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The one-pot construction of polycyclic aromatic systems from acyclic ene-bis(propargyl alcohols) was achieved through a tandem dual [2,3]-
sigmatropic rearrangement/6  s-electrocyclic reaction/intramolecular [4  + 2] cycloaddition sequence. A steroidal compound was conveniently
synthesized using the present method.

0-Quinodimethane intermediates have been widely utilized

as a powerful diene counterpart in the intramolecula#[4 Scheme 1. Construction of Polycyclic Skeleton Based on
2] cycloaddition reaction for constructing complex polycyclic Ene-diallene Formation
compounds such as steroids, alkaloids, terpenes, anthracy- OH PhS.
clins, and lignang.The hitherto known methods for genera- ( 7
tion of o-quinodimethane species include the thermolysis of ! Z Rl WF)
benzocyclobutenes, thermal cheletropic extrusion of small- 2] _Pnsel | - .
sized molecules, and 1,4-elimination ofa’-substituted I EtsN R [2,3]-sigmatropic
X X THF rearrangement
o-xylenes. These procedures mostly require a considerably OH Prso
high temperature and/or multiple-step preparation of the
substrates. ! 2
Despite their latent potential for the preparation oaf PO PRO)$

quinodimethanes from ene-diallenes via thedectrocyclic R | = | R
reactior? little attention has so far been paid to the chemistry B2 — 67 electrocyclization 52
of the ene-diallenes. We envisaged that the efficient genera-  pno)s Ph(0)S
tion of o-quinodimethane! would be attained under mild 3 4
conditions starting from the ene-bis(propargyl alcotidby PHOS
the consecutive sulfenic ester formation (first step), dual R
[2,3]-sigmatropic rearrangement of ene-bis(propargyl sulfenate) ——F M
2 (second step)? and 6x-electrocyclic reaction of ene- oyoaton T
diallene 3 (third step) (Scheme 1). The sulfur-containing Ph(O)S

5

(1) (a) Segura, J. L.; Martin, NChem. Rev1999,99, 3199—3246. (b)

272, (&) Chaton, 3. L: Alaaddin, M. MTeiahedron1987.43. 2673 0roups on the benzene ring of the 442] cycloadducts
2889. (d) Oppolzer, WSynthesis1978, 793—802. would further elaborate into other functionalities or hydro-

10.1021/0l0525720 CCC: $33.50  © 2006 American Chemical Society
Published on Web 12/06/2005



gen?® In addition, the ene-bis(propargyl alcohalyvould be from 7, was then added to the unsaturated aldehgdes?®
easily prepared by the Sonogashira couglinfgthe suitable to afford the9a—c, the THP protecting group of which was
vinyl halide and the terminal alkynes. On the basis of these subsequently removed under acidic conditions to produce
considerations, the sequential pericyclic reaction of ene- ene-bis(propargyl alcohold)0a—c.
diallene, derived from ene-bis(propargyl alcohol), was  With three ene-bis(propargyl alcohols) in hand, the first
investigated. We describe herein the preliminary results of efforts focused on the construction of the octahydrophenan-
the one-pot synthesis of polycyclic aromatic compounds from threne skeleton from the ene-bis(propargyl alcoti6kvia
acyclic ene-bis(propargyl alcohols) via the sequential ene- the sequential pericyclic reaction. The ring-closing reaction
diallene-o-quinodimethane formation and intramolecular [4 was performed as follows. Benzenesulfenyl chloride was
+ 2] cycloaddition and its application to the construction of added to a solution df0aand triethylamine in THF at-78
the steroid skeleton. °C and then warmed to room temperature. AfteCPBA
The required ene-bis(propargyl alcohol€)a—c for the oxidation of the crude products, the phenanthrene derivative
above sequential reaction were prepared by conventionalllacould be isolated in 30% yield from the reaction mixture.
methods as shown in Scheme 2. According to the literature This result indicated that the expected sequential four-step
reaction in one pot must have occurred (Table 1, entry 1).

