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Abstract

An efficient and benign method for the preparattdraminomethyl-substituted fullerenes has
been developed. The process, involving catalyst, vesible-light irradiation of 10% EtOH-toluene
solutions containing fullereneggEand N-trimethylsilylmethyl-substituted amines by using@ W
compact fluorescent lamp, leads to formation of remethyl-substituted fullerene adducts in a
highly efficient manner. The photoaddition reactiakes placesia a pathway initiated by visible
light absorption by &, followed by SET from the amine to the triplet erditstate of . Ethanol-
promoted desilylation of the resulting aminium radithen generates the correspondirgmino
radical which couples with theggradical anion to form the anion precursor of thiéefene adducts.
The new approach using visible-light takes placdenmmild conditions and it does not require the
use of photocatalysts. Thus, the method developethis effort could broadens the range of

functionalized fullerene derivatives that can bedily prepared.



I ntroduction

Owing to the potential need for fullerene derivasivin many scientific research fieftis,a
number of studies have focused on the preparafidunctionalized fullerene derivatives which not
only maintain the unique photophysical and redapprties of the parent fullerenes but also have
novel physical/chemical characteristfcszor instance, addition reactions of diverse omjani
substances across the [6,6]-juncture (or [5,6]4uma) of Go have been shown to generate fullerene
derivatives which have tunable propertieshile maintaining high electron affinitiés, small
reorganization energits™ and high electron transporting abilities:>

The most common protocols developed to date tohsgine fullerene derivatives involve
thermal cycloaddition reactions of 1,3-dipolar aethine ylides (known as the Prato reactithiy,
base/organometal-promoted nucleophilic additi§ig, transition metal mediated free radical
reaction$®?° and single electron transfer (SET)-promoted phidimn reaction$***Owing to the
excellent electron accepting ability of fullereng (E;eq = -0.42 V vs SCE in PhCN), photoinduced
SET-promoted reactions take place between excitagss of fullerene § and proper electron
donating substrates under mild conditions with lggantum and chemical efficiencies.

Among the number of potentially available electdmnating substances, tertiary aliphatic and
aromatic aminescl. Eox < +1 V vs Ag/AgCI) have been utilized extensivéty SET-promoted
photoaddition reactions withg&>**??'The results of these studies reveal that irratiatif G in

the presence of aminek leads to formation of aminomethyl-1,2-dihydrofuiees5 (i.e, 1,2-



adducts) by a pathway involving thermodynamicadlydrable SET from the aminésto the triplet
excited state of & (3Ceo, Erea(’Ceo) = 1.56 V)1*2228formed by efficient intersystem crossing
(ISC) from its singlet excited state ofdt Cso , Pisc = 1)2° This process produces the radical anion
of Cso (Cso) (Scheme 1) and an amine radical catiynthe latter of which undergoes-CH
deprotonation (E = H) to form a carbon centereaimino radicaB, which couples with g to form

an anion §) precursor of aminomethyl-substituted 1,2-adducAlternatively, proton transfer can
occur between the amine radical catbfE = H) and Gy to generatex-amino radical and the

hydrofullerene radicad (H-Cso") which can then couple to generate the 1,2-adduditectly 2°*>°

Scheme 1. Mechanistic pathway for SET-promoted photoadditieactions between tertiary amines
and Go.

Recently, we explored SET-promoted photoadditioactiens of (o with tertiary aliphatic
amines that possedstrimethylsilyimethyl substituents:*® The results showed that photoreactions

of Cgo with the aminesl (E = SiMe) gave rise to formation of 1,2-addu&swith much higher



efficiencies than photoreactions utilizing analogjonone-trimethylsilyl group containing aminels
(E = H) (Scheme 1). The enhanced chemical effiegsnof photoreactions d-trialkylsilylmethyl-
substituted amines is a consequence of the factrihmethylsilyl-substituted amine radical catiahs
(E = SiMe) undergo silophilic solvent-assisted desilylatioruch more rapidly tham-CH
deprotonation of the non-trimethylsilyl analdg¢E = H)?*3!

