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ABSTRACT

MeO

The transannular Diels—Alder reaction of trans-trans-trans macrocyclic triene A, bearing two cis substiuents in Cy, and Cy3 as well as a
gem-dimethyl in C,4, was studied. Under thermal conditions, only the desired trans-anti-cis tricycle B was obtained. This tricycle represents an
advanced intermediate toward the total synthesis of cassaine C.

In the past years, studies on the transannular Biglder four possible products was obtained (two TAC and two
(TADA) reaction have proven this strategy to be a powerful CAT), having the desired stereochemistry of a number of
tool for the stereocontrolled synthesis of polycyclic com- natural products. However, from a synthetic point of view,
poundst? Thetrans-trans-trangTTT) trienes turned outto  the malonate connector was an obstacle to further elaboration
be the most difficult ones to macrocyclizen the other hand,  of ring A.

their TADA reactions proved to be the easiest ones to

perform. Hence the TTT series has an interesting synthetic_

potential.

. . «CO,M
The TTT system can in principle lead to two adducts, g 2ve
namely, thetrans-anti-cis (TAC) and the cis-anti-trans «COzMe “IOMOM
- - 18
(CAT) tricycles!® We have previously demonstrated that 14- E oMM E 1
membered TTT macrocyclic trienk with cis substituents E 1T E H 5 (a0

led to the specific formation of TAC tricycl2 due to steric
hindrance from the malonate and the alkoxy group (Figure %

Z ~COR W wWCOsR
1) This result was very interesting since only one of the ) = ¢ 0 ST
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We wish now to report the synthesis of 14-membered TTT
macrocycle3 with cis substituents in pro-ring C, where the
malonate connector was replaced by-ketoester with a
gem-dimethyl functionality at position 4. Tloés substituents
in C1» and G3 were introduced, as befofejy an intermo-

Having dienophile and diene in hand, both were connected
by an aldol condensation to give a mixturesyinand anti
adducts9 and 10 in a 1:2 ratio which were separated by
flash chromatography. The alcohol was protected as a MOM
ether on both adducts and the THP removed to afford the

lecular aldol reaction between the dienophile and the diene corresponding primary alcohol. Thketoester connector
(Figure 1). For our model study, a racemic macrocycle was was then elaborated by a sequence of oxidation, aldol
used. condensation with methyl acetate, and subsequent oxidation

Construction of macrocyclg began with the synthesis of  to give-ketoesterd1and12. The TBDPS group was then
dienophile5 from ester—aldehyd@ available in one step  removed, and the alcohols thus obtained were respectively
from commercial cyclopentene (Scheme® WVittig olefi- transformed into the corresponding chloridesand 14 in

81% yield with hexachloroacetone and triphenylphosphine

in THF at—30°CS$
Scheme 1. Synthesis of the Macrocydle The macrocyclization was then conducted by slow addition
o

of the chloride to a refluxing acetonitrile solution of £s

j’\/\/ﬁ\ ac CO; and Csl under high dilution, to yield the desired
H OMe TBDPSOWOW macrocycles3 and 15 in 66 and 64% vyields, respectively.
4 s Now that the isomeric macrocycle3 and 15 were
ah N i synthesized, their behavior toward the TADA reaction was
HO oH —— THPO Yo T 7 studied. As indicated in Table 1, only the TAC tricycle was

Table 1. Diels—Alder Studies of TTT Macrocycle3 and 15

Substrate®  Temp. (°C) Time (h) Product isolates Yield (%)
3 110 18 decomposition 0
9: Ry=H, R,=OH 11: Ry=H, R,=OMOM
12: R;=OMOM, Rp=H o _‘\\COZMe
MeO “OMOM 57
RO
3° 115 27 o \H 1COMe
MeQ™ ™ “OMOM
3: Ry=H, R,=OMOM (66%) © :
13: Ry=H, R,=OMOM (66%) 16: R,=OMOM. Ro=H (64%) 0 $COMe
14: R;=OMOM, R,=H (66%) oo ,,,,OMOM 75
3 125 18 Ho ‘ 16
2 (a) PPR=C(CHs)CHO, GH, reflux, 75%; (b) NaBH, EtOH, N
0°C, 77%,; (c) TBDPSCI, imidazole, 82%; (d) DHP, PTSA, THF/ : 5
CH,Cl, 2:1, 82%; (€) DMSO, (CICQ) CH,Cl,, —78°C, then E{N, SOMe:
rt, 94%; (f) (EtOYPO—CH,CH=CHCOJEt, "BuLi, Et,0, 98%; (q) S O
LAH, Et,0, 0°C, 84%; (h) TPAP, NMO, MS 4 A, CkCly,, 89%;
15° 125 18 2 Products observed

