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Abstract:  Stereospecific bromination-cyclization of spirocyclic cyclohexanones
having an isopropylidenedioxy group was found to proceed under thermodynamically
controlled conditions, which was applied to the first synthesis of (+)-laurencial and its

epimer. © 1998 Elsevier Science Ltd. All rights reserved.

Introduction

The stereoselective formation of a quartenary carbon center has been an important and challenging
problem in the field of synthetic organic chemistry.l We have been interested in the construction of an
asymmetric spirocyclic carbon center, as few methodologies addressing this problem are available.2 Asa
novel method for this purpose, we planned to examine the regioselective enolization of the spirocyclic cyclo-
ially oriented substituent at C-4 having an asymmetric center would participate in the

s 1, the rotation of the C6-7 bond
in proximity of the axial hydrogen at C-2 or C-4 and, as a consequence, deprotonation of one o
hydrogens (Hz vs. Hq) would be facilitated, giving rise to 1a or 1b, regioselectively. This means that a novcl
chirality is simultaneously induced at the spiro-carbon atom in a stereoselective manner.

is restricted by the B-ring structure. Therefore, one of the substituents at C-7, R, or R2. could be positioned
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As a model for this concept, we selected the spirocyclic cyclohexanones having an isopropylidenedioxy
group such as 2 and 3, and we examined the o-bromination of these compounds. In this study, an anomalous
cyclization to the tetrahydrofuran derivatives was found to proceed, and we then applied this result to the first
synthesis of the chlorinated sesquiterpene, (¥)-laurencial (4a), isolated from Laurencia nipponica by

Kurosawa and coworkers,3 as well as its epimer 4b.
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Results and Discussion

Syntheses of 2 and 3 were achieved starting from 54 as shown in Scheme 2. The cis-isomer 2 was
obtained in 79% overall yield by cis-dihydroxylation with osmium tetroxide, and the subsequent acetonization
of 6 was achieved by treatment with 2,2-dimethoxypropane. The trans-isomer 3 was also prepared from §,
which was acetalized and oxidized with osmium tetroxide to afford the cis-diol 8 in 84% overall yield. A
Swern oxidation3 of 8 and the subsequent reduction of 9 with NaBHy afforded the trans-diol 10 as a main

ich was deacetalized and then treated with 2 2-dimethoxvpropane to give the desired
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The bromination of 2 and 3 under kinetically controlled conditions [treatment with lithium diisopropyl-
amide (LDA) at -78 °C then with Br2 at -78 °C] afforded a complex mixture of brominated products.

However, upon bromination under thermodynamically controlled conditions [treatment with 5,5-dibromo-2,2-
ini nesulfonate (PPTS) at room
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dime ‘tnyl 1,3-dioxan-4, 6-dione (12)° and

A

temperature], cyclized compounds were obtained from both compounds 2 an
described conditions afforded unstable bromide 13, and a subsequent acidic treatment of
afforded 14 as a single product in good yield. In contrast, the tricyclic compounds 15 and 16 were directly

obtained by the reaction of 3 in the ratio of ca. 4 : 3. Although the bromide 13 was not isolated,” the
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derivative 17 in quantitative yield. The structures of these cyclized compounds 14, 15, and 17 were

confirmed from spectral evidence. The stereochemistries were assigned based on their NOE differential
spectra, and the characteristic NOE data are shown in Scheme 3
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This regiospecific cyclization obviously takes place via an o-bromoketone.” Taking into account the
thermodynamically controlled reaction conditions, the regiospecificity of the bromination appears to depend
on the thermodynamic stability of the regioisomeric enols generated from 2 and 3. In the compound 2, the

following four conformations appear to exist; (axial Cg-C7, equ uatorial C7-0, axial Cg-0)-, (eauatorial Ce-C7,

posss U AR 5 \ERAIAL /s
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equatorial C7-O, axial Cg-0)-, (axial C¢-C7, axial C7-O, equatorial Cg-O)-, and (equatorial Ce- -Cq, axial C7-0,

equatorial Cg-O)-conformers. Among them, the (axial C¢-C7, equatorial C7-O, axial Cg—O)-confGrmer was
suggested to be most likely from the foliowing 'H NMR data: the hydrogen at C-8 was observed at 4.15 ppm

with a t-like shape (J = 4.2 Hz); upon irradiation of the hydrogens at C-2 and C-4, the NOE relations were
observed with one of the C-7 methyl groups and one of the acetonide methyl groups, respectively. Similarly,
although two conformations of 3, (axial C¢-C7)- and (equatorial Cg-C7)-conformers, are possible, the former
one was supported from the 1H NMR data. In addition, the easy cyclizations involving the oxygen at C-7 to
14, 15 and 16 would also support the significant contribution of the conformations of 2 and 3 having an axial
do not exclude the existence of the other conformations, but apparently
h

iformations to examine our concept shown in Fig. 1.



