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ARTICLE INFO ABSTRACT

Article history Two new [named xylapyrrosides A)(and B )] along with two known [pollenopyrrosides
Received (3) and B (= acortatarin A4)] naturally occurring spirocyclic pyrrole alkalsidvere isolate
Received in revised form and identified as minor components from the EtOltaet of the dried mycelia of the edi
Accepted medicinal fungusXylaria nigripes Their structures were established by a combinati
Available online interpretation of spectroscopic data and singletatyX+ay diffraction analyses. The isole

possess a unique tricyclic skeleton comprising enrnon bicyclic 2-formyl-pyrroleusec
morpholine, with a variable ketohexoside ring. Ttlsss of alkaloids is quitere from natur:
sources. In this study, the total syntheses of camgsl, 2 and4 were successfully achieved
two alternative strategies, and three new analofnaesed xylapyrrosides A1L§), A2 (1b) anc
B1 (2a)] were also produced. Notably, theabsynthesis of such spiroketal alkaloids wi
pyranose ring (e.d.) was accomplished for the first time. The absokdefigurations of tr
new isolates can be thereafter unequivocally sechyethe total synthesesh& above isolats
and synthesized spiro-alkaloids were found to shmwerateantioxidant effects by preventi
the oxidative stress-induced cytotoxicity of A7&hb vascular smooth muscle cells (VSMCs).

2015 Elsevier Ltd. All rights reserved
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1. Introduction* alkaloids (Figures 1 and 2) contains an unprecedetricyclic

. , e _ pyrrole-morpholine—ketohexoside fused framework. Agtine
As described previously, pyrrole-containing alkafpiduch as  5pgve spiro-alkaloids, capparisines A and B wereviposly

discorhabdins and lamellarins with complex structures and reported to have no inhibitory effect on human hepge cell
interesting  biological ~ activities, have greatly nstilated .y 7702 apoptosid. But acortatarin A was found to have
interdisciplinary studies by chemists and biologistoridwide.  gntioxidant activity by inhibiting reactive oxygepecies (ROS)

During the past decade, the number of new pyrroleel qqyction in high glucose-induced mesangial dlls.
alkaloids isolated, identified, and synthesizedtfair medicinal

potential has increased. This includes a very satadis of sugar- ¥—0 0 65 3124 o
morpholine spiroketal pyrrole-derived alkaloids tthemerged HO";'2<’§ N = HO™ TR g —
only in recent years. Capparisines A and B from ftiaés of o't @ N s HOY's ™ g N _
Capparis spinosa pollenopyrrosides A and B from the bee- OHC 2 OHC

. . 4 . 7
collectedBrassica campestripollen;” and acortatarins A and B 1:9S 3:9R 295 4:9R

from the rhizomes ofAcorus tatarinowif were independently 00

reported by three Chinese research groups in 28k6ut two HOw-(R — HO R,0 9

years later, acortatarins A and C were isolated fiteencrust of R N MN =

whole wheat bread by Peterson, et ii. general, this group of HO HO™R =
OHC OHC

1a:9R 1b:9S 2a

" Corresponding authors. (+86)-21-5198-0172; e-mail:
jfhu@fudan.edu.cn Figure 1. Structures of naturally-occurrind-4) spiroketal pyrrole-derived
alkaloids fromXylaria nigripesand their synthesized analogugs, (Lb, 2a).
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Figure 2. Other previously reported naturally-occurring skétal pyrrole-
derived alkaloids3The stereochemistries of capparisines A and B tegdiy
Wang et al. were determined by Ko (not ClKa) X-ray crystallographic
analysis® "The relative and absolute configuration of acoriat&€ remains
undetermined,and the configurations at C-11 and C-12 were tiksly to

beS* andR*, respectively, based on related biogenetic coresitdes®

Due to the intriguing structures, this class of Hlids
attracted considerable interest for organic symheeon after
their isolation. So far, several groups have acdismgd the total
syntheses of acortatarind & and B®® Inexplicably, the absolute
configurations of the naturally occurring acortatar were
initially assigned by both single-crystal X-ray (Me) diffraction
analysis and the modified Mosher's metRobut they were
eventually revised after stereoselective total tegmes.
Meanwhile, acortatarin A was found to be identicalthwi
pollenopyrroside B:*°

As a part of our continuing interest in novel bidaet
alkaloids from natur&**® four sugar-morpholine spiroketal
pyrrole-derived alkaloids1(4, Figure 1) were isolated from the
EtOH extract of the dried mycelia &fylaria nigripes (Koltz.)
Sacc. (family Xylariaceae), also known by the folklmame of
Wuling Shen in ChineseX. nigripesis considered to be a
precious medicinal fungus, which is edible and dalis when it
is young. Differing from our previously studied wonamtting
fungus Fomes fomentariy¥ the wild X. nigripeshas a very
special ecological niche in that it usually growghe abandoned
nests of the subterraneara(-2 m) termite Odontotermes

formosanus®*® Although the wild fungus is quite rare in nature,
the mycelia ofX. nigripesnowadays can be largely manufactured?3

through fermentation, and the dried culture fikras usually
called Wuling Powder in China. As a popular tradiéib@hinese

and semi-preparative HPLC to furnish compouhdd.0 mg),2
(21.3 mg),3 (1.2 mg), and4 (20.1 mg). By comparing their
spectroscopic data and physicochemical propertigk thiose
reported in the literature, the structures with &liso
configurations of 3 (= pollenopyrroside 4, and 4 (=
pollenopyrroside B or acortatarin A*') were undoubtedly
established as shown in Figure 1. CompoRi&l reported herein
as a natural product for the first time, which igntcal in all
respects with the synthesized@iacortatarin A"

Xylapyrroside A ) was obtained as a colorless crystal from
acetone. Its molecular formula was determined t&€hE;sNOs
based on a molecular ion peaknafz 253.0952 [M] in its HR-
EIMS, implying six degrees of unsaturation. The U\s@iption
at 296 nm ofl indicated the presence of a pyrrole-2-aldehyde
moiety’ In accordance with the above observation, a typical
proton signal ab 9.39 (1H, s, H-7) for an aldehyde group and
two mutually-coupling olefinic protons &t7.04 (1H, dJ = 4.0,
H-3) and 6.09 (1H, dJ = 4.0 Hz, H-4) were present in thi
NMR spectrum (Table 1) df.

Table 1.'H (400 MHz) andC (100 MHz) NMR data of compourid®

Jy (J values in Hz) Jc
o . o
1° 1 129 Cf\fpansme P
B4
132.4
3 7.04 (d, 4.0) 6.97 (d, 4.0) 6.90 (d, 4.0) 6.923(8) 125.8
4 6.09 (d, 4.0) 6.05(d, 4.0) 5.99 (d, 4.0) 6.013(8) 106.1
5 137.1
6 4.86 (d, 16.0) 4.86 (d, 15.6) 4.80 (d, 15.6) 48215.2) 58.6
4.77 (d, 16.0) 4.74 (d, 15.6) 4.71 (d, 15.6) 4F415.7)
7 9.39 (s) 9.46 (s) 9.42 (s) 9.45 (s) 180.2
8 4.62 (d, 14.0), 4.55(d, 14.0) 4.68 (d, 13.9) 044, 14.4) 53.5
4.00 (d, 14.0) 3.95 (d, 14.0) 3.99 (d, 13.9) 4®213.8)
96.9
10 2.02 (dd, 1.98 (dd, 12.8, 1.90 (dd, 12.8, 1.91 (dd, 36.1
12.8, 11.6) 11.6) 11.6) 12.6, 11.8)
1.92 (dd, 1.90 (dd, 12.8, 2.02(dd, 12.8, 2.04 (dd,
12.8,5.2) 5.6) 5.6) 12.8,5.3)
11 4.10 (ddd, 4.06 (m) 4.14 (ddd, 4.14m 68.7
11.6, 5.2, 2.8) 11.6, 5.6, 2.8)
3.81 (m) 3.85 (m) 3.87 (m, 3.88m 66.0
overlapped)
3.83 (br d, 3.77 (dd, 3.87 (dd, 3.89 (d, 12.1) 66.3
12.0) overlapped) overlapped)
3.78 (br d, 3.75 (dd, 3.78 (dd, 12.8, 3.81(d, 12.1)
12.0) overlapped) 1.2)

medicine (TCM) used as a nerve tonic, the commiycia
available Wuling Capsule (a single herbal formulade from
Wuling Powder) has been used clinically for the tiremt of
insomnia, anxiety disorders and depression in Clsirece

1999°°*'" Nevertheless, studies on the secondary metabolit

and their biological properties of this fungus réma

limited.**®*"**® In the present investigation, the pyrrole-fused

spiroketal architectures are reported frigmmigripesfor the first
time. We herein describe their isolation, strudtwgtaicidation,
total syntheses, and their anti-oxidant effectsgaRaing to the
total syntheses, the reactions proceeded with ceraite
diastereoselectivity to give the target compoumndgaod yields.

2. Results and discussion
2.1 Isolation and structural elucidation

The commercially fermented mycelium (20 kg)>afnigripes
was extracted with 75% EtOH (20 L) at room temperatiree
times to afford a brown residue (1.3 kg, semi-deyich was

& Assignments were made by a combination of 1D dhdNRIR experiments;
® in methanold,; ¢ in acetoneds; ¢ in CDCk,.

Additionally, two unequivalent aliphatic methylenefms p
2.02 (1H, ddJ = 12.8, 11.6 Hz) and 1.92 (1H, di= 12.8, 5.2

eﬁz), H,-10], three heteroatom-bearing methylenés4[86 and

4.77 (each 1H, dl = 16.0 Hz, H-6); 4.62 and 4.00 (each 1H,3,
= 14.0 Hz, H-8); 3.83 and 3.78 (each 1H, brXs 12.0 Hz, H-
13)], and two oxymethinesj[4.10 (1H, dddJ = 11.6, 5.2, 2.8
Hz, H-11); 3.81 (1H, m, H-12)] also appeared in tHeNMR
spectrum (Table 1). Thé’C NMR spectrum ofl exhibited
twelve well-resolved signals (Table 1) classified DEPT and
HSQC NMR experiments: four methylenes36.1 (C-10), 53.5
(C-8), 58.6 (C-6) and 66.0 (C-13)], five methinesnd
oxygenated af 66.3 (C-12), 68.7 (C-11), two olefinic &t106.1
(C-4) and 125.8 (C-3), and one formyl carbor 4180.2 (C-7)],
and three quaternary carbons [one ketal 86.9 (C-9), and two
olefinic atd 132.4 (C-2) and 137.1 (C-5)].

The above spectroscopic data (in £0D) closely resembled

suspended in 3 (2.0 L) and then successfully extracted with iqce of capparisine B (Figure 2), a sugar-morpieotipiroketal

petroleum ether (3x1.5 L), EtOAc (3x1.5 L), am8BuOH (3x1.5
L). The EtOAc extract (281.6 g) was separated by tedea
column chromatography (CC) over silica gel, SepRkadd-20,

pyrrole-derived alkaloid previously isolated frorhet mature
fruits of Capparis spinosa The 'H NMR data of compound



and capparisine Bare found to be identical when using the same 0o 0 R0 O

NMR solvent (CDCJ) (Table 1), indicating both should have the How <TR) /\/\}; HOMN =

same planar structure with the same relative cordigan. The HO'(9 #~ and  HOU® ~

framework ofl was further confirmed by detailed analyses of 2D OHC OHC

NMR spectra (COSY, HSQC, HMBC and NOESY) (Figure 3). Tor3 l o, o

However, the optical rotation valuea]j” -189 (MeOH)) of Prop, 1°

compoundl was found to be quite different from that of m Q=

capparisine B (], +38 (MeOH)) with a (R* 11R*125%) TBSOY3) N

configuratiori(Figure 2), suggesting that the two compounds are 5 7H

enantiomers of each other. The absolute configurati U

(9511S12R) of 1 was finally confirmed by single-crystal X-ray ™S o ores X\ + po I N

(CuKa) diffraction analysis (Figure 4 and Supplementiaia). P1O” RS or M N cHo
OP; P10 mig (5977 0 7(P3=THP)

1 N
1
— '"H-'THCOSY X\ HMBC

Figure 3. Key COSY, HMBC and NOE correlations bf

Figure 4. X-ray crystal structure df.

2.2 Total synthesis

Since 2011, total syntheses of such sugar-morpd{6li5]-
spiroketal pyrrole-derived alkaloids with a furanaseg, e.g.,
acortatarin B, pollenopyrroside B/ acortatarin A d@sd9-epimer
(2, 9-epiacortatarin A), have been carried out by sevesdaech

oP,
6 U ] H
\
P1O/(R\)§)LH OHC/DCHO

OP, H
8 pre-7a

P = protecting group

Scheme 1Retrosynthetic analysis for the spiro-alkaloids.

In our first synthetic route, the synthesis if commenced
with the commercially availableR}f-2,2-dimethyl-1,3-dioxolane-
4-carbaldehyde9j which was converted to allylic alcohd0 as
an inseparable diastereomeric mixtude € 5:3, 86% yield) by
reaction with allylmagnesium chloride (a Grignard gesat)*°
After the alcoholl0 was protected as itert-butyldimethylsilyl
(TBS) ether {1) in 88% yield, epoxidation ofll1 with m-
chloroperoxybenzoic acidmfCPBA) gave 12 (70% yield).
SubsequentN-alkylatior?* of the substituted pyrrole7 via
opening of the epoxide ih2 with KOH/MeOH affordedl3 in a
satisfactory yield (60%). Oxidatiéhof the alcoholl3 with Dess-
Martin periodinane (DMP) furnished the ketah®in 92% yield.
The precursor 14  underwent an intramolecular
spiroketalizatiol”?® in the presence of moderate acidic
conditions to deliver a mixture of compoury® and4, together
with another three new diastereoisomdra (b and2a) (Figure
1 and Scheme 2). Separation of the above six déass®meric
spiro-alkaloids was successfully achieved by regkate
chromatography on silica gel and followed by seneiparative
HPLC (Figure 5).

Xylapyrrosides A (1a) and A (1b) were both found by
HREIMS to have the same molecular formula¥GsNOs) as 1.
They also exhibited quite simildH and**C NMR data to those
of 1, and only slight differences around the deoxykexalse
moieties (from C-10 to C-13) could be observedthamrdetailed
comparison of their COSY and HMBC spectroscopic {8&e

groups’*® However, the total synthesis of such structures with Supplementary data) with those bfrevealed that these three
pyranose ring (e.g1) has so far not been achieved. Only in acompounds possess the same planar structure (Scjinet

total synthetic work towards the synthesis of acariatA, a

different relative configurations that can be gad#éduced by the

impure byproduct® Therefore, we sought a process to synthesiz€ompoundla, the large coupling constant o; = 11.6 Hz;Jy.

such spiro-alkaloids with a pyranose ring to provileough

1213 = 10.7 Hz) indicated both H-1% 8.89) and H-12{ 3.50)

material for furtherin vivo bioactivity assays such as anti- [00k axial orientations (i.e., the hydroxyl groupere in opposite

depression evaluation.

From a retrosynthetic perspective, the [6,6]- (gand [6,5]-
(e.g.,2) spiroketals could be anticipated and synthesirsidg
the same strategy (Scheme 1), because they woulelyathn the
spiroketalization of the intermediats. This precursor was
envisioned to be available from a protected 2-fdrsy
hydroxymethyl-pyrrole 7) by N-alkylation with the epoxidé,®*
which in turn could be generated from the commédicial
available aldehyds.

orientations and both took equatorial positionsjea€ NOE
correlations of H-19 (6 1.67)/H-8 (0 4.50, 4.04), H-1Q/H-12,,

(0 3.50), H-1Qq (6 2.23)/H-11 (¢ 3.89), and H-1}/ H-13,, (0
3.42) were then observed. In a similar way, the ikdat
configuration of compoundb was determined as depicted in
Scheme 2. The absolute configuration & was finally
unambiguously established asR(®1R 12R) by CwKa X-ray
crystallographic analysis (Figure 6 and Supplengrdata).
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Figure 5. HPLC-PDA profiles of the six synthesized spirkedbids
separated on a Fluophase PFP column (7.7 x 2506mm, Thermo):1 (tz =
25.1 min),1a (tzr = 29.5 min),1b (tr = 19.4 min),2 (tz = 26.3 min),2a (tz =
27.0 min), and! (tr = 20.1 min). The PDA detector measured absorbahce
299 nm. The elution program consisted of a lineadignt of methanol in
water from 25% to 35% in 35 min, then followed byisocratic elution with
100% methanol for 15 min (flow rate: 2.0 mL/min).

Figure 6. X-ray crystal structure dfa.

Considering that the chiral center at C-12 of theve six
synthesized spiro-alkaloids was introduced by thetialn
chemical R)-9, it is reasonable that the absolute configurasion
C-12 should be definitively assignedR¢Scheme 2). Therefore,
the absolute configuration at C-11 of bdth and 2a could be
easily determined to bR based on the above analysis of their
relative configurations. However, due to the shortafysingle-
crystal data, determination of the absolute coméiian at C-9 in
1b and 2a seems to be challenging. Interestingly, after fcére
analysis of the optical rotations of compouridsla, 2-4, and
their diastereoisomers reported in the literafilreve reasoned
that the absolute configuration at the spiro-ce(@e®) would be
the key factor to influence the sign (positive dnus) of the §],
values. In general, such sugar-morpholine spirdkpyarole-
derived alkaloids with aRconfiguration all exhibit positiveo]p
values La +132;3: +65; 4: +255; capparisine38+38), while
minus values were observed only for those compouriitisa 95
configuration L. [o]p —-189; 2. [0]p—187). Accordingly, the
absolute configuration at C-9 ibb ([a]p —241) and2a ([a]p
+225) could be assigned aS&nd R (Figure 1), respectively.

