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THE SYNTHESIS OF ACETAMIDO-DEOXY KETOSES 
BY ACETOBACTER SUBOXYDANS 

PART I' 

ABSTRACT 
The n~icrobiological oxidation of 2-acetamido-2-deoxy-o-glucitol by Acelobacter suboxydans 

yielded a crystalline ketose which is shown to be 5-aceta1nido-5-deosy-~-xylohexulose. 

INTRODUCTION 

The oxidation of unsubstituted polyhydric alcohols by proliferating cells of Acetobacter 
suboxydans has been studied intensively (1 ,2 ,3 ,4 ,5 ,  G ) ,  and has given rise to  the Bertrand- 
Hudson rule for oxidations occurring in the pH range 5 to 6.5 (7, 8). Thus, a polyhydric 
alcohol possessing the D-erythro configuration (I) is oxidized mainly a t  the secondary 
alcohol group adjacent to the terminal primary alcohol to give a ketose (11). Bollenback 
and Underkofler (9), Richtmyer, Stewart, and Hudson ( lo) ,  Hough, Jones, and RIIitchell 
( l l ) ,  and Jones and i\4itchell (12) investigated the microbiological oxidation of terminal- 
substituted polyhydric alcohols. The latter authors reported the oxidation of severaI 
alcohols, giving chroinatographic evidence for the presence of oxidation products, and 
characterizing completely the ketoses produced from 1-deoxy-1-S-ethyl-D-glucitol (11) 
and 1-deoxy-1-S-ethyl-D-arabitol (12). 

We now wish to  report the isolation and proof of structure of the lcetose 5-acetamido- 
5-deoxy-L-xylol~exulose (IV), produced by n~icrobiological oxidation a t  pH 5 to 6.5 of 
2-acetamido-2-deoxy-~-glucitol (111). Oxidation was slow when the culture medium con- 
tained only 2-acetamido-2-deoxy-D-glucitol, and was more rapid when glycerol (0.3%) 
was included. However, oxidation was not complete after 21 days. 

The product (IV) was obtained as a white crystalline solid. rlrialysis indicated an 
acetanlido-deoxy hexulose and the compound gave absorptions in the infrared corre- 
sponding to  OH, NH,  and the arnide linlcage. On periodate oxidation of (IV) in unbuffered 
solution it was found to consume 2.85 moles of perioclate with the liberation of 0.85 mole 
forinic acid and 0.8 inole formaldehyde per mole of sugar, which indicated that  the ketose 
(IV) possessed a pyrailose ring form. The lcetose (IV) gave a crystalline phenylosazolle 
(5-acetalnido-5-deoxy-L-xylohexose phenylosazone) (V, acyclic form) which possessed an 
acetamido-deoxy group and gave absorptions in the infrared corresponding to  OH, NH, 
the aromatic ring, and the ainide linlcage. The phenylosazolle (V), when oxidized with 
perioclate by the method of Hough, Powell, and Woods (13), consumed 1 mole of periodate 
immediately and released no forinic acid or formaldehyde. Periodate oxidation gave an 
inlmediate precipitate of the 1,2-bisphenylhydrazone of inesoxalalclehyde (VI) (14), 
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which was identified by nlixed melting point and comparison of its infrared specti-um 
with that of an authentic sample obtained from the periodate oxidation ol D-glucose 
phenylosazone (VII, acyclic form). These results indicated that  the osazoile (17) possessed 
hydroxyl groups a t  carboils 3 and 4 and that the acetamido-deoxy group was located a t  
carbon 5 .  Considered with the preceding evidence, these results indicate that the site of 
biological oxidation in 2-acetan~ido-2-deoxy-~-g~ucito~ (111) was a t  carboil 5 ,  in accor- 
dance with the well-known enzynle specificity for oxidations a t  pH 5 to 6.5. 

