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ABSTRACT

The stereoselective synthesis of the 3-amino-3-gtibydrosphingosines and their isomeric
analogues from dimethyttartrate is described by means of [3,3]-sigmatraparrangements

and the cross metathesis reaction as a cornerstbnthe developed strategy. The
configuration of two newly created stereocentres waambiguously assigned via a single

crystal X-ray analysis of the complex structure df-tert-butyl [(2R,3R49-1,2-
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dihydroxynonadecane-3,4-diyl]dicarbamate. The megbaunusual sphingoid bases were

evaluated regarding their capacity to alter thénitg of cancer cell lines.

1. Introduction

Sphingolipids (SLs) represent unique componentdl&ukaryotic cells. Besides their pivotal
role in membrane construction, their metabolic patys deliver compounds that participate
in various significant cellular signalling processsuch as angiogenesis, cell proliferation,
apoptosis, differentiation, inflammation and adbasiOn the other hand, recent studies have
revealed that defects in sphingolipid metabolisadl¢o several human disead®® This
wide family of lipids shares common structural Hamkes, including-erythro-sphingosine
1,%23%¢ p_erythro-dihydrosphingosine (sphinganing¥® and p-ribo-phytosphingosing®3¢-
(Fig. 1). It should be noted that the mentionedirsghid bases exhibit an interesting
biological profile. Both sphingosinktand sphinganing were found to inhibit protein kinase
C (PKC)? Dihydrosphingosin€ and its unnaturab/L-threo-diastereoisomers, the general
structure of which is illustrated by safingd™° (Fig. 1), are well-known sphingosine kinase
inhibitors (SphK)! Sphingosine kinases (Sph&$are enzymes that catalyze the conversion
of 1 to sphingosine-1-phosphate (S1P). In addition tyyahosphingosing€ and its further
threo-congeners3 also belongs to the family of SphK inhibitoPso-erythro-Sphingosinel
acts as a metabolic switch between ceramide (@er)SAP. These two structures are crucial
regulators of cell functions. The former initiatas apoptotic process, while the latter is a

recognized promoter of cell survival’
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Figure 1. Representative natural sphingoid bak&sand their synthetic analogues.



On the other handp-ribo-phytosphingosine3 was identified as a heat-stress signalling
molecule in yeast.N-Acyl-linked derivatives of3 (also called phytoceramides) have been
found in large quantities in the extracellular gsaof the epidermiss{ratum corneumin
humans. Furthermore, phytosphingosirBexhibits a pro-apoptotic effect against different
cancer cell lined® Kim's*! group revealed the cytotoxic activity ®bn three different human
malignant cells (PC-3, HCT-116 and A-549). Due e tpotent biological properties of
naturally occurring sphingoid bases, there has le#ensive focus on the construction of
various analogues df3 in recent years with the aim of finding appropgiaandidates or lead
compounds for the design of novel sphingolipid rbeliam modulators. Among the
synthesized derivatives (for some examples, seellridor example, the following stand out,

isophytosphingosine§*?*® and isomeric sphinganineg™*"*41°

which display remarkable
cytotoxicity; fluorinated triazole-containing anglees® of 1 (up to 16 compounds depicted
by the general structur® with SphK’s inhibitory activity; amide-linked deatives’ of 1
and 2 substituted with different types of nucleophilédre C-1 position, with the ability to
block glucosylceramide synthase and yeast inogghtokphorylceramide synthase; and last but
not least, 3-amino-3-deoxy analogtfasf 2 and3.

Cancer is the second leading cause of death waltdwModulation of sphingolipid
biosynthesis and metabolism is expected to be btleeqgromising approaches for therapy of
the aforementioned disease. Our group has beemsinédy dealing with the stereoselective
construction of various types of sphingoid base-ldompounds*>*° having an anticancer
profile, starting from simple and available chiroAs part of our continuing studies on the
synthesis of biologically active sphingolipid re&dt compounds, we herein report the
preparation of the cytotoxic 3-amino-3-deoxydihyspbingosined0 and11 along with their
analoguedl2-15 from dimethylL-tartrate as the chiral pool material. It shouldnogéed that
we recently elaborated a small library of cytotofie-sphinganine analogu&®*® (Fig. 1).

In light of our recent synthetic developméffit’®>we set out to extend the panel of targeted
dihydrosphingosine and sphingosine analogues, dimdudiamino congeners. We also bring
improved diastereoselectivity of the aza-Claiserrangement of thiocyanatds/Z)-17 (vide
infra) with an incorporated bulky cyclohexylidene kgtabtecting group in comparison with
the previous work, which used the correspondingomige’ Moreover, to the best of our
knowledge, the present study will be the first mpon the literature on the
antiproliferative/cytotoxic activities of sphingolzhses with the vicinal diamino motif. Such
production of sphingolipid analogue libraries can useful for structure-activity studies in

biological targets.



2. Resultsand discussion
2.1. Chemistry

The general synthetic strategy towards modifiedrgid based0-15 is outlined in Scheme
1. For all target compounds, the introduction @ &iphatic chain was planned to be realized
at a later stage in the synthesis via an olefirseroetathesis (OCM) reaction. It was
anticipated that the [3,3]-sigmatropic rearrangeisiem the allylic substratdsZ-16, E/Z-17
and 18 would create the expected synthd®20 and 21-22, respectively. ImidateE/Z-16
and thiocyanateR/Z-17 can be readily obtained frodimethyl L-tartrate. On the other hand,

rhodanidel8 would be synthesized from the major templa@ethrough a short sequence

3

involving an ozonolysis, Wittig olefination and redion.
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Scheme 1. Retrosynthetic analysis towards modified sphindmdesl0-15.

As seen in Scheme 2, the starting dimethtdrtrate was transformed to the known protected
L-threitol 23 (74%, over two steps) according to the literappn@ocol?® Then the remaining
hydroxyl groups o23 were protected with cyclohexanone using catapmmounts op-TsOH

to give 24%* in a yield of 85%. Compoun24 was converted into did5 (92%) by catalytic
hydrogenolysis. The oxidative fragmentatior26f followed by Horner-Wadsworth-Emmons
olefination with (EtO)P(O)CHCO,Et and NaH, delivered,f-unsaturated estefE)-26>>
exclusivelyin 89% yield. On the other hand, the Wittig reactisith a stable ylide reagent
afforded a mixture of isomerg6 (E:Z = 39:61, combined yield of 92%) with a mild
prevalence ofZ)-26 (56%, >97:3 dr), ¢],>> —77.0 € 0.28, CHC}); for (E)-26 (36%, >97:3



dr), [e]o?* =31.9 € 0.34, CHCJ). Column chromatography on silica gel furnishea¢hea
diastereoisomer in pure form.

It is known that Cinquini, Cozzi and co-work&mprepared the corresponding methgZ)-3-
(1,4-dioxaspiro[4.5]decan-2-yl)acrylate, via thdlSsennari protocd® as the sole product. It
should be noted that this aforementioned procedses an exceedingly expensive reagent
(methyl 2-[bis(2,2,2-trifluoroethoxy)phosphoryljdate). Therefore, we decided to apply the
more available Wittig’s conditions (EP=CHCQEt, benzene) towardZ)-26 (ethyl (R,2)-3-
(1,4-dioxaspiro[4.5]decan-2-yl)acrylate), althoudie selectivity of the olefination was
moderate (Scheme 2).

The production of larger amounts af){26 then allowed the preparation of four allylic
substrates, K)-16, (2)-16, (E)-17 and ©)-17 (vide infrg, for the comparative study of

subsequent [3,3]-sigmatropic rearrangements.
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Scheme 2. Reagents and condition&) cyclohexanongy-TsOH, toluene, rt; (b) 5 10% Pd/C/20% Pd(OHYT
(1:1), EtOH, rt; (c) (i) Nal@ CH,CI/H,0 (2.5:1), rt; (ii) (EtO)P(O)CHCO.Et, NaH, THF, 0 °C; (d) (i) Nal@
CH,CIy/H,0 (2.5:1), rt; (ii) PBP=CHCQEL, benzene, refluxH-26 (36%), ©)-26 (56%).

Reduction of E)-26 and ¢)-26 with DIBAI-H provided the corresponding alcoho){27
and ©)-27 in 93% and 92% vyields, respectively (Scheme 3)cdutinue the synthesis, our
attention focused on the Overman rearrangemeriobiidroacetimidatesE)-16 and ¢)-16,
which were obtained fromE}-27 and &)-27 by the action of CGCN and DBU. The
microwave-promoted thermal rearrangement of botlkates E)-16, (£)-16 took place ino-
xylene in the presence of,&0:.** In an effort to shorten the reaction time and ioverthe
combined yield of rearranged produ2&and29, the microwave-promoted thermal Overman
rearrangement oE)-16 and )-16 was tested at three temperatures: 150 °C, 17880
°C. As seen in Table 1, the high temperature (I®0ehtries 3 and 6) was shown to be the
most optimal for very good production of the cop@sding trichloroacetamide28 and 29,



which, however, were isolated as an inseparablegunmgxof diastereoisomers due to their
identicalR; values.

The observed diastereoselectivity in the thermalresagement ofH)-16 showed that both
faces of its allylic system are about equally pref@. In the case ofZ}-16, the geometry of
the double bond in an allylic trichloroacetimidaistem should be an important factor for the
facial selectivity to prefer the production of thg-anti-disatereocisome28 (Table 1, entries
4-6), and the energy differences between the tiansstates are key for explaining the

observed diastereoselectivity.

S A _~_R c _ O + o : -c O P
(E}27, R = OH, 93% ClC. _NH ol NH (227, R = OH, 92%
b 3 3 ! ?
E (E)-16, R = O(C=NH)CCl5 hig hid b E. (2)-16, R = O(C=NH)CCl3
o o)

Scheme 3. Reagents and condition&) DIBAI-H, CH,Cl,, -50 °C; (b) CCICN, DBU, CHCI,, 0 °C; (c) Table
1.

Table 1. Overman rearrangement of imidat&3-(6 and ¢)-16

Entry Imidate Conditiond®  Time (h) Ratid Yield? (%)
28:29
1 (E)-16 MW, 150 °C 8 49:51 60
2 (E)-16 MW, 170 °C 3.5 50:50 67
3 (E)-16 MW, 190 °C  0.33 50:50 90
4 (2)-16 MW, 150 °C 19 80:20 60
5 (2)-16 MW, 170 °C 4 75:25 73
6 (2)-16 MW, 190 °C 1 74:26 85
7 (E)-16 A, 40 °C 1 84:16 40
8 (2)-16 A, 70°C 2 = €

&In o-xylene, in the presence 0£8O;.

®In toluene, in the presence of Pg@®eCN), andp-benzoquinone.
¢Ratio in the crude reaction mixtures determinedHbWMR.

4 |solated combined yields.

¢Decomposition.

Palladium(ll)-catalyzed Overman rearrangement B§-16 was carried out according to

Sutherland’s protoct! (PdChL(MeCN),, p-benzoquinon®) to afford a 84:16 diastereomeric

ratio of theanti- and synamides28 and 29, respectively (entry 7, Table 1). The lower

combined yield (40%) was due to the Lewis aciditd(ll), which induced the hydrolysis of

the cyclohexylideneketal fragméhtof (E)-16. Another competing pathway can be the
6



decomposition of the trichloroacetiminoyl group. eTlstereochemical outcome of the
catalyzed rearrangement &){16 was in good agreement with the observations di&land
and Swift” and matched therythro configuration of the vicinal aminoalcohol motif the
major product28. Upon applying Sutherland’s conditions td)-16, only unidentified
decomposition products were generated in the @aatixture (Table 1, entry 8).

Next, we explored theazaClaisen rearrangement of thiocyanatd9-17 and ©)-17.
Incorporation of the —SCN group was accomplishedn@ans of a nucleophilic substitution
after mesylation of the primary alcohol functiotalof (E)-27 and §)-27 to provide the
corresponding productE)-17 and ©)-17 in 82% and 90% vyields, respectively (Scheme 4).
With the aim of finding the optimal reaction conadits, both the thermally driven and
microwave-assisted [3,3]-sigmatropic rearrangemenit¢E)-17 and ¢)-17 were tested at
three different temperatures (50 °C, 70 °C and @pif n-heptane to produce the required
isothiocyanates30 and 31 as readily separable diastereomeric mixtures. riguihese
experiments the starting material, either in theeptorm as E)-17 or (2)-17, or as the
corresponding mixtureZ(E)-17, was also recoverad amounts of 10-71% (Table 2). As seen
in Table 2, higrerythro-30/threo-31 selectivity along with a satisfying yield were abtd in
the case 0f4)-17 at 50 °C and 70 °C (Table 2, entries 8, 9 andrddpectively). The major
isothiocyanate30 is a kinetic reaction product, and the realizatodrthe rearrangement at
lower temperature (50 °C) enabled control of tHed®ity (Table 2 entries 8 and 9) while
still providing a satisfying yield (56% and 54%spectively) of this transformation. The ratio
of the rearrangement was also influenced by thkybtyclohexylidene moiety in comparison
to the isopropylidene group used in our previousdst® Prolonged heating and higher
temperature were shown to be detrimental for thexBeity of the proceeding transformation
(Table 2, entries 6, 7 and 12) and revealed thatetfuilibrium of the studied reaction was
shifted to the thermodynamically more stable ismtiianate3l to decrease the 1g@hti-
diastereoselectivity. On the other hand, it furatla greater amount of the Bp+product
31 as the synthon for the preparation of the sphohdp@isesl3 and15. Analogously to our
recent work® the observed anti-vicinal stereochemistry in the [3,3]-sigmatropic
rearrangement of thiocyanates)-{l7 and ¢)-17 would also be explainely the results of

DFT calculations previously reportéd.
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Scheme 4. Reagents and condition&) (i) MsCI, EtN, CH,Cl,, 0 °C; (ii) KSCN, MeCN, rt; (b) Table 2.

Table 2. [3,3]-Sigmatropic rearrangement of thiocyanat€sl7 and ¢)-17

Entry  Thiocyanate Condition$ Time (h) Ratid Yield® (%) Isolated
30:31 thiocyanates (%)
1 (E)-17 A, 50 °C 25 81:19 29 71°
2 (E)-17 A, 50 °C 12 75:25 59 37
3 (E)-17 MW, 50°C 4.5 81:19 58 39
4 (E)-17 A, 70 °C 4.5 74:26 83 17
5 (E)-17 MW, 70 °C 15 72:28 80 18
6 (E)-17 A, 90 °C 0.75 72:28 78 17
7 (E)-17 MW, 90 °C 0.33 72:28 81 14°
8 (2)-17 A, 50 °C 12 94:6 56 4
9 (2)-17 MW, 50 °C 6 95:5 54 46°
10 (2)-17 A, 70 °C 8 90:10 74 22 E/Z = 87:13
11 (2)-17 MW, 70°C 4 91:9 79 21"E/Z = 99:1
12 (2)-17 A, 90 °C 1.5 75:25 90 10 E/Z = 75:25
13 (2)-17 MW, 90 °C 0.75 85:15 80 16 E/Z = 67:33

#In n-heptane.

®Ratio in the crude reaction mixtures determinedtbNMR.

“Isolated combined yields.

dIsolated E)-17.

¢Isolated )-17.

fIsolated a mixture of thiocyanate&/Z)-17. Determined byH NMR analysis.

