
T, rrolwrlron Vol 45 No 16 pp 4989 to 5002 1989 
Prmted I” Great Brttdm 

004&4020/89 53 00+ 00 
Pergdmon Press plc 

ON THE MECHANISM AND STEREOCHEMISTRY OF HYDROGEN 
TRANSFER INVOLVING PHOTODEOXYGENATION OF SUGAR 

ESTERS IN HEXAMETHYLPHOSPHORIC TRIAMIDEBVATER 

A. Klauseneti), G. Beye&, R. Leismannc)*, H.-D. ScharP)*, 

E. MiiIleP), J. Ruosinka)and I-I. Gi)rnerb). 

a)InsdtutfUr Organrsche Chemie der R WTH Aachen 
Prof.-P&t&?. I, D-5100 Aachen, F.R.G. 

b)Max Planck Institutfdr Stiahlenchemie , SttfrSbt 34-36, 
D-4330 Mhlheim a.d. Ruhr, F.R.G. 

c)Ecole Europkenne des Haures Etudes des Industries Chuniques, 
I, rue Bkzise Pascal, F-67008 Sbwbourg, France 

(Recerl en m Germany 13 February 1989) 

Abstract- The photodeoxygenatron of sugar esters of aliphahc acids m hexamethylphosphonc tna- 

mrde(HMPT)andmrxturesthereofwnh water,isrmtiatedbyphoto~onixauonofHMPTThesolvated 

electron thus formed, reduces the ester to its radrcalamon, whrcha an mtermedtate for both the forma- 

tron of the deoxy sugar andthemproductron of the correspondmg alcohol. A separaaon of the carbox- 

ylate amon leads to a radtcal of the deoxy sugar which reacts further VP hydrogen transfer from 

Hh4FT, the acid resrdue, or from other sugar molecules. The incorporauon of the hydrogen atom oc- 

curs, m all cases, prefemntrally at the stermally less hmdered srde. 

1. Introduction 

The photochemrcal mductron of esters of ahphauc alcohols 1 to the correspondmg deoxy compounds 4 m mrxtures of 

HMPTand water,imtiallyreportedbyDeshayesatal 1,rsofmtetestasasynthetrcmethod~-Jfortbeprep~vecarbo- 

hydrate chemuztry aud also as a general method of photoreductron a+. According to previous mechamshc invesuga- 

uons of thus reactron3v4 either the ester 1 or HMIT IS excited by UV hght (e.g 254 nm). The subsequent steps are for- 

mauon of an exciplex which decays mto the tical ion pairs: HIvlPT+’ and R1COR2+*. 

The latter specm leads (ma proton transfer) to the ketyl radical 2 which reacts (via homolyuc kleavage) to the alkyl 

radical 3 which finally forms (vta hydrogen abstractron) the alkane 4. The role of hydrogen transferrmg agent 1s as- 

cnbed to HMFTh. In a shll unclarrfied srde reactron, which. however, may attam a consrderable yteld m certam ca- 

sesU, the alcohol (the sugar molecule) R2-OH 1s reconstmted and is present m ad&ton to tbe deoxy sugar 
4989 
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Scheme 1: R2 = sugar residue 

The reducnon of carbohydrate with alkabmetals m HMPT or amu%& 1s not successful for esters of simple carbohy- 

drate&4 The isolated products in the reacuon of 14 and methyl-2,3-O-isopropyhden-4,6di-O-plvaloyl-~D-manno- 

pyranoslde ~th metals, either m HIHPT or m ammes, were the com?.spondmg alcohols Only for the latter compound 

tracesofdeoxygenatedproductcouldbedetected.Noneofthehithertofanulatedreactionsteps(schemel)mthepho- 

tochemical reduction of esters have actually been proven on an experimental basis. In order to obtam mslght m the 

course of the photochenucal deoxygenmon in HMPT and mixtures thereof with water, as well as m the side reactions, 

andthuscreatebeaerp~p~ve~n~tio~,we~~a~~of~g~~~,~mpo~~10,14,15,17,~,31~d33 

(formula2). 

2. Primary photochemical steps 

Two tran.uents, ashort-hved andalonger-hved, were observed by laserflashphotolysu (&=248 nm) of pure HMPT 

and III mixtures thereof vvlth water (fig. 1). The short-hved transient is as~gned to the solvated electron (esol) smce d 

absorbsmthe~spectralrangeandItsdecaycanbequenched(almost~ioncontrolled)byOzandNzO.Thedecay 

follows firat-order lnneWs and the lifetime ($3 depends on the water content; m the absence of water aud oxygen the 

bfetune is approximately 100 ns under our condmons and is prolonged by addition of water, reachmg a value of ‘te_ = 

800 ns m HMPT/I-QO (50 : 50). In the latter case the tramnent absorpnon spectrum I very slrmlar, III shape and L _ 

(fig. lb), to the well estabhshed spectrum7 of e-WV In pure HMPT, however, k_ 1s obviously red-shifted (fig la) 

which 1s in agreement with the value of 2200 nm,reported elsewhere*. Smce the transient absorbance (e.g. at 600 nm) 

was found to dependhnearly on the incident lasermtensity we conclude that the photoiomzanon occurs VU a monopho- 

tome excitation step (rather than a consecutive or simultaneous biphotonic step) (scheme 2). 

