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ABSTRACT: The goal of this studywasthe design andynthesis obulky and polatbulky galactonoamidines
that have gotential tointeract with both catalytic amino acids in the active site of humgalactosidase. While

a library of more than 25 compounds was previously synthesized following established protocolspling of

the selectedmines withactivatedperbenzylated galadtionolactam yielded only small amourits some ofthe
perbenzylated targetA computational approactiisclosedrelative energy differences of selected adducts and
suggested a solvenhange thathenalloweda successful synthesis tife precursor compounds 20-75% Sib-
sequent attempt® globaly deprotectperbenzylated galactonoamidines by Pd catalyzed hydrogematioled

in unwanted Pd coordination, incomplete debenzylationtitees; partial compound hydrolysisand even can-
pletedecomposition. A lengthy protocol wakaboratedo purify thetargeted carbohydrate derivativafter mal-

ified debenzylation conditions




Introduction.

Glycosidasesre enzymes that catalyze the hydrolysig-o&énd 6-glycosidic bondsTo elucidatether mecla-
nism of action,andcharacterizeéhe structureof their active sitescompounds thadctas inhibitorsof the enzy-
matic activity aretypically employed" Very potent glycosidase inhibitogdten displaycharacteristicsf the tran-
sition state of theatalyzed reactiohFor the hydrolysiof glycosidic bondsthese features include flattening of
the chair ofthe glycosyl moiety’ a sg-like charactesmt the anomeric @tom? a partial positive charge at the- |
cation of the ring @tom of a glycosyl rlngepresented in an oxocarbenilike structure¢”® and the lengthening
of the acylic C-O bond at the anomeric-&om”*

While a myriad of inhibitorsowardsb-glycosidic bondshas beeridentified following these principle$™ the
number ofavailablecompounds testudythe active sites ofi-glycosidasesemainslimited. Notable eceptions
include among othersacarbose? a tetrasaccharidehich blocksa-amylase activity in intestineandis used for
the treatment of type Il diabet&s? and 1-deoxygalactonojirimycinand derivatives® which areazasugasthat
ensuresufficient levels of functionak-galactosidaseand therebyeverg alysosomal storage disordgrat ot-
erwise enricheglobotriaosylceramidgin cells and tissued heparentcompoundhas beempprovedoy the FDA
for treatment of Falyrdiseasén 2018 Furtherclasses of promising compounaisder investigation as poteat
galactosidase inhibitors include pyrroliditreazole hybrid moleculé$and aminohydroxycyclopentan®s.

Despite the ignificant progressaccess t@ large number oinhibitors withtunableactivity towardsspecifica-
galactosidaseseemainsdesirdle. The availability of such compoundsuld provide an alternative in situations
where current inhibitors are inefficierdr their prolonged use leads to side effects. Additionally, the availability
of a library of structurally related-glycosidase inhibitors enablésoroughstudiesof the role andfunction of
enzymesassociated witthe onsetandprogression ofthese andtherdiseaseincludingcancer:’

In an umelated studywe disclosed a library of 25 galactonoamidih inhibitors with activity towardsb-
galactosidases in the naramdpicomolar concentration rang®* The compounds contain aglycons composed of
aromatic, linear and cyclic aliphatic hydrocarb&hSuppored by computational evaluatigfi-* three of these
galactonamidinesare experimentallyidentified as true transition stalike analogsagainsto-galactosidase from

A.oryzae(Chart 1).22%
*LL/\@\ 1a, K = 12.0 £ 0.1 nM
HO OH
H/\R R= E/\O 1b, K;= 17.4 + 0.6 M

LLL"/\/\© 1c,Ki=242+1.1nM

Chart 1. Galactonoamidingsreviouslyidentified as transition state analogstejalactosidaseX, oryzag**>*

In-depthkinetic studies of their interactions in the active site$afalactosidases froms. oryzae€” E. coli, and
bovine livef* show competitive inhibition ofhe selead enzymes by all galactonoamidinédsterestingly, he
mostefficientinhibitorstypically showa high probability to interact simultaneously witbth catalytically active
amino acidesidus, e.g. E®and E*® % in theactive sits of the repective enzyme(Figure 1).2*
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Figure 1, Key interactions of the glycon dfa with amino acids in the active site 6fgalactosidaseA. ory-
zad,”” PDB ID 4IUG?®

The distancebetween the amino acids acting as a proton donor and as a nucleapbédsfrom 5.2 (PDB ID
4V45°t05.8; ( P DBUG)*Dn the studieds-galactosidsesThe synthesized galactonoatinies form H
bonds with the catalytic residues ushgiroxyl groups of their glycosyl moietieshdr aglycons enable statih
ing interactions in the active sites using hydrophabip,or CH-p stacking interations?* Additionally, induced
fit deformations of the enzymand closed loop interactiongon interaction with the galactonoamidine inhib
tors are noted'

However, the distance betwedine catalytic amino acid residues anglycosidasess usuallylargerthanin b-
glycosidasese.g 8.2 A in humana-galactosidaséPDB ID 1R47)*" Thus, strongH-bond interactionsof the
available galactonoamidinenhibitors 1 with catalytically active amino acid& the active site ohumana-
galactosidas@nd possiblyother a-glycosidasesre unlikely Therefore,this studyaims at the development of
galactonoamidines with polar grpsin their aglycon to achieveompetitive inhibiton of a-galactosidaseby
allowing Hbonding withthe catalytially activeresiduesD170 and D231of humana-galactosidasé& The polar
groupsin the aglyconf the new galactonoamidinesre envisioned toontain O and Natoms, as well asyh
droxyl group functionalitieso enablesimultaneoudd-bond formatims. As afirst steptoward this goalwe de-
scribe hereour efforts during theynthesiof the envisagedalactonoamidines withulky andbulky-polar agy-
cons.



2 Results and discussion.
2.1 Synthesis of perbenzylated galactonoamidines in dichloromethane

Previously, al0 gramscalesynthesif perbenzylategalactonolactam?) and perberylatedgalactothionola-
tam @) from galactosavasreported §cheme 1} that was developedased on report®r related compoundsy
Overkleeft, Heckand Vasell&®*° In short, #&er activation of3 with Meerweird salt perbenzylated galaataino-
thioether4 is obtained and treated witdliphatic and aromatic aminésto afford perbenzylated galactonoam
dines6.?° As a representative example, the coupling wfith p-methylbenzylamine5@) in dichloromethangro-
vides perbenzylated galactonoamidBzein 51-80 % isolated yieldafter chrom#ographic purification over dea
tivated silicaor neutral aluminum oxid&?® The subsequendebenzylatin of 6a with hydrogen gas in the e
ence of Pcbn charcoahnd trifluoracetic acidn ethanolaffords 1a quantitativelywithout further purificatiorf®

Scheme 1Synthetic approach towardperbenzylatedgalactonoamidinest from galactose
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0°CY r.t., 848h, 5180 % over two step$*?® The aminesb-| yield under similar reaction conditions thé-fo
lowing isolated yields over two stefsh, 24 h, 57%; 5¢, 37 h, 8 %,; 5d, 90 h, 37 %; 5e, 18 h, 44 %; 5f, 136 h,
40 %; 59, 115h, 08 %:; 5g, 156 h,1 4%; 5h, 167h, 010%; 5i, 144 h O1 %; 5k, 144h, O1 %; 5, N/A.

