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The cyclization of alkyllithium reagents onto methoxy alkenes has been investigated. The alkyllithium
reagent was generated by reductive lithiation of an alkyl nitrile. In an unbiased substrate, a methoxy
leaving group attached to a stereogenic secondary carbon atom led to the cyclization product with high
optical purity. The configuration of the product demonstrated that the cyclization had proceeded with
high syn-S&' selectivity. Previously we have shown that 2-lithiotetrahydropyran reagents cyclize to form
spirocycles with the alkene cis to the pyran oxygen. Substrates were prepared to evaluate the importance
of the configuration of the secondary allyl methyl ether againsbttadgkoxy alkyllithium configuration.

In the matched case (cyano ace38), a very selective cyclization ensued. In the mismatched case (cyano
acetal39), the spiro ether selectivity dominated. The syi-<®lectivity overcame the norm&lselectivity

in the cyclization and accounted for the major prodiZealkene45. Thus the stereochemical preference

in these alkyllithium cyclizations is dominated by the spiroether effect, followed by the gyseBctivity

and finally the preference fdg-alkene formation.

Introduction

The S’ carbor-carbon bond forming cyclization reaction
of an alkyllithium species onto an allylic ether can be a valuable

alkenes. ThesezScyclizations of organolithium species were
first studied systematically by the Broka and Chamberlin
groups? Since then other groups reported successfyl S

cyclization reactions using a variety of allyl ethers as the leaving
group? but fundamental questions about the preference for the
syn or anti addition of the organolithium species still remained.
Cyclizations onto allylic acetates show syrp-Selectivity
ith soft nucleophiles such as malonaté&he selectivity with

tool in synthetic organic chemistty Although the earliest
example of an alkyllithium cyclization involved displacement
of an alkoxy group, the 5-exo-trig cyclization of a carben
lithium bond into an unactivated alkene attracted more attention

and has been investigated more often. Both the mechanism an(ﬁ/'

the synthetic applications of the carbolithiatiecyclization
reaction have been comprehensively investigated by Bailey.
However, the cyclization was found to be efficient only with
unactivated terminal alkenes, or electron deficient alkenes.
Alkyllithium cyclizations onto allyl ethers have a wider scope
and more potential utility than cyclizations onto unactivated

(1) (a) Review: Mealy, M. J.; Bailey, W. B. Organomet. Chen2002
646, 59—67. (b) Woltering, M. J.; Frohlich, R.; Hoppe, Bingew. Chem.
Int. Ed. Engl.1997, 36, 1764-1766. (c) Deng, K.; Bensari, A.; Cohen, T.
J. Am. Chem. So2002 124, 12106-12107. (d) Yus, M.; Ortiz, R.; Huerta,
F. F. Tetrahedron2003 59, 8525-8542.

(2) Farnum, D. G.; Monego, Tletrahedron Lett1983 24, 1361-1364.
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kyllithium cyclizations is more confusing. Both the syn- and

(3) (a) Bailey, W. F.; Patricia, J. J.; DelGobbo, V. C.; Jarret, R. M;
Okarma, P. JJ. Org. Chem.1985 50, 1999-2000. (b) Bailey, W. F.;
Khanolkar, A. D.; Gavaskar, K.; Ovaska, T. V.; Rossi, K.; Thiel, Y.; Wiberg,
K. B. J. Am. Chem. Socl199], 113 5720-5727. (c) Bailey, W. F;
Khanolkar, A. D.; Gavaskar, K. VJ. Am. Chem. S0d.992 114, 8053~
8060.

(4) (a) Chamberlin, A. R.; Bloom, S. H.; Cervini, L. A.; Fotsch, C. H.
J. Am. Chem. S0d.988 110, 4788-4796. (b) Broka, C. A.; Lee, W. J,;
Shen, TJ. Org. Chem1988 53, 1336-1338. (c) Broka, C. A.; Shen, T.
Am. Chem. Sod989 111, 2981-2984.

