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1. Introduction

The reduction of carbonyl compounds is one of thestm
fundamental and widely employed transformations yinttsetic

2. Results and Discussion

N-benzyl phthalimideXa) was chosen as the model substrate
to optimize boron catalyzed reduction of cyclic dies with

organic chemistry. Hydrosilanes are air- and moisture-stablehydrosilanes. BFELO was initially examined in the reduction

hydride sources and can be readily activated unuéd
conditions. It is attractive to develop a catalygduction system
of the carbonyl compounds with hydrosilanes whichbénahe
fine-tuning of activity to improve chemo- and resptectivity”
Various catalysts had been explored for the chemegjo-,
and/or stereoselective hydrosilylation of aldehyd&stones,
esters, amides, carboxylic acid derivatives andlest Among
these catalysts, boron based catalytic systemargrertant for

the hydrosilylations. For

Tris(pentafluorophenyl)borane (B{ks)s;) shows high effective
for the hydrosilylation of alcohofs,olefins? imines® ethers,
amides® carboxylic acids and their derivativésMoreover, the
mechanisms of B(s); catalyzed hydrosilylations were
different from typical Lewis acid catalyzed hydrgikions in
which B(GFs); activated hydrosilanes by an unusust
coordination rather than carbonyl grodpsiowever, there is no
report about boron catalyzed the reduction of cyittiides with

hydrosilanes.

which was efficient for the reduction of aldehydes &etones
with hydrosilaneé! Nevertheless, no reduction occurred (Table
1, entry 1). The catalyst was changed to §B{z that was
commercially available Lewis acid of comparablersgth to B

but without the problems associated with reactive BeRds’”
Gratifyingly, the pyrrolidine Za) was obtained as the sole
product in 95% yield (Table 1, entry 2). ReplacB(Fs); with

the moderately Lewis acidic triphenylborane (BPivhich was
found to catalyze the selective hydrosilylatiorG&), and tertiary
amides> no desired produc6) was generated (Table 1, entry
3). In the cases of organo-borane reagents,
benzo[b]thiophen-2-ylboronic acid and PhB(@H}lso any
reduced products did not observed (Table 1, en#iesd 5).
Other metal or Lewis acid catalyzed the reductionlccawot
afford selectively the pyrrolidine2§) (Table 1, entries 6 - 8).
Consequently, B(fs); was an efficient catalyst for the
hydrosilylation of the imides to the pyrrolidined). When
B(CsFs); was used as the catalyst, less active silane$hj&iH,

The reduction of available cyclic imides gives gsale or PHMS led to the desired pyrrolidin2aj albeit in lower yield
nitrogen containing compounds such ashydroxylactams;  of 71% and 76%, respectively (Table 1, entries @ &h). The
lactams'® substituted pyrroléd or pyrrolidines’ which are  high
versatile building blocks for organic synthesisH&me 1)***®  (tetramethyldisiloxane) was used (Table 1, entry h@wever 5%
The classical reduction process employing metatitigd always of isoindole ba) as the byproduct was observed in the reduction
resulted in the formation of byproducts and suffedeom  products. Reduced dosage of PhSiébulted in a decreased yield
practical issues due to the moisture sensitive raatd metal of 2a, wherein the mono-reduction produdg)l was detected in
10% vyield (Table 1, entry 12).

Table 1. The effect of catalysts and hydrosilanes on the

reduction of cyclic imide8
[¢)

hydrides''® Therefore,the reduction of the cyclic imides with

hydrosilanes is an appealing method. Zn(QAchtalyzed
reduction of cyclic imides withpolymethylhydrosiloxane
(PMHS) provided effectivelyn-hydroxylactams! Lewis base
catalyzed hydrosilylations of cyclic imides canacaff selectively
lactams orw-hydroxylactams? Pyrrolidines as the important
reduction products of cyclic imides are presentnimmerous
natural products, biomacromolecules and pharmadstiwith
diverse biological activities such as moxifloxaeimd mitiglinide
calcium® There are only two literature examples about the
hydrosilylation of cyclic imides to pyrrolidines.tol and
coworkers gave one example of Rh-catalyzed hydmtsiyl of
N-benzyl succinimide with BBiH, to N-benzylpyrrolidine in
70% vyield®® Beller and coworkers reported a sequential
reduction of N-benzylphthalimide to 2-benzylisoindoline by
n-Bu,NF/PMHS and FgCO),/PMHS in moderate vyieltf’
Therefore, it is attractive to develop a conveniand effective
method for the reduction of cyclic imides to pyidales. Due to
boron catalytic systems allowing for deoxygenaidrihe amide
functionality’, we envision that boron based catalytic systems
will display high chemoselectivity for the reductiohthe cyclic
imides to pyrrolidines. Herein, we report an effi¢cieeduction of
cyclic imides to the corresponding pyrrolidines dygonvenient
tri(penta-flurophenyl)borane catalyzed hydrosiligat

yield of 2a was

also

[0)

obtained

as

TMDS

[0)

