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Abstract: A detailed account is given of the chiral synthesis of tri-O-methylimbricatine (3), the tri-
O-meihyl derivative of the structurally unique benzylieirahydroisoquinoline aikaioid imbricatine (2)
isolated from the starfish Dermasterias imbricata. The route begins with the asymmetric synthesis of
the sulfur-containing D-phenylalanine derivative (R)-11a and includes its conversion into the cis-
benzyltetrahydroisoquinoline moiety 26a possessing the thiol group and construction of the 5-arylthio-
3-methy}«L—histidiﬁe p‘i}ﬂi\'jﬁ The correctness of the structure and absolute ¢ uunugmauuu ]JlUlJUDCd for
imbricatine has been unequivocally confirmed as a result of the present synthesis. © 1999 Elsevier Science
Ltd. All rights reserved.

Keywords: amino acids and derivatives; imidazoles/imidazolidinones; isoquinolines; thioethers
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considerable efforts have been directed toward a wide variety of studies on different aspects of the interaction.?
In search of a chemical substance responsible for eliciting the behavior, Pathirana and Andersen announced the
isolation of imbricatine from D. imbricata in 1986.3 The gross structure 1 of imbricatine was elucidated
through extensive spectroscopic analysis, in conjunction with chemical degradation. Imbricatine is of particular
interest in that it is capable of inducing the detachment and swimming response in S. coccinea at very low
concentrations;2-3 it displays significant antineoplastic activity;3- it is the first example of a benzyltetrahydro-
isoquinoline alkaloid obtained from a nonplant source; and it embodies some structural features (e.g., the

carboxy group at the 3-position, the 6,8-dihydroxylation pattern, and the thioether linkage to the 3-methyl-
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histidine moiety) not previousiy encountered in this family of alkaloids. Andersen and co-workers, thereafter,
proposed the absolute configurations of the three stereogenic centers of imbricatine to be those in 2
(1R,3R,7'S) on the basis of the degradation experiments.4

As a prelude to the total synthesis of imbricatine, we have recently achieved the chiral syntheses of 5-
arylthio-3-methyl-L-histidines (4a,b), a partial form of 2,6 and the amino esters § and 6 possessing the entire
frameworks of ent-imbricatine (ent-2) and its 7'-epimer 7, respectively,’ the latter of which was the then pro-
spective (but ultimately wrong) candidate structure for imbricatine according to the first report of Pathirana and

Andersen.3 In the present paper, we wish to record the details of the chiral synthesis of tri-O-methylimbricatine

In connection with our synthetic studies on imbricatine, we have accomplished the asymmetric synthesis
of the L-phenylalanine derivative (S)-11a containing a sulfur substituent at the 2-position® and employed it as a
starting material for the syntheses of the amino esters 5 and 6.7 At the outset of the present synthesis, there-
fore, we needed the corresponding D-phenylalanine derivative (R)-11a to reach the temporary target ent-5,

together with ent-6. On the analogy of our previous synthesis of (§)-11a,9 coupling reaction of the benzyl
chloride 8a with the organolithium reagent (5)-9 generated in situ from (25)-(+)-2,5-dihydro-3,6-dimethoxy-2-
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Scheme 1. Reagents and conditions: (a) (S5)-9, THF, —78 °C, 2 h, —50 °C, 18 h; (b) 0.25 N aq. HCl, MeOH, 1,
4-9 h; (c) 1) NaH, MOMCI, DMF, rt, 27 h; 2) 2 N aq. NaOH, MeOH, rt, 3 h; (d) EtaNH, (EtO)2P(O)CN, Et}N,
DMF, rt, 2 h; (e) Me3Al, EtzNH toluene, reflux, 18 h; (f) 1) sec-BuLi, TMEDA, THF, -78 °C, 1 h; 2) §, 0 °C,

0, . ~ o [
1.5 h; 3) PMBCI, 0 °C, 2 b; (g) | N aq. HCl, MeOH, 60-64 °C, 2.5 h; (h) NaH, PhCH;Br, DMF, 11, 4.5 b; (i)

LiAlH4, THF, reflux, 3 h; () CICO2Et, benzene, rt, 23 h.



isopropyipyrazine and LDA in THF at —78 °C, an application of the “bis-lactim ether”’ method of Schéllkopf,i®

was carried out at —50 °C for 18 h, producing 10a in 75% yield along with its 5-epimer 12a (9% yield). The

trans and cis stereochemical assignments to 10a and 12a, respectively, were based on our precedent.? The

major isomer 10a was then hydrolyzed in MeOH with 0.25 N aqueous HCl to provide the amino ester (R)-11a

in 97% yield. The enantiomeric purity of (R)-11a was determined to be 96% ee.!l Similar treatment of the
minor isomer 12a led to (5)-11a% in 96% yield.

On the other hand, we chose (R)-11b, carrying the phenoli OH groups protected by the benzyl group,

s another starting material and began its preparation vig a route similar to that employed for (R)-11a. Thus,

o2 o -So bl £ claiLel siat

treatment of 3 §.dihvdrobenzoic acid (13) with mp[ng}rmpthyl (MQM) chloride in the nresence of NaH

d the carboxylic acid 14 (97% yield).
Condensation of 14 with EipNH was effected using the coupling reagent diethyl phosphorocyanidate, 12
affording the amide 17 in 90% yieid. Alternatively, the same amide 17 was aiso obtained in 74% yieid on
treatment of 16, prepared from 15,13 with the dimethylaluminum diethylamide reagent via Weinreb’s
procedure.!4 Lithiation of 17 with sec-BuLi in the presence of N,N,N',N'-tetramethylethylenediamine
(TMEDA) in THF at -78 °C, followed by successive addition of elemental sulfur and 4-methoxybenzyl (PMB)
chloride, proceeded exclusively at the 2-position, giving the thioether 18 in 81% yield as a sole product.!3
Removal of the MOM group in 18 and subsequent benzylatlon of the resultant phenol 19 gave the benzyl ether
4 to afford the tertiary amine 21, which was
reagent (5)-92 with
isomer 12b in 70% and 5% yields, respectively. The stereochemistries of the newly formed stereogenic
centers in 10b and 1Zb were determined on the basis of their ratio of formation (10b:iZb = i4: l)’v“’ and 'H
NMR spectral evidence that the C(2)-proton signal (8 3.63) of 10b appeared in CDCl3 at higher field than the
corresponding proton signal (& 3.85) of 12b, because of the shielding effect induced by the tetrasubstituted
aromatic ring.%:10 Both bis-lactim ethers 10b and 12b were separately hydrolyzed in MeOH with 0.25 N HCI
to provide the enantiomerically pure phenylalanine derivatives (R)-11b and (5)-11b, respectively.
Condensation of (R)-11a with 4-methoxyphenylacetyl chloride was carried out under Schotten—Baumann
conditions, prov1dmg the amide 22a (96% yield), which was then submitted to Bischler—Napieralski
e (PPSE)16.17 in CHCl3

phat in CHCl; followe NaBHy reduction in MeOH
t btained in 81
recrystallization from MeOH readily permitted to secure optically pure 23a. The 1,3-cis relati
was confirmed by a 5.8% NOE enhancement observed for the C(1)-proton signal on irradiation of the C(3)-
proton signal. The ester group of 23a was then reduced with LiAIH4 to furnish 24a in 91% yield, since partial
or complete epimerization at the 3-position was assumed to be a potential problem at later stages. The resulting
OH group as well as the NH group of 24a was protected in the form of the oxazolidinone 25a (98% yield) by
treatment with diethyl carbonate in the presence of NaOEt. Removal of the PMB group in 25a was
successfully performed by application of the literature procedure!® but with minor modification. Thus, on
anisole followed by NaBHy4 reduction of the resultant

mercaptide, 25a provided the thiol 26a in 95% yield. A parallel sequence of reactions starting from

condensation of (R)-11b with 4-b ‘nzyid‘ypheﬁyi-'cetyi chloride and proceeding through 22b (94% yield),

23b (79%), 24b (87%), and 25b (95%) afforded the tris(benzyioxy) thiol 28b (87%).
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Scheme 2. Reagents and conditions: (a) 4-methoxyphenylacetyl chloride or 4-benzyloxyphenylacetyl chioride,
NayCO3, HpO-benzene, 8-10 °C, 0.5-1 h; (b) 1) PPSE, CHCl3, reflux, 10 h; 2) NaBH4, MeOH, 78 °C, 1 h; (c)
LiAlH4, THF, tt, 1.5 h; (d) (EtO)2CO, NaOEt, EtOH, reflux, 20-23 h; (e) 1) (CF3CO3),Hg, anisole, EtOH, rt,
16-19 h; 2) NaBHy, 0 °C, 15 min; () 27, NaH, DMF, 100 °C, 3-3.5 h; (g) NaBH4, MeOH, 1, 1 b; (h) 1) SOCl3,
rt, 1 h; 2) (R)-9, THF, 78 °C, 2 h, =50 °C, 14 h; (1) 0.25 N ag. HCI, MeOH, 1t, 2.5 h.
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group, we next mtiateg the application to 20a,h of our previously establish ed synthelic route 1o d-aryithio-3
methyl-L-histidines (4a,b).6 Separate treatments of the aldehyde 276 in DMF with the thiols 26a and 26b in
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he thioethereal aldchydcs 28a.b were then converted into the alcohois 29a (80% yxeld) and Z9%b (90%) t by
NaBH4 reduction. The structure and stereochemistry of 29a were secured in the form of a single-crystal X-ray
analysis of ent-29a, whose results appeared in our recent report.” Chlorination of 29a with SOCI; and subse-
quent coupling reaction of the resulting chloride with the organolithium reagent (R)-9 provided the trans isomer
30a and the cis isomer 31a in 58% and 34% yields, respectively.20 The stereochemical assignments to 36a
and 31a were based on comparison of the chemical shifts of their C(2)~protons (30a: 3.78; 31a: § 3.93) in

, chlorination of 29b and subsequent coupling reaction with (R)-9

Yo I precedents e 2 s wa i
were carried ot bt t vielde of the decired nraodncte 20h and 31h were auite low and we were nunable to
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Scheme 3. Reagents and conditions: (a) 1) 6 N aq. HCI, 100 °C, 1 h; 2) 2 N aq. NaOH, MeOH, 80-85 °C, 60 h; 3)

10% HCI-MeOH, reflux, 7 h; (b) (Boc);0, CHClI3, 1, 6 h; (c) 1) (COCl);, DMSO, CH»Cly, -78 °C, 1 h; 2) Et3N;
(d) I- KOH Mpn[-! 4] °l" S h: () CF2CO4H, CHACls, rt, 1.5 h: (H 1) 3 N ag. HCL reflux, 1 h: 2) Dowex SOW-

G 42, BSU51, NI AEy (&) U3 RR, LR, K 100y ) B ) DN Ay, 218, abiauA, i1y &) RPUWLA JUTY T

X8;(g) ) 12% HCI—MeOH reflux, 3 h; 2) (Boc)70, Et3N, CHCI3, rt, 6 h; 3) CsF-alumina, Mel, CH3CN, rt, 1 h.

The trans bis-lactim ether 30a was then subjected to hydrolysis in MeOH with 0.25 N aqueous HCI,
producing the amino ester ent-5 in 91% yield. Conversion of ent-5 into the amino alcohol 32 was

accomplished in 73% overall yield via acid hydrolysis of the ester group, cleavage of the oxazolidinone ring
- L1 PR NI MIY . __.3 __ PR wnpt PRQUISSSNY oS P, Hy e oremdon nbincn A liath seradtina Friramatioeo
with 2 N aqueous NaOH, and re-esterification of the carboxy group. After protection of both amino functions

in 32 with (Boc)20 to give 34 in 91% yield, Swern oxidation2! (81% yield) of the hydroxymethyl group at the

3-position of 34 and subsequent alkaline iodine oxidation22 (71%) of the resulting aldehyde 36 in MeOH gave
the dimethyl ester 38 [[a]‘“ —-15.3° (¢ 0.50, CHCl3)]. The cis bis-lactim ether 31a was similarly converted
into the diastereoisomeric dimethyl ester 39 [[()L]%)0 —25.3° (¢ 0.53, CHCI3)]} in a comparable overall yield
through the intermediates ent-6, 33, 35, and 37. In the meantime, natural imbricatine (2) was submitted to
methyl esterification followed by N-protection with (Boc)20 and O-methylation with Mel in the presence of
CsF-alumina.23 The authentic specimen HaL —-13.5° (¢ 0.085, CHCl3)] of 38 thus obtained was found to be

il % g il V5 )

virtually identical with the synthetic (7' S)—lsomcr (38), but not with the synthetic (7'R)-isomer (39), by com-

con of the TD (O Y 1L NIMDB (0T and macs < A :
pat rison of the IR \\.«ﬂ\./l_jj ‘in VIR (COC3), and mass specira ana TLC behavior (three solven

LoV aravh i

Finally, removal of the Boc group in 38 with CF3CO;H and subsequent acid hydrolysis of the resulting amino
ester 40 produced tri-O-methylimbricatine (3) [[0(]12)5 +62.2° (¢ 0.67, MeOH)]. Unfortunately, all our efforts to
achieve exhaustive O-demethylation of 3 leading to imbricatine (2) were in vain.

