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First total synthesis of (+)-viroallosecurinine

Toshio Honda,” Hidenori Namiki, Masayuki Watanabe and Hirotake Mizutani

Faculty of Pharmaceutical Sciences, Hoshi University, Ebara 2-4-41, Shinagawa, Tokyo 142-8501, Japan
Received 16 April 2004; revised 30 April 2004; accepted 10 May 2004

Abstract—The first diastereoselective chiral synthesis of (+)-viroallosecurinine, isolated from Securinega virosa as a cytotoxic
alkaloid, was achieved by using a chelation-controlled addition of an alkyne moiety to the corresponding ketone, and a ring-closing

metathesis, as key reactions.
© 2004 Elsevier Ltd. All rights reserved.

(+)-Viroallosecurinine 1 was isolated from the leaves of
Securinega virosa,! Phyllanthus discoideus,?> and Breynia
coronate® as a cytotoxic alkaloid together with its dia-
stereoisomeric alkaloid, securinine 2, and their antipodal
forms, allosecurinine 3 and virosecurinine 4 (Fig. 1).
Viroallosecurinine 1 exhibited a MIC of 0.48 pg/mL for
Pseudomonas aeruginosa and Staphylococcus aureus;
therefore, it was recognized to be a bactericidal since the
yields of MIC/MBC were less than 1.# This alkaloid also
showed significant cytotoxicity with EDs, value of
0.9 pg/mL in in vitro P-338 tissue culture cell.’

Recently, we have succeeded in the diastercoselective
synthesis of (—)-securinine 2 by using a tandem ring-
closing metathesis (RCM)° of a dienyne derivative’ as a
key step, as shown in Scheme 1, where the diastereo-
selective construction of the tertiary alcohol, a crucial
step in the synthesis, was achieved by introduction of the
alkyne moiety to the N-Boc protected ketone via the

1. Viroallosecurinine 2. Securinine 3. Allosecurinine 4. Virosecurinine

Figure 1. Securinega alkaloids.
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Scheme 1. Synthesis (—)-securinine via tandem RCM reaction.
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Felkin-Anh transition state.® Although we also suc-
ceeded in the stereoselective construction of the A, C,
and D rings of viroallosecurinine by using the same
strategy in the previous paper,? its further conversion to
viroallosecurinine resulted in failure, since the difficulties
were encountered in the selective hydrolysis of the N-
acetyl group of the piperidine ring.

Since we could establish a facile synthetic path to
Securinega alkaloids by using a tandem RCM of the
dienyne system, we further applied this methodology to
the first total synthesis of viroallosecurinine.

In order to accomplish the synthesis of viroallosecuri-
nine 1, a use of a labile N-protecting group, such as Boc
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group, and introduction of an alkyne moiety to the
ketone 5 with the opposite stereoselectivity to the case of
the synthesis of securinine would be required. Since such
stereoselective introduction would be achieved via a
chelation transition state by employing the corre-
sponding NH compound as the starting material,” we
started to prepare the key starting material as follows.

N-Boc group of the optically active ketone 5,8 prepared
from (+)-pipecolinic acid, was deprotected to give the
amino ketone, which, on treatment with 2 equivalents of
lithium trimethylsilylacetylide in the presence of cer-
tum(III) chloride in THF gave the desired tert-alcohol
6. The alcohol 6 was then converted to its N-Boc
derivative by treatment of the secondary amine with
(Boc),O under basic condition to give the corresponding
tertiary alcohol 7 in 73% yield for three steps together
with its diastereoisomer in 6% yield, respectively.

The observed stereoselectivity was rationalized by
assuming that the addition would proceed via the che-
lation transition state as depicted in Scheme 2. When
this reaction was carried out in the absence of cer-
ium(I1I) chloride, partial racemization was observed.'!

Although O-allylation under the acidic condition
employing allyl trichloroacetimidate and triflic acid
afforded the desired product, the reaction was found to
be insufficient in terms of the conversion yield and also
its reproducibility. Finally, we were able to find the
optimal reaction conditions, fortunately, where the ter-
tiary alcohol 7 was treated with allyl zerz-butylcarbonate
and triphenylphosphine in the presence of the palladium
catalyst'> to provide the desired allyl ether 8 in satis-
factory yield.

