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Thermolyses of the 1 carbomethoxy-1 -alkenyloxybenzocyclobutenes 
4a-d produced the dihydronaphthalenes 7a-d via chemoselective 
electrocyclic reaction of E-o-quinodimethanes in good yields. Then, 
7a,b,d were easily converted to the P-naphthol 9 (R,=Rz=H) by 
sequential dehydrogenation and deprotection. The method of 
conversion developed here has been successfully applied to an 
efficient synthesis of the methanolysis product 12 of neocarzinostatin 
chromophore 10. 

While the electrocyclic reaction (ECR) of o-quinodimethane, generated in situ by 

thermolysis of benzocyclobutenes, has been one of powerful tools for the construction of hetero- 

and carbocyclic compoundsz, few detailed and systematic studies have been reported so far. 

Our own studies in this area have focused on the investigations from a view point of the 

competition with the other pericyclic reaction, e.g. [1,5]sigmatropic reaction, and the development 

of methods for the construction of oxygen containing heterocycles and naphthalenes has guided 

our synthetic effortss. In a previous communication4, we showed that the thermolysis of methyl 

1 -alkenylbenzocyclobutenyl-1 carboxylates 1 led to smooth ECR via E-o-quinodimethane 2 to 

give the corresponding dihydronaphthalenes 3 in excellent yields as illustrated in Scheme 1. 
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We reasoned that even if the alkenyl part at C-l in 1 was an enol group such as enol ester 

or silyl enol ether, the thermolysis of 4, should similarly proceed via E-o-quinodimethane 5, not 

Z-isomer 6 leading to isochromenes 8, to give the dihydronaphthalene 7 which could then be 

converted to the highly functionalized naphthalenes 9 by dehydrogenation. (Scheme 2) This 

paper describes the realization of transformation (4+9) and application of the methodology to 

an efficient synthesis of the naphthalene moiety of neocarzinostatin chromophore (NCS-chr.) 

10. 
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Scheme 2 

NCS-chr. 10, a non-protein component of the antitumor antibiotic neocarzinostatin 

isolated from the culture filtrate of Stfeptomyces carzinosraticus var. F-41 by Ishidas, has 

attracted considerable interest from synthetic organic chemists worldwide due not only to the 

biological profile6 but also to its intriguing structural features’. During the course of structural 

studies of NCS-chr. Edo and co-workers isolated the naphthol 116 from the methanolysis 

products of 10 and elucidated the structure by spectroscopic analyses. Thereafter the structure 

11 was revised to 12 by the synthesis through a completely unambiguous route by Shibuyas. 

Our strategy for the synthesis of 12 is to use the newly developed transformation starting from a 

suitably functionalized benzocyclobutene 131°. (Scheme 3) 

Results and Discussion 
As a preliminary experiment for clarifying the predominance of two kinds of competitive 

ECR, we examined the thermolysis of four substrates 4a-d, which were derived from a readily 

available 1-cyano-Smethoxybenzocyclobutene 14” as outlined in Scheme 4. Thus, hydrolysis 

of 14 followed by esterification of the resulting acid 15 gave the methyl ester 16 in 94% yield. 

Treatment of 16 with lithium diisopropylamide (LDA) and acetic anhydride afforded an 

inseparable mixture of the enol acetate 4a and the methyl ketone 18 in a ratio of 3.5:1’* (from 

the integration of 1H-NMR). On the other hand, the following three substrates 4b-d were 
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constructed from the methyl ketone 18, which was prepared in 89% yield by treatment of 18 with 

LDA and acetaldehyde followed by Swern oxidation of the resulting diastereomeric alcohol 17. 

The methyl ketone t8 was treated with LDA-ethyl chloroformate and lithium 

hexamethyldisilazide-diethyl chlorophosphate to give the enol carbonate 4b and enol 

phosphate 4c in 80% and 51% yield, respectively. The slyI enol ether 4d, prepared by 

exposure of 18 to t-butyldimethylsilyl trifluoromethanesulfonate (TBSOTf) and triethylaminets, 

was extremely moisture sensitive, so that the crude product was immediately submitted to 

thermolysis. 

R-2 

11 R,=Me,R,=OMe 

$2 R,=OMe,R,=Me 

Me0 
CN 

a b Meo I c,d 
b 

15R,fH,R,=CO,H 

18 R,=H,R2=C02Me 

19 R, =Me,R,=CO,H 

20R,= Me, R, = CO,Me 
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Me0 CO,Me 

V+ 

16 8 48 R, =H,R,=Ac + 16 

0 R2 to4b,e :f 4b R,=H,R,=CO,Me 

RI 
- 4c R,=H,Rs=PO(OEt)s 

4c :g 
4d,f : h 4d R, = H , Rs = Si(Me)dBu 

17 R, = H , R2 = CH(OH)Me 4e R,=Me,R,=CO,Et 

16 R,=H,R,=COMe 4f R, = Me, R, = Si(Me)JBu 
2 1 R, = Me, R2 = CH(OH)Me 

22 R,=Me,R,=COMe 

Reagents : a, KOH, EtOH, Hz0 ; b, for 15 I MeOH, H,SO,, for 19, AcCI, MeOH; c, LDA, 

MeCHO; d, (COCI),, DMSO, NEt,; e, LDA, AcsO; f, LDA, CICO,Et; g, LiN(TMS),, 

CIPO(OEt),, h, TBSOTf, NET3 

Scheme 4 

The thermplyses of 4a-d thus obtained were conducted at 180 OC in a solution of 

degassed odichlorobenzene (ODB) under argon atmosphere and were completed within 1 h to 

afford exclusively the expected dihydronaphthalenes 7b-d. Otherwise the thermolysis of an 

inseparable mixture of 4a and 16 resulted in the formation of two chromatographically separable 

products 7a and 23. The structure of product resulting from 16 was assigned as 23 on the 

basis of the two (C-3 - C-3 Me) and the three bonds (C-3 - C-l CH2) W-tH long range couplings 

in the W-NMR spectra. In addition, it was further confirmed by Lemieux-Johnson oxidation of 

23 producing the acetate 25, whose IR spectrum ( u~?l&1740 and 1690 cm-t) showed no 

carbonate absorption. The exclusive formation of the isochromene 23, not 24, showed that the 

thermolysis of 1 carbalkoxy-1 -acylbenzocyclobutene would similarly proceed via E-o- 

quinodimethane. (Scheme 5) These results were summarized in Table 1. 

