
THE CON3lZRSION OF 2,4-.~NH\1’DRO-l-DEOYY-~-galacro- 
HEPT-I-ENITOL INTO I-DEOS~‘-D-~~~U~~~-HEPT’CJLOSE BI’ 
R.n_r.Ai Al-l-nSlnAsF; f’ Y -* LI. ._ . VI.-, ._I 

2,6-Xnhgdro- I -deo\) -D-gakzcro-hcpt- I -cnitol f.22) u ~5 prepared hy a mllltistcp 

synthesis from ~.6-anhydro-D-g~~,c‘l/.~~-L-r,ll7,r,ro-lptonic acid methyl ester (9). 

P-D-G3i:lCt05ld:lSc ctttal> sed the conversion OF 22 into I-dr’o.~~-~-gul~~~IO-heptUIOjT 

(231, and 1r-1 the presence of glycerol. gI>cer>I 2.6~anh)dro- l-deo~~-13-o-n~trlclo- 

hcptuloslde (25) V.JS aljo formed; 25 ~tiis a suhstrntc for /~-o-g~lactojld~se. The facile, 

enzyme-cntalvseJ nddllion of \\‘ater cr glycerol to 11x double bond of 22 is compared 

\vtth the normal /&D-g3kKtoSkk ciezt~s_ee in terms of a common triggering process. 

T4e enzyme-catnlyxd hydtolgsis of 25 15 the first example of ;1 hetojlde being cler~\ed 

by zn aldosidas?. 

INTRODtJCTlOY 

P-D-Glucosidase from s!!?et-almond cmulsln’. /i-D-glnctosidase from E. 

c~li’.‘. and maltose from Cawl~tlu II.O~!~IIIIJ~ (but not that from yeasi ‘) catal>se the 

ndditron of \\zrr’r or fl>cerol to D-~Iucal and ti-pnlactnl to gi\c 3-&s\phe\ojes and 

gl>crlr>l 2.deoxyhc\op\ ranosides. These reactions sugge<t that the gI>cal is held in 3 

flattened conformation l’E(Ij or Ed (2)]. 50 th:lt optimal rc’wmncr: between the ring 

1 2 

oxygen and double bond is possible, and so that 3 proton-donatin? group (AH) of 

the enzyme is sltuattzd in the vicinity of C-2 and mediates the formation of a ?-deouy- 

glycos~l cwon (~.a_. 344). 

*Llncommon I<NI~I~ oi Cil~io~~~I~~e Actlow Fart II. P3rt 1: Xl. Brxhhalls ami J. Lchmtinn. FE&S 
Laf.. til (19ih) 15-&1X 
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It is probable that the pathways of enzymtc P-D-glucoside and $-D-galactoside 

hydrolysis also include glycosyl cations. and it is likely that a proup (BH) protonates 

the glycosidic osygen, thereby making the aglycon a good leaving group and 
facilitating the production of a ~lycosyl catton (5 + 6). if this assumptton is correct, 

the hypothetical grouping B-H might also be capable of protonaring a nucleophilic 

carbon atom in a sterically comparable substrate, e.g . 7 + 8. 

In order to demonstrare the validity of our ren~onrn,, _, 0 7 6-anhydro- I -dco\y-D-ga/ocfo- 

hcpt-I-enitol (23) was synthesised, and studied as a novel type of substrate for 

fi-D-gaiactosidase. 

RESULTS AND DISC~SSIDN 

2,6-.4nhydro-D-y~~,c~~~o-L-nrorlrro-heptonlc acid methyl ester (9) !ias the starting 

material in the synthrs~s of 2.6~anhydro-I-deo\y-D-ga/urlo-bept-I-enitol (22). The 

S,7-0-benzylideoe derrvatjve (10) of 9 ivas reduced to 2,6-anhydro-5,7-O-bcnzylidene- 

n-g!l,cero-r-r,larrrlo-heptitol (12). wltich iv;15 tosylated and then debenzalnted to give 
3.6-anh~dro-l-O-tosyl-D-g~~~cero-I--,,ra,rrro-heptito~ (13). Acetylation of 14 and 

subsequent iodine-exchange gave 3,-I,5,7-tetra-O-acetyl-~.6-anhyddro- I -deosy- I -iodo- 
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D-g/~cer’U-L.-/~rorrao-heptlt~~ (16). Dehydrohalogenation of i6 yielded 3.3.5.7-tetra-O- 

acetyl-2,6-anhbdro- I -dcouy-D-galurro-hept-I-enitol (23) I! h!ch ~9s deacerylated to 

give 22. For kinetic studtes. “C-labelled 22 was prepared In a slmllar way, starting 

~rith tetra-0-acctyl-r-D-~alactopyranosyl bromide and mercury(I1) ‘JC-cyanlde. 

