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ABSTRACT: A scalable synthetic procedure to highalgy 2 -fucosyllactose, the most
abundant oligosaccharide in human breast milk, desen designed and validated in kilogram
scale. The synthetic route has been developedittaindustrial environment and contains only a

single chromatographic purification step.

1. INTRODUCTION

A correlation between infant health and breastfegtias been undoubtful since the very first
use of human milk substitutes developed by Justad.iebig [1]. The health benefits of natural

human milk over the synthetic substitutes are ataiito be the reduced number of bacterial and



viral infections in the breastfed infants. The speprotecting agents in human milk responsible
for these effects are considered to be multiplé siscsecreted antibodies [2], enzymes such as
lactoferrin or lysozym§3] and/or oligosaccharides, so-called human miigosaccharides
(HMOs) [4]. The mode of action of these oligosactes are both their prebiotic activ[§j

and ability to bind to the host-cell receptorste pathogens inhibiting the adhesion onto the
host cells [6]. To date more than 140 different H3@ve been identified in human milk and
this number is still increasing [7]. One of the miosportant HMOs is 2’-fucosyllactose (2’-FL),
generally accepted as the HMO in highest conceotrat mothers milk [8]. Several biological
effects of 2’-FL have been suggested includingrtmatimited to its prebiotic-, antibacterial- and
antiviral effects [6] - making it an attractive get for nutritional applications. Since the
publication[9] of the first chemical synthesis of 2’-FL seviesther chemical{10] chemo-
enzymatic{11] and enzymatifl2] approaches have been published, all togetiféergng from

the limitation to offer a feasible route for largeale synthesis of 2’-FL. In principle, all
chemical and chemo-enzymatic synthesis containipteithromatographic purifications,

which makes them unsuitable beyond laboratory s&ike enzymatic syntheses require the
UDP sugars as glycosyl donors or genetically medibrganisms as “catalyst” for the syntheses.
Neither of these possibilities provides an unambigusolution yet although, certain
biotechnological methods have recently proven todremercially attractive solutions [13].
However, chemical synthesis can provide suitablewarhtarget compound within short time
period if scale-up difficulties can be solved. Rerimore, chemical synthesis provides higher
purity product for biological studies including Wwelfined impurity profile. In the chemical
synthesis of 2’-FL the two most critical problente purification of intermediates by column

chromatography and the final isolation of the enadpct.



Typically, in the literature wherein articles ataiming “large scale” synthesis of an
oligosaccharide, the quantities of the target caimpdn the ends only milligrams (enzymatic
methodg14]) or in max. ~10 g scale (chemical methods J19]ithin our earlier program and
efforts to access high purity and large quantitee$ kg) of 2’-FL to drive pre-clinical / clinical
programs and regulatory processes - we have exgynanvestigated the possibilities of the
chemical synthesis of 2’-FL in kilogram scale. Sanio the results described herein has - to our

best knowledge - never been published providingahgeted oligosaccharide in such a scale and

purity.

2. RESULTS AND DISCUSSION

As starting point, our synthetic plan for the prggi@n of the glycosyl acceptor relied on an
earlier published route [10b] where a lactose aregan be generated in two steps from
commercially available lactose. In contrast to IHe-nitrophenyl fucose donor used for the
synthesis [10b] we have selecte&phenyl donor which can be readily prepared froffud¢ese
in four steps (Figure 1). One key focus area waddntify a 6’-O protecting group on the
lactose acetonide acceptor with the ambition taiold crystalline acceptor with the option of
purification of the crude glycosyl acceptor beftire glycosylation step in large scale. Numerous
different acyl- and alkyl groups (including but diobited to Ac, Bz, Piv, Lev, ClAc, Bn, Tr)
were tried, but none of them provided a crystallawtose acceptor. Finally and as a
compromise, the choice fall on the 6’-O-pivaloatéee since it could be introduced with very
high selectively (6’ >> 2’) and opened up the pb#ity of the use of the crude accept8r R=

Piv) directly in the glycosylation, even though puritioa by crystallization was not performed.
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Figure 1. The synthetic route to 2'-FL

On the donor side several crystalline fucosyl der@ve been published but in our hands - the
thiophenyl derivative§ R= Ph) was providing the best yields. For the activatidthe glycosyl
donor the traditional Lemieux's method was selebeszhuse of the requirement of mild
glycosylation reaction conditions due to the aaioile protecting groups. Direct activation of the
donor using thiophyl promoters were considered notiimplemented at this stage. After the
glycosylation three different type of protectinggps needed to be removed, i.e. acetals, esters
and benzylic groups. From literature [9] it is krothat one of the possible final intermediates,
compound 11), is a crystalline compound. The glycosylationdaret compound9) and

partially deprotected compountldj (See them below in Scheme 3) turned out not to be
crystalline — even after purification and isolationflash chromatography these two compounds
failed to be crystallized. We anticipated that perfing three consequently steps in a roe (
glycosylation, basic ester- and acidic acetal dgag) and purifying afterwards would be very

challenging, but not impossible due to the bigadi#hce in the polarity of the compounds in the



crude mixture. For example, all carbohydrate impesiderived from the fucosyl donor should
still be very apolar due to the three benzyl grougsle the carbohydrate contaminants from the
acceptor molecule would be very polar upon losihtha protecting groups. In that manner we
assumed the polarity of the trisaccharide derieafl\t) to be significantly different from above
mentioned impurities which were targeted to be neddoy means of extractive work-up.
Another impurity to be eliminated is ti§e2’-anomer of 2’-FL that can be formed during
glycosylation and would render tBe2’ stereoisomer ofl(l) after deprotection. The

glycosylation method chosen is known to give ald@l%6 beta isomer [16], which possibly could
be removed at the stage of crystallization of fineérmediate {1). Final product12) has been
described as a solid when isolated from naturalcgs17] and there is no reason to believe that

the synthetic product would be different.

