Accepted Manuscript

A short stereoselective synthesis of (+)-aza-galacto-fagomine (AGF)

Jasna Marjanovic Trajkovic, Zorana Ferjancic, Radomir N. Saicic

PII: S0040-4020(17)30302-2
DOI: 10.1016/j.tet.2017.03.052
Reference: TET 28558

To appearin:  Tetrahedron

Received Date: 17 October 2016
Revised Date: 2 March 2017
Accepted Date: 20 March 2017

Please cite this article as: Trajkovic JM, Ferjancic Z, Saicic RN, A short stereoselective synthesis of (+)-
aza-galacto-fagomine (AGF), Tetrahedron (2017), doi: 10.1016/j.tet.2017.03.052.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

broaigeq pA LgcnfA o CpswiiA Keboz2loLA - CPELIA

AI6M Wergqery’ cirgrol suq 21l bgbele g1 Tore sc Nk pLon@ps fo Aor p%;@ COEE


https://core.ac.uk/display/200297749?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1016/j.tet.2017.03.052

Graphical Abstract

To create your abstract, type over the instructiorthe template box below.
Fonts or abstract dimensions should not be chaogetiered.

A short stereoselective synthesis of (+)-aza- Leave this area blank for abstract info.
galacto-fagomine (AGF)

Jasna Marjanovic Trajkovic, Zorana Ferjancic, and Radomir N. Saicic

Faculty of Chemistry, University of Belgrade, Sudentski trg 16, POB 51, 11158 Belgrade 118, Serbia, and
Innovation Centre, Faculty of Chemistry, 11000 Belgrade, Serbia
O

o__0O O OH $OC

o B <

H H
N.
M ON bz —Z s HH/\/N\NHCbz HPd 0NN amel o NH
H N D-Pro (cat) oxo 40% o 97% HO
53% OH OH
AGF




journal homepage: www.elsevier.com

Tetrahedron

A Short stereoselective synthesis of (+)-aza-galéegomine (AGF)

Jasna Marjanovic TrajkoVig Zorana Ferjancicdand Radomir N. Saicic

2 Faculty of Chemistry, University of Belgrade, Studentski trg 16, POB 51, 11158 Belgrade 118, Serbia
® Innovation Centre, Faculty of Chemistry, 11000 Belgrade, Serbia

ARTICLE INFO

ABSTRACT

Article history:

Received

Received in revised form
Accepted

Available online

Keywords:
Aza-galactofagomine
Organocatalysis

Krabbe disease
Enantioselective synthesis
Azasugars

A catalytic asymmetric synthesis of (+)-aza-galdefpomine (AGF) — the most promising
compound for the pharmacological chaperone thecd§rabbe disease was accomplished
six steps, in 14% overall yield. The synthesis Bs\@n the combination afrganocatalyze
aldolization and reductive hydrazination.
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1. Introduction hydrazination o)

Sugar processing enzymes play an important rolebaithn H o HO._._OH
homeostasis and pathological states. Their seedtitibition HO NH HO/\:( NHNH, +

> ¢ -~ PG’

could provide a basis for the treatment of varidiseases, such HO HO ]) ‘
as diabetes, cancer, obesity, and viral (includirigV) OH OH 04\/N\NHPG2
infections! Malfunction of lysosomal glycosphingolipid (GSL) 1 2 Lidolization 3
hydrolases that results in the accumulation of ssates in Scheme 1

lysosomes, is the cause of a particular class sfadies known
under the collective name “lysosomal storage dis'df On the
contrary, Krabbe disease, which is also a conseguefdhe
deficiency of lysosomap-galactocerebrosidase (GALC), does
not induce glycolipid precipitation, but leads tasogressive
demyelination of the white mass in the central oesvsystem, as
well as in peripheral nerves, and neurodegeneratisumglly with

