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Abstract. A new synthetic approach hexzhydroisoindc-  pyrroline ring. Totalsyn stereoselectivity is observed
4-ones is reported, based on the formal [3+2] zgtilbn these annulations. The scope of the reaction has b
reaction between N-arylsulfonylimines and cyclic demonstrated and mechanistic issues are considered,
conjugated dienes, under phosphine catalysis. Kdyased on deuteration experiments and DFT calcuktio
substrates are 3-vinylcyclohex-2-enones with ebectr

withdrawing substituents (ester, amido, cyano, phosyl  Keywords: phosphine organocatalysis; conjugated diengs;
and keto groups) on the exocyclic double bond, Whicimines; hexahydroisoindolones;[3+2] annulations

afford the three atom synthons for the construatibtine

two atom and three atom components respectively.

: The method has been unexpectedly brought to light

1 Introduction while expanding the scope of the recently disclosed
reaction between electron-poor conjugated dienes

Isoindoline units are commonly found in s - ; :
. . . nd imines, under phosphine catalysis, shown in
biologically relevant compounds and drug candldate%(:heme $1'In this rgactign, startingyfrom acyclic

displaying a remarkable variety of activiti¥sThe onjugated dienes properly activated by electron-

related perhydroisoindol-4-ones have also found. : :
A . Withdrawing groups on both ends, 3-pyrrolines were
applications as  core scaffolds  or Synthm'cproduceolf.‘] The cyclization took place selectively on

intermediates in medicinal chemistfy. Common - -
. : . the double bond substituted by the ester function
synthetic strategies toward saturated fused bmyc':jollowing to formal activation 0¥ this bond by gt:he

amines of this class mainly involve the 1,3-dipola o -

cycloaddition of azomethine ylides on suitable ycl nucleophilic phosphine.
olefind® or Diels-Alder ‘type reactions on o
maleimide’** R4 .

Ts 1 2
— | PRs, 30mol% N NOR
. + Ny —————» -
Wz toluene, 50/120°C o o
o} oX OEt R Et
- ~
* N-R — N-R <= + N-R R = alkyl or aryl
( X PRs = PBus or PMePh,
OBu le)

Scheme 1Synthetic approaches to perhydroisoindol-4-one

scaffolds. Scheme 2Synthesis of pyrrolines from conjugated dienes

and imines under phosphine catalySis.

_ _ , As a logical extension of this previous work, the
A new, alternative and practical synthesis Okame strategy has been applied then to conjugated
hexahydro4H-isoindol-4-one derivatives is reported dienes where one of the double bonds is embedded in

hereafter, EJase_d on phosphine catalyzed [3+2] cyclic moiety. These experiments have allowed an
cyclization® which involve imines and dienes as the



efficient access to the hexahydroisoindol-4-ondhe outcome of this cyclization reaction highlighats
scaffolds3 to be implemented, as shown hereafter. stricking chemodivergent behaviour of the cyclic

dienela with respect to the acyclic analogyeas far

: : as cyclization takes place on the enone functiohaof
2 Results and Discussion while it was shown to take place on the enoate
function of I. This result rises some mechanistic

With the purpose of expanding the scope of théoncerns which will be discussed briefly in final

phosphine promoted annulations reactions betweeﬁc'[Ion of this paper.
imines and conjugated dienes shown in Schefe 2,
we have considered the known 3-(2-methoxy
carbonylvinyl)-2-cyclo-hexenoneld®” as a model

substrate for initial studies. Died@ has been reacted
with N-tosyl-benzaldimine in the presence of trivalen
phosphines as nucleophilic catalysts (Scheme 3).
clean reaction took place indeed, leading to th
bicyclic pyrroline 3a, whose formation has been
optimized by a rapid screening of catalysts (£Bu
PMe;,, PMePh, PMePh PPh, P{-Bu)s) and reaction

conditions. The optimized conditions include the us
of PBw as the catalyst, a 2:1 imine:diene ratio, pola
solvents (methyl ethyl ketone drBuOH) and a

reaction temperature of 80°C. In MEK, with a 10
mol% amount of the phosphorus catalyst, tota
conversion could be attained after 18h.

' Since a variety of hexahydroisoindol-4-ones
might be easily available from simple starting
materials following the synthetic strategy typified
cheme 1, we next examined the scope of this
atalytic process. Representative results are thic
Table 1. The cyclization reaction can be perfedm
ith tosylimines bearing substituted aryls, heteylza
(entry 3) and alkyl groups (entry 7). It also tales
p-chloro- and p-nitro phenylsulfonyl activating
groups on the nitrogen atom (entries 8, 9), while
PP imines failed to react. Most reactions takeela
t 80°C with a 10 mol% amount of PBbut in some
cases it may be advantageous to increase the stataly
mount or the temperature in order to increase the
onversion rates. Both methyl ethyl ketone (MEK)
andt-BuOH are suitable solvents. According to NMR

o o o analyses, the crud'e final mixtures cqntﬁnand,
Ts possibly, some residual starting material, withyonl
ij\ﬂ + Nﬁ PBus 10 mol% N-Ts minor amounts of side products.
— MEK, 80°C, 18h
COMe  Ph 999 yield Table 1.Phosphine promoted synthesis of the hexahydro-
1a 2a COMe isoindol-4-ones: variations of the imine partner.
Scheme 3Phosphine promoted annulation between the Q R 2 R
cyclic dienela and imine2a. i‘j'\/\ + N PBuj cat. N-R
_ _ MEK or t-BuOH,
The molecular structure @a has been assigned at CO,Me R 80°C, 18h comte
2

first by NMR and unambiguously established then by 4, 2bi 3bq
X-ray crystallography on the corresponding
hydrazone3a’ (Figure 1)*® NMR and structural data

indi i i Imine R R PBU  pog, Yield
indicate that the reaction affords exclusively #ya % ol
isomer of the bicyclic fused pyrroline, with total 1 2b 4-Cl-CeHy Ts 10 3b 93
chemo- and stereoselectivity. 2c 4-CRr-CeHs Ts 30 3 78
2d 2-thienyl Ts 10 3d 76
2e 4-MeO-GH, Ts 30 3e 82

