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ABSTRACT 

The procedures commonly employed for preparing per-O-acetylated aldono- 

nitrile derivatives of D-galactose and D-glucose for use in g.1.c. analysis involve 

oxime formation, and acetylation. They do not, however, give the nitriles as the 

sole products, as is generally assumed. Instead, N-hydroxy-o-glycosylamine hexa- 

acetates are formed as byproducts, in part by a kinetically controlled ring-closure of 

the sugar oxime, concomitant with acetylation. From preparative isolation of the 

products, r>-galactose gave the nitrile (67 %), and the j-furanose (16 %), cr-furanose 

(1 To, and /3-pyranose (2 %) isomers of the cyclic hexaacetate, whereas D-glucose 

gave the nitrile (63 %), and the fl-furanose (14 7;) and P-pyranose (8 %) isomers. 

INTRODUCTION 

An apparently attractive method for the quantitative analysis of sugars in- 

volves their conversion into per-O-acetylated aldononitrile (PAAN) derivatives 

followed by g.1.c. analysis, by which means, the derivatives are readily separable1-i3. 

The traditional preparation of PAAN derivatives involves treatment of the sugars 

in pyridine with hydroxylamine hydrochloride (to form the oxime) and then acetic 

anhydride (to form the per-O-acetylated nitrile), both steps being conducted in situ 

at 60-100”. It has been tacitly, or specifically, assumed by a number of workers, who 

have published extensively on the advantageous use of PAAN derivatives, that the 

nitriles are formed in virtually quantitative yieldI_ ’ 3. 

The early work of Deulofeu and Wolfrom and their co-workers’4-‘7, which 

examined the acetylation of the crystalline oximes of various sugars had indicated, 

however, that both cyclic and acyclic hexaacetates can be isolated from product 

mixtures, along with the nitriles. D-Galactose oxime in acetic anhydride-pyridine at 

25” yielded a mixture containing o-galactononitrile pentaacetate (l), an acyclic 

oxime hexaacetate (3), and a cyclic oxime hexaacetate for which a specific ring- 

structure was not assigned in the original paper I4 but for which the 8-pyranose , 
form (4) was indicated in a later review15. When strongly heated (e.g., with acetic 

anhydride-sodium acetate at reflux), acyclic oxime 3 eliminated acetic acid to give 
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nitrile 1. but it was stable in acetic anhydride-pyridine for 1 h at 70 The cyclic 

oxime derivative could not be converted into 1. 
Treatment of D-glucose oximc with acetic anhydride-~pyridinc al\o procldcd a 

cyclic oxime hexaacctate (tentatively assigned’ ’ the /Lpyranose form 6). in addition 

to the t,-glucononitrile 2. hut II-mannose oGme gave only :qcl~ products. the nitrlir 

being the exclusive product at reaction temperature5 abokc 30 By cmtrad. the 
oximes of rj-arabinosc. I)-sylosc. and I.-rhamnose gave the nitrites c\clus~vely at ail 

temperatures’ “. 

AcOCH 

I 
R’CR” 

I 
HtOPc 

I 
CH,OAc 

Id- 0Ac.d = H 3 

2R’ = H,RZ = O&c 

Thus, when Lance and Jones’ described the first appllcatlnn of PAAN drriv- 

atives for the g.1.c. analysis of partially methylated xylose derlvativcx. it may well 

have been the case that a xlngle derlvati\‘e was formed in quantitnti\c !,~cId from each 

pentose. The procedure was then generalized for the analysis of Inonc~,~lccharlJes and 

their partially methylated derivatives by Eastwood and Huff’ and b!, Dmitric\ and 

co-workers3. who apparently Lverc unaware of the early results” ’ _. anti the crronc- 

ous assessment that nitriles are always the sole productsofthcderi~:ltizatlon procedure 

appears to stem from their worh. 

Because of the apparent conflict between the early synthetic studies and the 

more recent worh related to g.1.c. analysis. the PAAN deri\,ati;ration of I)-yalactosc 

and L>-glucose has now been re-examined, in order to clarify the nature ofthe rcnctioli 

mixtures, and to determine the structures of any byproducts. 

RESULTS AND DISCLEWON 

PA AN rleri~ufizntio~r of D-,~a/rrctose. ~~ The derivatization of I>-galactose WilS 

conducted under the various conditions of temperature. time, and concentration that 

have been recommended as suItable for subsequent g.1.c. anal\;.sls of the ~arnplcs’.~. 

including the modification employin g 1 -methylimidazole a~ the solvent and catalqht”. 

In each case, t.1.c. and l.c. cxaminatlon rcvcaled component\ of mohiii~y lo\\er than 

that of nitrile 1. On a capillary. g.1.c. column”. these components ga\c broad. pool-l>, 

shaped peaAs at retention times much longer than that of nrtrilc 1 On ;I pachctl g.l c. 
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column, they were even more diffuse, leading to base-line disturbances during 

sequential analyses, but their presence could be confirmed by using an extended 

temperature-program. 

The products from preparative-scale, PAAN derivatization of D-galactose were 

fractionated by a combination of crystallization and column chromatography. 

