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Photochemistry of 1-0-Hydroxyphenyl)-2-pentamethyldisilanylethyne :
Photoreaction in a Concentrated Benzene Solution and Photoreaction
with Methanol or Acetone'’
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Irradiation of 1-6-hydroxyphenyl)-2-pentamethyldisilanylethyein a concentrated benzene solution has
provided photodimer produ@talong with other reported photoproducts. Irradiatioth iof methanol yields 1-
(o-hydroxyphenyl)-2-trimethylsilylethyn2and its reduction produt8, via silacyclopropene intermediat®,

and the reduction produ&tand two methanol addition producitsl, and 12, via o-hydroxyphenylethyne.
Photolysis ofl with acetone in deaerated methylene chloride affords site specific and regioselective 1:1
adductl6 via silacyclopropene intermediat®.

Keywords : 1-(o-Hydroxyphenyl)-2-pentamethyldisilanylethyne, Silacyclopropene, Photoreaction.

Introduction trapping agents, such as methanol or acetone to investigate
the reaction intermediate in this photoreaction are reported.

The photolysis of alkynyl-substituted disilanes is a con-
venient route to the highly strained silacycloprop&hesid Results and Discussion
these silacyclopropenes react readily with methanol or
acetone in the presence of methanol or acetone as trappingdlhe starting 1¢-hydroxyphenyl)-2-pentamethyldisilanyl-
agents:® In the course of my research in connection withethynel was prepared by the reactionasiodophenol with
these silacyclopropene intermedidfe | very recently report-  pentamethyldisilanylethyne in the presenceisftriphenyl-
ed that the photolysis dfgave the novel photoprodu@ss, phosphine)palladium dichloride and copper(l) iodide in
and4 via silacyclopropene intermediate and the cyclizationtriethylamine, as reported previou&ly.

product5.18 Photoreaction of 1-0-hydroxyphenyl)-2-pentamethyl-
disilanylethyne 1 in a concentrated benzene solution
~ SiMe,SiMes // SiMe; Sire Irradiation of1 in the concentrated benzene solutior (&
@\/ e ©\/ . ©\/\( ’ M solution) to improve the chemical yield 8fafforded the
oH PrH ~on o SMez photodimer produc? (13% yield) along with the reported
1

o photoproduct2, 3, 4, and5 in 18, 25, 10, and 13% yields,

oM respectively, but the chemical yield®tlid not improved in
. SMe mSiMeQSiMea this photoreaction (yield &, 3594 . 25%).

4

NI
Among these photoproduct3,is an especially attractive H SiMe; Hf' SI....H
molecule because this compound has a 2-sila-2,2-dimethy / hv 7\ 12 N
2H-benzopyrane moiety, the silicon analog of the 2,2- SiMe, Bhi _ RS
dimethylbenzopyrane templa&,a structural motif found in © O-ST\/ ;
some natural product8. 4 @
Ri Rs 7
Re SR To learn more about the formation ffthe photolysis of
Rj o 3, 4 or 5, individually under the same conditions as the
Rq photolysis ofl was carried out, with the compourideing
6 formed from the photolysis @ and not from the photolysis

of 3 or 5. Compound3 or 5 was inert in this photoreaction
In the present study, the photoreactioriah a concent- condition. The structure of this photodin¥ewas determin-
rated benzene solution to obtain the improved chemicabd by various physical methods, suchHa$IMR, °C NMR,
yield of 3 and the photoreaction df in the presence of 2D NMR (H-'H COSY and NOESY), UV, FT-IR, and high
resolution mass spectrometry. The high resolution mass

™This paper is dedicated to Prof. Sang Chul Shim on the OccaSi%ectrum of the photodimét showed the parent peak at
of his 68" birthday.
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496.2123, corresponding to the calculated molecular weightm UV light, five products?, 8, 11, 12, and13 were obtain-

for 7 (496.2105), indicating thatwas formed by the dimeri-
zation of4. The'H NMR spectrum o showed six singlets
in the ratio of 1/3/1/3/1/1, as expected in the structuve aff

edin 9, 29, 6, 9, and 7% yields, respectively, but the expect-
ed compoundsl4 or 15 formed from the photoaddition
reaction of the reaction intermediate, silacyclopropene, and

