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ABSTRACT 

A scheme of asymmetric synthesis of C-glycosyl a-glycines 
is described. Reductive hydrolysis of 2-deoxy-3,5-di-O-~-toluoyl-B 
a-erythropentofuranose 
N.N-diphenylethylenediamine gave the imidazolidine 5, which was 
converted to 2,5-anhydro-3-deoxy-4,6-di-~-p-toluoyl-8-D-allose 
(?)by acid hydrolysis. The aldehyde (3).  chiralamine, benzoic acid 
and t-butyl isocyanide four component condensation afforded in 
good yield two diasteremeric adducts (6" and e), which were 
separated by column chromatography and deblocked to furnish 
2-deoxy-8-~-erythropentofuranosyl 

1-cyanide (5) in the presence of 

and g-glycines (k) and (el. 

INTRODUCTION 

Our previous work on the synthesis of carbohydrate 

derivatives* led us to investigate the preparation of C-glycosyl- 

amino acids. In spite of the potential biological interest in 

these molecules, very few syntheses have been reported until 

recently. The majority of these have been carried out by 

Rosenthal and co-workers. 3 A ,5 
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278 POCHET ET AL. 

We describe in this paper the synthesis of two 2-ribosyl 

glycines, 2-deoxy-6-D;erythropentofuranosyl and 5-glycines 

(la> and (2). These compounds are analogues of a natural 

antibiotic, (+I-furanomycin ( 2 ) ,  whose synthesis and structure 
6- have been recently reviewed. 

,COOH 

‘ NH, 
HOH,C CH 

Hd 
1 

Our strategy for the preparation of 1 was based on the 
asynanetric synthesis of a-amino acids, according to the method 

described by Ugi and co-workers .7  The four component condensation: 

aldehyde, chiral m i n e ,  benzoic acid, t-butyl isocyanide, has 

been recently used for the syntheses of (+)-furanomycin6 and 

some 

followed by two deblocking steps, should afford the two chiral 

forms of the glycine derivative 1 (Scheme). 

analogues.8 It was conceived that condensation of aldehyde 3, 

Moffatt and co-workers’ have reported in the E-ribose series 

the reductive hydrolysis, in two steps, of the cyano group into 

the corresponding aldehyde. The same treatment applied to cyanide 

- 41° should permit easy access to aldehyde 2- 

RESULTS AND DISCUSSION 

Reductive hydrolysis of 2-deoxy-3 ,5-di -~-pto luoyl -6-Q-  

erythropentofuranose 1-cyanide (4) in the presence of N,N’-diphenyl- 
ethylenediamine according to a procedure reported by Moffatt and 

co-worker s , gave the crys ta 11 ine d ipheny 1 imidazo lidine derivative 
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279 SYNTHESIS OF C-GLYCOSYL a-GLYCINES 

Scheme 
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280 POCHET ET AL. 

- 5 (75%). 
afforded the unstable aldehyde 2, which was immediately used, 
without purification, in the next step. 

Acid hydrolysis of 5 in refluxing aqueous tetrahydrofuran 

The Ugi condensation of 3 in the presence of the chiral 
inducing amine, S<-)-a-methylbenzylamine (2 equiv.), benzoic acid 

( 2  equiv.) and t-butyl isocyanide (1 equiv.) afforded the two 

expected diastereomeric adducts, & ( S , S )  and 

were separated by sequential column and preparative thin-layer 

chromatography. The product ratio, as determined by HPLC was 

dependent on the solvent used for the condensation (Table). 

(S,R),which 

Condensation in toluene (exp. 1) yielded & and bins 3:7ratio 
(27%). In methanol (exp. 3 1 ,  the yield was increased (77%) to the 

detriment of reaction stereoselectivity (& and 2 in a 4:6 ratio). 

