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The highly enantioselective organocatalytic Robinson annulation,6funsaturated aldehydes was
achieved, catalyzed hyproline and trialkylamines and providing the formaH42] cycloaddition adducts.
Additionally, in some examples in the catalysis with diarylpyrrolinol silyl ethers, the reactions afforded
the [4+ 2] adducts with high enantioselectivity 09.5% ee). The structure of the adduct, obtained from
the reaction of 3-methylbut-2-enal an&){3-(2-nitrophenyl)acrylaldehyde, was confirmed by X-ray
analysis. The absolute configurations of some-[2] cycloadducts were investigated, and the methodology
was applied in the synthesis of }-palitantin.

Introduction imidazolidinone catalyst was first demonstrated in the highly
enantioselective DietsAlder reaction ofo,-unsaturated alde-
hydes with dienes, such as cyclopentadiene, cyclohexadiene,
and 1,3-butadienesThe intramolecular DielsAlder variant

The development of [4 2] cycloaddition, such as the Diels
Alder reaction, for asymmetric synthesis remains an important

challenge in organic synthesisRecently, organocatalysis in . ; .
asymmetric synthesis has received extensive attention and had/ ith this catalyst has led to t_he successful totall sypthe3|s of
solanapyrone Band @)-hapalindole @. An examination of

become a burgeoning subject due to its many merits, which imidazolidinone catalvsis by densitv functional theo a
include its environmental benignness, high enantioselectivity, Imidazoliol ysIS Dy Sity functl ry was

low cost, ease of handling, and low toxicRyMacMillan's performed by Houk and Gordilld.Other organocatalysts for
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addressed. (4) Wilson, R. M.; Jen, W. S.; MacMillan, D. W. @. Am. Chem. Soc.
(1) For an excellent review of the asymmetric Die/slder reaction, 2005 127, 11616.

see: Corey, E. JAngew. Chem., Int. EQR002 41, 1650. (5) Kinsman, A. C.; Kerr, M. AJ. Am. Chem. SoQ003 125 14120.

(2) For recent reviews on organocatalysis, see: (a) Dalko, P. I., Ed.  (6) Gordillo, R.; Houk, K. N.J. Am. Chem. So@006 128 3543.
Enantioselectie Organocatalysis: Reactions and Experimental Procedures (7) Schuster, T.; Bauch, M.; Doer, G.; Ghel, M. W. Org. Lett.200Q

Wiley-VCH: Weinheim, Germany, 2007. (b) Berkessel, A.;"Geg H. 2, 179.
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asymmetric Diels Alder reactions include chiral amidinium for
the synthesis of the skeleton of estrone and norgéestrel,
protonated 1,2-diamino-1,2-diphenyleth&miral triamines for
the reaction witho-acyloxyacroleing, chiral ammonium salt
of 1,2-diamine for the direct self-DietsAlder reactions ofy,-
unsaturated ketoné8,hydrazide for the reaction in aqueous
mediall as well as the hetero-DielsAlder reaction by TAD-
DOL,*? inverse-electron-demand hetero-Die/slder reaction
of nitroso alkenes by pyrrolidin€,domino Knoevenagel/hetero-
Diels—Alder/elimination reactions by proling, and organo-
catalytic Diels-Alder reactions on solid suppor3.

While many organocatalytic [4- 2] reactions have been
reported as described above, the organocatalytie 24 reaction
of o,f-unsaturated aldehydes with high enantioselectivity
remains elusive, even with considerable effétté/e report here
the highly enantioselective organocatalytic{42] reaction of
o,B-unsaturated aldehydésand its application to the synthesis
of (+)-palitantin.

(11) Lemay, M.; Ogilvie, W. WOrg. Lett.2005 7, 4141.

(12) Huang, Y.; Unni, A. K.; Tadani, A. N.; Rawal, V. HNature2003
424, 140.

(13) Wabnitz, T. C.; Saaby, S.; Jgrgensen, K.Gkg. Biomol. Chem.
2004 2, 828.

(14) Sabitha, G.; Fatima, N.; Reddy, E. V.; Yadav, JASv. Synth.
Catal. 2005 347, 1353.

(15) Selk#, S. A.; Tois, J.; Pihko, P. M.; Koskinen, A. M. Rdv. Synth.
Catal. 2002 344, 941.

(16) (a) For a preliminary report of the reaction in moderate enantiose-
lectivity, see: Hong, B.-C.; Wu, M.-F.; Tseng, H.-C.; Liao, J.&®tg. Lett.
20086 8, 2217. (b) For an independent study with modest enantioselectivity,
see: Bench, B. J,; Liu, C.; Evett, C. R.; Watanabe, C. MJHOrg. Chem.
2006 71, 9458.

(17) For other recent organocatalysis reactions witi-unsaturated
aldehydes, see: (i) Conjugate additions: (a) Brandau, S.; Landa, A.; Rranze
J.; Marigo, M.; Jgrgensen, K. AAngew. Chem., Int. EQR00§ 45, 4305.
(b) Marigo, M.; Schulte, T.; Frarize J.; Jgrgensen, K. Al. Am. Chem.
Soc.2005 127, 15710. (c) Wu, F.; Hong, R.; Khan, J.; Lin, X.; Deng, L.
Angew. Chem., Int. EQ006 45, 4301. (d) Huang, Y.; Walji, A. M.; Larsen,
C. H.; MacMillilan, D. W. C.J. Am. Chem. SoQ005 127, 15051. (e)
Hayashi, Y.; Gotoh, H.; Tamura, T.; Yamaguchi, H.; Masui, R.; Shoji, M.
J. Am. Chem. So@005 127, 16028. (ii) Asymmetric conjugate reduction:
(a) Mayer, S.; List, BAngew. Chem., Int. EQ00§ 45, 4193. (b) Ouellet,
S. G.; Tuttle, J. B.; MacMillan, D. W. Cl. Am. Chem. So005 127, 32.
(iii) Diels—Alder reaction: (a) Wilson, R. M.; Jen, W. S.; MacMillan, D.
W. C.J. Am. Chem. So@005 127, 11616. (b) Taichi, T. Y.; Maruoka, K.
Org. Lett.2006 8, 2687. (iv) Reductive Michael cyclization: Yang, J. W.;
Fonseca, M. T,; List, BJ. Am. Chem. SoQ005 127, 15036. (v) Triple
cascade reaction: Enders, D.;'tde, M. R. M.; Grondal, C.; Raabe, G.
Nature 2006 441, 861. (vi) Iminium cyclization: Sydorenko, N.; Hsung,
R. P.; Vera, E. LOrg. Lett.2006 8, 2611. (vii) Cyclopropanation: Kunz,
R. K.; MacMillan, D. W. C.J. Am. Chem. SoQ005 127, 3240. (viii)
Friedet-Crafts alkylation: Paras, N. A.; MacMillan, D. W. @. Am. Chem.
Soc. 2001, 123 4370. (ix) y-Butylactone formation: Paras, N. A;
MacMillan, D. W. C.J. Am. Chem. So2001, 123 4370. (x) 1,3-Dipolar
cycloaddition: (a) Jen, W. S.; Wiener, J. M.; MacMillan, D. W.ZAm.
Chem. So0c200Q 122 9874. (b) Chow, S. S.; Nevalainen, M.; Evans, C.
A.; Johannes, C. WTetrahedron Lett.2007, 48, 277. (xi) [3 + 2]
Cycloadditions of azomethine imines withy3-unsaturated aldehydes: Chen,
W.; Yuan, X.-H.; Li, R.; Du, W.; Wu, Y.; Ding, L.-S.; Chen, Y.-GA\dv.
Synth. Catal2006 348 1818. (xii) Tandem Michael-aldol: (a) Wang, W.;
Li, H.; Wang, J.; Zu, LJ. Am. Chem. So2006 128 10354. (b) Marigo,
M.; Bertelsen, S.; Landa, A.; Jgrgensen, K.JA.,Am. Chem. So2006
128 5475. (xiii) Sequential conjugate additionaldalehydration reaction:
Li, H.; Wang, J.; Xie, H.; Zu, L.; Jiang, W.; Duesler, E. N.; Wang, W.
Org. Lett.2007, 9, 965. (xiv) f-Hydroxylation: Bertelsen, S.; DimgP.;
Johansen, R. L.; Jgrgensen, K.JAAmM. Chem. So007, 129, 1536. (xv)
Domino oxa-Michael-aldol reaction: Li, H.; Wang, J.; E-Nunu, T.; Zu, L,;
Jiang, W.; Wei, S.; Wang, WChem. Commur2007, 507. (xvi) Asymmetric
y-amination: Bertelsen, S.; Marigo, M.; Brandes, S.; Diner, P.; Jorgensen,
K. A. J. Am. Chem. So2006 128 12973. (xvii) Oxy-Michael addition:
Kano, T. Tanaka, Y.; Maruoka, Kletrahedron Lett2006 47, 3039. (xviii)
Vinylogous Michael addition: Xie, J.-W.; Yue, L.; Xue, D.; Ma, X.-L.;
Chen, Y.-C.; Wu, Y.; Zhu, J.; Deng, J.-&hem. Commur2006 1563.
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Results and Discussion

1. Reactions and Optimizations in the Formal [4+ 2]
Cycloaddition of a,8-Unsaturated Aldehydes.At the outset
of our investigation, a series of organocatalysts was screened
for the [4 + 2] reactions of 3-methylbut-2-enal and crotonal-
dehyde (Table 1381° Among them,L-proline () and the
catalystslV, X, and XIl were promising candidates for the
transformation at ambient temperature. Notwithstanding the fact
that MacMillan’s second-generation imidazolidinone catal{$t (
has provided high enantioselectivity in the reaction of cyclo-
pentadiene withy,3-unsaturated aldehydésnoderate enanti-
oselectivity was observed in this reaction (see entries 13 and
14, Table 1). The reactions catalyzed by these promising
catalysts at lower temperature (e.g.,°0) resulted in slow
conversion and decreased enantioselectivity. However, in the
cases of, XIV, andXV, higher enantioselectivity was achieved
at lower temperature (entries 2, 20, and 22, Table 1). Unfor-
tunately, when reacted below @, these reactions either proceed
very slowly (after a few days) or not at all. This is an obstacle
to increasing enantioselectivity by lowering the reaction tem-
perature. Recently, cocatalysts have been reported to affect the
reaction’s chemoselectivity and stereoselecti®ityAs such,
tertiary amines were used as the organocatalysts in cyclopro-
panatior?! the Baylis-Hillman reactior?2 and asymmetric
conjugate additions by cinchona alkalofds.

Accordingly, in the attempts to improve the reaction rate and
ee value, we observed the acceleration of transformation in the
presence of trialkylamine’. Encouraged by this observation,
we surveyed a range of trialkylamine cocatalysts as well as other
reaction conditions in an effort to facilitate the reaction and
improve enantioselectivity. The results are summarized in Table
2.25 Reaction ofi-proline at—20 °C gave adducBain higher

(18) Refer to Supporting Information.

(19) Selected examples of the organocatalysis with these catalysts: For
(II'), see: Angew. Chem., Int. EQ005 44, 3706. For (Il ), see: Levina,

A.; Muzart, J.Tetrahedron: Asymmetr{995 6, 147. For (V), see: (a)
Hayashi, Y.; Sumiya, T.; Takahashi, J.; Gotoh, H.; Urushima, T.; Shoji,
M. Angew. Chem., Int. EQ200§ 45, 958. (b) Enders, D.; Grondal, C.;
Vrettou, M.; Raabe, GAngew. Chem., Int. EQR005 44, 4079. For V1),
see: Kunz, R. K.; MacMillan, D. W. CJ. Am. Chem. So@005 127,
3240. For VI1), see: (a) Steiner, D. D.; Mase, N.; Barbas, C. F. Atigew.
Chem., Int. Ed2005 44, 3706. (b) Ramachary, D. B.; Chowdari, N. S;
Barbas, C. F., lllAngew. Chem., Int. EQ003 42, 4233. For VIl ), see:
Cheong, P. H.-Y.; Zhang, H.; Thayumanavan, R.; Tanaka, F.; Houk, K.
N.; Barbas, C. F., llIOrg. Lett.2006 8, 811. For K), see: Robichaud, J.;
Tremblay, FOrg. Lett.2006 8, 597. For Kl ), see: Aggarwal, V. K.; Lopin,
C.; Sandrinelli, F.J. Am. Chem. SoQ003 125 7596. For XIl ), see:
Dambruoso, P.; Massi, A.; Dondoni, Brg. Lett.2005 7, 4657. For XIIl ),
see: (a) Mitchell, C. E. T.; Brenner, S. E.; Ley, S. hem. Commun.
2005 5346. (b) Kumarn, S.; Shaw, D. M.; Ley, S. €hem. Commun.
2006 3211. For KIV), see: Andreae, M. R. M.; Davis, A. Hetrahe-
dron: Asymmetry2005 16, 2487. For XV), see: Ramachary, D. B.;
Chowdari, N. S.; Barbas, C. F., lIAngew. Chem., Int. EQ003 42, 4233.