The ltetose (IV) was shown to be a derivative of L-sorbose by its reduction with sodi~~il l  
borohydride to 2-acetamido-2-deoxy-D-glucitol, which had melting point, optical rotation, 
and infrared spectruill identical with those of an authentic specimen. The ltetose (IV) 
gave, with acidified acetone, a non-reducing 0-isopropylidene derivative (VIII) \\-hich 
was not attacked by periodate under unbuffered conditions, indicating that  the mono-0- 
isopropylidene group spailned carbons 2 and 3 as in the case of 2,3-mono-0-isopropylidene- 
L-sorbose. 

C H 2 0 H  
I 

CI S H - C - N H C O C H ~  

'i I 

H-C-OH 
H-C-CH 

I 
I 

H-C-OH - c=o 
I I 
CH20H 

c H 2 0 H  

HO-C-H 
I 

H-C-OH 

H- C-OH 
I 
C H 2 0 H  

CH:N.NHPh 
C:N.NHP~ 

I I 
c :N-NHPh I t ~ o - c - H  1 c H 3 c o H N < j o ~  

C H O  H - C - O H  I - 
C H  C O H N - C - H  H  CH20H 

3  I 
C H 2 0 H  

OH H  
(V I )  

I 
HO-C-H  

I 
H-C-OH 

I 
"-C-OH 

I 

'The ~nicrobiological oxidations of I-acetai~~ido-l-deo>;).-N-111et11yl-~-g~icaiine ancl 
1,2-dideoxy-2-acetainide-D-glucitol have been carried out a n d  structural s t ~ ~ d i e s  are in 
progress on the ltetoses isola tecl . 

EXPERIMENTAL 

Solutioils were concentrated under reduced pressure (ca. 15 111111) below 40" C. Melting 
points are u~lcorrected and optical rotations were determined in \\rater a t  232~3'  C unless 
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otl~crmisc stated. Paper cl~romatography was carried out 011 \Vhatinan h o .  1 paper 
using the descei~ding method (15). The following solvent systcms were usccl (v/v) : 

(a) ethyl acetate - acetic acicl - formic acicl - watcr (18:3:1 : 4) : 

(b) butan-1-01 - pyridine - water (5:3:2) ; 
(c) butan-1-01 - cthanol - water (9 :3:3). 

Reducing compou~icls were detected \vith the p-anisidine l~ydrochloricle spray reagent 
(16) and ketoses with the orcinol/trichloroacetic acid spray reagent (17). Non-reducing 
coinpounds were detected with the alkaline silver nitrate spray reagent (IS). Rates of 
movement of the sugars on paper chi-omatograms are given rclative to that  of rl~amnose 
(Rrh). Infrared spectra were nleasured as a 6y0 solution in chloroform or as a 0.8% 
tlispersion in a potassium bromicle clisl;, using Perlrin-Elmcr NIodel 21 spectropho- 
tometer. 

L~lcetobacter suboxydans (A.T.C.C. No. 621) was obtained from the ilinerican type 
culture collection and maintained a t  5' C on slopes of agar (3% w:v) containiiig sorbitol 
(5% w:v), yeast extract powder (0.5% w:v), potassiuin dihydrogen phosphate (0.05% 
w:v), and D-glucose (0.05% w:v). At approximately 2-month intervals a broth containing 
sorbitol (7% iv:v), yeast extract powder (0.5% xv:v), anel potassiuin dihydrogen phos- 
phate (0.05yo w:v) in tap water was inoculated fro111 the slopes. After 72 hours, xvhe~~ 
growth of the organism was apparent, fresh slopes were i~loculated from the broth and 
left 2-3 days a t  rooin temperature whcn cream-colored colonies beca~nc visible. The 
slopes nTcre then storecl a t  5' C. 