hv 
HMpT ------H&d@ ’ + e2 

The nzmaming second transient is assigned to the rad& cation of 

HIvlPT due to the followmg Its absorpnon spectrum ( X_ < 280 

nm) hes m the UV, as often found forradcal cahonsg. Secondly, It 
scheme2 decaysmamly by second-orderkmencs with ammorconmbutlon 

of afnst-ordercomponent; thehalf-lifeunderourcondi~o~~~~e lO-20psrange.Thirdly,thehalf-hfeandthetran- 

sient absorbance are not kmlbly mfluenced by 0, andNzO. Fourthly. the possM.ny that the longer-hved transient 

maybeassignedtoaradicalwhichlsformedbyareachonwith waterIsunhkelysincethespectral(comparefig laand 

lb) and kmetlc properties are essenhally mdependent of the water content. 

Thefieeenthalpycfor~ef~~onof~ec~~~l~~~o~de-~,(~~-o)1oc~~esnm~~by 

usmg scheme’* 3 and the oxldauon1° (+lV) and reduction12 (-3V) potentml of I-MPT (scheme 3). 
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Fig. 1: Transient absorpuon spectrum m argon-samrated sohmons of (a) pure HMFT and (b) HMF’T/I$O 

(5050) at the end of the laser pulse after 20 ns ( -), 500 ns (- -) and 2M----) 

AG = 96.5 l &$V - EFzd /v) u/md The reacnon is thus endothemuc and energetxally possible 

with hght of a wavelength shorter than 3 10 nm The transient 
= 386 kJ/mol absorpaonspectrum(fig l)Isnot&cermblychanged by the 

Scheme 3 addmon of ester 14. Notably, forma&on of the radxal amon 

oftheestercouldnot beobserved Th~lsnotsurpnsmgslnce 

pulseradiolyslsofl4mnargon-saturatedmeth(l:99-10~90)revealedonlyawe~~s~ent(h,, 

c 230 nm, half-life ~100 ps) which may be assigned to 14”. On the other hand, a reacaon of emW, with the ester was 

clearly detectable, as judged from the redumon of Its lifetime m the presence of 14 Smce the xec~procal hfetnne of the 

solvated electron depends lmearly on the ester concennation (fig. 2), reacaon cf. scheme 4 1s suggested 

Equanoncf scheme2and4aresupportedbythefactthattheesterdoesnotabsOnm Tbepresenceof 
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Cd + ester k4 _--. water enhances the probabtity for quenchmg since TV- mcreases 

w~thmcreasmgwatercontent Afurthereffectofwateristheposa- 

Scheme 4 
btity to dissolve coatmgs ongmatmg from photoproducts on the 

surfac&g 

I I I 
I 

2.5 l 1O-2 
I b[esterl/ (mol 1-l) 

5 l 1o-2 

Fig. 2: Stem-Volmer plot for quenchmg of the solvated electron by 14 m argon saturated HMPT/HzO (95/5) 

1/z,- =; + k,[ester] 

Therateconstantforquenchmgcf.fig.2~k~=(~l~lO8~d(25~1~1081mol~1~1inHMPT/H~Omucturesof 95 5 

and 50 : 50 respecnvely. It bees in the range reported for comparable reacti~ns’~ and IS thus markedly below the Mfu- 

slon-controlled~.‘Iluslinutlseshmated to beapproxlmately2.5=1091mol~1~1 mputeHPMT(usmgavlscosny l4 

of3.5cPforHMFT14andtheDebyeequ~on**)and shouldbelargermthepresenceofwaterdue tonssmallermcos- 

ity (1.0 cP). The formaaon of hydroge@ 1s quenched by the appbed esters, too. Stem-Vohner analysis w&h 14 m 

HMPT&O .95/5 results m kq = (5 * 2)10* 1 mol%’ which corresponds to k4 of fig 2 Assummg that the quenchmg 

reactton leads solely to the radzal amon of the ester, k4 equals the rate constant for formation of the radical anion of the 

In order to test whether quenchmg of the solvated electron by the ester (scheme 4) mmates its deoxygenanon, the reac- 

tion was camed out m the presence of the electron quenchers 16117N200rSF6(kq=8 7*10gor1 6~10101mol~ls~1 

resp.) ~th the same result. complete suppression of the formation of deoxy compound R2H and alcohol R20H, as 

demonstrated by fig. 3 for the system 14 /N20 In addition the formation of hydroge@ is quenched 

After removal of N20 or SF6 by flushmg with N2 the xeachons contmue undisturbed 

From fig 3 it can also be seen that as the ester concentration rises,, the absolute yield of the deoxygenated product 1s re- 

duced, while that of the alcohol 1s mcreased. However, the formtion of both products is quenched by N20 

Consequently, the photodeoxygenatton of esters 1 m HMPT 1s uunated by photolomzaaon of the HMPT and subse- 

quent reduction of the ester by the solvated electron 
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Fig. 3: Quenchmg of photo-deoxygenatron of 14 by N&& 2Sml sohmon of 14 m HMPT m a lcm cuvette 

thermostated 1gflT. 

3. Mechanism and stereochemistry of hydrogen transfer 

We prepared specrfically rsotoprc-labelled deoxy sugars (form. 1). to examme stereochemrstry and mechamsm of hy- 

drogen transfer to the mtermedrate-formed C-radzal3 (scheme 1). 

