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Photochemical reactions of aromatic carbonyl compounds with silyl ketene acetals have been explored.
Irradiation of acetonitrile or benzene solutions containing aryl aldehydes or ketones in the presence of silyl
ketene acetals is observed to promote formatigftofdroxyester, 2,2-dioxyoxetane and 3,3-dioxyoxetane
products. The ratios of these photoproducts, which arise by competitive single electron transfer (SET) and
classical Paterno-Buchi mechanistic pathways, is found to be dependent on the degree of methyl-substitution
on the vinyl moieties of the ketene acetals in a manner which reflects expected alkyl substituent effects on the
oxidation potentials of these electron rich donors. An analysis of the product distribution arising by irradiation
of a solution containing butyrophenor® and the silyl ketene acetd] derived from methyl isobutyrate,
provides an estimate of the rate constants for the competitive Norrish type Il, SET and Paterno-Buchi processes
occuring. Finally, sequences involving silyl ketene acetal-aryl aldehyde or ketone photoaddition followed by
2,2-dioxyoxetane hydrolysis represent useful procedures for Claisen-condensatiof-typlepxyester
synthesis.

Key Words : Photoaddition reaction, Silyl ketene acetals, Aromatic carbonyl compgtiigdroxyester,
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Introduction IiR 1 by I?
_ o A + D—C-SiR; —» A + {D—C—-SiR,
The operation of sequential single electron transfer (SET) |IR 2. SET ||2

desilylation pathways in the photochemistry of accegtor/
silyl electron donor systems is now well-documerited. H-Nu
Product formation in photochemical reactions which follow ¢

this mechanistic course is typically highly selective owing to

the fact that transfer of a silyl group from eusilyl cation IIQ IIR
radical intermediate to a silophile often occurs more rapidly D—C-AH —<€—— HA + D-C-
than other possibla-heterolytic fragmentation modes such ||Q |'Q
as base induced deprotonatfo@onsequently, sequential

SET-desilylation can serve as an efficient and regioselectiv Scheme 1

pathway leading to carbon-centered radical generation and,

eventually, to carbon-carbon bond formation (Schemie 1). combinations have the potential of participating in several

Examples of SET-promoted excited state processes in whidlypes of photochemical reaction pathways. For, example,

intermediate cation radical desilylation serves as the drivingET from the electron rich silyl ketene acetal donors to aryl

force are found in the photochemistry of iminium silts, aldehyde and ketone excited states should be thermo-

cyanoarene$ conjugated-cyclohexenongsyrtho-quinones  dynamically favorable (see below) and, as a result, it might

and phthalimide$. effectively compete with other excited state deactivation
Our interests in this area of photochemistry has encouragnodes to generate ion radical intermediat¢Scheme 2).

ed a recent exploration probing the photochemical reactivitfCollapse of these species to produce zwitteridwicor

of aryl aldehyde and ketone/silyl ketene acetal systemsadicallll intermediates could serve to drive formation of

Consideration of the chemical and redox properties ofhe respective oxetan€l or [-hydroxyesterV products.

excited states of aromatic carbonyl compounds and grounditernatively, excited state reactivity of aryl aldehyde and

states of silyl ketene acetals suggests that these substr&tone/silyl ketene acetal sytem might adhere to classical

patterens in which case oxetafiearising by Paterno-Buchi

"The authors dedicate this paper to the memory of Professor SahgP€ cycloadditiohwould be the major products.

Chul Shim who has been a great organic photochemist and a Ihe mechanistic questions posed above and their potential

prominent leader of the rapidly advancing Korean chemical comsynthetic consequences have stimulated an exploration of the

munity. photoreactions occuring between a variety of aryl aldehydes
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0 R 0O-SiMe; 1.hv o R _ 0-SiMes in the effect of alkyl substitution in the silyl ketene acetal on
I 1rRR2 L the relative amounts of 2-aryl-3-methoxy-3-silyloxyoxetane
R ORj 2. SET R OR;j .
Il vs.3-aryl-3-hydroxyesters and 2-methoxy-2-silyloxy-4-
! aryloxetanesVI that are produced in these photochemical
;- *2“12 "’_'N“+ processes. Thus, formation of 3-aryl-3-hydroxy esters and
' ~SiMes their precursors, the 2-methoxy-2-silyloxy-4-aryloxetanes
o.SiM (see below), greatly predominates over that of the 2-aryl-3-
R3 _ O-SiMe;
el mone) BT 3
R, ORs 1o Xp2 4 R R, R _ OSiMe;
R, O-SiMe; RTRTROR Ry Ry e " OR®
[ I v
1(R:=Ph, R";:H) 9 (R*=R*=RS=Me)
2 (R1=Ph, R;Me) 10 (R®=R5=Me, R*=H)
3 (R1=Ph, R*=Ph) ) 1 (R3=R4=H, R5=Me)
0-SiMe, ‘5‘ <§:P"(‘:"§c;:h£_;”‘e) 12 (R®=H, R* R%=-CH,CH,CH,-)
HO R® o 0—-0Rs ® PO R M)
1 H,0O 6 (R'=Ph, R°=n-Pr) OSiMe,
2 1 oR - R, Ra 7 (R'=Ph, R?=n-Bu) 0—~OCH;,
R°R 5 Ra Ry 8 (R"=2-naphthyl, R?=Me) R 4
253
R°R
% Vi
27 (R'=Ph, R%=H, R%*=R*=Me)
Scheme 2 28 (R'=Ph, R?=R*=R"=Me)
4 29 (R'=R?=Ph, R*=R*=Me)
1HO| Rl qo 30 (R'=Ph, R%=n-Pr, R%=R*sMe)
and ketoned-8 and silyl ketene acetaB-12 Below, we R?R? OMe

present the results of this stdayhich demonstrate that (1) 13 (R'=Ph, RP=H, Ro=R=Mie)
aromatic carbonyl compounds and silyl ketene actals 14 r'=pn rRP-Ro=R'=Me)
participate in two competing excited state reaction pathway 15<R1=R2=Ph, R3=R2“=M3e> )
involving SET-induced and classical oxetane formation, the 2= ¥eamh = -2 0
relative efficiencies of which are dependent upon the natur 18(R1=§h, R=n-pr, R%=R*=Me)
of the silyl ketene acetal donors, (2) SET-induced oxetan ¢ <R1=2-napl;thysu R2=R34=R“=Me>
formation competes with Norrish type Il processes in the; &7 = = 2le 2,0
photochemistry of aryl ketones which posSgBydrogens, 22 r'=p-Meo-ph, R%=R=Me, R*=H)
and (3) oxetanes arising by the SET route and containin 2 <R1=p—CN»2Ph. R2=3R3=2ne, R=H)
silyl ortho ester functionality are readily transformedto 5 &2 5 RSl T
hydroxyesters, thus, providing an efficient procedure for 2 r'=p-cn-Ph, R%=Me, R3=R*=H)
preparation of these Claisen-condensation type products.

Results
Me13SiO Me O

Photochemical reactions were performed by irradiation o ’R Me OMe

CHsCN or benzene solutions of the carbonyl compoun8s
(30-37 mM) and the silyl ketene acet®42(37-72 mM) by
using Pyrex filtered-light X > 290 nm) for time periods
resulting in 26-100% conversion of the carbonyl compounds , HO
Product separation in each case was performed by silica g R‘Qz
chromatography. Irradiation times, solvents, products ani
yields for these processes are recorded in Table 1. 47 (R'=Ph, R?=Ms)

By viewing the data in Table 1, it can be seen thal % Eﬁ::fgﬁ'gh Kot
irradiation of the aromatic carbonyl compounds in solutions '
containing the silyl ketene acetals results in the predominant

42 (R'=Ph, R%=H)
43 (R'=p-CN-Ph, R?=Me)

RS

o-4-r*
R OSiMe;

RZOCH;

31 (R'=Ph, R%=H, R®=R*=Me)

32 (R'=Ph, R?%=R%=R*=Me)

33 (R'=R%=Ph, R®=R*=Me)

34 (R'=Ph, R%=R%=Me, R*=H)

35 (R'=p-MeO-Ph, R%=R*Me, R*=H)
36 (R'=p-CN-Ph, R?=R%=Me, R*=H)
37 (R'=R%=Ph, R®=Me, R*=H)

38 (R'=Ph, R%=Me, R%=R*=H)

39 (R'=R%=Ph, R%R*=H)

40 (R'=p-CN-Ph, R%=Me, R%=R*=H)
41 (R'=Ph, R%=n-Pr, R%=R*=Me)

44 (R'=Ph, R%=Me)
45 (R'=R?=Ph)
46 (R'=p-CN-Ph, R?=Me)

OH g
A

50 (R=H)
51 (R=Me)

formation of three kinds of products including 3-aryl-3- methoxy-3-silyloxyoxetanes in the photoreactions of the

hydroxyestersV, 2-methoxy-2-silyloxy-4-aryloxetane¥|
and 2-aryl-3-methoxy-3-silyloxyoxetanks(see Scheme 2).
In addition, the aromatic keton@s 3 and5 produce the
dimers 47, 48 and 49 by photoreduction while carbonyl
compoundsl and5 generate 3-aryl-3-silyloxyeste4? and
43 as minor products. The ratios of the major produict¥/

dimethyl-substituted ketene acefaln contrast, reactions of
carbonyl compounds with the non-methyl substituted silyl
ketene acetall lead to the predominant production of 2-
aryl-3-methoxy-3-silyloxyoxetanes (entries 19-23, 31) while
photoreactions with mono-methyl ketene acé€afjenerate
both 3-aryl-3-hydroxy esters and 2-aryl-3-methoxy-3-sily-

andVI, are observed to be dependent on the nature of thexyoxetanes in roughly equal ratios (entries 12-18). Finally,
silyl ketene acetal substrat@sl2 Specifically, this is seen the cyclic ketene acetdR produces Claisen-type products
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44-46exclusively. yloxetane 41). However, photoreactions of valerophenone
It is interesting that the 2-methoxy-2-silyloxy-4-aryloxe- (7) in the presence & are dominated by products arising
tane product¥!, which contain labile ortho ester functions, from Norrish type Il pathways2(and 51) and secondary
are observed to undergo rapid hydrolysis to form thephotoreaction o with 9 (i.e.,, 14 and32).
Claisen-condensation tygiehydroxyesters producté As a
result of this property, 2-methoxy-2-silyloxy-4-aryloxetanes Discussion
are isolated as major products only in the reactions of
carbonyl compound$-3 with only the dimethyl-substituted =~ Two competing mechanistic pathways appear to be
silyl ketene acetald. In the other processes, onfy responsible for formation of the major 3-aryl-3-hydroxyester
hydroxyesters are isolated and these derive from hydrolysi¥, 2-methoxy-2-silyloxy-4-aryloxetand and 2-aryl-3-meth-
of the more labile 2,2-dioxyoxetanes during work-up andoxy-3-silyloxyoxetandl (see Scheme 2) products produced
chromatographic separation. in the photoreactions of aryl aldehydes and ketones with
Photoreactions of butyrophenon@) (with the dimethyl silyl ketene acetals. Excitation of the aromatic carbonyl 3-
silyl ketene acetab (68 mM) in CHCN and benzene silyloxyoxetandl (see Scheme 2) products produced in the
(entries 27 and 28) produce the Norrish type Il productgphotoreactions of aryl aldehydes and ketones with silyl
acetophenone2( 45% and 31%) and 1-phenylcyclobutanol ketene acetals. Excitation of the aromatic carbonyl compounds
(50, 4% and 6%) along with the adducts, 3-phenyl-3-propyl-n each case is followed by rapid intersystem cros$ing~(
3-hydroxyester X8), 2-methoxy-2-silyloxy-4-phenyl-4-pro- ca.1 x 10'°s™?) to produce the corresponding triplet excited
pyloxetane 30) and 3-methoxy-3-siloxy-2-phenyl-2-prop- states which have long lifetimes (0.15-12 fdsElectron