The above synthetic route could efficiently affdtee target
compounds (only six steps from the commerciallyilataée 9),
along with three new analogueda( 1b, 2a) for potential
structure-activity relationship (SAR) studies. InhBme 2, TBS
was employed to protect the secondary hydroxyl grioufO,
yielding an inseparable epimeric mixture Idf (Schemes 2 and
3). Interestingly, when a more rigid protective gryoge.qg.,
benzyl) was used instead of TBS, an optical purelymbl5
could be obtained as the major product that caneasly
separated from its epimer by silica gel CC (Sch&8mn&hus, we
explored a second synthetic strategy, which suagbssf
furnished the [6,6]-spiroketdl (Scheme 4) or [6,5]-spiroketals
and4 (Scheme 5) with much higher steroselectivity.

OoP

Fo

mixed 11 P = TBS
(R,S)-15P =Bn

for 11 TBSOTf, 88%

_— >

for 15 BnBr, NaH, 80%

Scheme 3Different protected groups on the secondary hyyrof 10.

After cleavage of the acetonide by 60% (v/v) TFA, dia 16
was furnished in 88% yield, and different protectiweups were
then employed to construct [6,6]- and [6,5]-spitalke As
shown in Scheme 4, the primary hydroxyl group lié was
protected with TBS1(7, 85% vyield) and the secondary hydroxyl
group was subsequently converted to the benzyl dBdb0%
yield), which underwent a few steps to proceed thgetd6,6]-
spiroketal (Scheme 4). In contrast, the [6,5]-df@tals were
constructed by protecting the primary hydroxyllwith benzyl
ether @4, 75% yield) and the secondary hydroxyl with TBSeeth
(25, 82% yield) followed by a series of reactions (Suhkeb).
Actually, subsequent epoxidation of terminal olefimevided19

Xylapyrroside B (2a) was also assigned a molecular formulaand 26 each in 75% yield. Ring opening of the epoxideshia
of C;;H;sNOs as determined by HR-EIMS, identical with those of presence of cerous chloride heptahydrate and soididice gave

compoundsl-4. The'H and™*C NMR spectra oRa resembled

20 and 27 each in 80% yield! and then the oxidation of both

those of2 and4,2*?in which the deoxyhexose moiety existed as awith DMP furnished ketone21 and 28 each in 90% yield.

furanose ring instead of a pyranose rind.imhis was supported
by the observation of a key HMBC correlation betwékh2 ¢

Treatment ofz-iodo ketones and pyrrolederivatiVewith K,CO,
in DMF afforded22 and29 each in 87% yield& Compound22

4.14) and C-94103.6), as well as the lack of correlation from experienced an intramolecular spiroketalization erndcidic
H-13 (¢ 3.83 and 3.78) to C-9 (See Supplementary data)condition (4N HCI) together with the cleavage of THRI aiBS

Detailed comparison of the NMR data 2& with those of4
suggested that the only difference was the oriemtatf the

groups, giving23 as the sole product in a 90% yield, which was
then treated with TiGlin CH,CI, to afford1 (70%) (Scheme 4).

hydroxy group at C-11; thuga was assumed to be the 11-epimerInterestingly, the same treatment on compoBfidesulted in a

of 4.

pair of C-9 epimers3Q, dr = 2:1) that finally afforde® (37%)



and 4 (32%) (Scheme 5). In our opinion, the large steric
hindrance, which may be explained by considering tive
possible transition states during the acid catayze
spiroketalisation 029,**’was unfavorable for the production of
9R-epimer of 23 by spirocyclization and hence compouid
could not be obtained. This phenomenon coincidedbath
synthetic strategies (Schemes 2 and 4), which wascalssistent
with the previous synthetic work by Teranishi et’al.

OBn OBn

60% TFA BRI~ _TBSCLEtN o
15 — TR e N — e 1Rs0Y x
CH,Cly, 0°C OH CH,Chy, rt. OH
88% 85%
16 17
OBn OBn
BnBr, NaH ~ A __mcPBA 9
—— >~ TBSO” Y N " TBSO” :
DMF, 0 °C OBn CHC, rt. OBn
90% 75%
18 19
OBn OH OBn O
DMP I
CeCls 7HO, Nal I T8S0”
CH4CN, rt. 0Bn CHyCly, rt. OBn
50% 90%
20 21
OTHP
0OBn oL
7.KC05 | TBSOM =, _ 4NHcl _ BnO™ N
DF, . 8o’ NZ tHRocc Bno” ~
87% oHd 90% OHC
22 23
00
TiCly Holm@s —
—N
CH,Clp, -78°C  HO' S =
70% OHC

1
Scheme 4Route 2: Stereoselective synthesig.of

2.3 Antioxidant evaluation

Considering that acortatarin A)(was previously reported to
have antioxidant activity! the obtained spiro-alkaloids (except
the mass-limited3) were also evaluated for their antioxidant
effects on preventing the oxidative stress-induogdtoxicity of
A7r5 rat vascular smooth muscle cells (VSMCs). Indeed
oxidative stress, generated by excessive reaciiygem species
(ROS), is an important trigger of VSMC apoptosis &ad been
implicated in the pathogenesis of cardiovasculaomiers® As
shown in Figure 7tert-butyl hydroperoxide (tBHP), a lipid-
soluble source of peroxide radicals employed irs tsiudy’’
caused 40.4% cell death of VSMCs at a concentrati@®0.M.
Interestingly, this oxidative stress-induced cykitily was
found to be remarkably attenuated by pretreating ZSMvith
the spiro-alkaloids and an antioxidant flavonoid)-¢atechin
hydraté® (positive control). Compared with the tBHP-group, al
the tested compounds at 1@ exhibited significant preventive
effects against the tBHP-induced cytotoxicity in VS$1@ith
viability in the range of 85.3-103.8%. Among themampounds
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Figure 7. Effects of tested compounds on cell viabilitytBHP-stimulated
AT7r5 cells. Data were generated from at least thvéependent experiments,
and eachperformed in triplicaté< 0.05 vs unstimulated cellg)< 0.05 vs
tBHP-stimulated cells.

3. Conclusions

In this study, four diastereoisomeric alkaloids-4) with a
unigue pyrrole-fused morpholine spiroketal architee, were
isolated and identified from the commercially fertedd product
(Wuling Powder) ofX. nigripesfor the first time. The concise
and efficient total syntheses &f 2, 4 and their analogues were
achieved by two alternative strategies. Compared tigtknown
procedure$;? our synthetic procedures possess the following
advantages: lower-cost starting material, simplepamation
process and higher total yield. Particularly, tbélt synthesis
towards the spiro-alkaloids with a pyranose ringtliie case of,
la and1b) was reported herein for the first time. The susfids
total syntheses could not only unambiguously camfithe
absolute configurations of the new isolates, bub adford
enough samples for future biological screeningdatt, in order
to support the traditional application of Wuling viRter in
treating anxiety disorders and depressiofi®'’ the well-
established mouse behavioral despair tests (ilee, tail
suspension teStand the forced swim t€8x will be used for

4 and 1b were found to show the most potent anti-oxidativeevaluating the anti-depressant activity of the @ved spiro-

stress activities, i.e., they both could signifitgrsuppress the
tBHP-induced apoptosis in VSMCs at all concentratitested
(25, 50, and 10@M). Moreover, the antioxidant effects of all the
spiro-alkaloids were dose-dependent and reachedntb@émum
at 100uM.

alkaloids 1, 2 and4. In the present study, the spiro-alkalo#ls
and 1b could significantly inhibit the tBHP-induced apogi®in
VSMCs, which would provide new insights into deeper
exploration of the unique spiro-alkaloids in drugodvery of
cardiovascular diseases, and future studies ommiba@e of the
antioxidant action are needed.

4. Experimental Section

4.1 General information
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Optical rotations were measured on a JASCO P-102(u]*, -111 € 1.0, MeOH); lit* [0]*’, -85 € 0.2, MeOH); lit:

polarimeter. UV and IR spectra were recorded on a &don

[a]*®; =73 € 0.05, MeOH)]; UV (MeOH .y (log &) 254 (0.36),

UV-2550 and an Avatar 360 ESP FTIR spectrometer296 (1.36) nm; IR (filmyma: 3336, 1644, 1452, 1046 cm'H

respectively. NMR spectra were recorded on a Varianchty

and™*C NMR data (in CBOD) see li; (+) ESIMSm/z 254 [M +

Plus 400 MHz and Bruker Avance Ill 400 or 600 MHz H]"; HREIMS m/z 253.0951 [M] (calcd for G,HisNOs,

spectrometers. Chemical shifts are expressed {ppm) and
referenced to the residual solvent signals. ESIvid® measured

253.0950A = 0.4 ppm).
Pollenopyrroside A' (3): colorless gum; ]*%, +65 € 0.01,

on Waters UPLC H ClassSQD and Agilent 1100 series ma
spectrometers; EI-MS was obtained from an Agilentss9mass 4 - : . .
spectrometer. HR-ESI-MS and HR-EI-MS were measured o ata (in CLOD) are identical with those of literatute(+)
Bruker Daltonics micrOTOF-QIl or Waters Gct Premieass SIMSm/z 254 [M+H].

spectrometers. Semi-preparative HPLC was performedaon Pollenopyrroside B’ (= acortatarin A,>*'%4): white powder;
Waters e2695 system coupled with a 2998 PhotodiodayAr [¢]*%, +255 € 0.1, MeOH) [lit®: [o]*, +178 € 0.4, MeOH); lit*:
Detector (PDA) and a 2424 Evaporating Light Scatteringa]?, +191 ¢ 0.27, MeOH); lit”: [o]*, +200 € 0.4, MeOH);
Detector (ELSD), and a Fluophase PFP column (7.70<28, 5  |it.*% [0]?, +195 € 0.15, MeOH); lit: [¢]*%, +185 € 0.15,
pm, Thermo). Column chromatography (CC) was performedvieOH); lit.'% [a]*, +190 € 0.28, MeOH)]; UV (MeOH)Amax

MeOH) [lit* [o]*% +126 € 0.08, MeOH)]:'H and *C NMR

using silica gel (200-300 mesh, Kang-Bi-Nuo Sily§iaemical

Ltd., Yantai, China) and Sephadex LH-20 (GE Health&ice

Sciences AB, Uppsala, Sweden). Silica gel-precoatedesl
(GF254, 0.25 mm, Kang-Bi-Nuo Silysia Chemical Lt#antai,

China) were used for TLC detection. Spots were visedlusing
UV light (254 nm) and 15% }$0O,-EtOH. All reactions were
carried out under an atmosphere of nitrogen or rargoless
otherwise specified. All solvents used for
chromatography were of analytical grade (ShangftanTChem
Co. Ltd, Shanghai, PR China), and solvents usetHRitC were
of HPLC grade (Jiangsu Hanbon Sci. & Tech. Co. LRR
China). All commercially available reagents incluglinthe
substrates were used as received.

4.2 |Isolation of compounds 1-4

The commercially fermented mycelia &f. nigripes also

(log €) 254 (0.58), 296 (2.01) nm; IR (film),.c 3326, 1644,
1452, 1035 cf; *H and**C NMR (in CD,OD) data see Iit? (+)

ESIMS mVz 254 [M + HJ; HREIMS mvz 253.0949 [M] (calcd
for C12H15NO5, 2530950A =-0.4 ppm)

4.3 Synthesis
1-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)but-3-en-1-ol (10)To a

columncooled (-78C) solution of commercial R)-2,2-dimethyl-1,3-

dioxolane-4-carbaldehyd® (5.0 g, 38.5 mmol) in anhydrous
THF (100 mL), compound7 (351 mg, 1.0 mmol) was treated
with a solution of allylmagnesium chloride in THFO(31L, 51
mmol, 1.7 M). After being stirred for 3h, the mixtuwas
quenched with a saturated MH aqueous solution and warmed
to room temperature. Then the mixture was extrasidd EtOAC
(3 x 50 mL) and the combined organic layers were w@shith
brine. Dried, filtrated and concentrated, the residwas purified

called Wuling Powder, were produced by Zhejiang Jollyby flash chromatography on silica gel (PE/EtOAc =110 give

Pharmaceutical Company (Deging County in ZhejiangyviPce,
PR China). In September 2008, the crude samples dvize on
site and then shipped to the laboratory, where theye
lyophilized upon arrival. A 20 kg aliquot was extetiwith 75%
EtOH (3 x 20 L) at room temperature to afford a broesidue
(2.3 kg), which was suspended in,GH (2.0 L) and then
successively extracted with petroleum ether (PE,.3xl),
EtOAc (3x1.5 L) andn-BuOH (3x1.5 L). The EtOAc-soluble
fraction (281.6 g) was subjected to silica gel CE/EROAC,
from 20/1 to 2/1, viv; CECl,/MeOH, from 20/1 to 2/1, vi/v) to
give fifteen fractions (Fr. 1-15). Fr. 11 (3.95was separated by
a silica gel column (C}Cl,/MeOH, from 50/1 to 30/1, v/v) to
give six sub-fractions (Fr.11A-11F). Fr. 11B (200g)mwas
repeatedly chromatographed on silica gel {CHIMeOH 50:1,
vlv) followed by gel permeation chromatography (GP&)
Sephadex LH-20 (MeOH) to furnish compouhd20.1 mg). Fr.
11C (140 mg) was first subjected to CC over silical g
(CH,CI,/MeOH 50:1, v/v) and was finally refined by GPC on
Sephadex LH-20 (MeOH) to afford compourid (4.0 mg).
Compounds2 (21.3 mg) and3 (1.2 mg) were isolated and
purified from Fr. 11D (550 mg) by semi-preparativell@Pon a
Fluophase PFP column (MeOH/B, from 25:75 to 35:65 in 40
min, v/v; flow rate: 1.5 mL/min2: tz = 34.6 min,3: ty = 33.0
min).

Xylapyrroside A (= ent-capparisine B, 1) colorless crystal
(acetone); ] —189 € 0.1, MeOH); UV (MeOHM\may (l0g ¢)
254 (0.62), 296 (2.11) nm; IR (filmy),., 3408, 1660, 1474, 1036
cm’; 'H and™C NMR data see Table 1; (+) ESIMSz 254 [M

+ HJ]'; HREIMS m/z 253.0952 [M] (calcd for G,H;sNOs,
253.0950A = 0.8 ppm).

Xylapyrroside B (= 9-epi-acotatarin A,®*?2): colorless gum;
[0]?, —187 € 0.1, MeOH) [lit%: [a]*, 58 € 0.04, MeOH); lit’:

an inseparable epimer mixture daand10b (5.68 g, 86%¢dr =

5:3) as a pale yellow oil.o]%, = —25.2 ¢ 0.029, CHG)); IR

(film) vmax 3402, 2909, 2345, 2328, 1397, 1052, 663" Chh
NMR (400 MHz, CDC)) data of10a (major product):0 5.85
(m), 5.18 (m), 5.13 (m), 4.03 (m), 3.94 (m), 3.78),(2.34 (m),
2.23 (m), 1.44 (s), 1.37 (s) ppriOb (minor product)©5.85 (m),
5.15 (m), 4.03 (m), 3.76 (m), 3.60 (M), 2.23 (M}&(m), 1.45
(s), 1.38 (s) ppm:°*C NMR (100 MHz, CDG)) data of10a &

134.0, 118.3, 109.1, 78.0, 70.3, 65.2, 37.6, 28552 ppm;10b:

¢ 134.0, 117.9, 109.4, 78.5, 71.6, 66.0, 38.2, 285%3 ppm;
HREIMS m/z 172.1097 [M] (calcd for GH;¢0s, 172.1099A =

-1.2 ppm).