OzN Bh 2f 1-naphthyl Ts 10 3f 83
Ts
@ N 29 p-NO»-CsH, Ts 30 3g 47
N,N\&K/COZMe 2h i-Pr Ts 30 3h 719
O,N H 2i Ph 4-Cl-PhS@ 10 3 82
3a' 9 2 Ph 4-NQ-PhSQ 10 3 44
[a] Conditions: reactions have been performed @& 3
mmol scale, under Ar, in degassed MEK (1 mL, estfiés
and 8) ot-BuOH (1 mL, entries 6,7,9); diene:imine ratio =
4 0o o 1:1.5, unless otherwise stated. [b] Reaction teaipes:
_f'\ Sﬁ 100°C. [c] diene:imine ratio = 1:2. [d] Diene:imgimatio =

0 ~N OO WN

3\9\( _ 1:3
’\3; %‘i}?— The fused bicyclic pyrroline8b-j were obtained as
L single isomers which have been assigned a?tne
%{)« isomers by analogy t8a, based on their typicaH

NMR pattern. The two NCH units display signaldat

Figure 1. X-ray crystal structure of hydrazoBe'. = 5.6 (d,J ~ 1.2 Hz, NCHAr) and 5.0 ppm, while the
chemical shifts of the CHCO,Me units are at about



3 ppm (AB system witAJ,~16 Hz,%}. ~4 and ~8 the phosphorus nucleophile. As far as we know, this
Hz). is an unprecedented example of phosphine promoted
aza-MBH reaction on @-substituted cyclic enone.
Further efforts have been directed then toward

modulation of the withdrawing group of the diene In summary, results icheme Sshow that, in
moiety (Scheme 4). Dienég-ebearing keto, amido, the case of cyclopentenone derivatives, the arioolat
cyano and diethylphosphoryl functions on thereaction is no longer competitive with the direct
external double bond, have been prepared by Heehtimination of the phosphine leading to the claasic
reaction from either 3-tosyloxy- or 3-bromo-2-aza-MBH adduct. Therefore, the application field of
cyclohexenones and suitably functionalized olefinsour method is restricted so far to the synthesithef
They have been reacted then witiN- [4.3.0]-bicyclic moiety of isoindolinones.
tosylbenzaldimine in the presence of RBUMEK.

Finally, in order to expand the synthetic utility o

0o o the method, we have checked the feasibility of
d + 7 [PdOAcHPPr; ij\/\ nitrogen deprotection in the final bicyclic produ€b
EtsN, DMF, 85°C _ this end, we have considered tNenosyl protected
X z tetrahydroisoindolone3j, since mild deprotection
da,X=0OTs gzé Zgg'g'ﬁ ((;511%) protocols are known for the nosyl group. The nosyl
’ 5¢. 7 = CONMe, (59%) group could be removed actually by reaction3pf
5d, Z = CN (44%) with thiophenol in the presence of sodium carbonate
T o e Se,Z=P(O)(OEY);, (73%)  (Scheme B!
P N-Ts 6a(91%) O pp o pn
PBus, 30 mol% 6b (47%)
MEK, 100°C, 18h 6¢ (68%) PhSH
bae 7 8d (82%) N'Ns " CO, MeCN-DMSO NH
e (41%) 40°C, 2h
Scheme 4Synthesis of hexahydroisoindol-4-ones with 3j COMe 3 COMe

various functional groups tethered to the 1-positio )
L Scheme 6 Removal of the nosyl protecting group from
Compared tola the new dienic substrateS jsoindoline3;.

displayed lower reactivity, nevertheless the desire _ _ _

hexahydroisoindol-4-one$ could be obtained in The final secondary amine has been isolated fr@m th
moderate to good yields for reactions carried gut &rude reaction mixture, in pure form and good yield
100°C, with about 30 mol% catalyf. In these (66%), by extraction in acid solution. NMR data

reactions also, the final products were isolated a&ow that the bicyclic pyrroline ring is retained
single isomers. during the deprotection procedure.

In additional experiments, variation of the ring
size of the dienic substrate has been attempted Ryechanigtic considerations
considering the five-member cyclic dienk as a

possible reaction partner. Diefiehas been prepared =~ On a mechanistic point of view, the most
by Heck reaction between methyl acrylate and 3straightforward ~ pathway  for  building the
iodocyclopent-2-enoné? with Pd(OAc) tetrahydroisoindolines3 (or 6) would involve

PhbP(CH);PPh as the catalyst. In the usual@ddition of the phosphorus nucleophile to the
conditions, the reaction of 7 with N- intracyclic double bond of or 5 (patha in Scheme
tosylbenzaldimine failed to give the expected/), followed by nucleophilic addition oA to the
pyrro“ne d|sp|ay|ng a b|Cyc|o-[330] scaffold. It '/mine. IntermediateAl should undergo then an

produced however the aza-Morita-Baylis-Hillmanintramolecular Michael type addition leading AQ.
adduct8 in 70% yield. A formal [1,4]-proton shift will then conveA?2 into