a fatal outcomé&.The presumed agent for this destructive proces
is psychosine, a cytotoxic galactosphingolipid whinduces a
cascade of events leading to cell déafhe enzyme replacement
therapy for Krabbe disease is hampered by the fedt GALC
does not cross the blood-brain barrier. In a nunaberases, the
disease is not caused by the complete absence of GBUC
rather by its structural modification,e. misfolding. The mutated
enzyme is not only less efficient, but it cannotavie
endoplasmatic reticulum. In such cases, a compkiwden a
small molecule and the protein could stabilize ttrectly
folded enzyme, thus allowing it to reach lysosome affect
there its glycolytic activity. This effect, knowrs ¢he active site-
specific chaperone effect, provides a basis for sbecalled
pharmacological chaperone therapy (PCT): intergstir{and,
maybe, counterintuitively), at subinhibitory contrations
glycosylase inhibitors act as enzyme-rectifyingrageRestoring
10% of the enzyme activity would be enough to prévbe
disease. Iminosugars are known to exert strong,sgéctive
inhibitory  activity on  sugar-processing enzymes.
Deoxygalacto-nojirimycin (DGJ) was shown to enhance
galactosidase A activity in patients with Fabry diaQuite
recently, a similar approach was proposed for teattnent of
Krabbe diseas&ln a detailed study, a series of azasugars wer
synthesized and tested for their potential as P@dn. The
most active among them was aza-galacto-fagomine (AGH$
compound was prepared in 16 steps from the comnligrcia
available 2,39-isopropylidened-ribofuranose. Chemoenzymatic
synthesis of AGF was also described (8 steps, 4%athyéeld).’
Further studies of AGF would require an efficient mogt of
preparation. Several syntheses of diastereoisoragetagomine
and the derivatives thereof were repoﬁ‘.drd)wever, the results
of these studies are not directly applicable to skethesis of
AGF. Herein we describe an enantioselective synthesSGF
that may provide a ready access to this compound.
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2. Results and discussion

For some time, we have explored a tactical comtina&f
organocatalyzed aldolization with reductive amimatidor the
efficient  construction  of  polyhydroxylated alkalsid
(iminosugars). In this way, optically pure members o
pyrrolidine, piperidin€, pyrrolizidine’® and indolizidiné" series
were prepared. We envisaged that a similar apprcaald be
applied to the synthesis of AGF, as outlined irratnthetic
format (Scheme 1). The piperazine ringlicould be formed by
“reductive hydrazination” — an analogy of reducti@mination
applied to hydrazino ketor (whereas intermolecular reductive
hydrazinations have been reported recently, weaegeaof only
a single example of the intramolecular reactiorthia literature,
so far)*? Compound could be further disconnected by anii-

h

selective aldol transform into dihydroxyacetone argtoperly
protected hydrazino-acetaldehygle

Previously, otherd and our group'®**have shown dioxanone
4" to be a convenient synthetic equivalent of a dibygacetone
enolate in proline-catalyzed enantioselective aditlitions:° As
e acceptor component we chose hydrazinoaldefydehose
ree-step preparation from the commercially atdéa
hydrazinoethanol5) was described earlier (Scheme™2lt is of
note that the oxidation step €. 6 — 7) must be performed with
freshly prepared Dess-Martin periodindh€@MP); the use of
commercial DMP gives rise to impurities in aldehytithat are
difficult to remove and which affect the optical abon of the
intermediates and the final product. The key aldaiction was
performed in aqueous DMS®,at 4 °C, to afford the aldol
adduct8 as a single diastereoisomer (98% determined by
chiral HPLC, see Supplementary material), in 53%ldyie
(comparable results were obtained in DMF as a salVedio
yield). Catalytic hydrogenation of ald8lin pure ethanol resulted
in the removal of the Cbz protecting group (55%)bsequent
treatment with NaCNBElin the presence of AcOH then gave the
cyclic product of reductive hydrazinatio®; 35%). However, we
found that these two operations could be betterraptiehed as a
one-pot procedure, by performing the catalytic lbgdnation of
8 in methanol/AcOH (40% yield for the deprotection/@ation
tandem). Interestingly, palladium catalyst shoukl ddded in
three portions, as this protocol gives cyclic pretdiof superior
purity; addition of Pd/C in a single portion resulin side

eactions and contamination of product with impasiti
reatment of compoun@with methanolic HCI effected