Tert-Butyl((1-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)but-3-en-1-
yl)oxy)dimethylsilane (11): 2,6-Lutidine (5.3 ml, 45.3 mmol)
was dropped to a stirred solution of alcoldl (3.9 g, 22.7
mmol) in dry CHCI, (50 mL) at 0 °C, then TBSOTf (7.8 mL,
34.1 mmol) was dropped and the reaction was stirreéd Phe
mixture was quenched with water and separated. Theoag
layer was extracted with EtOAc (3 x 50 mL) and the loimed
organic layers were washed with brine. Dried, filtrataadd
concentrated, the residue was purified by flash rolatography
on silica gel (PE/EtOAc = 40/1) to give an insepazadybimer
mixture of 11aand11b (dr = 5:4). Colorless oil;d]*%p = +24.7

(c 0.049, CHQ)); IR (film) vyae 2942, 2368, 2334, 1441, 1265,
1090, 821,646 cih 'H NMR (400 MHz, CDCJ) data oflla ¢
5.84 (m), 5.09 (m), 5.05 (m), 3.96 (m), 3.81 (MR2L(m), 1.39
(s), 1.33 (s), 0.88 (s), 0.07 (s), 0.06 (sDb: 6 5.83 (m), 5.04 (m),
4.05 (dd,J = 13.1, 6.6 Hz), 3.96 (m), 3.74 (m), 2.27 (m), 2.10
(ddd,J = 14.0, 7.5. 7.0 Hz), 1.41 (s), 1.34 (s), 0.88 ()7 (s),
0.05 (s) ppm**C NMR (100 MHz, CDGJ) data oflla ¢ 134.1,
117.5, 108.8, 77.8, 72.1, 66.1, 39.2, 26.7, 25.9&35, 18.1, -
4.2, -45;11b: § 135.1, 117.1, 109.1, 78.4, 73.1, 65.4, 37.5,



25.8x3, 26.5, 25.3, 18.2, -4.4, —4.6 ppm; (+) HRESIMz
309.1859 [M+Na] (calcd for GsH3qOsSiNa, 309.1862A = -0.9
ppm).
Tert-Butyl(1-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2-(oxiran-2-
yl)ethoxy)dimethylsilane (12): To a cooled solution (0 °C) of
the etherl1 (3.0 g, 10.5 mmol) in dry Ci€l, (30 mL) was added
m-CPBA (2.17 g, 12.6 mmol) in one portion. After stig for
overnight at r.t, the reaction was quenched with latism of

saturated NaHS{aqueous solution and stirred for 10 min. Then

the mixture was separated and the aqueous layer xtacted

with CH,CI, (3x 50 mL). The combined organic layers were

washed with saturated agqueous NaHCflution and brine.
Dried, filtrated and concentrated, the residue wasfipd by
flash chromatography on silica gel (PE/EtOAc = 2@dlgive 12
(2.2 g, 70%; containing four inseparable diastersin as
colorless oil. §]%, = +60 € 0.015, CHCJ); IR (film) vmax 2920,
2854, 2372, 1386, 1265, 1073, 838 'trfH NMR (400 MHz,

7
1H), 6.30 (dJ = 3.9 Hz, 1H), 5.28 (d] = 11.2 Hz, 1H, CEN),
4.60 (d,J = 11.2 Hz, 1H, CEN), 4.60-4.32 (m, 3H), 4.24-4.10
(m, 1H), 4.00 (m, 2H), 3.80 (m, 2H), 3.50 (m, 1H),2882 (m,
1H), 2.75-2.60 (m, 1H), 1.83-1.48 (m, 6H), 1.36-1.2%CH;,
6H), 0.85 (s, 9H; C(CH), 0.10-0.09 (Si(CH), 3H), 0.06-0.04
(Si(CHs),, 3H) ppm; ®C NMR (100 MHz, CDG)): ¢ 202.1,
202.0, 201.7, 201.6, 179.8 (3C) 178.3, 138.9, 183, 138.7,
132.5 (3C), 131.1, 123.7 (2C), 123.6, 122.3, 1118..7 (2C),
111.6, 109.2 (3C), 107.9, 97.2, 97.1, 97.0, 958%,778.5, 77.3,
77.2, 76.0, 75.9, 75.6, 75.3, 68.9, 68.7, 67.87,686.6, 65.2,
65.0, 64.9, 62.5 (2C), 62.4, 62.3, 59.3 (2C), §2Q); 55.2 (2C),
55.1, 53.8, 45.3, 45.2, 43.0, 42.8, 30.1 (3C), 22®3 (2C),
26.2, 25.7 (7C), 25.1 (3C), 24.9, 24.8, 24.3, 199.3, 19.2,
19.1, 17.9 (2C), 17.3 (2C), —4.5 (2C), —4.9 (2().0(4C) ppm;
HREIMS m/z 509.2811 [M] (calcd for GgH,NO,Si, 509.2809,
A = 0.4 ppm).

Xylapyrrosides A (1), B (2) and their analogues (Miéod 1):

CDCly): 6 4.14-3.69 (m, 4H), 3.15-3.04 (m, 1H), 2.83-2.76 (m,To compoundl4 (3.9 g, 7.7 mmol) in THF (50 mL) was dropped

1H), 2.55-2.46 (m, 1H), 1.84-1.54 (m, 2H), 1.41-1.M&( 3H),
1.35-1.34 (Me, 3H), 0.90 [Si-C-(GMH, 9H], 0.12-0.07 [Si(CH),,

a solution of 4N HCI (7.8 mL, 30.8mmol) at 0 °C. Aftirring
for 4h, the mixture was carefully neutralized withsaturated

6H] ppm; *C NMR (100 MHz, CDGJ): 6 109.2, 109.1, 109.0, aqueous NaHC@solution and extracted with EtOAc (4 x 50
108.9; 78.3, 78.3, 78.3, 78.2; 71.5, 70.9, 70.77;766.5, 66.3, mL). The combined organic extracts were washed withebr
65.4, 65.1; 49.5, 49.3, 48.8, 48.6; 47.9, 47.57486.6; 38.0, dried over MgSQ filtrated and concentrated. Analysis of the
37.6, 36.3, 35.5; 26.7, 26.5, 26.4, 26.3; 25.7>X&H26; 25.3, product by HPLC with a Fluophase PFP column (a linear

25.1, 25.0, 24.3; 18.0, 18.0, 17.9, 17.9; —-4.45-44.7, -5.0
ppm; HREIMS m/z 302.1911 [M] (calcd for GgH3qO.Si,
302.1913A = -0.7 ppm).

1-(4-(tert-Butyldimethylsilyl)oxy)-4-((R)-2,2-dimethyl-1,3-
dioxolan-4-yl)-2-hydroxybutyl)-5-(((tetrahydro-2H-pyran-2-
yl)oxy)methyl)-1H-pyrrole-2-carbaldehyde  (13): To

suspension of KOH (37 mg, 0.66 mmol) in dry MeOH (5 mL)

was added pyrrole7 (0.55 g, 2.63 mmol; for preparation
procedurs, see Supplementary data) undeathhosphere at r.t.
Then a solution of epoxid&2 (1.0 g, 3.3 mmol) in MeOH was
dropped and the reaction was refluxed for 48h. Aftaling, the
mixture was quenched with water and extracted with EtQikc
50 mL). The combined organic layers were washed wiitep

gradient of MeOH in water from 25% to 35% over 35 ntiren
followed by isocratic elution with 100% methanol;\iloate: 2.0
mL/min) clearly revealed the presence of six conmasu(Figure
6, detection by PDA at 299 nm), which were isolateddpgated
chromatography on silica gel and semi-preparativéGkvith
the Fluophase PFP column. The synthesized xylapfues A ()
and B @), and pollenopyrroside B4) showed physical and
spectroscopic characteristics equivalent to therabproducts.

Xylapyrroside A, (1a) colorless crystal (acetone)y]f?, +132
(c 0.1, MeOH); UV ( MeOH My (10 £) 254 (0.59), 295 (2.15)
nm; IR (film) vmas 3375, 1633, 1402, 1024 ém'H NMR (400
MHz, CD,0OD): § 9.38 (s, H-7), 7.04 (d] = 4.0 Hz, H-3), 6.09
(d,J = 4.0 Hz, H-4), 4.86 (d] = 15.8 Hz, H-§), 4.78 (d,J = 15.8

dried over MgSQ filtered and concentrated. The crude wasHz, H-G), 4.50 (d,J = 14.0 Hz, H-§), 4.04 (d,J = 14.0 Hz, H-

purified by chromatography on silica gel (PE/EtOA®BA) to
give 13(0.93 g, 55%; containing eight inseparable diasterers)
as a pale yellow oil.of %, = +10.5 € 0.1, CHCY); IR (film) vima

3254, 2904, 2849, 1654, 1189, 1008, 767 'chii NMR (400
MHz, CDCL): § 9.50-9.49 (CHO, 1H), 6.92 (d,= 3.9 Hz, 1H),

8,), 3.89 (ddd,) = 11.2, 8.8, 5.2 Hz, H-11), 3.73 (db= 10.4, 5.2
Hz, H-13), 3.50 (ddd,J = 10.4, 8.8, 5.2 Hz, H-12), 3.42 (dbi=
10.4, 10.4 Hz, H-13, 2.23 (dd,J = 13.2, 5.2 Hz, H-19, 1.67
(dd,J = 13.2, 11.2 Hz, H-1); *C NMR (100 MHz, CROD): 6
132.4 (C-2), 126.0 (C-3), 106.2 (C-4), 136.9 (C593,2 (C-6),

6.29 (d,J = 3.8 Hz, 1H), 4.91-4.51 (m, 4H), 4.29-3.68 (m, 6H), 180.2 (C-7), 53.1 (C-8), 96.7 (C-9), 41.2 (C-103.37 (C-11),

3.62-3.06 (m, 2H), 1.88-1.53 (m, 8H), 1.41-1.33 (2x%C6H),
0.87 (C(CH)s, 9H), 0.14-0.05 (Si(CH),, 6H) ppm; HREIMSWz
511.2968 [M] (calcd for GgH,sNO,Si, 511.2965A = 0.6 ppm).

1-(4-((tert-Butyldimethylsilyl)oxy)-4-((R)-2,2-dimethyl-1,3-
dioxolan-4-yl)-2-oxobutyl)-5-(((tetrahydro-2H-pyran-2-
yl)oxy)methyl)-1H-pyrrole-2-carbaldehyde (14): To a cooled
solution (0 °C) of alcohal3 (2.4 g, 4.7 mmol) in dry C}l, (30
mL) was added DMP (3.98 g, 9.4 mmol) in one portion a
stirred for 3h. Then the reaction was carefully cunerd with a
solution of mixture (V/V = 50: 50) saturated aquedNsHCO;
and NaS,0; solution until the mixture turned a clear solution
Then the resulting mixture was separated and theatfueous
layer was extracted with GBI, (2x 50 mL). The combined

organic layers were washed with brine, dried over MgSO

filtrated and concentrated. The residue was puritigdflash
chromatography on silica gel (PE/EtOAc = 8/1) toadbtthe
ketone 14 (2.2 g, 92%; containing four
diastereomers) as a colorless ail’f, = +13.3 ¢ 0.07, CHC));
IR (film) vmayx 3354, 2920, 2843, 2357, 1654, 1068, 663'cHi
NMR (400 MHz, CDC}): § 9.46 (s, 1H), 6.91 (dJ = 3.9 Hz,

70.0 (C-12), 65.2 (C-lS)l,H NMR (400 MHz, Acetonek): o
9.46 (s, H-7), 6.97 (dl = 4.0 Hz, H-3), 6.06 (d] = 4.0 Hz, H-4),
4.86 (d,J = 15.6 Hz, H-¢), 4.76 (d,J = 15.6 Hz, H-§), 4.49 (d,J
=14.0 Hz, H-§), 4.01 (d,J = 14.0 Hz, H-§), 3.87 (ddd,J = 11.6,
8.8, 5.6 Hz, H-11), 3.68 (dd,= 10.8, 5.2 Hz, H-13, 3.51 (ddd,
J=104, 8.8, 5.2 Hz, H-12), 3.38 (dti= 10.8, 10.4 Hz, H-1},
2.20 (ddJ=13.2, 5.6 Hz, H-1, 1.68 (ddJ = 13.2, 11.6 Hz, H-
10y); 'H NMR (400 MHz, CDCJ): 6§ 9.43 (s, H-7), 6.90 (d] =
4.0 Hz, H-3), 5.99 (dJ = 4.0 Hz, H-4), 4.79 (d] = 15.6 Hz, H-
6.), 4.74 (d,J = 15.6 Hz, H-§), 4.59 (dJ = 14.4 Hz, H-§, 4.03
(d, J = 14.0 Hz, H-§), 4.00 (ddd, overlapped, H-11), 3.80 (dd,
=10.8, 5.2 Hz, H-13, 3.62 (ddd,J = 10.4, 8.8, 5.2 Hz, H-12),
3.43 (t-like,J = 10.4 Hz, H-13, 2.24 (dd,J = 12.8, 5.2 Hz, H-
10), 1.70 (dd,J = 12.8, 11.2 Hz, H-1; (+) ESIMSm/z 254
[M+H]"; HREIMS nvz 253.0949 [M] (calcd for G,HisNOs,
253.0950A = -0.4 ppm).

inseparable Xylapyrroside A, (1b): white powder; §* -241 ¢ 0.1,

MeOH); UV ( MeOH)\nax (log €) 254 (0.50), 296 (1.86) nm; IR
(film) vmax 3419, 1633, 1447, 1025 ém'H NMR (400 MHz,
CD;0D): ¢ 9.38 (s, H-7), 7.03 (d] = 4.4 Hz, H-3), 6.08 (d] =
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4.4 Hz, H-4), 4.89 (dJ = 16.0 Hz, H-§), 4.82 (d,J = 16.0 Hz,
H-6y), 4.60 (d,J = 14.0 Hz, H-§, 4.16 (ddJ = 12.2, 1.6 Hz, H-
13), 3.95 (d,J = 14.0 Hz, H-§), 3.91 (m, H-11), 3.61 (br d,=
12.2 Hz, H-19), 3.57 (m, H-12),2.20 (dd] = 14.6, 4.4 Hz, H-
10), 1.92 (dd,J = 14.6, 2.8 Hz, H-19; *C NMR (100 MHz,
CD;0OD): 6 132.4 (C-2), 125.8 (C-3), 106.1 (C-4), 136.9 (C-5)
58.6 (C-6), 180.2 (C-7), 53.2 (C-8), 95.3 (C-9),63¢C-10), 68.6
(C-11), 68.0 (C-12), 62.4 (C-13)H NMR (400 MHz Acetone-
de): 6 9.46 (s, H-7), 6.97 (dl = 4.0 Hz, H-3), 6.06 (d] = 4.0 Hz,
H-4), 4.92 (d,J = 16.0 Hz, H-§, 4.84 (d,J = 16.0 Hz, H-§),
4.57 (d,J = 14.0 Hz, H-§, 4.15 (dd,J = 12.0, 1.2 Hz, H-13,
3.93 (d,J = 14.0 Hz, H-§, 3.85 (m, H-11), 3.60 (br d, = 12.0
Hz, H-13), 3.56 (m, H-12), 2.27 (dd] = 14.4, 4.0 Hz, H-10,
1.90 (dd,J = 14.4, 3.0 Hz, H-1{; '"H NMR (400 MHz, CDCJ):
5 9.41 (s, H-7), 6.90 (d] = 4.0 Hz, H-3), 6.00 (d] = 4.0 Hz, H-
4), 4.87 (dJ = 15.6 Hz, H-§), 4.82 (d,J = 15.6 Hz, H-§), 4.66
(d,J = 14.0 Hz, H-§, 4.14 (br dJ = 11.6 Hz, H-13, 3.99 (d,J
=14.0 Hz, H-§), 3.95 (m, H-11), 3.70 (br d,= 11.6 Hz, H-1J),
3.72 (m, H-12), 2.27 (ddl = 14.8, 4.0 Hz, H-19, 1.94 (ddJ =
14.8, 2.4 Hz, H-19; (+) ESIMSmz 254 [M+H]'; HREIMS m/z
253.0952 [M[ (calcd for G,H,sNOs, 253.0950A = 0.8 ppm).

Xylapyrroside B; (2a): colorless gum; ] +225 ¢ 0.1,
MeOH); UV (MeOH) . (log €) 255 (0.85), 296 (2.54) nm; IR
(film) v 3364, 1644, 1468, 1035 ém'H NMR (600 MHz,
CD;0OD): 6 9.39 (s, H-7), 7.04 (d] = 4.1 Hz, H-3), 6.08 (d] =
4.1 Hz, H-4), 5.00 (dJ = 15.6 Hz, H-§), 4.83 (d,J = 15.6 Hz, H-
6y), 4.75 (d,J = 14.0 Hz, H-§), 4.53 (dddJ = 6.9, 4.2, 2.9 Hz,
H-11), 4.27 (dJ = 14.0 Hz, H-§), 4.14 (dddJ = 6.8, 4.4, 4.2
Hz, H-12), 3.83 (dd) = 12.0, 4.4 Hz, H-13, 3.78 (dd,J = 12.0,
6.8 Hz, H-13), 2.56 (ddJ = 14.5, 6.8 Hz, H-10, 2.08 (dd,J =
14.5, 2.9 Hz, H-1; °C NMR (150 MHz, CROD): 6 132.4 (C-
2), 126.1 (C-3), 106.1 (C-4), 137.5 (C-5), 59.26)¢180.2 (C-7),
52.7 (C-8), 103.6 (C-9), 47.5 (C-10), 72.1 (C-183,6 (C-12),
61.8 (C-13); (+) ESIMSm/z 254 [M+H]; HREIMS mz
253.0951 [M[ (calcd for G,H,sNOs, 253.0950A = 0.4 ppm).

(R)-4-((S)-1-(Benzyloxy)but-3-en-1-yl)-2,2-dimethyl-1,3-
dioxolane (15):To a stirred solution of alcohdl0 (5.0 g, 29.1
mmol) in anhydrous DMF (50 mL) at 0 °C was added wodi
hydride (2.55 g, 64.0 mmol) in two portions andrsetir for 30
min, then benzyl bromide (5.2 mL, 43.6 mmol) was etld
dropwise at the same temperature. After being stioedh at O-
5 °C, the mixture was poured into crushed ice airdedtuntil
the ice disappear. The resulting mixture was ex@dhobith
EtOAc (3 x 100 mL) and the combined organic layersewe
washed with brine, dried over MggQiltrated and concentrated.
The residue was purified by flash chromatographysitioa gel
(PE/EtOAC = 40/1) to givd5 (6.1 g, 80%) ancepi15 (0.7 g,
9.2%). 15 (major product): ¢ = +14.6 ¢ 0.1, CHC}); IR
(film) Ve 2975, 1463, 1254, 1210, 909, 734, 684'ciH NMR
(400 MHz, CDC)): 6 7.45-7.29 (m, 5H), 5.97 (ddf, = 17.2,
10.1, 7.1 Hz, 1H), 5.22 (dd,= 17.2, 1.5 Hz, 1H), 5.17 (brd=
10.2 Hz, 1H), 4.72 (d) = 11.4 Hz, 1H), 4.65 (dJ = 11.4 Hz,
1H), 4.17 (dddJ = 6.4, 6.3, 5.9 Hz, 1H), 4.10 (dd,= 8.1, 6.3
Hz, 1H), 3.96 (ddJ = 8.1, 6.4 Hz, 1H), 3.64 (dd,= 10.8, 5.9
Hz, 1H), 2.50 (m, 1H), 2.41 (m, 1H), 1.49 (s, 3H), 1(423H)
ppm; °C NMR (100 MHz, CDG)): 6 138.4, 134.2, 128.3 (2C),
127.8, 127.6 (2C), 117.5, 109.0, 78.9, 77.2, /@64, 35.6, 26.7,
25.4 ppm; (+) HRESIMSnvz 285.1456 [M+Na] (calcd for
CieH2:0:Na, 285.1461A = —1.7 ppm).

