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Photochemical studies of N-[(trimethylsilyl)alkyl]saccharins were carried out to investigate their photochemical behavior.
Depending on the nature of the substrate and the solvent system employed, reactions of these substances can take place
by either SET-promoted silyl migration from carbon to either the amide carbonyl or sulfonyl oxygen or by a N-S homoly-
sis route. The results of the current studies show that an azomethine ylide, arising from a SET-promoted silyl migration
pathway, is generated in photoreactions of N-[(trimethylsilyl)methyl]saccharin and this intermediate reacts to give
various photoproducts depending on the conditions employed. In addition, irradiation of N-[(trimethylsily)ethyl]saccha-
rin produces an excited state that reacts through two pathways, the relative importance is governed by solvent polarity
and protic nature . Finally, photoirradiation of N-[(trimethylsilyl)propyl]saccharin in a highly polar solvent system com-
prised of 35% aqueous MeOH gives rise to formation of a tricyclic pyrrolizidine and saccharin that generated via com-
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petitive SET-promoted silyl transfer and y-hydrogen abstraction pathways.
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Introduction

The photochemistry of imides has been extensively investi-
gated in the past.l'3 Phthalimides, one subclass of this broad fa-
mily, participate in a variety of excited state reactions including
photoreduction, photoaddition, photocyclization, and Norrish
type L and II reactions. The results of our recent studies have
shown that the single electron transfer (SET) photochemistry
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of imides containing o-silyl terminated electron donor/polydonor poMes poMes
systems serves as efficient and regioselective method for the N—CHy =—> N—CH,
constructions of highly functionalized heteromacrocyclic sys- o 0

tems. Investigations aimed at gaining information about
the factors governing the efficiencies of SET-promoted photo-
cyclization reactions of linked acceptor-polydonor systems
have shown that photocyclization reactions of the polyethyl-
enoxy-linked phthalimides take place in higher chemical yields
and quantum efficiencies than those of analogs containing poly-
methylene tethers of near equal lf:ng‘ch.3a’7b The findings suggest
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that internal donor sites in the tethers facilitate both initial ? MesSiO_ Me3Sio ojC\HgH
SET to acceptor excited states and ensuing intrachain SET, (IléNCHS Cﬁf’\‘j Cﬁi"‘ 3
resulting in migration of the cation radical center to the terminal, N Y Y
reactive a-trimethylsilyl electron donor position. Moreover,

exploratory studies have demonstrated that photochemical reac- 4 6 5

tions of N—[(trimethylsilyl)alkyl]phthalimjdesI’Gb’g'lo are promot-

ed by competitive hydrogen atom abstraction and SET-promoted Scheme 1
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C-to-0 silyl transfer pathways. Interestingly, photoreaction of 0
N-[(trimethylsilylmethyl]phthalimide 1 proceeds via a pathway NNa*
involving the intermediacy of the azomethine ylid 3, gene- 7o o
rated via an SET-promoted C-to-O silyl transfer pathway.l’g'lo MesSi(CHp))l ———— > :; E: - ;j ng:;
Protodesilylation or dipolar cycloaddition reactions of the azo- 14(n=1) DMF 13(n =3, 66%)
methine ylid lead to formation of the respective N-methyl- 12%2 z g;
phthalimide 4 and 1,3-dipolar adducts 5 and 6 (Scheme 1).
Photoreactions of the longer trimethylsilylalkyl chain con- Scheme 3
taining phthalimides, exemplified by the N-silylethyl- and N-
silylpropyl-phthalimide analogs 7-8, occur to generate biradical o
intermediates 9 through SET-promoted silyl group transfer path- hv/solvent CHa
: " — N-CH3 + N-CHyC-OH -+  unknown
ways when protic-polar solvent systems (e.g., HO-MeCN or CHy=CHR' S 56 CHs
H,0-MeOH) are employed. These processes generate cyclized o0 o e
products 10 (Scheme 2). While the SET=silyl transfer processes 20 (R' = COCH,) . 19
are observed to dominate reactions in protic-polar solvents, 21(R'= CN) ’ 18
intramolecular hydrogen atom abstraction processes take place
when less polar non-protic solvents are used.” " Scheme 4