(20) (a) Peelen, T. J.; Chi, Y.; Gellman, S. H.Am. Chem. So2005
127, 11598. (b) Mase, N.; Nakai, Y.; Ohara, N.; Yoda, H.; Takabe, K.;
Tanaka, F.; Barbas, C. F., Ill. Am. Chem. So2006 128 734.

(21) Papageorgiou, C. D.; Gaunt, M. Angew. Chem., Int. EQ2004
43, 4641.

(22) lwabuchi, Y.; Hatakeyama, $. Am. Chem. Sod999 121, 10219.

(23) Wu, F.; Hong, R.; Khan, J.; Liu, X.; Deng, Angew. Chem., Int.
Ed. 2006 45, 4301.

(24) For recent examples in amine-promoted organocatalysis, see:
Armstrong, A.; Baxter, C. A.; Lamont, S. G.; Pape, A. R.; Wincewicz, R.
Org. Lett.2007, 9, 351.

(25) Individual exposure te-Pro of 1a or 2a gave the corresponding
self-[4 + 2]- and self-[3+ 3]-cycloaddition adducts, respectively. However,
in the reaction of the mixture dfa, 2a, andL-Pro, cross-[4+ 2]-cycload-
dition was dominant and less than 5% yields of the self-condensation adducts
were observed.
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TABLE 1. Catalyst Screening for the Direct Catalytic Asymmetric [4 + 2] Reaction of 3-Methylbut-2-enal (1a) and Crotonaldehyde (2a) in
CH3CN

catalyst
(20-50 mol%)
_—

Ph NQ t-BuQ
N, 2, OH
Q\/ O\l:\ Q\(/ N O‘CONHz
H  pn i N

N
H HN—N H YcoH N Ph
+ HOAC +HOAc H Ph
Xi Xil X XV XV XVI

T time yield? ee

entry catalyst (°C) (h) (%) (%)

1 | 25 1.5 82 22
2 | -5 24 84 32
3 Il 25 40 NR NA

4 Il reflux 8 80 7

5 1 25 24 NR NA

6 \Y 25 1 74 24
7 \Y 0 3 70 21

8 \% 25 192 60 4
9 VI 32 4 ~0° NA
10 VII 25 32 NR NA
11 VI 25 16 NR NA
12 IX 25 24 NR NA

13 X 34 3 52 24
14 X 0 24 15 24
15 Xl 25 5 71 12

16 Xl 32 3 70 38
17 Xl 0 4 60 26
18 X1 30 3 ~0d NA
19 XV 30 7 75 ~0
20 XV 0 40 71 30
21 XV 32 1.5 79 ~0
22 XV 0 6 80 17
23 XVI 32 3 82 24
24 XVI 0 >72 1C¢ ND

a|solate yield.” The enantiomeric excesses (ee) were measured byMEC(Shimadzu QP 5000, chiral capillary columngyclodextrin trifluoroacetyl,
Astec Type G-TA, size 30 nx 0.25 mm, flow rate 24 mL/min, temperature range: 60-120gradient: 3C/min). ¢ Complex mixturesd Decomposition
of crotonaldehydes and recovery of all bd. © Self reaction of 3-methyl-2-enal and 50% recovery of crotonaldehyde.

enantioselectivity (41% ee) than at ambient temperature (22% sparteine gave the best results in up to 82% ee-4 °C

ee; entry 1 in Table 1 and condition A, entry 1, in Table 2). (conditions C, D, and E, entries-3, Table 2). The reaction
However, at such low temperature, the reaction was too slow attained high enantioselectivity (85%) and up to the maximum
to be completed in 2 days. Further lowering of the reaction of —90% when catalystXVIl andXVIIl were employe#f2’
temperature resulted in difficulty due to the high melting point (conditions F and G, entries-80, Table 2). Reaction of
of CHsCN (—46 °C). Unfortunately, reaction in other solvents, MacMillian catalyst ) and the diamine catalysX{l ) at lower
such as MeOH, THF, DMF, etc., gave either no reaction or temperature {20 and—40 °C), however, gave slow reaction
much lower yield. Nevertheless, addition ogRtio the reaction  with low enantioselectivity (conditions H and I, entries—11
mixture increased the reaction rate and allowed the reaction to13, Table 2). These studies implied that the conditions B, C, F,
be completed at-40 °C in 20 h, giving 78% ee in 81% vyield
(condition B, entry 2, Table 2). Other chiral trialkylamires (26) Recently, the pyrrolidine derivatives, such as diarylprolinol TMS
for example, )-sparteine, DHQD, and DHEwere screened ether, catalystXVIl and XVIIl , have emerged as a promising general

: '\ ¢ ] enamine organocatalysts. For review, see: Palomo, C.; MielgAngew.
for their efficiency as cocatalyst in the reaction, an)-( Chem., Int. Ed2006 45, 7876.

J. Org. ChemVol. 72, No. 22, 2007 8461
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TABLE 2. Condition Screening for the Direct Catalytic Asymmetric [4 + 2] Reaction of 3-Methylbut-2-enal (1a) and Crotonaldehyde (2&)

catalyst

CHO CHO
i * )l/
1a 2a

o) Me
O‘CO H N/
2!
” N)‘t—Bu
I M

(20-50 mol%)
—_—

CHO

H
+HOACc
+TFA X Xil
T yield® %
entry condition (°C) (eey
1 A —-20 82 (41)
2 B —40 81 (78)
3 c —20 82 (62)
4 C —40 79 (82)
5 D —20 75 (71)
6 D —40 65 (70)
7 E —-20 72 (50)
8 F —20 63 (85)
9 G 0 68 80y
10 G —20 72 90p
11 H —-20 ~Qdf
12 | —20 65 (49)
13 | —40 65 (52)

aCondition A: L-proline (50 mol %), CHCN. Condition B: L-proline (50 mol %), EfN (50 mol %), CHCN. Condition C: L-proline (50 mol %),
(—)-sparteine (50 mol %), C4CN. Condition D: L-proline (50 mol %), DHQD (50 mol %), C¥CN. Condition E: L-proline (50 mol %), DHQ (50 mol %),
CH3CN. Condition F: XVII (20 mol %), benzoic acid (20 mol %), toluene. Condition BVIIl (20 mol %), benzoic acid (20 mol %), toluene. Condition
H: X (50 mol %), TFA (50 mol %), CHCN. Condition I: XII (50 mol %), HOAc (50 mol %), CkCN. P Isolated yield.¢ Enantiomeric excess determined
by GC-MS (Astec Type G-TA) unless otherwise noté€dVith complicated mixtures, monitored by NMROpposite enantioselectivity was observed.
f50% of starting aldehydes remained with complicated mixtur&nantiomeric excess determined by HPLC (Chiracel OD).

and G were the promising ones for this{42] cycloaddition.
Taking these results into account, a series obtjfieunsaturated

gave 60% vyield of3c in 6% ee (entry 7, Table 3f. The
enantioselectivity was increased up to 40% ee by lowering the

aldehydes were tested under these conditions, and the selecterkaction temperature te-20 °C (entries 8 and 9, Table 3).

results are summarized in Table 3.
Reaction of 3-methylbut-2-enal ang){3-formylallyl acetaté?
with L-proline and EIN at —20 °C gave 72% yield oB3b in

Unfortunately, replacement of #& with (—)-sparteine under
the same reaction conditions did not improve enantioselectivity
(entry 10, Table 3). Intriguingly, the reaction catalyzed®il

45% ee (entry 1, Table 3%.The enantioselectivity was nearly — gave 73% yield and 92% ee at ambient temperature, with fast
doubled when the reaction was conducted at lower temperatureconversion (entry 11, Table 3). However, further lowering of
(—40°C, 12 h for completion; entry 2, Table 3). Replacement the reaction temperature did not improve the enantioselectivity,

of EtsN with (—)-sparteine in the same reaction conditions
required 40 h for completion but gave high yield and excellent
enantioselectivity (81% yield; 93% ee; entry 3, Table 3). In
comparison with the catalysis by-proline, the reactions
catalyzed byxXVIl andXVIIl were slower, taking 36 h and 4
days for the completion at 0 an¢l20 °C, respectively (entries
4—6, Table 3%°
Reaction of 3-methylbut-2-enal ané)(3-(2-nitrophenyl)-

acrylaldehyde with.-proline and EfN at ambient temperature

(27) For recent examples d®¢diphenylpyrrolinol silyl ethers as catalysts
in organocatalysis, see: (a) Ibrahem, I“y@wva, A.Chem. Commur2006
1760. (b) Wang, Y.; Liu, X.-F.; Deng, LJ. Am. Chem. SoQ006 128
3928. (c) Chi, Y.; Gellman, S. HI. Am. Chem. So2006 128 6804. (d)
Marigo, M. T.; Bertelsen, S.; Landa, A.; Jgrgensen, K.JAAm. Chem.
Soc.2006 128 5475. (e) Wang, W.; Li, H.; Wang, J.; Zu, . Am. Chem.
So0c.2006 128 10354. (f) Marigo, M. T.; Wabnitz, C.; Fielenbach, D.;
Jargensen, K. AAngew. Chem., Int. EQR005 44, 794. (g) Hayashi, Y.;
Okano, T.; Aratake, S.; Hazelard, Bngew. Chem., Int. EQ007, 46, 4922.

(h) See ref 17 (xiv).

(28) For preparation, see: (a) De La Cruz, A.; He, A.; Thanavaro, A.;

Yan, B.; Spilling, C. D.; Rath, N. Rl. Organomet. Chen2005 690, 2577.

(b) James, P.; Felpin, F.-X.; Landais, Y.; SchenkJKOrg. Chem2005

70, 7985. (c) Maruta, Y.; Fukushi, Y.; Ohkawa, K.; Nakanishi, Y.; Tahara,
S.; Mizutani, J.Phytochemistryi995 38, 1169.
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affording slow reaction and lower yields (entries-1113, Table
3). The opposite enantiomer was obtained in good yield and
with high enantioselectivity when the reaction was catalyzed
by XVIII at ambient temperature (entry 14, Table 3). The
enantioselectivity was further increased t®9% when the
reaction temperature was reduced-a0 °C (entry 15, Table
3).

Reaction of 3-methylbut-2-enal and cinnamaldehyde with
L-proline and E4N at —20 °C for 24 h gave 78% yield d3d in
52% ee (entry 16, Table 3). A slight increase in enantioselec-
tivity was achieved by the replacement ofsEtwith (—)-
sparteine under the same reaction conditions (entry 17). Lengthy
reactions conducted at20 °C with catalystsxVIl andXVIII
had little effect on the yield 08d but markedly improved the
enantioselectivities (entries $20).

(29) The same reaction at20 °C in the presence of racemic proline
(50 mol %) and {-)-sparteine (50 mol %) gave racen8a in 82% vyield
(0% ee). No reaction was obtained by the combination of aldehydes with
(—)-sparteine alone. A smaller addition oBtresulted in less acceleration
of the reaction.

(30) One recrystallization from EtOAc/CGBI, furnished3cin 70% ee.
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TABLE 3. Organocatalysts, Cocatalysts, and Temperature Effects in the [4 2] Reactions ofa f-Unsaturated Aldehyde$

CHO CHO  catalyst R4
(20-50 mol%)
I + I —_—
RS R4 RS CHO
1 2 Ry = CH,G R3 3

N/Me OTMS
A=ty C’A 'D oS N " @
COoH N NH N h N
H Ph H
| +TFA +HOAc Ph O/
X Xil Xvi XViil Q

g () ’
A ()
N A CHO [} CHO R COR
. Rs Ph Me Ph

3g. R, = CH,0Ac ; 3j.R=CHO 7.R=H
3h.R; =Ph s §.R=COxH 8.R=Et
6. R=CO,Me
entry aldehydes product condition T(°C) time (h) yield® % (ee}