Because photoaddition reactions @p @ith amines are highly desirable processes tohegite
functionalized fullerene derivatives, we embarkedan effort to develop mild and eco-friendly
conditions to conduct these reactions in an efiicreanner. For the most part, these reactions have
been promoted in the past using high energy U\tgf->**However, visible light is advantageous
as most organic compounds do not absorb in thiemeand product decomposition and unwanted
side products are easily avoided. In additiog, &n absorbs light in the visible region and thenef
no catalysts are necessary. As a result, we dakignstudy to explore the viability of these
photoaddition reactions using visible light as #@mergy source. At the outset of this investigation,
we were aware of studies by Nishibayashi and higodeers'® that demonstrated that visible-light
could be utilized to promote iridium complex phatadyzed reactions of & with N-
trimethylsilylmethyl-substituted arylamines (M&@CH;NAr,, Ar = aryl) that produce aminomethyl-
substituted fullerene derivatives. In addition, shio’>, Gari® and other®*’ showed that visible-

light initiated photoaddition reactions og43nith secondary/tertiary amines occurred to prodihee

corresponding fullerene derivatives. Although thesssections are simple and efficient, their wide use



is limited because highly intense light sourcegtihpressure Hg lamp equipped with a filter and
cooling water bath or intense Xenon light bulb)d @xpensive and laboriously synthesized iridium
(Ir) catalystd'® are required. In the effort described below, weehshown that catalyst-free, direct
visible-light promoted photoaddition reactions be&nw Go and N-trimethylsilylmethyl-substituted
amines take place efficiently. To the best of onowledge, the observations are the first that show
that a methodology, in which a cheap and comméyaahilable visible light source (and eventually

even sunlight) is used, has great potential foptieparation of uniquely functionalized fullerenes.

Resultsand Discussion

The N-trimethylsilylmethyl-substituted tertiary aminesedsin this study were prepared using
methods devised in our previous stutfigsee supplementary data). Photochemical reacti@me
performed by irradiation of Npurged, 10% EtOH-toluene (v/v) solutions (10 mbhtaining Go
(0.17 mM) and the amines (0.35 mM) using a 20 Wroential compact fluorescent lamp (CFL) for
fixed time periods. (Emitted wavelength range agldtive intensity of 20W CFL is shown in ESI)
Photoproduct yields were determined by utilizinglldPand UV-visible spectrometric analysis of
the crude photolysates. Structural determinatiophaftoproducts were made by comparisoritbf
and™*C NMR spectroscopic data to those previously reubtt®?

Photoreactions of N-trimethylsilylmethyl-N,N-dialkylamines 7-12. Photoreactions of 4

with the V-trimethylsilylmethylN,N-dialkylamines7-12*'? were explored first. The results, given in



Scheme 2 and Table 1, show that 5 h visible ligtatdiation of N-purged, 10% EtOH-toluene
solutions containing §gand theN-trimethylsilylmethyl-substitutedN,N-dialkylamines amine§-11

led to production of the respective aminomethylssitited 1,2-adducts3-173'2

in high conversions,
product yields and material recoveries (entriesifi-3able 1). In contrast, reaction of theN-di-
carboxymethyl-substituted amiri® formed the corresponding addu®®?in a low yield (27%,
entry 6), which could be significantly improved bging much longer irradiation times (entries 7-8
in Table 1). Importantly, the aminomethylated 1¢2hacts were not generated when reactions were
carried out by irradiation of either,@urged (entries 9-10 in Table 1) or pure tolueorta&ining
(entries 11-12 in Table 1) solutions. It is notethgr that, in contrast to those of\-
trimethylsilyimethyl-substituted amines, analogousn-u-trimethylsilyl-substituted aminesN{

methyl in place oN-trimethylsilylmethyl) did not undergo photoadditioeactions with g under

these conditions even when much longer irradidimes (100 h) were utilized.

Scheme 2. Visible light promoted photoaddition reactions af, @ith N-trimethylsilylmethylN,N-
dialkylaminesr-12.
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Table 1. Products, conversions and yields of photoadditieactions promoted by visible-light
irradiation of N-purged 10% EtOH-toluene solutions containing &nd N-trimethylsilylmethyl-
N,N-dialkylamines7-12.



irradiation conversion product

entry amine R R time (h) . )
1 7 CH,(CHy),CHs CHy(CH,)4CHs 5 100 13 (91)
2 8 CH,(CH,),CHs CH,CH(Et)(CHy)sCHs 5 88 14 (80)
3 9 CH,(CHy),CHs CH,CH,OCH; 5 86 15 (74)
4 10  CH,CH(Et)(CH)sCH; CH,CH,OCH,CH,OH 5 91 16 (79)
5 11 CH,(CHy),CHs CH,CO,CH,CH; 5 68 17 (54)
6 12 CH,CO,CH,CHs CH,CO,CH,CH; 5 35 18 (25)
7 12 CH,CO,CH,CHs CH,CO,CH,CH; 10 58 18 (49)
8 12 CH,CO,CH,CHs CH,CO,CH,CH; 24 91 18 (87)
o 7 CH,(CH,)4CH; CH,(CH,),CHs 24 n.f n.r
10° 11 CHy(CHy),CHs CH,CO,CH,CH;, 24 n.f n.e
11° 7 CH,(CH,),CHs CHy(CH,)4CHs 24 n.f n.F
17 11 CHy(CHy),CHs CH,CO,CH,CH;, 24 n.f n.e