In contrast to the many reports describing the photochemistry
of imides including phthalimides, many less exist chronicling
the photochemistry of sufonimide derivatives (e.g., saccharin).
One example is found in the report by Kamigata“ and Ono,"”
which showed that N-alkylsaccharins undergo photochemical
reactions via homolytic N-S bond cleavage pathways. Our pre-
vious study of intermolecular photoreactions of saccharin with
a-silylamine revealed that photoproducts are generated via path-
ways involving SET from a silylamine donor to the triplet excit-
ed state of the saccharins." These results suggest that the pre-
sence of a sulfonyl group in saccharins can result in different
photoreaction profiles as compared to those of related phtha-
limides.

In exploratory efforts focusing on the development of new
SET-promoted photochemical reactions, we have investigated
photochemical reactions of N-[(trimethylsilyl)alkyl]saccharins
11-13. Below is described the results of studies of the photoche-
mical reactions of N-[(trimethylsilyl)alkyl]saccharins 11-13,
which demonstrate that the excited states of these substrates
participate in novel competitive SET-promoted silyl group trans-
fer, homolytic N-S bond cleavage, and hydrogen abstraction
processes.
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Results and Discussion

Synthesis of N-[(trimethylsilyl)alkyl|saccharins 11-13. The

Table 1. Photoreaction of N-[(trimethylsilyl)methyl]saccharin 11

Entry Reactant Solvent %f;?(?:)l Cong(/)zr)smn ((ng?;zt)b
1 11  acetone 5 85 17 (37),18(12),19
2 11 MeCN 32 71 17 (69)
3 11 MeOH 7.5 86 17 (89)
4 11+20 MeCN 16 55 17 (89)
5 11+21 MeCN 7 40 17 (85)

“Concentrations of reactant 11 is 5-6 mM. “Yields are determined
based on consumed reactant.

N-[(trimethylsilyl)alkyl]saccharins 11-13 were efficiently pre-
pared by using N-alkylation reactions of the saccharin sodium
salt with (trimethylsilyl)alkyl iodides 14-16*>'™ (Scheme 3).

Photochemical reactions of N-[(trimethylsilyl)alkyl]saccha-
rins 11-13. Photoreactions of N-[(trimethylsilyl)methyl]saccha-
rin 11 were carried out in solutions of various solvents in the
presence-/absence of additives, such as methyl acrylate or acryl-
onitrile (Scheme 4 and Table 1). Irradiation of an acetone solu-
tion of 11 gave rise to N-methyl saccharin 17" (37%) and the
solvent-incorporated tertiary alcohol 18 (12%), along with an
unidentified substance 19'* (entry 1 in Table 1). Structural as-
signment to photoproduct 18 was made on the basis of spectro-
scopic data. For example, the 'H-NMR spectrum of 18 contains
singlets at 1.32 ppm (6H) and 3.82 ppm (2H) and a multiple
between 7.86 - 8.07 that correspond to the respective methyl,
methylene and arene protons. In addition, the "C-NMR spec-
trum of this substance contains resonances that correspond to
primary (methyl, 26.9 ppm), secondary (methylene, 51.5 ppm),
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quaternary (70.7 ppm), carbonyl carbon (160.2 ppm), and aro-
matic (120 - 137 ppm) carbons.

When MeCN was used as the solvent for photoreaction of
11, only N-methylsaccharin 17 (69%) was produced (entry 2
in Table 1). Moreover, irradiation of a MeOH solution contain-
ing 11 without any additives also brought about formation of
17 (89%) (entry 3 in Table 1). The presence of dipolarophiles
such as methyl acrylate (20) or acrylonitrile (21) in the irradiated
MeCN solutions of 11 did not appreciably affect the photo-
product distribution (entries 4-5 in Table 1) which contrasts
with pathways followed in photoreactions of the correspond-
ing N-silylmethylphthalimide (Scheme 1).