(5) (a) Coldham, I.; Lang-Anderson, M. M. S.; Rathmell, R.; Snowden,
D. J. Tetrahedron Lett1997 38, 7621-7624. (b) Tomooka, K.; Komine,
N.; Nakai, T.Tetrahedron Lett1997, 38, 8939-8942. (c) Bailey, W. F.;
Tao, Y. Tetrahedron Lett1997, 38, 6157-6158.
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SCHEME 1. The S Cyclization of Methyl Allyl Ethers Is Syn Selective
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anti-§' cyclization reactions of alkoxy alkenes with organo- %hZEgE 2. Spiroannulation of Primary Allyl Methyl

lithium reagents have been reported. However, the preference
for syn or anti addition in an unbiased system has not been ,
investigated. Examples by Farngmand Lauten$support the DW LiDBB,THF
view that syn-§' cyclization predominates, but their substrates ~ n-CsHy™ 0" 173 OMe -78°C
were structurally biased to give solely the syg-$roduct. 6
Intermolecular §2' reactions have been investigated and in

some cases found to prefer syR2S substitution, but the

substrates are sterically biased and the conclusions may not be

generaP Conversely, Stille showed that/Scyclization pref-

erentially generateS-alkenes with 10:1 to 20:1 selectivifyut

he assumed in his work that anti'Syclization of an organo-

lithium species was favored by analogy to cuprate additiéns. 7

Stille’s substrate, which could only react in an angi-gashion,

cyclized efficiently:* Both syn and anti cyclizations are possible  fonq that for each § spiroannulation reaction of primary ally!
depending on the structural constraints of the cyclization methyl ethers, the diastereomer with the alkene chain cis to the

precursor, but which mode is preferred? ~ pyran oxygen atom was formed exclusively (Schemé? 2.
We have reported the cyclization of an unbiased substrate inan unbiased case, the stereochemistry at the methoxy-substituted
an intramolecular @ alkyllithium cyclization reactiort! The carbon controlled the configuration at the newly formed

optically pure acyclic cyclization precursbwas prepared and  stereogenic center (Scheme 1), but in the spiro ether cyclizations,
SUbjeCted to reductive lithiation by treatment with lithium di- the Configura’[ion was dictated by the oxygen presen[ in the ring_
tert-butylbiphenylide (LIDBB) (Scheme I} It was observed  Scheme 2 illustrates our proposal for the transition state that
that the syn-§ pathway predominated over the anti pathway |eads to selective spiro ether formation, with strong lithium
with a 20:1 preferenc@.ln accordance with Stille’s observation, coordination to the ring oxygen dictating the approach of the
the E-alkene was found to be the major product of the alkene! In a related observation, Cohen has shown that
cyclization reaction. The experiment presented in Scheme 1 proximate alkoxylithium groups accelerate alkene cyclization

provided the first unbiased measure of syn- or agtis8lectivity reactionstc If both selectivity elements, spiro ether selectivity
in alkyllithium cyclizations, and set the stage for the further and syn-§' selectivity, were combined in a single substrate,
development of this type of annulation reaction. which would predominate? Setting these two directing effects
Thea-alkoxy alkyllithium spiroannulation reaction of primary  against each other provides a criterion to measure the strength
alkoxy alkenes has been investigated in our laboratétigge and reliability of these stereochemical interactions that will be
useful in the design of new reactions.
(6) Backvall, J. E.; Vagberg, J. O.; Génel. P.J. Chem. So¢Chem. We set out to investigate the dependability of the spiroether
Commun.l987 159-160. effect and the § syn selectivity as outlined in Scheme 3. The
64(7) Lautens, M.; Kumanovic, SI. Am. Chem. S0d995 117, 1954~ S\’ cyclization of an organolithium species onto a stereogenic

(8) (a) Arjona, O.; de Dios, A.; de la Pradilla, R. F.; Plumet, J.; Viso, A. methoxy alkene derived from optically pure cyclic acetals was
ﬂ/-lOJrg- KChem19g4 ,i%’ 320&(:3216- (té) %@82, 1A2.‘I15".:1 Z’Ist;aegﬂi 4'155'1'\4'; Gaunt, investigated both to study the stereoselectivity and to broaden