Scheme 2. Preparation of Ene-bis(propargyl alcohal)

1. HC=CCH,OTHP, Cul Table 1. Sequential Pericyclic Reaction @Da?
Pd(PPhg)s, n-BuNH, > H
! benzene Z n-Buli, THF ? PhSO,
I l —_— P A CoMe
Cl 2 HC=CTMS, Pd(PPhs), S -78°C, then 8 Z
Cul, n-BuNHj, benzene N | O
3. KoCO3, MeOH CO.Me
e OTHP Xx_ _oH Conditions PRS0 2
6 78% 7 2
10a 11a
entry conditions yield (%)
OHCW
" R 1 (1) PhSCl Et;N, THF, —78 °C, 1 h, thenrt, 1h 30
8a-c (2) mCPBA, CHClg
a: =1, RECOMe 2 (1) PhSCL, EtsN, THF, rt, 2 h 34
TsOH 9a-c: R'=THP b: n=1, R=H (2) mCPBA, CHxCly
MeOH " 10a-c: R'=H ¢ =0, R=COMe 3 (1) PhSCI, Et3;N, THF, rt, 1 h, then reflux, 15h 57
(10a: 52%, 10b: 67%, 10c¢: 54%) (2) mCPBA, CH.Cly
4 (1) PhSOCI, Et3N, CHoClp, =78 °C, 1 h 0b
(2) toluene, reflux, 10 h
procedure, dichloroethylené)was transformed int@® via a All reactions were performed on a 0.1 mmol scale (0.01 M), ané 4

the two-step Sonogashira reaction. The acetylide, derivedequivalents of PhS(QEI (m = 0, 1) and 57 equivalents of &t were
used.P Stylenel5awas obtained in 84% yield.

(2) (a) Sugimoto, Y.; Hanamoto, T.; InanagaAppl. Organomet. Chem.
1995 9, 369-375. (b) Inanaga, J.; Sugimoto, Y.; Hanamoto] &trahedron o ) )
Lett.OI ﬁ992, 33, 703ﬁ—d7038. (c) Bowes, C. M.; l\(/éc;ntecalv?, D. F; The styrene derivativeél5a was obtained as the major
Sondheimer, FTetrahedron Lett1973, 3181—-3184. (d) Ben-Efraim, D. 0 . ;
A.; Sondheimer, FTetrahedron Lett1963, 313—315. (e) Tanaka, K.; byprod_uct _(11 %) as a result of the 1,5-hydrogen Sh_lf_t of the
Takamoto, N.; Tezuka, Y.; Kato, M.; Toda, Fetrahedror2001, 57, 3761~ (E)-quinodimethane&l2a (Scheme 3}° Several conditions
3767. (f) Toda, F.; Tanaka, K.; Sano, |.; IsozakiAhgew. Chem., Int. Ed. for improving the chemical yield oflaas well as the ratio

Engl.1994,33, 1757—1758. (g) Ezcurra, J. E.; Moore, H. Wtrahedron . .
Lett. 1993 34, 6177-6180. (h) Braverman, S.: Duar, Y. Am. Chem. Soc. ~ Of 11ato 15awere screened. Thus, the highest yield 4

1820,2 %1220 52833393—5837- (i) Staab, H. A.; Draeger, Bhem. Ber.1972, 57%, 15a 24%) was realized when a reaction mixture was
(3) Homer, L. Binder, V. Liebigs Ann. Chem1972,757, 33-68. heated under reflux for 15 h (Table 1, entry 3). The dual
(4) The tandem formation and intramolecular{42] cycloaddition of [2,3]-sigmatropic rearrangement of the bis(propargyl sulfi-

1-sulfinyl-1-vinylallenes, triggered by [2,3]-sigmatropic rearrangement of ; _hi
the corresponding propargyl sulfenates, has been reported: (a) Okamura,nates) derived from the ene-bis(propargyl alcohba,

W. H.; Curtin, M. L. Synlett1990, 1-9. (b) Curtin, M. L.; Okamura, W. instead of the bis(propargy! sulfenates), in refluxing toluene

H. J. Org. Chem1990,55, 5278—5287. (c) Gibbs, R. A Bartels, K., Lee,  was examined according to the literature precedénit led
R. W. K.; Okamura, W. HJ. Am. ChemSoc.1989,111, 3717—3725. (d)
Gibbs, R. A.; Okamura, W. Hl. Am. Chem. S0d.988,110, 4062—4063.