Table 1. Conversion of the Benzocyclobutenes 4 to the Naphthalenes 9 

Substrate Reaction Time Product 
of Thermolysis, min (Yield, %) 

4a 20 7a (47)*+23 (9)’ 

4b 30 7b (94) 

4c 45 7c (47) 

4d 30 7d (1) 

48 10 76 (83) 
4f 60 7f (/) 

l Yields from the ester 16. 

l * Overall yield from 22 to 12. 

Yield of 9 
% 

97 (from 7a) 
100 

86 

63 (from 16) 

100 

46’* 
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We next examined the dehydrogenation of 7 to the naphthalenes 914. Treatment of 7a-d 

with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (ODQ) in refluxing toluene gave 9a-d in 

excellent yields as shown in Table 1. Finally, Oa,b,d were easily converted to the naphthol 9 

(R1=Rs=H) by the standard procedures shown in Scheme 6. All attempts to convert the 

phosphate 9c into the naphthol were unsuccessful. 

for a : NaOMe ,82 % 
b:LiOH,70% 

Sa,b,d F 9 R,-f$=H 
d: n -BudNF, 98% 

Scheme 6 

Synthhsis of the Naphthalene Moiety of NCSchr. 

With the successful transformation of benzocyclobutenes to 2-naphthols we were ready to 

effect its application to the synthesis of the naphthol 12. Although the starting benzocyclobutene 

13 was previously been synthesized in this laboratory ‘0, two serious problems, the low overall 

yield (4%) from m -methoxytoluene to 13 and the lack of regioselectivity 

(desire&undesired&Z/l )1s in the Vilsmeier formylation of m-methoxytoluene for the preparation of 

31, have still remained. We now focused our attention on the efficient construction of 31. After a 

considerable amount of experimentation, the aim was nicely realized by using the reaction 

developed by Rubottomls. Thus, on heating a mixture of methyl propiolate and the silyl dienol 

ether 27, derived from isophorone 26, in toluene under reflux, the benzoate 28 was produced in 

93% yield. Sequential methylation, reduction with lithium aluminum hydride, and pyridinium 

chlorochromate (PCC) oxidation of 28 provided in 90% yield the desired aldehyde 31 which 

was then converted to 13 via a standard five-step sequence10 in 62% overall yield. (Scheme 7) 
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Since the preliminary studies have demonstrated that the two routes, via enol carbonate 

and silyl enol ether, were superior to the others for the preparation of 9 (Rt=Ra=H), we decided to 

examine two approaches for the access to 12. Subjection of 13 to the same four-step sequence 

26 

5 steps lo 

62 % 

27 

Me 

13 

CL, 
26R,=H,&=C02Me 

dl 
29R,=Me,R,=CO,Me 
30R,=Me,R2=CH20H 

Reagents: a, LDA, TMSCI ; b ,~C02Me,A;c,Mel,K2C0,;d,LiAIH,;e,PCC. 

Scheme 7 

of reactions as that employed for 14 afforded 22 in 60% overall yield. The conversion of methyl 

ketone 22 to the enol carbonate 48 was effected in 60% yield. On heating a solution of 4e in 

ODB at 160 “C, the reaction was completed for 10 min to afford in yield of 83% the 

dihydronaphthalene 76, which was then dehydrogenated with DDQ to give the naphthalene 9e 

quantitatively (Table 1). The target naphthol 12 [mp 109-l 10 “C (lit.6 mp 104-lO?C)] was 

obtained in 97% yield from 9e by hydrolysis with potassium carbonate. The synthetic sample of 

12 was indistinguishable from the authentic sample by using the gamut of chromatographic and 

spectroscopic techniques. 

Alternatively, treatment of 22 with TBSOTf in the presence of triethylamine gave the labile 

silyl enol ether 4f, which was immediately heated at 180 “C for 1 h to afford 7f. The 

dihydronaphthalene 7f thus obtained was treated with DDQ in a one-pot operation to give the 

naphthalene 91. Desilylation of the crude 9f with tetra-n-butylammonium fluoride furnished 12, 

which was identical with the authentic material prepared via enol carbonate, in 46% yield from 

22. (Table 1) The two routes to 12, a methanolysis product of NCS-chr., reported here are quite 

practical since they require eight steps from the benzocyclobutene 13 and proceed in 51% and 

37% overall yield, respectively. 

In summary, we have developed a highly efficient and chemoselective ECR via E-o- 

quinodimethane, generated in situ by the thermolysis of l-carbomethoxy-l- 

alkenyloxybenzocyclobutenes, leading to the l-carbomethoxy-2naphthols. The methodology 

has been successfully applied to a practical synthesis of a segment of the physiologically 

important molecule. 
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Melting points were determined by a Yanako micromelting point apparatus and are 
uncorrected. 1H-NMR spectr;a were recorded on a JEOL JNM-GX 500 (500 MHz), JEOL JNM- 
FX-SOA (SOMHz), or JEOL PMX-80 (GOMHz) spectrometer in deuteriochloruform solutions with 
tetramethylsilane as an internal standard. Chemical shifts are reported in ppm (from TMS). 
When peak multiplicities are reported, the following abbreviations are used : s, singlet ; d, 
doublet ; t, triplet ; q, quartet ; m, multiplet ; br, broadened. 13C-NMR spectra were obtained on a 
JEOL PS-100 spectrometer operating at a frequency of 25 MHz. Infrared spectra were obtained 
on a Hitachi 125 grating spectrophotometer as a chloroform solution. Ordinary mass spectra 
were measured with a JEOL JMS-OlSG-2 instrument, while high-resolution mass spectroscopy 
was performed on a JEOL JMS-DX303 spectrometer. All reactions were run under an 
atmosphere of argon. Solvents were freshly distilled prior to use : tetrahydrofuran (THF), toluene, 
and dlethyl ether (Et20) were distilled from sodium and kept over sodium wire : dichloromethane 
(CH2C12) and o-dichiorobenzene were distilled from phosphorus pentoxide and CH2Cl2 was 
kept over 4 A molecular sieves. &If&S other&e noted, aii reaction mixkres w8r8 died, after 
workup, over anhydrous magnesium sulfate. Column chromatography was carried oul with silica 
gel (Kieselgel 60, 70-230 mesh, Merck). All chromatography solvents were distilled prior to use. 