2.1. Synthesis of lactose acceptor

For the preparation of the glycosyl acceptor anbydiactose was used as a starting material in
laboratory scale. In one step all hydroxyl functidout two were protected as acetonide ketal, or
as dimethyl-acetall(- 2, Scheme 1). Compouriiwas isolated from the crude reaction mixture
by crystallization with the yield of 65%. Upon exdion in industrial scale a few parameters
were revised; lactose monohydrate was used aggtanaterial for the reaction due to the
availability and price figure of anhydrous lactoBarthermore, the concentration was increased
by two-fold and the solvent used for the crystaliian was changed from diethyl ether into
MTBE as safety precaution. With these process amtagpthe overall yield of the reaction

dropped by 13 %, but still acceptable (52%).
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Scheme 1. Preparation of the glycosyl acceptor.

a) 2,2-Dimethoxypropane, pTsOH, reflux; b) Pivalolgloride, pyridine, DCM, -3C.

As discussed earlier, the pivaloyl ester was usgatdtect the 6’ hydroxyl function of the lactose
acetonide. The reaction was carried out in DCMaipyridine as base and pivaloyl chloride as
acylating agent. Compour8iwas purified by column chromatography both in fabory- and

pilot scale (1 kg). In order to investigate theusttial feasibility of the whole process, a paialle
experiment was done in pilot scale (~500 g) whesaugpmpound was not purified by column
chromatography using the crude reaction mixtureatly in the glycosylation. This test batch
was processed further to the final intermediatgesta to see the impact on eliminating the only
chromatographic purification in the whole produntie.g. recovery yield, final intermediate

product purity and process parameters such ascégrtravork-up performance.
2.2.  Synthesis of fucosyl donor

The preparation of the glycosyl donor was doneur steps from commercially available L-
fucose (Scheme 2). Both in laboratory and pilotestize first three steps were done in “one pot”.
Conventional acetylatiot( 5) followed by the introduction of the thiophenyhaieng group

(5- 6) and the catalytic removal of the acetate esters/j were done in the same way both in
laboratory and pilot scale. Only the solvent ussdlie crystallization of compourdwas

changed but had no significant influence on thelpcbrecovery yield.
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Scheme 2. Preparation of the glycosyl donor.

a) AcO, pyridine, 0°C; b) HSPh, BFEt,O, DCM, 0°C; c) NaOMe, MeOH; d) BnBr, NaH,

DMF:; or BnBr, KOBu, THF, 10°C.

The benzylation of compountiwas performed in DMF using NaH as base and bemoyhide
as alkylating agent in laboratory scale. The glytdsnor @) was isolated by crystallization
from the mixture of EO and hexane. In pilot scale the base has beemgetdidao KQBu and the
solvent to THF resulted in safer reaction condgiofhe crystallization of the product was
achieved from a mixture of EtOAc, MeOH and watéowaing further simplification on the
work-up procedure. The isolated yield of compo@8nd pilot scale was not significantly lower

than in laboratory scale with the advantage of @wngithe use of sodium hydride [72% vs 67%].

2.3.  Glycosylation and deprotection to final intermediate

For all the glycosylations conducted in pilot soady crystalline donor compour@&was used.

In terms of the preparation of acceptor, two déferqualities of acceptor were used. In all
glycosylations conducted but one, the flash chrograiphed and purified accep®was used.

In one case and in parallel, the crude and norfipdrionly extractive work-up) was used in the
glycosylation with donoB. Typically, in a glycosylation sequence, compouddsndl10 — as

being syrups — were only isolated in small scateaf@lytical purposes. At the stage of



compoundll the preparative purification was conducted andbtrerall yields were determined.
It was also at this stage the yields of using d#ifeé quality of acceptors were compared. As a
result of the low yield of using crude acceptortfue glycosylation only the experiment using

the purified acceptor was scaled up to kg level.

In Scheme 3 is depicted the conditions for theagytation and deprotection to final end-
product 2’-FL. The overall yield of the three stgpecedure from glycosylation to compoutid
was 27.3% in the scale of 600 g of compoGrat 19.8% in the scale of 5.0 kg of compouiad
both cases the acceptor was purified by columnrosatography before the glycosylation step.
This equals to the yield of ~70% per step, whicls aeceptable considering the difficult
glycosylation step. In case of using non-purifiedeptor 8c) the isolated yield of compourid
dropped to 8.5% over 4 steps (including the pivialttgn step). This means that the average
yield is down to 54% per step, which was below expectation. Clearly it would be a huge
advantage to eliminate all chromatographic puriftoes, but the price paid for that is too high in
this process. At this stage of the scale-up wkvgsihted to keep the last remaining

chromatographic purification as a part of the olexymnthetic procedure.
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Scheme 3. Synthesis of 2°-FL.




a) i: Br,, DCM, 5 °C, ii: TBABr, DMF, rt.; b) NaOMe, MeOH;)AcOH, H,0, 65 °C; d) Pd/C,

H,, IPA, MeOH, AcOH, water.

The reaction conditions used for all experimentgo@sylations and deprotections) were
identical. First, compoun@was dissolved in DCM and converted into bromosyeaidding
bromine at 5 °C in DCM. The excess ofBras neutralized by the addition of cyclohexene to
the mixture. The solution of accept®) @nd tetrabutylammonium bromide in DMF were added
to the crude solution of the bromosugar. The meciuas stirred for 2 days and after work-up
procedure the pivaloate ester was removed in MeSijuNaOMe, followed by the cleavage of
the acetonide groups and the dimethyl-acetal Wi @cetic acid in water at elevated
temperature. All the impurities derived from theeguator were removed in this stage by
extraction. Compounil was isolated by crystallization from EtOAc andiped further by re-
crystallization from MeOH. The final intermediat@svisolated with the yield of 67-73% per
step by using the chromatographed acceptor whigstise of “crude” acceptor resulted in 54%
yield per step. No beta anomer (2fucosyl-lactose) was identified in either of tleeai

intermediates by NMR or HPLC methods.

