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Abstract —— Studies have been conducted tc explore single

electron transfer {S5ET) induced photcaddition reactions of

phthalimides with the ao-silyl-n-electron doncrs (EtOCHzTMS,
n—PrSCHzTMS and EtzNCHZTMS). Photoadditions of EtOCHzTMS,
n-PrSCH,THS and Bt NCH,TMS to phthalimides in CH4CN or CH3OH

occur in moderate to high yields to produce 3 - substituted
phthalimidines.

The primary photoadducts undergo dehydration (or desilanolation)
to generate 3-alkylidenylphthalimidine derivatives by pathways
which are accelerated by acid impurity.

Mechanisms for these photoadditions involving SET from c-silyl-
n-electron donors to excited phthalimides followed by selec-
tive desilylation of the intermediate cation redicals and rad-

ical coupling are proposed.

Previously we demonstrated how photochemical processes operating via single

electron

trangsfer(SET) of u-trimethylsilyl substituted electron donors

be employed to generate free radicel systems.1 Initial efforts focused

can

an

SET processes of iminium salts.l Recently, we expanded this methodology to

include

2 3

arenecarbonitriles and cyclohexenones. Product formation in
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SET reactions is often governed by unique secondary processes of the initially
formed ion radicals {Scheme 1) involving transfer of electrofugal groups (tri-
methyisilyl (TMS) group (path 1) or proton (H+} (path 2} } from doncr cation to
acceptor anion radicals. Cation radicals generated by pheotoinduced SET from o -
trimethylsilyl substituted doncrs are known to underge preferential desilylation
to produce neutral, non-silicon containing radicals (path 1), even when competitive

deprctonation pathways are available (path 2).

Scheme 1.
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Observations which support this conclusicn "have come from efforts probing the

la,1b 1c,4

SET photochemistry cof allylsilane, 2~ s5ilyl ether, and

ldlz

benzylsilane,
a~silyl thicether systems. These observations suggest that sequential SET-
desilylation pathways have the potential of serving as efficient and highly
regioselective methods for making a-alkoxy-, @ -alkylthio-,and «-aminc substitut-
ed carben radicals. 1In contrast to this are observations made in a recent inves-
tigation of the photeoinduced SET chemistry ef the a-silylamine, EtzNCHZTMS(;)

3 that a competition exists between

with cyclohexenone (2} which have demonstrated
reactieon pathways formally involving o-deprotonation and desilylation of the
intermediate amine cation radical g {Scheme 2}. The relative efficiencies of

these competitive pathways appear to be governed by factors which influence the
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nature {contact ion pairs vs. free ions) of reactive ion radical intermediates.

Scheme 2.
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Earlier studies5 have shown that N-substituted phthalimides serve as excited
state electron acceptors in photochemical reactions with donors such as alkenes,
tertiary amines, ethers and thiocethers. Furthermore, S3ET-induced photochemical
cyclization of N-substituted phthalimides can be used in the synthesis of
heterocyclic compounds.6 However the SET-induced photochemical reactions of N-
substituted phthalimides often lead to non-regioselective cyclizaticn producing
regicisomeric mixtures when more than one type of e-proton is bonded to carbens
adjacent toc heterocatom electron donor site. An example of this is found in the

photocyelization of thioalkyl-phthalimide.6b

our observationsld’2 using « -trimethylsilyl substituted donors in photoinduced
SET reactions and earlier studies of the photochemical reactions of N-substituted
phthalimides combine to suggest that a highly efficient and regioselective

method for phthalimide-RXCH,TMS photoadditicn is possible. Stimulated by this

2
possibility and guided by a long range goal to develop synthetically useful
photoinduced SET reactions, we have investigated phetoaddition reactions of

phthalimides with o-trimethylsilyl substituted hetercatom compounds. In this
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study, we also were interested in examining whether a competition exists between
reaction pathways involving sequential SET-deprotonation and SET-degilylation

{Scheme 3). Accordingly we anticipated that photoaddition of a-trimethylsilyl

Scheme 3.
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substituted hetercatom compounds, RXCHzTMS {é) to phthalimides (g) would follow
SET mechanisms, that two kinds of adducts might be generated via proton or TME
group transfer in the intermediate radical ion paicr{§}, and that partiticning
between these pathways might be controlled by medium effects which govern the

nature of intermediate ion radical pairs.
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RESULTS

4-5ilyl Ether, a-Silyl Thiocether, and o -Silylamine Photoadditicns to

Phthalimide and Its N-Methyl Derivative-.

Photoaddition reactions of phthalimides {4a, b} and the a-silyl substituted
hetercatom compounds, (trimethylsilylmethyl ethyl ether (8}, trimethylsilyimethyl
n-propyl thiocether (18) and N-trimethylsilylmethyl-N, N-diethylamine (1l) were
explored. Preparative reactions were conducted by irradiation of CH3CN or(H3OH
solutions cf the phthalimides (ca. 7mM-14mM) and o -silyl substituted compcounds
9-11 (ca. 20-60mM) by using a Pyrex filtered-light (>290nm). The nature of
products generated and the gross chemical efficiencies were evaluated for these
processes which were conducted at phthalimide conversicons ranging from 50% to
55%. Product separations employed silica gel chromategraphic methods [Experi-
mental Section). Product distributions and yvields along with reaction condi-
tions used are recorded in Table 1. The adducts produced in these reactions
appear to be generated via pathways involving sequential SET-desilylation.
Structural assignments tc photoadducts were made on the basis of characteristic
spectroscopic data (Experimental Section). Ir spectra of pheotcadducts 12, 13,

; and 21 contain characteristic bands for hydroxy group at 3,100-3,650 cm_l

and carbonyl group at 1,600~1,680 em™ L. Their lH-nmr and 13

M=
nn
=
[[Te)]

r
C-nmr spectra clearly
show resonances which correspond to the respective diethylaminomethyl-, ethoxy-
methyl- and n-propylthiomethyl groups. In addition resconances lLor tertiary

carbons (C-3) at 88-%20 ppm are preominent in the 13

C-nmt spectra of these sub -
stances. All of the spectral features including high resolution mass spectrum

are in complete accord with the structures assigned.