Methyl 5-methoxybenzocyclobutene-1-carboxylate (16). A solution of l-cyano- 
5-methoxybenzocyclobutene 14 1 1 (3.3 g, 20.8 mmol) and potassium hydroxide (5.8 g, 104 
mmol) in EtOH-H20 (51, 80 mL) was refluxed for 2 h. After evaporation of the solvent, the 
aqueous residue was washed with Et20. The aqueous phase was acidified with 10% HCI and 
extracted with Et20. The extracts were washed with brine and dried. Evaporation of the solvent 
in vacua afforded the crude acid 15 (3.7 g), which was submitted to the next reaction without 
further purification. 

A solution of 15 (3.7 g) and five drops of cont. H2SO4 in MeOH (50 mL) was refluxed for 
1 h. After removal of the solvent, the residue was extracted with Et20, washed with brine, and 
dn’sd. Evaporation Uf the !&Vent ii? vacuu fUlbw8d by ChmatOQraphy DR Silica gf3! (ethyl 

acetate- hexane, 119) gave the ester 16 (3.7 g, 94%) as a colorless oil : IR (CHC13) 1730 cm-l ; 

’ H-NMR (CDC13 ,90 MHz) 6 3.38 (2H , d , J = 4.1 Hz) (3.73 (3H , s) I3.77 (3H , s) , 4.24 (1 H , t , J 
4.1 Hz) , 6.75-6.85 (2H , m) , 7.00 (1H , d , J- 9.1 Hz) ; MS m/z 192 (M+) ; HRMS , calcd for 

& 1 H12O3 m/z 192.0788 , found m/z 192.0794. 

Methyl l-(l-hydroxyethyl)-5-methoxybenzocyclobutene-l-carboxylate (17). 
n-Bul -i (1.54 M in hexane , 8.8 mL , 10.5 mmol) was added to a solution of diisopropylamine 
(1.12 g , 11 .I mmol) in dry THF (20 mL) at -78 “C and the resulting mixture was stirred at the 
same temperature for 20 min. Then a solution of the ester 16 (1.19 g , 6.2 mmol) in dry THF (10 
mL) was added dropwise to the mixture at -78 “C. After being stirred for 20 min, acetaldehyde 
(0.36 g . 8.08 mmol) was added and the stirring was continued for 10 min, then the mixture was 
quenched with saturated aqueous NH&l and the organic layer was separated. The aqueous 
phase was extracted with ethyl acetate, and the combined organic phases were washed with 
water and dried. Evaporation Of the SOlv8M fottowed by chromatography on silica gel (ethyl 
acetate-hexane , 1:2) gave a solid which was recrystallized from EtqO-hexane to afford the 
alcohol 17 (1.46 g , 100 %), an inseparable mixture of diastereomers, as colorless needles : mp 
83-65 ‘C ; IR(CHCl3) 3500 , 1720 cm -’ ; 1H-NMR(CDCl3 ,90 MHz) 6 1.37 (3H , d , J = 6.4 Hz) , 
2.57 (IH , br s , D20 disappeared), 3.33 (1H , d , J=13.8 Hz) , 3.53 (1H , d , J=l3.8 Hz) , 3.83 
(3H, s) , 3.89 (3H , s) , 4.29 (1H , q, J= 6.4 Hz), 6.88 (1H , d, J= 2.0 Hz), 6.92 (1H , dd, J=9.1 
and 2.0 Hz) ,7.24 (1 H , d , J= 9.1 Hz) ; MS m/z 236 (M+). Anal. calcd for C13H1604 : C ,66.08 ; 
H , 6.83. Found : C , 66.06 ; H , 6.87. 

Methyl l-acetyl-5-methoxybenzocyclobutene-1-carbowyate (18). Oxalyl 
chloride (0.18 g , 1.38 mmol) was added dropwise to a cooled(-78 “C) solution of dimethyl 
sulfoxide (0.21 g , 2.68 mmol) in dry C&Cl2 (7 mL). After 20 min at -78 “C. a solution of the 
alcohol 17 ((1.26 g , 1.04 mmol) in dry C&C12 (3 mL) was added and &ring was continued for a 
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further 20 min ; triethylamine (0.52 g , 5.18 mmol) was then added and the reaction mixture was 
allowed to warm to 0 ‘C. After being stirred at 0 “C for 1 h, water was added to the reaction 
mixture which was extracted with CH2Cl2, then the extracts were washed with brine, dried, and 
evaporated. The residue was chromatographed on silica gel (ethyl acetate-hexane , 1:4) to 
afford the ketone 18 (0.23 g ,89%) as a colotiess ok : IF4 (CHC13) 1730 , 1765 cm-l ; 1H-NMR 

(CDCl3,90 MHz) 62.19 (3H, s), 3.54 (lH, brs), 3.56 (lH, brs), 3.71 (3H, s), 3.73 (3H, s), 

6.71-6.95 (2H , m) , 7.00 (1 H , d , J = 9.1 Hz) ; MS rn& 234 (W) ; HRMS , calcd for Cl 3Ht404 
m/z 234.0893 , found m/z 234.0878. 

Reaction of 16 with LDA and acetic anhydride. A solution of the ester 18 (0.15 g , 
0.79 mmol) in dry THF (2.5 mL) was added dropwise to a solution of LDA (1.9 mmo!), prepared 
by the same manner as for 17, in dry THF (5 ml) at -78 ‘C. After being stirred for 40 min, a 
solution of acetic anhydride (0.2 g , 1.98 mmol) in dry THF (0.5 mL) was added and the stirring 
was continued for 15 min, then the reaction mixture was allowed to warm to room temperature. 
After being stirred at the same temperature for 80 min, saturated aqueous NH4CI was added to 
the mixture at 0 “C. The resulting mixture was extracted with ethyl acetate and the extracts were 
washed with 5% HCI and brine, dried, and evaporated in vacua The residue was 
chromatographed on silica gel (ethyl acetate-hexane , 1:4) to give an inseparable mixture (0.14 
g) of the enol acetate 4a and the methyl ketone 18 in a ratio of 3.5:1, which was determined by 
integration of the l H-NMR, as an oil : IR (CHCl3) 1760 , 1740 cm-l ; 1 H-NMR (CDCl3 ,96 MHz) 6 
2.15 (2.31H, s) ,2.25 (0.69H, s) , 3.32 (0.77H, d , J= 14.0 Hz) ,3.65-3.89 (0.46H , m) ,3.74 (3H 
s), 3.78 (0.77H, d, Jr: 14.0 Hz), 3.79 (3H, s) , 4.99 (0.77H, d, J= 1.8 Hz), 5.13 (0.77H, d, J= 
1.8 Hz), 6.75-6.90 (2H, m) ,6.95-7.12 (lH, m). 

