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ABSTRACT 

A new, efficient synthesis of doubly ‘5N-labeled 2-amino-oxazoline deriva- 

tives of pentoses and hexoses has been delineated that involves treatment either of 

unprotected or 0-isopropylidenated glycosylamines with cyanamide-‘5N2 in 

methanol to give 2-amino(glycofurano)oxazolines-‘5Nz. A probable mechanism for 

these reactions is presented. These techniques provide a practical means by which 

a variety of stable or radioactive isotopes can be introduced into any of several 

known, clinically significant pyrimidine anhydronucleosides, such as 2,2’-anhydro- 

(l-P-D-arabinofuranosylcytosine) (cycle-C). 

INTRODUCTION 

During the past ten years, oxazoline derivatives of carbohydrates have been 

employed by various workerslP7 in the stereospecific synthesis of such anti-tumor 

nucleosides as 1-/3-D-arabinofuranosylcytosine (ara-C). An objective of our work* 

was to prepare all of the 2-amino-oxazoline derivatives in the pentose and hexose 

series, for the purpose of spectral comparisons. and eventual conversion into 

anhydronucleosides. We now report a new, efficient synthesis of di-“N-labeled 2- 

amino-oxazoline derivatives of pentoses and hexoses that involves treatment either 

of unprotected or 0-isopropylidenated glycosylamines with cyanamide-“& in 

methanol, to yield 2-amino(glycofurano)oxazolines-‘5N~. 

RESULTS AND DISCUSSION 

Synthesis. - Crystalline glycosylamines 1, 2, and 3, of known configuration 

and ring-size, were prepared from D-arabinose, D-ribose, and D-XylOSe, respec- 

tively, by literature methods’*“‘. and were treated with cyanamide-“N2 in 

*Presented at the 182nd Natlonal Meeting of the American Chemrcal Society. New York, NY, 
August 25. 1981, 
**Present address: School of Medicine, St. Louis University. St. Louis, MO 63104. U.S.A. 

000%6215/83/$03.00 0 1983 Elsevier Science Publishers B.V. 
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Mechanism. - A probable mechanism for the formation of 2-amino- 

oxazoiine derivatives from glycosylamines and cyanamide in methanol at room 

temperature is now presented. 

As a change in ring size was observed for the three, unprotected 

glycopyranosylamines (1,2, and 3), an acyclic intermediate is suggested, instead of 

a cyclic, carbonium ion. Furthermore, in no instance was any methyl glycoside ob- 

served that might have arisen from reaction of a cyclic, carbonium-ion intermediate 

with the solvent. Therefore, it is now postulated that the key intermediate in the 

formation of these oxazoline derivatives is imonium ion 13, which undergoes a 

transimination reaction with labeled cyanamide to give 14-“i$, and this then cy- 

clizes to give furanoid 2-amino-oxazolines-“iv*. The retention of both labels from 

the cyanamide-‘5N2 indicates that the nitrogen atom of the glycosylamine is lost. 

Precedent for the existence, or involvement, of an imonium ion was provided by Is- 

bell and Frush13, who postulated an imonium-ion intermediate in the mutarotation 

and hydrolysis of glycosylamines. In the case of the glycosylamines derived from D- 

arabinose, D-ribose, and D-xylose, the formation of only furanoid 2-amino- 

oxazolines (4,5, and 6, respectively) was observed. 

Other worker&“,’ observed that 2-amino(glycofurano)oxazolines are also 



formed on heating free aldosex with cyanamide in the presence of ;I weak-base 

catalyst (e.g., a hydrogencarbonate). We have found, however, that the use of a 

stronger-base catalyst results in excessive formation of dicyandiamidc, and isomcri- 

zation of the sugar. In the present method Car the synthesis of oxazoline deriva- 

tivcs. it appears that glyck>sylamines ilrc inherently more rzactivc than frets aldoses 

in reactions with cyanamide. as neither heat nor a base catalyst is rcquircd. This 

minimizes the f~jr~l~~t~~~~ of di~~:~l~~di~~rni~~~ and other cyanamide pofym~r-s. 