Elimination of Photoadducts to COlefinic Products.

In addition to alcohol type photoaddition products, olefin products were present
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Table 1. Photochemical Reactions between Phthalimides 4a, b and e-5ilyl

Substituted Hetercatom Compounds 2-—;;

Phthalimide RXCH, TMS (Phthalimide) Reaction  Conversicn Products

(RXCHzTMS) Solvent time of 4 (yieldf
{R)

da 2 12mM / 60mM CH,OH 4 62 12(4%)
4a k] 12mM / 60mM CE,CN 13 48 12(27)
4b 2 ldmM / 40mM CH,0H 2 47 13(12%),14(36%)

4k 2 14mM / 40mM CHLCN no reaction
da 10 SmM / 45mM CH,OH 1 75 15(78%)
4a 10 9mM / 45mM CH,CN 2 48 15(78%),27( 264)
19(46%}
4b 10 limM / 22mM CH ;0H 0.7 79 16(85%)
4b 10 1lmM / 22mM CH,CN 2 13 16047%),18(16%)
20(34%)
da 11 9mM / 27mM CH,OH 2 86 22(33%)
4a 11 9mM / 27mM CH,CN 2 97 21(41%},22(22%}
4a 11 9mM / 27mM CH,CL, 2 52 21(20%),22(30%)
4a 11 TmM / 21mM hexane 1.5 55 22(83%
4b 11 BmM / 23mM CH,OR 2 95 23(758)

or CHBCN

fa) vields are based upon c¢onsumed phthalimide.

in the mixtures cbtained from photoreaction of phthalimides with oa-silyl

thioether 10 in CH,CN. The products 17 and r and

3

formed by secondary dark processes involving desilanolation of initially

I—
[e]
=
KD

and 20 appear to be

formed photoadducts 24a, b or dehydration of photoadducts 15 and 16 respectively.
gpectroscopic data for these olefinic products are consistent with structures
assigned. Especially characteristic are resonances in the lH—nmr spectra for
the olefinic hydrogens at 5.2-6.2 ppm. The positions of these resonances Sug-

gest the stereochemistry of the geometric isomers 17 and 19, and and

([l

Hoo

nes

no
.
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Accordingly, proton chemical shifts of 17 (5.7 ppm} and 19 (5.9 ppm), and those

for

=

& (6.10 ppm) and 20 (6.15 ppm) allow assignments of 19 and 20 as zZ- isomers

and

-
l1~J

and 18 as E-iscomers. This follows from the expectation that arcmatic
ring anisotropic effects in 1% and 20 should operate to shift the olefinic
proton resonances downfield. The stereochemical assignments are also supported

by the observation that yields of 19 and 20 are from 1.5 to 2 times higher than

li=
I~

and 18. The pure olefin isomers undergo slow isomerization to produce equi-
librium mixtvres of the corresponding E- and Z-isomers at ambient temperatures.
The isomerizations are accelerated by the addition of trace quantities of acids.

Thus, diastereomeric ratics 17:]1

o

and

Lo

8:20, appear te reflect thermodynamics
with the least sterically encumbered iscmers 13 and 20 (lacking thicalkyl-orthe
aryl hydrogen interactions) predominating., Although twoc geometric iscmers of
14 are thought to be also generated by dehydration of the initially formed
photoadduct 13 in photoreaction of phthalimide (4b) with a-silyl ether 2, only
one major isomer was isclated. This was assigned as the Z-isomer of 14. No
attempt was made to locate the E-isomer of 14 which would have been present in

only trace guantity,

Photochemical Reaction of Phthalimide with «-Silyl Thioether in the

Presence of Acid and Base,

Irradiation of a CH4CN sclution of phthalimide (4a) and a -silyl thicether 10,
containing a trace amount of HC1 was performed in order to gain information
about the pathway used for formation of olefinic products. None of photoadduct
15 was detected in this reaction mixture and only the elimination products 17
and 19 were formed. Further, when the isclated pure photcadduct 15 was stirred

in CH3CN or CH2C12

{dehydration) occurred to give a diastereomeric mixture of olefinic products 17

golutions containing HC1l at room temperature, elimination

and 19 in a similar ratio to that observed in the photochemical reaction.

Hewever, the presence of solid NaHCO3 in CH3CN photelysis solution of phthalimide
(d4a) and a-silyl thioether 10 did not lead to a significant change in the

photoadduct compositions ; photoproducts 15, 17, and 19 were generated. This
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observations suggest that olefinic products 17 and 19 are formed via elimination

of HZO or trimethyisilancl which is facilitated by the presence of acid.

The lack of effect by NaHCQO, seems to be somewhat difficult to understand.

3

However, for photoreaction in CH.OH solution of phthalimide {4b) and w-silyl

3

ether 9, the presence of NaHCO, blocks formation of olefinic product 14 while

3

the presence of acid causes clefin 14 to be the excluslive product. These results

indicate that the sulfur atems § to hydroxy carbons in 15 and 16 or # to silyloxy

carbons in 243, b renders the B8-protons more highly acidic as compared to those

in the oxygen analeg 1

3 which results in eliminaticn even under basic ceonditions.