0-0.11, 0.24,. 0.32, 0.41, 0.46, and 0.54 indicating that thenethanol were not obtained. The formation of photoproducts

chemical environment of the trimethylsilyl group is similar
but that of the dimethylsilylene group is different. And, the
analysis of théH NMR spectrum revealed the presence of
two cis hydrogens (H-1 and H-2 ify, characterized by two
doublet signals ad 1.48 0 = 13.2 Hz) and52.28 J = 13.2
Hz).

8, 11, and12 can be rationalized from the initial formation of
o-hydroxyphenylethyn® upon irradiation followed by the
reduction or methanol addition reaction. Liberation of di-
methylsilylene species from the silacyclopropene intermediate
10 upon irradiation resulted in the formation2)fand then
further reduction affordei3 (Scheme 1).

The presence of the cross-peaks due to the vicinal coupl- To establish whether or not compolthdas formed in the
ing and the close proximity between protons of C(1) andohotolysis ofl and compounds, 11, and12 were formed

C(2) in theH-H correlation spectroscopy (COSY) and

from the photolysis 09, compound9 was synthesized

nuclear overhauser and exchange spectroscopy (NOESY$cheme 2) and irradiated with 300 nm UV lamp in methanol

spectra all indicated thes configulation between the two
protons (H-1 and H-2).

The*C NMR spectrum of displayed signals for 21 dif-
ferent carbon atoms ; the signal at 27.6 ppm corresponds
the carbon 1 or 2 and twelve signals betw@&20 and 170

under the identical reaction condition as the photolysis of
to obtain, as expected, 11, and12in 3, 20, and 41% yields,
respectively, along with some other products of unknown
gructure.

The structures of these photoprodu2t®, 11, 12, and13,

correspond to the carbon atoms of two benzene rings whiclvere determined by various physical methods, suctdas
are in the different chemical environments. These results aldMR, *C NMR, UV, FT-IR, and high resolution mass

consistent with the unsymmetrical structure proposed fo
compoundy’.

Photoreaction of 1-6-hydroxyphenyl)-2-pentamethyl-
disilanylethyne 1 with methanol The photolysis of (penta-
methyldisilanyl)phenylacetylene affords two reaction inter-
mediates, silacyclopropene and 1-sila-1,2-propadiéhito
investigate whether or not the photolysis lofjives two
reaction intermediates like (pentamethyldisilanyl)phenyl-
acetylene, the photolysis dfin various solvent systems was
carried out. In this study, methanol was used to trap th
highly reactive reaction intermediates, and the reaction intei
mediate was confirmed from the existence of the methanc
addition photoproducts .

Irradiation of1 (124 mg, 0.5 mmol) in deaerated benzene
(1 L) in the presence of a trapping agent, methanol (1.2 mL
30 mmol) with 300 nm UV light to determine the reaction
intermediate afforded the reduction prod8ci2 mg (0.1
mmol, 20%) along with the reported photoprodits4.3
mg (0.07 mmol, 15%) ar@l31 mg (0.1 mmol, 25%), but the
expected methanol addition photoproducts likeor 15 via
silacyclopropene intermediaf® were not obtained. In the
case of methylene chloride as solvent in the above reactic
condition, only compounél was obtained, in 45% yield, along
with some other products of unknown structure, but the
expected methanol addition photoproducts also were nc
obtained.

