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.4 synthesis of L-dendroketose (5) has been achleked by microbIolo@cal 
oxidation by Acetobacter mbox~dans of the branched-chain aldiiol 2-C-(hydroxy- 
methyl)-o-er~,rhro-pentitol (4). Treatment of the oxidation product with acetone, 
copper(I1) sulfate, and sulfuric acid nflorded the two di-O-isopropylidene-r-dendro- 
ketose derivatives 6 and 7. Assignment of configuratlon at the branching carbon atom 
(CA) and at ihe anomeric center in 6 and 7 was n;nde on the basis of the carbon-13 
magnetic resonance specrra of these derivatives. 

DISCUSSION 

In 19-19 a preparation of a branched-chain stlgar, by self-condensation of 
IJ-dihydroxy-2-propanone in the prcbence of dilute alkali, i\as reported by Uthin’. 
The sugar was named dendroketose, and the L isomer was observed to be preferen- 
tially fermented by a mold, leavrng the D isomer. -I-C-(hydroxymethyl)-o-g/l*rero- 
pentulose. which could then be Isolated (see Scheme I). A project in this laboratory 
IS concerned with stereospecific syntheses of derivatives of one enantiomer of 
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Scheme I. 

dendroketose, including nuclcoside analogs. There has been considerable interest in 
recent years in the synchcsis of branched-chain sqars, particularly because of their 
occurrence in several antibiotics’. The present pubhcation describes a synthesis of 
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r-dendrokerose by way of a mlcrobiologul oaidallon of a branched-cham alditoi b) 

Acerohac~er suboxrtfurrs. The microbiological oxidation* of sugars and their 

denvntives by the acetic acid bacteria’. Acerobacrer subo.rydans. has been studied 

extensively. In the pH range 5-6.5. the oxidative specificity tov\zrds alditols has been 

formulated as the Bertrand-Hudson rule’. Thus, a polyhydric alcohol containing 

the structural unit I IS oxtdized mainly to afford the ketose 2. 
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2-C_!Hydroxqmethyl)-2,3:4,5-di-O-isopropylidene-~-ef~~f~~o-pentitol (3) was 

prepared, as descnbed6 prevrously. by treatment of 2,3:4,5-di-Gisopropylidene- 

a/dr/~~.~lo-D-arablnose with formaldehyde m the presence of sodturn hydroxide. Actd- 

catalyzed hydrolysis of 3 afforded syrupy 2-C-(hydroxymethyl)-o-er_rnrhro-peotltol (-I). 

On the basrs of the Bertrand-Hudson rule, the branched-chain alditol4 was consrdered 

to be a posjrble substrate for oxidation by Acefobocrer slrbos.rdans to yield 4-C- 

(hydrouymethyl)r-gIJ*cero-penrulose (5. t_-dendroketose). Indeed. compound 4 was 

oxidized during 5 days IO afford a compound that migrated In paper chromatography 
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*For J. survey of mlcroblologlcal. alcohol deh)drogenallon, se ref. ?. 
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at the same rate as an authenilc sample of DL-dendroketose’, and which could be 

acetonated by three procedures (see Experimental section) to give the 1,2:3,4 and 

7,3:3,-F’-dl-O-isopropyl!dene derlbati\es (6 and 7. respectively) of L-dendrcketose. 

The coniipuration at the brsnchin g carboo atom (C-4) and at the anomeric 

center In compounds6and 7. and thecompletestructureof 7. wereassigned bycarbon- 
13 mngnetlc resonance spectroscopy. An earlier publlcatlon’ from this laboratory 
described the solution of such stereochemical problems by application of this 

technique to a series of dendroketose derivatives: one of rhe compounds studied was 
I .2:3,4-di-O-lsopropylldene-oL-dendroketose. and, on the basis of the results 

obtained in that study. the srructure of the L Isomer prepared in the present work can 
be assigned as shokvn by formula 6. The ’ ‘C chemical shifts of the di-O-isopropylidene 

derivatives 6 and 7 and of three additional. relevant compounds are documented in 

Table 1. The three additional compounds are the mono-O-rsopropylidene deriva!ive 

8, obtained by partial. acid-catalyzed hydrolysis of 7. J-C-(hydro~ymethyl)-2.3-0- 
rsopropylldene-z-t_-errl/rro-pentulofuranose’.” (9). and 3-C-I hydroxymethyl)-I ,2-O- 

isopropylldcne-P-L-threofuranose’ I I .?-O-isopropylidene-o-apio-p-1 -furanose) (IO). 

The chemical-shift data for compounds 9 and 10 are those reported In the earlier 

publication’. A comparison of the chcmlcnl shifts of the signals in the spectra of 

compounds S-10 establishes that the dendrohetose derlkatives 8 and 9 are epimeric 

at C-4. Thus, the C-l and C-2 chemical shifts in the spectrum of 8 are almost Identical 

to those of the corresponding signals In the spectrum of 9. whereas the C-3. C-4. and 

C-4’ chemical shifts in the spectrum of 8 are nearly idenrical to those of the cor- 

responding signals (C-3. C-3, and C-3’. respectlrely) In the spectrum of 10. Clearly. 

the establishment of the structure of the mono-0-lsopropylldenc deriyatlke 8 permits 

formulation of tbe di-O-isopropylldene precursor 7 as shown. The signal assignments 

In the “C n.m.r spectrum of compound 7 could be unequivocally made from the 

proton-coupled spectrum. 