Based on the product distributions observed in photoreac-
tions of the N-silylmethylsaccharine 11 and the results of our
previous work,'” the plausible mechanistic pathways given in
Scheme 5 can be used to explain the formation of 17 and 18.
Single electron transfer (SET) from the cc_si bond in the excited
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state of 11 to the saccharin chromophore (E*1/2(.) =ca.+2.2V
vs Ag/AgNO;)"*" is followed by silyl migration (~SiMes ") to
either the sulfonyl or amide oxygen takes place to generate azo-
methine ylid intermediates 23a and/or 23b, which can undergo
protodesilyation to form 17 or addition to acetone to generate
products 18. In polar solvents, such as MeCN and MeOH, the
protodesilyation pathway dominates even over 1,3-dipolar cy-
cloadditions to methyl acrylate and acrylonitrile.

Irradiation of N-[(trimethylsilylethyl]saccharin 12, interest-
ingly, gave different type of product distributions depending
on the solvent employed. While photoreaction of 12 in acetone
led to simultaneous sulfur dioxide elimination and formation
of benzamide 24 (48%), in MeCN solution of 12 reacts to gener-
ate saccharin 25 (57%). Finally, photoreaction of 12 in the highly
polar solvent MeOH produced a mixture of 24 and 25 (Scheme 6
and Table 2). Structural assignment to 24 was based on a com-
bination of characteristic IH-NMR, 13C-NMR, IR and EI mass
spectroscopic data (see experimental section).

As can be seen by viewing the pathways given in Scheme 7,
two excited state decay processes occur competitively in the
excited state of 12. These include sequential SET-desilylation-
C-N bond cleavage and S-N bond homolytic cleavage, which
lead to formation of saccharin (25) and benzamide (24) respec-

Table 2. Photoreaction of N-[(trimethylsilyl)ethyl]saccharin 12

Reaction Conversion Product
Entry Reactant Solvent Time (h) (%) (% yiel d)b
1 12 acetone 35 59 24 (48)
2 12 MeCN 27 44 25(57)
3 12 MeOH 22 55 24 (24), 25 (23)

“Concentrations of reactant 12 is 3 - 4 mM. "Yields are determined based
on consumed reactant.
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tively. Solvent polarity and protic nature appear to govern the Experimental

relative rates of reactions by these two routes.

Comparable observations were made in studies of the photo-
chemical reactions of the N-silylpropyl tethered saccharin deriv-
ative 13. Contrary to the homologs 11-12, 13 remained unreact-
ive when irradiated in either acetone, MeCN or MeOH solution.
Interestingly, irradiation of a 35% H,O-MeCN solution of 13
led to production of pyrrolizidine 28 (28%) and saccharin 25
(54%) (Scheme 8).

This interesting observation indicates that in the presence of
a highly protic and polar solvent the excited state of 13 is reactive
via a Norrish-type II y-hydrogen abstraction reaction path-
Way4’ "% which forms intermediate 29a and/or 29b that undergo
C-C bond cleavage following B-cleavage and H,O-assisted
reduction to give saccharin 25. In addition, SET-promoted silyl
transfer from the ocsi bond to amide carbonyl oxygen in excited
state of 13 results in generation of biradical intermediate 31
which undergoes cyclization to form 28. Thus, it appears that
in 35% H>O-MeCN, SET promoted silyl transfer processes via
a zwitterionic biradical intermediates 30 are favorable.

Conclusion

In this study aimed at an investigation of the photochemical
behaviors of silyl terminated electron donor chain linked saccha-
rin systems, saccharin derivatives were prepared and their photo-
chemical reactions were probed. The results show that depend-
ing on the alkyl chain length and solvent polarity, either SET-
promoted silyl migration from carbon to the sulfonyl or carbonyl
oxygens, or N-S bond homolysis occurs in the excited states of
the saccharin derivatives. Mechanistic analyses of these pro-
cesses, in terms of knowledge gained in previous efforts, were
made in order to rationalize product distribution and their depen-
dence on the nature of the solvent.