Table 1 Photoreactions of Aryl Ketonds8 and Silyl Ketene Acetal3-12

Reaction time Conversion

Entry Reactants Solvent ) %) Products (% yield)
1 1+9 CHsCN 3 98 13(76),30(5)
2 1+9 Benzene 11 79 13(72),31(8), 27(4), 42(14)
3 2+9 CHsCN 16 100 28(83),3245), 321(6), 47(5)
4 2+9 Benzene 33 77 28(64),32a(11),32h(7), 47(3)
5 3+9 CHsCN 6 100 15(13),29(65),48(23)
6 3+9 Benzene 4 95 15(11),2927),33(3), 48(40)
7 4+9 CHsCN 43 74 16(62)
8 5+9 CHsCN 28 88 17(32),43(10),49(34)
9 5+9 Benzene 10 86 17(86),43(trace),495)
10 5+9 35% HO-CH:CN 37 62 17(11),43(3),49(72)
11 8+9 CHsCN 40 44 19(11)
12 2+10 CHsCN 12 72 20a(19),200b(24),3448), 34b(16),47(16)
13 2+10 Benzene 14 47 204(15), 200(25),34421), 340(34)
14 3+10 CHsCN 8 85 21(41),37412),37h(25),48(6)
15 3+10 Benzene 7 90 21(39),37a(12),37h(24),48(14)
16 4+10 CHsCN 50 26 224(17),22h(18),35426), 35(22)
17 4+10 Benzene 19 46 22424),22h(31),35418), 350(25)
18 5+10 Benzene 135 87  23417),230h(47),3648), 360b(17),495)
19 2+11 CHsCN 20 49 24(25),38416),380(30)
20 2+11 Benzene 16 65 24(22),38421),380(32)
21 3+11 Benzene 25 89 25(16),3968),484)
22 4+11 Benzene 48 0 no reaction
23 5+11 Benzene 25 43 26(40),40914),400(32),49(6)
24 2+12 CHsCN 37 30 44(21)
25 3+12 CHsCN 21 61 45(20),48(20)
26 5+12 Benzene 25 54 46(20),4950)
27 6+9 CHsCN 9 100 2(45),18(29),30(5), 284(3), 281(3), 4143), 42(4), 50(4)
28 6+9 Benzene 8 95 2(31),18(25),30(7), 2842), 28K(3), 4111),41h(3), 50(6)
29 7+9 CHsCN 5.5 96 2(31),14(14),3241), 32h(2), 5147), 51b(19)
30 7+9 Benzene 6.5 88 2(18),14(11),3248), 32(13),51413),51b(19)
31 6+11 CHsCN 2 95 2(63),50(17),3843), 380(7)

&Concentrations of reactants, [ketone]/[acetal] are 36/72 (mM) for entryies1-23, 30/60 (mM) for entries 24-26, 34/68 (ni&sfaire28, 31, and
37/37 (mM) for entries 29-38Yields are based on consumed carbonyl compounds.
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transfer from the dimethyl-substituted silyl ketene acgtal reaction of ketene acet@iwith triplet butyrophenon&eg =
(Eu+) = +0.66 VY2 to the triplet excited aryl aldehyde or ca.2x 10/ M™'s™ andkoxet = ca.1 x 10 Ms. Interestingly,
ketone (Ey(-) = -1.19 ~ -1.28 \A*13is thermodynamically ~ SET is not a competitive route followed in the photoreaction
favorable AGset= ca.-0.5 ~ -0.6 eV) and thus should occur of valerophenonerj with ketene acet&®. The major reason
rapidly** for the acetal concentrations in the range of 37-7Zor this lies in the rate for intramolecular H-atom abstraction
mM used in these processes. As depicted in Scheme if triplet valerophenone (1.8 1¢° sec®)™ which is much
above, the SET-process results in production of the iofarger than diffusion controlled bimolecular SET in the
radical pail which can partition to thB-hydroxyestel or concentration range (10M) of 9 used in these experiments.
2,2-dioxyoxetane¥| adducts by respective desilylation and

zwitterion forming C-C bonding pathways. Owing to the Puorish _ _ K- 1)
lability of the ortho-ester containing oxetan¥$, they Goaterno- Buchi Kpel 9]

undergo rapid hydrolytic conversion to tBdydroxyesters

V in all cases except those arising from the dimethyl- Dvorrish [ Ken kBSET+ 1 5
substituted ketene acetal BseT— oxetane [kSET[g]J[ Koxet } @)

In competition with these routes, direct cycloaddition of
the ketene acetals with the triplet carbonyl compounds Finally, it is worth mentioning that photoreactions of
occurs to generate classical Paterno-Buchi produg3;  aromatic carbonyl compounds with silyl ketene acetals in
dioxyoxetanedl . The relative efficiencies of the SET and most cases serve as highly efficient procedures to prepare
classical cycloaddition reactions should be governed by th€laisen typeB-hydroxyester products either liy situ or
oxidation potential of the silyl ketene acetal which, in turn, issubsequent acid-catalyzed methanolysis of the initially
a function of the degree of methyl substitution on the vinylformed 2,2-dioxyoxetanes. Examples which provide support
moiety. Thus, the predominant production of 2,2-dioxyoxe-for this conclusion are given in Scheme 4.
tanes (from SET routes) in photoreactions with the dimethyl-

substituted acetdl versus3,3-dioxyoxetanes (from Paterno- Me OSMe; MV HCI HO Me
Buchi routes) with the non-methyl-substututed analdg g —> — pn||-coMe
: Ph” R Me OMe MeCN  MeOH R M
clearly reflects the controll offered by this property. e
. 1(R=H 13 (R=H)
Paterno- Norrish 2 ER = M)e) i 14 (R = Me)
Buchi + Type-ll
41 -«———— butyrophenone’ —— 2 + 50
Kpp k~H Scheme 4
9 | k
l SET Experimental Section
b henone™ . . .
butyrophenane [ UVIOPRENONST | o 48 + 28 +30 General Procedure The chemical shifts of resonances in
(o] KBSET (o1 Koxet the'H-NMR (200 and 300 MHz) antfiC-NMR (50 and 75
Scheme 3 MHz) spectra were recorded on CR&blutions are report-

ed in parts per million relative to M& as an internal
standard. For compounds containingsBiegroups, CHGI
Observations made in studies with butyrophendd)e ( was used as an internal stand&f@-NMR resonances were

provide qualitative information about the kinetics of oxetaneassigned by use of the DEPT technique to determine the
formation by the SET mechanistic pathway. The rate constamumbers of attached hydrogens. IR spectral bands are report-
for butyrophenone triplgehydrogen abstraction (leading to ed in cm*. Preparative photochemical reactions were conduct-
2 and50) has been measured previougly, € 8 x 1¢° sec?).’® ed with an apparatus consisting of a 450W Hanovia medium
As shown in Scheme 3, this process competes with classicptessure mercury vapor lamp surrounded by a Pyrex glass
Paterno-Buchi reaction to produce oxetdadkeg x [keten filter in a water-cooled quartz immersion well surrounded by
acetal]) and SET from the silyl ketene ace®alvith a  the solution being irradiated. The photolysis solutions were
bimolecular rate that is controlled kyer (ca. 1 x 10°°M™ purged with nitrogen before and during irradiations. The
sH and the acetal concentration (802 M). The ion  photolysates were concentrated under reduced pressure
radical pair produced following SET then partitions to giving residues which were subjected to preparative TLC on
ground state starting materials by back electron transfe20 x 20 cm silica gel coated plates. Low and high resolution
(keseT= ca. 1 x 10°M™s™?) or to oxetane€8+30and > (HRMS) mass spectra were obtained by use of electron
hydroxyestefl8 by sequential C-C and C-O bond formation impact ionization unless otherwise noted. All starting materials
(koxed. The kinetic sequence depicted in Scheme 3 translatassed in the photoreactions derived from commercial sources.
into the Norrish Type 1l to Paterno-Buchi and SET-oxetaneAll new compounds described are isolated as oils in >90%
photoreaction quantum efficiencies given in equations 1 angurity (by NMR analysis) unless noted otherwise.
2. Based upon these formulations, estimated rate constantdrradiation of Benzaldehyde (1) and 1-Trimethylsilyloxy-
given above and the product ratios, we estimate that in the-methoxy-2,2-dimethylethylene (9). Acetonitrile A
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solution of benzaldehydd)((382 mg, 3.6 mmol) and ketene 0.34 mmol) and trace of 5% HCI in 50 mL of methanol was
acetal9 (1.26 g, 7.2 mmol) in 100 mL of acetonitrile was stirred for 4h at 28C. Work-up and chromatographic (1 : 8,
irradiated for 3 hda. 98% conversion of). Work-up and  ethyl acetate n-hexane, v/v) separation (see General) gave
chromatographic (1 : 8, ethyl acetatehexane, v/v) sepa- 83 mg (83%) ofl4.
ration (see General) gave 556 mg (76%18fand 45 mg 28 'H NMR 1.15 (s, 3H, C(CH)), 1.16 (s, 3H, C(Ch)>),
(5%) of 31 A solution of oxetan&1 (100 mg, 0.36 mmol) 1.61 (s, 3H, C(CHOH), 3.67 (s, 3H, OC¥h), 4.39 (s, 1H,
and trace of 5% HCI in 50 mL of methanol was stirred for 4hOH), 7.23-7.47 (m, 5H, aromati¢fC NMR (acetone) 22.2
at 25°C. Work-up and chromatographic (1 : 8, ethyl acetate (C(CHs)), 22.4 (C(E3)2), 26.1 (C(OH)Els), 51.6 (GCH)y),
n-hexane, v/v) separation (see General) gave 76 mg (76%) 6R.3 (OCH), 77.5 (QOH)CHs), 127.6, 128.0 and 128.1
13 (CH, aromatic), 146.2 (C, aromatic), 178.3 (C=0); Ir(neat),
13 mp 65-67°C; *H NMR 1.10 (s, 3H, C(CH)»), 1.14 (s,  3300-3600 (br, OH stretching), 1700 (C=0 stretching), 1280
3H, C(CH)), 3.17 (s, 1H, OH), 3.71 (s, 3H, OH4.89 (d,  (C-O stretching); EIMS, m/z (rel.intensity) 222 {M.), 205
1H,J = 3.7 Hz, C(OH)H, 7.27-7.37 (m, 5H, aromatidfC ~ (M*-OH, 15), 189 (4), 145 (3), 121 (100), 105 (16), 102 (66),
NMR 19.0 (C(®H3),), 22.9 (C(®13),), 47.7 (GCHa),), 52.0 77 (8); HRMS, m/z 222.1260 (1403 requires 222.1256).
(OCH), 78.6 (C(OH)H), 127.6 and 127.7, (CH, aromatic), 32a *H NMR -0.07 (s, 9H, OSiMg, 1.28 (s, 3H, C(Ch}),
140.0 (C, aromatic), 178.1 (C=0); Ir (KBr), 3350-3520 (br, 1.49 (s, 3H, C(CH).), 1.67 (s, 3H, C(CEJPh), 3.44 (s, 3H,
OH stretching), 1700 cth(C=0 streching); CIMS, m/z (rel. OCHg), 7.25-7.40 (m, 5H, aromaticyC NMR 1.1 (OSiMe),
intensity) 209 (M+1, 1), 191 (M-OH, 10), 149 (2), 132 (3), 24.9 (C(QGHs)y), 25.9 (C(®3),), 26.7 (C(E13)Ph), 51.6 (OCh),