Photoreaction of Phthalimide with a~S%ilylamine in Nonpolar Solvents.

Only non-silicon containing photcadducts are formed in the photoreaction of
phthalimides (4a, g) with = -silylhetercatom compounds 9-11 in CHBOH and CH3CN.
The results are similar to those observed in studies of the photoinduced SET

14 and arenecarbonitrile52 with these silicon contain-

reactions of iminium salt
ing electron donors. 1In these processes the intermediate cation radicals under-
go selective desilylation leading to non-silicon containing adducts. These
results stand in contrast te those made in studies of the SET photochemistry
of cyclohexencnes with o-silylamine ;%3 which showed that twe pathwaye involving
c-deprotonation and a-desilylaticn of the intermediate amine cation radical
compete and that deprotonation is predominant in aprotic, nonpolar solvents
such as CH.CN, CH_Cl.,, and cyclohexane while a-~desilylation is favorable in

3 2772

protic, polar solvent such as CH3OH and H,O-CH,OH. 1In this regard it is espe-~

3

2
cially significant that photoreaction of 4a with a-silylamine 11 in CH,CN gives

3
rise to the non-silicon containing adduct 21 exclusively. In order tc prcebe
this process further we have examined the photoaddition reaction of a-silylamine
é; and phthalimide (gg) in solvents such as n-hexane (ET30.9} and CH2C12 (Eﬁl-ﬂ
which are more nonpolar than the aprotic seolvent, CH3CN (ET46iH? we felt tnat

these conditions would facilitate CIP formation and reaction. In the silylamine-

enone saystems CIP - reaction is known to favor preton transfer from the cation
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to anion radical partners.3

Photecreduced product, 3-phthalimidine (22) was the only observable product to

be formed from the reaction of 4a with in n-hexane {83% vyield). ©No silicon

il=
1=

containing photeadduct was observed. It is possible that the photoreduced
product 22 could be formed by proton transfer in the oa-silylamine radical
cation-phthalimide radical anion CIP in hexane. Thus, the phthalimide radical
anion could undergc cage escape and H atom abstraction to give 3-phthalimidine
(22) to the exclusion of in-cage coupling of radical pair 25 owing to the bulk-

iness of TMS-substituted a~amino radical 27 (Scheme 4} .

H CHTMS H
NMe ;N\ E— NMe
Ft Et

2 . s
2 " Etp NCHTMS

Scheme 4.

I3

1N

2 ~H- dimer

—
—

L EtpNCHTMS
A9 NCHTMS

I3

During study on the SET photochemistry of cyclohexencone- z-silylamine {1l) systems,
the carvone anion radical was observed tc suffer difficulty in coupling with
TMS substituted o -amino radical 27. The TMS amine radical 27 was observed to

3 We might expect that an out - caged

dimerize to give bis-TMS amine dimer 28.
TMS amine radical 27 formed in the phthalimide reaction would also dimerize to
form 28. We checked for the formation of dimer gg as possible evidence for -
deprotcnation of amine radical cation generated in the reaction of phthalimide-
e=silylamine. However we could not detect the dimer gg in the photoreaction
mixture. The photoreaction of phthalimide {4a) with o-sgilylamine 1] in hexane

appears to follow a quite different reaction route to form the reduced phthalimide,
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Thus it seems to be somewhat difficult to conclude that nonpolar solvent, n-
hexane does ncot lead to favorable o-deprotonaticn of wc-silylamine radical
cation. However irradiation of CH2c12 solutions of the phthalimide and silylamine

resulted in formation of 21 and 22, a result similar te that arising in the CH,O™W

3
reaction. Thus, silyl group transfer is still the exclusive pathway in reaction

conducted in the nonpolar media.

DISCUSSION

The observations presented above show that phthalimides participate In photoaddit-
ion with a-silyl ether, o-silyl thicether and a«-silylamine substrates. Reactions
of phthalimides with the o -silyl-n-electron donors are highly chemoselective,
leading to adducts 7 (sScheme 3) in which phthalimidinyl units are bonded to the

o -carbon in place of the trimethylsilyl group. In some cases the photoadducts
undergo eliminaticn to yield oclefinic products in a secorndary ground state reac-
tion. 1In all cases, except for phthalimide {4b)-a-~silylamine (ll} photoreaction,
photoadditions occur in moderate to high yields. The nature of photocadducts along with an anal-
ysis of excited state and ground state electrochemical potentials suggests that
these reactions follow electrcn transfer mechanisms. Accurate quantum efficien-
cies of the SET-induced photoaddition of phthalimides with ¢ -silyl-n-~electron
donors, were not determined and thus their relative efficiencies could not be
compared with a high degree of accuracy. However the photoreactions of 4a and 4b
with «-silyl amine 11 and o -silyl thicether 10 appear to be ca. 3-5times more
efficient than that with a-silyl ether 9 judging from irradiation times and
phthalimide conversions (Table 1). Based upon doner oxidation potentials, the
free energy for SET to excited phthalimide9 should become less negative in the

11 9. The low

series o-silylamine ;; o-511yl thioetherlO ;9 a~silyl ether
reactivity of oa-silyl ether 9, in this series appears to correlate with its
highest ocxidation potential. The free energy for SET from 9 to phthalimide {4b)
is calculated® to be close to zereo which explains why in CHBCN solution
phthalimide (4b) and a -silyl ether 9 are photochemically unreactive., However
SET-induced photoreacticn ¢f this pair does occur in the more polar CH3OH.