When applying thereviously developedtrategy to couple bulky and bubpplar aminesb-I (Chart 2) with
4, perbenzylated amidinéb-c are obtained in moderate yields {62 %). Perbenzylated amidinég-f are only
obtained in 3-44 %, while compoundsh-k are not isolated as they are formed in less than 10 % (per Ti-C est
mate). The synthesis &f has not been attertggl under these conditionsfféts to purify perbenzylated dam
dines6h-k by columm chromatography resulted in complete compound loss or in isolatior gietbenzylated
galactaminothioetherd. The amine$a, 5¢c, andbg arecommercially available, all other aming&s, 5d-f, and5h-
133 were synthesized by reduction of their corresponding niffileith lithium aluminum hydride in dry diethyl
ether or dimethoxyetharfellowing literature procedure8 3343740
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Chart 2. Structures of the bulky and bulky-polar amines 5 obtained by reduction of nitriles 7,32 3343740
LIALH ,, Et,O or DME, 0 °CY rt, 4-16 h, 6984% as describé.*
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To overcome the encountered pitfaieteactiontime of the transformatiomvasextendedrom typical 1648 h
to over 100h, whiletwo equivalents of the amines relativedt@re continued to beisedfor all reactionsn €f-
forts.?*® As arepresentative example for othettse isolated yieldof 6g is 8 % aftera reaction time o115h and
increassto 14% after 15eh. While steric hindrancat the reaction sidbas beernitially assumeds arationale
for the poor reaction yields, several amines that do not appear more bulky than others give fair or moderate
amounts ofproductspointing d stereoelectroniceasondor the inefficient formation of perbenzylated amidines
6g-1. Addition of 5a to reaction mixtures with amines that do not show formation of perbenzylated angidihes
as judgedby TLC analysis, yieldedba in less than 24 indicating that the amine addition #ois the rate
determining step of the reactiofs our efforts to increase the yields@g-k remainedutile, the transformation
of perbenglated galactoiminothioethdrwith the selectedminess was evaluated in @omputationabpproach.

2.2 Computational analysis of the addition of mines to perbenzylated galactininothioether

All computationsare performed with the PQSmol suite based on density functional theory employing the
B3LYP exchange correlation functional, the8Bg(d) basis set, and the COSMO model under standardi-cond
tions. The structures of the perbenzylated galactoiminothiodtlaminess, their protonated forms, and addition
products are calculatesenergyminimized geometries with zero imaginary freqeyeirable 1). The addition of
aminesb to protonated! yields two addition products, adduct | and adduct Il, that are bo#idsyed throughout
all calculations. The computation in the gdsmsesuggests thanostamines approach from the less hindered
side ofits galactosyl moietyorming adduct Il, while only the reaction with amines contajra condensed a¥
matic ring systenfc and5d, lead preferablyo adduct I.



Tabl e 1. Changes i BG*@dalbnblpfer thé formation efmaddud | aads|l in the gas
phase

OBn

OBnH H R
N N
(4-HY) BnO
OBNoBny t adduct |

BnO Mo e HNTRE) o0 ¢ or
BnO ° -(5HY BnOOBnOB“H - adduct Il
BnO /'ﬂ/\R
DG (kcal/mol)

Amine  Adduct Adduct Il D
®) I
5a 18.4 16.7 17
5b 20.3 17.3 30
5¢c 18.6 19.8 -1.2
5d 17.2 18.7 -1.5
5e 205 17.4 3.1
5f 184 17.0 14
59 18.3 18.3 0.0
5h 20.4 186 1.8
5i 20.0 18.3 17
5k 20.7 19.3 14
51 20.3 19.9 04

calculated a®G =DHi TDS, D= DGAdduct |.|. DGAdduct I

To estimate the changes in Gibb&s Tabte@eall structeresgitheo f
adducts | and I, amin€sa-1, protonated4, and protonated aminés-l are optimized for energy minima in-d
chloromethane and acetonitrilacreasedstabilization of polar interntBates in acetonitrileetsoy = 36.64) than
in dichloromethaneet,c, = 8.71)is expected thamay facilitate the amine aditin and thereby increase the
reaction yield. Other polar aprotic solvents, such as DMSO, pyridine, and DMF, are excluded faomphs-
tion for experimerdl aspects, such as compound isolafrmm the reaction mixturesand solvent preparation for
waterfree reactions.

Tabl e 2. Changes i DI &Galmolpfer thé formationefnthes logdsteesergy adduct in
dichloromethane and acetonitrile

OBnOBnH @-H%) N OBNogny  adduct i
BnO o E& HN” R o N SEt
- (4'H+) BnO IIN/\R
BnO H
D ©° (kcal/mol)
Amine (5) CH.Cl, CH:CN




5a -3.2 -5.7

5b -0.84 -3.2
5¢° -3.0 -6.4
5d° 2.3 5.0
5e -0.45 -2.9
5f 1.4 -0.84
5g° -0.89 -3.40
5h 0.22 2.4
5i -1.7 -4.3
5k 0.99 -1.5
5l 2.3 -0.14

D B = DGgofadduct 11)+DGeo(5-H") T 2XDGs(5) I DGso4-H); °D [ is calculated usinBGso(adduct 1)

Notably, he computation suggests favor&mmation of all adducts in acetonitrile over dichloromethaDly
the formation of perbenzylated amidé@a and6c is computedasstronglyexergonic reactiagin both solvents.
Moreover reactions o#t with amires5f, 5h, 5k, and5l are endergoniin dichloromethanewhile the same rea
tions areexergonidn acetonitrile The resuls pointata better stabilization of the adddotmationin acetonirile
and implyindeedstereoelectronic contributiorkiring adductformation.Encouraged by the computatiorsal-
gestionsthe syntheses of previously failed perbenzyl&gptiareattemptedn acetonitrile.

2.3 Synthesis of galactonoamidines iacetonitrile

Using dry acetonitrile aa solvent, grbenzylated amidinedg-l areisolatedfrom reactionf bulky aminesbg-|
andactivated4 in fair yields (1835%) (Table 3). As a representative example, the isolated yiélflg increases
with a change of solvent almost fefaid from 8% in dichloromethanéo 30%in acetonitrile under otherwise
comparable conditiondVhile the equiredreaction time®f up to 120h arestill lengthy perbenzylated amidines
6 with bulky and bulkypolar aglyons, such asubstituted biphenyls aratyl ethersare obtained The isolated
compoundyield increass in acetonitrileon averagdy about 2680 % compared to redions in dichloromethane
Perbenzylatedamidines6i and 6k are accesible under these conditions, while previous attempts in diwhlor
methane yielddless than 1% of the target compountihe 1). Although the overall yieldsf the perbenzylated
amidines are still low (1835%), the solvent change enables the synthegig-bf



Table 3. Synthesis of selectgoerbenzylatedgalactonoamidinesb in acetonitrile

OBnOBnH @ 1) Et30BF,4, CH3CN OBnOBn
N . 0cC2h N (6)
Bno&%s DHN R G) Bno‘&%N/\R
BnO 0°C—>rt., 24-120h o
Amine Product(6) Time [h] Yield®
®) [%6]