Then the C-3 stereochemistry in the rearrangedyate@8-31 had to be assigned (Scheme
5). For this purpose, the conversion of the mixtafeamides28 and 29 (28:29 = 75:25,
determined byH NMR analysis) into known oxazolidin-2-ori@83 (60%) and34 (20%) was
achieved via removal of the ketal moiety, delivgran inseparable mixture of did®2 (95%,

dr = 75:25) and a base induced ring-closur@anTheir NMR characteristics, optical rotation
data and melting point were in accordance with eh@ported in the literature for the same
compounds; foB3: mp 102-104 °C; [a],*2 —8.1 € 0.40, MeOH); lit™® mp 102105 °C; [0],>°
—7.0 € 0.37, MeOH); fod4: [a],**—85.1 € 0.15, MeOH); lit'° [a],*° —87.5 € 0.16, MeOH).
On the other hand, treatment of theeo-isothiocyanat81 with p-TsOH in MeOH mediated
the spontaneous intramolecular addition of therditezl secondary alcohol to the —NCS group
to produce the known cyclic thiocarbama&®&” in a yield of 96% (Scheme 5). The isolated
material had spectroscopic data, optical rotatiod melting point in good agreement with
those reported; mp 130-132 °@]{** -158.3 ¢ 0.60, CHCY); lit.*> mp 130-133 °C,d[],*°



-144.6 € 0.48, MeOH). These experiments revealed that bwtjor products of the realized
rearrangements (compouri2iand30) areerythro-configured.

(:)H | OH OH OH
28+29 L»HO\/-\% _b . jﬁ/\ + 5\/\ 31 _a 5\/\
o) 0 :

(dr="75:25) 0) :

C'3C\[rNH %NH >//NH %ﬁH
o) o o S
32, 95% 33.1560% 34,15 20% 35,15 96%
(dr = 75:25)

Scheme 5. Reagents and conditionga) p-TsOH, MeOH, 65 °C; (b) DBU, Ci€l,, 0 °C-rt; (c) p-TsOH,
MeOH, rt.

Following the retrosynthetic analysis depicted rh&ne 1, the stage was now set for the
synthesis of the allylic substrate8, starting from the major isothiocyana8® as an
appropriate synthon (Overman produg8&and29 were not separable). Reaction36f with
bis(n-tributyltin) oxide (TBTO) and subsequetatrt-butoxycarbonylation of the amino group
generated affordeN-Boc derivativel9 (78%, over two steps, Scheme 6). Ozonolysi$9f
followed by PRP treatment, furnished an aldehyde, which was thdnected to HWE
olefination to afford [E)-o,B-unsaturated est&6 (78%, over two steps) as the sole product.
Reduction of the ester functionality delivered kdlyalcohol 37 (91%), which was converted
into the rhodanidd8 (87%, over two steps) using the same procedumesasribed for the
transformation of £)-27 to (E)-17. The standard thermal reaction as well as theawave
irradiation of18 resulted in the formation of 38 and 3,4anti-diastereocisomes8 and39,
respectively (for the reaction conditions, combingelds and ratios, see Table 3). Column

chromatography then allowed the separation of smthiocyanate88 and39.
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(over two steps)
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Scheme 6. Reagents and condition&) (i) TBTO, toluene, 60 °C; (ii) Be®, EtN, CH,Cl,, rt; (b) (i) O;, EtOH,
78 °C, then PP, CHCl,, rt; (i) (EtO)P(O)CHCO,Et, NaH, THF, 0 °C; (c) DIBAI-H, BEOEb, CH,Cl,, ~78
°C; (d) (i) MsCI, EtN, CH,Cl,, 0 °C; (ii) KSCN, MeCN, rt; (e) Table 3.

Table 3. [3,3]-Sigmatropic rearrangement of thiocyante

Entry  Thiocyanate Condition$ Time (h) Ratid Yield® (%) Isolated
38:39 18 (%)

1 18 A, 30 °C 14 84:16 51 43

2 18 MW, 30 °C 6.5 85:15 41 53

3 18 A, 50 °C 2.5 81:19 79 11

4 18 MW, 50 °C 1.25 83:17 71 25

5 18 A, 70 °C 1 78:22 81 11

6 18 MW, 70 °C 0.5 79:21 72 26

7 18 A, 90 °C 1 77:23 82 15

8 18 MW, 90 °C 0.33 79:21 81 9

2In n-heptane.
®Ratio in the crude reaction mixtures determinedtbNMR.
‘Isolated combined yields.

The C-4 stereochemistry 88 and39 was assigned via a single crystal X-ray analy&ig. (2)
of the more advanced intermedia (vide infrg and revealed that the major rearranged

product38 has 3,4syn-configuration.

10



(:)H NHBoc

Figure 2. ORTEP structure o44 showing the crystallographic numbering.

Having confirmed a structure of the key templa®®s 31, 38 and 39, our focus was then
shifted to the synthesis of the final compourd@sl5 (Schemes 7 and 8). To construct 3-
amino-3-deoxydihydrosphingosing® and 11, the corresponding isothiocyanat and 39
were, after treatment with TBTO, submitted to tleaation with BogO to furnish the
protected derivativegl (65%) and22 (60%, in both cases over two steps). The olefassr
metathesis reaction &1 and22 with pentadec-1-ene in the presence of second geower
Grubbs catalyst (C¥Cl,, reflux for 21 or toluene, 60 °C foR2) gave the )-configured
coupling product0 (92%) and a mixture of olefingl (87%), with a high prevalence dE)
isomer. Subsequent reduction of the double boncmndtalytic hydrogenation conditions
(H2, 5% Rh/ALO3) led to the saturated produel® (98%) an43 (92%). Exposure 042 and
43 to acid hydrolysis then resulted in cleavage ef ¢iclohexylidene ketal to provide diols
44 (74%) and45 (78%). The modification ofi4 and45 into the diamino alcohold6 (87%)
and47 (83%) was achieved via an oxidation/reduction essc Finally, exposure d6 and47

to 6 M HCI furnished the expected sphingoid ba&6s(85%) and 11 (88%), respectively

11



(Scheme 7). As an additional determination of $tme&; we convertedO into the known
acetylated derivativéd8 (87%). The obtained material exhibited spectroh;c()]p-l and°C
NMR) and optical rotation dataofp?* = -19.4, € 0.3, CHCH); lit.® [0]p® = -16.1 € 1,
CHCls)) consistent with those reported in the literatfoe the same compourtd Melting
point values were found to show small differeneep (06-102 °C; lit*®* mp 115116 °C).

;EQ NHBoc ;}Q NHBoc ; EQ NHBoc
o, : o :

38 —2 > : = _b NG % CoaHar _Gc o : CigHyo _d
NHBoc NHBoc NHBoc
21, 65% 40, 92% 42, 98%
(over two steps)
OH NHBoc OH NHBoc OH NH,.HCI OAc NHAc
HO A CiHzo _e CigHyg _f CiaHag _g Ci4H2o
NHBoc NHBoc NH,.HCI NHAc
44,74% 46, 87% 10, 85% 48,8 87%

(over two steps)

; @) NHBoc ;} NHBoc ; EQ NHBoc
= = O = =

(@) B z z - B
a CisH d
39— \/\‘/\/ —» \/\‘/\/""LC1SH27 \/\‘/\/ 141129 __ =

NHBoc NHBoc NHBoc
22,60% 41, 87% 43, 92%
(over two steps)
OH NHBoc OH NHBoc OH NH,.HCI
HO : CiHe _e : C14H2g f B C14Hog
NHBoc NHBoc NH,.HCI
45, 78% 47, 83% 11, 88%

(over two steps)

Scheme 7. Reagents and condition&) (i) TBTO, toluene, 60 °C; (ii) Bg®, EgN, CHCI,, rt; (b) pentadec-1-
ene, Grubbs Il, CkCl,, reflux or toluene, 60 °C; (c) #15% Rh/AbO;, EtOH or EtOH/THF (1:1), rt; (dp-
TsOH, MeOH/HO (20:1), 55 °C; (e) (i) NalQ MeOH/H,0O, rt; (ii) NaBH,, EtOH, 0 °C; (f) 6 M ag HCI, 80 °C;
(9) Ac,O, pyridine, DMAP, rt.

A similar strategy as used in Scheme 7 was appbethe synthond9 and 20 to obtain
isomeric analogues df and2 (compoundsl2-15, Scheme 8). For this purpose, the minor
isothiocyanate31 was modified intoN-Boc protected derivativeé0 (75%, over two steps)

according to the same reaction conditions empldgedhe conversion oB0 to 19 (see,

12



Scheme 6). The coupling of pentadec-1-ene Wfhand 20 was accomplished via cross-
metathesis to giveE]-olefin 49 (96%), and a separable mixture of the geometamess50
(89%) with the dominant production oE)tisomer. Column chromatography on silica gel
allowed the straightforward separation of both compls to give pureH)-50 (81%, >98:2
dr) and(2)-50 (8%, >96:4 dr), respectively. Because of the @gedf proton signals in th
NMR spectrum in the crude reaction mixture, we werable to determine tH&Z-ratio. The
catalytic hydrogenation &9 and E)-50, followed by global deprotection &fL (90%) andb2
(97.5%), delivered the isodihydosphingosid2sand13 in 90% and 83% vyields, respectively
(Scheme 8). The corresponding isomeric sphingoslde80%) and15 (87%) were then

prepared from the coupling produd®and E)-50 after hydrolysis under acidic conditions.

OH
HO : X C13H27

NH,.HCI
14, 80%

la
0 Q  CyqHo OH  Ci4Hao

19 2 » o CisHzr S d _ HO
NHBoc NHBoc NH2.HCI
49, 96% 51, 90% 12, 90%

Q ; Q ; O CygHy OH Cy4Hy
o : | o, o, :
312 5 \/\) b N A CiaHr ¢ \/\) d ,HO\/\)

NHBoc NHBoc NHBoc NH,.HCI

20, 75% 50, 89%; (E)-50 52, 97.5% 13, 83%
(over two steps) (81%), (2)-50 (8%)

ld
OH
HO\/WC13H27

NH,.HCI
15, 87%

Scheme 8. Reagents and condition&) (i) TBTO, toluene, 60 °C; (ii) Bg®, EgN, CH,Cl,, rt; (b) pentadec-1-
ene, Grubbs II, CKCl,, reflux; (c) H, 5% Rh/ALOs, EtOH, rt; (d) 6 M aq HCI, 80 °C.

2.2. Antiproliferative/cytotoxic activity
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A series of novel sphingoid bas&3-15 was evaluated for thein vitro cytotoxicity against
several different human cancer cell lines, such MBA-MB-231 (mammary gland
adenocarcinoma), A-549 (non-small cell lung canceMWCF-7 (mammary gland
adenocarcinoma), Caco-2 (human colon carcinomaHgit-116 (human colon carcinoma),
which were selected for compountiz15 (Table 4). A panel of four malignant celsPaTu
(human pancreatic adenocarcinoma), HeLa (humarnca¢adenocarcinoma), A2058 (human
melanoma cells), Jurkat (human acute T-lympholddstikaemia)- was used for all final
derivatives10-15 (Table 5). Two types of non-malignant cell linepecifically NiH 3T3
(mouse fibroblasts) and MCF-10A (human mammaryhepdl cells) were also included. The
potency of the screened structures was determingdMBT assay with triplicate
experiment$® Traditional anticancer substances cisplatin anobastide (VP-16) were
included as a positive control, and the correspandesults are shown in Tables 4 and 5.

The cytotoxicity results (Table 5) revealed thampounds10-15 displayed remarkable
antiproliferative activity against all the screenedll lines. Derivativesl2-15 were also
significantly active on MDA-MB-231, A-549, MCF-7,ETr-116 and Caco-2 cells, with the
ICso values lower or comparable to that of cisplatial{[E 4).

Overall, all the tested derivatives were found éonbore potent on leukaemia than on solid
tumour cell lines (compare Tables 4 and 5). Moreo8eamino-3-deoxydihydrosphingosine
10 (ICsp < 0.5uM for Jurkat, IGy = 1.3uM for HelLa) demonstrates higher potency against
Jurkat and HelLa cells than commercially availabbpeside (IGo = 1.2uM for Jurkat, 1Go =

3.9 uM for Hela), respectively. Similarly, isomeric spganinesl3 (ICso = 1.3uM) and 14
(ICs0 = 1.8uM) are at least 9-12 x more active against theaiwell line than cisplatin (l§g

= 16.2 uM). Unfortunately, as seen in Table 5, all synthedi sphingoid base$0-15
demonstrate very low values of Sl (selectivity xjdacross all cell lines. This suggests that
these compounds are equally or more toxic for natignant human mammary epithelial
cells MCF-10A. Similarly, compound42-15 showed powerful cytotoxicity for mouse
fibroblasts NiH 3T3 (Table 4). Therefore, the firsgdhingoid base$0-15 could be further

transformed to reduce their toxicity and to enhaselectivity.

Table 4. Antiproliferative/cytotoxic activities of compouad?2-15 on five human cancer cell lines (MDA-MB-
231, A-549, MCF-7, HCT-116 and Caco-2) and non-gmaint mouse fibroblasts NiH 3T3

Compd Cell line, 1G*+ SD (umol x L)

no.
MDA-  A-549 MCF-7 HCT-116 Caco-2 NiH 3T3
MB-231

12 6.9+0.4 7.0#0.7 82+16  3.3+0.6 6.3+2.1 <05
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13 6.0£2.5 5.7%+1.9 7.7+1.3 2.2+¥1.3 5.5+2.3 3.3+2.2

14 8.9+t1.6 6.8+1.3 7.5+1.9 5.7+0.2 8.3+2.0 5.642.1
15 7.840.1 7.240.9 7.610.1 6.6+0.2 7.7+0.6 2.0+1.9
VP-16° 21.2+4.2 14.3t4.2 10.9+2.1 NT NT NT

cisplatin  17.5#0.5 9.5+0.2 15.6+¢0.3 15.3x0.5 15.3+0 20.87+0.3

& The potency of compounds was determined using M33ay after 72 h incubation of cells and givenGas |
(concentration of a tested compound that decretis=dhumber of viable cells to 50% relative to uategl
control cells, see Section 4.2).

NT-not tested.

Table 5. Antiproliferative/cytotoxic activities of compousd0-15 on four human cancer cell lines (PaTu, Hela,
A2058, Jurkat) and non-malignant human mammanhefid cells MCF-10A

Compd Cell line, 1G*+ SD (umol x LY
no.
PaTu HelLa A2058 Jurkat MCEF-

10A

10 8.9+3.9 1.3t1.0 0.7t0.3 <0.5 0.8+0.2

11 23.1+12.7 5.045.9 21.645.8 7.0+1.4 16.5+10.5

12 78427  6.1+14 6.4+19 2.4+1.0 6.9+0.1

13 6.242.3  59+22 43+28 1.3+0.9 7.3+4.6

14 5.3+1.8  6.7+1.2 7.0£1.4 1.842.0 6.242.2

15 7.8+1.7  4.1+25 65+1.8 4.2+2.2 9.4+0.9

cisplatin  NT 13.1+0.2 NT 16.2+0.6 NT

VP-16° NT 3.9+2.3 NT 1.2+15 NT

% The potency of compounds was determined using M33ay after 72 h incubation of cells and givenGas |
(concentration of a tested compound that decrettschumber of viable cells to 50% relative to uateel
control cells, see Section 4.2).

NT-not tested.

