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Abstract

The cyclisation of N-allyl- and N-homoallylguani@® using DMDO leading to the formation of noveb&d 6-
membered guanidine heterocycles is reported. Sevettze products formed displayed weak inhibitafn
glycosidase enzymes.
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Introduction

As part of a project directed towards the synthesimarine natural products, we have previoughpred
the intramolecular cyclisation of guanidine epostdand the cyclisation of allyl and homoallyl substéd
guanidines using DMD®? 1,/K,CO;® and under palladium catalysed conditiéie take this opportunity to
report our findings on the oxidative cyclisatiomaecgons in full.

Epoxide ring opening using guanidines

Very few examples of epoxide ring opening processgéising guanidinesshave been reported and our
preliminary investigations focused on the additminguanidine to the simple epoxide We treatedl with
guanidine int-BuOH at room temperature for 24 h to efféealkylation of guanidine, which we presumed to be
faster than the epoxide ring opening process. K&tgbint, potassium-butoxide was added to regenerate the free
guanidine from its salt, following which the reactiwas heated at 60°C for a further 48 h to aftgctisation to
give the 5-membered guanidigéScheme 1). In our previous worie had reported efforts to purifyby column
chromatography and had succeeded in obtaining ptaduelatively high purity (> 95 %) though it wapparent
that it was contaminated with what appeared toddgnperic material. We also tried to puridpy derivatisation as
its t-butyldimethylsilyl ether3. However this proved difficult as the compound wasne to hydrolysis on
chromatography which was thought to be promotedhiyanchimeric assistance or the guanidinium gfome.
were however able to purifg by HPLC and on examination of higher field NMR datawas apparent that
significant quantities of a contaminant were présknleed re-examination of the crude reaction pebehdicated
a ca 9:1 ratio o2 and what was though to be the isomdti€ompound4 gave signals ai 3.33 (2H, dd,J 3.1,
12.3, 2 x CH), 3.45, (2H, dd,2.7, 12.3 Hz, 2 x CH) and 4.38 (1H,it2.7, 3.1 Hz, CH) ppm and thiseéo-tet
isomer4 could possibly be formed by the attack of the gdizel on the CHl of the epoxide after alkylation or
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more likely by initial epoxide opening by guanidifedlowed by the 6-go-tet displacement of bromine.

HO N N
(a) N HO : (b) TBSO :
(/)ﬁ\ o J\ * N\ NH2 - N\ NH2
3
Br 33% 4 H NH, 2 N 20% N HBF,

1 1:9
.CF3CO,H .CF;CO5H

Scheme 1: (a) (i) Guanidine hydrochloridéBuOK, tBuOH, then epoxidé 16 h, rt. (ii))tBuOK, 60°C, 24 h. (iii)
CRCOH, MeOH. (c) (i) 3 equiv. TBSCI, Imid., DMF, 16-24 (ii) NaBF, (sat., aq.).

We wished to prepar¢ independently and thus reacted nitroguanidinvath 1,3-diaminopropan-2-d@ at
70°C in water to give 5-hydroxy-2-nitrimino-1,3-di&cyclohexand in 27 % yield’ which on hydrogenation in
agueous acetic acid gades its acetate salt in 75% yield (Scheme 2). $pexipic data for the synthetic sample
of 4 corresponded exactly to the impurity found in pinevious reactions.

HO
\CNHz

6 NH;

H H
i e @ Ofi” 9 Oﬂ
N\ N /N02 o
5 | NO; 27 % 7 NTON 75 % 4 N ONH

.CH3;CO,H
Scheme 2: (a) Water, 70 °C, 2 h (b) (a)Hb % Pd/C, 15% aqueous acetic acid 72 h.

Because of the problems with this impurity and peots associated with purification of the guanidsaés
in these reaction we turned our attention to tlaetien of the protected guanidings’ and8b® and their reaction
with the epoxidising agent DMD®&We had previously shovrihat theN-allyl-bis-Boc-guanidineBa reacts with
DMDO in acetone at -26C to give an intermediate epoxifa as evidenced by signals &t 2.62 (1H, ddJ 2.4,
4.2 Hz, CH), 2.80 (1H, ddj 4.2, 4.4 Hz, CH) and 3.14-3.22 (1H, m, CH) ppm. @mtinued stirring this
intermediate was consumed to give, on careful wprland chromatography, a 62% yield of the cycladpict10a
the structure of which was confirmed by X-ray asayOn attempted repeat of this reaction it was obsetivat a
second isomeric product was always formed in thetien and, on isolation of this, X-ray crystallaghy
confirmed the structure of the product as the esmyed productla isolated in 63% vyield. A similar migration of a
Boc-group was reported in aN-Boc-protected 5-membered amide so this result ds suprising. More
conveniently, a complete conversionlff into 11a could be effected if a solution of the crude resxctmixture in
dichloromethane was stirred with silica gel oventigr by stirring in methanol containing a smallamt (ca. 5
%) of water. A similar result was observed with th@rotected guanidin8b which was again treated with an
excess of DMDO in acetone at -20 and the reaction monitored by proton NMR. Epotiadawas found to occur
rapidly as evidenced by signalségt2.61 (1H, ddJ 2.8, 4.5 Hz, CH), 2.80 (1H, dd,4.4, 4.5 Hz, CH) and 3.16-
3.22 (1H, m, CH) ppm for epoxidib, but on continued stirring signalsa 3.45 (1H, tJ 5.8 Hz, CH), 3.51 (1H,
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dd,J 5.1, 5.7 Hz, CH), 3.87 (1H, dd,3.0, 5.5 Hz, CH), 3.92 (1H, dd,2.8, 5.8 Hz, CH), and 4.03-4.11 (1H, m,
CH) ppm appeared which are evident of the structObe However, after purification on silica gel, a npreduct
was formed in 64% yield, which had a considerabtypger spectrum with signals & 3.20 (1H, ddJ 10.2, 4.0
Hz, CH), 3.45-3.51 (1H, m, CH) and 3.87-3.95 (3H,Gh, CH) ppm and the two guanidine protondgat (7.50-
9.60 (2H, br s, 2 x NH) which assigned the struetsllb. Again it was possible to effect this rearrangenisn
stirring the crude reaction product with silica geldichloromethane or by stirring in methanol @ning a small
amount (ca. 5 %) of water. Finally, deprotectiorilafwas accomplished by treatment with excess trifiaoetic
acid in dichloromethane for 4 h to give guanidia 98 % yield (Scheme 3).