Hol‘mnnn elimipstion of I-amino-3,6-anhydro-l-deo~~-D-yl~~cero-L-1,~anrro- 

heptttol (17). which seemed to ofTer a shorter route LO 22, did 1101 yield the desired 

product. 

2.6-Anhydro-I-deoxy-D-galacro-hcpt-I-enltol (22) is readily hydrated to give 

I-deouy-D-g&c/o-heptulosc (24) on incubation with P-D-~alac~osidase: 24 is also 

formed at a much lower rate by non-enzymic addition of waw to 22. The structure 

of 24 was proved by preparing the icnwvn 2.5dichlorophenvlhydrazorx?. The rates 

of enzymic and non-enqmic reaction are shown in Fig. I. Rate determinations were 

carried out Lvith “,6-anhydro-I-deouy-n-galucro-hept-I-enitol./-”C (22) 

The rate of enzymic hydration of 22 ts tnhtbttcd by Isopropyl I-thio-fl-D- 

galactopyranoside (Fig. I), and preliminary experiments revealed that the inhibition 

is competitive. The apparent K, is within the ranpe 0.05-0.07~. and tbe velocity 

constant (k,,,) is 31-64 xc- ’ The data were calculated for a highly purified enzyme 

\\ith a mol. wt. 5~5.000 and c specific activtty of 360 U/mg. The reasonable value cjf 

k,,, (see Refs. j and 6) may bc explained by rhe assumption that a stable, tertiary 

carboxonium ion is involved in the raLe-determining step, N hich may support the 

hypothesis that the galactoside cleavage resembles an S._l (Ref. 7) or neighbourlng- 

group reacrion*. rather than an Sk3 type reaction”“. 

The enzytnically induced transformatton of glycal~‘-~ and the conversion 

22 + 24 illustrate the behaviour of glycosidases as specific protonating agenrs. Thus, 

if the ~lycosyl moiety possesses certain structural features, then a group (-AH or -BH) 
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FIN. I. Formatmn of I-dcox) -D-~~/~cra-hcp~ulo~c-~- ‘-‘Ct24) h\ the addIllon oiwater IO 2.6.anhydro- 

~-~t~~y-D-~~/~l-~o-b~Dl-~~~llO~-/- ‘+Z (22) (350flole!ml). ~LI) IO rhe pwencc oi 9.3 U/ml of 
/j-D-gnlnctojidaje ujing0.l \I sodium pho\phale butk fpH 6.S) contamlnc mv hlgCI? 31 30. (--Q-); 

tb) LA In (a). but \>lth rhe addlllao oil,oprop>l i-Ihio-8.o-sal~ccoppSmnoside (50 ~mole.‘ml) (-_O-); 

fc) sponlaneousl> (-a-_). 

at the active site of the enzyme will trigger a chemical reaction which need not be the 
ordinary cleavage of a plycosidic bond. 

Incubation of 2,6-anhydro-I-deo~y-o-galucro-hepr-I-enitoi (22) with glycrrol- 
1,3-‘4C and j?-bqlactostdase yielded (,7R)-_elyceryl-1,3-‘“C I-deoxy-B-o-gafacro- 
heptuloside (25). Periodate oxidation of 25 ,osve one mole of forn~aldehyde-‘JC. rhus 

protirng i’ast ihe giycos~d~c iInK Inwived C-i ofgiyceroi. ‘p’ -‘- -’ I-- -rr’-e -‘- ~~ I ne cnrrallry 01 me CgIyccryi 

moiety was assumed from analogous transfer reactions’ ’ with /Y-o-galactosidase. 
p-D-Gakxtosidase hjdroljsed 25 to give 24 and pljcerol, thereby establishing 25 as a 

fi-D-glycoside. 
To our knowledge, the enzymic cleavage of 25 is the first example of ketoside 

