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ABSTRACT 

Borodeutende reductron of methyl D-gluco-hexodialdo-l,S-pyranosrde (2) 
gave a 3 2 mixture of the 6(S) and 6(R) methyl 6-deuteno-a-D-glucopyranosides (3), 
converted into other products havmg the same eprmenc drstnbution at C-6, mcludmg 
the tetraacetate (5) of 3, 6-deuteno-D-glucrtol hexaacetate (6), 3,5,6-tn-O-acetyl-6- 
deuteno-1,2-0-rsopropyhdene-c+D-glucofuranose Q, and methyl 2,3-dr-O-acetyl-4,6- 
0-benzyhdene-6-deuterro-a-n-glucopyranosrde (4) The deutermm-decoupled p m r 
spectrum of 4 permuted drfferentratron of the 6-eplmers and assrgnment of configura- 
tron at C-6 for the complete series of derivatives The favored, but not exclusive, 
drsposrtion of the S-acetoxymethyl group m compounds 5-7 has the acetoxyl group 
antiparallel to C-4 

INTRODUCTION 

The mdrvrdual assrgmnent of the n m r signals of nonequivalent protons m a 
methylene group adjacent to an asymmetrlc center remams a controversial problem 
In studies of the series of dlhydrofurfuryl and tetrahydrofurfuryl alcoholsl, sugar 
derrvatrves2-4, and m nucleosrde systems’, the maJor@ of mvestrgators have resorted 
to arbitrary assignments based on comparison of values of vicmal coupling w&h an 
adJacent proton, some of the interpretations have been contradictory In an elegant 
synthesis affording ethanol-l-d of known absolute configuratron, Lenueux and 
Howard6 prepared 5-deuterio-j?-D-xylopyranose tetraacetate by a route mvolvmg 
reduction of 3-O-benzyl-l,2-O-~sopropyl~dene-a-o-xylo-pentod~aldo-l,4-furanose wrth 
hthmm alummum deutende, and they showed by p m r spectroscopy that the product 
contained 65% of the 5(R) isomer Perhn and co-workers’ have recently described the 
synthesis of specifically 4-deuterated L-threofuranose denvatrves In neither study were 
signal assignments made for a methylene group that IS free to rotate 

The present study developed from a common Interest m our two laboratorres 
m the synthesis of spectically deuterated carbohydrates* and m the biosynthesis of 
deuterated, bactenal cellulose g. Work from the Ohlo State laboratones” has 
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estabhshed a sample route, by photolysrs of methyl 6-ando-6-deoxy-a-D-gluco- 

pyranoslde (l), to the correspondmg 6-aldehyde 2 Reduction of 2 wth borodeutende 
should afford methyl a-D-glucopyranoade (3) monodeuterated at H-6 or H-6’ 

5H2N3 

1 hV 

2 H+ 

1 

[QM] NaBD4 H@Me 
2 3 

Inasmuch as this reductton mrght present some stereoselectrvlty ieadmg to unequal 

yrelds of the 6(R) and 6(S) Isomers, the reactron offered the possrbrhty for uneqmvocal 

dtierentratron of the n m r srgnals for the two methylemc sites, by conversron of 3 

mto a fused, brcychc [4 4 0] system for whrch the n m r assrgnments are unambrguous 

(Jm,,, f Je,,,) 
Thus artrcle’ r demonstrates that the reductron of 2 wrth sodmm borodeutende 

IS indeed stereoselectrve, giving a 3 2 mixture (3) of the 6(S) and 6(R) monodeuterated 

denvattves, these were mdrvrdually drfferentrated and assrgned by exammatron of 

the derived mrxture (4) of methyl 2,3-dr-0-acetyl-4,6-O-benzyhdene-6-deuterro-~-n- 

Ph 

glucopyranosrdes The glycosrdes 3 provided the startmg point for syntheses of regro- 

and stereo-specifically defined derivatives (mcludmg D-glucose, D-glucrtol hexaacetate, 

and 1,2-O-isopropylidene-a-D-glucofuranose trracetate) all monodeuterated at C-6 

and having the 6(S) and 6(R) forms present m the ratio of 3 2, and permrtted the 

favored stenc drsposrtron of the primary acetoxymethyl group m methyl cz-n-gluco- 

pyranosrde tetraacetate to be determmed 

DISCUSSION 

The procedure already reported” for photolytlc converslon of the avde 1 
into the “aldehyde” 2 (presumably a mrxture of hemracetahc forms) was followed, 

and the product was reduced with aqueous sodium borodeutende to grve the 6- 

eprmenc methyl 6-deuteno-a-D-glucopyranosrdes (3) The mass spectrum of the 

tetraacetates (5) of 3 (see Expenmental) confh-rned that a smgle deutermm atom had 

been Incorporated mto the methyl a-D-glucopyranoside molecule. 
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Benzyhdenatlon of the deuterated glycosldes 3 followed by acetylatlon gave the 