Our findmg confirmed3 that the use of D,O instead of H,O (5% or 10% addmon to the HMlT used) does not lead to 

any deuterated reduchon products, not even m trace amounts, and m addmon the substmmon of D20 by rsopropanol- 

2dt to enhance deutermmtransferdidnot mduce any detectable incorporatron of deutermm ,Deoxygenatron of secon- 

dary hydroxyl functrons of carbohydrate denvaaves (form. 1) leads to the compounds 5 whrchrevealno further chual- 

uy centre at the reduced positron. However, the photo-reduchon of type 6 esters m HhPTd,, or type 7 m HMPT 

should result m the formatton of Qastemomenc deoxy sugars 8 and 9 respecuvely. We exammed both cases 

For thus purpose stntable startmg matenals were synthesrxed (form 2) whrch were deoxygenated under uniform con- 

ditions. The reactron products were rsolated and theta degree of deuteration was determmed, as well as their stereo- 

chenucal composmon. Use was made of the followmg test substances: ester of 1,2-5,6dr-0-rsopropyhdenea_D- 

glucofuranose 10,1,2-5,6di-O-rsopropyhdene-o+D-allofuranose 15 as well as its specrfically deuterated denvanve 

17, 1,6-anhydro-2,3-0-rsopropylrdene-gD-mannopyranose 25 and 1.6~anhydro-2,3-O-rsopropyhdene-gD-talo- 
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n Rl 
sugar c+<_, 

pyranose31asweU.as1tsspeclficallydeuterateddenvahve 
Formula 1 33 

The photo-reacttons resulted m produa mtxtures whrch, 

apart from the easrly separable starting sugars (10,15,17. 

5 R1=R2=H 
2531 and 33respecttvely). contamed type 5.8 and 9 com- 

pounds m various ratios The degree of deuteratron of the 

6 R1=OOCall@,R2=H 
reactton products was determmed by NMR and mass spec- 

troscopy. CC/MS-analysis enabled determination of the 

7 R’=OOCakyl,R2=D 

8 R1=H,R2=D 

9 R’=D,R2=H 

total deutenum content m the molecule. ion or a suitable 

fragment reveahng largest possrble mass (e g M+- CH,) 

The *H-and 13C-NMRspectrasupplythedegreeofdeuter- 

aaon m thedeoxygenated posmon C* (see form 1) as well 

as the ratio of the formed stereoisomers 8 and 9 The data 

obtamed by these methods are presented m table 1 

Exammahon of the stereochemical course of thereactron by NMRrevealed that the addmon of hydrogen proceeds, m 

all cases, from the more accesstble exe srde of the molecule Accordmgly, interme&ate free radicals am formed, the 

saturaaon of which 1s controlled by the chiral centres remainmg m the molecule 

Cormspondmgtothehrghlymactivecharacteroftherzhcalmtermedmms3(schemel),thedrastereo selectrvmesob- 

servable here are not as great as m the case of nucleophihc additions to comparable pro&ml carbonyl compounds 

In the case of deoxygenatron of denvatives, ll-14,16 and 18-21, analysrs of the deuterated reaction products resulted 

m 8 - 1 preference of the exe hydrogen transfer, as compared wnh err& transfm, as far as photoreductron of deriva- 

ttves 26-29,32 and 34 as well as 35 was concerned, the raao observed was 2 : 1 m favour of the exe transfer. 

Inthesere~onsneitherthelandofesteremployednortheconfiguraconoftheestergroup wassrgmficantasregards 

the chn-ahty centre to be reduced. !&m&r to thereducaon of xanthates with n-l-n-butyltm h ydride’*, hkewrse proceed- 

mg radrcally, no SR2 mechanism is observed. 

Table 1 contams the results of the deuteratron expenments wrth respect to the degree of deuteratron of the rsolated 

products. Here it 1s remarkable that, when employmg HMPTdr$D20 largerpropomons of the nondeuterated deoxy 

sugar were formed (refer to No1-4,9,10-13 and 19). Thrs suggests that hydrogen transfer does not take place only 

throughHMPTashaspreviouslybeenasfllmed 2m,butthatotherhydrogendonorsplayapartintheprocess Inorderto 

venfy thus assumptron a check was carried out to exclude an unusually hrgh isotopic effect responsrble for this result 

Forthii purpose, deoxygenatron m HMPTd,s (99% deutermm content cf. expenment 12) /D20 was carried out with 

an ad&aon of nondeuterated HMPT(expenment 15, table 1). It was revealed that, although a stgmticant reduchon of 

the deuterated product was observed as compared wnh experiment 12, the expected HI-I-propoaron (approx 100% by 

srx-fold hydrogen content) was not attamed 

Expenments l-4 and lo-13 reveal that there rsevidently some relatron between the acid group of the starting matenal 

used and the observed quanttty of nondeuterated product. As branchmg increases m the a-positton, the proportion of 

nondeuterated reactron product tends to mcrease, attammg a maxrmum m the case of rsobutyrates 13 and 28 and re- 
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N" R1 R2 N” R1 R2 

10 OH H 25 H OH 
11 OCOMe H 26 H OCOMe 
12 OCOEt H 27 H OCOEt 
13 ocwq H 28 H ococHMe2 
14 OCOCMe, H 29 H OCOCMq 

:i 
H OH 30 H OCOCD3 
H OCOCMQ 31 OH H 

17 D OH 32 OCOMe H 
18 D OCOMe OH D 
19 D OCOEt z OCOMe D 
20 D 0COCH.M~ 35 OCOCMe D 
21 

3 
D OCOCMe3 36 H H 

22 H H 37 D H 
23 D H 38 H D 
24 H D I 

Formula 2. Compounds used for the deuterium labeling experunents, 

1.2-5,6di-O-lsopropyhdene- c+D-glucofuranose 10 and denvatives 11-14, 

1,2-5,6&-O-lsopropyhdene-&D-allofuranose 15 and derivanves 16-21. 