In conclusion, a chiral synthesis of tri-O-methylimbricatine (3), the tri-O-methyl derivative of the starfish
alkaloid imbricatine, has been accomplished via a route featuring the synthesis of the sulfur-containing benzyl-
tetrahydroisoquinoline moiety and the construction of the 5-arylthio-3-methyl-L-histidine portion. As a result,
the structure and absolute configuration of imbricatine have now been unambiguously established to be those in

formula 2.
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EXPERIMENTAL

General Methods. All melting points were taken on a Biichi model 530 capillary melting point
apparatus and are corrected. The ratios of solvents in mixtures are shown in v/v. Unless otherwise noted, the
organic solutions obtained after extraction were dried over anhydrous NaySO4 and concentrated under reduced

pressure. See ref. 7 for details of chr muatugrdpmcb, instrumentation, and measurements. Eiemenial ii‘liijiﬁt‘:s
and MS measurements were performed by Mr. Y. Itatani, Dr. M. Takani, and their associates at Kanazawa
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3,5-Bis(methoxymethoxy)benzoic ¥
(925 mg, 6.0 mmol) in DMF (5 ml) was added dropwnse over 20 min to an oil dispersion (760 mg) containing
60% NaH (19 mmol) in DMF (15 ml) in an atmosphere of N». After the mixture had been stirred for 1 h,
MOM chloride (1.5 ml, 20 mmol) was added at such a rate that the inner temperature did not exceed 50 °C.
Stirring was continued at room temperature for 27 h, and the insoluble material that resulted was filtered off.
Concentration of the filtrate in vacuo provided an oily residue, which was partitioned between benzene and
H>O. The benzene extracts were dried and concentrated to leave the methoxymethyl ester as a pale yellow oil.
The crude oil was then dissolved in MeOH (10 ml), and the solution, after addition of 2 N aqueous NaOH (5

ad e -__I

mi, i0 mmou, was stirred at room temperature for 3 h. The reaction mixture was conceniraied in vacuo, an
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1
(1.41 g, 97%). Recrystallization of the solid from AcOEt-hexane (2:1) afforded an analytical sample
colo:less needles, mp 129-129.5 °C; MS m/z: 242 (M1); IR vN“!,°' cm~!: 1698 (CO2H); 'H NMR (CDCl3) &:
3.50 (6H, s, two OMe’s), 5.21 (4H, s, two CH3’s), 6.98 [lH, t,J =25Hz C4)-H], 744 [2H,d,J =25
Hz, C(2)-H and C(6)-H]. Anal. Calcd for C11H1406: C, 54.54; H, 5.83. Found: C, 54.39; H, 5.82.
N,N-Diethyl-3,5-bis(methoxymethoxy)benzamide (17). (i) From 14. A solution of 14
(6.28 g, 25.9 mmol) and Et;NH (2.46 g, 33.6 mmol) in DMF (50 ml) was cooled to 0 °C, and diethyl
phosphorocyanidate (5.49 g, 33.7 mmol) and Et3N (3.41 g, 33.7 mmol) were added in that order. The mixture
was stirred at room temperature for 2 h, poured into H>O (100 ml), and extracted with CH>Cl>. The CH2Cl;
extracts were washed successively with 2% aqueous HCI, saturated aqueous NaHCO3, and saturated aqueous
NaCl, dried, and concentrated. Purification of the residual oil by flash chromatography [AcOEt-hexane (1:1)]
1.

<
e %

ilm _
furnished 17 (6.96 g, 90%) as a pale yellow oil, MS m/z: 297 (M) IR v, cm!: 1634 (amide CO); H
NMR (CDCl3) 8: 1.13 and 1.23 (6H, br each, two CMe’s), 3.25 and 3.50 (4H, br each, two NCHy’s), 3.47
(6H s two OMe’s) 516 (4H, s, two OCH»’s), 6. 70 [2H, d, J = 2 Hz, C(2)- H and C(6)-H), 6.74 [1H,t, J =
\Vii, Sy RNLATEN FJy e AN VR Ty MORIRAEIRL Say M0 1= 5 =y AN/ 230 Ve 8

(u) From 16. A mixture of toluene (15 ml) and a 1.0 M solunon (4.8 ml, 4.8 mmol) of MeaAl in
hexane was cooled to —15 °C in an atmosphere of N, and EtoNH (0.5 ml, 4.8 mmol) was added dropwise over
5 min. After 20 min, the cold bath was removed, and the mixture was stirred at room temperature for a further
45 min. At this time, a solution of 1613 (1.03 g, 4.0 mmol) in toluene (3 ml) was added, and the mixture was
then heated under reflux for 18 h. After cooling, 15% aqueous Rochelle salt (10 ml) was added. The aqueous
layer was separated from the organic layer and extracted with toluene. The toluene extracts and the above
organic layer were combined, washed successively with 5% aqueous NaOH, H20, 2% aqueous HCI, saturated

aqueous NaHCO3, and saturated aqueous NaCl, dried, and concentrated to leave a yeliow oil. Purification of
the oil by flash chromaxography [AcOEt—hexane (1 l)] produced 17 (883 mg‘ 74%) as a pale yellow oil. The

to ~78 °C i dtmospherc of Np,and a 1 13 M solutlon 23 ml 26 () mmol) f sec- BuL1 n cyclohexane was
added dropw1se over 10 min. After the mixture had been stirred for 1 h, powdered sulfur crystals (956 mg,
29.8 mg-atom) were added in one aliquot. The mixture was then warmed to 0 °C and stirred for 1.5 h. 4-
Methoxybenzyl chloride (3.5 ml, 25.8 mmol) was then added, and stirring was continued at 0 °C for a further 2
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h. The reaction was quenched by adding saturated aqueous NH4Cl (40 ml), and the reaction mixture was
extracted with ether. The ethereal extracts were washed successively with 2% aqueous HCI, saturated aqueous
NaHCO3, and saturated aqueous NaCl, dried, and concentrated to leave a reddish oil, which was purified by

e [ Wa o o~ = = P Ry

flash chromatography [AcOEt-hexane (1:1)] to give 18 (7.77 g, 81%) as a ycnow oil, MS m/z: 449 (M™); IR

ﬁm nm—! 1L£AA frnewnidn £, lu AIRAD /7 " T A S, 1 AN 31 1 AL rDEY L
Vimax € . 1634 LAloe s V), "1 NIVIN (VCLAC3) 00 1.UU and 1.£0 (o1t eacn, J =7 nz, two CMe’ S), 2.92
(’)H m) 326 (I1H do J =14 7 Hz). and 3.82 (1H, dg, J = 14 7 Hz) (two NCH5’s). 346 149 and 3.76
=R Ry EERJy T edwNS \: Ay Ungy I A7y 7 RALJ, QALIU D UL 1Lk, UM, Vv = 177, 7 RRL) \LWU INER) D), STV, SN, 7.
(3H each, s, three OMe’s), 3.87 and 4.12 (1H each, d, J = 12 Hz, SCHj), 5.1-5.2 (4H, m, two OCH3’s),
d,J=

1-
6.62 and 6.82 {1H each, d, J = 2.5 Hz, C(4)-H and C(6)-H], 6.77 [2H, 8.5 Hz, C(3")-H and C(5")-H],
7.17 [2H, d, J = 8.5 Hz, C(2')-H and C(6')-H].24.25

NN -Diethyl-3,5-dihydroxy-2-[[(4-methoxyphenyl)methyl]thio]benzamide (19). A mix-
ture of 18 (32.0 g, 71.2 mmol), MeOH (260 ml), and 1 N aqueous HCI (245 ml) was heated at 60—64 °C for
2.5 h. After cooling, the reaction mixture was concentrated in vacuo to half the initial volume and extracted
with CH2Cly. The CH,Cl; extracts were washed with saturated aqueous NaCl, dried, and concentrated to
leave a pale yellow foam, which was crystallized from AcOEt-hexane (3:2) to provide 19 (22.5 g, 87%).
Recrystallization from the same solvent system gave an analytical sample as coloriess prisms, mp 149-150 °C;
MS miz: 361 (M*+); IR vi°! cm1: 3415, 3380 (OH), 1613 (amide CO); IH NMR (CDCl3) 8: 1.07 and 1.33

(T aarh ¢t T — 7 Ha hnnf‘unc\ 215§ M m J=14 7B, and 3 (1H dg. I =14 7
$ . = 1%, / 1iZ), &I} 5.7V (111, G, 4 = 14, 7

3.78 3--, s, OMe), 6,30 and 6.3

o OH’s), 6.77 [2H, d, J =
C(3) H and C(S') HL 709[2H,d,J=9 Hz, C(2'»-H and C(6')-H].24.25 Anal. Calcd for CyoH23N
63.14; H, 6.41; N, 3.88. Found: C, 63.10; H, 6.36; N, 3.90.

3,5-Bis(benzyloxy)-N ,N-diethyl-2-[[(4-methoxyphenyl)methyl]thiolbenzamide (20).
To an ice-cooled oil dispersion (510 mg) containing 60% NaH (13 mmol) in DMF (60 ml) was added 19 (2.13
g, 5.9 mmol). After stirring at room temperature for 1 h, the mixture was cooled to 0 °C once again. A
solution of benzyl bromide (2.21 g, 12.9 mmol) in DMF (3 ml) was added over 10 min, and stirring was
continued at room temperature for a further 4.5 h. The reaction mixture was concentrated in vacuo; and the

residual Oll after addition of HoU, was exir. acted with bl‘lLl3 The Ll‘l\_h extracts were washed SUCCCSSIVCI}'

thh saturated aqueous NaHCO3 and saturated aqueous NaCl, dried, and concentrated to leave a brown ml
M hramatnaranhy Thavana_ ANt (-
1

SCH-) S11H
CH»y), 3. S 1k
each, s, t 9H
04S: C,

X ion Y i i CArGMmasgrapay [uuAauu"n\.\.u.L (4 l)} a1iCIGea 4w\ O3 B, 5070, as a COi0IESS 8Os
Recrystallization of the solid from hexane—AcOFEt (2:1) yielded an analytical sample as colorless prisms, m,o
91-92 °C; MS miz: 541 (M+); IR Vil ci-1: 1641 (amide CO); 'H NMR (CDCl3) &: 0.91 and 1.25 (3H

al i b = *—.;

each, t, J 7 Hz, two CMe’s), 2. 90 (2H m), 3.25 (1H, dq, J = 14, 7 Hz), and 3.83 (1H, dq, J = 14, 7 Hz)
(two NCHa2’s), 3.74 (3H, s, OMe), 3.86 and 4.09 (1H each, d, J = 11.5 Hz, SCH»), 5.00, 5.01, 5.06, and
5.09 (1H each, d, J = 12 Hz, two OCH3Ph’s), 6.45 and 6.57 [1H each, d, J = 2.5 Hz, C(4)-H and C(6)-H],
6.71 [2H, d, J = 8.5 Hz, C(3")-H and C(5)-H], 7.10 [2H, d, J = 8.5 Hz, C(2")-H and C(6)-H], 7.3-7.5
(10H, m, two Ph’s).24.25 Anal. Calcd for C33H35N04S: C, 73.17; H, 6.51; N, 2.59. Found: C, 73.18; H,
6.55; N, 2.58.