Methyl 1-(1-ethoxycatbonyl)-5-methoxybentocyclobutene-l-carboxyiate 
(Sb). A solution of 18 (0.83 g , 3.53 mmol) in dry THF (5 mL) was added dropwise to a solution 
of LDA (4.56 mmol) in dry THF (11 mL) at -76 “C. After being stirred at -76 “C for 20 min, 
hexamethylphosphoric triamide (HMPA) (8 mL) and ethyl chloroformate (0.5 g , 4.6 mmol) was 
added successively, then the reaction mixture was allowed to warm to room temperature, stirred 
for further 40 min, and quenched with saturated aqueous NH4CI. The resulting mixture was 
extracted with Et20 and the extracts were washed with water, dried , and evaporated to give a 
residue which was chromatographed on silica gel (ethyl acetate - hexane, 1:4) to afford the enoi 
carbonate 4b (0.86 g , 80 %) as a colorless oil : IR (CHCl3) 1755 and 1735 cm-l ; 1 H- 

NMR(CDCl3, 90 MHz) 5 1.33 (3H, t, J= 7.7Hz), 3.34 (1H , d, J= 13.3 Hz), 3.76 (3H, s) 13.60 
(3H, S) , 3.62 (1H , d , J= 13.3 Hz), 4.26 (2H, q , J- 7.7 Hz), 5.14(2H, s) , 6.78-6.94 (2H, m) , 
7.06 (1 H , d , J s 6.6 Hz) ; MS m/z 306 (M+) ; HRMS , calcd for Cl 6Hl606 m/z 306.1104 , found 
nVz 306.1068. 

Methyl l-(l-diethyiphosphonyloxyvinyl)-5-methoxybenzocyciobutene-l- 
carboxylate (4~). n-BuLi (1.52 M in hexane , 1.41 mL , 1.73 mmol) was added to a solution of 
hexamethytdisilazane (0.3 g , 1.85 mmol) in dry THF (6.5 ml) at -78 “C and resulting mixture was 
stirred at the same temperature for 15 min. Then a solution of 18 (0.27 g , 1 .15 mmol) in dry 
N,N,N’,N’-tetramethylethylenediamine (1.5 mL) was added dropwise to the mixture at -76°C. 
After being stirred for 15 min, diethyl chlorophosphate (0.32 g , 1.87 mmol) was added, then the 
mixture was allowed to warm to 0°C stirred for 20 min, and quenched with saturated aqueous 
NH4CI. After evaporation of the solvent, the residue was extracted with Et20 and the extracts 
were washed successively with 5 % HCI and brine, dried, and evaporated to give a residue 
which was chromatographed on silica gel (ethyl acetate - hexane , 3:7) to afford the en01 

phosphate 4c (0.22 g , 51 %) as a pale yellow oil : IR (CHCl3) 1750 cm-l ; 1 H-NMR (CDCI3 ,90 

MHz) 6 1.34 (6H , dt , J-. 7.1 and 0.5 Hz), 3.35 (1H , d, J= 13.4 Hz) , 3.75 (3H, s) , 3.79 (3H, S) 
3.92-4.32(5H,m),4.81 (lH,dd.J= 2.9and1.9Hz),5.11 (lH,dd,J= 2.9and1.9Hz) , 
6.77 - 6.91 (2H , m) ,7.06 (1 H , d , J- 7.2 Hz) ; MS m/z370 (M+) ; HRMS , calcd for Cl7H2307P 
m/l370.1161 , found m/z370.1185. 
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#*thy6 f-~~-t~hutytd~m4thytSt~y~Uay~~~~f~~~-~4t~QY~~s~~~~y~~~~~~~~&-~- 
erfba&yklg (46). t-ButyldimelhYWl In‘nwrwm4(hanesulfonat~ (r0SOQ (a 76 g , 2.88 mmoi) 
wad added dropwise to a SOhti4n d 1 B (0,45 g , 1.92 mmol) an4 Wdthylamins (0.35 g , 3.47 
mm411 rn dry CH2Cl2 (13 ml) at Q ‘C and rhs mixture was allowed ta wudrrn 10 mom temperatrure. 
After being stirred for 2 h, the reauiarr mixture was washed with cnilld saturated aqueous 
NaHca3 and the solvent was evapoqed in vacua to give a residue Which was taken up into 
Et2C. The ethereal solution waS washed with water , dried , and evaporated to give the silyi enol 
ether 4d (0.63 g , 94 %) as a Colorks oil , which was used to the next reaction without further 
Purification : 1 H-NW (CDCl3 ,90 MHz) E 0.16 , 0.17 (3H each , s) ,0.88 (9 H, s) ,3.2g (1 H , d , J 
=13.7Hr),3.71 ,3.77(3H each,S),3.79(1H,d,J-13.7H2),4.17(\H,d,~~2.3~z),4.28 
(IN. d I Js2.3 Hz), 6.78(1H ,dd, d= eFand2.5Hz), 6.84(lH ,s) ,701 (71-l ,d, J= 8.6 Hz). 

Thrrme~~sls of a mittbtb bf OS and ‘18, A solution of a rnhnurp (1~5 mg) of 4a and 
3% in dvgassod o-diChkzrQhhn2bne (VUB) (TG mL) be& h&awY at ;r%w 'C &r 20 min. 
•v~~aralio~ d f&J sohlt fah#&d by cfrrvmarography on siri& ger (&hYl a&ars . hqmne , 9:1 J 
davd Ww rsochromene 23 (15.8 md , 9 %I a3 a colorless oil : 1R (CHCI~] 1705 cm-1 ;l H-NMR 

&DC13 ,90 MHz) 6 2.28, 3.81 , 3.46 OH each , s) , 4.96(2H , s) , 6,72(l~ , dd , J= 8.3 and 2.4 

Hz) a 6.32(lH, d, J= 8.3 Hz), 7.31(1H, d, Jz2.4 Hz) ; ‘3C-NMR (CDcl, , 25 MHz) 6 20.14(q) , 
51.43(q) , 55.42(q) , 66.870) 9 107.68(s) , 109.20(d) , 111.72(d) , I 19.30(s) , 124.70(d) , 
130-69(s),. 159.61 (S) , 165.97(s) I 167-B(s) ; MS m/z 234 (M+); HRMS, c&d for Cl3Hl404 m/z 

