


Tabulatedreaction optimisation data

Tabk 9. Reactioroptimisationwith 3-phenylpropanol aa modelsubstrate variation of preactivation time

e} (0]
@/\/\OH boB ":"”o/\/Br . o/'%"’o/\/Br
O\/\Br ©/\/\ O\/\Br
Run Phosphate TR0 Time Pyridine  Time Substrate Time Yield
equiv. equiv. (min.) equiv. (min.) equiv. (hours) (%)
Step Step if Step ii?
Original 1.0 15 1 2.0 10 2.0 1 17
1 1.0 15 5 2.0 10 2.0 1 37
2 1.0 15 10 2.0 10 2.0 1 51
3 1.0 15 20 2.0 10 2.0 1 45
4 1.0 15 30 2.0 10 2.0 1 43
5 1.0 15 10 2.0 20 2.0 1 42
6 1.0 15 10 2.0 30 2.0 1 36

@Reaction conditions: i) tri(Bromoethyl)phosphate, 3O, CHCk, RT, 1-30 min. (as indicated), ii) pyridinRT,
10-30 min. (as indicated), iiiy@henylpropanclRT 1 fr.

Table 8. Reaction optimisation with 1,2 &tetra-O-benzylglucpyranose variation of reaction time

S
Br OrR
HO Q b
B0 2 N > B0 R
OBn"OBn O g, OBn "OBn
5 3
Run Phosphate TRO Time Pyridine  Time Substrate  Time Yield
equiv. equiv. (min.) equiv. (min.) equiv. (hours) (%)
Step Step it Step ii?
Original 1.0 15 1 2.0 10 2.0 0.5 13
1 1.0 15 10 2.0 10 2.0 0.5 31
2 1.0 15 10 2.0 10 2.0 1 51
3 1.0 15 10 2.0 10 2.0 15 62
4 1.0 15 10 2.0 10 2.0 2 42
5 1.0 15 10 2.0 10 2.0 3 40
6 1.0 15 10 2.0 10 2.0 4 41

@8Reaction conditions: B, TEO, CHCh, RT 10 min., ii) pyridineRT 10 min., iii)5, RT, 0.54 hrs. (as indicated).
Optimised conditions are highlighted in blubese were used for all subsequent reactions



Table 8. Screening aofiifferent solvens for the thioacetate substitution step

AcO AcO AcO

A(i'\oco 2 ﬁ Br ——> A":AOCO 2 ﬁ SAc A(;’A%O 2 ﬁ SAc
0Ac 071 07 OAc 07407 OAc 07407

gy ~"sAc ~"gr
Monosubstitution product

Run Anhydrous Solvent Yield (%)

A Distilled acetone 0

B Acetonitrile 53*

C Tetrahydrofuran Product + Monosubstitution + Degradation

D Dichloromethane Product + Monosubstitution

E DMF 42*%

F Pyridine 72

Reaction conditionsKSAc in specified solvents, RT, overnight. Solvents that were screened itichiltbl
acetone (A),anhydrousacetonitrile (B), anhydrous tetrahydrofuran(C), anhydrous dichloromethaneDj,
anhydrous dimethylfanamide € and neat anhydrous pyriding?), Optimised conditions are highlighted in
blue; these were used for all subsequent reaction§eld calculated from NMRitegrations.



Experimental evidence forthe formation of oxazolindoxazolinium ion species from
GIcNAE€1-OH substrates

AcO AcO
AcO 0 — AcO 0 Q
AcO AcO /P', /\/BI'
AcHN OH AcHN O C‘) ‘0
10 \/\Br
A) Starting Materiall0, TeO and pyridine.
A - Starting materia(10) peaks
AcO " $
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B) Reactionmixture at 60 minutes CH AcO_8
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FigureSL. IH NMRstudies on reaction progress with substrdi@ All reactions were performed in CP&il RT.A) 10 was
reactedwith THO (1.5 equiv.and pyriding2 equiv.) in the absence of phosphotries@xazoline peaks are labellé®).3 and
10were reactedinder the optimised reaction conditions (as in Table S2, en®®x&yolinium ion peaks are labelled, showing
characteristicdownfield shiftsin the H1, H2 and Gldeakscompared to those in (Ajue to the deshielding effect of the
positive chargeNote that this spectrum was taken at 60 minutes, however the same results were obtained after 5 minutes

of reaction time C)!H NMRspectrumof staiting material10for reference
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Figure S2. High resolution mass spectromdata of the crude reactiomixture between3 and 10 under the optimised
reaction conditionsidentifying the formation of the oxazolingn/z 352.1 [M+N&) along with unreacté 10 (m/z 3701
[M+Naf).



Experimental procedures

General

All reactions were conducted in ovahiied glassware under nitrogen atmosphere. Dry solvents were either

freshly distilled (CkCk, DMF, toluene, THF) or used directly from a SureSeal bottle, ([@@Hine). Triflic

anhydride was distilled over28s prior to use and pyridine was used from a SureSeal bottle stored over
molecular sieves. Flash column chromatography was run either nilgnwigh high purity 22en nn > Y LI NI A Of
AAT S aAftAOF O0{AIYIFIO0 2N 2y |y +tdzi2YI SR ae2aidisSy o6¢St SR«
size silica (RediSep Rf Gold NorRiahse Silica columns) as specified. Reactions and column fractions were
monitored by TLC and visualised by UV and staining. For sugars, the staining consisted of charring with 10%
H2SQ in MeOH; for phosphate reactions a KMn€dain was used; and for azido compounds the procedure

involved initial reaction with 10% Pgin CHCE, followed by staining with ninhydrin. IR spectra were obtained

08 GKAY TFAEY !lew 2y | brBebdurenyent®vieré Shtkindd loiSa(Bélmbaxm Stanleyy R @ |
ADP400 polarimeter in the given solvent at specified concentration where C = 1 équalg/mL.*H and**C

NMR spectra were obtained either on a JEOL ECS400A spectrometer (400 bitdzli@spectively) or a Bruker

AVIIIHD600 spectrometer (600 and 150 MHz respectively). Structural assignments were corroborated-by homo

and heteronuclear 2D MR methods (COSY, HMQC and DEPT) where necessary. Chemical shifts are reported in

parts per million (ppmy ) relative to the solvent (CDC1 7.26; CBOD,+ 3.31; RO,! 4.79).'H NMR splitting

patterns are designated as singlet (s), doublet (d), triplet (t), quartet (g), doublet of doublets (dd), doublet of
doublets of doublets (ddd), doublet of triplets jdapparent triplet (ap. t)or multiplet (m). Coupling constants

(9 are reported in Hertz (HzYhe integrals reported in théH NMR peak listfor mixtures of anomersvere

normalisedso that the numbers of protons f@ach anomeare reported inwvhole irtegers.The actual aomeric

ratiosare also given andere determined from theelativeintegration of the respective anomeric proton peaks

Where indicatedyieldsof product within impure mixturesvere calculatedrom the isolated mass based on the

relatively peak ratio®n *H NMR Where one anomer is in a large excé$€, NMR peaks may not be visible for

the minor anomer and data are reported for the major anoroaty.

Synthesis of phosphotriesters

General procedure &, incorporation of the bis(2bromoethyl) phosphate (step 1)

All starting materials were dried prior to use by-@gaporation with toluene (3x) and drying on a high vacuum
manifold overnight.

To a stirring solution of #2-bromoethytphosphate3 (1.0 equv) in anhydrous Ci€bk (0.2 M) under N was

added freshly distilled T® (1.5 equiv). After stimg at RT for 10 minutesnhydrous pyridine (2.0 equiv) was
added,and the mixture was stirred for 10 minutes. Then a solution of the starting alcohol (2i0) éq CHCb

(1.6 M, with E4N (2.0 equiv) where stated) was added. The reaction was stirred at RT for a further 1.5 hrs before
the solvents were removeith vacuoand the residue dried onto silica. The crude product was purified by column
chromatographywith an appropriate solvent.



General procedure 2 thioacetate substitution (step 2)

To a stirring solution of the appropriate bidffPomoethyl}yphosphate intermediate (1.0 equiv) in dry pyridine
(0.1 M) was added KSAB.@ equiv). The resultant solution was left stirring for 18 hrs at RT before the
precipitated KBr salt was removed through filtration. The resulting crude solution was dried onto silica, and the
crude product was purified by column chromatography with aprapriate solvent.

Note: it is possible to successfully complete steps 1 and 2 in one pot without purification of ti& bis
bromoethyl)phosphate intermediatén this case, the crude mixture obtained after step 1 is evaporiatgdcuo
and then directhdissolved in dry pyridine for step Zhis approach has proven helpful in cases wherelgtion

of products with unreacted phosphotriest&ror by-product4 is causing difficulties with purification, but it can
lead to a slight drop in yielet(g.,from 61% to 53% fothe reaction orb). It is also worth noting that unreacted
substrate can usually be recovered, limiting the loss of valuable materials.

tris(2-bromoethyl)phosphate (3)

i
Br\/\o/ l: //o/\/ Br
O\/\Br

Under a N atmosphere, PO&(0.50 mL, 38 mmol, 1.0 equiv) was dissolved in dry-CH(30 mL) at & . 2-
Bromoethanol (1.9 mL, 27 mmol, 5.0 equiv) and triethylamine (5.2 mL, 37 mmol, 7.0 equiv) were added to the
reaction mixture. The reaction was allowed to reach RT and stirred overnight. Upon completion, the
triethylamine hydrochloride was precipitatezlit of the mixture by the addition of THF (40 mL). The salts were
removed by filtration and the filtrate concentrated under vacuum. The crude mixture was purified by column
chromatography (€L00% EtOAc/hexane) to yield the product tribfpmoethyl}phosprate 3) as a clear oil (1.6

g, 3.8 mmol, 71%)R 0.58 (4.1 EtOAc/hexan&)RMS (ESlxalculated for €Hi-BrsNaQP [M+Na} 438.7921,

found 438.7916'H NMR(400 MHz, CD¢ll +4.38 (dt,J= 8.2, 6.1 Hz, 6H2EI0P), 3.57 (= 6.1 Hz, 6H,4&Br).

13C NMR101 MHz, CD@il ¢67.3 (d, COP), 29.5 (d, CB¥. NMR(162 MHz, CD§l p cll.94. IR(Vinax, film) 2967,

2885, 1455, 1422, 1270, 1235, 1064, 1004, 960, 944, 781, 5Y2 cm

tris(Sacyt2-thioethyl)phosphate (4)

[l
AcS P, SAc
\/\O/ i ,O/\/

To a stirring solution dfris(2-bromoethyl)phosphate3) (400 mg, 0.959 mmol, 1.00 equiv) in acetone (10 mL)
was added KSAc (450 mg, 3.95 mmol, 4.12 equiv) and the resulting solasoallowed to stir for 24 hours at
RT. The solvent was removedvacuq and the resulting residue was dissolved in@H25 mL) and washed
with HO (20 mL). The aqueous layer was extracted withCEKR x 25 mL), and the organic layers were
combined dried over MgS®)filtered, and concentrateth vacuato afford the crude product. The crude product
was purified by automated flash column chromatographyl Q0% EtOAc/hexane) to afford the title compound
4 as a pink oil (234 mg, 0.579 mmol, 60BHRMS(ESICalculated for CH1NaGPS [M+Na] 427.0079, found
427.0088'H NMR(400 MHz, CD¢ll 14.09 (dt,J= 7.4, 6.5 Hz, 6H, &bP), 3.14 (t, 6H, GBAc), 2.32 (s, 9H, §H
B3C NMR(101 MHz, CD§l . 194.76 C=0), 66.14 (dJ= 5.8 Hz, Ci#DP), 30.60 (G 29.21 (dJ= 7.2 Hz
CHSAC)P'P NMR(162 MHz, CD§ll p @1.59. IR (Vinax, film) 2919,2850, 1734, 1695, 1460, 1376, 1264, 1133,
1062, 1015, 956, 623 cin



1,2,3,4tetra-O-benzyt6-bis(2-bromoethyl)phosplor-" 3d-glucgpyranoside(7) (optimised procedure)

Br

\_\ o
/7
0 R
0 o
Br\/‘Bno O
BnO
OBn OBn
Following general procedure 1, the reactionwaswith32y | on Y3 6T H stefig®benzd Ol £ S 2y

h >p-glucqpyranoside(5). The crude product was purified by automated flash column chromatograpB9%®