2.4.  Final deprotection and isolation of targeted compound

The final deprotection step has been done in tix¢éund of isopropanol/methanol/water/acetic
acid to provide solubility for both the startingnepound and for the product. The benzyl groups
were removed by catalytic hydrogenation using Pai@ H. During the scale-up the
concentration of the reaction mixture was increabatlithat resulted in significantly slower
reaction. Most probably the large amount of tolubeiag formed in the reaction afforded the

aggregation of the catalyst and addition of fresfalyst was necessary to drive the reaction to



completion. The final compound was isolated by pitation using TBME in methanol. In Pilot
scale a trituration in isopropanol was added tgotioeedure at the final stage to remove the
solvent residues. 2'-Fucosyllactose was isolatédagram scale as a white amorphous solid

and fully characterized by NMR and analyzed by HRIt@d LCMS.

3. CONCLUSION

A kilogram scale preparation of 2"-fucosyllactoses been performed by synthesis of a fucosyl
donor in ~10 kg scale and a lactose acceptor ikg~dcale. The developed route involves only
one purification step using column chromatograptmti@ry to the previously published routes
which involve 4 to 8 chromatographic purificatiar the same target. At intermediate scale the
synthesis has been conducted omitting chromatograpinification, but the overall yield turned
out to be too low. For the glycosylation Lemieumisthod has been selected to provide high
selectivity under mild reaction condition. The fhieation by crystallization of the final
intermediate was the key for the success of syrghafier the final hydrogenation step the
product was isolated as an amorphous solid with pigity. The developed and presented

procedure could provide the baseline for the sygishaf 2'-fucosyllactose in industrial scale.

4. EXPERIMENTAL

4.1. General Methods: Commercially available starting materials weredusithout further
purification. Solvents were dried according to g methods. Pilot scale synthesis for

compound®, 3 and9-12 were carried out in ERCOM Kft, Hungary and for quunds5-8
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were carried out in NITRO Kft, Hungary. Both pladks reactions were performed in 20-50 L
double jacketed glass reactors except comp@umkich was prepared in 3000 L enameled
reactor. NMR spectra were recorded on a Bruker AMR-(100.62 MHz fof*C) or DRX-500
(125.83 MHz for*3C) spectrometer using CDLDMSO-ds, and DO as solvents. All chemical
shifts are quoted in ppm downfield using solvergkseas references (CDCIH: 7.26 ppm*C:
77.1 ppm, DMSQdg: *H: 2.50 ppm>C: 39.4 ppm, BO: 'H: 4.79 ppm). Kieselgel 60 (E. Merck,
Darmstadt, Germany) was used for column chromapdgreOptical rotations were measured on

a Perkin Elmer 241 polarimeter and the concenmatare given in units of g 100 ML[a] 2

values are given in units of T@leg cm g*

4.2. Compound 2

4.2.1 Laboratory scale: p-Toluenesulphonic acid monohydrate (3.0 g, 16 mwaly added to a
suspension of anhydrous lactose (100 g, 0.29 md)2-dimethoxypropane (700 mL). The
mixture was heated up to reflux and stirred ausetemperature for 1% h. The mixture was
cooled to RT and evaporated quickly at 40°C. Tlseduee was dissolved in DCM (1 L) and
washed thoroughly with water (4 x 500 mL) and wWithHCQ; solution (saturated, 500 mL),
dried (MgSQ), filtered and evaporated yacuo to give a yellow oil. The residue was dissolved
in 230 ml E3O and a seeding crystal was added, left at 5°Onayletrto crystallize. The crystals

were filtered and washed with cold,@t(2 x 50 mL) to give 96.5 g white solid (yield: 85.

4.2.2 Industrial scale: Lactose monohydrate (328 kg, 0.91 kmol) was addedsolution of
pTsOH (3.2 kg, 16.8 mol) in 2,2 dimethoxy-propanéy%g). The suspension was warmed up to
reflux temperature (8%C mantle, 63.2C inner) and after this temperature was reached the

mixture was stirred for 2 h. at reflux. Then thextuie was cooled down to 20-26 (inner

11



temperature) and at that temperature the volatieponents were distilled off wacuo. (614 kg
solvents were collected). DCM (2160 kg) was addetthé residue and extracted with water (3 x
1000 kg) then with a solution of NaHG(¥0 kg) in water (1000 kg) and finally with water
(1000 kg). The organic phase was concentrateddumo. (1595 kg solvents were collected, at 40
‘C mantle temperature). To the residue MTBE (370vkag added and the mixture was
homogenized at 25C than cooled down to @ (inner temperature) and stirred in this
temperature for 8 h. The formed crystals were sgpdrby centrifugation (each centrifuge batch
was washed with 14 kg MTBE) affording 243 kg (yied@%) dry crystals. mp 131-133 °C, lit
[18] mp 133-134 °C;d] = +38.8 ¢ 1, CHC}), lit [18] [a] = +39.1 (CHCH); 'H NMR. (CDCl,
400 MHz)&: 4.56 (dd, 1 HJ; » 6.7 Hz,J,58.0 Hz, H-2), 4.39 (d, 1 H- »- 8.3 Hz, H-1"), 4.33