(5) (@) Najera, C.; Yus, MTetrahedron1999,55, 10547—10658. (b) (8) (a) Lin, C.-F.; Wu, M.-JJ. Org. Chem1997,62, 4546—4548. (b)
Simpkins, N. SSulphones in Organic Synthesergamon Press: Oxford, Kadow, J. F.; Saulnier, M. G.; Tun, M. M.; Langley, D. R.; Vyas, D. M.
1993. Tetrahedron Lett1989,30, 3499—3500.

(6) Sonogashira, K.; Tohda, Y.; Hagihara, Retrahedron Lett1975, (9) Little, R. D.; Fox, D. P.; Hijfte, L. V.; Dannecker, R.; Sowell, G.;
4467—4470. Wolin, R. L.; Moéns, L.; Baizer, M. MJ. Org. Chem1988,53, 2287—

(7) The intermolecular cycloaddition reaction of theuinodimethane, 2294.
derived fromcis-4-octene-2,6-diyne-1,8-diol and benzenesulfenyl chloride, (10) Kametani, T.; Tsubuki, M.; Shiratori, Y.; Kato, Y.; Nemoto, H.;
was described in the review article by Grissom (Grissom, J. W.; Gunawar- lhara, M.; Fukumoto, K.; Satoh, F.; Inoue, H. Org. Chem.1977, 42,
dena, G. U.; Klingberg, D.; Huang, Detrahedronl996 52, 6453-6518). 2672—2676.

However, no original manuscript dealing with the details of this reaction is (11) (a) Saalfrank, R. W.; Welch, A.; Haubner, M.; Bauer, Liebigs
available. Ann.1996, 171-181. (b) Stirling, C. J. MChem. Commuril967, 131.
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Scheme 3
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16a; R=CO,Me (80%)
11a,b

16b; R=H (98%)

to the exclusive production of styrei®avia 13a(Table 1,
entry 4). The cycloadductla was obtained as a single
diastereomer, whose relative stereochemistry betwgghl C
and GgsH was unambiguously established to tvans by

the chemical transformation (desulfonylati&itp the known
compoundl6al® CompoundlOb without the methoxycar-
bonyl group at the olefin terminus also underwent a similar
sequential reaction under the optimized conditions to afford
11b'* as a single diastereomer (Schemé®4nterestingly,

Scheme 4
OH
PhSO, 0 PhSO,
1. PhSCI, EtsN, . =
THF
o)
O refux  PhSO, PhSO,
2. mCPBA,
10b CHxClp 11b 15b
(47%) (33%)
OH
o -COMe
A
[ 1. PhSCI, EtzN, THF
S rt — reflux
X __OH
2. mCPBA, CHoCl,
10c 80%
PhSO, “ PhSO, “ PhSO,
O - OG- ar
COMe COMe 7
PhSO, PhSO, PhSO, CO,Me
trans-11¢ cis-11¢ 15¢
66 25 g

The novelo-quinodimethane formation reaction from the
ene-bis(propargyl alcohol) via the ene-diallene could be
developed. The next phase of this investigation involved the
application of the newly developed method for the synthesis
of biologically important frameworks. Thus, a steroid

skeleton was chosen as the target molecule. Preparation of

the quinodimethane precursor, namely, the ene-bis(propargy!
alcohol)22, was made in a straightforward manner (Scheme
5). 2-Methylcyclopentenoné {) was stereoselectively con-

Scheme 5. Synthesis of Steroi@3
o]

1. 1,3-propanedithiol
ref. 17 BF3-OEty, CHCly

_ =

MeO,C~

s

17

2. LiAlH,, Et,0
77%

18

1. Dess-Martin periodinane
CHoCl,
2. PhaP=CHOMe, THF

3. 10% HCI, acetone
50%

)

