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GLYCOSYLDONORSWITHPHOSPHORIMIDATELEAVINGGROUPS
FOREITHERa-OR f!-GLYCOSIDATION
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Abstract:GlycosylN-phenyldiethylphosphorimidates,readilyprepared via the Staudingerreaction

of glycosyidiethylphosphateswith phenylazide, servedas efficientglycosyldonorsfor the formation

of either 1,2-cisor 1,2-trartsglycosidicbondsunderselectedreactionconditions.
@1997ElsevierScienceLtd.

There has been considerableinterestin developingnovelleavinggroupsof glycosyldonorsfor

the desired glycosidationwith high yield and selectivity.1 Significantprogresshas been made in

usingglycosyldonorsthat containhalogen,oxygen,nitrogen,and sulfurmoietiesas leavinggroups.z
The investigation of phosphorus-containingleaving groups includes trivalent and pentavalent

phosphorus compounds.1,3.4 Among the many features that are particularlynoteworthyare: (1)

glycosidation of an extremely acid-sensitive aglycone in Corey’s elegant total synthesis of
paeoniflorin,~ (2) a-sialylationof sialylphosphiteto providehighyieldand stereoselectivity,mand (3)

excellentstereocontrolobservedin p-mannopyranosylationof mannosylphosphinothioates.We now

reportthe preliminaryresultson the glycosylationof glycosylphosphorimidates[(GlyO)P(OR)z=NPh],

readily derived from the Staudinger reaction5 of phenyl azide with glycosyl phosphates. As an

applicationof this methodology,the selectiveformationof either 1,2-cisor 1,2-transglycosidicbonds
isdescribed.

Glycosyl phosphorimidates[(GIYO)P(OR)(OR’)=NR”] have the potential to offer a range of

‘tailor-made. glycosyl donors because of the attachment of three variable substituentson the

phosphorus.Anotherfeature in thisdevelopingclassof glycosyldonorsis the simplic”min accessing

starting materials. For example, diethyl glycopyranosylphosphates(la-e) were prepared by the

couplingof correspondingglycopyranoseswithdiethylMVdiethylphosphoramiditein the presenceof
IH-tetrazole.~ Treatment of glycosylphosphates(1) withphenylazide (1.1 equiv.) in benzene (50

“C, lh) providedthe desired glycosyl /V-phenyldiethyl phosphorimidates(2) after removal of the

solventand the remainingphenylazide in vacuo.These gave satisfactory1H and 1% NMR data,6,7

withan anomericcompositionsimilarto thatof the correspondingstartingglycosyldiethylphosphates.
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The crude glycosyl phosphorimidates(2) could be used directly in the subsequentglycosidation

reactions.

MethodA: ROH(0.8 equiv.),Lutidiniumptoluenesulfonate(LPTS)/mBu4Nl(1.2 equiv.),PhH,4AMS, 40 “C,12h;
MethodB:ROH(0.8 equiv.),TMSOTf(1.2 equiv.),EtCN, -78 ‘C, Ih.

Table. Glycosidationof NPhenyl DiethylGlycosylPhosphorimidates2.

Entry Donora Acceptor Method Product Yield(%)b @ c

1 2a 3a (A) 4 76 10:1
2 2b 3a (A) 5 73 5:1
3 2C 3a (A) 6 73 5.3:1
4 2d 3a (A) 7 65 4:1

5 2a 3b (A) 8 68 10:1
6 2a 3a (B) 4 60 1:30
7 2b 3a (B) 5 70 1:9

8 2C 3a (B) 6 83 1:30

9 2d 3a (B) 7 72 1:5

10 2a 3b (B) 8 75 1:30
11 2C 3b (B) 9 68 1:35

12 2C 3C (A) 10 40 2:1

13 2C 3d (B) 11 78 1:1.5

14 2e 3a (A) 12 82 4:1
15 2e 3a (B) 12 95 3:1
16 2e 3d (B! 13 87 onlya

a The anomericcomposition(c@) of 2a (1JYl), 2b (2.3/1), 2C(1.2/1),2d (1.l/l),and 2e (1.1/1). b Isolatedyieldsbaaad

onacceptors.c The ratioaweredeterminedby200 MHz IH nmr(Gemini,Varian)and hplc(column:adaorboapheresilica

5u, 4.6x 250 mm;eluent:15% ethylacetateinhexanes;flowrate:l.5 ml/min;detection:254 rim).