3,5-Bis(benzyloxy)-N ,N-diethyi-2-[[(4-methoxyphenyl)methyijthio]benzenemethana-

mine (21). An ice-cooled suspension of LiAlH4 (3.81 g, 0.10 mol) in THF (300 mil) was stirred in an
atmosphere of Nj, and a solution of 20 (27.2 g, 50.2 mmol) in THF (80 ml) was added dropwise over 35 min.

Afiane tha nivereas hnd hanm haatad iimdar rafline fAar 2 h oM (A vl INOL anianiie NaMNEY (A ml) and TN (N
AJter e MiXWie nad ocen neatea unacr renux 1or J 0, n2y (4 Il j, 1V7 aqueous iNaunn (U Iy, and ko (iv
mh ware airrraccively added nndar ica_canline  The incaliihle matarial that reenited wac filtered off and wached
lll_l} AAAYIASE 18 W W) '\vl’ AUV ULIWWL 1V &Wllll&- A LIV MIOVIVIUAG JILALVLIGE LLIAL IVOMAITWAL FT L) LIZLWiAiWSS WAL SliW FY sizwhs
with ether. The filtrate and washings were combined, dried over anhvdrous K2COs, and concentrated to leave
21 (25.6 g, 97%) as a yellow oil, MS m/z: 527 (M*+); 'TH NMR (CDCl3) 3: 0.93 (6H, t, J = 7 Hz, two

CMe’s), 2.37 (4H, q, J = 7 Hz, two NCH;Me’s), 3.49 [2H, s, C(1)-CHy], 3.73 (3H, s, OMe), 3.85 (2H, s,
SCH3), 5.04 and 5.12 (2H each, s, two OCHPh’s), 6.52 and 6.92 [1H each, d, J = 2.5 Hz, C(4)-H and
C(6)-H], 6.68 [2H, d, J = 8.5 Hz, C(3")-H and C(5")-H], 6.94 [2H, d, J = 8.5 Hz, C(2")-H and C(6")-H],
7.3-7.55 (10H, m, two Ph’s);24 HRMS m/z calcd for C33H37NO3S: 527.2494, found: 527.2494.
3,5-Bis(benzyloxy)-1-(chloromethyl)-2-[[(4-methoxyphenyl)methyl]thio]benzene (8b).
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A solution of 21 (14.2 g, 26.9 mmol) and ethyl chloroformate (3.51 g, 32.3 mmol) in benzene (150 ml) was
stirred at room temperature for 23 h. The reaction mixture was then washed successively with H20, 5%
aqueous HCI, saturated aqueous NaHCO3, and saturated aqueous NaCl, dried over anhydrous NaSQy4, and
concentrated in vacuo to leave a pale yellow solid. Recrystallization from hexane—AcOEt (1:1) gave a first crop
(8.83 g) of 8b. A second crop (1.77 g) of 8b was obtained by concentration of the mother iiquor and
subsequent purification of the residue by flash chromatography [hexane-AcOEit (2:1)]. Total yield of 8b was
10.6 g (80%). Further recrystallization from hexane—AcOEt (1:1) afforded an analytical sample as colorless
needles, mp 95.5-97.5 °C; MS m/z: 492, 490 (M+); |H NMR (CDCl3) §: 3.75 (3H, s, OMe), 390 (2H, s

CLLIL LVvhod L Y WL ) S22y By RAIVIN 7, S N&25, 3

SCHj3), 4.59 (2H, s, CH2Cl), 5.03 and 5.12 (2H each, s, two OCH;Ph’s), 6.60 and 6.70 [1H each, d, J =
2.5 Hz, C(4)-H and C(6)-H]}, 6.70 [2H, d, J = 8.5 Hz, C(3")-H and C(5')-H], 6.97 [2H, d, J = 8.5 Hz,
C(2")-H and C(6")-H], 7.3-7.55 (10H, m, two Ph’s).24 Anal. Calcd for Co9H27Cl03S: C, 70.93; H, 5.54.
Found: C, 70.97; H, 5.54.
(2S-trans)-2,5-Dihydro-3,6-dimethoxy-5-[[3,5-dimethoxy-2-[[(4-methoxyphenyl)-

methyl]jthiolphenyllmethyl]-2-(1-methylethyl)pyrazine (10a) and (2S-cis)-2,5-Dihydro-3,6-
dimethoxy-5-[[3,5-dimethoxy-2-[[(4-methoxyphenyl)methyl]jthio]phenyljmethyi]-2-(1-
methylethyl)pyrazine (12a). Alkylation of (5)-9, generated from (25)-(+)-2,5-dihydro-3,6-dimethoxy-2-
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ol) and LDA, with 8a (9.08 g, 26.8 mmol) and worx-up of the reaciion
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0.45, HC13)] and 12a (1.15 g, 9%) as a colorless oil [[a]g +58.5°
and m th

ass spectra of

L I
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75%) as a colorless oil [[oz}D -57.5° (¢
(¢ = 0.50, CHCI3)]. The IR, H NMR,
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d hese two samples were identical with those of

ent-10a and ent-12a, respect.lvely.9
(2S-trans)-2,5-Dihydro-3,6-dimethoxy-5-[[3,5-bis(benzyloxy)-2-[[(4-methoxyphenyl)-
methyljthio]phenyl]jmethyl]-2-(1-methylethyl)pyrazine (10b) and (2S-cis)-2,5-Dihydro-3,6-
dimethoxy-5-[[3,5-bis(benzyloxy)-2-[[(4-methoxyphenyl)methyl]thio]phenyl]methyl]-2-(1-
methylethyl)pyrazine (12b). A stirred solution of diisopropylamine (1.8 ml, 12.8 mmol) in THF (20 ml)
was cooled to —78 °C in an atmosphere of N, and a 1.6 M solution (8.0 ml, 12.8 mmol) of BuLi in hexane was
added dropwise. After the mixture had been stirred for 30 min, a solution of (25)-(+)-2,5-dihydro-3,6-
dimethoxy-2-isopropylpyrazine26 (2.03 g, 11.0 mmol) in THF (8 ml) was added dropwnse Stirring was then

_________ AL YN . 1T AT
L()HI.IHUCU 10 LU Hllﬂ, anu a aum[ On o

tha racnilting mivenea had 'b..n n otirrad fir
the Ibauxuus IUALUIC ial i stirrea I