Therefore we focused on and analyzed the conformations of Z and 3 corresponding to that shown in Fig. 1.
The (axial C¢-C7)-conformers of 2 and 3 were minimized by PM3 calculations8 and are shown in Fig. 2. The
thermodynamic stability of the corresponding regioisomeric enols 2a, b and 3a, b, which were generated from
the conformations of 2 and 3, were compared by means of PM3 calculations. Although in every case two
conformers having s-cis and s-trans enol bonds, respectively, were obtained, a s-cis conformer was always
shown to be more stable than the s-trans one. The s-cis conformations of 2a, b and 3a, b and the values of the

heat of formation for the s-cis and s-trans conformations are shown in Fig. 2. Concerning the regiospecificity,
hnth tha nnn]o o_rao and c_tranc Ya gonarated hy the danratanatinn nf Ha nf the Latane ? were chown tn he
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energies of the conformations was not observed between the regioisomeric enols 3a and b generated from the
ketone 3. These findings appear to convincingly explain the experimental results.

Q

RSP

o\, PP~ V2 O N R d—a” * 22
' : ° &0 O .143.745 kcal/mol
W o OW \ 3 o (-142.864 kcal/mol)

-139.281 kcal/mol

I N — . ‘ "% Q  (-138.252 kealmol)

—Hq' 3b
— o & -140 089 kcal/mol
¥ \ :NOE R (-139.125 keal/mol)
Eie 2 Conformations of ketones. 2 and 3. and the enols, 2a, b and 3a, b. Only s-cis conformations are shown.
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The values of heat of formations for the corresponding s-trans conformations are in the parentheses .
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In the conformation of 2, the distances between the oxygen at C-7 and the axial hydrogens (H; and Hy) at C-2
and C-4 are 2.70 and 2.31 A, respectively, while those in the conformation of 3 are 2.55 and 2.38 A,
indicating that the hydrogen closer to the oxygen seems to be deprotonated more easily. These findings
suggest that the oxygen could affect the neighboring hydrogen sterically and/or electronically, facilitating the
depotonation of one of the two axial hydrogens as a consequence. Although, from the present study, it is
impossible to define, the following steric and electronic effects can be proposed: i) the enol, generated by the

release of the steric repulsion between the closer hydrogen and the oxygen in the parent ketone, is more

Tt T T R T TTTToTEEE omEm s SO

stable; ii) the lone pair of the neighboring oxygen works as a base to accelerate the deprotonation of the closer
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unction would work
similarly. In the latter case, not only a distance, but aiso a direction, wouid be important. In addition, ii is
most likely that the attack of the bromonium ion takes place from the less hindered lower side of the
respective enols shown in Fig. 2 and, when the oxygen at C-7 occupies a suitable position for the nucleophilic
replacement of bromine, a subsequent cyclization would proceed preferably by the acidic treatment or in one

pot to afford the corresponding tricyclic derivative 14 or 15, rather than the a-bromoketones.

Application to the Synthesis of ()-Laurencial

We applied this methodology to the synthesis of (+)-laurencial (4a) and its epimer 4b, as shown in
Scheme 4. Dehydration of 14 by mesylation and its subsequent treatment with 1,5-diazabicyclo[4.3.0]non-5-
ene (DBN) afforded the olefin 18. The stereoselectivity of the nucleophilic introduction of the methyl group

t C-3 was affected by the organometallic reagent and the solvent used, and the results are outlined in the
Tahla Ta onr bnnwladae thare are few renarte concerning the cterenchemictry nf the nucleanhilic reactinn
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of cyclohexanoncs having an axially oriented oxygen function at the a-position.® These stereochemical

outcomes appear to be clearly explained by considering the following two models shown in Fig. 3.10
Nucleophilic attack of a bulky reagent formed from methyllithium by solvation with tetrahydrofuran (THF)11
would proceed from the antiparallel direction of the oxygen at the a-position to afford 19a (Run 1, non-
coordination model). On the other hand, an intramolecular reaction via the formation of a complex from 18
and a reagent having a Lewis acidic character (methylmagnesium iodide) in a less basic solvent like ether
appears to be favored over an intermolecular nucleophilic attack, giving rise to 19b (Run 4, coordination

model). The stereochemistries of 19a and b were confirmed by comparing their 'H NMR spectra, in which

s
the deshieldin
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of the stereochemistry at C-3 by treatment with SOCl, and ZnC12 in dioxane as reported,12 to give 20b in
87% yield. 1In contrast, the reaction of 19a under the same conditions unexpectedly afforded an isomeric
mixture of 20a and b in the ratio of ca. 1 : 2, which could be explained by taking into account the
participation of the neighboring oxygen function, as shown in Fig. 4. The stereochemistries of 20a and b
were determined similarly to the method described for 19a and b. Transformation of 20b to (+)-3-
epilaurencial (4b) was achieved in 46% overall yield by ozonolysis and the subsequent treatment of 2113 with
acid. Svnthesis of ()-laurencial (4a) was also carried out as follows. After chromatographic separation. the