3. Conclusion

In summary, we successfully performed the diassaieative construction of 3-amino-3-
deoxydihydrosphingosine®0-11 and their analogue$2-15 by means of [3,3]-sigmatropic
rearrangements of the allylic substrat&$Z)-16, (E/2)-17 and 18, and a late stage OCM
reaction. The corresponding stereochemistries atafd C-3 inl0-11 and at C-3 inl2-15
were unambiguously assigned through crystallographalysis of the complex structué.
The target compoundi)-15 were evaluateth vitro for their capacity to alter the viability of
the tested cancer cell lines. All prepared unusymdingoid bases displayed cytotoxicity
against screened malignant cell lines with a potdmgher or comparable to those of the
traditional anticancer agents cisplatin and etagmsOn the other hand, the observed strong
toxicity towards non-malignant cell lines requirdsmands for further studies aiming at the
construction of other analogues either with theylathain modified by means of Grubbs
coupling or with the installed ceramide functiobaliAn additional study to improve the
activity profile of these compounds is already umdey in our laboratory and progress will be

reported in due course.
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4. Experimental section
4.1. Chemistry
4.1.1. General methods

Column chromatography was run on silica gel Kieskei§ (0.0460.063 mm, 236400 mesh,
Merck) under pressure, with solvents that had lakstriled prior to use. Analytical thin layer
chromatography was performed on Merck silica gelFe§; plates and the visualization
utilized either UV light (254 nm) or spraying withsolution of phosphomolybdic acid, with
subsequent heating. NMR spectra were recorded darian Mercury Plus 400 FT NMR
(400.13 MHz for'H and 100.61 MHz for'°C) spectrometer or on a Varian Premium
COMPACT 600 (599.87 MHz folH and 150.84 MHz fot°C). For'H, ¢ are given in parts
per million (ppm) either relative to TMS € 0.0) as the internal standard or to the solvent
signals CDJ (6 = 7.26 ppm), CBOD (9 = 3.31 ord = 4.87) and ¢De (6 = 7.16 ppm) and for
13C relative to CDQ (6 = 77.16), CROD (9 = 49.00) and €D (6 = 128.06 ppm). The
multiplicity of the **C NMR signals concerning tHéC-'H coupling was determined by the
HSQC method. Chemical shifts (in ppm) and couplogstants (in Hz) were obtained by
first-order analysis; assignments were derived fré@SY and H/C correlation spectra.
Infrared (IR) spectra were measured with a Nic6l&0 FT-IR spectrometer and reported in
wavenumber (cif). High-resolution mass spectra (HRMS) were readmie a micrOTOF-Q

Il quadrupole-time of flight hybrid mass spectroere{Bruker Daltonics). Optical rotations
were determined using a P-2000 Jasco polarimetelting points were recorded on a Kofler
hot block and are uncorrected. Microwave reactwese carried out on a focused microwave
system. The contents of the vessel were cooledlyapsing a stream of compressed air.

All commercial reagents were purchased from supplgich as Sigma-Aldrich or Acros

Organics. Solvents were dried and purified bef@® according to standard procedures.

4.1.2. (S)-2-(Benzyloxy)-2-{(S)4-dioxaspiro[4.5]decan-2yl}ethan-1-0124**

A solution of the known derivativé3?® (7.45 g, 35.1 mmol) in dry toluene (45 mL) was
successively treated with cyclohexanone (36 mL5 @®l) andp-TsOH (0.67 g, 3.51 mmol).
After being stirred for 1 h at room temperatureg thixture was poured into a saturated
NH,4CI solution (45 mL) and extracted with EtOAc (2 & mL). The combined organic layers

were dried over N&Qy, concentrated, and the residue was subjectedsb thromatography
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on silica gel f-hexane/EtOAc, 3:1) to afford 8.70 g (85%) of compad 24 as a colourless
oil; [0]o?* =19.1 € 1.16, CHCY). IR (neat) 3439, 2932, 2860, 1449, 1365, 1280, 1163, 1094,
1067, 1027 c; *H NMR (400 MHz, CDCY) 6 1.37-1.44 (m, 2H, CH, 1.55-1.69 (m, 8H,

4 x CHp), 2.27 (tJ= 5.4 Hz, 1H, OH), 3.54-3.61 (m, 2H, H-1, H-2),B8.74 (m, 1H, H-1),
3.77-3.82 (m, 1H, H-3"), 4.00 (dd= 6.6, 8.2 Hz, 1H, H-3"), 4.26-4.32 (m, 1H, B;2.70
(d,J = 11.8 Hz, 1H, OChkPh), 4.79 (dJ = 11.8 Hz, 1H, OCLPh), 7.257.38 (m, 5H, Ph);

13C NMR (100 MHz, CDG)) § 24.0 (CH), 24.2 (CH), 25.3 (CH), 34.9 (CH), 36.2 (CH),
61.9 (C-1), 65.4 (C-3", 72.9 (OGPh), 76.5 (C-2'), 79.5 (C-2), 110.2.J£128.0 (3 x CHh),
128.6 (2 x CHy), 138.4 (G). ESI-HRMS:m/z calcd for G/H2504 [M + H]* 293.1747, found
293.1759.

4.1.3. (S)-1-{(S)-14-Dioxaspiro[4.5]decan-2yl}ethane-1,2-dioR5

To a solution of24 (8.60 g, 29.4 mmol) in dry EtOH (230 mL) were adlde mixture of
catalysts 10% Pd/C/20% Pd(QHJ (1:1, 2.00 g). The resulting suspension was sksgh
three times and was stirred for 3 h at room tentperaunder an atmosphere of hydrogen.
After this period, the mixture was filtered througtsmall pad of Celite, concentrated, and the
crude product was chromatographed on silica geDAE) to provide 5.50 g (92%) of
compound?5 as white crystals; mp 335 °C; [a],>* +7.3 € 0.18, CHCY). IR (neat)» 3408,
3363, 2934, 2852, 1445, 1366, 1285, 1092, 10668,10212, 928 cii; ‘H NMR (400 MHz,
CDCl3) 6 1.32-1.47 (m, 2H, Ch)l, 1.52-1.72 (m, 8H, 4 x G 2.24-2.34 (m, 1H, OH),
2.57-2.64 (m, 1H, OH), 3.58-3.75 (m, 3H, H-1, 2 2}13.72-3.80 (m, 1H, H-3), 4.02-4.07
(m, 1H, H-3), 4.15-4.21 (m, 1H, H-2%%C NMR (100 MHz, CDG) ¢ 23.9 (CH), 24.2
(CHp), 25.2 (CH), 34.9 (CH), 36.3 (CH), 64.5 (C-2), 65.7 (C-3"), 71.5 (C-1), 76.5 (C-2)
110.4 (G). ESI-HRMS:m/zcalcd for GoH1gNaO, [M + NaJ" 225.1097, found 225.1101.

4.1.4. Ethyl (R,E)-3-(}4-dioxaspiro[4.5]decan-2yl)acrylate (E)26%* and ethyl (R,Z)-3-
(1',4"-dioxaspiro[4.5]decan-2yl)acrylate (Z)26

Compound25 (5.50 g, 27.2 mmol), which was dissolved in£H (150 mL), was treated
with a solution of Nal®(6.74 g, 31.5 mmol) in water (60 mL), and the Hasg mixture was
stirred for 40 min at room temperature. The laygese separated and the aqueous one was
washed with further portions of Gal, (3 x 50 mL). The combined organic extracts were
dried over NaSQO, and concentrated. The crude aldel{¢.63 g) was used in subsequent

reaction without further purification.
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Horner-Wadsworth-Emmons reactio® suspension of NaH (1.40 g, 35.0 mmol, ~60%
dispersion in mineral oil) in dry THF (45 mL) wa®ated with (EtQP(O)CHCO,EL (3.20
mL, 16.0 mmol) at 0 °C. After being stirred for 2&in at 0 °C, a solution of the crude
aldehyde (2.20 g, 12.90 mmol) in dry THF (12 mL)svealded and stirring was continued for
20 min at the same temperature. The reaction was guenched with a saturated NH
solution (30 mL) and the aqueous layer was wash#dEtOAc (2 x 40 mL). The combined
organic extracts were dried over JS&y, the solvent was evaporated, and the residue was
purified by flash chromatography on silica gelhexane/EtOAc, 15:1) to give 2.76 g (89%)
of compound[)-26 as a colourless oil.

Wittig reaction: PgP=CHCQEt (6.40 g, 18.40 mmol) was added to a solutiothefcrude
aldehyde (2.40 g, 14.10 mmol) in benzene (45 mifjerAbeing stirred and refluxed for 25
min, the mixture was allowed to cool to room tenapere, the solvent was evaporated, and
the residue was chromatographed on silica mblekane/EtOAc, 15:1) to afford 1.90 g (56%,
>97:3 dr) of £)-26 and 1.22 g (36%, >97:3 doj (E)-26 as colourless oils.

Ester £)-26: R = 0.28 (-hexane/EtOAc, 15:1);a],** =31.9 ¢ 0.34, CHCY); lit.?* [0],*
+31.2 € 1.2, CHCY); lit.3*[0],>° +32.5 € 0.7, CHCH) for ent(E)-26. IR (neat)y 2934, 2862,
1717, 1661, 1448, 1301, 1261, 1161 5iH NMR (400 MHz, CDC}) ¢ 1.29 (t,J = 7.1 Hz,
3H, CHy), 1.38-1.45 (m, 2H, CHl, 1.56-1.69 (m, 8H, 4 x G 3.67 (t,J = 7.6 Hz, 1H, H-
3", 4.15-4.24 (m, 3H, OGHH-3'), 4.63-4.69 (m, 1H, H-2), 6.11 (dt= 0.9, 15.6 Hz, 1H,
H-2), 6.88 (ddJ = 5.6, 15.6 Hz, 1H, H-3)*C NMR (100 MHz, CDGJ) 6 14.4 (CHy), 24.0
(CHp), 24.1 (CH), 25.2 (CH), 35.4 (CH), 36.2 (CH), 60.7 (OCH), 68.6 (C-3"), 74.8 (C-2,
111.0 (Q), 122.5 (C-2), 145.1 (C-3), 166.2 (C=0). ESI-HRMSzcalcd for GsHoNals [M

+ NaJ 263.1254, found 263.1263.

Ester ©)-26: R = 0.48 fi-hexane/EtOAc, 15:1):0],%? —77.0 € 0.28, CHCY); lit.>* [0]o*’
+84.6 € 1.05, CHCY)) for ent(2)-26. IR (neat)p 2981, 2934, 2862, 1715, 1643, 1448, 1367,
1278, 1161 cit; *H NMR (400 MHz, CDCJ) 6 1.29 (t,J = 7.1 Hz, 3H, CH), 1.38-1.45 (m,
2H, CHy), 1.56-1.69 (m, 8H, 4 x GH 3.59-3.64 (m, 1H, H-3"), 4.17 (4,= 7.1 Hz, 2H,
OCH,), 4.37 (tJ= 7.6 Hz, 1H, H-3"), 5.47-5.53 (m, 1H, H-2"), 5@8,J = 0.9, 11.7 Hz, 1H,
H-2), 6.36 (ddJ = 6.7, 11.7 Hz, 1H, H-3)*C NMR (100 MHz, CDGJ) ¢ 14.3 (CHy), 23.9
(CHyp), 24.0 (CH), 25.2 (CH), 35.0 (CH), 36.3 (CH), 60.5 (OCH), 69.1 (C-3"), 73.2 (C-2,
110.5 (G), 120.7 (C-2), 149.7 (C-3), 165.7 (C=0). ESI-HRMSzcalcd for GzHzNaO, [M

+ NaJ 263.1254, found 263.1266.

4.1.5. (R,E)-3-(14-Dioxaspiro[4.5]decan-2yl)prop-2-en-1-ol (E)27
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DIBAI-H (40.5 mL, 48.6 mmol, ~1.2 M solution in tetne) was added dropwise to a solution
of (E)-26 (3.90 g, 16.2 mmol) in dry Ci€l, (100 mL) that had been pre-cooled to -50 °C.
After being stirred for 20 min at -50 °C, the reastwas quenched by slow addition of
MeOH (9.0 mL). The whole mixture was then poure ia 30% K/Na tartrate solution (200
mL) and vigorous stirring was continued for 2 hr@dm temperature. Then the layers were
separated and the aqueous one was washed wiGI£§2 x 70 mL). The combined organic
extracts were dried over B®0O, concentrated, and the residue was subjectedash fl
chromatography on silica gat-bexane/EtOAc, 2:1) to give 3.00 g (93%) of compmbyis)-

27 as a colourless oilp],?*—11.0 € 0.54, CHCY). IR (neat) 3467, 2933, 2860, 1716, 1664,
1448, 1364, 1279, 1162, 1095, 968 ¢riH NMR (400 MHz, CDGJ) J 1.35-1.43 (m, 2H,
CH,), 1.53-1.67 (m, 8H, 4 x GH 3.56-3.61 (m, 1H, H-3"), 4.08 (dd#i= 6.5, 7.8 Hz, 1H, H-
3, 4.13-4.18 (m, 2H, 2 x H-1), 4.49-4.56 (m, HL"), 5.67-5.74 (m, 1H, H-3), 5.95 (dt,

= 5.2, 15.5 Hz, 1H, H-2)?>C NMR (CDCk, 100 MHz)s 24.0 (CH), 24.1 (CH), 25.3 (CH),
35.6 (Ch), 36.4 (CH), 62.8 (C-1), 69.2 (C-3"), 76.2 (C-2"), 110.1,XCl128.6 (C-3), 133.4
(C-2). ESI-HRMSm/zcalcd for GiH1gNaO; [M + Na]* 221.1148, found 221.1148.

4.1.6. (R,Z2)-3-(14-Dioxaspiro[4.5]decan-2yl)prop-2-en-1-ol (Z)27

Using the same procedure as described for the rootisn of E)-27, ester Z)-26 (1.84 g,
7.66 mmol) was reduced with DIBAI-H (19.2 mL, 23rGnol, ~1.2 M solution in toluene) to
afford after chromatography on silica gethilexane/EtOAc, 2:1) 1.40 g (92%) &){27 as a
colourless oil; §],2 +12.3 € 0.44, CHC)); IR (neat)o 3426, 2933, 2861, 1462, 1366, 1278,
1162, 1097, 1024, 847 ¢m*H NMR (400 MHz, CDCY) 6 1.36-1.44 (m, 2H, CH), 1.55—
1.67 (m, 8H, 4 x Ch), 2.07 (br s, 1H, OH), 3.54-3.59 (m, 1H, H-3'0%(dd,J = 6.7, 7.5
Hz, 1H, H-3"), 4.14-4.23 (m, 1H, H-1), 4.26-4.34, (b, H-1), 4.81-4.88 (m, 1H, H-2Y),
5.53-5.60 (m, 1H, H-3), 5.79-5.86 (m, 1H, H-?¢ NMR (100 MHz, CDG)) 6 24.0 (CH),
24.1 (CH), 25.2 (CH), 35.6 (CH), 36.4 (CH), 58.8 (C-1), 69.3 (C-3), 71.7 (C-2"), 110.3
(Cy), 129.9 (C-3), 133.1 (C-2). ESI-HRM&/z calcd for GiHigNaO; [M + NaJ 221.1148,
found 221.1155.