(2R,39)-3-(Benzyloxy)hex-5-ene-1,2-diol (16)To a solution of
15 (1.0 g, 3.8 mmol) in CKCl, (10 mL) was dropped 60%
trifluoroacetic acid (5 mL) at OC and stirred for 2h. Then the
reaction was carefully quenched with saturated acgiblaHCQ
solution and the solvent was removed in vacuo. Tieeaus

layer was extracted with EtOAc (4 x 30 mL) and the loimed
organic layers were washed with brine, dried over MgSO
filtrated and concentrated. The residue was puritigdflash
chromatography on silica gel (PE/EtOAc = 2/1) to ma diol
16 (0.75 g, 88%) as a colorless oi]¥p = —5.6 € 0.1, CHCY);

IR (film) vmas 3324, 2888, 1651, 1467, 1359, 1113, 842 ctH
NMR (400 MHz, CDCJ): § 7.41-7.29 (m, 5H), 5.92 (ddi, =
17.2,10.2, 7.1 Hz, 1H), 5.19 (d§j= 17.2, 1.5 Hz, 1H), 5.14 (br
d,J=10.2 Hz, 1H), 4.65 (d] = 11.4 Hz, 1H), 4.55 (d] = 11.4
Hz, 1H), 3.88-3.65 (m, 5H), 3.56 (m, 1H), 2.45 (m, 2pinp*°C
NMR (100 MHz, CDCJ): ¢ 138.1, 134.4, 128.4 (2C), 127.9,
127.8 (2C), 117.6, 79.9, 72.7, 72.3, 63.5, 34.9 ;pdm)
HRESIMS mvz 245.1157 [M+Na] (calcd for GsH;s0;Na,
245.1154A = 1.2 ppm).

(2R,39)-3-(Benzyloxy)-1-(tert-butyldimethylsilyl)oxy)hex-5-
en-2-ol (17): To a stirred solution of diol6 (6.0 g, 27 mmol)
and dimethylaminopyridine (0.82 g, 6.75 mmol) iry @H,Cl,
(100 mL) was continuously added triethylamine (&, 81
mmol) andtert-butyldimethylsilyl chloride (4.95 g, 32.4 mmol)
at 0 °C. After stirring for overnight at r.t., theaction was
guenched with water and separated. The aqueous \ager
extracted with CHCI, (3x 100 mL) and the combined organic
layers were washed with a solution of 1M KHS&nd brine.
Dried, filtrated and concentrated, the residualab purified by
column chromatography on silica gel (PE/EtOAc 8t)
generatel7 (7.7 g, 85%) as a colorless oil] {p = —12.3 ¢ 0.05,
CHCly); IR (film) v 3301, 2915, 2849, 2367, 1249, 1079, 832
cm®; '"H NMR (400 MHz, CDCJ): 67.37-7.29 (m, 5H), 5.94
(ddt, J = 17.2, 10.2, 7.1 Hz, 1H), 5.17 (br 8= 17.2 Hz, 1H),
5.10 (br dJ = 10.2 Hz, 1H), 4.65 (dl = 11.6 Hz, 1H), 4.53 (d]

= 11.6 Hz, 1H), 3.77 (m, 1H), 3.70 (m, 2H), 3.53 (m, 147
(m, 2H), 0.91 (s, 9H), 0.08 (s, 6H) ppMC NMR (100 MHz,
CDCly): 6 138.3, 134.8, 128.4 (2C), 127.9 (2C), 127.7, 117.3
80.5, 73.8, 72.8, 64.0, 35.6, 25.8 (3C), 18.0, —446 ppm; (+)
HRESIMS m/z 359.2019 [M+Na] (calcd for GgHs,05SiNa,
359.2018A = 0.3 ppm).

(((2R,39)-2,3-Bis(benzyloxy)hex-5-en-1-yl)oxydért-butyl)
dimethylsilane (18): To a stirred solution of alcohdl7 (7.5 g,
22.3 mmol) in anhydrous DMF (80 mL) was added sodium
hydride (1.82 g, 44.6 mmol) in three portions &and stirred
for 30 min. Then benzyl bromide (4.13 mL, 26.8 mmeks
added dropwise and the reaction was stirred for ThsatC. The
resulting mixture was poured into ice water. The agseayer
was extracted with EtOAc (3x 150 mL) and the combined
organic layers were washed with water, brine, dried MgSO,,
filtrated and concentrated. The residual oil wasifigar by
column chromatography on silica gel (PE/EtOAc = 40id)
afford 18 (8.5 g, 90%) as a colorless oit]{p = —29.1 ¢ 0.06,
CHCly); IR (film) viae 2931, 2854, 2359, 2334, 1095, 832, 695
cm®; 'H NMR (400 MHz, CDC)): ¢ 7.37-7.28 (m, 10H), 5.90
(ddt, J = 17.2, 10.1, 7.1 Hz, 1H), 5.12 (br 8= 17.2 Hz, 1H),
5.06 (br dJ=10.1 Hz, 1H), 4.76 (d] = 11.8 Hz, 1H), 4.65 (dl
=11.8 Hz, 1H),4.60 (s, 2H), 3.86 (dbl 10.9, 4.2 Hz, 1H), 3.79
(dd,J = 10.9, 5.3 Hz, 1H), 3.68 (m, 1H), 3.60 (ddds 5.6, 5.3,
4.2 Hz, 1H), 2.45 (m, 2H), 0.92 (s, 9H), 0.07 (s, 6HNppP’C
NMR (100 MHz, CDC)): §138.8, 138.6, 135.4, 128.3 (4C),
127.9 (2C), 127.8 (2C), 127.5, 127.4, 116.9, 8085, 72.7,
72.2,62.8, 35.0, 25.9x3, 18.3, -5.3, -5.4 ppmHRESIMSm/z
449.2487 [M+Na] (calcd for GgHs40;SiNa, 449.2488A = —0.2

ppm).
((2R,39)-2,3-Bis(benzyloxy)-4-(oxiran-2-yl)butoxy){ert-
butyl)dimethylsilane (19): To a stirred solution of the TBS

protected compoundi8 (4.6 g,10.7 mmol) in dry C§LI, (50mL)
was addedn-CPBA (3.2 g, 12.8 mmol) in one portion at 0 °C.
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After being stirred for overnight at r.t., the réantwas quenched = 26.4, 19.1, 7.8, -5.3, -5.3 ppm; (+) HRESIM#z 591.1408
with saturated aqueous NaH$€blution and stirred for another [M+Na]™ (calcd for GgH3/0,SiNa, 591.1404A = 0.7 ppm)

10min. The resulting mixture was separated and thee@us 1-((4S 5R)-4,5-Bis(benzyloxy)-6-{ert-butyldimethylsilyoxy)-

layer was extracted with GBI, (3 x 100 mL). The combined
organic layers were washed with saturated aqueous NQHCa-oxohexyl)-5-(((tetrahydro-z—'|-pyran-2-yl)o>_<y)methyl)-1H-_
pyrrole-2-carbaldehyde (22): To a solution of potassium

solution and brine. Dried over Mg$@Qiltrated and concentrated,
. . o carbonate (0.48 g. 3.5 mmol) and compour{.73 g, 3.5 mmol)
the residue was purified by flash chromatographysitioa gel in DMF (20 mL) was treated with a solution of keta?®(2 g,

(PE/EIOAC = 2071) to give the corresponding epoxide an 3.5 mmol) in DMF (5 mL). After stirring for 6 h, theesulting

) AR ol =
gslipgge}glr?esg |cr;ri1|§(;|]%2mlx211rg g Eé%a&d 183&3)'_6”3 ’(f7i|?n/)0€r ) mixture was poured into water and extracted with EtC&\g 60
. . y D— . . [} ) max

2926, 2854, 1380, 1256, 1210, 1106, 778'ci NMR (400 mL). The comt_)ined organic layers were washed w_ithebltiini_ed
MszCDCQ) data }assignéable tbéac S 7_’37_7_2’9 (M), 4.73 (d) over MgSQ, filtrated and concentrated. .'I.'he residual oil was
= 11.4 Hz), 457 (4 = 11.4 Hz), 4.58-4.48 (m), 4.00 (m), 3.79 Purified by column chromatography on silica gel [BAC =
(ddd,J = 9.6, 3.1, 3.0 Hz), 3.50 (d,= 5.2 Hz), 3.07 (m), 2.79 10/1) to give22 (1.9 g, 87%;_1Ir = 2:1) as a colorless oila] 5 =
(d, 9= 4.7, 4.2 H2), 251 (ddl = 5.2, 2.7 H2), 1.89 (ddd,=  +27.8 € 0.033, CHG): IR (film) vinex: 3339, 2936, 2849, 1654,
14.3,9.6, 4.4 Hz), 1.57 (ddd= 14.3, 7.3, 3.0 Hz), 0.89 (5), 0.07 1386, 1024, 832 ¢ "H NMR (400 MHz, MHz, COD): 9.44
(). 0.06 () ppmidb: & 7.37-7.29 (m), 4.66 (dl = 116 Hz), (S 0-5H), 943 (s, 0.5H), 7.37-7.25 (m, 10H), 7.03(d 4.0 Hz,
4.58-4.48 (m), 4.50 (d,= 12.4 Hz), 4.00 (m), 3.70 (m), 3.53 (d, 1) 633 (dd,J = 4.0 Hz, 0.5H), 6.32 (dd] = 4.0 Hz, 0.5H),
3= 52 Hz), 3.07 (M), 2.79 (dd,= 4.6, 4.4 Hz), 2.42 (ddl = 5.31 (d,J = 16.4, Hz, 1H), 5.27 (d] = 16.4 Hz, 1H), 4.65-4.40
5.0, 2.7 Hz), 1.99 (ddd] = 14.3, 7.6, 5.1 Hz), 1.65 (ddd,= (™ 7H), 4.12 (m, 1H), 4.06 (m, 1H), 3.79 (m, 1H), 3543 (m,

14.3, 6.1, 3.9 Hz), 0.90 (s), 0.08 (s), 0.07 (s) PIENMR (100 g';)é 28'9%'2'736(;”’ ZH)_’13E6§|;/}§331g8'N?§)' g'ng(S_’ é%mog%_
MHz, CDCL): 6138.6, 138.5, 138.2, 128.3 (2C) 127.9, 127.8,9:06 (SI(CH)2 6H) ppm; ( z, CROD): 9205.3,

127.7 (2C), 127.6, 78.6, 78.4, 73.3, 73.2, 73.18722.2, 71.8, igg? igég 11;1;)'2' 1153'3' ffff’ 91833'358159"‘%'&021%%3’
717, 50.3, 50.2, 47.9, 47.0, 34.1, 33.6, 25.02184.5, —4.8 7, 128.5, 125.4, 112.9, 112.8, 98.9, 98.8, 78810, 74.4,

74.0, 73.9, 73.7, 73.7, 72. 8, 63.6, 63.5, 60.64,561.9, 31.4,
ppmi(+) HRESIMS miz 465.2428 [M+Na] (caled for 5" o0c 500 190" 44 —4.4 ppm: (+) HRESIME
Coetas04SiNa, 465.24374 = ~1.9 ppm). 672.3348 [M+Nal (calcd for GHs,NO;SiNa, 672.3333A = 2.2
(4S,5R)-4,5-Bis(benzyloxy)-6-(ert-butyldimethylsilyl)oxy)-1- ppm).
iodohexan-2-ol _(20):To a solution of epoxidd9 (2.0 g, 1_1.5 (25,4S,5R)-4,5-Bis(benzyloxy)-1',3,4,4' 5,6-hexahydrospiro
o 00 e o hepaIVIle (2 8 SA lpwan .3 ooz L L. Aoczine -catbadehyde. (3

SO . X . To ketone22 (0.8 g, 1.2 mmol) in THF (10 mL) was treated with
After stirring for 5 h, the mixture was concentratadvacuoto o ’ .
give crude product, which was purified by flash chabography AN HCI (1.3 mL, 4.9 mmol) at 0 °C. After being stoiréor 4 h,
on silica gel (PE/EtbAc = 15/1) to gi@® (2.1 g, 80%r = 2:1) the reaction was carefully neutralized with a saattaiqueous
as colorless oil.d|%, = +12.5 ¢ 0.075, CHCJ); IR (film) v NaHCQG; solution and the resulting mixture was extractechwit

3331, 2926, 2849, 1463, 1260, 1057, 827 ci NMR (400 EtOAc (4 x 50 mL). The combined organic extracts weashed
MHz. CDCL;)' 57.46-7.30 m 1,0H) 4.81-4.68 (m, 2H), 4.61- with brine, dried over MgSg) filtrated and concentrated. The

_ residue was purified by flash chromatography oncailgel
252 (m, 2t 413 édggh) 640605_?’83‘(‘mH21’|3)'3‘3"'gé2‘§219 (Zdﬁ)”’ (PE/EtOAC = 8:1) to obtai@3 (0.53 g, 86%) as a colorless ol
3_5.7_235.2’("7.1’ 1H5, :.3.31-3,.1.6 (m,.2H), 2’.03-:}..7‘3 (I’HI),Z’).QG-, [(1]22D =+48.8 € 0.025, (?H%]); IR (film) viax 3408, 2915, 2843,
0.94 (9H), 0.14-0.10 (6H) pprfﬁC NMR (100 MHz, CROD): 1652, 1095, 1051, 684¢h'H NMR (400 MHz, CDCJ): 6 9.45

140.1, 139.7, 129.4, 129.3, 129.0, 128.9, 128.8.712128.6, (> 1H),7.45-7.30 (m, 10H), 6.91 (@= 4.1 Hz, 1H), 5.98 (d] =
79.4, 74.8, 74.4, 74.0, 73.2, 68.9, 38.9, 38.54,269.1, 14.9, — 41 Hz, 1H), 4.77 (d) = 16.0 Hz, 1H), 4.78-4.68 (m, 4H), 4.56

43,-4.4,-5.1 ppm; (+) HRESIM&2593.1562 [M+Na] (caled (&9 = 121 Hz, 1H), 4.5 (dl = 12.1 Hz, 1H), 4.02 (dl = 14.0
for CHadO,SiNa, 593.15654 = ~0.5 ppm). Hz, 1H), 3.98 (ddd] = 12.4, 4.8, 2.8 Hz, 1H), 3.95 (dil= 12.4,
6o 2.4 Hz, 1H), 3.74 (br s, 1H), 3.56 (dbiz 12.4, 0.8 Hz, 1H), 2.29
(4S,5R)-4,5-Bis(benzyloxy)-6-(ert-butyldimethylsilyl)oxy)-1- (dd,J=12.4, 12.2 Hz, 1H), 2.07 (dd= 12.4, 4.8 Hz, 1H) ppm;
iodohexan-2-one (21): Alcohol 20 (2.0 g, 3.5 mmol) was **C NMR (100 MHz, CDCJ): 6 178.7, 138.4, 138.3, 134.2,
dissolved in dry CKCIl, (20 mL) at O °C then, DMP (2.98 g, 7.0 131.1, 128.4, 128.4, 127.8, 127.7, 127.6, 127.48.8,2104.6,
mmol) was added in one portion and the mixture wiasedtfor 95.7, 72.8, 71.3, 71.0, 70.2, 62.5, 57.7, 52.46 3pm; (+)
3h. A mixture of saturated aqueous NaHCeénd NaS,0; HRESIMS m/z 456.1762 [M+Na] (calcd for GgH,/NOsNa,
solution (V/V = 50:50) was carefully dropped and tesulting  456.1781A = -4.2 ppm).
mixture was stirred until turned to clear. The arigdayer was
separated and the agueous layer was extracted wigBIQHR x
100 mL). The combined organic layers were washed hitie,
dried over MgSQ filtrated and concentrated to give crude
aldehyde, which was purified by flash chromatographysilica

Xylapyrroside A (1) (Method 2): According to a known
proceduré a solution of compoun@3 (0.25 g, 0.6 mmol) in
CH,CI, (30 mL) was carefully treated with TiCat -78 °C for 40
h. Then the reaction was quenched with saturated cague

gel (PE/EtOAc = 8/1) to produce ketogé (1.8 g, 90%) as a XEHCQ so!uﬂon landt atlrllowed tl(t) Warr_ntto room ftmdper.f;t]ure.
colorless oil. 172, = +9.9 € 0.139, CHC): IR (film) vog,: 3441, er removing solvent, the resulting mixture wasragted wi

2942, 2843, 1720, 1375, 1095, 843 criH NMR (400 MHz EtOAc (4 x 20 mL) and the combined organic layers were
cD O’D), S 7’40 7 ,28 (m ’10H) ’4 72 (d,= 11.8 Hz, 1H), 4 6’3 washed with brine. Dried, filtrated and concentratbd, residue
3 . . 1. ’ y e e . ’ y T

d, J=11.8 Hz, 1H), 4.59 (s, 2H). 4.19 (m, 1H), 4.09 (i) 1 was purified by flash .chromatogra_phy on silica gel
ggl (s, 2H), 3.79 (()jd] = 10(6 52) Hz ll-(l) 3 65) (dd,= 50)6 (CH,CI,/MeOH = 40/1) to give xylapyrroside A,(0.1 g, 70%)
6.1Hz ’lH) 309 (ddJ = 16 6. 82 Hz'lH)’ 299 (dd’: 16.6  as an off-white solid. The spectral data of the tsytit 1 were
3.7 Hz 1H’) 0.93 (s. 9H) 0.08 (s ?;H) 0.07 (s 3|’_|mpbs'c’ identical to the reported data of natural product.

