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ABSTRACT
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The Cu(l)-catalyzed cycloisomerization of tertiary 5-en-1-yn-3-ols with an 1,2-alkyl shift affords stereoselectively tri- and tetracyclic compounds
of high molecular complexity. These results are in agreement with a mechanism in which the cyclopropanation precedes the rearrangement.

During the course of a synthetic approach directed toward %) in the absence of additives, the reaction was slower (100
the synthesis of Ambrox-type odorants, we wished to apply °C, 16 h; 61% of6ab). Treatment o6ab with KO-t-Bu (0.1
a known copper-catalyzed rearrangement of the propargylicequiv) int-BuOH for 15 min at rt afforded the diketorte

alcohols into enalsto the synthesis of from lab. The
acetylenic diollab (1:1 diastereomeric mixture) was pre-
pared in two steps (highly diastereoselective hydroxylation,
then Li acetylide addition) from the readily accessible ketone
3 (Scheme 175.

To our surprise, treatment dgb with 2 mol % of CuCl,

1.5 mol % of Ti(OBu), and 17 mol % ofp-toluic acid in

o-dichlorobenzene (DCB) at 12 for 30 mirt afforded,

after quenching with aq NaOH/E), exclusively the dias-
tereomerically pure tricyclic diketortein 64% isolated yield
(Scheme 1)!

Repeating this reaction at 3¢, no skeletal rearrangement
took place; however, the starting diol mixtuleab (1:1)
underwent complete epimerizationtain 30 min (Scheme
2)3 After heating fao 4 h at 90°C, a new tetracyclic product
6a was generated in 65% yield (containing minor amounts
of 6b and the retro-aldol produd).* Using CuCl (5 mol

(1) Chabardes, Pletrahedron Lett1988,29, 6253.

(2) Fehr, C.; Farris |. Patent submitted (Firmenich SA; prior, 19 Jul 2005.

(3) This isomerization also took place with CuCl alone or under acidic
conditions (5% HSO,, THF, H,0, 20°C, 2 h).

(4) Samples obain Et;0/5% aq NaOH gave rise to mixtures@s, 6b,
and 5. Prolonged stirring led t&. Extensive NMR experiments and IR
measurement allowed us to assign structéeeand6b. Moreover, the fact
that both of the epimeric aldol products afford the same retro-aldol product
5 proves thaBa and6b differ only in the configuration of the OH-bearing
center.
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(86% vyield).

This cycloisomerization with skeletal rearrangement is
closely related to the PRPor Au-catalyzeé< cycloisomer-
izations with 1,2-H-migratiotf of sec-propargylic enynols
(Scheme 3) and allows the use of inexpensive Cu rea§ents.

It has been proposed that the Pt- or Au-catalyzed cycloi-
somerizations o$ec-enynols (e.g7, to 8) proceed either by
a cyclopropanation of the electron-rich olefin with the metal-
complexed acetylend, followed by 1,2-H-migration oB
(pathway afb<or by an initial 1,2-H-shift and the subsequent
cyclopropanation of the transient vinyl carbebépathway
b)_Sa

To ascertain whether the observed cycloisomerization of
lacould also be effected with Pt catalysis, enyhab was

(5) (a) Harrak, Y.; Blaszykowski, C.; Bernard M.; Cariou, K.; Mainetti,
E.; Mouries, V.; Dhimane, A.-L.; Fensterbank, L.; Malacria, 8. Am.
Chem. Soc2004, 126, 8656. (b) Mamane, V.; Gress, T.; Krause, H.;
Firstner, A.J. Am. Chem. So2004, 126, 8654. Soriano, E.; Marco-
Contelles, JJ. Org. Chem2005,70, 9345. (c) Gagosz, rg. Lett.2005,
7,4129. (d) Reviews: Ma, S.; Yu, S.; Gu,&Zngew. Chem., Int. EQ006,
45, 200. Bruneau, CAngew. Chem., Int. EQ?005,44, 2328. Echavarren,
A. M.; Nevado, C..Chem. Soc. Re2004,33, 431. Méndez, M.; Mamane,
V.; Furstner, AChemtracts: Org. Chen2003 16, 397. Aubert, C.; Buisine,
O.; Malacria, M.Chem. Re»2002,102, 813.

(6) For nucleophilic additions to copper-coordinated alkynes, see:
Bouyssi, D.; Monteiro, N.; Balme, Gletrahedron Lett1999,40, 1297.
Monteiro, N.; Balme, G.; Gore, Bynlett1992, 227. Patil, N. T.; Wu, H.;
Yamamoto, Y.J. Org. Chem2005,70, 4531 and references therein.