. J. Kozmin, S. AJ. AmM. em. S0 3 . Y H : : H

(9) (a) Harms, A. E.; Stille, J. R.; Taylor, S. Krganometaliics1994 the scope of § alkyllithium cyclization reactions. Since the
13, 1456-1464. (b) Bailey, W. F.; Zarcone, L. M. Chirality 2002 14, syn-S' pathway is intrinsically preferret}, substrate9 is a
163-165. matched case in which the interaction of the lithium and ring

(10) (a) Magid, R. MTetrahedrornl98Q 36, 1901-1930. (b) Gendreau, iati i
v.: Normant, 3. F-Tetrahedron1979 35, 1817-1521. (¢) Corey. E. J. oxygen moieties and the parallel alignment of the carbon

Boaz, N. W.Tetrahedron Lett1984 25, 3059-3062. (d) Paquette, L. A.. lithium bond with the alkene favor diastereonidr A proposed

Stirling, C. J. M.Tetrahedron1992 48, 7383-7423. transition state geometry is illustrated with structd@ Cy-

16511) La Cruz, T. E.; Rychnovsky, S. @hem. Commur2004 2, 168~ clization of 9 is expected to take place with high diastereo-
(i2) (a) Freeman, P. K.; Hutchinson, L. . Org. Chem.198Q 45,

1924-1930. (b) Buckmelter, A. J.; Powers, J. P.; Rychnovsky, SJ.D. (13) (a) Rychnovsky, S. D.; Takaoka, L. Ragew. Chemint. Ed.2003

Am. Chem. Sod 998 120, 5589-5590. (c) Rychnovsky, S. D.; Hata, T.; 42, 818-820. (b) Takaoka, L. R.; Buckmelter, A. J.; LaCruz, T. E;

Kim, A. I.; Buckmelter, A. J.Org. Lett.2001, 3, 807—810. Rychnovsky, S. DJ. Am. Chem. SoQ005 127, 528-529.
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SCHEME 3. S Cyclization of Diastereomeric Allyl Methyl Ethers
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SCHEME 4. Synthesis of Optically Active Alkyl lodide 26
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22 RedAl

selectivity. Cyclic acetal2 is a mismatched case, making the alcohol22 in 81% vyield, and 97% e®¥. Reduction of22 with
outcome of the cyclization reaction difficult to predict. If the RedAl gave theE-alkene23 in 90% yield, which was then
syn-Sy' selectivity takes priority, thed6 or 17 would result methylated to give methyl allyl eth@d in 95% yield® Removal
depending on the importance of-+O interaction versu&/Z of the silyl group generated alcohd5, which was then
selectivity. If syn to anti selectivity is modest akeselectivity converted to optically active alkyl iodid26 in 97% yieldl’

is important then18 would be expected to predominate. The same optically active methyl allyl eth26 was used for
Cyclization of these substrates will weigh the relative importance the initial studies of the @ cyclization and the more compre-
of syn-§' cyclizations, the spiroether effect, aBf¥ selectivity hensive alkyllithium cyclizations described herein.

against each other. The outcome of these experiments will ~Synthesis of the optically active acetals, as outlined in Scheme
answer fundamental questions about stereoselectivity in alkyl- 5, began withj-keto ester27 prepared by the method of
lithium spiroannulation reactions.

(14) Dussault, P. H.; Eary C. T.; Woller K. R. Org. Chem1999 64,
Results 1789-1797.
(15) (a) Haack, K.-J.; Hashiguchi, S.; Fuijii, A.; lkariya, T.; Noyori, R.

. . . . . . Angew. Chem.Int. Ed. Engl.1997 36, 285-288. (b) Fujii, A.; Haack,
SyntheS|s of Opt'ca”y active aIIyI|c eth@6, as outlined in K.-J.; Hashiguchi, S.; lkariya, T.; Matsumura, K.; Noyori,AAgew. Chem.