By monitoring the ?I-n.m,r. spectra of solutions oi f-amino- 

(glycofuranu)oxazolines in rizutcrium oxide at room temperature, there were de- 

tected slow changes in their spt^~ira that could be attriuted to hydrolysk. Hence, it 

seems prudent to restrict tk uis of he;~t in these oxazolino svnthescs whencvcr 

possible. 

In a survey of variou:, ba~t5 that might he used to catal~zc the reaction of free 

aldoses with cyanamide. s~~~~s~~~~t{~~~ results werr obtained with tlithcr hydrogen- 

carbonates or cart?onatcs. in water or methanol. at room temperature. Of the vari- 

ous salts tried. concentrated aqueous ammonium hydrogcncarhonate. or 

guanidinium carbonate in methanol . gave the best results. Based on the results of 

syntheses using glycnsyiaminc intermediates and labeled cyanamide. it seems ap- 

propriate to postulate imonium-ion intermediates (13 and 17) in these oxazoline 
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syntheses as well. Hence. the imonium ion 17 is expected to show reactivity aimlIar 

to that of 13 with cyanamide. Generation ot the reactive, imonium ions (13 and 17) 

in szr~ serves as an adjunct to actual preforming of the glycos&mme~. 
N. 1~1. r. spectrmcop~‘. - The ’ H-. “(J-. and ‘“N-n.m.r. spectra (see Tables I-- 

111) of the 2_amino(glycofurano)osazolinea (44 and l&12) show evidence for 

chemical exchange of labile protons, m that certam resonances arc broadened (see 

Figs. I-3). In addition. these data suggest that a single tautomer ( 16-‘ih’l). having 

an endocyclic double hand, preponderates in the rquilihnum. The mc,st compelling 

evidence for preponderance of the tautomer 16-“N, that contalny an exocvclic 

NH, group is the observation of a triplet ( ‘J,5, 1 ,, -85 Hz) in the proton-coupled. 

‘“N-n.m.r. spectrai . _ , . . . of-l- $- 6- IO- 1 l- and 12-“/V 7 ( see Fig .I). Other evidence 

for the endocyclic, double bond is the following: (u) fairly large \~alucs of ‘Jls, 1 ,, , 

(-5.4 Hz), (h) chemical-shift equivalence of the exchange-bro;tdened. NH signals 

(a) 

(b) 

h - A 

13C-labeled at C-2 
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‘J13 C-2,15N-2 =24.4 Hz 

‘J,sc_2 ,5N_3 = 4.9 Hz Me,SO -d, Me, Si 

C-5’ Me 
Me 

c-4’ C-6’ 
C-3’ 

C-2’ C_’ J 

Me,C 
I 1 .A - 

bC 

Fig. 2. Proton-decoupled, ‘3C-n.m.r spectrum of 2-amlno-(2.3-dideoxy-4,6-O-isopropylidene-~-L-sor- 

boturano)[2,3-d]-2-oxazoline-‘sN~ (12-‘5N2) m solution in dimethyl suItoxide-& (13.6mM) at 100 6 MHz 
and 316 K. [frrserr: Spectrum expansron showmg the one-bond ‘3C-‘5N coupling-constants at C-21. 

N-3 N-2 

‘J 
15N-2, H 

-210.0 -318.2 

bN 

Fig. 3. Proton-coupled, “N-n.m.r. spectrum (71,833 scans) of 2-amino-(2.3-dideoxy-4,6-O-iso- 
propylidene-B-l.-sorbofurano)[2.3-d]-2-oxazoline-‘“N~ (12-‘“Na) m solution in dimethyl sulfoxide-d, 

(13.6mM) at 40.5 MHz and 298 K. The one-bond, jsN-‘H coupling-constant IS indsated. [The “N 
chemical-shifts are given in p.p.m. upfield from the nitrate lSN signal of saturated, aqueous NHiSNOs 
in an external. reference. capillary tube ] 

in dimethyl sulfoxide solutions at 298 K, and (c) relatively large values of 3513,_, ,,_I, 

and 3J~3,2,,,2~ (6.2 and 2.0 Hz, respectively). 