9iGh! OkKSEIFIYySy (2 FFF2NR (GKS (GAGtS O2viladyRnhy YBZYhEG
62%) HRMS (ESQalculated for §HssBr-NaQP [M+Nal: 855.0904, found: 855.09454 NMR(400 MHz, CDgI

117.51¢ 7.27 (m, 40H, Aromatic H), 5.8.53 (m, 16H, CHPh), 4.813d, o®y | 1 X MmIJZ7.8Hz, Il MmO X nd
Ml X i4.48¢#19Ym, 8H, O@&CH. NE h ki | ¢ I Idedtno 21 TnXd vl Xb=0@0,4.6,8.Z o dyn
T ml =T hJl py@&dg olbicy MBI (M, 9H, B.ONE ofdcloH Y | nCNMRIOH S | nX |
MHz, CD@b 138.48, 138.34, 13841 138.07, 137.92, 137.28, 128.66, 128.62, 128.57, 128.52, 128.29, 128.09,

MHY ®ncX MHYy®nnI MHTOYyy>Y MHTOPYypI MHTOYME MAHODOpp O I m
THPPYy O6h / HOZ TTPDdnc 6Ph), 76.830(E=TTPry®H i 36 h CHPIp 08 17 FBBYEn O/ |
JVUoTdy 1T h [/ p0Z To®dpoI J6.0OHZMEHLB)EFOZ(E)=opdPLEHB) / p 03X
67.03(dJIr pdgp I T3 JIr/ pddh ¢t DJBLBrY) BBS 2948/E86.3P NMR(162 MHz,

CDGI pcl.31,¢1.19.IR(Vinax film) 3031, 2885, 1421, 1453, 1360, 1273, 1012, 1067, 736, 698 cm

1,2,3,4tetra-O-benzyt6-bis(SATE)phospir-"  3-d-glucgpyranoside(6)

Yo
O( \O
AcS BnO o
BnO
oBn OBn
Following general procedur® the reaction wasrunwiti2y | on Y3 o6nn >Y2t0 a0l tSo

purified by automated flash column chromatography7@%o EtOAc/hexane) to afford the title compoudich a
YAEGdzNE 2F Fy2YSNBE 6oYH NhYi 0 Iltdive)ll HRHMS ESIRalguladdhfor don Y
CizHasNaQ1PS [M+Nal: 847.2346, found: 847.2388H NMR(400 MHz, CD@I +72.44¢ 7.27 (m, 40H, Aromatic

H),481dJ)I o®dc |13 w1455 (m 1I6HOHPh), &M@, pdp |1 X wml =111 MmO X n®
cdoX MPy |13 HIE mMwdODMECROHI n P00 inFBRIIGEHINR,4.08 (@ 0 X n dH A
' oon 11X go®Ty 66D ImMbBYyyy dp 0IZT D Ogdr®ropi X6 6D SploPco | H I

H4, H5), 3.15 @@ J= 6.6, 3.3 Hz, 8HHESAC), 2.31 (s, 2H, §H2.31 (s, 5H, GH 2.30 (s, 5H, GH*C NMR101

MHz, CD®b 104.82, 138.51, 138.37, 138.17, 137.93, 137.32, 128.65, 128.59, 128.54, 128.50, 128.29, 128.12,
128.08, 128.05, 127.99, 127.95, 127.851 By HEX MHT ®TnX MnH®Ppn O /| MOX dpPprT
ymMmeddpt o6 /o0X yndan oh [/ HUO 2 KUOTZDoOTTp 40 M 2/ NTOPZD HTHTZD HTCp donhc Z/
(CHPh), 73.15,66.25@ c®n |11 X h [ F@EHA MPB DI c hdc o PO)BEIAH) = ¢ pPn
J=1.9 Hz), 66.18 (d= 1.3 Hz), 30.64, 29.33, 29.282 NMR(162 MHz, CD& »¢0.94,¢1.08.

1,2,3,4tetra-O-allyl-6-bis(2-bromoethyl)phosplor-"  35-glucgpyranoside

Br

s
O(‘J:P\O
Br Allylo 0
Allylo
OAllyl OAllyl
Folbwing general procedure 1, the reactionwasrunv@®y | on Y3 0T H >teffg@acetyd O £ S 2V
h >p-glucqoyranosidg8a). The crude product was purified by automated flash column chromatograp®§%®

EtOAc/hexane) to afford the title compoBn Ay | YAEGdZNBE 2F Fy2YSNA o6mYc hYi o

53



31%)HRMS (ESGalculated for GHssBrNaQP [M+Nal: 655.0278, found: 655.0301H NMR(400 MHz, CD$I

116.03¢ 5.78 (M, 8H, B=CH), 5.36¢ 5.22 (m, 4H, CH+B), 5.22¢ 5.13 (M, 4HCH=Eb), 4.44¢ 4.28 (m, 22H,

h I cX i | MBCH{OMIECHR)Q28H.04 (M, 8H, OGCH=CLEE " | ¢ ¢3.70 (m,®H, o Ty

h ] 03X IcP.46Im, 8HP@B), 3450 PHT O6YSZ nl X N | HIM I @EME 1T@F D Imlo
13C NMR(101 MHz, CD§l ¢ 185.12 (H=CH)), 135.04, 134.56, 133.90, 117.53 (CHs, 117.25, 117.12, 116.97,

102.47 (C1), 84.03 (C3), 81.57 (C2), 76.69 (C4), 74B6IBACY), 73.94, 73.79, 73.47, 70.33 (C5), 67.134,

5.9 Hz C6), 67.03 (d= 5.9Hz, GH:CHBr) 66.97 (dJ= 5.9 HzOH.CHBI), 29.51 (H:Br), 29.433'P NMR(162

MHz, CD@b pcR.47.IR (Vinax, film) 3088, 2894, 1736, 1647, 1456, 1426, 1348, 1270, 1067, 1009, 942 cm

1,2,3,4tetra-O-allyl-6-bis(SATE)phospir-" >0-glucgpyranoside

AcS

AcS Allylo 0

OAllyl OAllyl

Following general procedure 2, the reaction was run with 1,2&ph-O-allyl6-big2-bromoethyl}phosplor-

h =gglucpyranoside2 y +y yodn Y3 dmc >Y2f0 &a0FtSd ¢KS ONHzZRS LINRF
chromabgraphy Or /£ 9 h! OkKSEIFIySu G2 F¥¥F2NR (GKS GAGtS O2vLkRd
@Stft2¢ 2Af o6y dn Y HRMSNESGaictaell or ilddhQARSAMNa]: 647 3726, found:

647.1720'H NMR(400 MHz, CD§l 16.00¢ 5.83 (n, 4H, G=CH), 5.33¢ 5.23 (m, 4H, CH#E), 5.23¢ 5.11 (m,

4H, CH=),4.90 dJI' odc | T3 mh®Ht 6 ¥WDIT NDnmHCH=CH), 4i24HtdddE | | c QX
10.8, 8.5, 7.1, 5.4 Hz, 4H, ®@CH=CH), 4.244.01 (m, 18H, QG&CH=CH, QGCHSAZ "M | c X d3.70 c0 X o0 O}
0YZ HI Z h Jco®Pob lYEZoo®nh dondHn YOS HI I pRI2(oBBlpio | n0 X
GL{ ! Oz i | #=013 Hz 28, BASGCINMR(101 MHz, CD@I ¢ 194.84 C=0 SAc).194.8@¢0O SAc),
135.36(0OCHCH=CH), 135.23, 135.15, 134.95, 134.81, 134.68, 134.03, 133.79, 118.32GBEH), 117.62,

MMT ®PpnZ MMTPopPE MMTPHCZ MMTPAnyZ MMCPPoZE MMCDPCYyZ MAHODE
/ o0 ThPpH O0h [/ HOFH.CA=CEYY THIONNEOIT nPmORY TODPPT I TODPYMZ
(OCHCH=CH) = Tndom O6II /yphoZ |c@Ee GeCHEEYD6.8gceabr yoo Yz h [/ ¢z i/
(d, J= 5.8 Hz, GH:CHSAC), 66.17 (d]= 6.8 Hz, GLCHSAC), 29.374H), 29.32 (Ck. 3P NMR(162 MHz,

CDGU p@0.98,¢1.17 .IR (Vimax, film) 2922, 2868, 1693, 1459, 1422, 1394, 1270, 1129, 1065, 1006, 957, 923,

776, 684, 622, 490 ci

1,2,3,4tetra-O-acetyt6-bis-(2-bromoethyl)phosptor-"  >6-glucopyranoside

Br,

\_\ O
/7

O R
O( \o
Br AcO (0]
AcO
OAc OAc
Following general procedure 1, the reactionwasrunBighy | on Y3 06T H >efige®acetyd O £ S 2V

h >d-glucqoyranoside (8b) (3 equiv). The crude product was purified by automated flash column
chromatography (0% Et®0 Ok KSEI ySo (2 | FF2NR (GKS (GAGtS O02YLRdzy R A
2Af O0Hp Y3IIHRMS (ESakilated forEBeNaQsP [M+Nal]: 662.9448, found: 662.9445

NMR (400 MHz, CD®l 1833 (dJI' o ®T1 113X MIJ WY dombEIZpmilE &GpROMOLEZ pwh ¥
H3),527 () mMndc | 1T X qwldshpi OIYED D I EdMy ¢rHdEn 11 &Y I wvEE ER7h0 ZI nn0dEp ¢
(m, 8H, CHPh), 422 (ddd, MM®p X podnI HROPMhIOME IS |l c@URESHPHYT ORR
ndcI HOAHS), BB@II zmmdp s pody | T I=1m9, €8 Hz, SHHIBI) 2.221 239 ¢m, 6 R X

24H, Ch).*C NMR(101 MHz, CD§ll cMc pPc MZI Mc pdPpc I Mc phpdPpnI wmc ddpPpHZI Pmdc
TOcTE I [/ pLE THO®ch 01 [/ o0Z Tndun oO6h [ pOE TnAndmMna 01 [ HU

(d,J=5.75CH2CH2Br), 65.47 (@ p ®Tp = i JI/ cpddEn pc3p don/ cOORE HpdPcyI HDpPp P
29.24, 2088, 20.64, 20.55, 20.53, 20.4% NMR(162 MHz, CD@ p c1.64,¢1.75.1R (Vinax, film) 2944, 2852,
1754, 1428, 1369, 1216, 1069, 1038, 1015, 942 cm

S¢)



1,2,3,4tetra-O-acetyt6-bis(SATE)phospir-"  >-d-glucgpyranoside

AcS

Acs ACO 0
AcO
OAc OAc

Folbwing general procedure 2, the reaction was run with 1,2{8tda-O-acetyt6-bis(2-bromoethyl}phosptor-

h =g-glucpyranoside2 y | dgdc Y3 omp >Y2f0 aolOltSd ¢KS ONBzZRS LINEPR
chromatography (70% EtOAc/hexane) to afftR G KS GAGE S O2YLRdzyR AYy | YAEGGdz
8Stft26 2Aft 0p dm HRMBIESKaulated YoB SH:NaQsRS: [W€Na]: 655.0891, found:

655.09001H NMR(400 MHz, CD@l 18.33(dJI' o ®y | 1T X mMIJE8.4Hz 1M 0IT IpMPFID9WRET 0
TS mIZ hJrl ojdsp pddHsc g @0 P d VD o IpXbmhgh nedH ol 6"Y I wid =1 0 I cn
C4.06 (m, 11H,BCHSAGh | cX | ¢co@yYyd oWIHvmI I indp 0IZ]T D dMIME@E] ZI pO I o
3.5 Hz, 8H, GAH,SAc), 2.36 (s, 12H, SAc), 2c2B97 (m, 24H, OAcYC NMR(151 MHz, CDEI ¢ 170.42,
MTANOHPE MCcPPpHEI Mc hPopZ mMchpdanI pgmdTty 01 [/ MOZ ydhdmm O
Tndann oh / o Zc TcHbH yoio "/ i X665 (@ H0),E58.37¢66.46Im, €&), BMES,

29.85, 29.26, 21.02, 20.92, 20.76, 20.72, 20.70, 26'BNMR(162 MHz, CD&l pcl.35,¢1.42.1R (Vinax film)

2964, 2923, 2848, 1754, 1693, 1429, 1368, 1247, 121&, 1083, 1017, 735, 713, 623, 546, 481'cm

1,2,3,4tetra-O-benzoyt6-bis(2-bromoethyl)phospltore-" >6-glucopyranoside

Br

(0]

/7

O R

.

