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ABSTRACT
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Cyclic mixed acetals with pendant diazoketone side chains undergo rearrangement to ether-bridged cycloheptane ring systems on treatment
with Cu(hfacac) ,. Stevens [1,2]-shift of an oxonium ylide furnishes the major product (7), in some cases accompanied by minor amounts of
a product (8) resulting from [1,2]-shift of a sulfonium ylide. In the subsequent sulfur-triggered cleavage of the bridging ether, the desired
hicyclo[5.3.0]heptene was obtained, along with the product of novel S n2' attack on the resulting allylic ketal.

Functionalized hydrazulene ring systems are found in a wide
variety of biologically important natural products. Members
of the tigliane, daphnane, and ingenane classes, as exempli-
fied by phorbol, resiniferatoxin (RTX), and ingenol, are of
particular interest as a result of their potent biological
activity.! New methods for constructing their ring systems
or substructures thereof are desirable as an entry point for
the chemical synthesis of the natural compogdstructural
analogues.

A key challenge in any such method is the controlled
introduction of the oxygen functionality found at one or more
angular positions. We recently reported the efficient synthesis
of functionalized ether-bridged eight-membered rings via
generation and [1,2]-rearrangement of oxonium ylides de- responding to the AB portions of the tigliane, daphnane, and
rived from easily prepared cyclic mixed acetals, and dem- ingenane ring systems. Along with a concise and high-
onstrated that subsequent sulfur-triggered cleavage of theyielding route to these targets, we also detail unexpected
bridging ether moiety furnished bicyclo[6.3.0Jundecenes with minor pathways via a sulfonium ylide rearrangement and
bridgehead alcohol functionality.Here we describe an the transannular\&' attack on an unsaturated ketal by an
analogous strategy directed toward hydrazulene units cor-angular alkoxide intermediate.
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Preparation of the necessary acetal substrates began witlfbased on a 1:1 ratio &fa and2b). Thetrans diastereomer
the addition of the lithium enolate of ethyl acefate the 2b was recovered unchanged and was easily separated from
knowrf 2-(3,3-dimethoxyethyl)cyclopentanofiéScheme 1). 3a. Exchange of the methoxy group for STol (BBE®,
HSTol) proceeded smoothly to give mixed acé&ain 88%

_ yield as a 2.5:1 mixture of/f anomers. Intermediateé3a

and 3b were then saponified in high yield to give the

Scheme 1 . . ; .
oL corresponding carboxylic acids. The methoxy mixed acetal
;COZEt COEL could be converted to diazoketoda in moderate yield via
o <X : y
OEt TaCH | wOH the mixed carbonic anhydride, but this protocol could not
78°C 109 be applied to the corresponding thioacetal due to unaccept-
(1:1
; CH(OWMe), 9g CH(OMe), gy, CH(OMe), ably low yield_s_. Conversio!"n to the . acid chloride. _under
standard conditiorigesulted in extensive decomposition of
BF,-OEt, the thioacetal; however, carrying out the reaction in the
110 °C presence of excess 2,6-lutidine permitted the isolatiotbof
_CO,Et _CO,Et in 60% vyield (1.7:1 mixture ofr and/ anomersy.
E3o) 4-MeCgH,SH ~Z-0 With diazoketoned in hand, we could examine the key
@/\)”STO' o Ot |\ OMe + 2b transformation. Of the common reaction conditions for the
H stap H 441 afp selective generation of oxonium ylid&sye proceeded with
o 819 (gasteps) those found to be optimal in our previous studgu(hfacac)
1) LIOH (86%) 1) LiOH (69%) in CH,ClI, at reflux. The expected (and desired) pathway for
2) lutidine, then (COCI)y; 2) -BUOCOC, EtsN; the intermediate metallocarbene was ring closure to form
%HZNZ (60%) %H2N2 (49%) five-membered oxonium ylides, followed by [1,2]-shift of
7)1\4N2 N the anomeric carbon to give(Scheme 2). In contrast to the
e} o
(T st (T ome |
= » = »
g ' i ' Scheme 2
1.7:1 o/ 4.7:1 alp
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N2 _.CuL,
Ee) Ele)
" . XR
The crude addition producwere then subjected to BF OQW hfacac =
OEt;, Whlch effected .cycllzathn otis isomer2ato give a (XA = OMe) cither o anomer
cyclic mixed acetaBain 81% yield and 4.4:1 anomer ratio 4b (XR = STol) anome/
(1) () He, W.; Cik, M.; Appendino, G.; Van Puyvelde, L.; Leysen, J. )\W/C N CULn
E.; De Kimpe, N.Mini-Rev. Med. Chem2002,2, 185—200. (b) Rios, J. / E
L.; Recio, M. C.; Manez, S.; Giner, R. M. I8tudies in Natural Products = =
Chemistry (Bioactive Natural Products (Part C); Atta-ur-Rahman, Ed.; O/\)“ 1
Elsevier: Amsterdam; 2000; pp 9343. |f| lfl
(2) Phorbol: (a) Wender, P. A.; Rice, K. D.; Schnute, MJEAmM. Chem.
So0c.1997,119, 7897—7898. (b) Lee, K.; Cha, J. Krg. Lett. 1999,1, [1 2] ln 2]
523—-526. RTX: (c) Wender, P. A.; Jesudason, C. D.; Nakahira, N. T.;
Tebbe, A. L.; Ueno, Y.J. Am. Chem. Socl997,119, 12976—12977.
Ingenol: (d) Winkler, J. D.; Rouse, M. B.; Greaney, M. F.; Harrison, S. J.;
Jeon, Y. TJ. Am. Chem. So2002 124, 9726-9728. (e) Tanino, K.; Onuki,