5- Acetanz,ido-5-deory-L-sylohexz~lost: 
A broth consisting of 2-acetamido-2-deoxy-~-g~ucito~ (8.5 g),  prepared sodii~in 

borohydride reduction of 2-acetamido-2-c~eoxy-~-glucosc, glycerol (0.5 g),  yeast extract 
powcler (0.8 g) ,  and potassium clihydrogen phosphate (0.16 g) in tap water (IGO 1111) mas 
distributed among eight 250-1111 coilical flaslrs giving a surface:volumc ratio of ca. 2.5:l. 
'The broths were then autoclaved a t  15 11.s.i. for 20 minutes, allo\\~ed to cool, and each 
inoculated \vith one dl-op of a 48-hour culture of .~lcetobacter subosyda~zs gro\lrn in gl>.ceroI 
(G%). The broths were stored a t  room tenlperilture in the dark, without agitation, for 
21 clays. At intervals sinall samples ( 2  ml) were witllclrawn using sterile pipettes and the 
broth esaminecl on paper cl~romatogi-ains. The graclual disappearance of glycerol ancl 
the appearance of dil~ydrosyacetone (1,3-dihydroxypropanone) 2und a spot \vllich had 
Rrh 0.59 (solvent (c)), 0.73 (solvent (a)), O.G5 (solvent (b)), and gave a yell on^ color with 
orcinol/trichloroacetic acid spray were noted. A quantitative ineasure of the rate of 
oxidation was obtained by estimation ol the copper-reclucing power of the broth using 
the Somogyi inethocl (19). The results are recorded i n  'I'able I .  After 21 clal-s the broths 

TABLE I 

yield of ketose 
'l'imc (corrected for the presencc 
(days) of dihydroxyacetone) 

3 
11 
l'i 

were combined and poured into 2 volumes of ethanol. The cell debris \\-as ren~oved 
1,y filtration rune1 the filtrate was evaporated to about 20 1111 and then deionized by 
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passage through columns of Amberlite IR 120 (H) and Duolite A4 (OH) resins. The 
eluate was concentrated to a syrup which crystallized. The crystalline material was 
washed with ethanol and dried, m.p. 154-155' C,  mixed m.p. with 2-acetamido-2- 
t l e ~ ~ y - ~ - g l ~ ~ i t ~ l ,  154-15.3" C. nlother liquors from the crystallization were con- 
centrated to a syrup (2.4 g) which was deposited on cellulose powder and packed as  a 
level band on top of a cellulose column (54 cm X4.5 cm). The column was irrigated with 
butan-1-01 half saturated wit11 water, and 5-ml fractions of the eluate were collected 
using an automatic fraction collector (20). The fractions were examined on paper chro- 
matograms run in solvent (c) and sprayed with alkaline silver nitrate spray reagent. A 
good separation of the sugars was obtained and the appropriate fractions were evaporated 
to dryness yielding crystalline 5-acetamido-5-deoxy-L-xylol~exulose. One recrystallization 
from ethanol/ether gave crystals m.p. 174-176' C ,  [a]= -62. Anal. Calc. for C8Hl6O6N: 
C, 43.4; H ,  6.8; N,  6.3. Found: C,  43.3; H ,  6.9; N,  6.35. Absorptions in the infrared due 
to OH ant1 NH (broad fused peak a t  3300 cm-l) and the anlide linkage (1625 cm-I and 
1570 cm-l) were observed. For infrared spectrum see Appendix (A). 

Periodate Oxidatio?z of 5-Acetanzido-5-deoxy-L-xylohexulose 
The ketose (50.62 mg) was dissolved in about 40 1111 of water, 0.3 M sodium nleta- 

periodate (5.0 ml) was added, and the volume was made up to  50 ml with water. A blank 
was prepared with 0.3 M sodium metaperiodate (5.0 ml), which was made up to 50 ml 
with water. The solutions were stored in the dark a t  room temperature and 5-ml aliquots 
were removed a t  intervals from each of the two solutions for the determination of 
periodate uptake (21) and formic acid production (22). Formaldehyde production was 
measured by the cl~rornotropic acicl method (23). The results are recorded in Tables 
I1 and 111. 