The 2-amino(glycofurano)oxazolines (4, 5, 10, 11, and 12) all yielded well 

dispersed, first-order ‘H-n.m.r. spectra at 400 MHz; however, in the spectrum of 

compound 6, the H-4’. H-5’, and H-5” signals were observed as strongly coupled, 

overlapping multiplets. The parameters for the six-spin system of 6 in deuterium 

oxide solution were refined by iteration and simulation, and good agreement was 

obtained between experimental and theoretical spectra (see Fig. 4). 

The 400-MHz, ‘H-n.m.r. spectra of solutions of the di-“N-labeled 2-amino- 

(2,3-dideoxy-4,6-0-isopropylidene-P-L-sorbofurano)-[2,3-~]-2-oxazoline (12-15iV2) 



(a) 

H-l 

iI 

H-2’ 

(a) 
Ii- 1’ H-5 ,&;, Ok H--l 

OH,C 
2 

(cl 
H-1’ / / ( H-l’ H-5 
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Fig 6. Electron-impact. mass spectrum of 2-amino-(2,3-dldeoxy-1,6-O-lsopropylidene-~-L-sor- 

bofurano)[2.3-d]-2-oxazohne (12) [The mass shifts for the “N-labeled derivative (12-“Nz) are shown 

in.parentheses.1 

in various solvents displayed an apparent variation of vicinal coupling-constants of 

15N-3 with H-l’and H-l” (see Fig. 5), suggesting the possibility of a differential sol- 

vent-shift of H-l’and H-l”. In order to confirm this possibility, a solvent titration 

of a solution of 12-“N1 in dimethyl sulfoxide-d, was performed by addition of 

CDCI,, and this revealed that the chemical shifts of H-l’ and H-l” do, in fact, cross 

over as the proportion of CDC13 is increased. 

Mass spectrometry. - The electron-impact, mass spectra of the 15N-labeled 

2-amino(glycofurano)oxazolines support the furanoid structures assigned, and 

confirm that both “N-labels of the cyanamide-‘“Nz are inserted into the 2-amino- 

oxazolines (see Fig. 6). The percentage incorporation of the two labels was found 

to be quantitative within experimental error for all compounds, except the L-sor- 

bose derivative, for which -9% of one of the “N-labels was not incorporated, as 

determined by examination of the relative abundances of the [M - CH,OH]+ 

fragment. This corresponds to the presence of -16% of singly 15N-labeled mate- 

rial. We have independently shown by ‘“C-n.m.r. spectroscopy that the site of this 

isotope dilution in 12-‘5N2 is specifically the exocyclic nitrogen atom*. The 

mechanism of this isotope dilution is unclear at this time. 

*Thisevldent from the “C-n.m.r. spectrum of 12-15N2 (see Fig. 2), where a low-lying doublet with 
a coupling constant of 4.9 Hz (-16% intensity) IS observed between the doublet of doublets (C-2) at 

161.7 p,p,m. The value of ‘Jc-Z.15N (4.9 Hz) arIses from coupling of “N-3 to C-2. This small coupling 
was unequivocally assigned to ‘“N-3 by observing the ‘H-decoupled. “N-n m.r. spectrum of 4-[2-“C, 

‘“N?], where the coupling JIj, 1 ,s, to the 15N nucleus represented by the upfield signal was observed to 

be 24.4 Hz. The upfield, “N slgnal had previously been assigned to N-2 (see Fig. 3). 



Grnrrrrl. -- Melting points \vere measured with a silicone-oil, convcctlon ap- 

paratus and arc uncorrcctcd. MIcroanalyses were prrformcd 17~ Gaihralth 

Laboratories, Knoxville, Tennessee. Optical rotations and infrared \pectra wcrc 

measured with a Perkin-Elmer model I11 polarimcter and Infracorcl spectrometer. 

respectively. Thin-layer chromatography (t.1 c.) was conductcct on glass-hacked 

layers of silica gel G (Analtech). For vlsibilizitlon cjf the t.1.c. \pof\ alter dcvelop- 

ment. 10c; (v/v) H,SO, in f1,O and ;I saturated solution of 7.rl-drchlt~r~,~uin~~nc-~- 

chloroimldcJ in ethanol were used as sprav reagents. with heating of the plates to 