(i) 5, LDA, THF, —78 °C, then6, 85%; (j) MOMCI, DIPEA,
CH,Cly, 79%; (k) PPTS, MeOH, reflux, 77%; (I) TPAP, NMO,
MS 4 A, CHCl,, 73%; (m) AcOMe, LDA, THF,—78 °C, 81%;
(n) Dess—Martin periodinane, 86%; (0) TBAF, THF, rt; (p) HCA,
PPh, THF, —30°C; (q) CsCO;, Csl, CHCN, reflux, slow addition
15 h, [2x 1073 M].

a All reactions were carried out in toluen3 equiv of EtN was added.

obtained with theeis substituents in ring CThe best result
was obtained at 12%C, yielding a mixture of TAC tricycle
16 along with the corresponding decarboxylated tricytle
nation of the aldehyde provided the correspondiagsa,s- in a 3:1 ratic® With theanti substituents in ring C, no control
unsaturated aldehyde in 75% yield. Reduction of the aldehydewas observed and a mixture of CAT and TAC tricycles was
with NaBH; and silyl protection afforded the desired obtained, in keeping with results obtained in previous
dienophiles. studiest

The synthesis of diené started with the monoprotection On the basis of these results, an enantioselective synthesis
of 2,2-dimethylpropanediol with a THP group in 82% yield. of cassaine was envisaged. Cassdifies a cardioactive
Swern oxidation of the primary alcohol followed by Horrer  alkaloid, isolated fronErythrophleum guineendeark, that
Emmons reaction gave thigns-transdiene. Reduction of
the ester with LAH and subsequent oxidation to the aldehyde
afforded dienes in good yields.

(6) Magid, R. M.; Fruchey, O.; Johnson, W. L.; Allen, T. G. Org.
Chem.1979,44, 359.

(7) For the X-ray crystal structure of compouh6, see the Supporting
Information.

(8) Triethylamine was added to be sure that the conditions of the TADA
reaction were not acidic, even if it is not necessary.

(5) Schreiber, S. L.; Claus, R. E.; Reagan;Tétrahedron Lett1982,
23, 3867.
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has been known as inhibitor of NaK*-ATPase and to
possess a pharmacological action similar to the digitalis
glycosides.

Our retrosynthetic analysis suggests that the TAT tricycle
of cassaine, as shown in Figure 2, could come from TAC

18 CASSAINE

3) Macrocyclization
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Figure 2. Retrosynthetic analysis of cassaine.

tricycle 19 after oxidation at @and epimerization at £ with

19 being the TADA adduct obtained from trierg9. An
enantioselective synthesis of macrocy2t:could be made,

in a more convergent manner than in the model study, first
by an asymmetric aldol reaction between dienopilend
aldehyde22 and then by further elaboration of the diene by
Stille coupling® with 3-ketoester stannariz822

Scheme 2
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a(a) PRP=C(CH;)CHO, GHe, reflux, 75%; (b) NaBH, MeOH,
0°C, 77%; (c) (MeO)CH,, LiBr, PTSA, 85%; (d) KOH, MeOH,
97%; (e) EtN, (CHz)sCCOCI, THF,—78°C, then31,"BuLi, THF,
—78°C, 88%; (f) TiCl, TMEDA, NMP, CH,Cl,, —78 °C, 55%;
(g) NaBH,, THF/H,0O, 78%; (h) b, CH,Cl;, 97%; (i) HCI (concd),
iPrOH, 55°C, 16 h, 75%; (j) (MeO)C(Me),, PTSA, THF, 95%;
(k) 23, Pd(CHCN).Cl,, DMF, 85%; (I) HCA, PP, THF, —30
°C, 85%; (m) CsCO;, Nal, CHCN, reflux, slow addition 12 h, [2
x 1073 M), 71%, 29/30ratio 9/1.