The observations made for the photoreaction of phthalimides with ¢ ~silyl thicether
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10 in the presence of acid and in the acid treatment experiment of phthalimidine
product 15 strongly suggest that the precursors of olefinic products are initially
formed photoadducts 15 and 1§, respectively. The alternate route to these pro-

ducts inveolving a Peterson type elimination12

of silicon centaining photoadduct
8 (XR =38~n-Pr) seems less likely. Peterson type eliminaticns often require
strong bases and higher temperatures than those present under the photoreaction
conditicns.

Importantly in the reacticns of phthalimides with a-silyl-n-electron donors,

silicon tontaining photoadducts §13

are not generated via sequential SET- a-
deprotonation pathway. The observed exclusive chemoselectivity tewards o-
desilylation can be attributed to the lower basicity of phthalimide radieal
anions and to a preferential conformation of intermediate contact ion pairs which
favor silyl rather than proton transfer. SET-photoreaction of phthalimides ~
t-s8ilyl-n-electron donors can be thought to follow a mechanism (Scheme 5) anal-
ogous to that employed in the photochemistry cf cyclohexenones- a-silvlamine
systems. Electron transfer between o-silyl denor (e.g.ll) and excited phthalimide
{e.g. 4a) results in generation of the solvent separated ion pair {851P) 30 which

can transform to contact ion pair (CIP} 31 or free icn radicals 32 and 33. In

14,15

I8 ]

[}

media cf high polarity, formation of free ions 32 and 33 from the SSIP

117
no

is likely. ©On the other hand in sclvents of low polarity, generation of the CIP
31 should be favored. Preferential desilylaticn either with solvent as a nucle-
ophile or liberating a short-lived silenium cation in SSIP 30 and/ or free radical
iocn 33 is expected based on the observations made by }_’oshida.16 Unlike the case
of a CIP formed by SET in the cycleohexenone- a -silylamine systems, proton
transfer between ion radicals in the CIP 31, should not be favorable due to low
basicity of phthalimide radical anion17 and perhaps unfaverable conformaticnal
interaction of wo-proton with oxy anion in the CIP 3l1. The pkb value of
phthalimide radical anion is expected to be less than the reported value of
7.717 for the benzamide radical anion due to inductive effect by the second
carbonyl group on the imide nitrogen. Thu&, phthalimide radical anion having
than 7.7 should not be able to effectively deprotonate the amine

radical cation which has a pka values in the range of 818.

a lower pkb

Thus, the lower basicity of phthalimide radical anion and perhaps a conformational

arrangement in the CIP favoring preferential Si-0 bonding combine to result in
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Scheme 5,
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silyl transfer in the CIP. Similar reasoning could &also be employed to explain
the selective desilylation seen in reactions with ¢-silyl ether 3 and e-silyl
thicether 10. We are continuing investigaticns in this area to determine the
factors that control partitioning of silyl substituted cation radicals between

o -deprotonation and a-desilylation pathways.

EXPERIMENTAL SECTION

General procedures

Nmr spectra were recorded by using Varian EM-360, Bruker WP-200 spectrometers,
and chemical sghifts are reported in values in parts per million downfield from
tetramethylsilane employed as internal standard. Preparative photolysis was
conducted with an apparatus consisting of a 450W Hanovia medium mercury vapor
lamp surrounded by a Pyrex filter in a guartz immersion well under inert atmos-
pheres and solvent used for photolysis was removed under reduced pressure. Low
resolution mass spectral analyses were performed at 70eV on Hitachi RMU-6 mass
spectrometer. High resolution mass spectral analyses were performed at 70eV on
Hitachi VG-7070 mass spectrometer or the Penn State Univ. mass spectrometry
center. Drying of organic layers obtained by work-up of reaction mixtures was
performed by standing over anhydrous sodium sulfate. Preparative TLC was per-

formed on 20 x 20cm plates coated with E-Merck silica gel PF
19
r

254"
Trimethylsilyimethyl ethyl ether (32} trimethylsilyimethyl n-propyl thicether

20

(10) and MN-trimethylsilylmethyl-N, N-diethylamine (;;)3 were prepared by the

reported methods.

Irradiation of N-methylphthalimide (4a) with trimethylsilylmethyl ethyl

ether (g) in CH,OH

3
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N-Methylphthalimide (gg, 400 mg, 2.48 mmol) and TMSCH20CH2CH3 (8, 1600 mg, 12 rrmol )

were dissclved in 200 ml of CH3OH and irradiated for 4h resulting 62% conversion.

After removal of CH30H,the residue was subjected to preparative tlc (silica gel,

5% CH30H in CH2C12) to yield 200 mg (40%) of 12 as a white crystal, mp 81-83 °C.

spectral data for [2 ; |H-nmr (SDCl,), 1.00 (t, J=THz, 3H, -OCH,CH;)s 2.69 (s,

3H, N-CH4), 3.35(g, J=7Hz, 28, -OCH,CH4), 3.61 and 3.70 (twc d, J=10Hz, Ewo

2
5=C}, 4.40 {br. s, 1H, OH), 7.30-7.70 (m, 4H, arcmatic} ; ir

1 (C=0 stretching) ; 13C»nmr {cocl

diastereotopic -C~CH

{neat) 3600-3200 {(br. OH stretching), 1670 cm 3L

CH CCH,CH

3l 2 2OCH,CH5 )
88.7 (s, C-3), 122.2 (d), 122.9 {d}, 129.2 (d), 131.4 (s), 131.8 {d), 145.7(s),

14.8 (g, OCH,CH.}, 23.9 (g, N-CH 67.2 (t, O-CH,CH,5), 72.2 (t, -CH

167.6 (c=0) ; mass spec., m/z (rel. intensity) 221 (M', 0.46), 203 (M' -§,0, 68),

174 (n* —H20—-CH2CH3, 100), 162 (12), 161 (12), 146 (33), 117 (17) ; high reso~

lution mass spec., m/fz 221.1030 (¢ reqguires 221.1052).