hydrolysis mediated by fi-D-@actosidase. A comparison was therefore made wrth 
glyceryl 2-deo?rq-P-o-ll,.ro-he\,opyranoside (Fig. 2). The release of glycerol from the 
I_,,-_ -----..-A . ..^_ -..-I- _I_ . .._ _ .I--- I-_-- ‘I= ~iik~er co~~~pou~~~ evils rrrucu >Iobvrr tuiln ~~OUJ ~2. 2nd .tin&r ibe s+&isic coo~iigjiis 

glyceryl P-D-~alactopyrsnoside was hydrolysed completely wrthin j min. Steric 
reasons may account for the lower rate of hydrolysis of 25 compared to that of 

giyc@rjl B-D-~alactopyrsnosidc. The much lower rate of hydrolysis of glyceryl 

2-deo\y-8-D-/~,so-he~opyranoside, compared to that of 25 (Fig. 2), may be due to the 
anchimeric assistance by a neiphbounng OH group, which ts present in 25 but not in 
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the former compound, and/or to (be stabillsation of the irltermediary carbownium 

ion by the methyl group in 25. 

Getzsrul mtdod~. - T.1.c. ~8s pa-formed on silica: gel F,:, (hlzrzk) wiih ethyl 

acetate-prop3n-2-ol-writer ( I25:70:35) for compounds having free hydroxyl groups, 

and ether-hghc petroleum (b.p. 60-70-l (4:l) f or Tully protected compounds. De- 

tection was efkcted by charring Lvith sulphuric acid. T.c. WIS performed on Whatman 
No. 1 paper with l-butanol-pqridine-~~later (6:4:3). Radioactive compounds \sere 

located wrth a Packard 7100 radiochromatogram scanner, and inncrlre compounds 

containing vicinal hydrosl groups with the periodate-SchiK’s reagent “. G I c. wa5 

performed irith glnsj columns containing 3:~ of SE 5’ on Chromosorb G AW- 

DhlCS, using nitrogen as carrlcr gas and ilame-ionization dcxctioo. 

1.r. and n.m.r. (internal hle,S~) data \\srs obtained \\irh PerIan-Elmer 

lnfrncord hlodel 137 and Varlan A-60 SpecIrometers. rejpccti\ely. Opl~cal rotations 

were measured with a Perkin-Elmer 141 polarimeter. 

The radiosctibity of samples in solution 1~3s measured Hith a Nuclear Chlcsgo 

72-l liquid sciutillatloo counkr. 
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En=! nrr reacfiorlv - B-D-Gahxtosidasr (EC 3.2.1.23) from E. co/i was 

purchased from Boehringer (Mannheim. Germany), and the suspension (5 mS/ml: 

specific activtry, 200 U/mg) \vaj used without further purification. All enzyme 

reactions were performed at 30’ in 0.1~ sodium phosphate buffer (pH 6.8) which 

contained IO- ’ %I magnesium chloride. 

The unirs (U) of cnzymic activity relate to the hydrolysis of o-nitrophenyl 

B-D-~alactopyranostde f I .Smhi) which Was foilo~~ed spectrophotometrically at 

405 nm. One untt (U) of enzyme is defined as that amount which cstslyses the 

formation of one pmole of o-nirrophenol per min 

3.d-Di-O-ace~~~I--3,4-otrft~~~fro-5,7-O-betl~~~f~df~tre-D-~~}crro-L-nianno-ltt~pronic acid 

I-ttwrlr~~f 45wr (I I). - 2,6-An hydro-D-gij*rtiro-L-nrl3rrno-hepton ic acid 1 -methyl 

esterI (9 75 2) and hnelv po\!derrd ZnCI, (SO g) were shaken with benza!dehyde 

(400 ml) for 4 h. The mati pert of the benzaldehyde \\as removed by evaporation at 

25’/10-3 Torr. The residue was treated with pyridine (500 ml) and acetic anhydride 

(4OOml). After I2 h. the miature was stirred Into ix-water (5 I). and the prectpitate 

was collected and crystallised from methanol-ethanol (4.1) to give 11 (89 g. 66”0), 

m.p. 201 ‘, [xl,:, -I- 106’ (c I. chloroform). N.m.r. data (CDCI,): 5 2.07 and 2.13 

(2 s. 6 H, 2 AcO). 3.83 (s, 3 H, Ohle). 

.-in&. Calc. for C,s,H~~09: C, 57.S7: H. 5.62. Found: C. 57.S3: H. 5.66. 