AL, 2Y1 ._ v ; Uiciivt
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isomer 20a was transformed in 26% overall yield according similar procedure to that described above to
and |H NMR gnectra identi
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Table Reaction of 18 with MeM ' b /O/\'\ b, _Me
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Run MeM Solvent Yield (19a : 19b) - Jo . b
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Experimental
Mne meacured on a Yanacimoto micromeltino noint annaratus are uncorrected. IR spectra were recorded on
A‘l}}a FMIVAOWIVY Vi 4 s “llubllllv‘v ARAENWA NS AL b r l.ltl i d
a Hitachi 260-10 spectrometer. !H NMR spectra were recorded on a Hitachi R-22 (90 MHz), a JEOL JNM-
FX90Q (50 MHz) or a JEOL GX-500 (500 MHz) spectrometer with tetramethyisilane (TMS) as internal

standard. J values are given in Hz. Low-resolution mass spectra (MS) were obtained with a Shimadzu
GCMS-QP1000 or a JEOL JMS-D300 instrument, and high-resolution mass spectra (High-MS) with a JEOL
JMS-D300 instrument. For column chromatography, Merck Kieselgel 60 (0.063-0.200 mm) was used.

(8SR,8aRS)-2,4a-Ethano-3,4,5,6,7,8-hexahydro-2,8-dihydroxy-5,5,8a-trimethylchromene (6) Osmium
tetroxide (244 mg, 0.96 mmol) was added to a stirred solution of the olefin 5§ (198 mg, 0.96 mmol) in pyridine
(4 ml) and the whole was stirred for 3.5 h at 60 °C. After cooling, a solution of sodium bisulfite (500 mg, 4.8

mmol) in H20 (8 ml) and pyridine (6 ml) was added to the reaction mixture, which was kept stirring for 1 h at
.............. than avtrantad with AsOEt The AcOFt laver wac wached with HA( and saturated NaCl
TOVUILL LCHIpClalul LEICII CALIAUICU WL Mwraat. LU MAUU/LA 1ALl WA WASHIVU vyl 2 /3S Qi uutusutvu iNa
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1

product, which was
purified by silica gel column chromatography (CeHg-AcOEt, 1:1) to give the diol 6 (90.8 mg, 83%) as
colorless crystals, mp 125-127 °C (hexane); IR (CHCl3) v: 3570, 3400, 2950, 1710 (weak), 1150, 1110 cm-1;
iH NMR (CDCl3) 8: 0.86, 0.98 (each 3H, s, Cs-Me), 1.38 (3H, s, Cga-Me), 3.10, 3.28 (each 1H, br, OH), 3.62
(1H, m, Cg-H); EI-MS m/z: 240 (M*, 11%); Anal. Calcd for C14H2403: C, 69.96; H, 10.07. Found: C, 69.84;
H, 10.03.
(7RS,8SR)-7,8-Dihydroxy-7,11,11-trimethylspiro{5.5Jundecan-3-one acetonide (2) A catalytic quantity
of PPTS was added to a stirred solution of the diol 6 (29.3 mg, 0.12 mmol) in 2,2-dimethoxypropane (3 ml)

and the whole was refluxed for 2 h. The reaction mixture was diluted with AcOFEt and the oreanic solution
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was washed with H»O and saturated NaCl solution, dried over MgS0y4, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatograj
acetonide 2 (32.6 mg, 95%) as a coloriess oii; IR (CH

(CDCl3) &: 0.98, 1.03 (each 3H, s, Cj1-Me), 1.38, 1.44
(1H, t-like, J = 4.2, Cg-H); EI-MS m/z: 280 (M+, 100%); HR-MS m/z Calcd for C17H2303 280.2039. Found:
280.2039.

7,11,11-Trimethylspiro[5.5]undec-7-en-3-one ethylene acetal (7) A mixture of 5 (220 mg, 1.1 mmol),
ethylene glycol (1.5 ml, 27 mmol), and PPTS (26.0 mg, 0.10 mmol) in C¢Hg (50 ml) was stirred under

refluxine for 2 h with a Dean-Stark trap. After (‘nnlmo the reaction mixture was washed with H>O and

saturated NaCl solution, dried over MgSQOy4, and concentrated under reduced pressure. The residue was
purified by silica gel column chr*riamgTaphy {CgHg) to afford the acetal 7 (258 mg, 96%) as a colorless oil;
IR (CHCI3) v: 2952, 1110 cm-l; TH NMR (CDCl3) &: 0.90 (6H, s, C11-Me), 1.82 (3H, s, C7-Me), 3.91 (4H, s,
acetal H), 5.27 (1H, m, Cg-H); EI-MS m/z: 250 (M*, 13%); HR-MS m/z: Caled for C1¢H2602: 250.1933

Found: 250.1939.