“Determined based on recovereg. €Photoreactions in Spurged 10% EtOH-toluene solution.
‘Photoreaction in Npurged, pure toluene solutidiNo reaction

Photoreactions of N-trimethylsilylmethyl-N-alkyl-N-benzylamines 19-29. Photoreactions of

Ceo With N-trimethylsilylmethyl-substitutedN-alkyl-N-benzylamines 9-29, 3320

in which the alkyl
substituents possess various functional groups performed using the conditions described above.
As can be seen by viewing the data in Scheme 3rahk® 2, visible-light promoted photoreactions
of Cgo With aminesl19-22, 24-25 and 28 took place to produce the corresponding 1,2-addt

33%12 35.3631232P3nd39°% with high conversions, product yields and mategabveries. In contrast,

photoreactions of § with benzylamine®3 and 26-27, which possess either electron withdrawing



(CH,CH,CO,CH,CHgz or p-F-Ph) or bulky {-Bu) N-substituents, occurred to form the respective
photoadduct843*® and37-38°% (65-79%) in only moderate to low yields. Moreowerction of G
with benzylamine29, which possesses both an electron withdrawerg-F substituted phenyl ring
and a bulkyN-tert-butyl group, was highly inefficient as reflected a low conversion (52%) and
yield (33%) of adduct40.3®® Here again, no 1,2-aminomethyl-adducts were preduahen
photoreactions 0fl9-29 were performed using either,Purged solutions or pure toluene as the
solvent. Likewise, nom-trimethylsilyl amine anologs of these substandésngthyl in place olN-
trimethylsilylmethyl) did not undergo SET-promotpHotoaddition reactions togwhen irradiated

under the same conditions.

Scheme 3. Visible light promoted photoaddition reactions @fy with N-trimethylsilylmethylN-
alkyl-N-benzylamined49-29.
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Table 2. Products, conversions and yields of photoadditieactions promoted by visible-light
irradiation of N-purged 10% EtOH-toluene solutions containing With N-trimethylsilylmethylN-
alkyl-N-benzylamined.9-29.

] irradiation conversion
entry amine R X _ product (%)
time (h) (%)?

1 19 CH,(CH,)4CHs H 5 85 30 (81)
2 20 CH,(CH,),OH H 5 85 31 (73)
3 21  CH,CH,OCH,CH,OH H 5 82 32 (74)

10



4 22 CH,CH,OCH,CH,OCH; H 5 82 33(72)

5 23 CH,CH,CO,CH,CH;, H 5 75 34 (65)
6 24 CH, H 5 99 35 (91)
7 25 CH, CH; 5 99 36 (95)
8 26 CH, F 5 91 37 (79)
9 27 t-Bu H 5 86 38 (69)
10 28 t-Bu CHs 5 89 39 (75)
11 29 t-Bu F 5 52 40 (33)

®Determined based on recovereg.C

The products formed in the visible light promotedations described above are comparable to
those generated using UV-irradiation ofpurged, 10% EtOH-toluene solutions of the samteatgr
N-trimethylsilylmethyl-substituted amines ang,CTable 3)*'#**Inspection of the data arising from
the earlier study (Table 3) showed that while msibrter times were required to bring about high
conversions of g when UV-irradiation was used, in most cases tled&yiof the 1,2-aminomethyl-
adduct, reflected in much lower mass recoveriesewemparatively lower than those arising from

visible light promoted reactions.

Table 3. Products and yields of photoaddition reactionsnmted by UV-light irradiation of N
purged 10% EtOH-toluene solutions containing &dN-trimethylsilylmethyl amine§-12 and19-
292

irradiation conversion

entry amine time (min) 06 product (%)
1° 7 4 100 13 (92)
2° 8 4 93 14 (90)
3 9 4 69 15 (54)

11



4° 10 8 100 16 (51)

5 1 60 85 17 (42)
6° 12 60 68 18 (23)
7 19 8 100 30 (47)
g 20 8 100 31 (43)
o 21 8 88 32 (57)
10° 22 8 93 33 (56)
11° 23 8 82 34 (54)
1% 24 8 100 35 (86)
13 25 15 94 36 (69)
14° 26 60 84 37 (53)
15° 27 30 89 38 (61)
16’ 28 30 91 39 (66)
17 29 120 77 40 (52)

®Amine/Cs is 0.56:0.28 mmol in 220 mL of 10% EtOH-toluenel @madiated 450 W Hg lamp
with a flint glass filter (>300 nmfDetermined based on recovereg, €Data from ref. 31a.
Data from ref. 32b.