R (@) R )
HN O HN HO
=_ »=NR Q\; »=NR /\[ J=NR
NH NH N
8a: R = Boc 9a, R =Boc 10a, R = Boc, 62%
8b: R =Cbz 9b, R =Cbz 10b, R = Cbhz

H H
(b) Ro/\EN © HO/\EN
E—— NR —— NH
N>:: 98 % “>:

11a: R = Boc, 63%
11b: R = Cbz, 64%

Scheme 3: (a) DMDO, acetone, -20 °C-rt, 3 days. (b) Siligd, CHCl,
or MeOH/H0 (95:5), 16-24 h. (c) GEOH, CH,Cl, 0 °C-rt, 4 h.

We were interested in the mechanism of the Boc-Gimedgroup migration and in order to investigais th
1:1 mixture of8a and8b was treated with DMDO at -20 °C and stirred dort5 days at which point the formation
of a mixture ofl0a and10b was formed as indicated Byt NMR. This mixture was then dissolved in a mixtofe
methanol and water and stirred overnight at roamperature. Analysis of the product from this reattiy mass
spectrometry confirmed the presence of three diffefons with m/z peaks at 316.1867 and 350.171fob=a
corresponding to the [M+H]ons for1la and11b as well as a mass at 384.1552 which corresporsglgido the
[M+H] " ion for 11c/11d. This observation suggest that the migration ef photecting groups is not exclusively
intramolecular and some evidence of intermolecdarrangement is apparent. However, this may bpdmapg in
the initial DMDO stage of the process (Scheme 4).

a b
ga+8b s 10a+106 2.

Y4 oC
11a + 11b + BOCN%\N + CbZN%\N
H 11¢c H 11
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Scheme 4: (a) DMDO, acetone, -20 °C-rt, 5 days. (b) MeOKIH95:5), 16-24 h. R = Bo@) or Cbz b).

Following this work, we investigated the epoxidatiof the dimethylallyl guanidin8c® and found that on
treatment with DMDO an epoxidEa was formed after 16 hours which gave distinctigpals atdy 2.95 (1H,
dd,J 4.2, 7.4 Hz, CH), 3.24 (1H, ddd4.4, 7.4, 14.3 Hz, CH), 3.98 (1H, ddb4.2, 6.6, 14.3 Hz CH) ppm for the
three methine protons. This epoxide slowly undetwiergy opening to give some evidence for the forarabf the
5-membered guanidin&3a but this was transient and the rearrangéd was formed after stirring for 7 days.
Attempted purification of this material was diffictas the product obtained was a gum which could beo
recrystallised and was also prone to decompositiosilica gel. A similar reaction dis-Z protected3d® gave as a
stable product the epoxid&b (& 2.87 (1H, ddJ 4.1, 7.4 Hz, CH), 3.13 (1H, ddd4.7, 7.4, 14.3 Hz, CH) and
3.88 (1H, dddJ 4.1, 6.5, 14.3 Hz, CH) ppm) which on attemptedystallisation from dichloromethane/petrol
deposited a precipitate of the cyclised and regedn5-membered guanidinktb. Distinctive signals were
observed ady 3.30 (1H, ddJ 10.3, 6.4 Hz, CH), 3.51 (1H, appJt10.3 Hz, CH) and 4.12 (1H, dd10.3, 6.4 Hz,
CH) ppm for the three methyne protons with 2 guismeidNH signals ady 8.19 (1H, br s, NH) and 8.93 (1H, br s,
NH) ppm. Conclusive proof of the 5-membered systeas give in the carbon spectrum with the CH-N digna
3 61.3 ppm, whilst the quaternary C-O appeareda&4.3 ppm. The slow rearrangement could be accelerated if
a solution of the crude reaction mixture in dicbloethane was stirred with silica gel overnightgitee an 87 %
yield of 14b. Hydrogenation oi4b over Pd/C gavé&5in 42 % yield after purification (Scheme 5).

Me OH
Me RHN (@) Me O RHN R
ﬂ J=NR —— JENR T | Me N>=NR
Me NH Me NH N
8¢, R = Boc 12a, R = Boc H
8d, R = Cbz 12b, R = Cbz 13a, R = Boc
13b, R = Cbz
Me OR ? Me OH
(b) (c) H
Me N - = Me N
P=NR 409 D=NH,"
N N
H H HOCO,
14a, R = Boc 15

14b, R = Cbz; 87 %

Scheme 5: (a) DMDO, acetone, -20 °C-rt, 5 days. (b) Siligd, CHCl,, 16 h.
(c) i) Hz, 10% Pd/C, MeOH, 2 h; ii) HCI; iii) lon exchangeromatography.

Following this the DMDO cyclisation of the homodliguanidine8e® was investigated and again this
underwent epoxidation and cyclisation to give thmé&mbered guaniding which on treatement with silica gel
gavel? in 82% yield, the structure being determined byaY-crystallography.Deprotection of this compound
with excess trifluoroacetic acid in chloroform &4 h gavel8 in 66 % yield. The epoxidation reaction of the Boc
protected guanidingf*using DMDO under identical conditions was also perfed, and on completion, the crude
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product16 was dissolved in methanol/water. After stirringtafor 4 days, purification by column chromatogrgph
gavel9a in 72% yield. The structure dPa was confirmed by X-ray crystallographic analysigy(ife 1). Finally,
epoxidation of the Cbz-protected guanidiBg® under identical conditions, followed by rearrangamén
methanol/water gav#b in 79 %. This could be improved to give a 95 % giBY treatment of the crude reaction
mixture from the epoxidation step with TFA in Me@bt 24 h at rt (Scheme 6).