Scheme 4, began with the addition of the lithium anion of TIPS |nt, Ed. Engl.1997, 36, 288-290.
ether 20 to Weinreb amidel9, derived from commercially (16) (a) Matsumura, K.; Hashiguchi, S.; Ikariya, T.; Noyori, RAm.

available 4-phenylbutanoic acid, to give the alkynyl ket@ae =~ Chem. Socl997 119 8738-8739. (b) Ishiyama, H.; Takemura, T.; Tsuda,
. % vield® Asvmmetric reduction of keton@1 with M.; Kobayashi, J.-ITetrahedron 1999 55, 4583-4594.
in 95% yield: Yy (17) Garegg, P. J.; Samuelsson,JBChem. SocChem. Commuri979

Noyori’'s hydrogen-transfer catalyst gave the desired propargyl 978-980.
1070 J. Org. Chem.Vol. 71, No. 3, 2006
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SCHEME 5. Synthesis of Optically Active Cyclic Acetals SCHEME 6. Alkylation of Acetals
Ru(BINAP)Cl, Me Me
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) e Ph/\“\‘M"'CN o /\M SCHEME 7. Initial Attempts for the Reductive Cyclization
H H PN E of Cyano Acetal 38
31 1:1.1 cisftrans 32 I\E/Ie LIDBB.THF. —78 °C
M o™ OMe -
e ‘\‘\/*\/\/\/"\({Ph 10 Tln then
/\)Oi/?l\ steps O)\O R L X 3 —40°C,15h
Ph OEt Ph/\)ﬁ\/LLCN 38 R = CH,CH,Ph
Me
33 78%,95%ee 36 & 37 B Trace amount
Roskampt® Asymmetric hydrogenation ¢f-keto este@7, with o0 OMe o of cyclization
Noyori’'s ruthenium BINAP catalyst, provided the desir&)( R“M/\/\/\gs P .
B-hydroxy este28in 78% yield and 97% e¥. The secondary 40

alcohol was protected as the TMS ether and the resulting ester ) ) ) )
29 was then reduced to aldehy@6. Aldehyde30 was treated ~ Was treated with 4 equiv of LIDBB at 78 °C and the reaction
first with TMSCN, to generate a cyanohydrin, then acetylalde- Mixture was placed in &40 °C bath for 1.5 h. ThéH NMR
hyde and CSA to give a mixture of cis and trans ace3aland spectrum of the crude reaction mixture revealed that the reduced
32(78% yield) in 1:1.1 ratio, respectively Minor diastereomers ~ acetal40 was the major product of the reaction (Scheme 7).
related to31 and32, which have the methyl substituent in the ~1Nis experiment indicates that the'Syclization of secondary
axial position at C2, were present as-®% of the total methoxy alkenes to form a spiro compound takes place more
diastereomeric mixture. Although acetal$ and 32 could be slowly than that of primary methoxy alkenes. When the
separated by silica gel chromatography, it was found that the temperature of the reaction was maintained-a8 °C for an
minor diastereomers bearing the methyl substituent in the axial €xtended period of time (12 h), using THF as the solvent, the
position could not be separated from the major diastereomers.desired cyclized produéd was isolated in 54% yield. However,
Fortunately, this minor impurity did not introduce any compli- 2 Significant amount of acetdD was still detected. Evidently,
cations when the diastereomeric mixture was taken to the nextProton abstraction from THF by the organolithium species is
step of the reaction sequence. The mixture comprised of acetalsCOmpetitive with the cyclization pathway. The reaction was
31and32was treated with lithium diisopropylamide and alkyl 'epeated with a 1:1 THF/hexanes solvent mixture to reduce the
iodide 26 (Scheme 6) to afford the “matched” cyclization 'ate of THF deprotonatiof?,and these conditions afforded the
precurso8in 84% yield as a single diastereonféRepeating ~ Pest yield, 74%, of the cyclization produdd (Scheme 8).
this route along with the substitution 0S)(BINAP by (R)- Cyclization precurso9was subjected to the identical reaction
BINAP in the hydrogenation stage of the synthetic sequence conditions to produce the cyclization products in a combined
led to the formation of aceta36 and37. By using the same /2% Yyield. The use of low temperatures, extended reaction
procedure, the “mismatched” cyclization precurs® was times, and_a THF/_hex_anes sqlv_ent system led to good yields in
synthesized in 92% yield by alkylating the mixture of acetals the reductive cyclization of nitrile88 and 39 (Scheme 8).
36 and 37 with iodide 26,21 With the successful synthesis of The product distributions in the reductive cyclization reactions
the desired optically active cyclization precursors, the reductive are presented in Scheme 8. Cyclization of the matched acetal
cyclizations could be investigated. 38 gave rise to spirocycldl with >98:2 E/Z selectivity. The