K.; Asano, K.; Miyashita, M.; Nakamura, T.; Takahashi, Y.; Kuwajima, I.

J. Am. Chem. So@003,125, 1498—-1500. (f) Watanabe, K.; Suzuki, Y

Aoki, K.; Sakakura, A.; Suenaga, K.; Kigoshi, Bl. Org. Chem2004,69,

7802—7808. (g) Nickel, A.; Maruyama, T.; Tang, H.; Murphy, P. D,;

Greene, B.; Yusuff, N.; Wood, J. U. Am. Chem. S02004,126, 16300~ gaier studies, another reactivity pathway had to be consid-
(3) For representative recent efforts, see: (a) Montalt, J.; Linker, F.; Ratel, ered. The presence of both mixed acetal anomers permitted

F.; Miesch, M.J. Org. Chem2004,69, 6715—1721. (b) Grainger, R. S; ; ; iz At ;

Owoare, R. BOTg, Lot 2004.6, 20612964, (¢) Marson. G. M.- Pink. J. the pqsab_le aItegrnatlve cycllzatloniof theano.mer to bridged

H.; Hall, D.; Hursthouse, M. B.; Malik, A.; Smith, . Org. Chem2003, bicyclic ylides6.? If formed, these intermediates would also

68, 792—798. (d) Singh, V.; Samanta, Btkivoc 2003, Part iii, 77-87. be expected to undergo [1,2]-shift to furnish isomeric ring-

(e) Page, P. C. B.; Hayman, C. M.; McFarland, H. L.; Willock, D. J.; Galea, . d 8 Th t f f .

N. M. Synlett2002, 583—587. (f) Rigby, J. H.; Fleming, Metrahedron €xpansion pro U_Ct - 1he strong preierence tor oxonium

Lett. 2002, 43, 8643—8646. (g) Rigby, J. H.; Bazin, B.; Meyer, J. H.; ylide formation via five-membered ring clos@rsuggested

Mohammadi, FOrg. Lett.2002,4, 799—801. (h) Jackson, S. R.; Johnson, ; ; ;

M. G.; Mikami, M.; Shiokawa, S.; Carreira, E. M\ngew. Chem., Int. Ed. that the pathway via ylideg should be minor.

2001, 40, 2694—2697. (i) Ovaska, T. V.; Reisman, S. E.; Flynn, M. A.