Qat. (10.0 mol%)
CQNBn Silane (9.0 eq.H) ©i>NBn + NBn + ©:/</N8n
dioxane, 110 °C
0 OH
1a 2a 3a
. Convl Y|e|d (%)
Entr Cat. Silane _
y (%) 2a 3a 4a
1 BFR;- E£O PhSiH 0

2 B(GFs)3 PhSiH 100 95 0 0

3 BPh PhSiH 0 0 0 0

4 PhB(OH) PhSiH 0 0 0 0

benzo[b]thiophen-2-yl .
5 o PhSiH 0 0O 0 O
boronic acid

6 Zn(OAc)- 2H,0 PhSiH 100 88 13

7 Ti(OiPr), PhSiH 25 18 0

8 In(OAc) PhSiH 20 15 0

9 B(GFs)3 PhSiH, 100 71 0 0

10° B(CsFs)3 TMDS 100 92 0 0
11 B(GFs)s PMHS 94 7 0 0
1z B(CsFs)3 PhSiH 85 75 0 10
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Scheme 1The reduction of cyclic imides
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#Reaction conditionsN-benzyl phthalimide {a, 1.0 mmol), Silane (9.0
equiv. H), catalyst (10.0 mol%), dioxane (2.0 mL},0°C, 16 h; conversion
and vyields were determined b{H NMR analysis (internal standard:
4.4'-di-tert-butyl-1,1’-biphenyl).

5% of isoindole %a) as the byproduct was observed.

°The amount of PhSiHs 2.0 eq. (2.0 mmol), 10% dh as the byproduct
was observed.

Next, the influence of solvents (Table 2, entris)l-the
catalyst loading (Table 2, entries 6 and 7) andoature (Table
2, entries 8 and 9) on the Bf&); catalyzed hydrosilylation of



the imides with PhSiklwere explored. Highest activity was
found in dioxane and toluene (Table 2, entries H &).
Incomplete-reduced product was observed when gi&$ used
as the solvent (Table 2, entry 4). Quantitativedgedf 2a were
generated with a lower catalyst loading of 5 mol %€ 2,
entry 6). Lowering the reaction temperature causddcaease in
yield (Table 2, entries 8 and 9), so the reducti@s performed
well at 110 °C.

Table 2. The effect of solvent, catalyst loading and
temperature on the hydrosilylation of cyclic imides

@EE p @3@

2a

B(CeFs)3 (y mol%)
PhS|H3 (3.0 eq.)

Solvent, Temp.

B(CeFs)3 Yield

Entry Solvent (y ng)p' C((o)/n)v. (%)
mol%) 0 2a

1 Dioxane 1C 11C 10C 9t
2 Toluen 1C 11C 10C 9t
3 CH;OCH,CH,0OCH; 1C 8t 54 52
4P CHCl; 1C 65 9C 7€
5 CICH,CHLCI 1C 8t 58 58
6 Dioxane 5.C 11C 10C 9t
7 Dioxane 2.t 11C 10C 92
8 Dioxane 5.C 8C 9C 8¢
9 Dioxane 5.C 2E 2C 2C

#Reaction conditionN-phenmethyl phthalimidelg, 1 mmol), PhSikl
(3.0 eq., 3.0 mmol), BFs)z (y mol%), solvent (2 mL), 118C, 16 h; Yields
were determined by *H NMR analysis (internal standard:
4.4'-di-tert-butyl-1,1’-biphenyl).

8% of the lactam4@a) was observed in this condition.