140”. N.m.r. spectra (‘H, “c‘, and “N) w,ere recorded in the pulw. Fourier-trans- 

form (F.t.) mode at 400. IO0.h. and 40.5 h/IH7. respectIveIt. with ;i I3rukrr Instru- 

ments model WM-300 spectrometer. ‘H-N.m.r. spectra were recorded with a 90’ 

pulse (13 ps), a 16.383-point data-set. and a spectral width of J I\I-iy “C-N.m.r 

spectra were recorded with a 90” pulse (23 pus), broadband. 7-level proton-decou- 

pling at 316 K, with a repetition trme of I.33 s. a Ih,384-point data-wt. ;I spectral 

width of 20 kHz. and field-frequency stabilization on solvent deuterium Proton- 

coupled and selectively proton-decoupled, “C-n.m.r. spectra were obtained with a 

45” pulse ( I:! ps) and a repetition time of 0.41 s. “N-N.m.r. spectra were obtained 

with a X”pulse ( 10 ps). :I IhJX&point data-set. and ;I ywctral wcfth of 20 kH7. ‘H- 

N.m.r. spectra were obtained with 5-mm sample-tubes. “C yxxtra with IO-mm 

sample-tube\, and “N spectra with 15mm sample-tubes. Solutic>na for ‘H-n.m.r. 

spectroscopy contained l-5 mg of solute in (I.5 mL of chlorof~~rm-Lt. druterium 

oxide, or dimethyl sulfoxide-tf,,, with MejSi or sodium -l.l-dimethyl--l-silapen- 

tanoate-7 ? J ?-L& as the reference. and those for -,-,- ,- ‘Y’-n.m.r. spectrc~scop~. with 

lb40 mg of solute in 1.5.-3 mL of dimethyl sulfoxide-ti, with 25--X) /IL of Me,Si 

added as the reference. Solutions for “IV-n.m.r. spectroscop, contalncd ItMO mg 

of solute in 3 mL of dimethyl sulfoxide-d,. with an external capillary of saturated. 

aqueous NH,“NOI as the reference. ‘The assignments of the ‘H- and “C-n.m.r. 

spectra were confirmed by selective, homonuclear and heteronuclcar proton-de- 

coupling. respectively. The six-spin svhtem of 6 In deuterium OXI& \olutmn was 

simulated by means of the PANlC program for the Rruker Instruments Aspect 

2000 computer. An r.m.s. devlatlon of 94 mH7 was ot,talnrd between cxperlmental 

and calculated spectra. Electron-impact. mass spectra were obtained at 70 L‘V, with 

an inn-source temperature of 150”. using :I Varian MAT 731 mass \pectromrtcr 

Lquid chromatography (l.c.1 was performed at 3 MPa with either a Dupont pre- 

parative Zorbax column of octadecylsilane, or ;I W’aters 4emlprcparative PBon- 

dapak column. The elution solvents were: A. 1:‘) (v/v) CH+3H-HYO: B, I :4 (v.~‘) 

CH,OH-HIO; C‘. 3:7 (v/v) CH.,OH-H,O; and D, 3.2 (v!\) Ct140H-CH2CIT. U1- 
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traviolet detection was obtained simultaneously at 195 and 254 nm by means of a 

Schoeffel variable-wavelength detector connected in series with an LDC fixed- 

wavelength detector. 

2-Amino-(l,2-dideoxy-~-D-arabinofurano)[l,2-d]-2-oxazoline-’sNz (4-“Nz). 
- To a solution of dry cw-D-arabinopyranosylamine’” (I; 0.42 g) in dry methanol 

(3.5 mL) was added a solution of anhydrous cyanamide-‘5N2 (Prochem; 62.5 mg) 

in dry methanol (0.5 mL). The mixture was stirred for 48 h at room temperature. 

filtered, and the filtrate concentrated under vacuum. and refiltered. The solids 

were combined, successively washed on a Biichner funnel with methanol and ether, 

and dried under vacuum, to give a crude, white powder (321 mg). Liquid 

chromatography of portions (20 mg each) of the crude powder with a Waters semi- 

preparative PBondapak ODS column with elution by solvent A at 1 mL/min 

yielded 4-‘“Nz as a fine, white powder (12.3 mg, 79% based on cyanamide-“N,); 

m.p. 175-177” (dec.). Unlabeled 4 was similarly prepared, and had m.p. 176-177” 