Initial attempts to cyclize nitril@8 began with the procedure ~ coupling constant between the vinylic protons was found to be
successfully used in other spiroacetal cyclizatitiiitrile 38 15.4 Hz, consistent with aB-alkene geometry. The chemical

shifts of the allylic proton and allylic carbon of acetdl were

(18) Holmquist, C. R.; Roskamp, E. J. Org. Chem1989 54, 3258 found to bed 2.74 and 46.5 ppm, respectively. Furthermore,
3260. _ _ the configuration of the newly formed allylic stereocenter of
Ku(nigz);\'ogsohri'v HR-_? )S(TJ':;”;} aT';s K}ifnm‘i{ﬁ‘em*sfﬁkgag?‘l'ggj ggg’& N..  41was determined by nOe measurements as illustrated in Figure
5858, yashi, H.. gawa, <. Am. : ' 1. The olefin geometry, in conjunction with the configuration

(20) (a) Rychnovsky, S. D.: Zeller, S.; Skalitzky, D. J.; Griesgraber, G. Of the newly formed allylic center, leads to the conclusion that

é ?r% Ch8?19289525,5 ?Sf%géiéégb)( F§YSC,hn0\éska, % DH; GriekSgrgbgn the cyclization of the matched ace8 occurs by a syn-8
.J. Org. Chem g . () Sinz, C. J.; Rychnovsky, S. D. ; ; i
Top. Curr. Chem2001 216 51-92. mechanism with excellent selectivity.

(21) The minor axial methyl isomers apparently do not alkylate efficiently
under these conditions, and were not observed in the alkylation products  (22) Rychnovsky, S. D.; Mickus, D. ETetrahedron Lett.1989 30,
38 or 39. 3011-3014.
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SCHEME 8. Olefin Geometry and Configuration of the Allylic Stereocenter
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Cyclization of the mismatched ace®f gave an inseparable
mixture of E andZ olefin isomers44 and45in an 15:85 ratio.
The coupling constants of the vinylic protons of the major
isomer 45 were found to be ca. 10.5 Hz, consistent with a
Z-alkene assignment. The chemical shifts of the allylic proton
and carbon atoms @5 were found to bé 2.91 and 41.0 ppm,
respectively. The configuration of the newly formed allylic
center of45 was determined to have the alkene cis to the ring

ethers, however, react more slowly and proton abstraction from
THF by the very basic-alkoxy organolithium reagent appears
to be a competing pathway. This decomposition pathway can
be attenuated by generating the organolithium species in a
THF—hexanes solvent mixture. The optimized 8yclization
of secondary methoxy alkenes is an efficient process.
Cyclization of both matched and mismatched acetals gave
exclusively products with the alkene chain cis to the ring oxygen,

oxygen by nOe measurements, as illustrated in Figure 1. Thus,in good agreement with the stereochemical outcome of the S

the syn-&' cyclization predominates for the mismatched case
in moderate selectivity.

cyclization of organolithiums derived from THP systefAs.
Cyclization of the matched cyano ace8d gave spiro product