OBnOBn

N
59 Bno%ﬂ 120 30

OBn

OBn
S s

OBn

OBn
N
5i Bno&(\\ 120 30
N

OBnOBn

N
5k BnO \ /\( \ OBn 94 22
%H O/\/

OBnOBn

N
51 Bno%u/\Q\O/\O 24 75

isolatedyield

2.4 Synthesis of galactonoamidine&

With reasonablemounts of perbenzylated amidiréks| on hand hydrogenation reactions in ethanol in gre
ence of trifluoroacetic acid and Pd on charcoal are perfofaliedving previously established protocéfs® The
procedure allow theisolation oflb andlein reasonable amount, quantiand purity.Surprisingly,severalother
amidineswith heteroatoms in their aglycahowed broadening afignallines and slight shiftsof the signalsn
their '"H NMR spectum indicating unwanted®d coordintion to thetargetcompoung as well asincomplete
debenzylationTo remedy the situatiothe ratio between ethanol and TFA was altered from 5/1 targ8i2/1 to
increase the TFA amouimt hopes tgrevent coordinationf the hydrogenation catalydtinfortunately, the ao-
poundscompletelydecomposednder theseonditions

In alteredattemptsthevolumeratio of ethanol toT FA is kept at 5/1 or 10/1 while the reaction timencreased
from the tyical 1215 h to 60-72 h. Initial *H NMR datafollowing filtration over Celite® show overall smaller
amountsof decompositiorof the compoundthat nevertheless requiterther purification Theindole aglycon of
6¢ yields a fully hydrogenated aglycon 1o in a mixture of compounds that was characterized by LCM8a-
tion of theremainingamidine oils over 0.1 um PFTE membranes prior to using-pespiarative HPLC on an
amino phase with methahas an eluent allowed further removal of black Pd/C residues yielding yellowish sol
tions HPLC traces indicatreduction of impurities ithe compounds. Successive extraction and centrifugation
cycles of the oily residues with nanopure water, followgaialysis of the extract by analytical HPLC on & ca
bohydrateselectiveC&* phase using nanopure water as an elpentided an estimate of the purity of theiam
dines. Satigctory purityis nowobservedor compoundsld, and1k. The formation of unwanted galactdao
tam is evident from the HPLC traces lwia peak at 20 mimdicating partial hydrolysis aff-h and1l,® while
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major decomposition is observed for amidimeOverall, amassive compound loss during the extensive parific
tion protocolis experienced that prevents recording of NMR data for amididedf, and 1h-I. Evidence for
formation of the target compoundsobtainedby recording of HRMSJata, whilean estimate othdr purity is
deducedrom the analytical HPLC traces.

Table 4. Debenzylation of compound§ yielding galactonoamidinesl

OBn OH

OBn OH
H,, Pd/C
N (6) 2 : N (1)
BnO \  ~g _EOHTFA (1) g N\ ~R
N rt; 21-94 h N
H H
BnO OH
Bulky norntpolar amidines Bulky amidines with Gatoms Bulky amidines with N
atoms
N
OH oh OH on OH on /\/LO
N N N
HO \ HO \ HO N
&NNQ\ &NNQ\OH &N
oH H oH H oH H
1a, isolated 1b, isolated 1c, isolated
OH on OH on OH on
N O N N
A\ \ \
HO&%N/ \“ HO‘&%N/\Q\O/\/\ HO&NA@N
oH H oH H oH H
1d, not isolated 1e, isolated 1f, not isolated

HPLC trace (100%), HRMS HPLC trace (73%), HRMS

OH on
N
OH
Ho‘h,\‘/\@ o~
N o
OH

OH oh
N 1k, not isolated
HO‘mN O HPLC trace (99%), HRMS
on H O R oM on
N
) HO \
1g, R = H, isolated &N/\Q\O/\Q
1h, R = Me, not isolated oH H

HPLC trace (84%), HRMS
1i, R =F, not isolated 11, not isolated
HPLC trace (33%), HRMS HPLC trace (68%), HRMS

*all isolated compounds are fully charactexd and purified

Conclusions

This study aims at the development of galactonoamidines as effective inhibitors with transititikestdta-
acter that allow bridging of the 8.2 distance between the catalytically active amino acids acting in haman
glycosidase. The envisaged inhibitors will enable stabilizing interactions with the amino acids acting as proton
donor and nucleophile in the active site of the enzyme. Therefoestgabamidines with bulky and bulpplar
groups in their aglycons were designed to enable simultanebosdHformations with both amino acid residues.

When employing previously developed meth&td8the coupling of perbenzylated galactonolactam with amines

led to incomplete reactions and low reaction yields. A computational apgeoadted insights into the energies

of adduct formation suggesting a solvent change to remedy the situation. The altered approach allowed the sy
thesis of targeted perbenzylated galactonoamidine intermediates in yields between 20 and 75%. The subsequen
global deprotection results in Pd coordination, incomplete reaction, decomposition, and partial hydrolysis of the
target compounds. Efforts to remedy the situation triggered the development of a lengthy purification protocol
and ended in near complete compd loss. Future studies will consider different protecting groups of the starting
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material to avoid Pdatalyzed deprotections as required for benzyl groups. Nevertheless, our efforts resulted
overall in the synthesis of three polar galactonoamidinesfulitbharacterization datalp, 1c, andle), two add

tional galactonoamidines with evidence for high puritgd &nd 1k), and an account of the difficulty to obtain

bulky, and bulkypolar galactonoamidines in moderate purity, (Lf-i and1l). Evidence for decomposition of the

target compounds at ambient temperature is not apparent, and all isolated galactonoamidines are stable towards
hydrolysis when stored neat at ambient temperature over a minimum of 14 days.

3 Experimental
3.1 Instrumentation.

'H and**C NMR spectra were recad on a 400 MHz Bruker magnet with Z gradient and 5 mm broadband
head using Topspin 2.1 software. High resolution mass spectrometry data were obtained inwhidestasss
spectrometry facility at the University of Arkansas on a Bruker ultrOTQOdguadruple timeof-flight (qQ-TOF)
mass spectrometer equipped with an electrospray ionization s@améustion data were obtained from Atlantic
Microlab, Atlanta.IR spectra were acquired using an AFRIR 8000 spectrophotometer (Shimadzu) equipped
with LabSolutions IR software, version 2.18elting points were recorded on a Memp melting point apgp
ratus, and the values are uncorrechgzharent optical rotations were measured at 589 nm on an Autopa-1ll p
larimeter from Rudolph Research Analyticalaatbient temperature in a 1 ml cell glass center fill stainless steel
jacketed cell with an optical path length | of 100 nAmines were purified by distillation using@KR-51 Ku-
gelrohr apparatus fromuchi. Purification of final compounds waserformedas neededising aHPLC system
from Shimadzu equipped with SEI0Avp system controller, 2 LCOAD analytical pumps, DGR20A3R three
channel online degassers, SA0A UFLC autosampler with 96 well capability, CIZDA/ prominence column
oven and ELSEDOLT light scattering and LC solution software, version 1.25 from Shimadzu for data recording
and analysi s. Nanopure water at a resistance -of 18
pureE water purification sy s Freefone lliterdenbhiop freezadryisgstem wa s
from Labconco.