(d, 1 H, H-1), 4.28 (m, 1 H, H-5"), 4.16 and 3.2&¢h m, 2 H, H-6), 4.02 (m, 1 H, H-5), 3.94
(m, 1 H, H-4"), 3.92 and 3.65 (each m, 2 H, H-8:86 (m, 1 H, H-3), 3.74 (m, 1 H, H-4), 3.48
(m, 1 H, H-3"), 3.47 (m, 1 H, H-2"), 3.45 and 3(@5s, each 3 H, 8 OMe), 1.46, 1.46, 1.35,
1.35, 1.28 and 1.27 (6 s, each 3 bk €Hs). **C NMR (CDCk, 100 MHz)3: 110.4, 109.8 and
108.2 (3x -C(CHs),), 107.0 (C-1), 103.3 (C-1"), 79.3 (C-5), 78.1 (GB.4 (C-5'), 75.7 (C-4),
75.2 (C-2), 74.5, 74.0 and 73.4 (C-4, C-2’and C&4)4 and 62.3 (C-6 and C-6"), 57.4 and 54.3
(2% OMe), 28.0, 27.0, 26.1, 26.1, 25.5 and 23.8 (€H). Anal. Calcd for GsH40012: C,

54.32; H, 7.93. Found: C, 54.37; H, 7.91.

4.3. Compound 3

4.3.1. Laboratory scale: Pyridine (16.4 mL, 202 mmol) was added to a sotubf compound®
(15 g, 29.5 mmol) in DCM (105 mL). The mixture wasled down to -3C and pivaloyl

chloride (5.7 mL, 46.3 mmol) in DCM (5 mL) was addend stirred for 15 h at “&. MeOH (6

12



mL) was added to the mixture and stirred for 30.rthen extracted with water (75 mL), 1 N
HCI solution (2 x 75 mL), water (75 mL) and with N@O; solution (75 mL). The organic phase
was dried, filtered and concentrated. The cruddumexwas purified by column chromatography

(PE:EtOAc, 3:2) giving 13.8 g white foarBa 79%). p] = +35.4 €0.1, CHCY}); 'H NMR

(CDCl, 400 MHz):3: 4.44 (d, 1 H)y-» 8.2 Hz, H-1"), 4.41 (dd, 1 Hg 3 7.3 Hz, H-2), 4.36 (d,

1 H,J126.0 Hz, H-1), 4.31 (dd, 1H56 6.8 HZ,Jgem11.2 Hz, H-6"), 4.28 (m, 1 H), 4.24 (dd, 1
H, Js 6 6.3 HZ,Jgem11.1 Hz, H-67), 4.17 - 4.03 (m, 4 H), 3.99 (ddH,1H-6), 3.95 (ddd, 1 H),
3.91 (dd, 1 H), 3.55 (dd, 1 H), 3.43, 3.42 (2 §hed H, 2 x OMe), 1.50, 1.48, 1.37, 1.37, 1.32,
1.31 (6 s, each 3 H, 6 x -C(G)), 1.20 (s, 9 H, OPiv}*C NMR (CDCE, 100 MHz):5 = 178.0
(C=0), 110.1, 110.1 and 108.2¥3C(CHb),), 104.9 and 103.4 (C1 and C-1'), 78.7, 77.8, 77.7,
77.6, 75.9, 74.9, 74.1 and 72.9 (C-2, 3, 4, 532'4’ and 5'), 64.5 and 62.7 (C-6 and 6') 56.2
and 53.1 (x OMe), 38.6, 28.0, 27.1, 27.0, 26.3, 26.1, 25.64 24id 24.3 (% -CHs). Anal.

Calcd for GgH4g013: C, 56.74; H, 8.16. Found: C, 56.81; H, 8.19.

4.3.2. Pilot scalewith purification: Pyridine (1.64 L, 20.2 mol) was added to a solutf
compound (1.5 kg, 2.95 mol) in DCM (10 L). The mixture wesoled down to -8C and
pivaloyl chloride (570 mL, 4.63 mol) in DCM (500 mivas added and stirred for 15 h between
0 and -5°C. MeOH (600 mL) was added to the mixture andesdifior 30 min then extracted
with water (10 L), 3 N HCI solution (10 L), watek( L) and with NaHC@solution (10 L). The
organic phase was dried, filtered and concentrdtid.crude mixture was purified by column

chromatography (PE:EtOAc, 7:3, on 10 kg silicagl)ng 1.1 kg white foam3p, 63%)

4.3.3. Pilot scale without purification: Compound (5159, 1.01 mol) was dissolved in dry

DCM (2.5 L) and cooled to °&. Then pyridine (556 mL, 6.85 mol) was added &E-50 this

13



solution pivaloyl chloride (200 mL, 1.62 mol) waddad over a period of 2.5 h af&5
(exotermic). During the addition the clear soluttamed to an off white suspension. The
mixture was stirred at °& for 6 h, then warmed up to 20, and stirred for 12 h. Then the
mixture was cooled to @, and methanol (200 mL) was added slowly whilesihgpension
turned to clear solution. Then the mixture wasvedid to warm up to 20C and stirred for 40
min then washed with water €1.3 L), 1 N HCI (3x 1.3 L), water (2 1.2 L), sat. NaHC®
(1.5 L) and water (1.5 L). Then the mixture wascanirated to dryness and dry DMF (1.2 L),
TBABr (23 g) and toluene (0.5 L) were added andragancentrated to remove the toluene.

This mixture 8c) was used without any further purification for gbgylation later.

4.4. Preparation of Compound 8 from 4.

4.4.1. Laboratory Scale: L-Fucose 4) (4.23 g, 25.7 mmol) was suspended in pyridineni20.
The mixture was cooled down tdG and AgO (20 mL) was added over a period of 30 min.
then allowed to warm up to r.t. and stirred forhllrhe mixture was concentrated and the
residue was dissolved in DCM (150 mL) and washet &iN HCI (2 x 100 mL), water (75 mL)
and with NaHCQ@ solution (75 mL). The organic phase was drieteridd and concentrated. The

crude residues 8.45 g, colourless oil) was used for the nexttiea.