Under the above optimized conditions, the scope hef t
B(CsFs)s-catalyzed reduction of cyclic imide$)(to pyrrolidines
(2) with PhSiH was probed. As shown in Table 3,
B(CsFs)s-catalyzed hydrosilylation afforded effectivelyange of
the cyclic amines?). The reduction system displayed the high
efficiency for the reduction of various aryl imid€s$) to the
corresponding isoindoline4-2i). The effect of the electronic
nature of the substituents at aromatic rings wasobetous on
the reductions. The methoxyl substituted phthalen{@le) and
the naphthalinic imide 1f) were reacted in excellent yields.
Notably, full reduction of pyromellitic diimide 1¢) to the
corresponding product2¢) was achieved in excellent yield
without increasing the catalyst loading. The reductf N-alkyl
phthalimides Th and 1) also afforded the isoindoline2H and
2i) in good yield. Moreover, the reduction of aliphaimides
(1j-1n) was executed smoothly with this reduction systéhe
polycyclic substratelf) was reduced well in 94% vyield, and the
less sterically hindered-benzyl succinimidel() was reduced in
82% isolated yield. The catalyst system was alsdicgipe for
the reduction of six-membered cyclic imidén{), in which
1-benzylpiperidine Zm) was obtained in 90% yield. The
nitrogenous heterocyclic substrafa) was reacted efficiently to
afford N-benzyl-2,8-diazabicyclo[4.3.0]-nonane&2nj in 85%
yield which is an important building block for thgnshesis of

moxifloxacin!®® The reduction system also tolerated aryl halides

alkenes and nitro groupN-benzyl 5,6-dibromo phthalimidé.f)
andN-benzyl 5,6-dichlorophthalimidel§) gave the isoindolines
(2p and20) in 78% and 85% yield, respectively. Fdrallylic
and cinnamyl imidesl@, 1r andls), the carbonyl groups were
reduced selectively to afford the correspondingnidolines with
the alkene unaffectedHowever, the steric hindrance of allyl
group at C4 position of cyclic imides resulted theld of 2s to
drop slightly. The reduction &f-(4-nitrobenzyl) phthalimidelt)
afforded the corresponding isoindolirt)(in 71% yield. For the
cyclic imides (u) with cyano group, the reduction of both the

3

imide and cyano group was observed, and the amipstitient
isoindolines 2u) was obtained in moderate yield. Similarly, the
reduction of the cyclic imide with amide groupv) generated the
diamine @v) in good vyields. Regrettably, when ethyl
4-phthalimido-butyric esterl(v) was reduced under the catalytic
system, only little of the object product was obsérand most of
the imide (w) was recovered. In addition, the scalability of
this procedure was exemplified by the reduction ajrém of
N-benzyl phthalimide a) with PhSiH which afforded a 90%
isolated yield oRa

Table 3. B(CsFs)s-catalyzed reduction of cyclic imides)(to
pyrrolidines @) with hydrosilane$

o
ﬁN—R

o]

B(CeFs)3) (5.0 mol%)
PhSiH3 (3.0 eq.)

Dioxane, 110 °C

1
.

Me MeO
©:>N 2d, 89%

BnN(jijCNBn

29, 86%P

2e, 88%

@CNJ

2h, 80%

CNBn < NBn

2m, 90%

2f, 86%

o

2i, 80%

N

H
2n, 85%

R'=H, 2a,94%
(5.0 g scale, 90%)
CHs, 2b, 89%
CF3, 2c,89%

T T

2j, 94% 2k, 90% 21, 82%

DD 0w SO~ T

2r, 81%

I

2v, 78%°

20, 85% 2p, 78%

. 5 o

2u, 55% °

29, 80%

NMey

]

2s, 70% 2t, 71%

# Reaction condition: cyclic imidel( 1.0 mmol), PhSikl (3.0 mmol),
B(CeFs)s (5.0 mol%), dioxane (2.0 ml), 12G, 16 h, isolated yield.

®PhSiH; (6.0 eq., 6.0 mmol).
°PhSiH; (4.0 eq., 4.0 mmol), B(Es)s (15.0 mol%), 130C, 48 h.
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Scheme 2The possible reduction process of cyclic imides
catalyzed by B(gFs)s

The reduction of cyclic imides to pyrrolidines mgg through
several intermediates as shown in Scheme 2. Tostigate the
reaction pathway of B({s)s-catalyzed hydrosilylation of cyclic
imides, the reaction profile for the reduction b with the
hydrosilane was monitored B NMR spectroscopy (Figure 1)
(*H NMR spectra copies shown in the Supporting Inforomti
Figure S1). In PhSifB(CsFs); reduction systemA(), only the
lactam @a) was observed in a low concentration at the initial
stage of the reaction, and it disappeared aftemutes, while
the nearly complete conversion b to the pyrrolidine Za) is
achieved after 5.0 h. These results suggestedntiia¢ reduction
system the conversion of the intermediate) (was faster than
that of the imide Xa). Furthermore, the hypothesis can be
demonstrated by the intramolecular competitive cddn of the



amide group and the imide group (Scheme 3). Whenrcylic
imide with amide group1f) was reacted in PhSiHB(CgFs),
reduction system, the preferential reduction of dngide group
was observed, and the compour@d) (was generated in 85%
yield after 2 hrs. Then the yield of full reducedbguct @t)
increased gradually after the catalyst and the dgitéme were
added supplementally. However, in TMDS/BFE); reduction
system B, Figure 1),0-hydroxy lactam derivative3@’) was the
only observed intermediate during the reductiowl, the build-up
and decay oBa’ is evident. This phenomenon indicated that th
conversion of3a might be slower than that of imidéd) and the
intermediates4a).

