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shishididemniol A (1)

Two new serinolipid derivatives, shishididemniols A) (and B @), were isolated as antibacterial
constituents of a tunicate of the family Didemnidae. The structutewdés elucidated by interpretation
of spectral data and the application of the modified Mosher methddand its suitable degradation
products. Compoun& was the chlorohydrin ol. Compoundsl and 2 exhibited antibacterial activity
against fish pathogenic bacteriuvibrio anguillarum

Introduction This paper describes the isolation, structure elucidation and

_ ) ) _ antimicrobial activitiy of these compounds.
Fish and shellfish diseases are the most serious concerns for

aquaculture toda¥y.The popular action taken in fish farms is o

chemotherapy using chemical substances such as antibiotics and HNJL\/"

synthetic organic compounds to control these dis€ddesvever s A0 A_OH

these chemical substances pose environmental and hygienicHQf@ o

problemst We have been searching for antimicrobial metabolites -’ WO H oH

against fish pathogenic bacteria from marine natural products o)'\f/\/\i’}%\/\/\/;\/\/\/\/\/\ﬁo/\/{on
that are expected to be environmentally benign. As a part of  oH OH 1 NH,
the study, we have discovered novel bromotyrosine derivatives j\/

from the marine spongdexadellasp? that exhibited antibacte- s, O\j“\‘j on

rial activity against the fish pathogenic bacteridmaromonas ) AR

hydrophila Subsequently, we found that the extract of a tunicate = | ¥

of the family Didemnidae collected in southern Japan exhibited "), 2‘ B4 . oJNiZ/OH
activity against the bacteriuiibrio anguillarum which causes OW 5
vibriosis in fish3 Bioassay-guided fractionation afforded two on ¢ 2 Of

novel serinolipid derivatives, shishididemniols & @énd B @).

Results and Discussion

T University of Tokyo.

+ Suntory institute. The EtOH extract of the tunicates (780 g) was partitioned
% l\S/Ihao, Z JAdSv. irubg. Deu{/. llje». 20%1 50, 2F§9\;VZ?\§I’>. . aN between CHG and HO, and the aqueous layer was further
atsunaga, ., KObayasni, H.; van oest, R. . M.; Fusetanl, N. H " _ i
Org. Chem 2005 70, 18931896, extracted withn-BuOH. Then-BuOH fraction was separated
(3) Roberts, R. J. IBacterial Disease of Fistinglis, V., Roberts, R. J, DY ODS flash chromatography followed by reversed-phase
Bromage, N. R., Eds.; Blackwell Science: Oxford, 1993; pp-1021. HPLC to afford shishididemniol A1) and B @) in yields of

10.1021/jo062013m CCC: $37.00 © 2007 American Chemical Society
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395 mg (5.1x 102 % wet weight) and 152 mg (1.9 1072 % TABLE 1. H and '*C NMR Data for Shishididemniols A (1) and
wet weight), respectively. B (2) in DMSO-ds*
The molecular formula of shishididemniol A)(was estab- 1 2
lished as GsHgiN3O1;1 on the basis of NMR and HRESIMS  position  op (mult,JHz) ¢ (mult?)  op (mult, JHzZ)  dc (Mult?)
data. Interpretation of théH NMR spectrum (in DMSQd) 1 173.9 (C) 173.9 (C)
together with HSQC data showed the presence ofNan 2 3.80 (br) 70.8(CH)  3.81 (br) 70.9 (CH)
substituted methylenedf 3.12 and 3.31,0c 46.2), two 3a 1.42 (m) 34.3(ChH 1.43(m) 34.4 (Chj)
nitrogenous methine) 3.23,0¢ 52.0;0n 4.02,0¢ 50.2), five 3b 1.55 (m) 1.57 (m)
oxygenated methylene$y 3.40 (2H),d¢ 70.7; oy 3.44 and i‘g ﬁ% ((23 20.4(Ch 11'3474('(?%) 21.0(CH)
3.50,0¢ 67.5;0n 3.48 and 3.56¢¢ 58.7;0n 3.93 and 3.95¢¢ 5a 1:29 (m) 33.7 (Ch 1.:'31 (m) 32.6 (CH)
66.5; 0y 3.46 and 3.49¢9c 60.1), four oxymethinesdg 3.80, 5b 1.40 (m) 1.38 (m)
0c 70.8;0n 3.19,0¢ 68.7; 0 3.33,0¢ 69.5; 0 4.55,0¢ 70.8), 6 3.19 (br) 68.7 (CH)  3.46 (m) 70.9 (CH)
two epoxide methinesd(; 2.69,dc 60.5;0y 2.87,0c 56.2), a ' 2-6892(;"* 41, 605(CH) 327(144)  756(CH)
two aromatic signalsdy 6.89 (2H),d¢ 114.1 (2C);0n 7.22 4.1,8.2) 4.4)
(2H), oc 127.1 (2C)], two amide protons) (7.51 and 7.74), 9a 1.28 (m) 27.9(Ch 1.67 (m) 34.4 (CH)
and seven exchangeable protofig (19, 4.83, 4.85, 5.24,5.41, 9 1.54(m) 1.77.(m)
5.4;, and 7.80). The remainder. of thd NMR signals were ig_l“ iéii:gi %g 53:2—(209;)3 112127:121 Emg g?:‘;(zgg
attributed to long methylene chain® {.15-1.45). In addition, 16 3.33 (m) 69.5(CH)  3.33(m) 69.5 (CH)
two non-protonated ggcarbon signalsd 135.6 anddc 157.7) 17 1.2+1.34(m) 37.2(CH) 1.22-1.34(m) 37.7 (CH)
and two carbonyl carbon signal$ (L73.0 and 173.9) were  18-25 1.15-1.45(m) 28.9-29.3 1.171.31(m) 29.429.8
observed in fthé3C NMR spectrum (Table 1). g? i% E{?’)?'& 2%%5(83 1:4213 Emg 32:2 ggg
Interpretation of 2D NMR data led to substructur@sc 7.6)
(Figure 1A). In substructure, the propionamide moiety (C- 28 3.40 (t, 7.6) 70.7 (CH 3.39(m) 70.7 (CH)
12 to C-14) was identified from the COSY and HMBC data. 292 3.44 (m) 67.5(Cp 3.43(m) 67.7 (CH)
The COSY spectrum revealed spin systems forCB0(-NH- 29 3'5408()‘“'_10'5' 3.49 (m)
10)-C-11-OH-11 and NH-1-C-1'-C-2-OH. The connectivity 30 3.23 (m) 52.0(CH)  3.20 (m) 52.0 (CH)
between N-10and C-12 was determined by HMBC cross-  31a 3.48 (m) 58.7 (Ckl 3.48 (m) 59.0 (CH)
peaks, NH-10C-12 and H-10/C-12. H and ¥C NMR 31b 3.56 (m) 3?8 g)id, 47,
chemical shift values clearly indicated the presence édra- , .
substituted phenyl ether moiety. The ether linkage was estab- i’ﬁ g;f ((m)) 462(Ch 33'_1331(23) 46.1(CH)
lished by the HMBC cross-peak, HfG-6, while further HMBC a 4.55 (br) 70.8 (CH)  4.55 (br) 70.9 (CH)
correlations, H-2C-3, H-2/C-4(8'), and H-4(8)/C-2, dem- 3 135.6 (C) 135.6 (C)
onstrated the connectivity between Ca2d C-3. The connec- 4.8 7.22(d, 8.7) 127.1(CH) 7.22(d,8.8)  127.1(CH)
tivities from OH-2 to B-4 and from OH-6 to K9 were assigned 5,' r 6.89 (d,8.7) 12174?1((CC)H) 6.89(d, 8.8) 15171‘71'(1C()C H)
on the basis of the COSY data. Further analysis of the COSY g4 3.93 (dd-9.9, 66.5 (CH) 3.93(dd,—9.8, 66-4.(CHZ)
and TOCSY data indicated that the C-6 oxymethine proton was 5.9) 6.0)
adjacent to K5, which was in turn correlated with . The 9b 3.9557(;1d,79.9, 3'9555?(1"9'8'
IH—1H coupling constant between H-7 and HB= 4.1 Hz) ' :
revealed that C-7 and C-8 were a part afigepoxide. HMBC ﬂa é'.% ((r:q)) 56%'.2i ((%';)) ;423(,%@ 6891'2(((:(,:20'4)
cross-peaks, NHAC-1, H-2/C-1, and OH-2/C-1, showed the 11b 3.49 (m) 3.50 (m)
connectivity between C-1 and N-1 12 173.0 (C) 173.1 (C)
Substructureb comprises the terminus of an alkyl chain ﬁ Szég 53'77_'22)) g%g ((gg (2):32 53'77.'77)) S%i((gg
attached to a serinol eth&f.The serinol unit (O-C-29-C-30-  op. 541 (d, 4.1) 5.48 (br)
C-31-OH-31) was clearly defined by the COSY and HSQC data. OH-6  4.85 (br) 4.19 (br)
The chemical shift value of C-30 at 52.0 and the ninhydrin- OH-7 4.82 (br)
positive property ofl implied that C-30 was substituted by a  OH-16  4.19(b) 4.19 (br)
free amino group. The ether linkage was established by HMBC NHz30 - 7.80 (br 7.61 (bn
: OH-31  5.24 (br) 4.83 (br)
cross-peaks from $H28 to C-29. NH-1'  7.51(t, 5.9) 7.50 (t, 5.8)
Substructurec contains an oxymethine group placed in the OH-2 ~ 5.41(d, 4.1) 5.42 (br)
middle of a long methylene chain. The COSY spectrum showed g::ﬂ Z:;‘S‘ Eg'r)7'8) Z"ng’((gr')%)