3
=
[\
S

. The a

~~~~~~~~~ adding saturated agueous NH4Cl (20 ml). The r 1 th ni
layer and cxtractcd with ether. The ethereal extracts and the above organic layer were combined, washed wnth
saturated aqueous NaCl, dried over anhydrous MgSOy, and concentrated to leave a yellow oil, which was
purified by two successive flash chromatographies [CH;Cly; CHyCl;—AcOEt (30:1)]. Earlier fractions
afforded 10b (4.49 g, 70%) as a colorless oil, [012° ~35.9° (c = 0.50, CHCl3); MS m/z: 638 (M*); IR Vi
cm~!: 1694 (C=N); 1H NMR (CDCl3) 6: 0.63 and 0.99 (3H each, d, J =7 Hz, CHMe»), 2.19 (1H, dqq, / =
3.5, 7, 7 Hz, CHMe>), 2.88 (1H, dd, J = 13, 8 Hz) and 3.43 (1H, dd, J = 13, 4.5 Hz) [C(5)-CH3], 3.61,
3.70, and 3.74 (3H each, s, three OMe’s), 3.63 [1H, dd, J = 3.5 Hz each, C(2)-H]}, 3.84 (2H, s, SCHj), 4.21
[1H, ddd, J = 8, 4.5, 3.5 Hz, C(5)-H], 4.97 and 5.12 (2H each, s, two OCH,Ph’s), 6.48 and 6.51 [1H each,
d, J = 2.5 Hz, C(4)-H and C(6')-H], 6.68 [2H, d, J = 9 Hz, C(3")-H and C(5")-H], 6.96 [2H, d, J = 9 Hz,

>
qnpnr‘hed hv adding saturated agqueous NH.C
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C(2")-H and C{6")-H], 7.3-7.55 {10H, m, iwo Ph’s);<’ HRMS m/z caica ior C3ghi4aN2053: §656.2814,
Frirmd. £20 IQ1A
10UiG: UJ50.£0149.
Later fractions of the above C.Jomato"ra“h" gave 12b (310 mg, 5%) as a colorless oil, [a]% +40.2° (¢ =
* ﬁlm6 | bt Y -] \ 59 vy as » LMD \
0.50, CHCl3); MS m/z: 638 (M*); 1 Vinax cm~!: 1694 (C=N); 'H NMR (CDCl3) &: 0.70 and 1.03 (3H each,

d, J =7 Hz, CHMe»), 2.05 (1H, m, CHMeﬂ 2.84 (1H, dd, J = 13, 9Hz) and 3.36 (1H, dd, J = 13, 5 Hz)
[C(5)-CH2], 3.60, 3.67, and 3.74 (3H each, s, three OMe’s), 3.82 and 3.84 (1H each, d, J = 12 Hz, SCHy),
3.85 [1H, dd, J = 4.5 Hz each, C(2)-H], 4.19 [1H, ddd, J =9, 5, 4.5 Hz, C(5)-H]}, 5.00 and 5.12 (2H each,
s, two OCHPh’s), 6.51 and 6.55 [1H each, d, J = 2.5 Hz, C(4')-H and C(6)-H], 6.68 [2H, d, / = 8.5 Hz,

C(3")-H and C(5")-H], 6.95 [2H, d, J = 8.5 Hz, C(2")-H and C(6")-H], 7.3-7.55 (10H, m, two Ph’s);27



HRMS m/z calcd for CagH42N205S: 638.2814, found: 638.2814.
3,5-Dimethoxy-2-[[(4-methoxyphenyl)methyl]thio]-D-phenylalanine Methyl Ester [(R)-
11a). Hydrolysis of 10a (4.78 g, 9.8 mmol) with 0.25 N aqueous HCI (80 ml) in MeOH (80 ml) and work-
up of the reaction mixture were carried out as reported previously? for the synthesis of (5)-11a, affording (R)-
iia (3.74 g, 97%) as a slightly yellow solid, mp 50-5i °C. The enantiomeric purity of ihis sampie was
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sample as colorless fluffy needles, mp 51-52 °C; [(x]D -8.9° (¢ = 0.92, MeOH). Anal. Calcd for
CapH2sNOsS: C, 61.36; H, 6.44; N, 3.58. Found: C, 61.21; H, 6.54; N, 3.75. The IR IH NMR, and mass
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spectra of this sample were identical with those of (S)-11a.9
3,5-Dimethoxy-2-[[(4-methoxyphenyl)methyl]thio]-L-phenylalanine Methyl Ester [(S)-
11a]. Hydrolysis of 12a (460 mg, 0.95 mmol) with 0.25 N aqueous HC! (8 ml) and work-up of the reaction
mixture were effected in a manner similar to that reported previously? for the synthesis of (5)-11a from ent-
10a, giving (S)-11a (355 mg, 96%) as a colorless solid, mp 49.5-51 °C. This sample was identical (by
comparison of the IR and 'H NMR spectra and optical rotation) with authentic (S)-11a.9
3,5-Bis(benzyloxy)-2-[[(4-methoxyphenyl)methyijthio]-D-phenylalanine Methyl Ester
[(R)-llb] A mixture of 10b (1.66 g, 2.6 mmol) and 0.25 N aqueous HCI (21 ml) in MeOH (45 ml) was
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extracts were washed with saturated aqueous NaCl, dried, and concentrated. Purification of the residual oil by
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flash chromatography [AcOEt-hexane (2:1)] provided (R)-11b (1.12 g, 79%) as a colorless sohd
Recrystallization from AcOEt-hexane (1:1) furnished an analytical sample as colorless needles, mp 90-91 °C;
[a],? 3.2° (c = 0.9, MeOH); MS m/z: 543 (M*); IR ViU cm-1: 3360, 3270 (NHy), 1732 (ester CO); 'H
NMR (CDCl3) &: 1.48 (2H, s, NHjy), 2.83 (1H, dd, J = 13, 9 Hz) and 3.13 (1H, dd, J = 13, 5.5 Hz)
(ArCH,CH), 3.60 (1H, dd, J =9, 5.5 Hz, ArCH,CH), 3.67 and 3.75 (3H each, s, two OMe’s), 3.87 and
3.90 (1H each, d, J = 12 Hz, SCH>), 5.01 and 5.13 (2H each, s, two OCH2Ph’s), 6.44 and 6.56 [1H each, d,
J = 2.5 Hz, C(4)-H and C(6)-H], 6.69 [2H, d, J = 8.5 Hz, C(3")-H and C(5)-H], 6.96 [2H, d, J = 8.5 Hz,
C(2)-H and C(6')-H]}, 7.3-7.55 (10H, m, two Ph’s).24 Anal. Calcd for C3pH33NOsS: C, 70.69; H, 6.i2; N,

o~

2.58. Found: C, 70.6i; H, 6.11; N, 2.64.

3,5-Bis(benzyloxy)-2-[[(4-methoxyphenyl)methyl]thio]-L-phenylalanine Methyl Ester
(S, 11hl Hudealucic af 17h D14 mo 0 22 mmal) with N 28 N anueone HCY (22 mD and work_un of the
LW JTasrrje iiyuiui 818 O 1a0 4177 g, V.JJ HIIRIE] Wil VLo 1N QYULUUGS 122 (Ve Ild) QUG YTVIA WY Vi v
reaction mixture were carried out as described above for (R)-11h, vielding (5)-11b (115 mg, 63%) as a
colorless solid. Recrystallization from AcOEt—hexane (1:1) gave an analytical sample as colorless needles, mp

90-90.5 °C; [oz]ll)6 +3.1° (¢ = 1.00, MeOH). Anal. Calcd for C32H33NOsS: C, 70.69; H, 6.12; N, 2.58.
Found: C, 70.62; H, 6.12; N, 2.56. The IR, H NMR, and mass spectra of this sample were identical with
those of (R)-11b.
N-[(4-Methoxyphenyl)acetyl]-3,5-dimethoxy-2-[[(4-methoxyphenyl)methyl]thio]-D-

phenylalanine Methyl Ester (22a). Condensation of (R)-11a (391 mg, 1.0 mmol) with 4-
methoxyphenylacetyl chloride (185 mg, 1.0 mmol) and work-up of the reaction mixture were performed as
described previously’ for the synthesis of ent-22a, giving 22a (518 mg, 96%) as a slightly pinkish solid.
Recrystailization of the soiid from AcOEt-hexane (i:1) provided an anaiyticai sampie as colorless minuie
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N, 2.60. Found: C, 64.57; H, 6.15; N, 2.58. The IR, 'H NMR, and mass spectra of this specimen were

I

identical with those of eﬂf=223.7
N-[{4-(Benzyloxy)phenyl]lacetyl]-3,5-bis(benzyloxy)-2-[[(4-methoxyphenyl)methyl]-
thio]-D-phenylalanine Methyl Ester (22b) A mixture of 4-benzyloxyphenylacetic acid?® (2.81 g, 11.6

mmol) and PCls (2.42 g, 11.6 mmol) in hexane (20 ml) was heated under reflux for 30 min. After cooling, the
mixture was decanted, and the residual colorless precipitate was washed with four 5-ml portions of hexane and
dissolved in benzene (85 ml).

In a separate flask, a mixture of a solution of (R)-11b (5.26 g, 9.7 mmol) in benzene (100 ml) and a



solution of NaCO3 (1.54 g, 14.5 mmol) in H>O (100 ml) was stirred under ice-cooling, and the above
benzene solution of the acid chloride was added dropwise over 10 min. After the mixture had been stirred at 8—
10 °C for 1 h, the aqueous layer was separated from the benzene layer and extracted with benzene. The
combined benzene solutions were washed successively with 5% aqueous HCI, saturated aqueous NaHCO3,
and saturaied aqucous Na(Cl, dried, and concentrated to ieave a coloriess solid. Recrystailization from AcOEt-
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residue afforded a second crop (0.98 g) of 22b. Total yield of 22b was 7.02 g (94%). Further

rf-rwcmllnnnnp from the same solvent svstem nrnwded an analvtical samole as colorless minute needles, mp
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132.5-134 °C; Icﬂ“ -8.4° (¢ = 0.50, CHCl3); MS m/z: 767 (M™*); IR v_lfj..m cm~1: 3300 (NH), 1736 (ester
CO), 1653 (amide CO) IH NMR (CDCl3) 8: 2.99 (1H, dd, J = 14,9 Hz) and 3.10 (1H, dd, J = 14, 5.5 Hz)
(ArCH,>CH), 3.40 (2H, s, ArCH>CO), 3.67 and 3.73 (3H each, s, two OMe’s), 3.80 and 3.81 (1H each, d, J
= 12.5 Hz, SCH3), 4.72 (1H, ddd, J = 9, 8, 5.5 Hz, ArCH,CH), 4.92, 4.94, and 5.11 (2H each, s, three
OCH,Ph’s), 5.77 (1H, d, J = 8 Hz, NH), 6.33 and 6.53 [1H each, d, J = 2.5 Hz, C(4)-H and C(6)-H]}, 6.67,
6.84, 6.93, and 7.03 (2H each, d, J = 8.5 Hz, 4-MeOCgH4 and 4-PhCH20CgHy), 7.3-7.55 (ISH m, three

Ph’s). Anal. Calcd for C47H4sNO7S: C, 73.51; H, 5.91; N, 1.82. Found: C, 73.54; H, 5.83; N, 1.73.

(1R,3R)-6,8-Dimethoxy-1-[(4-methoxyphenyl)methyl]-5-[{(4- methoxyphenyl)methyl]-
thio}-1,2,3,4-tetrahydroisoguinoline-3-carboxylic Acid Methy!l Ester {23a). A mixture of hexa-
methyldisiloxane (37.6 g, 0.232 mol), P205 (19.2 g, 0.135 mol), and dry CHCl3 (100 ml) was heated under
reflux in an atmosphere of Ar for 30 min.16 After addition of 22a (10.4 g, 19.3 mmol), the mixture was

heated gently under reflux for a further 10 h. The reaction mixture was poured into cold 10% aqueous NayCOs
(250 ml), and the aqueous layer was separated from the CHCl3 laycr and extracted with CHCl3. The CHCl3
extracts and the original CHCIl3 layer were combined, washed with saturated aqueous NaCl, dried over
anhydrous MgSQOy, and concentrated to leave a pale yellow jelly. The jelly was dissolved in MeOH (300 ml),