NMR (100 MHz, CROD): ¢ 203.7, 139.9, 139.6, 129.4, 129.3, (2R,39)-1,3-Bis(benzyloxy)hex-5-en-2-ol (24)CompoundL6 (7
1291, 129.0, 128.8, 128.7, 81.9, 77.2, 73.7, 7833, 41.7, g, 3.1 mmol) in THF (20 mL) was treated with NaH (18%.7
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mmol) at 0 °C for 30 min, then benzyl bromide (3mlk, 3.1
mmol) was added dropwise at the same temperaturetrand
reaction was stirred for 3h. The mixture was pounet iice
water, and extracted with EtOAc (3 x 200 mL). The comat
organic layers were washed with brine, dried over MgSO
filtrated and concentrated under reduced pressihre. residue
was purified by flash chromatography on silica g&EAEtOAC =
5/1) to give24 (7.0 g, 75%) as a colorless o] = +21.2 ¢
0.07, CHC)); IR (film) vyae 3435, 2936, 2849, 1452, 1079,
1030, 750 cnt; *H NMR (400 MHz, CDCJ): 6 7.41-7.29 (m,
10H), 5.96 (ddtJ = 17.2, 10.1, 7.1 Hz, 1H), 5.18 (dg-liké~
17.2, 2.0 Hz, 1H), 5.13 (dg-liké,= 10.1, 2.0 Hz, 1H), 4.65 (d,
= 11.4 Hz, 1H), 4.57 (s, 2H), 4.54 (@= 11.4 Hz, 1H), 3.92
(ddd,J = 6.5, 6.4, 3.5 Hz, 1H), 3.69 (dd,= 9.6, 3.5 Hz, 1H),

3.63 (dd,J = 9.6, 6.5 Hz, 1H), 3.60 (m, 1H), 2.47 (m, 2H) ppm;

¥%C NMR (100 MHz, CDGJ): 5 138.3, 137.9, 134.6, 128.4 (2C),
128.3 (2C), 127.8 (4C), 127.7, 127.6, 117.3, 7934, 72.2,
71.5, 71.0, 34.7 ppm; (+) HR-ESIM&/z 335.1614 [M+Na]
(calcd for GgH,40O3Na, 335.1623A = -2.7 ppm).

(((2R,39)-1,3-Bis(benzyloxy)hex-5-en-2-yl)oxydért-
butyl)dimethylsilane (25): The title compound was synthesized

7.25 (m), 4.71 (dJ = 12.0 Hz), 4.68 (d] = 12.0 Hz), 4.65 (d] =
11.2 Hz), 4.56 (dJ = 11.2 Hz), 3.94 (dddl = 10.1, 2.8, 2.6 Hz),
3.76 (m), 3.64 (m), 3.51 (m), 3.30 (d#i= 10.1, 5.6 Hz), 3.24
(dd,J = 10.1, 5.6 Hz), 1.92 (ddd,= 14.0, 10.4, 2.8 Hz), 1.64
(ddd,J =14.4, 9.7, 2.3 Hz), 0.92 (s), 0.08 (s), 0.07pf=n; 27b:

0 7.38-7.25 (m), 4.65 (d] = 11.6 Hz), 4.52 (s), 4.47 (d,= 11.6
Hz), 4.12 (dddJ = 6.1, 5.9, 2.8 Hz), 3.76 (m), 3.74 (m), 3.61
(m), 3.18 (ddJ = 10.4, 4.0 Hz), 2.98 (dd,= 10.4, 5.2 Hz), 1.84
(ddd,J = 14.4, 8.5, 6.0 Hz), 1.74 (ddd,= 14.4, 6.8, 4.0 Hz),
0.93 (s), 0.11 (s), 0.09 (s) ppri¢ NMR (100 MHz, CROD)
data of27a § 140.1, 140.0, 129.4, 129.3, 129.0, 128.7, 128.6,
82.6, 77.8, 73.9, 73.7, 68.9, 63.8, 39.2, 26.41,195.0, -5.2
ppm; 27b: 6 139.7, 139.6, 129.4, 129.3, 129.0, 128.8, 128.7,
78.7, 74.4, 72.9, 72.6, 68.9, 63.8, 38.1, 26.41,194.9, -4.4
ppm.(+) HRESIMS mvz 593.1542 [M+Na] (calcd for
Cy6H30l0,SiNa, 593.1560A = -3.0 ppm).

(4S,5R)-4,6-Bis(benzyloxy)-5-(fert-butyldimethylsilyl)oxy)-1-
iodohexan-2-one (28):The title compound was furnished from
alcohol 27 (1.4 g, 2.5 mmol) according to the above procedure.
Product28 (1.28 g, 90%) was obtained as a colorless @jf’§ =
+46.0 € 0.03, CHC)); IR (film) vy 3397, 2926, 2367, 1384,

from alcohol24 (3.7 g,11.8 mmol) through the above procedure.1090, 805, 657 cif) ‘H NMR (400 MHz, CQOD): §7.36-7.27

Product25 (4.1 g, 82%) was obtained as colorless ai]?%}, =
+51.2 € 0.025, CHC)); IR (film) vy 3065, 2923, 2849, 1463,
1254, 816, 728 cih '"H NMR (400 MHz, CDC)): §7.37-7.28
(m, 10H), 5.90 (ddt) = 17.2, 10.1, 7.1 Hz, 1H), 5.12 (br 3=
17.2 Hz, 1H), 5.06 (br d} = 10.1 Hz, 1H), 4.63 (dl = 11.6 Hz,
1H), 4.57 (dJ = 11.6 Hz, 1H), 4.55 (dl = 12.1 Hz, 1H), 4.51 (d,
J =12.1 Hz, 1H), 3.94 (dd] = 9.6, 4.6 Hz, 1H), 3.61 (dd,=
9.7, 4.1 Hz, 1H), 3.60 (m, 1H), 3.56 (dil= 9.7, 5.5 Hz, 1H),
2.38 (m, 2H), 0.91 (s, 9H), 0.09 (s, 3H), 0.08 (s, pHIN; **C
NMR (100 MHz, CDCJ): ¢ 138.8, 138.4, 135.6, 128.3 (2C),
128.2 (2C), 127.8 (2C), 127.7 (2C), 127.5, 127.46.8, 80.4,
73.5, 73.4, 72.6, 72.0, 35.3, 25.9 (3C), 18.2, 447 ppm; (+)
HRESIMS mvz 449.2489 [M+Na] (calcd for GgHsqOsSiNa,
449.2488A = 0.2 ppm).

(((2R,39)-1,3-Bis(benzyloxy)-4-(oxiran-2-yl)butan-2-
yl)oxy)(tert-butyl)dimethylsilane (26): The title compound was
prepared from compoungs (3.9 g,9.2 mmol) according to the
above procedure. Produ26é (3.0 g, 75%) was obtained as an
inseparable mixture of epime2$aand26b (dr = 5:2). Colorless
oil; [0]*, = —18.9 ¢ 0.037, CHC)); IR (film) vinae 2947, 2854,
1382, 1249, 1073, 1041, 800 ¢mH NMR (400 MHz, CDCJ)
data of26a ¢ 7.36-7.28 (m), 4.74 (dl = 12.0 Hz), 4.67 (dJ =
9.6 Hz), 4.64 (dJ = 9.6 Hz), 4.59 (dJ = 12.0 Hz), 3.81 (m),
3.71 (m), 3.58 (m), 2.99 (M), 2.76 (dbF 4.8, 4.0 Hz), 2.49 (dd,
J=4.8, 2.4 Hz), 1.80 (m), 1.65 (dd#i= 14.3, 7.2, 3.6 Hz), 0.90
(s), 0.06 (s), 0.05 (s) ppr@ph: 6 7.36-7.28 (m), 4.78 (d} = 12.0
Hz), 4.60 (dJ = 12.0 Hz), 4.58 (dJ = 9.6 Hz), 4.56 (d) = 9.6
Hz), 3.81 (m), 3.71 (m), 3.63 (m), 2.89 (M), 2.64,(@= 4.8, 4.4
Hz), 2.39 (ddJ = 5.0, 2.8 Hz), 1.83 (m), 1.65 (dd¥lz 14.3, 7.2,
3.6 Hz), 0.90 (s), 0.06 (s), 0.05 (s) ppHC NMR (100 MHz,
CDCly): 6 138.6, 138.4, 138.2, 128.3, 128.3, 127.8, 12728,7,
127.6, 127.6, 127.5, 78.6, 78.4, 73.3, 73.2, 7TR17, 72.2, 71.8,
71.7, 50.2, 50.1, 47.8, 47.0, 34.1, 33.6, 25.91,184.5, -4.8
ppm; (+) HRESIMS mVz 465.2448 [M+Na] (calcd for
Cy6H3504SiNa, 465.2437A = 2.4 ppm).

(4S,5R)-4,6-Bis(benzyloxy)-5-(fert-butyldimethylsilyl)oxy)-1-
iodohexan-2-ol (27): The title compound was prepared from

(m, 10H), 4.62 (dJ = 11.2 Hz, 1H), 4.52 (s, 2H), 4.52 @=
11.2 Hz, 1H), 4.12-4.04 (m, 2H), 3.90 (s, 2H), 3.51, (bid 10.1,
5.6 Hz, 1H), 3.48 (ddJ = 10.1, 5.2 Hz, 1H), 3.05 (dd,= 16.6,
8.2 Hz, 1H), 2.93 (dd] = 16.6, 3.7 Hz, 1H), 0.92 (s, 9H), 0.10 (s,
3H), 0.08 (s, 3H) ppm*C NMR (100 MHz, CROD): 6 203.9,
139.7, 139.5, 129.4 (2C), 129.3 (2C), 129.1 (2@9.a (2C),
128.7, 128.6, 78.6, 74.3, 73.9, 73.7, 72.7, 41614 23C), 19.0,
7.7, -4.4 (2C) ppm; (+) HRESIM®/z 591.1415 [M+Na] (calcd
for C,¢H370,SiNa, 591.1398A = 2.9 ppm).

1-((4S,5R)-4,6-Bis(benzyloxy)-5-((ert-butyldimethylsilyl) oxy)-
2-oxohexyl)-5-(((tetrahydro-2H-pyran-2-yl)oxy)methyl)-1H-
pyrrole-2-carbaldehyde (29): The title compound was
synthesized from keton28 (1.1 g, 1.9 mmol) using the above
procedure. Produ@9 (1.1 g, 87%;dr = 1:1) was obtained as a
colorless oil. §]°*% = +3.6 € 0.05, CHCY); IR (film) vpax 3408,
2926, 2843, 1665, 1446, 1386, 1024 trtH NMR (400 MHz,
CD;OD): ¢ 9.44 (s, 0.5H), 9.43 (s, 0.5H), 7.37-7.25 (m, 10H),
7.03 (d,J = 4.0 Hz, 1H), 6.33 (dd] = 4.0 Hz, 0.5H), 6.32 (dd),

= 4.0 Hz, 0.5H), 5.37-5.18 (m, 2H), 4.72-4.40 (m, 7H?6-3.61
(m, 3H), 3.53-3.44 (m, 3H), 2.97-2.73 (m, 2H), 1.7871(m,
6H), 0.91 (SiC(CH)s, 9H), 0.09-0.06 (Si(Ch),, 6H) ppm;*C
NMR (100 MHz, CROD): ¢ 205.3, 205.1, 181.5, 141.0, 139.9,
139.6, 134.3, 134.2, 129.4, 129.3, 129.2, 129.(.9,2128.9,
128.7, 128.5, 125.4, 112.9, 112.8, 98.9, 98.7,,7830, 74.4,
74.1, 74.0, 73.7, 73.6, 72.8, 60.6, 56.4, 42.04,326.4, 20.6,
20.5, 19.0, 4.3, —4.4, -5.2 ppm; (+) HRESIMtx 672.3323
[M+Na]" (calcd for G/Hs;NO;SiNa, 672.3332A = -1.5 ppm).

(4S,5R)-4-(Benzyloxy)-5-((benzyloxy)methyl)-1',4,4',5-
tetrahydro-3H-spiro[furan-2,3'-pyrrolo[2,1-c][1,4]oxazine]-
6'-carbaldehyde (30): The title compound was prepared from
ketone29 (0.9 g, 1.6 mmol) according to the above procedure.
Product30 (0.53 g, 86%) was obtained as a pair of epim&ds (
and30b, dr = 2:1). Colorless oil;d]*, = +33.6 € 0.05, CHC));

IR (film) vimas 3463, 2920, 2849, 2361, 1656, 1035, 684 ctH
NMR (400 MHz, CDC}) data of30a §9.46 (s), 7.38-7.28 (m),
6.92 (d,J = 4.0 Hz), 6.01 (dJ = 4.0 Hz), 5.03 (dJ = 15.6 Hz),
4.86 (d,J = 15.6 Hz), 4.68-4.38 (m), 4.37 (ddl= 8.4, 4.4 Hz),

epoxide26 (1.6 g, 3.6 mmol) according to the above procedure4.27 (d,J = 14.0 Hz), 4.10 (dddl = 7.9, 3.9, 2.0 Hz), 3.53 (dd,
Product27 (1.7 g, 80%gdr = 3:1) was obtained as an inseparable= 10.8, 4.4 Hz), 3.49 (dd, = 10.8, 4.4 Hz), 2.31 (dd, = 14.2,

mixture of epimer27aand27b. Colorless oil; §]* = +25.3 ¢
0.03, CHCY); IR (film) vmas 3413, 2936, 2854, 2361, 1380,
1030, 673 cit; '"H NMR (400 MHz, CROD) data of27a §7.38-

1.9 Hz), 2.20 (ddJ = 14.2, 8.0 Hz) ppn30b: § 9.44 (s), 7.38—
7.28 (m), 6.91 (dJ = 4.0 Hz), 6.00 (dJ = 4.0 Hz), 5.01 (dJ =
15.6 Hz), 4.78 (dJ = 15.6 Hz), 4.68-4.38 (m), 4.22 (@~ 14.0



Hz), 3.82 (ddJ = 10.4, 4.8 Hz), 3.77 (dd,= 10.4, 7.6 Hz), 2.47
(dd,J = 14.0, 1.8 Hz), 2.16 (dd,= 14.0, 6.8 Hz) ppm-C NMR
(100 MHz, CDC}) data of30a ¢ 178.7, 137.8, 135.2, 131.1,
128.5, 127.9, 127.7, 127.6, 124.2, 104.8, 103.33,88.7, 73.5,
71.7, 70.0, 57.9, 51.0, 42.4 ppBOb: 5 178.7, 138.0, 135.2,
131.0, 128.4, 127.9, 127.7, 127.6, 124.1, 104.2,8,®83.0, 78.7,
73.4, 71.8, 69.4, 58.4, 51.6, 42.1ppm; (+) HRESIM#z
456.1787 [M+Na] (calcd for GgH,,NOsNa, 456.1781A = 1.3

ppm).

Xylapyrroside B (2) and acortatarin A (4) (Method 2:
According to a known procedut®a solution of compoun80
(0.52 g, 1.2 mmol) in CKCl, (50 mL) was carefully treated with
TiCl, at -78 °C for 40 h. Then the reaction was quenchitid
aqueous saturated NaHg&blution and extracted with EtOAc (4
x 30 mL). The combined organic extracts were washdtl wi
brine, dried over MgS§g) filtrated and evaporated. The residue
was purified by flash chromatography on silica gel
(CH,CI,/MeOH = 40/1) to afford compounds(0.1 g, 32%) and

4 (0.11 g, 37%) as an off-white solid and exhibitégyscal and
spectroscopic characteristics agreed to the ngtuoducts.

X-ray Crystal Data. Colorless crystals ol and la were both
obtained in acetone. Crystal data were obtained druker

11
cultured  in ' DMEM containing 10% FBS, 100 U/mL
penicillin, and 100 pg/mL streptomycin in 5% & 37°C. Cell
viability was determined by conventional MTT aséagatechin
hydrate (purity> 98%, Beyotime Biotechology, China) was used
as a positive contrdP?In brief, A7r5 cells in 96-well plates were
incubated with different concentrations of compoui@s, 50
and 100uM) or catechin hydrate (50 and 1QM) for 4 h, then
stimulated with 200uM of tert-Butyl hydroperoxide (tBHP,
purity > 99%, Sigma-Aldrich) for 12 h. Cells were then indglda
with MTT solution (0.5 mg/mL) in culture medium. Afte
incubation at 37°C for 4 h, the culture medium eamithg MTT
was removed. DMSO was then added into each well, and the
absorbance at 570 nm was measured using a micrapkader
(M1000, TECAN, Austria GmbH, Austria). Values were
expressed as percentage of cell survival. AbsorbfiooetBHP-
untreated cells was set at 100% (control group).
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Copper-kx radiation § = 1.54178 A) at 140(2) K and operating
in thep/o scan mode. The crystal structure was solved bytdire
method using the program SHELXS-97 and subsequerigfou
difference techniques, and was finally refined amdgmcally by
full-matrix least-squares on F2 using SHELXL-97. Abn-
hydrogen atoms were refined anisotropically. Therbgdn atom
positions were geometrically idealized and allowedritte on
their parent atoms. Crystallographic datalaind 1a have been
deposited at the Cambridge Crystallographic Datatr€e(i:
deposition No. CCDC-10292301a: deposition No. CCDC-
1029231). Copies of these data can be obtainedfreleargevia
www.ccdc.cam.ac.uk/conts/retrieving.html  or  from  the
Cambridge Crystallographic Data Centre, 12, Union dRoa
Cambridge CB21EZ, UK. [fax: (+44) 1223-336-033; email:
deposit@ccdc.cam.ac.uk].