3.2 Reagents and materials.

Chemical shiftsd) in NMR data are expressed in parts per million (ppm) and coupling constants (J) ig-Hz. Si
nal multiplicities are denoted as s (singlet{ddublet), t (triplet), q (quartet) and m (multiplet). Chemical shift
values are reported relative to the residual signals of these solvents(GPLCR9,d: 77.0; CQCl,: dy 5.32,dc
54.0; acetonels: dy 2.05,dc 29.8;DMSO-dgs: dy 2.50,dc 39.5; CDsOD: dy 3.35,d: 49.0; DO: dy 4.80,dc 49.0
after addition of a few drops @fD;OD.

Column chromatography was carried out using silica gel 60 frony8@i® (40 63 um, 230240 mesh) and
basic alumingrom Sorbent Technology® (383 um, 150 m2/g; pH = 9.K 0.4) Thin layer chromatography
(TLC) was performed using silica gel TLC plates from SORBENT Technologies, 200 um, 4 x 8 cm, aluminum
backed, with fluorescence indicator F254 and detection by UV light or by charring with an ethanolic-vanillin
sulfuric acidreagent and subsequent heating of the TLC phatédine prepurification was achievedn a 250
10 mm Luna 5 um NKH100; column (Phenomenex) using methanol as an eluent. Compound purity was esta
lished on a 300 7.5 mm Rezex RMMC&" column (Phenomeng, using nanopure water as eluent with a
flow rate of 0.6 mL/min at 80°C and electric light scattering detection (ELSD) at 50 °C (GAMI P} values
of the buffer solutions were obtained using a Beckimab0 pH meter equipped with a refillable R®8omip-
nation pH electrode from Orion with epoxy body and an 8 mm-saioro tip. The pH meter was calibrated-b
fore each set of readings®int calibration).

3.3 Chemicals.

All chemicals have reagent grade or better and are used as reftemetbmmercial supplies not noted db-
erwise.Trifluoroacetic acidethyl acetateandtriethylamineweredistilled; dichloromethane, acetonitrileliethyl
ether,and dimethoxyethaneavere dried dynamically over neutral aluminum oxigdhe commerciallyavailable
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amines5a, 5¢c and 5g were purified by distillationon a Kugelrohrand stored at20 °C amidinela and pe-
benzylated galactothionolactédwere prepared as descritéd

3.4 Syntheses of amine$§

3.4.1 General remarks. The aminessa, 5¢c and5g are commercially availablegmines5b,*! 5d,3 5, 5f 3
5h,** and 5i*® were synthesized by reducin of thecorresponding nitrileg>****%° with lithium aluminium
hydride in dry diethyl etheor 1,2-dimethoxyethan@singa procedure byohanssaff The anines5k and5l are
new compoundandsynthesizedikewise.

3.4.2(4-(2-(Benzyloxy)ethoxy)phenyl)methanamine(5k) was prepared using procedure byohanssarff In
the cold, 4(2-(benzyloxy)ethoxy)benzonitrile (0.75 g, 2.961mol, 1.0 equiv) was added to a suspension af lith
um aluminum hydride (0.45 g, 11.844 mmol, 4.0 equiv) in dry diethyl ¢8@emL)and allowed to warm tona
bient temperature. After 49, the reaction mixture was cooled again in an ice bath followedditian of water
(0.45 mL) an aqueous solutiaf 15 % (wt/wt) ofsodium hydroxid€0.45 mL)and wate(1.35 mL) After 2h of
continued stirring, a formed precipitate was filtered off and rinsed with ethyl acetate. The combined onganic sol
tions were dried ovesnhydrous sodium sulfgtéltered, and concentrated under reduced pressure to affotd a ye
low oil. Distillation of thisresidueon a Kugelroh(1.66 Torr, 150 °C) affored the title compoundsa colorless
oil (0.68 g, 89%)dy 7.47-7.26 (m, 5 H), 7.257.21 (m, 2 H), 6.926.88 (m, 2 H), 4.60 (s, 2 H), 4.1%.09 (m,
2H),384-379(m 2H),3.70(s,2Hic159. 5, 139. 6, 136. 2, 129. 8, 129.
68. 8, n4(BTIRY2868, 1510, 1244, 110718, 738cm ® calculated for GH1gNO,: C, 74.68; H, 7.44; N,
5.44; found C, 73.31; H, 7.43; N, 5.28.

3.4.3 (4-(Cyclohexylmethoxyphenyl)methanamine (51) was prepared using procedure bylohanssorf In
short 4-(cyclohexylmethoxy)benzonitrifé was dissolved irthe cold ina suspension of lithium aluminuny-h
dride (0.43 g, 11.331 mmol, 4.0 equiv) in dry diethyl e(dérmL). After 4 h, the mixture waagain cooled in an
ice bath followed by addition of waté.43 mL) an aqueous hydroxide solutidh43 mL,15%, wt/wt), and \&-
ter (1.30 mL) After 1 h, the formed slurry was filteredndthe filtrate dried over anhydrous sodium sulfate. After
anotheffiltration, the resulting solution was concentrateder reduced pressureyteld a solidresidue Theres-
idue wasdistilled under reduced pressure (1.66 Torr, 2250 Kugelrohr to afford the title compound as a
colorless solid (0.43 g, 69%); Mi®-79 °C;dy (acetonedg) 7 . 2 3=( &, 3 Hz, J=H2,06. 856 (|
H), 4.34 (sJ= B.R) Hz3.26H()d, 3.71 (sl 13HP, H2-17.%6 6Hdb 1 .
(m, 4 H). 18 .03, 3J=H)3 201 0Bzd{(at@ionktl) 158 . 3, 135. 0, 128.
45.9, 37.7, nah¥TIR)292D 65105 124521628,829 ¢nealculated for GH,.NO: C, 76.67; H,
9.65; N, 6.39; found C, 7b1; H, 9.57; N, 6.39. AminBl was recently described by others with matchingspe
troscopic daté®

3.5 Syntheses of perbenzylated galactonoamidinés

3.5.1General procedure. Perbenzylated galactothionolactéBiwas dissolved in dry dichlorogthaneor ae-
tonitrleand treated with Meer wei nods s dchldarometitamoe acetom| d. A
trile was added, and the resulting solution allowed to warm to ambient temperaturd.8&ftey 5 days stirring
TLC analysis of an aliquot of the reaction mixture aad@ the formation of product (R= 0.09-0.29 and fie-
guently the presence of trace amounts of perbenzylated galactoiminothiogth€r.9R0.96). The reaction mi-
tures were concentrated under atmospheric pressure and purified by flash column chraplayoigr afford the
titte compoung.