4.1.7. N-{(R)-1'-[(R)-1",4"-Dioxaspiro[4.5]decaB*-yl]allyl}-2,2,2-trichloroacetamide 28
and N-{(S)-1'-[(R)-1",4"-dioxaspiro[4.5]decan-A/]allyl}-2,2,2-trichloroacetamide29

4.1.7.1. General procedure for the preparationrafitioroacetimidates (EX6 and (Z2)416
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To a solution of E)-27 or (£2)-27 (0.12 g, 0.61 mmol) in dry Gi€l, (3.0 mL) that had been
pre-cooled to 0 °C were successively added DBUR,®.06 mmol) and CGCN (0.12 mL,
1.22 mmol). After stirring for 15 min at 0 °C, thaxture was filtered through a small pad of
Celite, and the solvent was evaporated. This pruoeedielded the corresponding crude
imidates E)-16 or (£)-16, which were then submitted to the next reactiotheut further

purification.

4.1.7.2. Microwave-assisted thermal Overman reageanent (general procedure)

The corresponding imidat&)-16 or (£)-16 (0.10 g, 0.29 mmol) was weighed in a 10-mL
microwave tube equipped with a magnetic stirlmeXylene (2.0 mL) and solid ¥COs; (46
mg, 0.33 mmol) were successively added, the tuleclesed with septum, and the mixture
was subjected to microwave irradiation (for the penatures and reaction times, see Table 1).
After completion, the insoluble parts were remobgdiltration, the filtrate was concentrated,
and the residue was chromatographed on silica gdiexane/EtOAc, 9:1) to give
trichloroacetamide&8 and29 as an inseparable mixture of diastereoisomerstliiisolated

combined yields, see Table 1).

4.1.7.3. Pd(ll)-catalyzed Overman rearrangemenhégal procedure)

A solution of €)-16 or (£)-16 (0.17 g, 0.50 mmol) in dry toluene (2.0 mL) wasssively
treated with PdG(MeCN), (10 mg, 0.04 mmol) anptbenzoquinone (108 mg, 1.00 mmol).
The resulting mixture was stirred and heated eifiied0 °C or 70 °C (for the reaction times,
see Table 1). After being cooled to room tempeeatilie mixture was filtered through a small
pad of Celite, concentrated, and the residue wa®neitographed on silica geh-(
hexane/EtOAc, 9:1) to provide the correspondingdasiz8 and29 in the combined yield of
40%, but only in the case dE)-16 (see Table 1).

Spectral data for both diastereoisomeric ami2®snd29: *H NMR (400 MHz, CDC)) ¢
1.32-1.47 (m, 2.66H, CH28, CH,-29), 1.50-1.69 (m, 10.72H, 4 x G¥28, 4 x CH-29),
3.68 (ddJ=6.5, 8.6 Hz, 1H, H-329), 3.82 (ddJ = 5.2, 8.9 Hz, 1H, H-328), 4.04-4.10 (m,
1.33H, H-3"28, H-3"-29), 4.27-4.34 (m, 1.33H, H-28, H-2"-29), 4.44-4.51 (m, 1.33H, H-
1'-28, H-1'-29), 5.27-5.38 (m, 2.66H, H-3'28, H-3.ic29, H-3ians28, H-3%rans29),
5.80-5.92 (m, 1.33H, H-28, H-2'29), 7.01-7.15 (m, 1.33H, NE8, NH-29); **C NMR
(100 MHz, CDC}) ¢ 23.8 (CH-28, CH,-29), 24.1 (CH-28, CH,-29), 25.2 (CH-28, CH,-29),
34.2 (CH-28), 34.5 (CH-29), 35.9 (CH-28), 36.2 (CH-29), 54.3 (C-129), 56.0 (C-1'28),
65.3 (C-3"28), 66.2 (C-3"29), 75.9 (C-2"28), 76.3 (C-2"29), 92.7 (CC}-28, CCk-29),
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110.7 (G-29), 110.9 (G-28), 117.9 (C-329), 119.3 (C-328), 131.9 (C-228), 134.1 (C-2-
29), 161.5 (C=028), 162.0 (C=029).

4.1.8. (R,E)-2-(3'-Thiocyanatoprop-én-1'-yl)-1,4-dioxaspiro[4.5]decane (B)¢

To a solution of £)-27 (2.70 g, 13.6 mmol) in dry Gi&l, (115 mL) were successively added
EtN (3.82 mL, 27.2 mmol) and MsCI (2.10 mL, 27.2 mjrati O °C. After being stirred for
20 min at the same temperature, the solvent wgsoeaied, and the residue was treated with
Et,O (40 mL). The insoluble parts were removed byditlon, the filtrate was concentrated,
and the obtained mesylate was subjected to theegqubst reaction without further
purification.

KSCN (2.00 g, 20.6 mmol) was added to a solutiothefcrude mesylate (3.76 g, 13.6 mmol)
in dry acetonitrile (120 mL) and the resulting noiset was stirred for 2 h at room temperature.
After completion of the reaction, the solvent wasporated, and to the crude product was
added EO (40 mL). The generated solid material was filderaff, the solution was
concentrated, and the residue was chromatographesilica gel (-hexane/EtOAc, 7:1) to
furnish 2.67 g (82%) of thiocyanatE)¢17 as a colourless oilu],** —47.2 € 2.94, CHC}).

IR (neat)v 2933, 2860, 2154, 1462, 1448, 1364, 1279, 1233111039 crit; *H NMR (400
MHz, CDCk) ¢ 1.34-1.42 (m, 2H, C}), 1.52-1.65 (m, 8H, 4 x G} 3.48-3.59 (m, 2H, 2 x
H-3), 3.59-3.64 (m, 1H, H-3), 4.12 (dd= 6.9, 7.7 Hz, 1H, H-3), 4.50-4.57 (m, 1H, H-2),
5.77-5.92 (m, 2H, H-1', H-2"}°C NMR (100 MHz, CDG) ¢ 23.9 (CH), 24.0 (CH), 25.2
(CHy), 35.4 (CH), 35.5 (C-3'), 36.2 (Ch), 69.2 (C-3), 75.3 (C-2), 110.5 £ 111.6 (SCN),
125.2 (C-2, 135.7 (C-1'). ESI-HRM®1/z calcd for G:H;;NNaQ,S [M + NaJ 262.0872,
found 262.0879.

4.1.9. (R,Z2)-2-(3'-Thiocyanatoprop-&n-1'-yl)-1,4-dioxaspiro[4.5]decane ()

By the same procedure as employed for the converdi¢E)-27 into (E)-17, compound 4)-

27 (1.00 g, 5.04 mmol) was transformed to thiocyarfdael7 (1.09 g, 90%, colourless onl;
hexane/EtOAc, 7:1)d]o** +132.7 € 1.16, CHC)). IR (neaty 2933, 2859, 2154, 1462, 1448,
1367, 1278, 1231, 1161, 1039 ¢nH NMR (400 MHz, CDCY) 6 1.35-1.44 (m, 2H, CH),
1.54-1.67 (m, 8H, 4 x CH{ 3.54-3.65 (m, 2H, H-3, HY3 3.84-3.94 (m, 1H, H-3"), 4.15 (dd,
J=6.2, 8.3 Hz, 1H, H-3), 4.75-4.82 (m, 1H, H-2)75-5.80 (m, 2H, H-1', H-2")C NMR
(100 MHz, CDCY): 6 24.0 (CH), 24.1 (CH), 25.2 (CH), 31.0 (C-3'), 35.5 (Ch), 36.4
(CHy), 69.5 (C-3), 71.3 (C-2), 110.7 {¢ 111.7 (SCN), 125.6 (C-2'), 134.3 (C-1). ESI-
HRMS: m/zcalcd for GoH1,NNaG,S [M + NaJ 262.0872, found 262.0880.
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4.1.10. (R)-2-[(R)-tIsothiocyanatoallyl]-1,4-dioxaspiro[4.5]decan80 and (R)-2-[(S)-t
isothiocyanatoallyl]-1,4-dioxaspiro[4.5]decargl

4.1.10.1. Conventional aza-Claisen rearrangemeenégal procedure)

A solution of the corresponding thiocyandi®-(7 or (£)-17 (0.10 g, 0.42 mmol) in-heptane

(2 mL) was stirred and heated under a nitrogen gpimere (for the temperatures and reaction
times, see Table 1). After completion of the reactihe mixture was allowed to cool to room
temperature, and the solvent was evaporated. Chognaghy of the residue on silica gat (
hexane/EtOAc, 19:1) delivered isothiocyana®® and 31 as a separable mixture of
diastereoisomers (for the isolated combined yiedds, Table 2).

4.1.10.2. Microwave-assisted synthesis (generatguare)
Thiocyanate E)-16 or (£)-16 (0.10 g, 0.42 mmol) was weighed in a 10-mL tubaimoed
with a magnetic stirbar. Thamheptane (2 mL) was added, and the mixture wasestdy to
microwave irradiation (for the temperatures andctiea times, see Table 2). After
completion of the reaction, the solvent was remoaweder reduced pressure, and the residue
was chromatographed on silica gelhexane/EtOAc, 19:1) to afford a mixture 3 and31
(for the combined yields, see Table 2).
Requiring greater amounts of the rearranged preddtand 31, they were prepared on a
multigram scale by the conventional method at 7@tatting from E)-17.
Isothiocyanate30: colourless oil,R = 0.50 (-hexane/EtOAc, 19:1);a],** +29.5 € 0.42,
CHCL). IR (neat)y 2934, 2860, 2049, 2034, 1645, 1500, 1448, 1332912160 cm®*; 'H
NMR (400 MHz, CDC4) ¢ 1.36-1.45 (m, 2H, CH), 1.52-1.72 (m, 8H, 4 x G} 3.91 (ddJ
= 5.2, 8.7 Hz, 1H, H-3), 4.05 (dd,= 6.3, 8.7 Hz, 1H, H-3), 4.10-4.15 (m, 1H, H-238
4.43 (m, 1H, H-1", 5.33 (dd,= 0.5, 10.3 Hz, 1H, H-&), 5.45 (ddJ= 0.5, 17.0 Hz, 1H, H-
‘rang, 5.81 (ddd, 1HJ = 5.0, 10.3, 17.0 Hz, 1H, H-23°C NMR (100 MHz, CDGJ) 6 23.8
(CHyp), 24.0 (CH), 25.1 (CH), 34.7 (CH), 36.3 (CH), 61.7 (C-1"), 65.6 (C-3), 76.9 (C-2),
111.3 (G), 118.4 (C-3), 131.7 (C-2), 135.1 (NCS). ESI-HBMm/z calcd for
Ci1-H17NNaG:S [M + NaJ 262.0872, found 262.0880.
Isothiocyanate31: colourless oil, R = 0.36 (-hexane/EtOAc, 19:1);0],>* —78.6 € 0.46,
CHCL). IR (neat)o 2934, 2860, 2048, 2033, 1644, 1448, 1365, 12861 th’; ‘*H NMR
(400 MHz, CDC}) 6 1.35-1.44 (m, 2H, C}), 1.51-1.72 (m, 8H, 4 x G 3.80 (ddJ = 5.3,
8.7 Hz, 1H, H-3), 4.04 (dd, = 6.3, 8.7 Hz, 1H, H-3), 4.16-4.21 (m, 1H, H-2R2-4.26 (m,

22



1H, H-1), 5.35 (dJ = 10.3 Hz, 1H, H-3}), 5.44 (dJ= 17.0 Hz, 1H, H-Bang, 5.73-5.87 (m,
1H, H-2");°C NMR (100 MHz, CDGJ) § 23.9 (CH), 24.1 (CH), 25.2 (CH), 34.7 (CH),
36.3 (CH), 62.3 (C-1), 65.7 (C-3), 77.0 (C-2), 111.3,(C119.4 (C-3", 131.6 (C-2'), 135.6
(NCS). ESI-HRMSm/zcalcd for GoH17NNaG:S [M + NaJ 262.0872, found 262.0878.

4.1.11. (4R,5R)-5-(Hydroxymethyl)-4-vinyloxazolkdione 33® and  (4S,5R)-5-
(hydroxymethyl)-4-vinyloxazolidin-2-o134°

To a solution of the mixture of amid28 and29 (0.16 g, 0.47 mmolr = 75:25) in MeOH (8
mL) was adde@-TsOH (27 mg, 0.14 mmol) at room temperature. Afiemg stirred and
heated for 6 h at 65 °C, the mixture was quenchecdhdutralization with BN, and the
solvent was evaporated. Chromatography of the westh silica gelr-hexane/EtOAc, 1:2)
afforded 0.12 g (95%) of diolB as an inseparable mixture of diastereoisomers.

The spectroscopic data for the corresponding nexiir diols 32: 'H NMR (400 MHz,
CD;s0D) ¢ 3.53-3.56 (m, 0.66H, 2 x Hpm), 3.62-3.65 (M, 2H, 2 x H+&y), 3.73-3.77 (m,
1H, H-41a), 3.82 (td, 0.33H) = 4.1, 6.1 Hz, 1H, H-4}), 4.46—-4.50 (m, 1H, H-33), 4.50—
4.51 (m, 0.33H, H-3in), 5.23-5.25 (m, 0.66H, 2 x Hply), 5.25-5.32 (m, 2H, 2 x Hk),
5.90-6.01 (M, 1.33H, H+y H-2min); °C NMR (100 MHz, CROD) § 57.0 (C-3nin), 58.1
(C-3ma), 64.2 (C-5nin), 64.3 (C-5nq), 73.2 (C-4na), 73.4 (C-4nin), 94.0 (CClma; CChmin),
117.4 (C-Inin), 117.9 (C-Jna), 134.6 (C-2na)), 135.6 (C-2nin), 163.4 (C=Qha, C=Chin).

DBU (21 pL, 0.14 mmol) was added to a solution of stereos32 (0.12 g, 0.46 mmol) in
dry CHCI, (4.0 mL) at 0 °C and the resulting mixture wagsrstl for 21 h at room
temperature. After completion of the reaction, migture was filtered through a small pad of
Celite and concentrated. Chromatography of thedueson silica gel (EtOAc) gave 39 mg
(60%) of compound33 and 13 mg (20%) of34. The obtained oxazolidin-2-ones had
spectroscopic data and optical rotation valuesenry yood agreement with those reported in
the literature for the same derivatives.

DiastereoisomeB3: white crystals; mp 10204 °C; [a],>? —8.1 € 0.40, MeOH); lit™> mp
102-105 °C; §],°® —7.0 € 0.37, MeOH). IR (neat) 3438, 3239, 2978, 2953, 2931, 1742,
1690, 1408, 1314, 1246, 1117 ¢nmH NMR (400 MHz, CROD) ¢ 3.65-3.68 (m, 2H,
CH,OH), 4.44-4.49 (m, 1H, H-4), 4.71 (ddbs 4.9, 6.0, 8.6 Hz, 1H, H-5), 5.29 (dt= 1.1,
10.3 Hz, 1HH.sCH,), 5.35 (dt,J = 1.1, 17.3 Hz, 1HH{ansCHy), 5.94 (dddJ = 7.1, 10.3,
17.3 Hz, 1H, Chlny); *°C NMR (100 MHz, CROD) ¢ 58.1 (C-4), 61.7 (CkDH), 81.4 (C-5),
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119.2 (CHuiny), 134.6 (CHiny), 161.5 (C=0). ESI-HRMSm/z calcd for GHgNNaO; [M +
Na]* 166.0475, found 166.0483.