A3 and create a negative chafiyo the phosphorus

o Ts NHTs centre. The phosphine elimination step achieves the
/N Q cyclization process. This mechanism implies the
{j\/\ Ph Ph preferential activation of the internal, trisubsiid
CO,Me “I;Iél'is,:;gwo:?h P> double bond of the starting diens, activation of the
; 00 6 COMe disubstituted enoate functionia intermediate B

(Scheme 7b). This is rather unexpected, especially
Scheme 5Aza-Morita-Baylis-Hillman type reaction of when considering that the related phosphine

vinylcyclopentenon@ andN-tosylbenzaldimine. promoted aza-Morita-Baylis-Hillman  reactions
seldom apply t@-substituted Michael acceptdt$’®

The aza-MBH reaction takes place selectively on the
enone function, despite the fact that this willdhwe
formal activation of a trisubstituted double bond b
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Scheme 7(a) A straightforward mechanism for the
annulation reactior(b) Alternative zwitterionic
intermediategenerated by phosphine addition to the
conjugated dienes.

Therefore, in order to get additional information o
possible reaction intermediates, the cyclizatio
between 5a and 2a has been performed in the
presence of excess.D, as shown inScheme 8
Slnce H shifts are known to be mediated by trades
water™ deuterium is expected to be incorporated o
all positions involved in H-shift processes.

(0]
Ts
+ I{, «  _PBug10mol%
P MEK, 80°C, 18h
COMe Ph D20
5a 2a

Scheme 8Cyclization reaction in the presence ofD
The sample of6a isolated from this experiment

B)

]

0.47
(0.34) -0.41

0.47
(0.34) -0.41

YT
V%@ W,

C

Figure 2. LUMO coefficients for the dienic carbon atoms
at the HF and Hickel (in bracket) levels (top) and
qualitative view of the LUMO at the DFT level (boith)

for A) 1aand B)5a.

Consequently, the zwitterionic speciBs C and D
(Scheme @) might also be formed by addition of the
nucleophilic phosphine to the, y andd positions of

IJihe dienic ketone. They might enter a catalyticleyc

or, alternatively, their reversible formation might
induce H/D exchange reactions accounting for the
bserved D-distribution in the final produd&a
Scheme 8).

The reversible addition of tributylphosphine to the
diene has been evidenced by the H/D exchange
experiment shown in Scheme 9.

o) O (40%)
@i/j _PBug 10 mol% _ D 0%
MEK, r.t., 18h
y/ COMe D0 Z > CcoMe
5a 40%) P

Scheme 9PBy-promoted, H/D exchange reactions.

contains a significant amount of deuterium (70%) a¥Vhen5a was stirred at r.t. in the presence of PBu
the methylene carbom to the COMe function. This and DO, deuterium has been incorporated in
was fully anticipated, due to the postulated foiorat comparable amounts on they andd carbons of the

of intermediateA2. However, deuterium has beenstarting dienic unit.

partially incorporated also at the C1 carbon6af Thus, experimental data and calculations suppert th
(30%) while the C3 moiety contains only protonshypothesis of an initial, reversible addition ofeth
The mechanism shown iSscheme & does not phosphorus nucleophile to various positions of the
account, by itself, for the observed deuteriundienic substrate generating different zwitterionic
distribution, since it does not involve H-exchanges adducts. The reaction outcome will be determined
the C1 carbon. then at a later step of the catalytic cycle.

Therefore, less straightforward mechanisms can’t b&dditional studies are required to enlighten the
excluded so far, which might involve initial additi  precise mechanism of these cyclization reactions.

of the phosphorus catalyst to other sites of tie@idi

moiety.

According to Huckel and quantum chemical3 Conclusion

calculations, the LUMO orbital of conjugated dienes

such asla or 5a is distributed along the dienic unit,
with roughly identical coefficients on the four ate
(Figure 2).

This work demonstrates that the phosphine-
mediated organocatalytic annulations between 3-
vinylcyclohexenones  and N-arylsulfonylimines
produce hexahydroisoindol-4-ones with various
functional groups connected to the Cl-carbon by a
CH, spacer. This represents a new, easy and

4



stereoselective access to isoindoline derivativits w o
an unprecedented substitution scheme. Insights into
the reaction mechanism have been obtained from

deuteration experiments and DFT calculations which ij\ACOPh

demonstrate the reversible addition of the phogghor (E)-3-(3-oxocyclohex-1-enyl)acrylonitrile (5d) has bee”
catalyst to the dienic unit. obtamed in 44% yield (O. 3%(%) from bromidb (1.0

ol) and acrylonitrile 40 mL, 6 mmoli after
The method proved unsuitable for the dll’erur|f|cat|on by column chromato rgmy with an
uetd. NMR gj:ch)

synthesis of the analogous 2-aza-bicyclo[3.3.0tsuni ethyl acetate gradient as the e

from cyclopentenone derivatives. Cyclic substrate 7. 1?_60'2:]5‘012 fz'?é %1':& gﬁ 53 1H Spﬁ 16.5
with different ring sizes are now considered in '
ongoing studies.