Whereas the major product expected, D-galactononitrile pentaacetate (l), was isolated 

crystalline in 66.5 ‘A yield, three iV-hydroxy-D-galactosylamine hexaacetate isomers 

were also obtained, in a combined yield of 19.0%. Specifically, the crystalline /I- 

furanose (7) and cr-furanose (8) isomers, and the syrupy fi-pyranose (4) isomer were 

respectively isolated in 15.9, I .2, and 1.9 ‘A yield. Evidence for the structures assigned 

is presented later. The sample containing the P-pyranose isomer 4 was contaminated 

by 10% each of the other isomers (7 and S), but on 0-deacetylation and crystalliza- 

tion, it afforded pure N-acetyl-N-hydroxy-P-D-galactopyranosylamine (5). Syrupy 

N-acetyl-N-hydroxy-/I-D-galactofuranosylamine (9) was similarly obtained by O- 

deacetylation of 7. 

On the basis of melting-point and specific-rotation data, the major cyclic isomer 

characterized here as N-hydroxy-fl-D-galactofuranosylamine hexaacetate (7) corre- 

sponds to the cyclic oxime hexaacetate isolated by Deulofeu and co-workers14,15 

from the acetylation of crystalline D-galactose oxime, which was reportedI to have 

the P-pyranose structure 4. 

PAAN derivatization of D-glucose. - Next, the PAAN derivatization of D- 

glucose was examined. As expected, D-glucononitrile pentaacetate (2) was the major 

product, isolated crystalline in 63.0 % yield, but again, cyclic oxime derivatives were 

present in significant proportions. These isomeric N-hydroxy-D-glucosylamine hexa- 

acetates had very similar chromatographic mobilities, and they were initially isolated 

as a syrupy mixture in 28 y0 yield. 13C-N.m.r. examination of this mixture indicated 

that the /I-pyranose isomer 6, the /?-furanose isomer 10, and two minor isomers, 
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probably the z-pyranose and n-furanose compounds, were present in the ratios of 

3 : 5 : I : 1. The two minor compounds were not further investigated, but small samples 

of crystalline 6 and syrupy 10 were obtained by repeated chromatographic fractiona- 

tion. The isomer identified here (see later) as the /Gpyranose 6 was found to be 

identical to the product obtained by low-temperature acetylation of crystalline D- 

glucose oxime. The /I-pyranose structure had been assigned only tentatively to the 

latter product by Wolfrom and Thompson”, but this ring form would be anticipated 

from more recent work that has shown that crystalline D-glucose oxime exists in the 

/I-pyranose form’ ‘. 

Te~l~rature-dependent, n.m.r. qjectra. - A characteristic feature of these 

cyclic oxime derivatives is the temperature-dependence of both their ‘H- and 13C- 

n.m.r. spectra (see Tables I and XII). Resonances, particularly those of H-l and C-l, 

were in many instances broadened in spectra recorded at 30”, but were considerably 

sharpened at higher temperatures. In addition, the relatively sharp, H-l and H-2 

signals in the spectrum (CDCl,, 30 “) of the /?-o-galactofuranose derivative 7, recorded 

at field strengths of 60 and 80 MHz, were severely broadened at 270 MHz. 

The dependence of these spectra on the temperature and field strength is con- 

sistent with the presence in solution of interconverting, geometric isomers associated 

with restricted rotation within the amide (i.e., N-acetyl) functionality of these N- 

acetyl-~-hydroxy-g~ycosylamine derivatives. The lowest temperature (30”) used in 

these studies was above the coalescence temperature for all ofthe compounds reported, 

with the exception of ~~-acetyi-~-hydroxy-~-D-gaiactopyranosylamine (5). This 

compound displayed clearly different H-l and C-l resonances for the two isomeric 

forms at 30”, these resonances being severely broadened at 65”. 

In agreement with such an explanation, the ‘H- and 13C-n.m.r. spectra of the 

related N-formyl-(2-deoxy-~-D-e~~‘r~z~~-~entofuranosylamine) (11) have been re- 

ported to display temperature-dependence (with a coalescence temperature of 96” 

for the proton spectrum of 1% in DzO), due to cis-tram amide isomerism in the 

preponderant, anti orientation shown’ 9. 

HO HO 

anti-trons-11 antI-cis-11 

For the hydroxylamine derivatives reported here, an alternative explanation 
that would also account for the observed n.m.r. effects, could be that the nitrogen 

atom is non-planar and, hence, chiral, and that the resulting diastereoisomers inter- 

convert by inversion at the nitrogen atom. The validity of this postutate was not 

determined, except to note that the barrier to inversion at nitrogen is generally in- 
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TABLE 11 

‘H-N.hi.R. CObPLlhG-COhSI ~\VI\” FOK ~OhlPOl~lulJS 4- 10 

K. If. I-IIR\EAl .\ 

4 
5 

6 

7 
8 
9 
IO 

creased by an oxygen substituent”‘. and that substantial barrier*. of . 50 hJ.mol _’ 

( - I7 hcal.mol- ‘), have hcen reported for Iriallyl-suhstitutcd hydro~~,lamines~‘. 

.dssiymrnt of ritl,y size md atwrncric- cwlfi,rrl,r’cltir,l1. -- The ring kcs of the tivc 

acetylated, cyclic oximes encountered in this study wcrc dctermmed from ’ H-n.m.r. 

data (we Tables r and TI ). and thclr anomcric configurations wrc elucidated from 

optical-rotation und “C-n m.r.-spectral data (\ec Table Ill). 