General procedure. 'H- and "C-NMR (400 MHz) spectra were
recorded using CDCl; solutions and chemical shifts are report-
ed in parts per million relative to CHCl; (7.24 ppm) or CDC13
(77.0 ppm) respectively. IR spectral bands are reported in cm .
Preparative photochemical reactions were conducted using an
apparatus consisting of a 450 W Hanovia medium vapor pressure
mercury lamp surrounded by a Vycor (> 220 nm) glass filter in
a water-cooled quartz immersion well surrounded by the solu-
tion being irradiated. The photolysis solutions were purged with
nitrogen before and during irradiation. The photolysates were
concentrated under reduced pressure giving residues which were
subjected to silica gel column chromatography. High resolution
mass spectra (HRMS) were obtained by using electron impact
ionization (EI) unless otherwise noted. All new compounds des-
cribed are isolated as oils in > 90% purity (by NMR analysis)
unless noted otherwise.

Preparation of V-(trimethylsilylalkyl)saccharin 11-13. Solu-
tions containing the trimethylsilylalkyl iodide (3 g, 14 mmol of
14, 1.5 g, 7mmol of 15, 1.1 g, 4.5 mmol of 16) and saccharin
sodium salt hydrate (4 g, 19 mmol for 14, 2.7 g, 13 mmol for
14, 0.9 g, 4.4 mmol for 15) in 30 mL of DMF were stirred at
80 - 90 °C for 5 h. Concentration of solutions in vacuo gave re-
sidues which were diluted with ether and extracted with water.
The ether layers were dried with Na,SOs, filtered and concen-
trated in vacuo to afford residues which were subjected to silica
gel column chromatography (1:4 EtOAc-hexane) to afford 11
(3.4 g, 76%), 12 (1.5 g, 62%) and 13 (1 g, 66%).

11: 'H-NMR(CDCl3) 5 0.15 (s, 9H, SiMes), 3.0 (s, 2H, CH,-
SiMes), 7.71-7.99 (m, 4H, aromatic) ; "C-NMR(CDCls) 5-1.7,
29.0,120.8,124.8, 127.7,134.2, 134.3, 137.7, 158.8; IR (KBr)
1710 (C=0), 1350 (SO, asymmetric), 1190 (SO,, asymmetric);
MS (CI) m/z (rel. intensity) 267 (M’ + H, 1), 254 (M+- CH3,
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100); HRMS (CI) m/z (M" + 1) 270.0609 (C1,H;¢NO3SSi re-
quires 270.0620).

12: mp 73 - 74 °C; 'H-NMR (CDCl5) 5 0.08 (s, 9H, SiMes),
1.18-1.23 (m, 2H, CH,SiMes), 3.77-3.82 (m, 2H, NCH>), 7.76-
7.89 (m, 3H, aromatic), 8.00-8.03 (m, 1H, aromatic); "C-NMR
(CDCl3) 6-1.9,17.0, 36.5, 120.7, 124.9, 127.5, 134.1, 134.5,
137.9,170.3; IR (KBr) 1725 (C=0), 1325 (SO, asymmetric),
1160 (SO,, asymmetric); MS (CI) m/z (rel. intensity), 283 (M,
1),282 (M- H, 4), 268 (M+- CHs, 76), 240 (98), 218 (55), 179
(17), 166 (53), 73 (73); HRMS (CI) m/z 283.0698 (C12H;7NO;-
SSi requires 283.0699).

