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The First Synthesis of the ABCD Ring System of 
Manzamine A. Construction of the Macrocyclic Ring D. 

Bennett C. Bomr, Sirik Deerenberg, Hans Biertiugel and Upeudm IL Par&* 

Abstmet - The synthesis qf the ABCD ring system of wmnudne A has been achieved using the 

oli$n naadmis cy&mtion reocdon for the cm&l atamcyclic ring Djiamahn a&p. 

Since its discovery and structure elucidation in 1986.1 the alkaloid manzamine A(l)haspnnnpteda 
number of research groups to umkrtake its synthesis.* The unique structure of manzamme A consists of 8- 
and lfmembered rings annulated to a pynolo[2.3-i]isoquinoline bearing a pendant +arboIll moiety. The 

tricyclic pyrrolo[2,3-i]isoquinoline template, which constitutes the central core of the mole&e, was chosen 
as the key building block for the further elaboration to manmmiue A. 

. 5 

Manziinlii A (1) 

We have previously published a route to the racemic pyrroloisoquinoline 2 and the corresponding 
homochiral system 3, utilizing a highly diastereoselective intramolecular Diels-Alder reaction.ah 
Additionally, strategies have been developed for both the annulation of the 8-membered ring onto the 
tricycle, to form the ABCE ring system3 and for the introduction of the B_carboline moiety.4 In this 
communication we wish to present the first synthesis of an advanced manzamine A intermediate 

in-g the Ifmembered ring D. The readily accessible racemic tricycle 2 was chosen for this study. 
Three general approaches for the annulation of the macrocyclic ring onto the tricycle 2 were wnsiti a) 
attachment of an appropriate I-carbon chain to C-12, followed by cyclization onto N-21; an approach 
attempted by Simpkins and de Oliveira Imbroisi, -*h b) addition of the same fragment in the opposite 
sequence, and c) attachment of suitable groups to N-21 and C-12, followed by cyclization to form the 15-16 
double bond. The last approach was chosen in view of its fIexibility and expediency. For the crucial 
cyclization step we favored the metathesis cyclization of two terminal olcfins, employing an air-stable 
ruthenium carbene catalyst recently described by Grubbs.5 
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(a) LiBH4 (b) TBDPS-CX imidazole, DMF (c) OsO&yrkline then H’ (d) albyl-MgCl, THF (e) NaH 
(9 SBBNiH& (g) Des!+Marlin periodinane (h) PhsP&-& (i) Li / NH3 then Bt@ 
(j) I-(CH&CH-C&, KOH, DMSO. 

Scheme 1. Synthesis of the cyclixation precursor 

Having previously described the synthesis of the tricycle 2,*a we tumed our attention to its 

fimctionalization at C-12 (Scheme 1). It was presumed that a variety of organometalk reagents would add 

to a ketone function at C- 12 from the least hindered top face of the molecule, to genuate an alcohol with the 
desired stereochemistry. To this end, the C-10 ester group was reduced (LiB&) and the primary alcohol 

was protected as the rerr-butyldiphenylsilyl ether 4 (70%). Dihydmxylation of the ene-carbamate 4 using 
osmium tetroxide followed by an acid catalyzed dehydration afforded ketone 5 in a 66% yield.6 In order to 

achieve the oletin metathesis cyclixation, addition of a hotnoallyl organometallic reagent to 5 was nquimd 

However, neither the homoallyl Grignard reagent nor a variety of other magnesium, lithium or cetium 
reagents added to the ketone, due to steric hindrance. Fortunately, it was found that ally1 magnesium 
chloride gave exclusive top face addition to the ketone in a 60% yield. This is not surprising since it is 

known that ally1 Grignsrd reagents react readily even with very hindered ketones.7 The resuhing tertiary 
alcohol was conveniently protected by its transformation into the cyclic carbamate 6 (NaH in THF, 93%). 

The stereochemistry at C-12 and C-26 (in 6) is based upon the X-ray diffraction analysis of crystalline 
lactam 7 (Figure ~),a which was obtained by debenzylation of 6 (Li/NH3) (Scheme 2). 

