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A b s t r a c t  : Aldol reactions of pyroglutamate derived titanium enolate give 
exclusively 4-(x adducts. 

In recent years pyroglutamates have been increasingly used as chiral starting material for 
the synthesis of bio-active natural products 2. The lithium enolate chemistry of pyroglutamates 

has been extensively utilized 3 for functionalization at C-4. While the stereochemical outcome at 

C-4 in the reaction of Li enolates of pyroglutamates with arylmethylhalides is exclusively 4-0~, 

alkylations with other halides and aldol reactions of such enolates are known to give a mixture 

of 4-ct and 4- 6 products 4. Use of boron, tin and titanium enolates is known to enhance the 
diastereofacial selectivity in aldol reactions by making the enolate geometry more rigid 5. 

Recently, Evans et al have described the direct generation of titanium enolates by titanium 

tetrachloride and an amine base 6. In the present communication we wish to report for the first 

time the generation of titanium enolate of pyroglutamates and their reaction with aldehydes to 
give exclusively 4-ix adducts. 

Thus the methyl N-carboethoxypyroglutamate (la) 7 derived titaniumtrichloroenolate, 
prepared using the methodology described in literature 6, reacted with carbonyl electrophiles to 
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give, after ch romatograph ic  separat ion,  exclusively 4-0t adducts  2a-g 8'%10 in good yields 

(Scheme=l).  The s te reochemical  ass ignments  in these c o m p o u n d s  were  m a d e  on the basis of 

chemical  shifts pat terns  11 and  NOE data  in the PMR spectra of  2a-g, and  by  t ransforming 2g by 

hydrogenolys i s  to give 312. React ion of this enola te  w i th  cyc lopentanone  also gave  a single 

adduc t  2f which  was  p r e s u m e d  to have  4-o~ stereochemistry. 

A t t empts  to a lkylate  these enolates us ing  s imilar  condi t ions ,  wi th  benzylbromide ,  

a l ly lbromide  and ethyl  b romoace ta te  were  not  successful.  This was  no t  unexpec ted  as t i tan ium 

enolates s h o w  bet ter  react ivi ty  towards  carbonyl  electrophiles.  

This pape r  thus describes a n e w  m e t h o d o l o g y  for the synthesis  of 4ct- subst i tu ted 

pyrog lu tamates  which  o therwise  can no t  be obtained in h igh  d.e. 
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7. la was prepared according to the procedure described in Rigo,B.; Lespagol,C.; Pauly, M. ]. Her. Chem. 1988, 
25,49. 

8. Presence of the presumed 4-13 adduct (5%) was detected only in the PMR spectrum of crude 2e. 
9. Though we have not assigned the stereochemistry of the carbinolic center in 2a-g, based on the J values of 

carbinolic protons it appears to be opposite to that of adducts derived from Li enolates of pyroglutamate.Aldol 
adducts derived from titanium enolates are reported to be predominantly syn-, while anti- adducts are obtained 
with lithium enolates. 

10. Typical procedure : Using a syringe and rubber septum, a solution of TiC14 (5.49 ml, 5.39 retool, 1M in CH2C12) 
was added dropwise to a magnetically stirred solution of methyl N-ethoxycarbonylpyroglutamate (1.07 gm, 
4.97 mmol) in dry CH2C12 (25 ml) at -78°C under N2, giving a yellow slurry. After 5 rain. 
diisopropylethylamine (1.04 ml, 5.96 retool) was added dropwise over a period of 15 rain. The resulting violet 
coloured solution was stirred at -78°C under N 2 for 3hr. A solution of p-methoxybenzaldehyde (0.73ml, 5.96 
mmol) in CH2C12 (5 ml)was added over a period of 10 rain. and stirring continued at -78°C for 1.5 hr. The 
reaction was terminated by addition of a saturated aq. solution of NH4CI. The usual workup followed by flash 
chromatography (ethyl acetate:hexane (15:85)) gave the product 2a. Yield 740 mg (69%), m.p.90-92°C. IR: 1742, 
1720, 1614 cm 1. PMR(CDCL3):8 1.35 (t, J=6Hz, 3H, CH3), 1.72-1.78 (m, 1H, 3'-//), 1.92-2.04 (m, 1H, 3-/-/), 
2.96-3.04 (m, 1H, 4H), 3.77 (s, 3H, OCH3), 3.82(s, 3H, CH3), 4.35 (q, J=6Hz, 2/-1, CH2CH3), 4.59 (dd, J=8,2 Hz, 
1H, 2-H), 4.75 (d, J=10Hz, 1H, CHOH), 6.90 (d, J=71-tz, 2H, Ark/), 7.28 (d, J=7Hz, 21-1, ArH). 13C NMR:fi 14.99, 
25.55, 48.99, 52.71, 55.26, 56.75, 63.46, 74,68, 76.70, 77.33, 77.9% 114.94, 127.85, 132.22, 152.76, 159.76, 170.99. 
175.27. Mass: m/z  351(M+). Anal. Calcd. for CITH21NOT: C, 58.11; H, 6.02; N, 3.98. Found: C, 58.04; H, 6.38; N, 

3.79. [a]~ 5 -61.42 (c, 0.6, CHC13). 

11. In the PMR spectrum of 4-c~ benzyl compounds both hydrogens at C-3 come as a multiplet while in 4-1] both 
appear as multiplet at different positions as observed by us 4b and Ezquerra et al 4a. 

12. 3 was found to be identical with the sample 4b made previously. However the PMR data of 3 as reported by 
Ezquerre etaL 4a appears to be that of the ethyl ester. 
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