HO BocO HO
(a) B (b) (c)
\—\; >=NBoc — i I evovs NH T e N NH
82 % 66 %
H NBoc H/gNBoc H/gNH
16 17 18 .CF3;CO5H
RO
R @ ©or(d)  Me
HN
NH
haibas A
Me NH N NR
H
8f, R = Boc

19a, R = Boc, 72 %

8g, R=Cbz 19b, R = Cbz, 95 %

Scheme 6: (a) DMDO, acetone, -20 °C-rt, 24 h. (b) Silicd, g&H,Cly, 24 h. (c)CRCO.H,
CHClg, rt, 24 h. (c) MeOH/KD (95:5), 4 days. (d) MeOH/GEO,H (95:5), 24 h.

Figure 1: X-Ray structure of9a.

We next investigated the epoxidation of the hydrempstituted allyl guanidine20* and homoallyl
guanidine24. Thus20 was treated with an excess of DMDO at °20in acetone and the mixture stirred to rt for 48
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h following which the reaction mixture was evapethtand the crude product dissolved in a methant#fwa
mixture and the mixture stirred for 24 h. Analysisthe product2l indicated a mixture of several isomeric
compounds relating to the migration of the Boc-pctihg groups and this mixture was deprotectedrdatinent
with trifluoroacetic acid in dichloromethane for B40On evaporation, the cyclised prodB2twas obtained in 19%
overall yield for three steps after purification HPLC. In a similar fashion homoallyl guanidi@é (prepared by
hydrolysis of the acetat@3*) was treated with DMDO to give cyclised guanidir2s which in turn was
deprotected with trifluoroacetic acid in dichloraimene to give the guanidirs in 15% overall yield for three
steps after purification by HPLC (Scheme 7).

OH OH(Boc) OH
“OH(Boc) OH
| (a), (b) (©)
NBoc(H) 19 % NH
HN\H/NHBoc HN— HN— ~ CF;COH
NBoc 20 21 NBoc 22 N1
OAc OH OH(Boc) OH
d a), (b 2 c .,
HN\H/NHBoc 43%  HN. _NHBoc HN\H/NBoc(H) 15%  HN._NH
NBoc 23 NBoc 24 NBoc 95 26 NH CFsCOM

Scheme 7: (a) DMDO, acetone, -20 °C-rt, 24 h. (b) MeOHH(95:5).
(C) CFsCOH, CH,Cly, 1t, 24 h. (d) KCOs, MeOH, 4 h.

Biological activity

We have reported previoushthat cyclic hydroxylated guanidines gave selectimbibition of b-
galactosidase and glycosidases are involved in rde®ase states and there are many opportunitiélseimpeutic
intervention both by inhibition and promotion of/gbsidase$? In addition, selectivity can be more important for
drug development that potency and so we here rép@rtomparative activity of the synthesised conmpisuon a
range of glycosidases. The guanidir8s7, 15, 18, 22 and 26 were investigated for activity on a panel of
commercially available glycosidases from Sigmeg(ucosidases [yeast and BacilluBjglucosidase [almondfy-
galactosidase (Green coffee beajgalactosidase [bovinefi-mannosidase [Jack bean], hexosaminidases [bovine
kidney, Jack bean] arfgtglucuronidase [bovine liver] at a top concentnatad 0.14 mg/ml. 5 mMp-nitrophenyl-
substrates were used and the pH optima for theneezyCompoun@ showed no significant inhibition of any of
the glycosidases. Compounds15 and 18 showed some weak inhibition of the Bacillusglucosidase but with
less than 15% inhibition at the top concentratieadi(0.14 mg/mL in assay) will8 also showing weak inhibition
(12%) of thep-glucosidase but more marked inhibition of fBeyalactosidase (47%). Whil&2 showed no
inhibition of most enzymes tested it showed a proonoof the boving3-N-acetylglucosaminidase activity (18%)
which was also shown 86 (22%) Both compounds also weakly promoted the baek hexosaminidase (8.6 and
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17% respectively). Compourtb also showed weak but unusual promotion ofdhmannosidase (23%) but had
some inhibition of thg3-galactosidase (30%) Whilst this inhibition and mpadion displayed by these compounds
is not strong, the selectivity is of interest, & @nd15 mainly inhibiting the bacillusi-glucosidase. The promotion
of glycosidase activity, b2 and26 for example, of the bovine hexosaminidase, suggesgproved folding or
stabilization of the glycosidase due to the moleduihding to it; improved glycosidase activity iEinterest to
treat enzyme deficiencies (e.g. Tay Sachs diseagt)jmproved folding and function may prevent dépms of
enzymes including hexosaminidase in neurodegererdiseases.

Conclusions

The DMDO mediated cyclisation of allyl- and homdybsubstituted guanidines is a useful and predieta
method for the synthesis of 5- and 6-membered diraniheterocycles. We have prepared a range ot thes
heterocycles which displayed weak inhibition of agigidase enzymes, however two compounds showed a
interesting promotion of glycosidase activity whieight be of interest. We are continuing our syhthevork in
this area.
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Experimental