Scheme 2 Figure 1. X-ray structure of compound 7 
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The ally1 substituent was extended by one carbon to the homoallyl group by a straightforward three step 
transfarmation involving (i) hydroboration/H202 ozidation, (ii) oxidation of the resulting alcohol to the 
corresponding aldehyde and (iii) Wittig olefination, to give 8 (48% overall). Nezt, in order to attach the 
second olefinic side chain, the N-benzyl protecting group was cleaved using lithium in ammonia and 
employing dibenzyl ether as a quench to avoid Birch reduction of the benzene rings in the 
r-butyldiphenylsilyl group.9 Finally, the amide nitrogen was alkylated (ROH in DMSOro 77%) with the 
appropriate 6-iodohex- l-ene to give the cyclixation precursor 9. 

The required ruthenium carbene catalyst 10 was prepared according to the procedure published by 
Grubbs and coworkers,lla in which RuCl@h3P)3 was condensed with 3~3-dipheoylcyelopropene~2 to give 
an intermediate metal-carbene complex; subsequent ligand exchange with tricyclohexylphosphine gave the 
desired catalyst (lO).l*h With this catalyst in hand, we turned our attention to the olefin metathesis 
cyclixation reaction of precursor 9 (Scheme 3). 

1) RUCl2(P~P)3 
2) 2CY3P 

benzene-& 
FIT, 5 days 

Scheme 3. Olefin metathesis cyclixation 

A preliminary investigation of the reaction was performed in an NMR tube [400 MHz. 9 and 10, 1:1,3x10-3 

M in benxene-dg, RT]. The spectra of the reaction with time showed the gradual disappearance of the 
terminal olefin protons at 6 4.94607 ppm and the emergence of an internal double bond at S 5.05-5.25 ppm, 

corresponding to a new product. In order to islolate this product. the reaction was scaled up using benrene- 
& (under argon), in order to follow the course of the reaction (NMR). After stirring at room temperature for 
5 days, the reaction showed no further progress. The resulting product was isolated and purified by 
preparative TLC (30%). This compound has been assigned structure 1113 based on detailed analysis of its 
NMR spectra. In particular, the location of the double bond has been established by a combination of rH-rH 
COSY and NOE experiments, and the cis nature of the olefin was determined by double resonance 
experiments (J = 10.8 Hz). Additional support for the structure came from the FAB mass spectral data of 11 
[FAB-MS miz 569 (M+ -C@)], which showed the clear loss of C- from diene 9 FAB-MS mlz 597 (lU+ 
-CO$]. Although the molecular ions are observed for 9 and 11, the peaks involving loss of CO2 from the 
carbamates constitute the base ions in the mass spectra of these compounds. The molecular formula was 
established by HR-FAB mass spectroscopy pound 613.3494, C37&gNZO.+Si (M+ +H) requires 613.3462]. 

This result represents the first report of the introduction of the macrocyclic 13-membered ring onto an 
advanced tricyclic core structure of manzamine A. Additionally, it extends the methodology of the Grubbs 
catalytic ring closing olefin metathesis reaction to complex macrocycles. We are currently incorporating this 
methodology into our efforts on the total synthesis of manxamine A. 
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22.62,23.97,25.15~25.33,25.51,27.98,30.86.31.73.35.23,39.53. 40.02.4229,42.74.44.45.49.76.69.38.70.08,8293. 

129.36, 129.43,129.59,129.80, 130.48,130.70, 130.73, 131.90.134.84, 134.98.136.83.136.87.159.91 and 170.60: MS 
m/z (FAB): 635 (M++Na. 10.9%). 613 (I@+H. 8.8). 612 (hi+. 5.5). 569 (W-H. 68.1). 555 (M+-t-J& X.6). 535 @f+- 
CaH5.52.0), 199 (CloH&Si+, X3), 197 (CloHl@Si+. 85.0), 149 (58.9) and 135 (C7H7oSi+, 100); HRMS (Pm) 
Found 613.3494: C37l-QpN204Si (M++H) requires 613.34621. 
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