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One of the functions of the biotin coenzyme (BC) is the fixation of CO2, which leads to the formation 
of N-carboxy-BC [1]. Attempts havebeen  made in recent  years  to reproduce this biochemical  react ion un- 
der  chemical  conditions employing 2-imidazolidtnone (I) as the BC model. In the f ree  state (I) lacks notice-  
able nucleophilictty [2], whereas  its O-methyl derivative reacts  with cer tain electrophil ic compounds, for 
example, the 4 -n i t ro -  and 2, 4-dinitrophenyl acetates [3]. L i te ra ture  data are absent on the possibili ty of 
the nonenzymatie N-carboxylat ion of either (I) or  biotin (II). 

In the present  paper  we studied the N-carboxylat ion of (I), (II), and desthiobiotin (Ig) under the in- 
fluence of CO 2 and magnesium methyl carbonate (IV) [4-6]. in o rde r  to find the optimum react ion conditions 
we f i rs t  studied the ability of the (I) salts to react  with CHaI and C~HhCH2Br in CH3OH , t-C4HgOH , dioxane, 
DMF, and toluene. Here the most  complete alkyiation of the ambident (I) salts occurs  when ei ther  t'C4HgOK 
in t-C4HaOi,i or  Nail in dtoxane are  used as the metalating agents. However, even when using one equivalent 
of the metalat ing agent, ei ther  in t-C4H9OH or in dioxane, the ambident (1) salts give a mixture of the N- 
alkyl-  and N, N'-dialkyl-(I) .  
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The reaction of the K salt  of (1) with CS 2 in t-C4HHgOH also proceeds in a nonselective manner,  and 
leads to a mixture of addition products  (V) and (VI), which were charac te r ized  as the corresponding 8-benzyl 
der ivat ives  (VII) and (VKI). 

The alkylation and dithiocarboxylation of (I) cannot be effected when CHaONa in CI-IaOH is used, while 
decomposit ion of the solvent occurs  when (I) is treated with Nail in DMF, with the l iberation of (CHa)2NH. 
In o rder  to effect the N-carboxylat ion of (I) with CO 2 we used the sys t em t-C~HgOK-t-C4HgOH, it proved 
that the K salt  of (I) in t-C4HaOH adds CO 2 at a high speed at ~20 ~ and a sIight excess p ressure .  
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Taken on a UR-20 instrument in KBr. 

The s t r u c t u r e  of  the K sa l t  of N - c a r b o x y - ( I )  (IX) that  is f o r m e d  h e r e  was  c o n f i r m e d  by its deca rboxy la t ion  
unde r  the inf luence of  di lute HC1 solu t ion  and c o n v e r s i o n  to the s t a r t i n g  (I), and a lso  by a coinc id ing  of the 
IR s p e c t r a  of (IX) (Table 1) and an authent ic  s p e c i m e n ,  which was obtained by  the saponi f ica t ion  of  N - c a r b o -  
me thoxy- ( I )  (X) [2]. 
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The d i -K sa l t  of N, N ' - d i c a r b o x y - ( I )  (XI) can a l so  be obtained f r o m  (I), p rovided  the r eac t ion  with 
CO 2 is run in the p r e s e n c e  of two moles  of t-C4HgOK. 
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The r eac t i on  of (I) and CICOOCH 3 under  analogous  condi t ions  gives  N, N ' - d i c a r b o m e t h o x y - ( I )  (XII). 
As  can be seen  f r o m  the data in Table  1, the inse r t ion  of addit ional  e l e c t r o n - a c c e p t o r  g roups  into the (IX) 
and (X) molecu le s  cause s  a subs tan t ia l  shif t  of the ca rbony l  bands  toward h igher  f r equenc ies .  In view of 
the low solubi l i ty  of the K sa l t s  of (II) and (III) in t-C4H9OH and dioxane the N-ca rboxy l a t i on  of (II) and (III) 
could not be run in these  so lven ts .  