(7RS,85R)-7,8-Dihydroxy-7,11,11-trimethylspiro[5.5jundecan-3-one ethylene acetal (8) Olefin 7 (201
mg, 0.80 mmol) was treated with osmium tetroxide (204 mg, 0.80 mmol) according to the same method as
described for 6. After purification of the crude product by silica gel column chromatography (CgHg-AcOEt,
1:1), diol 8 (200 mg, 87%) was obtained as colorless crystals, mp 139-140 °C (hexane-AcOEt); IR (CHCI3) v:
3550, 2950, 1100 cm1; ITH NMR (CDC13)8 0.99, 1.16 (each 3H, s, C11-Me), 1.42 (3H, s, C7-Me), 3.55 (1H,

NN AT ]7-H Q0
o 4., 0/.07, 11, 5.595.

l-Hydroxy-l,5,5-trlmethylspiro[S.S]undecan-2,9-dione 9-ethylene acetal (9) Under a nitrogen
atmosphere, a CH2Cl» solution of oxalyl chloride (0.46 M, 0.43 ml, 0.20 mmol) was added dropwise to a
stirred solution of 8 (49.5 mg, 0.17 mmol) in CH2Cl; at -78 °C and stirring was continued for 5 min at the
same temperature. Dimethyl sulfoxide (0.56 M in CH2Cly, 0.63 ml, 0.35 mmol) and, after 30 min,
triethylamine (1.77 M in CH2Cl3, 0.53 ml, 0.94 mmol) were added dropwise to the reaction mixture at -78 °C.
: was gradually warmed to room temperature and then poured into a saturated NaHCO3

solution After extraction with AcOE¢, the organic layer was washed with HpO and saturated NaCl solution,
dried over MgSOy, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane-AcOEt, 3:2) to give the ketone 9 (47.6 mg, 97%) as colorless crystals, mp 71-72 °C;
IR (CHCI3) v: 3470, 2980, 1705, 1240 cm-!; 'H NMR (CDCl3) 6: 1.05, 1.91 (each 3H, s, C5-Me), 1.46 (3H,
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(7RS,8KS)-7,8-Dihydroxy-7,1i,11-trimethyispiro{5.5jundecan-3-one cihyiene acetai (1) To a stirred
solution of 9 (103 mg, 0.37 mmol) in methanol (5 ml) was added NaBHy4 (21.0 mg, 0.56 mmol) under ice-
cooling. After stirred for 15 min at the same temperature, the reaction mixture was poured into saturated
NaHCO3j solution and extracted with AcOEt. The organic layer was washed with HoO and saturated
NaHCOs solution, dried over MgSQy4, and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (CgHg-AcOEt, 1:1) to afford 10 (80.7 mg, 78%) as colorless crystals and 8
(21.0 mg, 20%). 10, mp 128-130 °C; IR (CHCIl3) v: 3480, 1480, 1105, 1040 cm-1; IH NMR (CDCl3) &: 0.99
(6H, s, Cy1-Me), 1.33 (3H, 5, C7-Me), 3.75 (1H, m, Cg-H), 3.92 (4H, s, acetal H); EI-MS m/z: 284 (M+,

%); HR-MS m/z: Calcd for C16H2804: 284.1988. Found: 284.1991.
(8RS,8aRS)-2,4a-Ethano-3,4,5,6,7,8-hexahydro-2,8-dihydroxy-5,5,8a-trimethyichromene (11) To a
stirred solution of 10 (32.0 mg, 0.11 mmol) in 70% aqueous acetone was added a catalytic amount of p-TsOH
and the whole was stirred at 55 °C for 21 h. After evaporation of acetone under reduced pressure, the reaction
mixture was extracted with AcOEt. The organic layer was washed with saturated NaHCQ3 solution, H7O,
and saturated NaCl solution, dried over MgSQy, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (AcOEt) to afford the diol 11 (26.2 mg, 97%) as colorless
crystals, mp 84-86 °C; IR (CHCIl3) v: 3420, 2980, 1490, 1145, 1085 cm-!; IH NMR (CDCl3) §: 0.84, 0.99

(each 3H, s, C5-Me), 1.40 (3H, s, C8a-Me), 3.31, 3.76 (each IH, br, OH), 4.04 (1H, m, Cg-H); EI-MS m/z;
240 (M*, 4. 4%); HR-MS m/7: Caled for C14H7403: 240.1723. Found: 240.1713

- B e A2 = =

(7RS,8RS)-7,8-Dihydroxy-7,11,11-trimethylspiro[S.Sjundecan-3-one acetonide (3) Diol 11 (26.2 mg,

Q.