3.5.2 N-(4-(Benzyloxy)benzyl) 2,3,4,6tetra-O-benzylD-galactonoamidine (6b). Galactonothionolactan3
(0.11 g, 0.199 mmol, 1.0 equjdry dichloromethan¢4 mL), Me e r we i (0.67sg, 0s3@9Immol, 1.6 equiv),
amine5b® (0.05 mL, 0.700 mmol, 2.2 equiv) in dry dichlorometh&henL) and one drop of triethylamin&4 h
stirring; TLC analysis (Si@ hexane/ethyl acetate, 2/1, j/flash column chromatograplyn deasi i, Vatec
cyclohexane/ethyl acetaté 0 / 1 Y 4/ 1 Y 3élldwish( oil (0.5 g; 57%); R= 0.23 (SiQ, hexane/ethyl ae
tate, 1/1, viv)} p ®, (c, 1.04, CHG); dy (CD.Cl,) 7.19- 7.49 (m, 25H), 7.047.17 (m, 2H), 6.82 6.94
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(m, 2H), 5.03 5.08 (m,2H), 4.78- 4.96 (m, 3H), 4.414.70 (m, 7H), 4.28 4.36 (m, 1H), 4.19 (ddl=24.4, 14.1

Hz, 2H), 3.97 (ddJ=9.7, 1.8 Hz, 1H), 3.553.78 (m, 3H);d: (CD,Cl,) 158.4, 156.3, 139.7, 139.4, 138.9, 138.7,

137.9, 132.7, 129.5, 129.1, 129.0, 128.9, 128.8, 128.6, 128.5, 128.4, 128.3, 128.2, 128.1, 115.2, 82.4, 76.0, 75.2,
74.7,74.2,73.8,72.0, 71.6, 70.5, 60.0, 44,8« (FTIR) 3062, 2865, 2174, 2022, 1813, 16809, 1237, 1092,

736 cm * HRMS (ESI) calcd for C48H49N205 [M+H]+: 733.3641; found 733.3627.

3.5.3 N-(2-(1H-Indol-3-yl)ethyl) 2,3,4,6tetra-O-benzylD-galactonoamidine (6¢). Galactothionolactan
(0.30 g, 0.542 mmol, 1.0 equj\dry dichloromethané4 mL), Me er wei nés salt (0. 15 g,
amine5c; 37 h stirring; TLC analysis (Si@ hexane/ethyl acetate, 2/1, v/gjarting material (R= 0.76) product
(Rf = 0.09); flash chromatographp N d e act i v a tgmadient £lubn with ayclehexane/gthyl acetate
8/ 1Y4/ 1Y1/ 1 Yeigk am(0M9 g 52%) R = 0.09 (SiQ, hexanel/ethyl acetat@/1, v/V); |

o @& 11(0.705,CHCl); dy (CD,Cl,) 8.12 (br. s., 1 H), 7.60 (d,= 8.1 Hz, 1 H), 7.52 7.23 (m, 19 H), 7.20
7.11 (m, 3 H), 7.166.98 (m,1 H), 6.85 (s, 1 H), 4.95 (d,=11.4 Hz, 1 H), 4.82 (ddl = 3.0, 11.5 Hz, 2 H), 4.66
(d,J=10.8 Hz, 1 H), 44-4.56 (m, 3 H), 453 (d1=11.2 Hz, 1 H), 445 (d=9.5Hz, 1 H, 4.32 (s, 1 H),3.95
(dd,J=1.8,9.7 Hz, 1 H), 3.79 (dd,= 3.8, 6.9 Hz, 1 H), 3.763.63 (m, 2 H), 3.44 (1} = 6.3 Hz, 2 H), 2.90 (1
= 6.8 Hz, 2 H);d; (CD,Cl,) 156.6, 139.8, 139.3, 138.9, 138.7, 136.9,.02928.9, 128.8, 128.6, 128.6, 128.4,
128.3, 128.2, 128.1, 128.0, 122.7, 122.3, 119.6, 119.3, 113.8, 111.6, 82.3, 76.2, 75.3, 74.6, 74.2, 73.8, 71.9, 71.6,
60.0, 41.4, 25.20,.(FTIR) 2865, 1637, 1495, 1084, 738 chHRMS (ESI) calculated for gH4sNsO4 [M+H] *:
680.3488; found 640.3482.

3.5.4 N-(Naphthalen-2-ylmethyl) 2,3,4,6tetra-O-benzyl-D-galactonoamidine (6d). Galactothionolactan®
(0.16 g, 0.290 mmol, 1.0 equj\dry dichloromethané2 mL), Me er wei nés salt (0. 0,8 g,
distilled napthaler2-ylmethananine (5d) (0.09 g, 0.572 mmol, 2.0 equiv) in dichloromethg&henL) and 1 drop
of triethylamine 90 h stirring; TLC analysis (Si@ hexane/ethyl acetat&/1, v/v); flash column chromatography
on deactivategdl shéxameuandget hyl acetate fopyellongradi e
ish oil (0.0727 g, 37%); R = 0.13 (SiQ, hexane/ ethyl acetate, 2/1, v/V); p & (1.030,CHCl); dy
(CDCly) 7.70- 7.90 (m, 3H), 7.65 (s, 1H), 7.207.50 (m, 21H), 4.95 (d]=11.0 Hz, 1H), 4.89 (d] = 11.4 Hz,
1H), 4.84 (dJ=11.7 Hz, 1H), 4.614.73 (m, 3H), 4.524.60 (m, 3H), 4.394.51 (m, 2H), 4.33 (s, 1H), 4.01 (dd,
J=9.5, 1.8 Hz, 1H), 3.69 3.80(m, 2H), 3.57- 3.69 (m, 1H);d: (CD,Cl,) 156.5, 139.8, 139.4, 138.9, 138.6,
137.9, 134.0, 133.2, 129.1, 129.0, 128.9, 128.8, 128.6, 128.5, 128.5, 128.4, 128.4, 128.2, 128.1, 128.1, 128.0,
126.7, 126.5, 126.4, 126.1, 82.4, 76.1, 75.3, 74.7, 74.3, 73B, 7.7, 60.0, 45.5)m (FTIR) 2862, 1644,
1089, 738 cm! HRMS (ESI) calcd. for GH.sN,O, [M+H] *: 677.3379; found: 677.3372.

3.5.5 N-(4-Butoxybenzyl) 2,3,4,6tetra-O-benzylD-galactonoamidine (6€). Galactothionolactan3 (0.10 g,

0.181 mmol, 1.0 equiydry dichloromethan¢2 mL), Me er wei nds salt (0. O,%listigpd 0. 2 ¢
4-butoxybenzylaming5e) (0.08 g, 0.446 mmol, 2.5 equiv) in dry dichloromethghenL); 18 h stirring;TLC

analysis (Si@, hexane/ethyl acetate, 1/1, y/flash column chromatograpiyn deact i vatyel@d si | i
hexare and ethyl acetattom 1 / 0 Y 1 0/ 1 Y;4élldwish( oil (0556 g, 44%)R; = 0.17 (SiQ, hexane/

ethyl acetate, 2/1, vivi); p ®(0.880,CHCL); dy (CD.Cly) 7.18- 7.48 (m, 20H), 7.057.15 (m, 2H), 6.75

-6.84 (m, 2H), 4.93 (d] = 11.9 Hz, 1H), 4.78 4.88 (m, 2H), 4.59 4.69 (m, 3H), 4.53 4.58 (m, 2H), 4.50 (d]

= 9.7 Hz, 1H), 4.28 4.33 (m, 1H), 4.19 (dd] = 23.7, 14.3 Hz, 2H), 3.894.02 (m, 3H), 3.66 3.80 (m, 2H),

3.58- 3.65 (m, 1H), 1.76 (quinl = 7.2 Hz, 2H), 1.41 1.56 (m, 2H), 0.98 (t) = 7.3 Hz, 3H);d. (CD,Cl,) 158.9,

156.4, 139.7, 139.4, 138.9, 138.6, 132.0, 129.5, 129.1, 129.0, 128.9, 128.8, 128.6, 128.5, 128.4, 128.3, 128.2,
128.1, 128.0, 114.9, 82.3, 76.0, 75.2, 74.6, 74.2, 73.8, 71.9, 71.6, 68.3, 68.(8149. 19.8, 14..« (FTIR)

3429, 2865, 2362, 1966, 1640, 1502, 1088, 737'dARMS (ESI) calcd for GHs;N,Os [M+H]*: 699.3798;

found: 699.3785.