Xylapyrroside A (1): C;oH1sNOs, M = 253.25, orthorhombiag

= 7.03200(10)b = 8.45490(10)¢ = 19.6634(4) Ag = 90.008 =
90.00,y = 90.00 deg., V = 1169.08(3)3AT = 140(2) K, space
group P2,2:2,, Z 4, 4329 reflections measured, 1986

independent reflection®R(; = 0.0274). The final R1 values were 6

0.0312 (I >3 (1)). The final R1 values were 0.0318 (all data).

The final wR values were 0.0807 (all data). The goodness fit on

F2 was 1.041. Flack parameter = 0.19(18). Crystallogiradata
of 1 have been deposited at the Cambridge Crystallogrdpdia
Centre (deposition No. CCDC-1029230).

Xylapyrroside A; (1a): C;,HisNOs, M = 253.25, orthorhombic,
a=7.10980(10)b = 8.64620(10)¢ = 18.8598(4) Ax = 90.00,8
=90.00,y = 90.00 deg., V = 1159.36(3)*AT = 140(2) K, space
group P2,2,2,, Z 4, 7512
independent reflection®Rf; = 0.0463). The final R1 values were
0.0288 (1 >2(1)). The final R1 values were 0.0290 (all data)eTh
final wR, values were 0.0745 (all data). The goodness fiE®n
was 1.050. Flack parameter = —0.07(15). Crystaljugadata of
la have been deposited at the Cambridge Crystallogrdpéta
Centre (deposition No. CCDC-1029231).

4.4 Anti-oxidative stress assay

The inhibitory effects of the spiroalkaloids on diive stress-
induced cellular damage were evaluated in A7r5 racwiar
smooth muscle cells (VSMC). The A7r5 cells, obtaifrech the
American Type Culture Collection (Rockville, MD), were

reflections measured, 215312,

Company (ZJPC, Deqing County, China) for providingllig
Powder and Ms. Jian Chen from ZJPC for the sample
identification.

Supplementary data

Copies of NMR spectra, and X-ray crystal structuegadare
available as Supplementary data.
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1. X-ray crystallographic data for compounds 1, 1a and 4.

Table S1. X-ray Crystallographic Data for 1 and 1a.

Xylapyrroside A (1)

Xylapyrroside A; (1a)

Empirical formula

Formula weight

Temperature

Wavelength

Crystal system

space group

Unit cell dimensions

a (alpha)

b (beta)

¢ (gamma)

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 69.94
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F~2

Final R indices [l > 2sigma(l)]
R indices (all data)

Absolute structure parameter
Largest diff. peak and hole

C12H1sNOs
253.25

140(2) K
1.54178 A
Orthorhombic
P2(1)2(1)2(1)

7.03200(10) A (90 deg)
8.45490(10) A (90 deg)
19.6634(4) A (90 deg)
1169.08(3) A’

4,1.439 mg/m®

0.952 mm™

536

0.10 x 0.05 x 0.04 mm

4.50 to 69.94 deg.

-8<=h<=8, -10<=k<=8,
-23<=1<=18

4329 /1986 [R(int) = 0.0274]
96.6 %

Semi-empirical from equivalents
0.9629 and 0.9108
Full-matrix least-squares on F?
1986 /0 /165

1.041

R; =0.0312, wR, = 0.0798
R; = 0.0318, wR, = 0.0807
0.19(18)

0.141 and -0.214 e. A3

C12H1sNOs
253.25

140(2) K
1.54178 A
Orthorhombic
P2(1)2(1)2(1)

7.10980 (10) A (90 deg)
8.64620(10) A (90 deg)
18.8598(4) A (90 deg)
1159.36(3) A’

4,1.451 mg/m®

0.960 mm™

536

0.35x0.16 x 0.05 mm

4.69 to 69.63 deg.

-8<=h<=8, -7<=k<=10,
-22<=1<=22

7512/ 2153 [R(int) = 0.0463]
99.1 %

Semi-empirical from equivalents
0.9536 and 0.7300
Full-matrix least-squares on F?
2153/0/166

1.050

R; = 0.0288, WR, = 0.0741
R; =0.0290, wR, = 0.0745
-0.07(15)

0.263 and -0.198 e. A

Colorless crystals of 1 and 1a were both obtained in acetone. Crystal data were
obtained on a Bruker APEX Duo CCD detector employing graphite monochromated
Copper-Ka radiation (A=1.54178 A) at 140(2) K and operating in the ¢/m scan mode.
The crystal structure was solved by direct method using the program SHELXS-97 and
subsequent Fourier difference techniques, and was finally refined anisotropically by
full-matrix least-squares on F2 using SHELXL-97. All non-hydrogen atoms were
refined anisotropically. The hydrogen atom positions were geometrically idealized and
allowed to ride on their parent atoms. Crystallographic data of 1 and la have been
deposited at the Cambridge Crystallographic Data Centre (1: deposition No.
CCDC-1029230; 1la: deposition No. CCDC-1029231). Copies of these data can be
obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html or from the
Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge CB21EZ, UK.
[fax: (+44) 1223-336-033; or email: deposit@ccdc.cam.ac.uk].
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Table S2. X-ray Crystallographic Data for 4.

Acortatarin A (4)

Empirical formula C12H15NOs

Formula weight 253.25

Temperature 173(2) K
Wavelength 0.71073 A

Crystal system Orthorhombic

space group P2(1)2(1)2(1)

Unit cell dimensions

a (alpha) 7.1019(3) A (90 deg)
b (beta) 8.6521(3) A (90 deg)
¢ (gamma) 18.8596(7) A (90 deg)
Volume 1158.85(8) A

Z, Calculated density 4,1.452 mg/m*
F(000) 536

Reflections collected / unique 2046 /1214

Data Completeness (theta = 25.01) 1.68/1.00

Max. and min. transmission 0.960 and 0.945
Parameters 163

Goodness-of-fit on F*2 1.076

R (reflections)

R1 =0.0252, wR, = 0.0636

Figure S1. X-ray crystal structure of acortatarin A (4).

Colorless crystals of 4 were obtained in MeOH. Crystal data were obtained on a
Bruker-AXS SMART APEX Il CCD detector employing graphite monochromated
Mo-Ka radiation (A=0.71073 A) at 173(2) K and operating in the ¢/ scan mode. The
crystal structure was solved by direct method using the program SHELXS-97 and
subsequent Fourier difference techniques, and was finally refined anisotropically by
full-matrix least-squares on F2 using SHELXL-97. All non-hydrogen atoms were
refined anisotropically. The hydrogen atom positions were geometrically idealized and
allowed to ride on their parent atoms. Crystallographic data for 4 have been deposited at
the Cambridge Crystallographic Data Centre (deposition No. CCDC-1029232). Copies
of these data can be obtained free of charge via
www.ccdc.cam.ac.uk/conts/retrieving.html or from the Cambridge Crystallographic
Data Centre, 12, Union Road, Cambridge CB21EZ, UK. [fax: (+44) 1223-336-033; or
email: deposit@ccdc.cam.ac.uk].
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2. Synthetic procedures towards compound 7

1H-Pyrrole-2,5-dicarbaldehyde pre-7a

OHC/@\

N CHO
H

pre-7a
The 1H-pyrrole-2,5-dicarbaldehyde (pre-7a) was prepared by known method
[Knizhnikov, et al. Russian J. Org. Chem. 2007, 43, 855-860]. IR (film): vmax 3424,
2909, 2849, 1682, 1660, 1424, 1276, 1167, 794 cm™; *H NMR (400 MHz, CDCls): ¢
10.33 (br s, 1H), 9.80 (s, 2H), 7.03 (d, J = 1.2 Hz, 2H) ppm; *C NMR (100 MHz,
CDCls): 6 181.2, 135.5, 119.5 ppm; HR-EIMS m/z 123.0321 [M]" (calcd for CsHsNO,,
123.0320, A = 0.8 ppm).

5-(Hydroxymethyl)-1H-pyrrole-2-carbaldehyde pre-7b

/@\ NaBH, HOV@\

OHC N CHO N CHO
H MeOH H
pre-7a pre-7b

To a solution of dialdehyde pre-7a (6.0 g, 48.8 mmol) in dry methanol (100 mL) at O
°C was added sodium borohydride (0.46 g, 12.2 mmol) in one portion. After being
stirred for 30 min, the reaction was quenched with ice water and concentrated in
vacuum. The resulting aqueous was extracted with EtOAc (3 > 100 mL) and the
combined organic layers were washed with brine, dried, filtrated and concentrated. The
residue was purified by flash chromatography on silica gel (PE/EtOAc = 4/1) to give
mono-aldehyde pre-7b (5.92 g, 98%) as a white amorphous powder. IR (film): vmax
3304, 2915, 2849, 1495, 1364, 1200, 1063, 756 cm™; *H NMR (400 MHz, CDCls): ¢
10.61 (br s, 1H, D,O-exchangeable), 9.38 (s, 1H), 6.96 (dd, J = 3.7, 2.6 Hz, 1H), 6.22
(dd, J = 3.7, 2.2 Hz, 1H), 4.81 (d, J = 4.2 Hz, 2H), 3.46 (t, J = 4.2 Hz, 1H,
D,0-exchangeable) ppm; **C NMR (100 MHz, CDCls): & 179.2, 141.8, 132.2, 123.4,
109.0, 57.9 ppm; HR-EIMS m/z 125.0478 [M]" (calcd for CgH;NO,, 125.0477, A = 0.8

ppm).

5-(((Tetrahydro-2H-pyran-2-yl)oxy)methyl)-1H-pyrrole-2-carbaldehyde 7

HO\/U\ DHP, PPTS THpo\/@\

N~ CHO N CHO
H CH,Cl, H
pre-7b 7

To a solution of pre-7b (1.5 g, 12.1 mmol) and PPTS (54 mg, 0.24 mmol) in CH,Cl,

(40 mL) was treated with DHP (1.08 g, 13.1 mmol). After stirring for overnight, the

reaction was diluted with saturated aqueous NaHCOj; solution. The mixture was

separated and the aqueous layer was extracted with CH,Cl, (2 <50 mL). The combined
S5



organic layers were washed with brine. Dried, filtrated and concentrated, the residue
was purified by flash chromatography on silica gel (PE/EtOAc = 5/1) to give 7 (2.45 g,
94%, dr = 1:1) as a colorless oil. IR (film): vmax 3254, 2942, 1614, 1391, 1178, 1068,
805 cm™; 'H NMR (400 MHz, CDCls) : § 9.71 (br s), 9.47 (s), 6.91 (d, J = 3.5 Hz), 6.90
(d, J=3.5Hz),6.22 (d, J =3.5Hz), 6.21 (d, J = 3.5 Hz), 4.76 (d, J = 13.5 Hz), 4.69 (m),
4.62 (d, J = 13.5 Hz), 3.91 (m), 3.57 (m), 1.87-1.59 (m, 6H) ppm; **C NMR (100 MHz,
CDCls): 0 180.3, 178.9, 139.3, 137.9, 134.1, 132.6, 123.1, 121.6, 111.2, 109.8, 100.3,
98.8, 64.1, 63.6, 62.7, 62.1, 31.8, 30.4, 26.6, 25.2, 20.9, 19.4 ppm; (+) HR-ESIMS m/z
232.0944 [M+Na]" (calcd for C11H1sNO3Na, 232.0948, A = —1.3 ppm).
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ACCEPTED MANUSCRIPT

Figure S1. "H NMR spectrum of 1 in CD;0D
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ACCEPTED MANUSCRIPT

Figure S2. *H NMR spectrum of 1 in CD;COCD3
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ACCEPTED MANUSCRIPT

Figure S3. *H NMR spectrum of 1 in CDCl,
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Figure S4. *C NMR spectrum of 1 in CD,0D
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Figure S5. DEPT-135 spectrum of 1 in CD;0D
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Figure S6. 'H-"H COSY spectrum of 1 in CD;0D
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Figure S7. HSQC spectrum of 1 in CD3;0OD
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Figure S9. HMBC spectrum of 1 in CD3;0OD-expansion

i
4
—d
—

il

L] -y W
a » n
- - e
e Em
¥ L -
[ | - o 2]
di b
0 0
X —N
HO" =
OHC
HMBC
iom = =
4. 4. 4.4 4.0 4.0 )4 4 1.6
e

Figure S10. NOESY spectrum of 1 in CD30D

\JlLMJL

-
0 0 o~
Ho...<:)_{ & e ’
Wt b
OHC
NOESY *a 1 a
¥ & =% ~
&
= &
- » i
i

S13



ACCEPTED MANUSCRIPT

Figure S11. HR-EIMS of 1

Elemental Composition Report

File Number: 20130412004
Sample Number:LM-4-3

Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

11 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-15 H:0-20 N:0-1 0O:0-5

Minimum: -1.5
Maximum: 5:0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula

253.0952 253.0950 0.2 0.8 6.0 5546077.0 C12 H15 N 056

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance =5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

11 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-15 H:0-20 N:0-1 0:0-5

LM-4-3
20130412004 334 (5.567) TOF MS El+
1.52e+002
100 253.0952
1
% |
0 T = T T T T —— m/z
252.900 253.000 253.100 253.200 253.300
Minimum: =1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
253.0952  253.0950 0.2 0.8 6.0 5546077.0 Cl12 H15 N 05
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Figure S12. *H NMR spectrum of 2 in CD;0D
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Figure S13. *C NMR spectrum of 2 in CD;0D
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Figure S14. DEPT-135 spectrum of 2 in CD;0D
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Figure S15. *H-"H COSY spectrum of 2 in CD;0D
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Figure S16. NOESY spectrum of 2 in CD3;0D
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Figure S17. NOESY spectrum of 2 in CD3;OD-expansion
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Figure S18. HR-EIMS of 2

Elemental Composition Report

File Number: 20130412002
Sample Number:LM-4-1

Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

11 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-15 H:0-20 N:0-1 0:0-5

Minimum: -1.5

Maximum: 5.0 10.0 50.0

Mass Calc. Mass mDa PPM DBE i-FIT Formula

253.0951 253.0950 0.1 0.4 6.0 5546040.5 C12 H15 N 05

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

11 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-15 H:0-20 N:0-1 0:0-5

LM-4-1
20130412002 70 (1.167) TOF MS El+
6.68e+001
100 253.‘0951
%,
O == T T T == T T T T T m/z
252.900 253.000 253.100 253.200 253.300
Minimum: =1.9
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
253.0951  253.0950 0.1 0.4 6.0 5546040.5 Cl2 H15 N 05

S19



Figure S19. "H NMR spectrum of 3 in CD;0D
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Figure S21. *H-"H COSY spectrum of 3 in CD,0D
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Figure S22. *H-"H COSY spectrum of 3 in CD;OD-expansion

ot

00 =]
Howd X e
HO™ =
OHC
cosy oo - &
v
0 = am
o 12 5
. - =
e = oem
S =
- 20 os e
. : o 4

S21



ACCEPTED MANUSCRIPT

Figure S23. (+) ESI-MS of 3
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Figure S24. *H NMR spectrum of 4 in CD;0D
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Figure S$25. *C NMR spectrum of 4 in CD;0D
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ACCEPTED MANUSCRIPT

Figure S26. DEPT-135 spectrum of 4 in CD;0D

Figure S27. 'H-"H COSY spectrum of 4 in CD;0D
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Figure S28. HSQC spectrum of 4 in CD;0D
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Figure S30. HMBC spectrum of 4 in CD3;OD-expansion
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Figure S31. NOESY spectrum of 4 in CD3;0D
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Figure S33. HR-EIMS of 4

Elemental Composition Report

File Number: 20130412006
Sample Number:LM-4-6

Single Mass Analysis
Tolerance =5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

11 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-15 H:0-20 N:0-1 0:0-5

Minimum: -1.5

Maximum: 5.0 10.0 50.0

Mass Calc. Mass mbDa PPM DBE i-FIT Formula

253.0949 253.0950 -0.1 -04 6.0 5546058.5 C12 H15 N 05

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0 .
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

11 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-15 H:0-20 N:0-1 0O:0-5

LM-4-6

20130412006 98 (1.634) Cm (98:112) TOF MS El+
1.10e+002
100 253.0949
: |
!
0 LR T T T ' T g = T T T =y —— miz
252.900 253.000 253.100 253.200 253.300
Minimum: =15
Maximum: 9.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE I=FrT Formula
253.0949 253.0950 -0.1 -0.4 6.0 5546058.5 Cl2 H15 N 05
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Figure S34. *H NMR spectrum of 1a in CD;0D
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Figure S$35. "H NMR spectrum of 1a in CD;COCD;
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Figure $36. "H NMR spectrum of 1a in CDCl,
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Figure S37. *C NMR spectrum of 1a in CD;0D
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Figure $38. 'H-"H COSY spectrum of 1a in CD;0D
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Figure S40. HMBC spectrum of 1a in CD3;0D
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ACCEPTED MANUSCRIPT