and the solution was cooled to -78 °C. NaBHj4 (1.46 g, 38.6 mmol) was added in small portions, and the
mixture was stirred at —78 °C for 1 h. After addition of acetone (10 ml), the reaction mixture was warmed to
room temperature and concentrated in vacuo. The residue was partitioned between CHCl3 and H20. The
CHCIl3 extracts were washed with HyO, dried over anhydrous MgSOy4, and concentrated. Purification of the

residual oil by flash chromatography {AcOEt-hexane (1:1)] furnished 23a (8.16 g, 81%) as a coloriess solid.
The enantiomeric purity of this solid was found to be 91% ee.!! Recrystallization of the solid from MeOH gave

an analytical sample as colorless needles, mp 134-135.5 °C; {ar]y’ +230° (¢ = 0.29, CHC!;‘ Anal. Calcd for
C9H33NOgS: C, 66.52; H, 6.35; N, 2.67. Found: C, 66.35; H, 6.39; N, 2.67. The IR, 'H NMR, and mass
spectra of this sample were identical with those of ent-23a.7
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(1R,3R)-6,8-Bis(benzyloxy)-1-[[4-(benzyloxy)phenylJmethyl]-5-[[(4-methoxyphenyl)-
methyl}thlo} -1,2,3,4-tetrahydroisoquinoline-3-carboxylic Acid Methyl Ester (23b). Cyclization
of 22b (2.15 g, 2.8 mmol) with PPSE, work-up of the reaction mixture, and subsequent reduction with
NaBH4 (159 mg, 4.2 mmol) were carried out as described above for 23a, giving a crude orange oil.
Purification of the oil by flash chromatography [hexane—AcOEt (3:2)] produced 23b (1.67 g, 79%) as a pale
yellow solid. Rec stalhzatlon of the solid from MeOH furnished an ana]yncal] sample as colorless needles, mp
76.5-71.5 °C; [a]l')’ +176° (¢ = 0.25, CHCl3); MS m/z: 751 (M*); IR V‘n‘l;x”' cm-i: jleU (NH), 1734 (ester
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CO); iH NMR (CDCl3) &: 2.18 [1H, dd, J = 16, 11 Hz, C(4)-Hg], 2.65 (1H

. .8 H
{1H, dd, J = 8, 3 Hz, C(1)-H], 4.99 (2H, s), 2H, s), (IH,d, J=125Hz),and 5.15(1H,d, J =
12.5 Hz) (three OCH2Ph’s), 6.55 [IH, s, C(7)-H], 6.67, 6.78, 6.89, and 6.91 (2H each, d, J = 8.5 Hz, 4-

MeOQCgH4 and 4-PhCH;OCgHa4), 7.3-7.5 (15H, m, three Ph’s). Anal. Calcd for C47H4SN068 C,75.07; H,
6.03; N, 1.86. Found: C, 75.06; H, 5.98; N, 1.82. The enantiomeric purity of this analytical sample was
>98% ee.l!
(lR,3R)-3-Hydroxymethyl-6,8-dimeth0xy—l-[(4-methoxyphenyl)mcthyl]-5-[[(4-m¢-
thoxyphenyl)methyl]thio]-1,2,3,4-tetrahydroisoquinoline (24a). Reduction of 23a (2.10 g, 4.0

W



M. Ohba et al. / Tetrahedron 55 (1999) 4999-5016

(N

mmol) with LiAlH4 (228 mg, 6.0 mmol) and work-up of the reaction mixture were performed as described
previously” for the synthesis of ent-24a, giving 24a (1.80 g, 91%) as a colorless solid. Recrystallization from

EtOH produced an analytical sample as colorless minute needles, mp 169.5-173.5 °C; {ajw +234° (c = 0.25,
CHCl3). Anal. Calcd for C23H33NOSS C, 67.85; H, 6.71; N, 2. 83 Found: C, 67 93 H, 6.74; N, 2.80.

81 s CE1 DNIVIR, &G Mass Speciia o1 this sample were identical wi €i -Jﬂ-.'

(1R IPV.L R Ricrhanryvilavv). 1 [lAd.(hanzviavvinhanviimathvil. 1l hudravevmathw]l €
\ll‘,vll’ e "l”‘l’w“ﬂ: -vn;, F S ll" \u‘;llﬂ’ IUAJ "'u\;ll: l]ulv‘“! lj aF “’“. "‘J II!I;‘UIJI -t
[[(4-methoxyphenyl)methyllthiol-1,2,3,4-tetrahydroisoquinoline (24b). A suspension of
LiAlH4 (90 mg, 2.4 mmol) in THF (18 ml) was stirred under ice-cooling, and a solution of 23b (1.18 g, 1.6

mmol) in THF (20 ml) was added dropwise over 10 min. After the mixture had been stirred at room
temperature for 1.5 h, THF-H20 (4:1) (1.8 ml) was added under ice-cooling. Stirring was continued at room
temperature for 30 min, and the insoluble material was filtered off. The filtrate was concentrated in vacuo to
leave a pale yellow solid, which was dissolved in CHCl3. The CHCI3 solution was washed with saturated
aqueous NaCl, dried over anhydrous MgSOy4, and concentrated. Recrystallization of the residual solid from
AcOEt-hexane (2:1) gave a first crop (821 mg) of 2Z4b. A second crop (173 mg) of Zéb was obtained by

PRSI SO oS TS Sy 1 ~as e el

concentration of ihe MOther lIGuor ana subsequent “pl.uulf:"tini‘l of the residu € Dy iiasn ulmlumugrapny {AcOE-
hawvana (211 Tatal viald of 24k wac 004 mo Q70 Furthar raceuctallization fram A0 havana (9-1)
HAQLIV \J. 5 )], LULlal yiviu Ul #MF wad 777 1ig \O/ /U). 1 ullivl lculybuuuaguuu VI NUUVLATLIIVAGLIV \L.1)
provided an analytical sample as colorless needles, mp 153.5-156.5 °C; [a] +182° (¢ = 0.25, CHCl3); MS

miz: 723 (M¥); IR u”“"" cm1: 3200 (NH and OH); III)-I NMR 5 1. 1, dd,
Hgl, 2.49 [1H, m, C(3) H], 2.63 (1H, dd, J = 13.5, 8 Hz) and (1H, dd, J = 13.5, 3.5 Hz) [C(1)-CH3],
2.89 [1H, dd, J = 16, 2.5 Hz, C(4)-Hg], 3.30 (1H, dd, J = 10.5, 6 Hz) and 3.51 (1H, dd, J = 10.5, 3.5 Hz)
(CH,0H), 3.72 (3H, s, OMe), 3.78 and 3.81 (1H each, d, J = 12.5 Hz, SCH3), 4.46 [1H, dd, J = 8, 3.5 Hz,
C(1)-H], 4.99 (2H, s), 5.04 (2H, s), 5.15 (1H, d, J = 12 Hz), and 5.16 (1H, d, J = 12 Hz) (three
OCH>Ph’s), 6.53 (1H, s, C(7)-H], 6.67, 6.77, 6.85, and 6.90 (2H each, d, J = 8.5 Hz, 4-MeOCgH4 and 4-
PhCH,OCgHy), 7.3~7.5 (15H, m, three Ph’s). Anal. Calcd for C46H45NOsS: C, 76.32; H, 6.27; N, 1.93.
Found: C, 76.29; H, 6.27; N, 1.90.

(SR 10aR)-6,8- Dimethox -5-[(4-methoxyp henyl)meth ] 9-[[(4-m thoxyphenyl)meth-

1 O

111H,dd, J= 16, 11 Hz, C(4)-

mixture was heated under reflux for 20 h The reaction mixture was worked up as reponed previously? fo the
synthesis of ent-25a, furnishing 25a (1.84 g, 98%) as a colorless foam, [a] +323° (c = 0.25, CHCl3). The
IR, 'H NMR, and mass spectra of this sample were identical with those of ent-25a.7
(5R,10aR)-6,8-Bis(benzyloxy)-5-[[4-(benzyloxy)phenyl]methyl]-9-[[(4-methoxyphen-

yDmethyljthio}-1,5,10,10a-tetrahydroxazolo[3,4-b]isoquinolin-3(3H)-one (25b). A solution
of 24b (1.06 g, 1.5 mmol) in absolute EtOH (45 ml) was stirred in an atmosphere of N2, and a 1.0 M solution
(2.9 ml, 2.9 mmol) of NaOFt in absolute EtOH and diethyl carbonate (3.5 ml, 29 mmol) were added. The
resulting mixture was then heated under reflux for 23 h. After addition of AcOH (1 ml), the reaction mixture

was concentrated in vacuo, and the residue was partitioned between CH2Cl, and 10% aqueous HCI. The
CH,Cl; extracts were washed successively with qaturated aqueous NaHCO3 and saturated aqueous NaCl, dried
. | .

1 Ail hey flach b fThavana
al i 1

OVET dannyarous fvngo\.m, and concentrated urifics 1 O1 tne 1€ Oi 11a81n \.xnuxuatugnayuy piexane—
A~ANEE (Y1) affaedad V8K (1 N4 o QK04 ac a snlarlace enlid Reoecrvcetallizatian fram BrtOOH f\r\rvlnnnrl an ana-
ALVULL (4.1 )] ALIUHULAE &dBF | 17T By 7 /V) A9 G LULIULILOS SULIU.  IvLul yotaliioal uuuzf;\_nl.l Eis s g s x
lytical sample as colorless minute needles, mp 155 °C (sintered at 113 °C); [aln +262° (¢ = 0.25, CHCl3);

FABMS miz: 750 (MHY); IR v N“’“ cm-1: 1767 (oxazolidinone CO); 'H NMRD(CDC13)8 0.62 [1H, dd, J =
15, 11.5 Hz, C(10)-Hq], 2.84 (m, dd, J = 13.5, 2 Hz) and 3.58 (1H, dd, J = 13.5, 5 Hz) [C(5)-CH3], 2.91
[1H, dd, J = 15, 3 Hz, C(10)-Hg], 3.16 [1H, dddd, J = 11.5, 11, 8, 3 Hz, C(10a)-H], 3.44 (1H, dd, J = 11,
8 Hz) and 4.10 (1H, dd, J = 8 Hz each) [C(1)-H’s], 3.63 and 3.74 (1H each, d, J = 12.5 Hz, SCH3), 3.72
(3H, s, OMe), 4.92, 4.94, 5.16, and 5.20 (1H each, d, J = 12 Hz) and 5.08 (2H, s) (three OCH,Ph’s), 5.33
[1H, dd, J = 5, 2 Hz, C(5)-H], 6.44, 6.657, 6.659, and 6.86 (2H each, d, J = 8.5 Hz, 4-MeOCgH4 and 4-
PhCH,0CgH4), 6.59 [1H, s, C(7)-H], 7.25-7.5 (15H, m, three Ph’s). Anal. Calcd for C47H43NQO¢S: C,

\O
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75.28; H, 5.78; N, 1.87. Found: C, 75.24; H, 5.70; N, 1.86.
(5R,10aR)-9-Mercapto-6,8-dimethoxy-5-[(4-methoxyphenyl)methyl]-1,5,10,10a-tetra-

hydroxazolo[3,4-blisoquinolin-3(3H)-one (26a). Deprotection of 25a (1.82 g, 3.5 mmol) with

mercuric trifluoroacetate (2.24 g, 5.3 mmol) in the presence of anisole (1.9 ml, 17.5 mmol) and work-up of the

[P . £ ol o o e X P | c-_ u_ - L

rcaciion mixture werc €riecied as l'cp()rlt:u prch()Ub y ior me byl’llﬂCblS OI enl‘m, dIIOl’(lmg m \l J.’ g,
QKO ac a onlarlace olace Tevwl aANURC (~» — NIK ("Uf‘l‘\ Th 1D 117 NIRAD nd mmnco cnan Af thia alace
P30} & COsOC88 Euass, (B T2I0 \C = U.2J5, Lnli3). 1408 iR, "1 (NVIR, &G mass Dpobua O1 uiisS giass

<D
were identical with those of enz-26a 7

Y alar Al S LTes

(5R,10aR)-6,8-Bis(benzyloxy)-5-[[4-(benzyloxy)phenyllmethyl]-9-mercapto-1,5,10,-
10a-tetrahydroxazolo[3,4-blisoquinolin-3(3H)-one (26b). A mixture of 25b (885 mg, 1.2 mmol),
anisole (643 mg, 5.9 mmol), mercuric trifluoroacetate (779 mg, 1.8 mmol), and absolute EtOH (70 ml) was
stirred at room temperature for 19 h. After addition of NaBH4 (180 mg, 4.8 mmol) under ice-cooling, the
reaction mixture was stirred at 0 °C for 15 min and then acidified with 10% aqueous HCL. The insoluble
material was filtered off, and the filtrate was concenirated in vacuo. The residue was partitioned between