6-eplmenc methyl 2,3-dl-U-acetyl-4,6-O-benzylldene-6-deuterlo-a-D-glucopyrano- 
sides (4), whose n m r spectrum m benzene-d, was analyzed completely by the pro- 

gram T-LAOCOON after deutenum decouphng (to suppress the H-D couphngs and 

thus afford sharp signals for the protons ongmally coupled with the deutenum atom) 

That part of the spectrum contalmng the H-5 and H-6 signals (and also the H-4 
pattern) IS shown m Fig 1 The spectrum differs from that of its non-deuterated 

analog” in that (a) the signals of H-6b (signal b) and H-6a (wgnal a) appeared as 
doublets Instead of Phne patterns, and (b) the Integrated Intensity for H-6b plus 

H-6a totalled one proton instead of two, the proton mtenslty of the H-5 pattern, 

whrch was more complex, remained at unity The H-6b srgnal was of mtensrty 0 60 
proton and showed a spacmg J5 6b = 5 0 Hz, and the H-6a stgnal had mtenslty 0 40 
proton and showed a spacing Js,6a = 11 Hz, the H-66 and H-6a signals are separated 
by 62 Hz and are well separated from the H-5 signal, mdrcatmg that the first-order 
spacings correspond closely to the true couphng-constants 

The n m r data for 4 permit the followmg conclustons (a) monodeuteratron 
at C-6 to the extent of >95% had been effected, and there was no detectable mcor- 
poratlon (~5%) of deutermm at C-5, (6) the reduction with borodeutende proceeded 
stereoselectrvely, giving 60% of one C-6 eprmer and 40% of the other, and (c) the 
maJor 6-eprmer had the (s) co Zguratron at C-6, and the mmor 6-eptmer, the (R) 
configuration at C-6 

The thtrd conclusion follows from the observed spectral mtegrals and J5 6 
couplings for the H-6 srlgnas, and the well estabhshed12 l3 CI (D) conformation of 
the locked, trans-decahn type of rmg system rn denvatlves such as 4 The low-field 

Fig 1 The deutenum-decoupled, IOO-MHz n m r spectrum of the mixture 6R(a) and 6S(b) of 
methyl 2,3-d~-O-acetyl~,6-UO-benzyl~dene-6-deuter~o-z-~-~lucopyranos~de Isomers (4) m benzene-ds, 
m the region showing the H-4, H-5, and H-6 signals 
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proton (I%) at C-6 shows a small couphng wth H-5, and evidently IS gauche disposed 
to H-5, tbs Isomer is preponderant. The h&field proton (Ha) at C-6 has a large 
coupling vvlth H-5, and IS anhparallel to H-5, ths IS the mmor Isomer The conforma- 
tions of the two Isomers may be deplcted m the Newman proJectIon as follows 

61.51 conflguratlon (60%) 6fRJ conflgurotlon (40%) 

Physlcal dflerences arismg from Isotopic substltutlon are so shght that separa- 
tion of these Isomers by any physlcal techmque at present avallable is out of the 
question (as with the other 6-eplmenc parrs reported here), but the two Isomers are 
clearly dlfferentlated by n m r spectroscopy 

Fme structure observed m the H-5 slgnal of compound 4, a sphttmg of about 
0 6 Hz of each pnnclpal peak m the pattern, appears to result from a long-range 
couplmg of H-5, most probably w::h H-l Thus couplmg (J -0 6 Hz) IS m accord 
with hterature values14 for a long-distance couphng across four bonds, through an 
oxygen atom, between an axial and an equatonal proton 

From the foregoing results for compound 4, it was possible to make ti asslgn- 
ments for the mdlvldual methylene protons m denvatlves, prepared from 4, m which 
the methylene group was no longer spat&y fixed m a locked, 6-membered rmg- 
system In each example, the maJor (60%) Isomer (protonated at the posltlon deslg- 
nated b) IS the 6(S) form, and the mmor (40%) Isomer (protonated at the posltron 
designated a) IS the 6(R) form 