13: mp 62 - 63 °C; 'H-NMR (CDCl3) 5 -0.02 (s, 9H, SiMes),
0.52-0.61 (m, 2H, CH,SiMes), 1.73-1.89 (m, 2H, NCH2CHy),
3.73 (t,2H, J=7.6 Hz, NCH,), 7.76-8.04 (m, 4H, aromatic);
PC-NMR (CDCl;) §-1.9, 13.6,23.1,42.2, 120.7, 124.9, 134.2,
134.5, 127.3, 137.6, 158.8; IR (KBr) 1730 (C=0 stretching),
1330 (asymmetric SO; stretching), 1180 (symmetric SO; stretch-
ing); LRMS (EI), m/z (rel. intensity) 297 (M+, 3), 282 (43), 202
(32), 166 (9), 104 (8), 74 (100); HRMS (EI) m/z 297.0865
(C13H19NO3SSi requires 297.0855).

Imadiation of N-(trimethylsilylmethyl)saccharin (11).

In Acetone: A solution of N-(trimethylsilylmethyl)saccharin
11 (400 mg, 1.2 mmol) in 200 mL of acetone was irradiated by
using Vycor filtered light for 5 h (ca. 85% conversion of 11).
Concentration in vacuo gave a residue, which was subjected to
silica gel column chromatography (1:1 EtOAc-hexane) to give
17 (114 mg, 37%), 18 (48 mg, 12%) and 102 mg of an uncharac-
terized substance.

In MeCN: A solution of N-(trimethylsilylmethyl)saccharin
11 (400 mg, 1.2 mmol) in 200 mL of MeCN was irradiated by
using Vycor filtered light for 32 h (ca. 71% conversion of 11).
Concentration in vacuo gave a residue, which was subjected to
silica gel column chromatography (1:2 EtOAc-hexane) to give
17 (115 mg, 69%).

In MeOH: A solution of N-(trimethylsilylmethyl)saccharin
11 (400 mg, 1.2 mmol) in 200 mL MeOH was irradiated by using
Vycor filtered light 7.5 h (ca. 86% conversion of 11). Concentra-
tion in vacuo gave a residue, which was subjected to silica gel
column chromatography (1:2 EtOAc-hexane) to give 17 (176
mg, 89%).

17: '"H-NMR (CDCl3) 8 -3.22 (s, 3H, CH3), 7.79-8.05 (m, 4H,
aromatic); "C-NMR (CDCls) §23.2, 120.9, 125.1, 127.5, 134.3,
134.6, 137.6, 158.6

18: mp 85 - 86 °C; 'H-NMR (CDCls) § 1.32 (s, 6H, C(CHs),-
OH), 3.82 (s, 2H, NCH>), 7.86-7.96 (m, 3H, aromatic), 8.05-
8.07 (m, 1H, aromatic); "C-NMR (CDCl3) & 26.9, 51.5,70.7,
121.2,125.4,127.0, 134.5, 135.1, 137.6, 160.2; IR (neat) 3700-
3200 (OH), 1720 (C=0), 1340 (SO, asymmetric), 1190 (SO,
symmetric); MS (CI) m/z (rel. intensity) 256 (M + H, 7), 238
(M- OH, 45), 197 (M'- C(CH;)OH, 23), 133 (100), 132 (46),
105 (37); HRMS (CI) m/z (M + 1) 256.0650 (C11H14NO4S re-
quires 256.0644).

Imadiation of a MeCN solution of N-(trimethylsilylmethyl)
saccharin 11 and methyl acrylate. A solution of N-(trimethyl-
silylmethyl)saccharin 11 (300 mg, 0.9 mmol) containing methyl
acrylate 20 (1.1 g, 13 mmol) in 200 mL of MeCN was irradiated
by using Vycor filtered light 16 h (ca. 55% conversion of 11).
Concentration in vacuo gave a residue, which was subjected to
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silica gel column chromatography (1:2 EtOAc-hexane) to give
17 (90 mg, 89%).

Imadiation of a MeCN solution of N-(trimethylsilylmethyl)-
saccharin 11 and acrylonitrile. A solution of N-(trimethylsilyl-
methyl)saccharin 11 (300 mg, 0.9 mmol) containing acrylonitrile
21 (790 mg, 15 mmol) in 200 mL of MeCN was irradiated by
using Vycor filtered light for 7 h (ca. 40% conversion of 11).
Concentration in vacuo gave a residue, which was subjected to
silica gel column chromatography (1:2 EtOAc-hexane) to give
17 (60 mg, 85%).

