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Abstract - The reaction of 2,4-0-ethylldene-D-erythrose and -threose with methyl 

BCetoaoetate and urea,  0P thiourea, under the conditions of the Biglnelll type 

reaction, gives as principal reactron products C-polyhydroxyalkyipyrimidines 

derivetives. 

In continuation of our study on the Biginelli type reaction] '?" wlth sugar derivatives for the 

preparation of C-nucleosides and analogues, we wish to report a further extenslo" of our prev~ous 

work, with tetrose derivatives. With these compounds we tried to check the role that the presance 

of the free 3-OH and its different configurations of sugar. plays in the course and the results 

of this reaction. 
4 

When the 2.4-0-(1.Q)-ethylidene-D-erythrose (1 dlmeric cyclic acetal) was made to react  with urea 

and methyl acetoacetate in conditions similar to those previously described3 , a mixture of products 

was yielded. By column chromatogrsphy, we have isolated the two major products, characterlred as: 

4-(5R-acetoxy-2R-methyl-l.3-dioxan-4S-yl)-5-methoxycarbonyl-6-methyl-2-oxa-l.2.3,4-tetrahydropyr~d~ne 

( 1  (37.5%) and (4bR, 6aR, 9R, iOaS)-4.9-dimethyl-2,5-dioxo-l,2,3,4b-tetrahydra-oxan~3.2-d~-1,3- 

dioxanel8.7-dlpyrimidine ( 2 )  (20.2%). 

Scheme 1 



From the pyrldlne derivative - 2 ( ~ h i ~ h  has incorporated in its structure two units of methyl aceto- 

acetate) we have isolated the two C-4 epimers and + (10:l ratio). The protons H-St, H-3 and H-4 
1 

of ~eomer 2, are shown by H-nmr to be very different from those of the isomer 2. In the major 

lsomer g, the geminal protons of the heterocyclic ring show a chemical shlft at 2.70 ppm (J 16.5 

and 8.0 Hz) and 2.45 IJ 16.5 and 1.5 Hz), and the proton H-4 at 3.38 ppm (J 8.0, 1.5 and 3.0 Hz). 

The proton H-5' has a chemical shift at 4.46 ppm. In the minor isomer g, these protons appear at 

2.77 (J 16.7 and 0 Hz), 2.44 (J 16.7 and 7.9 Hz), 3.08 (J 7.9 and 3.6 Hz) and 4.81 ppm respectively. 
1 

TWO dimensional H-nmr measurements were carried out to verlfy the assignments (COSY, NOESY1,never- 

theless they are not sufficient to assign the absolute canflguration in C-4. 

The tetrahydropyrimldlne derivative 3 1s the expected product of Biginelli condensation, but thls 

compound has experienced a process of hydrolysis and further lactonization of the ester group on 

C-5, vith the free hydroxyl of sugar moiety. We have isolated only one C-4b epmeric form of2,to 

whichwe have assigned the (R)-canfiguratmn, on the basis of the Nuclear Overhauser Enhancement 

Spectroscopy Spectrum. This spectrum showed strong cross peaks vith the slgnals at 4.48 ppm for 

the H-4b proton, and at 4.08 ppm for the H-6a proton, whrch could only arise if the H-4b possessed 

a R-configuration. The NOESY interactions between M e E  of the ethylldene group and the H-lOa and 

H-7 protons also confirm the conformation of sugar moiety. 

The reaction of 1 vith thiourea and methyl acetoacetate, under our experimental conditions, gave 
the next pyrirnldlne derivatives: 6-l5R-acetoxy-2R-methyl-I.3-dioxan-4S-yl)-4-0~0-2-thiohh~~hydro- 

pyrimidine (4, 26.3%), 6-(5R-hydroxy-ZR-methyl-1.3-dioxan-4S-yl)-5-methoxycarbonyl-4-methyl-2-thio- 

1,2,3,6-tetrahydropyrimidine (2, 27.15%) and 6-(5R-hydroxy-2R-methyl-1.3-dioxan-4S-yl)-4-oxo-2- 

thiohexahydropyr~m~dm ( 6 ,  12.2%). A11 the products of these condensations present similar values o f  
1 

coupling constants of carbohydrate moiety by H-nmr, indicating the same preferential conformation. 