Thiophenol (3.2 g, 29 mmol) was added to the sotutif crude compounsl (8.45 g, 25.4
mmol) in DCM (20 mL). The mixture was cooled dovand°C and BR/Et,O (9.45 mL, 76.6
mmol) was added over a period of 10 min. The m&tuas stirred for 2 h at®@ and 10 h at 5
°C. Then the mixture was diluted with DCM (200 mindavashed with water (2100 mL) and

NaHCGQ; solution (100 mL). The organic phase was dridteréd and concentrated affording 9.8

g crude productg) as a pale yellow oil.

14



To the solution of the crude compoud©.8 g) in MeOH (100 mL) NaOMe (150 mg) was
added and the mixture was stirred for 6 h at@0Amberlite IR 120 (H) resin was added,
stirred and the resin was filtered off. The methavas removed ivacuo affording the crude
product (6.25 g, yellow foam). The foam was disedlin MeCN (30 mL) and washed with
petrolether (3« 60 mL) then the MeCN phase was concentrated adéselved in warm EtOH
(50 mL) followed by slow addition of petrolethelOmL). The suspension was cooled &0

and the formed crystal3)were separated by filtration. (4.03 g, 61%, d¥steps).

NaH (5.26 g, 109 mmol, 50% in mineral oil) was weashvith hexane and suspended in dry
DMF (10 mL) then the mixture was cooled down tt0keeping the system all times under Ar.
Slowly, over a period of 10 min, a solution of campd? (6.2 g, 24.5 mmol) in DMF (20 mL)
was added followed by the addition of BnBr (13 ri09 mmol). The ice bath was removed and
the mixture was stirred under Ar for 10 h. The mietwas cooled to 8 and MeOH (8 mL)

was added over a period of 10 min. The mixture staged for 30 min, then concentrated. The
residue was dissolved in DCM (150 mL) and washeat water (3x 75 mL). The organic phase
was dried, filtered and concentrated. The prodwad isolated by crystallization from the

mixture of E;O and hexane (18 mL, each) affording a white S@j®.1 g, 72%).

4.4.2. Pilot Scale: L-Fucose 4) (5 kg, 30.5 mol) was suspended in pyridine (12ng 35 L
glass reactor. The suspension was cooled dowr-td T and AgO (12 L) was added over a
period of 3 h. The cooling was stopped and the umextvas allowed to warm up. (The
temperature raised to 3C over a period of 2 h, then slowly cooled dowi2iGC. (ambient
temperature)) The mixture was concentrated onlar@@a. The reaction was repeated with a

same batch-size once more and the two residuescafieentration were combined and
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dissolved in DCM (50 L) and washed with 1 N HCIX20 L), water (20 L) and with NaHGO
solution (20 L). The organic phase was dried (MgS(dd filtered resulted in a 60 L paled

yellow solution which was used for the next reattigthout any further treatment.

Thiophenol (7.8 L, 75.9 mol) was added to the sotuof crude compoun8 (60 L pale yellow
solution in DCM, estimated 61 mol) in a 400 L endatkreactor. The mixture was cooled down
to 0°C and BR/Et,O (23 L, 186 mol) was added over a period of 3He mixture was stirred

for 8 h keeping the temperature between3’C. Then the mixture was washed with watek (2
40 L), 1 N NaOH solution (2 40 L) and NaHC®solution (1x 20 L). The organic phase was

dried, filtered and concentrated affording 25 kgder product®, yellow oil).

To the solution of the crude compoud@5 kg) in MeOH (40 L) NaOMe (300 mL, 30 %
solution in MeOH) was added and the mixture wasestifor 6.5 h at 231C. Amberlite IR 120

(H") resin (5 kg) was added, stirred and the resinfitased off. The methanol was removed in
vacuo affording the crude product (14.3 kg, yellow foaiffle foam was dissolved in warm
EtOH (60 L) followed by slow addition of petroleth@0 L). The suspension was cooled {0
and the formed crystals were separated by filmna{®2 kg). The mother liquor was concentrated
and crystallized from EtOH (18 L) and petrolethkt () affording 2.3 kg product). Total

yield: 10.5 kg, 67.2%, over 3 steps.

KOtBu (16 kg, 142.6 mol) was added to a solution ehpgound7 (8.2 kg, 32 mol) in THF (60
L) over a period of 3 h in a 400 L enamelled reaatd—- 5 °C. After the addition was finished
the mixture was stirred for 1 h then BnBr (23.04 X84.8 mol) was added over a period of 4 h
keeping the temperature belowW®. After the addition was finished the temperatuas raised

to 10°C and stirred for 16 h at P@C. The mixture was cooled to°C and MeOH (10 L) was
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added and the mixture was stirred for 1 h. The umétvas diluted with EtOAc (60 L) and
washed with water (2 x 60 L). To the organic phHde®©H (75 L) was added followed by the
addition of water (48 L). The formed crystals weeparated by filtration (11.2 kg, white solid,
67%) mp: 106-108 °Cof] » -13.8 ¢ 1, CHCE) mp: lit [19] 107-109 °C,d] z lit [19] -14.0
0.7, CHCE) 'H NMR (CDCk, 400 MHz):8: 7.60-7.18 (m, 20 H, aromatics), 4.83, 4.76 ari® 4.
(each ABg, each 2 H, 3 -GPh), 4.60 (d, 1HJ, > 7.8 Hz, H-1), 3.93 (dd, 1 Hp 3 9.5 Hz, H-2),
3.68 (dd, 1 HJs5<1 Hz, H-4), 3.59 (dd, 1 Hlz 4 2.8 Hz, H-3), 3.52 (m, 1H, H-5), 1.26 (d, 3 H,

H-6). Anal. Calcd for GH3404S: C, 75.83; H, 5.79. Found: C, 75.58; H, 5.76.