that C-16 oxymethine proton was coupled to OH-16 and two
pairs of methylene protons ¢H5 and H-17). Therefore,
substructure should be inserted between substrucendb

2600 MHz for'H NMR and 150 MHz fof'3C NMR.  Multiplicity from
HSQC experiment.

via methylene chains. The location of substructuirethe alkyl
chain was determined by analysis of FAB-MS/MS datalof
Notable fragment ions observedratz 258 and 288 allowed us

The stereochemistry of C-6 with respected to that of C-7 in
1 could not be determined by analysis of NMR d&faTlhis

to locate the hydroxyl group at C-16 (Figure 1B).

(6) Sugiyama, T.; Yamashita, KAgric. Biol. Chem.198Q 44, 1983~

1984.

(4) GonZ#ez, N.; Rodriguez, J.; Jifmez, C.J. Org. Chem1999 64,
5705-5707.

(5) Mitchell, S. S.; Rhodes, D.; Bushman, F. D.; Faulkner, DOdy.
Lett. 200Q 2, 1605-1607.

2966.
1577.

(7) Graham, S. M.; Prestwich, G. 0. Org. Chem1994 59, 2956-

(8) Righi, G.; Ronconi, S.; Bonini, CEur. J. Org. Chem2002 1573~
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FIGURE 1. (A) Partial structures of shishididemniol A) (B) FAB-MS/MS analysis ofl.

SCHEME 12
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k 6 H2N/\(©/

@ RiR,  6:Ry=H,Ry=OH
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11"
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31

aReagents and conditions: (a) Cbz-ClzNEt CHCL/MeOH (3:1), rt, 16 h; (b) MgBr OEb, Et,O, rt, 3 h; (c) 2,2-dimethoxpropane, PPTS, £ rt, 1
h; (d) HCI/MeOH, 100°C, 4 h; (e) hydrazine, 120C, 12 h.

was shown by convertingj to the 6,70-isopropylidene deriva- ~ Mother’s metho&°to compounds, which was expected to be
tives 5, via the N-Cbz-protected bromohydrid (Scheme 1§. obtained by acidic hydrolysis of. We used R)-2-amino-1-
NOESY cross-peaks observed between one acetonide methyphenylethanol, which was commercially available, aSg2-
signal Py 1.40) and H-6 and between another methyl signal amino-3-phenoxy-1-propand)as model compounds to assign
(0w 1.37) and H-7 showed thgansrelationship for H-6 and the stereochemistry of C-and C-10in 6. Compoundd was
H-7. Therefore, the relative stereochemistry from C-6 to C-8

in 1 was assigned ahreo-cis2,3-epoxy alcohol (8, 7R*,8S). 505:9)1909h1fa1n1i’3l'z;l(iau;ufc])gér'; Kashman, Y.; Kakisawa, Bi. Am. Chem.
The absolute stereochemistry of Céhd C-10in 1 was (10) Seco, J. M.: Latypov, Sh. K.; Qioa E.; Riguera, RJ. Org. Chem.

envisaged to be determined by application of the modified 1997 62, 7569-7574.
1220 J. Org. Chem.Vol. 72, No. 4, 2007
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FIGURE 2. 'H NMR chemical shift values fot0a10b, 11a/11b, and12a/12b.

SCHEME 22
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OH steps
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11a: R = (R)}-MTPA
11b : R=(S)-MTPA

_—

HO

o

N-Boc-L-serine methyl ester 7

NH;
©/o\)\/0H
9

a Reagents and conditions: (a) phenol, DEAD, RRbluene, 8C°C, 18
h; (b) CHCI/TFA (1:1), rt, 2 h; (c) §-or (R-MTPA-CI, pyridine, rt, 30
min.