1 R;= R,= Me; Rs= CH,0OAc 3b B -20 5 72 (45)

2 R; = R;= Me; Rs= CH,OAc 3b B —-40 12 75 (82)

3 Ri= R,= Me; Rs= CH,OAc 3b C —40 40 81 (93)

4 Ri= R,= Me; Rs= CH,0OAc 3b F 0 36 65 (72)

5 R, = R,= Me; R3= CH,0OAc 3b F -20 96 67 (83)

6 Ri= R,= Me; Rs= CH,OAc 3b G —20 96 61 -85y

7 Ri= R,= Me; Rs= (0-NO,)CsH4 3c B 25 5 60 (69

8 Ri=R,=Me; Ry= (O'NOQ)C6H4 3c B 0 12 65 (259

9 Ri=R;=Me; Rs= (0-N02)CGH4 3c B —20 20 60 (40)
10 R = R;= Me; Rs= (0-NO,)CsH 3c C -20 28 59 (39)
11 R = R;= Me; Rs= (0-NO,)CsH4 3c F 25 5 73 02
12 R = R,= Me; R’g: (O'NOZ)CGH4 3c F 0 8 72 95)f
13 R = R;= Me; Rs= (0-NO,)CsH 3c F -20 96 53 p3)f
14 R = R;= Me; Rs= (0-NO,)CsH4 3c G 25 5 72 (92)ef
15 R = R;= Me; Rs= (0-NO,)CsH4 3c G -20 96 54 99)ef
16 R = R;= Me; Rs= Ph 3d B -20 24 78 (52)
17 R =R;= Me; Rs=Ph 3d C -20 30 72 (57)
18 R = R,=Me; Ry=Ph 3d F -20 96 72 (95)
19 Ri= R,= Me; Rs= Ph 3d G 0 72 68 (-82y
20 R =R;= Me; Rs= Ph 3d G -20 96 70 97y
21 R =R;=Me; Rs=Et 3e B —40 24 81 (86)
22 R =R, = Me; Rs=Et 3e C —40 24 78 (90)
23 R =R,= Me; Rs=Et 3e F -20 96 62 (94)
24 R =R;= Me; Rs=Et 3e G -20 96 62 (-85
25 R = R,= Me; Rg=i-Pr 3f B -20 24 70 (68)
26 R=R;=Me; Rs=i-Pr 3f C —40 48 72 (90)
27 R =R;=Me; Rs=i-Pr 3f F 25 5 16 (99
28 R =R;=Me; Rs=i-Pr 3f F -20 96 13 98)9
29 R = R,= Me; Rg=i-Pr 3f G -20 96 14 -98)e9
30 R = H; R,= R3= CH;OAc 39 B -20 8 70 05)
31 R =H; R,= Rz = CH;OAc 39 C -20 12 65 (69)
32 R=H; R, =R3= CHzoAC 3g F —20 96 ~0d
33 R = H; R,= R3= CH;OAc 39 G -20 96 ~0d
34 R = H; R,= CH;OAc; R; = Ph 3h B -20 5 63 (77)
35 R = H; R;= CH,OAc; Rs= Ph 3h C -20 10 59 (70)
36 R = H; R,= CH;OAc; Rs= Ph 3h F 25 5 ~0"
37 R = H; R,= CH;OAc; Rs= Ph 3h G 25 5 ~0"
39 Ri=R;= —(CHz)s—; R3=Ph 3i A 0 72 85 (34:1dr); (7)
40 R=R;= —(CH,)s—; R3=Ph 3i F 25 5 63 (100:0 dr); (98)
42 Ri=R;= —(CHy)s—; R3= Ph 3i G 25 5 64 (100:0 dr); €95
43 R=R;= —(CH,)s—; Rs=Ph 3i G -20 96 46 (100:0 dr);  —99)
44 R =H; R,=R; = Me tolualdehydegj (64:36) A reflux 4 76 (10)
45 R =H; R,=R3= Me tolualdehydegj B reflux 2 ~0d
46 Ri=H; R, = R;= Me tolualdehydegj (40:60) B 35 2 81 (16)
a7 R =H; R,=R; = Me tolualdehydegj (50:50) B 0 10 80 (14)
48 Ri=H; R; = R3= Me tolualdehydegj F -20 96 ~04
49 R, = H; R,=Rs= Me tolualdehydegj G 25 3 ~0d
50 Ri=H; R,= R;= Me tolualdehydegj (10:90) J reflux 18 79 (12)

aCondition A: L-proline (50 mol %), CHCN. Condition B:L-proline (50 mol %), EN (50 mol %), CHCN. Condition C: L-proline (50 mol %),
(—)-sparteine (50 mol %), C¥)N. Condition F: XVII (20 mol %), benzoic acid (20 mol %), toluene. Condition ®VIIl (20 mol %), benzoic acid (20
mol %), toluene. Condition J: 4-hydroxyproline (20 mol %), L. P Isolated yield ¢ Enantiomeric excess determined by KIS (Astec Type G-TA)
unless otherwise addressédVith complicated mixtures, monitored by NMROpposite enantioselectivity was observeHnantiomeric excess determined
by HPLC (Chiracel OD)9 More than 40% of the aldol produdtwas obtained? Reaction at-20 °C for 96 h gave the same results, decomposition of
(E)-3-formylallyl acetate, recovered cinnamaldehyd&bsolute stereochemistry not determined.
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Reaction of 3-methylbut-2-enal and pent-2-enal wittroline
and EgN at —40 °C for 24 h gave 81% yield o3ein 86% ee
(entry 21, Table 3). The enantioselectivity was increased slightly
to 90% by the replacement of &t with (—)-sparteine under
the same reaction conditions (entry 22, Table 3). The reactions
catalyzed byXVII andXVIIl at—20°C for 4 days gave 62%
yield of 3ein 94 and—85% ee, respectively (entries 23 and
24, Table 3).

Reaction of 3-methylbut-2-enal and 4-methyl-pent-2-enal with
L-proline and E4N at —20 °C for 24 h gave 70% yield o3f in
68% ee (entry 25, Table 3). The enantioselectivity was increased
dramatically to 90% by the replacement ofslEtwith (—)-
sparteine at-40 °C (entry 26, Table 3). The catalysiVIl
andXVIIl afforded low yields oBf but high enantioselectivities
(98% ee), along with the BayhsHillman side products4
(entries 2729, Table 3).

Self-condensation oH)-3-formylallyl acetate with.-proline
and EgN at —20°C gave 70% yield 08gin 95% ee (entry 30,
Table 3). Unfortunately, replacement ogNtwith (—)-sparteine
decreased the enantioselectivity to 69%, while the reaction
catalyzed byxVII andXVIIl gave no observablgg but rather
complicated mixtures of products (entries-333, Table 3).

Reaction of E)-3-formylallyl acetate and cinnamaldehyde
with L-proline and EiN at —20 °C was fast, completed in 5 h,
with 63% vyield of 3h in 77% ee (entry 34, Table 3).
Replacement of BN with (—)-sparteine under the same reaction
conditions, however, did not improve the enantioselectivity
(entry 35, Table 3). Unfortunately, the reaction catalyzed by
XVII and XVIIl gave virtually no3h but the decomposition
of (E)-3-formylallyl acetate and recovered cinnamaldehyde

FIGURE 1. ORTEP plot for X-ray crystal structure @&c.

the two reactants were monoalkylunsaturated aldehydes, the
reactions catalyzed b¥VII and XVIII yielded complicated
mixtures. (4) Although 4-hydroxyproline was a poor catalyst
in the reaction ofl and2, it was the best catalyst as the {4

2] promoter in the self-condensation of crotonaldehyde. (5) For
cross-annulation, such as in the mixtures fbflialkyl- and
B-monounsaturated aldehydes, suchlaand 2, the S-dialky-
lunsaturated aldehyde served as the donor in the dienamine
Michael reaction step for attacking the monoalkylunsaturated
aldehyde acceptor, rather than self-condensation or being
attacked by the monoalkyl counterpart. (6) Shorter reaction times
(entries 36 and 37, Table 3). were obtained by raising the reaction temperature, but this

Reaction of cyclohexylidene acetaldehyde and cinnamalde- condition also decreased the ena_nt|oselect|y|ty: _
hyde withL-proline at ambient temperaturerfd h gave 84% 2. Structure and Stereochemistry Elucidation in the
yield of 3i in 7:1 diastereomeric ratio and almost no enanti- Formal [4 + 2] Adducts. The structure o8¢ was assigned
oselectivity. The diastereomeric ratio of the reaction was Unambiguously by its single-crystal X-ray analysis (Figure
increased to 34:1 at{C (entries 38 and 39, Table 3). Both the  1)**? The formation of the [4+ 2] adduct may be produced
diastereomeric ratio and the enantioselectivity of the reaction through a stepwise cascade reaction and equilibrium process

were increased te-99% when catalyzed bVIl andXVIIl as shown in Scheme 1. It is likely that the proline-catalyzed
at —20 °C for 4 days (entries 4843, Table 3). Michael reaction ofa,S-unsaturated aldehyde proceeds via

Recently, we have reported the observation of433] transition stateH)-T, followed by an indirect Mannich reaction
cycloaddition adducts in the self-condensation of crotonaldehyde (iminium-ion-activating) pathway to afford the adducts. The
with L-proline at low temperatura Addition of ExN to the mechanism also explains the chemoselectivity in the cross-
reaction mixture increased the ratio of $42] versus [3+ 3] annulation: thef-dialkyl-a.f-unsaturated aldehydes, such as
adduct and attained a maximum of 1:1 in £\ (entries 44 1, are more easily enolized, providing the corresponding
47, Table 3§ The reaction catalyzed bgVIl or XVIIl gave dienamine, followed by their attacking themonoalkyle.,f-
complicated mixtures with no observed{42] adduct (entries ~ Unsaturated aldehydes, such as compduridecently, several
48 and 49, Table 3). Interestingly, the reaction catalyzed by examples of organocatalysis have been observed to have better
4-hydroxyproline in refluxing CKCN gave the [4+ 2] adduct yields in the presence of wat&The current reactions are not
as the major product (entry 50, Table 3). particularly sensitive to moisture or air. However, addition of

We draw the following conclusions from the results in Table water to the reaction mixture reduced the reaction rate dramati-

2 and 3: (1) Reactions at lower temperature gave better
enantioselectivity of the product than reactions at higher (32) Crystallographic data f@c: Ci4H1aNOs, M = 243.25, orthorhom-

temperature. EN plays a role in facilitating the reaction and ?igcé i%é(‘g)e EG’U_FPSXSOTSE)Z%ZK'}S: g-if’zgég)g;; 1/15-(1’\;33(}%)(5 =
allows the reaction to proceed at lower temperature and, in 0.71073 A, '20 391 reflections collécted, 3026 uniqije reflections, 165

return, affords better enantioselectivity of the products. (2) In parameters refined of?, R = 0.1066,WwR2[F?] = 0.1847 [1251 data with
many cases, the reactions catalyzed tproline/(—)-sparteine F2 > 20(F?)].

: : - ; (33) For recent advances and debates in the study of organocatalysis
provided better enantioselectivity than those reactions catalyzed. " 2 > 214 in the presence of water”, see: (a) HayashiANgew.

by L-proline/EgN. (3) For the reaction of aldehydg with Chem, Int. Ed2006 45, 8103. (b) Brogan, A. P.; Dickerson, T. J.; Janda,
p-dialkyl substituentsXVIl andXVIIl gave better enantiose- K. D. Angew. Chem., Int. EQR006 45, 8100. (c) Gonzalez-Cruz, D.;

i i 0 i Tejedor, D.; de Armas, P.; Morales, E. Q.; Garcia-Tellado,Clhem.
lectivity and in some cases gav®9% ee. However, if both of Commun2006 2798, (d) Mase, N.- Nakai, Y. Ohara, N.. Yoda, H.: Takabe,

K.; Tanaka, F.; Barbas, C. F., lll. Am. Chem. So2006 128 734. (e)
(31)3j is very volatile and is easily sublimated; it is necessary to Guizzetti, S.; Benaglia, M.; Raimondi, L.; Celentano, @g. Lett.2007,
evaporate with caution. 9, 1247.
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SCHEME 1. Proposed Mechanism for the Formation of [4+ 2] Adduct via Dienamine Catalyzing Michael Reaction

)/ﬂ\? G
GI H
S, COH
s H A~
"l
0 IO
+ —_— tl 1 N

TRl or

+ H,0 qe H L )

5 | :

0
R
3 1 ?
R 2
(E}T

R, = -CH,G

$

SCHEME 2. Proposed Mechanism for the Formation of [4+ 2] Adduct via Dienamine-Catalyzed Diels-Alder Reaction
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SCHEME 3. Reactions of E)-3-Formylallyl Acetate and (Z)-3-Formylallyl Acetate

H (o]
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CH,CN AcO CHO CHLCN ACOJ
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(E)-OAc de: 9:1 3g de: 9:1 (2)-OAc
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Ph AcO P 3 Ph
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24°C 26°C
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(E)-OAc de: >99% de: >99% @
ee.’63 ee:: 66

cally. This was probably due to the fact that excess water drives (favoringcisin 80% de) and enantioselectivity (77%) (Scheme
the reverse reaction in the equilibrium process for the formation 3). Similar results were observed for the crosstH2]-reaction
of the dienamine. Another possible mechanism for the formation of (E)-4-acetoxycrotonaldehyde and){4-acetoxycrotonalde-
of the [4 + 2] adducts could be via the Dieta\lder reaction hyde with cinnamaldehyde, affordirgh with >99% de, 63%
(Scheme 2). Unlike the well-documented examples in facilitating ee and>99% de, 66% ee, respectively (Scheme 3).
Mannich reaction8? the trialkylamines rarely accelerate the Typically, with only a few exceptions, the iminium-catalyzed
Diels—Alder reaction® intermolecular Diels-Alder reaction favorecendoeselectivity

A few experiments have been conducted to shed some |ightdue to secondary orbital effects, as depicted in Scheme 2-Diels
on the reaction mechanism. Self-dimerizationZ)f4-acetoxy-  Alder reaction of the dienamine amd-unsaturated aldehyde
crotonaldehyd® and E)-4-acetoxycrotonaldehyde, individually, ~ Via theendetransition state would lead to the formation of the
gave the same adduBg with the same diastereoselectivity ~trans or cis-diene aldehyde depending on the geometry of the
starting compounds, while the reactions we observed afforded
cis-adducts preferentially (90 t&100%)3” The cis-selectivity
and the same enantioselectivity for the formation of add8gts

(34) For recent studies on the organocatalytic Mannich reactions with
trialkylamines, see: Fu, A.; List, B.; Thiel, Wl. Org. Chem 200§ 71,

320.