TABLE. Experimental yields obtained with different solvents 

Exp. Solvent Aldehyde 3 Yield (7.1 Yield (%) Stereoselectivity 
no (mmol) of 1 of 6a+6b 6b/6a+6b 

or G+G or G/6c+6d (7.1 -- --- 

1 Toluene 0.73 2za 2 7a 74a 

2 Toluene 10.72 1 7b 21b 50b 

3 Methanol 0.08 l.!ja 77a(53C) 60a(50C) 

4 Dichloro- 0.05 ea 5Za 72a 

gd Toluene 0 -05 16a 42a 50a 

gd Methanol 0.26 nm 88a(62C 1 60a(60C) 

methane 

a. The product ratios were determined by analytical HPLC. 
b. Ratio of isolated products after column chromatography and 

preparative TLC plates. 
c. Isolated by preparative HPLC. 
d. Condensation was realized with the &-mine. The main product 

possesses then the (R,S) configuratlon. 
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SYNTHESIS OF C-GLYCOSYL a-GLYCINES 281 

Dichloromethane (exp. 4 )  appeared as a good compromise 

between yield (52%) and stereoselectivity (6" and 
Concentration and reaction temperature have little or no influence 

on either the yield or stereoselectivity of the reaction. 

in a 3:7 ratio). 

We observed also the presence of a secondary reaction product 

which was identified by spectroscopic means as an a-acyloxy- 

carboxamide 1. (22% yield in toluene, 1.57. in methanol). The 

chirality of the exocyclic a-carbon of 1 has not been determined. 
Formation of such compounds has been previously observed by 

Passerini. 7a,ll 

The absolute configuration of & and 2 was determined from 
their 'H NMR spectra by the chemical shift of the t-butyl 

singlet . 718'12 Thus, products which present a resonance at 6 1.14 
ppm have either the (5,s) or (%,El configuration, while adducts 
which exhibit a singlet at 6 1.39 ppm have either the (SIR) or 
(R,S) configuration. The validity of these assignments was further 
supported by X-ray crystallographic studies in the norfuranomycin 

series. 8 

We have also studied the influence of the amine chirality on 

the reaction products : thus, condensation of 1. with R(+)-a-methyl- 
benzylamine in toluene (exp. 5) and in methanol (exp. 6 )  afforded 

two diastereomers & (R,S) and (&,&I in better yield than with 

the g-amine. The absolute configuration of these compounds was 

determined from 'H NMR spectra and confirmed after their debenzy- 

lation into compounds and s. 
isomer 13: with the 5-amine, the major product was the (S,R) 
isomer (s), while with the E-amine it was the (5.5) isomer (k). 
Thus, the stereoselectivity was reversed according to the amine 
chirality. However it was lower with the E-amlne than with the 

- S-antipode. 

We observed that the main product was again the "negative" 

Each of the diastereomers & and was separately debenzy- 

lated with concentrated formic acid at 50-60 'C to afford, after 

separation by column chromatography, & (3)  and (1) in 53 and 
82% yield respectively. 
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282 POCHET ET AL. 

The hydrolysis of the debenzylated products was carried out 
with 6N hydrochloric acid in dioxane at 80 ‘C. The crude amino 

acid was purified by elution through a weakly basic ion-exchange 

resin. The aqueous fractions were analyzed by TLC using ninhy- 

drin, and anisaldehyde-sulfuric acid spray reagents. Appropriate 

fractions were combined and evaporated to yield the deprotected 

a-amino-acids 

of these compounds have been assigned from their mass and ’H NMR 

and 5. The structure and the configuration 

spectra. The coupling constants J1,2 + J1,2, allowed us to 
etablish the $ configuration of the proton H-1. 2’15 The predomi- 

nance of 5 conformation for the furanose ring was determined 
by the coupling constants J 2,16 and J 3 , 4 .  

No antibiotic activity has been detected for these compounds 
1,2 

up to 100 pg/mL when tested against %bph@OCOCW W e u d  (209P) 

and bCh&chia COfi (EK12, d7>. 
In spite of the low yield of and obtained, which may 

be explained by the cleavage of the furanose ring under acidic 

conditions, further studies will be of interest since unusual 

amino acids or C-analogues of glycoproteins may be prepared by the 

reported reaction sequence. 