All glassware used was washed with acetone andl dvieh N, or in a vacuum oven. Reagents and starting
materials were purchased from commercial suppéiatsused as supplied. Diethyl ether and tetrahydaafwere
distilled from benzophenone and sodium wire, whiishloromethane was dried over Gakhd freshly distilled.
DMF, chloroform and methanol were purchased adrdm Aldrich. Petrol refers to the fraction distitl between
boiling range of 40-60 °C. Column chromatographyg ahC chromatography was carried out using siliod a
silica plates purchased from Fluorochem Ltd (pkatisize 35-70p) using HPLC grade acetic acid (AA)
chloroform (CFM), dichloromethane (DCM), diethyhet (DE), ethyl acetate (EA), hexane (HX) and metha
(ME). Compounds were visualised using UV, iodinestained using polyphosphomolybdic acid (PMA) i©Bt

or vanillin in EtOH/HSO,, with heating. IR spectra were recorded on a Rdekner 1600 series FTIR instrument
as thin films, Nujol mulls, or chloroform solutioan NaCl plates with absorption frequencies repoited
wavenumbers (ci). Routine NMR samples were performed on a Bruké2®0, AC400 or on a Bruker Avance-
500 spectrometer. Chemical shifts for spectra hreorted ind values (ppm) relative to the residual solvent peak
in each case. Electron lonisation (EI) and Chenmaikation (CI) mass spectra were recorded ongileAt Tech.
6890N spectrometer or an XCalibur MAT900 XLT spenteter at the EPSRC Mass Spectrometry Service
(Swansea).

General conditions for epoxidation with DMDO?®



A finely divided sample of the guanidine in a 25Q RBF was cooled (-20 °C), whereupon a freshly pred
solution of DMDJ (see Sl) in acetone (100-150 mL) was added. Theunei was then stirred whilst slowly
warming to rt overnight and further stirred for tieguired time.

General condition for trifluoroacetic acid mediated Boc-deprotection.

The Boc-protected guanidine is dissolved in diatheethane (5 mL) and cooled (0 °C) whereupon trithagetic
acid (5 mL) was added slowly over 5 mins and thetune stirred to rt for the indicated time. Theatan was
then evaporated and the residue repeatedly co-eatapowith chloroform to remove traces of trifluacetic acid.

(2-amino-4,5-dihydr o-1H-imidazol-4-yl)methanol 2,2,2-trifluor oacetate 2 and 2-amino-1,4,5,6-
tetrahydropyrimidin-5-ol 2,2,2-trifluor oacetate 4

Potassiunt-butoxide (1.80 g, 16.1 mmol, 1.1 eqv.) was addea ttooled (5 °C) solution of guanidine
hydrochloride (1.68 g, 17.5 mmol, 1.2 eq)tibutanol (30 mL) and the mixture was stirred taver 1 h. 60
minutes. Epibromohydrin (1.26 ml, 14.6 mmol) wasrtladded over 5 mins and the mixture was stirretfat 62
h. Further potassiunert-butoxide (1.80 g, 16.1 mmol, 1.1 eqv.) was thetlealdand the mixture heated (60 °C) for
24 h. The resultant white slurry was then cooled@pand TFA (5 mL) in methanol (15 mL) was addé&mvy
over 10 mins and then mixture stirred to rt ovér. The reaction was evaporated onto silica gelg)l®nd purified
by chromatography (gradient elution, 0-100 % MESRM) to give a ca. 9:1 mixture (NMR) @fand4 (1.87 g) as
their trifluoroacetate salts in 50% vyield.

5-hydroxy-2-nitrimino-1, 3-diazacyclohexane 7’

A solution of nitroguanidin® (1.50 g, 16.6 mmol) and 1,3-diaminopropan-%-¢2.30 g, 16.6 mmol) were
dissolved in water (60 mL) and the mixture heated@°C for 2 h. The reaction mixture was cooledttand
stirred for 12 h, then cooled (0 °C) and the priggip formed collected by filtration and washedhaghilled water
(15 mL). The solid obtained was firstly air-dridgeeh dried under vacuum#B%) to constant weight to givé(0.52
0, 27 % yield) as a white solitMp 230-233 °C (Lif 233-233.5 °C)dy (500 MHz, DxO) 3.45 (2H, ddJ 3.1, 13.0,
2 x CH), 3.57, (2H, dd] 2.6, 13.0 Hz, 2 x CH), 4.38 (1H, &,2.6, 3.1 Hz, CH)dc (125 MHz, BO) 44.3, 58.1,
153.6; MS(CI) 114.0 (100 %, [M+H-NG") 160.0 (100%, [M+H]); HRMS (El) C4HgN4Os [M+H"], found
160.0589, requires 160.0591.

2-amino-1,4,5,6-tetrahydropyrimidin-5-ol acetate 4

Palladium on charcoal (5 %, 0.6 g) was added wiw&ien of guaniding (0.473 g, 2.97 mmol) in aqueous
acetic acid (15 % v/v, 50 mL) and the mixture stirunder H(balloon) for 72 h. The reaction was filtered thybu
a Celite© pad and then evaporated and the crudduprgurified by chromatography (5-15 % ME in CH¥en
15% - 20% ME in CFM with 0.1 % acetic acid) to geas a white solid (0.388 g, 75% yiel®t 0.20 (15% ME
in CFM with 0.1 % acetic acidMp 61-62 °C;dy (500 MHz, BO) 1.92 (3H, s, Me), 3.33 (2H, dd3.1, 12.3, 2 x
CH), 3.45, (2H, ddJ 2.7, 12.3 Hz, 2 x CH), 4.38 (1H, &2.7, 3.1 Hz, CH)ynmax 3340, 2981, 2865, 1578 (125
MHz, D;0) 23.3, 43.9, 58.7, 153.6, 181&;S(Cl) 116.1 (100 %, [M+H]); HRM S(CI) C4H1oN3O ([M+H™]),
found 116.0817, requires 116.0818.

tert-butyl 2-((tert-butoxycar bonyl)imino)-5-(hydroxymethyl)imidazolidine-1-car boxylate 10a