107 (28), 102 (100), 77 (22); HRMS, m/z 209.118BHG0;  89.1 (GCHba)z), 92.3 (GCHs)Ph), 103.0 ((OCH:)OSiMe),
requires 209.1178). 125.7, 126.3 and 127.4 (CH, aromatic), 144.4 (C, aromatic);
31: 'H NMR -0.05 (s, 9H, OSiMg®, 1.41 (s, 3H, C(Ch)), Ir (neat) 1250 (C-O stretching); CIMS, m/z (rel. intensity)
1.52 (s, 3H, C(ChH)2), 3.39 (s, 3H, OCh), 5.57 (s, 1H, 295 (M'+1, 2), 236 (10), 193 (8), 132 (43), 105 (43); HRMS,

C(Ph)H, 7.27-7.39 (m, 5H, aromati¢fC NMR 1.1 (OSiMe), m/z 295.1715 ( &H2703Si requires 295.1729).
23.8 (C(GH3)), 24.7 (C(®13)2), 51.2 (OCH), 87.4 (GCHs),), 32b: 'H NMR 0.28 (s, 9H, OSiMg, 1.42 (s, 3H, C(Ch),
91.3 (QPh)H), 102.9 ((OCHs)OSiMe3), 127.3, 127.6 and 1.48 (s, 3H, C(Ch),), 1.67 (s, 3H, C(CkPh), 2.89 (s, 3H,
127.7 (CH, aromatic), 138.0 (C, aromatic); Ir (neat), 12500CHs), 7.21-7.51 (m, 5H, aromatic¢fC NMR 1.6 (OSiMe),
cmt (C-O stretching); EIMS, m/z (rel. intensity) 280 (M 24.3 (C(GH3),), 26.5 (C(E13),), 26.6 (C(E3)Ph), 51.2 (OCH),
0.1), 222 (13), 174 (100), 159 (22), 118 (94), 105 (98); HRMS89.6 (QCHs),), 91.2 (GCHs)Ph), 103.2 ((OCHs)OSiMes),
m/z 280.1491 (&H240sSi requires 280.1495). 126.2, 126.7 and 127.4 (CH, aromatic), 143.8 (C,aromatic);
Benzene A solution of benzaldehydel) (382 mg, 3.6 Ir(neat) 1260 (C-O stretching); CIMS, m/z (rel. intensity)
mmol) and ketene acetdl(1.26 g, 7.2 mmol) in 100 mL of 295 (M'+1, 1), 279 (2), 247 (2), 236 (11), 132 (52), 105
benzene was irradiated for 11da(79% conversion of). (10); HRMS, m/z 295.1704 (€H»70sSi requires 295.1729).
Work-up and chromatographic (1 : 8, ethyl acetatbexane, Benzene A solution of acetophenon®)((430 mg, 3.6
v/v) separation (see General) gave 424 mg (72%B055  mmol) and ketene acet@l(1.26 g, 7.2 mmol) in 100 mL of
mg (8%) of31, 28 mg (4%) oR7, and 111 mg (14%) af2 benzene was irradiated for 33 ba(77% conversion o2)
27-'H NMR 0.24 (s, 9H, OSiMg, 1.48 (s, 3H, C(ChH), Work-up and chromatographic (1 : 20, ethyl acetatbexane,
1.50 (s, 3H, C(CH)2), 2.88 (s, 3H, OCH), 5.49 (s, 1H, v/v) separation (see General) gave 392 mg (64928090

C(Ph)H, 7.32-7.49 (s, 5H, aromatic). mg (11%) of32a 57 mg (7%) oB2b and 8 mg (3%) of diol
42:'H NMR -0.04 (s, 9H, OSiMg, 0.99 (s, 3H, C(CH}), 47.
1.13 (s, 3H, C(ChH)2), 3.68 (s, 3H, OCH), 4.97 (s, 1H, Irradiation of Benzophenone (3) and 1-Trimethylsilyl-

C(Ph)H, 7.27 (s, 5H, aromatic{3C NMR -0.1 (OSiMe), oxy-1-methoxy-2,2-dimethylethylene (9). Acetonitrile A
19.1 (C(QH3)2), 21.7 (C(G3)2), 49.0 (GCHs)2), 51.6 (OCH), solution of benzophenone&)( (656 mg, 3.6 mmol) and
79.1 (GPh)H), 127.4, 127.8 and 127.8 (CH, aromatic), 140.&etene acetd (1.26 g, 7.2 mmol) in 100 mL of acetonitrile
(C, aromatic), 177.3 (C=0); Ir(neat) 1810 (C=0 stretching)was irradiated for 6 hca. 100% conversion dd). Work-up
1250 cm* (C-O stretching); EIMS, m/z (rel. intensity) 279 and chromatographic (1:8, ethyl acetatehexane, V/v)
(M*, 19), 265 (4), 235 (1), 213 (2), 205 (3), 179 (100), 174separation (see General) gave 130 mg (13%50840 mg
(23), 107 (46); HRMS, 279.1383 {#1,50sSi requires (65%) of29 and 150 mg (23%) of benzopinacdie
279.1417). 15: mp 37-38C; *H NMR 1.35 (s, 6H, C(CH)), 3.74 (s,
Irradiation of Acetophenone (2) and 1-Trimethylsilyl- 3H, OCH), 5.08 (s, 1H, OH), 7.23-7.37 (m, 10H, aromatic);
oxy-1-methoxy-2,2-dimethylethylene (9). AcetonitrileA 13C NMR 24.0 (C(®l3),), 49.0 (QGCHs),), 52.5 (OCH),
solution of acetophenong)((430 mg, 3.6 mmol) and ketene 82.2 (COH), 126.9, 127.2 and 128.6 (CH, aromatic), 145.2
acetal9 (1.26 g, 7.2 mmol) in 100 mL of acetonitrile was (C, aromatic), 180.3 (C=0); Ir (KBr) 3350-3550 (br, OH
irradiated for 32 haa. 100% conversion df). Work-up and  stretching), 1700 (C=0 stretching), 1270°¢C-O stretch-
chromatographic (1: 8, ethyl acetatehexane, v/v) sepa- ing); EIMS, m/z (rel. intensity), 284 (M0.1), 267 (38), 183
ration (see General) gave the diastereomeric oxe@ws (100), 105 (98), 77 (33); HRMS, m/z 284.1419 003
(55 mg, 5%) an@2b (65 mg, 6%), 666 mg (83%) 88, and  requires 284.1412).
22 mg (5%) of diol7. A solution of oxetan&2 (100 mg, 29: 'H NMR 0.30 (s, 9H, OSiMg, 1.19 (s, 3H, C(Ch»),
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1.20 (s, 3H, C(CH)2), 3.46 (s, 3H, OCH, 7.22-7.63 (m, (C, aromatic), 129.2 and 132.1 (CH, aromatic), 177.7 (C=0);
10H, aromatic)*C NMR 1.5 (OSiMg), 21.4 (C(®3)2), 23.4 I (neat), 3250-3600 (br, OH stretching), 2230 (CN stretch-
(C(CH3),), 48.6 (GCHs),), 53.6 (OCH)), 86.1 (GPh)), 115.0  ing), 1720 crit (C=0 stretching); CIMS, m/z (rel. intensity)
(C(OCH,)OSiMey), 125.5, 125.7, 126.3, 126.3, 127.5 and 248 (M'+1, 26), 230 (M-OH, 41), 146 (43), 130 (26), 102
127.6 (CH, aromatic), 144. and 144.3 (C, aromatic); Ir(neatf100); HRMS, m/z 248.1290 {@1:sNO; requires 248.1287).
1260 cmt (C-O stretching); CIMS, m/z (rel. intensity), 357 43 *H NMR 0.06 (s, 9H, OSiMg, 1.06 (s, 3H, C(CH)),
(M*+1, 0.1), 341 (4), 325 (6), 281 (23), 255 (58), 208 (71),1.13 (s, 3H, C(Ch)2), 1.78 (s, 3H, (C(OSiMgCHs), 3.54
183 (57), 105 (100), 77 (32); HRMS, m/z 357.1882(s, 3H, OCH), 7.43 (d, 2H,J = 8.4 Hz, aromatic), 7.59 (d,
(C21H2905Si requires 357.1886). 2H, J = 8.4 Hz, aromatic)**C NMR 2.5 (OSiMe), 21.6

Benzene A solution of benzophenon&)((656 mg, 3.6  (C(CHs)2), 22.1 (C(®3),), 25.0 (C(OSiMgCH3), 51.9
mmol) and ketene acet@l(1.26 g, 7.2 mmol) in 100 mL of (C(CHa)2), 52.7 (OCH), 80.6 (GQOSiMe;)CHs), 111.2 (CN),
benzene was irradiated for 4 ¢a(95% conversion 08). 119.4 and 151.5 (C, aromatic), 128.1 and 131.4 (CH,
Work-up and chromatographic (1 : 8, ethyl acetatbexane, aromatic), 176.4 (C=0); Ir(neat) 2230 (CN stretching), 1730
v/v) separation (see General) gave 104 mg (11%5@25 cm* (C=0 stretching); CIMS, m/z (rel. intensity), 320
mg (27%) of29, 33 mg (3%) of33 and 248 mg (40%) of (M*+1, 3), 304 (8), 291 (9), 218 (100), 89 (2), 73 (9);
benzopinacold8. HRMS, m/z 320.1682 (GH2eNOsSi requires 320.1682).