0.11 mmol) was treated with 2,2-dimethoxypropane and PPTS according to the same method as described for

2. The crude product was purified by silica gel column chromatography (CgHg-AcOEt, 7:1) to afford the
acetonide 3 (22.4 mg, 73%) as colorless crystals, mp 62-63 °C; IR (CHCl3) v: 2990, 1715, 1470, 1125 cmvl;
IH NMR (CDCl3) &: 1.03, 1.07 (each 3H, s, C{1-Me), 1.36 (3H, s, C7-Me), 1.33, 1.46 (each 3H, s, acetonide
Me), 3.70 (1H, m, Cg-H); EI-MS m/z: 280 (M+, 13%); HR-MS m/z: Calcd for C17H2g03: 280.2039. Found:
280.2033.

(2RS,5aRS,9SR 9a

(2L T S

$)-2,3,4,5,6,7,8,9-Octahydro-9-hydroxy-2.

bl g st Il b Sl

benzoxepin- e (14) To a stirred solution of acetonide 2 (40.6 mg, 0.14 mmol) in ether (20 ml) were
added 12 (43.7 mg, 0.14 mmol) and a catalytic amount of PPTS at room temperature. After being stirred for

16 h at the same temperature, the reaction mixture was washed with H,O, saturated NaHCO3 solution, and
saturated NaCl solution, dried over MgSOy4 and concentrated under reduced pressure. The resultant residue
was immediately dissolved in acetone-H2O (1 : 1, 20 ml) containing a catalytic amount of PPTS and the
whole was stirred for 4 h at room temperature. After evaporation of the acetone under reduced pressure, the
aqueous phase was extracted with ether. The ethereal solution was washed with H2O and saturated NaCl

solution, dried over MgSQy, and concentrated under reduced pressure to afford a crude product, which was
1:1) to give 14 (30.8 mg, 89%) as colorless

atogranh C ‘A, U
|4 s Lass hihiathd “Tihes Gl AN = %5 A
crystals, mp 137-140 °C (hexane); IR (CHCI3) v: 3580, 1730 1070 cm-1; TH NMR (CDCl3) 8: 0.98, 1.01
al N1 oAt iy gy £ 1LY ey M LIV A1 /1LY A T_ 70 WU L N FI_NMC 12/»
1 05 Uin, ill, L o-11), &. 12 111, U, v = 7.7 T4, -1 ), LI-IVIO TG

S Fae b & 4 ~ . hoA_ Vée 3
(each 3H, s, Cg-Me), 1.41 (3H, s, Cg,-Me),

3. .
or C14H2203: C, 70.55; H, 9.31. Found: C, 70.26; H, 9.62.

o
—

238 (Mt, 57%); Anal. Calc
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(2RS,5aRS 9aRS)-2.3,4 5,678 9-Octahvdro-9-hydroxy-2, Sa-methano-6,6,9a-trimethyl-1-benzoxepin-3-
nmn (1E)Y and (ADC A-.CD @DC 2.DC\ 2. 1 24 wohe the
OIi€ (1J5) &G (&R FASN,0NI,0ARD j~I-1 r"m6—a,-'a-ethaﬁe-3,4,5,6,7,8-heaahydm-Z,S-d.hyd Uay-s,s,ga-

trimethylchromene (16) To a stirred solution of 3 (11.4 mg, 0.041 mmol) in ether were added 12 (12.3 mg,
0.041 mmol) and a catalytic amount of PPTS and the whole was stirred for 50 h at room temperature. The
reaction mixture was diluted with ether, washed with H)O, saturated NaHCO3 solution, and saturated NaCl
solution, dried over MgSQOy4, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (C¢Hg-AcOEt, 1:1) to afford 15 (4.2 mg, 43%) and 16 (3.8 mg, 29%). 15, colorless
crystals, mp 117-120 °C; IR (CHCl3) v: 3580, 3450, 2960, 1730, 1470, 1090 cm-1; TH NMR (CgDg) 8: 0.48,
0.58 (each 3H, s, Cg-Me), 1.22 (3H, s, Cgy-Me), 3.39 (1H, m, Co-H), 4.05 (1H, d, J = 7.5, Ca>-H); EI-MS m/z:

238 (Mt, 43%); HR-MS m/z: Calcd for C14H2203: 236.1569. Found: 238.1560. 16, a colorless oil; IR
CHCl3) v: 3410, 2940, 1730 (weak), and 1040; TH NMR (CDCh) 8: 0.86, 0.98 (each 3H, s, Cs5-Me), 1.37

X LTIV VAN, 15V, Viin {oas 3 il 2,

—~

I 1Y L

\3!1 ] A(

s, Cga-Me), 3.46 (1H

: .