Guanidine8a® (0.30 g, 1.00 mmol) was epoxidised using the stahdanditions to give a crude product
(0.33 g) which was purification using rapid chroography (gradient elution: 10-100 % EA in PE, thén% ME
in EA) to givel0Oa (196.0 mg, 62 % (71% based on recoveay 11a (40.0 mg, 13%, 14% based on recovered
8a) and recovere8a (40.0 mg). Recrystallisation (EA/PE or DCM/DE) gasrystals suitable for X-ray analyYis
Mp. 130°C;d4 (500 MHz, CDC}4) 1.42 (9H, st-Bu), 1.46 (9H, st-Bu), 3.63 (1H, br dJ 11.3 Hz, CH), 3.69-3.78
(3H, m, 3 x CH), 4.11-4.20 (1H, m, CH), 5.87 (2H,sh NH, OH);é¢ (62.5 MHz, CDC}) 28.1, 28.1, 48.8, 57.6,
62.3, 80.9, 83.6, 150.9, 152.9, 155vf 3346, 2983, 2975, 1753, 1743, 1600, 11KIS(Cl) 316.1 (100%,
[M+H]); HRMS(CI) C14H26N30s ([M+H] "), found 316.1868, requires 316.1867.

tert-butyl-(4-(((tert-butoxycar bonyl)oxy)methyl)imidazolidin-2-ylidene)car bamate 11a.

Guanidine10a® and silica gel (ca. 1 g) in chloroform (20 mL) westirred at rt for 72 h then filtered
through a Celite© pad which was washed with chlomof and ethyl acetate. Evaporation of the solveviega
crude compound which was recrystallised from cHitima by slow evaporation to give crystalsdfa (70.3 mg,
64% vyield) suitable for X-ray analysisvip. 92-94 °C:3, (500 MHz, CDC}) 1.44 (9H, st-Bu), 1.48 (9H, st-Bu),
3.40 (1H, ddJ 6.0, 9.7 Hz, CH), 3.73 (1H, dd,9.6, 9.7 Hz, CH), 4.07 (1H, dd,6.6, 10.9 Hz, CH), 4.10 (1H, dd,
J 5.5, 10.9 Hz, CH), 4.16 (1H, dddd 5.5, 6.0, 6.6, 9.67 Hz, CH), 6.67-8.86 (2H, b2 5 NH); ¢ (62.5 MHz,
CDCl) 27.8, 28.4, 44.6, 52.9, 67.6, 78.8, 83.0, 15362.3, 164.4Vmax 3377, 2961, 1753, 1659, 1617, 1255;
MS(CI) 316.2 (100%, [M+H]); HRM S(CI) C14H26N30s [M+H"], found 316.1871requires 316.1867.

Benzyl (4-((((benzyloxy)car bonyl)oxy)methyl)imidazolidin-2-ylidene)car bamate 11b

Compoundb? (0.309 g, 0.84 mmol) was epoxidised under the gémenditions for 5 days to give a crude
cyclised product (0.35 g) which was dissolved iohtbromethane (5 ml) and silica gel (1 g) was adaled the
slurry stirred overnight. Evaporation of the dididimethane and column chromatography of the regioi®0%
EA in PE) gavellb (0.208 g, 0.54 mmol, 64%) as a white solid. Mp 155-°C; Rf 0.46 (EtOAC)dy (500 MHz,
CDCl), 3.20 (1H, ddJ 4.0, 10.2 Hz, CH), 3.45-3.51 (1H, m, CH), 3.87-3(8H, m, CH, CH), 4.94 (2H, s, Ch),
5.03 (2H, s, CH), 7.10-7.30 (10H, m, 2 x Ph), 7.50-9.60 (2H, bR s NH); &c (125 MHz, CDCY}) 44.7, 52.5,
66.6, 68.3, 70.0, 127.9, 128.0, 128.5, 128.7, 1387.3, 154.8, 163.2, 1658;.x 3398, 3150, 3065, 3035, 2956,
1748, 1654, 1623, 126N S(Cl) 384.2 (33 %, [M+H]); HRMS(ES) CyoH2N30s [M+H™], found 384.1558,
requires 384.1554.

(2-iminoimidazolidin-4-yl)methanol 2,2,2-trifluor cacetate 2

Guanidinella® (134 mg, 0.425 mmol) was deprotected under thedstal conditions to givé (96.0 mg)
as a gum in 98 % yieldy (250 MHz, CROD) 3.50 (1H, dd,J) 6.1, 9.8 Hz, CH), 3.54 (1H, dd,5.2, 11.4 Hz,
CH), 3.62 (1H, ddJ 4.5, 11.4 Hz, CH), 3.75 (1H, dd,9.8, 9.8 Hz CH), 4.07 (1H, dddd 4.5, 5.2, 6.1, 9.8 Hz,
CH); & (125 MHz, C3OD) 46.1, 58.1, 63.9, 161.4. 3352, 2943, 1552M S(Cl) 116 (40 % [M+H]);
HRM S(CI) C4H1oN3O[M+H™], found 116.0825, requires 116.0818.

tert-Butyl (Z)-(5-((tert-butoxycar bonyl)oxy)-4,4-dimethyltetr ahydr opyrimidin-2(1H)-ylidene)car bamate 14a
Compound8c® (0.399 g, 1.22 mmol) was epoxidised under the ggrmnditions and after 16 hours the
epoxidel2a was formed as evidenced by proton NM&R (500 MHz, CDC}), 1.32 (3H, CH), 1.33 (3H, CH),

9



1.49 (9H, stBu), 1.50 (9H, stBu), 2.95 (1H, ddJ 4.2, 7.4 Hz, CH), 3.24 (1H, ddd 4.4, 7.4, 14.3 Hz, CH), 3.98
(1H, ddd,J 4.2, 6.6, 14.3 Hz CH), 8.57 (1H, broad s, NH)AY1(1H, broad s, NH) ppm), which cyclised slowly to
give 14a as a oil in quantitative yield. After work up, etipted purification by column chromatography or
recrystallization led to considerable decomposit&n (250 MHz, CDC}) 1.21 (3H, CH), 1.22 (3H, CH), 1.49
(9H, s,tBu), 1.55 (9H, stBu), 3.83 (1H, ddJj 2.5, 12.8 Hz, CH), 3.86 (1H, dd 8.9, 12.8 Hz, CH), 4.22 (1H, dd,
2.7, 8.5 Hz CH), 2 x NH not observai; (62.5 MHz, CDCJ) 20.9, 21.0, 27.8, 28.2, 43.3, 61.2, 79.9, 822183
151.7, 160.2, 163.Qmax 3346, 1748, 1656, 1611, 1368, 1315, 1251, 1143, MB(Cl) 188.1 (100 %), 232.1 (75
%), 288.2 (25 %), 244.2 (100 %, [M+P; HRM S(Cl) C16H30N305 [M+H ], found 344.2178, requires 344.2180.