33 mp 100-102C; *H NMR 0.07 (s, 9H, OSiMg, 1.29 49 mp 221-223°C; *H NMR (DMSO-d) 1.23 (s, 3H,

(s, 3H, C(CH),), 1.53 (s, 3H, C(CH)2), 2.86 (s, 3H, OCH), CHjy), 1.62 (s, 3H, Ch), 5.37 (s, 1H, OH), 5.55 (s, 1H, OH),
7.26-7.60 (m, 10H, aromaticfC NMR 1.2 (OSiMe), 23.3  7.24 (d, 2H,J = 8.0 Hz, aromatic), 7.51 (d, 28= 8.0 Hz,
(C(CHa)y), 25.8 (C(®3)2), 51.0 (OCH)), 89.8 (GCHs)2), 93.8  aromatic), 7.67 (d, 2Hl = 8.0 Hz, aromatic), 7.74 (d, 24,
(C(Ph}), 104.5 ({OCH)OSiMey), 126.6, 126.9, 127.0, 127.3, = 8.0 Hz, aromatic)**C NMR (DMSO-d) 24.5 and 24.8
128.0 and 128.1 (CH, aromatic), 141.8 and 142.2 (C(C(OH)CHs), 76.9 and 77.2_((©H)CHs), 108.7 and 109.1
aromatic); Ir(neat) 1250 ¢m(C-O, stretching); EIMS, m/z  (CN), 128.1, 128.8, 130.3 and 130.7 (CH, aromatic), 152.2
(rel. intensity) 356 (M, 0.04), 288 (4), 256 (2), 194 (17), and 152.6 (C, aromatic); Ir (KBr) 3200-3600 (br, OH
182 (9), 176 (5), 174 (100), 166 (14); HRMS, m/z 356.1820stretching), 2230 ch (CN stretching); CIMS, m/z (rel.
(C21H2803Si requires 356.1808). intensity) 293 (M+1, 3), 258 (6), 147 (100), 130 (50);

Irradiation of 4'-Methoxyacetophenone (4) and 1-Tri-  HRMS, m/z 293.1281 (4gH17/N20O; requires 293.1290).
methylsilyloxy-1-methoxy-2,2-dimethylethylene (9). Aceto- Benzene A solution of 4-cyanoacetophenong) (520
nitrile . A solution of 4'-methoxyacetopheno® (540 mg,  mg, 3.6 mmol) and ketene aceddlL.26 g, 7.2 mmol) in 100
3.6 mmol) and ketene acefa{1.26 g, 7.2 mmol) in 100 mL mL of benzene was irradiated for 10da.(86% conversion
of acetonitrile was irradiated for 43¢a( 74% conversion of  of 5). Work-up and chromatographic (1 : 15, ethyl acetate :
4). Work-up and chromatographic (CHCkeparation (see n-hexane, v/v) separation (see General) gave 652 mg (86%)
General) gave 391 mg (62%) 18. of 17, trace o43and 21 mg (5%) of9.

16: mp 82-84°C; 'H NMR 1.14 (s, 6H, C(CH)), 1.57 (s, 35%H,0-Acetonitrile. A solution of 4-cyanoacetophe-
3H, C(OH)CH), 3.68 (s, 3H, C&CHs), 3.79 (s, 3H, PhOCH none 6) (520 mg, 3.6 mmol) and ketene acétél.26 g, 7.2
6.84 (d, 2HJ = 9.0 Hz, aromatic), 7.36 (d, 2d=9.0 Hz, ¥ mmol)) in a solution of 65 mL of acetonitrile and 35 mL of
aromatic);*C NMR 21.6 (C(®l3),), 21.7 (C(®3)2), 25.1  H,O was irradiated for 37 hcd. 62% conversion ob).
(C(OH)CH5), 50.4 (GCHs)2), 52.1 (CQCHS3), 55.1 (PhQE3), Work-up and chromatographic (1:8, ethyl acetate:
76.8 (QOH)CHg), 112.5 and 128.3 (CH, aromatic), 135.6 hexane, v/v) separation (see General) gave 60 mg (11%) of
and 158.4 (C, aromatic), 179.0 (C=0); Ir (KBr) 3280-350017, 20 mg (3%) ofi3and 235 mg (72%) cfo.

(br, OH stretching), 1700 cM(C=0 stretching); EIMS, m/z Irradiation of Butyrophenone (6) and 1-Trimethylsilyl-
(rel. intensity), 236 (M 2), 235 (13), 219 (3), 175 (2), 151 oxy-1-methoxy-2,2-dimethylethylene (9). Acetonitrile A
(100), 135 (24), 92 (5); HRMS, m/z 236.141114€003 solution of butyrophenone6) (500 mg, 3.4 mmol) and
requires 236.1413). ketene acetd (1.18 g, 6.8 mmol) in 100 mL of acetonitrile

Irradiation of 4-Cyanoacetophenone (5) and 1-Trimethyl-  was irradiated for 9 hcé. 100% conversion df). Work-up
silyloxy-1-methoxy-2,2-dimethylethylene (9). Acetonitrile  and chromatographic (1:8, ethyl acetatehexane, v/v)

A solution of 4-cyanoacetophenor® (520 mg, 3.6 mmol) separation (see General) gave the diastreomeric oxetanes
and ketene acetd (1.26 g, 7.2 mmol) in 100 mL of 28a(30 mg, 3%) an@8b (30 mg, 3%)41a (33 mg, 3%)
acetonitrile was irradiated for 28 ba( 88% conversion of and41b (45 mg, 4%), 184 mg (45%) @f 20 mg (4%) ob0,

5). Work-up and chromatographic (1:5, ethyl acetate: 247 mg (29%) ofLl8 and 55 mg (5%) A&0.

hexane, v/v) separation (see General) gave 246 mg (32%) of18: '"H NMR 0.85 (t, 3H,J = 6.6 Hz, -CHCH,CHz), 0.92-
17,104 mg (10%) o3 and 158 mg (34%) afo. 1.03 and 1.27-1.43 (m, 2H, -GEH.CHs), 1.11 (s, 3H,

17:*H NMR 1.10 (s, 3H, C(Ch)2), 1.13 (s, 3H, C(Ch)>), C(CHs)2), 1.18 (s, 3H, C(CH)2), 1.49-1.65 and 2.14-2.28
1.59 (s, 3H, C(OH)CH), 3.68 (s, 3H, OCH}, 4.52 (s, 1H, (m, 2H, -CHCH,CHs), 3.66 (s, 3H, C&CHs), 4.32 (s, 1H,
OH), 7.57 (s, 4H, aromatic}?C NMR (acetones) 22.1  OH), 7.22-7.44 (m, 5H, aromatic}®C NMR 14.5 (-CH-
(C(CH3)2), 22.4 (C(E13)2), 25.9 (C(OH)El3), 51.8 (CCHa)2), CHxCH3), 16.9 (-CHCH,CH), 21.4 (C(E3)2), 21.8 (C(EH3)),
52.5 (OCH), 77.7 (QOH)CH), 111.7 (CN), 119.8 and 152.2 38.1 (-CH,CH,CHs), 50.6 (GCHs)2), 52.0 (CQCHs3), 79.6
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(C(OH)CH:.CH,CHs), 126.6, 127.1 and 127.8 (CH, aromatic), mmol) and ketene acet@(645 mg, 6.7 mmol) in 100 mL of
140.7 (C, aromatic), 179.2 (C=0); Ir (neat) 3600-3300 (brbenzene was irradiated for 6.5da(88% conversion of).

OH streching), 1700 cth(C=0 streching); CIMS, m/z (rel. Work-up and chromatographic (1:6, ethyl acetate :
intensity) 251 (M+1, 0.2), 235 (0.3), 233 (14), 207 (3), 176 hexane, v/v) separation (see General) gave the diastreomeric
(0.6), 150 (12), 149 (100); HRMS, m/z 251.164 {303 oxetanes82a (80 mg, 8%) an@2b (124 mg, 13%)51a(70

requires 251.1647). mg, 13%) and1b (140 mg, 19%), 70 mg (18%) &f and
41a 'H NMR 0.29 (s, 9H, OSiMg, 0.84 (t, 3HJ = 6.4 58 mg (11%) ofl4.
Hz, -CHCH,CHs), 1.38 (s, 3H, C(CH.), 1.45 (s, 3H, Irradiation of 2'-Acetonaphthone (8) and 1-Trimethyl-