0.4%); HR-MS m/z: Calcd for C14H2379BrO3: 318.0829. Found: 3i8
(2SR,5aSR,9RS,9aRS)-2,3,4,5,6,7,8,9-Octahydm-9-hydr0xy-2,Sa-methano-6,6,9a-trimethyl-1-

benzoxepin-3-one (17) To a stirred solution of 16 (3.8 mg, 0.012 mmol) was added a methanolic solution of
sodium methoxide (0.13 M, 0.19 ml, 0.025 mmol) and the whole reaction mixture was stirred at room
temperature for 30 min. After dilution with AcOEt, the organic solution was washed with H»O and saturated
NaCl solution, dried over MgSQy4, and concentrated under reduced pressure. The residue was purified by

silica gel column chromatography to afford 17 (2.9 mg, 100%) as colorless crystals, mp 140-142 °C; IR
(CHCL3) v: 3440, 2950, 1730, 1055 cm-1; IH NMR (CgDg) 8: 0.55, 0.66 (cach 3.H, , C¢-Me), 1.20 (3H, s,

Cga-Me), 3.81 (1H, m, Co-H), 4.11 (1H, d, J = 8.1, C2-H); EI-MS m/z: 238 (M*, 16%); HR-MS m/z: Calcd for
C14H2203: 236.1569. Found: 238.i581.

(2RS,5aRS,9aSR)-2,3,4,5,6,7-Hexahydro-2,5a-methano-6,6,9a-trimethyl-1-benzoxepin-3-one (18) Toa
stirred solution of 14 (113 mg, 0.47 mmol) in dry pyridine (5 ml) at room temperature was added
methanesulfonyl chloride (0.17 ml, 2.2 mmol) dropwise and the whole mixture was stirred for 10 h at the
same temperature. The reaction mixture was poured into ice-saturated NaHCOj3 solution, and extracted with
AcOEt. The combined organic layer was washed with saturated NaHCOj3 solution, 2% HCI, HO, and
saturated NaCl solution, dried, and concentrated under reduced pressure to afford the crude mesylate.

e crude mesylate was dissolved in DBN (1.4 ml) and the solt

ra} n 2 Val
1Uw l.lullll\:utl i1, 194 “ 111\ %2 J Qv vy ASAFL
(<Y o I JESU - T DA Sy 1. £+ N m m 1 mi
°C for 1.5 h under an argon ats fier being cooled to the room temperature, the reaction mixture

was directly applied on silica gel column chromatography (CeHe-AcOEt, 20:1) to afford 18 (
as colorless crystals, mp 70-71 °C (hexane); IR (CHCI3) v: 2970 1720, 1380, 1080 cm-!; 'H NMR (CDCl3)
&: 5.30-5.65 (2 H, m, olefinic protons), 4.03 (1 H, d, J = 7.5, C2-H), 1.51 (3 H, 5, Cg9;-Me), 1.01 (6 H, s, C¢-
Mey): EI-MS m/z: 220 (M+, 38%); Anal. Caled for C14H2002: C, 76.32; H, 9.15. Found: C, 75.85; H, 9.35.
(2RS,3SR,5aRS,9aSR)-2,3,4,5,6,7-Hexahydro-3-hydroxy-2,5a-methano-3,6,6,9a-tetramethyl-1-
benzoxepin (19a) Methyllithium (1 M in ether, 0.21 ml, 0.21 mmol) was added dropwise to a stirred

solution of 18 (45.6 mg, 0.21 mmol) in dry THF (8 ml) under a nitrogen atmosphere at -78 °C and the whole
mixture was stirred for 30 min at the same temperature. The reaction mixture was quenched with saturated
NH4ClI solution and extracted with ether. The combined ethereal layer was washed with H>O and saturated

NaCi solution, dried, and concentrated under reduced pressure. The residue was purified by silica ge
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chromatography (CgHg-AcOEt, 3:1) to afford 19a (41.6 mg, 85%) as colorless crystals and 19b (3.5 mg, 7%).
mp 75-78 °C; IR (CHCI3) v: 3450, 2970, 1390, 1375, 1160 cm1; TH NMR (CDCl3) 8: 5.30-5.50 2 H, m,

olefinic protons), 3.72 (1 H, d, J = 7.0, C2-H), 1.42, 1.15 (each 3 H, s, C3- and Cg,-Me), 0.95 (6 H, s, G6-