‘iR?Ko-&
OEt

2a R’ = Me; 2b R’ = Bn 2C R’ = Me; 2d R’ = Bn 2e
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The glycosyldonors (2) couple with glycosylacceptors (3) under a wide range of reaction

conditions. For example, promoterscan be Lewisacids (trimethylsilyltriflate,borontrifluoridediethyl

etherate, zinc chloride, and lithium perchlorate), alkylative agents (methyl iodide/colliding),and

organicsalts (pyridiniumor Iutidiniumptoluenesulfonate). After screeningseveral combinationsof
promotersand solvents,we observedgeneral a-selectivityusingalkylativeagents and ~-selectivity

usingstrongLewis acids. Promisingprotocolsare Iutidiniumptoluenesulfonate (LPTS)/rr-Bu4Nl in
benzene and trimethylsilyl triflate (TMSOTf) in propionitrile. While the two protocols afforded

comparable yields, their influence on stereoselectivity was dramatically different. Under the
glycosidationconditionsof LPTS/Bu4Nl in benzene at 40 “C (method A), 1,2-cis glycosideswere

obtainedas the major productsfrom glucosyland galactosyldonors,whereas 1,2-trar7sglycosides
were formedpredominantlyinthe presenceof TMSOTf (methodB).8

In general, gooda- (entries1-5) and ~-selectivity(entries6-11) were observedfor the primary

acceptor alcohols (3a-b) and the ratios decrease with secondary or hindered glycosylacceptors
(entries 12-13). As anticipated,a-selectivitywas found in the glycosidationof mannosyldonor (2e)

with acceptors(entries 14-16). The couplingof (2e) with hinderedglycosylacceptorssuch as (3d)
gave only a-isomers (entry 16). This trend is attributedto the axial 2-O-benzyl group which inhibits
the attack of acceptor alcoholsfrom the ~ face, consequentlyleadingto a high a-selectivity. It is

interestingto note that the azide group in (3d) survives well during glycosidationwith glycosyl

phosporimidateunderthese conditions,as opposedto whenglycosyldiethylphosphitewas usedas a

glycosyldonor.

GlycopyranosylrV-phenylphosphorimidates,preparedby the Staudingerreaction,have been
foundto effecteither 1,2-cisor 1,2-trartsglycosidationselectivelyunderdifferentreactionconditions.

The use of the Staudingerreactioncan potentiallyprovidea convenientmethodto form a libraryof

the desired glycosylphosphorimidatesby modifyingthe substituentson phosphorus. Althoughthe
high levels of stereoselectivity(a or ~) with tested phosphorimidateswere observedonly in select

cases, the results from this class of the new pentavalent phosphorusderivatives are sufficiently

encouragingto warrant future modificationof the substituentson the phosphorusleavinggroupsin

achievingselectiveglycosidationacrossvariedsubstrates.
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Gololobcw,Y. G.; Zhmurova,1.N.; Kasukhin,L. F. Tetrahedron 1981, 37,437.
Selected data of IH (200 MHz, CDC13)NMR: 2a: 65.92 (old,J= 3.3 Hz, JHP= 7.8 Hz, IH, a),
5.01 (t, J = JI-Ip= 7.6 Hz, IH, ~). 2b:56.15 (old,J= 3.2 Hz, JHP= 7.7 Hz, IH, a). 2c: 65.99

(old,J= 3.2 Hz, JI+p=7.7 Hz, IH, a), 5.04 (t, J= JHp= 7.8 Hz, IH, ~). 2d:56.12 (old,J= 3.5

Hz, JHp= 7.7 Hz, IH, a), 5.27 (t, J= JI-Ip= 7.8 Hz, IH, ~). 2e: 55,83 (old,J= 2.0 Hz, JHP= 7.7

Hz, IH, ~). 4: ?i5.23 (d, J= 3.8 Hz, IH, a), 4.23 (d, J= 7.5 Hz, IH, ~).6:65.04 (d, J= 3.3 Hz,
IH, a), 4.23 (d, J= 7.6 Hz, IH, ~). 8:5 4.81 (d, J= 3.6 Hz, IH, a), 4.27 (d, J= 7.4 Hz, IH, ~).

9:5 4.26 (d, J= 7.6 Hz, IH, ~). 10:85.75 (d, J= 3.7 Hz, IH, a), 4.28 (d, J= 7.6 Hz, IH, ~).

Selected data of 13C (50 MHz, CDC13)NMR: 2a:595.0 (d, JCP= 8.4, C-1, a), 98.9 (d, JCP=
7.5 Hz, C-1, ~). 2b: 695.7 (d, JCP= 8.8 Hz, C-1, a). 2d:696.7 (d, JCP= 8.5 Hz, C-1, a), 99.6
(d, Jcp= 8.4 HZ, C-1, p). 4:6 98.5 (C-l’, a), 104.0 (C-l’, ~). 6:8 98.4 (C-l’, a), 104.4 (C-1’,

~). 8:8 97.3 (C-l’, a), 104.0 (C-l’, 13),105.5 (C-1, ~). 9:5 104.2 (C-l’, ~), 105.5 (C-1, ~). 10:5
98.1 (C-l’, a), 98.3 (C-1, a), 103.7 (C-l’, 13).

There has been considerabledebate as to the exact mechanismof the formationof either 1,2-

trans or 1,2-cis glycosides. Consequently,they can be assumed to result from couplingof
glycosylacceptorswiththe correspondinga- or &ion-pair intermediates,respectively. For the

discussionof the anomericeffect,see: Juaristi,E.; Cuevas,G. Tetrahedron 1992, 48,5019.
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