=

Experimental Section

Synthesis of the conjugated dienes 1, 5 and 7 viaeék

reactions. (a) Dienesla and 5a,c.e have been prep]%{ed

from tosylate 4a according to the reported met

Representative procedure: A mixture of tos é/latela (4.0 g,

15 mmol), a suitable olefin =CHZ (22 mmol),

g% .3 mL, 24 mmol), Pd(OAQ)(5O 6 mg, 0 22 mmol) and
(59 mg, 0.22 mmNR degazed  N,N-

d|methylacetamlde (11 mL) / DMF (4 5 mL) was heaéd

105°C under argon for 24h. The reaction mixture wa

routinely monitored by'H NMR. If needed, additional

)-methyl 3-(3-oxocycl ent 1-enyl)prop-2-enoate
57)) Ig|ene7 has been eparedoby Heck reaction between 3-
iodocyclopent-3-eno and methyl acrylate A mixture
of 3-iodocyclopent-3-enoné0.50 .4 mmol), methyl
acrylate (0.54 mL, 6 mmol) Pd(Ogd)Z , 0.12 mmoli
b|s§j|phenylphosphmo)er/pane (25 mg .06 mmot)N
0.65 mL, 4.8 mmol) in DMF (10 mL) have been headéd
5°C for 16h. After aqueous workup with HCI 0.5Ket
organic laver was washed with NaHEC@nd water and
evanorated to drvness. The final oroddavas ourified b
‘column chromatographal on silica gel with an he
acetate aradient in heptane/ethyl acetate 1:1).

amounts of Pd(OAg)PPhy were added to achleve total (

conversion of the starting tosylate.After aqueouskap E'ZelleO 2603% 5dO3A)_ |_1|5N3AEZ(CPHCL"’)6 gg 63 (d.J 31'7589 (s,

with  HCl 0.5N, the organic layer was washed with 2. 49 HfC NMR CE  208.8

NaHCO, and water and evaporated to dryness. The fma?cg)) 168. e), 1 6 2 5 138. 6% 136 1 (CH),

S(re?dUCt was purified by column chromatography ditasi 250 (CH) 2 3 (OMe) 35, 8@)" 27.0 CH; ppm.

E)-N,N-dimethyl-3-(3-oxocyclohex-1-enyl)acrylamide

5¢C) has been obtained in”59% yield (0.85 ?\I 4.4 mmol) _

rom tosylate4a (2.0 g, 7.5 mmol; and N,N-dimethyl CO-Me

acrylamide (1.1 g, 11 mmolMethod a). The final product 2

has beerllR puonged byh collumn |(Z|hr’{l)|\r21|§;\eto raphgl gv;c I7eth

acetate as the eluent. Phosphine promoted cyclization reactions. General

d gs é3|§|)H§ OllH 63?_19 d 50125 3§9HZ 5H) 6.11 (s, 1H) groced(uorezsPELg (|25 73 umol) v(vgsSOadded to a mmﬁ&r&of
iene mmol) and imine mmol) in met

2H);*°C NMR (CDC}, 299 8 (CO), 165 6 55\3 154 S ketone (ort-BuOH élmL) under argon. The mixture” was

;C) 1141.9, 1314 35 37.6 (Me) 37.4 ( e) 25.1, heated overnight' (18h)" at the given temperaturee (se

1 ppm. Schemes 3, 4 and Table 1). Conversion rates were

ij\/\CONMe

EE) -diethyl  2-(3-oxocyclohex-1- enylivmylphosphonate
5e) has been obtalned in 73% yield (1.3 g, 5.0 mmolnf
tos lateda (2.0 g 7.5 mmol) and diethyl V|nyI5J
Jg 6.8 mmol)™H NMR ( DCb) 07.12 (dd, Hp—
17.4 Hz, 1H), 6.11 p~Ju.n = 17.7 Hz, 1H)
606 s, 1H), 4.06 (m, 4H), 40 (m, 4H, O H203§3
29 (tJ = 7.1 Hz, 6H, Me) p mlCNM (CDCE):
6 199 7 (CO) 153.8 (d] = 23.5 Hz) 147.9 (d) = 6 6 Hz)
132.0 H% 121.2 (d] = 189 Hz, PCH), 62.1 (dl = 6.0
Hz, O 7.6, 245, 21.9, 16.3 (d,= 61Hz Me) P
NMR (CDCI3) 317 ppm

0]

d/ﬂp(oxoa)z

(b) Dienes5b and 5d have been Erepared
reactions between 3-bromocyclohex-2-encghe and the
corresponding olefins, following the same proceddree
reactions are completed after heating for 2h a€85°
(E)-3-(3-0x0-3- phenylprop 1-enyl)cyclohex-2-enonésh)
has been obtained in 71% vield (0.92 a) from thentde
ah (1 0 g, 5.7 mmol) and hen I vmyl ketone (1.07¢h
mmolh NMR CDCE { 0 Hz, 2H), 7.53

), 7.4 (m, 2H) 17Hz 1H)721(dJ—
7 Hz, 1H), 6.20 (s, 1H) 2 54 (m 2H) 2.43 (m,)2Ri06
(m, 2H) ppm.

hosphonaten 90%

Heck

determined on the crude mixture By NMR, with 1,3,5-
trimethoxybenzene as the internal standard.  After
evaporation of the solvent, the final product wasffed by
column chromatography on silica gel.

Methyl 2- (31phenyl -4-oxo-2-tosyl-2,3,4,5,6,7-hexalyo-
1H-isoindol- i()j/l)acetate (3a)Compound3a was obtained
ie
heptane/ethyl acetate
acetate 1:1 )H NMR
7.3-7.2 (TH), 561(dJ

after purification with an
gDadlentf ®R0.3 in he Etane/ethyl
(CDCk): 57.66 (d,J = 8.
12Hz 1H, N-CHPh), 5.03 (br, m,
NCH), 3.74 (s, 3H, OMe), 3. 17 (dd,= 15.9 and 4.0 Hz,
1H, CHCOMe), 2.93 (d,J = 15.9 and 7.9 Hz, 1H,
HZCQZMﬁP 2.42 (s Me 2422 , 4H), 2.0-1.9 (m,
2H ! MR (CDC} 1944 1707 QO.,Me),