234.0892, found m/z 234.0888. From less polar fractions (ethyl acetate-hexane, 3 : 7), the 
dihydrpnaphthalene 78 (91.7 mg, 47 %) was obtained as a colorless oil : JR (~~~313) 1760, 1730 

cm-‘- 7H-NMR (CDCl3, 90MHz) 6 221 [W, s), 2.43-2.64 (2H, m), 2L81-3_p5 (2~, m), 3.n, 3.86 
(3n each, $), 6.70 (lH, dd, J=8L2 hhfi Z Tk), 6.87 (lH, d, J=2.7Hr), 7 06 (1 H, d, J=8.2Hz); MS 
IW 276 (M+); HRMS , calcd fbr 131 gHi605 mk 276.0997 , found m/z 276 0996 

~cnrbuw - Johnsan tlrtdM&t of I3. Sodium m&apenddat& (964 my , 4.41 mmdi) 
~4 added Jo a stirred solution 41 23 (66 3 ~ng , 0.294 mmol) and d Cdfalyllc amaunt of osmium 
tdtraallds in Et20 - Hz0 (1:l , 8 RIL) ar rc~orn temperature. After being 5lingd for 10 h, NaCl was 
added lo the mixture and the resulting mixture was filtered through Ceere, After separation of 
organic layer, the aqueous phase was extracted with Et20 and the Caqbined organic phases 
were washed with brine and dried. Evaporation of the solvent in vacua followed by 
chromatography on Silica gel (ethyl acetate - hexane , 1:4) gave the acetate 25 (50.6 mg , 65 %) 
aS a colorless oil : IR (CHCl3) 1740 . 1690 cm-l ; lH-NMR(CDC13 , 90 MHz) 6 2.09 , 3.85 , 
3.96t3H each, s) , 5.3WH , S) , 7.12(rH , dd, J= 8.6 and 2.7 Hz), 7.zp(lH , d, J= 2.7 Hz), 
7~45(1 H , d , J = 8.6 Hz) ; MS m/z 266 [Mf) ; HRMS , calcd for Cl 3H1406 m/s 266.0790 , found 
ITa 266 PBO4_ 

‘TftWmof$WfS d 4h A SQMQR of 4b 169 mg r 0.225 !WRN~ IR 0Dg 12.5 mL) was h&d 
at c6U ‘C ?w 30 min. EVzIWatidfi Of lk SO~W-# irr vacua f&rred &v .~%r~~~tog~~p~y cn si(iea 
4af (elhyl acetate - hexane , 14 allordsd lhs dihydronaphthalane Tb (64 7 mg , 94 %) as a 

W~~%JS oil : IR(CHCl3) 1760 , 1730 cm- ’ ; ‘H-NMR (CDCl3,90 MHrlj 6 1 37(3?i , t , J= 7.1 Hz), 
2.53-3.05(4H , m) , 3.77 , 3.87(3H ea& , 5) , 4.30(2H , q , J= 7.1 Hz) , 6 71(11-l , &I, J = 8.4 and 
2.7 Hz), 6.9l(lH, d , J= 2.7 Hz), 7.a6(1~, d, J= 8.4 Hz) ; MS m/z306 (M+) ; HRMS, Cal& for 
Cl6h1806 m/z 306.1089 , found m/Z 306.1089. 

Thermolysls Of 4C. A SObtion of 4c (40.6 mg , 0.11 mmol) in &B (2 mL) was heated 
for 4s min. Chromatography on silica WI (ethyl acetate - hexane , 3:7) Q&q 7c (lg.1 mg , 47 %) 
86 a pat@ yellow oil : IR (CHC13) 173b cm -’ ; 1 H-NMR(CDCl3 , 90 MHz) S I .24 - 1.46(6H , m) , 
2.10 2 50[4H , m) , 3.77 , 3.8WH Bach , s) r 4.02 - 4.38(4H , m) L 6.6b. 6 7qfy-j , m) , 7.06(1H , 
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d , J = 7.2 HZ) ; MS m/i2 370 (M+) ; HRMS , calcd for Ct7H2307P m/z 370.1181 , found m/z 
370.1170. 

lhermolysis of 4d. A solution of the crude 4d (0.83 g , 1.92 mmol) in ODB (13 ml) was 
heated for 30 min. Evaporation of the solvent afforded the crude 7d (0.8 g , 95 %) as a colorless 
oil , which was submitted to the next reaction without further purification : 1 H-NMR(CDCl3 , 90 

MHz) 6 0.22(8H , s) , 0.93 (9H, s), 2.22 - 2.54(2H , m) , 2.84 - 2.95(2H ,m) , 3.78 , 3.82(3H each , 
s), 8.59(1H ,dd, J=8.2and3.4Hz), 8.78(1H ,d, J-3.4 Hz), 8.99(1H ,d, J-8.2 HZ). 

DDQ oxidation of 7a. A solution of 7a (82.3 mg , 0.3 mmol) and DDQ (81.1 mg , 0.38 
mmol) in dry toluene (5 mL) was refluxed for 30 min. After filtration through Celite, the filtrate was 
concentrated to give a residue which was chromatographed on silica gel (ethyl acetate - hexane 
3:7) to afford the naphthalene 9a (79.5 mg , 97 %) as colorless prisms , mp 113. - )114 “C , by 
recrystallization from Et20 : IR (CHC13) 1770 , 1730 cm-f ; f H-NMR (CDC13 , 90 MHz) 6 2.33 , 
3.91 , 4.01(3H each, s) ,7.08(1H, d , J= 8.8 Hz), 7.15(1H, dd, J= 8.8 and 2.4 Hz), 743(1H, d, 
J=2.4 Hz), 7.74(1H ,d, J=9.0 Hz), 7.86(1H, d, J=9.0 Hz) ; MS m/z274 (M+). Anal. Calcdfor 
Ct5H1405 : C (65.69 ; H ,5.15. Found : 65.93 ; H ,4.98. 

DDQ oxidation of 7b. A solution of 7b (26.2 mg , 0.086 mmol) and DDQ (23 mg , 0.1 
mmol) in dry toluene (2 mL) was refluxed for 2 h. Chromatography on silica gel (ethyl acetate - 
hexane , 1:4) gave 9b (26 mg , 100 %) as a colorless oil : IR (CHC13) 1760 , 1720 cm-l ; t H- 

NMR (CDCl3, 90 MHz) 6 1.41(3H, t, J= 7.1 Hz), 3.91 ,4.01(3H each, s) , 4.35(2H, q, J= 7.1 
Hz),7.17(1H,d,J=8.8Hz),7.21(1H,dd,J=8.8and2.4Hz),7.49(1H,d,J=2.4Hz),7.75 
(1H , d , J = 8.8 Hz) ,7.88(1H , d , J- 6.8 Hz) ; MS m/z 304 (M+) ; HRMS , calcd for C16Ht606 
m/z 304.0947 , found trvz 304.0944. 