.
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When a solution of in methanol was irradiated with 300

spectrometry. The molecular ion peaks"\Mf 11 and 12
indicate that the photoproducts are formed by the addition of
one methanol molecule € The structure of photoisomit
could be distinguished from that b2 on the basis of thi
NMR spectra of the isomer pair. TROH peaks iftH NMR
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| S " Photoreaction of 1-0-hydroxyphenyl)-2-pentamethyl-
@[ _H=—siMe; Ej\/ P'::%» Ef disilanylethyne 1 with Acetone To trap the reaction
on PACHEPR: Gl NS ot o intermediates formed from the photolysis bf | used
s h acetone as a trapping agent in the various solvent conditions.
MeOH Irradiation of1 with acetone in deaerated benzene, initially,
H H W yielded 2, 3, and5 in 25, 15, and 10% yields, respectively,

@(H R @f\(owﬂ ©\)\KH but the expected acetone photoaddition product was not
oH! oH! o CHs

: obtained. When a methylene chloride solutioriLah the
& % e e presence of acetone was irradiated instead of benzene
Scheme 2 solution, site specific and regioselective 1:1 photoadduct
16 was formed as the only product, in 35% yield, along with
spectra ofll and12, appearing ad 5.29 and 7.60, respec- other photoproducts of unknown structure.
tively, indicate intramolecular hydrogen bonding between

the hydroxy group and the methoxy grouf.# but not for Se;Sies Me, M e
11. The vinyl protons irl1 showtrans coupling constant)( @K hy =N sivte, CE/Q ’
= 12.9 Hz), whereas those 12 showcis coupling constant on Ol OH acetone o