Scheme 1. Synthesis and Cycloisomerization bb

1) LDA (1.25 equiv), THF,
-5 °C, 30 min, then

(0] TMSCI (2.4 equiv), nBuLi (0.9 equiv), HO //
« 30°Cto-10°C, I THF, 78 °*Cto 0 °C, OH
10 min (97%) 30 min, then ]
_
2) mCPBA (1.1 equiv), CH,CI,, HCCLi. (NH,CH,),
0 °C, 90 min (92%) (2.0 equiv),
3 3) pTsOH.H,0 (5% wiw), 25°C, 1 h (73%) 1ab

CH,CI/H,0 = 15:1,
25 °C, 90 min (77%)

CuCl (2 mol %)
Ti(OBu), (1.5 mol %)
64% | p-toluic acid (17 mol %)
DCB, 120 °C, 30 min
then aq NaOH/Et2

!
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vicinal OH group. For this purpose, we prepared the enynol

Scheme 2. Copper-Catalyzed Cycloisomerization bdb 9ab (9a/9b = 4:1) by addition of HCCLI(NHCH,), (1.2
™ HO“\\// equiv) in THF to3 (—20 °C to rt, 15 h, 84%) (Table 1).
a2 We screened several Cu(l) and Cu(ll) catalysts as well as
6% PtCL (see Table 1). Under all of the tested reaction
M l 6176% conditions,9a was readily converted into tetracyclic ketone
90 °C 10in good yield and with perfect stereocontrol, wher@hs

o] Q
Table 1. Cycloisomerization oBabto 10
6a sb Vi

heated with PtGI(5 mol %) in toluene (70C, 1 h). Indeed,

the tetracyclic compoun@awas formed in 76% yield. This 10
is the first known example of a Pt-catalyzed cyclopropanation .
with subsequent skeletal rearrangement starting froenta entry cat. (mol %), solvent time (h) 9a¢ 9b 1005
5-en-1-yn-3-of
CuCl (2), Ti(OBu), (1.5), 70/6 1 14 544

We next asked ourselves whether the Cu-catalyzed cy-

. o 4 -tolCO2H (17), DCB¢
cloisomerization could be extended to enynols devoid of the p-tolCOH (17)

2 CuCl (5), p-tolCOzH (17), DCB®  75/4 30 18 50
3 CuCl (5), Ti(OBu)4 (5), DCB® 75/4 32 21 35
4 CuCl (5), DCE¢ 75/6 3 19 75(68)
Scheme 3. Possiblc_e Reac_tion_ Pathways for the Pt-Catalyzed Z 82;151)\/[?2??;) DCEe ;Zg ;g 3; ;g
Cycloisomerization of Enynols 7 CuCly-2H,0 (5), DCB® w4 97 18 43
P, Py . oH 8 CuCly2H,0 (5), 75/4 40 18 26
/)L . ﬁ p-tolCO2H (0.17), DCB¢
/SL 6% PhT A 9 (CuOTH:(CH) (5), DCE* 503 3 18 72
Ph 10 (CuOT)2(CeHs) (2), toluene 70/6 13¢ 82
A 11 Cu(BF4)(CH5CN)4 (2), DCE* 50/4 1 16 69
(a) l(b) 12 Cu(BF4)(CH3CN)4 (1), toluene 70/4 17 83 (85)
13 PtCl: (2), DCE¢ 70/6 0.6 17 81(87)
[Pt] (@ U / ~ 2Percent by GC. Starting compositioBa, 81;9b, 19. b In parentheses:
I‘ JL isolated yields based d®a.°®DCB = 1,2-dichlorobenzene; DCE 1,2-
dichloroethane? In addition, 26% of aldehydes corresponding 2qH

instead of OH)E/Z ca. 1:1).2 In addition, 5% of an apolar product (possibly
dehydrated®b).
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possessing a pseudoequatorial ethynyl group, was recoveredScheme 5 and pathway a in Schemé3). Otherwise, it
unchanged. would be difficult to understand wh9b (or 11b) (which

The most effective catalysts of the tested Cu species wer
(CuOTR(CeHe) (entries 9 and 10) and Cu(BFCHsCN),
(entries 11 and 12) (22 mol %), followed by CuClI (entry ~ Scheme 5. Proposed Reaction Course, As Exemplified for the
4) (2—5 mol %). CuBr (entry 6), Cul (entry 5), and Cu(ll) Cycloisomerization oba
reagents (entries 7 and 8) were less reactive.

As a further application, this reaction could be applied to
the phenyl-substituted acetyleriela, but this sterically
hindered system required a higher temperature for the
reaction to proceed, both with CuCl (DCB, 13@, 15 h;
50% conversion) and with Ptg(toluene, 110C, 7 h, 70%
conversion). As expected from the prior exam@ato 10),
1laafforded12 selectively, whereas the isomerdb did
not undergo the cycloisomerization. CuggEeHsCN), showed
the highest reactivity (76C, toluene, 3h, 100% conversion),
but dehydration givind.3became the major reaction pathway
(12:13= 12:88) (Scheme 4).

would lead to the same vinyl carbeneSagor 119 (pathway
Scheme 4. Preparation ofl1aband Cycloisomerization of b in Scheme 3) does not undergo the cycloisomerization.

lla Moreover, the perfect stereocontrol of the cyclopropanation
with respect to the orientation of the acetylene unit gives
further support to this mechanism. Therefore, the other
postulated mechanism following pathway b (Scheme 3) is
very unlikely, at least in our systems.

In conclusion, we have succeeded in effecting the unprec-
edented, Cu(l)-catalyzed cycloisomerizationtet-5-en-1-
yn-3-ols to afford stereoselectively tri- and tetracyclic
compounds of high molecular complexity. These results have

=—PFPh ||

(1.1 equiv) X L N N
59% | rBuLi (1.05 equiv) important mechanistic implications.
THE, -30 °C to -10 °C We are presently expanding the copper-catalyzed cycloi-
1h somerizations to other systems.
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