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Abstract: On treatment with tnmethylsllyl azlde III the presence of boron mfluonde etherate, 
anomenc orthoesters undergo the exchange of one anomenc alkoxy group by an azldo group to yield two 
epunenc mono aado denvatlves (-85% total yield) It was observed that both lateral tsN nuclei m axially 
onented ando groups are shlelded as compared to ther equatonal counterparts 

Our contmumg interest m new synthetic pathways mvolvmg carbon-centered free rdcals at the 

anomenc centre of sugar denvatlves has recently hlghhghted unprecedented transformations of anomenc 

mono1 and dlazldesz-5 Such dlazides are easily prepared either from peracetylated anomenc dihahdes or 

perbenzylated 6-Iactones6 However, an alternative route towards these highly functlonallsed new 

compounds, using readily available anomenc orthoestexs7 appeared feasible In effect, rmld procedures have 

been reported for the synthesis of mono* or dlazldo denvatlves from carbonyl compound&to or chermcally 

equivalent functionahtles such as ketalst 1 (mcludmg 2-methoxy-tetrahydropyran denvaaves12), Qtioketals13 

or orthoesterst4 In particular, a recent synthesis of the herblcldal natural product (+)-Hydantocld&, uses, 

m the crucial step, a Lewis acid-catalyzed opening of a splroketal moiety in the presence of mmethylsilyl 

azlde, to yield a mixture of anomenc azldes These data, as well as the achievement of new synthetic 

transformahons which take advantage of the versatility of the azldo group, for the preparanon of potentially 

active nitrogen-contammg substancesS,t6 prompted us to investigate the behavlour of sugar anomenc 

orthoesters when treated with mmethylsllyl apde in the presence of boron mfluonde etherate 

Stunng a mixture of peracetylated anomenc orthoesters 1 or 2, mmethylsllyl azlde m excess (5eq ) 

and BF3-OEt2 (leq ) at room temperature, in dry Qchlommethane led to a clean and complete transformanon 

of the stamng matenals Tic momtonng of the reaction showed the gradual formation of two new compounds, 

slightly less polar than 1 or 2 After aqueous washings and workup, column chromatography allowed the 

punficanon of compounds 3 (63 %) and 4 (20 96) or 5 (64 %) and 6 (25 %) It 1s worth to note that under 

these conditions, the maJor isolated isomer displayed, in both cases, an equatonal azldo group Use of 

acetommle instead of dlchloromethane for the transformation of 1 did not change slgmficantly the course of 

the reaction A partial transformation of 1 was observed when BF3-OEt2 was used m catalytic amounts, m 

both solvent17 However, under these conditions, 4 was found more abundant than 3 by tH nmr analysis of 
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R 
1 Me 
2 Et 

Me3SIN3, 5 eq 

BF3-0Et2, r t 

R % 
3 a-OMe 63 
4 p-OMe 20 
5 a-OEt 64 
6 f+OEt 25 

the react1011 nnxtures or pqaranve runs The ratio 4/3 was found as high as -5/l (Table 1) when only half of 

the stamng matenal was transformed These condltlons allowed efficzent preparations of 4 wtuch can be 

retiy separated from the mixture of the startmg matenal 1 and 3 by column chromatography Efforts to 

achieve the complete transformation of 1 with the same stereoselechvity fakd (Table 1) as a result of the in 

SI~C anomenzanon of the kmenc product 4 in favour of the thermodynanucally preferred anomer 3 As a 

matter of fact, sttmng a pure sample of 4 in the presence of mmethylstlyl azlde (5 eq ) and BF3-0Et2 (1 eq ) 

m CH2C12 for 70 mn resulted m a 70/30 nuxture of 3 and 4 as shown by 1H nmr More drastic condmons 

(larger amounts of BF3-OEt2 and/or tnmethylsilyl aude, extended reachon ames and/or heatmg) which were 

selected for aciuevmg the subsntution of the remammg alkoxy group III 3 and 4 by an aade atuon, gave only 

dsappomtmg results These exments led, in our hands, either to extensive degradation of the products or 

to rmxtures of the desmzd dlawde 7 and remammg 3, from which 7 could be isolated in modest yield (-25%) 