(dec.), undepressed on admixture with authentic’ 4 [m.p. 175-176” (dec.); lit.4 

m.p. 175-176” (dec.)]. Identical specific rotations [a];” +21.3” (c 1, H,O); lit.4 

bG5 1-21.2” (c 1, H,O), l.c. retention-times (21 min), and ‘H- and 13C-n.m.r. 

spectra were found for authentic 4 and 4 prepared as described here. A molecular 

ion at m/z 176 (3.8%) was observed in the mass spectrum of 4-“N2, and, in t.1.c. 

with solvent D as eluant, a single, oxazoline-positive” spot (RF 0.55) was obtained 

that was charred by sulfuric acid. The ‘“N atom% was calculated from the relative 

abundances of the [M - CH,OH]’ fragment, and was found to be consistent with 

complete incorporation of both “N labels from the cyanamide-‘“N2 (96.7 atom%). 

Infrared absorptions at v,,, N”lo’ 1660 m (C=N) and 1600 w cm-’ (NH) were observed 

for 4. 

In a manner identical to that described for the preparation of 4-15N2, com- 

pound 1 was also treated with cyanamide-13C (91.8 atom%; Prochem) and 

cyanamide-‘3C, “N2 (91.6 atom% 13C 99 5 atom% “N; Prochem), thus giving 4- 

[2-13c] and 4-[2-13C,15NZ], respectively: 

. 

2-Amino-(1,2-dideoxy-cu-D-ribofurano)(l,2-d]-2-oxazoline-’5Nz (5”N?). - 
Compound 5-15NZ was prepared from crystalline /3-D-ribopyranosylamine” (2) by 

the method used for preparation of 4. Crude 5-“Nz was isolated as a white powder 

(298 mg) that was readily purified by recrystallization from water, to give 5-“NZ as 

prisms (226 mg, 90%). Alternatively, the crude powder could be readily purified by 

injection onto a Waters semipreparative, PBondapak ODS column and elution 

with solvent A at 1 mL/min, to give a retention time of 20 min. Purified 5 gave a 

single, oxazoline-positive spot (RF 0.45) in t.1.c. in solvent D, and a mixed m.p. 

with authentic 5 [m.p. 195-196” (dec.); lit.’ m.p. 197” (dec.)] which was not de- 

pressed, as well as identical ‘H- and ‘-‘C-n.m.r. spectra, and identical optical rota- 

tion of [a]h” -26.5” (c 1, H,O). A molecular ion at m/z 176 (1.7%) was observed 

in the mass spectrum of 5-15N2. Examination of the [M - CH20H]+ fragment gave 

a ‘“N content consistent with quantitative incorporation of both ‘.5N labels from 

cyanamide-“N,. Infrared absorptions at v,,, NuJo’ 167.5 m (C=N) and 162.5 cm-’ 

(NH) were observed for 5. 



2-Arnino-(l.2-didro.r\‘-ac-~-.~~l~~f~~ra~~~~)[~ ._3-dj-_7-o\LI=i~llll(‘-‘5N_ (&!‘N.). -- 

Compound 6-“N, was prepared from crystalline ~-~?-u~i~~~~yranc~~~l:~~~l~nc” (31 bh 

the method used to prepare 4-“N,. However. cm cuaminatiim ()I the‘ comhmcti. 

washed. and dried crystalline product by t i.c (wivent II) and tl\ ! c. (soi\rnt A 1. 

6-liN2 was not detect-ed. 0n concentration of the combined mc)thcr i~quors to dr!- 

ness, an oil was obtained that. t>v t.i c and l.c., consIsted of klgnitlc;!nt .tnrounts of 

6-‘5N2. After preparative. l.c. injecrions of crude 6-“h’: onto Lt ~F!k~ndapal\ ODS 

column. with rlution 174 \olvcnt .4 at i mUmin. 6- “,V2 ~a\ ~~t~tairlcd cl\ ;I n hltc 

powder (116 mg, 360, based on cyanamidc- “N,) Ihat had ;I rcterrtiibn lime of 1X 

min. Preparation of unlabeled 6 by this proccclurc ga\e material whoa n1.p. ‘~‘a> 

not depressed by admlxture with authentic7”6 1m.p. Ih3-lh7 (kc. 1: IIt.- m.p. Ihi’ 

(dcc.)]. Purified 6 displayed a single. c,xazoiine-pt,hitlve \poi (RI f) 5) I~I I 1 c. 111 SOI- 

vent I) Again, identical ‘F-l- and “C’-n m.r spectra were c~i~l~~~ncil tor 6 and ;~u- 

theatlc 6, together with specific rotations in clot sgrremcnt. /crj,‘:’ --X..:‘- ((‘ 1. 

