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Recently, we reported a new strategy to construct the tetrahy-
droisoquinoline core structure common to a number of antitumor
antibiotics, and it is exemplified by the conversionlointo 3 via Me
2 with complete control of the relative stereochemistry at C1 and
C3 (Scheme 1) Here, we report the application of this strategy to  MeO
the synthesis of#)-renieramycin G 4)? and the &)-lemonomy-

cinone congenef7 (Figure 1) from the same intermediafe’ O)\% 5, Lemonomycin (R A wex= OH, Y = H)
(Scheme 2). Me o
i i i H ; . . Menwe,
The tetr_ahydrmsoqumollne_ alkaloids reprgs.ented by saframyc_lns, 4, Renieramycin G 6, Lemonomycinons (R = H, X = OH, Y = H)
ecteinascidins, renieramycins, naphthyridinomycin, safracins, 7, Lemonomycinone amide (R = H, X,Y = 0)

quinocarcins, tetrazomine, and lemonomycin have generated widefjgure 1. Tetrahydroisoquinoline alkaloids.
chemical and biological interest because of their potent antitumor
and antimicrobial activity. The renieramycins (AS)* are isolated
from various marine sponges and have the same core bisisoquinoling_~__~
structure as the saframycins, except the C22 nitrogen atom of the@\/),/\
saframycins is an oxygen atom in the renieramycins and frequently R« 1
acylated as its 4)-2-methylbut-2-enoic acid ester (angelic acid 1
ester). Fukuyama and Danishefsky have reported total syntheses
of renieramycing.Lemonomycin §) is a broad-spectrum antibiotic

OMe N=—-x

isolated from the fermentation broth Sfreptomyces candidisL- Me | cul zgg)lpgaz Me BnOCHLi, THF,
AP191) in 1964 The structure was elucidated in 200and the py_25°C.24h OTIPS _78°c,2n

Scheme 1. General Approach to Isoquinoline Alkaloids

Z 1. LICH,X
————
2. CICOR,

Scheme 2. Common Intermediate

only total synthesis was reported by Stoltz in 260&part from MeO . N 2)2:(;:(1’ (% zfﬂ) DMF MeO 'heggﬁcozxe
the unusual presence of the aldehyde hydrate, it is the first member "8 76% yield OBn 19 b yie
of this large class of compounds to have a carbohydrate appendage. OMe 1) TFA, ELSH,
Our synthesis starts from the formation of the electron-rich M@ Ny TOTIPS _TBAF, THF _ _0°62h
isoquinoline 10 (Scheme 2), from a modification of the Larock e Necome © 0°C30min. oo 2)HNNH, KOH, :ENS:EE%HH
isoquinoline synthesispy couplingo-iodoimine8t and acetylene o8 N B1% yield 150°C, 3h
9 using room temperature Castro conditiéhllowed by a copper- " 86% yield
catalyzed ring closure. Treatment of isoquinoli@with benzyl- o o, e wi"
oxymethyllithiunt? followed by quenching with methyl chlorofor- OH 1) TMSCI, EN, THF, 0°C, 2 h
mate gave the 1,2-dihydroisoquinoliti&. Attempted reduction of MeO i Oi,NHm MeO
enecarbamatgl directly to amino alcohol3 was complicated by 13 (Xoray) “OBN 14 2125yi:;' 1 25°C,12h
elimination products derived from the electron-rich isoquinofie. OMe "

Instead, amino alcohdl3 was obtained by first converting silyl Me :
ether 11 to oxazolidinone12 by treatment with TBAF, then ~ Stwemoxdn,_ N PR R,
stereoselective reduction of the 3,4-olefin by ionic hydrogenation ~**"* ¥ M T \(V)l) o ;;,;'Sh Meo I
cleanly gave the 1,8isssubstituted tetrahydroisoquinoline; hy- 16 OBn 17 (X-ray) OB"
drazinolysis then yielded amino alcoH® (X-ray). Silyl-activated

amide coupling conditions were used to simultaneously protect the 19 gave a single diastereomé(, which upon diastereoselective
alcohol and activate the amine toward coupling with the mixed reprotonation by treatment wittert-butyllithium and quenching

M
NBoc HSPh, pTSA, CH,CI, ©

anhydride14, giving solely the amide-coupled produt$ upon with BHT gave complete inversion at the C13 stereocenter with
acidic workup*® Swern oxidation gave hemiamink as a mixture minimal degradatio®® Alcohol 21 was isolated after TIPS removal.
of diastereomers (3:2},which was converted to thioaminaV as Subsequent Swern oxidation and silyl enol ether formation gave
a single diastereomer (X-ray). cyclization precursor22. The N-acyliminium cyclization was