Table 1: Synthesis of 3 and 4 products dlsmbuhon shown by 1~ NT+ 

Solvent BF3-OEt2 Me3S1N3 Reacaon 1 
eq eq time 

CH2a2 04 5 9 days 40 
CH2C12 05 5 24h 30 
CH2Cl2 1 

55 
24 h 0 

CH3CN 
i’: 

5 days 16 
CH3CN 5 22 h 6 
CH3CN 1 5 19 h 0 

3 4 

10 50 
20 50 

b 2ob 
!z; 57 
40 54 
55 45 

a - Reacaon mtxtures contamed only 3,4 and eventually 1 The products Qsmbution was calculated 
from the atea of thev methoxy smglets (deutencchlorofonn solutions), b - isolated yields 

Comparison of the 1H or 13C nmr spectra (Table 2) of denvatlves 3-7 m order to assign the anomenc 

configuration of the avdoglucosides 3-6 was not conclusive In effect, the chenucal shifts of H-2 and H-3 

along the senes were very smular (5 25 fo 02 and 5 40 fo 02 ppm) whereas a slight vananon was observed 

for the H-5 resonances (3 90 fo 01 ppm m 3 and 5, 4 02 ppm m 4 and 6) Since the H-3 signals were 

slightly skelded m structures 4 and 6 which showed nmultaneously desluelded H-5 stgnals as compared to 3 

and 5, the chermcal shifts of these nuclei were not equally affected by the axial subsntuent at the anomenc 

centre However, the aglycon methyl or methylene signals showed a 0 1 ppm &fference m each anomenc 
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p;ur Earher studies]* have concluded that the methoxy slgnal of methyl glucopyranosldes IS generally 

deshlelded by approximately 0 2 ppm for p anomers as compared to then a counterparts. On dus basa, an 

equatonal onentanon was anticipated for the alkoxy groups m 4 and 6 (6 ppm methyl 3 42.3, 3 52,4. 

methylene 3 67 and 3 78, 5. 3 79 and 3 88, 6) This conclusron was m agreement with nOe difference 

spectra recorded for 3 and 4 selecave uradlanon of the methoxy singlets resulted m a 2% enhancement of, 

respecavely. the H-S (3) and H-2 (4) signals For the anomer 3. no enhancement appeared for H-3. probably 

because of the onentatlon of the methoxy group towards the endocychc oxygen atom, as observed for methyl 

glycondes in soluuon*g or in the solid state. However, since compound 3 gave mce crystals, a X-ray 

structure determinanon was undertaken m order to unambrguously assign the anomenc configuratton of these 

new compounds 

The structure obtamed for 3 corroborated the conclusion of the nmr analysis, namely the equatonal 

onentatlon of the audo group vlslble m the PLUTO20 drawing (Rgure 1) It 1s worth to note that the 

equatonal azldo group IS onented towards the C-2 nng atom whereas the methoxy group IS onented towards 

the endocycllc oxygen atom Such a conformation differs from those observed m the solid state for two 

glycopyranosyl a&z&22 in which the onentatlon of equatonal azldo groups, towards the nng oxygen atom, 

has been explamed by the exo-anomenc effect associated with this group23 The N-N-N angle (172 S(3)) in 

3 IS very close from the values found m closely related pyranosyl azldes (171 5(6)21. 172 6(5)22) whereas 

the pyranosyl nng display the usual 4C!t-D-chair conformation with each acetyl group in equatonal 

onentatlon Posmonal parameters and their estimated standard devlatlons. bond &stances and bond angles are 

!:sted m Tables 3,4 and 5 

Fig 1, PLUTO drawing of compound 3 



Acetylated alkyl l-azldo-D-glucopyranosides 

Table 3 Postttonal parameters and tbeu estunated standard dewanons for compound 3 

X Y z 

0 0639( 1) 0 7652(2) -0 0202(3) 
0 0898(l) 0 9756(2) -0 0333(2) 

0 27io(i j 
0 23390) 
0 2275(i j 
0 0874( 1) 
0 1213(2) 
-0.0035( 1) 
-0 0181(l) 
-0.0;;;;; 