EkPERIhlENTAL 

General nrefhorls. - Melting points were determined on a Fisher-Johns 
apparatus and are uncorrected. Optical rotations were measured with a Perkin-Elmer 

hlodel I41 automatic polarkmetcr at 23 t-3’. T.1.c. was performed with Silica Gel G 
1s the adsorbent In the following solvent systems (v,lv). (,4) S: I ethyl acetate-ethanol; 

IB) 5.2 petroleum ether-ethyl acetate: (C) I:3 petroleum ether-ethyl acetate. The 

term ‘*petroleum ether” refers to the fraction of b.p. 60-SO”. The developed plates 
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were air-dried. snd compounds located by heating the plates at h 150” after they had 

been sprayed pith IOSb aqueous sulfuric acid containing 1 O/b of cerium sulfate and 

1.5?& of molybdic ‘acid. Column chromatography was performed on silica gel 

(70-230 mesh). Paper chromatography was performed by the descendmg method ar 

room temperature on Whatmnn No. I chromatography paper in the following 

solkent systems: (J) m 7: I :2 (v/v) ! -propanol-ethyl acetate-water; (I I) 0.55% (U./V) 

solution of benzeneboronic acid in 9:2:2 (v/v) ethyl acetate-acetic acid-watery 
Sugars were detected on paper chromatograms by the foliowin_g spray reagents’ 
(i) aqueous sodium metaperiodate, silver nitrare. and sodium hydroxide solutions’“. 

(ri) triphenyltetrazolium chloride’ ‘. Carbon- I 3 magnetic resonance spectra were 

recorded in chloroform-don a Bruker HS-60 spectrometer equipped with an FT60hl 

Fourier transform accessory at 15. I hl Hz, with tcrramethylsilane as internal standard; 

chemical shifts are given in parts per million downfield from tetramethylsilanr. 

Proton-coupled spectra \rerc recorded emplo! ing the usual sated-decoupling 

techruque. 

2-C-(H~drorrr,l~rh~I)-o-erythro-penriro/ (-$). - A solution of 2-C-(bydrouy- 

methyl)-2,3:4,5-dl-0-Isopropylidene-o-er~~-pentitol~ (3) (2.0 g) in 50 ml of 4: I 

(v/v) ethanol-water was shaken lvith Rexyn-IOI (H’) resin at room temperature until 
t.1.c. (solvent 4) revealed only the presence of one major component (R, 0.09) and a 
trace of another component (RF 0.55); paper chromstogaphy (solvent I, spray i) 

revealed the presence of one major component (RSORBOSE 1.22) and traces of t\ro 
faster-mobing componenr,s. The resin was removed by filtration. and the filtrate was 

neutralized bvith a basic Ion-exchange resin; concentration of the solution afforded a 

syrupy product. Column chromatograph> (solbent A) afforded an analytically pure 

sample of the aldltol 4 a~ a syrup; [irID + 14.8 2 I” (c 0.88, kratcr). 

Arral. Calc. for CsHIAO,: C, 39.6; H. 7.8. Found: C. 39.9: H, 7.8. 
Oxidation of 4 br* Acetobacter subotydans. - To a solution of compound 4 

(4.6 g) in tap water (200 ml) were added D-glIJCOSr: (0.1 g), potassium dihydrogen- 

phosphate (0. I 8). and yeast: extract powder ( I .O g, ICN Pharmnceutlcals, Inc.). The 

solution ~3s di\ ided into SO-ml portions. and each was placed in a 150-ml Erlcnmeycr 

flask. The solutions were autoclsved at 15 Ib.m-’ for IS min, cooled to room 

temperature and then inoculated with -2 ml of a 4%h culture of .-Icetobacfer 

subouvduns (A.T.C.C. No 62lH) grown in D-glucitol solution: lcithin 2 days the 
broths became very turbid. The progress of the oxidation Has monitored by paper 
chromatogaphy (solvent Il. spray i or ii), lvhich showed that the starting materlal 

(KORBOSE 2.24) was convened into a single component (RsoRBos, 2.00). The ovidalion 

Has complete within 5 days; growth was then terminated by the oddltron of ethanol 