H 1) (Boc),0, EtOH Boc
NN ———=——————  Cbz. .N._~
2 2) CbzCl, aq NaOH ﬂ OH
CH,Cl,
5 6, 80%
DMP
0 CH,Cl,
O OH Boc o_ 04
H [ Boc O
N\NHCbz Cbz\N,N H
o_ 0 D-Pro (30 mol%) H
o 8 53% DMSO, H,0, 4 °C 7, 85%
10% Pd/C, H,,20 at
MeOH, AcOH. rt. 48 h
!
N. . .Boc ~
o) N 3M HCI, MeOH HO NH
/>0 i, 24 h HO
OH OH
9, 40% 1,97%
Scheme 2

deprotection and provided the target compound — AGF (
97%) whose physical properties are in agreement whth



literature dat&:’” The three-step conversion of alddinto AGF
(1) could be effected as a one-pot operation, in 60étd;
however, although no visible impurities could haveer
observed in the NMR spectra, the values for optigtion were
low, indicating the presence of trace impurities witiong
levorotatory power. Thus, for the AGF to be analylycaure,
compound should be purified prior to deprotection.

3. Conclusions

To summarize, the catalytic asymmetric synthesié+piaza-
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2-Benzyl 1-tert-butyl 1-(2-oxoethyl)hydrazine-1,2-

dicarboxylate (7)*®

Freshly prepared Dess-Martin’s periodinane (3.007 &7
mmol) was added to a solution of alcoléa0.95 g, 3.06 mmol)
in water-saturated dichloromethane (28.0 mL) andrédaetion
mixture was stirred at roonemperature for 1 h. The reaction
mixture was diluted with dichloromethane, washed wif@961
N&S,03 (2 x 50 mL), sat. ag. NaHG@2 x 50 mL) and brine
(50 mL), dried over anh. MgSQfiltered and concentrated under
reduced pressure. Purification of the residue by-fldish

galacto-fagomine (AGH) was accomplished in 6 steps from the chromatography (Si© eluent: petroleum ether/EtOAc = 7/3)

commercially available alcohd, in 14% overall yield, which
makes this compound readily accessible for furthredical
research.

4, Experimental section
4.1. General experimental

All chromatographic separations were performed dcasdel,

10-18, 60 A (dry-flash), 100-200, 60A
chromatography), ICN Biomedicals,
(column  chromatography), and ion exchange

afforded aldehyd& (0.80 g, 85 %ps a pale yellow viscous oil.
'"H NMR (500 MHz, CDCJ; at room temperature the compound
exists as a mixture of rotamé&s 5, 9.66 (bs, 1H), 7.35 (s, 5H),
7.02 (bs, NH, 1H; minor rotamer) and 6.91 (bs, NH, 1lHjan
rotamer), 5.16 (s, 2H), 4.33 (bs, 2H; major rotameahd 4.24
(bs, 2H, minor rotamer), 1.45 (s, 9H; minor rotanaeTyl 1.39 (s,
9H; major rotamer);*C NMR (126 MHz, CDG)): éc 197.9
(CH), 156.2 and 155.7 (C), 155.0 and 154.6 (C),3.35d 135.4

(column (C), 128.6 and 128.5 (CH), 128.4 and 128.3 (CH), 22fd
60 (0.063-0.200 )mm 128.2 (CH), 83.1 and 82.5 (C), 67.8 and 67.7 4CH1.2 and
columr9.5 (CH), 28.0 and 27.9 (3 x G| IR (ATR) Vimax 3302, 2979,

chromatography (acidic resin DOWEX 50WX8-100). Standarc2935, 1714, 1501, 1371, 1259, 1154, 1067, 756;cddtRMS

techniques were used for the purification of reageahd
solvents:’ Petroleum ether (PE) refers to the fraction bgilat
70-72 °C NMR spectra were recorded at 500 Mg, NMR
at 126 MHz. Chemical shifts are expressed in ppmuéing
TMS as the internal standard. IR spectra were recboh a FT
instrument, and are expressed in tmMass spectra were

obtained on TOF LC/MS instrument. Melting pointse ar
uncorrected.
2-Benzyl 1-tert-butyl 1-(2-hydroxyethyl)hydrazine-1,2-

dicarboxylate (6)'°

A solution of (Boc)O (2.87 g, 13.15 mmol) in dry ethanol
(8.0 mL) was added dropwise to a cold (0 °C) solutbm-2-
hydroxyethylhydrazines (1.00 g, 13.14 mmol) in dry ethanol
(20.0 mL). After 30 min, cooling bath was removed ghd
reaction mixture was stirred for 24 h at room terapee. The
solvent was removed under reduced pressure anegitkie was
further used without purification.