=C-CO), 1440 (©), 139 1350 52

gC) 12 .8,127.8, 127.7, 1 7.6, 682(NCHPh 6H),
2.1 (OMe ), 40. 1QH2COZMe 37.7 C CO), 22.9,
21.5 Me) ppm. HRMS ( Sl cac . for24B|25NOSS
l\(/I3J7r13\lan11 462.1351, found: 462.1360. IR (neat) 1732,

c

34.4

(0]
N—-Ts

CO,Me

Methg 2-(3-(4-chlorophenyl)-4-oxo-2-tosyl-2,3,4,5,7-
hexa gdro-lH -isoindol-1- Iyl)acetate (3b). Compound3b
was obtained in 93% yield (110 mg) after unfloatlthh
an heptane/ethyl acetate g\ladlent f §b)

0.3
cyclohexane/ethyl acetate 1:31 NMR (CD 0 7.65 (d



J = 8.0 Hz, 2H)7372(6H 5.55 (@= 1.2 Hz, 1H, N- 3H, OMe- Ar), 3.68 (s, 3H, OMe), 309(dﬂi 15.9 and
CHAr), 5.0 (br, m, NCH), 4 (s, 3 OMe 3161(d— 40Hz 1H, I-2|C02Me 2.82 (dd 159and78Hz 1H,
16.0 and 4.0 Hz, 1H MN? 2.95' (dJ= 159and80 CHCQZMe 2378 HMe&2322m4H 2019(m
Hz, 1H, gHzCOZMe 243 e), 2.4- 2 2 , 2.0-1. 92H C NMR (C 194.5 (CO), 170.8 GO,Me),

m, 2H);~C NMR CDCb) 51943 (CO), Me]? 3 C=C- CO) 1583 (C), 1440 135.2 &:C 34.6
58.8 C-C CO), 144.2 (C), 138. 5 C), 1347 (C), 134. JgC) '132.3 (C), 129.9, 128.8, 127.9, 1137 67.

C), 134.2 (C), 133.6 ( C% 1298 12 128.3, 8 87.5 (NCH), 55.3 OMe- -Ar), 52.1 (OMe), 402
NCHA), 655 (NCH), 52.1 (OMe '39. 9CH2COZMe (CHZCOZMeP '37.8 (CHCO), 23.8, 23.0, 21 6 (7Me£

7.7 (CHCO), 236 2.9, 21.5 ( Me) ppm. HRMS (ESI)HRMS (ESI) calcd. for gHoqd NOGS M+r|?£la]* 470.1637
calcd. for 4H24CIN058 £M+Na]* 496.0961, found: found: 470.1619. IR (nea®)1732, 1673 ¢

496.0950. IR (neaty 1732, 1675 cm OMe

CO,Me

CO,Me Methyl 2-(3-(naphthalen-1-yl)-4-oxo-2-tosyl-2,3,4,6,7-
Methyl  2-(4-oxo-2-tosyl-3-(4-(trifluoromethyl)phenyl)-  hexahydro-1H-isoindol-1-yl)acetate (3f)was obtained in
2,3,4, 5 6,7- hexaha/drdk -isoindol-1-yl)acetate (3c)was 83% yleld (101 %2_ after purification with an hemggethyl
obtained in  78% yield after purification with anacetate gradient ¢ 0.3 in cilclohexane/ethyl acetate 1:1).
heptane/ethyl acetate gradient ((R= 0.3 in "HNMR SSDCE e} 8 22 d, 6 Hz, 1H), %6 (d J=
cyclohexane/ethyl acetate 1: {? NMR (CDCI3) 0755(d, 8.6 Hz, 1H),7.5 5 Hz, 1H),7.46 ddd J = 8.6,
J'=8.2 Hz, 2H), 7.41 (d) = 8.5 Hz, 2H), 734(d] 8.5 69and16Hzl)7473(m 3H), 7.2- %IH32685

Hz, 2H) 720 (dJ = 8.2 Hz, 2H). 5.58 (br, m, 1H N- 3 .J =86 Hz, 2H), 6.36 (br, m, 1H, N-CHAT),
CHAr), 5.0 (br, m, 1H NCH), 3.70'(s, 3H, OMe), H NCH), 3.71 (s, 3H, OMe), 3.23 (ddi= 15.9 and 3.
J=16.0 and 4.1 Hz, 1H, GBOMe), 2.97 (dd 160 1H, CHZCOZMe 3.06 (dd,J = 15.9 and 7.9 Hz, 1H
and 7.4 Hz, 1H, th%vleg\lzse s, 3H, Me), 2.3-2.2 (m, CHZClQZM 22(m 4H), 2.15 (s, 3H Me), 2019(m
4H), 2.0-1.9 (m, 2H MR (CDCL): 5194.4 (co NMR (CDC% 61942 %Cog 171. f
170.7 CO.Me), 1592 C=C-CO), 144 (C), 143.9 ( '5 C=C-CO), 143 136 1362 ) 34.4
134.6 (C), 134.2( cg 130.0 (C), 128.2, 1280 325252 ) 133.6 (C), 1314(cg 1292 1285 '128.3,.02826.0,
67.9 (NCHAr), 65.8 (NCH), 52.2 400 25.6, 125.0, 123.4, 65.4 (NCHAr), 63.2 (NCH), 52.2
gHZCOZM % 378 cuco 23.8, 23.0, 216 e OMe) 401%H2C02Me) (CHCO), 23.8, 231 215
F NMR § m. HRMS (ESI) calcd for ESI) calcd. for gHNO:S’ ;Mﬂ#la
CasH 4F3NO5S [ +Na 11225, found: 530.1221. 12 1508 found: 512.1500. IR (neat)l734, 1677 ¢