(b)

synthesized as outlined in SchemeN2Boc-.-serine methyl
ester was converted to a chiral alcofioh two steps according
to Garner's procedur®.Treatment of7 with triphenylphosphine
and diethyl azodicarboxylate at 8C in toluene with phenol
provided the phenyl ethe,'314 which was deprotected with
TFA to yield the expected compouBdThe R)- and §-MTPA
derivatives of R)-2-amino-1-phenylethanol and those of com-
pound9 gave characteristitH NMR profiles, indicating that
the stereochemistry at C-@nd C-10in 6 could be determined
by the modified Mosher method. Acidic methanolysis product
of 1 was separated by ODS column chromatography to afford
a fraction that contained UV-absorbing polar material. This
material, which gave a single set &fl NMR signals, was
converted to the R)- and ©-MTPA derivatives. To our
disappointment k1" and H-2 were doubled, implying that the
benzyl carbon (C-2in 6 was racemized by acid and what we
isolated was a 1:1 mixture @& and6a As a method to cleave
amide bonds under a milder condition, we chose hydrazinolysis.
Compound1 was hydrazinolyzeld to yield a fraction that
contained6, which was then converted to th&®f¢ and §-
MTPA derivatives {0a and 10b, respectively). Only one set
of signals were observed #tH NMR spectra ofl0aand 10b.

The absolute stereochemistry of C@hd C-10 in 6 was
determined by comparison &fi NMR spectra ofLl0aand10b
with those ofllaand11lb and those of R)- and §-MTPA
derivatives of R)-2-amino-1-phenylethanollfa and 12b,
respectively) (Figure 2 IH NMR chemical shift values of A
1" and H-2 of 10aand10bwere in remarkable agreement with
those of the corresponding signalsi@aand12b, respectively,
whereas the chemical shift values of-Bf, H-10, and H-11'
agreed well with those of the corresponding signal&2dand
12b, respectively. Therefore, the absolute stereochemistry of
C-2 and C-10was assigned aR and S respectively (Figure
2).

The absolute stereochemistry of C-2, C-6, and C-3Dwas
determined by application of the modified Mosher method to
and 5. Treatment ofl with (§-MTPACI and R)-MTPACI
yielded the R)-MTPA derivative (338 and §)-MTPA deriva-
tive (13b), respectively. Analysis ohds g values betweefh3a
and13b allowed the assignment ofSé&and 3G (Figure 3). The
negative Ads-r values observed for H3, Hx-4, and HB-5
implied the S-stereochemistry. In order to exclude the effect
of the C-6 MTPA ester, the acetoni@ewas converted to the
(R)-MTPA derivative (43 and §-MTPA derivative (4b). The
negative Ads-r values observed for H3 to H,-8 signals
confirmed the &-stereochemistry (Figure 3).

Because C-16 was too far from the nearest functionalized
carbon, it was not possible to detect the effects of MTPA esters
on chemical shifts of assigned proton signals, e.g., H-8 gad H
9. This problem was hampered by esterification with 2NMA
(2-naphthylmethoxyacetic acid), which was reported to exhibit
anisotropic effects to more distant protdfisn order to avoid
confusion in assignments, we intended to introduce one 2NMA
group to a derivative of. For that purpose the bromohyd#n
was treated with Nal@followed by reduction with NaBklto
obtain 15, whose two primary alcohols were protected with
TBDPS group¥:17 to yield 16 (Scheme 3). The secondary
alcohol in16 was esterified withR)-2NMA or (9-2NMA in
the presence of 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide

(11) Akabori, S.; Ohno, K.; Narita, KBull. Chem. Soc. Jaj1952 25,
214-218.

(12) Garner, P.; Park, J. M. Org. Chem1987, 52, 2361-2364.

(13) Mitsunobu, OSynthesis981, 1-28.

(14) Pave G.; Usse-Versluys, S.; Viaud-Massuard, M.; Guillaumet, G.
Org. Lett.2003 5, 4253-4256.

(15) Kusumi, T.; Takahashi, H.; Hashimoto, T.; Kan, Y.; Asakawa, Y.
Chem. Lett1994 1093-1094.

(16) Green, T. W.; Wuts, P. G. MProtecting Groups in Organic
Synthesis3rd ed.; Wiley-Interscience: New York, 1999.

(17) Matsunaga, S.; Liu, P.; Celatka, C. A.; Panek, J. S.; Fusetadi, N.
Am. Chem. Sod999 121, 5605-5606.
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FIGURE 3. (A) Distribution of Ads—r values for the MTPA derivative&3a/13b. (B) Distribution of Ads-r values for the MTPA derivatives
144d14b. (C) Distribution of the 2NMA esters oldr-s values forl7a17b.

SCHEME 32
Br OR, HN-CP?
4@, Rmos S : oA _or;
5 ° 10 o

( 15:Ry=Ry=H
16: Ry = TBDPS, Ry = H
©(

17a: Ry = TBDPS, R, = (R)-2NMA
17b: R, = TBDPS, R, = (S)-2NMA

aReagents and conditions: (a) NalQ1eOH/HO (4:1), rt, 1 h; then
NaBH,, rt, 15 min; (b) TBDPSCI, pyridine, rt, overnight; (cR}- or (9-
2NMA, EDC, DMAP, DMAP-CI, CHxCl,, rt, overnight.

hydrochloride (EDC), DMAP, and DMAMCI*8in CH,ClI, to
give (R)- or (9-2NMA derivatives (7aand17b, respectively).
Comparison ofH NMR data of17aand17b showed that the
absolute configuration at C-16 wiyFigure 3). Therefore, the
stereochemistry of was determined to beSBS 7R,8S16R,-
30S2R 10S

Shishididemniol B 2) had a molecular formula of fgHsgz-

CIN3O;; as established by HRESIMS, which implied the

presence of one less unsaturation equivalent thaimeH and

13C NMR spectra o were almost superimposable on those of
1 except for the replacement of the epoxide group by an

oxymethine ¢y 3.27,0¢ 75.6) and a chlorinated methiné.(
3.99, dc 66.2), suggesting tha2 was a HCl adduct ofl.
Interpretation of NMR and FAB-MS/MS data @fconfirmed
that 2 was the 7-hydroxy-8-chloro-derivative &f

In order to determine the stereochemical relationship between

C-6 and C-7 ir2, its N-Cbz derivativel8 was converted to the

Kobayashi et al.

0.00

+0.06 0.00

+0.05 +0.07 +0.04 -0.05

o OMTPA
SMTPA
2NMA
Ve
Br o1 Q
+0.12

TBDPSOW\/@%:G\
+0.03
+0.02 +0.07 3 _‘_‘.r'r

+0.02 +0.07

IH NMR. Therefore, the absolute stereochemistry2oivas
determined to be 6S7R,8R,16R,30S2R,10S.