A solution of the crude product from the previouperkment
(2.30 g, 13.05 mmol) in Ci&l, (13.6 mL) was added to a
solution of NaOH (0.57 g, 14.25 mmol) in water (13.6)rdt O
°C, followed by a dropwise addition of benzyl chlaohate
(1.86 mL, 2.23 g, 13.07 mmol). After 10 min, coolibgth was
removed and the reaction mixture was stirred foth24t room
temperature. The organic layer was washed with watkr 2096
citric acid ag. solution, dried over anh. MgSQiltered and
concentrated under reduced pressure. Purificatidheoresidue
by dry-flash chromatography (SiO eluent: petroleum
ether/EtOAc = 8/2) afforded the title alcol®(3.26 g, 80 %ps
a white solid. mp 58-59 °CH NMR (500 MHz, DMSOed;, 65
°C)?° 4§y 9.21 (bs, 1H), 7.40-7.30 (m, 5H), 5.11 (s, 2H), 4129
5.6 Hz, 1H), 3.50 (g 6.3 Hz, 2H), 3.40 (bs, 2H), 1.37 (s, 9H);
*C NMR (126 MHz, DMSOds, 65 °C):d¢ 155.8 (C), 154.5 (C),
136.3 (C), 128.0 (CH), 127.6 (CH), 127.4 (CH), 79.9, (€5.8
(CHy), 57.9 (CH), 51.7 (CH), 27.6 (3 x CH); IR (ATR) Viax
3362, 3198, 3009, 2980, 2886, 1716, 1422, 13648,12838,
1061, 737 cil; HRMS (ESI) for GgH,N,NaQ, [M+Na]*
calculated: 333.1421; found: 333.1422.

(ESI) for GgH,N,NaQ; [M+Na]” calculated: 331.1264; found:
331.1270.

2-Benzyl 1-tert-butyl 1-((R)-2-((R)-2,2-dimethyl-5-ox0-1,3-
dioxan-4-yl)-2-hydr oxyethyl)hydrazine-1,2-dicar boxylate (8)

Aldehyde7 (800 mg, 2.59 mmol) was added to a solution of
D-proline (90.0 mg, 0.78 mmol, 30 mol %) in DMSO (9nl.).
Next, dioxanonet (900 mg, 6.92 mmol) and water (2060,
11.44 mmol) were added to the flask and the mixtweaes
vigorously stirred for 48 h at 4 °C. The reactioixtore was
diluted with EtOAc and washed with water (50 mL). The
aqueous phase was back-extracted with EtOAc (2 x 50 T
combined organic extract was dried over anh. MgSilered
and concentrated under reduced pressure. Purficaif the
crude product by column chromatography (SiCeluent:
petroleum ether/acetone = 8/2) afforded the tiltbola8 (604.0
mg, 53%) as a pale yellow, viscous oi]{*° +70.0 ¢ 1.00,
CHCL); "H NMR (500 MHz, DMSOds, 65 °C)dy 9.15 (bs, NH,
1H), 7.38-7.32 (m, 5H), 5.12 (s, 2H), 4.39 (s, 1H)64(@d,J
16.7, 1.2 Hz, 1H), 4.06 (td,6.5, 3.0 Hz, 1H), 3.93 (d,16.7 Hz,
1H), 3.55 (bs, 2H), 3.15 (bs, OH, 1H), 1.41 (s, 6H)7XS 9H):
*C NMR (126 MHz, DMSOd;, 65 °C)dc 206.9 (C), 155.7 (C),
154.5 (C), 136.2 (C), 128.0 (CH), 127.6 (CH), 1278}, 99.6
(C), 79.9 (C), 76.2 (CH), 67.5 (CH), 66.5 (§H65.8 (CH), 51.8
(CHy), 27.5 (3 x CH), 24.3 (CH), 22.8 (CH); IR (ATR) Viax
3306, 2984, 2938, 1743, 1714, 1374, 1224, 1158;,1889, 754
cm® HRMS (ESI) for GHsKN,Os [M+K]* calculated:
477.1634; found: 477.1635. The optical purity ofngmund8
was determined by chiral HPLC as >98% ee (See the
Supplementary material for details, page S12).