CHCI3 and H0. The CHCl3 extracts were washed with saturated aqueous NaCl, dried over anhydrous
MgS0Oy, and concentrated. Purification of the residual yeliow oii by fiash chromatography [hexane—AcOEt

LYY o2 3 LA fEAA ao o nralaslaca (s 3o 3o Lo RPN = AL EYM ITADAIC ___I1_. £
(2:1)] provided 26b (644 mg, 87%) as a colorless foam, [u.jD +232° (¢ = 0.25, CHCl3); FABMS m/z: 630

(MH*); IR vVERCB ¢m-1: 2590 (SH), 1742 (oxazolidinone CO); 'H NMR (CDCl3) 8: 0.70 [1H, dd, J = 14.5,
11.5 Hz, C(10)-Hg], 2.66 [1H, dd, J = 14.5, 3.5 Hz, C(10)-Hp], 2.84 (1H, dd, J = 13.5, 2.5 Hz) and 3.66
(1H, r_ic.i .J= 13.5, 5 Hz) [C(5)-CH2), 3.52 (1H, dd, J = 11, 8 Hz) and 430 (1H, dd, J = 8 Hz each) [C(1)-

H’s], 3.70 [1H, dddd, J = 11.5, 11, 8, 3.5 Hz, C(10a)-H], 3.83 (1H, s, SH), 5.02 (2H, s) and 5.06, 5.09,
5.11, and 5.16 (1H each, d, J = 11.5 Hz) (three OCH,Ph’s), 5.39 [1H, dd, J = §, 2.5 Hz, C(5)-H], 6.43
(2H, d, J = 8.5 Hz, C(3)-H and C(5)-H], 6.59 [1H, s, C(7)-H], 6.71 [2H, d, J = 8.5 Hz, C(2')-H and
C(6')-H], 7.25-7.45 (15H, m, three Ph’s);24 HRFABMS m/z calcd for C39H3¢NOsS: 630.2314, found:
630.2332.
(5R,10aR)-9-[(5-Formyl-1-methyl-1H-imidazol-4-yl)thio]-6,8-dimethoxy-5-[(4-me-
thoxyphenyl)methyl]-1,5,10,10a-tetrahydroxazolo[3,4-b]isoquinolin-3(3H)-one (28a). Cou-

smmb oL

pnng of 26a (l 32 £, 33 mmm) with 4-bromo-1- l'l‘lctﬂyl 1H-imidazole- :)-caroawcnyoe (&7)Y (0 O mg, 3.6

e e b g ot o el e ol ae Aacnsihiad massinatole ] Foar tha onthacio Af st
mmm) and wun&-up O1 G€ reaciion mixiui€ werc pCriormiea as acsCriocd pitviousty ™ 101 UG8 SynuiCsis O1 éri-
Mo vialdinag ¥Ma (1 14 o ARAE) ac a nale vallaw Fnom frvl 11N4° (A = 0I5 CHClaY Tha TR 1 MR
A, _ynd\uus AAFER | .17V 5’ o Aal) as a l.lajb _YUIIUW LUQLlL, WA} T 1uUTT AL = UV.&ady kil § ). A LW AXNg L& LNiAYRAN,

and mass spectra of this specimen were identical with those o

(5R,10aR)-6,8-Bis(benzyloxy)-5-[[4- (benzvloxv)nhenvlImethvll 9-[(5-formyl-1-meth-
yl-1H -imidazol-4-yl)thio]-1,5,10,10a-tetrahydroxazolo[3,4-b]isoquinolin-3(3H)-one (28b).
To a stirred mixture of 26b (503 mg, 0.80 mmol) and an oil dispersion (38 mg) containing 60% NaH (0.95
mmol) in DMF (6 ml) in an atmosphere of Ar was added a solution of 276 (166 mg, 0.88 mmol) in DMF (6
ml). The resulting mixture was then heated at 100 °C for 3.5 h. After cooling, the reaction mixture was
concentrated in vacuo, and the residue was partitioned between AcOEt and H»O. The AcOEt extracts were
washed with saturated aqueous NaCl, dried, and concentrated to leave a brown oil, which was purified gy flash
chromatography [AcOEt-hexane (2:1)] to provide 28b 328 mg, 56%) as a shightly yellow foam, [a]y" +134”
(c = 0.25, CHCI3); FABMS m/z: 738 (MH*); IR v B em-t; 1744 (oxazolidinone CO), 1664 (aldehyde

M, 1y ATRATY st V. N 04 FITT 1 —_ 1& 11:’1’!,_ U1 IT 1T Y07 /1T 32 T 12 & DK e nead
U T INIVEIK (U LARLEY) Q: u.d4 jin, aq, J =10, 11.0 14, LLiVU)-IIgl, £.07 (1, U4W, J = 10.7, £.J 11L) n
2£Q (LT Ad T . 127 & & Ha) IYSYV_OCHAT 24111 A4d 7T =18 R Hz (C/1TM_Hal 28K (1TH Add - 11 R
J.U0 111, UU, J = 1J.J, J IL) [\J)"il/j, J.1 111, UU, v — 1J, J 114, LA LY) l.lpj, Fead\J 1ALy By v Ay T
Hz) and 4.32 (1H. dd. J = 8 Hz each) [C(1)-H’s]. 3.73 (3H, s, NMe), 3.77 [1H, dddd, J = 11.5, 11, &, 3 Hz,

] QLN T.ok 112k WUy v U iRk VAVAR) [N\ LJTER O]y O O\FERy Sy ANIVAV 7y Ja 7 LraRy SSSSRaRa, 21 'Y »
.10, and 5.12 (I1H CdCh d, J= 11 Hz) (three OCﬂzPh's) 5.39

C(10a)-H], 5.00 (2H, s) and 5.01, 5.07, 5
; =5,
[2H, d, J 9 Hz, C(2) H and C(6) H], 7.25~7.45 (16H, m, 1m1dazole rmg proton and three Ph s), 9 87
(1H, s, CHO);24* HRFABMS m/z calcd for C44H49N306S: 738.2637, found: 738.2651.
(5R,10aR)-9-[(5-Hydroxymethyl-1-methyl-1H-imidazol-4-yl)thio]-6,8-dimethoxy-S5-
[(4-methoxyphenyl)methyl]-1,5,10,10a-tetrahydroxazolo[3,4-blisoquinolin-3(3H)-one
(29a). Reduction of 28a (1.12 g, 2.2 mmol) with NaBH4 (84 mg, 2.2 mmol) and work-up of the reaction
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mixture were effected as reported previously” for the synthesis of ent-29a, giving 29a (899 mg, 80%).
Recrystallization from MeOH afforded an analytical sample as colorless prisms, mp 249-250 °C; [a]" +90.4°
(¢ = 0.26, CHCl3). Anal. Calcd for Co6H29N306S: C, 61.04; H, 5.71; N, 8.21. Found: C, 60.95; H 5.70;

N, 8.19. The IR, TH NMR, and mass spectra of this sample were identical with those of ent-29a. 7
Vs » M By £ D Wer_sb ___ ___1____.\ & A 0 _ .. _.% ______Y__0L e AR —_—— Al __§
iVaK )-9,0-DIS{DENZYIOXY )-J-| | 4-{ DENZY10XY meinyi-

-imida .1
(29b). To a stirred solution of 28b (328 mg, 0.
0.49 mmol), and the mixture was stirred at room temperature for 1 h. After addition of acetone (2 ml), the
reaction mixture was concentrated in vacuo, and the residue was partitioned between CH>Cl and H20. The
CH;Cl; extracts were washed with saturated aqueous NaCl, dried, and concentrated. Purification of the
resndue by flash chromatography [AcOEt-EtOH (10:1)] furnished 29b (295 mg, 90%) as a colorless foam,
[0]2) +107° (¢ = 0.25, CHCl3); FABMS m/z: 740 (MH*); IR VorC'® cm!: 3470 (OH), 1743 (oxazolidinone
CO) I'H NMR (CDCl3) &: 0.93 [1H, dd, J = 15, 11.5 Hz, C(10)-Hg], 1.68 (1H, br, OH), 2.85 (1H, dd, J =
13.5, 2.5 Hz) and 3.66 (1H, dd, J = 13.5, 5 Hz) [C(5)-CH>], 3.49 (3H, s, NMe), 3.63 (1H, dd, J =11, 8
Hz) and 4.37 (1H, dd, J = 8 Hz each) [C(1)-H’s], 3.77 [iH, dddd, J = 11.5, 11, 8, 3 Hz, C(i0a)-Hj, 3.86

[1H, dd, J = 15, 3 Hz, C(10)-Hg], 4.54 (2H, br, CH2OH), 5.00 (2H, s) and 5.03, 5.06, 5.08, and 5.14 (1H

each, d, J = 11.5 Hz) (three OCHzPh’s), 5.36 [1H, dd, J = 5, 2.5 Hz, C(5)-H}, 6.40 [2H, 4, J = 9 Hz, C(3)
H and C(5)-H], 6.54 [1H, s, C(7)-H], 6.57 [2H, d, J = 9 Hz, C(2)-H and C(6)-H], 7.19 (1H, s, imidazole
ring proton), 7.3-7.45 (15H, m, three Ph’s);24 HRFABMS m/z calcd for C44H43N30gS: 740.2794, found
740.2784

(5R,10aR)-9-[[5-[[(2R-trans)-2,5-Dihydro-3,6-dimethoxy-2-(1-methylethyl)pyrazin-5-
yllmethyl]-1-methyl-1H-imidazol-4-yljthio]-6,8-dimethoxy-5-[(4-methoxyphenyl)methyl]-
1,5,10,10a-tetrahydroxazolo[3,4-blisoquinolin-3(3H)-one (30a) and (5R,10aR)-9-[[5-[[(2R-
cis)-2,5-Dihydro-3,6-dimethoxy-2-(1-methylethyl)pyrazin-5-yljmethyl]-1-methyl-1H-imid-
azol-4-yljthio}-6,8-dimethoxy-5-[(4-methoxyphenyl)methyl]-1,5,10,10a-tetrahydroxazolo-
[3,4-blisoquinolin-3(3H)-one (31a). Chiorination of 29a (835 mg, 1.6 mmol) with SOCI,, followed
by aikyiation of (R)-9, prcpaxcd from (2R)-(-)-2,5-dihydro-3,6-dimethoxy-2- -isopropylpyrazine26 (503 mg,

o lamor o sl sren Af thn sanatd ra ~oreiad ac manartad

‘|' 7 uuuux), wu.n lllC lcauxung \rlllUliUC auu WOIK- up O1 e reaction llu}\lulc Were \.«ﬂ«lliUU Uul ad ivpuinai

previously” for the syntheses of ent-30a and ent-31a, affording 30a (642 mg, 58%) [[Ot}D +31.0° (¢ = 0.36,

CHCl3)] and 31a (375 mg, 34%) [rm?‘ +8.0° (¢ = 0.37, CHCI3)]. The IR, 'H NMR, and mass spectra of

SoRANCLJ )} GEARG WA \ 7o RidByy — ¢ IV “iD P S YA L o i

these samples were identical with those of ens-30a and enr-31a, reqoectlvelv

(Sk,l()aR) 5-[[6,8-Dimethoxy-5-[(4-methoxyphenyl)methyl}-3(3H)-0x0-1,5,10,10a-
tetrahydroxazolo[3,4-b]Jisoquinolin-9-yl]thio]-3-methyl-L-histidine Methyl Ester (ent-5).
Hydrolysis of 30a (605 mg, 0.89 mmol) with 0.25 N aqueous HCI (16 ml) in MeOH (8 ml) and work-up of
the reaction mixture were performed as reported previously’ for the synthesis of §, yielding ent-§ (473 mg,
91%) as a colorless glass, [0!]1')25 4+91.0° (¢ = 0.29, CHCI3). The IR, 'H NMR, and mass spectra of this glass
were identical with those of 5.7

(SR 10aR)- 5 [[6 8 Dimethoxy -5- [(4 methoxyphenyl)methyl] -3(3H)-0x0-1,

AN L N AQ By ootel N AL Ay oo W

Hydrolysis of 31a (326 mg, 0.48 mmol) with 0.25 N aqueous HCI (8 u) in MeOH (4 ml) was carried out
o 1, hat dag,

PP RS sTR it BN O L S S e R T tha ran~tinm smivinira

TOOIIl CIMPETature 101 <.0 n. v Ork-up of the reaction mixture it a manne

for the synthesis of 6 gave ent-6 (253 mg, 90%) as a colorless glass, [OL]D 1.4° (c = 0.26, CHCl3). The

IR 1H NMR, and mass spectra of this camnle were identical with those of 6. 7

2L%, XX A W3 ARG PRI B2 WAL A Al Y LAV

(1R, 33) §-[[3-Hydroxymethyl- 6 8-dimethoxy-1-[(4-methoxyphenyl)methyl]-1,2,3,4-
tetrahydroisoquinolin-5-yllthio]-3-methyl-L-histidine Methyl Ester (32). A mixture of ent-§ (442
mg, 0.76 mmol) and 6 N aqueous HCI (8 ml) was heated at 100 °C for 1 h. The reaction mixture was
concentrated in vacuo to leave a slightly yellow solid, which was dissolved in a mixture of 2 N aqueous NaOH
(6 ml) and MeOH (6 ml). The resulting solution was then heated at 80-85 °C for 60 h. After cooling, 6 N

aqueous HCI (2 ml) was added, and the mixture was concentrated in vacuo. An insoluble material, after
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addition of MeOH, was removed by filtration and washed with MeOH. The filtrate and washings were