The ‘H-n.m.r. spectra of compounds 7. 8, and IO wr’rc complctcl> alsigned b> 

first-o&r analysis. Conljr1nation that correct assignments had been rnaclc canw from 

decoupling (for 7). and. fw 8 and 10. simulation c~pcrimcnt~. Thcsc three prljduct, 

were identified as furanosyl dcrrvativc\. as. in each spectrum. the H--l rcsonancc \\a\ 

at higher field than those of H-2. -3. and -5. 

The ’ H-n.m.r. \pcctr;t ot’ compound\ 4 and 6 wcrc onI> partlall! rssolvcd. In 

both, howver. the ring-proton rc,onancc ut hlghcst field \~a\ rcndil! ilssigncd to 

H-5 from its coupling to three adjacent protons. indicating that compwnds 4 and 6 

have the pyranoid structure 

The position of the C-l resonance wab not a useful crttcnon 01’ ring ac III 

these derivatives; P..$., tho C-l resonances for the gnlactopyrano~yl (4) ~IIIC~ galacto- 

furanosql (8) derivative\ have similar chemical shlt’ts. The rcm:tming rmg-c;tt bon 

resonance\ were, however. of wluc In confirming fhc assignments made Although 

5pecitic asslgninentb for C-3, -3. and --t wcrc not attempted. the qwctral region con- 

taining thcbe signals III the cast of Ihc lalnctol’urono4gl dcri\;ltiLcb 7 antI 8 c\tcndsd 

to substantially lower ficld than that contaming the same rcwnanc’c3 in the spectrum 

of the galactopyranosyl dcrivativc 4. although there was s_mr OVL’I./Y~ fxtwccn thcsc 

regions. The WIW cornpariwm hold> for the glucoI‘uruncl\~I (IO) IYYW~ the gluco- 

pyranosyl dcrivativc 6. Thcsc obbervatlons arc conslhtcnt with the gcncritllzittlon 

that the rmg-carbon rcsc)n.lnccs of underivatiwd furanow ccw~pcwnds arc located 



TABLE 111 

1°C”N.M.R.-SPECTRAL DATA” FOR COMPOUNDS 1 AND 6-10 

_ _ --I__ “- -- __~~“_~_~ ~-- ..____ --. --I^x__--_- ll”--__ll- -__~ -.. 1~1” _-- ________. xI_I I 

Corn-- Soo’etlt Temp. Signal of atom 

1 

4 

5 

6 

7 

8 

9 

10 

{ “C) 

.,-_- -._ ~ 

CIxfQ 30 

CDCls 30 

CGDG 75 

a2o 30 

75 

Cd& 30 
C&NC@ 140 

CDC13 30 

CDCls 30 

CBDb 75 

Da0 30 

(cm3)2SO 30 

CADG 30 
75 

.~“- ---. 
C-l 

114.1 

82.3” 
84.2 

83.9 (0.75C) 
88.6 (0.25C) 

84.30 

82.Y 
84.9 
90.0 

83.6C 
84.1 
87.lC 
86.Y 
89.8* 
90. f 

.~ _- -. 
C-2 C-3 

67.4b 67.2b 
72.9” 71.8d 
13.36 ?2.4n 
77.8” 14.2” 

78.1” 74.5” 

61.3” 74.2 
70.1” 75.4f 
81.P 77.4L’ 

16.4” 14.2” 
76.8” 74.ld 
82.W 76.3d 
81.0” 75.3” 
78.7” 77.7” 
78.9” 78.0” 

c-4 c-5 C-6 AcetutP 

0 61.6 59.5 20.1, 20.4, 20.6: 168.8, 168.9, 169.5, 170.1, 170.3 
67.2” 64.6d 61.1 
67.9” 65.4” 61.3 17.6 (NAc); 19.9, 20.0( .‘2), 20.3, 20.4 
69.5ti 61.2 (0,75C)” 61.7 

66.8 (0.25C) 
69.8* 0.3r.n 62. I 21.0 

68.0” 74.2 63.2 17.7 WAC); 19.9, 20.2, 20.4; 168.2, 169.0, 169.5, 169.9 
68.9d 75.If 63.2 18.0 WAC): 20.7, 20.4( > 4) 
76.7” 69.9 62.4 18.3 & 167.8 WAC); 20.6, 20.7; 169.5, 169.6, 169.9, 170.3 
7’.3cr” 69.5 62.2 18.8 (NAG); 
73.1” 70.2 62.6 18.3 & 167.5 (NAc); 19.9, 20.0(: 2), 20.2, 20.4 
75.2d 70.9 63.3 20.9 
74.@ 70.0 62.5 20.9 & 172.Oc ~~Ac) 
74.3n 67.9 63.2 f7.7 (A!Ac); 19.9, 20.2, 20.4; 168.2, I69.0, 169.5, 169.9 

74.v 68.4 63.4 1’7.9 WAC); 20.0, 20.3, 20.5; 168.3, 169.11:~,2), 169.6 
170.1, 170.3 

--- _. .-^.._~___,.^-- ~~____.. -_l_-“-.~..l-_ll-..l ___I__- ____~ 

((Recorded at 20 MHz. Wnly twa signals observed for C-2, -3, and -4. CRroadened. 17,~A~sig~rne~ts jnterc~angeabl~ within a row. PReferenced to central 
peak in the meta-~3C tri&% of nitrobenze~e as 129.5 P.p.m. Carbonyi signals were not always sufficiently intense to be detected. 



substantiallp downtield ofthosc in the spectra ofconiiguratronally related p~ranoses”. 

bearing in mind that 0-acet>lation has a rclntivcly wwll ell’cct on carbon chcmicnl- 

shift’2. 