3-deoxy-1,2-5,6di-O-isopropylidene- ocD-allofuranose 15 and derivauves W24, 

1,6-anhydr&2,3-O-mpropyhdene- BD-mannopyranose 25 and derivatives X-30, 

1,6-anhydrc+2,3-0-lsopropyhdene- BD-talopyranose 31 and denvahves 3235, 

1,6-anhydro4deoxy-2,3-O-isopropyhdene- BD-lyxo-hexopyranose 36 and denvatives 37-38. 

tummgtoalowervalueforthepivaloyleae~14,16,29and35.Theonlyexplanatlonforthese~~gsIs,that thecar- 

boxyhc acid pomon of the ester group partly contributes to saturahon of the radical mtedate 3 with hydrogen 

For clanficaaon, 4-O-acetyld3-1,6-anhydm-2,3-O-lsopropyhdene-D-mannopyranose 30 was deoxygenated m 

HMFTkQO(Table 1, expernnent 14)andHMPTdt$D2O(experunent 16).Jntheformercasenoincoqorateddeute- 

rmm could be detected m the reacuon product; surprismgly, in the latter instance too, ah@ percentage (23.4%) of 

nondeuterated deoxy sugar was discovered to have been formed. Fromthls it may be concluded that, on the one hand, 

theacetategrouplsnotcapableof~f~ghy~og~~~~o~ytoa~~m~extent.On~eo~~h~d,athud 

source of hydrogen enters mto ticusslon. 
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Table 1: Results of deuteration expenments of 3deoxy-1,2-5,6di-U-isopmpyhdene-D-nbo-hexofuranose 2224 

as a function of startmg esters 11-14.16 and 20-21 and solvent, as well as of 1.6~anhydt~kieoxy-2.3-G 

isopropylidene- &D-lyxo-hexopyranose S-38, startmg wrth the esters 26-30.32 and M-35. 

N” 

1 
2 
3 
4 
5 
6 
: 

9 
10 
11 
12 
13 
14 
15 

16 17 
18 
19 

Starting 
Material 

11 
:3 

14 

:f 
20 21 

16 
26 
27 
28 
29 
30 
28 

30 34 
35 
32 

Solventb MS [%I NMRa [%] 

,HH HD DD HH HD 
A 25.2 74.4 0.4 25 75 
A 275 72.1 04 24 76 
A 32.5 67.3 0 2 33 67 
A 28.4 71.3 0.3 27 73 
B 2.7 97.3 -- 2 98 
B 2.9 97.1 -- 2 98 
B B 3.0 2.9 97.0 97.1 -- -- 2 2 98 98 

A 
2i.6 6G.3 3:l 

27 73 
A 
A 35.9 62.4 1 7 ;9 6?l 
A 41.2 56.9 1.9 45 55 
A 31.6 66.1 2.3 37 63 
B 100.0 -- -- 100 -- 
C 51.7 45.6 2.7 57 43 

A 23.4 70.1 6.5 22 B 2.4 97.6 -- 2 ;: 
B 2.3 97.7 -- 2 98 
A c 37 63 

a neglectron of DD-fracnon 

b A. HMPT-dts/D20 (95 : 5) 

B HMPT/H20 (95 : 5) 
C: HMPTd1s/HMPT/D20 (90 : 5 : 5) 

c notmeasured 

A radical cham reacaon 1s actrve, 111 whrch case product molecules are capable once more of releasmg a proton or deu- 

teron, and rsresponsrble for adeuteriumloss of 2.3% in expenments5-8 and 17-18 as well as forthe presence of 2-3% 

of dtdeuterated product m expernnents 10-13. 

4. Discussion of mechanism 

The results so far obtamed csn be su mmsnxed m scheme 5. Primary step 1s the ester reductron to the radtcal amon rn- 

duced by solvated electrons. Thts 1s also confirmed by observanon of the same products via comparable electrochemr- 

calreacaons m DMFlg vs 2P. Formation of hydrogen 1s a competmg reaction. most probably mvolvmg HMPT, water, 

stsrtrg matenal and products20, pamculsry smce HD . Hz : D2 (86 : 13 : 1) 1s observed after replacmg Hz0 by D,O, 
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/--R1C02Rz 

‘o\Q 

R1-Y’ 
OR2 

scheme: 5 R2 = sugar residue 

HMFT/D20 (95 : 5). Alkah metals can retard the action of solvated electrons by assocmtion21. 