0 1077(2) 
0 1753(l) 
0 1700(l) 
0 1271(2) 
0 1163(2) 
0 0593(2) 
0 1027(2) 
0 I i33(2j 
0 2518(2) 
0 2696(2j 
0 2567(2) 
0 3213(2) 

0 9924(2j 
0 9192(3) 
0 7913(2) 

: 96:Z~Z] 
0 4822(2) 
0 5151(2) 

: iE$; 
1 0018(3) 
1 0925(3) 
0 8806(3) 
0 8699(3) 
0 8225(3) 
0 7027(3) 

i EI:; 

Y E% 
1 1376(4j 
0 8700(3) 

8 ;ywj 
0 2939(2) 
0 2824(4j 
0 0128(3) 
0 ii79(3j 
-0 0593(3) 
a”~;~~~) 

0 1331(4) 
0 1724(6) 
0 0535(3) 
0 1905(3) 
0 1556(3) 
0 0666(4) 
-0 0677(4) 
-0 1563(4) 
;;;;i$ 

0 4463i4j 
0 3485(4) 

-0 0266(4) 
-0 0960(5) 
0 0187(7) 

Beq (A3 

4 rig; 
4 21:; 
i 2;:; 
4 45(5) 
7 45(7) 
6 47(6) 
11 O(1) 
4 95(6) 
5 63(7) 
9 3(l) 

i iS{i] 

z ;s$; 

: :z:;; 
7 l(1) 

:: :f;) 
5 26(8) 
6 28(9) 

4 E[!{ 
6 6(l) 
9 O(1) 

9763 

Amsotropzally refined atoms are gtven III the form of the isotropic equwalent Qsplacement parameter defined 

a~ Beq = 43 &qkJ alaJ 

Table 4 Bond distances (A) 

Ol-Cl 
Ol-C5 
02-Cl 
02-0 
03-C2 
03-a 
04-C8 
05-C3 

05 - Cl0 
06-Cl0 

07-c4 
07 - Cl2 
08 - Cl2 
09--c6 
09-Cl4 
OlO- Cl4 
Nl- N2 
Nl -Cl 
N2-N3 
Cl-C2 

1441(4) 

: :i$i; 

: ::8# 

: ::# 
1 469(4) 
1.116(5) 
1 514(4) 

C2-c3 
C3-cc4 
c4-c5 
C5-Cc6 : :::I:{ 
C8-C9 

ClO-Cl1 : :%I:{ 
C12-Cl3 1’487(5) 
c14-Cl5 1476(7) 
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Table 5 Bond angles (“) 

Cl--l-C5 1133(2) 
Cl-02-C7 116.5(3) 
C2-03-Cc8 118 l(2) 
C3-05-Cl0 1184(2) 
C4-07-Cl2 117 5(2) 
C6-09-Cl4 117 l(3) 
N2-Nl -Cl 1144(3) 
Nl - N2 - N3 172 S(3) 
Ol-Cl-02 113 l(2) 
01 -Cl - Nl 100 9(2) 
Ol-Cl-C2 1095(2) 
02-Cl-N1 1133(2) 
02 - Cl - C2 108 4(2) 

Nl-Cl-C2 
03-C2-Cl 
03-C2-Cc3 
Cl-C2-Cc3 
05-c3-C2 
05-C3-C4 
C2-c3-cc4 
07-c4-C3 
07-c4-c5 
C3-c4-cc5 
Ol-c5-cc4 
Ol-C5-Cc6 
C4-C5-Cc6 

09-C6-Cc5 
03-C8-04 
03-C8-C9 
04-C8-C9 

05-ClO-06 
05-c10-C11 
06-ClO-Cl1 
07-Cl2-08 

07 - Cl2 - Cl3 
08 - Cl2 - Cl3 
09-c14-010 
09-c14-Cl5 

010 - Cl4 - Cl5 

Includmg the known peracetylated p and a-D-glucopyranosyl azldes 823 and 924, the senes 3-9 

comprises three anomenc pairs of monoawdo denvauves and one gem &aztde Such compounds appeared 

suitable models for a comparattve t5N nmr study In effect, deshleldmgs have been observed for equatonal 

nuclei attached at C-l, such as tH 25, t9F 26,27, t3C 28 in pyranose denvattves displaying a 4C1-D chau 

conformanon It was anhclpated that the nitrogen nuclei of the awdo group might behave suntlarly To this 

end, the t5N nmr spectra29 of compounds 3,4,7,8 and 9 m normal chloroform solutions were recorded 