Br BzO O
BzO
OBz OBz
Following general procedure 1, the reacton wasrunv@t8y | wmp Y3 o6oc >tétafoo a Ol £ S

benzoyih xo-glucgyranoside (8c). The crude product was purified by automated flash column
chromatography (@ 2 9iGh! OkKSEFY S0 (2 I ¥F¥F2NR (KS (GAGfS O2YLR dzy
2Af o0c ®m Y I HRMS(ESSarcaldted dr GelzaBiNaQsP [M+Nal: 911.0074, found: 911.011'H

NMR (400 MHz, CD&@l 18.20¢ 8.13 (m, 2H, Aromatic H), 8.@8.01 (m, 2H, Aromatic H), 8.917.81 (m, 12H,

Aromatic H), 7.62 7.33 (m, 16H, Aromatic H), 7.877.26 (m, 8H, Aromatic H), 6.83 @, o®Tt |1 X ml = b
6.28(dJI' mMandn |13 MI'I yhdoul HIZ avdEp & & MOIZE cMiaIm9) &itdlezyp = p Py o
Ml Z 1T I HOZIMpPRHI| 6 EZqpldic nh OIYIEO SH I pdxchybh e O YInuE&28ppp 0 =

(m, 12H, &CH. NE h | ¢ = ic3.41[n% 8H, E:BrI3C NMR(1I01 MHz, CDE . 166.00, 165.76,

165.45, 165.27, 164.72, 134.15, 133.88, 133.68, 133.55, 130.34, 130.20, 130.06, 129.97, 129.94, 129.88, 128.99,
128.95, 128.77, 128.71, 1286 MHYy ®pc X MHY PpHI MHY ®dnn X IlpHeddrdn 1011 S /im0/Z
TH®TC 061 NOVEPP MIDINT MREpOI Tandty 6i [/ HOZ Tndnp 6h /00
¢ 67.39 (M, @HCHBr), 65.97 (AJI' n dy | 6} 29062QH:Bry 29i47, 29.39P NMR(162 MHz, CD$I
1p¢1.89,¢1.75.IR (Vimax, film) 2961, 1731, 1582, 1452, 1257, 1067, 1012, 962, 709 cm

1,2,3,4tetra-O-benzoyt6-bis(SATE)phospir-"  >-5-glucopyranoside

AcS

\_\ O
/7

N

O o
ACSI B2O o}
BzO

OBz OBz

Followng general procedure 2, the reaction was run with 1,2{8tda-O-benzoyt6-big2-bromoethyl}
phosplor-h Zo-glucepyranoside2y | mMH Y3 6mMo >Y2t0 a0t Sd ¢KS ONHzRS LJ
column chromatography (@0% EtOAc/hexane) to affofdK S G A Gt S O2YLRdzyR Ay | YAE(d:
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la + &8Stt24 2Af o6 wmu HRMBIESGalculated Bof SHiaNadzP/[NM+Na}t 90X1813.0 ©

found: 903.1561'H NMR(400 MHz, CD¢J +8.19¢ 7.28 (m, 40H, Aromatic H), 6.83 038/ T £ ™I X h | M0
6.32c ®HM OYI HI X NIl gpdir | MEZge®nd HGBRIAImIpIyichdd 01X P dwrinz
H4),57cp ®cM O0YZ HI Zchohp O6YINKMEZIGHD hpYI midd th 4043 1 | pX
(m, 8H, OB:.CHSAC), 3.2% 3.03 (m, 8H, B:SAc), 2.2% 2.39 (m, 12H, G) °C NMR(101 MHz, CD@l . !

166.12, 166.02, 165.43, 165.23, 164.47, 134.10, 134.06, 133.80, 133.78, 133.63, 133.59, 133.51, 130.36, 130.20,
130.07, 130.06, 129.98, 129.96, 129.94, 129.28,97, 128.74, 128.68, 128.67, 128.56, 128.53, 128.50, 92.74

ol / m0Z dndan oh [/ MOUEZ TODPYH 65 [/ pUOZ THOPYT 01 [/ o0o0Z TwM(C
6h / no0 ZJ=6.63Pr)c66.2BRIE 4.42 Hz), 65.62 (=553 HZ | / cOX cppdppp IdRI N [/ c 0 X
30.63, 30.60, 29.32, 29.30, 29.28, 29.25, 2FIBNMR(162 MHz, CD§J p c1.62,¢1.50.IR (Vinax, film) 3073,

2964, 2922, 2852, 1731, 1652, 1253, 1066, 1015, 707 cm

2,3,4,6tetra-O-benzytl-bis(2-bromoethyl)phosplor-h  =5-glucgpyranosde

BnO

Bré%o 2 ﬁ Br
0Bn O 6”0/\/
\/\Br
Following general procedure 1, thereactionwasrunBighy | on Y3 6T H stefig®benzg Ol £ S 2y
h >d-glucqoyranose(9a). The crude product was purified by automated flasltumn chromatography @0%
9ih! OkKSEIFIYSy G2 FFF2NR (KS GAGES LINRBRAzOG Ay |+ YAE(Gdz

26%)HRMS (ESQalculated for §HssBrNaQP [M+Nal: 855.0909, found: 855.0948H NMR(400 MHz, CD$}I

1y 7.47¢ 7.07 (m, 20H, Aromatic H), 590 (dd, ¢ ®y X o ®H | tEomwil 30 Y3 | mpsd4ip dPlHe ) =
(m, 8H, CHPh), 4.2394.18 (m, 4H, B-CHBr), 4.06¢ 3.87 (m, 2H, H3, H4), 3.€B.62 (m, 4H, H2, H5, H6), 3.48

¢ 3.29 (m, 4H, B:Br). °*C NMR(101 MHz,CDG . 138.49, 138.02, 137.82, 137.53, 128.64, 128.57, 128.52,

128.33, 128.19, 128.12, 128.10, 128.01, 127.97, 127.89, 96.22 &3 Hz, C1), 81.15 (C3), 79.2U&8.1 Hz,

C2), 77.01 (C4), 75.83, 75.35, 73.66, 73.44, 72.85 (C5), 68.31 (CB)d6¥= 5.6 Hz, OHCHBTr), 66.95 (dJ)=

4.8 Hz, @HCHBr), 29.39, 29.32R (Vmax, film) 3363, 3030, 2880, 2916, 1735, 1496, 1452, 1416, 1212, 1071,

1017, 741,695 cth  _ =+32.41 (c=0.2, GEb)

2,3,4,6tetra-O-benzytl-bis(SATE)phospir-h >d-glucgoyranosde

BnO

Brllaoo O ﬂ
n P, SAc
o) 6/0/\/
\/\SAC

Following general procedure 2, the reaction was run with 2,3@ti-O-benzytl-big2-bromoethyl)phosplor-

h Spglucpyranoside2y | Tdn Y3 oydn >Y2ft0 a0l t S dual feBcol@MHzR S  LINE
chromatography (2@ &2 9 G h! Ok KSEFy S0 G2 | T F-andikeras &Ky@llow dil (54 $g, 02 Y LI2 d;
c ®p > Y 2ZHRMS E$Jalcutated for SHidNaQ1PS [M+Na]: 847.2346, found: 847.23384 NMR(400

MHz, CD@b +7A.41¢ 7.27(m, 18H, Aromatic H), 7.15 (d#f 7.0, 2.5 Hz, 2H, Aromatic H), 5.87 (#d 6.8, 3.2

Hz, 1H, H1), 4.95 (d= 10.8 Hz, 1H, CHPh), 4.83 (@, 10.8, 6.8 Hz, 2H, CHPh), 4.768)&d11.3 Hz, 1H, CHPh),

4.68 (d,J= 11.3 Hz, 1H, CHPh), 4.59Jd,119 Hz, 1H, CHPh), 4.48J& 11.9 Hz, 2H, CHPh), 4.11 (dd#d,

12.8,10.9, 7.6, 5.0 Hz, 4H,®CHSAC), 4.08 3.86 (m, 2H, H3, H4), 3.€8.50 (m, 4H, H2, H5, H6), 343.98

(m, 4H, €kSAc), 2.30 (d]= 4.0 Hz, 6H,HKB). 1°C NMR(151 MHz, CD¢l . 194.85, 138.65, 138.20, 137.94,

137.67, 128.62, 128.55, 128.30, 128.10J€,2.8 Hz), 128.07, 128.00, 127.92, 127.84, 95.974&.8 Hz, C1),

81.25 (C3), 79.27 (d= 7.4 Hz, C2) 75.82H-Ph), 75.33, 73.66, 73.27, 72.78 (C5), 68.23 (C6), (6,36 6.1
Hz,GHCHSAC), 66.10 (dl= 6.1 HzOH.CHSAC), 30.65, 29.28 (d5 7.5 Hz), 29.25 (d= 7.5 Hz)*'P NMR(162

MHz, CD@b rcR.35.IR(Vinax, film) 3031, 2923, 2852, 1743, 1693, 1497, 1454, 1268, 1068, 1015, 993, 737, 698,

623, 530 cri. r =19.89 (c=0.46, GEL).
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2,3,4,6tetra-O-allyl-1-bis(2-bromoethyl)phosplor-  36-glucgpyranosde

Allylo

Allylo
Allylo

(0]
Il

P.,/ Br
OAIIyIO/é O/\/

Br

Following general procedure 1, the reaction was run \@ittn a 60 mg, (0.14 mmol) scale on 2,3;&6a-O-

allyth >o-glucqpyranose(9b). The crude product was purified by automated flash column chromatography (0

cm> 9Gh! OKKSELlYyISYy2YigNI FF2HRS GKBSGHS O2YLRdzyR +a | Ot S
that this reaction did on separate occagi@ f SI R (G2 M Yi -aMonerindeXcBssHRMSA(EH) G KS
Calculated for &H:sBrNaQP [M+Naj: 655.0278, found: 655.0291H4 NMR(400 MHz, CD& +6.01¢ 5.85

(m, 4H, €=CH), 5.81 (ddJ= 6.8, 3.3 Hz, 1H, H1), 5.86.23 (m, 4H, CH$), 5.23¢ 5.11 (M, 4H, CH+E),

4.42 ¢ 4.30 (m, 5H, O&CH=CH OGLCHBI), 4.30¢ 4.23 (m, 1H, O&CH=Cbj, 4.23¢ 4.18 (m, 1H,

OQ+HLCHCH), 4.18¢ 4.09 (m, 2H, O&CH=C}), 4.05 (ddtJ=12.8, 5.7, 1.4 Hz, 1H, BXCH=C}), 3.96¢ 4.02

(m, 1H, O8:CHCH), 3.88 (d, J= 9.9, 3.0 Hz, 1H, H5), 3.67J&4,9.7 Hz, 1H, H3), 3.65 {d 3.0 Hz, 2H, H6), 3.54

(dt, J= 15.8, 6.4 Hz, 4H, OfH:Br), 3.47 (ap. t)= 9.9 Hz, 1H, H4), 3.43 (dt 9.7, 3.2 Hz, 1H, H2JC NMR

(151 MHz, CD&ll ¢185.29 (OCHH=CH)134.82, 134.52, 134.45, 117.98 (QCH<H,), 117.65,117.17, 116.93,

96.51 (d,J= 6.3 Hz, C1), 80.64 (C3), 78.8W&7.3 Hz, C2), 76.63 (C4), 74.48HCH=CLJ, 74.13, 72.82 (C5),

72.63 (@HCH=CH}, 72.51, 68.31 (C6), 67.0% = 5.5 Hz, G-CHBIr), 66.91 (dJ= 4.8 Hz, OGBH:Br), 29.37

(OCHGH.Br), 29.32, 29.28, 29.23'P NMR(162 MHz, CDEl p @6.58.IR (Vinax, film) 2920, 2853, 1737, 1538,

1455, 1376, 1260, 1096, 1820, 800tm ; = 16.32(c=0.2, GEb).