DDQ oxidation of 7c. A solution of 7c (18.6 mg , 0.05 mmol) and DDQ (13.7 mg , 0.06 
mmol) in dry toluene (2 mL) was refluxed for 2.5 h. Chromatography on silica gel (ethyl acetate - 
hexane , 3:7) gave 9c (16.0 mg , 86 %) as a pale yellow oil : IR(CHCl3) 1725 cm-l ; 1 H-NMR 

(CDCl3, 90 MHz) 6 1.35(6H, dt , J= 7.1 and 1.2 Hz), 3.91 ,4.04(3H each , s) , 4.23(4H , dq , J= 

8.1 and7.1 Hz) ,7.13(1H ,dd, J=9.0and2.5Hz),7:20(1Ht brd, J-2.5Hz) ,7.45(1H,dd, J- 

9.0 and 1.0 Hz), 7.73 (1H , d , J= 8.8 Hz), 7.83(1H, d , J= 8.8 Hz) ; MS m/z368 (M+) ; HRMS , 
calcd for Ct 7H2107P m/z 368.1025 , found m/z 366.1033. 

DDQ oxidation of 7d. A solution of 7d (0.6 g , 1.72 mmol) and DDQ (0.52 g, 2.25 mmol) 
in dry tolueue (10 mL) was refluxed for 30 min. Chromatography on silica gel (ethyl acetate- 
hexaue, 1:9) gave 9d (0.42 g, 70 %) as a pale yellow oil:IR (CHC13) 1720 cm-l; 1 H-NMR 

(CDCl3, 9OMHz) 6 0.25 (6H, s),l.Ol (9H, s), 3.38, 3.98 (3H each, s), 6.85-7.05 (3H, m), 7.59- 
7.72 (2H,m); MS n?Lz 364 (M+); HRMS, calcd for ClgH2604Si m/z 346.1601, found m/z 
346.1598. 

Methyl 2-hydroxy-7-methoxynaphthalene-1-carboxylate 9 (Ri=R2=H). 
From 9a. Dry MeOH (0.05 mL) was added dropwise to a stirred suspension of NaH (41.0 mg, 
1.02 mmol) in dry THF (2 mL) at 0°C and resulting mixture was stirred at the same temperature 
for 5 min. A solution of the acetate 9a (70.2 mg, 0.26 mmol) in dry THF (2 mL) was added to the 
mixture at OX, then the reaction mixture was stirred for 5 min. After addition of 10% HCI, the 
solvent was evaporated to give a residue which was extracted with ethyl acetate. The extracts 
were washed with brine, dried, and concentrated in vacua. Chromatography on silica gel (ethyl 
acetate-hexane, 1:4) gave the naphthol 9 (RI =R2=H) (48.6 mg, 82 %) as colorless prisms, mp 
109-l 10°C, by recrystallization from Et20: IR(CHCl3) 1655,163O cm-l ; 1 H-NMR (CDCl3, 

9OMHz) 63.92, 4.08 (3H each, s), 6.99 (lH, d, .k8.8Hz), 7.01(1H, dd, J=8.8 and 2.5Hz),7.63 (lH, 
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d. &8.8Hz), 7.79 (lH, d, J=8.8Ht), 8.17 (lH, d. LZSHt), 12.29(lH, s, II20 disappeared); MS 
nlz 232 (M+). Anal. Calcd for C13H1204: C, 67.27; H, 5.32. Found : C, 67.23 ; H, 5.21. 
From 9th LiOH. H20 (17 mg, 0.41 mmol) was added to a solution of 9b (41.7 mg, 0.14 mmol) in 
THF-H20 (4:1, 1.25 ml) and the mixture was stirred at room temperature for 2.7 h. After 
evaporation of the sotvent, water was added and the resulting mixture was extracted with CHCl3. 
The extracts were washed with brine, dried, and concentrated in ~acuo to give a residue which 
was chromatographed on silica gel (ethyl acetate-hexane, 1:9) to give 9 (RI =R2=H) (22.4 mg, 
70 %) as colortess prisms, mp 109-i 10°C by recrystallization from Et20. 
From 9d. Tetra-n-butylammonium fluoride (1M in THF, 0.22 mL, 0.22 mmol) was added 

dropwise to a solution of 9d (63 mg, 0.18 mmol) in dry THF (2 mL) at 0°C. The mixture was 
allowed to warm to room temperature under stirring for 1 h and the solvent was evaporated in 
~acuo to give a r&due which was chromatographed on silica gel (ethyl acetate-hexane, 1:9) to 
afford 9 (RI =R2=H) (41.5 mg, 98 %) as colorless prisms, mp 109-l 1 OOC, by recrystallization 
from Et20. 

4-Methoxy-2-methylbentaldehyde (31). Potassium carbonate (0.5 g, 3.62 mmol) 
was added to a solution of methyl 4-methoxy-2-methylbenzoate 2816 (0.55 g, 3.31 mmol) and 
methyl iodide (0.52 g, 3.69 mmol) in acetone (17 mL) and the resulting mixture was heated under 
reflux for 5 h. To the reaction mixture was added potassium carbonate (0.25 g, 1.81 mmol) and 
methyl iodide (0.25 g, 1.77 mmol) and the mixture was further refluxed for 14 h. After evaporation 
of the solvent, water was added. The mixture was extracted with Et20 and the extracts were 
washed with brine, dried, and concentrated in vacua to give the ester 29 (0.58 g, 97 %) as a 
colorless oil, which was used in the next reaction without purification: IR (CHCl3) 1715 cm-l ; 

IH-NMR (CDCl3,GOMHz) 6 2.57 (3H, s), 3.83 (6H, s), 6.74(2H, m), 7.90 (lH, d, klO.OHz). 
A soluiton of 29 (0.57 g, 3.14 mmol) in dry THF (10 mL) was added dropwise to a suspension of 
LiAIH4 (0.42 g, 11.1 mmol) in dry THF (18 mL) at 0°C. The mixture was stirred at room 
temperature for 2 h, then cooled to 0°C and quenched by slow addition of wet Et20. After 
filtration through Celite, the filtrate was concentrated in vacua to give the alcohol 30 (0.45 g, 100 
%) as a colorleas oil, which was also submitted to the next reaction without further punfication: 
IR(CHCl3) 3630 cm-f ; 1H-NMR (CDCl3, 9OMHz) 6 1.59 (lH, s, D20 disappeared), 2.37, 3.81 
(3H each, s), 4.63 (2H, d, J=5.4Hz), 6.73(lH, dd, J=9.9 and 2.3Hz), 6.76 (lH, s), 7.23 (lH, d, 
&9.9Hz). 