1201580,

Irradiaticon of N-methylphthalimide (gg) with trimethylsilylmethyl ethyl

ether {9) in CHSCN

N-Methylphthalimide (gg, 400 mg, 2.48 mmol) and TMSCH OCH2CH3 {2, 1600 mg, 12

2
mmol) were dissolved in 200 ml of CH3CN and irradiated for 13h resulting 48%

cenversion. After removal of CHBCN, the residue was subjected to preparative

tlc (silica gel, 5% CH,OH in CH.C1

3 3 2) to yield 70 mg (27%) of 12.

Irradiation of N-methylphthalimide (4a) with trimethylsilylmethyl n-propyl

thicether (19} in CH40H

N-Methylphthalimide (4g, 300 mg, 1.86 mmol} and TMSCHZSCHZCH2CH3

OH and irradiated for lh resulting

(10, 1500 mg,
9.26 mmol} were dissclved in 200 ml of CH3
75% conversion. After removal of CH30H, the residue was subjected to prepar-

ative tlc {silica gel, 4% CH3OH in CH3Cl;) to yield 257 mg (78%) of 15 as a
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pale yellow crystal, mp 67-63 °C. Spectral data for 15 : Lyonme (CC14), 0.74 (t,

J=7.2Hz, 3H, —CHZCH2 3), 1.32 (sext, J=7.2H=z, 2H, —CH2C§2CH3), 2.04 (t, I=7.2)

CH3), 2.62 (s, 3H, N—CHE), 2.95 and 3.14 (two d, J=14Hz twWo

o

Hz, Z2H, —C§2CH2

diastereotopic —C—CHZ—S), 5.30 (br. s, 1H, OH}, 7.20-7.70 (m, 44, aromatic) ; ir

1 13

(neat) 3600-~315C (0OH stretching), 1680 cm ~ (C=0 stretching) C-nmr {(CDC1

3l
13.0 (g, -SCH,CH,CH5), 22.7 (&, S-CH,EH,CE4), 23.3 (q, N-GHu), 35.1 (&, -S5-CH,-

2 2
CH,CH4), 38.1 (¢, -LH,-8-1, 90.1 (s, HO-C}, 121.9 (&), 122.8 (d), 129.4 (d),131.5

(s), 131.8 (d), 146.1 (s), 167.4 (s, C=0) ; mass spec., m/z (rel. intensity) 234

(M+—HZO, 85}, 233 {100}, 190 (29), 162 (25), 159 (15}, 146 (13) ; high resolution

mass spec., m/z 251.0975 (Cy3B,,0,NS reguires 251.0981).
13%17%2

Irradiation of N-methylphthalimide (4a) with trimethylsilylmethyl n-propyl

thicether (10} in CH,CH

N-Methylphthalimide (4a, 300 mg, 1.86 mmol} and TMSCH,SCH,CH,CH, (10, 1500 mg,

2 2772773
9.26 mmol) were dissclved in 200 ml of CH3CN and irradiated for 2h resulting

48% conversion. After removal of CHBCN, the residue was subjected to prepar-

ative tlc {silica gel, 3% CH3OH in CH2C12) to yield 101 mg (46%) of 1% as a white

crystal, mp 116-118 °C, 57 mg (26%) of ]7 as a pale yellow crystal, mp 62-63 °C,

1

and 37 mg (17%) of 15 as a crystal. Spectral data for 19 ; ~H-nmr (ccl,), 1.10

(t, J=7Hz, 3H, -5CH,CH,CH3), 1.80 {sext, J=7Hz, 2H, —S-CH,CH,CH},

7Hz, 2H, —S—CEECH2CH3), 3.55 (s, 3H, N—CH3), 5.90 (s, 1H, alkenic), 7.20-7.80
1

2.80 (t, J=

(m, 4H, aromatic) ; ir (KBr) 3020 (alkenic C~H stretching), 1660 cm

. 13
-ing) : C-nmr (CDC1,), 13.0(q, ~SCH,CH,CH,), 23.4 (t, -SCH,CH,CH.), 28.9 (g,

(C=0 stretch

N_gH3)f 38.2 (t, —S—§H2CH2CH3), i05.2 (d, =¢-H), 118.2 (d), 123.0 (4}, 127.3 (s},
127.8(4), 131.3 (d), 133.2 (s}, 136.1 (s), 167.5 (s, C=0) ; mass spec., m/z (rel.
intensity) 232 (MY, 1000, 190 (M+—-CH2CH2CH3, 77)s 174 {11}, 162 (19), 159 (23).
158 (42) ; high resolution mass spec., m/z 233.0880 {C,,H,_NOS requires 233.0875).
Spectral data for 17; 1Hlnmr (CC14), 1.05 (t, J=7Hz, 34, —SCHZCH2C§3),]J75(58XL