Scheme 2 
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For compounds 4, 5 and 5 ,  we have only obtained one C-6 epimer, but we have not sufficient data 

to assign the absolute configuratmn in this center. 

When 2.4-0-ethylidene-D-threose (1, dlrneric cyclic acetal) was made to react vith urea and methyl 

acetoacetate, a mixture of products of difficultseparation was ylelded. We have only characterized two 

compounds, a pyrirnidlne derivative l6aR, 9.5, l0aR)-l-methoxycarhonyl-2,4,9-trimethyl-5-oxo-oxan- 

13,2-dl-1,3-dioxaneI 7.8-c I pyrmidine (8, 3.4%) and (1%. 3R, 65, 8R. 9Sl-13-methoxycarbonyl-l,6-di- 

methyl-11-0x0-tricyclo17.3,1,0 3'8~-10,12-diaza-2,5,7-trioxatr1decane ( 9 ,  15.1%). Compound may be 
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formed by a Hantzsch t y p e  synthesis and f u r t h e r  hydrolysis and l a c t o n ~ z a t i o n  of t h e  one e s t e r  
1 

group.  I n  H - n m r  t h e  u p f l e l d  obse rved  for  t h e  p r o t o n s o f  s u g a r ,  i n s t e a d  of  showlng i n  compounds 

p r e v i o u s l y  described, may b e  e x p l a i n e d  by t h e  p r e s e n c e  o f  an a r o m a t ~ c  h e t e r o c y c l e  i n  t h e  s t r u c t u r e .  

Compound 9 may r e s u l t  from a B l g i n e l l i  r e a c t l o n  and t h e  l a t e r  a d d i t i o n  of  f ree  hydroxyl o f  s u g a r  

3 
t o  t h e  double  bond C -C o f  t h e  t e t r a h y d r o p y r m i d i n e  ring . 

4 5  

- - 
H 

H H a c e t o a c e t a t e  

7 - 

Only one compound of t h e  two p o s s i b l e  r e a c t i o n  p r o d u c t s  9  and 10 was i s o l a t e d .  We have a s s l g n e d  - 
t h e  s t r u c t u r e  2 on t h e  basis of t h e  v a l u e s  of  t h e  c o u p l i n g  c o n s t a n t  between H-8 and H-9 .  

The d i h e d r a l  a n g l e s  H -C -C -H expec ted  an  t h e  b a s i s  o f  D r e i d l n g  models ,  are GO0 fo r  compound 9 
8 8 9 9  

3 
and 10" for  10. The exper imenta l  v a l u e  J = 1.8 Hz are i n  good agreement  w l t h  t h e  dihedral a n g l e  

8.9 
H  -C -C -H fa r  compound 9 .  Molecu la r  mechanics g e o m e t r i e s  calculations (MMP2/85) for  9 and 10 

8  8  9  

p r e d i c t  a H -C -C -H d i h e d r a l  a n g l e  of  65" (.I = 1 .29  H z )  and 18' (J = 7.45 H z ) ,  respectively. 
8  8  9  9 

We have n o t  a s s i g n e d  t h e  a b s o l u t e  configuration of  C-13, howewer, t h e  value of b f o r  H-13 and t h e  

absence  of long-range coupling (W) w l t h  H-8  seem t o  i n d i c a t e  a R-configuration f o r  t h i s  c e n t e r .  
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In summary, the number of products obtamed lndlcates that this renctlon is more campllcated than 

expected. Some of them can be enplamed by the involvement of the free hydroxyl, in the format~on 

of h -lactones (3 ,  81, the transfer of an acetyl group I!, $1 or ~ t s  Mlcharl type addltlon to the 

double bond of the heterocycle molety ( 9 ) .  Lass or transfer of one acetyl group durmg Knaevenagel 
7 

reactlo" of 2,4-0-ethylldene-D-erythrose has been previously reported . In our case thls loss or 
transfer before to the cycllzation, would mpllcate the methoxycarbanyl group in the process, glvmg 

the compounds 1, 5 and 6. The reaction with the threose der~vatlve is even more compl~cated, owmg 

to the more favourable dchydratlon process of the startlng sugar, where H-2 and HO-3 are z- 
8 

dlaxial . 