(35) For the combination of BN and Lewis acid (LiCl) leading to
synergistic catalysis of the DietsAlder reaction of anthrone with meth- diamine catalysis, see: Kano, T.; Tanaka, Y.; MaruokeDKj. Lett.2006
ylcrotonate, see: Harrison, R.; Rickborn, Brg. Lett.2002 4, 1711. 8, 2687. (b) For thexoselective camphor-derived hydrazine catalyst, see:

(36) For the preparation, see: Inhoffen, H. H.; Heimann-Trosien, J.; Lemay, M.; Aumand, L.; Ogilvie, W. WAdv. Synth. Catal2007, 349,
Muxfeldt, H.; Kramer, H.Chem. Ber1957 90, 187. 441.

(37) (a) For recent developments in #xe-selective binaphthyl-derived
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Pd-C, Hy, EtOAc; 65%
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SCHEME 4. Total Synthesis of {+)-Palitantin from the [4 + 2] Adduct 3g
OH
cat. 00, , NMO, - Ha, 2 ?ée
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HO/ (+)-palitantin (18)

= 95

16. R=0TBS
17. R=OH

HF-pyridine,
CH4CN; 88%

and3h suggested that the reaction likely proceeded through a cillium brefeldianunf4 having antifungal activit$? and antibiotic

dieniminium—enamine mechanism (dienamine and iminium-
ion-activating Michael reactiof)3° rather than via the di-
enamine Diels-Alder reaction (accelerated by the formation
of the a,8-unsaturated iminiunty?

Chlorite oxidation of3j to 5 (NaCIO,, t-BuOH, 2-methyl-2-
butene, NakPQO,, 25 °C; 76%), followed by esterification
(CHoN2 in Et,O, 25 °C), afforded ()-6 in 75% yield. The
enantiomer, €)-6, has been used for the synthesis ef){
pumiliotoxin C#* and this result disclosed the absolute stere-
ochemistry of3j to besinistrusas depicted in the structures in
Table 3. Chlorite oxidation of «)-3d to (—)-7 (NaClO,,
t-BuOH, 2-methyl-2-butene, NaiROy, 25 °C; 80%), followed
by esterification (EtOH, caH,S0Oy, 25 °C), afforded )-8 in
85% vyield. The absolute stereochemistry ef){8 has been
reported*? and the absolute stereochemistry3uf was deter-
mined to be that as shown in the structures in Table 3.

3. Applications of the Formal [4 + 2] Adducts in the Total
Synthesis of {-)-Palitantin. We envisioned diaceta®gwould
be a versatile synthon for other synthetically valuable building

blocks. To demonstrate the synthetic potential of this reaction,

diacetate3g was transferred tof)-palitantin, a polyketide
metabolite isolated from thBenicillium palitand® and Peni-

(38) The mechanism of theproline-catalyzed aldol reaction has been
unequivocally established as proceeding through the enatirimgium
catalysis, see: (a) List, B.; Hoang, L.; Martin, H.Rroc. Natl. Acad. Sci.
U.S.A.2004 101, 5839. (b) Bahmanyar, S.; Houk, K. N. Am. Chem.
Soc.2001, 123 11273. (c) Hoang, L.; Bahmanyar, S.; Houk, K. N.; List,
B. J. Am. Chem. So2003 125 16. (d) Puchot, C.; Samuel, O.; Dunach,
E.; Zhao, S.; Agami, C.; Kagan, H. B. Am. Chem. Sod.986 108 2325.

(39) Dimerization ofo,3-unsaturated ketones has been found to be likely
an enamineiminium double conjugate addition instead of a one-step
enamine/Diels-Alder reaction. See: (a) Thayumanavan, R.; Dhevalapally,
B.; Sakthivel, K.; Tanaka, F.; Barbas, C. F., Metrahedron Lett2002
43, 3817. (b) Ramachary, D. B.; Chowdari, N. S.; Barbas, C. F., Il
Tetrahedron Lett2002 43, 6743.

(40) The same hypothesis for the self-condensation of othgr

activity*s as well as being an HIV-1 integrase inhibitor
(Scheme 4). To date, one raceffiiand a few asymmetric
syntheses of palitantin or its enantiomer have been reptited.
Our approach started from the dihydroxylation3afto diol 9
(OsQy, NMO, t-BUOH—-THF—H,0; 65%) followed by protec-
tion of the diol (MeC(OMe), acetone, catp-TsOH; 85%),
affording acetonid&0. Hydrogenation of the alkeri® afforded
the aldehydesll and 12 in a ratio of 7 to 1. An unusual
isomerization of thecis-acetoxy and acetoxymethyl group
toward thetrans-product was observed during the hydrogenation
process. Therans-product arose probably due to the double-
bond isomerization by the allylic hydrogen exchange fulyl
intermediate) that accompanies hydrogenattdrl was unstable
during the purification by silica gel flash chromatography, and
some of thell gradually isomerized td2. The process was
facilitated by the addition of 1% BN in the eluent (EtOAc/
hexane) during the purification oil by silica gel flash
chromatography to givé2. Wittig reaction of aldehydé2 with
(2E)-hexenyl triphenylphosphonium bromfde@rovided dienes
13, along with theZ-isomer ¢)-13 in a ratio of 3:1 and 85%
yield. Hydrolysis of acetat#3 (K,COs;, MeOH; 90%), followed
by protection ofLl4 (TBSCI, imidazole, DMAP, CHKCl,; 92%),
afforded 15. Oxidation of alcoholl5 by Dess-Martin perio-
dinane (DMP, CHCI,; 90%), followed by deprotection of TBS
ether16 (HF/pyridine, CHCN; 88%), provided the acetonide
17.52 Deprotection of acetonidk? (cat. HCHMeOH) afforded

(45) Yamaiji, K.; Fukushi, Y.; Hashidoko, Y.; Yoshida, T.; TaharaJ)S.
Chem. Ecol1999 25, 1643.

(46) Curtis, P. J.; Hemming, H. G.; Smith, W. Wature 1951 167,
557.

(47) Hong, H.; Neamati, N.; Wang, S.; Nicklaus, M. C.; Mazumder, A.;
Zhao, H.; Burke, T. R.; Pommier, Y., Jr.; Milne, G. W. A. Med. Chem.
1997, 40, 930.

(48) (a) Ichihara, A.; Ubukata, M.; Sakamura,T&trahedronl98Q 36,
1547. (b) Ichihara, A.; Ubukata, M.; Sakamura,Tetrahedron Lett1977,
3473.

unsaturated aldehydes was supported independently by NMR and mass (49) (a) Hanessian, S.; Sakito, Y.; Dhanoa, D.; Baptistellddirahedron

spectrometry; see ref 16b.

(41) Davies, S. G.; Bhalay, Geetrahedron: Asymmet4996 7, 1595~
1596.

(42) (a) Serebryakov, E. P.; Nigmatov, A. G.; Shcherbakov, M. A,
Struchkova, M. [LRuss. Chem. Bull. Int. EA.998 47, 82. (b) Nigmatov,
A. G.; Serebryakov, E. FRuss. Chem. Bull. Int. EA.996 45, 623.

(43) (a) Birkinshaw, J. H.; Raistvick, HBiochem. J1936 30, 801. (b)
Birkinshaw, J. HBiochem. J1952 51, 271. (c) Bowden, K.; Lythgoe, B
Marsden, D. J. SJ. Chem. Socl959 1662.

(44) Demetriadou, A.; Laue, E. D.; StauntonJJ.Chem. Soc., Perkin
Trans. 11988 773.
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1989 45, 6623. (b) Deruyttere, X.; Dumortier, L.; Van der Eycken, J.;
Vandewalle, M.Synlett1992 51. (c) Hareau, G.; Koiwa, M.; Hanazawa,
T.; Fumie Sato, FTetrahedron Lett1999 40, 7493. (d) Angelaud, R.;
Babot, O.; Charvat, T.; Landais, Y. Org. Chem1999 64, 9613.

(50) For similar examples of isomerization and hydrogenation, see: (a)
Haslinger, E.; Huefner, AMonatsh. Chem1995 126 1109-1124. (b)
Snowden, R. L.; Linder, S. Mdelv. Chim. Actal988 71, 1587. (c) Appel,

H. H.; Connolly, J. D.; Overton, K. H.; Bond, R. P. M. Chem. Socl96Q
4685. (d) Pomper, M. G.; VanBrocklin, H.; Thieme, A. M.; Thomas, R.
D.; Kiesewetter, D. O.; Carlson, K. E.; Mathias, C. J.; Welch, M. J,;
Katzenellenbogen, J. Al. Med. Chem199Q 33, 3143.
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(+)-palitantin in 95% yield. Optical rotation data obtained from addedL-(—)-proline (6 mg, 0.05 mmol) and (DHQERHAL (39
17 and 18 obtained also verified the absolute stereochemistry mg, 0.05 mmol). The solution was stirred for 12 h-20 °C until
of 3g. the reaction was completed, monitored by TLC. To the solution
was added KD (10 mL), and extracted with EtOAc (30 mk 2).
The organic solution was washed with brine (10 mL), dried over
N&SQO,, and concentrated in vacuo. The residue was purified by

We have observed that the use of trialkylamines as cocatalystsflash column chromatography with 3% EtOAc/hexaRe= 0.50
for the formal [4+ 2] reaction has a profound and appreciable N 5% EtOAc/hexane) to givea (10.2 mg; 75% yield) as a colorless

effect on both the yield and reaction rate of the reaction. The ©!l- Méthod E: To a solution of crotonaldehyde (7:mg, 0.1 mmol)

. and 3-methylbut-2-enal (8.4 mg, 0.1 mmol) in &N (1 mL) were
methodology allows the reaction to proceed at low temperature added -(—)-proline (6 mg, 0.05 mmol) and (DHERHAL (39 mg,

and yields the prqducts with much higher enantioselectivity than ( g mmol). The solution was stirred for 30 h-a20 °C until the

the products obtained at ambient temperature. Furthermore, SOM@gaction was completed, monitored by TLC. To the solution was
reactions were achieved with the catalysis of diarylprolinol TMS added HO (10 mL), and extracted with EtOAc (30 mk 2). The
ether and afforded high enantioselectivity 9% ee). The organic solution was washed with brine (10 mL), dried oves-Na
structure of the [4+ 2] adduct produced from 3-methylbut-2- SO, and concentrated in vacuo. The residue was purified by flash
enal and E)-3-(2-nitrophenyl)acrylaldehyde was elucidated column chromatography with 3% EtOAc/hexaie % 0.50 in 5%
unambiguously from the single-crystal X-ray analysis. The EtOAc/hexane) to giv@a (9.8 mg; 72% yield) as a colorless oil.
absolute configuration of some J4 2] adducts was determined ~ Meéthod F: To a solution of crotonaldehyde (35 mg, 0.5 mmol)
by sequential transformation of the adducts to natural com- and 3-methylbut-2-enal (42 mg, 0.5 mmol) in toluene (1 mL) were
pounds and comparison with the literature. Synthetic application added §-(diphenyltrimethylsiloxymethyl)pyrrolidinexvl ) (33