EXPERIMENTAL 

General Procedures. Melting points were determined on a 

Thomas-Hoover Unimelt capillary melting point apparatus. All 

reported values are uncorrected. Optical rotations were determined 

on a Perkin-Elmer 241-MC polarimeter. Microanalyses were carried 
out in our laboratories. Nuclear magnetic resonance spectra were 

obtained on a Varian EM-360 (60 MHz) and/or a Cameca (250 MHz) 

instrument. Low-resolution mass spectra were obtained on a VG- 

Micromass spectrometer (70 70F). Analytical thin-layer chromato- 

graphy (TLC) was performed on precoated silica gel plates 

(Merck 60F254), visualized under UV light (254 nm), and sprayed 

with a sugar reagent (anisaldehyde/sulfuric acid + heating), 
“aldehyde-ketone” reagent! a Reindel-Hoppe reagent ,18 or ninhydrin. 
Column chromatography utilized Merck SG-60 (70-230 mesh) silica get. 

18 
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SYNTHESIS OF C-GLYCOSYL a-GLYCINES 28 3 

WLC conditions: a series 3B chromatograph and a LC 75 spectrometer 
(Perkin-Elmer) were used. Peak areas were calculated by a Hewlett- 

Packard 3390A integrator. For the analytical runs (HS-5 C18 Perkin- 
Elmer 5 um, 12.5 cm long), the crude products were dissolved in 

acetonitrile and eluted with a linear gradient of acetonitrile in 

water (70% initial to 100% CH3CN in 16 min.) at a flow rate of 

1.8 mL/min. and detected at 254 nm. For preparative work, we used a 
Zorbax ODS 9.3 nun internal diameter column (Du Pont Instruments). 

The conditions were as above except for the flow rate (5.5 mLImin.). 

1,3-Diphenyl 2-(2-deoxy-3,5-di-0-p-toluoyl-B -D-erythropento- - 
furanosyl) imidazolidine (5)- To a solution of cyanide 4 (5.9 g, 

15.5 m o l )  in a mixture of pyridine (150 mL), water (75 mL) and 
acetic acid (75 mL) was added under vigorously stirring, monosodium 
hypophosphite (15 g), N,N'-diphenylethylenediamine (4 g) and an 

excess of Raney nickel. The mixture was stirred at room temperature 

for 1.5 h and then filtered. The precipitate was washed with water, 

then thoroughly with dichloromethane. The organic layers were 

washed with water, dried on sodium sulfate and evaporated to 

dryness. After column chromatography, we isolated 6.3 g (727.) of 

crystalline imidazolidine 2: mp 50-55 'C (methanol); Rf 0-69 
(dichloromethane); 'H NMR (CDC13) 6 2-20 (s, 6, 2CH3 aro.), 2.10- 
2.50 (m, 2 ,  H-2 and H - Z ' ) ,  3.40 (m, 4, 2CHzN), 4.10 (s, 3, H-4, 
H-5 and H-5'1, 4.40 (m, 1, H-11, 5.30 (m, 1, H-31, 5.50 (d, 1 , H - a )  

Jl-a = 2 Hz, 6.30-7.10 (m, 14, H aro. 1, 7.55 (m, 4, H aro.); 
Anal. Calcd for C36H36N205 (566.65): C 74-64; H 6.43; N 4.96. 
Found: C 74.90; H 6.65; N 5.37. 

2 , 5 - A n h y d r o - 3 - d e o x y h  (2). A 
solution of 5 (6.3 g, 11.16 mmol) with an excess of Dowex 50 (H+) 
resin (50 g) was stirred under reflux in a mixture of tetrahydro- 

furan (100 mL) and water (50 mL) for 2 h (reaction being monitored 
by TLC). The mixture was then filtered, the resin was washed with 

tetrahydrofuran. The filtrate was evaporated to dryness to give 

4.1 g (96%) of aldehyde 2 as a yellow-brown foam: Rf 0.50 
(dichloromethane-methanol, 98:2); 'H NMR (CDC13)6 2.20-2.60. 

(m, 8, 2CH3 aro., H-2 and H-2'1, 4.30-4.60 (m, 3 ,  H-4, H-5 and 
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284 POCEET ET AL. 

H-5’). 5.00 (m, 1, H-11, 5.50 (m, 1, H-31, 7.20 (m, 4, H aro.), 
7.90 (m, 4, H aro.), 9.8 ( s  large, 1, H ald.). 

Four component condensation. General procedure. Exp. 2: To a 

stirred solution of crude aldehyde (4.1 g, 10.7 mmol) in 30 mL of 

toluene was added at ambient temperature, 1 equivalent of S ( - ) - a -  

methylbenzylamine (1.36 mL). After 30 min., a second equivalent of 

amine was added. After 30 min., 2 equivalents of benzoic acid 
(2.62 g) and 1 equivalent of t-butyl i~ocyanide’~ were added. 