TABLE I1 
Oxidation of 5-acetamido-5-deoxy-L-xylohexulose 

Time Periodate uptake Formic acid production 
(hr) (moles/mole) (moles/mole) 

TABLE 111 

Time Formaldehyde production 
(hr) (n~oles/mole) 

5-Acetamido-5-deoxy-L-xylohexose Phenylosazone 
5-Acetamido-5-deoxy-L-xylohexulose (45 mg) was dissolved in water (2.4 ml), and 

acetic acid (0.24 ml) and freshly distilled phenylhydrazine (0.24 ml) were added. The 
mixture was heated in a boiling-water bath for 15 minutes, after which time the phenyl- 
osazone had crystallized. The solution was cooled and the phenylosazone was collected 
by filtration, washed with ice-cold dilute acetic acid, ice water, and cold (-GO0 C) 
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methanol, ancl then clriecl. One recrystallization fro~il ethanol gave a )-ello\\- powcler 
(small needles) m.p. 202-203' C (clecomposes). (An optical rotation coulcl not be n~easurecl 
due to the intense color of the osnzone.) Anal. Calc. for Cl~F1~50,Ns: C,  60.15; H ,  6.3; 
N,  17.5. Found: C, 59.7; H ,  6.35; N, 17.3. 

AAbsorptions in tlie infrared due to 01-1 and NFI (broad fused peal; a t  3300 cn-I), tlie 
aromatic ring (3030 cm-I, 1G05 c i~ i -~ ,  1500 c111-~, 745 cm-', 690 cm-I), and the :unide link- 
age (1647 cin-I, 1.583 cm--') were observed. The infrarecl spectrum is given in tlie Appeildix 
(B). 

Periodate OxirEation o j  5-~lcetamido-5-rEeo..cy-~-.vylolzexose Phenylosazone 
The methocl of Hougli, Powell, and Woods (13) was usecl. The results are shown 

in 'Table IV. (Form~l:lehy~le was estiin-~te:l by tlie cliro~notropic acid metl~ocl (25) .) 

TABLE IV 
- 

Time Periodate uptalce Forluic acid Formaldehyde 
(hr) (moles/moie) (~noles/mole) (nioles/~noie) 

On oxidation a bright yellow precipitate of the 1,2-bispheiiyll~ydrazonc of mesoxalal- 
dehyde was obtained. The material was collected by filtration, wasliecl with water, 
recrystallizecl from aqueous ethanol, and obtained as orange neeclles, m.p. 188-189.5' C. 

1,2-Bisphenylhydrazone of Mesoxalaldehyde ( I , + )  
11-Glucose phenylosazone was prepared (300 ing) ancl dissolved ill 50% aqueous ethanol 

(500 ~n l ) .  Sodium metaperiodate (20 inl; 0.3 119) was added with vigorous stirring and 
after about 15 seconds a curdy inass of fine orange-yellow needles was precipitated. 
The mixture was allo\ved to stancl for 15 minutes, then the crystals were collected 
by filtration, and waslied with cold aqueous ethanol and dried. One recrystallization 
from aqueous etlianol gave orange needles, m.p. 188.5-190.5' C. 

Tlie two specimens of the 1,2-bisplienylliyclrazone of i~iesoxalalcleliyde liad mixed 
m.p. 188-1S9.5' C ant1 liad identical It,,, values on paper chromatograms run in solvents 
(a), (b) ,  and (6) (Iirl, 2.03, 1.58, and 2.9 respectively). The infrared spectra were identical 
and sllowed absorptio~is due to  NH (3310 cm-I), the aroiiiatic ring (3050 cm-', 1605 cm-I, 
1300 cm-l, 745 cnl-I, 687 cm-I), and the unsaturated alclel~yde group (1 675 cn-I). Furtlier 
details of tlie infrared spectrum are given in the Appenclix (C). 