(2 volumes) and a small amount of decolorizing carbon. The mistures were filtered, 
and the filtrates were combined and concentrated to a syrup (5.4 g); this syrup, which 

consisted of the new compound in addition to L-sorbose and the other residues from 

the oxidation mi.xtures, was employed, without fractionation, in the acetonation 

experiments. The new compound migrated in paper chromatography (solvent I, spral 

i or ii) at the same rate as an authentic sample of DL-dendroketose’ (RSORBOsE 1.26). 
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Preparation of di-O-isopropj4idene-i-dendrokerose derivatives 6 and 7 - (a) A 

mixture of the crude syrup obtained by oxidation of the sample of the aldltol 4 

derived from 18.5 g of 3, Reuyn-101 (H’) rejin (- 100 ml, washed with anhvdrous 

acetone). and molecular sieves (Davison, 3 A pore size) m anhydrous acetone 

(600 ml) was shaken for 5 days at room temperature; t.1.c. (solvent f3) showed that 

all of the starting material (RF 0.00) had been consumed and revealed the presence of 

two new major components (RF 0.40 and 0.33). The mixture was fiitered. the filtrate 

was neutralized with a basic ion-exchange resin, and the solurion was evaporated to a 

syrup; fractionation (solbent B) on silk gel afforded the dl-0-isoprop>lIdene-L- 

dendroketose derivatives 6 and 7. The component having RF 0.40 WLIS obtained 

crystalline and WIS identdied as 3-C-(hydrouymethyl)-I .X3,3-di-O-isopropylidene- 

p-L-eryfilro-pentulofuranose (6, I ,2:3,Qdi-O-isopropylidene-L-dendroketose). Re- 

crystallization from petroleum ether gave 6 as svhite needles (2.7 g, l-I’& from 

compound 3). m.p. 87-88’. [aID + I I7 + I c (c I .2, acetone); lit. ’ for the D ennnriomer. 

m.p. 89”, [cr]r - I2 I ’ (acetone). The 13C n.m.r. spectra of the compound obtained 

in this experiment and of I ,2:&J-di-O-isopropylidene-DL-dendroketose (see ref. 7) 

were identical. 

The component having RF 0.33 was also obtained crystalline and was identified 

as ~C-(hydro.uymethyl)-7.3:4.4’-di-O-isopropylidene-~-o-f~~reo-pentulofurano~e (7. 

3,3:4,4’-di-O-isopropylidene-L-dendroketoje). Recrystallization from petroleum ether 

(b.p. 30-60”) gave 7 as white needles (I.7 g, 9?b from compound 3), m.p. 58-59’. 

MD - 63.2” (c I .6, acetone). Utkin ’ 2 has reported the preparation of a 3.3:3,1’-di-O- 

isopropylidene derivative of D-dendroketose. m.p. 63.5~63.5”, [a];’ + 60.5” (acetone). 

Carbon-13 chemical-shift data for compound 7 are giben in Table 1. 

Anal. Calc. for C,,H,,O,: C, 5S.J; H, 7.8. Found. C, 53.1 ; H, 7.7. 

(6) A mixture of the crude, oxidation product (derived from 18.5 g of 3). 

copper sulfate (Xl g), and concentrated sulfuric acid (6 ml) in anhydrous acetone 

(700 ml) was shaken for 60 h at room temperature. The ml?tture was neutralized with 

concentrated aqueous ammonia, filtered, and the filtrate concentrated to a syrup: 

t.1.c. (solvent B) revealed the presence of two major components having the same R, 

values as those obtained in experiment (a). The crude syrup was dissol\ved in dichloro- 

methane, and the solution was washed Liith water (2 x 75 ml), dried (magnesium 

sulfate), and evaporated. Fractionation (solbent B) on silica gel afforded compounds 6 

(I .3 g, 7% from compound 3) and 7 (0.8 g. 4.5% from compound 3). 

(c) A mutture of the crude. okldation product (derived from 3 3 g of 3). fineI> 
powdered. anhydrous zinc(ll) chloride (I.5 g), and copper sulfate (3 g) in 

anhydrous acetone (100 ml) was stirred fo: 6 days at room temperattire. The reaction 

mixture was processed as described in experiment (b) to agaln afford compounds 6 

(-0.1 g) and 7 (-0.6 g). 

4-C-( Hl~dror]1nleifI~11)-2.3-O-isoprop.~~lidene-~-D-t hreo-perrflrl&ranose (8). - A 

solution of compound 7 (390 mg) in 9:1 ( I/ p) 1 \ acetone-water was stirred with Rexyn- 

IOI (H+) resin at room temperature until t.1.c. (solvent C) revealed that all of the 

starting material (R,O.SO) had been consumed and only one new component 
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(RF 0.25) had been Formed. The resin was removed by Wration, and the filtrate was 
neutralized with 0.1 hl sodium hydroxide solution and evaporated to a syrup. Acetone 
was added, the mkture was filtered, and the filtrate was evaporated to afford the 
mono-O-isopropylidene, deriratibe 8 as a syrup (335 mg, 68%), [a], - 14.3:’ (c 0.6, 
chloroform). Carbon-13 chemical-shrft data for compound 8 are gven in Table 1. 
A 60-MHz p.m.r. spectrum of the product in chloroform-d showed tire, 3-proton 
singlets at 5 I .37 and I .S3 p.p.m. attributable to one O-isopropylidene group. 

Anal. Calc. for C,H,,O,: C, 49. I ; -H, 7.3. Found: C, 49.4; H, 7.2. 
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