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Abstract : A variety of 4-substituted 1,2,3,4-tetrahydroisoquinolin-1-ones 6 can be prepared by a

tuen gtam radical canancas intarmanlocular vanthata tran - he
WO SIEp raGiCai sequence. miermaoiCcuiar xaninaic transfer addition to an N- a!]y!uvnmddc followed

by cyclisation onto the aromatic ring. © 1998 Elsevier Science Ltd. All rights reserved.

We wish to report a simple, convergent, and versatile route for the construction of 4-substituted
1,2,3,4-tetrahydroisoquinolin-1-ones. The tetrahydroisoquinoline substructure is quite common in natural
products (e. g. the large and varied group of isoquinoline alkaloids)! and in a number of biologically active
synthetic derivatives.2 The long list of articles and patents dealing with the synthesis of such heterocycles is
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a testimony to their importance e.3 Thus, in addition to the classical methods, which include the well known
Bischler-Napieralski, the Pictet-Spengler, and the Pomeranz-Fritsch reactions, other strategies have

emerged in more recent times, and numerous modifications and improvements of the older processes have
been devised.3 4-Substituted derivatives, exemplified by the two spermidine alkaloids cyclocelabenzine 1a
and isocyclocelabenzine 1b,% are gencrally less ecasily accessible than other members of the
tetrahydroisoquinoline family. Indeed, in the reported syntheses of 1a and 1b, the main difficulty was the
synthesis of the tetrahydroisoquinolinone core.d Pancratistatine, 2, is another tetrahydroisoquinolinone
natural product (of the Amaryllidaceae family) that is attracting much attention because of its remarkable

anticancer and antiviral activity.6

1aCyclocelabenzine 1bIsocyclocelabenzine 2 Pancratistatine
Practically all of traditional approaches rely on ionic or, but to a lesser extent, organometallic
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(as compared to S-membered) rings by a radical cyclisation” are some of the main hurdles that must be
overcome. The last point is especially important: If the cyclisation is to start from the aromatic site onto a
suitably located olefin in the side chain, by the action for example of stannyl radicals on a substituted o-
bromo- or iodo-benzamide, then allylic hydrogen abstraction by the highly reactive aromatic radicals can
compete seriously with the desired cyclisation.10 If, on the other hand, the radical is first produced on the
side-chain, then the cyclisation onto the aromatic nucleus is usually too sluggish to compete with other
pathways open to the radical. These alternative pathways depend on the method used; with stannane

chemistry, it is the rapid hydrogen atom transfer from the stanna g;9

.
oy
=
=
[1)-]
I
o
[«
I
=
=
IS

xanthate, according to an original process we have developed over the past few years.ll Because of the
redundancy of the main side reaction, the intermediate radicals acquire a long effective lifetime enabling
them to undergo some quite difficult cyclisations, including 5- or 6-membered ring closures onto aromatic
rings.12 Moreover, it is possible to perform intermolecular additions on unactivated olefins. The desired
precursors for the synthesis of the tetrahydroisoquinolones can therefore be readily assembled, in a highly
convergent and versatile manner, as outlined in Scheme 1.
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The synthesis of the starting N-allyl benzamides is accomplished very simply, either by reacting the

royl chloride with the appropriate St bstituted allylamine or hv A"(vhhng an unsubstituted N—n‘lyl
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aroylamide in the presence of base. We used the latter route in most cases. As for the xanthate partner 4, it
o 1mnda e tedntinag tha ~rnneacmanding halida <oith ccrrirvmnialles awvailalla memd Ao cw ot ) el
i maae oy ireating {n€ COITESponaing nalide wiin COMIIKCICIally avaiiable and cheap potassium O-ethyl

xanthate. The first radical addition was performed by heating xanthates 4a-e (2 eq.) with variously
substituted benzamides 3a-f in refluxing I,2-dichloroethane under an inert atmosphere, using dilauroyl
peroxide as initiator. This first step is a chain reaction and only a small amount of peroxide (0.25 eq., added
portionwise over several hours) is required.
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In this manner, the desired precursors 5a-k were obtained in 41%-65% yield. The cyclisation step, in
contrast, is not a chain; and stoichiometric amounts of the peroxide are needed, both to generate the radical
from the xanthate and to oxidise (and thus aromatise) the intermediate cyclohexadienyl radical adduct. 122, 13
The reaction is performed by adding dropwise a solution of lauroyl peroxide (1.2 eq.) in chlorobenzene
over about one hour to a refluxing solution of the xanthate in chlorobenzene under an inert atmosphere.

Evaporation of the solvent and chromatographic purification over silica gel furnishes the corresponding

tetrahydroisoquinolinones 6a-k in 46-63% yield.
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No attempt has yet been made to optimise the yields, and room for improvement certainly exists.
Nevertheless, the advantages of this fairly general approach to 4-substituted tetrahydroisoquinoiinones aré
worth underlining: cheap and almost trivially available starting materials and reagents; mild experimentai
conditions and tolerance for a variety of functional groups, both on the aromatic ring and on the portion
derived from the xanthate; and, finally, a high degree of convergence. The last point is of some importance
since quite complex structures (e. g. 6k) can be assembled using two consecutive radical steps that are
normally quite difficult to achieve by more traditional methods. This is especially true for the first

intermolecular addition step. It is, incidentally, also possible to have a protecting group on the nitrogen atom
(e. g. carbomethoxy group as in cempOLnd 6i), which can be removed and replaced by another substituent,
i £l L

One final observation is worth mentioning. We found that the presence of the nitrogen atom (with a



non-buiky methyl group) does not apparently affect the rate of cyclisation in comparison with the aii carbon

analogue. This was revealed by the transformation of xanthate 51 as pictured in Scheme 2: Both

tetrahydroisoquinolinone 5l and tetralone 7 were obtained in nearly equal amounts.