The ambident  (I) sa l t  p r a c t i c a l l y  loses  its abi l i ty  to r e a c t  with CO 2 when the s y s t e m  t - C 4 H g O K - t -  
C4HgOH is r ep l aced  by the s y s t e m  CH3ONa-CH3OH. However ,  judging by the appea rance  of a weak band 
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at 1740 c m  -1, which is c h a r a c t e r i s t i c  fo r  the O = C - N - C - N -  group,  the addit ion of CO 2 to (II) p r o c e e d s  
to a s l ight  d e g r e e  in the p r e s e n c e  of CH3ONa in CH3OH. The mos t  sui table  r eagen t  f o r  the N-ca rboxy la t i on  
of the cyc l i c  de r iva t i ve s  of u rea  p roved  to be (IV), which at 50-100 ~ in DMF medium,  r e a c t s  with them in 
5 -6  h. The s t r u c t u r e  of the Mg sa l ts  (XIII)-(XV) that a r e  f o r m e d  he re  was  conf i rmed  by hyd ro ly s i s  and d e -  

C - -  Mg-- 

carboxylatton to the starting (1)-(Ill), and also by the IIl spectra, which contain the band of the O--'xC-N-C 

O 

- N -  group at 1712 cm -i. (If) and (Ill) do not react with CO 2 in the presence of (CH30)2 Mg in CH3OH , while 

(I) gives  only t r a c e s  of (XIII) 
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9 
The position of the - M g - O - C - g r o u p  in the molecules of the unsymmetr ica l  derivat ives (i)-(XIV) 

and (XV) was adopted with the s ter ie  hindrance, introduced by the polymethylene chainlet, taken into ac-  

count [7, 8]. 

The beneficial effect of Mg 2+ on the carboxylat ion of (I)-(III) can be explained by the formation of a 
cyclic transit ion state of the (XV[) type, which facili tates nucleophilic attack of the nitrogen atom by the 
carbon atom of the CO group 

/~g~  (~6/Mg~o o o O~i_~ ~ OMgOCH3 

C l ~ - - - ' -  o//-~_/ OCH3 ,_ OCH~ 
(xvI) 

It is interest ing to mention that the involvement of Mg 2+ tons is also neces sa ry  for the enzymatic c a r -  
boxylation of (II) [9]. Important  differences in the ability of (I)-(III) to undergo nonenzymatic carboxylation 
cannot be detected, although based on the data of the NMR spectra ,  (II) should have a higher NH acidity than 
(I) and (IE). Here the acidity of the urea derivat ives decreases  in the o rder :  (II) > ([), (III)> N, N ' -d i -  
methylurea (XVII), since the 5NH* for these compounds is respect ively  equal to 6.30 and 6.37, 6.14, 6.12, 
and 5.66 ppm. 

The higher NH acidity of (l)-(III) when compared  to (XVI1) must  probably be regarded as being due 
to the favorable effect of the cyclic s t ruc ture  on the proton lability of the endoeyclic hydrogen atoms. The 
fact that (II) has a higher NH acidity than (I) and (III) can be attributed to the closeness  of the - N H - C O  
- N H -  and -COOH groups and the formation of tn t ramolecular  hydrogen bonds between them [7]. Such an 
a r rangement  of the te t ramethylene chainlet in (I[) is in agreement  with the data of the x - r a y  s t ruc ture  anal- 
ysts [10, 11], and also of the IR and NMR spectra ,  which contain the split bands of the CO groups and the 
split signals of the H N protons.  A s imi lar  splitting of the bands of the CO groups and Of the signals of the 
H N protons is not observed in the spectra  of (III), for  which the "contiguous" conformation of (XVIII) should 
be energet ical ly  more  favorable due to the repulsion of the o~- and oe'-hydrogen atoms 

O"'H--ON k 0 

(II) n 

Not excluded is the fact that the high NH acidity of (If) plays a beneficial role in the process  for the 
formation of N-carboxy-BC under enzymatic conditions. 