The cyclizations were completely stereoselective with respect 41 with high diastereoselectivity, whereas cyclization of the
to the previously observed spiro ether preference. Cyclization mismatched cyano acet@b gave a mixture of two isomeric

of the matched acet8B gave rise to predominantly one product,
acetal41, as determined byH NMR and3C NMR analysis.
Cyclization of the mismatched substré&8, however, gave a

products44 and45, with identical C7 configurations. The spiro
ether effect, resulting in an alkene cis to the ring oxygen,
dominated the stereoselectivity.

mixture of two inseparable geometric isomers that complicated A syn-S;' addition takes priority over antixS addition in
the 'H NMR spectrum of the product, making it difficult to  the cyclization of the mismatched substrag The preference
unambiguously determine if the epimer at C7 was formed. The for syn selectivity and the spiroether effect led to formation of
products of each cyclization reaction were hydrogenated to give the normally disfavored@-alkene as the major isomds, while
enantiomericacetals43 and 46 as single diastereomers. The theE-alkene44 was formed as the minor isomer. The spiroether
structures of these saturated products are illustrated in Schemeselectivity dominated in the formation of minor sterecisomer
8. These experiments confirm that the minor isomer for the

mismatched cyclizatior-alkene44, has the same C7 config-
uration as the major isomeE-alkene45. The epimer at C7
was not a significant product in the cyclization of either nitrile
38 or 39.

Discussion

Organolithium reagents derived from cyano aceg&isand
39 cyclize onto secondary methoxy alkenes in g f8shion

and generate novel spiro compounds with two new stereogenic
centers. The methyl ether is a robust functional group that can

be installed at an early stage of a synthetic sequéeamary
allyl methyl ethers are more reactive than simple alkenes in
the reductive cyclization reactions. Secondary allyl methyl

. o-/8 '8%/0
! ! Ph

45 R=-(CHpsPh 41
FIGURE 1. nOe measurements for major produdfisand 45.
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44, and an anti-g transition state led to thie-alkene geometry.
The dominant effect in these-alkoxy alkyllithium cyclizations

is the spiroether preference for an alkene cis to the ring oxygen
(e.g., structure/, Scheme 2). The preference for the syii-S
cyclization (e.g., structurg, Scheme 1) is secondary, followed
by the preference foE-alkene formation previously identified
by Stille?

Conclusion

The stereoselectivity of the intramoleculay $yclization of
an organolithium species derived from optically pure cyclic
acetals was investigated. The cyclization event generated a spiro
compound and simultaneously set two new stereogenic centers.
Cyclization of the matched cyano acetd8 followed the
spiroether effect and the s\&,' mode to give one predominant
product with excellent-selectivity. Cyclization of the mis-
matched cyano acet889 gave a mixture of stereoisomers
comprised of predominately the sy’ product with the
Z-alkene accompanied by the minor ag{f cyclization product
with an E-alkene geometry. In each case the spiroether effect,
with strong lithium coordination to the ring oxygen dictating
the approach of the alkene, dominated the selectivity and led
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to the formation of a spiro ring with a single configuration at Spirocycle 41.Acetal 38 (40.0 mg, 0.087 mmol) was dissolved
the spiro center and the adjacent allylic center. These experi-in 0.87 mL of 1:1 THF/hexanes. To this solution was added 0.1
ments will be useful for predicting the stereochemical outcome Mg of 1,10-phenanthroline, then the solution was coolee 18

of more complex alkyllithium cyclizations. °C and titrated withn-BuLi (1.6 M in hexanes) to a brown-red
endpoint to remove any trace of water. A solution of LiDBB (0.87
Experimental Sectior?3 mL, 0.35 mmol), precooled te-78 °C, was introduced into the

reaction vessel, and the resulting dark green mixture was allowed
to stir at—78°C for 12 h. The excess LiDBB was then quenched
with 2 mL of MeOH, and the mixture was diluted with 5 mL of

Mismatched Cyclization Precursor 39.To a 0°C solution of
diisopropylamine (0.0920 mL, 0.655 mmol) in THF (2.18 mL) was

addedn-butyllithium (1.6 M in hexanes, 0.405 mL, 0.648 mmol) h
dropwise ovea 5 min period. The solution was stirred at@ for water. The agueous phase was extracted with pentard (PmL),