(J = 7.1 Hz). In the case df3, the vinyl protons in théH . 10 16, 35%

NMR spectrum ofL3 also showrans coupling constant)(=
19.3 Hz). Compoun@ gives an*H NMR spectrum typical The structure of this photoprodut was determined by
of a compound with three hydrogens substituted on a doublearious physical methods, suchBsNMR, 3C NMR, UV,
bond atd 5.36, 5.76, and 6.98. Each proton has a chemicdT-IR, and high resolution mass spectrometry. Mass spectra
shift and a coupling constant different from those of each obf 16 show the molecular ion (WM peaks, indicating that the
the other protons. photoproduct is formed by the addition of one acetone
Indeed, research has established that the photochemiaablecule tol. The*C NMR spectrum of photoaddut6
reactions of phenylethynylpentamethyldisilane in the preshows the characteristic dimethyl substituteticspbons at
sence of methanol were reported to give mainly photo-d 89.0, supporting the 1-oxa-2-silacyclopent-3-ene moiety.
addition products likd4 or 15 through the silacyclopropene The location of the dimethylmethylene group on the five-
intermediate$>12141817Byt, Shimet al?® found that the membered ring was confirmed by comparison with the
photolysis of 14¢-nitrophenyl)-4-pentamethyldisilanyl-1,3- reported result§®'#1%1'The formation of photoprodud
butadiyne in methanol gives p-6itrophenyl)-1,3-buta- is best understood by assuming the intermediacy of silacyclo-
diyne through C-Si bond cleavage from transient (zwitterionpropen€l 0. Insertion of acetone into the silicon-carbon bond
species), which formed from the intramolecular electronin 10 generates a five membered ring compoléd
transfer from disilanyl to the nitro group. In the case of the In conclusion, the photolysis df afforded the reaction
photolysis of1 in methanol, the formation of the photo- intermediate, silacyclopropene, which is trapped with acetone
products, 11, and12 can also be explained by the reductionto give the photoaddition produd6 in the methylene
or methanol addition reaction of the reaction intermediate chloride solvent system not in the benzene solvent system.
which was probably formed through C-Si bond cleavage irThe other expected reaction intermediate, 1-sila-1,2-propa-
the photoexcited state df The formation of the photo- diene, of this photoreaction was not detected.
products2 and 13 is explainedvia the silacyclopropene
intermediate10. From these results, a plausible photo- Experimental Section
reaction mechanism as shown in Scheme 1, is proposed. The
photolysis ofl has been found to proceed simultaneously by General methods *H and**C NMR spectra were record-
two different routes, one of which, leads to the production oied on Bruker AM-300 or Bruker AC-200 spectrometer with
9. The other comprises the formation of the silacyclopropenehemical shifts being referenced against TMS as an internal
intermediatel0. Compound affords the reduction product standard or the signal of the solvent CPCIV absorption
8 and two methanol addition productd and 12 The  spectra were recorded on a Hewlett-Packard 8453 spectro-
photoproduct2 formed from the liberation of dimethyl- photometer. Mass spectra were determined at 70 eV with a
silylene in10 gives the reduction produts. Hewlett-Packard 5985A GC-MS by the electron impact (EI)
In conclusion, the photolysis df afforded the two reac- method. FT-IR spectra were recorded on a Bomem MB-100
tion intermediate® and10 and the various photoprodu@s  spectrometer in KBr pellets and a NaCl cell. High-perfor-
8, and13, and the methanol addition photoprodutisand  mance liquid chromatography was performed on a Waters
12 formed from this reaction intermedié@evere obtained, Associates Model 244 liquid chromatograph (Mildford,
but the other expected methanol addition photoprodistts MA) equipped with a Model 6000A solvent delivery system,