. o . L or mg, 0.1 mmol) and benzoic acid (12 mg, 0.1 mmol). The solution
was successful in achieving the total synthesistofgalitantin. was stirred for 96 h at-20 °C until the reaction was completed,

monitored by TLC. To the solution was addedQH(3 mL), and
Experimental Section extracted with EtOAc (10 mLx 2). The organic solution was
washed with brine (10 mL), dried over p&0,, and concentrated
in vacuo. The residue was purified by flash column chromatography
with 3% EtOAc/hexaneRs = 0.50 in 5% EtOAc/hexane) to give
3a(42.8 mg; 63% yield) as a colorless dilethod G: To a solution
of crotonaldehyde (35 mg, 0.5 mmol) and 3-methylbut-2-enal (42
mg, 0.5 mmol) in toluene (1 mL) were adde®){2-{ dinaphthalen-
2-yl[(trimethylsilanyl)oxy]methy} pyrrolidine XVIIl ) (42 mg, 0.1
mmol) and benzoic acid (12 mg, 0.1 mmol). The solution was stirred
for 36 h at 0°C until the reaction was completed, monitored by
TLC. To the solution was added,8 (3 mL), and extracted with
EtOAc (10 mL x 2). The organic solution was washed with brine
(10 mL), dried over Ng50,, and concentrated in vacuo. The residue
was purified by flash column chromatography with 3% EtOAc/
hexane R = 0.50 in 5% EtOAc/hexane) to givga (42.8 mg; 63%
yield) as a colorless oiMethod I: To a solution of crotonaldehyde
(35 mg, 0.5 mmol) and 3-methylbut-2-enal (42 mg, 0.5 mmol) in
CHsN (2.5 mL) were addedS)-(+)-(2-pyrrolidinylmethyl)pyrro-
lidine (XII') (39 mg, 0.25 mmol) and HOAc (15 mg, 0.25 mmol).
The solution was stirred fdb h at—20 °C until the reaction was
completed, monitored by TLC. To the solution was adde® KB
mL), and extracted with EtOAc (10 mk 2). The organic solution
was washed with brine (10 mL), dried over §8&,, and concen-
trated in vacuo. The residue was purified by flash column
. - chromatography with 3% EtOAc/hexar& & 0.50 in 5% EtOAc/
addefL'(_)'p:O"% (17|2 mg, 1.5 mmol)dz?ndg()-spgr(t)egge (3?0 hexane) to givea (44.2 mg; 65% yield) as a colorless oil. GC
mg, 1.5 mmo ). The solution was stirredrfd h at = until s analysis, with chiral columny-cyclodextrin trifluoroacetyl 50
the reaction was completed, monitored by TLC. To the solution m x 0.25 mm, 66-120°C, 2°C/min; (5-3a t = 33.4 min, R)-
was added kD (10 mL), and extracted with EtOAc (30 mk 2). 33 t — 358 lmin ’ ’ ' ' '
The organic solution was washed with brine (10 mL), dried over 4é Di .th | .I h 1 3-di baldehvde (3aR = 0.50
NaSQ,, and concentrated in vacuo. The residue was purified by . ="~ imethyicyclo gxa; ~ |er(1)ecilr aldehyde (3af = =
flash column chromatography with 3% EtOAc/hexaRe=t 0.50 in 5% EtOAc/hexane; 41% eep’ = —5.7 (€ 4.5, CHCE); IR
; ; . ; (neat) 2925, 1685, 1255, 805, 738 ¢in'H NMR (CDCl;, 500
in 5% EtOAc/hexane) to givBa (334 mg; 82% vyield) as a colorless L
oil. Method D: To a solution of crotonaldehyde (7 mg, 0.1 mmol) MHZ) 0 9.39 (s, 1 H), 6.63 (d) = 5;5 Hz, 1 H), 5.96-5.92 (m, 1
and 3-methylbut-2-enal (8.4 mg, 0.1 mmol) in &HN (1 mL) were H), 2.82-2.86 (m, 1 H), 2.46 (dd) = 18.0, 9.0 Hz, 1 H), 1.97 (d,

’ T J=18.0 Hz, 1 H), 1.87 (s, 3 H), 0.88 (d,= 7.0 Hz, 3 H);13C

NMR (CDCls, 125 MHz) 6 192.4 (CH), 147.0 (C), 143.0 (CH),

(51) For preparation and related applications, see: (a) Hanessian, S.;
Sakito, Y.; Dhanoa, D.; Baptistella, [Tetrahedron1989 45, 6623. (b) 140.1 (C), 118.6 (CH), 36.4 (GH 24.4 (CH), 23.7 (CH), 18.0

Millar, J. G. Tetrahedron Lett1997, 38, 7971. (c) Grieco, P. A.; Parker,  (CHs); MS (m/z relative intensity) 136 (M, 43), 121 (22), 1+07
D. T.J. Org. Chem1988 3658. (d) Fugami, K.; Miura, K.; Morizawa, Y.;  (68), 93 (58), 91 (100), 77 (61); exact mass calcd fgi 50 (M¥)

Oshima, K.; Utimoto, K.; Nozaki, HTetrahedron1989 45, 3089. (e) 136.0888; found 136.0885.

Tsukuda, T.; Umeda, I.; Masubuchi, K.; Shirai, M.; Shimma, Ghem. Acetic Acid 2-Formyl-5-methylcyclohexa-2,4-dienylmethyl
Pharm. Bull.1993 41, 1191. (f) Paterson, |.; Nowak, Tetrahedron Lett. ester (3b): R 0.50 in 30% EtOAc/hexane; 83% ee2 = —43.6

1996 37, 8243. (g) Mehta, G.; Roy, Srg. Lett. 2004 6, 2389. )
(52) TheH and'3C spectra ofL7 were identical to the spectra in the (¢ 3.3, CHCh); IR (neat) 1739, 1670, 1577, 1237, 1036, 808, 740

literature. See: Angelaud, R.; Babot, O.; Charvat, T.; Landais]. rg. cm™; *H NMR (CDCls, 500 MHz) 6 9.45 (s, 1 H), 6.81 (d) =
Chem.1999 64, 9613 and supporting information. 6.0 Hz, 1 H), 5.9745.94 (m, 1 H), 3.96 (ddJ = 10.5, 9.5 Hz, 1

Conclusion

Typical Procedure, Methods in Table 2, Preparation of 4,6-
Dimethylcyclohexa-1,3-dienecarbaldehyde (3a). Method Ato
a solution of crotonaldehyde (210 mg, 3.0 mmol) and 3-methylbut-
2-enal (252 mg, 3.0 mmol) in G&N (15 mL) was added-(—)-
proline (172 mg, 1.5 mmol) for 48 h at20 °C until the reaction
was completed, monitored by TLC. To the solution was addga H
(10 mL), and extracted with EtOAc (30 mk 2). The organic
solution was washed with brine (10 mL), dried over,8@,, and
concentrated in vacuo. The residue was purified by flash column
chromatography with 3% EtOAc/hexar & 0.50 in 5% EtOAc/
hexane) to giv8a (334 mg; 82% yield) as a colorless dillethod
B: To a solution of crotonaldehyde (210 mg, 3.0 mmol) and
3-methylbut-2-enal (252 mg, 3.0 mmol) in @EN (15 mL) were
added.-(—)-proline (172 mg, 1.5 mmol) and #& (150 mg, 1.5
mmol). The solution was stirred for 20 h-a#0 °C until the reaction
was completed, monitored by TLC. To the solution was addga H
(10 mL), and extracted with EtOAc (30 mk 2). The organic
solution was washed with brine (10 mL), dried over,8@, and
concentrated in vacuo. The residue was purified by flash column
chromatography with 3% EtOAc/hexari& & 0.50 in 5% EtOAc/
hexane) to giv8a (330 mg; 81% yield) as a colorless dillethod
C: To a solution of crotonaldehyde (210 mg, 3.0 mmol) and
3-methylbut-2-enal (252 mg, 3.0 mmol) in @EN (15 mL) were
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H), 3.80 (dd,J = 10.5, 5.5 Hz, 1 H), 3.263.10 (m, 1 H), 2.44
2.38 (m, 1 H), 2.40 (dJ = 9.0 Hz, 1 H), 2.01 (s, 3H), 1.90 (s, 3
H); 3C NMR (CDCk, 125 MHz)¢ 191.9 (CH), 171.2 (C), 147.6
(C), 145.4 (CH), 134.3 (C), 119.0 (CH), 63.2 (@H31.1 (CH),
28.6 (CH), 24.1 (CH), 20.9 (CH); MS (m/z relative intensity)
194 (Mt, 3), 191 (15), 185 (7), 163 (16), 149 (53), 121 (42), 107
(34); exact mass calcd for 1@¢:403 (M*) 194.0943; found
194.0943.
4-Methyl-6-(2-nitrophenyl)cyclohexa-1,3-dienecarbalde-
hyde (3c):R0.50 in 30% EtOAc/hexane; 93% ee]fp = —195.5
(c 5.3, CHC}); IR (neat) 12960, 1670, 1581, 1523, 1352, 1261,
1197, 804 cm?; *H NMR (CDCl;, 500 MHz)6 9.44 (s, 1 H), 7.86
7.84 (m, 1 H), 7.437.40 (m, 1 H), 7.337.31 (m, 1 H), 7.36
7.24 (m, 1 H), 7.09-7.07 (m, 1 H), 6.08 (br s, 1 H), 4.60 (d,=
11.5 Hz, 1 H), 3.0£2.94 (m, 1 H), 2.49 (dJ = 19.0 Hz, 1 H),
1.84(s, 3 H);°C NMR (CDCk, 125 MHz) ¢ 191.4 (CH), 148.7
(C), 147.5(C), 145.2 (CH), 137.2 (C), 135.8 (C), 132.8 (CH), 128.9
(CH), 127.4 (CH), 124.8 (CH), 118.9 (CH), 36.7 (H29.5 (CH),
24.1 (CHy); MS (m/z, relative intensity) 243 (M, 1), 225 (1), 195
(100), 180 (48), 165 (48), 152 (39); exact mass calcd faHG-
NO; (M) 243.0895; found 243.0896.
4-Methyl-6-phenylcyclohexa-1,3-dienecarbaldehyde (3dJR:
0.70 in 10% EtOAc/hexane; 95% eeay]f> = —230.1 € 6.0,
CHCL); IR (neat) 2924, 1670, 1577, 1195, 792, 755, 699 tm
1H NMR (CDClz, 500 MHz)6 9.49 (s, 1 H), 7.1#7.24 (m, 4 H),
7.14-7.16 (m, 1 H), 6.90 (dJ = 5.5 Hz, 1 H), 6.026.05 (m, 1
H), 4.06 (d,J = 9.5 Hz, 1 H), 2.86-2.87 (m, 1 H), 2.44 (dd) =
18.5, 0.5 Hz, 1 H), 1.86 (s, 3 H}*C NMR (CDCh, 125 MHz)d
191.9 (CH), 147.1 (C), 144.0 (CH), 143.0 (C), 137.1 (C), 128.2
(two CH), 126.8 (two CH), 126.5 (CH), 119.3 (CH), 36.8 (§H
34.0 (CH), 24.0 (CH); MS (m/z, relative intensity) 198 (M, 72),
183 (47), 169 (100), 154 (62), 91 (83), 77 (59); exact mass calcd
for C14H140 (M) 198.1045; found 198.1042.
6-Ethyl-4-methylcyclohexa-1,3-dienecarbaldehyde (3e)R:
0.50 in 5% EtOAc/hexane; 94% eef]f% = —41.7 € 1.0, CHC});
IR (neat) 3019, 2925, 2858, 1688, 1459, 1216, 759%cAH NMR
(CDCl;, 500 MHz) 6 9.43 (s, 1 H), 6.68 (dJ = 5.5 Hz, 1 H),
5.92-5.90 (m, 1 H), 2.6#2.73 (m, 1 H), 2.37#2.43 (m, 1 H),
2.18 (d,J = 18.0 Hz, 1 H), 1.89 (s, 3 H), 1.2a1.40 (m, 2 H),
0.82 (t,J = 7.5 Hz, 3 H);3C NMR (CDCk, 125 MHz)d 192.7
(CH), 147.5 (C), 143.9 (CH), 139.4 (C), 119.0 (CH), 33.2 ¢¢H
30.2 (CH), 24.7 (CH), 24.3 (CH), 11.0 (CH); MS (m/z, relative
intensity) 150 (M, 22), 121 (23), 93 (100), 77 (58); exact mass
calcd for GoH140 (MT) 150.1045; found 150.1042.
6-Isopropyl-4-methylcyclohexa-1,3-dienecarbaldehyde (3R
0.50 in 5% EtOAc/hexane; 98% ee]f3, = —27.1 € 1.3, CHC});
IR (neat) 2924, 1671, 1577, 1456, 1200, 799, 750 ¢itH NMR
(CDCl;, 500 MHz) 6 9.44 (s, 1 H), 6.73 (dJ = 5.5 Hz, 1 H),
5.85-5.87 (m, 1 H), 2.63 (ddJ = 9.5, 6.0 Hz, 1 H), 2.35 (dd]
= 9.5, 18.0 Hz, 1 H), 2.25 (d] = 18.0 Hz, 1 H), 1.86 (s, 3 H),
1.72-1.77 (m, 1 H), 0.82 (dJ = 7.0 Hz, 3 H), 0.76 (dJ = 7.0
Hz, 3 H); 13C NMR (CDCk, 125 MHz)é 193.0 (CH), 148.3 (C),
144.9 (CH), 138.2 (C), 119.2 (CH), 34.7 (CH), 30.9 (§H30.2
(CH), 23.9 (CH), 20.3 (CH), 18.7 (CH); MS (m/z, relative
intensity) 164 (M, 10), 121 (31), 120 (19), 119 (36), 107 (14), 93
(100), 77 (53); exact mass calcd for;8;60 (M*) 164.1201; found
164.1199.
5-Methyl-2-(2-methylpropenyl)hexa-2,4-dienal (4)R: 0.60 in

17% EtOAc/hexane; IR (neat) 2925, 2860, 1678, 1628, 1444, 1379,

1227, 1173, 1134, 850 criy *H NMR (CDCl;, 500 MHz) 6 9.45
(s, 1 H), 7.09 (dJ = 12.0 Hz, 1 H), 6.11 (dJ = 12.0 Hz, 1 H),
5.74 (br s, 1 H), 1.95 (s, 3 H), 1.93 (s, 3 H), 1.88 (s, 3 H), 1.49 (s,
3 H); 13C NMR (CDCl, 125 MHz)6 194.6 (CH), 148.2 (C), 145.0
(CH), 140.0 (C), 137.0 (C), 122.9 (CH), 116.1 (CH), 27.2 ¢;H
25.9 (CH), 20.4 (CH), 19.2 (CH); MS (m/z, relative intensity)
165 (M™ + 1, 44), 152 (23), 135 (23), 105 (36), 69 (64), 57 (100);
exact mass calcd for,gH;60 (M) 164.1201; found 164.1209.
Acetic Acid 6-Acetoxy-2-formylcyclohexa-2,4-dienylmethyl
ester (3g): R 0.50 in 50% EtOAc/hexanep]?% +207.7 € 2.5,
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CHCl); IR (neat) 2825, 1739, 1678, 1577, 1372, 1233, 1178, 1038,
790, 755 cm?; 'H NMR (CDCl;, 500 MHz)6 9.55 (s, 1 H), 6.95
(d,J=5.0Hz, 1 H), 6.46 (ddJ = 5.0, 9.5 Hz, 1 H), 6.35 (dd]
=6.0, 9.5 Hz, 1 H), 5.39 (d] = 6.0 Hz, 1 H), 3.98 (ddJ = 11.0,
5.0 Hz, 1 H), 3.83 (ddJ = 11.0, 9.0 Hz, 1 H), 3.34 (dd] = 9.0,
5.0 Hz, 1 H), 2.01 (s, 3 H), 1.99 (s, 3 HBC NMR (CDCl, 125
MHz) 6 191.8 (CH), 170.8 (C), 169.9 (C), 141.0 (CH), 136.6 (C),
130.1 (CH), 126.7 (CH), 65.2 (CH), 61.5 (GK135.2 (CH), 20.9
(CHs), 20.8 (CH); MS (m/z, relative intensity) 238 (M, 0.8), 178
(4), 165 (11), 136 (10), 107 (42); exact mass calcd feHzOs
(M+) 238.0841; found 238.0843.