Figure 1. Reaction profile of B(gFs); catalyzed reduction dfa
with PhSiH; and TMDS (A: PhSiklreduction system; B: TMDS
reduction system).
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Reaction Time

2h 85%

48h [b] Yield: 78% 15%

Scheme 3B(CgFs)s-catalyzed reduction of the cyclic imide
(1t) with an amide group with PhSiH
#Reaction conditions1t (1.0 mmol), PhSikl (4.0 mmol), B(GFs): (10.0
mol%), dioxane (2.0 mL), 136C; yields were determined b¥{ NMR
analysis (internal standard: 4,4’-di-tert-butyl-ibiphenyl).

PAfter 5 hr, B(GFs)s (5.0 mol%) and PhSi{2.0 mmol) were added again.

These results demonstrated the reduction of cyalides to
pyrrolidines processetlia three steps. Firstly, the hydrosilane

4

effect of difference structure of the hydrosilanes the
hydrosilylation.

4. Experimental section
4.1. General information

Unless otherwise noted, all reactions were carriedindér an
atmosphere of nitrogen using standard Schlenk tqubs.
Materials were purchased from commercial supplérd used

awithout further purification. Anhydrous dioxane wasdhnly
distilled from Sodium.'H NMR and *C NMR spectra were
recorded on a 400 MHz spectrometer. The chemicbsor *H
NMR were recorded in ppm downfield from tetramethgisé
(TMS) with the solvent resonance as the internaidsted. The
chemical shifts for®C NMR were recorded in ppm downfield
using the central peak of deuterochloroform (77pén) as the
internal standard. Coupling constani} 4re reported in Hz and
refer to apparent peak multiplications. HRMS wereantgtd on
an ESI-TOF mass spectrometer. Flash column chraregiby
was performed on silica gel (300-400 mesh).

4.2. General experimental procedures of
tri(pentaflurophenyl)-borane-catalyzed reduction of cyclicimides
D

To the mixture of B(gFs); (5.0 mol%) and cyclic imides (1.0
mmol) in dioxane, was added Ph$if8.0 mmol) slowly under
an atmosphere of nitrogen. The reaction mixture stased and
refluxed at 110°C under an atmosphere of nitrogen. After the
imide was consumed completely (detected by TLC)ntirdure
was added with agueous ammonia (15 mL) and extragitd
CH,CI, (10 mLx3). The combined organic phase was dried ove
NaSQ,, after removing the solvent under vacuum, thedresi
was purified by column chromatography to give thedpict.

4.2.1. 2-Benzylisoindoline (2a)*®

Reddish brown solid, 196.7 mg, yield: 94%, Mp: 33.85.3
°C.*™H NMR (400 MHz, CDCJ): & 7.44 — 7.42 (m, 2H), 7.38 —
7.34 (m, 2H), 7.31 — 7.26 (m, 1H), 7.18 (s, 4H), 3(844H),
3.92 (s, 2H).°C NMR (100 MHz, CDGJ): 4 140.3, 139.2, 128.9,
128.5, 127.2, 126.7, 122.4, 60.4, 59.0.

4.2.2. 2-(4-Methylbenzyl)isoindoline (2b)*

Reddish brown solid, 198.8 mg, yield: 89%, Mp: 33.85.3
°C. '™H NMR (400 MHz, CDC)): 6 7.32 — 7.30 (m, 2H), 7.20 —
7.16 (m, 6H), 3.92 (s, 4H), 3.88 (s, 2H), 2.36 (s, 3fF0.NMR

was activated by B((Fs); and then added to the carbonyl group (100 MHz, CDC)): § 140.3, 136.7, 136.1, 129.1, 128.8, 126.7,

of 1lato generate-hydroxy lactam derivative3@’). Further,3a’
was reduced to lactamdd). Finally, B(GFs); catalyzed the
reduction of 4a with the hydrosilane to pyrrolidine2§).
Moreover, the difference structure of the hydrommay affect
the reaction rate of the three steps and resuttthi®adifferent
intermediates was observed in the two reduction systéhe
synergetic effeéf of PhSiH, poly-hydrogen atoms attached to
the same silicon atom, may result in prompt tramséion of the
possible intermediate34’) to the lactam4a), so3a’ can not be
observed in the PhSiHB(CgFs); reduction reaction.