and 15 formed from the reaction of silacyclopropene inter- Model 440 UV absorbance detector fixed at 254 nm, and
mediate and methanol were not obtained in the methandfodel UBK universal injector. A Lichrosorb SI-60 column
solvent system. The other expected 1-sila-1,2-propadien&as used for preparative analyses. Methylene chloride was
intermediate was also not formed in this photolysis. dried with BOs followed by fractional distillation before
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use. Acetone was dried with,®O; followed by fractional NMR (CDCk, 75 MHz) 4 56.8, 106.7, 117.8, 120.5, 121.9,
distillation immediately before use. Solvents of reagent gradé26.0, 131.4, 143.8, 159.7; UV (@El,) Amax289, 281, 257
for chromatography were used without further purification.nm; FT-IR (NaCl) 3649, 3065, 2955, 1442, 1251 ¢S
Spectroscopic grade solvents (Tedia Company Inc., Fair70 eV) m/z 150 (M); HRMS (M") calcd for GH10O;
field, Ohio) were used for HPLC and UV absorption spectral50.0681found 150.0679.
Photolysis was performed in a Rayonet photochemical 12 *H NMR (CDCk, 300 MHz)$3.87 (3H, s), 5.42 (1H,
reactor, model RPR-208, equipped with RUL 300 nm lampsd, J= 7.1 Hz), 6.08 (1H, dl= 7.1 Hz), 6.87 (1H, td] = 7.4,
Irradiation of 1-( o-hydroxyphenyl)-2-pentamethyldi- 1.0 Hz), 6.94 (1H, dJ = 8.1 Hz), 7.13 (1H, dd1= 7.6, 1.2
silanylethyne 1 in a concentrated benzene solutiom\ Hz), 7.18 (1H, tdJ = 7.6, 1.5 Hz), 7.60 (1H, s)*C NMR
solution (3x 10°M) of 1 (744 mg, 3 mmol) in benzene (1 (CDCl, 75 MHz)561.0, 105.7, 118.1, 120.5, 121.9, 129.2,
L) was deaerated by nitrogen purging for 1 h and irradiated31.3, 143.7, 154.1; UV (CBIl)) Amax 255 nm; FT-IR
After irradiation for 2.5 h, the resulting photoreaction (NaCl) 3341, 2955, 1486, 1252 €mMS (70eV) m/z 150
mixture was concentratéd vacuo The photoadduct3, 3, (M*); HRMS (M) calcd for GH3100, 150.0681,found
4, 5, and7 were isolated in 103 mg (0.5 mmol, 18%), 186 150.0676.
mg (0.7 mmol, 25%), 74 mg (0.3 mmol, 10%), 97 mg (0.4 13:'H NMR (CDCk, 300 MHz)J 0.24 (9H, s), 5.35 (1H,
mmol, 13%), and 198 mg (0.4 mmol, 13%), respectively, bys), 6.52 (1H, dJ = 19.3 Hz), 6.83 (1H, d] = 8.0 Hz), 6.98
column chromatography witithexane/ethyl acetate (500/1) (1H, t,J= 7.5 Hz), 7.19 (1H, t)=8.0 Hz), 7.24 (1H, d] =
as an eluent followed by normal phase HPLC using 19.3 Hz), 7.51 (1H, ddl = 7.7, 1.2 Hz)}*C NMR (CDCE,
hexane/ethyl acetate (500/1, v/v) as an eluent. 75 MHz) 6 -0.75, 116.4, 121.4, 126.2, 127.5, 129.4, 131.9,
7: *H NMR (CDChk, 600 MHz)3-0.11 (3H, s), 0.24 (9H, 138.2, 153.1; UV (CbCly) Amax 257 nm; FT-IR (NaCl)
s), 0.32 (3H, s), 0.41 (9H, s), 0.46 (3H, s), 0.54 (3H, s), 1.48407, 2955, 1600, 1455, 1248, 838 &nMS (70eV) m/z
(1H, d,J=13.2 Hz), 2.28 (1H, d}= 13.2 Hz), 6.76 (1H, td, 192 (M"); HRMS (M") calcd for GiH;160Si 192.0970found
J=7.8,11Hz),6.77 (1H, dd~= 7.4, 1.3 Hz), 6.85 (1H, dd, 192.0968.
J=7.8, 1.3 Hz), 6.90 (1H, td,= 7.8, 1.1 Hz), 7.13 (1H, dd, Synthesis of 1-¢-hydroxyphenyl)-2-trimethylsilylethyne
J=75,0.8Hz),7.14 (1H,td=7.8,1.3 Hz), 7.20 (1H,td, 2. To a deaerated solution of 2-iodophenol (0.5 g, 2.27
= 7.8, 1.3 Hz), 7.63 (1H, dd, = 7.8, 0.8 Hz)*C NMR mmol), bis(triphenylphosphine)palladium dichloride (15 mg,
(CDCls, 150 MHz) 6-1.60, -1.53, 0.35, 0.86, 1.64, 1.96, 0.02 mmol) and copper(l) iodide (4 mg, 0.02 mmol) in
27.6, 101.3, 112.2, 120.3, 120.4, 120.5, 125.2, 125.7, 128.&nhydrous triethylamine (10 mL) was added dropwise tri-
129.2, 131.4, 134.9, 137.2, 155.7, 165.7; UV {Clb) Amax methylacetylene (0.35 mL, 2.5 mmol) at room temperature.
317, 282, 266 nm; FT-IR (NaCl) 3077, 2955, 1480, 1255,The reaction mixture was heated at°@for 1.5h. To this
836, 798 crit; MS (70 eV) m/z496 (M), HRMS (M) solution saturated ammonium chloride solution (20 mL) was