It was concluded that both the r>-galactopymnosyl and r~glucopyrano~yl 

dcrivatibes 4 and 6 hale the /i configuration ’ H-N.m. I’. spectroscop> of the ,qr/rrc.to 

he\;uwetate 4 was not helpful. as 11s H-l rcsonancc was mcrgcd \\ith olhcr signals, 

but compound 5. produced by O-deacctylatlon of 4. dtsplaycd H-l rcwnanccs iix 

t\vo Isomcric forms hoth of \\hlch had a large J,.2 \:!ILIc (X.4 ,ind t; 6 Hz). This 

confirmed the /{ contiguratlon of 5 and. hcncr. of 4. That the ,& I) Iwxncr 6 als> 

had the /j configuratwn may bc inferred from the fact that the cr>stalllnr form of 

I>-glucose OXII-IW exist:, in the /;-pyranoid form’ ‘. mJ that :w~t~latim of thrs form 

prwidcd 6 as the sole product. In addition. 111 the ’ H-n.m.r. spectrum 01’ 6. H-l 

appears as a douhlct-lll,c I’CSOIISIICC iit hvcst ti~ld (5 71 p.p.m.) The complexity 01 

this resonance I*, probably due to \ irtual coupling. The strong. outct 11~s of this 

multiplct are sepal-&cd hy 0.3 HI. which i\ a good indication that .I, 2 i:, large. and 

that 6 has the /; conligurutlon 

The gnlactofurano\>I pair 7 and 8 are consklcrcd to hc the 1; and x anomcr, 

rcspectlvely. us their optical-rotstlon and ‘“C-n.m r.-spcctraI data Indcpcndcntl> 

Iead to the same concIus~~w. Cc&n rcscrvatlons ;I\ to the Intcrprctution of thcsc 

data are. ho\tcver, J~scuwd later, Hudson’s rules of wrotatron indlcnto that the 

more-lcvorotatory icomcr 7 ( 27.9 ) has the /j. w hrrcas the dcxtrotwtalory iwmer 8 

( f75.4 ) has the r. configuration. These rules. hu\e. ho\+xxer. prcwcd nnrcliablc in 

prcdrcting anomeric configuration in certain related inrtancc~ 1 f2.y . p!rimidine 

nucleosidcs’” and I.3.~.h-tctra-13-~1cctyl-‘-Lleoxy-~-(~.~-dinrtroanillno J-~~glucop>rn- 

noses”], Hhcrc it has been po\tulatcd that rcstnctcd rotation. or in\crsion at the 

nitrogen atom, Icad\ to cl:lrallty that dominate\ the rot,ttltw olxcr~cd. With this 

rescrvatmn in mind. indepcndcnt confrmution of the anomerlc c‘mtiguratron of the 

aforcmcntloncd pair was wught from “C-n m.r.-\pcctraI data. The C-l :inJ C-2 

resonances of furanosyl dcri\ativcs arc mutualI!, &AAkxl in compot~nds bearing 

I %I\- compared to I .2-twnv-rclatrd sub\tituentszi ” ,- . Awnnmg thal thi\ correlation 

is sutficlentl\? ~nscns~t~vc to confortn:ltional \anation within the furanusc ring (which 

has not yet been established). the r>-galnctofuranosyl pair 7 and 8 Aould habc the 

/j and 1 conliguration, rcspectivcl>, iI\ the C-l nlld C-2 rcsonanccs of 7 ill32 dowm- 

lidd of the corrcspondlng resonances tiw 8. this bclng c\ Ident despltc ~hc fact that the 

C-2 resonancc~ for these compounds \\crc not unambtguousl> asqwcd 

The I)-glucofuranosyl derl\rtt~vc 10 \\a tcntatncly awgncd the I: configuration 

from the slmllarit~ of its ‘Y‘-n.m.r. spectrum. in particular the pohitioi: of the C-l 

signal (80.X p.p.m.). to that 01 the /Giqrr/rrf~fo isonicr 7 (C-I +n;~l at ‘)I).(! p.p.m.). 

and from ils rclatl\cI~ ION qd~cul rotuttw 4 ~6.2 j 

~‘f)tlforrl~crlir~it.\ of tlw fmwow IICJ vw( etulcs. The anomcl IC conliguratwn of 

palact<>- iltld eluco-filr~:;l~~~~~ I &I iv:itll’c> i\ frequently detcrmlncd li.~w ’ H-n.m r. c 
data. In particular fion: the value of ./, _, When .I, 2 15 III the rcgrcxl of i) I HI. the 

I.?-trmis (I c.. /j) conligurat~on of sub~titucnt~ may be infcrrcd. hut tlii\ only occur5 
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when these substituents adopt quasiaxial orientations2 ‘. The significant J, .2 values 

exhibited by 7, 8, and 10 (4.2, 6.8, and 3.2 Hz, respectively) can be understood by 

analysis of the conformations of these compounds. 