IS) (RI 

Acetylatlon of compound 3 gave the 6-epnnenc methyl 2,3,4,6-tetra-O-acetyl- 
6-deuteno-a-D-glucopyranosldes (5) The n m r spectrum of 5 m benzene-d, was 
analyzed completely, and the assignments previously made” by proton decoupling 
with the non-deuterated analog were fully substantiated, notably as concerns the 

5 
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Independent attnbutron of the H-3 and H-4 signals, by use of theoretical spectra 
calculated for 7 spms wrth the ard of the LAOCOON rteratloc program The lowest- 
field srgnal IS that of H-3 

That portron of the spectrum of compound 5 showmg the H-5 and H-6 signals, 
under deutenum decouplmg, IS shown m Frg 2 Agam, the result of monodeuteratron 
at C-6 IS evrdent, wrth the 6-eprmers bemg present m the ratro of 3 2. In thrs example, 
the product m which the 6-proton exhrbrts the larger couphug wrth H-5 IS the major 
one Frrst-order values show .iS 6b [major product, 6(S)] = 4 6 Hz and .J5,6n [mmor 
product, 6(R)] = 2 4 Hz, the separation of the two H-6 srguals IS 16.6 Hz Once agam, 
there IS evidence of a small (0 6 Hz), long-drstance couphng of H-5. 

I I 

43 35 PDrn 

Fig 2 The deutermm-decoupled, IOO-MHz n m r spectrum of the mixture 6K(a) and 6S(b) of 
methyl 2,3,4,6-tetra-O-ac&yl-6-deutenoa-D-gIucopyranoslde Isomers (5) m benzene-&, m the 
region showmg the H-S and H-6 signals 

Free rotatron about C-5-C-6 m compound 5 allows, m prmcrple, the exrstence 
of the three lmutmg rotamers possrble Rotamer A can be excluded as a srgmficant 
contnbutor to the conformatronal populatron, because of the muumal value (2 4 Hz) 

of Js 60; tlus exclusron would be expected as thrs rotamer has the acetoxyl groups at 

H-5 u-5 

A a C 

C-4 and C-6 m echpsed onentatron The magmtudes of the couphngs observed accord 
wrth an eqmhbnum m which rotamers I3 and C both contnbute srgmficantly; rotamer 
C has the 6-acetoxyl group antrparallel to C-4, whereas rotamer B has thrs group 
brsectmg the C-4-0-5 angle The minor, 6(R) isomer has the proton at posmon a m 



368 D GAGNAIRE, D HORTON, F R TARAVEL 

gauche onentatlon to H-5 m both rotamer B and C, so that Js,60 IS small, whereas 
the major, 6(S) Isomer, havmg the proton at position 6, has the 5- and 6-protons 
gauclze-disposed m rotamer B and antlparallel m rotamer C, and the observed J, 6b 

value of 4 6 Hz reflects contnbutlons from the two rotamers 
The final two compounds exammed were prepared from 6-deuteno-D-glucose 

by standard reactlons Reduction and acetylatlon gave 6-deuteno-D-glucltol (l- 
deuteno-L-guhtol) hexaacetate (6), whose deutermm-decoupled n m r spectrum 

CH20Ac 

I 
HCOAC 

I 
AcOCH 

I 
HCOAc 

I 
HCOAc 

I 
Hb-C-Da 

I 
OAC 

6 

(see Fig 3) ylelded the first-order values J5,6,, 3 8 Hz and J5 66 5 8 Hz, the separation 

Fig 3 The deutenum-decoupled, IOO-MHz n m r spectrum of the mixture dR(a) and 6,9(b) of 
6-deuteno-D-glucltol hexaacetate Isomers (6) m chloroform-d, m the regon showmg the I-CH, and 