DiastereoisomeB4: colourless oil; §],*? —85.1 ¢ 0.15, MeOH); it [0],?® —-87.5 € 0.186,
MeOH). IR (neatl 3278, 2925, 1720, 1647, 1390, 1281, 1224, 1097 ¢ NMR (400
MHz, CD;OD) ¢ 3.64 (ddJ = 4.1, 12.6 Hz, 1HH-CH,0OH), 3.78 (ddJ = 3.2, 12.6 Hz, 1H,
H-CH,OH), 4.20-4.28 (m, 2H, H-4, H-5), 5.24 (dt= 0.9, 10.3 Hz, 1HH.<CHy), 5.33 (dt,]
=0.9, 17.1 Hz, 1HHyansCHy), 5.90 (ddd,)) = 6.7, 10.3, 17.1 Hz, 1H, GH,); *C NMR (100
MHz, CDsOD) & 57.9 (C-4), 62.3 (CEDH), 84.0 (C-5), 118.2 (Chiny), 137.9 (CHiny).
161.4 (C=0). ESI-HRMSm/zcalcd for GHyNNaO; [M + Na]" 166.0475, found 166.0476.

4.1.12. (4S,5R)-5-(Hydroxymethyl)-4-vinyloxazokdthione35™

Compound35 (32 mg, 96%) was prepared according to the sameedure as described in
the literaturé® starting from the minor isothiocyana@& (50 mg, 0.21 mmol). Spectroscopic
data, optical rotation and melting point of theaohéd derivative35 were in very good accord
with those reported in the literature for the sammpound; mp 130-132 °Cg]p** —158.3 €
0.60, CHCY); lit.™> mp 130-133 °C;d],*° -144.6 ¢ 0.48, MeOH). IR (neat) 3330, 3180,
2928, 1522, 1380, 1257, 1177 ¢mtH NMR (400 MHz, CROD) ¢ 3.67 (dd,J = 4.1, 12.8
Hz, 1H,H-CH,OH), 3.82 (ddJ = 4.1, 12.8 Hz, 1H1-CH,OH), 4.40 (tJ= 7.1 Hz, 1H, H-4),
4.50-4.55 (m, 1H, H-5), 5.29 (d,= 10.2 Hz, 1HHsCH,), 5.35 (d,J = 17.1 Hz, 1HHgans
CH,), 5.89 (dddJ= 7.1, 10.2, 17.1 Hz, 1H, GRy); **C NMR (100 MHz, CROD) 6 61.6
(C-4), 62.0 (CHOH), 89.5 (C-5), 119.3 (Chdny), 136.4 (CHliny), 190.6 (C=S). ESI-HRMS:
m/zcalcd for GHgNNaG,S [M + NaJ 182.0246, found 182.0248.

4.1.13. tert-Butyl {(R)-1-[(R)-14'-dioxaspiro[4.5]decan-2yl]allyl}carbamate 19

TBTO (6.8 mL, 13.3 mmol) was added to a solutio3®{1.60 g, 6.68 mmol) in dry toluene
(37 mL) at room temperature. After being stirred &eated for 3 h at 60 °C, the mixture was
allowed to cool to room temperature, and the sdlweas evaporated. Chromatography of the
residue on silica gel (EtOAc/MeOHARL, 80:20:1) afforded 1.25 g (95%) of the crude amin
as a colourless oil, which was immediately submiitte the next reaction without spectral
characterisation.

A solution of the obtained amine (1.25 g, 6.34 mmiol dry CHCIl, (20 mL) was
successively treated with &t (1.0 mL, 7.12 mmol) and Bg® (2.10 g, 9.62 mmol). After
stirring at room temperature overnight, the mixtuvas poured into a saturated M
solution (20 mL) and was extracted with &H) (2 x 20 mL). The combined organic layers

were dried over N&Qy, concentrated, and the residue was subjectedsb thromatography
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on silica gel K-hexane/EtOAc, 11:1) to give 1.55 g (82%)168fas white crystals; mp 66-68
°C; [a]o,** +41.6 € 0.44, CHC)). IR (neatl 3294, 2981, 2942, 2860, 1680, 1532, 1366, 1272,
1161 cm®; *H NMR (400 MHz, CDCJ) 6 1.31-1.46 (m, 11H, 3 x GHCH,), 1.50-1.67 (m,
8H, 4 x CH), 3.77 (ddJ = 5.7, 8.5 Hz, 1H, H-3"), 4.01 (dd= 6.9, 8.5 Hz, 1H, H-3"), 4.10-
4.23 (m, 2H, H-1, H-2", 4.80 (br s, 1H, NH), 5.2 J = 10.2 Hz, 1H, H-3), 5.25 (d,J=
17.3 Hz, 1H, H-8an9, 5.80-5.90 (m, 1H, H-2)**C NMR (100 MHz, CDGJ) 6 23.9 (CH),
24.1 (CH), 25.3 (CH), 28.5 (3 x CH), 34.7 (CH), 36.1 (CH), 55.2 (C-1), 65.9 (C-3'), 77.2
(C-2), 79.8 (G), 110.4 (G), 117.3 (C-3), 134.6 (C-2), 155.5 (C=0). ESI-HRM&z calcd

for CreH2sNNaQ, [M + Na]* 320.1832, found 320.1845.

4.1.14. Ethyl (R,E)-4-[(tert-butoxycarbonyl)amind]iR)-1',4"-dioxaspiro[4.5]decan-2
yl]but-2-enoate36

Ozone was introduced to a solution18f(1.40 g, 4.71 mmol) in dry EtOH (40 mL) at -78 °C
for 45 min. This resulted in the formation of aghlily blue solution. After excess ozone was
purged with dry nitrogen, a solution of #h(1.24 g, 4.71 mmol) in dry GBI, (20 mL) was
added at-78 °C, and the resulting mixture was stirred footAer hour at room temperature.
Then, the solvent was evaporated and the cruddyaldewas submitted to the subsequent
reaction without further purification.

A suspension of NaH (0.50 g, 12.6 mmol, ~60% disiperin mineral oil) in dry THF (9.5
mL) was treated with (EtQR(O)CHCOEt (1.18 mL, 5.89 mmol) at 0 °C. After stirring for
25 min at 0 °C, a solution of the obtained aldeh{idé1 g, 4.71 mmol) in dry THF (6.5 mL)
was added and stirring was continued for 30 mithatsame temperature. The reaction was
guenched with a saturated ME solution (15 mL). The aqueous phase was semheatd
was washed with EtOAc (2 x 20 mL). The combinedaarg extracts were dried over
NaSQy, the solvent was evaporated, and the residue Wwasnatographed on silica get-(
hexane/EtOAc, 7:1) to provide 1.36 g (78%) of commb36 as a colourless oilp],?* +9.3

(c 0.44, CHC)Y). IR (neat)o 3342, 2978, 2934, 2862, 1701, 1659, 1517, 14466,18249,
1158 cni; *H NMR (400 MHz, CDCJ) 6 1.29 (t,J = 7.1 Hz, 3H, CH), 1.34-1.42 (m, 2H,
CHy), 1.45 (s, 9H, 3 x CJ, 1.51-1.65 (m, 8H, 4 x G# 3.79 (ddJ = 5.3, 8.7 Hz, 1H, H-3"),
4.04 (ddJ=6.9, 8.7 Hz, 1H, H-3"), 4.13-4.24 (m, 3H, OCH-2"), 4.33-4.43 (m, 1H, H-4),
4.86 (d,J = 7.8 Hz, 1H, NH), 6.00 (dl= 15.8 Hz, 1H, H-2), 6.93 (dd,= 5.5, 15.8 Hz, 1H,
H-3); *C NMR (100 MHz, CDGJ) J 14.3 (CH;), 23.9 (CH), 24.1 (CH), 25.2 (CH), 28.5 (3

x CHg), 34.6 (CH), 36.1 (CH), 54.1 (C-4), 60.7 (OC}), 65.9 (C-3'), 77.4 (C-2'), 80.3 {C
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110.9 (G), 123.1 (C-3), 144.2 (C-2), 155.2 (C=0), 166.1 @}=ESI-HRMS:m/z calcd for
CioHaiNNaQs [M + NaJ* 392.2044, found 392.2046.

4.1.15. tert-Butyl {(R,E)-4-hydroxy-1-[(R);4-dioxaspiro[4.5]decan-2yl]but-2-en-1-
yl}carbamate37

A solution of36 (1.36 g, 3.68 mmol) in dry Ci€l, (17 mL) was treated with BFOE®L (0.57
mL, 4.60 mmol) at -78 °C, and the resulting soltiwas stirred for 25 min at the same
temperature. Then DIBAI-H (16.8 mL, 20.2 mmol, ~M2solution in toluene) was added
dropwise at-78 °C and stirring was continued for another 30.rfime reaction was quenched
by slow addition of MeOH (4.2 mL), and the wholextare was then poured into a 30%
K/Na tartrate solution (85 mL). After stirring f@& h at room temperature, the organic layer
was separated and the aqueous one was washed M4@I,d2 x 35 mL). The combined
organic extracts were dried over JS&,, stripped solvent, and the residue was
chromatographed on silica gek-tiexane/EtOAc, 1:1) to give 1.10 g (91%) of compmbGiA

as a colourless oifo]p?* +12.3 € 0.40, CHCJ). IR (neat)o 3435, 3336, 3005, 2976, 2933,
2862, 1690, 1517, 1365, 1249, 1160, 1041"ctH NMR (400 MHz, CDG}) 6 1.29-1.47 (m,
11H, 3 x CH, CH), 1.49-1.66 (m, 8H, 4 x G} 1.75 (br s, 1H, OH), 3.76 (dd,= 5.6, 8.5
Hz, 1H, H-3"), 4.00 (ddJ = 6.6, 8.5 Hz, 1H, H-3), 4.09-4.25 (m, 4H, H-12K2 x H-4),
4.83 (br s, 1H, NH), 5.72 (dd= 5.9, 15.5 Hz, 1H, H-2), 5.85 (dt= 5.1, 15.5 Hz, 1H, H-3);
¥C NMR (100 MHz, CDGCJ) 6 23.9 (CH), 24.1 (CH), 25.3 (CH), 28.5 (3 x CH), 34.6
(CHy), 36.1 (CH), 54.3 (C-1), 63.1 (C-4), 66.0 (C-3"), 77.3 (C-Z9.9 (G), 110.5 (@),
127.7 (C-3), 132.2 (C-2), 155.4 (C=0). ESI-HRM#/z calcd for G/HoNNaGs [M + NaJ*
350.1938, found 350.1954.

4.1.16. tert-Butyl {(R,E)-1-[(R)*4'-dioxaspiro[4.5]decan-2yl]-4-thiocyanatobut-2-en-1-
yl}carbamatel8

Using the same procedure as described for theftramation €)-27 into (E)-17, compound
37 (1.10 g, 3.36 mmol) was converted into thiocyari&€colourless oil, 1.08 g, 87%n+(
hexane/EtOAc, 3:1)i0],2* —=18.5 € 1.12, CHCJ). IR (neat)» 3344, 2933, 2861, 2154, 1697,
1506, 1449, 1365, 1233, 1160 ¢ntH NMR (400 MHz, CDCJ) 6 1.33-1.46 (m, 11H, 3 x
CHs, CHy), 1.49-1.65 (m, 8H, 4 x G 3.51-3.62 (m, 2H, 2 x H-4), 3.75-3.80 (m, 1H, H-
3", 3.99-4.04 (m, 1H, H-3'), 4.10-4.17 (m, 1H, }-2.19-4.30 (m, 1H, H-1), 4.87 (brdi=
6.9 Hz, 1H, NH), 5.75-5.88 (m, 2H, H-2, H-3YC NMR (100 MHz, CDCJ) 6 23.8 (CH),
24.1 (CHy), 25.2 (CH), 28.4 (3 x CH), 34.5 (CH), 35.9 (C-4), 36.1 (Cf), 54.1 (C-1), 65.8
(C-3), 76.8 (C-2"), 80.1 (§ 110.6 (G), 111.7 (SCN), 125.1 (C-2 or C-3), 134.2 (C-2 or C
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3), 155.3 (C=0). ESI-HRMSm/z calcd for GgHgN-NaO:S [M + NaJ 391.1662, found
391.1672.

4.1.17. tert-Butyl {(1R,2S)-2-isothiocyanato-1-{R}-dioxaspiro[4.5]decan-2yl]but-3-en-
1-yl}carbamate 38 and tert-butyl {(1R,2R)-2-isothiocyanato-1-[(R)4l-
dioxaspiro[4.5]decan-2yl]but-3-en-1-yl}carbamat&9

4.1.17.1. Thermal aza-Claisen rearrangement (gdm@cedure)

By the same procedure employed for the thermallyedr aza-Claisen rearrangement of
thiocyanates H/Z)-17, compound 18 (75 mg, 0.20 mmol) was converted into the
corresponding isothiocyanat88 and39 (n-hexane/EtOAc, 9:1, for the temperatures, reaction
times and combined yields, see Table 3).

4.17.2. Microwave-assisted synthesis (general hoes

According to the same procedure described for tieowave-promoted [3,3]-sigmatropic
rearrangement of thiocyanatds4)-17, compoundl8 (75 mg, 0.20 mmol) was transformed
to rearranged produc8 and39 (n-hexane/EtOAc, 9:1, for the temperatures, readiioes
and combined yields, see Table 3).

Requiring greater amounts of the rearranged predig&tand 39, they were prepared on a
multi-gram scale by the microwave-assisted synshaisy0 °C starting frorhS.
Isothiocyanate38: colourless oil:R = 0.32 (-hexane/EtOAc, 9:1);0],2* -101.6 ¢ 0.80,
CHCly); IR (neat)y 3338, 2927, 2853, 2054, 1705, 1499, 1449, 1248311096, 1041 cih

'H NMR (400 MHz, GDg) § 1.15-1.27 (m, 2H, C}), 1.35 (s, 9H, 3 x C#), 1.43-1.60 (m,
8H, 4 x CH), 3.60-3.67 (m, 1H, H-2", 3.70-3.79 (m, 2H, 2 X8} 3.83-3.90 (m, 1H, H-1),
4.18 (d,J = 10.0 Hz, 1H, NH), 4.61-4.65 (m, 1H, H-2), 4.8B4(m, 1H, H-4s), 5.15-5.22
(m, 1H, H-4ng, 5.48-5.58 (m, 1H, H-3)*C NMR (100 MHz, GD¢) J 24.1 (CH), 24.4
(CHyp), 25.5 (CH), 28.3 (3 x CH), 35.3 (CH), 37.0 (CH), 56.5 (C-1), 61.7 (C-2), 67.3 (C-
3", 74.9 (C-2Y, 79.8 (§, 110.9 (@), 117.2 (C-4), 133.2 (C-3), 137.3 (NCS), 155.4 @~
ESI-HRMS:m/zcalcd for GgHaeNoNaQyS [M + NaJ 391.1662, found 391.1671.
Isothiocyanate39: colourless oil;R; = 0.17 f-hexane/EtOAc, 9:1):o],>* —22.0 € 0.46,
CHCL). IR (neat) 3338, 2934, 2861, 2051, 1693, 1503, 1449, 1278417159, 1095, 1039
cm’; *H NMR (400 MHz, GDs 70 °C) 5 1.18-1.29 (m, 2H, Ch), 1.44 (s, 9H, 3 x Ch),
1.45-1.55 (m, 8H, 4 x Ch 3.48-3.55 (m, 1H, H-2"), 3.76 (dd,= 6.1, 8.6 Hz, 1H, H-3"),
3.81 (dd,J = 6.0, 8.6 Hz, 1H, H-3"), 4.01-4.09 (m, 1H, H-4)20 (d,J = 9.1 Hz, 1H, NH),
4.32-4.36 (m, 1H, H-2), 4.92 (dd,= 0.7, 10.3 Hz, 1H, H+4), 5.20 (dd,J = 0.7, 17.0 Hz,
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1H, H-4rang), 5.41-5.53 (m, 1H, H-3)*C NMR (100 MHz, GDs) 6 24.2 (CH), 24.3 (CH),
25.4 (ChH), 28.5 (3 x CH), 35.4 (CH), 36.7 (CH), 56.9 (C-1), 60.7 (C-2), 67.3 (C-3"), 75.0
(C-2Y), 80.2 (@), 110.8 (@), 119.0 (C-4), 131.1 (C-3), 136.7 (NCS), 155.3 (@F=ESI-
HRMS: m/zcalcd for GgHaeNoNaQyS [M + NaJ 391.1662, found 391.1670.