The reaction mixture was then stirred for 15 h. After removing 

the solvent in vacuo, the residue was dissolved in 50 mL of dichlo- 

romethane. The organic layer was washed with 1N hydrochloric acid, 

1N sodium hydroxide, water, dried over sodium sulfate and evapora- 

ted to dryness to give 5 g of crude product. 

- 

Separation by column chromatography (dichloromethane) yielded 

0.84 g (17%) of the a-benzoyloxy carboxamide - 7, then 0.45 g of 

the (S,?) isomer - 6a, 0.95 g of mixture & + 2, and finally 
0.27 g of 

or preparative TLC plates to yield 21% of diastereomers in 1:1 

ratio. 

(5.E)). The mixture was rechromatographed on a column, 

The same procedure applied to 0.73 mmol of 1 in toluene 
(exp.1) or 0.05 mmol of 1 in.dichloromethane (exp. 4) afforded 
27% of 6a and 6b in a 2 7 ~ 7 4  ratio and 52% of 68- and 
28: 72 ratio respectively. 

in a - - 

Exp. 3: The same procedure applied to 0.08 mmol (28 mg) of 1 
in 3 mL of methanol afforded, after HPLC separation on Zorbax O D s ,  

13 mg of (S,S) and 14 mg of ( S , R )  (53% yield). The purity 

of the two compounds was over 99% as determined by the integrator. 

Retention times were respectively 14.4 and 15.1 minutes. 

Exp. 6: Condensation of aldehyde 2 (0.1 g, 0.26 m o l l  with 

- R(+)-a-methylbenzylamine in methanol according to the general 

procedure, afforded after HPLC separation 45 mg of the (Q) 

isomer and 65 mg of the (K,?) isomer & in 627. overall yield. 
(Retention times: 13.8 and 14.7 - Zorbax ODS). 
- 6d: Rf 0.31 (petroleum ether-ethyl acetate, 5:21; ’H NMR (CDC13) 

. .  
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SYNTHESIS OF C-GLYCOSYL a-GLYCINES 285 

6 1.15 ( 8 ,  9, tBu), 1.55 (d, 3, CH3-CH), 2.50 (m, 8, 2CH3 aro., 

H-2 and H-Z'), 3.75 (d, 1, H-a), 4.60 (m, 3, H-4, H-5 and H-S'), 
5.15 (m, 2, H-1 and - HC-CH3), 5.55 (m, 1, H-31, 7.40 (m, 14, H aro.), 
8.00 (m, 4, H aro.). &: Rf 0.64 (petroleum ether-ethyl acetate, 

5:2); 'H NMR (CDCl3) identical with those of e. 
Exp. 5: The same procedure applied to 0.05 m o l  of 2 in 

toluene yield & and in a 1:1 ratio (521). 

l-[a-Benzoyloxy-N-t-butylacetamido~-~-deoxy-~,5-di-O-p-toluoyl- 
2 5  

6-D-erythropentofuranose (l): mp 132 'C; [alD - 6.7" (c 0.70, 
CHCl 1; Rf 0.57 (dichloromethane-methanol, 98: 2); m/e 466 (60.4, 
- 

3 
M-OCOO), 353 (7.3, H-CHOR1R2, R1 = CO@, R2 = CONHtBu), 330 (20.5). 
235 (63.4, M-CHOR1R2 - Toll, 193 (100). 137 (78.8, TolOH + HI, 
121 (loo), 119 (100, Tol), 105 (100, R1), 94 (loo), 91 (100, C7H7), 
81 (100, CH2 = dihydrofuran); 'H NMR (CK13) 6 1.40 ( 5 ,  9, tBu), 
2.45 ( 5 ,  8, 2CH3 aro., H-2 and H-2'1, 4.40 (m, 3, H-4, H-5 and 
H-5'1, 4.80 (m, 1, H-11, 5.50 (m, 2, H-3 and H-a), 6.10 (m, 1, NH), 
7.30 (m, 7, H aro.), 7.95 (m, 6, H aro. 1; Anal. Calcd for 
C34H3,N08 (587.64): C 69.49; H 6.35; N 2.38. Found: C 69.42; 