6-CHD proton-signals 

of the H-6a and H-6b signals was 16 Hz The maJor product (s) was the form havmg 
the larger couphng Three C-S-C-6 rotamers are, m prmclple, possible Rotamer A 
can be excluded because of the Iow value of J5 6a Thus rotamer has a parallel mterac- 
tmn between O-4 and O-6, such mteractlons are known to be unfavored m aldltol 
acetates15 and ocher acychc sugar systems l6 Rotamer C appears to be the favored, 
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but not exclusive, rotamer, substantial contnbutlon from rotamer B (havmg the 
6-acetoxyl group blsectmg the C-4-OAc-5 angle) IS evidently also mvolved Another 

possible expianatlon for the .J5 6L value observed wouid be the existence of a favored 

onentatxon ansmg from shght torslonal dIstortIon of conformer C 

4-u 4-H 

Aco~y.gAc *+J,&AC _.o.$..f~~ 

H-5 H-5 H-5 

A 8 C 

The final example, namely, 3,5,6-tn-U-acetyl-6-deuteno-1,2-O-lsopropyhdene- 

cc-D-glucofuranose (7), analyzed slmllarly, showed .7, 6n 2 5 Hz and J, 6b 6 5 Hz, and 
the H-6b signal was 60 HZ upfield of the H-6a sIgnal, the 6-eplmer havmg the large 

09c 
I 

Da-C-Hb 

I 

couphng was preponderant By arguments analogous to those presented for the 

rotamers about C-5-C-6 of compounds 5 and 6, rotamer C appears favored, with 

slgmficant contrlbutlon from rotamer B, from conclusions drawn for acychc systems, 

rotamer A (m this Instance, havmg the rmg-oxygen atom, Instead of an acetoxyl group, 

TABLE I 

P.&l R -SPECTRAL PARAMETERS FOR COMPOUNDS 4, 5, 6, AND 7 

MaJor product 
[6(S) configuratron] 

Solvent Chemrcal shfts (8) Couplmg constants (Hz) 

H-6b H-6a Js 6b J5 .sn 

Methyl 2,3-dl-O-acetyl-4,6-0- 
benzyhdene-6-deuteno-a-D- 
glucopyranoslde (4) CsDs 41 3 48 50 11 

Methyl 2,3,4,6-tetra-O-acetyl- 
6-deuteno-a-D-g&o- 
pyranoslde (5) GDs 425 408 46 24 

6-Deuteno-D-ghmtol hexa- 
acetate (6) CDCla 4 11 4 27 58 38 

3,5,6-Tn-O-acety1-6-deuteno-1,2- 
U-lsopropyhdene-cx-D- 
glucofuranose (7) C,D, 3 95 4 55 65 25 
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at C-4) would be drsfavored, because of mteractrons between O-6 and the oxygen 
atom of the fnranose nng 

These results, listed in Table I, penmt the followmg conclusrons to be made 
From the stereoselectrvrty of the reductron of compound 2, and the spectral analysrs 
of compound 4, the signals of the proton sites at C-6 are assrgned unambiguously for 
compounds 4,5,6, and 7; the absolute chuahty at C-6 of these compounds 1s hkewise 
estabhshed. 

These assignments of mdividual protons m the methylene group of an exocychc 
-CH,OAc group are m accord with those suggested (without evidence from specific 
deuteratron) by Lemreux and Stevens’ and Horton and coworkers3, the proposals 
made by Hall and co-workers4 are not m accord with these results, and therr argument 
m favor of the overrrdmg mfluence of an electronegatrve substituent on a proton 
antrparallel to rt does not appear vahd 

It may be noted that, m each case, the preponderant Isomer shows the larger 
couplmg, except for the fused-nng derrvatrve 4, for which the reverse IS true In the 
latter compound, free rotatron about C-5-C-6 is not possrble, and O-4 and O-6 are 
forced by the nng Into a 1,3-parallel orrentatron The other derrvatrves, m which free 
rotation about C-S-C-6 IS possrble, evidently do not assume this rotamenc form 

FmalIy, the structural component -CHOAc-CHDOAc, which IS present m 
compounds 6 and 7 but absent from 4 and 5, appears to be a factor m determimng the 
relative field-positrons of the two protons examined, H-6a resonates upfield of H-6b 
for 4 and 5, and downfield for 6 and 7 

EXPERIMENTAL 

Spectra - P m r. spectra were obtamed \vrth a Varran H-4-100 spectrometer 
for lO-30% solutrons, with tetramethylsilane as the internal reference-standard 
Deutermm decouphng at the 15 3 MHz n-radiatmg frequency was performed wrth an 
“NMR Specraltres” HD-60B heteronuclear spm decoupler Observed couphng- 
constants and chemrcal shifts may not be defimtive values, as cahbration of each 
signal was not performed Exact values of these parameters for the non-deuterated 
products have been reported 1 2 r 5*1g, vanatrons through rsotoprcal substrtution may 
be expected to be very mmor, but the effect of concentration or of temperature modi- 
fication may be appreciable, and the temperature of the probe IS markedly Increased 
by deutenum uradration 

