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The Dye-Sensit ized Photooxy~enat ion of Hemopyrrole  

The isolat ion by  IRVI~E and WETTER:BERG I Of a new 
pyrrole  f rom the urine of pat ients  wi th  acute  i n t e r m i t t e n t  
porphyr ia  (AIP) p rompted  us to inves t iga te  the photo-  
oxygenat ion  of the  2 biological ly impor t an t  monopyrroles ,  
hemopyrro le  (2 ,3-dimethyl-4-ethylpyrrole)  (la) and 
kryp topyr ro le  (2 ,4-dimethyl-3-ethylpyrrole)  (lb)~. The 
ur inary  pyrrole,  while most  p robab ly  kryptopyrro le ,  has 
not  been unambiguous ly  dis t inguished f rom hemopyrro le  ; 
however,  k ryp topyr ro le  and several  of i ts pho tooxygena-  
Lion products  (in v ivo  metabol i tes  ?) have  been shown by  
W~Tr~RBERa ~ to exhib i t  pronounced general behavioral ,  
hypnot ic  and hypo the rmic  effects in mice. Such findings 
are  of obviot~s in teres t  since acute  a t tacks  of A I P  exhibi t  
neuropsychia t r ic  symptoms  of the  schizophrenic type,  
and IRVINE 4 has found kryp topyr ro le  and its metabol i tes  
(apparent ly  ident ical  ~o some of its pho tooxygena t ion  
products)  in the  urine of schizophrenics.  The  po ten t ia l  
role of hemopyrro le  and its neuro tox ic i ty  is unclear  a t  
present.  Because of thei r  po ten t ia l  re la t ionship to or  
existence as biological metabol i tes ,  we wish to give the  
first  repor t  on the  pho tooxygena t ion  products  of hemo-  
pyrrole (la). 
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The pho tooxygena t ion  proceeded smoo th ly  in a water-  
cooled immers ion  appara tus  conta in ing a di lute  (0.81 
mmole[100 ml) me~hanolic solution of hemopyr ro le  
(Ta) ~ and 3.6 mg/100 ml  of Rose Bengal  (singlet oxygen,  
~O~, sensitizer). I r rad ia t ion  ~ was cont inued while a slow 
s t ream of oxygen  was cont inuous ly  bubbled th rough  the  
solut ion in a closed sys tem in which oxygen  up take  was 
measured.  After  15 mill  of i rradiat ion,  near ly  1 mole 
equ iva len t  of oxygen  was consumed,  and the ra te  of 
up take  level led off. The me thano l  solvent  was evapora ted  
f rom the  react ion mix tu re  at  30-40~ using a ro ta ry  
evapora tor ,  and the  residue was co lumn chromatographed  
on silica gel (Yl. Woelm, Eschwege,  70-325 mesh ASTM) 
using e thal  acetate ,  acetone and methanol .  A more 
complete  separat ion of the  eluted mater ia l  in the  major  
(ethyl acetate)  f ract ion was accomplished using prepar-  
a t ive  th in  layer  ch roma tog raphy  (Silica gel F, M. Woelm,  
Eschwege, 1 ram., d ie thyl  ether) to give 3 main  com- 
ponents ,  2a (RI 0.51), 3a (RI 0.34), and ga (Rf 0.22); 
% theor,  yields:  10-13, 7-11, and 21-32% respect ively.  

The expected m e t h o x y l a c t a m  (2a) was character ized 
by  its mass spectrumS: rn/e (relative intensi ty)  169.1105 
[h{+, CgH~NO~], (2%), 154 [M --  CHa] (22%), 140 
[M - C~I-th] (11%), 138 [M --  OCH~] (100%) and 120 
(24%) a.m.n.  ; NMR-spec t rum:  d (CDCla) 1.09 (t, J = 8 Hz, 
3H, CH~), 1.50 (s, 3H, CH~), 1.84 (s, 3H, CH~), 2.32 (q, 
J = 8 Hz,  21I, -CHe-) ,  3.02 (s, 3H, OCH~), 6.55 (b.s., 