0.5 h and then cooled te 78 °C. A solution of acetal86 and 37 t_hen combined organic layers were dried over anhydrous MgSQ
(0.150 g, 0.649 mmol) in 1 mL of THF was added to the reaction fllte_red, and con;gntrated _qnder reduced pressure. The resulting
mixture, and the resulting yellow solution was allowed to stir for residue was Pu“f'ed by silica gel c_hromatography (?O%’Oﬂ

1 h at—78 °C. A solution of R)-(9-iodo-4-methoxynon-5-enyl)- pthan_e) to give 26.0 mg of the .C_yC“ZEd pro;mctt(>98.2 EiZ, .
benzene 76) (0.116 g, 0.324 mmol) in THF (1.00 mL) was 74% yield) as a slightly ){elllow 0il:R; 0.50 (10% EfO/pentane);
introduced into the reaction vessel and stirring was continued at [alo =79 € 0.96, CHCY); "H NMR (500 MHz, CDC}) 6 7.31
—78°C for 15 h. The excess anion was quenched with a saturated (M 4H). 7.20 (m, 6H), 5.51 (dd, 1H,= 15.3, 9.3 Hz), 5.41 (dt,
aqueous solution of N}€I (1 mL), the mixture was washed with 1H,J = 15.2, 6.6 Hz), 4.82 (q, 1H] = 5.0 Hz), 3.77 (m, 1H),
water (5 mL), and the aqueous layer was extracted with pentane (32'80 (ddd, 1H,) = 14.1, 9.8, 5.6 Hz), 2.72 (m, 2H), 2.62 (t, 2H,

x 10 mL). The combined organic layers were washed with saturated” = 7-6), 2.06 (g, 2H) = 6.9 Hz), 1.99-1.83 (m, 3H), 1.751.63
NaHCOyaq (2 x 5 mL) and brine (2x 10 mL), dried over (M, 4H), 1.62-1.48 (m, 3H), 1.46 (m, 2H), 1.26 (d, 3H,= 5.1
anhydrous MgSe filtered, and concentrated under reduced pres- H2) PPM; *C NMR (125 MHz, CDCY) 4 142.5, 142.0, 1316,
sure. The resulting oil was purified by silica gel chromatography 129.8, 128.5, 128.4, 128.3, 128.2, 125.8, 125.7, 94.8, 83.3, 72.4,

+43 (¢ 0.48, CHC4); 'H NMR (500 MHz, CDC}) 6 7.28 (m, 4H), ammonia)ynz calcd for GgHzsO, [M] T 404.2715, found 404.2718.
7.18 (m, 6H), 5.58 (dt, 1HJ = 15.2, 6.6 Hz), 5.29 (dd, 1H] = Spirocycle 45.Acetal 39 (30.0 mg, 0.065 mmol) was cyclized

15.4, 8.1 Hz), 5.07 (q, 1H] = 5.1 Hz), 3.89 (m, 1H), 3.48 (m, by using the same experimental protocol that was developed for
1H), 3.23 (s, 3H), 2.82 (ddd, 1H,= 14.1, 10.0, 5.4 Hz), 2.67 (m, the cyclization of aceta8. Cyclic acetals4 and45 were isolated
1H), 2.62 (t, 2HJ = 7.1 Hz), 2.12 (m, 2H), 1.921.60 (m, 10H), as an inseparable mixture of geometric isomers (1585,
1.54-1.48 (m, 2H), 1.38 (d, 3H] = 5.1 Hz) ppm;3C NMR (125 respectively) (18.0 mg, 72% overall yield) as a slightly yellow oil:
MHz, CDCl) 6 142.5, 141.3, 132.7, 131.6, 128.5, 128.4, 128.3, Major isomer 45:R; 0.50 (10% EtO/pentane)*H NMR (500 MHz,
128.2,126.0, 125.7, 119.0, 96.5, 82.3, 74.1, 72.8, 55.9, 40.0, 39.3,CDCl) ¢ 7.29 (m, 4H), 7.19 (m, 6H), 5.53 (app. t, 181= 10.8
37.0, 35.9, 35.2, 31.7, 31.0, 27.3, 22.8, 20.7 ppm; IR (neat) 2930, Hz), 5.35 (dt, 1H,J = 10.3, 6.8 Hz), 4.64 (q, 1H] = 5.1), 3.65
1603, 1495, 1453, 1333, 1140 cip HRMS (Cl/ammonia)m/z (m, 1H), 2.91 (m, 1H), 2.78 (ddd, 1H,= 13.8, 9.7, 5.6 Hz), 2.68
calcd for GoHaoNO3 [M ]+ 461.2930, found 461.2916. (ddd, 1H,J = 13.8, 9.3, 6.8 Hz), 2.62 (ddd, 2H,= 7.5, 7.5, 3.2