A solution of 30 (43.5 mg, 0.29 mmol) in dry CH2Cl2 (0.5 mL) was added to a solution of 
PCC (93.0 mg, 0.443 mmol) in dry CH2Cl2 (1 mL) at room tempreature, and the mixture was 
stirred for 1.3 h. After addition of florisil, the mixture was diluted with Et20 and filtered through 
Celite. Concentration of the filtrate in vacua followed by chromatography on silica gel (ethyl 
acetate-hexane, 1:9) yielded the aldehyde 31 17 (40.1 mg, 93 %) as a colorless oil : IR (CHC13) 

1680 cm-1 ; 1 H-NMR (CDCl3, 6OMHz) 6 2.64, 3.93 (3H each, s), 6.83-6.92 (2H, m), 7.71 (1 H, d, 
k8.7Hz). 

5-Methoxy-3-methylbenzocyclobutene-1-carboxyllc acid (19). A solution of 
I-cyano-5-methoxy-3-methylbenzocyclobutene 13 10 (1.72 g, 9.94 mmol) and potassium 
hydroxide (2.8 g, 50.0 mmol) In EtOH-H20 (5:1, 42 mL) was heated under reflux for 10.5 h. After 
the same treatment as for 14, the crude crystalline product was recrystallized from benzene to 
give the acid 19 (1.88 g, 98 %), mp 145-l 46OC , as colorless needles : IR(CHCl3) 1710 cm-l ; 

‘H-NMR (CDCl3, 9OMHz) 6 2.18 (3H, s), 3.27 (lH, br s), 3.31 (lH, br s), 37.3 (3H, s), 4.21 (lH, 
m), 6.61 (2H, br s); MS nvk 192 (M+). Anal. Calcd for Cl 1 H12O3 : C, 68.73 ; H,6.29. Found : C, 
68.84 ; H,6.45. 

Methyl Cmethoxy-3-methylbenzocyclobutene-1-carboxylate (20). Acetyl 
chloride (0.59 g, 7.45 mmol) was added dropwise to a stirred dry MeOH (18 mL) at 0°C. After 
being stirred at room temperature for 10 min. a solution of the acid 19 (1.78 g, 9.27 mmol) in dry 
MeOH(18 mL) was added to the mixture and the resulting solution was stirred for 10 h. 
Evaporation of the solvent followed by addition of water gave a residue which was extracted with 
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Et20 and the extracts were washed with saturated aqueous NaHC03 and water. The dried 
ethereal solution was concentrated in vacua to give a residue which was chmmatographed on 
silica gel (ethyl acetate-hexane, 1:4) to afford the ester 20 (1.82 g, 95 %) as a colorless oil, : IR 
(CHCl3) 1735 cm-t; 1 H-NMR (CDC13, 9OMHr) 8 2.17 (3H, s), 3.31 (2H, d, &4.OHz), 3.74, 3.76 
(3H each, s), 4.20 (lH, t, &=AOHz). 6.60 (2H, br s); MS m/l 206(M+); HRMS, calcd for C12H1403 
m/z 206.0943, found m/z 206.0946. 

Methyl l-(l-hydroxyethyl)-5-methoxy-3-methylbenzocyclobutene -l- 
carboxylate (21). A solution of 28 (0.22 g, 1.08 mmol) in dry THF (4 ml) was added to a 
solution of LDA (1.75 mmol) in dry THF (6 ml) at - 78%. The resulting solution was treated with 
acetaldehyde (0.071 g, 5.03 mmol) according to the same procedure as for the preparation of 
17. The crude product was chromatographed on silica gel (ethyl acetate-hekane, 1:4) to give 
the alcohol 21 (0.26 g, 97 %), an inseparable mixture of diastereomers, as a colorless oil: 1R 
(CHCl3) 1715 cm-l; t H-NMR (CDCI3,SOMHt) 6 1.11-1.35 (3H, m). 2.18 (3H, s). 2.62 (lH, br s, 
D20 disappeared), 3.00-3.50 (2H, m), 3.71,3.78 (3H each, s), 3.984.33 (1 H, m), 6.62 (2H, br s); 
MS m/z 250 (M+); HRMS, cakd for Cl 4Hf 804 IWZ 250.1205, found m/z 250.1174. 

Methyl 1-acetyl-5-methoxy-3methylbenzocyclobuten~l-c~rboxylate (22). 
The alcohol 21 (0.26 g, 1.04 mmot), a mixture of diastereomers, was oxidized under the 
conditions of Swem, described for the preparation of 16, and the product was chromatographed 
on silica gel (ethyl acetate-hexane, 1:9) to yield 22 (0.23 g, 89 %) as colorless prisms, mp 55- 
56”G after recrystallization from EtpC-hexane: IR (CHC13) 1730, 1715 cm-t ; 1 H-NMR (CDCl3, 

9OMHz) 82.18, 2.27 (3H each, s), 3.36 (2H, s), 3.78(6H, s), 6.66 (lH, brs), 6.69 (lH, brs); MS 
ml2 248 (M+). Anal. Calcd for Ct4H1604: C, 67.73 ; H, 6.50. Found: C, 67.80 ; H, 6.51. 