As seen m Table 2, each nitrogen nucleus m the ando group gve well resolved signals over a range of about 

160 ppm While the chemical shifts of the central nitrogen nuclei are practically unaffected by the anomenc 

configuration, as seen for the /3 and a-D-glucopyranosyl azldes 8 and 9, both lateral nitrogen atoms 

expenence a deshddmg effect when the azldo group has an equatonal onentation Thrs effect 1s huger (4 5 to 

6 4 ppm) for the simple glucopyranosyl azlde 8, as compared to C-l dtsubstituted denvattves (2 0 to 3 6 

ppm) The nitrogen resonances observed for 7 have been tentatively asslgned followmg the preceedmg 

observations 

In conclusion, the synthesis of eplmenc peracetylated methyl or ethyl D-glucopyranosides subshtuted 

at C-l by an aztdo group can be readdy camed out from the correspondmg anomenc orthoesters on treatment 

with mmethylsllyl azlde and boron mfluonde etherate In both cases, the compound with a l(R) anomenc 

conflguratron (P-N3, a-alkoxy) was isolated m higher amount (-60 96 yield) as result of the m situ 

anomenzauon of the l(S) kmeac product (20-258 yield) In the solid state, the axial methoxy group and the 

equatonal avdo group m 3 any onented, respecuvely, towards the nng oxygen and the C-2 carbon atoms A 

comparahve t5N nmr study showed that both lateral nitrogen nuclei m equatonal azldo groups are deshlelded 

as compared to axial ones The photolysls of these new highly functlonahsed sugar denvatlves will be 

reported m due course 

Acknowledgement The authors are thankful to Dr B L Zhang (Umverslty of Nantes) for his help m the 
t5N nmr study 



Acetylated alkyl 1-audo+glucopyranosldes 9765 

EXPERIMENTAL 

General methods Meltmg pomts, measured wtth a Buchl-Tottoh apparatus are not corrected. Ophcal rotahons 

were determined with a PERKIN ELMER 241 polanmeter IR spectra were recorded with a PERKIN 

ELMER spectrophotometer Thm-layer chromatography and column chromatography were performed unth 

sihca gel (I(leselgel6OF 254 and Qeselgel60 Merck) Dlchloromethane and acetommle used for synthehc 

runs were &st&d over CaH2. tH and t3C nmr spectra were recorded Hnth a BRUKER AM 300 spectnnneter 

for deutenochloroform solutions contammg tetramethylsdane as the internal reference A BRUKER AM 400 

spectrometer was used for measunng the 15N nmr spectra (appmxlmately 1 g of sugar azide m 5 mL of 

chloroform contauung -50 mg of chmmmm (II) acetylacetonate as relaxation agent) usmg mtromethane as the 

external reference (15 mm tubes) Compounds 1 and 2 have been prepared by known procedures7 

Methyl l-azuio-2,3,4,6-tetra-O-acetyl-a-D-glucopyranos&e3 andmethyl I-azrdo-2,3,4,6-tetra-0-acetyl+D- 

glucopyranosrde 4 A nuxture of orthoester 1 (2 72g, 6 9 mmol) m dlchloromethane (35 mL) was shrred, at 

room temperature for 24h, under a nitrogen atmosphere, m the presence of mmethylsdyl ande (4 6 mL, 34 6 

mmol) and boron mfluonde etherate (0 87 mL, 6 9 mmol) llc momtonng (n-hexane-ethyl acetate 6 4 v/v) 

showed two new, slightly less polar spots correspondmg to only two products as mdlcated by lH nmr 

analysis of the crude reaction mixture After washing the organic phase with a saturated NaHC03 solunon 