~.4-.~tih~~dro-_~,7-O-ben~~~~idene-~-~~ycero-L-manno-~tt~pIottic u~vd I-tttrrirr/ ester 

(10). - Compound 11 (12.5 p) was stirred \tith 0.01 ht sodium methoxide in methanol 

(I00 ml). After 3 h, when dissolution was complete, concentration to 50 ml yielded a 

precipitate which was collected. and thrice recrystallized from ethanol to ,oibve 10 

(7.5 9, 76%). m.p. 139’ (sintering at 83-S7’), [a]$;, +3-I’ (c I. water): I*:,!: 3350 

(OH) and 1720cm- I (CO). 

Aural. Calc. for C, SHIPO,: C, X3.06; H. 5.85. Found: C, 5S.00. H, 6. I I. 

1.3.4- 7ii-O-acer~~l-2,4-an~:~~dro-5,7-O-b~~tt~~~iidt~tt~~-D-~lycero-~-manno-lr~~~frro/ 

i 13). - To a solution of 11 (45.5 ,g) in either (600 ml), LiAIH, (IO g) was added 

cautiously. The mixture was boiled under refluu for I2 h and e\ccss of reductant was 

destroyed by the addition ofethyl acetate (IO ml) and then water (50 ml). The mixture 

xvbs concentrated to dryness, and the residue was stirred with pyridtnr (250 ml) and 

XCX~C anhydride (100 ml) for 1-I h. Volatile material was evaporated irr l*acuo, and 

the residue was vigorously shaken with water (400 ml) and chloroform (350 ml). The 

organic layer (separated by centrifueation) was dried (MgSO,) and concentrated. and 
the residue was crystalltzed from ether to give 13 (35 g. 63X), which conrntned 1 mol. 

ofethcr as she\\ n by n.m.r. spectroscopy. Cqstollizatioo from methnnol gave a product 

which contained I mol. of methanol of crystalltzarion. Solvent of crystallrzation 

could be removed by heating to 80” it? racuo for several hours. The solvent-free product 

13 had m.p. l2l”, [z]f:, +96’ (f I. chloroform). N.m.r. dsra (CDC!,). 3 2.05 and 

2.13 (2 5. each 6 H, -l AcO). 

Anal. Calc. for CloHz,O,: C, 58.83; H , 5.92. Found: C, 58.62; H, 5.SI. 

1.6-~nfi~‘dro-5,7-O-bett~~iidet~e-D-~lyc~ro-L-man~o-itepfi~of (12). - XI Sodium 

metho.ulde in methanol (I ml) was added to a solution of 13 (I5 S) in methanol 
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(200 ml). After 3 h. the solution was concentrated to 50 ml. and the precipitate was 

collected and thrice crystallized from methanol to give 12 (5.5 g, 53%). m.p. 206--707’. 

[xl::, + 3S’ (c 1. \\ater): v::; 3450 (OH) and 33OOcm- ’ (OH) 

.-fna/ Calc. for C,.H,,O,: C. 59.97; H. 6.43. Found: C. 59.91: I-!. 6.18. 
3.~.5,7-T~~r~-O-a~~~r~~/-~,6-a~~i~~dro-I-~~~~o.~~~-l-iodo-D-~l~~~ro-L-m3nno-~~~p~i~o~ 

(16). - Selective tosylation of 13 was performed according to the method of Fuchs 
and Lchmann I’. To a solution of 12 (6 g) in pyridine (100 ml), hcuamethyldisilnzanc 

115 g) and chlororrimethylsilans (IO g) \\ere added. After 8 h. the solution b%as 

concentrated to a syrup, and a solution of this syrup in Ccl, (I 50 ml) was washed 

with water (2 x 100 ml), dried (MgS04), and concentrated. The residue was dissolved 
in pyridine (100 ml). water (I ml), and acetic acid (0.5 ml), and the reaction was 

followed by t.l.c. (benzenr-methanol. -4. I). U’hen the reaction ~~1s complerc. CH,CI, 

(700 ml) \\as added and the solution \ius shaken ivith cold water (3 x 700 ml), then 

dried ( MgSO,). and concentrated. To the syrupy residue, dry py~ idine ( 100 ml) and 

rosy1 chloride (6 p) \iere added. Ewes< of tosyl chloride was decomposed zflcr 8 h 

by rhe nddilion of isaler (2 ml), and the mixture was concentrated to dryness. The 

residue was dehenzylidenated \vrth 8O?a acetic acid (100 ml) at 90’ for -I h. The 

h>drolysate was concentrated in LUCIIO and the syrupy residue (I9 g), which conrained 

14, \vas eswified trirh acetic anhydride (130 ml) and pjridine (ISO ml). After 1-I h. 

the mixture was concentra!ed irr racuo and the syrupy residue of 3,4.5,7-tetra-O- 

acetyl-~.6-anhvdro-I-O-tosyl-D-g~~~cero-L-rrrarr,lo-heptitol 115, 27 g) was submitted to 

iodlnc exchange without further purification. 