Acetic Acid 5-Formyl-6-phenylcyclohexa-2,4-dienyl ester
(3h): R 0.60 in 30% EtOAc/hexane; 77% e&]fp +270.9 €
6.7, CHC}); IR (neat) 2959, 1735, 1678, 1370, 1238, 1015, 800,
700 cntl; IH NMR (CDCls, 500 MHz) 6 9.59 (s, 1 H), 7.26
7.18 (m, 5 H), 7.16-7.08 (m, 1 H), 6.60 (ddJ = 9.5, 5.5 Hz, 1
H), 6.27 (ddJ=9.5, 5.5 Hz, 1 H), 5.40 (d] = 5.5 Hz, 1 H), 4.21
(s, 1H), 2.04 (s, 3 H)}3C NMR (CDCk, 125 MHz)6 191.9 (CH),
170.0 (C), 139.7 (CH), 139.5 (C), 139.6 (C), 129.7 (CH), 128.7
(two CH), 127.7 (CH), 127.55 (CH), 127.46 (two CH), 70.0 (CH),
41.2 (CH), 21.1 (CH); MS (nV/z, relative intensity) 242 (M, 7),
213 (8), 200 (37), 181 (100), 171 (50), 380 (8), 365 (28); exact
mass calcd for gH1403 (MT) 242.0943; found 242.0947.

1-Phenyl-1,5,6,7,8,8a-hexahydronaphthalene-2-carbalde-
hyde (3i): R 0.6 in 17% EtOAc/hexane; 98% e&]f> = —475.9
(c9.0, CHCH); IR (neat) 2929, 2854, 1671, 1576, 1200, 699 &m
IH NMR (CDCls, 500 MHz)6 9.43 (s, 1 H), 7.257.22 (m, 4 H),
7.18-7.14 (m, 1 H), 6.81 (dJ = 6.0 Hz, 1 H), 5.97 (dJ = 5.5
Hz, 1 H), 3.62 (dJ = 1.5 Hz, 1 H), 2.45 (dJ = 11.5 Hz, 1 H),
2.39-2.37 (m, 1 H), 2.142.09 (m, 1 H), 1.991.97 (m, 1 H),
1.82-1.77 (m, 2 H), 1.66-1.25 (m, 3 H);'3C NMR (CDCk, 125
MHz) 6 192.6 (CH), 157.2 (C), 145.5 (C), 142.5 (CH), 136.5 (C),
128.5 (two CH), 126.9 (two CH), 126.5 (CH), 114.8 (CH), 49.0
(CH), 42.1 (CH), 38.1 (CH), 36.9 (CH), 31.7 (CH), 27.1 (CH);
MS (m/z, relative intensity) 238 (M, 70), 209 (84), 167 (80), 115
(28), 91 (100); exact mass calcd forA:g0 (M*) 238.1358; found
238.1351.

6-Methylcyclohexa-1,3-dienecarbaldehyde (3j)R; 0.50 in 5%
EtOAc/hexane; 10% eep]?? —12.1 € 2.98, CHC}); IR (neat)
2924, 2854, 1687, 1458, 1377 cin'H NMR (C¢De, 500 MHZ)d
9.31 (s, 1 H), 6.126.08 (m, 1 H), 5.755.71 (m, 2 H), 2.8%
2.76 (m, 1 H), 2.26-2.00 (m, 1 H), 1.86-1.70 (m, 1 H), 0.85 (d,

J = 7.0 Hz, 3 H);33C NMR (CsDg, 125 MHz) 6 191.90 (CH),
42.74 (C), 140.4 (CH) 134.4 (CH), 123.3 (CH), 30.6 ({+23.2
(CH), 17.8 (CH); MS (m/z, relative intensity) 122 (M, 56), 107
(21), 93 (83), 91 (59), 79 (74), 77 (100); exact mass calcd for
CgH100 (MT) 122.0732; found 122.0730.

6-Methylcyclohexa-1,3-dienecarboxylic acid (5)To a solution
of 3j (366 mg, 3.0 mmol) and 2-methyl-2-butene (1 mL, 9.4 mmol)
in t-BuOH (7.5 mL) was added a freshly prepared solution of
sodium chlorite (140 mg, 1.55 mmol) in 20% w/w aqueous MaH
PO, (2.4 gin 12 mL of HO) at room temperature, and the resulting
solution was stirred for 8 h. The mixture was diluted with ethyl
acetate (30 mL) and washed with water (4 mL). The agueous phase
was extracted with ethyl acetate (30 mL), and the combined organic
layers were dried over N8O, and concentrated in vacuo to give
the crude product. The residue was purified by flash column
chromatography with 20% EtOAc/hexan& (= 0.50 in 30%
EtOAc/hexane) to give acid as a colorless oil (315 mg, 76%
yield): 10% ee; {#]°% = —10.2 € 4.3, CHC}); IR (neat) 3406
3000, 2962, 1680, 1572, 1421, 1273, 700 &mMH NMR (CDCls,
500 MHz)¢ 7.08 (d,J = 3.5 Hz, 1 H), 6.076.01 (m, 2 H), 2.86-
2.72 (m, 1 H), 2.582.44 (m, 1 H), 2.222.16 (m, 1 H), 0.97 (d,
J= 6.5 Hz, 3 H);’3C NMR (CDCk, 125 MHz)¢ 172.7 (C), 134.1
(CH), 132.8 (CH), 131.6 (C), 123.0 (CH), 30.7 (@H24.9 (CH),
17.6 (CH); MS (n/z relative intensity) 138 (M, 30),123 (10),
105 (9), 93 (100), 91 (36), 79 (45), 77 (67); exact mass calcd for
CgH100, (M*) 138.0681; found 138.0681.
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6-Methylcyclohexa-1,3-dienecarboxylic acid methyl ester (6). Acetic Acid 2-Acetoxymethyl-3-formyl-5,6-dihydroxycyclo-
To a solution of5 (276 mg, 2.0 mmol) in CKCl, (5 mL) was hex-3-enyl ester (9).To a solution of3g (286 mg, 1.2 mmol) in
added a solution of CHN,—Et,O. The solution was stirred for 30  THFA-BuOH—H,0 (10:30:5 mL) was addel-methylmorpholine
min and concentrated in vacuo to give the crude product. The N-oxide (NMO, 351 mg, 3 mmol), and the solution was stirred for
residue was purified by flash column chromatography with 3% 10 min at ambient temperature. Qg0.1 mL, 2.5 wt % int-BuOH)
EtOAc/hexaneR = 0.30 in 3% EtOAc/hexane) to give es&ns was added, and stirring was maintained at ambient temperature for
a colorless oil (273 mg, 75% yield): 7% ee]fp = —6.7 (€ 1.32, ca. 36 h. The reaction was quenched by the addition of sodium
CHCL);>® IR (neat) 2926, 1712, 1444, 1257, 1022, 771 ¢mH hydrosulfite (0.2 g), Florisil (2.0 g), andJ® (5 mL). The mixture
NMR (CDCls, 500 MHz) 6 6.93 (s, 1 H), 6.055.95 (m, 2 H), was stirred for 30 min, washed with acetone (30 mL), filtered
3.73 (s, 3 H), 2.862.72 (m, 1 H), 2.66-2.40 (m, 1 H), 2.15 (dJ through filter paper, and extracted with EtOAc (20 mL2). The
=17.0 Hz, 1 H), 0.96 (d) = 7.0 Hz, 3 H);13C NMR (CDCk, 125 combined organic layers were washed with brine (15 mL), dried
MHz) 6 167.7 (C), 132.3 (C), 131.9 (CH), 131.5 (CH), 123.0 (CH), over NaSQ;, and concentrated in vacuo. The residue was purified
51.5 (CH), 30.6 (CH), 25.3 (CH), 17.7 (Ch);>* MS (m/z, relative by flash column chromatography with 85% EtOAc/hexaReD(28
intensity) 152 (M, 20), 137 (8), 121 (16), 105 (8), 93 (100); exact in 80% EtOAc/hexane) to give (212 mg; 65% yield) as a pale
mass calcd for gH1,0, (M*) 152.0837; found 152.0835. yellow oil: [0]?% = —28.1 € 13.3, CHC}); IR (neat) 3556-3100,

4-Methyl-6-phenylcyclohexa-1,3-dienecarboxylic acid (7)Io 2920, 1735, 1686, 1375, 1247, 1039 ¢m*H NMR (CDCl;, 500

a solution of3d (47.5 mg, 0.24 mmol, 56% ee) and 2-methyl-2- MHZ2) 0 9.48 (s, 1 H), 6.79 (br s, 1 H), 5.32 (ddl= 5.5, 4.0 Hz,
butene (3 mL) int-BuOH (12 mL) was added a freshly prepared 1 H): 4.55-4.50 (m, 2 H), 4.20 (dd) = 5.5, 4.0 Hz, 1 H), 3.98
solution of sodium chlorite (140 mg, 1.55 mmol) in 20% wiw (brs, 1 Hl)’ 3.29 (brs, 1 H), 2.97 (brs, 1 H), 2.90 (brs, 1 H), 2.06
aqueous NabPO, (2.4 g in 12 mL of HO) at room temperature,  (S; 6 H); *C NMR (CDCl, 125 MHz) 6 192.8 (CH), 171.5 (C),
and the resulting solution was stirred for 5 h. The mixture was 170.6 (C), 149.4 (CH), 138.4 (C), 69.9 (CH), 68.6 (CH), 66'Q (CH),
diluted with ethyl acetate (30 mL) and washed with water (4 mL). 82-2 (CH), 37.9 (CH), 21.0 (CH), 20.9 (CH); MS (m'z relative
The aqueous phase was extracted with ethyl acetate (30 mL), andtensity) 272 (M, 16), 229 (26); 133 (20), 119 (46), 57 (100);
the combined organic layers were dried ovep®i@ and concen- ~ ©xact mass calcd forgH;07 (M) 272.0896; found 272.0893.
trated in vacuo to give the crude product. The residue was purified _ ACetic Acid 5-Acetoxymethyl-6-formyl-2,2-dimethyl-3a,4,5,-

by flash column chromatography with 20% EtOAc/hexaRe= 7a-tetrahydrobenzo[1,3]dioxol-4-yl ester (10).To a solution of
0.3 in 20% EtOAc/hexane) to give acidas a white solid (41 mg, 9 (100 mg, 0.36 mmol) in dry acetone (7 mL) was added
80% yield): mp 138-140 °C; [a]Zp = —146.6 € 1.5, MeOH); 2,2-dimethoxypropane (114 mg, 1.1 mmol). The resulting solution
mp 138-140°C: IR (neat) 3600, 2922, 1668, 1576, 1417, 1288, Was stirred for 5 min at amb_lent temperatLpfa“l,'sOH (28 mg, 0.15
1238, 698 cm’; *H NMR (CDCl;, 500 MHz) 6 7.35-7.10 (m, 6 mmol) was added, and stirring was maintained at ambient temper-
H), 5.90 (br s, 1 H), 3.93 (d = 10.5 Hz, 1 H), 2.96-2.80 (m, 1 ature for 12 h. The reaction was quenched with aq Naki(1G