(neat)v 1733, 1674 ¢
CF3 o O

N—-Ts CO,Me

Methyl A3 (4-nitrophenyl)-4-oxo-2-tosyl-2,3,4,5,4 -
CO,Me h%/a ydltjo-(157|somdoflt 1- yl)a?etate (39)\r/]vas %btalneﬂ |In
Meth 4-ox0-3-(thiophen-2-yl)-2-tosyl-2,3,4,5,8- o yie mg) after purification with an hepeéget
hexaf\{ydro I—i isoindol-1 yls) cetate (3d)was obtained in gﬁe’&al\t/leRgréc[i)l%rét 86%8002 'g e]ycloshgxlf_zilgelzeﬂgyl7a5cgta(t§ 1 D).
76% yield ( 85 mq) after purification with an hepegethyl $_| 2 -
7.6 Hz, 2 6 ( 8 Hz, 2H)721d] 7. Hz
gcetate gradlent 0.3inc clohexane/ethyl acetate 1 1)
8.3 Hz, 2H), 7. 08 (de B and 12Hz 1 ) 6.99 (dil= NCH) 3.7 (s 3H, OMe&dz ‘96 (dd,= 16d1 and 3. 9 'Hz,
3.8 and 1.2 H, 1H), 681 (dd,~ 52 and 85 Hz, 1H), é‘ﬂ, ceieel, 3. 1§H(MeJ 2393 (a0 o1, é'?m
5.88 (br, m, 1H, N-CHA®), A (br, m, 1H NCH), 3.6, 292 ok e 5194300 (m, 3, GOMe),
3H, OMe), 301 (ddJ=1 0and42Hz 1H, G8 Me
280 dd, 160and80Hz TH Me). 2.33 (s, 15 7C—CC0) 127" (<), Lids C 134339 33.8
% 322 4H). 2.0-1.8 % R/IR CDCb éC) 130.2 (C), 128.9, 128.1, 123. 67.7 (NC
194.4

éco]?3170 7&0 Vo) 1 goc—c cog) 144 4((:) NCH), 52.4 (OMe), 39. 8(.'(H2C02Me) 37.7 (CH Aag)

3.8, 22.9, 21.7 (Me) HRMS (ESI) calcd. for
1407 1347 (Ch: 130.0 (€] 1280 CHN:0,8 [M+NaT i 1502, found: 507.1187. IR
126.6, 1252 2gt NCHAr (NCH) OM43()4 e e

(CHZCOZMeR 37.8 (CHCO 239 231 217 Me) g

HRMS (ESI) calcd. for H23NOSSZ %M+N 916
found: 468.0918. IR (nea 1734 1676

NO,

o\s

N—Ts

CO,Me

CO,Me

Meth 2-(3-isopropyl-4-oxo-2-tosyl-2,3,4,5,6,7-

Methyl 2-(3-(4-methoxy fhenyl) -4-0x0-2-tosyl-2,3,4,6,7 exa%ydro -1H-isoindol-1-yl)acetate (3h)was obtained in

-heoxahydro-l |50|”d0|' -yacetate (3e)was obtained in 714 yield ( 72 mg) after purification with an h thyl

heptandjdiethyl ~ cther aradient p(Rs 05 in Boouaramen (5 0:3 I cydohexanelethy] scelate 1:1)
= : -

cyclohexane/éthyl acetate 1:i{ NMR ( DCl): 67 62 (d, 8.3 Hz, 2§_|) 4. E6 (ddd] = 8.9, 4.0 and 1.2 Hz, 1|£| NCH),

J'= 8.3 Hz, 2H), 7.2-7.1 (m, 4H), 6.77 @= 8.3 Hz, 2H),
A O ot by 8 W AL oAl 457 (d,J="2.2 Hz, 1H, N-CHAr), 3.72 (s, 3H, OMe), 3.04

6



dd,J = 16.3 and 4.2 Hz, 1H, GEBO,Me), 2.66 (ddJ = 30.9 COMe) 23.7, 22.9, 21.6 Me) ppm. HRMS (ESI)
6.3 and 8.8 Hz, 1H, G&@0O,Me), 238 s 3H Me), 2.3-2.2 calcd. for Q4H25NO4S M+Na]: 446.1402, found:
(m, 1|_? 2.1-2.2 (m, 1H), 1.9- gz Jdz 7.0 446.1416. IR (neat) 1711, 1671 crt

Hz, 3H, Me) 0.97 (dJ = 7.0 Hz 3H Me NMR

CDCl, 61 5.2 (CO), 171.2C OMe& 1592% CCO%

44.1 1352 C), 1338(C) 130.0, 128.0, {NCHA
65.9 CH% (OMe), 40.6 C Me 37.9
CH,C 8, 23.1, 21.7, 19.7, 18. (g)m HRMS
ESI) calcd for H, NOS M+Nr%T 428 15 found:
28.1501. IR (neat 1735, 1672 c