A mixture of impure 15 (27 gj and sodium iodide (12 ,e) In acetic ahhydride 
(,I50 ml) was stirred at 125” for 30 min, then cooled and filtered. and the insoluble 

m:iterial was washed Lvith acetone. The combined liltrate and washings were con- 

centrated in vacua to give a dark s>rrup. and a solution of this syrup In chloroform 

(700 ml) \ias itrashed wrh _ 7% aqueous sodium hydrogen carbonate (2 s 500 ml) 

containing sodium blsulphlte (2 x0.1 g), and then water (‘500 mlj, dried (hlgSOA), 

and concentrated. The syrupy residue (IO g) \i;Lj eluted from a column (6x ICOcm) 
of silica gel \kirh -!:I ether-light petroleum (b.p. 60-70”) and recrystallized from l:I 

ether-hewne to g~\e 16 (5.0 2, 509 LI with respecr to 12). m p. 92’. Ix]~:~ - 7. (c I. 

chloroform). N m.r. data (CDCI,): b 2.02 (s. 3 H. Ok). 1. I I (s. 6 H. 2 AcO). 2.20 

(s. 3 H. Ok). 

.4na/. Calc. for C,SH2, IO,: C, 35.15; H, -+.-l8. Found: C, 38.22; H. 4.45. 

3,-1,5,7-7~~tra-Q-a~~=~t~ f-~,6-ur~l1~cfro-I-cft~o.~~~ -D-~nlacko-lrl-fr-/-mirol (23). - 4 

mixture of 16 (4.3 g) and AgF (7 g! v.as shaken in pvridine ( lj ml) for I II, then 
stirred into ether (IGOO ml), and shaken vigorous ly for 1 h. The filtered mixture was 

washed wrth I’% aqueous sodium rhlosulphate ( 100 ml) and water (3 x IO0 ml), dried 

(hI$OJ), and concentrated in z’acuo to give 23 (3.3 1. 94%). [lZ]& + 702 (c 1.1. 

chloroform), which decomposed on distillarion a[ 135’/10- ’ Torr. N.m.r. data 

(CDCI,I: b :! 01-2.17 (4 s. I2 H. -I AcO). 

Anal. Calc. for C,,H?,O,: C. 52.32; H, 5.86. Found: C, 52.26: H. 5.97. 
‘,6-.-lnh~~dro-I-d~o.\:,.-~-palacto-lr~p/-l-~nifo/ (22). - M Sodium methouide ia 
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methanol (0.1 ml) was added to a solution of 23 (3.3 g) in methanol (20 ml). After 

3 h. the solution was concentrated itl racuo and the residue was recn’jtnlltsed twice 

from ethanol to gi\e 32 (I.1 g. GSA). m.p. 17-I’, rz]gG, + 166’ (c I, wsrer). RF 0.63 

fF.C.); vky: 3500 (OH). 3250 (OH). and 1650 cm- ’ (C=C). 

.qnni. Calc. for CTf-I,,05: C. 47.71; H, 6.S7. Found: C. 17.72; H, 6.65. 

~.~-~rrirtlrl,.o-D-glvcero-L-~anno-lr~pfotrrc acid I-rrwth~i esirer-1-‘4C (9). - A 

solution containing sodium cyanide- “‘c (2 mCi: specific actlvily, 19 mCl/mmole; 

Farb~rerke Horchsr, Germany) nnd sodium cyanrde (5 me) in water (0.3 ml) \ias 

frozen (liquid nitrogen) icto d micro-distillation appilratlls. A layer of \\‘ater (0.3 ml) 

W;~S then added and frozen, foilo\Led by a Inber of 509” sulpburic acid (0.5 ml). The 

mixture was l\armed to 50’ and the hvdrogeo cyanide- 14C was distIlled on to yellow 

mrrcury(ll) oxide (S mg) cooled in liquid nitropeo. The distillste \\z+s allo\\ed to 