calcd for GeHaoO,Sis 496.2105found 496.2123. added and the reaction mixture was extracted with ethyl
Irradiation of 1-( o-hydroxyphenyl)-2-pentamethyldi- acetate (¥ 20 mL). The combined ethyl acetate solution
silanylethyne 1 in methanal A solution (5x 104 M) of 1- was washed with ¥ (10 mL), brine (10 mL), and dried
(o-hydoxyphenyl)-2-pentamethyl-disilanylethyne (124 mg, MgSQ:, and concentratedn vacuo to give the crude
0.5 mmol) in methanol (1 L) was deaerated by nitrogerproduct. Flash column chromatography withexane/ethyl
purging for 1 h and irradiated. After irradiation for 1 h, the acetate (20/1, v/v) as eluents gav@4 g (2.1 mmol, 93%).
resulting photoreaction mixture was concentratedacuo Synthesis of o-hydroxyphenylethyne 9 The reaction
The photoadductg, 8, 11, 12, and13 were isolated in 9mg solution of 1-6-hydroxyphenyl)-2-trimethylsilylethyne2
(0.05 mmol, 9%), 18 mg (0.15 mmol, 29%), 5 mg (0.03(0.4 g, 2.1 mmol) and sodium hydroxide (0.5 g, 12.5 mmol)
mmol, 6%), 7 mg (0.05 mmol, 9%) and 7 mg (0.04 mmol,in benzene (10 mL) was stirred for 7h at reflux temperature.
7%), respectively, by column chromatography wathexane/  The reaction mixture was acidified with 2 N HCI solution,
ethyl acetate (8/1) as an eluent followed by normal phaseoncentratedin vacug and extracted with ethyl acetate
HPLC usingn-hexane/ethyl acetate (2/1, v/iv) as an eluent. (3 x 10 mL). The combined ethyl acetate solution was dried
8: 'H NMR (CDCk, 300 MHz)55.17 (1H, s), 5.36 (1H, over MgSQ and evaporateith vacuoto give crude product.
dd,J=11.3, 1.2 Hz), 5.76 (1H, dd,= 17.9, 1.2 Hz), 6.82 Flash column chromatography withhexane/ethyl acetate
(1H, d,J=8.1 Hz), 6.92 (1H, t) = 7.5 Hz), 6.98 (1H, dd, (10: 1, viv) as eluents gaeehydroxyphenylacetylen@ 0.2
=17.9,11.3 Hz), 7.15 (1H,td= 7.5, 1.5 Hz), 7.41 (1H, dd, g (1.7 mmol, 81%).
J=7.5, 1.5 Hz)}3C NMR (CDC}, 75 MHz)5116.2, 121.3, 9: 'H NMR (CDCk, 300 MHz) 5 3.47 (1H, s), 6.11 (1H,
127.7, 129.5, 131.9, 134.3, 139.8, 153.3; UV {C) Amax  S), 6.89 (1H, tdJ = 7.5, 0.9 Hz), 6.98 (1H, dd,= 8.4, 0.9
299, 247 nm; FT-IR (NaCl) 3397, 2926, 1605, 1454, 1247Hz), 7.27 (1H, td)J=7.8, 1.5 Hz), 7.41 (1H,dd=7.8, 1.5
751 cm?; MS (70 eV) m/z 120 (M); HRMS (M) caled for ~ Hz); *C NMR (CDCb, 75 MHz) 6 78.9, 84.7, 108.8, 115.4,
CgHgO 120.0575found 120.0569. 120.8, 131.3, 132.7, 157.8; UV (G@Bl,) Amax300, 292, 247
11: *H NMR (CDCk, 300 MHz)53.73 (3H, s), 5.29 (1H, nm; FT-IR (NaCl) 3503, 3289, 2105, 1573, 1484, 1288 .cm
s), 5.93 (1H, dJ=12.9 Hz), 6.79 (1H, dd,= 8.1, 1.2 Hz), MS (70 eV) m/z118 (M’); HRMS (M’) calcd for GHsO
6.88 (1H,tdJ=7.5, 1.2 Hz), 7.07 (1H, td,= 7.5, 1.5 Hz), 118.0419found 118.0410.
7.09 (1H, dJ=12.9 Hz), 7.21 (1H, dd,= 7.5, 1.8 Hz)**C Irradiation of 1-( o-hydroxyphenyl)-2-pentamethyl-
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disilanylethyne 1 with acetoneA solution (5x 104 M) of 4,
1-(o-hydroxyphenyl)-2-pentamethyl-disilanylethyrie(124
mg, 0.5 mmol) and acetone (2.5 mL, 34 mmol) in methylene
chloride (1 L) was deaerated by nitrogen purging for 1 h and ®:
irradiated. After irradiation for 1 hr, the resulting photo-
reaction mixture was concentratéa vacuo The photo- 6.
adductl6 was isolated in 54 mg (0.17 mmol, 35%) by silica
gel column chromatography with-hexane/ethyl acetate
(1071, vlv) as an eluent. The product was purified by normal g
phase HPLC using-hexane/ethyl acetate (4/1, v/v) as an
eluent. 0.
16: *H NMR (CDClk, 300 MHz)5-0.14 (9H, s), 0.34 (3H,
s), 0.36 (3H, s), 1.29 (3H, s), 1.39 (3H, s), 4.89 (1H, s), 6.91
(3H, m), 7.21 (1H, td) = 7.8, 1.9 Hz)*3C NMR (CDC%, 75  10.
MHz) & 0.007, 2.53, 2.62, 29.6, 29.7, 89.0, 115.7, 120.211-
127.6, 129.4, 129.6, 143.1, 152.3, 171.7; UV £Ch) Anax
282, 274 nm; FT-IR (NaCl) 3247, 2923, 1557, 1446, 1249,12'
864 cmi*; MS (70eV) m/z 306 (M); HRMS (M") calcd for 13
C15H26028i2 306.1471, found 306.1471. .