Two classes of related serinolipid derivatives, didemniser-
inolipids* and cyclodidemniserinol trisulfatehave been reported
from tunicates of the genu®idemnum The structure of
didemniserinolipid B, whose serinol moiety was in tise
configuration, was determined by total synthé8iShishidi-
demniols, didemniserinolipids, and cyclodidemniserinol trisul-
fate all possess fgpolyketide acid in the central part of the
molecule. Unlike didemniserionlipids and cyclodidemniserinol
trisulfate, shishididemniols A and B had two serinol and an
oxygenated tyramine moieties and were not sulfated.

Shishididemniols A and B showed antibacterial activity in
disk agar diffusion assay against the fish pathogenic bacterium
V. anguillarum (20 ug/ 6.5 mm¢ disk zone of inhibition; 8
and 7 mm forl and 2, respectively).

Experimental Section

Animal Material. The tunicate was collected by hand using
SCUBA at depths of 515 m off Kushizaki in Shishijima (3215
N, 130 14 E) of the Amakusa Islands and was kept frozen at
—20 °C until processed. The tunicate was identified as a member
of the family Didemnidae on the basis of the presence of
characteristic spicul€’.

Extraction and Isolation. The frozen tunicates (780 g wet
weight) were extracted four times with EtOH, and the combined
extracts were concentrated and partitioned between water and
CHCls. The aqueous layer was further extracted wifBuOH. The
n-BuOH fraction was separated by ODS flash chromatography with
agueous MeOH. The fraction eluted with 70% MeOH was separated
by ODS HPLC (72% MeOH containing 0.2 M NaCjto afford
shishididemniols A 1, 395.4 mg, 5.1x 1072 % based on wet

acetonidel9 (Scheme 4). On the basis of NOESY correlations \yeight) and B 2, 151.6 mg, 1.9< 102 % based on wet weight).

observed between one singlet methyl sigdgl 1.38) and H-6
and between another singlet methyl signal (.37) and H-7,
the relative stereochemistry of C-6 and C-72imas assigned
as identical with that inl. Treatment of18 with potassium
carbonat® in MeOH afforded the epoxidd ([o]%% —17.2 €

0.10 MeOH)), which was indistinguishable from compouhd
derived froml ([a]?% —17.6 € 0.10 MeOH)) in the ¢]p and

(18) Boden, E. P.; Keck, G. B. Org. Chem1985 50, 2394-2395.
(19) Norman, B. H.; Hemsheidt, T.; Schults, R. M.; Andis, SJLOrg.
Chem.1998 63, 5288-5294.

1222 J. Org. Chem.Vol. 72, No. 4, 2007

Shishididemniol A (1). Colorless oil; {]2%% —33.7 ¢ 1.00,
MeOH); UV (MeOH) Amnax 275 nm € 1195), 281 (1017); IR (film)
Vmax 3428, 1655 cmt; HRESIMSn/z 840.59682 (M+ H)* (calcd
for C4sHgoN3011, A +1.89 mmu)H and'3C NMR data, see Table
1. HMBC correlations (DMSQ¥k) H-2/C-1; H-7/C-6, 8; H-8/C-7,

9; H-27/C-26, 28; H-28/C-27, 29; H-29a/C-28, 30, 31; H-29b/C-

(20) Kiyota, H.; Dixon, D. J.; Luscombe, C. K.; Hettstedt, S.; Ley, S.
V. Org. Lett.2002 4, 3223-3226.

(21) Nishikawa, T. InGuide to Seashore Animals of Japan with Color
Plates and Keyd] ; Nishimura, S., Ed; Hoiku-sha: Osaka, 1995; pp 573
610.
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aReagents and conditions: (a) Cbz-ClgNEt CHCL/MeOH (3:1), rt, 16 h; (b) 2,2-dimethoxpropane, PPTS,CH rt, 1 h; (c) KoCOs, MeOH, rt, 1.5 h.

28, 30, 31; H-1a/C-1, 2, 3; H-1'b/C-1, 2, 3; H-2'/C-3, 4, 8]
H-4,8/C-2,4,5,6,7, 8;H-5,7/C-3,5, 6, 7; H-9a/C-8,
10, 11; H-9b/C-6, 10, 11'; H-10/C-9, 11, 12; H-13/C-12, 14;
H-14/C-12, 13; NH-1'/C-1, 1; OH-2/C-1, 2, 3'; NH-10/C-10,
17, 12.

Shishididemniol B (2). Colorless oil; 2% —19.4 ¢ 1.00,
MeOH); UV (MeOH)Amax 275 nm € 1222), 281 (1043); IR (film)
Vmax 3429, 1642 cmt; HRESIMSm/z 876.57161 (M+ H)™ (calcd
for C4sHgz*CIN3Op1, A —1.21 mmu).lH and3C NMR data, see
Table 1. HMBC correlations (DMS@g) H-2/C-1, 3, 4; H-8/C-7,
9; H-27/C-26, 28; H-28/C-26, 27, 29; H-29a/C-28, 30, 31; H-29b/
C-28, 30, 31; H-30/C-29, 31; H-31a/C-29, 30; H/LC-1, 2, 3;
H-1'b/C-1, 2, 3; H-2'/C-1, 3, 4, 8; H-4, 8/C-2,4,5,6, 7,
8;H-5, H-8/C-3,4,5,6,7,8; H9a/C-8, 10, 11; H-9'b/C-
6,10, 11; H-10/C-9, 11, 12; H-11'a/C-9, 10; H-11'b/C-9, 10;
H-13/C-12, 14; H-14/C-12, 13.

Preparation of N-Cbz Derivative 3.To a solution ofl (50 mg,
0.06 mmol) in CHCYMeOH (3:1, 0.4 mL) were added triethy-
lamine (66.4ul) and Cbz-Cl (17uL). After stirring for 16 h at

room temperature, the reaction mixture was evaporated, suspende

in H,O, and extracted with EtOAc to giv8 (45 mg, 77.1%):
ESIMS m/z 974.37505 (M+ H)*. IH NMR (600 MHz, C;OD)

7.35-7.27 (m, 5H), 7.29 (dJ = 8.7, 2H), 6.93 (dJ = 8.7, 2H),

5.09 (d,J = —12.3, 1H), 5.06 (dJ = —12.3, 1H), 4.71 (dd) =

7.7, 4.6, 1H), 4.22 (m, 1H), 4.05 (dd,= 4.8, 3.3, 2H), 3.99 (m,
1H), 3.78 (m, 1H), 3.69 (d] = 6.0, 2H), 3.57 (m, 2H), 3.513.40

(m, 6H), 3.39-3.33 (m, 2H), 2.98 (ddd) = 7.8, 4.4, 4.4 1H),
2.82 (dt,J = 4.4, 8.5, 1H), 2.24 (¢ = 7.8, 2H), 1.73-1.25 (m,
42H), 1.12 (t,J = 7.8, 3H).