(3*30 mL) then water (3*3OmL) and drying over Na2S04, the orgaruc phase was concentrated under reduced 

pressure The residue (2 8g) was resolved by column chromatography (n-hexane-ethyl acetate 2 1 v/v) to 

yield pure 4 (0 55 g. 20 % yield) and 3 (1 76 g, 63 % yield) as crystalline solids Synthetic runs using 

acetommle as the solvent were conducted similarly, but in the presence of vanable amounts of boron 

tnfluonde etherate (see Table 1) 

3 mp 86-88’C (&ethyl ether-petroleum ether), [a]~ + 15” c, 0 4 chloroform, v N3 2130 cm-t, 

Anal Calc for C15H21N3010 C, 44 67, H, 5 25, N. 10 42,0,39 67 Found C, 44 86, H, 5 33, N, 10 42, 

0, 39 59 

4 mp 77-78“C (dlethyl ether-petroleum ether), [a]D + 99’ c, 0 8 chloroform, v N3 2130 cm-l, 

Anal Calc for C15H21N3010 C, 44 67, H, 5 25, N, 10 42, 0.39 67 Found C, 44 53, H, 5 23, N, 10 64, 

0, 39 76 

Anomenzatron of4 A sample of pure 4 (10 6 mg) was stirred at mom temperature in dry dlchlommethane 

(1mL) in the presence of mmethylsllyl azlde (17 3pL) and boron mfluonde etherate (3 3pL) for 70 mn Tic 

exammatlon suggested that a mixture of predommantly 3 and 4 was obtamed After aqueous workup, the 

residue (9 5mg) was shown by lH nmr to contain only 3 and 4 (71/29) 

Ethyl I-azrab-2,3,4,6-tetra-O-acetyl-a-D-glucopyranosrde 5 and ethyl I-azrdo-2,3,4,6-tetra-O-acetyl+D- 

glucopyranosrde 6 The procedure used for the preparation of 3 and 4 m dlchloromethane allowed the 

synthesis of azldo ethyl glucosldes 5 and 6 m comparable yields Compound 6 was eluted before 5, m 

particular when using a mixture of n-hexane-ethyl acetate 8 2 v/v for column chromatography 

5 mp 65-66 “C (&ethyl ether-petroleum ether), [a]D + 22’ c, 0 8 chloroform, v N3 2130 cm-l 

Anal Calc for C16H23N3010 C, 46 04, H, 5 55, N, 10 07, 0, 38.33 Found. C, 46 19, H, 5 60, N, 9 77, 

0, 37 95 

6 [a]D + 90” c, 1 1 chloroform, v N3 2130 cm-t 

Anal Calc for C$-I23N3010 C, 46 04, H, 5 55, N, 10 07,0,38 33 Found C, 45 41, H, 5 60. N, 9 58. 

0, 37 61 
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X-ray crystal structure determmatlon of3 Colourless crystals were obtamed from &ethyl ether-petroleum 
ether A crystal of 0 4*0 4*0 1 mm was mounted on a Nonrus CAD-4 diffractometer at 20°C, using CuKa 

radtatron (graphite monochromator) Unit cell parameters were refined from semng angles of 25 selected 

reflectrons (18 2 < 28 < 48 0”) The crystals are orthorhombrc, space group P2t2121 wrth a = 9 033(l), b = 

10.755(l), c = 20 527(2)A, V = 1994 3(6)A3, Mr = 403 3 for C15H~IN301o. Dx = 1 344 g cmm3, Z = 4, 

u(ACuKa) = 10 cm-1 Intensrty data were collected using a&3 6 scan A total of 2008 mdependent mflexrons 

were measured and only 1711 were considered as observed (I > 3o(I)) The structure was solved using 

MULTAN and refmed by full-mamx least squares based on F All the hyhgen atoms were located from Af 

syntheses and assrgned with an rsotmprc thermal parameter equal to 4.0. The final agreement mrkhce was R = 

0 035 All the calculatmns were camed out on a Mtcrovax II computer usrng the Emaf Nomus SDP30 system 