To examine whether the formanon of the alcoholis also inducedby hght absorpaon and subsequent a-cleavage of the 

ester, whlchwasobservedonlyw~thfo~~~,l2~dl4w~~wi~~4nmmn-hex~e,die~yle~er,~d 
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acetommle. In thrs case, no deoxygenated product 4 but only the alcohol was observed. Also, quenchmg by N20 or 
SFscf.fig.3wasnotposslble.Consequently,mHMPTthefo 
radical amon formation, as welLThe formatton of the carboxylate ion was proved by observatron (rH-NMR) of the 

carboxyhcacidR1COOHaftermadationinHMPTdt8 Thefragrnent(HMPT-H)‘wasvenfied bydetectronofcorre- 
spondmg byproducts2s. 
The mverseconcentranon dependence of the observed yreld of alkane and alcohol (cf. fig. 3) indicates,thatthepnmar- 
Ilyformed~~anion2canbereducedbyhydrogencapturefromtheesterltofo~~e~oholma~o~pmecha- 
msm. A smnlar effect was observed by BartonB for the reaction of G-alkyl rhroesters with t.ributyLstannane 

The results of experiments presented clearly show that hydrogen transfer proceeds on a more complex path than has 

hnherto been assumedly. HMPT IS only one of the possible H-donors saturatmg the intermedrately formed alkyl 

radical. Moreover, the acrd resrdue 1s capable of provrdmg hydrogen as a functron of branchmg degree rn OGposmon. 
Consequently, dns effect 1s least marked in the case of acetate, whrle berng most mtensely pronounced wnh rsobuty- 
rate. Added to dus 1s the H-tmnsfer from product or educt molecules proceedmg vra radzal chain mactrons 
These results limit the uhhxaaon of the HMPTdt&120 system for the photochermcal syndresrs of rsotoprc-labelled 

deoxy sugars. 

Experimental 
The laser flash photolysis set-up Was the same as described elsewhere?‘@. Briefly, for excitation an excimer laser 

(LambdaPhysik,typeEMG200)wasused;pulsewidth20ns,energy20_5ooml,reducedbyapptopnatequrmzp1ates 
orwrremeshfilters.TheanalyslngbeampassedthroughthelcmquartzsampleCe~andwasdetectedbyaphotomult~- 
pher (Hamamatsu R 955) behmd amonochromator. Data aquisition and analysis was camed out with atransient drgr- 
hzer(Tektronu,R7912)andacomputer(PDP11/04).Meltingpointsw~measuredbyaBUchiModelSlOapparahls 
andarenotcorrected.Optlcalrotationv~u~w~~~byapo~~M~l~l,~r~~er,(d=lOcm). 
Gas chromatography was carried out by Fractovap 2101 (Carlo Erba) with capdlary column SE 52 Permabend (2Om/ 
0.3 mm) and T = 93°C (column, isothermal) and 240°C (mjector). Cbromatographrc columns forprepamtrve separa- 

~onswere~w~thsilicage1(woelm100_200)ande1utedwithbenzene/acetcester(5:2to10:1).Msspectrawere 

measured by Fhregan MAT 212 (7OeV, .%A, 200°C) under MSxiccouphng wnh Vanan GC 3900. NMR spectra 

weremeasuredbyVarianT60,60MHz(1H);VarianEM390.90MHz(1H);BrukerWH270,270MHz(1H);Vanan 

CFT 20.20 MHz ( 13C!). TMS was used as internal standard Formation of hydrogen (H2,HD,D2) was proven by gas 

chromatography cf.? F + M Dual 720; T = SOOC; column = 3 m molecular sieve 5 A; thermal conducuvny detector, 
earner gas. helmm. Quenchmg of hydrogen formation was detennmed vohunemcally vra a burette assuming a con- 
stant fracaon of % m the gas formed. Hexsmethylphosphoric mamide (HMPT), Ega H 1,160-2, was dried” via 
C@, drsnlled (CXLJ.01 mmHg), and kept dry by 4A molecular sieve. (bp 23#-32oc/140 mmHg). 

General acplcrrion procedure for IO, IS, I7, tit?, 25,31 and33, lit. 2g. - 12.5 mol of the acylatron agent is added 
dropwrse to a stirred soluuon of 5.0 mmol of the educt and 0.06 g of 4dlmethylammopyndme in 17.5 ml pyndme. The 
reacuon mrxture is warmed up to 6O?J and cooled down after complete conversron. The major part of pyridine 1s m- 
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moved under reduced pressure (1 mm Hg); the residue Is solvsted in 30 ml dtchloromethsue. After a washing of se- 

quence (10%X$0& sWssum& soluhon of bkarbonste/wsrer) the sample is dned over dehydrsted sodmm sul- 

fate. The solvent 1s d&led off sod the residue is purified by won or by cohmm chromsrogmphy. 

3-O-Ace~Z-l~-5,6~~opropplidcnc_cc(ll).- Yrekh8196,m.p 64T.-‘H-NMR(CDCls).6 

1.30(s,6H,CH3), 1.43(s,3H,CH3),1.56(s,3H,CH3),5.90(d,1H,H-1),4 53 (d, U-&H-2),5 3O(s, lH,H-3),4 O-4 3 

(m, 4H, H-4, -7). 2.10 (s, 3H, CH3-ace@) - r3C-NMR(CDC13): 6105.07 (C-l), 72.50,76.07,79 72,83.37 (C-2, -5), 

67 09(C-6), 109.10.112.10(O-C-0),25.26,26.18,26.72,26 80(4xCH3).25 23(CH3-itcetyl), 169.33(COz) - calcd 

for C,,H& (302 32): C. 55.62; H, 7.34 Found: C, 55 52; H, 7.31%. 