45. Compound 9, Glycosylations:

4.5.1. Experiment 1 using 600 g purified acceptor: Compound (600 g, 1.14 mol) was
dissolved in dry DCM (2 L) and the solution was leabdown to 5C (Inner temperature, the
cooling liquid was adjusted to°C). To the solution Br(73 mL, 1.42 mol) in dry DCM (200

mL) was added keeping the temperature between 3@%@ over a period of 20 min. After the
addition was finished the mixture was stirred formin then cyclohexene (130 mL) was added
to the mixture over a period of 20 min. keepingtéraperature between 5 and°@ The dark

red solution turned to light yellow solution. Taglerude solution of the bromosugar, compound
3(600g, 1.01 mol) and TBABTr (25 g, 77.5 mmol) in BNIL.2 L) was added over a period of 30
min, then the cooling was removed and the solutias stirred for 48 h at ZtC. The mixture

was diluted with toluene (2 L) and washed with N&Golution (saturated, 2 x 3 L) and with
water (3 L). The organic phase was concentratextdiffg 2 L yellow oil. The crude mixture

(9a) used for the next reaction without any furtherifgzation.
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4.5.2. Experiment 2 using 5 kg purified acceptor: Compoun (5.0 kg, 9.49 mol) was dissolved
in dry DCM (20 L) and the solution was cooled dawrb °C (Inner temperature, the cooling
liguid was adjusted to fC). To the solution Br(500 mL, 9.72 mol) in dry DCM (200 mL) was
added keeping the temperature between 5 arfi@ ter a period of 1 h. After the addition was
finished the mixture was stirred for 10 min thewrlopexene (820 mL) was added to the mixture
over a period of 1 h. keeping the temperature batvéeand 16C. The dark red solution turned
to light yellow solution. To the crude solutiontbe bromosugar, compou3d5.0 kg, 8.42 mol)
and TBABr (250 g, 775 mmol) in DMF (12 L) was add®ar a period of 3 h, then the cooling
was removed and the solution was stirred for 48228C. The mixture was diluted with toluene
(20 L) and washed with NaHG@olution (saturated, 2 x 30 L) and with water (30The

organic phase was concentrated affording 17 L wedi (9b). The crude mixture used for the

next reaction without any further purification.

4.5.3. Experiment 3 using 495 g crude acceptor: Compound (465 g, 0.88 mol) was dissolved
in dry DCM (1.85 L) and the solution was cooled daw 5°C (Inner temperature, the cooling
liquid was adjusted to @C). To the solution Br(46 mL, 0.89 mol) in dry DCM (185 mL) was
added keeping the temperature between 5 arfi@ t¥er a period of 20 min. After the addition
was finished the mixture was stirred for 10 mintlegclohexene (76 mL) was added to the
mixture over a period of 20 min. keeping the terapee between 5 and 2G. The dark red
solution turned to light yellow solution. To thisude solution of the bromosugar, compo@®cd
(crude from experimerRilot scale without purification starting from 515 g of compour&) and
TBABTr (20 g, 62 mmol) in DMF (1.2 L) was added oweperiod of 30 min, then the cooling
was removed and the solution was stirred for 48228C. The mixture was diluted with toluene

(2 L) and washed with NaHG@olution (saturated, 2 x 3 L) and with water (3The organic
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phase was concentrated affording 2 L yellow oile Thude mixture9gc) used for the next

reaction without any further purification.

200 mg of the sample (from experiment 2) was peatifor analysis:d] # -42.0 ¢ 1, CHC}),

'H NMR. (CDCk, 400 MHz)3: 7.45-7.25 (m, 15 H, aromatic), 5.60 (d, 13, 3.2 Hz, H-

17), 4.98 and 4.65 (ABq, 2 Hgem11.6 Hz, -CHPh), 4.88 and 4.74 (ABq, 2 Hyem12.0 Hz, -
CH,Ph), 4.76 (s, 2 H, -CiPh), 4.65 (d, 1 HJ- » 8.2 Hz, H-1"), 4.48 (dd, 1 H;,6.0,J,3 7.4

Hz, H-2), 4.38 (d, 1 H, H-1), 4.29 (m, 2 H, H-6)24 (m, 1 H, ), 4.19 (m, 1 H, H-3"), 4.08 (m, 2
H, H-4" and H-5"), 4.08 and 3.88 (2 m, each 1 H§'H-4.06 (m, 2 H, H-2"" and H-3), 3.98 and
3.91 (2m, each 1 H) 3.72 (dd, 1 H, H-2"), 3.66, (bH, ), 3.43 (2 s, each 3 HxDMe), 1.48,
1.42,1.37,1.36, 1.31 and 1.28 (6 s, each 3¥;®Hs), 1.21 (s, 9 H, Piv), 1.10 (d, 3 B¢~
6.46 Hz, H-6"")1°C NMR (CDCE, 100 MHz)3: 178.2 (CO), 110.4, 110.1 and 108.8x(3
C(CHs)y), 105.3 (C-1), 101.6 (C-1), 95.3 (C-1"), 80.43Q, 79.4, 78.2, 77.8, 77.8, 76.6, 75.6,
74.2,72.8,72.8,70.6 and 66.6 (C-2, C-3,C-4,C2",C-4",C-5,C-2"",C-37, C-4" and C-
57), 75.0, 73.6 and 73.4 (3 GPh), 65.3 and 62.6 (C-6 and C-6"), 56.3 and 530@Me), 39.0

(Piv), 28.1, 27.5, 27.4, 27.4, 27.3, 27.1, 27.0626d 24.6 (% -CHg), 17.1 (C-67").