combined and concentrated in vacuo. The pale yellow solid that resulted was taken up in 10% HCI-MeOH (16
ml). After heating under reflux for 7 h, the reaction mixture was concentrated in vacuo to leave a yeliowish oil,

-y~ P 7o)

which was dissolved in H2U made basic with saturated aqueous NaHCO3, and extracted with CHCIi3. The

AFRIIRMAITG Axroe amlherde o mrmmteata

\,n\,13 €Xtracts were waaucu Wllll aau.uau.u aqucous l‘lﬂ\_,l U.l'lt:u over -umyuruuh mgw4, m Cmmﬁu

Dhiarifinatinn af tha racidnal ail hy flagch chramataoranmhe [, RAaMNLT 2-1)] sowva XY FUYT s TR ac o
I GLILIVGLIVRL Wi une l‘dﬂluum i U‘y 21AD11 hluULllaLUslﬂPll’ l\_’.ll\dlj LVILA K2 \J !H&ﬂvc T \JU, ‘-115 177 "‘] ad a

colorless glass, [a] +102° (¢ = 0.50, CHCI3); MS m/z: 555 M*+-1); IR V nax 3 em~!1: 3630 (OH), 3380,
3320 (NH; and NH) 1736 (ester CO); !H NMR (CDCl3) 8: 2.33 [1H, dd, J = 16.5, 11 Hz, C(4)-Hg]l, 2.73
(1H, dd, J = 13.5, 7.5 Hz) and 3.23 (1H, dd, J = 13.5, 3.5 Hz) [C(1)-CH3], 2.90 [1H, m, C(3)-H], 2.92
(1H, dd, J = 15, 9 Hz) and 3.16 (1H, dd, J = 15, 5.5 Hz) [C(6')-H’s], 3.50 [1H, dd, J = 16.5, 3 Hz, C4)-
Hgl, 3.52 (1H, dd, J = 10.5, 6.5 Hz) and 3.72 (1H, dd, J = 10.5, 4.5 Hz) (CH20H), 3.57, 3.76, 3.77, 3.87,
and 3.88 (3H each, s, NMe and four OMe’s), 3.74 {1H, dd, J =9, 5.5 Hz, C(7')-H}, 4.51 [IH, dd, J = 7.5,
3.5 Hz, C(1)-H], 6.39 [1H, s, C(7)-H], 6.74 |2H, d, J = 8.5 Hz, C(3")-H and C(5")-H], 6.99 [2H, d, J =
8.5 Hz, C(2")-H and C(6")-H], 7.30 [1H, s, C(2)-H]; 23 HRFABMS mi/z calcd for Co3H37N406S: 557.2434,
found: 557.2407.
(1R, 3R) 5- [[3 ydroxy ethyl-6,8-dim thoxy-1-[(4-me hoxyphenyl)methyl] 1,2,3.4-
W 1 2\ Tna -
t escribed abov ’
colorless glass, falls +85.8° (¢

‘:: (=%
n
L.T
Nd
Z
w3
2
h

1

_—~

£
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o 0.49, C , :
3320 (NH7 and NH), 1736 (ester CO); ! (CDC13) 5 2 35 [1H, dd J = 16 10 5 Hz C(4)—Ha], 2. 72
(1H, dd, J = 13.5, 7.5 Hz) and 3.23 (lH, dd, J = 13.5, 3 Hz) [C(1)-CH;], 2.91 [1H, m, C(3)-H], 2.98 (1H,
dd, J = 14.5, 9 Hz) and 3.13 (1H, dd, J = 14.5, 5.5 Hz) [C(6')-H’s], 3.50 [1H, dd, J = 16, 2.5 Hz, C(4)-
Hgl, 3.52 (1H, dd, J = 11, 5.5 Hz) and 3.73 (1H, dd, J = 11, 4.5 Hz) (CH20H), 3.57, 3.766, 3.770, 3.87,
and 3.88 (3H each, s, NMe and four OMe’s), 3.83 [1H, dd, /=9, 5.5 Hz, C(7')-H}, 452 [1H, dd, J =175, 3
Hz, C(1)-H], 6.39 [1H, s, C(7)-H], 6.74 [2H, d, J = 8.5 Hz, C(3")-H and C(5")-H], 6.99 [2H, d, J = 8.5

/.

Hz, C(2")-H and C(6")-H], 7.30 [1H, s, C(2)-H];2% HRFABMS m/z caicd for C23H37N406S: 557.2434,

' ey T4

found: 557.2435.
/1D R\ AT (4oud - e
(1R, I j=I¥ -\un-nutuay
dimethoxy-1-[(4-methoxyphenyl)methyl]-
L-histidine Methyl Ester (34). A mixtur

L-histidine Methyl Ester (34). e

mg, 1.6 mmol) in CHCI3 (10 ml) was stirred at room temperature for 6 h. After concentration of the reaction
mixture under reduced pressure, the residual oil was nunfled by flash chromatography [CHCl3-MeOH (20:1)]
to provide 34 (365 mg, 91%) as a colorless glass, [a] +88 0° (¢ = 0.57, CHCl3); FABMS m/z: 757 (MH);
IR vEHCD em-1: 3430, 3355 (OH and NH), 1744 (ester CO), 1705, 1680 (carbamate CO); !H NMR (CDCl3)
5:1.18 (9H, br s) and 1.34 (9H, s) (two rert-Bu’s), 2.69 (1H, br), 2.90 (1H, br), 3.14 (1H, dd, J = 14.5, 5
Hz), and 3.4-4.0 (m) [C(1)-CH;, CH>OH, C(4)-H’s, and C(6")-H’s], 3.58, 3.78, 3.81, and 3.88 (s each,
NMe and four OMe’s), 4.42 (br) and 4.54 (m) [1H each, C(3)-H and C(7')-H], 5.43 (IH, d, J = 8.5 Hz,
NH) 5 58 [1H, br, C(1)-H], 6.33 [1H, br, C(7)-H], 6.81 [2H, br, C(3")-H and C(5")-H], 7.15 [2H, d, J =

o~ vy an rrnr-. R WA

L(z }H and C(6")-H], 7.30 [iH, s, C(2)-H];2® HRFABMS m/z calcd for C33H353N400S:

sbowvannhanell 1 hodnavemeadthel £ 2_
utoxycarbonyl)-3-hydrexymethyl-§,8-
rahydroiseq uinolin 5-yl]lthie]-3-methyl-
0.53 mmol) and di-tert-butyl dicarbonate (347

Raa FTURSS Y 2 RRAMR URCRASSN

\‘}u.yl] o= IIJUIUXJII wuu;n v,u=
hoxy-1-[(4-m thoxyphenyl) thyl]-1,2,3,4- tetrahydronsoquinolin -5-yl]thio]-3-methyl-
e Methyl Ester (35). Protection of 33 (62 mg, 0.11 mmol) with di-tert-butyl dicarbonate (73

v 2 madstoa (el IRV <27 (L4 12 ARRRAECR ) uicai v

4. .33 mmol) and work-up of thc reacuon mixture were nerformed as described above for 34, giving 35 (82
mg, 97%) as a colorless glass, [01]h +58.2° (¢ = 0.50, CHCIl3); FABMS m/z: 757 (MH*); IR v CT cml:

3430, 3355 (OH and NH), 1746 (ester CO), 1703, 1680 (carbamate CO); 'H NMR (CDCl3) 8 1 ]5 (br 8),
1.20 (s), and 1.31 (br) (18H, two tert-Bu’s), 2.62 (1H, br), 2.97 (1H, br), 3.16 (1H, dd, J = 15, 6 Hz), and
3.44.0 (m) [C(1)-CH3, CH>0H, C(4)-H’s, and C(6')-H], 3.62, 3.79, 3.81, and 3.96 (s each, NMe and four

OMe’s), 4.56 [2H, br, C(3)-H and C(7')-H], 5.52 and 5.80 [1H each, br, C(1)-H and NH], 6.39 [1H, br s,
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C(7)-H}, 6.82 [2H, br, C(3")-H and C(5")-H], 7.18 [2H, d, J = 8.5 Hz, C(2")-H and C(6")-H], 7.31 [1H, s,

C(2")-HJ;2% HRFABMS m/z calcd for C3gH53N4010S: 757.3482, found: 757.3485.

(1R,3K)-N -(iert-Butoxycarbonyl)-5-[[2-(tert- butoxycarbonyi)-3-formyi-6 ,8-dimethoxy-
1-[(4-methoxyphenyl)methyl]-1,2,3.4- tetrahydrolsoqmnolm 5-yllthio]-3-methyl-L-histidine

Mntlnv‘ Fdnr I’t‘\ A cnhitinn nf nvultrl f‘"\'l\ﬂl“ﬂ (178 m A mmnl) se OLILML. 2 ml\ serna neenlad 0 T
Yauw Je i3 SURULRAIL Ul UVAQiYl ViUliue (1 I.J xué, 1 D gpttsttiviy) in NARRZNALT (2 L) Wad VORIIGAL WV — /70
°C in an atmosphere of Ar, and a solution of DMSO (216 me, 2.8 mmol) in CH»Ch (1 ml) was added. After

SRIIPRRAT UL AL, /5% a YIRS &2 1N, ARARAIL) 211 NCRA NL A |4 dadi; VY RO SsSwwer 4 BAvwa

the mixture had been stirred for 3 min, a solution of 34 (350 mg, 0.46 mmol) in CHzC! (3 ml) was added
dropwise. Stirring was then continued at —78 °C for a further 1 h. The reaction mixture, after addition of Et3N
(0.9 ml), was brought to room temperature and partitioned between CH2Cly and HpO. The CH,Cl; extracts
were washed with saturated aqueous NaCl, dried over anhydrous MgSOy, and concentrated. Purification of
the rgsxdue by flash chromatography [hexane—acetone (6:5)] furanhed 36 (283 mg, 81%) as a colorless foam,
[a)y +35.6° (¢ = 0.50, CHCl3); FABMS m/z: 755 (MH*); IR Viax - cm” 1: 3430, 3360 (NH), 1736 (CHO),

1701, 1675 (carbamate CO); 'H NMR (CDCl3) 6: 1.337, 1. 342 and .38 (18H, s each, two fert-Bu’s), 2.22

(3/5H, dd, J = 15, 13.5 Hz) and 2.44 (2/5H, dd, J = 16, 14.5 Hz) [C(4)-Hg], 2.8-3.0 [2H, m, C(1)-CHa],
218 A4 JF . 1A & Iy 1 1£ /A4 T — 1A & & LI\ 270 (33 T oo 1A E 0D Iy need 22N 713 T _ 1A O
.00 (U, J = 19D, J 1 )y 2-A0 (U, J = 1%.0, J 114}, J.40 \UU, J = 19,0, ¥ 114}, allU J.0U (U4, J = 194.9, 7
H2\ [ ARV H’el 282 2AKA0 27 278 277 270 2R and 201 (18 ¢ aarh NMa and fanr
TlL) joily WU JTHL Ofy JedUy DUy Juiy Juldy Juldy Jui 7, J.00, Al J,71 (1J11, D Lalii, 1VIVIL aliu 1vul
OMe’s), 3.94 (ddd, J = 13.5, 5.5, 3 Hz), 4.0-4.1 (m) and 4.12 (dd, J = 15, 5.5 Hz) [2H, C(3)-H and C(4)-
HR] 448 [1H, m, C(7')-H], 5.42 (2/5H d, 7 =8.5 Hz) and 5.46 (3/5H, d, J = 8.5 Hz) (NH), 5.50 (2/5H)

6.74 (4/5H) [d cach, J 8.5 Hz, C(3 ) H and C(S")—H], 6.87 (6/5H) dnd 6.96 (4/5H) {d each, J 8.5 Hz,
C(2")-H and C(6")-H], 7.28 (2/5H) and 7.30 (3/5H) [s each, C(2')-H], 9.48 (3/5H, d, J = 3 Hz) and 9.61
(2/5H, d, J = 2.5 Hz) (CHO);2% HRFABMS m/z calcd for CagHs N4O0S: 755.3326, found: 755.3323.
(1R,3R)-N-(tert-Butoxycarbonyl)-5-[[2-(tert-butoxycarbonyl)-3-formyl-6,8-dimethoxy-
1-[(4-methoxyphenyl)methyl]-1,2,3,4-tetrahydroisoquinolin-5-yljthio]-3-methyl-D-histidine

Methyl Ester (37). Oxidation of 35 (100 mg, 0.13 mmol) with oxalyi chioride (50 mg, 0.39 mmol) and
DMSO (61 mg, 0.78 mmol) and work-up of the reaction mixture were carried out as described above for 36.

Darrifinmtionn ~f 0 ~rmada yallagy alace he “nn]-\ AhenmntAnsonnlh FOLIEM . RAANLT /YN TYY ez Adod 1" Q2 oy
rurincanion 01 a Cruae yYoenouw gladd Uy ladi CiIHunaiVgiaplly [IBRCI=IVECAUIEL \ QUL 1 )] oy (IaCa D7 (0o ik,
RAGLY ae a ronlorlace olace l'nﬂl8 ~_85Q° (r =080 CHClY: FARMS /> 788 {MBEH)- IR “CHCi:; om—1. 3428
VJ /U ) A0 & LUV IWOD 6[“&’1, lu]D AP A2 Ve WUy \/ll\/l)}’ A LMAILAVANT FF31 L 1 JJ \AVELL Jy RAN ¥ ALl » TTHTTy
3360 (NH), 1736 (CHO), 1701, 1675 (carbamate CO); 'H NMR (CDCl3) &: 1.35, 1.36, and 1.37 (18H, s

each, two tert-Bu’s), 2.26 (3/5H, dd, J = 15, 13 Hz) and 2.45 (2/5H, dd, J = 16.5, 14 Hz) [C(4)-Hg], 2.82

(2/5H, dd, J = 13.5, 7 Hz), 2.85 (2/5H, dd. J = 13.5, 6 Hz), 2.92 (3/5H, dd, J = 13.5, 6 Hz), and 2.95
(3/5H, dd, J = 13.5, 7 Hz) [C(1)-CH2], 3.1-3.35 [2H, m, C(6)-H’s], 3.58, 3.59, 3.70, 3.75, 3.775, 3.779,
3.784, 3.79, 3.87, and 3.90 (15H, s each, NMe and four OMe’s), 3.85-4.1 [2H, m, C(3)-H and C(4)-Hgl,
4.51 [1H, m, C(7)-H1, 5.51 (2/5H) and 5.72 (3/5H) [dd each, J = 7, 6 Hz, C(1)-H], 5.52 (1H, d, J = 8.5
Hz, NH), 6.29 (3/5H) and 6.34 (2/5H) [s each, C(7)-H], 6.67 (6/5H) and 6.73 (4/SH) [d each, J = 8.5 Hz,
C(3")-H and C(5")-H], 6.8 (6/5H) and 6.95 (4/SH) [d each, J = 8.5 Hz, C(2")-H and C(6")-H), 7.29 (2/5H)