H 6.59; N 2.84. 

l-[o-S-[N-[~S~-a-methylbenzyl'Jbenzamido~]-N-t-b~tylacetamido- 

2-deoxy-3,5-di-0-p-toluoyl-6-D-erythropentofuranose (&I: 
mp 82-86 'C; [a]D + 39.0' (c 0.70, CHC13); Rf 0.50 (dichloromethane- 
methanol, 98: 2, white spot with Reindel-Hoppe reagent) ; 
m/e 590 (11.7, M-CONHtBu), 467 (11.6, M-CONHtBu-NR1R2, R1 = COq, 

R2 = CHWH3), 215 (13.6), 214 (85.1), 193 (23.1), 119 (100, Toll, 

105 (100, R1 and R2), 91 (20.9, C7H7), 81 (100, CH2 = dihydrofuran); 

'H NMR (CDCL3) 6 1.15 (s, 9 ,  tBu), 1.50 (d, 3, CH3-CH) JH-CH - 
3 7 Hz, 2.45 (m, 8, 2CH3 aro., H-2 and H-2'1, 3.55 (d, 1, H-a) 

Jl-a I 8.5 Hz, 4.35-4.65 (m, 3, H-4, H-5 and H-5'1, 4.75-5.25 
(m, 2, H-1 and E - C H 3 ) ,  5 - 5 0  (m, 1, H-3), 6.95-7.55 (m, 14, H aro.), 
7.95 (m, 4, H aro.); Anal. Calcd for C42H46N207 (690.8): 
C 73.02; H 6.71; N 4.06. Found: C 72.75; H 6.88; N 4.35. 

2 9  * 

l-[a-R-[N-[(S)-o-methylbenzyl]benzamido~~-N-t-butylacetamido 

2-deoxy-3,5-di-0-p-toluoyl-~-D-erythropentofurano~e (el: 
mp 79-82 *C; [a]D - 44.3' (c 0.17, CHC13); Rf 0.40 (dichloromethane- 

a 5  
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286 POCHET ET AL. 

methanol, 98:2, white spot with Reindel-Hoppe reagent); mfe 590 
(18.8, M-CONHtBu), 467 (11.9, M-CONHtBU-NR1R2), 215 (15.4), 214 
(98.9), 119 (100, Toll, 105 (100, R1 and R2), 91 (75.5, C7H7), 
81 (100, CH2 = dihydrofuran); 'H NMR (CDC13) 6 1.40 ( 9 ,  9, tBu), 
1.65 (d, 3 ,  CH -CHI JH,CH = 7 Hz, 2.45 (m, 8, 2CH3 aro., H-2 and 
H-2'1, 3.70 (d, 1, H-a) Jl-a = 8.5 Hz, 4.20-5.20 (m, 5, H-4, H-5, 
H - S ' ,  H-1 and - HC-CH3), 5.55 (m, 1, H-31, 7.10-7.75 (m, 14, H aro.), 
8.00 (m, 4, H aro.); Anal. Calcd for C42H46%07 (690.80): 
C 73.02; H 6-71; N 4.06. Found: C 72.73; H 6.74; N 3.78. 

-3 

l-(S)-[a-N-benzamido]-N-t-butylacetamido-~-deoxy-~,5-di-O-p- 

toluoyl-8-D-erythropentofuranose (el. A solution of & (0.28 g ,  

4 mnol) in 4 mL of 98% formic acid was stirred at 60 'C for 
3 h (reaction monitoring by TLC). The mixture was then diluted 

- 

in dichloromethane and washed with water. The organic layer was 

dried with sodium sulfate and evaporated to dryness. Column 

chromatography (dichloromethane-methanol) afforded 0.12 g (52%) of 
- 8a: mp 95-98 *C; [a]D - 12.5' (c 0.46, CHC13); Rf 0.17 (petroleum 
ether-ethyl acetate, 5.2); m/e 486 (18.8, M-CONHtBu), 353 (20.3, 
M-CHR1R2, R1 = CONHtBu, R2 = NHCOO), 234 (37.5, CHRlR2 and 