Benzyl (2)-(5-(((benzyloxy)car bonyl)oxy)-4,4-dimethyltetr ahydr opyrimidin-2(1H)-ylidene)car bamate 14b
Compound8d® (0.42 g, 1.13 mmol) was epoxidised under the gdreanditions for 5 days to give the
crude epoxidd2b (0.46 g) as a white solidy (500 MHz, CDC}) 1.21 (3H, CH), 1.22 (3H, CH), 2.87 (1H, dd)
4.1, 7.4 Hz, CH), 3.13 (1H, ddd,4.7, 7.4, 14.3 Hz, CH) 3.88 (1H, dd#l, 4.1, 6.5, 14.3 Hz, CH), 5.04 (2H, s,
CHy), 5.07 (2H, s, Ch), 7.16-7.31 (10H, m, 2 x Ph), 8.46 (1H, broad &d,7, 6.5 Hz, NH), 11.66 (1H, broad s,
NH). The epoxidel2b (0.46 g) was dissolved in a minimum amount of Wisbmethane (2-3 ml) and diluted with
PE (10-15 ml) and placed in a freezer. After 3 dayghite amorphous precipitate of was obtained. ®eiof the
supernatant liquid and drying of the solid gaMb (100.0 mg, 23%) as a solid. The supernatant liquas
evaporated and re-dissolved in dichloromethanen(l(), whereupon silica gel (ca. 0.3 g) was added tued
mixture stirred for 48 h. After filtration and ewvajation the crude product (0.36 g) was dissolved in
dichloromethane (3-4 mL) and diluted with petrdd{25 mL) and on cooling for 2-3 days a further skngf 14b
(277.0 mg, 64%) was formed giving an overall yield7%.d, (500 MHz, CDC}) 1.42 (3H, s, Ch), 1.45 (3H, s,
CHs), 3.30 (1H, ddJ 10.3, 6.4 Hz, CH), 3.51 (1H,3,10.3 Hz, CH) 4.12 (1H, dd,10.3, 6.4 Hz, CH) 5.07 (1H, d,
J12.3 Hz, CH), 5.09 (1H, d 12.3 Hz, CH), 5.13 (2H, s, G{ 7.27-7.43 (10H, m, 2 x Ph), 8.19 (1H, br s, NH),
8.93 (1H, br s, NH)dc (125 MHz, CDC4) 20.7, 20.7, 42.8, 61.3, 66.5, 69.3, 84.3, 12728.0, 128.4, 128.4,
128.6, 128.7, 135.3, 137.3, 153.2, 163.4, 166.4; 3383, 3074, 3037, 2985, 2928, 2857, 1741, 1652416270,
1253, 1107MS(CI) 412 (100%, [M+H]) HRM S (Cl) Cy2H26N30s5 [M+H?], found 412.1869, requires 412.1867.

4-(2-hydr oxypropan-2-yl)imidazolidin-2-iminium hydrogen carbonate 15

Guanidineldb (52.6 mg, 0.128 mmol) was dissolved in methanoh(3, Pd/C (10 %, 120 mg) was added
and the mixture stirred under hydrogen gas (ba)lé@n2 h. After filtration HCI (1M ca 2-3 drops)as added and
the mixture evaporated to gii®.HCI (17.2 mg, 0.096 mmol) as a gum in 75% yield. Mas dissolved in a 1:1
mixture of EtOH/H20 (0.5 ml) and applied to a colunf Amberlite CG400 (2 x 1 cm, Olbrm, the resin having
previously been washed to neutrality with water)etuting with water, three fractions (2 mL, 2 mLdah mL)
gavel5 (11.0 mg) in 42% vyield as the hydrogen carbonalied; (400 MHz, BO) 1.16 (3H, s, CH), 1.21 (3H, s,
CHs), 3.58 (1H, ddJ 10.1, 6.6 Hz, CH), 3.75 (1H, dd10.1, 10.2 Hz CH), 3.98 (1H, dd,10.2, 6.6 Hz, CH)d¢c
(100 MHz, BO) 23.3, 24.4, 43.9, 63.3, 71.4, 159.7, 165:kx 3320, 3212, 2973, 2924, 2852, 1688, 1579, 1404,
1281, 1174, 1106, 1015, 99@&;S (Cl) 144.1 (100%, [M+H]); HRMS (CI) C,,H26N30s5 [M+H™], found 144.1127,
requires 144.1131.

tert-butyl (Z)-(4-(((tert-butoxycar bonyl)oxy)methyl)tetr anydropyrimidin-2(1H)-ylidene)car bamate 17
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Compound3e® (0.51 g, 1.63 mmol) was epoxidised under the geremditions for 3 days to give a crude
cyclised product (0.53 g) which was dissolved inhtbromethane (5 mL) and silica gel (2 g) added tel
mixture stirred for 16 h. The suspension was ewapdrand compound purified by chromatography (0-MBoin
EA) and the product obtained recrystallised (EAPE) to givel7 (0.44 g, 1.33 mmol) in 82% yield as pale
yellow diamond shaped crystaRy. 0.27 (10:90 ME:EA)Mp 160-161°C; &y (500 MHz, CDC4) 1.45 (9H, s'Bu),
1.47 (9H, s!Bu), 1.79-1.85 (1H, m, CH), 1.97-2.01 (1H, m, CB)37 (1H, ddd,) 4.5, 8.1, 13.1, CH), 3.42-2.46
(1H, m, CH), 3.74-3.79 (1H, m, CH), 4.06 (1H, d&.6, 11.1, CH), 4.13 (1H, dd,5.7, 11.1), 6.90-10.3 (2H, br s,
2 X NH); &c (125 MHz, CDC}) 22.4, 27.8, 28.3, 36.8, 47.9, 67.7, 80.0, 83638, 1, 155.9, 159.31ma (Nujol mull)
3152, 2724, 1747, 1632, 1594, 1454, 1376, 1M8(Cl) m/z 330.3 (100 %, [M+H]); HRM S(ES) C15H27N30s
[M+H"], found 330.2019, requires 330.2023.