H), 2.34 (d,J = 17.5 Hz, 1 H), 1.77 (s, 3 H}3C NMR (CDCl, mL), ex.tracted with EtOAc (30 mlx 2), washed with brine (30
125 MHz) 6 171.9 (C), 144.1 (C), 143.2 (C), 137.0 (CH), 128.4 ML), dried over NaSO,, and concentrated in vacuo. The crude
(two CH), 127.0 (two CH), 126.5 (CH), 125.8 (C), 119.1 (CH), residue was purified by flash column chromatography with 40%
37.6 (CH), 36.3 (CH), 23.9 (CH): MS (m/z, relative intensity) EtOAc/hexaneRs 0.83 in 80% EtOAc/hexane) to givi® (96 mg,

214 (M*, 82), 181 (36), 169 (100), 154 (22): t led f 85% vyield) as a colorless Oi|:(XI|22D = +15.1 € 13, CHC}); IR
s (M)+) S1(30). 169 (100), 154 (22); exact mass caled 1or 1021y 2021, 2850, 1743, 1697, 1458, 1225, 74T6H NMR

4-Methyl-6-phenylcyclohexa-1,3-dienecarboxylic acid ethyl EngC&) 52%2/' (l;'jfj)? 2'2.45(521_%) |I_|—|)z 6i7|:)(di_§93£rl_|sz' 11:))' Z’gj
ester (8).A solution of7 (21 mg, 0.1 mmol), benzene (0.35 mL), 4 5 (m’, 2 H), 3.09 (ddJ =70 H’z, 1 H’), 2.09 (s, 3 H), 205 s,
and concd HSOy (0.1 mL) in ethanol (5 mL) was heated to reflux 3 H), 1.43 (s, 3 H), 1.41 (s, 3 H*C NMR (CDCh, 125 MHz)d

for 24 h. The solution was cooled to room temperature, saturated 192.9 (CH). 170.7 (C). 169.5 (C). 146.0 (CH
aqueous NaHC®solution (10 mL) was added and stirred for 10 © '73(3 (C):’H) 70 7((():’H) 67 7((&_') 62 4((6)-|)é5138&3(gl-$§:)é71é0.6
min. The solution was diluted with EtOAc (15 mk 2) and washed (CI-’|3) 256 (de) '20.93 ’(CH.) 20.88 (C.H)' MS ('m/Z relative

with brine. The combined organ_ic layers were dried ovesS@a intensity) 297 (M — Me, 54), 297 (54), 177 (19), 165 (32), 135
and concentrated in vacuo to give the crude product. The residue(loo). exact mass calcd for 64,007 (M*) 312.1209; found

was purified by flash column chromatography with 5% EtOAc/ 3715 71211,

h_(sz;ge R = 805.3in 50(3 Etogtz?{ggxags) té’tgixe ESQB‘S ggg(l)l/ow . Acetic Acid 4-Acetoxy-6-formyl-2,2-dimethylhexahydrobenzo-

ol 2(2 ' mg, 557 yie ): R oo oo C.Nexane, o56% €€, 1 31dioxol-5-ylmethyl ester (11 and 12)A suspension 010 (235

[0]*> = ~90.7 € 13, GHe):** IR (neat) 2927, 1705, 1589, 1267, g1 5 mmol) and PdC (20 mg, 10%) in EtOAC (30 mL) was

1072' |-7|605’ gg8bcml, 1HHNh£Fi4§(?(3C|3’ SgOHMgzgg 7(125__101g stirred at room temperature under hydrogen (1 atm) for 6 h. The

|(_|m, 1 H)’ 2'9&(2 g; 1)’H. 534 (m_' 17 23 s 1(HJ _1 77 mixture was filtered through Celite, and the filtrate was concentrated
zZ, ), 2. .83 (m, ), 2.34 (d) = 17.5 Hz, ), L.77 (s, in vacuo to give the crude product. The two isomers of the product

3 H), 1.19 (tJ = 7.0 Hz, 3 H);**C NMR (CDCl, 125 MHz) § 12 to 11 were shown to be 1:7, analyzed By NMR analysis.
167.4 (C), 144.0 (C), 142.8 (C), 134.8(CH), 128.6 (two CH), 127.33 ¢ regjdue was purified by flash column chromatography with

(two CH), 127.26 (C), 126.7 (CH), 119.2 (CH), 60.4 (9HB7.7 4504 EtOAc/hexanel? R =0.51;11 R, = 0.39 in 50% EtOAc/

(CHy), 37.1 (CH), 24.0 (Ch), 14.4 (CH);>* MS (m/z, relative hexane) to gi ; : .
) . givd2and11as the colorless oils. Indeed, isomerization
intensity) 242 (M, 100), 227 (22), 169 (84), 154 (36), 91 (66), 77 4f 11 to 12 was occurred gradually at ambient temperature and

(79); exact mass caled for 164140, (M™) 242.1307; found 5 can be accelerated by the addition of\Eand silica gel. In

242.1309. practice, the crude residue was purified by silica gel column
chromatography with 1:45:54 #/EtOAc/hexanei2 R:= 0.51;
(53) For []% = +95.8 € 1.17, CHCH) for 100% ee of theR 111 Ry = 0.39 in 50% EtOAc/hexane) ov@ h to give 12 (153
enantiomer, see: Davies, S. G.; Bhalay;l®trahedron: Asymmetr}996 mg, 65%) as a colorless oil:o]?; = —17.5 € 6.9, CHOH); IR
7, 1595. (neat) 2925, 1742, 1372, 1225, 1051 ¢mH NMR (CgDs, 500
(54) Moorhoff, C. M.Synlett1997 126. MHz) 6 9.20 (s, 1 H), 5.365.25 (m, 1 H), 4.26-4.14 (m, 1 H),

(55) (@) For p]?% = —14.5 € 1.0, GHe) for 7.8% ee of the
R-enantiomer, see: Serebryakov, E. P.; Nigmatov, A. G.; Shcherbakov, 4.04-4.00 (m, 1 H), 3.953.90 (m, 1 H), 3.86-3.70 (m, 1 H),

M. A.; Struchkova, M. |.Russ. Chem. Bull. Int. EA.998 47, 82. (b) For 1.95-1.85 (m, 1 H), 1.821.75 (m, 1 H), 1.71 (s, 3 H), 1.65 (s, 3
[a]2% = —52 (c 1.0, GH¢) for 28% ee of th&k-enantiomer, see: Nigmatov,  H), 1.52 (s, 3 H), 1.461.20 (m, 2 H), 1.16 (s, 3 H}*C NMR
A G.: Serebryakov, E. FRuss. Chem. Bull, Int. EA99 45, 623. (CsDe, 125 MHZ)d 200.5 (CH), 170.0 (C), 169.3 (C), 109.2 (C),
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76.9 (CH), 72.4 (CH), 70.6 (CH), 62.2 (GH45.0 (CH), 38.2 (CH), 6-Hepta-1,3-dienyl-5-hydroxymethyl-2,2-dimethylhexahydro-
27.4 (CHy), 25.8 (CH), 25.5 (CH), 20.4 (CH), 20.3 (CH); MS benzo[1,3]dioxol-4-ol (14)To a solution ofL3 (75 mg, 0.19 mmol)
(m/z, relative intensity) 315 (M + 1, 45), 256 (38), 213 (41), 171  in CH3OH (15 mL) was added 4CO; (22 mg, 0.16 mmol) at room
(32), 153 (100); exact mass calcd fofs82,0; (MT) 314.1366; temperature. The solution was stirred 8oh atambient temperature
found 314.1371. Foll: [0]?p = —27.8 € 11.5, CHOH); IR until the reaction completed, monitored by TLC. The reaction was
(neat) 2925, 2853, 1742, 1372, 1225, 1051 &H NMR (CDCls, quenched by the addition of,B (8 mL); the solution was extracted
500 MHz) 6 9.77 (s, 1 H), 5.565.42 (m, 1 H), 4.4%+4.30 (m, 2 with EtOAc (20 mL x 2), dried over NgSQy, and concentrated in
H), 4.25-4.20 (m, 1 H), 4.03-4.00 (m, 1 H), 2.78 (br s, 1 H),  vacuo to give the crude product. The residue was purified by flash
2.45-2.40 (m, 1 H), 2.26-2.00 (m, 2 H), 2.12 (s, 3 H), 2.03 (s, 3  column chromatography with 3% EtOAc/hexaifg= 0.25 in 50%
H), 1.48 (s, 3 H), 1.34 (s, 3 H)}:3C NMR (CDCk, 125 MHz) 6 EtOAc/hexane) to givd4 as a colorless oil (104 mg, 90% yield):
200.9 (CH), 170.5 (C), 170.0 (C), 109.9 (C), 77.9 (CH), 73.3 (CH), mp 104-105°C; [a]*p = —52.8 (4.6, CHC}); IR (neat) 3606-
70.9 (CH), 62.5 (CH), 45.9 (CH), 39.6 (CH), 27.5 (C§}, 26.43 3200, 2927, 2862, 1728, 1668, 1460, 1379, 1244, 1221, 1070, 989
(CH,), 26.38 (CH), 21.0 (CH), 20.8 (CH); MS (m/z relative cm % H NMR (CDClz, 500 MHz) 6 6.05-5.92 (m, 2 H), 5.62
intensity) 315 (M- + 1, 5), 299 (100), 287 (13), 197 (30), 137 5.55(m, 1 H), 5.28 (dd) = 14.5, 9.5 Hz, 1 H), 4.27 (br s, 1 H),
(71); exact mass calcd for 1§H,,0; (M™) 314.1366; found  3.90-3.80 (m, 2 H), 3.69 (dd] = 10.0, 8.5 Hz, 1 H), 3.58 (dd}
314.1371. = 7.5, 7.0 Hz, 1 H), 3.43 (br s, 1 OH), 2.93 (br s, 1 OH), 2:25
2.15 (m, 1 H), 2.16-1.95 (m, 3 H), 1.63-1.55 (m, 1 H), 1.50 (s,
3 H), 1.42-1.30 (m, 3 H), 1.34 (s, 3 H), 0.87 d,= 7.0 Hz, 3 H);
13C NMR (CDCk, 125 MHz) 6 134.1 (CH), 132.5 (CH), 131.9
(CH), 129.7 (CH), 108.9 (C), 81.2 (CH), 76.3 (CH), 73.6 (CH),
64.1 (CH), 45.9 (CH), 36.4 (CH), 34.6 (Chl 33.4 (CH), 28.4
(CHs), 26.2 (CH), 22.4 (CH), 13.7 (CH); MS (mz relative
intensity) 296 (M, 1), 247 (10), 231 (34), 230 (20), 215 (14), 181
(12), 131 (19), 117 (100), 69 (33); exact mass calcd fpigsO,
(M*) 296.1988; found 296.1988.
5-(tert-Butyldimethylsilanyloxymethyl)-6-hepta-1,3-dienyl-2,2-
dimethylhexahydrobenzo[1,3]dioxol-4-ol (15).To a solution of
14 (20 mg, 0.07 mmol), imidazole (5 mg, 0.08 mmol), and
4-dimethylaminopyridine (1 mg, 0.01 mmol) in GEl, (10 mL)
was addedert-butyldimethylsilyl chloride (13 mg, 0.08 mmol) at
room temperature. The solution was stirred @ h at room
temperature. The reaction was quenched by the addition©f(B
mL); the solution was extracted with EtOAc (15 mt 2), dried
over NaSQy, and concentrated in vacuo to give the crude product.
The residue was purified by flash column chromatography with
20% EtOAc/hexaneR; = 0.26 in 20% EtOAc/hexane) to give
acetatel5 as a colorless oil (26 mg, 92% yield)o P = —37.2
(c 7.7, CHCH); IR (neat) 3465, 2962, 2929, 2862, 1466, 1379, 1246,
1092, 839, 775 cmt; IH NMR (CDClz, 500 MHz) ¢ 5.90-6.05

Acetic Acid 5-Acetoxymethyl-6-hepta-1,3-dienyl-2,2-dimethyl-
hexahydrobenzo[1,3]dioxol-4-yl ester (13)To a solution of (E)-
hexenyltriphenylphosphonium bromide (74 mg, 0.17 mmol) in THF
(15 mL) was added a solution @fBuLi (1.6 M in hexane, 0.1
mL, 0.17 mmol) at—78 °C. The solution was stirred at
—78 °C for 30 min, followed by the addition of a solution @

(41 mg, 0.13 mmol) in THF (5 mL) and was warmed up to room
temperature over 2 h. The reaction was quenched by the addition
of saturated aqueous NEI (10 mL). The solution was extracted
with EtOAc (20 mL x 2). The combined organic layers were
washed with brine (10 mL), dried over p&0,, and concentrated

in vacuo. The residue was purified by flash column chromatography
with 20% EtOAc/hexaneR; 0.83 in 50% EtOAai-hexane) to give

the mixture ofl3 and £)-13 (42 mg; 85% yield) as a pale yellow
oil, in a ratio of 3:1. The isomers were separated by HPLC (Rainin
Solvent Delivery System Dynamax SD-200, detector: Dynamax
UV-C, Spherisorb Phase Sep S10 W, 25 gni0 cm, semi-prep
column, 25 cmx 10 mm, rate: 5 mL/min; fol3, R 18.19; for
(2)-13, R 20.11). For13: [a]?% = —51.0 € 14, CHCh); IR (neat)
2925, 2856, 1745, 1462, 1377, 1240, 1049 &tH NMR (CDCls,