Org. Lett.2001,3, 115—117. (7) The anomers ofdb were distinguished through 1D TROESY

(4) Marmsater, F. P.; Murphy, G. K.; West, F. G. Am. Chem. Soc. experiments showing proximity of the anomeric proton to the diazoketone
2003,125, 14724—14725. side-chain protons in th8 anomer, but not thet anomer.

(5) In contrast to the previous study (see ref 4), no improved stereose-  (8) Marmsater, F. P.; Vanecko, J. A.; West, F. @g. Lett. 2004, 6,
lectivity was observed for the corresponding Reformatsky addition. 1657—-1660.

(6) (a) Hirst, G. C.; Howard, P. N.; Overman, L. E.Am. Chem. Soc. (9) Formation of the corresponding bridged bicyclic ylide from the
1989,111, 1514-1515. (b) Johnson, T. O., Jr. Ph.D. Dissertation, University anomers is considered unlikely due to the excessive strain associated with
of California—Irvine, 1992. the required inside—outside geometry.
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In the event, thes anomers ofda and 4b undervent

efficient conversion to ether-bridged hydrazulenespon

! - Scheme 3
treatment with catalytic Cu(hfacagchs expected (Table 1). _
CuL,
| =0
: : : ab-p) 2> T+ =sTol
Table 1. Cu(hfacac}Catalyzed Ring Expansion of Anomeric =
Mixed Acetals H 5b-(8)
o homolysis / \heterolysis
o e} e}
N, = . -
E} 10 mol% Cu(hfacac), S o 4 a0 H 40 H > ©
I XR — T, = <I/:‘STOI <I/:?STOI\ -
o CH,Cl, reflux 0 a0 STol H \ / H 40 STol
4b (XR = STol) ) XR =~ H L _FH
g H (6] H
i e (e 5
substrate % yield of 7 (dr)® % yield of 8 (dr)? H STol
SN/ 7b-(B) SN/
4a (f anomer) 67 (2.4:1 /o) H “STol H “STol
4a (0. anomer) 61 (1.6:1 /) 7b-(a) 7b-(x)
4b ( anomer) 85 (4.8:1 p/a)
4b (o anomer) 68 (1.6:1 /) 13 (1.9:1 o/p3)

a Experimental conditions: A solution dfin CH,Cl, (0.03 M) was added the rate of bond rotation by the intermediate biradical or
dropwise to a refiuxing solution of Cu(hfaca€)0 mol %) in CHCI, (0.001 zwitterion must be comparable to that of recombination in
M), and the reaction was stirred at reflux until consumptior ¢80—45 . . .
min). ® Yields are for isolated material after chromatography. Ratios Order to explain the observed diastereomer ratios.
determined by GC. Regardless of the mechanistic uncertainty, it is clear that
the thioaryl group facilitates the overall [1,2]-shift process.
Having done so, it can then be used to trigger the opening
In both cases, an epimeric mixture was obtained at the of the ether bridge. Compourith (a-STol diastereomer)
migrating center, indicating some erosion of the stereochem-\yas first ketalized to givé (Scheme 4). Subjection of this
ical retention during the [1,2]-shift, and in sharp contrast to
the six-membered acetdlsThe o anomer of 4a also
furnished7a, albeit in lower yield and accompanied by traces
of a second produé®. The a. anomer of4b gave7b in 68% Scheme 4

yield, along with minor amounts of isomeric hydrazulene o} o™y

8b. Cf% Mso” - OTMS O@ o
The partial stereochemical retention in the formatioi7 of N, 5 mol% TMSOTE =

; H “ 98% H >

in all four examples deserves comment. We have noted 7b@) STol s O°

incomplete stereospecificity in other cases involving [1,2]- o™ OH
HO

shift of ylides containing an oxoniabicyclo[3.3.0]octane

oS
. ) - LiDBB, THF o
skeleton'! Erosion of stereochemical retention strongly oo + .
H H
0 11

suggests a stepwise mechanism for the migration involving

radical or ion pairs, as opposed to concerted or metal- (633%) (6%)
assistet? rearrangement. Plausible mechanisms can be "
suggested involving initial cleavage of the oxonium ylide \
via either homolytié3* or heterolytid®> manifolds (Scheme o7y O?
3; shown for the specific case db-f). In either instance, ‘>O OLi
o o
5 H
(10) This structure of this labile compound, which was isolated in ca. H 13 12
2% yield, has been tentatively assigned as methyl enol é&thsuggesting -
possible formation of the alternative oxonium ylide derived from the H
methoxy group, followed by 1,4-migration of the methyl group.
OMe
AN intermediate to reductive sulfurization with LiDBBusing
1% o Rychnovsky’s modified conditiod$ at low temperature
n
A