1H, Ni t )  p p m ;  and I R - s p e c t r u m :  fm~= (KBr) 1692 (C=O) 
cm -x. One isomeric hyd roxy l ac t am s t ructure  (3a) was 
established by  its mass spec t rum:  rtz/e (relative intensi ty)  
155.0931 ~M+, CsHx3NO~] (19%), 140 [ ~  --  CH~] (42%), 
138 CM - oi l ]  (100%/, 126 (3%), 123 (8%), 122 (17%) 
and 109 (14%) a .m.u. ;  NMR-spec t rum:  8 (CI)CI~), 1.09 
(t, J = 7 t tz ,  3H, CHa), 1.50 (s, 3H, CHa), 1.91 (s, 3H, 
CH3), 2.26 (q, J = 7 Hz, 2H, -CH~-) ,  6.2 (b.s., IH ,  NH)  
p p m ;  and IR- spec t rum:  v ~  (KBr) 1703 (C=O) cm -1. 
The closely related s t ructure  of 4a was de termined  f rom 
its mass spec t rum:  role (relative intensi ty)  155.0946 
[M +, CSHlsNO~] (53%), 140 [M --  CH3] (100%), 138 
[M --  OH~ (42%), 123 (38%), and 109 (99%) a ,m.u. ;  
NMl~-spect rum:  ~ (CDCI3) 1.02 (t, J --  8 Hz, 3H, CHs), 
1.50 (s, 3tt,  CH~), 1.91 (s, 3It, CH3) , 2.17 (q, J -~ 8 i lz ,  
2H, -CH~-),  3.2 (b.s., 1H, OH), 7.1 (b.s., 1H, NH) p p m ;  
and IR- spec t rum : v ~ ,  (KBr) 1685 (C=O) cm -1. Essent ia l ly  
no ( <  1%) e thy lme thy lma le imide  (5) s was obta ined in 
any  of 3 separa te  pho• oI la. This f inding m a y  
be contras ted wi th  the  low isolated yield (3%) of 5 from 
photooxida t ion  of k ryp topyr ro le  (lb). As wi th  the  
kryptopyr ro le  (lb) photoproducts (3band 4b) 2, hydroxy-  
lac tams 3a and da exhib i ted  ve ry  similar  spectroscopic 
propert ies  but  could be di f ferent ia ted  by their  carbonyl  
infrared s t re tching absorptions,  3a/1703 cm -1 and 
4a/1685 cm-L  The lower va lue  of 4a corresponds be t t e r  
to an ~,f l -unsaturated carbonyl.  

Pho toproduc t s  2a-4g  correlated well wi th  the krypto-  
pyrrole  (lb) photoproduc ts  (2b-4b) by  exhibi t ing the  
same chromatographic  behavior  and similar  spectroscopic 
propert ies.  There was, however,  some quest ion as to 
whether  hyd roxy l ac t am 3a would be produced a t  all in 
view of our fai lure to obtain  an equ iva len t  3-hydroxylact-  
am from photooxida t ion  of 3, 4-diethyl-  2-methylpyrrole  2, % 
Careful re inves t iga t ion  of the  la t te r  pho tooxida t ion  
indicated tha t  the  3,4~diethyl-3-hydroxy-5-methyl-A 4- 
pyrrol in-2-one is indeed formed in ra ther  good yield 
(14%), bu t  i t  is ve ry  sensit ive to mild  acid conditions.  
We can thus  say tha t  in addi t ion  to the  now well-known 
5-hydroxy  and 5-alkoxy photoproducts ,  3-hydroxy (and 
somet imes  3-alkoxyZ~ photoproduc ts  are rout ine ly  
obta ined f rom 2, 3, 4-tr ialkylpyrroles.  

The precise mechanism of format ion  of the  photo-  
products  has not  been established rigorously. Nonetheless,  
i t  is reasonable to assume t h a t  1, 4-addi t ion of ~O~ ~ to 
give an unstable  endo-peroxide in t e rmedia te  (7) is the  first  
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s tep  in the  fo rmat ion  of 2 and  4 (Scheme). There  are 
several  examples  of th is  t y p e  of behavior2,9,1~ ~2, and 
two possible mechanis t ic  routes  have  been  considered ~2. 
The detai ls  of the  fo rma t ion  of h y d r o x y l a c t a m  3 are less 
obvious.  P r e s u m a b l y  a d ioxe tane  in t e rmed ia te  (8)2,10 is 
impl ica ted ;  however,  whe the r  i t  is fo rmed di rec t ly  from 
a t t ack  of ~O 2 on 1 or by  r ea r r angemen t  of endoperoxide 7 
is unclear.  As expected ,  only 3b and db are ob ta ined  
when  the  pho toox ida t ion  of lb is carr ied out  in chloroform 
solvent .  

All p h o t o p r o d u c t s  2-4 are ex t r eme ly  acid labile. For  
example,  h y d r o x y l a c t a m  3b conver t s  to 4b in HaO+, 

R 2 R] 
10 2 

CH H 1,4-addition 

H 102~addition 
I 

(a) if1= C2H5,R2=CH3 I R~-~9 
(b) I~,=CH3,R2=C2H 5 [CH3~'-HN~H O 

8 

CH H 
------~ 5 

~ 2 , 4  

and  2b, 3b and  db all conver t  to t he  weakly  f luorescent  
exome thy l ene  compound  6b in an aprot ic  soIvent  
w i th  acid catalysis .  I t  is of special in te res t  to note  t h a t  6b 
does no t  undergo p h o t o o x y g e n a t i o n  to  5. F u r t h e r  work  
on the  mechanis t ic  detai ls  of these  react ions  and solvent  
and mechan i sm s tudies  on the  pho toox ida t i on  of k ryp to -  
and  hemopyr ro le  areunder  inves t iga t ion  in our laborator ies .  