Photoreactions of N-trimethylsilylmethyl-N,N-dibenzylamines 41-53. Catalyst free, visible-
light promoted photoaddition reactions ofp@ith N-trimethylsilylmethylN,N-dibenzylaminesi1-
53%® in which the arene ring on the benzyl groups a@imstvarious electron donating (GHOCHs)
and electron withdrawing (F, GFsubstituents, were carried out under the samdittons described
above. As the results depicted in Scheme 4 ance®abkhow, in contrast to the parent phenyl group
containing substratél (entry 1, Table 3), irradiation of 10% EtOH-tolues@utions of amined2-

45, which possess either one or two electron donapihgnyl substituentsi.¢., CHs;, OCH),

12



underwent SET-promoted photoaddition reactions Wikto produce the respective aminomethyl-
substituted 1,2-adduc5-58°"" in high conversions and product yields (entries i+ Table 4).
However, photoreactions of amind§-53, containing one or two electron withdrawing phenyl
substituentsi(e., F, CR), took place less efficiently than the reactiordafto give the respective
photoadduct§9-66°° (entries 6-13 in Table 3) even when a longer iatoh time (24 h) was used
(entries 11-13 in Table 4). Another interestingaskiation was that 24 h irradiation of a solution of
Cso and the two Cggroup substituted benzylamis8 led to formation of the aminomethyl adduct

66 along with the pyrrolidine-fused fullere6@ (4%) 3

Scheme 4. Visible-light promoted photoaddition reactions ofo@ith N-trimethylsilyimethylN,N-
dibenzylaminegl1-53.

L y
o

hv (20W CFL)

10% EtOH-toluene

Table 4. Products, conversions and yields of photoadditieactions promoted by visible-light
irradiation of N-purged 10% EtOH-toluene solutions containing &nd N-trimethylsilylmethyl-
N,N-dibenzylamineg1-53.

] irradiation  conversion
entry amine X Y _ product (%)
time (h) (%)*

1 41 H H 5 65 54 (58)

13



2 42 H CHs 5 95 55 (88)

3 43 H OCH, 5 95 56 (84)
4 44 CH, CHs 5 98 57 (92)
5 45 OCH, OCH; 5 100 58 (94)
6 46 H F 5 30 59 (26)
7 47 H CRs 5 17 60 (11)
8 48 CH, F 5 59 61 (54)
9 49 CH, CRs 5 38 62 (22)
10 50 OCH, CFR 5 42 63 (29)
11 51 F F 24 54 64 (41)
12 52 F Ch 24 28 65 (17)
13 53 CF, CFRs 24 22 66 (14),67 (4)

#Determined based on recovereg.C

Photoreactions of N-trimethylsilylmethyl-N-benzylglycinate esters 68-72. Observations
made in an earlier stutf? demonstrated that UV-irradiation induced phototddi reactions
between G, andN-trimethylsilylmethylN-benzyl substituted glycinate esters were uniqueanthe
nature and distribution of photoproducts are higidypendent on reaction conditions. Specifically,
while UV irradiation of N-purged, 10% EtOH-toluene solutions af@nd these amin&é for short
time periods (1 h) leads to formation of expectesh@methyl-substituted 1,2-addutexclusively,
irradiation of Q-purged 10% EtOH-toluene solutions leads to exekisformation of the
corresponding fulleropyrrolidingé? In the current effort, we briefly explored catdlfiee, visible-

light promoted reactions betweenspGand N-trimethylsilylmethylN-benzylglycinate ester68-72

14



(Scheme 5 and Table 5). We observed that 20 W @®&diation of N-purged 10% EtOH-toluene

solutions of Gy and glycinate$8-72 led to production of the respective 1,2-aminomketdducts

73-77 solely. As anticipated (see above), the conversiod yield of the reaction of theCF;

substituted substrai® were relatively low (Table 5).

Scheme 5. Visible-light promoted photoaddition reactions ©f, with N-trimethylsilylmethylN-
benzylglycinate estei@8-72.

1

hv (20W CFL)

Me;Si~__N._CO,CH,CH;  10% EtOH-toluene N._CO,CH,CH

68-72

Table 5. Products, conversions and yields of photoadditieactions promoted by visible-light
irradiation of N-purged 10% EtOH-toluene solutions containing &dN-trimethylsilylmethylN-
benzylglycinate estei@8-72.

irradiation conversion

entry amine Z time (h) %) product (%)
1 68 H 5 60 73 (56)
2 68 H 24 88 73 (86)
3 69 CHs, 5 68 74 (66)
4 69 CHs; 24 90 74 (90)
5 70 OCHs 5 86 75 (72)
6 70 OCH; 24 94 75 (86)
7 71 F 5 41 76 (30)
8 71 F 24 64 76 (55)