3. Conclusions

In summary, we have developed a convenient andieffic
reduction method of cyclic imides to pyrrolidinesiav
B(CsFs)s-catalyzed hydrosilylations. Various cyclic imides,
including aromatic, aliphatic, polycyclic substiste were
effectively reduced to the corresponding cyclic m@si in high
yield with PhSiH/B(CgFs); reduction system. This catalytic
protocol showed good tolerance for alkenes, halqgeitso
groups and heterocyclic compounds. The reactionfilgso
monitored by 'H NMR spectroscopy  displayed
B(CsFs)s-catalyzed reduction process of cyclic imides ahd t

122.3, 60.0, 58.9, 21.2.

4.2.3. 2-(4-(Trifluoromethyl)benzyl)isoindoline (2c)

Brown solid, 246.8 mg, yield: 89%, Mp: 50.2 — 52@8, H
NMR (400 MHz, CDC)): 4 7.62 — 7.60 (m, 2H), 7.55 — 7.53 (m,
2H), 7.20 (s, 4H), 3.97 (s, 2H), 3.94 (s, 4ﬁ§3 NMR (100 MHz,
CDCly): & 143.5, 140.1, 1295 (g} = 32.1 Hz), 129.0, 126.9,
125.5 (q,J = 3.7 Hz), 124.4 () = 270.1 Hz), 122.5, 59.9, 59.1.
HRMS-ESI (m/z): Calculated for@H:sFN (M + H)":278.1157,
Found: 278.1156.

4.2.4. 2-Benzyl-5-methylisoindoline (2d)

Brown solid, 196.7 mg, yield: 89%, Mp: 51.8 — 53@. H
NMR (400 MHz, CDC)): 6 7.43 — 7.42 (m, 2H), 7.38 — 7.34 (m,
2H), 7.31 - 7.26 (m, 1H), 7.08 — 7.06 (m, 1H), 7.06.99 (m,
2H), 3.91 (s, 2H), 3.90 (s, 4H), 2.33 (s, 3HL NMR (100 MHz,
CDCly): 6 140.4, 139.2, 137.3, 136.3, 128.8, 128.4, 12727,11,
123.0, 122.1, 60.4, 58.9, 58.8, 21.4. HRMS-ESI (m/z)
Calculated for GHygN (M + H)":224.1439, Found: 224.1439.

4.2.5. 2-Benzyl-5-methoxyisoindoline (2€)

Reddish brown solid, 210.6 mg, yield: 88%, Mp: 64.86.8
°C.*™H NMR (400 MHz, CDCJ): § 7.45 — 7.43 (m, 2H), 7.39 —
7.35 (m, 2H), 7.32 — 7.26 (m, 1H), 7.10 — 7.08 (m,, 1646 —
6.75 (m, 2H), 3.93 (s, 4H), 3.90 (s, 2H), 3.79 (s, 3F0.NMR
(100 MHz, CDC})): 6 159.1, 141.7, 139.1, 132.3, 128.9, 128.5,



127.2, 123.0, 112.6, 108.2, 60.4, 59.2, 58.4, 5BRBMS-ESI
(m/z): Calculated for GH;gNO (M + H)": 240.1388, Found:
240.1389.

4.2.6. 2-Benzyl-2,3-dihydro-1H-benzo[ f] isoindole (2f)

Yellow solid, 228.3 mg, yield: 88%, Mp: 138.2 — 146G 'H
NMR (400 MHz, CDC)): § 7.81 — 7.79 (m, 2H), 7.63 (s, 2H),
7.49 — 7.39 (m, 6H), 7.35 — 7.32 (m, 1H), 4.06 (s,, 897 (s,
2H). ®C NMR (100 MHz, CDG)): § 139.4, 139.1, 133.1, 129.0,
128.5, 127.8, 127.3, 125.4, 120.6, 60.6, 58.7. HRABS{m/z):
Calculated for GHgN (M + H)": 260.1439, Found:260.1439.