4.1.18. Di-tert-butyl {(1R,2S)-1-[(R)-1',4'-dioxasp4.5]decan-2"-yl]but-3-ene-1,2-
diyl}dicarbamate2l

To a solution 0of38 (0.55 g, 1.49 mmol) in dry toluene (8.2 mL) wasladl TBTO (1.52 mL,
2.98 mmol) at room temperature. The resulting mectwas stirred and heated for 3 h at 60
°C. After completion of the reaction, the solvenaswevaporated, and the residue was
chromatographed on silica gel (EtOAc/0.5%3;Ngt to afford 0.36 g (73%) of the
corresponding amine as a colourless oil, which wesediately subjected to the next reaction
without spectral characterization.

A solution of the obtained amine (0.36 g, 1.10 mmiol dry CHCI, (3.6 mL) was
successively treated with 4&t (0.18 mL, 1.26 mmol) and Bg® (0.36 g, 1.65 mmol). After
being stirred for 16 h at room temperature, thetanex was poured into a saturated JOH
solution (4 mL) and was extracted with g, (2 x 10 mL). The combine organic extracts
were dried over N&QO,, stripped solvent, and the residue was purified flash
chromatography on silica gel-bexane/EtOAc, 5:1) to give 0.42 g (89%) of compmbAh as
white crystals; mp 1063105 °C; [0],?* —44.6 € 1.04, CHC)). IR (neat)» 3368, 3024, 3005,
2970, 2932, 2862, 1737, 1725, 1692, 1518, 14490,12360 crit; ‘H NMR (400 MHz,
CeDs, 70 °C)0 1.23-1.30 (m, 2H, C§), 1.41 (s, 9H, 3 x C§J, 1.44 (s, 9H, 3 x Ch), 1.53~
1.69 (m, 8H, 4 x Ch), 3.85-4.02 (m, 4H, H-1, H-2', 2 x H-3"), 4.45-94 6n, 1H, H-2), 5.00
(d,J = 10.4 Hz, 1H, H-4), 5.16 (d,J = 17.2 Hz, 1H, H-¢ung, 5.72-5.83 (m, 1H, H-3)"°C
NMR (100 MHz, GDg, 70 °C)é 24.3 (CH), 24.5 (CH), 25.7 (CH), 28.5 (3 x CH), 28.6 (3

x CHg), 35.6 (CH), 36.9 (CH), 55.8 (C-1 or C-2), 57.0 (C-1 or C-2), 67.3 ({-36.0 (C-2),
79.3 (@), 79.5 (@), 110.5 (@), 116.2 (C-4), 136.6 (C-3), 156.0 (C=0), 156.1 @J~=ESI-
HRMS: m/zcalcd for GoHzgN,Og [M + H]*427.2803, found 427.2816.

4.1.19. Di-tert-butyl {(1R,2R)-1-[(R)-1',4'-dioxasp4.5]decan-2'-yl]but-3-ene-1,2-
diyl}dicarbamate22

By the same procedure as employed for the convei®8 to 21, compound39 (0.16 g,
0.43 mmol) was transformed over two steps to devie®2 (white crystals, 0.11 g, 60%;
hexane/EtOAc, 5:1); mp 19697 °C; [o]o2* +18.4 € 0.58, CHCJ). IR (neat)» 3363, 3078,
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2981, 2935, 2899, 2854, 1689, 1681, 1515, 13643,12560 crit; *H NMR (400 MHz,
CsDs, 70 °C)d 1.40 (s, 9H, 3 x ChJ, 1.42 (s, 9H, 3 x Ck), 1.50-1.60 (m, 8H, 4 x G
1.63-1.68 (m, 2H, Cp), 3.64-3.74 (m, 1H, H-2"), 3.83 (dd= 6.1, 8.4 Hz, 1H, H-3'), 3.88
(dd, J = 6.3, 8.4 Hz, 1H, H-3'), 4.00-4.08 (m, 1H, H-#)43 (d,J = 7.8 Hz, 1H, NH),
4.67-4.74 (m, 1H, H-2), 4.95-5.07 (m, 2H, Ks4NH), 5.10-5.17 (m, 1H, Hng, 5.68
(ddd,J = 6.0, 10.5, 16.9 Hz, 1H, H-3)°C NMR (100 MHz, GDs, 70 °C)d 24.3 (CH), 24.4
(CHy), 25.6 (CH), 28.5 (3 x CH), 28.6 (3 x CH), 35.6 (CH), 36.8 (CH), 55.1 (C-1), 57.5
(C-2), 67.6 (C-3), 76.2 (C-2'), 79.2 £ 79.7 (G), 110.7 (G), 116.7 (C-4), 135.5 (C-3),
155.5 (C=0), 156.0 (C=0). ESI-HRM8/zcalcd for GoHzgN20s [M + H]* 427.2803, found
427.2784.

4.1.20. Di-tert-butyl {(1R,2S,E)-1-[(R)-1',4'-dioxairo[4.5]decan-2'-yl]lheptadec-3-ene-1,2-
diyl}dicarbamate40

To a solution of21 (0.15 g, 0.35 mmol) in dry Ci€l, (5.9 mL) were successively added
pentadec-1-ene (0.48 mL, 1.75 mmol) and secondrgeme Grubbs catalyst (25.5 mg, 0.03
mmol). After stirring and heating under reflux férh, the mixture was allowed to cool to
room temperature. The solvent was evaporated, hadrasidue was subjected to flash
chromatography on silica get-hexane/EtOAc, 7:1) to furnish  0.20 g (92%) ofmpmund
40 asacolourless oil; §],** -=18.1 € 0.90, CHCJ). IR (neat) 3371, 2980, 2964, 2920, 2851,
1702, 1682, 1529, 1509, 1464, 1265, 1163'ctH NMR (400 MHz, GDg, 70 °C)s 0.90 (t,J

= 6.5 Hz, 3H, CH), 1.24-1.36 (m, 22H, 11 x G 1.44 (s, 9H, 3 x C¥J, 1.46 (s, 9H, 3 x
CHs), 1.55-1.73 (m, 10H, 5 x GH 1.91-1.99 (m, 2H, C}), 3.86-4.11 (m, 4H, H-1, H-2', 2
x H-3'), 4.42-4.59 (m, 1H, H-2), 5.48 (d#i= 7.0, 15.0 Hz, 1H, H-3), 5.61-5.73 (m, 1H, H-
4), NH protons not seef®C NMR (100 MHz, GDg, 70 °C)d 14.2 (CH), 23.1 (CH), 24.3
(CHyp), 24.5 (CH), 25.7 (CH), 28.6 (3 x CH), 28.7 (3 x CH), 29.6 (CH), 29.7 (CH), 29.8
(CHy), 30.0 (CH), 30.1 (2 x CH), 30.2 (3 x CH), 32.3 (CH), 32.7 (CH), 35.7 (CH), 37.0
(CHy), 55.3 (C-1 or C-2), 57.3 (C-1 or C-2), 67.3 (§-F6.2 (C-2'), 79.2 (§, 79.4 (Q),
110.5 (G), 127.9 (C-3 or C-4), 133.3 (C-3 or C-4), 156.F(, 156.2 (C=0). ESI-HRMS:
m/zcalcd for GsHesN2Og [M + H]* 609.4837, found 609.4847.

4.1.21. Di-tert-butyl {(1R,2R,E)-1-[(R)-1',4'-diosjairo[4.5]decan-2'-yl|heptadec-3-ene-1,2-

diyl}dicarbamate (E}¥1 and di-tert-butyl {(1R,2R,Z2)-1-[(R)-1',4'-dioxasp|#.5]decan-2'-
yllheptadec-3-ene-1,2-diyl}dicarbamate (Z)-
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According to the same procedure described for timeersion o1 to 40, compound®?2 (0.11
g, 0.26 mmol) was modified to a mixture of the pa@ble olefingll isolated as a colourless
oil (0.16 g, 87%n-hexane/EtOAc, 9:1).

Some selected signals for the major ison@#4(1: *H NMR (400 MHz, GDs, 70 °C)d 0.90
(t, J = 6.7 Hz, 3H, CH), 1.43 (s, 9H, 3 x C§J, 1.43 (s, 9H, 3 x C¥j, 1.90-2.09 (m, 2H,
CH,), 4.60-4.71 (m, 1H, H-2), 4.99 (d] = 7.8 Hz, 1H, NH), 5.30-5.50 (m, 2H, H-3, H-4);
13C NMR (100 MHz, GDs, 70 °C)6 14.2 (CH), 23.1 (CH), 24.4 (CH), 24.5 (CH), 25.7
(CHy), 28.6 (6 x CH), 29.6 (CH), 29.8 (CH), 30.1 (2 x CH), 30.2 (4 x CH), 32.3 (CH),
32.8 (CH), 35.7 (CH), 36.8 (CH), 54.3 (C-1 or C-2), 57.6 (C-1 or C-2), 67.5 (§-36.5,
(C-2Y), 79.1 (@), 79.2 (@), 110.5 (@), 126.6 (C-3 or C-4), 134.1 (C-3 or C-4), 155.¢(7,
156.1 (C=0).

4.1.22. Di-tert-butyl {(1R,2S)-1-[(R)-1',4'-dioxasg4.5]decan-2'-yllheptadecane-1,2-
diyl}dicarbamate4?2

5% Rh/ARO; (87 mg) was added to a solution4tf (0.15 g, 0.25 mmol) in dry EtOH (3.0
mL). The resulting suspension was degassed thmaestiand stirred for 4 h at room
temperature under an atmosphere of hydrogen. Aétempletion of the reaction, the mixture
was filtered through a small pad of Celite and emtated. Chromatography of the crude
product on silica gel nthexane/EtOAc, 7:1) gave 0.15 g (98%) of compodldas a
colourless oil; §],** =21.2 € 1.00, CHCJ). IR (neat)» 3362, 2923, 2853, 1692, 1455, 1391,
1365, 1242, 1161 cth *H NMR (400 MHz, GDs, 70 °C)s 0.90 (t,J = 6.7 Hz, 3H, Ch),
1.26-1.74 (m, 56H, 19 x GH6 x CH), 3.89-4.07 (m, 5H, H-1, H-2, H-2', 2 x H-3), 4.7
(br s, 1H, NH), 5.19 (br s, 1H, NH}*C NMR (100 MHz, GDs, 70 °C)Jd 14.2 (CH), 23.1
(CHyp), 24.3 (CH), 24.5 (CH), 25.7 (CH), 26.6 (CH), 28.6 (3 x CH), 28.7 (3 x CH), 29.8
(CHy), 29.9 (CH), 30.0 (CH), 30.1 (4 x CH), 30.2 (4 x CH), 32.3 (CH), 35.8 (CH), 37.1
(CHy), 53.0 (C-1 or C-2), 57.3 (C-1 or C-2), 67.3 (§;-36.6 (C-2'), 79.2 (2 x ¢, 110.2 (GQ),
156.6 (2 x C=0). ESI-HRMSn/zcalcd for GsHe7N2Og [M + H]*611.4994, found 611.5009.

4.1.23. Di-tert-butyl {(1R,2R)-1-[(R)-1',4'-dioxasp{4.5]decan-2'-yllheptadecane-1,2-
diyl}dicarbamate43

By the same procedure as employed for the preparafid2, a mixture of alkene41(0.15 g,
0.25 mmol) was converted into the saturated comgd@r(white amorphous product, 0.14 g,
92%, n-hexane/EtOAc, 9:1);0,>* +8.27 € 0.56, CHCY). IR (neat)v 3456, 3368, 2970,
2921, 2851, 1737, 1684, 1448, 1365, 1217, 1162; ¢k NMR (400 MHz, GDs, 70 °C)s
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0.90 (t,J = 6.3 Hz, 3H, CH), 1.20-1.39 (m, 28H, 14 x GH 1.43 (s, 9H, 3 x CH), 1.44 (s,
9H, 3 x CH), 1.51-1.74 (m, 10H, 5 x G} 3.83-4.03 (m, 5H, H-1, H-2, H-2', 2 x H-3)),
451 (d,J = 8.0 Hz, 1H, NH), 4.93 (br s, 1H, NH}JiC NMR (100 MHz, GDs, 70 °C)d 14.2
(CHg), 23.1 (CH), 24.4 (CH), 24.5 (CH), 25.7 (CH), 26.7 (CH), 28.6 (6 x CH), 29.8
(CH,), 29.9 (CH), 30.0 (CH), 30.1 (2 x CH), 30.2 (6 x CH)), 32.3 (CH), 35.7 (CH), 36.8
(CHy), 54.4 (C-1 or C-2), 57.5 (C-1 or C-2), 67.7 (§-F6.5 (C-2), 79.1 (§, 79.3 (G),
1105 (G), 156.0 (C=0), 156.5 (C=0). ESI-HRM$n/z calcd for GeHeN-Og [M + H]*
611.4994, found 611.4995.

4.1.24. Di-tert-butyl [(2R,3R,4S)-1,2-dihydroxyndeaane-3,4-diyl|dicarbamaté4

A solution 0f42 (0.14 g, 0.23 mmol) in a mixture of MeOH/BI (10.5 mL, 20:1) was treated
with p-TsOH (13 mg, 0.07 mmol). After stirring and hegtett 55 °C for 5 h, the mixture was
allowed to cool to room temperature, then quenchgdneutralization with BN, and
concentrated. Chromatography of the residue ocasgel f-hexane/EtOAc, 2:1) yielded 90
mg (74%) of compound4 as white crystals; mp 12T19 °C; [o]o2* -32.8 € 0.58, CHC)).

IR (neat)p 3423, 3274, 2918, 2850, 1674, 1511, 1457, 1398618251, 1159, 1082 ¢in'H
NMR (400 MHz, GDs, 70 °C)¢ 0.91 (t,J = 6.5 Hz, 3H, ChH), 1.18-1.36 (m, 28H, 14 x
CHy), 1.39 (s, 9H, 3 x C§j, 1.42 (s, 9H, 3 x C§J, 3.39-3.46 (m, 1H, H-1), 3.68-3.83 (m,
3H, H-1, H-2, H-3), 3.87-4.03 (m, 1H, H-4), 4.32 & 1H, NH), 5.03 (br s, 1H, NH}’C
NMR (100 MHz, GDs, 70 °C)d 14.2 (CH), 23.1 (CH), 26.7 (CH), 28.5 (3 x CH), 28.6 (3

x CHg), 29.8 (CH), 30.0 (2 x CH), 30.1 (2 x CH), 30.2 (6 x CH), 32.3 (CH), 51.5 (C-3 or
C-4), 56.0 (C-3 or C-4), 64.2 (C-1), 72.5 (C-2),79C,;), 80.1 (G), 156.9 (C=0), 157.9
(C=0). ESI-HRMSm/zcalcd for GgHsgN,Og [M + H]*531.4368, found 531.4378.