E X P E R I M E N T A L  

Methylation of 2-Imidazoltdtnone (I). a) With s t i r r ing,  to a solution of t-C4H9OK (from 0.24 g of K and 10 ml 
of t-C4H 9OH) was added 0.5 g of (I), the mixture was allowed to stand at ~20 ~ for 12 h, 1.2 ml of C HaI was added, the 
mtxturewas  refluxed for 8 h, fi l tered, the f i l t ra tewas  evaporated in vacuo, and the residue was chromatographed 
on a plate covered with A1203 (here and subs equently H[ activity) in the sys tem:  a c e t o n e -  hexane, 1 : 1. Here we ob- 
tained 0.24 g (41%) of N-methyl-(f) ,  mp 99-102% Rf 0.58 [12] (here and subsequently TLC on A12Oa, a ce tone -wa te r ,  
9 : 1, detectionwlth iodine vapors),  and 0,29 g (44%) of N, N ' -d imethy l -  (I); n~ 1.4660, Rf 0.78 [8]. 

b) To a solution of 0.5 g of (I) in 20 ml of dioxane was added 0.28 g of a 507( suspension of Nail inNujol. 
The mixture was heated at 70-80 ~ for 6 h, 1.5 ml of CHaI was added, the mixture was refluxed for 8 h, 
cooled, fi l tered, and the fil trate was evaporated. After  the above indicated workup we obtained 0.10 g (17c/) 
of N-methyl-(I)  and 0.32 g (487) of N, N'-dimethyl-(I ) .  

Benzylation of (I). a) To a solution of the K salt  of (I) (from 0.24 g o f  K and 0.5 g o f  ([) in 10 m[ of t -  
C4HoOH) was added 0.7 ml of C6HsCH2Br and the mixture was refluxed for 10 h. The fi l trate was evaporated 
in vacuo and the residue was diluted with 3 ml of ether. We obtained 0.16 g (15.4~) of N-benzyl-(I) ,  mp 
125-126~ Rf 0.66 ( ace tone -wa te r ,  20 : 0.2); cf. [13]. F r o m  the ether mother  liquor, after  preparat ive 

*The NMR spectra  were  taken in DMSO solution on an RS-60 instrument using HMDS as the standard (the 
signals are  broad). 
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TLC on A1203 in the sys t em:  hexane-ace tone ,  7 : 2 ,  was isolated an additional 0.07 g (7~) of N-benzyl-(I) 
and 0.33 g (21~) of N, N'-dibenzyl-(I) ,  l~f 0.47 (hexane-acetone,  3 : 1), mp 91-93~ cf. [14]�9 

b) A mixture of the Na salt  of (I) [from 0.28 g of a 50c~ suspension of Nail in Nujol and 0.5 g of (I)] and 
0.7 ml of C6HsCH2Br in 20 ml of dioxane was refluxed for 10 h, and then worked up as descr ibed above. 
Dilution of the residue with 8 ml of ether gave 0.21 g (20~) of N-benzyl-(I) with mp 123-124 ~ F rom the 
mother  l iquor by prepara t ive  TLC on A1203 was isolated 0.21 g of N, N'-dibenzyl-(I) ,  mp 90-91 ~ 

Reaction of K Salt of (I) with CS2." a) To a solution of the K salt  of (I) (from 0.37 g of K and 1 g of (I) 
in 20 ml of t-C4HgOH), with s t i r r ing,  was added 1 ml of CS2, and after 6 h was added 1.4 ml of C6HsCH2Br. 
The mixture was allowed to stand for 12 h, evaporated in vacuo, the residue was diluted with water,  and 
the obtained precipitate was success ive ly  recrys ta l l i zed  f rom a mixture of 60 ml of benzene and 10 ml of 
n-hexane, and f rom a mixture of 15 ml of alcohol, 20 ml of benzene, and 5 ml of chloroform.  We obtained 
0.28 g (6~) of the bis-di thio  derivat ive (VIII), mp 218-219 ~ Rf 0.90 (acetone-hexaue,  1 :1) .  Infrared spec-  
t rum (KBr): 1742 cm -1. Found: C 54.49; H 4.39; N 7.10; S 30.43~. CI~I18ON2S 4. Calculated: C 54.54; 
H 4.31; N 6.69; S 30.62~. F r o m  the mother  l iquors,  after  preparat ive TLC on A1203 in the sys tem:  ace-  
tone-hexane ,  1 : 1, was isolated 0.32 g (12~) of the monothio derivat ive (VII), mp 177-178 ~ Rf 0.38 (ace- 
tone-hexane ,  1 :1 ) .  Infrared s p e c t r u m ( K B r ) :  1742cm -1. Found: C51.87; H4.82; $25.68~(. CIIH12 
�9 ON2S 2. Calculated: C 52.34; H 4.76; S 25.39~. 