\rarm to room temperature and shaken uotll dlssolutlon of mercurvz oxide S;LJ 

complete. Excess of ivatr’r and hydrogen cyanide were distilled off, and the crystalline 

residue was dried In il dcslccator over KOH and then stirred for 24 h \\irh a solution 

of te~ra-O-sC2tvl-r-D-_ealaCtopy;anosyl bromide (100 m,n) in nitromethaoe (I ml). The 

mr\ture \r’&S concenrrated, the residue was dissolvtd in methanol (3 ml), and M 

sodium methokidc in methanol (0 5 ml) \!a~ added. I-‘recipltatzd mercury salts were 

removed by centrlfugsrlon. the solution was concentrated. 35’36 aqueous sodium 

hydroxide (I ml) ~3s added. and the mixture was heats-d to 95’ for 2 h. After cooling, 

the solution \\YX acidified (to hlcthyl Orange) wirh 10 0 L methanolic HCI, centrifuged, 

aod concentrated to dgncss. &lethnnol (? ml) t\as added to Lhe dry residue. nnd the 

milrurc \\as boiled under rctiux for 70 h. The solution (0.3 mCi total activity) NYLS 

concentrated to 0.5 ml nnd centrifuged. P.c. (\khatman No. 3 paper) sho\ved nearly 

pure tltlc mstcl~al which ux cochromarographed Lvith an unlnhellcd sample 01.9. 

2.d-.-lrrlr~ d~.o-5.7-O-Perr-~~il(ft~ti~~-o-~l~c~ro-L-m~nno-/i~~~~fi~~ ucid- I - ’ “c ~-UW~/II ! 

es/~ (10). - A frsczc-dried eluate of 9-i-“C (- 150 ,Ki) v.ns stirred u ith fresh11 

distilled benzaldehyde (I ml) and nnhydrous zinc chloride (40 me). After IO h, 

benzaldehyde \~as rcmoied ;1t 70’/10-3 Tori. The residue \r;1s chromarogrnphcd on 

khatman No. 3 paper. and the product (RF OX) 11as located by using a radio- 
chromato,omm xanner. 

2,6-.-lnl11 dro-6.7-0-hrt~~~ Irc/~~rri-~-,nl~csro-L-manno-/~~p~~i~~- I -’ ‘C (12). --To n 

solution of the freeze-dried eluate of 10-f-‘4C’ (- IjO,Ki) m dry tetrahydrofurnn 

(I ml). LIAIH, (35 mg) \\as added, and the mkrure !\L?s boiled under rzflux for 2 h. 

D’arer 10.5 ml) \:‘a~ added cautiously. and the resulting pulp \ras centrifuged. The 

prscipikte U;~J &\;1shed i\lth methanol (3x 3 ml), the combined solurlons lvere 

concentrated. and the rssldue WIS chromatographed on Whstman No. 3 paper. 

The main product 12-/-“C (- 100 PCi) had RF 0.71, nnd its identity \$;15 proLed by 

cocrystallization \\ ith 12. 

_7,0- -Irtlr~A ir-l-0-10x1 I-D-~l~cerc-L-manno-lrt~prrrol- I- ’ ‘C (1-I). - To a frseze- 

dried eluatc o.f 12-f-” C (N 50 /ICI), dry pj rldine (0. I5 ml) nod tosyl chlor-ldz (5 mg) 

were added Aiwr I5 min. a sample ( I ~1) was withdrsii n and the remainder \\‘a5 frozen 

(liquid nitrogen). The sample !\a5 treated \!ith 30:; acetic acid (20~1) at 95” for 
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which contained 2% was concentrated and the residue rechromstographed on 

Whatman No . 3 paper. The product was located by autoradiography (exposure time. 
14 days) and eluted i\lrh water, and the solution \tas freeze-chied to give 2S (25 mg. 

Ii%,) which \\as pure by t.1.c. and p.c. The trimethylsilyl denvative” was homo- 

geneous on g.1.c. 

