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ABSTRACT

Rg = CF3 CF,CF3 CHF;, CHyF
R'=H, F, CF3, OMe, OCH,0

ee up to 99%

Enantiomerically pure fluorinated isoindoline and dihydroisoquinoline scaffolds have been prepared through a diastereoselective addition of
fluorinated nucleophiles to Ellman’s N-(fert-butanesulfinyl)imines followed by a sequence of Sonogashira cross-coupling/gold(l)-catalyzed
cycloisomerization of the corresponding carbamate. A more favored 5-exo-dig mechanism was observed mainly due to an electronic effect of the

fluorinated group.

Isoindoline and isoquinoline ring systems are wide-
spread in the alkaloid family and other natural products
displaying a wide range of interesting biological properties.'
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They are considered “privileged structures” owing to their
general use as building blocks in the total synthesis of
natural products but also a common motif in the design
of new drugs.” On the other hand, selective introduction of
fluorine atoms into organic molecules has become one of
the most efficient methods for modulation of their biolo-
gical properties.® Thus, preparation of both fluorinated
isoindoline and isoquinoline derivatives has received much
attention in industry, especially with regard to efforts directed
at asymmetric synthesis.

Among the different methods to access these nitrogen-
containing heterocycles, transition-metal-catalyzed intra-
molecular hydroamination reactions are of particular
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value.? This process relies on the catalytic activation of the
C—C triple bond followed by an attack of an internal
nucleophile. In the past few years, gold complexes have
emerged as powerful catalysts for this purpose.’

To the best of our knowledge, most cycloisomerizations
catalyzed by gold lead to the formation of the isoquinoline
skeleton as a result of a favored 6-endo-dig cyclization.® In
these cases, the corresponding 5-exo-dig product was not
isolated due to either its instability or its nonformation.®®*
However, we have found that the gold-catalyzed cyclo-
isomerization of fluorinated o-alkynylaryl carbamates
evolves preferably toward the isoindoline formation, as
opposed to our expectations.

Given our group’s interest in organofluorine chemistry,
we have recently reported a stereoselective synthesis of
fluorinated 1,3-disubstituted isoindolines based on a nucleo-
philic addition/intramolecular aza-Michael reaction tandem
process.” The choice of Ellman’s (R)-N-(tert-butanesulfinyl)-
imines as chiral auxiliaries was crucial in the achievement
of excellent diastereoselectivities.® Building on these results,
we envisioned an alternative and more direct route toward
enantioenriched fluorinated isoindoline 5 and isoquinoline 6
scaffolds through a gold(I)-catalyzed intramolecular hydro-
amination reaction as the key step.

Our strategy implies the use of an appropriate building
block to introduce chirality and the fluorinated group into
the molecule at the beginning. Hence, 2-iodobenzyl carba-
mate 3 was regarded as the fluorinated building block of
choice in a first approach.

Starting from Ellman’s (R)- N-(tert-butanesulfinyl)imines
1, selective addition of different fluorinated nucleophiles
(CF5;TMS, CF;CF,TMS, PhSO,CF,H, PhSO,CH,F) led
to the expected sulfinyl amines 2 in good yields as single
diastereoisomers (Table 1).>'°

In view of the fact that the stereochemistry of the chiral
auxiliary is known (Rg), the absolute configuration of
the newly created stereocenter was determined to be S
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Table 1. Obtention of Enantiomerically Pure Fluorinated
2-lodobenzyl Carbamates 3

o o
quN,s\,_Bu o XKILH_S\P_&
% I - Ty I
(Rs)1 (S,Rg)-2
1.4MHCldioxane  * j@(’\wa"c
_— - H
2 BOC;{O, K2003 Y |
(S)-3
entry 2 %yield> Rp X Y 3 %yield® (er)®
1 2a 80 CF; H H 3a 80(<99:1)
2 2 70 CF; F H 3b 74(97:3)
3 2 71 CF; CF; H 3¢ 82
4 2d 77 CF; OMe H 3d 175(97:3)
5 2 71 CF; O-CHp,-O 3e 80(98:2)
6 2of 83 C.Fs H H 3f 60(99:1)
7 28 92 CF:R H H 3 75
8 2n 88 CFHR H H 3h 88