4.1.25. Di-tert-butyl [(2R,3R,4R)-1,2-dihydroxyndeaane-3,4-diyl]|dicarbamatéb

Using the same procedure as employed for the mgparof44, compound43 (0.14 g, 0.23
mmol) was converted into derivativ® (white crystals, 95 mg, 78%;hexane/EtOAc, 2:1);
mp 169-171 °C; [0]p,>* +12.1 € 0.76, CHCY). IR (neat)o 3370, 2979, 2920, 2852, 1678,
1518, 1457, 1389, 1364, 1305, 1247, 1163, 1042; ¢k NMR (400 MHz, GDs, 70 °C)J
0.90 (t,J = 6.5 Hz, 3H, CH), 1.20-1.37 (m, 28H, 14 x G 1.39 (s, 9H, 3 x C}), 1.41 (s,
9H, 3 x CH), 3.49 (dtJ = 3.4, 7.2 Hz, 1H, H-2), 3.61 (dd,= 3.4, 12.0 1H, Hz, H-1), 3.71
(dd,J = 3.4, 12.0 Hz, 1H, H-1), 3.82-3.92 (m, 2H, H-34H 4.71 (dJ = 8.2 Hz, 1H, NH),
5.76 (br s, 1H, NH)**C NMR (100 MHz, GDs, 70 °C)d 14.2 (CH), 23.1 (CH), 27.0 (CH),
28.5 (6 x CH), 29.8 (2 x CH), 30.0 (CH), 30.1 (2 x CH), 30.2 (5 x CH), 32.3 (CH), 33.4
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(CHy), 54.7 (C-3 or C-4), 56.7 (C-3 or C-4), 64.1 (G-I2.9 (C-2), 79.5 (&, 79.8 (G),
157.2 (C=0), 157.5 (C=0). ESI-HRM8V/zcalcd for GgHseN,Og [M + H]* 531.4368, found
531.4370.

4.1.26. Di-tert-butyl [(2R,3S)-1-hydroxyoctadecdhd-diyl]dicarbamatet6

A solution of44 (90 mg, 0.17 mmol) in MeOH (2.1 mL) was treatethva solution of Nal@Q
(0.10 g, 0.48 mmol) in water (0.35 mL). After gtig for 1 h at room temperature, the
mixture was diluted with C§Cl, and solid NgSO, was added. The insoluble material was
removed by filtration, and the filtrate was concated. The crude product was used in the
next reaction without further purification.

NaBH; (13 mg, 0.34 mmol) was added to a solution ofdhtained aldehyde (85 mg, 0.17
mmol) in anhydrous EtOH (3.8 mL) at 0 °C. Afterstig for 20 min at 0 °C, the reaction was
quenched by neutralization with Amberlite IR 120 fdrm. The solid parts were filtered and
the filtrate was concentrated. The residue was mohtographed on silica geln(
hexane/EtOAc, 4:1 to afford 74 mg (87%) of compodfics white crystals; mp 535 °C;
[a]o?* =39.1 € 0.54, CHCY). IR (neat)v 3496, 3375, 3347, 2964, 2916, 2848, 1668, 1464,
1389, 1281, 1249, 1169, 1060 ¢nH NMR (400 MHz, GDs, 70 °C)s 0.91 (t,J = 6.6 Hz,
3H, CHy), 1.17-1.37 (m, 28H, 14 x GM 1.41 (s, 9H, 3 x Ch), 1.45 (s, 9H, 3 x C¥),
3.35-3.44 (m, 1H, H-1), 3.50-3.63 (m, 1H, H-2),13:3.80 (m 1H, H-1), 3.80-3.91 (m, 1H,
H-3), 4.36 (br s, 1H, NH), 4.76 (br s, 1H, NHJC NMR (100 MHz, GDs, 70 °C)J 14.2
(CHg), 23.1 (CH), 26.5 (CH), 28.5 (3 x CH), 28.6 (3 x CH), 29.8 (2 x CH), 30.0 (2 x
CHy), 30.1 (3 x CH), 30.2 (3 x CH), 32.3 (CH), 32.8 (CH), 51.5 (C-2 or C-3), 56.4 (C-2 or
C-3), 63.2 (C-1), 79.2 (§ 79.7 (Q), 156.4 (C=0), 157.4 (C=0). ESI-HRMS8v/z calcd for
CagHs7N20s [M + H]*501.4262, found 501.4278.

4.1.27. Di-tert-butyl [(2R,3R)-1-hydroxyoctadecat8-diyl|dicarbamated7

Using the same procedure as described for the fatpa of 46, compoun5 (92 mg, 0.17
mmol) was converted into derivativi (colourless oil, 71 mg, 83%hexane/EtOAc, 4:1);
[a]o?* +17.1 € 0.54, CHCY). IR (neat)o 3510, 3358, 2980, 2921, 2852, 1679, 1460, 1390,
1321, 1162, 1044 cth *H NMR (400 MHz, GDs, 70 °C)s 0.90 (t,J = 6.6 Hz, 3H, Ch),
1.14-1.37 (m, 27H, 13 x GHH-CH,), 1.39 (s, 9H, 3 x C§), 1.45 (s, 9H, 3 x C),
1.53-1.66 (m, 1HH-CH,), 3.18 (br s, 1H, OH), 3.42-3.68 (m, 4H, 2 x H-t2, H-3), 4.36
(d,J = 6.9 Hz, 1H, NH), 5.21 (d] = 8.4 Hz, 1H, NH)*C NMR (100 MHz, GDs, 70 °C)s
14.2 (CH), 23.1 (CH), 26.6 (CH), 28.5 (3 x CH), 28.6 (3 x CH), 29.8 (CH), 29.9 (CH),

32



30.0 (CH), 30.1 (2 x CH), 30.2 (5 x CH), 32.2 (CH), 32.3 (CH), 52.3 (C-2 or C-3), 56.4
(C-2 or C-3), 62.7 (C-1), 79.0 (£ 79.7 (G), 156.2 (C=0), 157.4 (C=0). ESI-HRMS/z
calcd for pre GgHs7N,Os [M + H]*501.4262, found 501.4265.

4.1.28. (2R,3S)-2,3-Diaminooctadecan-1-ol dihydiogte 10

Compound46 (70 mg, 0.14 mmol) was treated with 6 M HCI (6.&)nand the resulting
solution was heated and stirred for 4 h at 80 °@erAbeing concentrated, the obtained
product was washed three times with colgCE(3 x 5 mL) and dried. This procedure yielded
44 mg (85%) of compounti0 as a white amorphous solidi]§** -8.1 € 0.52, MeOH). IR
(neat)p 3239, 2953, 2917, 2849, 1586, 1510, 1471, 13782,11079, 1020 cih *H NMR
(400 MHz, CROD) ¢ 0.90 (t,J = 6.9 Hz, 3H, CH), 1.24-1.57 (m, 26H, 13 x GH
1.68-1.89 (m, 2H, C}), 3.61-3.70 (m, 2H, H-2, H-3), 3.89 (dii= 4.8, 11.4 Hz, 1H, H-1),
3.93 (ddJ=5.1, 11.4 Hz, 1H, H-1)C NMR (100 MHz, CROD) 6 14.5 (CH;), 23.7 (CH),
26.7 (CH), 29.4 (CH), 30.4 (CH), 30.5 (2 x CH), 30.7 (CH), 30.8 (6 x CH), 33.1 (CH),
53.6 (C-2 or C-3), 53.7 (C-2 or C-3), 59.9 (C-1pIHHRMS: m/zcalcd for GgHsiN20O [M —
HCI, —Cl]" 301.3213, found 301.3211.

4.1.29. (2R,3R)-2,3-Diaminooctadecan-1-ol dihydiodde 11

By the same procedure as employed for the conversid6é to 10, compound47 (70 mg,
0.14 mmol) was modified into derivativEL (white amorphous solid, 46 mg, 88%]J**
+21.2 € 0.32, MeOH). IR (neat) 3346, 2952, 2917, 2849, 1597, 1509, 1467, 10530 £t
14 NMR (400 MHz, CROD) 6 0.90 (t,J = 6.8 Hz, 3H, CH), 1.23-1.58 (m, 26H, 13 x
CH,), 1.68-1.88 (m, 2H, C}), 3.54-3.63 (m, 2H, H-2, H-3), 3.88-3.99 (m, 2tk B-1);*°C
NMR (100 MHz, CROD) 6 14.4 (CH), 23.7 (CH), 26.7 (CH), 30.3 (CH), 30.4 (2 x CH),
30.6 (CH), 30.7 (6 x CH), 31.1 (CH), 33.0 (CH), 53.1 (C-2 or C-3), 54.0 (C-2 or C-3),
59.2 (C-1). ESI-HRMSm/zcalcd for GgH41N,O [M — HCI, —CIJ' 301.3213, found 301.3213.

4.1.30. (2R,3S)-2,3-Diacetamidooctadecyl ace&té

A solution of10 (20 mg, 53.6umol) in dry pyridine (0.75 mL) was successivelyatezl with
Ac,0 (0.75 mL, 7.93 mmol) and DMAP (0.65 mg, 548®0l). After being stirred for 4 h at
room temperature, the solvent was evaporated,rencesidue was chromatographed on silica
gel (CHCI,/MeOH, 95:5). This procedure yielded 20 mg (87%haf protected derivativ8

as white crystals; mp 16002 °C; lit.** mp 115116 °C; p]o?* -19.4 € 0.30, CHC)); lit'®
[a]p?? = -16.1 € 1, CHCE). IR (neat)o 3279, 2951, 2849, 1733, 1645, 1548, 1464, 1371,
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1255, 1039 cit; *H NMR (600 MHz, CDCJ) 6 0.88 (t,J = 6.8 Hz, 3H, CH), 1.21-1.45 (m,
27H, 13 x CH, H-CH,), 1.58-1.64 (m, 1HH-CH,), 1.97 (s, 3H, CH), 1.98 (s, 3H, Ch),
2.10 (s, 3H, CH), 3.94-4.00 (m, 1H, H-3), 4.05-4.10 (m, 1H, H-2)14 (dd,J = 3.7, 11.7
Hz, 1H, H-1), 4.21 (dd) = 5.0, 11.7 Hz, 1H, H-1), 5.75 (d= 9.1 Hz, 1H, NH), 6.34 (d] =
8.8 Hz, 1H, NH);*C NMR (150 MHz, CDGJ)) 6 14.1 (CHy), 20.8 (CH), 22.7 (CH), 23.3 (2
x CHg), 25.6 (CH), 29.4 (2 x CH), 29.5 (CH), 29.6 (2 x CH), 29.7 (5 x CH), 31.5 (CH),
31.9 (CH), 50.5 (C-3), 52.7 (C-2), 63.7 (C-1), 170.8 (C=0j1.0 (C=0), 171.1 (C=0). ESI-
HRMS: m/zcalcd for G4H47N204 [M + H]*427.3530, found 427.3531.

4.1.31. tert-Butyl {(S)-1-[(R)-4"-dioxaspiro[4.5]decan-2yl]allyl}carbamate 20

According to the same procedure employed for tiegpamation ofl9, compound3l (0.32 g,
1.34 mmol) was converted into produ#Q (white crystals, 0.30 g, 75%-hexane/EtOAc,
9:1); mp 4242.5 °C; [0]p** —30.8 € 0.36, CHCY). IR (neat) 3348, 2978, 2931, 2861, 1686,
1524, 1365, 1248, 1161, 1120 ¢ntH NMR (400 MHz, CDCJ) 6 1.29-1.48 (m, 11H, 3 x
CHs, CH,), 1.49-1.68 (m, 8H, 4 x G} 3.69-3.74 (m, 1H, H-3"), 3.99-4.04 (m, 1H, H-3")
4.14-4.23 (m, 2H, H-1, H-2", 4.81 (br s, 1H, NBY19 (d,J=10.4 Hz, 1H, H-3), 5.26 (d,J

= 17.2 Hz, 1H, H-gng, 5.77-5.90 (m, 1H, H-2);°C NMR (100 MHz, CDG) 6 23.9 (CH),
24.1 (CH), 25.3 (CH), 28.5 (3 x CH), 34.6 (CH), 36.1 (CH), 53.8 (C-1), 66.1 (C-3"), 77.4
(C-2Y), 79.8 (@), 110.2 (@), 116.3 (C-3), 136.3 (C-2), 155.9 (C=0). ESI-HRM¥/z calcd
for CigHo7NNaQ, [M + Na]*320.1832, found 320.1845.

4.1.32. tert-Butyl {(R,E)-1-[(R)-1',4'-dioxaspiraB]decan-2'-yllhexadec-2-en-1-
yl}carbamate49

To a solution ofl9 (0.15 g, 0.50 mmol) in dry CGi&l, (8.5 mL) were successively added
pentadec-1-ene (0.68 mL, 2.50 mmol) and secondrgeme Grubbs catalyst (42.4 mg, 0.05
mmol). After being stirred and refluxed for 5 he timixture was concentrated, and the residue
was chromatographed on silica gelnexane/EtOAc, 11:1) to furnish 0.23 g (96%) ofeal&
49 as white crystals; mp 290 °C; [0]o2* +2.9 € 0.56, CHC)). IR (neatl 3342, 2922, 2852,
1702, 1496, 1449, 1365, 1280, 1098, 1041*cthl NMR (400 MHz, GDg) 6 0.92 (t,J = 6.7
Hz, 3H, CH), 1.21-1.36 (m, 24H, 12 x GH 1.45 (s, 9H, 3 x C§j, 1.51-1.64 (m, 6H, 3 x
CHp), 1.66-1.74 (m, 2H, CH, 1.92-1.99 (m, 2H, Chl, 3.64-3.74 (m, 2H, 2 x H-3"),
3.89-3.99 (m, 1H, H-2), 4.30-4.43 (m, 1H, H-1)04(d,J = 8.0 Hz, 1H, NH), 5.48 (dd=
6.6, 15.5 Hz, 1H, H-2), 5.56-5.69 (m, 1H, H-3C NMR (100 MHz, GDs) 6§ 14.4 (CHy),
23.2 (CH), 24.2 (CH), 24.4 (CH), 25.6 (CH), 28.5 (3 x CH), 29.6 (CH), 29.9 (CH), 30.0
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(CHy), 30.1 (CH), 30.2 (5 x CH), 32.4 (CH), 32.8 (CH), 35.2 (CH), 36.5 (CH), 55.0 (C-
1), 66.3 (C-3"), 78.0 (C-2'), 79.0{110.2 (G), 126.8 (C-2), 133.8 (C-3), 155.2 (C=0). ESI-
HRMS: m/zcalcd for GeHssNO,4 [M + H]* 480.4047, found 480.4056.