S

7, n-Buli, THF HO 1. TsOH, MeOH
-
_78°C Z | 2. NCS, AgNO;
| CH4CN, H,0
89%
X__OTHP 75%
o 21
HO
P 1. PhSCI, EtsN, THF
4 | rt — reflux
l S 2. Raney-Ni, THF, reflux
Xx_ _OH
32%
22 23

verted into the trisubstituted cyclopentanat according
to the literature procedurés.The ketalization of1l8 with
1,3-propanedithiol and subsequent reduction with LiAIH
afforded the cyclopentanethari® (77%, 2 steps). The one-
carbon homologation of9 was realized by the successive
Dess—Martin oxidation, Wittig olefination, and acid hy-
drolysis to furnish the aldehyd2) (50%, 3 steps). Addition
of the acetylide, derived from, to the aldehyd@0 provided
the monoprotected ene-bis(propargyl alcohdl)in 89%
yield. Compound21 was then converted into the ene-bis-
(propargyl alcohol22 by exposure to acid conditions and
silver nitrate. Simple treatment @2 with benzenesulfenyl

the ring-closing reaction of the one-carbon shotf@écgave
an unseparable mixture of two cycloaddu¢tans-11cand
cis-11c, and the 1,5-hydrogen shift prod@&cin a ratio of
66:25:9 for a 80% combined yield.

(12) Brown, A. C.; Carpino, L. AJ. Org. Chem1985,50, 1749—1750.
(13) Sato, H.; Isono, N.; Miyoshi, I.; Mori, MTetrahedron1996,52,
8143—-8158.
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(14) Cycloadducti1lb was converted intd6b, and the stereochemistry
of 16b was confirmed by comparison of it8C NMR spectrum with that
reported: (a) Nicolaou, K. C.; Barnette, W. E.; Ma,JPOrg. Chem198Q
45,1463—1470. (b) Ito, Y.; Nakatsuka, M.; Saegusa].TAm. Chem. Soc.
1980,102, 863—865.

(15) In this case, the styrene derivative, a 1,5-hydrogen-shifted product,
underwent epoxidation witmCPBA to givel5b.

(16) For determination of the product ratio and the stereochemistries of
the cycloadducts, see Supporting Information.

(17) Ito, Y.; Nakatsuka, M.; Saegusa, J.Am. Chem. S0d.982,104,
7609—-7622.
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is that o-quinodimethanes can be directly prepared from

Scheme 6 acyclic compounds under very mild conditions in one opera-

PR(O),S tion. The efficiency of the present method has been verified

7~ ToH RS TLN, THF COMe by a convenient synthesis of the estra-1,3,5(10)-trien-17-one.
OO‘ The intermolecular version of this methodology could be

N o I CO Me o) COMe successfully applied to the preparation of tetrahydroanthra-

MeOLG cene derivative5 as depicted in $c_heme 6. Further studies
24 £ moPBA [2 gg; ﬁ; of the development of a more efficient way for the prepara-
T tion of ene-diallene species and the total synthesis of natural
products based on the present protocol are currently in
progress.

84% (2 steps)

chloride effected the consecutive four-step conversion in one
operation (ester formation, [2,3]-sigmatropic rearrangement,
6m-electrocyclic reaction, and [4 2] cycloaddition) to
provide the steroid framework. The bis(sulfinyl group) of
the resulting compound was subsequently removed with

Raney nickel to afford the desired estra-1,3,5(10)-trien-17- S tina Inf tion Available: E . al
one (23)*in a 32% yield. upporting Information Available: Experimental pro-

cedure for the sequential pericyclic reaction and characteriza-
tion data for compound&la—c,15a—c,23, and26. This
material is available free of charge via the Internet at
http://pubs.acs.org.
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In summary, we have developed a new method for the
construction of polycyclic aromatic systems based on the
sequential formation of the ene-bis(propargyl sulfenates)/
ene-diallenes/o-quinodimethanes, followed by+{42] cy-
cloaddition. The characteristic feature of this unique method 0L0525720
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