Preparation of Bromohydrin 4. To a solution of3 (40 mg) in
dry EtO (2 mL) was added MgBfOEt (90 mg). The solution
was stirred at room temperature # h and was then evaporated.
The residue was separated by ODS HPLC (gradient elution-ef 50
60% aqueous MeCN) to affortl(21 mg): ESIMSWz1054.38330
and 1056.35926 (M- H)*. *H NMR (600 MHz, CyOD) 7.36—
7.27 (m, 5H), 7.29 (dJ = 8.3, 2H), 6.93 (dJ = 8.3, 2H), 5.08 (d,
J=-12.9, 1H), 5.05 (dJ = —12.9, 1H), 4.71 (ddJ = 7.6, 4.9,
1H), 4.23 (m, 1H), 4.12 (m, 1H), 4.05 (dd~= 5.5, 1.8, 2H), 4.00
(m, 1H), 3.77 (m, 1H), 3.69 (d] = 5.5, 2H), 3.67 (m, 1H), 3.57
(m, 2H), 3.52-3.40 (m, 6H), 3.38-3.31 (m, 2H), 2.24 (¢ = 7.6,
2H), 1.94-1.25 (m, 42H), 1.12 (tJ = 7.6, 3H).

Preparation of Acetonide 5.To the mixture of4 (10 mg) and
PPTS (pyridiniunp-toluenesulfonate) (2.4 mg) in GBI, (100uL)
was added 2,2-dimethoxypropane (20). The reaction mixture
was stirred at room temperaturer fb h and was then evaporated.
The residue was partition between EtOAc angDHThe organic
layer was purified by ODS HPLC (gradient elution of-8000%
aqueous MeOH) to givé (6 mg): ESIMSm/z 1094.33124 and
1096.36362 (M+ H)*. *H NMR (600 MHz, CQyOD) 7.39-7.25
(m, 5H), 7.30 (dJ = 8.7, 2H), 6.93 (dJ = 8.7, 2H), 5.08 (dJ =
—12.6, 1H), 5.06 (dJ = —12.6, 1H), 4.70 (dd) = 7.8, 4.6, 1H),
4.22 (m, 1H), 4.07 (br, 1H), 4.05 (dd,= 5.5, 2.7, 2H), 3.99 (m,
2H), 3.78 (m, 1H), 3.69 (dJ = 5.5, 2H), 3.64 (ddJ = 7.7, 2.7,
1H), 3.57 (m, 2H), 3.523.40 (m, 6H), 3.35 (m, 1H), 2.24 (4,=
7.5, 2H), 1.96-1.24 (m, 42H), 1.40 (s, 3H), 1.37 (s, 3H), 1.12 (t,
J=17.5, 3H).

Methanolysis of 1.A 60 mg portion ofl was dissolved in 5 N
HCI/MeOH (1:4), the solution was heated at 100 for 4 h, and

the reaction mixture was cooled and dried. The residue was

separated by ODS flash chromatography witdH20%, 60%, 80%
nd MeOH to give the mixture o and 6a (11.1 mg). The'H
MR data of6a was identical with that 06 (vide infra).

Hydrazinolysis of 1. A 20 mg portion of1 was dissolved in

hydrazine (10QuL), the solution was heated at 12Q for 15 h,

and the reaction mixture was cooled and freeze-dried. The residue
was separated by ODS flash chromatography with 20% aqueous

MeOH and MeOH to give crudé (5.3 mg): 'H NMR (600 MHz,
CD;OD) 7.34 (d,J = 8.7, 2H), 7.07 (dJ = 8.7, 2H), 4.41 (dd)
=8.0,5.7, 1H), 4.27 (dd] = —10.1, 4.2, 1H), 2.52 (dd,= —10.1,
7.1, 1H), 3.88 (ddJ = —11.5, 4.6, 1H), 3.81 (dd] = —11.5, 6.0,
1H), 3.66 (m, 1H), 3.06 (d, 7.8, 2H).

Preparation of (R)- and (S)-MTPA Derivatives of 6 (10a and
10b). To a solution of crudé (1.5 mg) in pyridine (3QuL) was
added §)-MTPACI (20 uL). The residue was partitioned between
EtOAc and HO with 0.1 M NaCOs;.The organic layer was purified
by ODS HPLC (gradient elution of 75100% aqueous MeOH) to
yield (R)-MTPA derivativel0a (0.3 mg). The §-MTPA derivative
10b (0.5 mg) was prepared in the same wa@a H NMR (600
MHz, CD;OD) 7.62-7.20 (m, 20H; aromatic), 7.08 (d,= 8.5,
2H; H-4, H-8), 6.73 (d,J = 8.5, 2H; H-3, H-5), 6.06 (dd,J =
—9.0, 4.8, 1H; H-2, 4.62 (m, 1H; H-10, 4.62 (m, 1H; H-11a),
4.52 (m, 1H; H-11b), 4.01 (dd,—10.3, 5.2, 1H; H-%), 3.97 (dd,
—10.3, 5.9, 1H; H-®), 3.74 (m, 1H; H-1a), 3.54 (m, 1H; H-D),
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3.54 (s, 3H; OMe in MTPA), 3.50 (s, 3H; OMe in MTPA), 3.37
(s, 3H; OMe in MTPA), 3.30 (s, 3H; OMe in MTPAJLOb: H
NMR (600 MHz, CB;OD) 7.64-7.26 (m, 22H; aromatic in MTPA,
H-4', H-8), 6.87 (d,J = 8.2, 2H; H-5, H-7"), 6.13 (t,J = 6.9, 1H;
H-2), 4.62 (m, 1H; H-10, 4.58 (m, 1H; H-11a), 4.49 (ddJ =
—11.0, 6.2, 1H; H-1b), 4.02 (m, 2H; H-9), 3.68 (d, 6.2, 2H;
Hx-1), 3.39 (s, 3H; OMe in MTPA), 3.35 (s, 3H; OMe in MTPA),
3.34 (s, 3H; OMe in MTPA), 3.20 (s, 3H; OMe in MTPA).
Synthesis of 7.To a solution ofN-Boc--serine methyl ester
(550 mg, 2.5 mmol) ang@-toluenesulfonic acid monohydrate (6.5
mg, 0.03 mmol) in dry toluene (6 mL) was added 2,2-dimethox-
ypropane (0.6 mL). The reaction mixture was refluxed for 30 min

Kobayashi et al.