Figure S42. HR-EIMS of 1la

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons
11 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:0-15 H:0-20 N:0-1 0:0-5
LM-4-2
20130412003 175 (2.917) Cm (174:184) TOF MS El+
1.11e+001
10 253.0949
%
0 Toe T y T T T ) T T T RS m/z
252.900 253.000 253.100 253.200 253.300
Minimum: «31.5
Maximum: 50 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
253.0949  253.0950 =0:1 -0.4 6.0 5546025.5 Cl12 H15 N 05
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Figure S$43. 'H NMR spectrum of 1b in CD;0D

€L8°
088 *
016"
L16
961
L91
€61

£6e
656
V16
6V6
£zl
921
£cl
161

SO0 =S

R R e o N B N o e e

096 *
G66
8LV E
(44
168 °
068 °

h

< < <
R

90 "9
GL0 '9>

800 "L
610 'L>

96¢€ '6—

TH NMR (400 Mz, CD30D)

S37

A

F€0°1
1071

o
S0
I’90:
X ge 0

—_—_O -

—

=00"1

=00"1

=660

.0 0.5 0.0

1

2.0

3.0

4.0

4.5

6.5 6.0 5.0
f1 (ppm)

7.0

8.0

8.5

10.5 10.0 9.5 9.0

1.0

1.5

12.0



ACCEPTED MANUSCRIPT

Figure S44. 'H NMR spectrum of 1b in CD;COCD4
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ACCEPTED MANUSCRIPT

Figure S$45. 'H NMR spectrum of 1b in CDCl,
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Figure S$46. *C NMR spectrum of 1b in CD;0D
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Figure S47. DEPT-135 spectrum of 1b in CD;0D
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Figure S49. HSQC spectrum of 1b in CD;0D
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Figure S51. NOESY spectrum of 1b in CD3;0D
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Figure S52. HR-EIMS of 1b

Elemental Composition Report

File Number: 20130412007
Sample Number:LM-4-6'

Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

11 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-15 H:0-20 N:0-1 0:0-5

Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula

253.0952 253.0950 0.2 0.8 6.0 5546038.5 C12 H15 N 05

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance =5.0 mDa / DBE: min =-1.5, max = 50.0 -
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

11 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-15 H:0-20 N:0-1 0:0-5

LM-4-6'
20130412007 262 (4.367) Cm (251:264) TOF MS El+
6.18e+001

100 253.?952

m/z

0=

—— - - T - - -
252.900 253.000 253.100 253200 253300

Minimum: e
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i=FIT Formula

253.0952 253.0950 0.2 0.8 6.0 5546038.5 Cl2 H15 N 05
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Figure S53. *H NMR spectrum of 2a in CD;0D
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Figure S54. *C NMR spectrum of 2a in CD;0D
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Figure S55. DEPT -135 spectrum of 2a in CD;0D
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Figure S57. HSQC spectrum of 2a in CD3;0D

Figure S58. HMBC spectrum of 2a in CD3;0D
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Figure S59. NOESY spectrum of 2a in CD;0D
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Figure S60. HR-EIMS of 2a

Elemental Composition Report

File Number: 20130412005
Sample Number:LM-4-5

Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

11 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-15 H:0-20 N:0-1 0O:0-5

Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
253.0951 253.0950 0.1 0.4 6.0 5546035.0 C12 H15 N 05
Elemental Composition Report Page 1

Single Mass Analysis
Tolerance =5.0 mDa / DBE: min =-1.5, max = 50.0 .
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

11 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-15 H:0-20 N:0-1 0:0-5

LM-4-5
20130412005 240 (4.000) Cm (237:247) TOF MS El+
5.27e+001
100 253.0951
|
% |
|
0 T ! T T - - T —r—— miz
252.900 253.000 253.100 253.200 253.300
Minimum: Lt o
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
253.0951 253.0950 0.1 0.4 6.0 5546035.0 Cl12 H15 N 05
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Figure S61. 'H NMR spectrum of pre-7a in CDCl,
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Figure $62. *C NMR spectrum of pre-7a in CDCl,
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Figure S63. HR-EIMS of pre-7a

Elemental Composition Report

File Number: 20130412008
Sample Number:pyr-1

Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

11 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-15 H:0-20 N:0-1 0O:0-2

Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
123.0321 123.0320 0.1 0.8 5.0 5546025.5 C6 H5 N 02
Elemental Composition Report Page 1

Single Mass Analysis
Tolerance =5.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons
11 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:0-15 H:0-20 N:0-1 0:0-2
pyr-1
20130412008 333 (5.551) Cm (311:334) TOF MS El+
2.03e+001
100 123.?321
[
|
|
%.
0 T T T Y T T T T miz
122.925 122.950 122.975 123.000 123.025 123.050 123.075 123.100 123.125 123.150
Minimum: =18
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mbDa PPM DBE I=FIT Formula
123.0321 123.0320 0.1 0.8 5.0 5546025.5 C6 H5 N 02
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Figure S64. *H NMR spectrum of pre-7b in CDCl,
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Figure S65. *C NMR spectrum of pre-7b in CDCl,

26°L5— ——
-
R
i
10601 8
2 o 1
O N
=
-
Zaan
= ]
St g3 — - -
5
— = i
€2 2€1 o —
@
£8 1P l— ——
4
18 °6L1— -—

S55

T T
190 180

200

T
210

1 (ppm)



ACCEPTED MANUSCRIPT

Figure S66. HR-EIMS of pre-7b

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance =5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

11 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-15 H:0-20 N:0-1 0:0-2

pyr-2 72
20130412009 40 (0.667) TOF MS El+
8.48e+002
100 125.?478
%
|
0 T T T T — —T T r T T miz
124.950 125.000 125.050 125.100 125.150
Minimum: =15
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
125.0478 125.0477 0.1 0.8 4.0 5546359.5 C6 H7 N 02

S56



Figure S67. *H NMR spectrum of 7 in CDCl,
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Figure $68. *C NMR spectrum of 7 in CDCl,
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Figure S69. (+) HR-ESIMS of 7

Mass Spectrum SmartFormula Report

Analysis Info Acquisition Date  2013-1-16 16:46:33
Analysis Name  C:\Documents and Settings\Administrator\xAA&\PYR-3_6_01_2130.d\PYR-3_6_01_2130.d
Method tune_low_for_lc-20min-seg.m Operator BDAL@DE
Sample Name  PYR-3 Instrument micrOTOF 10293
Comment
Acqulsiﬁ;Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 1.5 Bar
Focus Active Set Capillary 4500 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 6.0 I/min
Scan End 3000 m/z nla nla Set Divert Valve Waste
Intens. +MS, 3 3min #194|
8000+ 232.0948
6000
40004
] 441.2001
2000 317.0728 3932990 l
355.0960 l
c > L L l- ne oA 'I bl LL - ,L A - 5261783 -
200 300 400 500 600 700 miz
Intens. +MS. 3.3min #194
80004 232.0948 5 -~ =
6000+
4000+
20004
233.0977
- J( 2349182
231 232 233 234 235 236 237 238 239 mz
Meas, m/z # Formula m/z err[ppm] Meanerr [ppm] N-Rule mSigma Std Mean m/z
232.0948
1 C11H15NNaO3 2320944 -15 -1.3 ok 9.96 0.0003
Bruker Compass DataAnalysis 4.0 printed:  2014-4-10 18:42:24 Page 1 0of 1
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Figure S70. *H NMR spectrum of 10 in CDCl,
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Figure S71. *C NMR spectrum of 10 in CDCl,
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Figure S72. HR-EIMS of 10

Elemental Composition Report

File Number: 20130415011
Sample Number:WL-2

Single Mass Analysis
Tolerance =5.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off

gl::noisc:top)ic Mass, Odd and Even Electron lons

ormula(e) evaluated with 1 results within limits (up to 50 i i

bl f (up best isotopic matches for each mass)
C:0-20 H:0-25 0:0-3

Mini[num: -1.5
I\M/Iaxmum: 5.0 10.0 50.0

ass Calc. Mass mDa PPM DBE i-FIT Formul
172.1097 172.1099 02 12 20 5546025.5 C9 Hl#g 03

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0

Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons ) :

9 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:

C:0-20 H:0-25 0:0-3

Yoia X TOF MS El+
20130415011 75 (1.250) Cm (75:77) ot

172.1007
10 [

o S ‘ T T T T T T — miz
171 ‘.950 172.000 ‘ 172.050 172.100 172.150 172.200 172.250

0

=I5

Minimum:
10.0 50.0

Maximum: 5.0

Mass Calc. Mass mDa PPM DBE I-FTT Formula

172.1097 172.1099 =0.2 =172 2.0 5546025.5 C9 H16 03
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Figure S73. 'H NMR spectrum of 11 in CDCls,
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Figure S74."*C NMR spectrum of 11 in CDCl,

15°p-
1§ b~
66 P
91 -

€5 A=

LB~

£ 99~
G1°99~"
60 6L~

S0 6L

S8 L~
or 8L~

08801
11601

VLA
[ AlC

1T PEI~
90 ‘SE1—"

OTBS

3C NMR (100 MHz, CDCl)

S64

5 |

e

-10

T
90

T
100

110

T
120

T
130

T
140

150

T
160

\
)

(ppm

r



Figure S75. (+) HR-ESIMS of 11

Qualitative Analysis Report

Data Filename WL-3-1.d Sample Name WL-3-1
Sample Type Sample Position P1-A5
Instrument Name Instrument 1 User Name
Acq Method Acquired Time  1/3/2014 5:44:09 PM
IRM cCalibration Status Some Tons Missed DA Method Screening-Default.m
Comment containing 0.05% FA
User Spectra

Fragmentor Voltage Collision Energy Ionization Mode

125 0 Esi
x10 2 | +ESI Scan (3.945 min) Frag=125.0v WL-3-1.d
14 309.1859
(M+Na)+

0.8

0.6+

0.44

0.24

287.1940 322.2058 385.2355
0 L 11 I ] L 1 ]
210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390
Counts (%) vs. Mass-to-Charge (m/z)

Peak List
[m/z [ z [Abund [Formula [Ton |
[309.1859 | 1 [739124 [c15H30 Na O3 si [MenNay+ ]

S65




Figure S76. 'H NMR spectrum of 12 in CDCls,
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Figure S77. *C NMR spectrum of 12 in CDCl,
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ACCEPTED MANUSCRIPT

Figure S78. (+) HR-EIMS of 12

Elemental Composition Report |
File Number: 20130329014 1
Sample Number: WL-| |
Single Mass Analysis 1
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0 1
Element prediction: Off 1
Monoisotopic Mass, Odd and Even Electron lons 1
10 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass) 1
Elements Used: 1
C:0-15 H:0-30 0O:0-4 Si: 0-1 1
Minimum: -1.5 1
Maximum: 5.0 10.0 50.0 1
Mass Calc. Mass mDa PPM DBE i-FIT Formula 1
302.1911 302.1913 02 -07 20 5546192.5 C15 H30 04 Si 1
Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

10 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-15 H:0-30 0O:0-4 Si:0-1

WLl
20130329014 146 (2.434) Cm (146:179) TOF MS El+
3.62e+002
100 302.1911
|
% |
0-— T T T T T T T T T m/z
301.900 302.000 302.100 302.200 302.300 302.400
Minimum: =1..9
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
302.1911 302.1913 =02 =07 2.0 5546192.5 C15 H30 04 si
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Figure S79. 'H NMR spectrum of 13 in CDCls
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Figure $80. *C NMR spectrum of 13 in CDCl,
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ACCEPTED MANUSCRIPT

Figure S81. HR-EIMS of 13

Elemental Composition Report

File Number: 20130329013
Sample Number: WL-II

Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

30 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-26 H:0-45 N:0-1 0:0-7 Si:0-1

Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mbDa PPM DBE i-FIT Formula

511.2968 511.2965 0.3 0.6 6.0 5546073.0 C26 H45 N O7 Si

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance =5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

30 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-26 H:0-45 N:0-1 0:0-7 Si: 01

WL
20130329013 215 (3.584) TOF MS El+

1.08¢+002
1 511.2968

|

7/ o DSRG0S 8L LR 08 s sl ) A g RN AL M L
Minimum: =15
Maximum: 50 10.0 50.0
Mass Calc. Mass mDa PPM DBE i=FIT Formula
511.2968  511.2965 0.3 0.6 6.0 5546073.0 C26 H45 N 07 Si
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Figure $82. '"H NMR spectrum of 14 in CDCl,
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Figure $83. *C NMR spectrum of 14 in CDCl,
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ACCEPTED MANUSCRIPT

Figure S84. HR-EIMS of 14

Elemental Composition Report

File Number: 20130329015
Sample Number; WL-III

Single Mass Analysis
Tolerance =5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

30 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-26 H:0-45 N:0-1 0:0-7 Si:0-1

Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula

509.2811 509.2809 0.2 0.4 7.0 5546066.5 C26 H43 N O7 Si

Elemental Composition Report Page \1

Single Mass Analysis
Tolerance =5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Odd and Even Electron lons

30 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:0-26 H:0-45 N:0-1 O:0-7 Si:01

WL-lI

20130329015 216 (3.600) Cm (199:216) TOF MS El+
9.52e+001
100 MQ.?811
|
%
T T L] R v T T T T T T T T miz
508.80 508.90 509.00 509.10 509.20 509.30 509.40 509.50 509.60 509.70

Minimum: 1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE d=FLT! Formula
509.2811 509.2809 0.2 0.4 7.0 5546066.5 C26 H43 N 07 Si

S74



Figure $85. *H NMR spectrum of 15 in CDCls
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Figure $86. *C NMR spectrum of 15 in CDCl,
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Figure S87. (+) HR-ESIMS

of 15

Qualitative Analysis Report

Data Filename
Sample Type
Instrument Name

Acq Method

IRM Calibration Status
Comment

User Spectra

WL-10.d

Sample Name WL-10
Sample Position P1-C1
Instrument 1 User Name

general test 2.m Acquired Time

[Py

12/23/2013 1:39:10 PM
Screening-Default.m

Fragmentor Voltage
125

Collision Energy Ionization Mode
0 .

Esi
x10 2 | +ES! Scan (3.161 min) Frag=125.0V WL-10.d
14
0.8
0.6
04 ;
0.2
255 260 265 270 275 280 285 290 295 300 305
Counts (%) vs. Mass-to-Charge (m/z)
Peak List
[m7z z [Abund [Formula [Ton ]
|285.1456 1 [2347843 Jc16 H22 Na 03 [(M+na)+ |
ormula Calculator Element Limits
lement n MGX
C 3| 100
H o 300
0 o[ 100
N of o
S of o
cl of o
Br of o
Si of o
Formula C Results
[Formula __ [Best  [Mass [Tot Mass __|Diif (ppm) [lon Sp [Score |
lcitern2203 | TRUE | 262.1564]  262.1569] 2.04]ci6 H22Na 03 | 94.14)

--- End Of Report ---

Agilent Technologies

Page 1 of 1 Printed at: 2:21 PM o

S77

n: 12/23/2013



Figure $88. 'H NMR spectrum of 16 in CDCl,
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Figure $89. *C NMR spectrum of 16 in CDCl,
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ACCEPTED MANUSCRIPT

Figure S90. (+) HR-ESIMS of 16

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =2.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

275 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:5-80 H:2-120 N:0-1 0:0-20 Na:0-1 Si:0-1 I: 0-1

WL-11 LCT PXE KE324 26-Sep-2013
17.08:29
WL-11_0926 32 (0.705) AM2 (Ar,11000.0,0.00,0.70); ABS; Cm (25:41) 1: TOF MS ES+
1.14e+004
100 | 245A:1157
|
% |
246.1192
2201400  a33.9705 2393210 2440241 | | ,247.1212;"5‘1‘921 2aiae 20108 2614171
T T T T 1 T ¥ 1
230.0 235.0 240.0 245.0 250.0 255.0 260.0
Minimum: =19
Maximum: 5.0 2.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
245.1157  245.1154 0.3 112 4.5 97.7 0.0 Cl3 H18 03 Na

S80



Figure S91. *H NMR spectrum of 17 in CDCl,
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Figure $92. *C NMR spectrum of 17 in CDCl,
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ACCEPTED MANUSCRIPT

Figure S93. (+) HR-ESIMS of 17

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 2.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

644 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:5-80 H:2-120 N:0-1 0:0-20 Na:0-1 Si:0-1 |:0-1

WL-45 LCT PXE KE324 26-Sep-2013
17:04:32
WL-45_0926 29 (0.653) AM2 (Ar,1 1000.0,0.00,0.70); ABS; Cm (14:29) 1: TOF MS ES+
1.01e+004
100 ‘ 359.2019
x |
[ | 360.2057
’ 361.2039 b
o|_3972191 4221223462500  35424363582083 | | - BTO272 3751833 3782192342355 100 0
T T T T T T T T T T T T | B T T B T B Il
335.0 340.0 345.0 350.0 355.0 360.0 3650 370.0 375.0 380.0 385.0 390.0
Minimum: =15
Maximum: 5.0 2.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
359.2019 359.2018 0.1 0.3 4.5 81.3 0.0 Cl9 H32 03 Na

Si

S83



Figure S94. 'H NMR spectrum of 18 in CDCl,
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Figure S95. *C NMR spectrum of 18 in CDCl,

00 ‘6¢—

98 29—

£€6°91 1=

0F SEl—
89 "8€1L
98 '8€1 l

OBn

!