J=7Hz, 2H, -SCH,CH,CE;), 2.75 (t, J=7Hz, 2H, ~SCH,CH,CH )}, 3.18 (s, 3H, N-CH

2 2ot 3
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5.70 (s, 1H, alkenic), 7.20-8.20 {(m, 4H, aromatic) ; ir (KBr) 3050 (alkenic C-H
stretching), 1680 crn_1 (C=0 stretching) 13C~-nrnr (CDClB), 13.1 (g. -5CH,CH -
CH,), 23.4 (t, -S-CH,CH CH,), 25.9 {q, N-CH,), 37.9 {t, S-CH,CH,CH,), 107.4 (d,

3
C=CH}, 123.1 (d), 124.1 (d), 128.4 (d), 129.% (s), 131.7(Q), 134.1 (s}, 134.7 (s),

165.9 (s, C=0) ; mass spec., m/z (rel. intensity) 233 (n*, 100), 190 (M+—-CH2CH2—

78), 174 (25}, 162 (23), 161 (38), 159 (24), 158 (41}, 145 (29}, 146 (39} ;

high resolution mass spec., m/z 233.0875 (C NOS requires 233.0875),.

13H15

Photoproducts 1 re—

no

and 17 iscmerized tc ancther gecmetric isomers 17 and

e
Ikt

spectively on standing in nmr tube at room temperature.

Irradiation of N-methylphthalimide (4a) with trimethylsilylmethyl n-propyl

thicether (10) in CH,CN containing NaHCO,.

3

N-Methylphthalimide (4a, 20 mg, 0.124 mmol) and TMSCH,SCH,CH,CH,

0.617 mmol) were dissolved in 20 ml of CH,CN containing a trace of NaHCO4 and

{10, 100 mg,

irradiated for 1.5h. After removal of CH3CN, the residue was checked by tlc to

observe photoproducts 15, 17 and

[Lad

9 in a similar ratio to that in irradiation

without NaHCO3.

Trradiation of N-methylphthalimide (4a) with trimethylsilylmethyl n-propyl

thioether (10} in CH,CN containing HC1.

N-Methylphthalimide (4a, 20 mg, 0.124 mmol} and TMSCH,SCH,CB,CH, (10, 100 mg.,
0.617 mmol) were dissclved in 20 ml of CHLCN containing a trace of HCl and
irrvadiated for l1.5h., After remcval of CH4CN, the residue was dissolved in 5 ml
of 5% aquecus NaOH solution and extracted with 20 ml of CH2C12. After removal

of CH2C12 under reduced pressure, the residue was checked by tlc to observe

exclusive formation of 17 and 1

[INe)
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Dehydration of photoadduct, ég in the presence cf HCl

The pheotoadduct 15 was dissolved in 10 ml of CH3CN or CH2C12 containing a trace

of HCl and stirred in rcom temperature for 10 min. After removal of CH3CN or

CH,Cl,, the residue was dissolved in 5 ml of 5% agueous NaOH solution and extracted
with 20 ml of(mzclz. After removal of CH2C12 under reduced pressure, the residue

was checked by tlc to observe the formation of 17 and 19 ir ca. 2:1 ratio.

Irradiation of N-methylphthalimide (4a) with trimethylsilylmethyldiethylamine

(TMSCH.,N(CH,CH

5 5CHa) s 11) in CH4CN

3

M-Methylphthalimide (4a, 300 mg, 1.86 mmol) and TMSCHZN(CHZCH3)2
were dissolved in 200 ml of G%CN and irradiated for 2h resulting 97% conversion.

After removel of CHBCN, the residue was subjected to preparative tlc {silica gel,

4% CH,0H in CH2C12) to yield 183 mg {(41%) of 21 as a white crystal, mp 106-107 °C,
Ga

(11, 883 mg, 5.55 mmol)

and 66 mg (22%) of 22 as a white crystal, mp 12%-130 °C (1lit.

Spectral data for 21 ; Thonmr (CDC13), Q.80 (t, J=7Hz, 6H, N(CH2C§ )2), 2.40 (g,

mp 130-131 °C).

J=7Hz, 4H, N(CH,CH 2.73 (s, 3H, N-CH;), 2.75 and 2.85 (two &, diastereotopic

5 3)2),
-CH,-N}, 4.67 (br. s, 1H, OH), 7.20-7.70 {(m, 4H, aromatic) : ir {(neat} 3650-3150

1 13

(OH stretching), 1675 cm - (C=0 stretching) C-nmr (CDClS)r 11.7 (g, N-CH CH

2 3)1

23.9 (g, N-CH 48.1 (t, N~CH,CH,), 59.4 (t, CH,-N), 88.8 (s, C-OR}, 122.3 (4},

3ls 2CH3 op
122.8 (d), 129.0 (d), 131.5 (d), 131.7 (s), 147.9 (s), 167.3 (s, C=0) ; mass

spec., m/z {rel. intensity) 248 (M", 0.21), 230 (M™-H,0, 72), 215 (u* -H_o-cH.,

2 2 3
24), 201 (M+-H20—CH3CH2r 48), 161 (24), 146 (21}, 130 (&), 117 (8], 8& (CH,=
ﬁEtz, 100) ; high resclution mass spec., m/z 248_1511 (C14H20N202 requires
248.1525). Spectral data for 22 ; ‘H-nmr (cpCl,), 2.89 (s, 3, N-CHy), 4.78
{(br. s, 14, ©0H), 5.58 (s, 1H, methine), 7.33-7.63 (m, 4H, aromatic) ; ir {(KBr)
1 13

3600-3100 (OH stretching), 1645 cm ~ (C=0 stretching) : Cenmr (CDCl3), 26.0
(qr N-CH,), 83.6 (2, CH-CH}, 123.0 (d), 123.2 (d), 129.%6 (ay, 131.3 (s}, 132.1

{d}), 143.8 (s), 167.6 (s, C=0).