4.6. Compound 10

4.6.1. Experiment 1, using the crude product from4.5.1.: NaOMe (120 g, 2.22 mol) was added
to a solution of compoun@ (9a, made from 1.01 mol compoudjin dry MeOH (1.8 L) and
stirred for 18 h at 28C. (The yellow solution became turbid after 2 hip#erlite IR 120 resin
(H* form, 600 g) was added to the mixture and stifoe®0 min then the resin was filtered off
and the filtrate was concentrated affording 1 Lkdallow slurry (l0a). The mixture was used

for the next step without any purification.
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4.6.2. Experiment 2, using the crude product from 4.5.2.: NaOMe (850 g, 15.73 mol) was added
to a solution of compoun@ (9b, made from 8.42 mol compoulin dry MeOH (5 L) and

stirred for 18 h at 24C. (The yellow solution became turbid after 5 hopierlite IR 120 resin

(H* form, 5 kg) was added to the mixture and stin@d0 min then the resin was filtered off
and the filtrate was concentrated affording 10 tkdeellow slurry. The residue was taken up in
EtOAc (30 L) and washed with brine (30 L). The ariggphase was concentrated affording

compoundlO (10b) and used for the next reaction.

4.6.3. Experiment 3, using the crude product from4.5.3.: NaOMe (81 g, 1.59 mol) was added to
a solution of compoun (9¢c, made from 1.01 mol compouyiin dry MeOH (2 L) and stirred
for 18 h at 25C. Amberlite IR 120 resin (Hform, 500 g) was added to the mixture and stirred
for 30 min then the resin was filtered off and fitteate was concentrated affording 1 L dark
yellow slurry. The residue was taken up in DCM {2ahd washed with water (2 x 2 L). The

organic phase was concentrated affording compd0r{(@Oc) and used for the next reaction.

200 mg of the sample (from experiment 2) was peatifor analysis:d] # -39.0 ¢ 1, CHC}),

'H NMR. (CDCk, 400 MHZz)3: 7.42-7.26 (m, 15 H, aromatic), 5.58 (d, 1Jd;,~ 3.2 Hz, H-

1), 4.98 (d, 1 HJyem11.6 Hz, -CHPh), 4.88 (d, 1 HJgem 12.0 Hz, -CHPh), 4.77-4.61 (m, 4 H,
-CH,Ph), 4.55 (d, 1 HJy- » 8.2 Hz, H-17), 4.48 (dd, 1 H; 2 6.0,J,3 7.4 Hz, H-2), 4.36 (d, 1 H,
J127.6 Hz H-1), 4.25-4.19 (m, 2 H), 4.09-3.90 (m, B 8185-3.62 (m, 6 H), 3.43 (2 s, each 3 H,
2 x OMe), 1.48, 1.44, 1.39, 1.37, 1.31 and 1.29 @ash 3 H, & -CHs), 1.10 (d, 3 HJs ¢~ 6.5
Hz, H-6"").*C NMR (CDCk 100 MHz)3: 110.4, 109.7 and 108.7 3-C(CHs)z), 107.6 (C-1),
101.4 (C-17), 95.2 (C-1"), 80.7 (C-3"), 79.0, 7&0.9, 77.1, 76.3, 75.6, 74.7, 74.4, 74.3, 72.6

and 66.3 (C-2, C-3, C-4, C-5,C-2",C-4",C-5,C-2-37,C-4" and C-57), 74.8, 73.9 and
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73.0 (3 CHPh), 65.0 and 62.4 (C-6 and C-6'), 57.7 and 54:0QMMe), 27.9, 27.0, 26.9, 26.5,

25.5 and 25.1 (8 -CHs), 16.8 (C-67).

4.7. Compound 11

4.7.1. Experiment 1, using the crude product from4.6.1.: The crude mixturelQa, made from
1.01 mol compoun@) from the depivaloylation reaction was suspendeithé mixture of AcCOH
(1.5 L) and water (1 L). The suspension was stiate85°C (inner temperature) for 3 d. The
mixture was concentrated and taken up in EtOAc)(&rd washed with water (2 x 4 L), the
water phases were combined and washed with EtOAd_{j0 The organic phases were
combined and stored in the freezer for 2 d. Whiystals were formed which were isolated by
filtration resulting 300 g crude crystals. The a@ymroduct was dissolved warm MeOH (750 mL)
and cooled down. The clean produtt)(was isolated after filtration (210 g, 0.276 n®i,3%

over 3 steps, 73% per step)

4.7.2. Experiment 2 using the crude product from4.6.2.: The crude mixturelQb, made from

8.42 mol compoung) from the depivaloylation reaction was suspendetthé mixture of AcCOH
(15 L) and water (10 L). The suspension was stiate8b°C (inner temperature) for 1 d. The
mixture was cooled down and extracted with 10 Lamex The aqueous phase was concentrated
and taken up in EtOAc (15 L) and washed with wéex 5 L), the water phases were combined
and washed with EtOAc (2 L). The organic phasegewembined and stored in the freezer for 2
d. White crystals were formed which were isolatgdiltration resulting 1.95 kg crude crystals.
The crude product was dissolved warm MeOH (5 L) emled down. The clean produdi)