After deprotection of the trimethylsilyl group, the
resulting dienyne 9 was subjected to a tandem RCM
reaction using 1 mol % loading of the nitro-derivative of
Hoveyda catalyst 12!* in methylene chloride to give the
cyclization product 10 having a 7-oxabicyclo[4.3.0]nona-
2,9-diene system corresponding to the C and D rings of
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Scheme 2. Reagents and conditions: (i) trifluoroacetic acid, CH,Cl,,
0°C; (i) n-BuLi, trimethylsilylacetylene, CeCl;, THF, —78°C; (iii)
(Boc),0, K,COs3, dioxane/H,O (4:5), rt (73% from 5 and 6% for dia-
stereomer of 7); (iv) Pd,(dba);, PPhs, allyl s-butylcarbonate, THF
65°C (90%); (v) TBAF, THF, 0°C (97%).

5 chelation-controlled addition

\ N ArN_ _NAI
o rl r
H HO Cl 'Q/
(— * i
NBoc NBoc O NOZ

10 1 \( 12

(Ar=2,4,6-trimethylphenyl)

Scheme 3. Reagents and conditions: 1 mol% of 12, CH,Cl,, rt (80%
for 10 and 20% for 11).

the target compound, in addition to another cyclization
product 11 in 20% yield (Scheme 3).

Allylic oxidation of the major cyclization product 10
with CrO; in the presence of 3,5-dimethylpyrazole'
afforded the vy-lactone 13 in 75% yield. In order to
accomplish the total synthesis of viroallosecurinine 1,
the lactone 13 was treated with N-bromosuccinimide
and AIBN in CCly to give two allylic bromides 14 and
15 in a ratio of ca. 4:3. Although the stereochemistries of
the bromides were not determined at this stage, those
two bromides were thought to be diastereoisomeric
compounds based on the analyses of their spectroscopic
data. Treatment of one of the diastereoisomers 14 with
trifluoroacetic acid at room temperature gave viroallo-
securinine in 78% yield, under such mild reaction con-
ditions. These results indicated that the bromine in 14
was introduced with S-configuration, so that the attack
of the secondary amine, after removal of the protecting
group, occurred simultaneously from the backside of the
bromide smoothly through a SN2 reaction mechanism to
give the desired product, whereas the cyclization of an-
other diastercoisomeric bromide 15, after deprotection
of the N-Boc group with trifluoroacetic acid, by treat-
ment with K,CO; in THF was found to be sluggish
affording the desired product in 19% yield (Scheme 4).

In this case, the cyclization might proceed through an
Sn1-like reaction mechanism to give the desired prod-
uct, though the yield was very low. Thus, the solvent was
changed from THF to the polar aprotic solvent DMF.
Fortunately, the cyclization took place in 87% yield for
2 steps to provide (+)-viroallosecurinine 1. The specific
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Scheme 4. Reagents and conditions: (i) CrCOs, 3,5,-dimethylpyrazole,
CH,Cl,, —20°C (75%); (ii) N-bromosuccinimide, AIBN, CCly, reflux
(44% for 14 and 35% for 15); (iii) trifluoroacetic acid, rt (78%); (iv)
K,CO;, DMF, rt (87% from 15).



T. Honda et al. | Tetrahedron Letters 45 (2004) 5211-5213 5213

optical rotation of the synthesized compound 1 {[o],
+1113 (¢ 1.00, EtOH), lit.,! [2], +1085 (EtOH), lit.,* [o]
+990 (c 0.98, EtOH)} and its spectroscopic data'> were
in agreement with those reported.

In summary, we were able to establish the first diaste-
reoselective chiral synthesis of viroallosecurinine 1 by
employing a tandem RCM of the dienyne system as a
key reaction. In this synthesis, we found that the intra-
molecular cyclization of allyl bromide took place either
through a Sy2 and/or Syl reaction mechanism
depending on the reaction conditions employed. This
methodology is obviously applicable to the synthesis of
other Securinega alkaloids, such as norsecurinine and so
on.

Acknowledgements

This work was supported in part by a grant from the
Ministry of Education, Culture, Sports, Science and
Technology of Japan.

References and notes

1. (a) Saito, S.; Iwamoto, T.; Tanaka, T.; Matsumura, C.;
Sugimoto, N.; Horii, Z.; Tamura, Y. Chem. Ind. 1964,
1263-1264; (b) Saito, S.; Tanaka, T.; Iwamoto, T.;
Matsumura, C.; Sugimoto, N.; Horii, Z.; Makita, M.;
Ikeda, M.; Tamura, Y. J. Pharm. Soc. Jpn. 1964, 84, 1126—
1133.