— 1058 —




HETERQCYCLES, Vol 29, No.

Irradiation of N-methylphthalimide (4a) with trimethylsilylmethyldiethylamine

(TMSCH_N(CH.CH

2 5CHg) 4 11) in CE,OH

3

N-Methylphthalimide (4a, 300 mg, 1.86 mmol} and TMSCHzN(CHZCH3)2 (11, 883 mg,

5.55 mmol) were dissolved in 200 ml of CH,OH and irradiated for 2h resulting 86%

3
conversion. After removal of CHSOH’ the residue was subjected to preparative
tlc {(silica gel, 3% CH3OH in CH2C12) to yield 84 mg (333%) of 22.

irradiation of N-methylphthalimide (4a} with trimethylsilylmethyldiethylamine

(TMSCHZN(CH2CH3)2, 11} in CH2C12

N-Methylphnthalimide (4@, 300 mg, 1.86 mmol) and TMSCH,N(CH,CH3}, (11, 883.5 mg,

5.55 mmol) were dissolved in 200 ml of CH,Cl, and irradiated 2h resulting 52%

2772
conversion. After removal of CH2C12, the residue was subjected to preparative
tle (silica gel, 3% acetcne in CH2C12) to yield 4% mg (20%) of 21 and 48 mg (30%)
of 22.

Irradiation of N-methylphthalimide (4a) with trimethylsilylmethyldiethylamine

(TMSCHzN(CHZCHs)z, 11) in n-hexane

N-Methylphthalimide (42, 200 mg, 1.24 mmol) and TMSCHEN(CHZCH3)2 (11, 58% mg,

3.70 mmol} were dissolved in 180 ml of hexane and irradiated for 1.5h resulting
54,5% conversion. After removal of hexane, the residue was subjected to pre-
OR in CH

parative tlc (silica gel, 3% CH Clz) to yield 91 mg (82.5%) of 2

[[3%]

3 2
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Irradiation of phthalimide {(4b) with trimethylsilylmethyl ethyl ether (2)

in CHSOH

Phthalimide (ég, 400 mg, 2.72 mmol) and TMSCH20CH2CH3 (&, 108C mg, 8.18 mmol)

were dissolved in 200 ml of CH3OH and irradiated for 2h resulting 47% con-

version. After removal of CH,0H, the residue was subjected to preparative

tle (silica gel, 3% CH3OH in CH2C12) to yield 30 mg (12%) of 13 as a viscous oil

and 82 mg (36%) of 14 as a white crystal, mp 128-130 °C. Spectral data for 13

1H-nmr (cncls), 1.15 (t, J=7Hz, 3H, -0OCH cg3}, 3.50 (g, J=7Bz, 2H, —OCEBCH 3.65

3}
-0-}, 5.40 (br. s, 1H, OH), 7.30-7.70

2

and 3.70 {two s, 2H, diastereotopic c-cH,

fm, 5H, aromatic and NH) ; ir {KBr} 3650-3150 {br. OH and NH stretching), 1705

em™1 (C=0 stretching). spectral data for 14 : 1H—nmr (CDC13), 1.36 (t, J=7H=z,

3, -OCH,CH,), 4.05 (q, J=7Hz 2K, ~OCH,CHy)}. 6.54 (s, lE, alkenic), 7.30-7.90
(m, 44, aromatic), 8.20 (br. s, 1lH, NH} ; ir (KBr) 3600-3100 {(NH stretching},
1705 em™! (c=0 stretching) : 1 c-nmr (CDC1,), 15.3 (g, —OCH,CH,), 69.7 (t, —OCH,-

CH3), 127.5 (s}, 118.1 (4}, 123.8 (d), 127.1 (d4), 128.5 (s), 128.8 (4), 131.5 (4)
136.5 (s8), 166.9 (s, C=0} : mass spec., m/z (rel. intensity) 189 (mt, °0), 161 {16),

160 (M+—CH3CH‘, 100), 148 (14), 147 (23}, 133 (21). 132 (86), 130 (19), 105 (18),

104 (57), 103 (45), 102 {(11) ; high resolution mass spec., m/z 189.0790 (Cll]-]11

0,N requires 189.0790).

Jrradiation of phthalimide (4b) with trimethylsilylmethyl ethyl ether

(TMSCHZOCHZCHS 2} in CH3DH containing NaHCO,

Phthalimide (ég, 20 mg, 0.136 mmol) and TMSCH OCHZCH3 (8 54 mg, 0.41 mmol) were

2

dissolved in CHBOH (15 ml) with a trace of NaHCO3 and irradiated for 2h. After

removal of CH,0H, solid residue was checked by tlc to observe photoproduct 13.

3
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Irradiation of phthalimide (4b) with trimethylsilylmethyl n-propyl

thicether (12) in CH,OH

3

Phthalimide (4b, 400 mg, 2.72 mmol) and TMSCHZSCH2CH2CH3

OH and irradiated for 40 min resulting 79% con-

(10, 880 mg, 5.42 mmol)

were dissolved in 250 ml of CH3

version. After removal of CH30H, the residue was subjected to preparative tlc

(silica gel, 5.5% CH.OH in CH,Cl,) to yield 453 mg (83%) of 1§ as a white crystal,

3 2772
mp 91-92 °C. Spectral data for 1§ ; lH-nmr (CDC14}, 0.87 (t, J=7.3Hz, 3H, -SCH,
CH,CH,), 1.49 (sext, J=7.3Hz, 20, -SCH,CH,CH,), 2.47 (t, J=7.3Hz, 2H, SCH,CH CH),
2.88 and 3,20 (two d, J=14Hz, 2H, diasterectopic C—ngs—), 5.28 {(br. 8, OH),
7.30-7.60 {(m, 4H, aromatic), 7.72 (s, NH) : ir (neat) 3600-3100 (NH and OH stretch
-ing), 1710 em™ ! (c=0 stretching) : 13._pmr (cpcly), 13.2 (q ~SCH,CH,CH,), 22.9
(t. -SCH,CH,CH3), 36.2 (t, -SgH,CH,CHy), 41.0 (b, C-CH,S), 88.1 (s, HO-C-CH,) .