In our initial approach to £)-lemonomycinone amide7], promoted with thiophile AgBF; providing aldehyd®3 as a single

alkylation of amidel7 with allyl bromide gave produci8 as a diastereomer at C15. The relative stereochemistry was assigned by
single diastereomer (Scheme 3). The relative stereochemistry wasX-ray analysis of the oxime derivative4.1® The selectivity is
assigned by X-ray analysis, revealing that the alkylation occurred attributed to the steric bulk of the C1 substituent, which exists in
from the least hindered face, giving the undesired stereochemistryan axial orientation, as seen by X-ray analysisl@f 18, and 24.

at the C13 stereocenter. Elaboration of prodi@to alcohol21 Hydrogenolysis of dibenzyl ethe22 formed diol 25 as the
proved unsuccessful. However, alkylation of amidewith iodide unhydrated aldehyde. Removal of the Boc group led to arée
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Scheme 3. (£)-Lemonomycinone Amide

OMe

KHMDS, THF, -78°c _ Me

then | _~__OTIPS MeO

17

30 min. 19
LiHMDS, THF, 78% yield
-78 °C, then ) 1) t-BuLi (2.2 eq), THF, 78 °C,
allyl bromide, 20 min. 10 sec. then BHT in THF
70% yield 2) 48% aq. HF, CH,CN, 0 °C

83% yield

SPh

OH 1) Swern oxidn.
S S .
2) TIPSOTT, Et,N,
Et,0,25°C,16 h
88% yield

18 (X-ray)

R
OMe 15 7

OMe

PS M
AGBF, THF, ¢

4 287C meo 23R =CHO

oso 24 R = HCNOH
n (X-ray)
Pd(OH),, MeOH ag. 3 M HCI
1atm H, 25°C,12h 1:1 MeOH:H,0
79% yield 25°C,3h
two steps

H,0,25°C,3h
35% yield
two steps

Scheme 4. (%)-Renieramycin G
OMe OMe
Me 1) MCPBA, CH,Cl,
40% aq. formalin Me Cl__0°Cto25°C Me Cl
ZnCl,, HCI (g) 2) LiBH,, THF, 0 °C
MeO 2 M 4
reflux 0 3) THCI, EtN, CH,Cl, MeC
0P H 3% yield 07 H 28 51% yield OTrt 29
27
OMe SPh OTrt
Me H Y Boc oM
29, 18-crown-6, KHMDS >N ©
78 i N A~
THF, -78 °C, 20 min. MeO \“/l 1) Me
98% yield o H OMe
OBn 30
i) +BuLi (2.2 eq), THF, -78 °C QMe 1 o
i) t-BuLi (2.2 eq), , =
10 sec. then BHT in THF Me OMe  AggF,
i) HClin E,0,0°C, 1h PhCI, 25 °C
MeO Me 10 min
73% yield :

OMe_NaBH,CN, HCOH Me

AcOH, MeOH
25°C, 1h MeO'

65% yield, two steps

=
1) Pd(OH),, MeOH H
1 atm H,, 6 h, (94%) Me Me 36

(+)-renieramycin G
2) (NH,),Ce(NO;),

CHCN:H,06:1 MeO
-5°C, 10 min. (55%)

CH,CI,
74% yield

which exists entirely in the hydrated aldehyde form. Oxidation of
phenol26 with CANga gave {)-lemonomycinone amidery.

The synthesis of)-renieramycin G4) (Scheme 4) started with
the addition of KHMDS to a mixture of amid&7 and benzyl
chloride 29 in the presence of 18-crown-6 to give very efficient
conversion to produc80 as a single diastereomer. The previous

diastereomers were best separated after trityl deprotection to give
phenol31 The cyclization was promoted by treatment with AgBF
as before; however, cyclization was complete within 10 min along
with rapid loss of the Boc group, presumably due to the generation
of HBF,4. Subsequent reductive methylation ga\enethylamine
33. Hydrogenolysis was followed by oxidation with CAN to give
bisisoquinolinequinone5. Incomplete hydrogenolysis gave the
monobenzylated produ# (X-ray).l” Completion of the synthesis
was achieved by treating alcoh®b with excess angeloyl chloride
368 to give ()-renieramycin G 4).1920

In conclusion, a general approach to both mono- and bistetrahy-
droisoquinoline alkaloids from a common advanced intermediate
has been described. The common intermedi&teras synthesized
from imine 8 in 10 steps and 32% vyield. From7, (&+)-
lemonomycinone amid&’f was synthesized in nine steps and 16%
yield, while (&)-renieramycin G4) was synthesized in eight steps
and 18% yielc?!
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