Potassiz~n7 Borolzydride Redz~ction o j  5--1cetamido-5-deoxy-L-xylolzexz~lose to 2-,'lcetamzdo- 
2-deoxy-D-glucitol 

3-Acetainido-3-deoxy-L-xyloliesulose (100 mg) was clissolved in water (10 1111) and tlie 
solution was cooled in ice. A solution of potassium borohydricle (100 ~ng)  in water (10 1111) 
was addecl dropwise, with stirring, over a period of 30 minutes and the solutioil was tllen 
stirred a t  0' C for 3 Iiours, after which time it was ilon-reduciizg towards Fehliiig's 
solution. Ainberlite 11%-120 (H) resi~z was addecl to  clccompose excess potassium boro- 
hydride and tlie solution the11 passed through a column of Amberlite 11%-120 (13). 
The eluate and washings froni tlie column were concentrated to a white amorphous residue 
whicli was repeatedly evaporated to clryness wit11 methanol to remove boric acicl as 
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methyl borate. The residue was dissolvecl in hot inethanol and ether atitled to incipient 
turbidity. On cooling, white needles (57 mg) of 2-acetamido-2-deoxy-D-glucitol were 
deposited. A further crop of crystals (30 ing) was obtained on concentration of the mother 
liquors. The inaterial had 1n.p. 154-156' C, mixed 1n.p. with an authentic specinlei1 of 
2-acetamido-2-cleoxy-D-glucitol, 153-156' C, and [a], -10.8'. The crystalline material 
gave one spot when run on paper chromatograins in solvents (a), (b), and (c), detected 
with the allcaline silver nitrate reagent. The spot had Rrl, values identical with those of 
the authentic specinlen (solvent (a) 0.79; solvent (b) 0.62; solvent (c) 0.50). The infrarecl 
spectra of the derived and authentic specimens were identical and showed absorptions 
clue to OI-I and NH (very broad pealc a t  3300 cin-l) and the ainide liillcage (1645 cm-l, 
1587 cm-I). Further details are given in the Appendix (D). 

2,3-1~o~~o-O-isopropylide~ze-6-aceta?nido-5-deoxy-~-xy~ohexulose 
5-Acetamido-5-deoxy-L-xylohexulose (100 mg) was shaken with dry acetoile (60 ml) 

containing concentrated sulphuric acid (2 drops) for 24 hours. At the end of this time the 
clear solution was neutralized with barium carbonate, filtered, and the filtrate was con- 
centrated to a clear colorless syrup (120 ing) which was examined on paper chroinato- 
grains run in solvents (a), (b), and (6). The p-anisidine hydrochloride spray reagent 
showed only a very faint spot due to 5-acetainido-5-deoxy-L-xylol~exulose. However, the 
orcinol/trichloroacetic acid spray reagent revealed also a strong spot due to the O-iso- 
propylideile compound with the following Rrh values (Table V). A11 ethanol solution of 

'TABLE V 
. . - - --- - . - -- -- .- - 

Rrh (f = faint, s = strong) 

Solvent p-Anisidine hydrochloride Orcinol/trichloroacetic acid 

0.73 (f) 
0.65 (f) 
0.59 (f) 

0.73 (f)+1.86 (s) 
0.65 (f)+1.73 (s) 
0.59 (f)+1.95 (s) 

the syrup wa<applied to Whatrnann 3 inn1 paper and developecl in solvent (a) over- 
night. ~ h ~ s e c t i o n  containing the 0-isopropylidene ketose was cut out and eluted with 
50% aclueous ethanol. The eluate was passed through Ainberlite IR-120 (H) and 
Duolite A-4 (OH) resins and then concentrated to a clear colorless syrup (108 mg) 
which was chromatographically pure. The syrup had [a], -51" (c, 2.16 in ethanol), and 
was non-reducing towards Fehling's solution. The infrared spectrum showed absorptions 
due to OH and NI-I (broad pealc at  3360 cin-I), the ainide linlcage (1665 cm-l, 1560 cm-I), 
and t h $ ~ - m e t h ~ l  group (1460 cm-l, 1380 cm-I). A considerable reduction of the OH pealc 
as compared to that of 5-acetamido-5-deoxy-L-xylohexulose was observed. Further 
details are given in the Appendix (E). 