Shugar and co-workers2 *J 9 studied in detail the relationships between con- 

formational equilibria and ring-proton coupling-constants for r- and B-L-arabino- 

furanosylnucleosides*, compounds that have the same group configuration of the 

furanose ring as B- and cc-D-galactofuranosyl derivatives, respectively. The U-L- 

arabinofuranosyl derivatives were shown to exist in a two-state, conformational 

equilibrium, denoted N (north) G S (south), each state corresponding to a narrow 

range of the pseudorotational cycle near 3E and ‘E, respectively28. From the linear 

relationship derived between coupling constants and population of the N and S 

states, it was concluded that the P-D-galactofuranosyl derivative 7 has a 50-55x 

population of the S state. 

/?-L-Arabinofuranosylnucleosides* also exist in an N ti S conformational 

equilibrium, but here, the N type of state incorporates a broader range of available 

conformations2 9. The large coupling constants for the E-D-galaCtOfUranOSy1 deriv- 

ative 8 indicate, however, a high population (N 80 ‘?i) of the S type of state, centered 

on the E, conformation. 

In the case of /?-D-xylofuranosylnucleosides, which are configurationally related 

to the /?-D-glucofuranosyl derivative 10, values of J,,, in the range of 3.4-.4 Hz are 

obtained only for the 3r, conformation, an N type3’. Because, for 10, J,,, = 4.5 Hz, 

it evidently adopts this N type of conformation. In all of these conformations, the 

bulky C-l substituent avoids a quasiaxial orientation, and hence, J1,2 is non-zero. 

Mass-spectral data. - In the early stages of this work, when only the poorly 

resolved, room-temperature, n.m.r. spectra were at hand, mass-spectral data were of 

great help in ascertaining that the cyclic hexaacetate derivatives were isomeric. The 

molecular ion at m/z 447 was weak, but each compound had relatively intense peaks 

at m/z 405, 345, and 331, due to loss of CH,CO, Ac,O, and *N(Ac)OAc fragments, 

respectively, from Mt, and, in most other respects, their spectra were very similar. 

There were no significant ions that could be assigned to side-chain cleavage, such as 

[M - CHOAc . CH,OAc]+, a fragmentation that has proved useful for distinguish- 

ing furanosyl and pyranosyl derivatives of acetylated sugars in other instances3’. 

Evidently, the fragmentation pattern is dominated here by cleavage at the glycosyl 

moiety. 

Formation of cyclic product. - In an attempt to improve product selectivity, 

the acetylation step in the PAAN derivatization of D-galactose was examined. Acetyl 

bromide-trifluoroacetic acid, which selectively acetylates hydroxyl groups in the 

presence of primary and secondary amino groupsJ2, could have enhanced the forma- 

*Much of the data reported by Shugar ef uI.‘~-~~~ relates to nucleosides in the D series. Accordingly, 
it should be noted that a change in the configuration of a sugar from D to L results in an N to S 
type of change in conformational nomenclature. Obviously, a p-D-arabinofuranosyinucleoside in 
the 3E (S type) conformation is the enantiomer of a fi-L-arabinofuranosylnucleoside in the Es (N type) 
conformation. 



TABLE IV 

tion of nitrile 1. Acetic anhydride in rne~hanol (follo~\ul hq peracet~~latron for 

product isolation), which IS used for selectikc :\l’-acctylation. could h;tvc enhanced the 

formation of the cyclic byproducth, i.~.. 4. 7, and 8 Both reagents. hnwacr. 14 to 

unsatisfactory product-mi\\tLtt.es, as ~udgcd by t.1.c. 

The nature of rj-galactosr oxitnc in solution wa\ examtnecl by ’ ‘c’- (see T‘ahlt~ 

IV) and ‘El-n.m.r. spectros~~py tn order to dctcrtnine Lbhcthcr. in the PAAN deri\,- 

atization procedure, the :tc~~l~c Cyclic oxinte equilibrium position t\ mcrrl>, “frl-ozn” 

by acetylatton. or bvhether further rin, <T-closure occ~trs, ccmx~tii~tant utth acctylation. 

Spectral assignments for the acyclic okinies \kcrc based on the gcncralirattnn that the 

H-l signal for the ~s>vl-oxime is Alma>:, at louer lield than that for it, tr77ti tsomer’“. 

BCC~LIX of the grcatcr holubtlity of the oxime tn D,O than III p!ridttlc-(/5. initial 

rtudrea wet-e conducted for solutions in D,O. The .v>,f7-ouinic 12 ;tppc;tr\ lo he the 

preponderant form in thta crystalline state. ah tt \\;ts the m:t_jor c~~nipc~ncnt 111 I),(_) 

solution after on11 ;I feu minutc5, the ratio of .(:1~7-12:nr7l7-1.3 then hctng 7: 2. After 

equtlibrium had been cstablishsd. this ratio decrcahrd tc> 1 .1. lk only cyclic. :\- 

hydro~yglycosyiamine isontct- then detected by ‘“C-n.m.r. spectracopy was present 

as 13”,, of the total mixcturc . and It appeared to be the /Gpyranuse ~wmt‘r 11, ah 

Jl.td& frot11 the “C-11.111.!-. claia , altlio~tgll otil> tivc l>f its hi, arhon atom5 \vcL‘rc 

distinguishable in the spectrum ot‘thc tntxturc. 

Mutarotation of r>-gtlactosc oximc in pyridine wx slo~\et than in Lvatcr. 

but the equtlibrium mixture appeal-cd to he vety similar. In particular, the cyclic 

forms here no more stgniiicant than in D,O solution. The ab>cncc of dctectablc 

proportions of N-hydro\\~-fttranosglamine forms in solutions of I>-gal:tctoac nsimc 

implies thal 7 and 8 probably result from ;L hineticnll>~ contt-oIled reaction in\,olving 

acetplation ofthc nitrogen atotn of the acyclic oximc, \+tth concomrtot~t rtng-clo5ure, 

which would be expected to favor the formation of ;I furanos! I over ;t pyranosyl 

dcrivativc. 