o

co
1-(2-Oxo0-2-phenylethyl)-3- phenyl 2 -tosyl-2,3,6,7-
hexahydro-1H-isoindol-4(5H)-one (6b) was obtained in
N-Ts 47% yield ( 57 mg) after purification with an hepédethyl
acetate gradlent 0.3 in cyclohexane/ethyl acetate 1:1).
H NMR ﬂ_({:DC% 07.9-7.8(m, 1H), 7.7-7.6 (m, 1H), 7.6-
CO;Me 7.5 (m, 2 74m1H 7473m2H 73—gm
Methyl  2-(2-(4-chlorophenylsulfonyl)-4-oxo- 3§)heny-l 7H), 5 47 (d,J 1.7, 1H N- HAr) (ddd J=8.9, 30
2,3,4,5,6,7-hexahydrdtH-isoindol-1-yl)acetate (3i) was and 1.7 Hz, 1H, NCH) 3.76 (dd,= 17 4 and 3.1 Hz 1H,
obtained in 82% yield (94 mg) after purlflcatlontIWIan CHZCOZA:’) 3.44 (ddJ=17.4 and 8 9Hz, 1H, G8
heptane/ethyl acetate gradient ; (R= H, Mei 2.2-2.1 (m, 2 0-1.8
cyclohexane/ethyl acetate 1: {21 NMRl_ECDCI% 37.50 d NMR CDCI 97.4 (COA), CO), 1
J=8.5 Hz, 2H), 7.25 (d) = 8.5 Hz, 2H), 7.5 |_? CO), 1442 C 1404 0), 1340(C) 301‘\(1:2:0 C%
5.51 (dJ—21 Hz, 1H, N-CHAr), 493 (br m, 1H NC}_? 1290 128.5,°128.0, 277 126.6, 68.2 HAr), 265
3.58 (s, 3H, OMe), 2.98 (ddl ='15.9 and 4.0 Hz, 1 NCH) 45.3 HZCOAr? 37.9 CH,CO), 242 23.1, 217
CH,C Me), 2.81 (dd,J = 159 and 7.5_Hz, gg HRMS calcd. for 27N rr? [M+Na]
CH,CO.Me), 2.2-2.1 (m, 4H), 1.9-1.7 (m, 2 NMR 08 1559, found: 508.1582. IR (neat]l671c
CDCI32 5194.3 (CO), 170. O Me 158 2 C=C- -C0O),
39.5 (C), 139.4, 136.5 %C% 135 , 129.4, 22928.4,
128.1, 127.8, 127.2, 6 CHA%) 65.7 (NCH), 52.2
(OMe), 40.0 CH,CO,Me (CHCO), 23.7, 230g8
HRM éESI& calcd for 22CIN058; +Na]* 482.0805
found: 482.0794. IR (neat) 1732, 1674 c

N,N- D|methfll -2-(4-0x0-3- phenyl 2 -tosyl-2,3,4,5,6,7-
hexah%/dro H-isoindol-1- ylgacetamlde (6c)was obtained
in 68% vyield ( 77 mg) after purification with an
heptane/ethyl acetate gradient ;(R= 0.3 in
cyclohexane/e I acetate 1: {?)1 NMR (CDCL): 6 7.68 (d,

) J = 8.3Hz, h |Sd‘]—8 Hz, 1H), 7.3-7.1 (m, He
Methyl  2-(2- %4 nitrophenylsulfonyl)-4-oxo-3- ghenyl- 6.86(d,J = 8.0 5.44 (br, m, 1H, N-CHAr), 4.90 (br,
2,3,4, 5 6,7-hexahydrdtH-isoindol-1-yl)acetate (3j) was m, 1H, NCH), 3. 0-2.9 (m, 2H GEONMey), 2.90 (s, 3H,
obtained in 44% Yyield (52 mg) after purificationtivian NMez) %84 (S 3H, NMQ 2.35 (s, 3H, Me), 2.2-1.8 (m,
heptane/ethyl acetate gradient  (R= 3 in NMR ' (CDCh): 6194.7 & 0), 1695
cyclohexane/ethyl acetate 1: {B{ NMR CDC13 58.15 d CHzCONMez 160.7 C=C-CQ), 144.3

140.4 (C),
J=8.8 Hz, 2H 7.76 (d] = 8.8 Hz, 2H), 719 (br, m, 34.4 (C), 133.7 (C), 130.1 (C), 128.3, 280 92%8.1
5.69 (d,J = 2.4 Hz, 1H, N-CHPh), 5.13 (br, m iH NCH gCHAr) 66.9 (NCH), 39.1 CH,CONMe), 37.8 ( NMQ?E
3.66 (s, 3H, OMe), 3.06 (ddl- '15.8 and 4.4 Hz, 1H. 35.7 (NMe), 24.3, 23.1, 21.7 ( Me)ﬂom HRMS (ESI)

CH,CO,Me), 294 '(dd,J = 15.8 and 7.1_Hz, 1H, calcd. for GeHoaN,0,S £M+NaI* 1668, found:
CH,CO,Me), 2522(m 4H), 2.1-2.0 (m, 2 NMR ' 475.1662. IR (neat) 1674, 1643 cih
o i e, B el

128.5, 1279 125.2 68.8 é\l HAD, gg (NCH), 524

(OMe), 396 CH,COMe), 37.9 (CHC M) 238,231
+

HRM :B calcd. for &H,,N,O;S NaT 493.1 45
found: 493 064. IR (neat) 1732, 1675 ¢ N-Ts
o O CONMe;,
_ 2-(4-Oxo-3-phenyl-2-tosyl-2,3,4,5,6,7-hexahydrik -
‘ N SO?ONO2 isoindol-1-yl)acetonitrile (6d) was obtained |)r/1 32% vyield
(32 mg) after gunﬂca‘uon with an heptane/ethyletate
CO,Me gradient (R in cyclohexane/ethyl acetate 1:

1-(2- OxoiJropyI) -3- phenyl 2- -tosyl-2,3,6,7-hexahydrdH-  NMR (CDCk): 7.44 (d, J = 8.3Hz, 2H), 7.3-7.2 (m, 2H),

isoindol-4(5H)-0ne " (6a)was obtained in 91% yield (96 7.1-7.0 (m, 5H), 5.46 (di= 2.3 Hz, 1H, N-CHAT), 4.73 (br,

mg) after urlflcatlon with an heptane/ethyl acetgtadient m, 1H, NCH), 3.0-2.9 (m, 2H, GEN), 2. 26 éS 3H, Me)