in the same wayl2a 'H NMR (600 MHz, CD,OD) 7.46-7.14
(m, 15H; aromatic), 6.12 (m, 1H;K-0), 3.74 (m, 1H; ElxN),
3.57 (m, 1H; G-N), 3.38 (s, 3H; OMe in MTPA), 3.30 (s, 3H;
OMe, in MTPA). 12b: H NMR (600 MHz, C;OD) 7.44-7.32
(m, 15H; aromatic), 6.17 (m, 1H; K>0), 3.68(m, 2H; Ei-N),
3.40 (s, 3H; OMe in MTPA), 3.20 (s, 3H; OMe, in MTPA).
Preparation of (R)- and (S)-MTPA Derivatives of 1 (13a and
13b). To a solution ofl (5 mg) in pyridine (50uL) was added
(9-MTPACI (60 uL). The reaction mixture was stirred at room

temperature for 30 min and then evaporated. The residue was

partitioned between EtOAc and.8& with 0.1 M NaCOs;.The
organic layer was purified by ODS HPLC (gradient elution 0f-90

with stirring and evaporated. The residue was subjected to silica 100% aqueous MeOH) to yieldR(-MTPA derivativel3a (6 mg).

gel flash chromatography{hexane/EtOAec= 4:1) to yield 3-(1,1-
dimethylethyl)-4-methyls-2,2-dimethyl-3,4-oxazolidinedicarboxy-
late (556 mg, 2.15 mmol, 85.9% yield). To a solution of 3-(1,1-
dimethylethyl)-4-methyls-2,2-dimethyl-3,4-oxazolidinedicarbox-
ylate (556 mg, 2.15 mmol) in THF/MeOH (95:5, 13.2 mL) was
added LiBH, (93 mg, 4.26 mmol). The reaction mixture was stirred
at room temperature f@ h and then evaporated. The residue was
purified by silica gel flash chromatographp-fiexane/EtOAc—=
1:1) to obtain7 (416 mg, 1.82 mmol, 84.5% yield)3-(1,1-
Dimethylethyl)-4-methyl-S-2,2-dimethyl-3,4- oxazolidinedicar-
boxylate: 'H NMR (600 MHz, CDC}) 4.46-3.96 (m, 3H; G-
O, CH-N), 3.71 (s, 3H; OMe), 1.661.34 (m, 15H; five methyls).
7: 'H NMR (600 MHz, CDC}) 4.14-3.56 (m, 5H; G1-O x 2,
CH-N), 1.60-1.41 (m, 15H; five methyls).

Preparation of 9. To a mixture of7 (277 mg, 1.20 mmol),

The (9-MTPA derivativel3b (5.3 mg) was prepared in the same
way.13a H NMR (600 MHz, CQ:OD) 5.07 (m, 1H; H-2), 1.74
(m, 1H; H-3a), 1.86 (m, 1H; K3b), 1.26 (m, 1H; H4a), 1.45
(m, 1H; H-4b), 1.62 (m, 1H; K-5a), 1.75 (m, 1H; B5b), 5.00
(m, 1H; H-6), 2.90 (ddJ = 9.0, 4.2, 1H; H-7), 2.98 (m, 1H; H-8),
5.07 (m, 1H; H-16), 1.26 (m, 2H; #26), 1.46 (m, 2H; H27),
3.33 (M, 2H; H-28), 3.41 (m, 1H; K-29a), 3.39 (M, 1H; K29b),
4.39 (m, 1H; H-30), 4.50 (dd] = —14.4, 7.6, 1H; K-31a), 4.39
(m, 1H; H-31b), 3.67 (m, 1H; K1'a), 3.56 (ddJ = —14.4, 6,2,
1H; H-1'b), 6.01 (t,J = 6.2, 1H; H-2), 7.14 (d,J = 8.9, 2H;
H-4'/8), 6.67 (d,J = 8.9, 2H; H-3/7"), 4.11 (dd,J = —9.6, 8.3,
1H; Hx-9'a), 3.97 (ddJ = —9.6, 5.5, 1H; H-9'b), 4.76 (m, 1H;
H-10), 4.59 (dd,J = —11.0, 8.3, 1H; K-11'a), 3.86 (M, 1H; K+
11'b), 2.53 (m, 1H, H-13a), 2.35 (m, 1H; H-13b), 0.95 (t,J =
7.3, 3H; B-14). 13b: 'H NMR (600 MHz, CxOD) 4.93 (m, 1H;

phenol (113 mg, 1.20 mmol), and triphenylphosphine (314 mg, 1.20 H-2), 1.51 (m, 1H; H-3a), 1.65 (m, 1H; K#3b), 1.15 (m, 1H; KB

mmol) in toluene (3 mL) was added diethyl azodicarboxylate (628
uL (40% solution in toluene), 1.21 mmol). The reaction mixture
was stirred for 18 h at 80C and evaporated. The residue was
subjected to silica gel flash chromatograpiyhexane/EtOAc=
4:1) to yield8 (226 mg, 0.74 mmol, 61.4% yield). To a solution of
8150 mg (0.49 mmol) in CECl, (2 mL) was added TFA (1 mL).
The reaction mixture was stirred at room temperature2fb and
then evaporated to yiellas a TFA salt (135 mg, 0.48 mmol, 98.0%
yield). 8 'H NMR (600 MHz, CDC}) 7.28-6.89 (m, 5H;
aromatic), 4.36-3.79 (m, 5H; @G,-O x 2, CH-N), 1.63-1.44 (m,
15H; five methyls).9: *H NMR (600 MHz, CQ;OD) 7.29 (t,J =
7.7, 2H; aromatic), 7.026.95 (m, 3H; aromatic), 4.22 (dd, =
—10.5, 3.9, 1H; ®1,50), 4.16 (ddJ = —10.5, 6.9, 1H; Ei,-0),
3.88 (dd,J = —11.6, 4.6, 1H; Gi,;0), 3.81 (ddJ = —11.6, 5.6,
1H; CH20), 3.63 (m, 1H; E-N).

(R)- and (S)-MTPA Derivatives of 9 (11a and 11b).To a
solution of9 (8 mg) in pyridine (50uL) was added $-MTPACI
(40 uL). The reaction mixture was stirred at room temperature for

4a), 1.31 (m, 1H; KH4b), 1.46 (m, 1H; K#5a), 1.58 (m, 1H; K
5b), 4.92 (m, 1H; H-6), 2.96 (dd,= 9.3, 4.2, 1H; H-7), 3.02 (m,
1H; H-8), 5.08 (m, 1H; H-16), 1.31 (m, 2H;426), 1.52 (m, 2H;
H>-27), 3.40 (m, 2H; HK28), 3.47 (ddJ = —10.3, 5.5, 1H; K
29a), 3.43 (ddJ = —10.3, 6.2, 1H; H-29b), 4.39 (m, 1H; H-30),
4.50 (dd,J = —11.0, 4.1, 1H; K#31a), 4.34 (ddJ = —11.0, 6.9,
1H; H,-29a), 3.63 (ddJ) = —14.5, 6,2, 1H; KH-1'a), 3.56 (m, 1H;
Hx>-1'b), 6.04 (t,J = 6.2, 1H; H-2), 7.26 (d,J = 8.9, 2H; H-4/8),
6.61 (d,J = 8.9, 2H; H-8/7"), 3.93 (dd,J = —9.3, 6.6, 1H; H-
9a), 3.74 (br, 1H; BH9b), 4.70 (m, 1H; H-10, 4.73 (dd,J =
—11.7,5.5, 1H; BH11'a), 4.54 (ddJ = —11.7, 6.2, 1H; B-11'b),
2.52 (m, 1H, H-134a), 2.25 (m, 1H; KH13b), 0.97 (tJ= 7.2, 3H;
Hs-14).