15



9 72 CF; 5 9 77 (2)

10 72 CF, 24 47 77 (43)

®Determined based on recovereg.C

Photoreactions of N-trimethylsilylmethyl-N-methylanilines 78-80. Visible-light induced
photoreactions of & with a-trimethylsilyl-substituted\-methylanilines78-80*% were also explored
by using the same irradiation conditions. (Schema&n@ Table 6) As the data in Table 6 show,
irradiation of N-purged 10% EtOH-toluene solutions containing &d anilines’8-80 gave rise to
the corresponding aminomethyl-substituted 1,2-ad8%-83. In addition, both conversion and
product yields were enhanced as the irradiatioe fmsrease. Finally, no aminomethyl photoadducts

were produced when these processes were perfornaed G-purged irradiation conditions.

Scheme 6. Visible-light promoted photoaddition reactions of,@vith N-trimethylsilylmethylN-
methylanilinesr8-80.

Y

CH, hv (20W CFL)

MesSi—_ _N
Coo + ~ \©\ 10% EtOH-toluene
X

78-80

Table 6. Products, conversions and yields of photoadditieactions promoted by visible-light
irradiation of N-purged 10% EtOH-toluene solutions containing &dN-trimethylsilylmethylN-
methylanilinesr8-80.

: irradiation ~ conversion
entry amine X _ product (%)
time (h) (%)

16



1 78 H 5 65 81 (57)

2 78 H 7 76 81 (60)
3 78 H 10 87 81 (75)
4 79 CH, 5 72 82 (59)
5 79 CH; 7 81 82 (72)
6 79 CH, 10 89 82 (79)
7 80 F 5 44 83 (32)
8 80 F 7 54 83 (46)
9 80 F 10 61 83 (49)

®Determined based on recovereg.C

The results of studies with th&-trimethylsilylmethyl-substitutedN-methylanilines are
comparable to those observed arising from the wbiKishibayashi and co-worket® This earlier
effort showed that 9 h visible light (440 nm) iriaibn (250W Hg lamp with filter) of a-
dichlorobenzene (ODCB)4® (v/vn = 200: 1) solution containing ¢ and the N-
trimethylsilylmethyl-substituted anilin@d in the absence of a photocatalyist.{ iridium complex)
gave rise to production of the 1,2-add8ttin a very low product yield (15 %). In additiodth@ugh
photoreaction in the presence of an iridium phdelgat occurred with an enhanced efficiency, the

yield (36 %) was still low (Scheme 7).

Scheme 7. The results of Nishibayashi and co-workers’ stuflyisible light promoted photoreaction
of Cgo With aniline78 in the presence/absence of iridium photocatalyst.

17



hv (440 nm)/ 9 h
CGO + 78

ODCB-H,0 (200: 1)

w or w/o photocatalyst

+ 81
_l (w/o photocatalyst, 15%)

| \/ «t-BU (with photocatalyst, 36%)
N N
TNz -
photocatalyst = ir\N J 0OSO0,C4Fg
N
| t-Bu
=

Although it is not possible to compare the obseovast made earlier by Nishibayashi and by us in
the current effort because different conditiong.(elight sources, photochemical apparatus and
reaction conditions) were employed, the largelyedént yields of the processes are most likely
caused by the different solvents used. To exploog tsolvent governs the efficiencies of
photoreactions of § with N-trimethylsilylmethyl-substituted anilines,;urged 10% EtOH-ODCB
solutions of Gy and anilines78-80 were subjected to visible-light irradiation. Asnche seen by
reviewing the results in Table 7, although phototieas in this solvent system took place to produce
aminomethylated 1,2-adducts, the yields were driaalbt lower than when the 10% EtOH-toluene
solvent system was utilized. The differing in protyields depending on solvent system appear to
be highly associated with chemoselectivity. In thHPLC analysis of photoproducts (see
supplementary data), we found that while photoreastof G, with aniline derivative§8-80 in 10%
EtOH-toluene solution gave rise to formation ofgnproducts31-83 (i.e., one peak in HPLC data
was observed), however, reactions in 10% EtOH-OP@&R®luced multiple products, in which one of
them was aminomethyl 1,2-dihydrofullerengs83 (i.e., two or three peaks in HPLC data were

observed).

Table 7. Products, conversions and yields of photoadditieactions promoted by visible-light
irradiation of N-purged 10% EtOH-ODCB solutions containingy @nd N-trimethylsilylmethylN-
methylanilinesr8-80.