“Isolated yield. ” Determined by chiral HPLC analysis. ¢ Incompletely
separated enantiomeric mixture. “Obtained as a diastereomeric mixture
(1:2), determined by '’F NMR analysis of crude reaction mixture. R =
SO,Ph.

according to previous reports”!'! and definitely confirmed
by X-ray analysis.'? Since we proved that the cycloisome-
rization did not take place in the presence of the ferz-
butanesulfinyl group (z-BuSO), the conversion of -BuSO
into another nitrogen-protecting group compatible with
the intramolecular hydroamination was required. With
this purpose, chiral intermediates 2 were treated with
4 M HClin dioxane yielding the corresponding free amines
after basification. Unisolated amines were then protected
as carbamates under standard conditions, giving the fluori-
nated building blocks 3 in good to excellent yields and
enantioselectivities (Table 1).

Next, the functionalization of synthon 3 with selected
terminal acetylenes by means of a typical Sonogashira
cross-coupling reaction afforded alkynyl carbamates 4 in
excellent yields (Table 2). To our delight, the enantioselec-
tivity was well preserved during the process.

According to our synthetic plan, the next step would
be the intramolecular hydroamination reaction catalyzed
by a transition metal complex. In order to find optimum
conditions, alkynyl carbamate (£)-4a was subjected to the
intramolecular protocol in the presence of different Lewis
acid catalysts.

When the model substrate 4a was treated with Cul,
Pd(OAc),, or AuCls, cyclization products were not detected
even after prolonged reaction times (2—3 days)."* Although

(11) Krishnamurti, R.; Bellew, B. R.; Prakash, G. K. S. J. Org. Chem.
1991, 56, 984.

(12) Suitable crystals of products 7 (CCDC 916244) and 10 (CCDC
916245) were obtained for X-ray diffracction analysis. For details, see
the Supporting Information.

(13) Anin-depth investigation on the reaction conditions was carried
out. See the Supporting Information for a detailed study.
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Table 2. Sonogashira Cross-Coupling Reaction/Gold(I)-Catalyzed Intramolecular Hydroamination Sequence

RI—=

f AuSPhosNTf,
X _Boc PACL(PPhs), (5 mol %) (2.5 mol %)
:@E‘ﬁ Cul (10 mol %) EOH Gequ) Bt J@f)\
¥ ] TEA:THF, 60 °C 2 DCE, 40 °C
3 R
entry 4 % yield® (er)? Rp X Y R? [5:6] 5 % yield® (er)? 6 % yield® (er)®
1 4a 94 (99:1) CF, H H Ph 4:1 5a 80 (97:3) 6a 20 (97:3)
2 4b 93 (98:2) CF; H H 4-MeOCgH, 1:3 5b 26 (99:1) 6b 74 (98:2)
3 4c 97 (98:2) CF; H H 4-MeCgH,4 1:1 5¢ 54 (93:7) 6¢c 43 (95:5)
4 4d 99 (>99:1) CF; H H 4-FCgH,4 3:1 5d 60 (96:4) 6d 20 (97:3)
5 4e 91 (96:4) CF; H H 3-MeOCgH, 5:1 5e 70 (96:4) 6e 18° (98:2)
6 4af 90 (95:5) CF3 H H  3-CF3;C¢H, >30:1¢  5f 80 (93:7) 6f n.d.
7 4g 60 (97:3) CF, H H 3,5-diMeOCgH;  12:1 5g 80 (97:3) 6g n.d.
8 4h 88 (96:4) CF, H H 3,5-diFCgH; >30:1° 5h 85 (95:5) 6h n.d.
9 4i 454 (99:1) CF3 H H 3,5-diCF3CgHj3 >30:1°¢ 5i >99 (98:2) 6i n.d.
10 4j 94 (97:3) CF, H H n-Hex 3:1 5j 50 (94:6) 6j 37°8
11 4k 68" CF; H H t-Bu 5k n.r. 6k n.r.
12 41 88 (97:3) CF; F H Ph 2:1 51 62(97:3) 6l 36 (97:3)
13 4m 86° CF, CF, H Ph 1:1 5m 47 (92:8) 6m 41 (92:8)
14 4n 83(96:4) CF, OMe H Ph 3:1 5n 70 (91:9) 6n 24° (96:4)
15 40 86 (98:2) CF; 0-CHy-0O Ph 17:1 50 75 (95:5) 60 n.d.
16 4p 80 (>99:1) CyF5 H H Ph 4:1 5p 81 (>99:1) 6p 19 (>99:1)
17 4q 58" CF.H H H Ph 71 5q 51 (n.d.y 6q <5
18 4r 49 CH,F H H Ph 1:1.5 5r 36 (n.d.y 6r 54 (98:2)