II-Glucose oximc in aqueous solution has been shown’ ’ to he ii mixture 01‘ the 
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fi-pyranose (23 y’,), a-pyranose (7 >g), anti (13.5 %), and sq’n (56.5 Y’<) forms. Again, 

the formation of a substantial proportion of the furanosyl hexaacetate 10 is consistent 

with kinetically controlled ring-closure of the acyclic oxime on acetylation. 

CONCLUSIONS 

The implications of this work for the g.1.c. analysis of sugars as their PAAN 

derivatives must be considered. Some sugars do not give a single nitrile derivative in 

quantitative yield, as demonstrated here with D-galactose and D-glUCOSe. The relatively 

long, g.1.c. retention-times of the unavoidable byproducts necessitate long analysis 

times using the capillary column, and lead to baseline disturbances during sequential 

analyses on packed columns. For quantitative, g.1.c. analysis, the use of a deriv- 

atization procedure that provides a kinetically controlled mixture of products, only 

one of which is detected, is clearly undesirable. All of these factors significantly detract 

from the reliability of the PAAN derivatization procedure in the quantitative, g.1.c. 

analysis of carbohydrates. 

EXPERIMENTAL 

General. - D-( +)-Galactose, purified grade, was obtained from Sigma Chem. 

Co., and contained a negligible proportion of D-glUCOSe, as shown by per(trimethyl- 

silylation)-g.1.c. analysis. Optical rotations were determined with a Perkin-Elmer 

Mode1 241 polarimeter, for solutions in chloroform (c 1.0-3.0, unless otherwise 

noted). Analytical l.c. was performed with a Waters apparatus (M6000A pump, 

R401 differential refractometer) and a Brownlee silica-gel column (Sl-100, 25 cm x 

4.6 mm i.d.), and preparative l.c., in a Waters PrepLC/System 500, using a single 

silica-gel cartridge. For t.l.c., Merck silica gel 60F,,, aluminum-backed plates and 

95 : 5 : 3 ethanol-sulfuric acid-anisaldehyde spray reagent were employed. G.1.c. was 

conducted in a Pye GC-D instrument on both a SCOT capillary column (SGE, 

25 m; split ratio 10 : 1; N, flow 2 mL.min-‘) coated with SE-30, and a glass column 

(2 m x 2 mm i.d.; N, flow 25 mL.min-‘) packed with 3 y0 of poly(neopenty1 glycol 

succinate) on Gas Chrom Q (100-120 mesh). N.m.r. spectra (lH and 13C) were 

recorded with a Varian FT-80A spectrometer, with internal (or external, for D,O 

solutions) tetramethylsilane as the reference. Mass spectra were recorded with AEI- 

MS-30 and MS-902 spectrometers. 

Chromatographic analysis of the PA AN derivative of wgalactose. - The mixture 

of products isolated following treatment3 of D-galactose in pyridine with hydroxyl- 

amine hydrochloride, and then acetic anhydride at 70”, was shown to contain the 

following components, (a) by t.f.c. with 2: 1 ethyl acetate-light petroleum ether: RF 

(compound), 0.67 (l), 0.65 (Ac,NOAc), 0.42 and 0.39 (minor, unidentified), 0.28 

(8 + 4), and 0.23 (7); (b) by anaZJltica1 l.c. with 1 : I ethyl acetate-light petroleum 

ether at 1.5 mL.min-‘: R, (min; compound), 2.1 (Ac,NOAc), 3.5 (l), 4.4 and 

4.9 (minor, unidentified), 8.7 and 9.0 (merged peaks, 4 f S), and 10.7 (7), and the 



‘5’ I _ K H. FI Kht\ll\: 

relative peak-arca ratlo of 7: (4 + 8) was 3. I ; (c) b.r* c~flpilhwi~ g.1.i.. ( 179 to 250 at 

X”;mm. then isothermal at 250’ ): R, (min: compound), 31.5 (1 J. ;md 55. I. 61) 3. 

and 61.3 (4. 7. and 8): and ((1) hr ~~~~~~hi~~f-~~oi~~t~it~ ,~./.~~. (1.30’ for 10 min. then to 250 

at 4 .‘mln): R, (min: compound). 0. I (1 ). and IX.5 and 31 (1 (4, 7. ami 8). 

Pirpcrrutiot~ of tlw P -I. 1 h’ rlmratiw (I# I~-,yuttrc~l~~sc~. I~-4;alnctosC (20 g) 3td 

hydro~ylnmino hydrochloride ( I 2.5 g. I.0 mol. cqulk.) \\crc strrrcd ;~nd hratcd III 

pyridlnc (200 mL) for 20 min at 70 during \t hich time dissolution occurred. The 

mixture wa\ then rcmovcd from the hot bath. and no& :tnIi~JriJc ( IhO nil_) \k;h 

gradually added. so that the tempcraturc did not rlhe above !Oi) . The resulting 

mluturc was heated for :I further 30 mm at 70 I. after whit!:. mo\t crf the WIWU 

\&as evaporated in WWL lk residue ua~ partitioned hctwecn chloroform and \\atcr. 

and the organic phase‘ ux washed with aqueous sodium I1ydrogcn~arbon~tt~. c\ ap- 

orated to a crystalhnc mash. and s;rIcral portions of tolucne b\crr: ndtlcd and cvap- 

orated. to rcmovc residual pyrldlnc. Crystallizntlon (11’ the prc>Juct from cthunol 

yielded I)-galactononltrilc pentaacetate (I; Z!h.hg. 62.h 1’1, 1. Recrystalllzerl froin Ctlli~IlOl, 

it had m.p. 13X I30 , [7][, t-l32 : lit." n1.17. 13X I30 , [71r, -t--II 2 . 2nd its 

‘H-n.m.r. spectrum was lduntical to that rop~~rtcd-‘“.“’ li>r I. 