18



irradiation conversion

entry amine time (h) . product (%)
1 78 5 46 81 (22)
2 78 10 71 81 (34)
4 79 5 52 82 (25)
5 79 10 72 82 (35)
7 80 5 29 83 (16)
8 80 10 60 83 (36)

*Determined based on recovereg.C

Conclusion

Visible-light promoted photochemical reactions hageently attracted great attention because
of their wide application in organic synthesis dhelir use of sustainable and green energy sources.
In the study described above, an efficient andrenmentally benign method for the preparation of
variously substituted aminomethyl-1,2-dihydrofullees has been developed. Observations made in
this study show that photocatalyst free, visibtgdipromoted photoreactions of 10% EtOH-toluene
solutions containing fullerene & and N-trimethylsilyimethyl-substituted amines generate
aminomethyl substituted fullerene adducts in a lgigéfficient manner, although reactions with
electron deficient amines give rise to limited cersion and product yields. Importantly, the results
confirm our earlier observations that show thaspnee of aiN-trimethylsilylmethyl group and the
electronic nature of amine substrates play criticdés in governing the efficiencies of these
photoaddition reactions. In comparison to typidarimal and photochemical methods developed

previously for the preparation of aminomethylatetlefene derivatives, the new approach using

19



visible-light takes place under mild conditions aindoes not require the use of photocatalystssThu
the method developed in this study could broadensttope of methods to functionalize fullerenes

using amine substrates.

Experimental

General. Commercially available fullerenes(>99% HPLC pure) was used as receivil.
and *C NMR spectra (300 MHz) were recorded using CDglutions, and chemical shifts are
reported in parts per million relative to CHE7.24 ppm for'H NMR and 77.0 ppm fo’C NMR)
as an internal standard. High resolution (HRMS) syeg®ectra were obtained by using a quadrupole
mass analyzer and electron impact ionization urdédssrwise noted.

Synthesis of a-trimethylsilylamines 7-9 and 11.3'? |Individual solutions of N-
(trimethylsilyl)methylN-hexylamine (16 mmol) in MeCN (100 mL) containingGO; (36 mmol)
and alkyl halide (20 mmol of 1-hexyl bromide, 23dtth-hexyl iodide, and 2-methoxy-1-ethyl iodide,
and ethyl 2-bromoacetate) were stirred for 12 hoam temperature and concentrated in vacuo to
give residues that were in vacuo to afford residudsch were subjected to column chromatography
(EtOAc: Hex = 1: 10) to yield (85%),8 (62%),9 (68%) andll (80%).

Synthesis of a-trimethylsilylamine 1032 A 100 mL MeCN solution of N-
(trimethylsilyl)methylN-hyroxyethoxyamine (10.5 mmol) containing®0O; (41.8 mmol) and 2-

ethyl-1-hexyl bromide (15 mmol) was stirred fori2t room temperature and concentrated in vacuo

20



to give residue that was in vacuo to afford ressjuwehich were subjected to column chromatography
(EtOAc: Hex = 1: 5) to yieldO (57%).

Synthesis of a-trimethylsilylamine 123! A 100 mL MeCN solution of N,N-bis-
ethylcarboxymethylamine (155 mmol) containing 03 (41.8 mmol) and
(iodomethyltrimethylsilane (20 mmol) was stirremt fLl2 h at room temperature and concentrated in
vacuo to give residue that was in vacuo to affoedidues, which were subjected to column
chromatography (EtOAc: Hex = 1: 8) to yidld (69%).

3312 |ndividual solutions of N-

Synthesis of a-trimethylsilylamines 19 and 22-2
(trimethylsilyl)methylN-benzylamine (15.5 mmol) in MeCN (100 mL) contagi,COs; (31 mmol)
and alkyl halide (30 mmol of 1-hexyl bromide, 2#(2thoxyethoxy)ethyl iodide, ethyl 2-
bromopropionate) were stirred for 12 h at room terapure and concentrated in vacuo to give
residues that were triturated with @b. The triturates were dried and concentrated irugdo
afford residues, which were subjected to colummotatography (EtOAc: Hex = 1: 8) to yiel®
(81%),22 (90%) and23 (44%).

Synthesis of a-trimethylsilylamine 20.3# A 100 mL MeCN solution oN-5-hydroxypentyIN-
benzylamine (15.5 mmol) containing®O; (41.8 mmol) and (iodomethyl)trimethylsilane (20 wiin
was stirred for 12 h at room temperature and cdnatea in vacuo to give residue that was triturated

with CH,Cl,. The triturate was dried and concentrated in vatuafford residues, which were

subjected to column chromatography (EtOAc: Hex 8)1p yield20 (45%).
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Synthesis of a-trimethylsilylamine 21.3? A 100 mL MeCN solution of N-
(trimethylsilyl)methylN-hydroxyethoxyamine (10.5 mmol) containing,GO; (41.8 mmol) and
benzyl bromide (21 mmol) was stirred for 12 h atmotemperature and concentrated in vacuo to
give residue that was triturated with @,. The triturate was dried and concentrated in vaouo
afford residues, which were subjected to colummotatography (EtOAc: Hex = 1: 5) to yieki
(49%).