H,(I)): lit.’ [cyjf; -31.5’ (c 0.5. NCONMel). A molccuiar- ion at ,vt,z 17h (3.4’~ ) 

was observed in the mass spectrum of 6- “,Y,. Exammation of the 131 - (.‘f~,OH] ’ 

fragment gave a “N content consktcnt with quantitarive incorpor,rtlon (It both “N 

labels from cyanamide-!i,L’2. infrared ahsorptionz at ~~,T;“~J1’ lhhll m !C‘-- t’) ant! 1 hOl) 

mcm ’ (NH) were observed for 6. 

2-Am~no-(i,2-tiirlco.r~~-.?,5_O_lsr,pr~~~~Iid~~~~-~-~~-.~~~o~~~~~~t~~~~[~~~-d/-_‘-r~.~tr- 

~olinr-“N~ (IO-“N,). ---- To a stirred soiuticm of crv\taiiine .3.~-(l-iscli~rc)l’v~t~~erlene- 

D-xylofuranosyiammonium p-t”lucnesuifonatc’ ’ (7.; h-k mg) In tir:, methanol f 1 

mL) was added lreshiy di\tiilcd triethylamlnr (2%~ ~1~). *ilt<r the, addition ot 

anhydrous cyanamide-“,\l (h7.5 mp). the mixture way xtlrreci fill- 24 h i11 rcjorn IL’IW 

perature. anhydrous diethti ether w;is added to inclpwnt ~~p;~itx~nc~~. ,rnd the mix- 

ture was chilled, giving a white, crystalline precipitate, thtz M;I~ Irltcrcd oft. and 

shown by t.1.c. analysis (solvent n) trj hc tricttl~iammoniurn i,-tc~llltlillcsl!lfcillatt‘ 

[Another method for desalting crude 10-15.Y2 cc>nbisted 111 I~~MXII~C r.Iutlon o? the 

mixture through a column of DEAE-ceilul~~se (NIii ) \cvlth l~k~\.z .~rluc~~\ ;~m- 

monium hvdrogencarhonatr solutr~m. f~~iiowed by ~~~)liccGon of (hr% f~ ,rction h;r\ in:! 

u.v. absorption at 210 nm. and freeze-drving thereoi ] l’h~* rn0tht.r liquor. contain- 

ing crude lo-“Y, desalted by the tirsl method. \\;I\ then e\a~oratct.i tr) drvnc~ 

under vacuum without heat. and redissolved in the mlnlmai \irlume tbf eth\l XC’- 

tate. Dry ether was added to incipient opaleccencc. and thr ~)lut~c~rl B ;t\ hcp~ o~c‘r- 

night at 5”. Prismatic crystals of 10-“jY, were ilepositcci. and \+it’rc’ llitcrcd clff. 

washed with ether. and dried under \‘acu\lnt. to gi\,c iO”-‘c,\i (I t.7h-1 I. M’; ~~~wLI 

on cyanamide-“N:); m.p. IXlcS1X-l” (dec. ). Alternativcll. crud< lo-!“L’, could bc 

purified by dissolution in solvent C’ ( IO ml,) and then quent~ai lIlJccii,bni of 

aliquots (0.8 mL each) onto ;I preparative. Zorbax ODS column. with ciution b\ 

solvent C at 7.h mUmIn (ret. time 30 min), foiioued b! iqophiiir~~i~>rl of the corn- 

bined fractions. Crystaltinc 10-‘iN2 pave a single spot (R, O.&i) in t 1.~. III ~ri~.~‘nt 

D. A molecular ion at ~1. 7 _ 7lh (1.9’2) %;I\ clbserkeri in the rnclss \pcctrum of IO- 

IiN?. Examination of the ran abundance for the Ir\f - (~61 jI ’ !‘r-,~grn<.nt Indicnted 



‘%LABELED 2-AMINO(GLYCOFURANO)OXAZOLINES 253 

a “N content consistent with quantitative incorporation of both ‘sN labels from 

cyanamide-“A’?. 