Atomrc coordmates and equivalent rsotroprc thermal parameters are m Table 3 and mam bond lenghts and 

angles m Tables 4 and 5 Lists of structure factors, anisotropic thermal parameters, H-atom coordmates have 

been deposited at the Cambrrdge Crystallogmphrc Data Centre 

REFERENCES 
1. Praly, J -P ; Di Stefano, C , Somsak, L., Descotes, G J Chem Sac , Chem Commun 1992, 200-201 
2 El Kharraf, Z Thesu Lyon no 137-90, 1998 
3 Praly, J -P.; El Kharraf, Z , Descotes, G Tetrahedron Lett 1990,31,4441-4442 
4 Descotes, G , El Kharraf, Z, Fame, R., Fenet, B , praly, J -P J Curbohydr Chem 1991,10,959-968 
5 Praly, J -P., Dr Stefano. C.. Descotes, G. to be pubhshed 
6 Praly, J -P , El Kharraf, Z.; Descotes, G J Chem Sot , Chem Commun 1990.431-432 
7 Praly, J.-P., El Kharraf, Z ; Corrmger, P -J , Brand. L , Descotes, G Tetruhedron 1990.46, 65-75 
8 For recent syntheses of anomertc glycosyl azrdes by nucleophrhc Qsplacement, see* Tropper, F. D , 
Andersson, F 0 ; Braun, S , Roy, R Synthesis 1992, 618-620, Sabesan, S , Neua, S. Curbohydr Res 
1992,223, 169-185. 
9. Nrshryama, K , Yamaguchr, T. Synthesis 1988. 106-108 
10 Hassner, A.; Fibrger, R., Amaraselcara, S J Org Chem 1988,53.22-27 
11 Kim, S ; Ho Park, J , Lee, S Tetruhedron Left. 1989,30.6697-6700 
12 Lrlo, B , Moreau, M.; Bouchu. D Tetruhedron L&t 1990,31, 887-890 
13 Trost, B M , Vaulaer, M., Santrago, M L J Am. Chem Sot 1980,102,7929-7932. 
14 Hartmann, W., Heme. H -G Tetrahedron Lett 1979,6, 513-516 
15 Mto, S , Kumagawa, Y., Sugat. S Tetrahedron 1991,47,2133-2144 
16 Ermert, P.; Vasella, A Helv Chm Actu 1991,74,2043-2053 
17 ‘llus 1s rn contrast wrth the reported conversron of a dnsopropyhdene denvauve of D-pncofuranose into 
anomenc ax&s which was found to completely proceed m the presence of catalyttc amounts of Lewts acids, 
only in acetommle (see ref. 15). 
18. Hall, L D Adv Curbohydr Chem Btochem 1964,19 ,51-93 
19 Praly. J.-P.; Lemteux, R U Can J. Chem 1987,65, 213-223 
20 Motherwell, W D.S ; Clegg, W “PLUTO Progrum for plotting molecular and crystal structure”, 
Umversrty of Cambndge, England, 1978 
21 Luger, P.; Paulsen, I-I. Actu Cryst B32,1976. 2774-2779 
22 Luger, P ; Paulsen, H. Chem Ber 1974.107, 1579-1589 
23 Paulsen, H , Gy&gyde& Z , Fnedmann, M Chem Ber 1974,107, 1568-1578 
24. Takeda, T., Sugura, Y ; Ogrhara, Y ; Shrbata. S Can J Chem 1980,58.2600-2603 
25. Hall, L. D. The Carbohydrates Chemistry and Blochemutry, 2nd Bdmon IB, Acadermc Press, New- 
York, 1980, 1299-1326 
26 Csuk, R ; Gltlnzer, B I. Adv Curbohydr Chem Blochem 1988,46 ,73-177 
27 Ptaly, J.-P., Descotes, G. C R Acud Scl Purrs, S&e II. 1988,307. 1637-1639 
28. Sparks, M A , Panek, J S. Tetrahedron LRtt 1989.30,407-410 
29 Martin, G J , Martm, M L , Gouesnard, J -P 1sN nmr Spectroscopy, Spnnger Verlag, Berlin. New- 
York, 1981 
~~gl%mnz, B A and Associates Inc SDP Structure Determmatwn Puckuge. College Statron, Texas, USA, 