As shown in Scheme 2, the first two steps of the sequence
were similar to those of the model study, with the alcohol
protected as a MOM ether. Hydrolysis of estdrgave the
corresponding carboxylic acid and then the Evans chiral
auxiliary was introduced in a one-pot procedure to afford
imide 25in 86% yield!! The enantioselective aldol conden-
sation was then performed in the presence of ;JiICVMEDA,
and NMP with aldehyde26' to afford the corresponding
aldol adduct in 55% yield@ Reduction of the imide with
NaBH, without racemizatiotf and then stannane/iodide
exchange provided the diol in good yields. Deprotection of
the MOM ether and protection of the two alcohols as an
acetonide furnished iodid&/. Stille coupling between iodide

(9) (a) De Munari, S.; Barassi, P.; Cerri, A.; Fedrizzi, G.; Gobbini, M;
Mabalia, M.; Melloni, P.J. Med. Chem1998,41, 3033. (b) Turner, R. B.;
Burchardt, O.; Herzog, E.; Morin, R. B.; Riebel, A.; Sanders, JJVAm.
Chem. Soc1966,88, 1766.

(10) (a) Stille, J. K.; Tanaka, MJ. Am. Chem. S0d.987,109, 3785.

For a comprehensive review, see: Farina, V.; Krishnamurty, V.; Scott, W.
J. InOrganic Reactions; Paquette, L. A., Ed.; John Wiley and Sons: New
York, 1997; Vol. 50, pp +652.

(11) Evans, D. A.; Polniaszek, R. P.; DeVries, K. M.; Guinn, D. E;
Mathre, D. J.J. Am. Chem. S0d.991,113, 7613.

(12) Lipshutz, B. H.; Lindsley, CJ. Am. Chem. S0d.997,119, 4555.

(13) Hawkins, J. M.; Sieser, J. E.; Ende, D. J.; Clifford, P. J.; Castaldi,
M. J.; Bourassa, D. E. Asymmetric Aldol Chemistry: New Conditions,
Spectroscopic Studies, and Pilot Plant Applicatiodbstract of Papers
ChiraTech '97, Philadelphia, PA, November-113, 1997.

(14) Prashad, M.; Har, D.; Kim, H. Y.; Repic, @etrahedron Lett1998
39, 7067.

27 and stannang-ketoester23 was then accomplished in
DMF in 80% yield?219The chlorination and macrocycliza-

tion were performed as previously described (vide supra)

and with similar yields.
However, this time, TAC tricycl80was obtained in small
guantities during the macrocyclization (29/3atio 9:1),

showing that the TADA reaction was even easier than in

the model study.
The TADA reaction was tried at 128C (Table 2) with
chiral macrocycle?9, but surprisingly, it gave a mixture of

Scheme 3
o) 0 .
j P 5 /i/ abc, )O OPiv
MeQ o MeO Z 7 YOMOM
o » o) 33

RN\

OPiv

2.6:1

a(a) HCI 1N, THF, 0°C, 1 h, 95%; (b) PvCl, 2,6-lutidine,
CH.Cl,, 75%; (c) MOMCI, (i-Pr}Net, CHCl,, 85%; (d) toluene,
sealed tube, 125C, 100%,34/35ratio 2.6/1.
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Pursuing the total synthesis of cassaine, elaboration of ring
Table 2. TADA Studies on Macrocycl@9 A was com_ple_ted fi_rst by dealkoxycarbonylgﬂénf tricycle
30in quantitative yield (Scheme 4). Reduction of the ketone

Scheme 4

0
Meo)k”‘ = ”/O/‘/ ab
0
a(a) NaOH 7%, MeOH/HO 3:2, 100%; (b) NaBkl MeOH, 0
°C, 95%.
yield (%) " . ,
) R ) at position 3 was accomplished with NaBt MeOH at 0
temp (°C) time (h) 30 31 32 total yield (%)? °C to giveﬁ epimer36 (ratio ﬁ/(l 95:5)'15,17
90 72 83 83 In conclusion, we have synthesized interesting TAC
95 72 75 5 80 tricycles by the TADA strategy, which can be used as key
Eg 12 gg 13 1(7’ gi intermediate for the synthesis of cassaine. Further elaboration
105 6 33 39 20 92 of the tricycles en route to the total synthesis of cassaine is

in progress and will be reported in due course.
a All reactions were carried out in toluene.
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