was isolated after filtration (1.27 kg, 1.67 mni®,8% over 3 steps, 67% per step)
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4.7.3. Experiment 3, using the crude product from 4.6.3.: The crude mixturelQc, made from
1.01 mol compoun@) from the depivaloylation reaction was suspendeithé mixture of AcCOH
(1.5 L) and water (1.0 L). The suspension wasestiat 65°C (inner temperature) for 3 d. The
mixture was cooled down and extracted with 1 L Imex& he aqueous phase was concentrated
and taken up in EtOAc (1.5 L) and washed with w@ex 0.5 L), the water phases were
combined and washed with EtOAc (200 mL). The orgghiases were combined and stored in
the freezer for 2 d. White crystals were formedalihivere isolated by filtration resulting 70 g
crude crystals. The crude product was dissolvedndeOH (200 mL) and cooled down. The
clean productil) was isolated after filtration (65 g, 85.5 mmab% over 4 steps, 54% per
stepfH NMR. (DMSO d6, 400 MHz}: 7.40-7.20 (m, 15 H, aromatic), 6.66 (d, 13§.7 Hz 1-
OH), 5.54 (br s, 1 H, H-1), 5.00-4.42 (m, 11 H, ®Bn and 5 x OH), 4.40-4.15 (m, 4 H, H-1’,
H-1" and 2 x OH), 3.90-3.10 (m, 15 H), 2.98 (mH}, 1.05 (d, 3 HJs ¢~ 6.5 Hz, H-6")}°C
NMR (DMSO d6, 100 MHzp: 139.6, 139.5 and 139.4 (aromatic quat), 101.4°0C97.0 (C-1),
96.5 (C-17), 79.1, 78.6, 78.3, 75.8, 75.7, 7581775.0, 74.0, 69.1 and 65.9 (C-2, C-3, C-4, C-
5,C-2,C-3’,C-4",C-5,C-2"",C-3",C-4” a@eb™"), 74.8, 72.4 and 70.7 (3 x @rh), 60.7

and 60.6 (C-6 and C-6"), 16.7 (C-67).

4.8. Compound 12

4.8.1. Laboratory scale: CompoundLl (10 g, 13.2 mmol) was suspended in the mixture of
MeOH (100 mL), IPA (50 mL), and AcOH (5 mL). Thed/E (1 g, 10 %) was added in water
(10 mL). The mixture was stirred under 6 bargressure for 12 h. Thelatmosphere was

changed into Ar and the catalyst was filtered off ghe mixture was concentrated. The residue

22



was dissolved in MeOH (5 mL) and the product waipitated by adding MTBE (25 mL)

resulting a white powder (6.6 g, 13.1 mmol, quant.)

4.8.2. Pilot scale: CompoundLl (1.70 kg, 2.24 mol) was suspended in the mixtéitdeOH (9
L), IPA (4.5 L), and AcOH (180 mL). Then Pd/C (18010 % in charcoal) was added in water
(1 L). The mixture was stirred under 4.5 bargtessure for 24 h. TLC indicated that the reaction
was still incomplete. Pd/C (90 g, 10 % in charcea}s added in MeOH (1 mL) and the mixture
was stirred under 4.5 barldressure for 5 h, then again Pd/C (40 g, 10 %haraoal) was added
in MeOH (0.5 mL). The mixture was stirred for 12iider H pressure. The Hhtmosphere was
changed into Ar and the catalyst was filtered off $he mixture was concentrated. The residue
was dissolved in MeOH (5 L) and the product wagiprated by adding MTBE (20 L) resulting
a pale yellow powder (1.3 kg). The crude producs stared in IPA (10 L) for 2 h, then filtered
off, washed with IPA (0.5 L) and dried vacuo affording a white solid (1.1 kg, 2.24 mmol,
quant.). fi]  -47.2 (initial) - -58.0 (72 h¢ 2, H0), [a]  lit. [16] -53.5 (initial) - -57.5 (72

h, c 2, H,0). MS: EST 511.2 [M+Na[, 572.2 [M+K]'; ESI 487.4 [M-HJ, 523.2 [M+CI].

NMR data: See in Table 1.

Table 1, *H and™*C NMR data of compount.

Ring 1H 3 (ppm) multiplicity | J (Hz) 13C o (ppm)
H-1 5.22 d 4.0 c-1 94.5
H-2 3.59 dd 9.2,4.0 C-2 74.0
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H-3* 3.80 dd 9.6,9.2 C-3* 72.3
a-D glucose H-4 3.71 dd 9.6, 9.0 C-4 77.9
H-5 3.91 m C-5 73.1
H-6a 3.90 m
C-6 62.7
H-6b 3.80 m
H-1 4.63 d 8.1 C-1 98.6
H-2 3.29 dd 9.3,8.1 C-2 76.6
H-3 3.58 dd 9.6,9.3 C-3 77.0
B-D glucose H-4 3.72 dd 9.8,9.6 C-4 78.5
H-5 3.47 ddd 9.8,5.2,1.8 C-5 78.0
H-6a 3.94 dd 11.8,1.8
C-6 62.9
H-6b 3.76 dd 11.8,5.2
H-1 4,52 d 7.8 C-1 102.9
H-2 3.66 dd 9.0,7.8 C-2 79.0
H-3 3.88 m C-3 76.3
p-D H-4 3.90 m c4 71.9
galactose
H-5 3.81 m C-5 74.0
H-6a 3.81 m
C-6 63.8
H-6b 3.74 m
H-1 5.30 d 2.0 C-1 102.0
H-2* 3.80 m C-2* 72.4
o-L-fucose | H-3* 3.80 m C-3* 70.9
H-4 3.82 d 1.0 C-4 74.4
H-5 4.22,4.25 qd 6.0+ 1.0 C-5 69.6
CHs 1.22 d 6.0 CH 18.0

* Interchangeable assignments due to non-firstroesrlapping spin systems
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Highlights

A kilogram scale preparation of 2" -fucosyllactoses been performed.

The developed route involves only one purificatstep using column chromatography.
At intermediate scale, the synthesis has been avedw@mitting column purification.

The product was isolated as an amorphous solid higg purity.