122.1 {d), 123.4 (&}, 129.6 (4), 130.6 {(s), 132.6 (4), 147.7 (s}, 162.5 (s, C=0} ;

mass spec., m/z (rel. intensity) 219 (M+—H20, 31y, 177 (21), 149 (15), 148 (1l00),

145 (13), 130 (94), 103 (10), 102 (31), 90 (%7), 61 (24} : high resclution mass

spec., mfz 219.0718 (C NS-H.,0 requires 219.0719).

12915 2

Irradiation of phthalimide (4b) with trimethylsilylmethyl n-propyl

thiocether (;g) in CH3CN

Phthalimide (4b, 400 mg, 2.72 mmol) and TMSCstCH2CH cH

,CHy (L0, 880 mg, 5.43 mmol)

were dissclved in 250 ml of CHBCN and irradiated for 2h resulting 12.5% conver-

sicn. After removal of CH,CN, the residue was subjected to preparative tlc

3

{silica gel, 2.5% CHBOH in CH2C12) to yield 38 mg (47%) of 16 as a crystal, 25wy

(34%) of 20 as a pale yellow c¢rystal, mp 109-111 °C, and 12 mg (16%) of 18 as a

pale yellow crystal, wp 121-122 °C. Spectral data for 20; lH—nmr {cbel,), 1.03

3

(¢, J=7.2Hz, 3H, -SCH,CH Cga), 1.72 (sext, J=7.2Bz, 2H, —SCH2C§ CHB); 2.79 (t,

2772 2

J=7.2Bz, 2H, -8CH,CH,CH;), 6.19 {s, 1H, alkenic), 7.35-8.25 {m, 4H, aromatic),
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1

9.30 (s, 1H, NH) ; ir (KBr) 3200 (NH stretching), 1670 ¢m — (C=0 stretching) :

mass spec., m/z (rel. intensity) 219 (m*, 100), 177 (85), 176 (M+—CH CH,CH;, 31).

el R
149 (20), 148 (44), 145 (26), 132 {39), 130 {(13), 121 {12), 104 (18), 103 (17},

B9 (1l1) : high rescolution mass spec., m/z 219.0710C (

Spectral data for ;g; lH—nmr {cpcl

Cy,H3ONE requires 219.0712).
1.00 (t, J=7.3Hz, 3H, S-CH

CH,CH3}, 1.69

300 2

(sext, J=7.3Hz, 2H. s—CHZCQZCHs), 2,78 {(t, J=7.3Hz, 2H, s—CQZCHZCHB),
{

m, 4H, aromatic), 8.30 (br. s, 1lH, NH) ; ir (KBr) 3200

1 (C=0 stretching) ; 13C—nmr {cocl

2
6.10 (s,

1H, alkenic)}, 7.32-7.85

{NH stretching), 1680 cm 13.1 (g, —SCH,CH,CH.)

3)’ 2772="3

23.5 (¢t, -SCHngchS), 37.0 (t, ~-SCH,CH,CH 102.4 (d), 119.3 (d}, 123.6 (4},

2772 3)'
129.2 (d4), 129.6 (s), 132.0 (&), 134.2 {(s), 136.1 (s), 167.8 (s, C=0}; mass spec.,

n/z (rel. intensity) 219 (M', 47), 178 (M'-.cH,cH,cH,, 7).

162 (100), 148 (42). 13C (60), 104 (32), 8% (30), 76 (46) : high resoclution mass

177 (46}, 176 (19},

spec., mfz 219.0718 (C,,H, ,ONS reguires 219,071%).
12713

Irradiation of phthalimide (4b} with trimethylsilylmethyldiethylamine (11}

in CHBOH or CH3CN

Phthalimide (4b, 200 mg, 1.36 mmol} and TMSCHZN(CH CH )2 (11, 650 mg, 4.09 mmol)

2773

were dissclved in 180 ml of CH30H or CH,CN and irradiated for Zzh resulting 55%

3

conversion. After removal of CH;0H or CHZCN, the residue was subjected tc pre-

parative tlc {silica gel, 10% CH,OH in CH.Cl

3 2 2) to yield 144 mg (75%) of 23 as a

1

white crystal, mp 223-224 °C. Spectral data for 23 ; “H-nmr (DMSO-dé), 3.15 (br.
s, 2H, ©OH), 6.80-7.60 (m, 8H, aromatic), 8.35 (s, 2H, NH)} ; ir (RBr) 3450-3100
{(br. OH stretching), 3350 (NH stretching}, 1680 cm_l {(C=0 stretching) : 13C—nmr

(DMSO—dG) 89.8 (&, -C~OH), 122.2 (d), 123.6 {(d}, 129.3 (d), 131.3 (d), 132.8 (s),

146.0 {(s), 167.9 (s, C=0) ; mass spec., m/z {(rel. intensity) 278 (M+—H20, 43,

263 (13), 147 (31), 104 (14), 105 {31}, 84 (86}, 76 (29}, 66 (100).
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