C(CHg)2), 1.82-1.96 (m, 2H, -CHCH.CH;3), 2.06-2.21 (m, silyloxy-1-methoxy-2,2-dimethylethylene (9). Acetonitrile
2H, -CHCH,CHs), 2.93 (s, 3H, OCHJ, 7.21-7.45 (m, 5H, A solution of 2'-acetonaphthon®) (610 mg, 3.6 mmol) and
aromatic);*C NMR 1.6 (OSiMe), 14.5 (-CHCH,CH3), 15.9  ketene acetd (1.26 g, 7.2 mmol) in 100 mL of acetonitrile
(-CH,CH,CHg), 24.5 (C(®3)2), 26.5 (C(®Hs)2), 40.6 (-GH- was irradiated for 40 kc@. 44% conversion o8). Work-up
CH.CHj3), 51.3 (OCH), 89.6 (GCHs)2), 93.8 (GPh)O-), and chromatographic (1:1, ethyl acetatehexane, v/v)
103.4 (GQOCH;)OSiMey), 126.3, 126.6 and 127.3 (CH, aro- separation (see General) gave 48 mg (11%Pof
matic), 141.9 (C, aromatic); Ir (neat) 1250 &KC-O strech- 19: H NMR 1.21 (s, 3H, C(CH), 1.22 (s, 3H, C(Ch)>),
ing); EIMS, m/z (rel. intensity) 322 (MO0.3), 307 (0.5), 282 1.73 (s, 3H, C(OH)CH}, 3.70 (s, 3H, OCk), 4.57 (s, 1H,
(1), 265 (2), 255 (1), 237 (2), 221 (27), 175 (16), 174 (100)OH), 7.45-7.94 (m, 7H, aromati¢fiC NMR 21.8 (C(E),),
HRMS, m/z 322.1972 (feH300sSi requires 322.1964). 219 (C(MH3)z), 25.2 (C(OH)®s), 50.5 (OCH), 52.2
41b: *H NMR -0.08 (s, 9H, OSiMg, 0.82 (t, 3HJ=6.5  (C(CHa)y), 77.3 (QOH)CHs), 125.5, 125.8, 126.2, 126.6,
Hz, -CH.CH,CHs), 1.26 (s, 3H, C(CHo), 1.47 (s, 3H, 127.3 and 128.3 (CH, aromatic), 132.3, 132.6 and 140.9 (C,
C(CHs)2), 1.82-1.95 (m, 2H, -CHCH,CHs), 2.12-2.28 (m, aromatic), 179.0 (C=0); Ir (neat) 3280-3600 (br, OH stretch-
2H, -CHCH.CHs), 3.43 (s, 3H, OCh), 7.21-7.32 (m, 5H, ing), 1700 (C=O stretching), 1280 ¢C-O stretching);
aromatic); ®C NMR 1.2 (OSiMeg), 14.6 (-CHCH,CHs), EIMS, m/z (rel. intensity), 272 (M 2), 255 (M-OH, 21),
16.1 (-CHCH,CHs), 25.0 (C(®3)2), 26.1 (C(G3)2), 40.2 171 (100), 155 (18), 127 (20), 102 (18); HRMS, m/z 272.1424
(-CH2CH,CH), 51.9 (OCHj), 89.1 (GCHs),), 95.2 (GPh)O-),  (Ci7H200s requires 272.1412).
103.2 (GOCH;)OSiMe;), 126.1, 126.1 and 127.2 (CH, Irradiation of Acetophenone (2) and 1-(Methoxy)-1-
aromatic), 142.7 (C, aromatic); Ir (neat) 12507c€C-O (trimethylsilyloxy)propene (10). Acetonitrile. A solution
streching); EIMS, m/z (rel. intensity) 322 {MD.3), 307 (1), of acetophenone2) (430 mg, 3.6 mmol) and ketene acetal
265 (1), 221 (13), 175 (16), 174 (100); HRMS, m/z 322.195310 (1.15 g, 7.2 mmol) in 100 mL of acetonitrile was irradiat-
(C18H300sSi requires 322.1964). ed for 12 h ¢a. 72% conversion of2). Work-up and
30: 'H NMR 0.29 (s, 9H, OSiMg, 0.73 (s, 3H, C(Ch), chromatographic (1 : 15, ethyl acetatehexane, v/v) sepa-
0.81 (t, 3H,J = 7.0 Hz, -CHCH.CHs), 1.30 (s, 3H, C(Chk), ration (see General) gave the diastreomeric photoproducts
1.71-1.89 (m, 2H, -CHCH.CH3), 2.06-2.21 (m, 2H, -CH 20a (102 mg, 19%) an@0b (130 mg, 24%), diastreomeric
CH.CHj), 3.33 (s, 3H, OCh), 7.21-7.32 (m, 5H, aromatic); oxetanes34a (60 mg, 8%) of an®@4b (115 mg, 16%), and
3C NMR 1.3 (OSiMeg), 14.3 (-CHCH,CHs), 16.7 (-CHCH>- 50 mg (8%) of dioH7.
CHs), 19.5 (C(®3)), 21.7 (C(®3)2), 39.5 (-GH,CH.CHb), 20a mp 50-52°C; *H NMR 0.96 (d, 3H,J = 7.2 Hz,
50.0 (OCH), 51.1 (GCHs),), 85.2 (GPh)O-), 115.6 ((OCHy)-  CHCH), 1.56 (s, 3H, C(OH)CH, 2.85 (q, 1H,) = 7.2 Hz,
OSiMey), 125.4, 126.1 and 127.6 (CH, aromatic), 143.0 (C,CHCHs), 3.76 (s, 3H, OCHJ, 3.82 (s, 1H, OH), 7.23-7.46
aromatic); Ir (neat) 1250 ¢ch(C-O streching). (m, 5H, aromatic)**C NMR 12.7 (CH®l3), 29.9 (C(OH)E13),
Benzene A solution of butyrophenone) (500 mg, 3.4 49.3 ((HCH3), 51.9 (OCH), 74.3 (GOH)CHs), 124.8,
mmol) and ketene acet@l(1.18 g, 6.8 mmol) in 100 mL of 126.7 and 129.1 (CH, aromatic), 145.0 (C, aromatic), 177.6
benzene was irradiated for 8 ¢a(95% conversion 06). (C=0); Ir (KBr) 3300-3600 (br, OH stretching), 1710 (C=0
Work-up and chromatographic (1:8, ethyl acetae: stretching), 1200 ci (C-O stretching); EIMS, m/z (rel.
hexane, v/v) separation (see General) gave the diastreomenitensity) 208 (1), 159 (18), 121 (100), 105 (37), 77 (15);
oxetane8a (20 mg, 2%) an@8b (28 mg, 3%)4la (114 HRMS (El), 208.1108 (GH1603 requires 208.1099).
mg, 11%) andl1b (30 mg, 3%), 120 mg (31%) &f 30 mg 20b: *H NMR 1.32 (d, 3H,J = 7.0 Hz, CHCH), 1.46 (s,
(6%) of50, 200 mg (25%) o018 and 73 mg (7%) BO0. 3H, C(OH)CHy), 3.03 (g, 1H,J = 7.0 Hz, CHCH3), 3.46 (s,
Irradiation of Valerophenone (7) and 1-Trimethylsilyl- 3H, OCH), 4.03 (s, 1H, OH), 7.21-7.45 (m, 5H, aromatic);
oxy-1-methoxy-2,2-dimethylethylene (9). AcetonitrileA 13C NMR 12.4 (CHE®13), 26.6 (C(OH)El3), 48.5 (GHCHs),
solution of valerophenone?)( (600 mg, 3.7 mmol) and 51.6 (OCH), 74.6 (GOH)CHs), 124.6, 126.7 and 128.1
ketene acetd (645 mg, 6.7 mmol) in 100 mL of acetonitrile (CH, aromatic), 147.5 (C, aromatic), 177.0 (C=0); Ir (neat)
was irradiated for 5.5 h¢é. 96% conversion of) Work-up ~ 3300-3600 (br, OH stretching), 1710 (C=0 stretching), 1200
and chromatographic (1 : 6, ethyl acetatehexane) sepa- cm* (C-O stretching); EIMS, m/z (rel. intensity) 208 (0.3),
ration (see General) gave the diastreomeric oxe@2d 2 191 (2), 159 (6), 121 (100), 105 (23), 88 (11), 77 (14);
mg, 1%) and32b (18 mg, 2%)51a (40 mg, 7%) and1lb HRMS (EI), 208.1100 (GH160s requires 208.1099).
(147 mg, 19%), 132 mg (31%) &fand 80 mg (14%) df4. 34a 'H NMR 0.20 (s, 9H, OSiMg, 1.43 (d, 3HJ=6.3
Benzene A solution of valerophenoner) (600 mg, 3.7 Hz, CHCH,), 1.77 (s, 3H,C(Ph)CHi 2.58 (s, 3H, OCHJ,
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4.87 (q, 1H) = 6.3 Hz, CKCH3), 7.27-7.59 (m, 5H, aromatic); (OSiMes), 15.2 (CH®13), 49.7 (OCH), 84.5 (GHCHs), 95.9
%C NMR 1.1 (OSiMg), 15.4 (CH®3), 23.3 (C(Ph)Es),  (C(Phy), 101.8 (QOCHs)OSiMey), 126.7, 127.1, 127.2,
49.4 (OCH)), 84.6 (GICHs), 93.0 (GPh)CH), 101.2 (QOCHs)-  127.4, 127.6 and 127.9 (CH, aromatic), 140.8 and 141.2 (C,
OSiMey), 126.8, 127.2 and 127.6 (CH, aromatic), 142.1 (C,aromatic); Ir (neat), 1250 ¢ih(C-O strching); CIMS, m/z
aromatic); Ir (neat) 1220 ch(C-O stretching); EIMS, m/z  (rel. intensity) 343 (M1, 1), 255 (3), 225 (3), 210 (20), 198
(rel, intensity) 280 (0.8), 279 (3), 236 (12), 193 (100), 159(19), 197 (100), 183 (45), 166 (42); HRMS, m/z 343.1725
(85), 132 (29), 105 (19); HRMS (El), 280.1485485:0:Si  (CooH270:Si requires 343.1729).
requires 280 1495). Benzene A solution of benzophenong)((656 mg, 3.6
34b: 'H NMR -0.22 (s, 9H, OSiMg, 1.35 (d, 3HJ=6.3  mmol) and ketene acetd (1.15 g, 7.2 mmol) in 100 mL of
Hz, CHCH), 1.75 (s, 3H, C(Ph)Ci 3.31 (s, 3H, OCH, acetonitrile was irradiated for 7 ba. 90% conversion d3).
491 (q, 1H,J = 6.3 Hz, CHCHy), 7.21-7.48 (m, 5H, Work-up and chromatographic (1:10, ethyl acetate :
aromatic); ®°C NMR 1.1 (OSiMe), 16.7 (CH®s), 23.4  hexane, v/v) separation (see General) gave 380 mg (39%) of
(C(Ph)Hs), 51.1 (OCH)), 82.3 (GHCH3), 93.3 (GPh)CHy), 21, 147 mg (12%) 0873 294 mg (24%) 087b and 44 mg
103.1 (GQOCHs)OSiMe;), 126.8, 127.1 and 127.6 (CH, (14%) of48.
aromatic), 142.7 (C, aromatic); Ir(neat) 1220 tr(C-O Irradiation of 4-Methoxyacetophenone (4) and 1-
stretching); EIMS, m/z (rel. intensity) 280 (0.04), 237 (2), (Methoxy)-1-(trimethylsilyloxy) propene (10). Aceto-
221 (1), 193 (46), 160 (44), 105 (53), 73 (100); HRMS (EI),nitrile . A solution of 4-methoxyacetophenor® (540 mg,
280.1483 (G@sH1405Si requires 280.1495). 3.6 mmol) and ketene acetHd (1.15 g, 7.2 mmol) in 100
Benzene A solution of acetophenon&)((430 mg, 3.6 mL of acetonitrile was irradiated for 50 lta( 26%
mmol) and ketene acetdd (1.15 g, 7.2 mmol) in 100 mL of conversion off). Work-up and chromatographic (1 : 4, ethyl
benzene was irradiated for 14da(47% conversion a2). acetate n-hexane) separation (see General) gave the dia-
Work-up and chromatographic (1:15, ethyl acetate: streomeric photoproduc®a (38 mg, 17%) an@2b (40
hexane, v/v) separation (see General) gave 53 mg (15%) afig, 18%), diastreomeric oxetar&sa (70 mg, 26%) of and
203 88 mg (25%) o20b, 100 mg (21%) o84aand 160 mg 35b(60 mg, 22%).
(34%) of34h 22a mp 45-47°C; 'H NMR 0.97 (d, 3H,J = 7.2 Hz,
Irradiation of Benzophenone (3) and 1-(Methoxy)-1- CHCHg), 1.54 (s, 3H, C(OH)C#), 2.56 (s, 1H, OH), 2.81
(trimethylsilyloxy) propene (10). Acetonitrile. A solution (g, 1H,J= 7.2 Hz, CHCHs), 3.75 (s, 3H, C&CHs), 3.80 (s,
of benzophenoneg) (656 mg, 3.6 mmol) and ketene acetal 3H, Ph-OCH), 6.87 (d, 2H,J = 9.0 Hz, aromatic), 7.36 (d,
10(1.15 g, 7.2 mmol) in 100 mL of acetonitrile was irradiat- 2H, J = 9.0 Hz, aromatic)*C NMR 12.7 (CHEl3), 29.8
ed for 8 h ¢a. 85% conversion d). Work-up and chromato- (C(OH)CH3), 49.4 (CQCHs), 51.8 (GHCHs), 55.1 (Ph-
graphic (1 : 10, ethyl acetate-hexane, v/v) separation (see OCHs), 74.0 (COH)CHs), 113.6 and 126.0 (CH, aromatic),
General) gave the diastreomeric oxetaB@a (122 mg, 137.1 and 158.2 (C, aromatic), 177.6 (C=0); Ir (KBr) 3600-
12%) of and37b (260 mg ,25%), 340 mg (41%) 21, and 3200 (br, OH streching), 1700 ch{C=0 streching); EIMS,
34 mg (6%) o#8. m/z (rel. intensity) 238 (VM 2), 221 (4), 161 (1), 152 (11),
21: mp 128-136C; *H NMR 1.23 (d, 3H,J = 7.2 Hz, 151 (100), 135 (13); HRMS, m/z 238.12094440, requires
CHCHs), 3.63 (s, 3H, OCH, 3.74 (q,1H,J = 7.2 Hz, 238.1205).
CHCHz), 4.77 (s, 1H, OH), 7.16-7.64 (m, 10H, aromatic); 22b: *H NMR 1.30 (d, 3H,J = 7.2 Hz, CHCH), 1.44 (s,
3C NMR 12.9 (CH®l3), 46.7 (CQCH3), 51.9 (GICHg), 3H, C(OH)CH), 2.99 (q, 1H,J = 7.2 Hz, CHCH3), 3.49 (s,
78.0 (GPhYOH), 125.2, 125.3, 126.5, 126.9, 128.1 and3H, CQCHs), 3.79 (s, 3H, Ph-OCH| 3.97 (s, 1H, OH),
128.3 (CH, aromatic), 144.0 and 147.5 (C, aromatic), 177.%.85 (d, 2H,J = 9.0 Hz, aromatic), 7.34 (d, 2H= 9.0 Hz,
(C=0); Ir (neat), 3200-3600 (br, OH streching), 1710%m aromatic);*3C NMR 12.5 (CH®s), 26.6 (C(OH)®ls), 48.7
(C=0 streching); EIMS, m/z (rel. intensity) 270 (M0.2),  (CO.CHa), 51.6 (GHCHg), 55.1 (Ph-QEl3), 74.4 (GOH)CHg),
239 (1), 183 (100), 165 (2), 105 (65 ), 77 (31); HRMS, m/z113.4 and 125.8 (CH, aromatic), 139.6 and 158.3 (C,
270.1263 (G/H1503 requires 270.1256). aromatic), 177.1 (C=0); Ir (neat), 3600-3200 (br, OH
37a *H NMR -0.06 (s, 9H, OSiMg, 1.43 (d, 3H])=6.2  streching), 1710 ci (C=0 streching); EIMS, m/z (rel.
Hz, CHCH), 3.08 (s, 3H, OCH}, 4.92 (q, 1HJ = 6.2 Hz, intensity) 238 (M, 2), 221 (2), 161 (3), 160 (5), 159 (12),
CHCHs), 7.20-7.65 (m, 10H, aromatic)}’C NMR 1.2 151 (100), 149 (14); HRMS, m/z 238.1206 144104