(2- minohexahydropyrimidin-4-yl)methanol 2,2,2-trifluor oacetate 18

Compoundl? (38.2 mg was deprotected over 14 h using the stdndathod to givel8 (18.5 mg, 0.076
mmol in 66 % yield as a glass after chromatograj®h¥0 % ME in DCM).Rf 0.27 (20% ME in DCM)dy (500
MHz, CD;0D) 1.70-1.78 (1H, m, CH), 1.96-2.02 (1H, m, CHB1(1H, dddJ 4.3, 9.3, 12.6, CH), 3.40 (1H, dt,
12.6, 5.0 Hz), 3.48-3.54 (2H, m, 2 x CH), 3.64-3(68l, m, CH);dc (125 MHz, CQXOD) 23.3, 38.0, 52.0, 65.0,
116.1 (9,"Jcr 285 Hz), 155.9, 159.0 (GJcr 41 Hz);vmax 3332, 3264, 3095, 2960, 2926, 2855, 1791, 1683216
1429, 1338, 1260, 1201, 1176, 1134, 1031, 835, 822; MS(CIl) 130.1 ([M+HT); HRMS(ES) CsH1N3O
[M+H™], found 130.0975, requires 130.0975.

tert-Butyl (4-(((tert-butoxycar bonyl)oxy)methyl)-4-methyltetrahydr opyrimidin-2(1H)-ylidene)car bamate 19a

Compoundsf 2 (0.330 g, 1.01 mmol) was epoxidised under the ggrenditions for 16 hrs to give a crude
cyclised product (0.35 g) on evaporation which w&solved in dichloromethane, dried (MggCfiltered and
evaporatedn vacuo. The resulting product was dissolved in methaBah({) and water (0.1 mL) and stirred for 4
days, evaporated and purified column chromatograf?3-100% EA in PE) to giv&9a (0.250 g, 0.73 mmol in
72% yield as a white solid. The solid was dissoliredichloromethane and hexane was added to thel goint
whereupon cooling (-2C) gave crystals suitable for X-ray analysis (Fegi}.Rf 0.03 (EA)Mp 143-145°C ¥max
3261, 2978, 2931, 1745, 1714, 1644(500 MHz; CDC}) 1.35 (3H, s Ch), 1.46 (9H, s, 3 x C§), 1.47 (9H, s, 3
x CHg), 1.71 (1H, dddJ 5.5, 7.6, 13.4, CH), 1.93-2.00 (1H, m, CH), 3.324&3(2H, m, CH), 3.96 (1H, dJ 11.1
Hz, CH), 4.06 (1H, dJ 11.1 Hz, CH), 9.53 (2H, br s, 2 x NH)¢ (125 MHz; CDC}) 24.6, 27.8, 28.0, 35.7, 52.4,
70.6, 83.6, 85.2, 152.0, 153.1, 153RM S(ES) C1gH30Nz05 [M+H"], found 344.2184, requires 344.2180.

Benzyl (4-((((benzyloxy)car bonyl)oxy)methyl)-4-methyltetr ahydr opyrimidin-2(1H)-ylidene)car bamate 19b
Compound3f ® (0.50 g, 1.26 mmol) was epoxidised under the geremditions for 16 hrs to give a crude

cyclised product (0.55 g) on evaporation which wasolved in dichloromethane, dried (MggCfiltered and
evaporatedn vacuo. The resulting product was dissolved in methadom(), cooled (0°C) and trifluoroacetic
acid (0.52 mL, 5 equiv.) was added drop wise. Aftarming to rt stirring was continuesd for 24 h dne mixture
then evaporated and the residue purified by chrognaphy (50-100 % EA in PE, followed by 2-4% MEHA) to
give 19b (0.49 g, 1.19 mmol) as a colourless gum in 95%dyiRef 0.16 (60:40 EA:PE)dy (500 MHz, CDC})
1.40 (3H, s, CH), 1.77 (1H, dddJ, 5.4, 7.5, 13.9, CH), 1.97-2.05 (1H, m, CH), 33135 (2H, m, CH), 4.08 (1H,
d,J11.2 Hz, CH), 4.19 (1H, d/ 11.2 Hz, CH), 5.17 (2H, s, GH 5.24 (2H, s, CH), 7.32-7.42 (10H, m, 2 x Ph),
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9.84 (2H, br s, NH)pc (125 MHz; CDC}) 24.6, 27.9, 35.7, 52.2, 68.5, 70.5, 71.7, 12828.7, 128.8, 128.8,
128.8, 129.0, 134.8, 135.0, 152.3, 154.7, 155:3; 3243, 3154, 3064, 3032, 2955, 2928, 2896, 1748416634,
1562, 1554HRM S(ES) CpH26N30s ([M+H™]), found 412.1867, requires 412.1867.