. . (12) (a) Johnson, C. R.; Roskamp, EJJAm. Chem. S0d.986,108,
(11) (a) West, F. G.; Eberlein, T. H.; Tester, R. WChem. Soc., Perkin 6062—6063. (b) West, F. G.; Naidu, B. N.; Tester, R. WOrg. Chem.
Trans. 11993, 2857—2859. (b) Tester, R. W.; West, F. Tetrahedron 1994,59, 6892—6894. (c) Karche, N.; Jachak, S. M.; Dhavale, DJD.

Lett. 1998,39, 4631—-4634. Org. Chem2001,66, 6323—6332.
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effected smooth lithiation of the sulfaticarbon bond with a mixture of bothL0 and11. Conformational preferences in
concomitant cleavage of the bridging ether to produce the the hydrazulene system may permit the occurrence of this
desired alcoholl0 in 69% yield. A second more polar minor pathway, which was not observed in the corresponding
product was also formed in minor amounts and was 5-8 bicyclic substrate.

determined to be enol eth#f. Upon standing in CDG11
underwent slow reketalization to givi?, apparently cata-
lyzed by trace amounts of acid. Compoutiis presumed
to form via the alkoxide intermediaté3 by way of a
transannular &' attack on the unsaturated ketal moigty.
As evidence for its involvement, subjection of purifié@
to reaction conditions or treatment withBuLi resulted in

This work describes the efficient synthesis of functional-
ized ether-bridged seven-membered rings via generation and
rearrangement of oxonium ylides derived from easily pre-
pared mixed acetals. Where geometrically possible, minor
amounts of a sulfur ylide rearrangement product were also
seen. In the case of the thioacetal rearrangement product,
the resulting bridging ether was cleaved under reductive

(13) We have previously observed dimeric byproducts resulting from conditions in good yield, accompanied by minor amounts

apparent radical pair intermediates in the [1,2]-shift of simple oxonium of an alkoxide initiated transannulan3 opening of an
ylides: Eberlein, T. H.; West, F. G.; Tester, R. \l..Org. Chem1992, .
57, 3479—3482. unsaturated ketal to give an enol ether.
(14) For early mechanistic studies implicating radical pairs in ammonium
ylide [1,2]-shifts, see: Ollis, W. D.; Rey, M.; Sutherland, I. O.Chem. .
Soc., Perkin Trans. 1983, 1009—1027. Acknowledgment. We thank NSERC for support of this
(15) For ammonium ylide [1,2]-shifts postulated to proceed via a \ork and NSERC and the Alberta Heritage Foundation for
heterolytic mechanism, see: Hanessian, S.; MauduiAhgew. Chem. Int. . .
Ed. 2001,40, 3810—3813. Medical Research for Graduate Studentships (G.K.M.).
(16) (a) Cohen, T.; Bhupathy, MAcct. Chem. Red989,22, 152. (b)
Mudryk, B.; Cohen, TOrg. Synth.1995,72, 173—179. . . . .
(17) Rychnovsky, S. D.; Buckmelter, A. J.; Dahankar, V. H.; Skalitzky, Supporting Information Available: Experimental pro-
D. J.J. Org. Chem1999,64, 6849—6860. ; ; ; ;
(18) For an example of a medium-ring enolate undergoing a transannular .Cedur_es and spectral data.for all intermediates. This material
cyclization concomitant with & displacement of a methoxy leaving group, IS available free of charge via the Internet at http://pubs.acs.org.
see: Paquette, L. A.; Reagan, J.; Schreiber, S. L.; Teleha, G. Am.
Chem. Soc1989,111, 2331—-2332. OL050396P
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