2,3,4,6tetra-O-allyl-1-bis(SATE)phospir-"  >d-glucgpyranacside
AllylO

Alyio 0 Q
llylo g

., SAc
onllyio” & 07

SAc

Following general procedure 2, the reaction was run with 2,3di@-O-benzoytl-big2-bromoethyl}

phosplor-h Zo-glucepyranoside2 y | Mm@y Y Jle. The érude prodigcet was purtieéd by manual flash
column chromatography (2p &2 9 G h! Ok KSEFy S0 (G2 F¥FF2NR (KS GAdtS 0O2vY
Fa | &8tft2¢ 2Af o6mMPo YIAI Hdn >Y2f{3 TH200 omz2ad S GKI G

independent replicate of the reaction described above and was a mixture of both anoMBMS (ESI)
Calculated for &HsiNaQ1PS [M+Na]': 647.1720, found: 647.174%H NMR(400 MHz, CD§ll +6.00¢ 5.78 (m,
8H, CHCH=CH)), 5.76 (ddJ=6.9,3.3Hz M| X h ¢5.20 @EnZ4HpCHbRH 5.18¢5.12 (m, 8H, CHE),

5.00 (dd,JI' T dy S c dd | 1¢4.20u(In,34H, OBCHwOLS. 4.20¢po0$ (M, 12H, QBCH=CH
OH:CHSAC), 4.0 3.92 (m, 4H, OBCH=C}), 3.83 (dddJ)=10.0,3.4,21Hz,TH " | go ®po PG WX pl = h
lcX i |1 HXE | QdE mpodiII odwha KGYREBEm! &YX HbEIMFodp | hEImMbDHECE

3.21 ¢ 3.11 (m, 8H, CidH.SAc), 2.33 (dJ = 1.9 Hz, 12H, GH 3C NMR(101 MHz, CD&l . 135.32
(CH=CH)135.07, 134.87, 134.76, 134.54, 134.49, 117.83 (BH=117.57, 117.36, 117.17, 117.06, 116.82,

9898 (dJI' cd1T T X I/ wmdiE IpicHMH OREITyp dpnl BE J obHYMPRADC O
(d,Jr tom 11T 3 h 7545 BHLCHeC#p>m TOmMdp/onzd) TndnnI TndnyI Toddc3I
THONPE TH®PONZI cydnH J%57/HeBLEHSAG), @02 (d6 8.2 HZ@HCRSAC)C3®68n 0 R X
(CH), 29.34, 29.31, 29.26, 29.24, 29.28 NMR(162 MHz, CO p d2.41.IR (Vinax, film) 3079, 2922, 2867,

1693, 1461, 1421, 1355, 1270, 1065, 1009, 949, 622, 515 cm

2,3,4,6tetra-O-acetyt1-bis(2-bromoethyl)phosplor-  >6-glucgpyranosde
AcO
Mook
S

Following general procedure 1, the remctwasrunwitt82 y | oo Y3 o0y n >teffg@acetydh Ol £ S 2V
h >p-glucqpyranose(9c). The crude product was purified by automated flash column chromatograph§0@0

S12



9Gh! OkKSEFySyv (G2 I FF2NR (GKS GAlGt $ 802 YIIKI(iE M2 f A RY i d:
33%).HRMS (ESKalculated for GH22BrNaQsP [M+Na}l: 662.9454, found: 662.9448H NMR (400 MHz,

CDGD 13.89 (ddJI' c ®pX odu | 1 I misdm 11TMD Im DPXD mhdd pl 0clivEs> pegozd | ol (ing
pdny OYI nl X b | n3=10.113R2 Hz, 1Hy H2), 444 2F (M B /OECH NE> P 1 cX 1 co0
426cn ®HH O6YZ HI T h J$10.8 27 Hzl 1 pHSE), 3058.52r(m, 8HR BEY), 2.10 (s, 8H, GH

2.09 (s, 3H, G 2.04 6, 6H, CH), 2.03 (s, 3H, GH 2.01 (s, 2H, GH'*C NMR101 MHz, CD§il ¢ 170.46 C=0),

169.98, 169.35, 169.27, 96.41 (& 4.8 Hz, C1), 72.79 (C3), 72.19 (C5), 71.03 (C2), 67.63 (C4), 6I=3L7H,

Hz, G@H.CHBI), 67.13 (dJ= 5.8 Hz, O+CHBr), 61.31 (C6), 28.90 (OLH-Br), 28.81, 28.70, 28.62, 20.74 (LH

20.65, 20.543'P NMR(162 MHz, CD§l pcH @ bc-0 ®Pp @M Z 61 0 ®

Large ScaleFollowing general procedure 1, the reaction was run \8ittm a 1.0 g (2.4 mmol) scale on 2,3;4,6
tetra-O-acetyl-h =d-glucopyranose 9c). The crude product was purified by automated flash column
chromatography (2@p: 9 G h! Ok KSEFySo G2 | FF2NR (KS Galhask 02YyLkd
yellowoil (417mg,0.65 nmol, 28%).

2,3,4,6tetra-O-acetyt1-bis(SATE)phospir-" 30-glucgpyranosde

AcO

A?—\OO 0 ‘C‘)
C P., SAc
OAC O (‘3 ’O/\/
~"sac

Following general procedure 2, the reaction was run with 2,3dt&-O-acetyl1-bis(2-bromoethyl}phosptor-

h Spglucpyranoside2y | mMT Y3 O6Hc >Y2f0 & Qurifie§ ¢y sitick Plug @0IR S  LINR
9ih! OkKSEIFIYySy (G2 IF¥F2NR (GKS GAGES O02YLRdzyR Ay | YAEGM
72%) HRMS (ESGQalculated for 8HssNaQsPS [M+Nal: 655.0891, found: 655.090% NMR(400 MHz, CD§JI

145.85(dd,Jr c®dT1 3 odn | T I wminxbur [ITME0 IMIPIOmdp | 6000 m@IE @M, 6 G M0 I |
Ml Z 1 Icp®EcpodME ol X h 1 MnOHEI oldm0 Ich@®ompy BXYEI MHOZ h o
OGLCHSAC), 3.83 (dddi’ mMn®nI ndcI Hodo UM IMmPARET ic dp OIEB.XR Gplp 6N LIdp
8H, OCHOHSAC), 2.3% 2.35 (m, 12H, Gi 2.11¢ 2.00 (m, 24H, G 3C NMR(101 MHz, CD§l ¢ %470.65,

170.16, 169.89, 169.52, 169.40,96.4Jd, p ®n J94.2 (ddr' /pw®n |1 X h [/ mOX=2H dPcc O]
TS h /odlfE drdmcdon f TOSRIMC T/drmE | d @dthn / WS chpdnTt 61 [/ poOZ cd
61 1 n0 =J=6.2 dzc @LCKHIAE), 66.54 (dl= 5.6 Hz, GH.CHSAY, 66.50 (d,)= 5.48 Hz, GH.CHSAC),

66.46 (dJ=6.08 Hz, GHCH{ ! OO S cmdnn 6h /[ c 6 SAcK 2905 20.12) 29.03, 20B5ACHI hDPH p
OAC), 20.78, 20.73, 20.79P NMR(162 MHz, CD& p2.86.IR(Vmax, film) 2960, 1747, 1694, 1428367, 1216,

1032, 955, 735, 623 cin

Large Scale: Following general procedure 2, the reaction was run with 2&ré®-acetyll-big2-
bromoethyl}phosphate" >5-glucopyranoside on 417 mg .65 nmol) scale. The crude product was purified

bysilicap dz3 oy x: 9iGh! OkKSEIlIyS0o (G2 | FF2NR (KS GAGES O2YLRc
oil (372mg,0.59mmol, 91%).

2,3,4,6tetra-O-benzoytl-bis(2-bromoethyl)phosplor-"  3d-glucgpyranodde

BzO

BZB%O 2 ﬁ Br
0Bz 0/6"’0/\/
\/\Br
Following generaprocedure 1, the reaction was runwih2 y | on Y3 oOTH >éteafos aol S
benzoyih =o-glucgyranose(9d). The crude product was purified by automated flash column chromatography
(0-60% EtOAc/hexane) to afford the title product in a mixtufe ol Yy 2 YSN&E oh Yi pYwmO & | Of

41%).HRMS (ESKTalculated for &HssBr.NaQsP [M+Na]: 911.0074, found: 911.0109H NMR (400 MHz,

CDGCG +18.12¢ 7.80 (m, 16H, Aromatic H), 7.627.27 (m, 24H, Aromatic H), 6.2& ®mc O Y Xl i Zi h | m
H1),593 (@) cdodn 112 mMUE mndw 01T D @plpd GU BIVIEO 3 | ZO1IF 10.6,X | no X
odm 1 T3 mMicEdPey!|l ¥ mMODICHKMHIOPES omdodc ¢ T WRMP,Z.6Fz, IHC QU S n
h | cdfgZndop OYZ HI X ¢4.15I(ne, BH, GQRtBrY, 3.35 @udd;) = 17.0, 8.6, 5.0 Hz, 8H,
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OCHOHBr).%¥ baw o6h (1DyMHY, D& . 166.15 (C=0), 165.83, 165.55, 165.27, 133.94, 133.77,
133.51, 133.44, 130.06, 129.91, 129.87, 129.68,4, 128.78, 128.65, 128.51, 94.69J¢,6.7 Hz, C1), 71.19
(d, J= 8.0 Hz, C2), 70.30 (C5), 69.60 (C3), 68.67 (C4), 67.48 44 Hz, GCHBr), 67.35 (dJ= 5.6 Hz,
OCH.CHBY), 62.58 (C6), 29.05 (OLH:Br), 28.99, 28.92P NMR(162 MHz, CD& p c2.98,¢3.44. IR (Vinax

film) 3073, 2961, 2926, 2852, 1725, 1601, 1451, 1260, 1068, 1003, 959, 708 cm

2,3,4,6tetra-O-benzoytl-bis(SATE)phospir-" >6-glucgpyranodde

BzO

BzO O I
BzO

Following general procedure 2, the reaction svaun with 2,3,4,&etra-O-benzoytl-big(2-bromoethyl}

phosptor-h Zo-glucqpyranoside2 y | wn Y3 o6HT >Y2f0 a0FlfSd ¢KS ONHzZRS |
column chromatography (280% EtOAc/hexane) to afford the title compound in a mixture of arflddaie o0 Yi p Y mO
Fa | &@Stftz2¢ 2Af éRMVMS (BSBaculated for-GAaNBQsPSTM¥NE]4903.1522, found;

903.1517*H NMR(400 MHz, CD&l +8.09¢ 7.79 (m, 16H, Aromatic H), 7.67.25 (m, 24H, Aromatic H), 6.24

ccdmMn O0YZI OHDSML(WMMIpdoo Il 11X MWUE mndw 0IZT D @wldd G BIVIED X | Ed1
H2, H4) 543 (dgl' mMndm=E o dH | 1 ZIImIvEn &M Il H0d®p =n dweddy R BRPRRME = h K |
TS MI T dndneod D YiEOdmHASEMdI | @ P E Qi ®&p £3.96 (MyHIOBCHIAC),0 X n dmc
3.02 (dt,J= 19.9, 6.4 Hz, 8H, OfH,SACc), 2.32 (s, 3H, §H2.31 (s, 3H, GHC NMR(101 MHz, CD@ . !