Mey); EI-MS m/z: 236 (M*, 35%); HR-MS m/z: Caicd for CsH2407: 236.1776. Found: 236.1771.
(2RS,3SR,5aRS,9aSR)-2,3,4,5,6,7-Hexahydro-3-hydroxy-2,5a-methano-3,6,6,9a-tetramethyl-1-
benzoxepin (19b) Methylmagnesium iodide (1 M in ether, 0.3 ml, 0.3 mmol) was added dropwise to a
stirred solution of 18 (13.3 mg, 0.060 mmol) in dry ether (2 ml) under a nitrogen atmosphere at 0 °C and the
whole mixture was stirred for 1 h at the same temperature. The reaction mixture was worked up according to
the same procedure as described above and the resultant residue was purified by silica gel column

chromatography (CgHg-AcOEt, 5:1) to afford 19b (11.0 mg, 77%) as colorless crystals and 19a (0.6 mg, 4%).
: mp 76-80 °C; IR (CHCI3) v: 3450, 2970, 1375, 1045 cm-1;1H NMR (CDCI3) &: 5.25-5.55 (2 H, m, olefinic

2AN \S—R R Ry 'y L3 84 42 ANIVAS (AL L4 B Y eil

71 Y 31 T £ M TN
{1r,da,Js=0>5.3 0Urnj,

g e o )

l ’)"1 "\C L2IN . M. M N
2/ LD J

1 Lo . sy NOT NOQQ fan~hk 2 _
, 12> (eacn 5 n, 8, U3- and Logy-Mie), U.Y5, U.Yoe (eacn 5 m, S, Lg-
.

Mej); Ei-MS m/z: 236 (M™, 42%); HR-MS m/z: Calced for C15H4092: 236.1776. Found: 236.1776.
(2RS,3RS,5aRS,9aSR)-3-Chloro-2,3,4,5,6,7-hexahydre-2,5a-methano-3,6,6,9a-tetramethyl-1-
benzoxepin-3-one (20b) Thionyl chloride (0.09 ml, 1.2 mmol) was added to a stirred suspension of ZnCly
(3.0 mg, 0.022 mmol) in a solution of 19b (52.3 mg, 0.22 mmol) in dry ether (2.9 ml) and dry 1,4-dioxane
(2.9 ml) under an argon atmosphere at O °C and stirring was continued for 1 h at the same temperature. The

reaction mixture was diluted with ether, washed with saturated NaHCO3 solution and saturated NaCl solution,

dried, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (CgHg-hexane, 1:1) to afford 20b (49.0 mg, 87%) as a colorless oil; IR (CHCl3) v: 2960,
1450, 1375, 1275, 1030, 1005 cm~1; IH NMR (CDCl3) 8: 5.20-5.55 (2 H, m, olefinic protons), 3.87 (1 H, d, J

/.

= 6.2, Cy-H), 1.58, 1.38 (each 3 H, s, C3- and Cop-Me), 0.99, 0.93 (each 3 H, s, C¢-Men); EI-MS m/z: 254,
256 (M*, 75, 26%); HR-MS m/z: Calcd for C15H2335ClO: 254.1438. Found: 254.1425.
(1RS,3RS,9RS,12RS)-12-Chloro-4-hydroxy-6-methoxy-3,8,8,12-tetramethyl-2,5-dioxatricyclo-
[7.3.1.039]tridecane (21) Dry ozone was passed through a solution of 20b (20.2 mg, 0.080 mmol) in dry
MeOH (5 ml) containing pyridine (0.07 ml, 0.87 mmol) at -78 °C for 1 h. After excess ozone was removed
by passing dry nitrogen at -78 °C, dimethyl sulfide (0.2 ml, 2.7 mmol) was added to the reaction mixture at
-78 °C and stirring was continued at the same temperature for 1 h, at 0 °C for 5 h, then at room temperature

overnight. The reaction mixture was concentrated under reduced pressure and the residue was dissolved in
ether, washed with H20 and saturated NaCl solution, dried, and concentrated under reduced pressure.  The

™1y e 7ol 8 1| NYIe AN TN s SO0 1 T oems EYOTN
residue was punnea DYy sica ge column Cnromatograpny {CeHg-AcOEL, 30:1) to aft 10,7 Mg, 0L%0)

(CDCl3) &: 4.96 (l H, s, C4-H), 460(1 H,dd, J=9.2,5.7, C6 H) 3.94 (l i= 5.7, CI-H), 343 (3 H,s,
Cs-OMe), 1.58, 1.39 (each 3 H, s, C3- and C)2-Me), 1.09, 1.01 (each 3 H, s, Cg Me»); EI-MS m/z: 272, 274
[(M-CH3OH-CH3)*, 13, 4%)].