4.1.33. tert-Butyl {(S,E)-1-[(R)-1",4'-dioxaspirap}decan-2'-yllhexadec-2-en-1-
yl}carbamate (E)80 and terc-butyl {(S,2)-1-[(R)-1',4'-dioxaspiro[4.5¢dan-2'-yllhexadec-2-
en-1-yl}carbamate(Zp0

Using the same procedure as described for the atema of 49, compound20 (0.10 g, 0.34
mmol) was converted into a separable mixture dirdes0 (145 mg, 89%n-hexane/EtOAc,
11:1).

Isomer(E)-50: 132 mg (81%, >98:2 dr); colourless oi]** —2.5 € 1.48, CHC}). IR (neat)

v 3452, 2922, 2852, 1717, 1493, 1466, 1365, 12862,11042 crit; '"H NMR (400 MHz,
CesDe) 0 0.92 (t,J = 6.7 Hz, 3H, CH), 1.23-1.35 (m, 24H, 12 x GH 1.46 (s, 9H, 3 x C¥),
1.48-1.73 (m, 8H, 4 x G 1.91-1.98 (m, 2H, C}), 3.69-3.76 (m, 2H, 2 x H-3"), 3.88-3.95
(m, 1H, H-2"), 4.28-4.41 (m, 1H, H-1), 4.85 (brd; 8.3 Hz, 1H, NH), 5.44 (dd,= 6.5, 15.4
Hz, 1H, H-2), 5.62-5.74 (m, 1H, H-3)’C NMR (100 MHz, GD¢) 6 14.4 (CH), 23.2 (CH),
24.1 (CH), 24.4 (CH), 25.6 (CH), 28.5 (3 x CH), 29.5 (CH), 29.6 (CH), 29.9 (CH), 30.0
(CHy), 30.1 (CH), 30.2 (4 x CH), 32.4 (CH), 32.7 (CH), 35.1 (CH), 36.5 (CH), 53.8 (C-
1), 66.3 (C-3"), 77.8 (C-2), 79.0 {£110.0 (G), 128.7 (C-2), 132.9 (C-3), 155.7 (C=0). ESI-
HRMS: m/zcalcd for GeHssNO,4 [M + H]* 480.4047, found 480.4044.

Isomer ©)-50: 13 mg (8%, >96:4 dr); colourless oit]§** —=23.5 € 0.16, CHCJ). IR (neat)
3392, 2920, 2851, 1716, 1603, 1463, 1365, 11630,11045 crit; *H NMR (400 MHz,
CeDe) 0 0.92 (t,J = 6.8 Hz, 3H, CH), 1.19-1.41 (m, 24H, 12 x GH 1.44 (s, 9H, 3 x C¥),
1.48-1.75 (m, 8H, 4 x Gij| 2.12-2.24 (m, 1H, H-4), 2.25-2.38 (m, 1H, H-8)70-3.79 (m,
2H, 2 x H-3"), 3.90-3.96 (m, 1H, H-2"), 4.68-4.82, @H, H-1, NH), 5.40-5.54 (m, 2H, H-2,
H-3); **C NMR (100 MHz, GDe) 6 14.4 (CH), 23.2 (CH), 24.2 (CH), 24.4 (CH), 25.6
(CHyp), 28.3 (C-4), 28.5 (3 x C#ji 29.8 (CH), 29.9 (CH), 30.1 (2 x CH), 30.2 (5 x CH),
32.4 (Ch), 35.1 (CH), 36.6 (CH), 49.3 (C-1), 66.1 (C-3), 78.1 (C-2'), 79.Q;\C110.0 (@),
128.0 (C-2 or C-3), 133.6 (C-2 or C-3), 155.6 (C=B%I-HRMS:m/z calcd for GgHssNO4
[M + H]*480.4047, found 480.4051.

4.1.34. tert-Butyl {(R)-1-[(R)-1',4'-dioxaspiro[4decan-2'-yl|hexadecyl}carbamatel

By the same procedure as employed for the convesidO to 42, compound49 (0.10 g,
0.21 mmol) was transformed to derivati® (white crystals, 90 mg, 90%;:hexane/EtOAc,
11:1); mp 4748 °C; [0]o>* +14.5 € 0.52, CHC)). IR (neat) 3374, 2914, 2847, 1689, 1524,
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1464, 1447, 1365, 1247, 1166, 1105, 1061 ctil NMR (400 MHz, GD¢) J 0.92 (t,J = 6.6
Hz, 3H, CH), 1.21-1.36 (m, 28H, 14 x GH 1.45 (s, 9H, 3 x CH), 1.53-1.77 (m, 10H, 5 x
CH,), 3.71-3.89 (m, 4H, H-1, H-2', 2 x H-3"), 4.06 {d= 9.5 Hz, 1H, NH);*C NMR (100
MHz, CsDg) 0 14.4 (CH), 23.2 (CH), 24.3 (CH), 24.4 (CH), 25.6 (CH), 26.1 (CH), 28.5
(3 x CH), 29.9 (2 x CH), 30.1 (2 x CH), 30.2 (6 x CH), 31.7 (CH), 32.4 (CH), 35.5
(CH,), 36.7 (CH), 53.4 (C-1), 67.1 (C-3'), 78.7 (C-2"), 78.8,(C110.1 (G), 155.8 (C=0).
ESI-HRMS:m/zcalcd for GoHseNO4 [M + H] ™ 482.4204, found 482.4209.

4.1.35. tert-Butyl {(S)-1-[(R)-1',4'-dioxaspiro[4decan-2'-yllhexadecyl}carbamate?
According to the same procedure described for thpgration ob1, isomer E)-50 (55 mg,
0.11 mmol) was modified into derivati& (colourless oil, 54 mg, 97.5%;hexane/EtOAc,
11:1); [a]o** -26.1 € 0.86, CHCY). IR (neat)o 3452, 2922, 2852, 1717, 1497, 1464, 1364,
1280, 1101, 1041 cth *H NMR (400 MHz, GDg) 6 0.92 (t,J = 6.7 Hz, 3H, CH)), 1.20-1.40
(m, 30H, 15 x CH), 1.46 (s, 9H, 3 x Ch, 1.48-1.72 (m, 8H, 4 x G 3.71-3.79 (m, 3H,
H-1, 2 x H-3), 3.81-3.87 (m, 1H, H-2), 4.64 (brdd= 9.7 Hz, 1H, NH):*C NMR (100
MHz, CsDg) 0 14.4 (CH), 23.2 (CH), 24.2 (CH), 24.4 (CH), 25.6 (CH), 26.6 (CH), 28.5
(3 x CH), 29.9 (CH), 30.0 (CH), 30.1 (2 x CH), 30.2 (6 x CH), 32.4 (CH), 34.0 (CH),
35.1 (CH), 36.5 (CH), 51.0 (C-1), 66.3 (C-3"), 77.5 (C-2'), 78.8,(C109.5 (@), 156.3
(C=0). ESI-HRMSm/zcalcd for GgHseNO4 [M + H]" 482.4204, found 482.4225.

4.1.36. (2R,3R)-3-Aminooctadecane-1,2-diol hydraatié 12

Using the same procedure as employed for the mtparof10, derivative51 (90 mg, 0.19
mmol) was converted into compoufi@l (white amorphous solid, 57 mg, 90%)]f* +6.5 ¢
0.66, MeOH). IR (neat) 3331, 2951, 2915, 2847, 1590, 1513, 1471, 14629,11077, 1053,
1017 cn; *H NMR (400 MHz, CROD) 6 0.89 (t,J = 6.6 Hz, 3H, CH), 1.24-1.56 (m, 26H,
13 x CH), 1.58-1.76 (m, 2H, CHi, 3.26-3.32 (m, 1H, H-3, GJOD), 3.63 (ddJ =5.3, 11.4
Hz, 1H, H-1), 3.70 (ddJ = 4.8, 11.4 Hz, 1H, H-1), 3.78-3.83 (m, 1H, H-ZC NMR (100
MHz, CD;0OD) § 14.4 (CH), 23.7 (CH), 26.8 (CH), 29.1 (CH), 30.5 (2 x CH), 30.6 (CH),
30.7 (2 x CH), 30.8 (5 x CH), 33.1 (CH), 56.0 (C-3), 63.7 (C-1), 71.1 (C-2). ESI-HRMS:
m/zcalcd for GgH4oNO, [M — CI]* 302.3054, found 302.3060.

4.1.37. (2R,3S)-3-Aminooctadecane-1,2-diol hydmaié 13
According to the same procedure described for tepgration ofl0, compounds2 (50 mg,

0.10 mmol) was transformed to derivatit® (white amorphous solid, 29 mg, 83%g]*
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+3.1 € 0.38, MeOH). IR (neat) 3454, 3390, 3004, 2949, 2917, 2848, 1740, 1436613
1229, 1217, 1205 ch*H NMR (400 MHz, CROD) 6 0.90 (t,J = 6.9 Hz, 3H, CH), 1.25—
1.48 (m, 26H, 13 x Ch), 1.56-1.66 (m, 1H, H-4), 1.71-1.80 (m, 1H, H-aR7 (td,J = 3.1,
6.7 Hz, 1H, H-3), 3.65-3.72 (m, 3H, 2 x H-1, H-3¢ NMR (100 MHz, CROD) 5 14.4
(CHa), 23.7 (CH), 26.4 (CH), 30.5 (3 x CH), 30.7 (CH), 30.8 (6 x CH)), 31.3 (CH), 33.1
(CH,), 55.0 (C-3), 65.0 (C-1), 70.5 (C-2). ESI-HRM@®/z calcd for GgHsoNO, [M — CI*
302.3054, found 302.3067.

4.1.38. (2R,3R,E)-3-Aminooctadec-4-ene-1,2-dioldgiuoride 14

By the same procedure as employed for the preparati 10, compound49 (0.13 g, 0.27
mmol) was modified into derivative4 (white amorphous solid, 73 mg, 80%)]{** +21.9 €
0.26, MeOH). IR (neat) 3430, 3365, 3013, 2952, 2916, 2848, 1628, 1608215496, 1381,
1076 cnt; *H NMR (400 MHz, CROD) 6 0.90 (t,J = 6.6 Hz, 3H, CH), 1.24-1.38 (m, 20H,
10 x CH), 1.39-1.50 (m, 2H, C}), 2.08-2.18 (m, 2H, C}), 3.48 (ddJ = 6.0, 11.0 Hz, 1H,
H-1), 3.56 (ddJ = 5.0, 11.0 Hz, 1H, H-1), 3.78-3.86 (m, 2H, H-23H 5.55 (ddJ = 8.8,
15.3 Hz, 1H, H-4), 5.89-6.02 (m, 1H, H-3JC NMR (100 MHz, CROD) 6 14.4 (CH), 23.7
(CHyp), 29.9 (CH), 30.3 (CH), 30.5 (CH), 30.6 (CH), 30.7 (2 x CH), 30.8 (3 x CH), 33.1
(CHyp), 33.5 (CH), 57.2 (C-3), 64.0 (C-1), 72.1 (C-2), 122.2 (C-#31.0 (C-5). ESI-HRMS:
m/zcalcd for GgH3gNO, [M — Cl]* 300.2897, found 300.2912.

4.1.39. (2R,3S,E)-3-Aminooctadec-4-ene-1,2-diotdgidoride 15

According to the same procedure described for tmestcuction ofl0, derivative E)-50 (70
mg, 0.15 mmol) was converted into compouttd (white amorphous solid, 43 mg, 87%);
[a],2* —8.3 € 0.52, MeOH). IR (neat) 3390, 3273, 3123, 2953, 2917, 2849, 1676, 1604,
1473, 1377, 1104, 1049 ¢in'H NMR (400 MHz, CROD) 6 0.90 (t,J = 6.9 Hz, 3H, CH),
1.25-1.38 (m, 20H, 10 x GH 1.39-1.49 (m, 2H, C}), 2.09-2.16 (m, 2H, C}), 3.56 (ddJ

= 4.0, 10.8 Hz, 1H, H-1), 3.60-3.64 (m, 1H, H-2)6® (dd,J = 3.3, 10.8 Hz, 1H, H-1),
3.70-3.76 (m, 1H, H-3), 5.49 (ddt= 1.4, 8.7, 15.4 Hz, 1H, H-4), 5.98 (dt= 6.8, 15.4 Hz,
1H, H-5); *C NMR (100 MHz, CROD) ¢ 14.4 (CH), 23.7 (CH), 29.8 (CH), 30.3 (CH),
30.5 (CHy), 30.6 (CH), 30.7 (CH), 30.8 (4 x CH), 33.1 (CH), 33.5 (CH), 56.9 (C-3), 64.1
(C-1), 72.6 (C-2), 124.1 (C-4), 140.8 (C-5). ESHHAR: m/zcalcd for GgHsgNO, [M - CI]*
300.2897, found 300.2907.
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4.2. Antiproliferative/cytotoxic activity

4.2.1. Cell culture

The following human cancer cell lines were usedtlfos study: A-549 (non-small cell lung
cancer), HelLa (cervical adenocarcinoma), MCF-7 (many gland adenocarcinoma), MDA-
MB-231 (mammary gland adenocarcinoma), HCT-116 @umoolon carcinoma), Caco-2
(human colon carcinoma), Jurkat (acute T-lymphdlddsukaemia) cells were maintained in
RPMI 1640 medium, MCF-10A (human mammary epithetigls) maintained in DMEM/F-
12 supplemented with insulin (5 mg/mL) EGF (10 nigfnand cholera toxin (1 ng/mL),
A2058 (human melanoma cells) maintained in DMEM o#lism pyruvate (1.5 g/L), and
PaTu (human pancreatic adenocarcinoma) maintamBd/iEM + sodium pyruvate (1.5 g/L)
and Hepes (25 mM). NiH 3T3 cell line was maintaiiegrowth medium consisting of high
glucose Dulbecco’s Modified Eagle Medium. Media &supplemented with Glutamax, and
with 10% (V/V) foetal calf serum, penicillin (10QIx mL™), and streptomycin (100 mg x
mL™) (all from Invitrogen, Carlsbad, CA USA), in ther@sphere of 5% CQOn humidified
air at 37 °C. Cell viability, estimated by the teypblue exclusion, was greater than 95%

before each experiment.

4.2.2. Cytotoxicity assay

The cytotoxic effect of the tested compounds wadistl using the colorimetric microculture
assay with the MTT endpoifitThe amount of MTT reduced to formazan was propodiito
the number of viable cells. Briefly, 5 x °l6ells were plated per well in 96-well polystyrene
microplates (Sarstedt, Germany) in the culture omadcontaining tested chemicals at final
concentrations T6-10° mol x L%, After 72 h incubation, 1QL of MTT (5 mg x mL?*) were
added into each well. After an additional 4 h, dgrwhich insoluble formazan was formed,
100 pL of 10% (m/m) sodium dodecylsulfate were added i@ach well and another 12 h
were allowed for the formazan to be dissolved. &bsorbance was measured at 540 nm
using the automated uQuahtUniversal Microplate Spectrophotometer (Biotektinsients
Inc., Winooski, VT USA). The blank corrected absorbe of the control wells was taken as

100% and the results were expressed as a percaftdgecontrol.
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Highlights

» Synthesis of unusual sphingoid bases was accomplished.

» Developed strategy relied on [3,3]-sigmatropic rearrangements.

* A singlecrystal X-ray analysis of the key substructure was performed.

»  Grubbs coupling installed a hydrocarbon chain unit.

* Thetarget compounds demonstrate significant antiproliferative/cytotoxic activity.
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