4.2.7. 2,6-Bibenzyl-1,2,3,5,6,7-hexahydropyrrolo[ 3,4-f] isoindole
(29)

Brown solid, 295.6 mg, vyield: 86%, Mp: 137.8 — 148C1'H
NMR (400 MHz, CDC}): 6 7.41 — 7.39 (m, 4H), 7.36 — 7.32 (m,
4H), 7.29 — 7.27 (m, 2H), 6.97 (s, 2H), 3.89 (s, 4kB73s, 8H).
*C NMR (100 MHz, CDCJ)): & 139.2, 139.0, 128.9, 128.5,
127.2, 116.5, 60.5, 58.9. HRMS-ESI (m/z): Calculated
CoiHoeN, (M + H)': 341.2018, Found: 341.2016.

4.2.8. 2-Ethylisoindoline (2h)*®

Reddish brown oil, 117.8 mg, yield: 809 NMR (400 MHz,
CDCly): § 7.22 — 7.18 (m, 4H), 3.93 (s, 4H), 2.78 Jo5 7.2 Hz,
2H), 1.21 (t,J = 7.2 Hz, 3H).”*C NMR (100 MHz, CDC)): &
140.1, 126.8, 122.3, 58.9, 50.1, 14.1.

14b

4.2.9. 2-1sopropylisoindoline (2i)

Brown oil, 129.3 mg, yield: 80%'H NMR (400 MHz,
CDCL): § 7.22 — 7.17 (m, 4H), 3.97 (s, 4H), 2.77 — 2.71 (i), 1
1.20 (d,J = 6.0 Hz, 6H).*C NMR (100 MHz, CDGJ): & 140.1,
126.7,122.3, 57.2, 54.5, 21.9.

4.2.10. 2-Benzyloctahydro-1H-4,7-methanoisoindole (2j)

Yellow oil, 211.5 mg, vield: 93%'H NMR (400 MHz,
CDCly): 6 7.36 — 7.28 (m, 4H), 7.24 — 7.21 (m, 1H), 3.52 (),2
2.76 (d,J = 10.0 Hz, 2H), 2.35 — 2.34 (m, 2H), 2.11 (s, 2H)22.0
~1.98 (m, 2H), 1.77 — 1.75 (m, 2H), 1.41 — 1.332H), 1.26 -
1.24 (m, 2H).”®C NMR (100 MHz, CDGC): & 140.5, 128.5,
128.2, 126.7, 60.7, 55.4, 44.1, 42.3, 41.4, 24.1 MSHESI
(m/z): Calculated for GH,N (M + H)": 228.1752, Found:
228.1751.

4.2.11. 2-Benzyloctahydro-1H-isoindole (2k)

Yellow oil, 193.8 mg, yield: 90%'H NMR (400 MHz,
CDCly): 6 7.38 — 7.32 (m, 4H), 7.29 — 7.24 (m, 1H), 3.76 ),2
2.83 — 2.79 (m, 2H), 2.57 — 2.53 (m, 2H), 2.21 — 26 2H),
1.60 — 1.46 (m, 6H), 1.38 — 1.32 (m, 2)C NMR (100 MHz,
CDCly): 6 139.9, 128.8, 128.3, 126.9, 61.4, 58.4, 37.3,,2Z3@.
HRMS-ESI (m/z): Calculated for ;@H,,N (M + H)":216.1752,
Found: 216.1751.

4.2.12. 1-Benzylpyrrolidine(2l)

Yellow oil, 193.8 mg, yield: 82%'H NMR (400 MHz,
CDCH): §7.35 — 7.23 (m, 5H), 3.65 (s, 2H), 2.55 — 2.53 (M), 4
1.82 - 1.78 (m, 4H)™C’ NMR (100 MHz, CDCJ): & 139.2,
129.0, 128.3, 127.0, 60.8, 54.2, 23.5. HRMS-ESI m/z
Calculated for @H;eN (M + H)+:162.1283, Found: 162.1283.

4.2.13. 1-Benzylpiperidine(2m)*

Yellow oil, 157.6 mg, yield: 90%H NMR (400 MHz, CDCJ)
8 7.32 — 7.23 (m, 5H), 3.49 (s, 2H), 2.46 — 2.32 (),4.61 —
1.55 (m, 4H), 1.47 — 1.38 (m, 2HYC NMR (100 MHz, CDG))
§138.6, 129.4, 128.2, 127.0, 64.0, 54.6, 26.1,.24.5

4.2.14. 6-Benzyloctahydro-1H-pyrrol o[ 3,4-b] pyridine (2n)
Yellow oil, 183.7 mg, vyield: 85%'H NMR (400 MHz,
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4.2.15. 2-Benzyl-5,6-dichloroisoindoline (20)

Yellow solid, 236.4 mg, yield: 85%, Mp: 59.8 — 67®. 'H
NMR (400 MHz, CDC}J): § 7.39 — 7.26 (m, 5H), 7.25 (s, 2H),
3.89 (s, 2H), 3.87 (s, 4H)’C NMR (100 MHz, CDG)): & 140.6,
138.6, 130.5, 128.7, 128.55 127.3, 124.3, 60.®.98RMS-ESI
(m/z): Calculated for GH..> CLN (M + H)": 278.0503, Found:
278.0502.