Periodate Oxidation of ~,S-Mono-O-isopropylidene-5-acetamido-6-deoxy-~-xylohexulose 
The 0-isopropylidene lcetose (75 mg) was dissolved in 50% aqueous ethanol (ca. 40 1111). 

A 0.3 M quantity of sodiuin metaperiodate (2 ml) was added and the volume made up 
to 50 in1 with 50% aqueous ethanol. A blank solution was prepared containing 0.3 M 
sodium metaperiodate (2 ml), which was made up to 50 in1 with 50% aqueous ethanol. 
The solutions were stored in the dark a t  room temperature and 5-ml aliquots removed 
a t  intervals for estimation of periodate uptalce (22). No periodate was taken up by the 
0-isopropylidene ketose. 
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APPENDIX 

Infrared Spectra 
The following abbreviations are used: s = strong, m = medium, w = weak; wave 

numbers expressed in cm-l. 

( A )  5--4ceta~~ido-5-deoxy-L-xylohexulose (0.8yo in KBr) 
3300 (s), 2950 (m), 2880 (m), 1625 (s), 1570 (s), 1510 (m), 1475 (m), 
1440 (s), 1400 (m), 1380 (m), 1360 (m), 1330 (s), 1310 (m), 1280 (m), 
1255 (m), 1225 (w), 1185 (m), 1160 (s), 1120 (s), 1100 (s), 1065 (s), 
1030 (s), 955 (m), 905 (m), 825 (s), 785 (m), 685 (m), 670 (m). 

( B )  5--4 cetamido-5-deoxy-L-xylohexose Pkenylosazone (0.8% in KBr) 
3300 (s), 3030 (m), 2960 (in), 2910 (m), 1647 (s), 1605 (s), 1583 (s), 
1540 (s), 1500 (s), 1450 (m), 1420 (m), 1385 (m), 1305 (m), 1257 (s), 
1170 (in), 1150 (m), 1105 (m), 1055 (m), 1010 (s), 960 (w), 890 (w), 
S80 (w) , 785 (w) , 745 (m) , 690 (m). 

( C )  I ,2-bis Phenylhydrazone of ilIesoxalaldehyde (Azithentic and Derived Specimens) (0.8% 
ifz KBr) 

3310 (s), 3050 (w), 2840 (w), 1675 (s), 1605 (s), 1550 (s), 1535 (s), 
1500 (s), 1355 (m), 1280 (s), 1245 (s), 1200 (m), 1170 (m), 1165 (m), 
1155 ( ~ n ) ,  745 (s), 705 (m), 687 (m). 

(D)  2---lcetam,ido-2-deoxy-D-glucitol (Authentic and Derived Specimens) (0.8% in KBr) 
3300 (s), 2940 (s), 1645 (s), 1587 (s), 1447 (s), 1385 (s), 1315 (s), 1277 (s), 
1255 (m), 1215 (w), 1145 (w), 1130 (w), 1090 (s), 1065 (s), 1010 (s), 
970 (m), 940 (w), 895 (w), 880 (m), 765 (m), 690 (s). 
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( E )  2,3-i7lono-0-isopropylide~ze-5-acetumidu-5-deo~y-~-~~~loI1e~zlose (6% in Clzlouoform) 
3360 (s), 3100 (w), 3030 (m), 2070 (w) ,  2010 (w), 1725 (\IT), I GG5 (s), 
1560 (s), 1460 (m), 1435 (m), 1300 (s), 1380 (s), 1315 (m), 1240 (s), 
1100 (s), 1115 (s), 1095 (s), 1076 (s), 1035 (1117, 075 (m),  960 (w) , 000 (s), 
885 (s), 835 (w),  815 (tv), 683 (w), 657 (w). 
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