(¥)-3-Epilaurencial (4b) A solution of (15.7 mg, 0.049 mmol) in dry CeHg (10 ml) containing a catalytic
amount of p-TsOH was refluxed for 15 min. After cooling, the reaction mixture was washed with saturated

NaHCOj solution, HpO, and saturated NaCl solution, dried, and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (C¢Hg-AcOEt, 30:1) to afford (+)-3-epilaurencial
(9.8 mg, 74%) as colorless crystals, mp 157-161 °C (isopropy! ether); IR (CHCl3) v: 2950, 1690, 1615, 1455,



K. Miyashita et al. / Tetrahedron 54 (1998) 1395-1406 1405

1380, 1120, 1030, 1005 cm-1; IH NMR (CDCl3) 8: 9.70 (1 H, s, C;9-CHO), 6.58 (I1H, s, Cg-H), 3.99 (1 H, d

J=62,C-H), 1.60, 1.40 (each 3 H, 5, C3- and C7-Me), 121, 1.13 (each 3 H, s, C-Mey); EI-MS m/z: 268
) RSP P S U P Po S

270 (M, 65, 23%); HR-MS m/z: Calcd for Cj5H31-°Cl07: 268.1229. Found: 268.1218. .

(2RS,3SR,5aRS,9aSR)-3-Chloro-2,3,4,5,6,7-hexahydro-2,5a-methano-3,6,6,9a-tetramethyl- l-benzoxepm
(20a) Thionyl chloride (0.07 ml, 0.96 mmol) was added to a stirred suspension of ZnCl; (2.2 mg, 0.016
mmol) in a solution of 19a (37.3 mg, 0.16 mmol) in dry 1,4-dioxane (2.5 ml) and the reaction mixturc was
worked up according to the same procedure as described for the preparation of. Purification by silica gel
column chromatography (CgHg-hexane, 10:1) afforded 20a (12.1 mg, 26%) as a colorless oil and 20b (25.9
mg, 57%). : IR (CHCl3) v: 2970, 1475, 1385, 1270, 1095, 1075, 1040, 1020 cm"!; TH NMR (CDCl3) 8: 5.20-
555@2H, m, lgfinjc_: ons), 4.01 (1 H,d, J=17.3, Cy-H), 1.48 (each 3 H, s, Ca- and Cg,-Me), 0.95 (6

&« 15, 1 LYY L--,,- di il D) 11

H, s, C¢-Me2); EI-MS m/z: 254, 256 (M, 26, 9%); HR-MS m/z: Calcd for C‘5H2335CIO: 254.1438. Found:

254.1458.

(£)-Laurencial (4a) Dry ozone was passed through a solution of 20a (5.9 mg, 0.023 mmol) in dry MeOH
(1.5 ml) containing pyridine (0.02 ml, 0.25 mmol) at -78 °C for 40 min. After excess ozone was removed by
passing dry nitrogen at -78 °C, dimethyl sulfide (0.2 ml, 2.72 mmol) was added to the reaction mixture at -78
°C and stirring was continued at the same temperature for 1 h then at 0 °C for 5 h. The reaction mixture was
concentrated under reduced pressure and the residue was dissolved in ether, washed with HoO and saturated
NaCl solution, dried, and concentrated under reduced pressure. The residue was dissolved in dry CgHg (5
ml) containing a catalytic amount of p-TsOH and refluxed for 15 min. The reaction mixture was washed

S/
nd IR spectra of which wer
( 5

~ AN

(CHCl3) v: 2930, 1675, 1

1A 1A

with those of authentic sample. : mp 120-121 °C (isopropyl ether); IR
1220, 1120, 1080, 1030 cm!; TH NMR (CDCl3) &: 9.70 (1 H, s, C1o-CHO), 666(1H, s, Cg-H), 4.09 (1
J=6.7,Cy-H), 1.61, 1.57 (each 3 H, s, C3- and C7-Me), 1.18, 1.13 (each 3 H, s, C11-Mey); EI-MS m/z: 268,

270 (M*, 60, 21%); HR-MS m/z: Calcd for C1sH235C103: 268.1229. Found: 268.1229.
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Although 21 was obtained as a single isomer, and the stereochemistries at C-4 and C-6 were unknown,

on

Scheme 5. In their 'TH NMR spectra, the shift of the hydrogen at C-6 was greater than that of the
hydrogen at C-4 due to this reaction, supporting the above assignment. (+)-Epilaurencial (4b) was
obtained from 22 as well under the same conditions as described for the preparation from 21.
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' aq. THF CeHeg
4
6 O/\\OH . S—O OH 63
~MeOQ H 4,96 (s) 100% HO” ! v 5.12(s) °
{ H ~ Al ] o =
343 (s) - 4.60(dd, J=92,5.7 Hz) \_ 5.11(dd, J=14.7,5.1 Hz)
21 22

Scheme 5