(OSiMey), 16.7 (CH®H3), 51.4 (OCH), 82.6 (GHCH;3), 95.8  requires 238.1205).
(C(Ph)), 103.8 (GOCH;)OSiMes), 126.6, 127.0, 127.2, 35a 'H NMR 0.19 (s, 9H, OSiMg, 1.42 (d, 3HJ = 6.8
127.3, 127.9 and 128.2 (CH, aromatic), 141.3 and 141.5 (G§z, CHCH), 1.74 (s, 3H, C(Ph-OGHCHs), 2.57 (s, 3H,
aromatic); Ir (neat), 1250 ¢m(C-O streching); CIMS, m/z  C(OSiMe)OCH) 3.82 (s, 3H, Ph-OCH\ 4.84 (g, 1H,J =
(rel. intensity) 343 (6), 255 (53), 183 (33), 160 (98), 1056.3 Hz, CHCHs), 6.88 (d, 2H,) = 8.4 Hz, aromatic), 7.47 (d,
(100), 73 (94); HRMS(CI) 34.1734 £&1,70sSi requires  2H, J = 8.4 Hz, aromatic)*C NMR 1.1 (OSiMe), 15.3
343.1729). (CHCHS3), 23.1 (C(Ph-OCHCH?3), 49.3 (C(OSiMgOCHs5),
37b: '"H NMR 0.01 (s, 9H, OSiMg, 1.58 (d, 3HJ=6.3  55.1 (Ph-OEls), 84.3 (GHCHz), 92.6 (GPh-OCH)CHs),
Hz, CHCH), 2.90 (s, 3H, OCH), 4.81 (g, 1HJ=6.2 Hz, 101.2 (GOSiMe;)OCHg), 112.9 and 128.1 (CH, aromatic),
CHCHz), 7.26-7.69 (m, 10H, aromatic}’C NMR 0.7  134.2 and 158.9 (C, aromatic); Ir (neat) 1250'c(t-O
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streching); CIMS, m/z (rel. intensity) 295 {ML, 1), 267  aromatic);**C NMR 1.1 (OSiMg), 15.5 (CH®3), 23.2
(10), 224 (11), 223 (60), 177 (3), 162 (29), 160 (100);(C(Ph-CN)CHs), 49.6 (OCH), 85.2 (HCH3), 92.7 (GPh-
HRMS, m/z 294.1656 (8H260:Si requires 294.1651). CN)CHg), 101.9 (§OSiMe;)OCHs), 110.9 (CN), 127.4 and
35b: *H NMR -0.21 (s, 9H, OSiMg, 1.35 (d, 3H)=6.3  131.4 (CH, aromatic), 147.8 (C,aromatic); Ir (neat) 2230
Hz, CHCH), 1.73 (s, 3H, C(Ph-OCGHCHs), 3.29 (s, 3H, (CN streching); CIMS, m/z (rel. intensity) 306 M, 0.1),
C(OSiMe)OCHg), 3.81 (s, 3H, Ph-OC#i 4.89 (q, 1HJ) = 290 (1), 261 (7), 248 (3), 218 (40), 186 (5), 105 (38), 89
6.2 Hz, CHCH), 6.87 (d, 2H,) = 8.9 Hz, aromatic), 7.38 (d, (35), 73 (100); HRMS, m/z 306.1536,68,/NOsSi requires
2H, J = 8.8 Hz, aromatic)®*C NMR 1.1 (OSiMe), 16.5  306.1526)
(CHCHs), 23.1 (C(Ph-OCEJCHs3), 51.0 (C(OSiMg/OCH?), 36h: *H NMR -0.18 (s, 9H, OSiMg, 1.31 (d, 3H) = 6.3
55.2 (Ph-OEls), 81.9 (HCHs), 92.9 (GPh-OCH)CHs),  Hz, CHCH), 1.71 (s, 3H, C(Ph-CN)G} 3.34 (s, 3H,
103.3 (GOSiMe;)OCHg), 112.9 and 128.4 (CH, aromatic), OCHs), 4.92 (q, 1H,) = 6.3 Hz, CHCHs), 7.51-7.66 (m, 4H,
134.8 and 158.9 (C, aromatic); Ir (neat) 1250%c(@-O  aromatic);'3C NMR 1.1 (OSiMe), 16.8 (CHGs), 23.3
streching); CIMS, m/z (rel. intensity) 295 (ML, 1), 266 (C(Ph-CN)QHs), 51.3 (OCH), 82.8 (GHCHs), 93.0 (GPh-
(16), 251 (3), 223 (16), 162 (29), 160 (100); HRMS, m/zCN)CHs), 102.8 (§OSiMe;)OCHs), 110.7 (CN), 127.2 and
294.1659 (GsH260:Si requires 294.1651). 131.3 (CH, aromatic) 148.5 (C,aromatic); Ir (neat) 2230 (CN
Benzene A solution of 4-methoxyacetophenorn (540  streching); CIMS, m/z (rel. intensity) 306 {WL, 0.04), 290
mg, 3.6 mmol) and ketene acetdl (1.15 g, 7.2 mmol) in (1), 261 (7), 248 (4), 218 (26), 160 (94), 105 (68), 73 (100);
100 mL of benzene was irradiated for 19 da.(46%  HRMS, m/z 306.1527 (fH24NOsSi requires 306.1526).
conversion off). Work-up and chromatographic (1: 4, ethyl Irradiation of Acetophenone (2) and 1-(Methoxy)-1-
acetate n-hexane, v/v) separation (see General) gave 95 m{frimethylsilyloxy)ethane (11). Acetonitrile. A solution of
(24%) of22a 122 mg (31%) oR2b, 88 mg (18%) oB5a  acetophenone) (430 mg, 3.6 mmol) and ketene acédtal
and 120 mg (25%) &5h. (1.05 g, 7.2 mmol) in 100 mL of acetonitrile was irradiated
Irradiation of 4-Cyanoacetophenone (5) and 1-(Meth-  for 20 h ¢a.49% conversion o2). Work-up and chromato-
oxy)-1-(trimethylsilyloxy) propene (10). BenzeneA solu-  graphic (1 : 4, ethyl acetater:hexane, v/v) separation (see
tion of 4-cyanoacetophenonB) (520 mg, 3.6 mmol) and General) gave the diastreomeric oxete8&es(75 mg, 16%)
ketene acetdlO (1.15 g, 7.2 mmol) in 100 mL of benzene and38b (140 mg, 30%), and 86 mg (25%) 2.
was irradiated for 13.5 lt4. 87% conversion d). Work-up 24: 'TH NMR 1.56 (s, 3H, C(OH)CH, 2.81 (d, 1H,) = 16
and chromatographic (1:5, ethyl acetatehexane, viv) Hz, CH), 3.01 (d, 1H,J = 16 Hz, CH), 3.61 (s, 3H,
separation (see General) gave the diastreomeric photoprodu€@©,CHs), 4.34 (s, 1H, OH), 7.24-7.48 (m, 5H, aromatic);
23a (124 mg, 17%) an@3b (340 mg, 47%), diastreomeric *C NMR 30.5 (C(OH)Els), 46.1 (CH), 51.6 (CQCHa),
oxetanes36a (78 mg, 8%) of an@6b (160 mg, 17%), and 72.6 (JOH)CHs), 124.3, 126.8 and 128.5 (CH, aromatic),
45 mg (5%) of dio#9. 146.8 (C, aromatic), 173.0 (C=0); Ir (neat) 3600-3200 (br,
23a mp 84-86°C; *H NMR 0.92 (d, 3H,J = 7.1 Hz,  OH streching), 1720 crh(C=0 streching); EIMS, m/z (rel.
CHCHy), 1.54 (s, 3H, C(OH)CH), 2.83 (q, 1HJ = 7.1 Hz,  intensity) 194 (M, 1), 179 (48), 177 (3), 167 (8), 149 (18),
CHCHs), 3.77 (s, 3H, C&Hs), 4.03 (s, 1H, OH), 7.52-7.66 145 (3), 121 (100), 105 (71); HRMS, m/z 194.093ZH&Os
(m, 4H, aromatic)*3C NMR 12.6 (CH®l3), 29.5 (C(OH)E1z),  requires 194.0943).
48.7 (CQCH3), 52.0 (GHCHs), 74.2 (GOH)CHs), 110.6 38a *H NMR 0.22 (s, 9H, OSiMg, 1.77 (s, 3H, C(Ph)-
(CN), 126.8 and 131.9 (CH, aromatic), 118.9 and 150.4 (CCHz), 2.74 (s, 3H, OCH), 4.60 (d, 1HJ = 6.7 Hz, -OCHJ),
aromatic) 177.1 (C=0); Ir (KBr), 3600-3200 (br, OH strech-4.66 (d, 1H,J = 6.6 Hz, -OCH), 7.31-7.54 (m, 5H, aromatic);
ing), 2230 (CN streching), 1710 ¢m(C=0 streching); **C NMR 1.1 (OSiMe), 23.4 (C(Ph)Els), 49.9 (OCH),
CIMS, m/z (rel. intensity) 234 (M1, 4), 218 (8), 146 (49), 79.0 (OCH), 96.1 (GPh)CH;), 101.6 (GOSiMe;)OCHg),
130 (46), 122 (8), 116 (4), 102 (17), 88 (100); HRMS, m/z126.3, 127.2 and 127.7 (CH, aromatic), 141.9 (C, aromatic);
234.1136 ( @H16NOs requires 234.1130). Ir (neat) 1210 ciit (C-O streching); EIMS, m/z (rel. inten-
23b: mp 36-38C, 'H NMR 1.36 (d, 3H,J = 7.0 Hz, sity) 266 (0.1). 236 (39), 207 (20), 191 (32), 146 (100), 89
CHCHg), 1.44 (s, 3H, C(OH)C¥H), 3.01 (g, 1HJ=7.0 Hz, (29); HRMS, 266.1337 (zH2:0sSi requires 266,1338).
CHCHs), 3.47 (s, 3H, C&CHs), 4.19 (s, 1H, OH), 7.52-7.65  38b: *H NMR -0.14 (s, 9H, OSiMg, 1.70 (s, 3H, C(Ph)-
(m, 4H, aromatic)**C NMR 12.2 (CH®3), 26.5 (C(OH)-  CHs), 3.37 (s, 3H, OCH}, 4.49 (d, 1H,) = 6.8 Hz, -OCH),
CHs), 47.9 (CQCHj3), 51.7 (GHCHs), 74.5 (GOH)CHg), 4.63 (d, 1HJ = 6.9 Hz, -OCHj), 7.22-7.38 (m, 5H, aromatic);
110.6 (CN), 125.5 and 131.9 (CH, aromatic), 118.6 and®C NMR 0.0 (OSiMe), 23.6 (C(Ph)Els), 49.8 (OCH),
153.0 (C, aromatic), 176.6 (C=0); Ir (KBr), 3600-3200 (br, 75.7 (OCH), 96.7 (GPh)CH;), 100.1 (GOSiMe;)OCHs),
OH streching), 2230 (CN streching), 1710 &t{C=0 125.0, 126.0 and 126.9 (CH, aromatic), 142.1 (C, aromatic);
streching); CIMS, m/z (rel. intensity) 234 (ML, 5), 216 Ir (neat) 1220 crit (C-O streching); EIMS, m/z (rel. inten-
(8), 146 (51), 130 (22), 102 (8), 88 (100), 57 (22); HRMS,sity) 266 (M, 0.2), 251 (2), 236 (5), 219 (1), 207 (3), 193
m/z 234.1137 ( GH1eNOs requires 234.1130). (12), 151 (12), 146 (100); HRMS, 266.1337146203Si
36a 'H NMR 0.21 (s, 9H, OSiMg, 1.41 (d, 3HJ=6.3  requires 266.1338).
Hz, CHCH), 1.73 (s, 3H, C(Ph-CN)GH 2.63 (s, 3H, Benzene A solution of acetophenone)((430 mg, 3.6
OCHs), 4.88 (q, 1H,J = 6.3 Hz, CHCH3), 7.64 (s, 4H, mmol) and ketene acethl (1.05 g, 7.2 mmol) in 100 mL of
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benzene was irradiated for 16 da(65% conversion og). cm* (C-O streching); EIMS, m/z (rel. intensity) 291 (M
Work-up and chromatographic (1:4, ethyl acetame: 0.1), 266 (0.3), 249 (2), 157 (28), 146 (88), 129 (28), 89
hexane, v/v) separation (see General) gave the diastreome(®6), 73 (100); HRMS, m/z 291.1289.(8,:NOs requires
oxetanes38a (130 mg, 21 %) and8b (200 mg, 32%), and 291.1291).
100 mg (22%) oR4. 40b: *H NMR -0.12 (s, 9H, OSiMg, 1.67 (s, 3H, C(Ph-
Irradiation of Benzophenone (3) and 1-(Methoxy)-1- CN)CHs), 3.36 (s, 3H, OCH, 4.46 (d, 1H,J = 7.0 Hz,
(trimethylsilyloxy)ethane (11). Benzene A solution of OCH,), 4.61 (d, 1HJ = 7.0 Hz, OCH), 7.46-7.67 (m, 4H,
benzophenoned) (656 mg, 3.6 mmol) and ketene acdtal  aromatic);"*C NMR 0.6 (OSiMg), 24.1 (C(OH)E1s), 50.4
(2.05 g, 7.2 mmol) in 100 mL of benzene was irradiated fo(OCH), 78.5 (OCH), 96.9 (GPh-CN)CH), 100.4 (ROSiMey)-
25 h €a. 89% conversion oB). Work-up and chromato- OCH;), 110.4 (CN), 126.3 and 131.4 (CH, aromatic),119.0
graphic (1 : 10, ethyl acetate-hexane, v/v) separation (see and 148.4 (C, aromatic); Ir (neat) 2230 (CN streching), 1220
General) gave 131 mg (16%)28, 710 mg (68%) oB9and  cm* (C-O streching); EIMS, m/z (rel. intensity) 291 (M
23 mg (4%) ofi8. 0.3), 266 (2), 247 (1), 232 (2), 224 (1), 216 (2), 206 (1), 159
25 *H NMR 3.30 (s, 2H, Cb), 3.65 (s, 3H, C@CHs),  (62), 130 (70), 102 (46), 69 (100); HRMS, m/z 291.1288
5.06 (s, 1H, OH), 7.17-7.47 (m, 10H, aromatié; NMR (C15H21NOsSi requires 291.1291).
45.3 (CH), 51.9 (CQCHs3), 83.0 (QOH)Ph), 125.6, 127.1, Irradiation of Butyrophenone (6) and 1-(Methoxy)-1-
127.2, 128.2 and 128.6 (CH, aromatic), 144.2 and 145.9 (Gfrimethylsilyloxy)ethane (11). Acetonitrile. A solution of
aromatic), 173.2 (C=0); Ir (neat) 3600-3200 tifr, OH  butyrophenoneg) (500 mg, 3.4 mmol) and ketene acdtal
streching); EIMS, m/z (rel. intensity) 256 {MB), 239 (3), (990 mg, 6.8 mmol) in 100 mL of acetonitrile was irradiated
184 (15), 183 (100), 148 (14), 105 (71), 77 (26); HRMS, m/Zor 2 h a. 95% conversion 08). Work-up and chromato-
256. 1100 (@H1603 requires 256.1100). graphic (1 : 18, ethyl acetate-hexane, v/v) separation (see
39 'H NMR -0.05 (s, 9H, OSiMg, 2.97 (s, 3H, OCH), General) gave the diastreomeric oxetadks (27 mg, 3%)
4.61 (d, 1H,J = 6.8 Hz, OCH)), 4.72 (d, 1HJ = 6.7 Hz, and31b (60 mg, 7%), 244 mg (63%) @& and diol 80 mg
OCHp), 7.26-7.58 (m, 10H, aromati¢fC NMR 0.7 (OSiMg),  (17%) of50.
50.0 (OCH), 78.8 (OCH), 98.9 (GPh}), 101.7 (ROSiMey)- Irradiation of Acetophenone (2) and 3,4-Dihydro-6-
OCH), 126.8, 127.1 and 127.5 (CH, aromatic), 141.1 (C,(trimethylsilyloxy)-2H-pyrane (12). Acetonitrile. A solu-
aromatic); Ir (neat) 1200 ¢ (C-O streching); EIMS, m/z  tion of acetophenone2) (360 mg, 3.0 mmol) and ketene
(rel. intensity) 328 (M, 0.2), 313 (1), 269 (3), 255 (8), 193 acetall2 (1.03 g, 6.0 mmol) in 100 mL of acetonitrile was
(8), 164 (12), 147 (13), 146 (100); HRMS, m/z 328.1495irradiated for 37 hda. 30% conversion o). Work-up and