I~-S,4-dc-O-isopropylidcne-3-O-propionyl-~D-gl~o~~se (12) -Yreld: 75%. m p. 5OT - ‘H-NMR (CDC13) 

6 1.33 (s,6H,CH3), 1.43 (s,3H,CH3), 1.56(s,3H,CH3),5 9O(d, lH,H- 1),4.5O(d, 1H,H-2),5.30(s, lH,H-3), 3.9- 

4.4 (m, 4H, H-4, -7), 1.20 (r, 3H, CH3), 2.4O(q, 2H,CH2). - ‘3C-NMR(CDC13) 6 105.15 (C-1),72.55,75.93,79 92, 

83 48 (C-2,-5), 67.28(C-6). 109.26, 112.19(O-c-o),25.29,26.23,26.78,26.84(4xCH3),9.o2(CH3),27.52(C~). 

172.84 (CO,). - cakd for C,,H#7 (316.10): C, 56.94; H, 7.65. Found: C, 56.98; H, 7.49 %. 

Z2-5,6-di-o-isoprops~~-3-O-(2-methpd (13). - Yield: 83%. m.p. 48T -. *H- 

NMR(CDCl3).6 1.26@.6H,CH3), 1.36(~,3H,CH3),1~0(~,3H,CH3),5,86(d,lH,H-1),4.43(d,lH,H-2),5 26(~. 

lH,H-3),3 9-4.4(m,4H,H-4,-7),1.15(d,6H,CH3),2.50(m,1H,CH).- 13C-NMR(CDC13):S105.21(C-1),7250, 

75 77,80.19,83.53 (C-2,-5), 67.51 (C-6). 10921,112.14(0-C-0).25.27, 26.25,26.80(2x)(4xCH3), 18.74,18.93 

(CH3), 34.02 (CH), 175.28 (CO,) - c&d for CreH& (330.17): C, 58.17; H, 7.94. Found- C, 58.17; H, 7 93 %. 

1~-5,6-di-o-isop~py~~~~~-~v~yl-~D-gl~of~ose(14). -Y&k 77%, m.p. 43°C. - ‘H-NMR (CDC13). 6 

1.36(s,6H,CH3), 1.43(s,3H,CH3),1.53(s,3H,~).5,90(~1H,H-1),4.43(d,1H.H-2),5.30(s,1H,H-3).3.9-43 

(m, 4H, H-4, -7), 1.25 (s, 9H, CH3). - 13C-NMR(CDC13): 6 105.21 (C-l), 72.49,75.85,80.35,83.49 (C-2, -5), 67.71 

(C-6). 109.21.112.19 (C-C-C), 25.24,26.24,26.78,26.83 (4 x CH3). 27.03 (CH3). 38 95 (C), 176.64 (CO3 

2~-5,6-di-o-isopm~~~3~-pi~~~D-aNofumnose (16). -Yield: 93%. mp. 44 - 45°C. [ag5 + 113 lo (c 

= Lchloroform). ‘H-NMR(CDClg):S 123(s,9H,tBu,pivsloyl), 1.32(s,3H,CH3,isopropylideue), 1.35 (s,3H,CH,, 

nopropyhdeue), 1.42 (s, 3H, CH3, isopropyhdeoe), 1.52 (s, 3H, CH3. isopropyhdeue), 3.89 (dd, lH, H-6), 4.09 (dd, 

1H,H-6),4.14(dd,1H,H-4),4.74(dd,lH,H-3),486(dd,1H,H-2),5.83(d,1H,H-l),J,,~=4.0~,J~3=5.2H~,J3,4= 

8 2 Hz, J45 = 4 0 Hz, J5,e = 6.6 Hz, Jss = 6.0 Hz, Je.,e = -8 0 Hz. - c&d for Cr,H.& (344.4). C, 59 28, H, 8 20 

Found. C, 59.07; H, 8.14 %. 

3-0-Acetyl-I~-5,6_di_O_isopnogplidcnc_cs (18). - Yreldz 95%, m.p. 74 5 - 75.5T - calcd for 

C&$0, (303.3) C. 55.43; H/D, 6.96. Found: C. 55.17; H/D, 6.84 96. 

Zf-5,6-ni-o-isopmpy~e~-3~-propionyl-~~~-D~]~~mn~e(19). - Yiild- 97%. mp. 65 - 65.5T. - c&d 

forC+$07 (317.3). C, 56 77; H/D, 7.31. Found: C, 56.57; H/D, 7.47 46 

Z~-5,6-di-o-~opmpy~~ne-3~~2-~~yl-pm~ony~~~~-D~J~~mn~e (20). - Yield: 98%. m.p. 37oy3. - 
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c&d for C,,QDO, (331.4): C, 57.99; HID, 7.60. Found C, 58.12; H/D, 7.79 %b. 