4.2.16. 2-Benzyl-5,6-dibromoisoindoline (2p)

Yellow solid, 285.1 mg, yield: 78%, Mp: 75.9 — 78@. H
NMR (400 MHz, CDCJ): § 7.42 — 7.29 (m, 7H), 3.88 (s, 2H),
3.85 (s, 4H)*C NMR (100 MHz, CDG)): & 141.7, 138.6, 128.8,
128.6, 127.5, 127.4, 122.5, 60.0, 58.1. HRMS-ESIzJm/
Calculated for GH,,°Br,N (M + H)": 365.9493, Found:
365.9491.

4.2.17. 2-Allylisoindoline (2q)

Brown oil, 128.0 mg, yield: 80%'H NMR (400 MHz,
CDCly): 6 7.20 (s, 4H), 6.05 — 5.94 (m, 1H), 5.29 (dds 17.2,
1.6 Hz, 1H), 5.18 (dd] = 10.4, 1.6 Hz, 1H), 3.97 (s, 4H), 3.40
(d, J= 6.4 Hz, 2H)*C NMR (100 MHz, CDCJ): & 140.2, 136.0,
126.8, 122.4, 117.3, 59.0, 58.9. HRMS-ESI (m/z):.cGlaited for
CyHuN (M + H)™: 160.1126, Found: 160.1127.

4.2.18. 2-Cinnamylisoindoline (2r)

Reddish brown oil, 190.5 mg, vyield: 81% (with reastio
systemB).'"H NMR (400 MHz, CDCJ): 5 7.42 — 7.40 (m, 2H),
7.34 —7.30 (m, 2H), 7.24 — 7.22 (m, 1H), 7.20 (s,,88H3 (d,J
= 16.0 Hz, 1H), 6.46 — 6.35 (m, 1H), 4.00 (s, 4H), 3&&,J =
6.4, 1.2 Hz, 2H)"*C NMR (100 MHz, CDG)): 5 140.0, 137.1,
132.4, 128.7, 127.6, 127.3, 126.8, 126.5, 122.49,588.2.
HRMS-ESI (m/z): Calculated for @H;N (M + H)":236.1439,
Found: 236.1437.

4.2.19. 4-allyl-2-methylisoindoline (2s)

Reddish brown oil, 120.8 mg, yield: 70%1 NMR (500 MHz,
CDCly) 6 7.21 — 7.18 (m, 1H), 7.09 — 7.04 (m, 2H), 5.92 45.8
(m, 1H), 5.08 — 5.00 (m, 2H), 4.13 (s, 2H), 4.09 @),2.31 (d,

J = 6.5 Hz, 2H), 2.72 (s, 3H)’C NMR (125 MHz, CDG)) 5
138.4,137.7, 135.7, 134.4, 128.0, 127.9, 120.6,4161.0, 59.6,
42.6, 37.9. HRMS-ESI (m/z): Calculated for 8N (M +
H)*:174.1283, Found: 174.1288.

4.2.20. 2-(4-nitrobenzyl)isoindoline (2t)

Pale yellow solid, Mp: 63.5 — 65.€. 180.1 mg, yield: 71%.
'H NMR (400 MHz, CDC}) § 8.21 (d,J = 8.4 Hz, 2H), 7.60 (d]
= 8.4 Hz, 2H), 7.21 (s, 4H), 4.02 (s, 2H), 3.97 (s, AilFQ.NMR
(101 MHz, CDCY}) 6 147.3, 147.2, 139.9, 129.3, 127.0, 123.8,
122.4, 59.6, 59.2. HRMS-ESI (m/z): Calculated fqQeHzsN,O,
(M + H)":255.1134, Found: 255.1135.