(C19H2405Si requires 328.1495). chromatographic (1 : 4, ethyl acetatehexane, v/v) separa-
Irradiation of 4-Cyanoacetophenone (5) and 1-(Meth- tion (see General) gave 42 mg (21%X4f
oxy)-1-(trimethylsilyloxy) ethane (11). BenzeneA solu- 44: 'H NMR 1.64-1.74 (m, 2H, C#€H,CH;), 1.78 (s, 3H,

tion of 4-cyanoacetophenonB) (520 mg, 3.6 mmol) and CHs), 1.78-1.82 (m, 2H, CHCHl 2.90 (t, 1HJ = 10.0 Hz,
ketene acetdll (1.05 g, 7.2 mmol) in 100 mL of benzene CHCH,CH,-), 4.11-4.32 (m, 2H, C&H,-), 4.45 (s, 1H,
was irradiated for 25 té. 43% conversion o). Work-up ~ OH), 7.26-7.46 (m, 5H, aromati¢fC NMR 21.0 (CHCH.-
and chromatographic (1:5, ethyl acetatehexane, viv) CHy), 22.1 (CHG1,), 29.4 (C(OH)E3), 49.3 (GHCH.CHy-),
separation (see General) gave the diastreomeric oxetan&8.1 (CQCH-), 74.5 (FOH)CHs), 125.1, 126.8 and 128.2
40a(63 mg, 14%) and0b (144 mg, 32%), 136 mg (40%) of (CH, aromatic), 144.8 (C, aromatic), 174.9 (C=0); Ir (neat)
26 and 14 mg (6%) of diat9. 3600-3000 (br, OH streching), 1720 €niC=0 streching);