1~-5,6-di-O-isopropylidene-3-O-pi~y~~~~-D~]~~~mn~e (21). - Yield: 93%, m.p. 44 - 45C - calcd for 

C,,H#07 (345.4): C, 59.11; H/D, 8.46. Found: C, 59.33; H/D, 8 26 96 

&O-Aceryl-I,6_anhy~~2~~-isopropplid (26) - Yield: 91%, l~t..~~, 30 (ht31) 

I,6-Anlrydro-2J-O-isopropylidenc-4-O-pro (27). - Yield. 88%. mp. 100.5 - 101.5T, 

[av - 72.5“ (c = 1, CHCl+ - ‘J-J-NMR (CDC&): 6 1.2 (t, 3H, CH3, prop1onyl). 1.35 + 160 (2s, 6H. 2CH3, 

sopropylidene), 2.4 (q,2H, CH, prop1onyl),4.1- 3.6 (m, 4R H-2, -3, -6, -6’), 4.6 (ddd, lH, H-5), 5.05 (m, lH, H-4), 

5.4 (m. lH, H-l). - calcd for Ct2H1sOe (258.3): C, 55.81; H, 7.02 Found. C, 55.91; H, 7.28 8. 

1,6-Anhyd~2~~op~~l~~~~0-Ssopropyl-p~~nyl)-~~~~pyr~ose (28). - Yield: 71%, m.p 107.0 

- 107.5oC, [ag -72.5’(c = 1, CHCI,). - ‘H-NhIR(CDC13): 6 1.23 (d, 6H. 2CH3. i-butyryl). 1.35 + 1.60 (2s, 6H, 

2CH3, rsopropylidene).2.4 -2.9 (hp, lH,CH, i-butyryl), 3.6-4.2 (m,4H, H-2, -3, -6, -6’). 4.4- 4.6 (m, lH, H-5), 5.0 

(m, lH, H-4), 5.4 (m, D-J, H-l). - c&d for Ct,EQ,O, (272 3): C, 57.34; H. 7.40. Found C, 57.56; H, 7 55 8. 

1,6-Anhydro-2,3-0-isopropylidene-4-0-pivaibyl-@knmnopyranose (29). - Yield 85%, m.p. 106 - 106 5°C. 

[a#$ - 69.0” (c = 1, CHC13). - ‘H-NMR (CDCl$: 6 1.16 (s, 9H$ut, p1vsloyl), 1.19 + 1.59 (2s, 6H, 2CH,, 

Isopropylidcne), 3.37 (dd, U-J, 6 exe-H), 3.79 (dd, 1H. 6 e&-H), 3.91 (dd, D-J, H-2) 4.10 (dm, lH, H-3), 4.26 (dm, 

1H,H-5),5.02(~l~H-4),5.36(~1~H-1).Jtg=3.O~J~,3=l.2Hz,J,p=O.5~,J~3=62~J3,~=O8HZ,J~~ 

=13Hz,Jj6eado=1.211z,J56exo=6.3Hz,Jacado.sexo = 7.3 Hz. -c&d for Ct41&Oe (286.3) : C, 58.73, H, 7.75. 

Found- C, 58.79; H, 7.95 %. 

I,6-Anhydro-2,3-O-isopropyl&iene-4-O-pivakbyl-~D-kizkbpymnose (32). -Y&d: 86%, m.p. 92-93a13, [a)$ - 85 4O 

(c=~,CHC~~).-~H-NMR(CDC~$:S 1.23(s,9H,But,pivsloyl); 1.28+156 (2s.6H,2CH3,isopropyhdene),3.70(dd, 

1H. 6 U&J), 4.05 (dd, lH,H-2), 4.35 (dd, lH, 6 e&&)4.41 (t, lH, H-5). 4.65 (t, lH, H-3), 5 04(t,lH,H-4), 5 30 

(dm,lH,H-l),J~8=3.0Hz,Jt,3=l.O~J~3=5.8~J3,~=5.4~J,J=5.4~,Js6endo=1.OHZ,JS~,=5.4Hz. 

J6endc&xo = - 6.9Hz. - c&d for C,,GO, (286.3): C, 58.73; H, 7.75. Found: C, 58.79; H, 7.92 %. 

4-O-Acetyr-I,6~~ydr~23~-~op~py~ene-~D-[4-D~]-~pyl (35). - Yield: 96%, m.p. 118 - 119T, 

[a@ -86.00(c=1,CHC13).-cslcdforC11H@Oe(295.3)~C,53.87; H/D, 6.99.Found:C,53 77; H/D,6 84%,ht.32 

Deoxy sugars 

In all cases 0.23 mm01 of the correspondmg startmg matenal was solvated m HMF’T/H20 (95 : 5, v/v) or in HMPT- 

d,s/DzO (95: 5, v/v) ad 1.0 ml. In thecsse of experiment 15,5% HMPT was added to HMPT-d,,. The solunons were 

frlkdintoquartztubes,degsssed byN2,sndirradistedmaGr&nzelrescto~3.After36hthemactton wssstoppedsnd 

the products were separated by a chromstogrsph1c column (smcs gel. acettc ester/n-hexsne 1 : 1 v/v). The obtsmed 

frsctrons were drrecdy snslyzed by Gc/Ms turd/or rH- and 13C-NMR. 