Preparation of (R)- and (S)-MTPA Derivatives of 5 (14a and
14b). To a solution of5 (2 mg) in pyridine (50uL) was added
(9-MTPACI (40 uL). The reaction mixture was stirred at room

temperature for 30 min and then evaporated. The residue was

partitioned between EtOAc and.8& with 0.1 M NaCQs; The

30 min and then evaporated. The residue was partitioned betweerorganic layer was purified by ODS HPLC (gradient elution of90

EtOAc and HO with 0.1 M Ng&COs.The organic layer was
subjected to silica gel flash chromatography with Ct@lyield
(R)-MTPA derivativella(10.9 mg). The §-MTPA derivativellb
(11.0 mg) was prepared in the same wkla H NMR (600 MHz,
CD3;0D) 7.58-6.77 (m, 15H; aromatic), 4.06 (m, 1HHz,-OPh),
3.98 (m, 1H; Gi,-OPh), 4.61 (m, 1H; &-N), 4.64 (m, 1H; G,
OMTPA), 4.54 (m, 1H; ®,-OMTPA), 3.53 (s, 3H; OMe in
MTPA), 3.49 (s, 3H; OMe, in MTPA)11b: H NMR (600 MHz,
CD;0D) 7.58-6.81 (m, 15H; aromatic), 4.00 (m, 2H;Hz-OPh),
4.60 (m, 1H; ®&-N), 4.57 (m, 1H; G,-OMTPA), 4.47 (m, 1H;
CH,+-OMTPA), 3.52 (s, 3H; OMe in MTPA), 3.48 (s, 3H; OMe,
in MTPA).

Preparation of (R)- and (S)-MTPA Derivatives of (R)-2-
Amino-1-phenylethanol (12a and 12b).To a solution of the
commercially available R)-2-amino-1-phenylethanol (20 mg) in
pyridine (50uL) was added -MTPACI (60 uL). The reaction
mixture was stirred at room temperature for 30 min and then
evaporated. The residue was partitioned between EtOAc a®d H
with 0.1 M N&CO;. The organic layer was subjected to silica gel
flash chromatography with CHEto yield (R)-MTPA derivative
12a(14 mg). The §-MTPA derivativel2b (18 mg) was prepared
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100% aqueous MeOH) to yiel®R]-MTPA derivativel4a(3.3 mg).
The (9-MTPA derivativel4b (3.6 mg) was prepared in the same
way. 14a H NMR (600 MHz, CDyOD) 5.08 (m, 1H; H-2), 1.79
(m, 1H; H-3a), 1.55 (m, 1H; K#3b), 1.55 (m, 1H; H4a), 1.42
(m, 1H; H-4b), 1.53 (m, 1H; K5a), 1.45 (m, 1H; K#5b), 3.95
(m, 1H; H-6), 3.62 (m, 1H; H-7), 4.02 (m, 1H; H-8), 5.08 (m, 1H;
H-16), 3.38 (m, 2H; H28), 3.41 (m, 2H; H29), 4.06 (m, 1H;
H-30), 4.40 (ddJ = —11.2, 5.0, 1H; K#31a), 4.34 (dd) = —11.2,
7.3, 1H; H-31b), 3.66 (m, 1H; KH1'a), 3.59 (m, 1H; K1'b), 6.00
(dd,J = 7.3, 5.5, 1H; H-2, 7.15 (d,J = 8.7, 2H; H-4/8'), 6.68
(d,J =8.7, 2H; H-8/7"), 4.11 (dd,J = —10.5, 9.0, 1H; H-9'a),
3.97 (dd,J = —10.5, 5.5, 1H; BH-9'b), 4.77 (m, 1H; H-10, 4.60
(dd,J = —11.0, 8.5, 1H; H11'a), 3.84 (br, 1H; BH11b), 2.54
(m, 1H, H-13a), 2.37 (m, 1H; BH13b), 0.96 (t,J = 7.4, 3H; H-
14a), 5.06 (dJ = —12.4, 1H; CH in Cbz), 5.03 (dJ = —12.4,
1H; CH, in Cbz), 1.39 (s, 3H; Cklin acetonide), 1.34 (s, 3H; CH
in acetonide)14b: 'H NMR (600 MHz, CQyOD) 5.00 (dd,J =
8.7,4.1, 1H; H-2), 1.66 (m, 1H; H3a), 1.41 (m, 1H; K#3b), 1.35
(m, 1H; H-4a), 1.24 (m, 1H; K4b), 1.47 (m, 1H; K#5a), 1.37
(m, 1H; H-5b), 3.87 (m, 1H; H-6), 3.58 (m, 1H; H-7), 3.98 (m,
1H; H-8), 5.08 (m, 1H; H-16), 3.38 (1 = 6.4, 2H; H-28), 3.40
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(m, 2H; H-29), 4.05 (m, 1H; H-30), 4.42 (dd,= —11.0, 5.0, 1H; 1.17 (m, 1H; H-10b), 1.620.78 (m, 32H; H-11 to H-15, H-17-
H,-31a), 4.34 (ddJ = —11.0, 6.9, 1H; H-31b), 3.68 (ddJ = H,-27), 1.19 (s, 9Htert-butyl), 1.13 (s, 9Htert-butyl).
—14.0, 6.2, 1H; H-1'a), 3.57 (m, 1H; #1'b), 6.05 (ddJ = 7.3, Preparation of N-Cbz Derivative 18. To a solution of2 (40
6.5, 1H; H-2), 7.27 (dJ = 8.7, 2H; H-4/8), 6.62 (d,J=8.7,2H;  mg, 0.046 mmol) in CHGIMeOH (3:1, 0.4 mL) were added
H-5'/7"), 3.93 (dd,J = —11.6, 6.4, 1H; B-9'a), 3.75 (br, 1H; B triethylamine (66.4:L) and Cbz-Cl (174L). After stirring at room
9b), 4.70 (m, 1H; H-10, 4.74 (dd,J= —11.5,5.5, 1H; H-11a), temperature for 16 h, the reaction mixture was evaporated,
3.54 (dd,J = —11.5, 5.6, 1H; H-11b), 2.53 (m, 1H, H-13a), suspended in $D, and extracted with EtOAc. The organic layer
2.26 (m, 1H; B-13b), 0.98 (t,J = 7.3, 3H; K-14'a), 5.03 (s, 2H; was purified by ODS HPLC (gradient elution of Q00% aqueous
CH; in Cbz), 1.38 (s, 3H; Chlin acetonide), 1.33 (s, 3H; GHn MeOH) to afford18 (21.7 mg, 46.7%)18 ESIMSmz1010.45044
acetonide). and 1012.44065 (M- H)*. 'H NMR (600 MHz, CQ,OD) 7.37~
Preparation of 16.A 10 mg portion of4 was treated with Nal© 7.26 (m, 5H), 7.29 (d) = 8.7, 2H), 6.94 (d,J = 8.3, 2H), 5.08 (d,
(20 mg) in MeOH/HO (4:1, 1 mL) at room temperature for 1 h, = —12.3, 1H), 5.05 (dJ = —12.3, 1H), 4.71 (ddJ = 7.6, 4.8,
followed by reduction with NaBH(23 mg). The reaction mixture 1H), 4.23 (m, 1H), 4.05 (dd) = 5.5, 2.3, 2H), 4.033.99 (m,
was evaporated, and the residue was purified by ODS HPLC 2H), 3.78 (m, 1H), 3.70 (dJ = 5.5, 2H), 3.67 (m 1H), 3.58 (m,
(gradient elution of 86-:100% aqueous MeOH) to obtaitb (5.5 2H), 3.52-3.39 (m, 7H), 3.35 (m, 1H), 2.24 (4,= 7.8, 2H), 1.89-
mg). To a solution ofl5 (4 mg) in pyridine (50uL) was added 1.25 (m, 42H), 1.12 (t) = 7.8, 3H).
tertbutyldiphenylchlorosilane (TBDPSCI) (14L). After stirring Preparation of Acetonide 19 from 18.To the mixture ofl8 (5
at room temperature overnight, the r.eaction mixture was eyaporated,mg) and PPTS (1.7 mg) in GBI, (50 uL) was added 2,2-
suspended in }O, and extracted with EtOAc. The organic layer  gimethoxypropane (1@L). The reaction mixture was stirred at
was evaporated, and the residue was separgted by silica gel flashyom temperature fol h and was then evaporated. The residue
chromatography rthexane/EtOAc= 4:1) to yield 1? (14'6 mg). was partition between EtOAc and,®. The organic layer was
15 ESIMS m/z 644.22893 and 646.23454 (M H)*. *H NMR purified by ODS HPLC (gradient elution of 86L00% aqueous
(600 MHz, CDCY) 7.36~7.28 (m, 5H), 5.43 (m, 1H), 5.09 (S, 2H),  MeOH) to give 19 (5.2 mg): ESIMS m/z 1050.45589 and