166.18 C=0), 165.79, 165.56, 165.25, 133.83, 133.71, 133.45, 133.600713.29.92, 129.87, 128.99, 128.77,

128.73, 128.70, 128.61, 128.49, 94.51Jd,5.8 Hz, C1), 71.11 (@ 8.0 Hz, C2), 70.14 (C5), 69.73 (C3), 68.67

(C4), 66.65 (d) = 5.8 Hz, GCHSACc), 66.60 (d) = 5.1 Hz, GCHSACc), 62.56 (C6), 30.64, €129.16

(OCHGQH:SAC), 29.09, 29.03P NMR(162 MHz, CD&J p c2.87,¢3.19.1R (Vinax, film) 3064, 2959, 2972, 1727,

1694, 1452, 1264, 1092, 1069, 1025, 952, 707, 623, 484 cm

3,4,6tri-O-acetyl2-azidoacetimide1-bis(2-bromoethyl)-phosphor-h -p-glucosamine

AcO

AcO 0 I
AcO

Following general praure 1, the reactonwasrunwith2y I on Y3 6T H -tioacktp-aol S 2
azidoacetimideh 0-glucosamine 13). The crude product was purified by manual flash column
chromatography (8% MeOH/ CtCb) to afford the title compoundasacldd 2Af ondc YIZI codp >Y2
yields were observed when running the reaction with or withoutNEtHRMS (ESICalculated for
CisH27BNaNaQ:2P [M+Nal: 702.9682, found: 702.962%1 NMR(400 MHz, CD&@l + 6.65 (d,J= 8.8 Hz, 1H,

NH), 5.80 (ddJ= 5.9, 3.3 Hz, 1H, H1), 5.31 (d¢,10.6, 9.6 Hz, 1HHE 5.22 (tJ= 9.9 Hz, 1H), 4.464.37 (m,

5H, GLCHBr).4.28 (ddJ=12.4, 4.1 Hz, 1H),4.251 ®Hn 0 Y X MHK.E2 (nh, ¢H2IH6E, 3.98¢m 4.1 Hz,

2H, CkENg), 3.58 (dtdJ=12.9,6.1, 0.9 Hz, 4H, GEH:Br), 2.11 (s, 3H, GH2.06 (s, 3H, G} 2.05 (s, 3H, GH

2.03 (s, 3H, CGH

3,4,6tri-O-acetyl2-azidoacetimidel-bis(SATE)phospdr-h -o-glucosamine

AcO

AcO O Q

C P, SAc
NH O/(A) ’O/\/
o ~"Ssac

Following general procedure 2, the reaction was run with 3td;:®-acetyt2-azidoacetimidol-big(2-
bromoethyl)phospr-h-o0-3t dzO2al YAYS 2y | ndc Y3 ocdp >Y2fH allktSao
NMR, and full conversion to the title compound was observed. Data were in accordance with literaturetvalues.
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3,4,6tri-O-acetyl2-deoxy-2-trichloroacetamido-1-bis(2-bromoethyl)phosplor-" k-b-glucopyranosde

AcO
oo ]
C!
e P’«,O/\/ Br

Following geneal procedure 1, the reactionwasrunwi@®2y + pn Y3 06 Mo n-tricOfagetyl2- 4 Ol £ S
deoxy2-trichloroacetamida" k-p-glucopyranose 1(4) in the presence of Bl (2.0 equiv). The crude product

was purified by manual flash column chromatograph§8§0% EtOAc/hexane) to afford the title compound in a
YAEGdzNE 2F y2YSNAR 6nY WRMSYESGalcalated folYGHEBRGENaO P Werlaf o i’z 0 ®
763.8444, found: 763.8439. baw " (40§ MHZSRE +7.10 (dJ= 8.6 Hz, 1H, NH),&% (dd,J= 5.6,

3.3 Hz, 1H, H1), 5.37 (dik: 10.9, 9.7 Hz, 1H, H3), 5.24J&, 9.7 Hz, 1H, H4), 4.444.36 (m, 4H, O&CHBYI),

4.35¢ 4.25 (m, 3H, H2, H6), 4.23 (d&; 4.1, 2.2 Hz, 1H, H5), 4.14 (@0, MH ®H X H dn | 1JZ6.0n1 I | ¢ QY
3.9 Hz, 4H, O&CH:BI), 2.10 (s, 3H, GK12.05 (s, 3H, G} 2.03 (s, 3H, GH*C NMR101 MHz, CD§ll 171.51,

170.64, 169.24, 162.30, 95.71, 91.79, 70.11, 69.59, 67.68, 66.98, 54123(8,Hz), 29.27 (d= 4.6 Hz), 20.83,

20.67, 20.64.

3,4,6tri-O-acetyt2-azido-2-deoxy-1-bis(2-bromoethyl)phosplor-p-glucopyranogde

AcO
ACAO&% i
C
- li'/,o/\/ Br

N O

’ O\/\Br
Following general procedure 1, the reaction wasrun\@ty | Hp Y3 dcn -tioacktp-aol S 2
azido2-deoxyo-glucopyranos€15). The crude product was purified by manual flash column chromatography
(20-80% EtOAc/hexane) to afford thieA i f S O2 YL dzy R Ay | YAEGdzZNB 2F | y2YSN

3. The yield was determined from peak integration'tn baw 6 mc Y 3 HRMS (ESyakdlated n 0" 0 @
for GeHz4BrNsNaQ1P [M+Naj: 645.9413 found: 645.9401. b aw h (40§ MHY, EDAY +5.85 (ddJ=

6.4, 3.3 Hz, 1H, H1), 5.45 (d4,10.5, 9.3 Hz, 1H), 5.£6.03 (m, 3H), 4.484.36 (m, 11H, G&CHBr, unreacted

3), 4.31 (ddJ= 12.6, 3.9 Hz, 1H), 4.23.19 (m, 2H),4.11 (dd= 12.2, 2.2 Hz, 1H),3.69b (dt 10.4,3.2 Hz,

1H), 3.60¢ 3.54 (m, 11H, G€CHBr, unreacteds),2.10 (s, 3H, GH 2.08 (s, 3H, GH 2.05 (s, 3H, GH 2.03 (s,

3H, CH). **C NMR(101 MHz, CD@i . 2#70.71, 170.52, 169.99, 169.81, 169.66, 101.37, 72.91, 70.55, 67.28,
61.17, 29.50, 29.44, 22320.73.

3,4,6tri-O-acetyl2-azido-2-deoxy-1-bis(SATE)phospir-o-glucopyranogde

Following general procedure 2, the reaction was run with 3td;®-acetyl2-azido2-deoxy1-big(2-
bromoethyl)phospbr-o-glucopyranogleoy’ | mMc Y3 oO6Hc >Y2f0 aO0OlftSod ¢KS ONHzR:
& = \

column chromatography @ n /&2 9 h! Ok KSEFy S0 G2 FT¥F¥F2NR G(KS dGAdGtS O
asapal@ Stft2¢ 2Af omn YIZI HH >Y2f3 yetod 51 GF 6SNB Ay | C
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N-Boc3-(bis(2-bromoethyl)phosptor)-tyramine

Following general procedure 1, the reaction was run \@itbn a 42 mg (0.10 mmol) scale dRBoctyramine

(16) in the presence of Bl (2.0 equiv). The crude product wasirified by automated flash column
chromatography (660% EtOAc/hexane) to afford the title compound with unrea@exb a clear oil. The crude
YAEGdZNB o6mc YIS on >Y2f0 6| HRMSzZESRIcuated fér BdzBrNNaRRI K S NJ  Ld;
[M+Na}: 551.9762, found: 551.975% NMR(400 MHz, CD§ll + 2.17 (s, 4H, Aromatic H), 4.53 (br s, 1H, NH),

4.46¢ 4.36 (m, 5H, O&CHBr), 3.57¢ 3.51 (m, 5H, OGBH:Br), 3.35 (qJ= 6.7 Hz, 2H, GH2.78 (tJ= 7.1 Hz,

2H, CH), 1.43 (s, 9H, (G). *C \MR (101 MHz, CD&@l < 163.51, 130.31, 125.13, 120.23 {& 4.8 Hz), 67.70

(d,J=5.8 Hz), 67.65, 29.20 (¥ 7.6 Hz), 28.54.

N-Boc3-(bis(SATE)phospibr)-tyramine

o
Il

P., SAc
o 1 ,O/\/

>L i O sac
O N
N
Following general procedure 2, the reaction was ruthwrudeN-Boc3-(bis(2bromoethyl)phosplor)-tyramine
2y I mMc Y3 6on >Y2f0 a0FtSd ¢KS ONHZRS LINPRI® 6 a LI
9ih! OkKSEIFIYySy G2 I FF2NR G(KS GAdGtS O2yLAGzARMSKE) | O2f 2

Calculated for £H:2KNQPS [M+K]: 560.0944, found: 560.093%4 NMR(400 MHz, CD§il 1 7.15 (d,J= 3.1
Hz, 4H, Aromatic H), 4.55 (br s, 1H, NH), 4.22)d&.0, 1.6 Hz, , ®RCHBr), 4.13 (ap. q)J= 6.8 Hz, 1H), 3.34
(ap. q,J=6.7Hz, 2H, CH 3.17 (ddJ= 7.8, 4.9 Hz, 4H, , O&LH:Br), 2.77 (tJ= 7.0 Hz, 1H, G} 2.35 (s, 6H,
CH), 1.43 (s, 9H, (G}3).*°C NMR(101 MHz, CD€l . 194.90, 155.98, 130.24, 120.26, 120.21, 66.734d5.9
Hz), 66.28, 41.87, 35.61, 30.69, 29.35, 29.22®28.533P NMR(162 MHz, CD{l pcil.55,¢6.31.

N-Fmoc3-(bis(2-bromoethyl)phosplor)-tyramine

o
[l

/':'//O/\/Br

O. oi”A/G/O T
&

Following general method 1, the reactonwasrunv8®y |  on Y3 o6 TNeFmocyraniine (2.0 £t S 2y
The crude prodat was purified by manual flash column chromatograph$@@ EtOAc/hexane) to afford the
GAGES O2YLRdzyR Ia I Of $HRWS (BESChlculdted for SFHRABLNNa@GP [M+Kalf = p s 0

673.9913, found: 673.99324 NMR(400 MHz, CD§ 1 A.77 (d,J= 7.3 Hz, 2H, Aromatic H), 7.57Jd,7.4 Hz,

2H, Aromatic H), 7.40 (8= 7.5 Hz, 2H, Aromatic H), 7.31X% 7.4 Hz, 2H, Aromatic H), 7.23.09 (m, 4H,
Aromatic H), 4.4% 4.41 (m, 6H, O&CHBr, CH Fmoc), 4.21 (tJ= 6.9 Hz, 1H, CFmoc), 3.6 ¢ 3.51 (m, 4H,
OCHQH:Br), 3.43 (tJ= 7.8 Hz, 2H, GB:NH), 2.79 (t)= 6.9 Hz, 2H,HECHNH).*C NMR(101 MHz, CD§J ¢ 1
156.42, 149.02, 144.03, 141.45, 136.28, 130.32, 127.83, 127.17, 125.13, 12Q294(6,Hz), 120.11, 67.70
(OOHCHBr), 67.65, 66.63 (CH2 Fmoc), 47.39 (@hbc), 42.31 (CGBH:NH), 35.56 CGH.CHNH), 29.30
(CHQH:Br), 29.221R (Vmax, film) 3319, 308, 2943, 1707, 1505, 1449, 1267, 1214, 1068, 1019, 957, 781, 759,
741, 668 cr
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N-Fmoe3-(bis(SATE)phospir)-tyramine

Following general procedure 2, the reaction was run WtRmoc3-(big(2-bromoethyl)phosplor)-tyramineon

I vn Y3 oo >Y2f0 &aO0lftSd ¢KS ONHRS LINRPRdAzO( -584 a LIJdzNX
9ih! OkKSEIFIYSy G2 IFF2NR GKS GAGt S GHRMI(ESHydlatéddor | & St
Ca1HsaNNaQPS [M+NaJ: 666.1356, found: 661370.'"H NMR(600 MHz, CD§ll w .77 (d,J= 7.6 Hz, 2H,

Aromatic H), 7.57 (dJ= 7.5 Hz, 2H, Aromatic H), 7.40J% 7.5 Hz, 2H, Aromatic H), 7.31J% 7.3 Hz, 2H,

Aromatic H), 7.14 (tJ= 6.4 Hz, 4H, Aromatic H), 4.42J4,6.9 Hz, 2H,lCFma), 4.22 (dtd,)= 8.0, 6.6, 3.1 Hz,

4H, O€GLCHSAC), 3.42 (ql= 6.9 Hz, 2H, GEH:NH), 3.17 (td)= 6.8, 3.5 Hz, 4H, OHbSAc), 2.79 (1)=6.9

Hz, 2H, B.CHNH), 2.34 (s, 6H, GHC NMR(151 MHz, CD& . 294.72, 143.95, 141.35, 130.15, 127.70,

127.17, 125.02, 120.18 (d= 5.1 Hz), 119.99, 66.62 (di; 5.7 Hz, @GCHSACc), 66.53 (CHmoc), 47.32 (CH

Fmoc), 42.24 (GNH), 35.46 (H.CHNH), 30.54 (CH5Ac), 29.14 (dl= 7.3 HzGHSAc), 29.09R (Vmax film)