2. Mensah, J. L.; Gleye, J.; Moulis, C.; Fouraste, 1. J. Nat.
Prod. 1988, 51, 1113-1115.

3. Lajis, N. H.; Guan, O. B.; Sargent, M. V_; Skelton, B. W_;
White, A. H. Aust. J. Chem. 1992, 45, 1893-1897.

4. Mensah, J. L.; Lagarde, I.; Ceschin, C.; Michel, G.; Gleye,
J.; Fouraste, 1. J. Ethnopharmacol. 1990, 28, 129-133.

5. Tatematsu, H.; Mori, M.; Yang, T.-H.; Chang, J.-J.;
Lee, T. T.-Y.; Lee, K.-H. J. Pharm. Sci. 1991, 80, 325-
327.

6. For reviews on catalytic metathesis, see: (a) Grubbs, R.
H.; Miller, S. J.; Fu, G. C. Acc. Chem. Res. 1995, 28, 446
452; (b) Schrnalz, H.-G. Angew. Chem., Int. Ed. Engl.
1995, 34, 1833-1836; (c) Schuster, M.; Blechert, S. Angew.

12.

13.

14.

15.

Chem., Int. Ed. 1997, 36, 2036-2056; (d) Armstrong, S. K.
J. Chem. Soc., Perkin Trans. 1 1998, 371-388; (¢) Grubbs,
R. H.; Chang, S. Tetrahedron 1998, 54, 4413-4450; (f)
Schlock, R. R. Tetrahedron 1999, 55, 8141-8153; (g)
Phillips, A. J.; Abell, A. D. Aldrichim. Acta 1999, 32, 75—
90; (h) Firstner, A. Angew. Chem., Int. Ed. 2000, 39,
3012-3043; (i) Trnka, T. M.; Grubbs, R. H. Acc. Chem.
Res. 2001, 34, 18-29; (j) Hoveyda, A. H.; Schrock, R. R.
Chem. Eur. J. 2001, 7, 945-950; (k) Schrock, R. R;
Hoveyda, A. H. Angew. Chem., Int. Ed. 2003, 42, 4592—
4633.

Metathesis for enyne systems, see: Kinoshita, A.; Mori, M.
J. Org. Chem. 1996, 61, 8356-8357; Kim, S.-H.; Bowden,
N.; Grubbs, R. H. J. Am. Chem. Soc. 1994, 116, 10801—
10802; Kim, S.-H.; Zuercher, W. J.; Bowden, N. B.;
Grubbs, R. H. J. Org. Chem. 1996, 61, 1073-1081.

. Honda, T.; Namiki, H.; Kaneda, K.; Mizutani, H. Org.

Lett. 2004, 6, 87-89.
Tramontini, M. Synthesis 1982, 604-644.

. The stereochemistry of the product was determined by its

transformation into the final compound.

. When this reaction was carried out in the absence of

cerium chloride, the optical rotation of the product was
[¢]p +68.4 (¢ 1.00, CHCI;). On the other hand, the pure
compound has [«], +87.9 (¢ 1.00, CHCL;).

Haight, A. R.; Stoner, E. J.; Peterson, M. J.; Grover, V. K.
J. Org. Chem. 2003, 68, 8092-8096.

(a) Grela, K.; Harutyunyan, S.; Michrewska, A. Angew.
Chem., Int. Ed. 2002, 41, 4039-4040; styrene ether ruthe-
nium catalyst, see: (b) Kingsbury, J. S.; Harrity, J. P. A;
Bonitatebus, P. J., Jr.; Hoveyda, A. H. J. Am. Chem. Soc.
1999, 121, 791-799; (¢) Garber, S. B.; Kingsbury, J. S.;
Gray, B. L.; Hoveyda, A. H. J. Am. Chem. Soc. 2000, 122,
8168-8179; (d) Hoveyda, A. H.; Gillingham, D. G.; Van
Veldhuizen, J. J.; Kataoka, O.; Garber, S. B.; Kingsbury,
J. S.; Harrity, P. A. Org. Biomol. Chem. 2004, 2, 1-16.
Salmond, W. G.; Barta, M. A.; Havens, J. L. J. Org.
Chem. 1978, 43, 2057.

Selected data for 1: mp 145-147°C (pale yellow needle,
recrystallized from hexane-acetone); [«], +1113 (¢ 1.0,
EtOH). 'H NMR (CDCl;) 6 1.07-1.50 (3H, m), 1.62-1.75
(3H, m), 1.93 (1H, d, J = 9.7Hz), 2.69 (1H, dd, J = 4.3,
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6.65 (1H, d, J =9.1Hz), 6.82 (1H, dd, J = 5.3, 9.1 Hz);
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