AN Br

I a3 o [ o LT
Y N Y G/ VW
r\// t\// ,
SCSOFEt lauroyl peroxide ~ Br A l _

) YY)y ° T\Y 7
WN\ Z NS Z
Me Me

0 0

51 61 (33%) 7 (36%)
Scheme 2

)

—

_/>
/

References.

1.
2.

W

O

13.

11. For a review of this work, see: Zard, S. Z. Angew Chem. Int. Ed. Engl 1997, 36,
i
1

Southon, 1. W_; Buckingham, J. Dictionary of Alkaloids, Chapman and Hall: London, 1989.
Malamas, M. S.; Hohman, T. C. J. Med. Chem 1994, 37, 2059-2070. (b) Clark, R. D.; Miller, A.

B.; Berger, J.; Repke, D. B.; Weinhardt, K. K. /. Med. Chem., 1993, 36, 2645-2657, and

references there cited.
{aY Whalay W N ﬂcvunﬂ ac ar

]
\G) ¥V LduLy, VY. ivi. ilaaviidai,

T
React. 1951, 6, 191-206. (¢) Jones, G. i C C istry,

Rees, C. W, Eds.; Pergamon Press: Oxford 1984 Vol 2 39 24 (d) Kdmetam T
Fukumoto, K. in The Chemistry of Heterocyclic Compounds. Isoqumolmes, Part 1, Grethe, G, Ed.;
Wiley: New York, 1981; Vol 38, p. 139.

(a) Pettit, G. R. J. Nat. Prod. 1996, 59, 812-821. (b) Pettit, G. R.; Freeman, S.; Slmpson M. J;
Thompson, M. A.; Boyd, M. R.; Williams, M. D.; Pettit, G. R., III; Doubek, D. L. Anti-Cancer Drug
Desion 1995, 10, 143-250.(c) i A

LACOLRIL AT TSI, LU, LFITLIY

Soc. 1998, 120, 5341-5342,

(a) Wagner, H.; Burghart, J.; Hull, W. E. Tetrahedron Lett. 1978, 3893-3896. (b) Wagner, H.;
Burghart, J. Helv. Chim. Acta 1982, 65, 739-752.

(a) Iida, H.; Fukuhara, K.; Murayama, Y.; Machiba, M.; Kikuchi, T. J. Org. Chem., 1986, 51,
4701-4703. (b) Schuliz, K.; Hesse, M., Tetrahedron, 1996, 52, 14189-14198.

For recent examples of palladium-mediated approches to tetrahydroisoquinolinones, see: (a) Abelman,

M. M.; Oh, T.; Overman, L. E. J. Org. Chem., 1987, 52, 4130-4133. (b) Grigg, R.: Santhakumar,
AVE, 1VA., i1, 1., \UVYULllllAk, Lo L. S '5 LTI, L T iLJU™ LI v J - wwall
n. T. T.z,rﬂh ron, 1901

V.; Sridharan, V.; Stevenson, P.; Teasdale, A;; Thgmtop-Pg[g, VI:
47, 9703-9720.

For rare examples of radical-based approaches, see: (a) Snieckus, V.; Cuevas, J.-C.; Sloan, C. P.;
Liu, H.; Curran, D. P. J. Am. Chem. Soc., 1990, 112, 896-898. (b) Martin, S. F.; Tso, H.-H.
Hetrocycles, 1993, 35, 85-88,

(a) Curran, D. P. in Comprehensive Organic Synthesis; Trost, B. M.; Fleming, 1., Eds; Pergamon
Press: Oxford, 1991; Vol. 4, pp 715-831. (b) Pereyre, M.; Quintard, J.-P.; Rahm, A. Tin in Organic
Synthesis ; Butterworths: London, 1987. (¢) Neumann, W P. Synthesis 1987, 665-683. (d)
Curran, D. P Sy them 1988, 417-439; 489-513.

Beckwith, A. L. J.; Storey, J. M. D. J. Chem. Soc. Chem. Comm. 1995, 977-978 and references
there cited.

T M Ainrin T oo Bl o Zeod O 7 a 25 1710

. (d) Axon J . DOltcdu, L. bOoivin, J I‘Or[)f:b J E. ., L4414, O. L. le[ranear()n Leu 94, 00, L/1Y9-
1799 MY Tiard A« Oniirlat.Qire R - Qaircie J« Zar Q 7 pivihodvran T ots Q07 222 175Q_
174430 14alG, 8.5\ GUICIC=S1TC, 5. 5allll, I\, iN,, £4lG, S5, L, (&iTGReaGron 8. a7771,38, 1737

1762,

For an earlier example where stoichiometric peroxide was used, see: Coppa, F.; Fontana, F.; Minisci,
F.; Pianese, G.; Tortoreto, P.; Zhao, L. Tetrahedron Lett. 1992, 33, 687-690.