Matched Cyclization Precursor 38.Synthesis of acet@8 was Hz), 2.10-1.95 (m, 3H), 1.88 (m, 2H), 1.741.61 (m, 6H), 1.50
accomplished by following the same experimental protocol that was (m, 3H), 1.25 (d, 3H,J = 5.1 Hz) ppm;3C NMR (125 MHz,
used for the preparation of ace®d. The diastereomeric mixture ~ CDCl) 6 142.4, 142.0, 131.4, 128.5, 128.4, 128.3, 128.2, 128.0,
comprised of acetal31 and32(0.278 g, 1.20 mmol) was alkylated  125.8, 125.7, 95.2, 83.6, 72.4, 41.0, 40.9, 40.0, 37.6, 35.5, 32.1,
with alkyl iodide26 (0.216 g, 0.602 mmol), which gave the desired 31.4, 31.3, 26.9, 21.3, 19.8 ppm; IR (neat) 2936, 1603, 1496, 1454,
matched cyclization precurs8Bin 84% yield: R; 0.56 (20% E4O/ 1330, 1134 cmt; HRMS (ESI) calcd for GgHzcO-Na [M + Na]*
pentane); ¢]o —30 (¢ 0.5, CHCE); *H NMR (500 MHz, CDC}) 6 427.2613, found 427.2618.
7.28 (m, 4H), 7.18 (m, 6H), 5.58 (dt, 1H,= 15.3, 6.6 Hz), 5.29
(1d|_?' 1H,J =15.5, 8.1 Hz), 5.07 (9, 1H) = 4'_8 Hz), 3.88 (m, Acknowledgment. The National Institutes of Health

), 3.47 (m, 1H), 3.23 (s, 3H), 2.81 (ddd, 1= 14.2, 10.2, 5.5 - ! : .
Hz). 2.68 (m, 1H). 2.61 (t. 2H] = 7.1 Hz), 2.12 (m, 2H), 1.94 (GM65$88) prowded support for this project. Novams Phar-
1.60 (m, 10H), 1.541.48 (m, 2H), 1.38 (d, 3H) = 5.0 Hz) ppm; maceuticals is gratefully acknowledged for fellowship support

13C NMR (125 MHz, CDC}) 6 142.5, 141.3, 132.7, 131.6, 128.5, 0 T.E.L.

128.4, 128.3, 128.2, 126.0, 125.7, 119.0, 96.5, 82.3, 74.1, 72.8,

55.9, 39.9, 39.3, 37.0, 35.9, 35.2, 31.7, 31.1, 27.4, 22.8, 20.7 ppm;  Supporting Information Available: Experimental details for

IR (neat) 2928, 1603, 1496, 1454, 1378, 1143 EniRMS (ClI/ the preparation of the cyclization substrates and the characterization
ammonia) m/z calcd for GoH4NOs [M ]+ 461.2930, found and correlation of the products as well as proton &@ NMR
461.29109. spectra. This material is available free of charge via the Internet at
http://pubs.acs.org.

(23) The general experimental information may be found in the Sup-
porting Information. JO052166U
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