Methyl l-(l-ethoxycarbonyloxyvlnyl)-5-methoxy-3-methylbenzocyclo- 
butene-l-carboxylate (48). A solution of 22 (0.28 g. 1.15 mmol) in dry THF (2 mL) was 
added dropwise to a solution of LDA (1.55 mmol) in dry THF (4 mL) at -78°C. After being stirred 
for 30 min at the same temperature, HMPA (3 ml) was added and then the mixture was stirred for 
30 min. Ethyl chlomformate (0.17 g, 1.57 mmol) was added dmpwise to the mixture at -78OC, 
the solution was then allowed to warm to 0°C over 1 h and quenched with saturated aqueous 
NH4CI. After separation of the organic layer, the aqueous phase was extracted with Et20 and 
the extracts were washed with brine, dried, and concentrated in vacua to leave a residue which 
was chromatographed on silica gel (ethyl acetate-hexane, 1:9) to give the enol carbonate 48 
(0.3 g, 80 %) as a colorless oil:IR (CHC13) 1760, 1740 cm-l, 1 H-NMR (CDCI3, 9OMHz) 8 1.34 
(3H, 1, J=7.lHz), 2.17(3H, s), 3.26 (lH, d, J=l3,8Hz), 3.74, 3.77 (3H each, s), 3.80 (lH, d, 
ClS.BHz), 4.24 (2H, q, J=7.2Hz), 5.12 (2H, s), 6.66 (lH, brs), 6.69 (lH, brs); MS m/z 320 (M+); 
HRMS, calcd for Cl 7H2008 Wz 320.1260, found m/z 320.1228. 

Thermolysls of 4e. A solution of 48 (14.6 mg, 0.048 mmol) in ODB (1.5 ml) was heated 
at 180X for 10 min. Evaporation of the solvent followed by chromatography on silica gel (eth 
acetate-hexane, 1:9) gave 78 (12.1 mg, 83 %) as a colorless oil : IR (CHC13) 1760, 1730 cm’ r 

I 
, 

IH-NMR (CDCl3, 9OMHt) 6 1.37 (3H, t, C7.1Hz), 2.27 (3H, s), 2.45-3.30 (4H, m), 3.76, 3.86 (3H 
each, s), 4.30 (2H, q, C7.1 Hz), 6.63 (1 H, d, J=2.6Hz), 6.72 (1 H, d, J=2.6Hz); MS m/z 320 (M+). 
Anal. Calcd for C17H2006 : C, 63.74 ; H, 6.29. Found : C, 63.99 ; H, 6.41. 

Methyl 2-ethoxycabonyloxy-7-methoxy-5-methylnaphthalene-l-carboxy 
late (Se). A solution of 78 (149 mg, 0.47 mmol) and DDQ (125 mg, 0.55 mmol) in dry toluene 
(6 ml) was heated under reflux for 39 min. After filtration through Celite, the filtrate was 
concentrated and chromatographed on silica gel (ethyl acetate-hexane, 1:9) to give 9e (148 mg, 
100 %) as colorless prisms, mp 106-107°C, by recrystallization from Et2C-hexane : IR(CHCl3) 
1765, 1730 cm-l; 1 H-NMR (CDCl3.9OMHr) 6 1.40 (3H, t, J-7.1 Hz). 2.64, 3.86, 4.01 (3H each. 
s), 4.35 (2H. q, J=7.lHz), 7.04 (lH, br s), 7.10 (lli, d, J-S.OHz), 7.26 (lH, br s), 6.02 (lH, d, 
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k9.OHz); MS m/r 318 (M+). Anal. Cal& for Ct7H1806 : C, 64.14; H, 5.70. Found : C, 64.08; H, 
5.77. 

Methyl 2-hydroxy-7-methoxy-5-methylnaphthalene-l-carboxylate (12). 
From 98. Potassium carbonate (66 mg, 0.48 mmol) was added to a solution of 9e (76 mg, 0.24 
mmol) in MeOH-H2C (1.25 :1,45mL) and the mixture was heated under reflux for 4 h. After the 
mixture had been cooled in an ice+vater bath, 10 % HCl was added to acidify and the solvent 
was evaporated in vecuo. The resulting aqueous phase was extracted with Et20, then the 
ethereal extracts were washed with brine, dried, and evaporated in vacua to give a residue 
which was chromatographed on silica gel (ethyl acetate-hexane, 1:9) to give 12 (83.5 mg, 88 %) 
as colorless leaflets, mp 109-l 10X (lit8. mp 104-105”C), by recrystallization from Et20 : IR 

(CHC13) 1650 cm-l; 1 H-NMR (CDCl3, 500MHz) 6 2.63, 3.92, 4.10 (3H each, s), 6.88(1 H, d, 
&2.5Hz), 7.02(1H, d, J=9.2Hz), 8.02 (lH, d, &9.2Hz), 8.06(1H, d, L2.5Hz), 12.14 (IH. s, D20 
disappeared); MS m/z 246 (M+). 
From 22 via sllyl enol ether 4f. TBSOTf (64.4 mg, 0.24 mmol) was added dropwise to a 
stirred solution of 22 (30.5 mg, 0.12 mmol) and triethylamine (26.3 mg, 0.26 mmol) in dry Et20 
(1.5 ml) at 0°C. After being stirred for 3 h, TBSOTf (64.4 mg, 0.24 mmol) and triethylamine (26.3 
mg, 0.26 mmol) were added to the reaction mixture and the solution was further stirred for 2 h at 
0°C. After filtration through Celite. the filtrate was washed with saturated aqueous NH4CI, dried, 
and concentrated in vacua to give the crude silyl enol ether 4f (62.3 mg), as a coiorless oil, 
which was taken up into ODB (1.8 ml). The resulting solution was heated at 180°C for 1 h, then 
the solution was cooled to room temperature. After addition of DDQ (30 mg, 0.13 mmol), the 
resulting mixture was heated at 120°C for 30 min, filtered through Celite and the filtrate was 
concentrated in vacua to give the crude naphthalene 9f (6l.lmg) as a colorless oil, which was 
submitted to the next reaction without further purification: IR (CHCl3) 1725 cm-t ; 1 H-NMR 

(CDCl3$ 9OMHz) 8 0.18 (6H, s), 0.94 (9H, s), 2.53, 3.79, 3.91 (3H each, s), 6.81 (2H, s), 6.86 (lH, 
d, J=g.lHz), 7.77 (lH, d, J=g.lHz); MS m/z 360 (M+); HRMS, calcd for C2OH2804Si m/z 
360.1757, found m/z 360.1759. Tetra-n-butylammonium fluoride (1M in THF, 0.15 mL, 0.15 
mmol) was added dropwise to a stirred solution of 9f (61.1 mg) in dry THF (2 mL) at 0°C. After 
being stirred at room temperature for 1 h, evaporation of the solvent followed by chromatography 
on silica gel (ethyl acetate-hexane, 1:9) yielded 12 (14 mg, 46 % from 22) as colorless leaflets, 
mp 109-l 1 O°C, by recrystallization from EtgC-hexane. 
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