R = 0.3 in cyclohexane/ethyl acetate 1: gi NMR 2221 (m, 4H 2.0-1.9 (m, 2HJ);

CDCIJ 37.61(d, J = 8.3 Hz, 2H), 7.29-7.16 (m, 7H), 61940(CO 154, —CCO 144.6'(C), 13885%1 6.7
J=1.2, 1H, NCHAr)503(ddd J—79 4.0 an Q343 ( &1300 128.4, 128.2,128.1

1.2 1H, NCH), 3.22 (dd) = 17.4 and 3.3 Hz, 1H, (CN), 687(CHAr) 646(1@%379 CH.CN), 239

CHZCOMG) 2.93 de 17.4 and 7.9 Hz, 1H, CZBOMG) 3.1,21.7( Me{ffm HRMS (ESI) Ca|Cd fO 3622N2038

2.34 (s, 3H, I\{gc? .2-2.0 (m, 4H), 2.13 (s 3H CeML.9- |V|+Na] 429 9, found: 429 1258. neat) 1676,

1.7 (m. 2H NMR (Cch) §205.7 COMe 194.3 2220 cm

CO), 159.2 C=C-CO), 144.1 (C), 140. gCg 1348 (©),

34.0 (C), 130.0 (C), 128.3, 1279 12 127.8,16

(NCHAT), 64.4 (NCH), 49.2 CH,COMe), 37.7 CH,CO),



Diethyl (4-Oxo0-3-phenyl-2-tosyl-2,3,4,5,6,7-hexahyd-
1H-isoindol-1-yl)meth Iphosphonate (6e)fvas obtained in
41% vyield (53 mg) after purification with an he hyl
acetate gradient 0.31in cyclohexane/ethyl acetate 1 1
H NMR (CDCE) 0757 (d, J = 8.4Hz, 2H) 7.2-7.1
7H), 5.44 (br, m, 1H, N-CHAr), 4.76 (br, m, 1H, N H
4.1-3.9 (m 4H OC 2.7-2. (m 2H, CIZ-PO(OEt}
ZZQés '2-2.0 (m, 4H), 1.3-1.2 (m, 6
OCH 3¢ NM BCDCE) 0194.7 CO) 159 5=C-
C), 140.

CO), 144, 2 (C), 135.3 (cgNCHA) 013
r

)

1284 128.0, 127.9, 127.7, 68.0
62.3 (d,J = 6.6 Hz, OCH), 62.0 (d,J = 6.6 Hz, OC
37.8, 34.2, 324(CfH>OO t}) 29.8, 24.1, 23.
= 6.0 Hz, Me), 16.3 (d, J = 6.0 Hz, Me)p
CDCIgi 25.5. HRM éESX calcd. for 3NOGPS
M+Na]": 540.1586, found: 540.1597. IR (neat).676 cm

P(O)(OEY),

N-Deprotection procedure: Synthesis of methyl
(1S*,3R*)-4-ox0-3-phenyl-2,3,4,5,6,7-hexahydrdH-
isoindol-1-yl)-acetate (3j). To a solution of methyl
g(lS" ,3R*)-2-[(4- nltrophenyl sulfonyq -4-0x0-3-phenyl-
3,4,5,6,7-hexah droHllsomdoI 1 }acetateSJ (30m
0. 06mmo|) and KCO; (35 m mmol 4.0 equiv.
CH;CN-DMSO (95:5 (1 mL)
added PhSH (28L, 0.22 mmol). The reaction mixture was
heated at 40 °C for 2 h. The crude mixture wastetilwith
AcOEt (10 mL) and HCI Ml (10 mL) and the layers were
separated. The aqueous layer was basified wittl KgCO;
(pH 10-11) and extracte
combined organic extracts were dried over MgSiDered,
fmd concentrateich vacuo to provide3j’ (12 mg, 66%).
H NMR (CDCk): 6 7.34 (d,J = 7.1 Hz, 2H), 7.30 (ddl =

|n

7.1 and 6.9 Hz, 2H),7.22 @,= 6.9 Hz, iH), 52531H N-
CHPh), 4.59 dd)=4.4 and 4.1 Hz, 1H, NCH 71 (s, 3H,
OMe), 2.79 (ddJ = 15.6 and 4.1 Hz, 1H, Me
260 de 5.6 and 4.4 Hz, 1H, CZBOZMe 512

2.22 (br, s, NH), 1.55-1.26 (m, R NviR
CDCI3 '5195.6 (CO), 171.8G0,Me), 1623 =C-CO),
43.6 (C), 1382(C) '128.2, 127.5, 127.2, 65.7 KIRG),
63.1 (NCH), 51.9 (OMe), 41.0 CH,COMe), 38.2

CH,CO), 23.8, 235 m. HRMS (ESI) calcd. for
17H19NO3 [M+H 286.1443, found: 286.1449. IR (neat)
v 1733, 1669 cn (4]

O pnh
NH
COQMe

Computational
carried out at th
TZVPP basis s
usm%the Multlpole Accelerated I@gs
1-J appr%ma'uon metho
urbomole 6. LUMO Qv
gOpenMol 3 00 packade’
coefficients have been computed at the H
based on the DFT gas-phase geome

methods. Geometry c%umization was
B97-D level of thed $WIth the def2-
These calculations were accelerate
olution of Idigntor J
as implemented in
e been drawn using the
The molecular orbital

Fl%[gTO -3@lle

Huckel

at room temperature was

with AcOEt (3x10 mL). The

calcular'frﬁgs were carrried out with the Hickel denp
progra
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