Mass spectra were recorded wrth an A E I MS-9 spectrometer. 
Methyl 6-deuterro-cr-D-glucopyranoslde (3) - Followmg the procedure already 

descnbedl’, methyl cr-D-glucopyranosrde was converted, by way of rts 6-chloro-6- 
deoxy and 6-azrdo-6-deoxy (1) analogs, by photoIysrs and mild hydrolysis, mto methyl 
6-aldelrydo-cr-o-gluco-hexodraldo-1,5-pyranosrde (2) This product was reduced as 
descnbedl’, but wrth sodmm borodeutende Instead of sodium borohydrrde, to grve 
the trtle compound 3, isolated crystalhne m a yreld comparable to that for the non- 
labeled compound, the matenal had the same m p and [a]n as the non-labeled 
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product Compound 3 was exclusively monodeuterated at C-6, and was a 3 2 mixture 
of the 6(S) and 6(R) Isomers (see DIscussIon sectIon) 

Methyl 2,3-dz-O-acety14,6-O-be~~zy~~dene-6-deut (4) - 

By the standard procedure, compound 3 was condensed with benzaldehyde In the 
presence of zinc chloride, and the crystalhne product was acetylated (acetic anhydnde- 
pyndme) to give crystalhne 4, Identical by rmxed m p. with non-deuterated 4 (see ref 
12), It contained the 6(s) and 6(R) Isomers In the ratIo of 3 2 (see DIscussIon sectIon) 

MethyZ 2,3,4,6-tetra-O-acetyl-6-deuter~o-a-D-g~z~copyranoszde (5) - Acetylatxon 
of 3 with acetic anhydnde-pyndIne gave 5 having the same m p as non-deuterated 5 
(see ref 12), nz/e 332 (25%, M’- OCH3), 303 (go/o, MC-HOAc), 289 (ll%, 
MT - CHDOAc), 244 (85%, M’ - OAc-HOAc), the 6(S) and 6(R) Isomers were 
present In the ratio of 3 2 

1,2,3,4,5,6-Hexa-O-acetyl-6-derrterro-D_mtol (1,2,3,4,5,6-hexa-O-acetyl-l-deu- 

terro-L-guhtol) (6) - The glycoslde 3 (600 mg) was heated m 3~ hydrochlonc acid 
(15 ml) for 15 h at 80”, the decolonzed solution was de-Iomzed with Amberhte TR-45 
(OH-) Ion-exchange resm, and the solution was evaporated The product, which was 
IndIstInguIshable from D-glucose by chromatography [g 1 c of the per-O-(tnmethyl- 
wlyl) denvatlve on 20% SE-30 at 190”], was reduced with aqueous sodium boro- 
hydride The product was Isolated and acetylated (acetIc anhydnde-pyrIdIne) In the 
conventional way to sve 6, m p 97-98” (ht I’ value for the non-deuterated analog, 
m p 99”), chromatographlcally homogeneous (g 1 c on 20% SE-30 at 190”) Tt con- 
tamed the 6(R) and 6(S) deuterated Isomers In the ratio of 3 2 

3,5,6-Trr-O-acetyI-l,2-O-~sopropyirdene-6-deuterro-a-D-g~ucof~~ranose (7) - The 
foregomg procedure was Interrupted before the reduction step, and the 6-deuteno-D- 
glucose was converted’ * Into 6-deuteno-1,2- O-Isopropyhdene-or-D-glucofuranose, 
this was acetylated (acetlc anhydnde-pyndme) to gve 7, which, crystalhzed from 
chloroform, had m p 74-75”, Identical by mixed m p with an authentic, non-deuter- 
ated sample lg The product was a 3 2 mixture of the 6(S) and 6(R) Isomers N m r 
data (benzene-d,, 100 MHz) 6 5 6 d (J1 2 3 5 Hz, H-l), 4 05 d (J2 3 0 5 Hz, H-21, 
5 55 d (J3 4 3 0 Hz, H-3), 4 35 dd (.J4,5 9 0 Hz, H-4), 5 3 (two quadruplets, .J, 6o 
2 5 Hz, Js 6b 6 5 Hz, H-5), 4 55 d (H-6a), 3 95 d (H-6b) 
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