(4R,4aS,8aR)-tert-Butyl 4-hydroxy-6,6-
dimethyltetrahydro-1H-[1,3]dioxino[5,4-c] pyridazine-2(3H)-
carboxylate (9)

10% Pd/C (4.4 mg, 0.004 mmol, 7.5 mol %) was added t
solution of aldol8 (23.1 mg, 0.053 mmol) in a solvent mixture
methanol/acetic acid (3.7 mL, v/v= 7/1), and thact®n mixture
was stirred at roontemperature under a hydrogen atmosphere
(20 at). After 2 h a second portion of Pd/C (8.8 ;@08 mmol,
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15 mol %) was added, and after 24 h a third portibRd/C
(4.4 mg, 0.004 mmol, 7.5 mol %) was added. The tita of
the reaction was 48 h. The mixture was filtered thhocelite and
concentrated under reduced pressure. Purificatidheoresidue
by column chromatography (SiO eluent: petroleum
ether/EtOAc = 1/2) afforded the title compour® (6.0 mg,
40%) as a white solid. mp 180-181 °G{{* +50.9 € 1.20,
MeOH): *H NMR (500 MHz, DMSO#d,, 65 °C)dy, 4.59 (d,J 5.7
Hz, 1H), 4.23 (dJ 11.4 Hz, 1H), 4.07-4.00 (m, 2H), 3.81 (dd,
12.2, 5.2 Hz, 1H), 3.60 (dd, 12.3, 1.6 Hz, 1H), 3.49-3.42 (m,
1H), 2.90 (t,J 11.7 Hz, 1H), 2.54-2.50 (m, 1H), 1.41 (s, 3H),
1.40 (s, 9H), 1.35 (s, 3H}’C NMR (126 MHz, DMSOds, 65
°C) éc 154.4 (C), 97.9 (C), 78.5 (C), 66.5 (CH), 65.8 (C61),3
(CH,), 51.3 (CH), 45.0 (Ck}, 28.9 (CH), 27.8 (3 x CH), 18.5
(CHy); IR (ATR) vinax 3417, 3250, 2983, 2973, 1695, 1502, 1385,
1177, 1066, 993, 853 ¢ HRMS (ESI) for GsHpN,NaQ
[M+Na] calculated: 311.1577; found: 311.1584.

(3R,4S,5R)-3-(hydr oxymethyl)piper azine-4,5-diol
galacto-fagomine) (1)

(aza-

A solution of compoun® (21.0 mg, 0.07 mmol) in a solvent
mixture methanol/3M HCI (3.6 mL, v/iv= 1/1) was stdrat room
temperature for 24 h. After the volatiles were rentbwmder
reduced pressure, the residue was purified by iothange
column chromatography (acidic resin DOWEX 50WX8-168)
give (+)-aza-galacto-fagomine (AGH) (10.5 mg, 97%) as a
colorless film. o™ +10.4 € 1.00, HO), [lit.” [0]p*° +11.9 €
1.00, HO)]; [lit.° [a] o> +9.0 € 1.00, HO)]; *H NMR (500 MHz,
D,0) oy 4.02-3.99 (m, 1H), 3.79 (ddd,11.0, 5.2, 3.0 Hz, 1H),
3.64 (d,J 6.3 Hz, 2H), 2.96-2.87 (m, 2H), 2.81 (dd12.6, 11.1
Hz, 1H); °C NMR (126 MHz, BO) Jc 64.9 (CH), 63.7 (CH),
58.1 (CH), 57.6 (Ch), 43.5 (CH); IR (ATR) Vpay 3274, 2932,
1570, 1413, 1102, 1029, 817, 657 tmHRMS (ESI) for
CsH1aN,03 [M+H] " calculated: 149.0921; found: 149.0924.
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