Synthesis of a-trimethylsilylamines 24-26.3%° Individual solutions oiN-trimethylsilylmethyl-
N-benzylamine derivatives (11 mmol) in MeCN (120 nebntaining KCO; (18 mmol) and methyl
iodide (9.5 mmol) were stirred for 12 h at room pemature and concentrated in vacuo to give
residues that were extracted with £LHp. The extracts were dried and concentrated in vdouo
afford residues, which were subjected to silicacgélimn chromatography (EtOAc/hexane = 1: 8) to
yield corresponding amine substra?dgy62%),25 (76%) and26 (75%).

Synthesis of a-trimethylsilylamines 27-29.3?® Individual solutions oN-(trimethylsilyl)methyl-
N-t-butylamines (11 mmol) in MeCN (120 mL) containikgCO; (18 mmol) ando-substituted (H,
Me, F) phenyl containing benzyl iodide (9 mmol) westirred for 12 h at room temperature and
concentrated in vacuo to give residues that wetaebed with CHCI,. The extracts were dried and
concentrated in vacuo to afford residues, whichevgeibjected to silica gel column chromatography
(EtOAc/hexane = 1: 8) to yiel@l7 (89%),28 (88%) and29 (92%).

Synthesis of a-trimethylsilylamines 41-53.3*" Individual solutions ofN-trimethylsilylmethyl-
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N-benzylamine derivatives (13 mmol) in MeCN (120 ndgntaining KCOs; (20 mmol) andp-
substituted benzyl halides (20 mmol) were stir@d1f2 h at room temperature and concentrated in
vacuo to give residues which were extracted with,CH. The extracts were dried and concentrated
in vacuo to afford residues, which were subjected to siiehd column chromatography to yiedd
(72%), 42 (62%), 43 (68%), 44 (73%), 45 (47%), 46 (63%), 47 (87%), 48 (39%), 49 (96%), 50
(82%),51 (71%),52 (94%) andb3 (73%).

Synthesis of a-trimethylsilylamines 68-72.3* Individual solutions oN-trimethylsilylmethyl-
N-benzylamine derivatives (10 mmol) in MeCN (100 ndontaining kCO; (2.7 g, 19 mmol) and
ethyl bromoacetate (12 mmol) were stirred for 12 hoom temperature and concentratedacuo
to give residues which were triturated with £LHp. The triturates were dried and concentrated in
vacuo to afford residues, which were subjected to siiehcolumn chromatography (EtOAc: hexane
= 1: 20) to yield68 (66%),69 (53%),70 (70%),71 (88%) andr2 (56 %).

Synthesis of a-trimethylsilylamines 78-80. To individual solutions of N-methylN-
phenylamine derivatives (9.3 mmol) in THF (30 mLasraddeah-BuLi (12 mmol) at -78C. After
stirred for 1 h, (iodomethyl)trimethylsilane (10r@nol) was added dropwise to the solutions and the
resulting solutions were stirred for 5 h at roomperature. Then, the solutions were quenched by ag.
NH.CI and triturated with CkCl,. The triturates were dried and concentratedaicuo to afford
residues, which were subjected to silica gel colummmatography (hexane) to yiel8 (75%),79

(44%) ands0 (60%).
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General procedure for photoreaction of Cg with tertiary a-trimethylsilylamines.

Independent Wpurged 10% EtOH-toluene (v/v) solutions (10 mLht@oning Go (0.17 mM) andx-

trimethylsilylamine (0.35 mM) in quartz tubes wesenultaneously irradiated by using 20 W

compact fluorescent lamp (CFL) in a merry-go-rowamparatus for a certain period time. Each

photolysate was subjected to HPLC analysis by coisgra with authentic photoproducts. The

results were summarized below.

amine irradiation | conversion product
time (h) (%) (% vyield)
5 100 13°12(91)
8 5 88 14312 (80)
9 5 86 15%12(74)
10 5 91 16%12(79)
1 5 68 17312 (54)
5 35 18%12(25)

12 10 58 18 (49)