3.5.6 N-(4-(Piperidin-1-yl)phenyl)methyl 2,3,4,6tetra-O-benzylD-galactonoamidine (6f). Perbenzylated
galactothionolactand (0.12 g, 0.217 mmol, 1.0 equjwry dichlorom¢hane(2 mL), Me er wei nds sal t
0.316 mmol, 1.5 equiypistilled ((4-piperidin-1-yl)phenyl)methanaminésf) (0.08 g, 0.420 mmol, 1.9 equiv) in
dichloromethan€l mL); 136 hstirring; TLC analysis (Si@ hexane/ethyl acetate, 1L/ v/v); flash column clo-
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matographyo n d e act i v agradight ekibnlusinghae xwainteh and et hyl acetate f
(v/v); yellowish 0il(0.0623g, 40%) R = 0.19 (SiQ, hexane/ethyl acetate, 1/1, viv); v& (0.625,CHCly);

dy (CD.Cl,) 7.18- 7.50 (m, 20H), 7.09 (dd, J=8.3, 1.5 Hz, 2H), 6.85 8.4, 1.7 Hz, 2H), 4.95 (d, J=11.6 Hz,

1H), 4.85 (t, J=9.4 Hz, 2H), 4.65 (t, J=11.4 Hz, 3H), 4.58 (s, 2H), 4.52 (d, J=9.5 Hz, 1H), 4.33 (s, 1H), 4.17 (q,
J=13.4 Hz, 2H), 4.00 (d, J=8.8 Hz, 1H), 3:58.81 (m, 3H), 3.13 (t, J=5.3 Hz, 4H), 1.68.79 (m 4H), 1.52-

1.64 (m, 2H);dc (CD.Cl,) 156.3, 152.1, 139.8, 139.4, 138.9, 138.7, 130.4, 129.0, 129.0, 128.9, 128.7, 128.6,
128.5, 128.4, 128.4, 128.3, 128.2, 128.1, 128.0, 116.9, 116.6, 82.4, 76.1, 75.2, 74.7, 74.1, 73.8, 72.0, 71.6, 60.0,
51.3, 46.9, 4%, 26.5, 24.9n.« (FTIR) 3745, 2929, 1645, 1509, 1234, 1089, 697 t#RMS (ESI) calcd for
CiueHs2N30,4 [M+H] *: 710.3958; found 710.3964.

3.5.7N-(4 ®henylbenzy) 2,3,4,6tetra-O-benzylD-galactonoamidine (6g). Galactothionolactan3 (0.21 g,
0.379 mmol, 1.0 equiy)dry acetonitrile (3 mL), Meerwen 6 s (&14 Ig,t 0.579 mmol, 1.5 equivil-
phenylbenzylaming5g) (0.17 g, 0.928 mmol, 2.4 equii) acetonitrile(1 mL); 5 days stirringTLC analysis
(SiO,, hexanel/ethyl acetate, 2/v/v); flash chromatographg n d e a ¢ t iwithagradieht elution usichex-
ane/ ethyl acetate f rhmasicaBmidaYsinbekand/ethyl ateat/ & ) fr amd10/ 1Y
(v/v); yellowish oil (0.08 g, 30%); R= 0.29 (SiQ, hexane/ethyl acetate, 1/1, v/V); p &, (c, 0.620,
CHCIy); dy (CD,Cly) 7.58- 7.64 (m, 2H), 7.5% 7.56 (m, 2H), 7.26 7.50 (m, 25H), 4.95 (d, J=11.0 Hz, 1H),
4.90 (d, J=11.4 Hz, 1H), 4.85 (d, J=11.7 Hz, 1H), 4.807/1 (m, 3H), 4.5% 4.60 (m, 3H), 4.25 4.39 (m, 3H),
4.00 (dd, J=9.6, 1.7 Hz, 1H), 3.68.78 (m, 2H), $9 - 3.69 (m, 1H);d: (CD.Cl,) 156.4, 141.4, 140.3, 139.7,
139.4, 138.9, 138.7, 129.3, 129.1, 129.0, 128.9, 128.8, 128.7, 128.6, 128.5, 128.5, 128.4, 128.3, 128.2, 128.1,
128.0, 127.8, 127.6, 127.5, 82.4, 76.0, 75.3, 74.6, 74.4, 73.8, 71.9, 71.7, 0.8, 48-TIR) 3745, 2863, 2161,
1647, 1494, 1088, 696 crhHRMS (ESI) calcd. for GH4/N,O, [M+H]*: 703.3536; found: 703.3530.

3.5.8 N-( 4Methylbiphenyl-4-yl)methyl 2,3,4,6tetra-O-benzytD-galactonoamidine (6h). Perbenzylated
galactothionolactan3 (0.22 g, 0.397 mmol, 1.0 equj\WJry acetonitrile(3 mL), Me er wei nds sal t (
mmol, 1.5 equivyistilled (4 -Gnethyl[ 1 sbiph&nyl])}4-yl)methanaming5h) (0.17 g, 0.862 mmol, 2.2 equiin
acetonitrile(1 mL); 115h stirring; TLC analysis (Si@ hexane/ethyl acetate, 2/1, viajlicatingside product (R
= 0.2); flash chromatography on deactivated silissnghexane and ethyl acetate frdn/ 1 Y @/¥),Jandbasic
alumnausi ng t he same s oN)walawistsoil (0.100gn85 B)); B=0.21 (3iQ; hexane/ethyl
acetate, 1/1, viv); X8t v (0.553, CHCl); dy (CD.Cl,) 7.45- 7.54 (m, 4H), 7.2% 7.43 (m, 24H), 4.94 (d,

J=11.0 Hz, 1H), 4.88 (d, J=11.4 Hz, 1H), 4.84 (d, J=11.7 Hz, 1H), 4.64 (dd, J=11.2, 9.2 Hz, 3H), 4.56 (s, 2H),
4.50- 4.55 (m, 1H), 4.23 4.40 (m, 3H), 3.99 (ddJ=9.7, 1.8 Hz, 1H), 3.673.77 (m, 2H), 3.58 3.67 (m, 1H),

2.39 (s, 3H);dc (CD.Cl,) 156.3, 140.3, 140.2, 139.7, 139.7, 139.4, 139.2, 138.9, 138.7, 138.5, 137.7, 136.5,
130.0, 129.2, 129.1, 129.0, 128.9, 128.8, 128.8, 128.7, 128.7, 128.6, 128.5,123344 128.3, 128.3, 128.2,

128.1, 128.0, 127.9, 127.9, 127.3, 127.3, 82.5, 76.1, 75.3, 74.7, 74.3, 73.8, 72.0, 71.7, 70.8, 70.2, 69.9, 60.1, 45.0.
21.4; nmax (FTIR) 2863, 2164, 1649, 1496, 1209, 1090, 802, 696 'cMRMS (ESI) calcd for GHagN,O,

[M+H]*: 717.3692; found 717.3675.

