo rm,  t h e  a c e t y l a t e d  

compound was chromatographed on p r e p a r a t i v e  TLC and then e l u t e d  w i t h  

EtOAc/hexanes (1:6). Scrapings from p r e p a r a t i v e  TLC were e x t r a c t e d  

The e x t r a c t  was washed w i t h  d i l u t e  sodium b i ca rbona te  

severa l  t imes w i t h  ch lo ro fo rm.  A f t e r  concen t ra t i on  o f  t h e  ch lo ro -  

form e x t r a c t ,  a l i g h t - y e l l o w  o i l  was ob ta ined whose H NMR i n  CDC13 

showed s i g n a l s  a t  6 1.05 (s ,  9 H, CH3), 2.00 ( s ,  3 H, -COCH3) 2.08 

(s,  3 H, COCH3), 2.12 (s, 3H, COCH3), 4.10-4.46 (m, 3 H, H-2' - and 2 

1 

H-3')  4.15 ( s ,  2 H, CHZ), 5.50 (dd, J = 6.0 Hz, 1 H, H-L') ,  6.30 (d, 

495  
J4,5 = 2 Hz, 1 H, H-4) 6.85 (d, J 

1 H, CHO). 

= 2, 1 H, H-5), and 9.94 (s,  

S i l y a t i o n  o f  compound 1 f o r  GC-MS ana lys i s .  The TMS d e r i v a t i v e  

was ob ta ined by t r e a t i n g  0.5 mg o f  - 1 w i t h  o f  Tr i -S IL 'TBT '  ( 1  mL) 

( P i e r c e  Chemical Co., Rockford, I L )  i n  a Reac t i -V ia l  f o r  10 min a t  

room tempera ture  and then 20 min a t  60 "C. 
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566 N J O R O G E ,  F E R N A N D E S ,  AND MONNIER 

Time-course s tudy  of fo rmat ion  o f  1 i n  oxygen and under oxygen - 
m e t a l - f r e e  cond i t i ons .  

o f  compound 1 i n  b o t h  f r e e - r a d i c a l  conducive and non-conducive con- 

d i t i o n s ,  two se ts  o f  r e a c t i o n s  were prepared. React ion  1: 21.7 g 

(29 mL, 0.25 m o l )  of neopentylamine was d i l u t e d  w i t h  200 mL o f  

d i s t i l l e d  water, and t h e  pH was ad jus ted  t o  pH 7.2 by a d d i t i o n  o f  

87% phosphor ic acid.  Ethylenediamine t e t r a a c e t i c  a c i d  disodium s a l t  

d i h y d r a t e  (EDTA) 0.9 g (2.5 mmol) was added, f o l l o w e d  by 45.0 g 

(0.25 mol )  o f  0-glucose. 

n i t rogen ,  and s to red  a t  37 "C. 

sample were taken f o r  a p e r i o d  o f  60 days. 

w i t h  20 mL o f  H20. The d i l u t e d  s o l u t i o n  was then sa tu ra ted  w i t h  

NaCl and ex t rac ted  w i t h  ( 2  x 40 mL) o f  d i e t h y l  e the r ,  d r i e d  over 

Na2S04, and concentrated. 

mL o f  - n-butanol .  

bu tano l  s o l u t i o n  was d i l u t e d  t e n  t imes w i t h  t h e  same.solvent. From 

t h e  d i l u t e d  s o l u t i o n ,  10 p L  were i n j e c t e d  i n t o  HPLC and analyzed 

us ing  a C-18 (RP-18) 10 pm system. 

t i m e  23.4 min us ing  w a t e r - a c e t o n i t r i l e  i n  a g r a d i e n t  system. 

React ion  2: Th is  was conducted i n  a s i m i l a r  manner t o  r e a c t i o n  1 

descr ibed above, w i t h  except ion  t h a t  no a d d i t i o n  o f  EDTA and no 

degassing o r  i n t r o d u c t i o n  of n i t r o g e n  was performed. 

t h e  progress o f  f o rma t ion  o f  compound 1 i n  b o t h  i n c u b a t i o n  m ix tu res  

1 and 2 a r e  shown i n  FIG. 2 .  

I n  o rde r  t o  f o l l o w  t h e  progress  o f  f o r m a t i o n  

The s o l u t i o n  was degassed, per fused w i t h  

A l i q u o t s  ( 3  mL) o f  t h e  incubated  

Each a l i q u o t  was d i l u t e d  

The concen t ra te  was then  d i s s o l v e d  i n  10 

For HPLC a n a l y s i s  o f  compound 1, 100 pL  of t h e  

Compound 1 e l u t e d  a t  r e t e n t i o n  

Resu l t s  f o r  
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