X

ny

TBSO

OBn
3¢ NMR (100 MHz, CDCl5)

S85

-10

T
90

T
100

110

T
120

T
130

T
140

T
150

T
160

\

(ppm)

r



ACCEPTED MANUSCRIPT

Figure S96. (+) HR-ESIMS of 18

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 3.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1007 formula(e) evaluated with 2 results within limits (up to 50 closest results for each mass)
Elements Used:

C:5-80 H:2-120 N:0-1 0:0-20 Na:0-1 Si:0-1 |:0-1

WL-46 LCT PXE KE324 26-Sep-2013
17:00:04
WL-46_0926 44 (0.969) AM2 (Ar,11000.0,0.00,0.70); ABS; Cm (26:44) 1: TOF MS ES+
9.76e+004

100 449.2487

i |
%
|450.2522

|

451.2526
445,2742‘ 4512526452.2542 454,274 456.5043 4802885 612530
ol

439.1933 441.2204 443.2611 444.2788
' | SARERL T T T
436.0 438.0 440.0 442.0 4440 446.0

4480 | 4500 4520 | 4540 4560 | 4580 | 460.0 | 4620

Minimum: =1.8

Maximum: 550 3.0 50.0

Mass Calc. Mass mDa PPM DBE i<FIT i-FIT (Norm) Formula

449.2487  449.2488 =0i:% -0.2 8.5 211.4 0.0 C26 H38 03 Na
449.2481 0.6 1:3 16.5 225.4 13.9 (S:§2 H33 02

S86



Figure S97. *H NMR spectrum of 19 in CDCl,
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Figure S98. *C NMR spectrum of 19 in CDCl,
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ACCEPTED MANUSCRIPT

Figure S99. (+) HR-ESIMS of 19

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 3.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1073 formula(e) evaluated with 2 results within limits (up to 50 closest results for each mass)
Elements Used:

C:5-80 H:2-120 N:0-1 0:0-20 Na:0-1 Si:0-1 [1:0-1

WL-47 LCT PXE KE324 26-Sep-2013
16:55:39
WL-47_0926 23 (0.511) AM2 (Ar,11000.0,0.00,0.70); ABS; Cm (21:34) 1: TOF MS ES+
1.09e+004
100 | 465.?428
* 466.2464
384.2225 418.2909 443 2599 Rl 2457481 2196 497.2551 516.3512
8 409.2476 449 2669 5202202 §57.3414571.16%
- - - - T — - e
390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580
Minimum: o )
Maximum: 5.0 3.0 50.0
Mass Calc. Mass mDa PPM DBE 1-FIT i-FIT (Norm) Formula
465.2428 465.2430 =0.2 -0.4 16:5 63.3 2.8 C32 H33 03
465.2437 -0.9 =159 8.5 60.6 0.1 C26 H38 04 Na

si

S89



Figure $S100. 'H NMR spectrum of 20 in CDCl,
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Figure $101.°C NMR spectrum of 20 in CD;0D
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ACCEPTED MANUSCRIPT

Figure S102. (+) HR-ESIMS of 20

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1612 formula(e) evaluated with 2 results within limits (up to 50 closest results for each mass)
Elements Used:

C:5-80 H:2-120 N:0-1 0:0-20 Na:0-1 Si:0-1 I:0-1

WL-48-1 LCT PXE KE324 ZS-Sesp-2013
16:51:38
WL-48-1_0926 34 (0.759) AM2 (Ar,1 1000.0,0.00,0.70); ABS; Cm (24:40) 1: TOF MS ES+
1.73e+004
100 593.‘1562
% 591.1416 504.1505
? 571.1752 ‘ | 595.1606
497.2631 512.3147 527.2493 569.1606 | 588.2035 ‘n“‘ 609.1289 634.1819 644.2593 672.3333 694 4108’"1
0 T Y J T T T T . - Iz
500 5‘;0 520 530 54‘0 5&0 ‘ SéO 570 580 ' 590 ; 660 ' 610 62;0 séo 6&0 6.”)0 : 56‘0 ‘ 67‘0 ' 3é0 690
Minimum: =1.5
Maximum: 5.0 120 50.0
Mass Calc. Mass mDa PPM DBE i1-FIT i-FIT (Norm) Formula
593.1562 593.1560 0.2 0.3 % 76.1 0.0 C26 H39 04 Na
Si I
593.1565 =025 =05 4.5 82.3 6.2 C20 H33 020

S92



Figure $103. 'H NMR spectrum of 21 in CD;0D
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Figure $104. *C NMR spectrum of 21 in CD;0D
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ACCEPTED MANUSCRIPT

Figure S105. (+) HR-ESIMS of 21

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

1604 formula(e) evaluated with 2 results within limits (up to 50 closest results for each mass)
Elements Used:

C:5-80 H:2-120 N:0-1 0:0-20 Na:0-1 Si:0-1 [:0-1

WL-48-2 LCT PXE KE324 26-Sep-2013
16:46:26
WL-48-2_0926 6 (0.141) AM2 (Ar,11000.0,0.00,0.70); ABS; Crn (5:16) 1: TOF MS ES+
6.45e+003
100 501 .’1405
% 502.1433
586.1845

569.1576

593.1437  607.1179
527.2366 5421163 5482761 gegaq70 | 5751653 |
T T ] T v T T v T

620.7262 642.2528 650.3526

0 T T ‘w"r e AR RALRD LR ) T T T r miz
520 530 540 550 560 570 580 590 600 610 620 630 640 650
Minimum: =215
Maximum: 550 1.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
591.1408  591.1409 -0.1 =0.2 5.5 46.4 4.8 C20 H31 020
591.1404 0.4 0.7 8.5 41.5 0.0 C26 H37 04 Na
si 1
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Figure $106. "H NMR spectrum of 22 in CD;0D
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Figure $107. *C NMR spectrum of 22 in CD;0D
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ACCEPTED MANUSCRIPT

Figure S108. (+) HR-ESIMS of 22

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 3.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
1098 formula(e) evaluated with 3 results within limits (up to 50 closest results for each mass)

Elements Used:
C:5-80 H:2-120 N:0-1 0O:0-20 Na:0-1 Si:0-1
WL-50 LCT PXE KE324 26-Sep-2013
16:38:22
WL-50_0926 32 (0.671) AM2 (Ar,11000.0,0.00,0.70); ABS; Cm (22:39) 1: TOF MS ES+
1.01e+004
100 672.3348
" 673.3372
I
|674.3382
" 5482824 566.2983 6323486  067.3792 |688.3109  723.4427 734.4265 767.4410 817.4574 833.4741‘/
| BASARARAAI T T T * . T T T - T z
520 540 560 580 600 620 640 660 680 700 720 740 760 780 800 620 840
Minimum: -1.5
Maximum: 5.0 3.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
672.3348 6712.3357 -0.9 -1.3 16.5 55.8 17 C39 H50 N 07 sSi
672.3360 -1,2 =1.8 9.9 53945 B C34 HS1 N 011
Na
672.3333 125 242 13.5 54.4 0.2 C37 H51 N 07 Na
Si
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Figure $109. 'H NMR spectrum of 23 in CDCl,
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Figure $110. *C NMR spectrum of 23 in CDCls
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Figure S111. (+) HR-ESIMS of 23

Qualitative Analysis Report

Data Filename WL51.d Sample Name WL51

Sample Type Sample Position P1-C7

Instrument Name Instrument 1 User Name

Acq Method general test 2.m Acquired Time 12/19/2013 4:17:12 PM
IRM Calibration Status Some Ions Missed DA Method Screening-Default.m
Comment

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0 Esi
x10 2 [+ESI Scan (5.474 min) Frag=125.0V WL51.d
14 *456,1762
(M+Na)+

0.8

0.6

04

449.2451
0.2
ol : , : W R : : i ! :
442 444 446 448 450 452 454 456 458 460 462 464
Counts (%) vs. Mass-to-Charge (m/z)
Peak List
[m7z z |Abund [Formula [Ton ]
456.1762 1 ]1127283 C26 H27 N Na O5 I(M+ Na)+ l
Formula Calculator Element Limits
emen n Max

C 3 60
H 0 120
o 0 30
N 0 i 8
S 0 0
Cl 0 0
Br 0 0
Si 0 0
TFormula C Results
Formula Best _ [Mass Tot Mass Diff (ppm)__[Ton Speci: [Score
C26 H27 N O5 TRUE 433.187 433.1889 4.55|C26 H27 N Na O5 89.53
C33 H23 N 433.187 433.183 -9.01|C33 H23 N Na 72.57
--- End Of Report ---

Agilent Technologies Page 1 of 1 Printed at: 1:33 PM on: 12/21/2013
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Figure S112. 'H NMR spectrum of 24 in CDCl,
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Figure S113. *C NMR spectrum of 24 in CDCls
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ACCEPTED MANUSCRIPT

Figure S114. (+) HR-ESIMS of 24

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 500.0 mDa / DBE: min = -1.5, max = 500.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 9
Monoisotopic Mass, Even Electron lons
1 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:10-20 H:15-25 0O:1-3 Na: 141
10:43:30
WL-66A 136 (5.978) 1: TOF MS ES+
1.82e+004

10 335.1614

282.8027 336.1684

322.7831  330.3391
298.7785 319.1918 337.1721 358.3716
2851715 R 202:3092. 5062195 S| ) [ 3463306 o0 7 _363.209
L 2 e A T L [ F N L AN e N TN L A O B [ S S L S 7 [ETCLAN B B B L A S PR L L e Qe zm il 1) 4
290.0 300.0 310.0 320.0 330.0 340.0 360.0

Minimum: -1.5
Maximum: 500.0 1000.0 500.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
335.1614 335.1623 -0.9 -2.7 8.5 305.1 0.0 C20 H24 03 Na

5104



Figure S115. *H NMR spectrum of 25 in CDCl,
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Figure S116. *C NMR spectrum of 25 in CDCl,
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Figure S117. (+) HR-ESIMS of 25

Qualitative Analysis Report

Data Filename WL-15.d Sample Name WL-15

Sample Type Sample Position P1-A6

Instrument Name Instrument 1 User Name

Acq Method general test 2.m Acquired Time 12/27/2013 2:04:17 PM
IRM Calibration Status Some Ions Missed DA Method Screening-Default.m
Comment

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0 Esi
x10 2 [+ESI Scan (5.874 min) Frag=125.0V WL-15.d
14 449.2489
(M+Na)+
0.8
0.6
0.4
0.2 443.2547
413.2647 424.8046 | 465.2202 480.3433
| 1 | 1 | | L 1

405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495
Counts (%) vs. Mass-to-Charge (m/z)

Peak List
|m/z z |Abund [Formula [Ion |
|449.2489 1 614749 [C26 H38 Na O3 Si [(M+Na)+ |

‘ormula Calculator Element Limits
Element Min Max
C 3] 100
H 0] 300
o 0 5
N 0 0
S 0 0
Cl 0 0
Br 0 0
Si 0 1
1 0 1
Formula Calcul: Resul
Formula Best Mass Tgt Mass Diff (ppm) _ |1on Species [Score
C26 H38 O3 Si TRUE 426.2596 426.259 -1.43|C26 H38 Na O3 Si 95.75
C30 H34 02 426.2596 426.2559 -8.76|C30 H34 Na O2 65.6
--- End Of Report ---

Agilent Technologies Page 1 of 1 Printed at: 4:15 PM on: 12/27/2013
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Figure S118. 'H NMR spectrum of 26 in CDCl,
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Figure $119.°C NMR spectrum of 26 in CDCl,
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ACCEPTED MANUSCRIPT

Figure S120. (+) HR-ESIMS of 26

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1000.0 PPM / DBE: min = -1.5, max = 500.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 9

Monoisotopic Mass, Even Electron lons
1 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:

C:26-26 H:35-40 O: 44 Na:1-1 Sii11

10:02:46

WL-16A 18 (0.806) 1: TOF MS ES+
3.49e+003

10 465.2448

467.2493 468.4068

455.1740
454.1745 457.3661 459.1754 4613545 463.3108 470.3688 475 9956 474.6134

m/z

454.0 456.0 458.0 460.0 462.0 464.0 466.0 468.0 470.0 4720 474.0
Minimum: =1.5
Maximum: 500.0 1000.0  500.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
465.2448  465.2437 1.1 2.4 8.5 218.3 0.0 C26 H38 04 Na Si
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Figure S121. *H NMR spectrum of 27 in CD;0D
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Figure $122. *C NMR spectrum of 27 in CD;0D
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ACCEPTED MANUSCRIPT

Figure S123. (+) HR-ESIMS of 27

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1000.0 PPM / DBE: min = -1.5, max = 500.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 9

Monoisotopic Mass, Even Electron lons

2 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:26-26 H:35-40 0O:4-4 Na:1-1 Si:1-1 |01

15:28:17

WL-29A 144 (6.329) 1: TOF MS ES+
4.04e+003

101 593.1542

594.1667

591.5086 595.1752

S87.6671 589 4497 590.5627 592.5197 596.1725 597.1489

584.0  585.0 586.0 587.0  588.0 589.0 590.0  591.0 592.0 593.0 5940 5950 5960  597.0

m/z

Minimum: -1.5

Maxzimum: 500.0 1000.0 500.0

Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula

593.1542 593.1560 -1.8 -3.0 Tl 127.9 0.0 C26 H39 04 Na Si I
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Figure S124. 'H NMR spectrum of 28 in CD;0D
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Figure S125
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Figure S126. (+) HR-ESIMS of 28

Qualitative Analysis Report

Data Filename WL-30.d Sample Name WL-30

Sample Type Sample Position P1-A7

Instrument Name Instrument 1 User Name

Acq Method general test 2.m Acquired Time 12/27/2013 2:14:05 PM
IRM Calibration Status Some Ions Missed DA Method Screening-Default.m
Comment

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
125 0 Esi

x10 1 [+ESI Scan (4.063 min) Frag=125.0V WL-30.d

591.1415
2] (M+INa)+
1.5
1 623.1655
0.5
=f . : - . - | - ’ ] 1L ‘ 1 llu . . .
560 565 570 575 580 585 590 595 600 605 610 615 620 625 630 635 640 645
Counts (%) vs. Mass-to-Charge (m/z)
Peak List
[m/z | z [Abund
465.245 | 1 |1732240
ormula Calculator Element Limits

Element Min ax
C 3] 100
H 0] 300
o 0 5
N 0 0
S 0 0
Cl 0 0
Br 0 0
Si 0 1
1 0 1
Formula Calcul: Resul
Formula Best Mass Tgt Mass Diff (ppm) _ |1on Species [Score
C26 H37 1 04 Si TRUE 568.1523 568.1506 -2.99|C26 H37 I Na O4 Si 91.32
C39 H24 O3 Si 568.1523 568.1495 -4.93|C39 H24 Na O3 Si 65.62
C30 H33103 568.1523 568.1474 -8.49/C30 H33 I Na O3 62.82
--- End Of Report ---

Agilent Technologies Page 1 of 1 Printed at: 4:17 PM on: 12/27/2013
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Figure S127. 'H NMR spectrum of 29 in CD;0D

L

OTHP

OTBS

s

BnO

=

N

0
(4

BnO

CHO

H NMR (400 MHz, CD;0D)

S117

= gp9|

}-zvg-

¥2'e

0
e
=

€5
05

SS

= 00°L[

Feool

670
< Lr0

0.0

0.5

2.0

2.5

3.0

o3

5.0 4.5 4.0

5.5

f1 (ppm)

8.0

8.5

10.5 10.0 9.5 9.0

11.0



Figure $128. *C NMR spectrum of 29 in CD;0D
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ACCEPTED MANUSCRIPT

Figure S129. (+) HR-ESIMS of 29

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1000.0 PPM / DBE: min =-1.5, max = 500.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 9

Monoisotopic Mass, Even Electron lons
1 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:
C:26-37 H:3552 N:1-1 0:4-7 Na:1-1 Sii1-1
09:50:53
WL-20 97 (4.278) 1: TOF MS ES+
1.26e+002
10 672.3323
670.8513 B71.0840671.1996 571:3066 6717076 672.1058 672.6916672.9169
s e R R 8 R e AR 5 e R R % s R A% % 5 R R %% e R A R
Minimum: =1.5
Maximum: 500.0 1000.0 500.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
672.3323 672.3333 -1.0 -1.5 135 35.9 0.0 C37 H51 N O7 Na Si
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Figure $130. 'H NMR spectrum of 30 in CDCl,
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Figure S131. *C NMR spectrum of 30 in CDCls
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Figure S132. (+) HR-ESIMS of 30

Qualitative Analysis Report

Data Filename
Sample Type
Instrument Name
Acq Method

IRM Calibration Status

Comment

User Spectra

WL31.d
Sample

Instrument 1
general test 2.m
Some Ions Missed

Sample Name
Position

User Name
Acquired Time
DA Method

WL31
P1-C5

12/19/2013 4:01:33 PM
Screening-Default.m

Fragmentor Voltage
125

Collision Energy
0

Ionization Mode

Esi
%10 2 | +ES! Scan (5.509 min) Frag=125.0V WL31.d
1 * 456,1787
(M+iNa)+
0.8
0.6
04
0.2 ’ l
120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480
Counts (%) vs. Mass-to-Charge (m/z)
Peak List
[m7z z [Abund [Formula [Ton ]
[456.1787 1 [2304362__ |c26 H27 N Na O5 [(M+na)+ |
ormula Calculator Element Limits
iemen n MGX
C 3| 60
H of 120
0 of 30
N of 1
S of o
cl of o
Br of o
Si of o
Formula C Results
[Formula [Best  |Mass [Tot Mass __|Diff (ppm) |Ton Speci [Score |
lca6H2znos | TRUE | 433.1894]  433.1889] -1.2|C26 H27 N Na 05 | 89.29|
--- End Of Report ---
Agilent Technologies Page 1 of 1 Printed at: 1:32 PM on: 12/21/2013
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