3322, 3069, 2927, 2848, 1693,085 1450, 1355, 1272, 1244, 1215, 1133, 1061, 1012, 952, 880, 759, 731, 741,

621, 529 crit

N-CBz3-(bis(2-bromoethyl)phosptor)-tyramine

i
o o>
i o
H
Following general procedure 1, the reaction was run\8ithy | on Y3 o TNGCBziyMmibe(18).a OF £ S 2
The crude product was purified by manual flash column chromatograpb@¥® EtOAc/hexane) to afford the
GAGES O02YLRdzyR Ia I Of $RWS (BESChlculdted Hor SFABLNNa@P [M+Kgf = o M2 0

585.9624, found: 585.9613H NMR(400 MHz, CD&J n2.34 (d,J= 5.7 Hz, 5H, Aromatic H), 7.15 (s, 4H, Aromatic
H), 5.09 (s, 2H, GIEBZ), 4.78 (s, 1H, NH), 4c8.31 (m, 4H, B:xCHBr), 3.58¢ 3.46 (m, 4H, GidH,BY), 3.42
(app. g,J= 6.7 Hz, 2H,KBGHNH), 2.79 (t)= 6.9 Hz, 2H,MBCHNH).13C NMR(101 MHz, CD@ ¢ 166.41 (C=0),
130.31, 128.69, 128.32, 120.32 (tk 4.8 Hz), 67.71 @LCH), 67.65, 65.83 (Qk), 43.16 GHNH), 35.76
(GCHNH), 29.28 QH:Br), 29.21IR (Viax film) 3319, 29321707, 1505, 1449, 1268, 1213, 1070, 1018, 959,
778, 746, 698 crh

N-CBz3-(bis(SATE)phospir)-tyramine

Following general procedure 2, the reaction was run WitlEBz3-(big2-bromoethyl)phosplor)-tyramine on a

10mg (18> Y2t 0 &0ItSd® ¢KS ONHZRS LINRPRdzOG o1 & LJdzN6RWFASR o0&
9iGh! OkKSEIYySuy (2 FTFF2NR (KS GAGE S O2 YHRRMSFIaldulatedr & St £ 2
for CaaHzoNNaQPS [M+Na]: 578.1043, found: 578.10384 NMR(400 MHz, CD&I + 7.33 (d,J= 5.5 Hz, 5H,

Aromatic H), 7.13 (s, 4H, Aromatic H), 5.08 (s, 2HOBH), 4.80 (s, 1H, NH), 4@25.14 (m, 4H, O&CHSAC),

3.42 (g,J= 6.9 Hz, 2H, GEH:NH), 3.2%; 3.08 (m, 4H, OCHH:SAC), 2.78 (1= 6.9 Hz2H, GLCHNH), 2.33 (s,

6H, G). 1°C NMR(101 MHz, CDgUl ¢ 184.90 C=0), 130.25, 128.68, 128.28 {& 2.4 Hz), 120.33 (d5= 4.8 Hz),
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77.36, 66.77 (COH), 66.71, 42.33@H:NH), 35.52 (B.CHNH), 30.67 (B.SAc), 29.83, 29.2Tk), 29.2031P
NMR (162 MHz, CD@ p @6.34. IR (Vina, film) 3321, 2932, 1692, 1506, 1455, 1355, 1246, 1214, 1132, 1059,
1013, 953, 835, 776, 738, 698, 622, 527cm

Allyl 4-(bis(2-bromoethyl)phosplor)-benzoate

i
ohro
"
/\/O
(0]
Following general procedure 1lhd reaction was run with3 2y | Hp Y3 odcn >yY2f0 aol

hydroxybenzoate(19). The crude product was purified by manual flash column chromatograpii@%®

9iGh! OkKSEIYySuy (2 FTFF2NR (KS (At S ORWSLESHdlatdddor I Of St
CuaH17BrNaQP [M+Naj: 492.9027, found: 492.902%H NMR(400 MHz, CD§J +8.10¢ 8.06 (m, 2H, Aromatic

H), 7.31 (ddJ= 7.4, 1.8 Hz, 2H, Aromatic H), 6897 (m, 1H, O&CH=CH), 5.43¢ 5.37 (m ,1H, OCGHAH=CH),

5.30 (dg,J= 10.5,1.4 Hz,1H, OGLCHCH), 4.82 (dt,J=5.6, 1.4Hz,2H, OGLCHCH), 4.49¢ 4.42 (m, 4H,

OQCHBYr), 3.55 (tdJ= 5.8, 1.7 Hz, 4H, Og&HLBr). 3C NMR(101 MHz, CD&@l . 165.36 (C=0), 153.87

(Aromatic C), 132.14 (Aromatic C), 131.84%CH), 127.54 (Armatic C), 120.03 (dJ= 5.0 Hz, Aromatic C),

118.56 (CHEH2), 67.86 (d,J)= 5.6 HzCH.CHBr), 65.84, 29.10 (d= 7.7 Hz, Ci@H:Br).

Allyl 4-(bis(SATE)phospir)-benzoate

Following general procedure 2, the reaction was with Allyl 4(bis(2bromoethyl)phosplor)-benzoateon a 21

Y3 onn >Y2f0 al0lfSd ¢KS ONHzZRS LINE RdzO (i-8086- E¥DAdBexsde)f A SR 0 &
to afford the title compoundasapak St t 26 2 At 0 m pHRMS(ESQalouléed 6r2GEHENaQRS: U ©

[M+Na]: 485.0470, found: 485.04644 NMR(400 MHz, CD¢ll + 8.06 (d,J= 8.7 Hz, 2H, Aromatic H), 7.28 (d,

J=8.7, 1.3 Hz, 2H, Aromatic H), 6.02 (ddt, J = 17.4, 10.5, 5.5 Hz HB1€834), 5.39 (dgJ=17.4, 1.5 Hz, 1H,

OG+CH=G), 5.28 (dgJ= 10.5, 1.5 Hz, 1H, GCH=-CH), 4.80 (dt,J= 5.5, 1.5 Hz, 2H, GCH=CH), 4.26¢

4.20 (m, 4H, O@&CHSAC), 3.17 (= 6.5 Hz, 4H, GECHSAC), 2.33 (s, 6H, §HC NMR(101 MHz, CD&I ¢ 1

194.77 (C=0), 165.42 (Aromatic C), 154dl4 £ 6.4 Hz, Aromatic C), 132.17 (Aromatic C), 1318+ CH),

127.32 (Aromatic C), 120.01 @ 5.0, Aromatic C), 118.52 (QHte), 66.84 (d,J= 5.9 Hz, OH.CHSAC), 65.80,

30.64 (Ch), 29.17 (@HGHSAC).

Allyl 4-(bis(2-bromoethyl)phosptor)-methylbenzoate

Following general procedure 1, the reaction was run wdtlton a 54 mg (0.13 mmol) scale on allyl 4
hydroxymethylbenzoat€20). The crude product was purified by manual flash column chromatograpR@%O
EtOAc/hexangto afford the title compound in a 2:1 mixture with unreactgdd & I+ Of S NJ 2Af dop Y3
%).HRMS (ES@alculated for GH2sBNaGP [M+Na}: 506.9184, found: 506.91784 NMR(400 MHz, CDgJ!

11 8.08 (d,J= 8.3 Hz, 2H, Aromatic H), 7.47 J¢,8.3 Hz, 2H, Aromatic H), 6.03 (ddd,17.6, 10.5, 5.5 Hz, 1H,
OCGH.CH=ChH), 5.41 (ddJ=17.6, 1.5 Hz, 1H, GB§CH=CH), 5.30 (ddJ=10.5, 1.5 Hz, 1H, G§H-CH,), 5.19 (d,

J=8.3 Hz, 2H, GH 4.83 (dtJ= 5.5, 1.5 Hz, 2H, G&H-CH), 4.33 (dtdJ= 7.9, 6.0, 1.9 Hz, 4H, BLCHBY),
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3.52 (t,J= 6.0 Hz, 4H, OGEH:Br). *C NMR(101 MHz, CD§Y ¢ 165.85, 140.51 (d]= 6.8 Hz), 132.22, 130.58,
130.18, 127.6, 118.57, 69.13 (i 5.5 Hz), 67.36 (d= 5.7 Hz), 67.22 (d= 5.7 Hz), 65.86, 29.50, J= 7.7 Hz).

N-Boc Serpis(2-bromoethyl)phosptor)-allyl ester

Following general procedure 1, the reaction wasrun @ty | Hp Y3 d6cn NBseSeedlyla OF £ S 2

ester (21) in the presence of BN (2.0 equiv) The crude product was purified by manual flash column
chromatography (@ /&2 9iGh! O Ay KSEFYyS0 G2 | FF2NR GKS dGAadGt S
HRMS (ES@alculated for GH26BNNaQP [M+Nal: 559.9660, found: 559.9655%1 NMR(400 MHz CDGD  +
5.91 (ddtJ=17.2, 10.4, 5.8 Hz, 1H, QCHCH), 5.50 (br. dJ= 8.3 Hz, 1H, NH), 5.34 (de; 17.2, 1.4 Hz, 1H,
OCHCHCH), 5.27 (dgJ= 17.2, 1.4 Hz, 1H, OFHHECH,), 4.68 (dtJ= 5.6, 1.6 Hz, 2H, GECHCH), 4.57¢

4.53 (m, 1H, BNHBoc), 4.50 (ddt)=10.6, 7.4, 3.4 Hz, 1H, PBY}, 4.40¢ 4.29 (m, 6H, O&CHBr, POE:), 3.54

¢ 3.49 (m, 4H, OCGBH:Br), 1.45 (s, 9H, (GB). *C NMR(101 MHz, CD@I 168.96 C=0), 131.36 QHCH),
119.28 (CBH2), 80.60, 68.13, 67.28 (d= 5.77), 6669, 54.13, 29.51, 29.35, 28.38 ¢CH

N-BocSerpis(SATE)phospdr)-SATERIlyl ester

Following general procedure 2, the reaction was run WtBocSer(bis(Zoromoethyl)phosplor)-allyl esteron

' cdp Y3I 06 myhe crude2product avaslplrifiedt byta silica plug (100% EtOAc) to afford the title
O2YLRdzyR a | &Sftf2¢ HRMS (ESDalcimtedfal GH:WKIQPS [M2K: 568.0842; U ®
found: 568.0837*H NMR(400 MHz, CD&l + 1 5.95¢ 5.85 (m, IHOCHCH=CH), 5.59 (d,J= 8.3 Hz, 1H, NH),
5.37¢5.30 (m, 1H, OCBH-CH>), 5.26 (dtJ=10.4, 1.4 Hz, 1H, OfHH-CH,), 4.68¢ 4.65 (m, 2H, O&CHCH),

4.54 (ddtJ= 8.3, 5.5, 3.0 Hz, 1HdSHBoC), 4.46 (ddd= 10.4, 7.2, 3.3 Hz, 1H, R® 4.31 (dddJ= 10.4, 6.0,

2.8 Hz, 1H, PG®), 4.15¢ 4.06 (m, 4H, OECHSAC), 3.18 3.12 (m, 4H, OCGBHSAC), 2.35(s, 6H, SAc), 1.44 (s,
9H, (Ch)s3). 13C NMR(101 MHz, CDgil . 194.88, 194.82, 169.00, 131.43, 119.16, 80.48, 66.61, 66.36, 66.12 (d,
J=4.8 Hz), .07, 30.67, 29.23, 29.15, 29.09, 28.39. NMR(162 MHz, CD&@I rcl.31.

Synthesis of substratefor phosphorylation reactions

Compounds9a?, 9b®, 9¢4, 9d®, 1P, 13!, 147, 168, 178, 185, 198, 2(®, and 21° were synthesiseds described
previously and characterisationdata were found to be in accordance with the literatur€ompoundl5was
synthesised through an adapted literature procedureith the azido transfer reagent made igitu.l°
Characterisation data matched those described previotisly.