Irradiation of N-(trimethylsilylethyl)saccharin 12.

In Acetone: A solution of N-(trimethylsilylethyl)saccharin
12 (200 mg, 0.6 mmol) in 200 mL of acetone was irradiated by
using Vycor filtered light for 35 h (ca. 59% conversion of 12).
Concentration in vacuo gave a residue, which was subjected to
silica gel column chromatography (1:2 EtOAc-hexane) to give
24 (37 mg, 48%).

In MeCN: A solution of 12 (220 mg, 0.7 mmol) in 200 mL
of MeCN was irradiated by using Vycor filtered light for 27 h
(ca. 44% conversion of 12). Concentration in vacuo gave a resi-
due, which was subjected to silica gel column chromatography
(1:3 EtOAc-hexane) to give 25 (30 mg, 57%).

In MeOH: A solution of 12 (200 mg, 0.6 mmol) in 200 mL of
MeOH was irradiated by using Vycor filtered light for 22 h (ca.
55% conversion of 12). Concentration in vacuo gave a residue,
which was subjected to silica gel column chromatography (1:2
EtOAc-hexane) to give 24 (14 mg, 23%) and 25 (18 mg, 24%).

24: 'H-NMR (CDCls) § 0.05 (s, 9H, SiMes), 0.88 (t, 2H, J =
8.6 Hz, CH,SiMe3), 3.46-3.51 (m, 2H, NHCH,), 6.10 (s, 1H,
NH), 7.38-7.48 (m, 3H, aromatic), 7.71-7.74 (m, 2H, aromatic);
BC-NMR (CDCl) 8-1.6,17.9, 36.5, 1267, 128.5, 128.8,131.2,
134.9,167.2; IR (KBr) 3500-3200 (NH), 1650 (C=0); MS (EI)
mz (rel. intensity), 221 (M, 11), 220 (M+- H, 53), 206 (M- CH;,
19), 178 (22), 167 (38), 149 (100), 105 (53), 75 (53); HRMS
(EI) m/z 221.1241 (C12H19NOSI requires 221.1236).

Imadiation of N-(trimethylsilylpropyl)saccharin 13. Solutions
of N-(trimethylsilylpropyl)saccharin 13 (400 mg, 1.1 mmol) in
200 mL of acetone, MeCN or MeOH were irradiated by using
Vycor filtered light for 23-39 h. TLC (EtOAc) monitoring show-
ed that no photoproduct formed in these reactions.

In MeCN-35% H;O: A solution of 13 (300 mg, 0.9 mmol) in
65 mL MeCN and 35 mL H,O was irradiated by using Vycor
filtered light for 37 h, (ca. 82% conversion of 13). Concentration
in vacuo gave a residue, which was subjected to silica gel co-
lumn chromatography (1:2 EtOAc-hexane) to give 28 (44 mg,
28%) and 25 (91 mg, 54%).

28: mp 108-109 °C; 'H-NMR (CDCls) & 1.86-1.94 (m, 1H,
NCH,CH,), 2.09-2.21 (m, 1H, NCH>CH>), 2.34-2.50 (m, 2H,
C(OH)CHy), 3.12 (s, 1H, OH), 3.48-3.58 (m, 1H, NCHy), 3.72-
3.84 (m, 1H, NCH,), 7.56-7.74 (m, 4H, aromatic); "C-NMR
(CDCls) & 26.6, 38.4,46.2, 98.4, 121.3, 124.3, 130.9, 133.9,
133.8, 133.9; IR (KBr) 3200-3600 (br, OH stretching), 1290
(asymmetric SO,), 1160 (symmetric SO,); LRMS (EI) m/z (rel.
intensity) 225 (M, 1), 207 (M'-H0, 92), 151 (14), 143 (36),
115 (100); HRMS (EI) m/z 225.0463 (CioH1i1NOs3S requires
225.0460).
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