The mother liquor\ were evnpor atcd to a syrup frl>m which h~dro~~laminc 

trincetatc. ldcntilicd hq It\ ’ It-n.m.r. spectrum (CDCI, ): ii 2.27 (\. OAlJ) iilld 2.31 

(5. 2 Nk). \\iis removed ;ls iI mobile liquid by d&llntion at 0. I tnrr’X0 (bath 

temp. ). The rcmainlng syrup yicldcd :~-l~ydro~y-/l-o-g~~l;~~t~~f~~r~~~~~~~~larn~nc hc~- 

ilCetilk (7) as crystals (0.28 g) from ethainol (\\itli the aid 01‘ a nuclcoting crystal 

obtained by prcparativr4.c. fractionation of it \imllur reaction producl. and storugc 

of syrupy 7 for several months. during which It spontnnzouJy cr>st;~lli~~J ). Rc- 

crystallized from ethyl Licetatc--light petroleum cthci. it had m p. IOX I IO _ [xl,, 

27.9 . The qchc oxime hexaacetate prepared hy I)eulofeu (‘r trl ” hy ;Icetylatinn 

of n-galactose oximo had m.p. 106’. [.x][, 27.-l . 

4nul. Cd. for C,,H,,NO,; C. 4X.3: H. 5.6: N. 3. I. Found: C. 4X.5: II. 5 9; 

N, 3.2. 

A second crop of crystalline material (2.6 g) proved to he iI 2. I mlxturc 

(‘H-n.m.r.) 01. nitrilc I illld the /I-furanosyl derivati\c 7, laislng the total yield of 

nitrile 1 to 66.5”,,. The remaining liquors Mere fractionated on :I 4umn of srlicn 

gel elutcd with I :1 to I . I ethyl acetate -light petroleum cthrr. the cluate\ being 

pooled into a more- and a less-mobile fraction. 

From an ethanol solution of the more-mobile fraction. ~~-hqdro\~-r-n-gslactc,- 

furanosylaminc hexaacctote (8) was ObtaIned as Jinc nccdlcs (0.47 g) (i\lth the ad 

01‘ LI nucleating crystal obtained on prolonged storage of another fraction from the 

preparative-l.c. e~pcriment nlreadq mentioned). Rccrystalhz& rrom ethanol. it had 

m-p. IX-130 , [PIED, +75.-l . /II;: 447.13c) (M ‘: talc, for C,,HI~KO,I. 447.138). 

Anal. Calc. for C,,tI,,,NO,,: C, 48.3: H, 5.6: N. 3 I. Found: C. 1X.2: t1. I3.0: 

N, 3.1. 

The syrup residue ( I. I I g). [r]u t-30.5 ‘. from the latter crystnllizatic~n v~as 

shown by ‘?J-n.m.r. spectroscopy to consist of :~-hydroxy-ll-I,-gi~alactopqrano~~l- 
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amine hexaacetate (4, 1.9%) and its r- and fl-furanosyl isomers 8 and 7, in the ratio 

of8:l:l. 

The second, less-mobile, chromatographic fraction yielded a further crop of the 

P-furanosyl derivative 7 (0.74 g; total yield, 15.9 ‘x/o) and of the a-furanosyl derivative 

8 (0.14 g; total yield, 1.2 %) on fractional recrystallization from ethyl acetate-light 

petroleum ether, and then ethanol. 

N-Acetyl-N-hydroxy-/?-D-galactopyranosyhnine (5). - A portion (0.56 g) 

of the syrupy mixture from the preceding experiment (which was an 8: 1 : 1 mixture 

of the isomeric hexaacetates 4, 7, and 8) was 0-deacetylated with sodium methoxide 

in methanol, and the base was then neutralized with an ion-exchange resin (H+). 

The product yielded crystalline 5 (0.16 g, 52 7:) from ethanol-ethyl acetate. Re- 

crystallized from aqueous ethanol, it largely melted at 200-202 ‘, with decomposition 

and gas evolution, although portions of the sample decomposed as low as 191’) 

and it had [cz]~ +37.6” (c 2.4, water). 

Anal. Calc. for C,H,,NO,: C, 40.5; H, 6.4; N, 5.9. Found: C, 40.2; H, 6.6; 

N, 5.8. 

N-Acetyl-N-hydroxy-fl-rqalactofurunosyhmine (9). - The hexaacetate 7 was 

0-deacetylated with sodium methoxide in methanol, to give a single component 

(t.1.c. : R, 0.40 in I5 : 2 : 2 : 1 acetone-chloroform-methanol-water). The base was 

neutralized with an ion-exchange resin (H+), and the solution evaporated to a 

colorless syrup, characterized by its ‘H-n.m.r.- (Tables I and II) and i3C-n.m.r.- 

spectral (Table III) data. 