26. '"H NMR 1.53 (s, 3H, C(OH)CH), 2.82 (d, 1HJ = EIMS, m/z (rel. intensity) 220 (M 0.3), 205 (1), 146 (2),
16.0 Hz, CH), 2.98 (d, 1H,J = 16.0 Hz, CH), 3.62 (s, 3H, 131 (2), 121 (51), 120 (23), 115 (2), 106 (8), 104 (100), 77
CO,CHg), 4.46 (s, 1H, OH), 7.54-7.66 (m, 4H, aromatic); (55); HRMS, m/z 220.1096 ¢gH1603 requires 220.1099).
13C NMR 30.3 (C(OH)®l3), 45.6 (CH), 51.9 (CQCHa), Irradiation of Benzophenone (3) and 3,4-Dihydro-6-
72.5 (QOH)CHgs), 110.8 (CN), 125.4 and 132.1 (CH, (trimethylsilyloxy)-2H-pyrane (12). Acetonitrile. A solu-
aromatic), 118.7 and 152.2 (C, aromatic), 172.6 (C=0)tion of benzophenone) (547 mg, 3.0 mmol) and ketene
Ir(neat) 3600-3200 (br, OH streching), 2230 (CN streching)acetall2 (1.03 g, 6.0 mmol) in 100 mL of acetonitrile was
1730 cm* (C=0 streching); CIMS, m/z (rel. intensity) 220 irradiated for 21 hda. 61% conversion o8). Work-up and
(M™+1, 12), 203 (50), 202 (13), 172 (10), 147 (11), 146chromatographic (1 : 10, ethyl acetatehexane, v/v) sepa-
(100), 130 (83); HRMS, m/z 220.0975 {-B1sNOs requires  ration (see General) gave 103 mg (20%%5fand 67 mg
220.0974). (20%) of48.

40a 'H NMR 0.22 (s, 9H, OSiMg, 1.72 (s, 3H, C(Ph- 45 mp 150-152C; *H NMR 1.45-1.58 (m, 2H, CH{CH.-
CN)CHs), 2.80 (s, 3H, OCH, 458 (d, 1HJ = 6.8 Hz, CHy), 1.81-1.97 (m, 2H, CHCHjl 3.62 (dd, 1HJ = 8.0 Hz
OCHp), 4.64 (d, 1HJ = 6.9 Hz, OCH), 7.56-7.67 (m, 4H, andJ=12.0 Hz, CH), 4.38-4.50 (m, 2H, QCH,-), 4.52 (s,
aromatic);**C NMR 1.1 (OSiMg), 23.5 (C(OH)®l3), 50.1  1H, OH), 7.17-7.46 (m, 10H, aromatic)C NMR 20.5
(OCHg), 78.9 (OCH), 95.8 (@Ph-CN)CH), 101.4 (QOSiMe;)- (CHxCH2CHy), 22.1 (CH®H,), 46.8 (CQCH>-), 67.8 (CH-
OCHg), 111.0 (CN), 126.9 and 131.5 (CH, aromatic), 119.0CH.CH>-), 77.8 (GOH)Ph), 125.7, 125.8, 126.7, 127.0,
and 147.6 (C, aromatic); Ir (neat) 2230 (CN streching), 122A28.1 and 128.2 (CH, aromatic), 144.0 and 146.7 (C,
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aromatic), 175.2 (C=0); Ir (KBr) 3200-3600 (br, OH
streching), 1710 cim (C=0 streching); EIMS, m/z (rel.
intensity) 282 (M, 2), 265 (22), 205 (6), 185 (44), 183

(C1gH1803 requires 282.1256).

Irradiation of 4-Cyanoacetophenone (5) and 3,4-Di-
hydro-6-(trimethylsilyloxy)-2H-pyrane (12). Benzene A
solution of 4-cyanoacetophenor® (435 mg, 3.0 mmol)
and ketene acetdl2 (1.03 g, 6.0 mmol) in 100 mL of
benzene was irradiated for 25da(54% conversion 05).
Work-up and chromatographic (1 : 4, etharhexane, v/v)
separation (see General) gave 80 mg (20%§aihd 148 mg
(50%) of49.

46: *H NMR 1.52-1.69 (m, 2H, C¥CH,CH,), 1.77 (s, 3H,
C(OH)CHb), 1.80-1.88 (m, 2H, CHCH, 2.89 (t, 1H) = 9.5
Hz, CHCH,CH,-), 4.21-4.28 (m, 2H, C&ZTH,-), 4.40 (s, 1H,
OH), 7.55 (d, 2H, = 8.5 Hz, aromatic), 7.65 (d, 28l= 8.5
Hz, aromatic)33C NMR 20.7 (CHCH,CH,), 21.9 (CHE1,),
29.3 (C(OH)CH3), 48.6 (GHCHCH;y-), 68.0 (CQCH>-), 74.4
(C(OH)CHg), 110.9 (CN), 125.5 and 131.9 (CH, aromatic),

4.

6.

Ung Chan Yoon et al.

Mariano, P. SJ. Org. Chem1984 49, 213.
Brumfield, M. A.; Yoon, U. C.; Hasegawa, E.; Mariano, RJ.S.
Org. Chem1988 53, 5435.

(100), 165 (5), 105 (18), 104 (97); HRMS, m/z 282.1251 5. (@) Yoon, Y. C.; Kim, J. U.; Hasegawa, E.; Mariano, B. &m.

Chem. Socl987 109, 4421. (b) Hasegawa, E.; Wu, X.; Mariano,
P. S.; Yoon, U. C.; Kim, J. U. Am. Chem. Soit988 110 8099.
Yoon, U. C.; Kim, Y. C.; Choi, J. J.; Kim, D. U.; Mariano, P. S.;
Cho, I. S.; Jeon, Y. T. Org. Chem1992 57, 1422.

7. (a) Yoon, U. C.; Kim, H. J.; Mariano, P.ieterocycle€989 29,

118.6 and 150.3 (C, aromatic), 176.6 (C=0); Ir (neat) 3600-9.

3200 (br, OH streching), 2240 (CN streching), 1740%cm
(C=0 streching); CIMS, m/z (rel. intensity) 246 M, 1),

231 (2), 230 (16), 186 (1), 146 (25), 130 (65), 116 (3), 103

(4), 102 (22), 100 (100); HRMS, m/z 246.113146GNOs
requires 246.1130).

Acknowledgment This research was supported by grantslo'
from the Basic Research Program of Korea Science and
Engineering Foundation (2000-1-123-006-3) and Basic Re-

search Institute Program, Ministry of Education of Korea

(BSRI-95-and-96-3408). PSM acknowledges financial support

from NIH and NSF.
References

1. (a) Yoon, U. C.; Mariano, P. Bcc. Chem. Re4992 25, 233. (b)
Yoon, U. C.; Mariano, P. $\cc. Chem. Re2001, 34, 523.

2. (a) Zhang, X. M.; Yeh, S. R.; Hong, S.; Freccero, M.; Albini, A.;
Falvey, D. F.; Mariano, P. 3. Am. Chem. Sot994 116 4211.
(b) Su, Z.; Falvey, D. F,; Yoon, U. C.; Oh, S. W.; Mariano, B. S.
Am. Chem. So04998 120, 10676.

3. (a) Brumfield, M. A.; Quillen, S. L.; Yoon, U. C.; Mariano, PJS.
Am. Chem. Sod984 106 6855. (b) Ohga, K.; Yoon, U. C;

11.

12.

13.

14.
15.

1041; (b) Yoon, U. C.; Cho, S. J.; Oh, J. H.; Lee, J. G.; Kang, K.
T.; Mariano, P. SBull. Korean Chem. So0d.991, 12, 241. (c)
Yoon, U. C.; Oh, J. H,; Lee, S. J.; Kim, D. U.; Lee, J. G.; Kang, K.
T.; Mariano, P. SBull. Korean Chem. S0d.992 13, 166. (d)
Yoon, U.C.; Lee, S. J.; Lee, K. J,; Cho, S. J.; Lee, C. W.; Mariano,
P. S.Bull. Korean Chem. S04994 15(2), 154. (e) Yoon, U. C,;
Oh, S. W,; Lee, C. WHeterocyclesl995 41(2), 2665. (f) Yoon,

U. C.; Kim, J. W,; Ryuy, J. Y;; Cho, S. J.; Oh, S. W.; Mariano, P. S.
J. Photochem. Photobiol. 2097, 106, 145. (g) Yoon, U. C.; Oh,

S. W, Lee, J. H.; Park, J. H.; Kang, K. T.; Mariano, R. ®rg.
Chem.2001, 66, 939.

. (@) Arnold, D. R.AAdvances in Photochemistriloyes, W. A;

Hammond; Pitts, J. N., Eds.; Interscience Publishers: New York,
1968; Vol. 6. (b) Jones, @rganic PhotochemistpyPadwa, A.,

Ed.; Marcel Dekker: New York, 1981; \Vol. 5, Chapter 1.

Results reported in this paper were taken from the master work of
M. J. L. at the Pusan National University (Feburary 1992) and
were presented at the 16th [IUPAC Symposium on Photochemistry,
July 1996 (Abstract pp. 600), Helsink, Finland, the 1st Korean-
French Seminar on Organic Chemistry, November 1995 (Abstract
pp.190), Seoul, Korea and Japan-Korea Seminar on Synthetic
Organic Chemistry for Young Chemists, November 1995
(Abstract pp. 7), Kagoshima, Japan.

(a) Regioselective formation of 2-alkoxyoxetanes in the photo-
reaction of aromatic carbonyl compound wétland the effect of
solvent and silyl group have been repofted(b) Abe, M.;
Shirodai, Y.; Nojima, M.J. Chem. Soc. Perkin Trans.1D98
3253. (c) First example of photoaddition reaction of silyl ketene
acetal to aromatic carbonyl compound was reported by
Fukuzumi®. (d) Fukuzumi, S.; Fujita, M.; Otera,d.0rg. Chem.
1993 58, 5405.

Murov, S. L.; Carmichael, I.; Hug, G. Handbook of Photo-
chemistry2nd Ed.; Marcel Dekker: New York, 1993.

(@) Renaud, R. N.; Berube, D.; Stephens, @ah. J. Chem.
1983 61, 1379. (b) Corrected for Ag/0.01 M AgNOD.1 M
LiCIO4 in acetonitrile.

Mann, C. K.; Barnes, K. KElectrochemical Reactions in Nona-
guous SystemMarcel Dekker: New York, 1970; p 184.

Rehm, D.; Weller, Alsr. J. Chem197Q 8, 259.

(a) Wagner, P. Acc. Chem. Red971 4, 169. (b) Wager, P. J.;
Hammond, G. SJ. Am. Chem. Sod.966 88, 1245.