EXPERIMENTAL 

Meltmg points are uncorrected. Opt~cal rotations were measured wlth a Perkln-Elmer polarmeter 

at 18-20°C. Column chromatography was performed an slllca gel 60 (0.063-0.200 o r  0.040-0.063 mm) 

(Merck). Tlc was performed an slllca gel GF (Merck) w l t h  detectlon by sul~hurlc acld charrlng 
254 

or by Uv absorptlan. Uv mpectra were recorded in methanollc solutions on a Beckman DR-GT or Uvlkon 

810 spectrometers. Ir spectra (KBr disc) were taken on a Beckman Aculab IV spectrophotometer. 
1 
H - ~ ~ ~ s p e c t r a  were recorded for salutmns i n  D 0 o r  CDCI3 (mternal DSS or Me S11 on a Bruker WP- 

2 4 

200 sY (200 MHZ) spectrometer. m e  13~-nmr spectmm was recorded with a Bruker WP-200 SY (50.3 MHZ! 

spectrometer. Chemical ahlfts are given on the b scale, and coupling constants in Hz. Assignments 
w e ~ e  conflrrned by double resonance enperments and bldmenslonal correlat~ans.   ass spectra were 

obtamed usmg n Hewlett-Packard 5930-A or a Kratos MS-25 mass spectrometers. Satisfactory elemental 

analysl~ for C, H and N was obtalned for all compounds. 

Blg~nelll reactlon of tetrose derlvat~ves wlth methyl acetoacetate and urea or thlourea (General 

procedure) 

Methyl acetoacetate (0.1 moll and urea or thlourra (0.05 mol) were added to a solutlon of the tetrose 

depivatlve (0.05 moll I" ethanol (20-30 ml). The rnlxture was st~rred at 70-80'C for 48-55 h and 

the m~xture was then concentrated i n  vacuo and t h e  residue w a s  subjected to column chromatography. 

B~ginelll reaction of 2 , 4 - 0 - ( 1 ~ ) - ~ t h ~ l ~ d ~ ~ ~ - D - ~ ~ y t h r o s e  (1) w t h  urea and methyl acetoacetate 

After reactmn for 50 h, the following products were obtalned: 

2 (40%), which was agnm chromatographed TLC, ether-hexane. 3:2) to ohtam two eplmerlc - 

compounds in C-4 ( g ,  33.8% and g. 3.7%) and 3 (20.2%!. 
Compound g had mp 220-222 OC: 1 o( I D  - 6E0 ( c  0.1, methanol); Uv 280 nm ( 6 14000): Ir 3600-3450, 

1740. 1715 and 1650 m-': 13~-nmr (CDCI I: 170.9 (EMe), 169.7 (CONH!. 167.6 (FOMe). 147.9 (C-61, 
3 

101.9 (c-51, 99.2 (MCCH-o), 82.8 (c-4'1, 67.6 (c-6'1, 63.9 (c-5'1, 51.5 (EOCOI, 34.3 (c-31, 33.3 

(C-41, 20.8, 20.1 and 19.9 (MpCO, s C = ,  gCH-0). Ms m/z ire].  1nt.1: 328 11.51, 327 (~+,2), 267 (31, 

168 (75), 159 (361, 136 (221. 115 (100), 99 (51, 43 (49). 

Compound g had lo( I - 21E0 ( c  0.1, acetone). 
D 

Campound 3 had mp 287-289 'C; Id I D  220' ( c  0.1, methanol); Uv 290 nm ( E  78001: Ir 3350, 1740. 

1710 and 1680 &': I3C-nmr (CDCI 1 :  6 161.7 (COO), 154.7 (CONH), 153.4 (C-41, 99.7 (MeCt-01, 93.1 
3 
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(2-4a1, 76.0, 67.7 and 67.6 (C-lOa, C-64, C-71, 52.4 (C-4b), 20.1 and 19.3 (EC=, ECH-0). Ms m/z 

(pel. ~nt.): 254 IM +,21, 193 (2), 181 (4). 167 l2), 155 (1001, 137 (101, 110 (251. 