Preparation of the PAAN derivative of D-glucose. - D-Glucose (5.0 g) and 

hydroxylamine hydrochloride (3.15 g, 1.6 mol. equiv.) were stirred and heated in 

pyridine (55 mL) for 15 min at 70”, during which time, dissolution occurred. The 

mixture was removed from the hot bath, acetic anhydride (45 mL) was gradually 

added, so that the temperature remained at 70-SPj”, and then the solution was kept 

for a further 30 min at 70”, cooled, evaporated in VUCUO, and the residue partitioned 

between chloroform and dilute hydrochloric acid. The organic phase was washed with 

aqueous sodium hydrogencarbonate solution, and evaporated to a syrup that crystal- 

lized from ethanol to yield D-glucononitrile pentaacetate (2, 5.55 g). Recrystallized 

from ethanol, it had m.p. 83-86”, [c~]n $47.7”; lit.” m.p. 83-84”, [E],, +48”. 

The mother liquors were fractionated by flash chromatography on silica gel eluted 

with 1 : 1 ethyl acetate-light petroleum ether, to yield a further crop of 2 (1.12 g; 

total yield, 62.07;) and a less-mobile, syrupy mixture of N-hydroxy$-D-glucosyl- 

amine hexaacetates (3.52 g, 28.3 %), shown by 13C-n.m.r. spectroscopy (with n.0.e. 

suppression) to be a 3 : 5 : 1 : 1 mixture of the p-pyranose isomer 6, the p-furanose 

isomer 10, and two minor isomers. Although these compounds were of very similar 

chromatographic mobility, pure samples of the major two were obtained by repeated 

chromatography. The more-mobile, P-pyranose isomer 6 crystallized from aqueous 

ethanol as fineneedles, m.p. 113-116”, [alr, +7.3 ‘; lit.” m.p. 113-115”, [a],, +7.3”. 

The less-mobile, furanose isomer 10 was obtained as a colorless syrup, [alI, 

+6.2”, m/z 447.139 (M+; talc. for C,,H,,NO,,: 447.138). 



Anal. Calc. for C,,H,,NO,,: C, 48.3: H. 5.6: N. 3.1. Found: C. 4X.6: 1-i. 5.9: 

N, 3.0. 

Loam’-ttnlJ~tlaturc acet~Vation oj‘ ~-glucose oshw. - This acetylation was con- 

ducted in acetic anhydridc--pyridine for ‘4 h at O”, and then for 73 h at room tempera- 

ture, as described by Behrend3”. Thus, crystalline [)-glucose ox~me (I I g) yielded 

N-hydroxy-ll-o-glucopyranosylamine heaaacetatr (6) as \+hite needle\ (2.03 g, XI “,, 1 

from ethanol-water; m.p. 115--l 19 , [PC],, -t7.3 , Identical (by t.1.c. and ’ H-n.m.r. 

spectrum) to the material from the preceding experiment. 

u-Galactosc~ o.\-ifnr. ~- To a solution of hydroxllamine hydrochloride ( 1 1 .h5 g) 

m dry methanol (75 mL) was added a solution of sodium metal (3.0 g) In dry methanol 

(60 mL). The resulting suspension was filtered from precipitated salt directI) into ;I 

flask containing v-galactosc ( i 5 g, anhydrous), and the whole v,as he:ltcd under 

reflux for 0.5 h. The sugar soon dissolved. and towards the end. the nhirnc began to 

crystallize. The suspension was kept for I day at room temperature. and then the 

D-galactose ovime was isolated by filtration. and recrystallized from ethanol--water. 

to give white crystals (IO.2 g, 63”,,), 111.~. 175 17X’ (dcc. ). [x IfI” (( 1.0, \\ater). 

+45.7 (3 min) --f +35.3 (X5 min) 3 3-15.4 (17 h): ((. 1.1. ;,!ridinc). +57.h (IO 

min) ---f 1-51.4 (65 min) --+ -t53.3’- (20 Ii): lit;‘” m.p. 17f?-17X , [r]f,’ +X3 (cutru- 

polated. initial value) ---t fl1.5 (tinal) ((, 1.01. water); ‘H-n.m.r. data (I.~,()). 

6 7.60 (d, ,I 1,2 5.X Hz, H-I: 12). 6.97 (d, J,,, 5.6 Hz. H-l: 13). 5.13 (dd. ,/2,3 I.!, Hr. 

H-2; 13), 4.54 (dd. .12,3 1.X Hz: 12). and 4.1-3.1 (m. remaining protons); (CSD,NI: 

h‘ 12.80 (br s, N-01-I). X.4-l (d. J,.2 6.9 Hz, H-l; 12), ;lnd 7.6‘) (d. .I,., 5.7 H7, H-l; 

13, partially merged with solvent resonances). 

I thank Dr. I. J. Miller for helpful discussions, Miss C. Sheppard for recording 

the mass spectra. and Drs. H. Wong and R. Newman for recording the n.m.r. spectra. 

The 270-MHz, ‘H-n.m.r. spectra were recorded at the A.N.U. n m.r. faclllty in C:ln- 

berra, Australia, and the high-resolution, m.s. data were obtained through the 

Chemistry Division, D.S.I.R., Christchurch. N.Z 
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