24 91 18 (87)
19 5 85 30°'%(81)
20 5 85 31%2(73)
21 5 82 32%12(74)
22 5 82 33*12(72)
23 5 75 34312 (65)
24 5 99 35%%°(91)
25 5 99 36°% (95)
26 5 91 37%%(79)
27 5 86 38%% (69)
28 5 89 392 (75)
29 5 52 40%% (33)
41 5 65 5431 (58)
42 5 95 5531 (88)
43 5 95 56°° (84)
44 5 98 5731 (92)
45 5 100 58%1° (94)
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46 5 30 59%1° (26)
47 5 17 60°° (11)
48 5 59 613" (54)
49 5 38 62°1° (22)
50 5 42 63%1P (29)
51 24 54 643 (41)
52 24 28 65°1° (17)
53 24 22 66°1° (14),67°° (4)
- 5 60 73%%2(56)
24 88 73 (86)
= 5 68 74%%%(66)
24 90 74 (90)
- 5 86 75%%2(72)
24 94 75 (86)
= 5 41 7622 (30)
24 64 76 (55)
5 9 77°%%2(2)
72
24 47 77 (43)

Photoreaction of Cgy with 78. In 10% EtOH-toluene solution: 5h irradiation, 6%¥nversion,
HPLC analysis to yiel®1 (57%); 7h irradiation, 76% conversion, HPLC analys yield81 (60%);
10h irradiation, 87% conversion, HPLC analysis ield/81 (75%). In 10% EtOH-ODCB solution:
5h irradiation, 46% conversion, HPLC analysis teld/B1 (22%); 10h irradiation, 71% conversion,
HPLC analysis to yiel®1 (34%).*H-NMR (CDCL) 3.52 (s, 3H), 5.34 (s, 2H), 6.49 (s, 1H), 6.78 (t
1H, J = 7.2 Hz), 7.15-7.7.18 (m, 2H), 7.26-7.31 gH): *C-NMR (CS+CDCl) 40.8, 57.8, 67.1,
67.5, 112.7, 118.0, 129.2, 135.2, 135.8, 139.8,a4M1.3 (2H), 141.6 (2H), 141.8, 142.2, 142.8,
144.1, 144.2, 144.9, 145.0, 145.1, 145.3, 145.5.814145.9, 146.0, 146.5, 146.6, 146.9, 148.9,
153.2, 153.9; HRMS (FAB) m/z 842.0966 (M+HsgB12N require 842.0964).

Photoreaction of Cgy with 79. In 10% EtOH-toluene solution: 5h irradiation, 72%nversion,
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HPLC analysis to yiel®2 (59%); 7h irradiation, 81% conversion, HPLC analys yield82 (72%);
10h irradiation, 89% conversion, HPLC analysis ield/82 (79%). In 10% EtOH-ODCB solution:
5h irradiation, 52% conversion, HPLC analysis teld/B2 (25%); 10h irradiation, 72% conversion,
HPLC analysis to yiel®2 (35%)."H-NMR (CDCL) 2.3 (s, 3H), 3.5 (s, 3H), 5.3 (s, 2H), 6.51 (d),1
7.09 (s, 4H),'13C-NMR (CS+CDCl) 20.4, 41.1, 57.9, 67.6, 67.7, 113.1, 126.8, 1,2835.3, 135.9,
139.9, 140.0, 141.4 (2H), 141.5, 141.7, 141.8,9,4142.3, 142.9, 144.2, 144.3, 145.0, 145.1, 145.2,
145.5, 145.8, 145.9, 146.0, 146.1, 146.7 (2H), Q4147.1, 153.4, 154.2; HRMS (FAB) m/z
856.1122 (M+H, GH1sN require 856.1121).

Photoreaction of Cg with 80. In 10% EtOH-toluene solution: 5h irradiation, 44%nversion,
HPLC analysis to yiel®3 (32%); 7h irradiation, 54% conversion, HPLC analys yield83 (46%);
10h irradiation, 61% conversion, HPLC analysis ield/83 (49%). In 10% EtOH-ODCB solution:
5h irradiation, 29% conversion, HPLC analysis teld/83 (16%); 10h irradiation, 60% conversion,
HPLC analysis to yiel®3 (36%).'H-NMR (CDCk) 3.49 (s, 3H), 5.29 (s, 2H), 6.47 (s, 1H), 6.95-
7.01 (m 2H), 7.1-7.14 (m, 2H}*C-NMR (CS+CDCL) 41.5, 58.0, 67.5, 68.0, 114.1 (i, = 28.8
Hz), 115.6 (dJcr = 87.6 Hz), 135.2, 135.9, 139.8, 140.1, 141.3,.442H), 141.7 (2H), 141.8,
142.3, 142.7, 142.9, 144.1, 144.2, 145.0 (2H), 14545.4, 145.7 (2H), 145.8, 145.9, 146.0 (2H),
146.6 (2H), 146.9, 147.0, 153.1, 153.8, 155.7J; = 949.2 Hz); HRMS (FAB) m/z 860.0873

(M+H, CggH11F require 860.0870).
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