3-Deoqy-Z.2-5,6-di-O-isopropyZidene-D-ribo-hexojkranose(22) -snup. - [a@ - 2 5“(c = 1.2, CHCCJ,), ht *13 - 2 75 

(CHC13). - 1H-NMR(CDC13):S 1.28.1.31.1 38.1.46 (4s,12H,4CH3,2tsopropyhdene), 1 74(ddd, lH,H-3a), 2 21 
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(ddd, 1H. lH,H-3b),3.81 (m, lH,H-5). 3.9-4.3 (m.3H,H4,-6,-6’),4.70(m, lH,H-2),577(d, lH,H-l),Jt2=3 8 

H”IJ23 =4.8Hx,J~,=0.5Hz,J343t,=-14.0Hx,J~=9.8Hz,J3t,4= 3.9Hx.-13C-NMR(CDC13):625.23,26.19, 

26 25,26.83 (4CH3,isopropyhdene),35.44(C-3),67.28 (C-6),77.00,78 7580.51 (C-2,-4,-5), 105.7O(C-1), 109 66 

+ 111.36 (2-G-C-Q nopropyhdene) - calcd for Ct2H,oO~ (244 3): C, 59.00; H, 8.25. Found C, 59.12; H. 8 15 % 

1,6-Anhydro4-deoxg-2~~-~oprogylidcne_B (36). - m.p. 127 -128T, ltt%, 126T, [a?g - 

20 2“(c = 1, CHC13), l1t.~-22_+2“(CHCl~>. - ‘H-NMR(CDCl.$: 8 132+ 1.55 (2s, 6H,2CH3,1sopropyhde11e),2 06 

(dm, lH, H- 4eq). 2 28 (ddd, lH, H-4.&. 3.71 (t, lH,H- 6 a~) 3.94 (dd, lH,H-2),4.04(dd, H-I, H-6endo),4 34(tm, 

1H,H-3),4.47(tm,1H,H-5),5.31(dm,1H,H-l),J1,2=28HZ,J1,3=1.0HZ,J1,6axo=0.5HZ,J~3=59HZ,J3pax=53 

Hz, J, *=2.0 Hz, I‘,_* = - 15 1 Hz, J- =4.8 Hz, Js 6ad,, = 1.3 Hz, Itid 6exo = - 6 5Hx - ‘3C-NMR(CDC13) 8 . . 
25 91+26.02(2CH3,00propyhdene),31.98(C-4), 67.48 (C-6),70.29,70 54,73.87&-2,-3,-5),99.53 (C-l), 109 75 

(O-C-O, rsopropyhdene). - calcd for CgHt404 (186 2). C, 58.05; H, 7.58 Found C, 58.02, H, 7 54 %. 

The pnmary fragmentation mthe mass spectra of the acetonides 2224and36-38 (table 1) is clearly the loss of amethyl 

group work formmg ahrghly stabrbxed Oxomum ion. Provrded that spectrometer and data system are adjusted for re- 

producmg accurate peak mtensmes, the deutermm content can be determmed from the mtensmes of these oxomum 

ions mass peaks. The photodeoxygenated products were punfied and examined by GC-MS, momtormg about 5 to 10 

mass spectra across the product GC peak. The intensitres of the relevant mass peaks ate mtegrated across the GC peak 

and corrected for the 13C-content. Scrambhng could be excluded as followed from blmd experunents. 

From the t3C-NMR spectra of the acetomde 2224and 36-38 (table l), thedeutenum content can be determmed m two 

ways, provrded that peak hetghts and mtegrals can be determhted accurately. Therefore the drgrtal resolutton of the 

spectrawasincreasedusingthreefoldxerofilhng Bothmethods,however,onlyrevealtheranoofCHDKHH.Forone 

thmg one observes for the monodeuterated carbon atom a triplet that is clearly separated from the smgulet of the CH2 

group because of the deutermm rsotope shift and the carbon deutenum couphng ‘Jm The deutenum content can be 

calculated from the ratio of theintensmes of the forme&%-signal and a second C&-srgnal whrch appears equally m- 

tensrve m the spectmm of the fully protonated specres. and whrch does not reveal any carbon deutenum long range 

couphng. For another one observes, due to the p deutenum isotope shrft. separate signals for the carbon atom srgnal 

next to the deuterated carbon atom and for the signal of thrs carbon atom mthe protonated molecule. An integration of 

both srgnals yrelds the ratio CHD/CHH 

The ‘H-NMR spectra offer hkewise two Merent methods to determme theratro of 23-24 on the one hand and of 37/38 

on the other. For compound 22 one observes m an proton H-l decoupled ‘H-NMR spectrum forproton H-2 a doublet 

of doublets. The partially deuterated molecule yrelds, under these conditions, a mote comphcated spectrum Wrth a 

spm srmulaaon program rt 1s possrble todetermme the relanve amounts of the three sub spectra of 2224 and thus of the 

relative amounts of 2224. The ‘H-NMR spectrum of 36 reveals an ABXY pattern, AB brmg protons H4and H4’ ( Rl , 

R2mformula2)andXYbH3~dHj,fromwhichthRtareprotonRZcanbedete~~ 

Agamthe ‘H-NMRspectrumofthemtxtureof36-38revealsthesumofthethreespectramwhlchthesignalsofproton 

R2 m 37 and Rl m 38 are hfted due to the deutermm isotope ~hift. Accurate mtegranon of these spectra dehvers the 

relattve amounts of 36.37 and 38. 
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