4.2.21. 5-(Isoindolin-2-yl)pentan-1-amine (2u)

Red oil, 133.2 mg, yield: 55%H NMR (400 MHz, CDC)): &
7.18 (s, 4H), 3.91 (s, 4H), 3.69 (br, 2H), 2.74 — 2(69 4H),
1.63 — 1.50 (m, 4H), 1.44 — 1.37 (m, 2H)C NMR (100 MHz,
CDCly): 8 139.8, 126.8, 122.3, 59.0, 55.9, 40.4, 29.9, 28445,
HRMS-ESI (m/z): Calculated for gH,:N, (M + H)": 205.1705,
Found: 205.1708.

4.2.22. 3-(Isoindolin-2-yl)-N,N-dimethyl propan-1-amine (2v)

Yellow oil, 159.2 mg, yield: 78%H NMR (400 MHz,
CDCly): 8 7.17 (s, 4H), 3.90 (s, 4H), 2.74 &= 7.2 Hz, 2H),
2.36 (t,J = 7.6 Hz, 2H), 2.23 (s, 6H), 1.79 — 1.72 (m, 2H¢
NMR (100 MHz, CDC}): 6 140.1, 126.7, 122.3, 59.2, 57.8, 54.3,
45.6, 27.2 HRMS-ESI (m/z): Calculated fogzB,,N, (M + H)":
205.1705, Found: 205.1701.

CDCLy): 8 7.34 — 7.29 (m, 4H), 7.27 — 7.22 (m, 1H), 3.82 93.6 4.2.23. 2-Benzyl-3-hydroxyisoindolin-1-one (3a)*

(m, 2H), 3.28 — 3.26 (m, 1H), 3.04 — 3.00 (m, 1H),72-82.84
(m, 1H), 2.80 — 2.75 (m, 1H), 2.71 — 2.55 (m, 3H),92-22.21
(m, 1H), 1.69 — 1.64 (m, 2H), 1.52 — 1.43 (m, 2¥0.NMR (100

White solid, Mp: 141.7 — 143.8C. *H NMR (400 MHz,
CDCl) § 7.79 — 7.77 (m, 1H), 7.58 — 7.56 (m, 2H), 7.52 -87.4
(m, 1H), 7.33 — 7.25 (m, 5H), 5.63 (@11.6 Hz, 1H), 5.03 (d,

MHz, CDCk): & 139.0, 128.7, 128.2, 126.9, 60.5, 59.8, 56.1,J=14.8 Hz, 1H), 4.35 (dJ}=14.8 Hz, 1H), 2.63 (dJ=11.6 Hz,

55.0, 43.8, 36.2, 23.9, 21.4. HRMS-ESI (m/z): Calted for
CiHzN, (M + H)™: 217.1705, Found: 217.1705.

1H). %C NMR (100 MHz, CDGJ) 5 167.4, 144.0, 136.6, 132.3,
131.0, 130.0, 128.7, 128.4, 127.6, 123.4, 123.3,812.4.



4.2.24. 2-Benzylisoindolin-1-one (4a)*®
Pale yellow solid, Mp: 83.3 —84.%C."H NMR (400 MHz,

CDCl) § 7.91 — 7.89 (m, 1H), 7.54 — 7.45 (m, 2H), 7.39 -67.3

(m, 1H), 7.34 — 7.26 (m, 5H), 4.81 (s, 2H), 4.27 (d).2°C

NMR (100 MHz, CDC)) & 168.5, 141.3, 137.1, 132.7, 131.4,

128.8,128.2,128.1, 127.7, 123.9, 122.8, 49.51.46.

4.2.25. 2-Benzyl-2H-isoindole (5a)*

White solid yield."H NMR (400 MHz, CDC)): § 7.52 —
7.45 (m, 2H), 7.27 — 7.22 (m, 3H), 7.15 — 7.03 4id), 6.92 —
6.88 (m, 2H), 5.20 (s, 2HY’C NMR (100 MHz, CDG)): &
137.4,128.8, 128.0, 127.3, 124.6, 120.9, 119.7,3.54.8.

4.2.26. 2-(3-(Dimethylamino)propy! )isoindoline-1,3-dione (6v)*
Yellow oil, 204.3 mg, vield: 88%'H NMR (400 MHz,
CDCL): 5 7.85 — 7.83 (m, 2H), 7.72 — 7.70 (m, 2H), 3.74)&

6.8 Hz, 2H), 2.45 (tJ = 7.2 Hz, 2H), 2.28 (s, 6H), 1.93 — 1.86

(m, 2H). *C NMR (100 MHz, CDCJ): 5 168.3, 134.0, 132.1,
123.2, 56.3, 44.4, 36.1, 25.8.
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