“Tsolated yield. ” Determined by chiral HPLC analysis. ¢ The other isomer was not observed on "H and 'F NMR spectra. 50% conversion. ¢ The
Zield refers to an inseparable mixture of (E)-5 isomer and 6./ Only the racemic mixture was prepared. € Incompletely separated enantiomeric mixture.
Overall yield after two steps: Sonogashira cross-coupling/desulfonation reaction. ' Not stable enough to be determined. n.r. = no reaction; n.d. = not

determined.

the cationic gold(I) complex generated in situ from
Ph;PAuCl and AgNTf, was not very effective by itself
either, the addition of protic additives (5 equiv EtOH)
promoted the cyclization at room temperature,’>*!* fur-
nishing the 5-exo-dig product (4)-5a and 6-endo-dig prod-
uct (£)-6a in 60:40 ratio and moderate conversion (62%
after 48 h)."* To our delight, a slight increase in temperature
(40 °C) accelerated the process significantly, reaching com-
pletion in 3 h and improving the yield up to 90% (50:50
ratio)."?

We also evaluated the influence of the nitrogen-protecting
group on the process (Boc, Cbz, ~-BuSO, #-BuSO,, H),
and the tert-butyloxycarbonyl (Boc) group was eventually
chosen to be the best protecting group.

Additionally, various silver salts were screened to test
the influence of the counterion, the softer, less-coordinat-
ing bis(trifluoromethanesulfonyl)imidate (NTf,) being
the anion of choice. DCE was the best solvent, while the
use of other solvents such as THF, MeCN, or toluene led to
unfavorable results.

We further optimized the reaction conditions for alkyne 4a
using gold(I) catalysts bearing bulkier biarylphosphine
ligands (SPhos, XPhos, JhonPhos) in order to evaluate
their effect on the regioselectivity. Preformed air-stable

(14) (a) Monge, D.; Jensen, K. L.; Franke, P. T.; Lykke, L.; Jorgensen,
K. A. Chem.—Eur. J. 2010, 16,9478. (b) Lu, D.; Zhou, Y.; Li, Y.; Yan, S;
Gong, Y. J. Org. Chem. 2011, 76, 8869.
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AuSPhosNTf, was confirmed as the most promising
catalyst, providing excellent yield and regioselectivity
(Table 2, entry 1)."

Encouraged by these results, we further explored the
scope of this reaction. Thus, chiral intermediates 4 under-
went a gold(I)-catalyzed cycloisomerization reaction un-
der the established conditions (Table 2). In most cases, the
cooperative catalysis between AuSPhosNTf, and EtOH
generated mixtures of regioisomers (5:6)."°

Electron-donating alkyne substitution led preferably to
6-endo-dig cyclization (entries 2 and 3), while an electron-
withdrawing effect favored isoindoline formation (entry
4).14017 1t should be noted that when p-MeOC¢H, (4b) was
changed to m-MeOC¢H, (4e), isoindoline Se was formed as
the main product versus 6e (entry 5). Interestingly, exclu-
sive 5-exo-dig cyclization was observed with alkynyl 4f—i,
furnishing isoindolines 5f—i as the only product (entries
7—9). However, the reaction of 4k (R? = ¢-Bu, entry 11)
did not take place at all, and the starting material was

(15) Interestingly, the absence of AgCl in the medium improved the
catalytic activity: Leyva, A.; Corma, A. J. Org. Chem. 2009, 74, 2067.

(16) A parcial racemization of compounds 5 and 6 was observed
probably due to an enantiomer self-disproportionation effect on achiral
silica gel: (a) Soloshonook, V. A. Angew. Chem., Int. Ed. 2006, 45, 766.
(b) Sorochinsky, A. E.; Acena, J. L.; Soloshonok, V. D. Synthesis 2013,
45, 141.