500 MHz) ¢ 6.06 (dd,J = 10.5, 15.0 Hz, 1H), 5.95 (dd,= 14.0,
10.5 Hz, 1 H), 5.685.55 (m, 1 H), 5.27 (dd]) = 15.0, 9.5 Hz, 1

?}5552” (2d|r|])_31£§)§03' 365(':311;'))' g-g‘l) EBSS—'llT)g ‘tésl(“ﬁ) (m, 2 H), 5.52-5.60 (m, 1 H), 5.26-5.30 (m, 1 H), 4.26 (br s, 1

5 Hz, 1H), 3.993. . 1 H), 3. =115Hz, 1H), )y 382-3.88 (m, 1 H), 3.75 (dd) = 10.0, 8.5 Hz, 1H), 3.53 (dd,
2.58-2.41 (m, 1 H), 2.13 (d) =155 Hz, 1 H), 204 (s, 3H),  3='100, 6.0 Hz, 1 H), 3.48 (br s, 1 OH), 2:22.30 (m, 1 H)
2.00 (s, 3 H), 2.042.00 (m, 2 H), 1.631.56 (M, 1 H), 155 (5,3 1 50-1 30 (m, 1 1), 1.34 (s, 3 H), 1.36.40 (m. 2 H), 1.50 (5. 3
M), 1.49(dd,J = 10.0, 11.0 Hz, 1 H), 1.411.36 (m, 2 H), 1.34 1y 4 551 65 (m, 1 H), 1.952.08 (m, 3 H), 0.86 (s, 9 H), 0.88
(s, 3 H), 0.88 (tJ = 7.5 Hz, 3 H):"*C NMR (CDCl, 125 MHz) ;"5 = 7.0 Hz, 3 H), 0.01 (s, 6 H)}*C NMR (CDCk, 125 MHz)
0171.0/(C), 170.0 (C), 134.4 (CH), 132.4 (CH), 1315 (CH), 129.7 5133 7'(CH). 132.5 (CH), 131.9 (CH). 129.8 (GH). 108.7 (C).
(CH), 109.2 (C), 78.2 (CH), 73.6 (CH), 72.3 (CH), 61.2 (§H g3 3(CH), 74.8 (CH), 73.5 (CH), 63.5 (GH45.9 (CH), 35.6 (CH),
43.2 (CH), 36.0 (CH), 34.7 (G}, 33.0 (CH), 27.7 (CH), 261 347 (CHy). 33.2 (CH). 28.4 (CH). 26.3 (CH). 25.8 (three CIy),
(CHy), 22.4 (CH), 21.0 (CH), 20.8 (CH), 13.7 (CH); MS (m/z 22.4 (CH), 18.1 (C), 13.7 (CH), —5.7 (two CH): MS (m/z relative
relative intensity) 380 (M, 1), 365 (28), 320 (27), 260 (19), 244 intensity) 410 (M, 2), 395 (11), 353 (11), 295 (50), 277 (82), 189
(20), 219 (18), 202 (100), 173 (79), 159 (55); exact mass calcd for (40), 75 (100); exact mass calcd fO§354204Si (M+) 410.2852;
Ca1H3206 (M) 380.2199; found 380.2200. found 410.2850.

Acetic Acid 4-Acetoxy-6-hepta-1,3-dienyl-2,2-dimethylhexa- 5-(tert-Butyldimethylsilanyloxymethyl)-6-hepta-1,3-dienyl-2,2-
hydrobenzo[1,3]dioxol-5-ylmethyl ester (Z)-13): [a]?, = —7.2 dimethyltetrahydrobenzo[1,3]dioxol-4-one (16)To a solution of
(c 15.3, CHCY); IR (neat) 2985, 2959, 2931, 2873, 1744, 1382, 15(26 mg, 0.06 mmol) in CkCl, (10 mL) was added Dessviartin
1239, 1050 cm?; 'H NMR (CDCl;, 500 MHz) 6 6.28 (dd,J = periodinane (31 mg, 0.07 mmol) at room temperature, and the
14.0, 11.5 Hz, 1H), 6.02 (dd, = 11.0, 10.5 Hz, 1 H), 5.705.60 resulting solution was stirred for 1 h. The reaction was quenched
(m, 1 H), 5.19 (ddJ = 10.5, 8.0 Hz, 1 H), 4.92 (dd] = 10.5, by the addition of saturated aqueous NaHC®mL). The mixture
10.0 Hz, 1 H), 4.32 (br s, 1 H), 4.11 (d,= 11.0 Hz, 1 H), 3.97 was extracted with ethyl acetate (10 md_2), washed with water
(dd,J=7.5,5.5Hz, 1 H), 3.80 (dd} = 11.5, 3.0 Hz, 1 H), 2.20 (5 mL), and the combined organic layers were dried ove;SQ0a
1.90 (m, 3 H), 2.04 (s, 3 H), 1.98 (s, 3 H), 1-65.52 (m, 1 H), and concentrated in vacuo to give the crude product. The residue
1.60 (s, 3 H), 1.561.30 (m, 4 H), 1.35 (s, 3H),0.88 @,=7.5 was purified by flash column chromatography with 20% EtOAc/
Hz, 3 H); 3C NMR (CDCk, 125 MHz) ¢ 170.7 (C), 169.8 (C),  hexane R = 0.56 in 20% EtOAc/hexane) to givks as a yellow
136.3 (CH), 130.8 (CH), 129.0 (CH), 125.2 (CH), 109.0 (C), 78.2 oil (22 mg, 90% yield): §]?2% = —17.9 € 3.8, CHCB): IR (neat)
(CH), 73.5 (CH), 72.0 (CH), 60.7 (CH 43.0 (CH), 37.8 (Ch), 2931, 2852, 1728, 1464, 1379, 1254, 1103, 837, 777ct NMR
32.6 (CH), 30.9 (CH), 27.6 (Ch), 26.0 (CH), 22.3 (CH), 20.8  (CDCl;, 500 MHz) 8 6.08-5.93 (m, 2 H), 5.635.56 (m, 1 H),
(CHs), 20.6 (CH), 13.5 (CH); MS (m/z relative intensity) 381 5.39 (dd,J= 9.5, 15.5 Hz, 1 H), 4.53 (br s, 1 H), 4.25 @= 5.0
(M*+ + 1, 2) 365 (47), 320 (58), 202 (60), 173 (48), 43 (100); exact Hz, 1 H), 3.79 (br s, 2 H), 2.752.65 (m, 1 H), 2.222.17 (m, 2
mass calcd for &H3,06 (M™) 380.2199; found 380.2200. H), 2.05-1.92 (m, 2 H), 1.90 (dd) = 14.0, 12.5 Hz, 1 H), 1.42
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1.30 (m, 2 H), 1.41 (s, 3 H), 1.36 (s, 3 H), 0.88Jt= 7.0 Hz, 3
H), 0.83 (s, 9 H), 0.01 (s, 3 H), 0.00 (s, 3 H¥C NMR (CDClk,
125 MHz)6 206.5 (C), 134.4 (CH), 131.8 (CH), 131.5 (CH), 129.7
(CH), 109.8 (C), 79.0 (CH), 76.0 (CH), 58.7 (@K155.8 (CH),
38.2 (CH), 34.7 (CH), 33.1 (CHy), 27.0 (CH), 26.0 (CH), 25.8
(three CH), 22.4 (CH), 18.2 (C), 13.7 (Ch), —5.57 (CH), —5.63
(CHg); MS (m/z, relative intensity) 408 (M, 2), 393 (12), 351 (100),
293 (62), 263 (75), 171 (76), 75 (55); exact mass calcd $af£50,-
Si (M*) 408.2696; found 408.2697.
6-Hepta-1,3-dienyl-5-hydroxymethyl-2,2-dimethyltetrahydro-
benzo[1,3]dioxol-4-one (17)To a solution of16 (22 mg, 0.05
mmol) in CH;CN (8 mL) was added HF/pyridine (5 mg, 0.05 mmol)

JOC Article

completed, monitor by TLC. The reaction was quenched by the
addition of aqueous saturated NaHg£®olution (2 mL). The
solution was diluted with EtOAc (10 mL), washed with brine (2
mL), dried over NaSQ,, and concentrated in vacuo to give the
crude product. The residue was purified by flash column chroma-
tography with 50% EtOAc/hexaneéR{ = 0.63 in 75% EtOAc/
hexane) to givel8 as white solid (10 mg, 95% vyield):a]?% =
+4.3 (€ 2.3, CHCB); lit. [a]®%p = +4.49 € 0.32, CHCE);5 [a]p?®
+4.4 (C 0.8, CHGJ);58 IR (neat) 3556-3100, 2923, 2851, 1718,
1670, 1460, 1108, 989 cry *H NMR (CDCls, 500 MHz) 6 6.09

(dd, J = 15.0, 10.5 Hz, 1H), 5.97 (dd] = 15.0, 10.0 Hz, 1H),
5.66-5.60 (m, 1H), 5.37 (dd) = 15.0, 9.5 Hz, 1H), 4.35 (br s, 1

at 25°C, and the resulting solution was stirred for 2 h. The reaction H), 4.19 (br s, 1H), 3.82 (br s, 1 OH), 3.77 (br s, 2 H), 2:8478
was quenched by the addition of silica gel (5 mg), and the resulting (m, 1 H), 2.52 (br s, 1 OH), 2.412.35 (m, 1 H), 2.32 (br s, 1
mixture was passed through a small silica gel column; 50% EtOAc/ OH), 2.18-2.10 (m, 1 H), 2.06-2.08 (m, 2 H), 1.84 (dd] = 13.5,
hexane was used as eluent for the flash column chromatography13.5 Hz, 1 H), 1.46-1.32 (q,J = 7.5 Hz, 2 H), 0.88 (tJ = 7.5

separation to givé7 as a white solid (4 mg, 88% yield)a]?% =
—39.8 € 1.5, CHCB); lit. [a]?% = +34.8 € 0.95, CHC}) for (+)-
1756 IR (neat) 3606-3300, 2953, 2925, 1726, 1460, 1380, 1273,
1123, 1074, 990 crt; *H NMR (CDClz, 500 MHz)¢ 6.09 (dd,J
=15.0, 10.5 Hz, 1 H), 5.99 (dd,= 15.0, 10.5 Hz, 1 H), 5.64 (dt,
J=15.0, 7.5 Hz, 1 H), 5.33 (ddl = 15.0, 9.0 Hz, 1 H), 4.55 (br
s, 1 H), 4.30 (dJ=5.5Hz, 1 H), 3.73 (br s, 2 H), 2.72.60 (m,
1H), 2.44 (t,J = 7.0 Hz, 1 H), 2.452.40 (m, 1 H), 2.36:2.32
(m, 1 H), 2.03 (qJ = 7.5 Hz, 2 H), 1.971.90 (m, 1 H), 1.42 (s,
3 H), 1.40-1.30 (m, 2 H), 1.37 (s, 3 H), 0.88 4,= 7.5 Hz, 3 H);
13C NMR (CDCk, 125 MHz)6 210.3 (C), 135.3 (CH), 132.7 (CH),
130.2 (CH), 129.3 (CH), 109.9 (C), 79.1 (CH), 76.3 (CH), 59.9
(CHy), 54.9 (CH), 38.6 (CH), 34.7 (Chi 33.0 (CH), 27.0 (CH),
26.0 (CHy), 22.3 (CH), 13.7 (CH);%6 MS (m/z, relative intensity)
294 (M*, 11), 263 (70), 205 (20), 43 (100); exact mass calcd for
Ci7H2604 (MT) 294.1831; found 294.1829.
3-Hepta-1,3-dienyl-5,6-dihydroxy-2-hydroxymethylcyclohex-
anone (18).To a solution ofL7 (12 mg, 0.041 mmol) in MeOH (3
mL) was added a solution of methanolic HCI (0.1 mL, prepared
from 0.05 mL concd HCI in 2 mL of MeOH). The resulting mixture
was stirred fo 3 h atambient temperature until the reaction was

(56) Angelaud, R.; Babot, O.; Charvat, T.; Landais,JY Org. Chem.
1999 64, 9613.

Hz, 3 H); 23C NMR (CDCk, 125 MHz) 6 211.5 (C), 135.2 (CH),
132.8 (CH), 131.0 (CH), 129.3 (CH), 77.1 (CH), 71.7 (CH), 59.7
(CHy), 54.6 (CH), 39.1 (CH), 35.3 (CHi 34.7 (CH), 22.4 (CH),
13.7 (CH)%759MS (m/z, relative intensity) 254 (M, 7), 236 (11),
223 (100), 205 (39), 149 (79); exact mass calcd foiHz,04 (M)
254.1518; found 254.1518.
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