TrtO TrtO HBr, AcOH HO
HO&&W — RO&&W oo RO&&W
Ho RO CH,Cl,, RO

OH OH OR OR 5 min OR OR
S1 R= Bn, S2 (71%) R= Bn, 5 (55%)
Allyl, S3 (46%) Allyl, 8a (60%)
Ac, S4 (70%) Ac, 8b (72%)
Bz, S5 (80%) Bz, 8¢ (62%)

Scheme S1. Synthesis ofu®@rotected glucose derivativeésand 8a-c.
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6-O-trityl -h =D-glucgpyranose(S1)

TrtO
HO O
HO

OH OH

A solution ofb-glucose (2.6 g, 14 mmol, 1.0 equiv.) in pyridine (50 wdg cooled to0°C before dropwise

addition ofa solution of trityl chloride (4.3 g, 15 mmol, 1.1 equiv.) in pyridine (13 mL). The resulting solution was
allowed to warm to RT and left stirring for 78shbefore the reaction was quenched by the addition of MeOH

(5 mL). Th solvents were removeih vacuoand the resulting residue was -@vaporated with toluene (% 10

mL). The residue wathen dissolved in C¥Cbk (250 mL) and washed consecutively with 1M HCI (100 mL),
saturated aqueous NaHG®olution (100 mL), and brine @ mL). The organic layer was dried over MgSO
filtered, and driedin vacuoto afford the crude product. The crude product was purified by flash column
chromatography on an automated systemX0% MeOH/CELb) to afford the title compoundslas a mixture

of anomers, as a white foam (3.0 g, 7.3 mmol, 504RMS (ESQalculated for &sHsNaG [M+Na]: 445.1622,

found: 445.1625'"H NMR(400 MHz, CD&ll 1 A.53¢ 7.01(m, 15H, Aromatic H), 5.685.15(m, 2H, H1)5.15¢

4.38 (m, 4H)4.02¢ 3.60 (m, 2H)3.60 ¢ 3.11 (m, 6H)*3C NMR(101 MHz, CD§ll . 146.86, 143.75, 143.56,

137.91, 129.71, 129.07, 128.71, 128.26, 127.97, 127.95, 127.90, 127.75, 127.30, 127.16, 127.08, 125.33, 96.36
(CH 00X drhdioIm yoT/dMp I ycPTCcXI yHODPNCZ 6410 (@6 DT T @dmX X HOM dapbapp X
(OC(Ph). IR(Vmax, film) 3358, 3058, 3030, 2928, 2883, 1490, 1448, 1035, 1002, 900, 764, 732, 697-.645 cm

1,2,3,4tetra-O-benzyt6-O-trityl - >D-glucgpyranoside(S2)

TrtO

BnO 0
BnO

OBn OBn

To a stirringsolution of S1(500 mg, 1.18 mmol, 1.00 equiv.) in dry DMF undeatNd3 was added NaH (60%

in mineral oil, 300 mg, 7.40 mmol, 6.27 equiv.). The resulting reaction mixture was left &b1030 mirutes
before the addition of BnBr (0.85 mL, 6.8 mL, &Rie.) and TBAI (cat.). Additional DMF (2 mL) was added to
solubilise the reaction before allowing the resulting suspension to warm to RT. AftasliBédreaction was
guenched by the addition of MeOH (5 mL) and the solvents were remiovealcuo The reulting residue was
dissolved inCHCE (50 mL) and washed consecutively withusated aqueous NECI (25 mL) solutiork0 (25

mL) and brine (25 mL). The resulting organic layer was dried overdige@ed and solvents removed vacuo

The crude prodat was purified by automated flash column chromatograpml %8 EtOAdhexane) to afford

the title compoundS2A Yy | YA EGdzNB 2 F | y 2 Y SON6Bg, ®80 vinol, Al%p 0 = | & |

(@
(s

Characterisation atawere in accordance with literature valsé?!
1,2,3,4tetra-O-benzyth >p-glucapyranoside(5)

HO

BnO 0
BnO

0Bn OBn

Asolution 0fS2(450 mg, 0.579 mmol, 1.00 equiv.) in AcOH (5 mL) an@ktb mL)was cooled to 10°C before

dropwise addition oHBr (33% in acetic acid, 0.12 mL, 0.88 mrh@ equiv.). The resulting solution was stirred

for 5 min before the reaction mixture was filtered and rinsed with AcOH into a separating funnel containing

CHCE (10 mL) and kD (10 mL). The aqueous layer was further extracted withCEKB x 10 mL) ad the

combined organic layers were washed with saturated aqueous Nastfl@ion, dried over MgSfiltered, and

concentratedin vacuo The resulting crude product was purified by automated flash column chromatography

(0-30% EtOAhexane) to afford theitle compound5A Y + YAEGdzZNB 2F | y2YSNBE d6mYm hY
0.314 mmol, 55%).

Characterisation dataere in accordance with literature valués
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1,2,3,4tetra-O-allyl-6-O-trityl -h =p-glucgpyranoside(S3)

TrtO

Allylo 0
Allylo

OAllylOAllyl

To a stirring solution d81(500 mg, 1.18 mmol, 1.0€quiv) in dry DMF a0 3 was added NaH (60% in mineral
oil, 300 mg, 7.40 mmol, 6.27 equiv.). The reaction was leftatfor 30 minutesbefore the addition ofallyl
bromide(0.70 mL, 6.8 mL, 6.2 equiand TBAI (cat.). Additional DMF (2 mL) was added to solubilise the reaction
before warming to RT. After 18the reaction was quenched by the addition of MeOH (5 mL), and the solvents
were removedin vacuo The resulting residue was dissolveddRCE (50 mL) and washed consecutively with
sat. aqueous N4Cl solution (25 mL}RO (25 mL) and brine (25 mLJhe organic layer wakied over MgS@
filtered, and concentratedin vacuo The crude productS3 was purified by automated flash column
chromatogaphy (815% EtOAbexay S0 G2 F FT¥F2NR (KS #036g ONF mrfoR 23%daNdS | vy 2 Y ¢
i 0.82g, 0.54 mmol, 46%) as clear oilsanomer (major)HRMS (ESKalculated for &HiNaQ [M+Nal:
605.2874, found: 605.2883H NMR(400 MHz, CD&l + 7.55 ¢ 7.38(m, 6H,Aromatic H, 7.36¢ 7.15 (m, 9H,
Aromatic H), 6.0% 5.88 (m, 3H, B=CH), 5.56 (ddt,J= 17.3, 9.6, 6.0 Hz, 1HHECH), 5.09¢ 5.43 (m, 6H,
CH=E&), 4.96¢ 5.04 (m, 2H, CH#E), 4.95 (dJ= 1.6 Hz, 1H, H1), 4.§%.29 (m, 4H, OGH 429¢ 4.14 (m, 2H,
OCH), 4.14¢ 4.05 (m, 1H, OC} 3.88¢ 3.79 (m, 1H, OCGH 3.55 (dddJ)= 9.5, 6.1, 2.9 Hz, 1H, H4), 3.43 (i,
MA®mMI Hdn | £33 m, IH, H3) IBA @ 283 ®Ip, tiH, H2), 3.26 (ddd 9.5, 3.8, 2.0 Hz, 1H, H5),
3.07 (ddJ=10.1, 3.8 Hz, 1H, H6JC NMR(101 MHz, CD§ll ¢ 144.14,135.45, 135.13, 134.83, 134.00, 128.92,
127.88, 127.07, 118.38, 117.52, 95.49 (C1), 86.34 (C(Ph)3), 84-@a), 79.80 (CZ3), 78.09, 74.69 (OQH
73.97 (OCh), 72.48 (OChl, 7044 (C5), 67.97 (O}62.53 (C6)R (Vinax, film) 3057, 2984, 2924, 2875, 1737,
1449, 1265, 1071, 1048, 926, 735, 703, 644" ¢cranomer (minor)HRMS (ESKalculated for &HaNaQ
[M+Nal: 605.2874, found: 605.288%1 NMR(400 MHz, CD&l 1 A.52 (dd,J=7.2, 2.0 Hz, 6H, Aromatic, )38

¢ 7.19 (m, 12H, Aromatic H), 6.£%5.90 (m, 3H, B=CH), 5.59 (ddtJ= 16.4, 10.1, 6.0 Hz, 1HH€CH), 5.14¢

5.40 (m, 6H, CH+6), 5.07 (dJ= 3.6 Hz, 1H, H1), 4.96.05 (m, 2H, CH+E), 4.36¢ 4.45 (m, 1H, O&), 4.14

4.26 (m, 5H, O&), 3.78¢ 3.85 (M, 1H, H4), 3.75 (t= 10 Hz, 1H, H5), 3.48.54 (m, 2H, H2, H3), 3.45 (dt;
MAa®nI mMddp |1 I J=mD.G 4.2 HzQl61,SHEIG MWRILOLAVIRIR EDEI < 144.08 135.36, 135.31,
134.77, 134.32128.92, 127.87, 127.06, 117.31, 117.25, 117.15, 117.01, 102.65 (C1), 86.96§CBA (C4),
81.96 (C2, C3), 77.63, 74.82, 74.60, 73.89, 73.83, 70.09 (C5), 62.4R (&6, film) 3057, 2984, 2924, 2875,
1737, 1449, 1265, 1071, 1048, 926, 735, 783, &

1,2,3,4tetra-O-allyl-h >p-glucgoyranoside(8a)

HO

Allylo 0
Allylo

OAllylOAllyl

A solution of S3(163 mg, 0.281 mmol, 1.00 equiv.) in AcOH (0.65 was) cooled to 10°C before dropwise

additon ofl . NJ 6002 Ay | OSGAO | QuiviR The cesulting [sdlution was mtirred Yo2 30X M D H
seconds before the reaction mixture was filtered and rinsed with AcOH into a separating funnel contap@bg CH

(10 mL) and ¥D (10 mL). The aqueous layer was further extracted witfC&EB x 10 mL) andhe combined

organic layers were washed with saated aqueous NaHCOsolution, dried over MgSQ filtered, and
concentratedin vacuo The resulting crude product was purified by automated flash column chromatography

(0-100% EtOAbexane) to afford the tie compoundBAy | YA EGdZNBE 2F +Fy2YSNA omYm h°
0.16 mmol, 60%HRMS (ESQalculated for H2sNaQ [M+Na]': 363.1778, found: 363.178% NMR(400 MHz,

CDG +8.03¢5.82 (m, 8H, B=CH), 5.34¢p PomMO YZ H I ¢5.07(m,l16H) CH4®) HBN(dJ= 3.6

T3 Ml X &397mpIBH, OGHBHB4 (ddJIF MMy S HOT |1 IMMMEPY ST o @@ | b DT
l c Q0 aldevgn dyRRR 31 dc | 1T Ir M MEPY T | ncddcE loldds PPOOME 1 1T SO M| Edd o |
3450 PH P OYHB, @GO h VnZ IWODPaPHPp PORRRDYII VyDoml E5i mI BOE
3C NMR(101 MHz, CD@I ¢ #35.39,135.25, 135.09, 134.94, 134.88, 134.74, 133.99, 133.80, 118.25, 117.40,
117.35MMT ®H PE MMTDPAcZEZ MMCcPYyTIEI MMCcDOphpE MaHdTA o061 [/ MOZ dp ¢
0h J/HUOUZ TT®Poo ON"N [/ MBE TP®AHZI OTNEIMOAOE ToOdpw 0hd Py MZ T H
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[/ pOUXE cH®PAd O IRMexfM) 310843684, 2821, 2867 1462, 1347, 1268, 1074, 1044, 990, 923,
735 cmt

1,2,3,4tetra-O-acetyt6-O-trityl -h Zb-glucopyranoside(S4)

TrtO

AcO O
AcO

OAc OAc

To a stirring solution d81(500 mg, 1.18 mmol, 1.Gquiv) in dry pyrdine (10 mL) at 8 was added A© (0.85

mL, 9.1 mmol, 8.8quiv) and DMAP (cat.). The resulting solution was allowed to warm to RT and left stirring for

56 hrs. before the reaction was quenched by the addition of MeOH (2.5 mL). The solvents were reimoved
vacuofollowed by ceevaporation with toluene (%5 mL). The resulting residue was dissolved igGEK50 mL)

and washed consecutively with 1M HCI (25 mL), saturated aqueous Nadl@ion (25 mL), and brine (25 mL)

The organic layer wadried overMgSQ, filtered, and driedn vacuo.The resulting crude product was purified

by flash column chromatography on an automated systefa(@ EtOAhexane) to afford the title compound