Unlabeled 10 was also prepared by this method, and had m.p. 183-185” 

(dec.). [(Y];: +55.3” (c 1, HzO) and vGzO’ 1660 m (C=N) and 1600 w cm-’ (NH). 

Anal. Calc. for CgHljN70,: C. 50.46; H. 6.59; N, 13.08; Found: C, 50.34; H, 

6.65; N, 12.86. 

2-Amino-(l,2-dideoxy-5,6-O-isopropylidene-c-D-glucofurano)/l,2-d]-2-oxa- 
zoline-‘5N, (ll-15N7). - To a stirred solution of 5.6~O-isopropylidene-D-gluco- 

furanosylammonium p-toluenesulfonate” (8; 489 mg) in dry methanol (1.6 mL) 

was added freshly distilled triethylamine (104 pL). Anhydrous cyanamide-‘“Nz (50 

mg) was added, and the mixture was stirred for 2 h at room temperature, filtered, 

and the filtrate evaporated to dryness under vacuum without heat. The mixture was 

desalted by means of a column of DEAE-cellulose anion-exchange resin as de- 

scribed for 10-‘5N2,.and then freeze-dried. The minimal volume of dry methanol 

was added, together with a trace of ether. whereupon 11-‘“N? slowly crystallized. 

The crystals were successively washed with methanol and ether, and dried under 

vacuum without heat, to give ll-“N2 (0.257 g, 92%); m.p. 191-194” (dec.). Alter- 

natively. crude ll-‘5N2 could be purified by dissolution in solvent B followed by se- 

quential injection of aliquots of the solution onto a preparative. Zorbax ODS col- 

umn, with elution by solvent B at 7.6 mUmin. Crystalline ll-“N1_ gave a single 

spot (RF 0.56) in t.1.c. in solvent D. A molecular ion at m/z 246 (0.5%) was ob- 

served in the mass spectrum of ll-‘5Nz. Examination of the [M - CHa]+ fragment 

indicated a “N content consistent with quantitative incorporation of both”N labels 

from cyanamide-“Nz. 

Unlabeled 11 was also prepared by this method, and had m.p. 193-195” 

(dec.), [~y]‘$o -26.5” (c 0.2, H,O), and v,Nau?O’ 1690 (C=N) and 1610 w cm-’ (NH). 

Anal. Calc. for C’,‘HIhN205: C, 49.18; H, 6.60; N, 11.47. Found: C, 49.30; 

H, 6.91; N, 11.41. 

2-Amino-(2,3-dideox~-4,6-O-isopropylidene-P-L-sorbofzlrano)[2,3-d]-2-oxa- 
zoline-“N, (12-‘“N2). - To a stirred solution of 4,6-O-isopropylidene-L-sor- 

bofuranosylammonium p-toluenesulfonate” (9; 489 mg) in dry methanol (1.6 mL) 

was added freshly distilled triethylamine (104 pL). Anhydrous cyanamide-“N, (50 

mg) was added to the mixture, which was stirred for 48 h at room temperature, 

filtered, and the filtrate evaporated to dryness without heat. The mixture was de- 

salted by means of a DEAE-cellulose column as described for lo-‘“Nz, and freeze- 

dried. The crude 12-15N2 that resulted was purified by dissolution in solvent C (10 

mL) followed by the sequential injection of aliquots (0.6 mL each) onto a prepara- 

tive, Zorbax ODS column, with elution by solvent C at 7.6 mL/min (ret. time 16 

min). After freeze-drying of the combined fractions, the lyophilized residue was re- 

crystallized from CH,Cl,-ether-hexane without heat, by chilling the opalescent 

solution overnight at Y, thus giving 12-‘“N, as a white powder (0.238 g, 85%); m.p. 

186-188” (dec.). Crystalline 12-“N2 showed a single spot (RF 0.48) in t.1.c. in sol- 

vent D, and a molecular ion at m/z 246 (1.07 ) o was observed in its mass spectrum. 
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