and 7.30 (3/5H) [s each, C(2')-H], 9.47 (3/5H, d, J = 3.5 Hz) and 9.59 (2/5H, d, J = 2.5 Hz) (CHO); 29

HRFABMS m/z caled for C3gHs5iN40O10S: 755.3326, found: 755.3327.
(1R,3R)-N-(tert-Butoxycarbonyl)-5-[[2-(tert-butoxycarbonyl)-6,8-dimethoxy-3-(me-
thaverar anv_1_1{A_mathavvnhanviimathull.1 2 2 d_tatrahvdrnicanninalin. S_vilthinl. 2.
IllUA_yI.al UUII ll F Sl l‘v l!lclllu[\‘yl’llLllJl’lll‘lllllj "b,J’-' "SR “ll:“l Uln’v!‘“l“ull" -t Jlj‘vlll“] -t
methyl-L-histidine Methy! Ester (38). (i) From 36. A mixture of 36 (280 mg, 0.37 mmol), KOH (63
mg, 1.1 mmol), and iodine (122 mg, 0.48 mmol) in MeOH (8 ml) was stirred at 0 °C for 2 h. After further

additions of a solution of KOH (63 mg, 1.1 mmol) in MeOH (1.5 ml) and a solution of iodine (122 mg, 0.48
mmol) in MeOH (1.5 ml), stirring was continued at 0 °C for 3 h. The reaction mixture was concentrated in
vacuo, and the residue was partitioned between CHCl> and H2O. The CH2Cl; extracts were washed
successively with 2% aqueous NaHSO3, saturated aqueous NaHCO3, and saturated aqueous NaCl, dried over
anhydrous MgSOQy4, and concentrated to leave a slightly yellow glass. Purlﬁcatlon by flash chromatography
[acetone—hexane (1:1)] gave 38 (206 mg, 71%) as a colorless glass, [()L]D —15.3° (¢ = 0.50, CHCl3); FABMS
miz: 7185 (MH%); IR Vo 53 eme i 3430, 3360 (NH), 1746 (ester CO), 1701 (carbamate CO); 'H NMR

[FS)
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(CDCl3) &: 1.25, 1.26, 1.34, and 1.37 (18H, s each, two tert-Bu’s), 2.70 (2/5H, dd, J = 13.5, 5.5 Hz), 2.77
(3/5H, dd, J = 13.5, 8.5 Hz), 3.09 (2/5H, dd, J = 13.5, 8 Hz), and 3.18 (3/5H, dd, J = 13.5, 6 Hz) [C(1)-

CH2], 2.90 (3/5H) and 2.99 (2/5H) [dd each, J = 15.5, 13 Hz, C(4)-Hq], 3.15 (1H, dd, J = 15, 5 Hz) and

3.33 (1H, dd, J = 15, 9.5 Hz) [C(6)-H’s], 3.38, 3.58, 3.60, 3.62, 3.74, 3.78, 3.80, 3.82, 3.84, 3.85, and
7 OMn 101X = aask YR & _ A L. LAY A NN /NIEYY 33 ¥ 173 £ £ YY_N\ .3 & MmA [MIZTY a3 ¥ 17 £ TE_\
J.0Y (1011, § €aCn, NIVIE anda 11ve Uvie S) >, 4.AU (3/oi, 04, J = 13, 0.0 ML) and 4.44 (4/0n1, 04, J = 15,0 11Z)
[C(3)-H], 4.45-4.55 [2H, m, C(4)-Hg and C(7)-H], 5.42 (2/5H) and 5.46 (3/5H) (d each, J = 8.5 Hz, NH),
5.50 (2/5H, dd, J = 8, 5.5 Hz) and 5.67 (3/5H, dd, J = 8.5, 6 Hz) [C(1)-H), 6.17 (3/5H) and 6.29 (2/5H) [s
cach, C(7)-H], 6.68 (6/5H) and 6.79 (4/5H) [d each, J = 8.5 Hz, C(3")-H and C(5")-H], 7.01 (6/5H) and

7.19 (4/5H) [d each, J = 8.5 Hz, C(2")-H and C(6")-Hl, 7.29 (2/5H) and 7.32 (3/5H) [s each, C(2')-H];2%
HRFABMS m/z calcd for C39Hs3N4011S: 785.3432, found: 785.3436.

(ii) From Imbricatine (2). A solution of 2 (6.3 mg, 12 umol) in 12% methanolic HCI (2 ml) was
heated under reflux for 3 h. The reaction mixture was concentrated in vacuo to leave a pale brown glass, which
was dissolved in CHCI3 (0.5 ml). The solution, after additions of EtsN (55 ul, 0.39 mmol) and a solution of
di-tert-butyl dicarbonate (25 mg, 0.11 mmol) in CHCI3 (0.2 ml), was stirred at room temperature for 6 h.
Concentration of the reaction mixture and purification of the residual pale brown solid by flash chmmatography

[dCC[DﬂC—ﬂCanC [l l)j dlIOl'(lC(l a LOlﬂrlﬁbb b()ll(.l \J 8 mg) A mixture 0[ Ult: bUllu, Lbl“—-dlﬂllllﬂd"" \“I'U ng),

Mel (24 mg, 0.17 mmol), and CH3CN (0.5 ml) was then stirred at room temperature for 1 h. An insoluble
mofnﬂq' ‘IIQE F‘ ﬂl"ﬂ' ‘F‘r Dﬂl‘ ‘Xlﬁk"mf‘ \ll‘fh p”ﬁp” T ‘l rn ol |

washings were combined and concentrated

ILIALWE AR YYD ERARWE d cll GARERE VYV EAOLRWAS YV ILIL X AJ\JA‘ ARl At mld "ualul‘aa VY Wi WASLALAUV ALV AW VAW Wi

in vacuo to leave a pale brown glass, which was pun;ggd by preparative TL: C [silica gel, AcOE+FEtOH (10:1)]
24

to provide 38 (2.9 mg, 30%) as a colorless glass, [a};" ~13.5° (c = 0.085, CHCI3). This sample was identical

[by comparison of the IR (CHCl3), 'H NMR (CDCI3) and mass spectra and TLC mobility in three solvent
systemns] with the one obtained by method-(i).
(1R,3R)-N-(tert-Butoxycarbonyl)-5-[[2-(tert-butoxycarbonyl)-6,8-dimethoxy-3-(me-
thoxycarbonyl)-1-[(4-methoxyphenyl)methyl]-1,2,3,4-tetrahydroisoquinolin-5-yl]thio]-3-
methyl-D-histidine Methyl Ester (39). Oxidation of 37 (78 mg, 0.10 mmol) with KOH and iodine in
MeOH and work-up of the reaction mixture were performed as described above for 38, &vmg 39 (68 mg,

A— n.n N oA e Ja W 3 & & SUNE s o9 1, manr

.20 N
84%) as a coloriess giass, [ajD 25.3° (¢ = 0.53, CHCl3); FABMS m/z: 785 (MH™); IR V S CcmTi 343),

3360 (NH), 1746 (ester CO), 1703 (carbamate CO); !H NMR (CDCl3) &: 1.25 and | 36 {18H, s each, two
tert-Bu’s), 2.70 (2/5H, dd, J = 13, 6 Hz), 2.78 (3/5H, dd, J = 13, 8.5 Hz), 3.09 (2/5H, dd, J = 13, 8.5 Hz),
and 3.18 (3/5H, dd, J = 13, 6.5 Hz) [C(1)-CH2], 2.94 (3/5H) and 3.02 (2/5H) [dd each, J = 15.5, 13 Hz,
C(4)-Hg], 3.15 and 3.31 [2H, m each, C(6')-H’s], 3.39, 3.58, 3.59, 3.62, 3.74, 3.778, 3.784, 3.79, 3.82,

3.836, 3.842, and 3.88 (18H, s each NMe and five OMe’s), 4.17 [lH dd, J = 13, 5.5 Hz, C(3)-H], 4.40
(2/5H) and 4.44 (3/5H) [dd each, J = 15.5, 5.5 Hz, C(4)-Hg] 4.51 [1H, m, C(7')-H], 5.50 (2/5H) and 5.67
(3/5H) [dd each, J = 8.5, 6 Hz, C(1)-H], 5.58 and 5.59 (1H, d each, J = 8.5 Hz, NH), 6.18 (3/5H) and 6.29
(2/5H) {s each, C(7)-H], 6.69 (6/5H) and 6.79 (4/5H) [d each, J = 8.5 Hz, C(3")-H and C(5")-H], 7.03
(6/5SH) and 7.20 (4/5H) [d each, J = 8.5 Hz, C(2")-H and C(6")-H], 7.31 (2/5H) and 7.33 (3/SH) {s each,
C(2')-H];29 HRFABMS m/z caled for C39Hs53N4011S: 785.3432, found: 785.3436.
(1R,3R)-5-[[6,8-Dimethoxy-3-(methoxycarbonyl)-1-[(4-methoxyphenyl)methyl]-1,2,-

3,4-tetrahydroisoquinolin-5-yl]thio]-3-methyl-L-histidine Methyl Ester (40). A solution of 38

Pl S W al] N Qe .31 M ac o

Ji S i | - W,
uU 0 mg, 25 umox) in Crpllp u ml) was cooled to 0 °C, and L.I“3L.U211 {1 l’Ill) Wwas aqaaed. Alier stuung t
room temperature for 1.5 h, the reaction mixture was concentrated in vacuo. The residual pale yellow oil was
dissolved in H20, made basic with K2COj3, and extracted with CHCl3. The CHCl3 extracts were washed with

saturated aqueous NaCl, dried over anhydrous MgSOy, and concentrated. Purification of the residual oil b§
preparative TLC [silica gel, CHCl3-MeOH (10:1)] furnished 40 (12.3 mg, 83%) as a colorless glass, f(l]n
+55.0° (¢ = 0.44, CHCl3); FABMS m/z: 585 (MH*); IR Vorc'? em=1: 3390, 3330 (NH and NHp), 1736
(ester CO); 'H NMR (CDCl3) &: 2.44 [1H, dd, J = 16.5, 11 HZ C(4)-Hq), 2.65 (1H, dd, J = 13.5, 8 Hz) and
3.34 (1H, dd, J = 13.5, 3 Hz) [C(1)-CH>], 2.87 (1H, dd, J = 14.5, 9 Hz) and 3.17 (1H, dd, J = 14.5, 55
Hz) [C(6-H’s], 3.46 [1H, dd, J = 11, 3 Hz, C(3)-H], 3.56, 3.72, 3.75, 3.78, 3.887, and 3.889 (3H each, s,
NMe and five OMe’s), 3.7-3.8 [2H, m, C(4)-Hg and C(7)-H], 4.43 [1H, dd, J = 8, 3 Hz, C(1)-H]}, 6.42
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{1H, s, C(7)-H], 6.77 [2H, d, J = 8.5 Hz, C(3")-H and C(5")-H], 7.05 [2H, d, J = 8.5 Hz, C(2")-H and
C(6")-H], 7.30 [1H, s, C(2')-H];2°® HRFABMS m/z calcd for C29H37N407S: 585.2383, found: 585.2394.

(1R,3R)-5-[[3-Carbexy-6,8-dimethoxy-1-[(4-methoxyphenyl)methyl]-1,2,3,4-tetra-
droisoquinelin-5-yljthio]-3-methyl-L-histidine (Tri-O-methylimbricatine) (3). A solution of
L

£ o e e

16.5 mg, 28 ;unm) in 3 N aqueous HCI (1.5 ml) was heated under reflux for 1 h. The reaction mixture

ad : .5 and th i s co-evanarated - i o o lana
as concentrated in vacuo, and the residue was co-evaporated in vacuo with two 3-ml portions of HO to leave

hy
6

F S

as

sE

a pale yellow solid, which was dissolved in HyO (0.4 ml). The aqueous solution was applied to a column of
Dowex SOW-X8 {H"’ form in H>0). The column was first eluted with H>O until the eluate became neutral, and

then with HpO-pyridine (3:2). The aqueous pyridine eluates were combined and concentrated in vacuo to leave
a colorless solid. Purification of the solid by prcparativc TLC [silica gel, CHCl3-MeOH-H;0 (6:6:1)]
provided 3 (12.2 mg, 78%) as a colorless solid, [(l] > 4+62.2° (c = 0.67, MeOH); FABMS m/z: 557 (MH*); IR
v;(gx cm~t: 1635, 1588 (CO27); |H NMR [(MeQSO de-D70 (7:1)] 6: 2.77 [1H, dd, J = 16.5, 12.5 Hz, C(4)-
Hql. 2.88 (1H, dd, J = 14, 8.5 Hz) and 3.10 (1H, dd, J = 14, 5 Hz) [C(1)-CH3], 2.96 (1H, dd, J = 15, 9 Hz)
and 3.33 (1H, dd, J = 15, 6.5 Hz) [C(6")-H’s], 3.19 [IH, dd, J = 12.5, 4.5 Hz, C(3)-H], 3.53, 3.725,

3.733, and 3.82 (3H each, s, NMe and three OMe’s), 3.62 [1H, dd, J = 9, 6.5 Hz, C(7)-H], 4.15 [1H, dd, J
= 16.5, 4.5 Hz, C(4)-Hg], 4.63 [1H, dd, J = 8.5, 5 Hz, C(1)-H], 6.54 [1H, s, C(7)-H], 6.87 [2H, d, J = 8.5

IT, /AN LT o d MEMY LI 77 12 LT J = 8.5 Hz. C(2"-H and C(6"-H1. 7.46 [1H. 5. COY-11 .29
Hz, C(3")-H anda C{5")-H], 7.13 [2H, u, J = 0.0 NZ, L4 j)-n anda oo j-mnyj, /.40 [in, §, L 2 j-np=’
HRFABMS m/z caled for C37H33N407S: 557.2070, ;0'....d 557.2065.
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