4.12 (m, 1H), 3.853.53 (m, 8H), 3.40 (tJ = 6.7, 2H), 1.85 1052.50406 (MH H)*. 'H NMR (600 MHz, CQXOD) 7.37-7.26

7.20 (m, 16H), 5.10 (s, 2H), 5.03 (d,= 8.7, 1H), 4.20 (M, 1H), 425 (m, 1H), 4.05 (ddJ = 5.6, 2.7, 2H), 4.043.98 (m, 2H),
3.97-3.85 (m, 3H), 3.83 (dd) = —10.5, 6.0, 1H), 3.74 (dd] = 3.96 (M, 1H), 3.86-3.74 (m, 2H), 3.69 (d) = 5.4, 2H), 3.57 (m,

—9.4, 6.4, 1H), 3.57 (dd) = ~8.6, 3.9, 1H), 3.46 (m, 1H), 3.37 514y 352 339 (m, 6H), 3.35 (M, 1H), 2.24 (4= 7.8, 2H), 1.84
gdng = 53-6115-154 1H)é|3:|-20 (1=6.4,2H),1.86-1.17(m, 36H), 1 25 (m, 42H), 1.38 (s, 3H), 1.37 (s, 3H), 1.12Jt= 7.8, 3H).
20 (s, 9H), 1.14 (s, 9H). Preparation of 3 from 18. To a solution of18 (5 mg) in 500

Preparation of (R)- and (S)-2NMA Derivatives (17a and 17b). ; .
. : ’ uL of MeOH was added potassium carbonate (18 mg). The reaction
To a solution 0fl6 (1.5 mg) in CHC, (300L) were addedi) mixture was stirred at room temperature for 1.5 h, quenched with

i\rr:ﬁlr? Qrt)?glprggtgg;(g g gﬁ%?daeckd)%xrgglh'\{l;?a el (eEtB%f(ésn? éTeSRXAP acli?lflé acid, and then_evaporated. The residue was purifieq by ODS
. ’ (gradient elution of 5660% aqueous MeCN) to yield

(0.5 mg), and DMAPHCI (0.5 mg), and the mixture was stirred at (3.5 mg) whoseH NMR spectrum andd]o value @ from 18

room temperature overnight. The reaction mixture was evaporated[OL']20 917 2 € 0.10 MeOED 3 from 1: [g]zo 176 €0 10

and partitioned between EtOAc ang® The organic layer was M ODH R d" tinauish BI f tH 3'3 -df ml

subjected to silica gel flash chromatograpiyhgexane/EtOAG eOH)) were indistinguishable from those jrepared fror.

9:1) to obtain the R)-2NMA derivative 17a (1.5 mg). The §)-

2NMA derivative 17b (1.5 mg) was prepared in the same way.  Acknowledgment. Thanks are due to the crew of R/V
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0.80 (m, 32H; H-11 to Hr-15, '_b'_lz'Hz'ﬂ)’ 1.19 (s, 9Htert- Supporting Information Available: FAB-MS/MS data ofl
butyD), 1.13 (s, SHitertbutyl. 17b: *H NMR (600 MHz, GDe) ' ang; 1H NMR, 13C NMR, COSY, TOCSY, HMBC, and HSQC
8.03-7.02 (m, 32H, aromatic), 5.12 (m, 1H; H-16), 5.09 (s, 2H; spectra ofl and 2 in DMSO-ds; *H NMR spectra of3—19; H
TCQIZ\I'\'/lnACb:)z'g"Ol (ﬂi:HSBg 13Hé£\|H'301)|'_|.4'H928(S'319%’ _E-OlH' NMR, COSY, and TOCSY spectra @Baand13bin CD;OD; H
in ), 4.20 (m, 1H; H-30), 3.92 (m, 1H; H-8), 3.90 (M, 1M, \\R'and COSY spectra df4aand14bin CD,0D; and NOESY
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