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The first total synthesis of santiagonamine (1) is achieved in 12 steps from isovanillin. A palladium-catalyzed Ullmann cross-coupling reaction
and a photocyclization are the key steps in the synthesis.

In 1984, Shamma and colleagues repdrthd isolation and  to originate from manipulation of biary, with the latter
structure determination of santiagonamirig. (Santiagon-  being secured from an appropriate cross-coupling reaction
amine, which was extracted from the stems and branches of

the South American shruBerberis darwiniiHook and shows
wound-healing propertiesjs the only known exampte

naturally occurring or otherwiseof the 10H-[1]benzopy- MeO
rano[5,4,3hijlisoquinoline ring system. Because of its , @\
structural novelty and the absence of any independent MeO X MeQ. RO M '
confirmation of the structure determinatidmhe synthesis o O z ) 5
of this alkaloid was undertaken. Herein we report the first 1 = / + j/ = RzRog =+
synthesis ofl and the verification of the original structure © e Y3 N/ " X
assignment. RO ™S
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0 % Figure 1. Retrosynthetic analysis of santiagonamitg (
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1 between functionalized monocyclésand6. Both5 and 6

should be derivable from commerically available material.
The synthesis began (Scheme 1) with conversion of

Retrosynthetic analysis (Figure 1) suggested that attaCh'picoIinic acid ) into the secondary amid8.* Ortho-
ment of a side-chain equivaler)(to intermediate would

lead to santiagonamine (1). Intermedi@t&vas envisioned
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lithiation of 8 with n-butyllithiun® (n-BuLi) and subsequent

quenching with iodine supplied the desired specific embodi- Scheme 3
ment (9) of 6. MeO
Preparation of the unitlQ) corresponding t& commenced NHCy, VeO 9 (1.6 equiv),

(Scheme 2) with a previously described proceélfioe the 4o —DCM. _Ou’.PdPPhg)s,  MOMO ]
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iodination of 3-hydroxy-4-methoxybenzaldehyde (isovanillin, O OMOM ®% | __y_ _, MOMO ‘l

10) to give iodidell. Protection of the hydroxyl group as I PRANGC

its methoxymethyl (MOM) ether gave the known aldehyde Nx N7

12, which has also been prepared frafby a 3-step routé. 23 24

It was anticipated that a palladium-catalyzed Ullmann
cross-coupling reactiénwould prove suitable for forming
the hindered biaryl bond of. Exposure oB and12 on a To complete the ring system4 was transformed into
0.2 mmol scale to palladium and activated cofgpnze  gyrene 22 by a Wittig reaction with methylenetri-
at I1d45 c f"j‘g’_‘iztgff d(ta5|tred_ produd:t:r,] alb9||td|nﬂC)2Iy 7% phenylphosphorane. Styre@@ was then subjected to pho-
yield (eq 1): orts 1o improve the yield ofla were tocyclization!® but gave benzo[flquinolin23instead of the

unsuccessful. desired benxjlisoquinoline24. To overcome this unexpected
MeO result!® we hoped that by first forming the lactone we could
MeO 9 (16 equiv) alter the regioselectivity of the photocyclization.
Cu’, PA(PPhay, MOMO 1 (1)
MOMG | DMIE?(‘]/?)TC PAHNOC_~ | 0]
1.0 Ns (11) Although the yield to formi4 was poor, this approach served as an
12 14 alternative to our first synthetic approach, where exposugeasfd 252 to
palladium and activated copper bronze gave biaéyleq i) in 29% unopti-
Consequently, we chose to convert aldehy@dnto an 9 (18 Q). Me
imine, based on three considerations: imines (i) possess a " Pda(dba, MOMO CONHPr
history of success in Ullmann reactiot¥s(ii) contain a MO|V|O:©\CONHP|— DME, PhHNOC. .~ (i)
coordinating lone pair of electrod$and (iii) preserve the ! (29%) Ny
benzylic carbon’s oxidation state. 25 26

; ; ; mized yield on a 6 mmol scale. In an effort to complete the synthesis of
Condensation (Scheme 3) a2 with cyclohexylamine from 26, we were successful in forming the lactone and hydrolyzing the

gave iminel3. Without purification 13 was coupled witl® N-propyl amide to give carboxylic acid However, attempts to advance

on a 10 mmol scale to afford. after an aqueous Workup biaryl (e.q., by selective reduction of the carboxylic acid with borane reagents)
’ ’ were unsuccessful. Possibly, the pyridine nitrogen directs the reduction to

14in 39% yield. the lactone carbonyl ii
MeC.
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Gaudino, JJ. Org. Chem1984,49, 5237. (f) Banwell, M. G.; Lupton, D. similar ring systems, see ref 3a and: (b) Veeramani, K.; Paramasivam, K;
W.; Ma, X.; Renner, J.; Sydnes, M. Qrg. Lett.2004,6, 2741. (g) Some, Ramakrishnasubramanian, S.; ShanmugamSyhthesis1978, 855. (c)
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(9) Kleiderer, E. C.; Adams, Rl. Am. Chem. S0d.933,55, 4219. McDonald, E.; Martin, R. TTetrahedron Lett1978,19, 4723. (e) Padwa,
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Accordingly (Scheme 4)},4was deprotected with TMSBr
to give phenoll5, which then underwent a Wittig reaction
with methylenetriphenylphosphorane to afford styrdée

(16) The photocyclization ol to a mixture ofiii andiv has been re-

MeO. MeO.
MeO MOMO
PhHNOC.
Ny X N

iii v
ported?aWe speculate that the failure 22 to cyclize to24 may be due to

Bromination of 16 at —78 °C with a mixture of triethyl-
aminé’ and bromine—1,4-dioxa’® gave bromidel71°
Cyclization of17 with trifluoracetic acid in THF gave styrene
lactonel8. The latter, to our delight, underwent smooth and
rapid photocyclization to give bromolactod®.

Finally, the side-chain installation began with a Stille
coupling betweerd 9 and allytributyltin to give allyl lactone
20. Transformation 020 into aldehyde?1 by the action of
osmium tetroxide and sodium period&tefollowed by
reductive aminatiof? of 21 with dimethylamine and sodium
triacetoxyborohydride secured santiagonamiig. (The
spectra of synthetit are in excellent agreement with those
reported for the natural produt.

In summary, we report the first total synthesis of santi-
agonamine. The synthesis, accomplished in 12 steps (2.6%
overall yield) from commercially available isovanillin, af-
firms the original structure assignment.
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(17) When this reaction was performed at room temperature or in the
absence of base there was competing addition of bromine to the vinyl group.
We believe the triethylamine accelerates the rate of ring bromination by
deprotonation ofl6 to the corresponding phenoxide.
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crystallographic characterization @B (see the Supporting Information).

(20) Pappo, R.; Allen, D. S., Jr.; Lemieux, R. U.; Johnson, Wl. 8rg.

a repulsive steric interaction between the MOMO and PhHNOC groups Chem.1956,21, 478.
that disfavors a conformation necessary to access the transition state leading (21) Unfortunately, an authentic sample of natufialis no longer

to intermediatev.

Org. Lett, Vol. 9, No. 17, 2007

available.

3257