b) To a solution of the K salt  of (I) (from 0.37 g of K and 0.5 g of (I) in 10 ml of t-C4HgOH ) was added 
1 ml of CS2, and af ter  5 h was added 1.4 ml of C6HsCH2Br , the mixture was allowed to stand 12 h, evapora-  
ted, the residue was diluted with water,  and the obtained product was filtered. We obtained 0.9 g (38~) of 
(VIII), mp 215-216 ~ (from benzene). 

Carboxylation of (I). a) A solution of the K salt  of (I) (from 0.24 g of K and 0.5 g of (I) in 7 ml of t-  
C4HgOH ) was s t i r red  in a CO 2 a tmosphere  (1.1 atm) at ~20 ~ for  30 rain, and then it was diluted with abso-  
lute ether.  We obtained 0.88 g of (IX), the K salt  of N-carboxy-(I) .  The t reatment  of 0.88 g of (IX) with 
excess  dilute HCI solution gave 0.32 g of (I). 

b) The t reatment  of (I) with CO s in the presence  of 2 M of t-C4HgOK in t-C4HgOH , as described above, 
gave (XI), the di-K sal t  of N, N ' -d icarboxy-(I ) .  

c) A mixture of magnesium methyl carbonate (IV) [15] (from 0.12 g of Mg) and 0.2 g of (I) in 1.5 ml 
of DMF was heated at 100 o for  5 h, cooled, and diluted with ether.  We obtained 0.85 g of the Mg salt 
(XIII). The t reatment  of 0.7 g of (XIII) with dilute HCl solution gave 0.3 g of (I). 

Prepara t ion of (XII) or  N, N'-Dicarbomethoxy-(I) .  To a solution of t-C4HgOK (from 0.96 g of K and 
30 ml of t-C4HgOH ) was added 2 g of (I), and after  12 h was gradually added, with cooling in ice water  and 
s t i r r ing,  2 ml of CICOOCH3, the fi l trate was evaporated in vacuo, and the residue was recrys ta l l i zed  twice 
f rom water .  We obtained 0.18 g (4~) of (XII), mp 236-237 ~ Rf 0.77 (ace tone-wate r ,  19.5:0�9 Found: 
C 41.35; H 5.02; N 14.28~(. C?HIoOsN 2. Calculated: C 41.58; H 4.95; N 13.86~. 

Carboxylation of Desthiobiotin (III). A mixture of (IV) (from 0.08 g of Mg) and 0.22 g of (III) in 1 ml 
of DMF was heated at 100 ~ for  5 h, cooled, diluted with CH3OH , and the obtained precipitate was cen t r i -  
fuged. We obtained 0.25 g of the Mg salt  (XV) (white powder), which gave 0.1 g of (III) when treated with 
dilute HCI solution. 

Carboxylation of Biotin (II). A mixture of (IV) (from 0.02 g of Mg) and 0.07 g of (II) in I ml of DMF 
was heated at 100 ~ for  6 h, cooled, and diluted with 5 ml of CH3OH. We obtained 0.1 g of the 1V[g salt  (XIV) 
(white powder), which gave 0.04 g of (II) when treated with dilute HCI solution. 

We express  our grati tude to A. V. Kessenikh, L. V. Shmelev, V. M. Gorul'ko, I. P. Yakovlev, 
T. N. Sedletska, T. A. Petrova,  E. D. Lubuzh, and G. M. Fedyunina for  running the spectra l  studies. 

CONCLUSIONS 

1. The N-alkylation and N-carboxylat ion of the ambident salts of 2-imidazolidinone were accom-  
plished in ter t-butanol  medium. 

2. The N-carboxylat ion of 2-imidazolidinone, desthiobiotin, and biotin was run using magnesium 
methyl carbonate in dimethylformamide.  
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