1 5  

M-CHR1R2-Tol), 214 (1001, 202 (21.91, 193 (37.51, 136 (25.0, TolOH), 
119 (100, Toll, 105 (100, Coo), 94 (100). 91 (62.51, 81 (100, CH2 = 

dihydrofuran); 'H NMR (CDC13) 6 1.40 ( 8 ,  9, tBu), 2.40 (m, 8, 2CH3 
aro., H-2 and H-2'1, 4.55 (m, 4, H-4, H-5, H-5' and H-11, 5.15-5.60 
(m, 2, H-a and H-31, 6.20 (m, 1, NH), 7.30 (m, 9, H aro.), 7.80 

(m, 4, H aro.); Anal. Calcd for C34H38N207 (586.66): C 69.90; 

H 6.53; N 4.78. Found: C 69.44; H 6.69; N 5.08. 
l-(R)-[a-N-benzamido]-N-t-butylacetamido-~-deoxy-~,5-di-0-p- 

toluoyl-8-D-erythropentofuranose (El. The same treatment applied 
to - 6b afforded 0.51 g (82%) of dcbenzylated productfi: mp 82 'C; 
[a]D - 10.8" ( c  0.43, CHC13); Rf 0.20 
acetate, 5:2); m/e 486 (12.5, M-CONHtBu), 353 (70.7, M-CHRlR2), 

234 (100, M-CHR1R2-To1 and CHR1R2 ) ,  214 (loo), 202 (33.21, 193 
(25.01, 136 (25.0, TolOH), 119 (100, Toll, 105 (100, Coo), 94 (loo), 
91 (80.61, 81 (100, CH2 I dihydrofuran); 'H NMR (CDC13) identfcal 
with those of &. Anal. Calcd for C34H38N207 (586.66): C 69.60; 
H 6.53; N 4.78. Found: C 69.38; H 6 .65 ;  N 4.82. 

- 
1 5  

(petroleum ether-ethyl 
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SYNTBESIS OF C-GLYCOSYL a-GLYCINES 287 

General procedure for the synthesis of a-amino-acids. The 

debenzylated product was stirred at 80 'C in 6N hydrochloric acid- 

dioxane (15 mL/mmol) for 2-3 h (TLC monitoring). The mixture vas then 

evaporated in vacuo. The residue was evaporated with small portions 

of methanol-water (1:l) to remove excess hydrochloric acid and 

applied to a weakly basic ion-exchange column (Amberlite IR-45, 

2 X 6 cm, slow elution with water). The aqueous fractions revealed 

with ninhydrin and sugar reagent were evaporated in vacuo. 
(S)[2-deoxy-8-D-erythropentofuranosy~l glycine (la). 0.43 g 

(0.73 m o l )  of 

[a]D + 12.5' (c 0.37, methanol); Rf 0.57 (methanol); m/e 146 (100, 

H-COOH), 130 (68.3, H-COOH-NH2); 'H NMR (250 MHz, D,O> 6 2.06 
(m, 2, H-2 and H-2'1, 3.50-3.70 (m, 3, H-a, H-5 and H-5'1, 3.97 

(m, I ,  H-4), 4.37 (m,  2, H-1 and H-3). J3-4 - 2 Hz, J4,5 = 4 Hz, 

J4-51 = 5.5 Hz, JSm5' - 13 Hz. 
(0.87 mmol) of 
methanol); Rf 0.57 (methanol); m/e identical fragmentations with 

those of la; 'H NMR (250 MHz, D20) 6 1.89 (m, 2 ,  H-2 and H-2'1, 

3.51 (dd, 1, H-51, 3.60 (dd, 1, H-5'1, 3.77 (d, 1, H-a), 3.87 

(m, 1, H-4), 4.25 (m, 1, H-3), 4.34 (m,  1, H-1); J1-u = 5.5 Hz, 

J1-2 + J1-2, = 15.5 Hz, J 
.J5-51 = 12.0 Hz. 

gave 5 mg (4%) of the a-amino acid la. 
a s  

(R) [2-deoxy-~-D-erythropentofuranosyl~ glycine (2). 0.51 g - a 5  

gave 4 mg (37.) of g. [alD + 8.1' (c 0.31, 

2 Hz, J4-5 = 4.0 Hz, J4,51 = 5.5 Hz, 3-4 = 
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