Blginelli reactmn of 2,4-0-(1R)-ethylldene-D-erythrose wlth thmurea and methyl acetoacetate 

After reactlon for 55 h the compounds 4 (26.3%1, 2 (27.1%) and 6 112.2%) were obtained. 
Compound 4 had mp 208-210°C; l L Y  I - 16O (c 0.1. methanol); Uv 228 nm ( & 9022) and 271 nm (Q17182); 

D 
Ir 3300, 1750, 1715 and 1590 k l ;  13~-nmr (CDC1 . 5 179.7 (COMel, 169.9 (COI, 165.3 ICS), 99.4 

3 '  

(Meg-0). 78.3, 63.2 IC-5', C-4'1, 67.1 (C-6'1, 51.8 IC-61, 29.6 (C-51, 20.9 (%CHI, 20.1 (MeCO).. - 
Ms m/z (re]. int.) : 290 (1.31, 289 (31, 288 ( ~ ~ , 1 7 ) ,  244 121, 228 (31. 227 (61. 184 151, 158 (151, 

129 115). 114 (1001, 98 (471, 69 148), 43 150). 

Compound 2 had mp 204-206°C; 14 1 - 3' ( c  0.1, methanol); Uv 306 nm ( E 19500). Ir 3460-3400, 3220- 
21 13 

3100, 1710-1690, 1640 and 1590 cm ; C-nmr (CDC1 1: 2 176.5 (400Me). 168.9 (CS). 148.7 (C-4). 100.0 
3 

(MeCH-01, 98.8 IC-5). 83.0 and 60.5 IC-4', C-5'1, 70.5 (C-6'1, 52.4 (COO%). 51.6 (C-61, 20.4 and 

17.8 (%CH-0, %=I. Ms m/z  (reI.int.): 304 (0.4). 303 (0.31, 302 (M',~I, 270 (151, 199 (171, 186 

1601, 185 (100). 153 1581, 126 (491, 117 (31 ,  45 1721, 43 (711. 

Compound 6 had rnp 149-15l0C; lo( 1 - 24"lc 0.05, methanol); Uv 220 nm ( E 7400) and 275 n m  I E 5200); 
D 

Ir 3600-3200. '1715 and 1580 crn-'. Ms m/z lrel. Int.): 248 (2). 247 11), 246 ( M *  .20), 203 (4.5). 187 

(4.51, 130 (34), 129 (161, 117 118). 99 (241, 73 (211, 70 (33). 45 (451, 43 (100). 

Bigmelli reactzon of 2,4-0-(1s)-ethylldene-O-th~eeee (71 wlth urea and methyl acetoacetate 

After reaction for 48 h compounds q (3.4%) and 9 l15.1%1 were obtained. 

Compound 5 had mp 139-14O0C; ( r y l  - 4' lc 0.1, chloroform); Uv 210 n m  ( E 7853), 230 nrn I €46741 
0 

-1 13 
and 276 nm ( E  2206); Ir 1730-1715 and 1580-1570 cm ; C-nmr (CDC1 I: d 167.5 ICOOMeI. 164.3 

3 

(CO of lactone rlngl, 162.0 and 160.0 IC-2, C-41, 143.2 IC-Ub), 125.1 and 117.0 IC-4a, C-11, 99.6 

(MegH-01, 70.5, 68.3 and 67.4 (C-lOa, C-6a, C-71. 53.3 IOMe), 26.3, 24.2 and 21.1 (MeC-2. MeC-9, - - 
MeC-4). Ms m / z  (re]. 1nt.1: 308 (11, 307 (~+.9), 292 ( 3 ) ,  277 141, 276 (31. 264 (71, 246 1121, 231 - 
( 9 5 ) .  205 (12). 202 (35). 186 (31, 59 (451, 43 (1001. 

Compound 9 had rnp 121-123°C; Is'/D - 34' lc 0.1, methanol); Uv 210 nrn 1 E 5040) and 238 nm I €  13801; 

IF 3360, 1750, 1680-1670 and 1500 cm-l ,  13C-nmr lCDC1 1 :  d 170.5 (COOMe), 157.2 IC-Ill, 98.4 (MeCH-01, 
3 

82.1 IC-I), 74.2 (C-a), 69.2 (C-41, 61.8 (C-31, 52.2  COO^), 50.2 (C-91, 41.8 (C-131, 25.3 (EC-11, 

21.0 (%CHI. Ms m/z (pel. ~nt.): 287 (1.31, 286 IM+, 71, 265 141, 200 (701, 199 (98.51, 169 (951, 

167 198), 115 119), 87 1371, 59 (791, 43 (100). 
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