S4AY | YAEGdz2NB 2F | y2YSNHKOLT gO7® mioly70%)z & | O2f 2dzNX Saa -

Characterisation datavere in accordance with literature valués'4
1,2,3,4tetra-O-acetyth >D-glucopyranosidg8b)

HO

AcO 0
AcO

OAc OAc

Asolution 0fS4(240 mg, 0.407 mmol, 1.G&yuiv) in AcOH (0.95 miyas cooled to 10°C bafe addition ofHBr

(33% in acetic acid, 0.80 mL, 0.47 mmol,eh@iv). The resulting solution was stirred for 30 seconds before the
reaction mixture was filtered and rinsed with AcOH into a separating funnel containgi@p Ctd mL) and D

(10 mL). Ta aqueous layer was further extracted with£C (3 x 10 mL) and the combined organic layers were

washed with sairated aqueous NaHCdried over MgS®) filtered, and concentrateéh vacuo The resulting

crude product was purified by automated flash aolu chromatography (@00% EtOAc/hexane) to afford the

title compound8bas aclear foam103 X ndHp YY2E S THI0Z AYy |+ YAEGdZNBE 27

Characterisation datavere in accordance with literature valués
1,2,3,4tetra-O-benzoyt6-O-trityl -h >-D-glucopyranosidgS5)

TrtO

BzO O
BzO

oBz OBz

To a stirring solution d1(500 mg, 1.18 mmol, 1.00 equiv.) in dry pyridine (10 mL)3atv@as added BzClI (0.80

mL, 6.9 mmol, 6.3 equiv.) and DMAP (cat.). The resulting solution was allowed taavRfiand left stirring for

56 hrs. before the reaction was quenched by the addition of MeOH (2.5 mL). The solvents were reimoved

vacuoand coeevaporated with toluene (3% 5 mL). The resulting residue was dissolved isGEKBE0 mL) and

washed consecutely with 1M HCI (25 mL), saturated aqueous Nad-#0fDtion (25 mL), and brine (25 mhe

organic layer waslried over MgS® filtered, and the solvents removed vacuo.The resulting crude product

was purified by flash column chromatography on an awted system (0% EtOAc/hexane) to afford the title
compoundS5A Y | YA EGdZNB 2F | y2YSNE.76gHOOM Mok 80%) | & | O2f 2 dzNX S

Characterisation datavere in accordance with literature valués
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1,2,3,4tetra-O-benzoyth b-glucopyranoside(8c)

HO

BzO O
BzO

OBz OBz

A solution ofS5(500 mg, 0.583 mmol, 1.00 equiv.) in AcOH (1.4 mL) with 10 dropsGt @His cooled to 10°C

before dropwise addition dfiBr (33% in acetic acid, 0.12 mL, 0.69 mmol, 1.2 equiv.). The rgsdtirtion was

stirred for 30 seconds before the reaction mixture was filtered and rinsed with AcOH into a separating funnel
containing CECk (10 mL) andH20 (10 mL). The aqueous layer was further extracted wittC€3 x 10 mL) and

the combined organitayers were washed with saturatemtjueousNaHCO3, dried over M@ filtered, and
concentratedin vacuo The resulting crude product was purified by automated flash column chromatography

(0-35% EtOAhexane) to afford the title compoundcin a mixture ot Y2 YSNBR X OHYM hYi o & |
mg, 0.357 mmol, 62%)

Characterisation datavere in accordance with literature valués

HO AcCl, AllOH HO
HO 0 e . HO 0
HO . HO
NHAGOH moqug'mm h NHASOAIl!
GIcNAc S6
Ba(OH),, BnBr
DMF, rt, 16 hrs
74%
BnO BnO
PdCl,, MeOH
B~ 0 « BnO 0
n n
rt, 16 hrs
NHAcOH 69% NHACOAIlyl
1 s7

SchemeS2 Synthesis dfl from N-acetytd-glucosamine (GIcNAC).

Allyl 2-acetamido-2-deoxy-D-glucopyranosidgS6)

HO

HO O
HO

NHAcOAIlyl

To a solution oN-acetylD-glucosamine (3.0 g4immol) inallyl alcoho(60 mL) under Natmosphere was added
freshly distilled AcCl (1.9 mL, 27 mmol, 2ieq and the reaction mixture was stileat 100 °C overnight. After
cooling to room temperature, the reaction mixture was neutralized witiNER.1 mL, 3 mmol, 1.1 egiv.) and
concentratedin vacuo The residual oil was emvaporated with toluene to giverudeacetamideS6(3.6 g) as a
brown solid which wasisedin the next step without further purification.

Characterisation dataf crude materialvere in accordance with literature valués

Allyl 2-acetamidce-3,4,5tri-O-benzyl2-deoxy-D-glucopyranoside (S7)

BnO

BnO 0
BnO

NHACcOAIly!

To a solution 0656(0.5g,2.0mmol 1.0 equiy) in dry DMF (19 mL) under Btmosphere were added Ba(QH)
(2.0 g, 22 mmol, 6.0 equiy and BnBr (1.0 mL, 8.6 mmol, 4.5 equivhe mixture was stirred at room
temperature for 1énhrs.and then cooled to 8 and neutralized with 1M aqueous HCI (10 mL). The reaction was
allowed to warm to room temperature, diluted with brine (20 mL) and extracted twice widCE( x 40 mL).

The combined organic layers were dried over MgSidered, and concentrateih vacw. The resulting crude
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product was purified by automated flash column chromatogra?p@60% EtOAc/hexane) to afford ally 2
acetamide3,4,5tri-O-benzyl2-deoxy-D-glucopyranosidé&7as a white solidQ.75g, 1.4 mmol, 74%).

Characterisation dataere inaccordance with literature valuéé 1°

2-acetamido3,4,5tri-O-benzyt2-deoxy-D-glucopyranose (11)

BnO

BnO O
BnO

NHAcOH

To a solution 057(600 mg, 1.13 mmol, 1.0 equivn MeOH (11 mL) under.tmosphere was added PdC40
mg, 0.23 mmb 0.2 equiv). The mixture was stirred at room temperature for i8. and then filtered through
a small pad of silica gel and washed with acetone. The filtrate was conceninataduo The resulting crude
product was purified by automated flash colurahromatography(20-60% EtOAc/hexan&) afford compound
11 as a white solidd;38 g 0.78 mmol, 69%).

Characterisation datavere in accordance with literature valués

N
TsCl, pyridine Ts0 o NaN;, DMF 3

S6 "2 "o 2
80 °C, 16 hrs
o NHAGOAly! = NHAGOAly!
s8 s9
Ba(OH),, BnBr
DMF, rt, 16 hrs
86%
N3 N3
B0 o _ PdCly, MeOH B0 o
BnO 't 16 h BnO
NHACOH 0% rs NHAGOAIlyI
12 $10

SchemeS3 Synthesis df2 from S6

Allyl 2-acetamio-2-deoxy-6-O-p-toluenesulfonytp-glucopyranoside (8

TsO

HO 0
HO

NHACOAIlyl

To a solution 086(2.9 g, 12 mmol 1.0 equivi dry pyridine (60 mL) under2tmosphere was added TsCI (3.5,
19 mmol, 1.6 eqiv.). The mixture was stirred at rootemperature for lhr. and then quenched with ¥D. The
mixture was stirred for another 10 min at room temperature and concentrattechcuo The crude residue was
suspended in ¥D (50 mL) and the resulting solution was acidified with 1M HCI (25 mL). ikhearwas
extracted with CHCE (5 x 100 mL). The combined organic layers were dried with Mg38ltered, and
concentratedin vacuo The resulting crude product was purified by automated flash column chromatography
(0-10% MeOH/CKLD) to afford allyl-2-acetamida2-deoxy-6-O-p-toluenesulfonyib-glucopyranosideS3 as a
brown foam (29 g, 69 mmol, 60%).

Characterisation datavere in accordance with literature valués
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Allyl 2-acetamido6-azido-2,6-dideoxy-D-glucopyranosidg D)

N3

HO O
HO

NHAcOAIlyl

To a solution 08 (0.97 g 2.3 mmo] 1.0 equiV) in dry DMF (23 mL) under. Btmosphere was slowly added
NaNs (0.769, 122 mmol, 50 equiv.). The mixture was stirred at & overnight, quenched with MeOH, and the
solvents were remoweé in vacuo The resulting crude product was purified by automated flash column
chromatography(0-10%MeOH/CH.Cb) to afford allyl 2acetamide6-azide2,6-dideoxyD-glucopyranosidé® as

a white solid 0.50g, 18 mmol, 75%).

Characterisation datavere in accordance whitliterature valueg?

Allyl 2-acetamido6-azido-3,4-di-O-benzyt2,6-dideoxy-D-glucopyranosidgSL0)

N3

BnO 0
BnO

NHACOAIlyl

To a solution o809 (0.50g, 18 mmol, 1.0 equiV) in dry DMF (18 mL) undee Btmosphere were added Ba(QH)
(2.2 g,7.0 mmol, 40 equiv) and BnBr@.62 ni, 5.2 mmol, ® equiv). The mixture was stirred at room
temperature for 16hrs.and then cooled to @ and neutralized with 1M aqueous HCI (7 mL). The reaction was
allowed to warm to room temperature, diluted with bri@0 mL) and extracted twice witBHCE (2 x 40 mL).

The combined organic layers were dried over MgSidered, and concentrateéh vacuo The resulting crude
product was purified by automated flash column chromatogra|i8@-70% EtOAdlexang to afford allyl 2-
acetamide6-azido3,4-di-O-benzyi2,6-dideoxyD-glucopyranosidé&l0as a white solidd. 70g, 1.5 mmol, 86%).

Characterisation datavere in accordance with literature valués

2-acetamido6-azido-3,4-di-O-benzyl2,6-dideoxy-D-glucopyranosg12)

N3

BnO 0
BnO

NHAcOH

To a solution 0510 (0.31g, 0.66 mmal1.0equiv) in MeOH (7 mL) underitmosphere was added Pd(23
mg, 0.13 mmol, 0.2quiv). The mixture was stirred at room temperature for i%. and then filtered through
a smallpad of silica gel and washed with acetone. The filtrate was concentiatedcuo The resulting crude
product was purified by automated flash column chromatogragd®80% EtOAc/hexaneto afford 2-
acetamide6-azido3,4-di-O-benzyi2,6-dideoxyD-glucopyanosel2 as a white solidQ.20g, 0.46 mmol, 70%).

Characterisation datavere in accordance with literature valués
Recovery of starting material 5 from triflated sidproduct

During the phosphorylation reaction, we observede formation of a triflatel byproduct S1). We
demonstrated that this can be hydrolysed back to starting material using sodium hydroxide, as described below.

TfO NaOH, HO
BnO 0 THF > BnO 0
BnO BnO
OBn OBn 18 hrs OBn OBn
s 5

To a stirring solution ahe sideproductS116 on Y33 nn >Y2f X reddMeGHj(@zAlPwWwas Ay ¢ |
added 1M NaOH (0.15 mL). Afteri8.the reaction was quenched by the addition of DOWEDesin, washed

with MeOH and filtered The resulting solutiowasconcentratedin vacucand the product wasinalysed byH,

BC NMR and MS tdwew 5in a yield of 59%.
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NMRspectraof novelcompounds
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1,2,3,4tetra-O-benzyt6-bis(2-bromoethyl)phosphor-" 3p-glucqoyranoside(7)
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1,2,3,4tetra-O-allyl-6-bis(2-bromoethyl)phosptor-h  >B-glucopyranoside
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1,2,3,4tetra-O-acetyt6-bis-(2-bromoethyl)phosplor-h >=p-glucopyranoside
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1,2,3,4tetra-O-benzoyt6-bis(2-bromoethyl)phosptor-h  >-glucgoyranoside
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2,3,4,6tetra-O-benzytl-bis(2-bromoethyl)phosptor-h  >=b-glucopyranoside
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2,3,4,6tetra-O-benzytl-bis(SATE)phospir-h >-D-glucopyranoside
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2,3,4,6tetra-O-allyl-1-bis(SATE)phospir-"  >=D-glucopyranoside
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2,3,4,6tetra-O-acetyl1-bis(2-bromoethyl)phosptor-"  >=b-glucgpyranoside
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2,3,4,6tetra-O-acetyt1-bis(SATE)phospir-"  3D-glucapyranoside
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