Acknowledgment The author would like to thank Mr. 14

Dong Jae Baek at the University of Suwon for helping with15.

preparation of compounds. This work was supported by
grant No. R02-2001-00217 from the Basic Research Progt6.

ram of the Korea Science & Engineering Foundation.
17.

References
18.

1. Ishikawa, M.; Fuchikami, T.; Kumada, M. Chem. Soc.,
Chem. Commuri977, 352.

2. Brook, A. G.; Harries, J. W.; Lennon, J.; Sheikh, MJ.E.
Am. Chem. S0d979 101, 83.

3. Ishikawa, M.; Fuchikami, T.; Kumada, M.; Higuchi, T,
Miyamoto, S J. Am. Chem. Sot979 101, 1348.

19.

Seung Ki Park

Brook, A. G.; Nyburg, S. C.; Reynold, W. F.; Poon, Y. C.;
Chang, Y. M.; Lee, J. SI. Am. Chem. Sod979 101,
6750.

Ishikawa, M.; Nishimura, K.; Sugisawa, H.; Kumada, M.
J. Organomet. Chemi98Q 194, 147.

Shim, S. C,; Lee, S. J. Chem. Soc. Perkin Trar&s1994

9, 1979.

7. Ishikawa, M.; Fuchikami, T.; Kumada, NI. Am. Chem.

S0c.1977, 99, 245.

Sakurai, H.; Kamiyama, Y.; Nakadaira,JY.Am. Chem.
So0c.1977, 99, 3879.

Ishikawa, M.; Sugisawa, H.; Fuchikami, T.; Kumada, M.;
Yamabe, T.; Kawakami, H.; Fukui, K.; Ueki, Y.; Shizuka,
H.J. Am. Chem. So&982 104, 2872.

Shim, S. C.; Park, S. Ketrahedron Lett1998 39, 6891.
Park, S. K.; Shim, S. C.; Seo, Y. W.; Shin, J. H.
Tetrahedron Lett1999 40, 4575.

Shim, S. C.; Park, S. Bull. Korean Chem. S0d.998

19, 686.

Shim, S. C.; Park, S. Bull. Korean Chem. S0d.999

20, 547.

Shim, S. C.; Park, S. K. Photoscienc&999 6, 13.

Park, S. K.; Shim, S. Cl. Photochem. Photobiol. A:
Chem.200Q 136, 219.

Park, S. K.; Seo, K. H.; Shim, S. Q. Photochem.
Photobiol. A: Chem1999 127, 67.

Park, S. KJ. Photochem. Photobiol. A: Che#20Q 135,
155.

Park, S. KJ. Photochem. Photobiol. A: Che®001, 144,
167.

Nicolaou, K. C.; Pfefferkorn, J. A.; Roecker, A. J.; Cao, G.
O.; Barluenga, S.; Mitchell, H. 3. Am. Chem. So200Q
122 9939.

. Kwon, J. H.; Lee, S. T.; Hoshino, M.; Shim, SJCOrg.

Chem.1994 59, 1108.