(17) (a) Park, J. H.; Bhilare, S. V.; Youn, S. W. Org. Lett. 2011, 13,
2228. (b) Patil, N. T.; Nijamudheen, A.; Datta, A. J. Org. Chem. 2012,
77, 6179.
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CH

CH;,
N° Boc N Boc
H H
X X
Ph Ph

A 0:100 B 40:60 C 40:60
(83%) (60%) (90%)
6-endo-dig > > > >

f CHF.
N Boc N.BDC
H H
-\“\\"’ C:Ei
Ph Ph

CF Cr.CF,
N,Boc N,Boc
» &
A X
Ph Ph
D 85:15 E 80:20 F 80:20
(58%) (=99%) (>99%)
> > > = 5-exo-dig

Figure 1. o-Substituent effect on the gold(I)-catalyzed cycloisomerization reaction.

Scheme 1. Reduction and Deprotection of Sh and 6b

PdIC e TFA &
H, (1 atm) CHoCl,
| Hedtam i NH
MeOH, rt Fort,24n F
1h, >99% 80%
7 (X-ray)
. F
CF;
PdIC
H, (5 atm) "H
b —_—
MeOH, rt O O
0,
12 h, >99% 10 (X-ray) OMe

60%

recovered, probably owing to the steric hindrance of the
bulkier #-Bu group. In all cases but 5j,'® (Z)-isomers of
isoindolines were formed stereoselectively. Likewise, we
also explored differently substituted arene rings (Table 2,
entries 12—15). In this case, an electron-rich aromatic ring
strongly favors a nucleophilic attack to afford the 5-exo-dig
product (entry 15) owing to its effect on the polarization of
the triple bond.'*°

On the other hand, the replacement of one or more
hydrogen atoms by fluorine in the vicinity of an amine
function results in a lower basicity. Presumably, this fact
has a significant influence on the regioselectivity of the
process. In contrast to published results (Figure 1, A),*><
we observed that the gradual introduction of fluorine atoms
at the a-position (CH; < CH,F < CHF,,CF3,CFs)
promotes the 5-exo-dig mechanism, leading to isoindoline
5 as a major product under the optimized conditions

(18) Isoindoline 5j was obtained as a mixture of (E)- and (Z)-isomers
in a 50:50 ratio, determined by '°F NMR of the crude reaction mixture.
Compounds 5e and 5n in 2:98 and 10:90 E/Z ratio, respectively.

(19) Certain instability was noticed in chloride solvents for isoindo-
line analogues particularly, which was successfully circumvented by
increasing the fluorine loading.

(20) (a) List, B. Chem. Commun. 2006, 8, 819. (b) Melchiorre, P.;
Marigo, M.; Carnole, A.; Bartoli, G. Angew. Chem., Int. Ed. 2008, 47,
6138. (¢) Palomo, C.; Oiarbide, M.; Lépez, R. Chem. Soc. Rev. 2009, 38,
632.

(21) Spring, D. Org. Biomol. Chem. 2003, 1, 3897.
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(Figure 1)."” Hence, we can conclude that the regioselec-
tivity between 5-exo-dig 5 and 6-endo-dig 6 did not only
depend on the nature and position of the substituents in R>
but also on the o-substitution of the nitrogen.

In order to expand our methodology and make it
synthetically more useful, we carried out the diasterco-
selective hydrogenation of the generated double bond giving
rise to N-Boc-protected derivatives 7 and 9 (Scheme 1).
Next, the Boc protecting group was removed affording the
free NH isoindoline 8 and tetrahydroisoquinoline 10 in
90% and 60% yield, respectively. The absolute configura-
tion was confirmed by X-ray diffraction analysis (see the
Supporting Information). These chiral fluorinated deriva-
tives would potentially be good candidates as ligands in
the design and development of new catalytic species, which
could find applications, for instance, in organocatalysis.*

In summary, we have developed an asymmetric synthe-
sis of fluorinated isoindolines 1 and 1,2-dihydroisoquino-
lines 2 by means of a gold(I)-catalyzed cycloisomerization
as the key step. By tuning the electronic property of the
alkyne moiety, the regioselectivity can be controlled and
directed toward one major product. Also, a significant
effect by the fluorinated group was observed, leading the
cyclization process through a more favored 5-exo-dig
mechanism. Applying the principles of diversity-oriented
synthesis,”! access to new libraries of chiral fluorinated
molecules would be feasible from our small fluorinated
building blocks. Further applications of the new substrates
are underway in our laboratory.
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