3.5.9N-( 4Fduorobiphenyl-4-yl)methyl 2,3,4,6tetra-O-benzylD-galactonoamidine (6i). Galactothionole-
tam3 (0.13 g, 0.235 mmol, 1.0 equj\Jry acetonitrile(2 mL), Me er wei nés salt (0. 0,7 g,
distilled (( 4flGorobiphenyl}4-yl)methanaming5i) (0.09 g, 0.447 mmol, 1.9 equi¥) acetonitrile(1 mL); 5
days string; TLC analysis (SiQ hexane/ethyl acetate/12 v/v) indicatingside product (R= 0.29);flash cho-
matographyo n  d e a c t i usireg tgradient glitibniwithexane ancethyl acéate from1 0 / 1 Ywv); yd-
lowish oil (0.05 g, 30%); R; = 0.15 (SiQ, hexane/ethyl acetatd/1, v/v); | p &, (0.750,CHCl); dy
(CD,Cly) 7.57-7.65 (m, 2H), 7.51 (d, J=8.3 Hz, 2H), 7.44.48 (m, 2H), 7.27% 7.43 (m, 20H), 7.157.22 (m,
2H), 5.13 (br. s, 1H), 4.99 (d, J=11.0 Hz, 1H), 4.94J611.4 Hz, 1H), 4.88 (d, J=11.6 Hz, 1H), 4.72 (d, J=2.8
Hz, 1H), 4.65 4.70 (m, 2H), 4.55 4.63 (m, 3H), 4.36 (d, J=6.2 Hz, 3H), 4.04 (dd, J=9.5, 1.7 Hz, 1H),-3.72
3.81 (m, 2H), 3.62 3.71 (m, 1H);d: (CD,Cl,) 164.2, 161.8, 156.3, 139.7, 139.5, 139.39.2, 138.9, 138.7,
137.7 (d, J = 3.2 Hz), 129.2, 129.1, 129.0, 128.9, 128.8, 128.7, 128.5, 128.4, 128.4, 128.3, 128.2, 128.1 (d, J = 4.4
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Hz), 127.4, 116.1 (d, J = 21.5 Hz), 82.5, 76.1, 75.3, 74.7, 78.8, 71.9, 71.7, 60.0, 45.0,.« (FTIR) 2863,
1647, 1496, 1090, 697 cmMiHRMS (ESI) calcd for GH4FN,O, [M+H]™: 721.3442; found 721.3443.

3.5.10 N-(4-(2-(Benzyloxy)ethoxy)benzyl) 2,3,4,&etra-O-benzylD-galactonoamidine (6k). galactothiow-

lactam3( 0. 14 g, 0.253 mmol , (2. (Megeqruwevi)n 6sdrsyalac e(t0o.nOi7t r
equidive)t aml 5kd 0. 1089, mmol3,) 2drmMycegqopmy t;mi9d94e hTECIi anahygsi
( SjOeaxne/ et hyll,v g ¢ tasthe,co2/umn chr omat ogs idmedxyameh hg ke ac
aceff atded / 1Y 4/ (¢ ¥;wdll@vish oil (0.0436 g, 22%)R; = 0.07 (SiQ, hexane/ethyl acetate, 2/1,

vIV); | o 1(0.676 CHCL); d4 (CDCl) 7 . 4. 19 (m, 238= HY.,1 7HZzL,2 PEdHB).,6 6.
Hz, 2 H)Js 4196 d4d,J=l H)9 Hz  344258t),( mA-46 BB) ,( mt,. 52B H) ,

= 9.5 Hz, JE R)2 Hz3011l6H)(mA4-42 DP) ,( m,. 126d=H)1,. 83 . 97 7( dHiz
3.8%.79 (m, -2. &) ,(m8, 738. HY , ( & (COEI)HB 8. 5, 156. 3, 139. 7
138. 9, 138. 6, 132.6,1282995,12297,1,128296,0,12885,9,12
128. 1, 128. 0, 115.0, 82.4, 76.0, 75. 2, ni@&TIR)2864 4. 2,

2158, 1645, 1506, 1091, 6861 * HRMS (ESI) calculated for gHsaN,Og [M+H] *: 777.3904; found777.3891

3.5.11 N-(4-Cyclohexylmethoxybenzyl 2,3,4,6tetra-O-benzytD-galactonoamidine (61). Galactothionole-
tam3 (0.22 g, 0.397 mmol, 1.0 equj\Jry acetonitrile(3 mL), Me er wei ndéds salt (0. 1,1 g,
amine 5l (0.17 g, 0.775 mmol, 2.0 equiv) in dry acetonitifle mL); 24 h stirring;TLC analysis (Si@ hex-
ane/ethyl acetatd/1, v/v); flash column chromatography on déeated silica using gradient elati with hexane
and ethyl ac¢éate from1 / 0 Y1 0/ 1 Y @iv)lantidbasit alumina froh 0 / 1 Y 4 / (W\; yélidwish oil
(0.22 9,75 %); R = 0.26 (SiQ, hexane/ethyl acetat®/1, v/v); | U® 11(0.659,CHCL); dy (CD,Cly) 7.17-
7.46 (m, 20H), 6.99 7.16 (m, 2H), 6.72 6.85 (m, 2H), 4.93 (dJ=11.0 Hz, 1H), 4.82 (ddl=11.4, 7.7 Hz, 2H),
4.59-4.69 (m, 3H), 4.56 (s, 2H), 4.464.51 (m, 1H), 4.27 4.34 (m, 1H), 4.10 4.23 (m, 2H), 3.96 (dd}=9.7,
1.8 Hz, 1H), 3.5 3.81 (m, 5H), 1.6% 1.90 (m, 7H), 1.14 1.40 (m, 4H), 1.06 (qdJ=11.9, 3.1 Hz, 2H)d.
(CD,Cly) 159.0, 156.2, 139.8, 139.4, 138.9, 138.7, 132.1, 129.4, 129.2, 129.1, 129.0, 128.9, 128.8, 128.6, 128.5,
128.4, 128.3, 128.2, 128.1, 128.0, 114.9, 114.8},8%6.1, 75.2, 74.7, 74.2, 74.1, 73.8, 72.0, 71.6, 60.1, 44.9,
38.3, 30.5, 27.2, 2641, (FTIR) 2921, 2210, 1645, 1505, 1089, 697 ¢riiRMS (ESI) calculated fHssN,Os
[M+H]*: 739.4111; found 739.4108.