Periodato osidariotr of 25. - To an aqueous solution (SO,ul) of 25-/‘.3’-“C 

(0.10,&i, 26 mC$mmol). 10% aqueous sodium metaperiodatc (20/A) was added. 

titer 45 min, water (0.5 ml) and aqueous 35?1 formaldehyde (0.1 ml) v.ere added. 

and the mixture \vas frozen All volatile material was evaporated a[ IO-’ Torr into 

a liquid-nitrogen irap. An aqueous solution (I 50 ml) of dimedone (0.75 g) was added 

to the di~tillsre. After I-! h, the formaldehyde dimedone derivative was collected 

(275 mg), and the radiowriviry in an alrquot \vas measured by liquid scintillation 

countinp. With quexh correction. 50”’ D of the initial activity in 25-/‘,3’-“C was 

detected in the precipitate. 

Enz~w~ir- hJdt-o/J.ses of 25 g!ycersl ,!?-D-galacropvranoside. atuf glJ.rer 1.1 2-rlros I*- 

F-D-ly~o-he.ropr,ra/losir~e. - Glycc~yl-/.3-‘~C P-o-galactopyranoside” and glyceryl- 

i,3-“C 2-deo~y-P-D-ll,scz-hevopyranojide’. prepared using glycerol-/,3-“C 

(26 mCi/mmole) as acceptor, had RF 0.30 and 0.41, respectively, on Wharmnn No. I 

papx. 25-1’.3’- “C’ (36 mCi/mmolr) \\a~ synthesized in an analogous manner. 

Enzyme solution (0.75 U in lOpI) was added to each substrate solution ( IOO,YI, 

1.3 &‘i/ml) at 30’. Samples were heated to 95’, chromato_eraphed on Whatman No. I 

paper, and scanned. The glycerol-l,_?- “‘C (RF 0.59) was elured, dried in a desiccator 

over phosphorus pentaouide, and quantified by liquid scintillation countins. 

2,6-Anh~nfr~-l-r~eo~_~~-i-di~re~i~~~~~n~ino-D-~lycero-~-manno-frepriiolI~_~~drocl~loride 

(18). - A mixture of l-amino-2,6-anhydro-I-deo.uy-D-gl~~c~ro-L-nranno-hzptitol 

hydrochloride’ (17, LO g), pnraformaIdehyde (35 _g), and water (I ml) was stirred at 

160’ for 16 h. The mixture was then boiled with water (200 ml) for I h. filtered, 

boiled for 2 daqs after adding cont. HCI (200 ml). and then concentrated 111 raruo. 

The resulting syrup was crystallised from hot ethanoi togive 18 (7.58.67%). m.p. 203”, 

[a];;, + 18” (c I. water). 

Anal. Calc. for CgH-,,CINO,: C. 41.94; H. 7.82: N, 5-M. Found: C. 41.75; 

H, 7.62: N, 5.26. 

_7,6-.-IA,\‘dro- I-&o.~~~- I-lrinrell~~~laJ~~nronio-D-_glqcerO-L-mnnno-~~t~pfi~of iodide 

(19). - A solution of 18 (3 8) in water (100 ml) was treated with Ambertite IRA-GO0 

(HO-) resin (30 ml) and then concentrated in vacua. X solution of the residual syrup 

in ethanol (100 ml) and methyl iodide (7 ml) was boiled under reflur. for I h and then 

cooled. The product lbhicb separated was recrystallized from 96% ethanol to _elve 19 

(1.8 g, 850/k), m.p. 133”. [a];:, + 10.5” (c 1, water). 

Anal. Calc. for C,,H,,INOS: C, 33.07: H, 6.11; N. 3.86. Found: C, 32.95: 

H. 6.13; N, 3.60. 

An aqueous solulion of 19 (4 8, in 100 ml) was passed over Amberlite IRA-400 

(Z-IO-) resin (50 ml), and then concentrated in racuo. Pyrolysis of the resulting free- 

base (20) under nitrogen at various temperatures up to 160’ for 5-30 min save 
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(t.1.c. and p.c.) a mlsture of products, the complexity of which depended on the time 

of p:/rolysis. Unsaturated compounds (detected wrth permsnganste) were Formed 

only in minor amounts. 

.4cetylatlon of 20 (2 g) was nchieled by stirring with acetic snbydride (15 ml) 

and pyridine (70 ml) until dissolution was complete. The mixture was concentrated 

rn racuo. and the r&due was freed from traces or acetic anhydride by distillation of 

toluene (5 x 50 ml) therefrom. Pyrolysis of the product (21) under nitrogen, nt 

temperatures up to ISO’, also yielded B cornpIe< mlxture of compounds. 
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