+/- (R)-1-((S)-2-iminoimidazolidin-4-yl)ethane-1,2-diol 2,2,2-trifluor oacetate 22

Compound20* (0.431 g 1.308 mmol) was epoxidised under the gémenditions for 48 hrs to give crude
product (490 mg) which was dissolved in MeOH (5 nd.)which water (ca. 0.2 mL) was added and the umext
stirred. After 24 h the reaction was evaporatedite crude?l (451 mg) which was used in the next step without
further purification. Compoun®l1 (451 mg) was then deprotected using the standsethad over 24 h.
Evaporation gave a gum (394 mg) which was purifiggreparative HPLC (ACE 10 C18 250 x 21.8 mm caium
isocratic 95:5:0.1% water:acetonitrile:TFA, 15 miifpelution time 4.5 mins at 210 nm) to gi22 (66.0 mg, 0.25
mmol) as a white solid in 19% yielp. 148-49 °Cd, (400 MHz, CROD) 3.54-3.64 (3H, m, 3 x CH), 3.78 (1H,
dd,J 9.8, 9.8 Hz, CH), 4.13 (1H, ddd4.3, 7.0, 9.8 Hz, CH)¢ (100 MHz, CROD) 46.5, 58.9, 64.5, 73.5, 161.5;
dc (125 MHz, DO) 45.3, 57.0, 62.8, 72.5, 116.6 (£§, "Jcr 329 Hz), 160.1, 163.0 (C, §lcr 35 Hz).Vmax 3332,
2976, 2921, 2855, 1738, 1638, 1614, 1361, 12773,12858, 1102M S(CI) 146.1 (100%, [M+H]); HRM S(CI)
CsH12N30, [M+H], found 146.0920, requires 146.0924.

tert-Butyl (((tert-butoxycar bonyl)amino)(((Z)-5-hydr oxypent-3-en-1-yl)amino)methylene)-4-
azanecar boxylate 24

Acetate23* (0.650 g, 1.68 mmol) was dissolved in dry methagi@ ml), cooled (0 °C) and potassium
carbonate (204.0 mg, 1.48 mmol) was added and ikteina stirred for 7 h. The reaction was then fét through
a silica plug, evaporated and the residue purliredhromatography (10-75% EA in PE) to gk4(0.250 g, 0.728
mmols) in 43% vyield as a gum. Rf 0.13 (25:75 EA;RIg)(400 MHz, CDC}) 1.45 (3H, stBu), 1.46 (3H, stBu),
2.33 (2H, app q) 7.0 Hz, CH), 2.63 (1H, br s, OH), 3.44 (2H, appJ6.2 Hz, CH), 4.15 (2H, dJJ 6.9 Hz, CH),
5.43-5.50 (1H, m, CH), 5.76-5.82 (1H, m, CH), 8(25i, br s, NH), 11.49 (1H, br s, NH); (100 MHz, CDC})
27.0,28.1, 28.3, 40.4, 58.2, 79.5, 83.6, 128.2,4,3153.6, 156.0, 163.8;.x 2980, 2933, 1721, 1640, 1618, 1414,
1367, 1329, 1156, 11381 S(ESI) 344.2 (100 %, [M+H]); HRMS(CI) Ci6Hz0N30s [M+H™], found 344.2180,
requires 344.2180.

+/- (R)-1-((S)-2- minohexahydr opyrimidin-4-yl)ethane-1,2-diol 2,2,2-trifluor oacetate 26.

Compound?4 (0.240 g, 0.700 mmol) was epoxidised under theegg@rconditions for 48 hrs to give a crude
cyclised product (246 mg) which was dissolved inQWe(5 mL) to which water (ca. 0.2 mL) was added #rel
mixture stirred. After 24 h the reaction was evaped to give crud@5 (215 mg) which was used in the next step
without further purification. Compoun@5 (215 mg) was dissolved in DCM (5 mL), cooled {G) and
trifluoroacetic acid (5 mL) was added and the nmetstirred at rt for 48 h. Evaporation gave cr@dg216 mg)
which was purified by preparative HPLC (ACE 10 C280 x 21.8 mm column, isocratic 95:5:0.1 %
water:acetonitrile:TFA, 15 mL/min, elution time 4mins at 210 nm) to give6 (29.0 mg, 0.106 mmol) as a gum
in 15 % yield.d, (400 MHz, CRROD) 1.72-1.81 (1H, m, CH), 2.03-2.10 (1H, m, CHR&3.35 (1H, m, CH), 3.45
(1H, ddd,J 5.4, 5.4, 12.6 Hz, CH), 3.46-3.54 (1H, m, 2 x G346 (1H, ddJ 4.1, 11.6 Hz, CH), 3.69 (1H, dd,
4.0, 11.6 Hz, CH)dc (100 MHz, CXOD) 24.2, 38.6, 52.7, 64.6, 74.6 (trifluoroacetsitgnals not observedymax
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3385, 2982, 2937, 1738, 1674, 1637, 1279, 12546,1352, 732MS(Cl) 160.1 (100%, [M+H]); HRMS(CI)
CsH14N30, [M+H], found 160.1078, requires 160.1081.

Glycosidase assays'*

All enzymes angbara-nitrophenyl substrates were purchased from Sigrgalactosidase (bovine liveQ;
glucosidase (Bakers yeastymannosidase (Jack beafd)glucosidase (almondy-L-fucosidase (human placenta),
N-acetylZ-glucosaminidase (Bovine Kidney), Naringinag®nicillium decumbens) and a-galactosidase (green
coffee beans). Compounds were assayed &C2i citric acid (0.1 M)/disodium hydrogen phosghauffers (0.2
M) at the optimum pH for the enzyme. The incubatmixture consisted of enzyme solution (@), an aqueous
solution of the substrate (30) appropriatepara-nitrophenyl substrate (50 of a 5 mM solution in buffer). The
reactions were stopped by addition of glycine (00.4 M at pH 10.4) during the exponential phasdehe
reaction. Final absorbances were read at 405 nng @sVersamax microplate reader (Molecular Devicas}ays
were carried out in triplicate and the values giae® means. Rat intestinal enzyme activities (Sigahantestine
powder) were also measured using appropriate substas above for the enzyme activity measuredydivaler
(100 mg) was made up in PBS (2 mL) in ice and hanagd and then centrifuged. The supernatant wet ass
the glycosidase activity source as above.

T We had previousfyassigned this as a 6-membered product.
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