3.6 Syntheses of galactonoamidineb

3.6.1General procedure® The perbenzylated galactonoamidir@sveredissolved in ethanol and treatedth
hydrogengasin presence gballadium (30 wt % on activated carbamd trifluoroacetic acidt ambient tempear
ture. After 3672 h, the mixturewerefiltered through a pad of CeliteThe pad was rinsed with 2 mL ahanol
3-5 times. The combined filtradevere concentrated under reduced pressure to about 2amdicentrifugedat
8500 rpm forl0-15 minutes. The supernatant veamcentratedo drynesgo obtain aesiduethat wasfurther pu-
rified on an amino phasgsinghigh performance liquid chromatograpigetonitrile (80%)was useds an al-
ent For further purification of galactonoamidingsall residuesnvere suspended in nanopure water, separated
from precipitatesy centrifugationand purified over Sephadex E20-100to yield the target compoundsthe
specified purityUnfortunately, compourslld, 1f and1h-I were isolated in insufficient amountespitetwo re-
petitive synthese and purifi@ation attemptgreventing full compound characteriat (see Supporting Infe
mation).
3.6.2N-4-Hydroxybenzyl D-galactonoamidine (b). Perbenzylated amidirgb (0.1017 g, 0.1388 mmol), let
anol (5 mL), 0.11 g Pd/Ctrifluoroacetic acid(1 mL); 48 h stirring; colorless foam (0.0370 g, 94%);= 0.29
(SiO,, Ethyl acetate/methanol = 5Alv), | p @B, (cl0O0,HO);dy(DO)7 . 18=(@, 6 Hz, 2 H
(dd= 1.0, 7.0 H=z, 1p. H#H) Hz4J85H)6@, Uz 402 (@) 2 #Hz221(H),
J= 2.4, 10.1-3HB0 { D B+DM$FdY165.6, 164.7, 157.2, 130
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116. 6, 72. 2, 6 8 . 6\ (BTER) 3258, 1672, 11B4, 11808cnt IRMS 4E51) iz calcd for
C1aH1oN,0s5 [M+H] *: 283.1294found 283.1285 purity determined on Rezex RMGig (eluent 100% KED) 9.1
%.

3.6.3 N-(2-(Octahydro-1H-indol-3-yl)ethyl) D-galactonoamidine (1c). Perbenzylated amidingc (0.0607 g,
0.0893 mmol), ethandglb mL), 0.06 g Pd/Ctrifluoroacetic acid(2 mL); 61 h stirring; yellowishoil (4.46 mg,
0.140 mmol, 156%); R; = 0.26 (SiQ, dichloranethane/methanol = 25/1, vigy; (D,0O) 4.52 (d,J = 10.1 Hz, 1
H), 4.27 (s., 1 H), 3.91 (d,= 10.5 Hz, 1 H), 3.863.72 (m, 3 H), 3.763.57 (m, 1 H), 3.37 (m, 3 H), 3.22.90
(m, 1 H), 2.87-2.72 (m, 1 H), 2.572.34 (m, 1 H), 2.342.24 (m, 1 H), 2.242.12 (m, 1 H), 2.1:1.88 (m, 2
H), 1.86- 1.66 (m, 3 H), 1.60 (d) = 10.8 Hz, 3 K|, 1.43- 1.03 (m, 4 H), 0.99 0.74 (m, 1 H);d: (DO +
CDs0D) 165.0, 164.0, 163.7, 121.7, 118.8, 115.9, 113.0, 71.5, 68.0, 67.3, 64.5, 61.0, 59.3, 58.2, 48.0, 42.8, 41.3,
40.0, 39.5, 36.9, 31.2, 30.1, 28.8, 25.8, 25.4, 24.9, 23.7, 22.6, 21.3, 21.1HROIG (ESI) m/z calcd for
CieH3oNzO4 [M+H]*: 328.236 found 328223Q purity determined on Rezex RMB&" (eluent 100% kD)
99.8%

3.64 N-4-Butoxybenzyl D-galactonoamidine (e). Perbenzylated amidinge (0.0905 g, 0.1295 mmol), eth
nol (2 mL), 0.05 g Pd/C, trifluoroacetic ac{@.5 mL), 15 h stirring; yellowish foam (0.0437 g, quantitativie):=
0.38 (SiQ; Ethyl acetate/mthanol= 5/1, v/v); | ¢ & (0.823,H,0); dy (DO) 7.26 (d,J=8.6 Hz, 2H), 6.96
(d, J=8.6 Hz, 2H), 4.59 (dJ=10.1 Hz, 1H), 4.52 (br. s., 2H), 4.25 (br. s., 1H), 4.00<6.4 Hz, 2H), 3.94 (d,
J=9.7 Hz, 1H), 3.62 3.82 (m, 3H), 1.68 (quin}=6.7 Hz, 2H), 1.38 (dgl=14.5, 7.0 Hz, 2H), 0.88 (§=7.2 Hz,
3H); dc (D,O/DMSOdg) 165.6, 159.9, 130.7, 127.9, 116.9, 72.2, 70.1, 68.6, 68.1, 61.7, 58.9, 46.3, 32.0, 20.2,
14.7; Vmax (FTIR) 3283, 1667, 1193, 723 ¢rhHRMS (ESI) calcd for GH,N,0s [M+H]*: 339.1920; found
339.1909 purity determined on Rezex RMB&* (eluent 100% KD) 100%.

3.65 N-N-4 -®henylbenzyl Dgalactonoamidine (g). Perbenzylated amidingg (0.08 g, 0.114 mmol), eth
nol (5 mL), 0.08 g Pd/C, trifluoroacetic ac{d mL); 41 h stirring; colorless foai{®.0390 g, 0.1139 mmol, qua
titative); Ry = 007 (SiQ, ehyl acetate/methanol = 5/1 vivy); ¢ &, (c 0.528, water)dy (CD;OD) 7 . 71
7.58 (m, -74. 4H0) ,( n7,.-542 3H0) ,( n7,.-318 5H4) ,( md,. 7= H2 , 5 4H21 I tH),
J= 2. 3, 9.6 -Bz 731 (H), 23+H32. B, 76,d3(GMMQAD) 1 66 .HY, 142. 7,
134. 9, 130. 1, 129. 1, 128. 8, 1 2 8V (FTIRL32B, 1661, 1784 1191, 6 8
cm *HRMS (ESI)m/zcaled for GoH,aN,O, [M+H]*: 343.1658 found 343.1657purity determined on Rezex
RMN-C&* (eluent 100% kD) 77%.

4. Computational details

All electronic structure calculations aperformed on a Dell Precision T7500 workstation equipped with the
PQSmol suitéd? Low energy conformers of the adducts derived from perbenzylated thionolaetadaminess
were calculateavith density functional theorysing the B3LYP method and the3&G(d) basis séf** All sta-
tionary points were examined with vibrational analyses and confirmed as minima with zero imaginary frequency.
The solvation freenergies are computed with the COSMO feature in PQSmol at 298.15 K and 1 atm using a di
lectric constant of 36.64 for acetonitrile and 8.93 for dichlorometftdh@ he Gi bbodés free ene
phascand t he change i n Gi &rddédascedromahe compue engrgies, enthalpieslandt i o r
entfopies as decribed Ggas: HgaJT x Sgaé DGsoI: 0I298|l Egaszg8+Ggas+Gnes; a's298 = Etotal + Ezero, vib D =
DGo(adduct I1)+DGg(H-5)1 2XDGs(5)1 DGso(H-4)._ ENREF 51*

ASSOCIATED CONTENT

SUPPORTING INFORMATI ON.

NMR, IR and MSspectra of alhewamines perbenzylated galastoamidiness and amidinedb-c, 1e and1g;
HRMS chromatogramsnd HPLC traces ofalactonoamidined; geometriesenergiesand thermodynamicap
rameterf all computed structures. This material is available free of charge via the Intdntipt/giubs.acs.org
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