Zusammen/assung. Die durch Rose Bengal  sensibil isierte 
P h o t o o x y d a t i o n  des t-Iemopyrrols in Methanol  er- 
gab 3-Athy l -5-methoxy-4 ,5-d imethy l -3-pyr ro l in -2-on ,  3- 
Athy l -3 -hydroxy-4 ,5 -d imethy l -4 -pyr ro l in -2 -on  und 3- 
~_thyl-5-hydroxy-4, 5-dimethyl-3-pyrrol in-2-on.  
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I m i d a z o l e  N u c l e o s i d e  A n a l o g u e s  P o s s e s s i n g  a N o n - G l y c o s i d i c  L i n k  b e t w e e n  S u g a r  a n d  B a s e  

A n u m b e r  of analogues of mos t  of t he  i m p o r t a n t  
na tu ra l ly  occurr ing imidazole  r ibofuranosides  have  been  
p repared  5, % ~ for use in s tudies  of the  de novo biosynthes i s  
of pur ines  and  as po ten t i a l  ant i -v i rus  and ant i -cancer  
compounds .  Most  of t h e m  have  the  same c a r b o h y d r a t e  
c o m p o n e n t  as the  na tu ra l  pur ine  precursors  and  all 
con ta in  a glycosidic l ink be tween  sugar  and base. Recen t -  
ly 4 we synthes ized  an imidazole  nucleoside (I) in which  
the  heterocycl ic  r ing is connec ted  to  t he  2 ' -posi t ion of the  
sugar. Compounds  of th is  class should be s table  in the  

presence  of g lycoside-spl i t t ing enzymes  and  migh t  be 
expec ted  to  be useful metabol ic  inh ib i tors ;  however,  t he  
examples  we repor ted  are s te reochemical ly  diss imilar  to 
the  na tura l  r ibofuranosides .  Our work  has now been 
ex tended  to p rov ide  nucleoside analogues t h a t  are more  
closely re la ted to  the  key pur ine  precursor  A I C A R  and 
the  cor responding  m~cleoside (II) or which  are capable  of 
a t t a in ing  a s imilar  conformat ion  dur ing  in terac t ions  wi th  
enzymes.  One example  is the  a l t ropyranos ide  der iva t ive  
(III) which  has s imilar  d imensions  to  A I C A R  par t icular ly  

Table I. Stereochemical comparison oI nucleoside analogue (III) 
with the naturally occurring nucleoside (II) corresponding to AICAR. 
Interatomie distances between various atoms were measured on 
Dreiding stereomodels 

Analogue (111) (in boat confirmation) Nueleoside (II) 

Atoms Distance (A) Atoms Distance (A) 
apart apart 

Cs-N 1 3.60 C6-N~ 3.48 
C4-C 1 2.44 Cs-C 2 2.74 
NI-O 3 4.48 N~-O 4 4.25 
NI-O ~ 3.56 N~-O 2 3.56 

O5-C 1 1.43 O6-C 2 2.36 
O~-N 2 2.44 O6-N z 2.80 
O~-C~ 2.52 O6-C s 2.88 
O~-C s 2.52 08-C 4 2.40 
C,-C 2 2.52 C5-C s 2.52 
C ~ )  z 3.44 C5-O s 3.80 
C~-N 1 3.16 Cs-N ~ 3.60 

Table II. T.l.c. data for various nueleoside analogues 

RF value on cellulose thin layers 
Solvent system 

A B C D E F G 

I I  0 . 2 2  0 . 4 1  0 . 4 3  0 . 3 8  - - - 

I I I  0 . 1 3  0 . 2 5  - 0 . 3 8  0 . 4 3  0 . 4 0  0 , 3 0  

V 0 . 2 5  0 , 4 0  0 . 5 1  0 . 5 3  0 . 7 0  0 , 3 0  - 

I X  0 . 1 2  0 . 2 3  0 . 4 3  0 . 3 7  0 . 5 5  0 , 1 0  - 

V I I I  0 . 2 0  0 . 5 0 '  0 . 4 S  0 . 3 5  0 . 2 1  - - 

v i i  0 . 1 2  0 . 2 3  0 . 4 5  0 . 4 0  0 . 5 4  0 . 1 5  0 . 2 9  

x 0 , 2 3  - 0 . 5 3  0 . 5 0  0 . 6 6  0 . 2 5  - 

x I  0 . 1 6  0 . 3 0  0 . 4 9  0 . 4 2  0 . 2 2  - 

A, n-butanol (18)-water (83); B, ammonium citrate (pK 4.4) 
(18)-ethanol (82); C, n-butanol (4)-ethanol (1)-water (5) (upper 
layer); D, iso-propanol (4)-0.2 N ammonium hydroxide (1); E, 
saturated NH,H CO 3 solution; F, iso-propanol (4)-water (1); G, 
iso-propanol (6)-water (2}-ammonia (0.880) (3). 


