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1. Introduction very frequently been used to access powerful andtsially

. . . diverse libraries of bifunctional ammonium saltS (the
Chiral quaternary ammonium salt phase-transfefysahas  gnajogous quaternary phosphonium salts have beet wel
established itself as a unique and powerful asymeneatalysis  qescribed eitherf"”

concept for more than four decades alregdyfFollowing the
pioneering reports by the group of Wynb?'e@']d a team of In 2014, we introduced a modular and flexible protom
Merck scientistin the late 1970's and early 1980'’s, the use ofaccess an easily tunable class of trans-cyclohekghdiamine-
chiral Cinchona alkaloid ammonium salt catalystsame a based ammonium sal®, and these catalysts have since then
heavily investigated topic. Spectacular contribugiovith respect  been used for numerous asymmetric applications s ‘e

to catalyst design and their applications by ite groups of
O'Donnell® Lygo? and Corey established chiral Cinchona
alkaloid-based ammonium salts as one of the pgeilleclasses
of non-covalently interacting asymmetric ion-pagrin
organocatalysts. Besides the use of Cinchona allals readily
available naturally occurring chiral backbones, oalshe
utilization of alternative chiral platforms for tlievelopment of a
variety of other powerful ammonium salt phase-transhtalysts
has been reported over the course of the last teadse’

Scheme 1Overview of the most-commonly described class$dthm)-
urea-containing chiral ammonium salt catalysts.

Based on the achievements made in syntheses and
applications of (thio)-urea/ammonium salt hybridteyns so far,
it is obvious that these catalysts have a verygatential for

Right from the seminal reports by Wynbérgnd Merck asymmetric non-covalent organocatalysis. Cruciattie success
scientist8 it became obvious that the presence of an OH-gasup of catalyst classeB-D was the availability of robust and flexible
an additional H-bonding unit besides the quatermanynonium  syntheses routes that allowed for a fast and relgtigimple
group can be beneficial to achieve high levels ofcatalyst optimization and fine-tuning for a givemget reaction.
enantioselectivities and good catalyst turnoveusTlit comes as Unfortunately however, this has so far not been aelidor the
no surprise that especially the development of ngifional  Cinchona catalystd. Based on our general interest in the field,
ammonium salts became a topic of significant irtgravhile  and considering our own experience with ammoniuns £/t
OH-containing Cinchona ammonium salts and later on- OHwe now targeted the development of a robust and bilexi
containing Maruoka-type cataly3thave systematically been synthesis route to access a library of catalystsThis route
designed and are now routinely used in asymmetialysisi’°  should first of all allow for the installation ofeas and thioureas.
the use of chiral ammonium salts with additional ¢hding  Both have been successfully reported for the olfifeinctional
donors, i.e. ureas or thioureasias a much shorter histcry. ™’ systems in the pa$t’® but it is also fair to say that for both,
ureas and thioureas, in the majority of examplesfasp the
privileged 3,5-bis-CEphenyl-derivatives outperformed other
derivatives (exceptions were of course reportede Fhcond
major goal was to find a route that allows especiéhy high
structural diversity on the ammonium side, as fingng on this
side was often very crucial for the more-establishidrnative
systemdB-D.**®

The first report describing the synthesis of a uhéa-
containing chiral ammonium salt (again Cinchonaalalil-
based) and its use as a highly efficient organbesata was
reported by the group of Fernandez and Lassalet2010 In
this remarkable approach, they introduced the ysit#ll for
asymmetric 1,4-additions of TMSCN to nitroalkerfe§Scheme
1A). Unfortunately however, only one catalyst derivatiwas
accessed, which can be attributed to the rather wmidima
synthesis, which required the use of reagértb achieve the
quaternarization of the thiour& and no further applications o
this catalyst have been reported since that. Floh2 ®n, several As
groups then independently reported the design asel of
alternative bifunctional (thio)-urea containing aomum salts
(Scheme 1B). Dixon and Smith introduced the 9-stuisti
Cinchona salt8.'® First only a few derivatives were reported
but later on very robust protocols to access libsarwere
developed and these catalysts are now frequentlg fme a
variety of asymmetric target reactiofisExploring other chiral
backbones for their potential to access novel loiional

f 2. Results and Discussion

reported in the original paper by Fernandez and
Lassaletta? the installation of the quaternary ammonium group
in the presence of the thiourea motive is a ratfificult task,
and we observed the same challenges when we trigdttoesize

' catalystsD by first installing the (thio)-urea, followed byfimal
guaternization (interestingly however, this works wédir
catalystsC,>*’ demonstrating that the structural features of the
chiral backbone have a strong consequence for éeired

. . . synthesis strategy). For hybrid sal8 we succeeded in

ammonium salts, a-amino acids have been successfully 5 ercoming these obstacles by developing a flexiyiethesis

employed by Zhao and co-workers fifStand have since then o i where we first installed the ammonium groufiofeed by

A. Lassaletta, Fernandez (only one catalyst derivative reported): 5 a final stage introduction of the H-bonding mOthle.

Interestingly, such a strategy was recently alsocessfully

@ P applied to the synthesis of a diverse library délystsB.***
Ol :
CF4 S~ oen Accordingly, we now focused on the development of an
| 4 analogous assembly procedure to overcome the mxisti
N cFy 2)KCN CF, limitations for the syntheses of Cinchona catalysté\s outlined
H in Scheme 2, our plan was to introduce the proteé&eN
functionality first (starting from either quininer quinidine),
TMSCN . . . - .
A1 (10 mol-%) oN followed by quaternization of the quinuclidine ringxt, and a
RNz e R NO, final 6’-N-deprotection and (thio)-urea formation.
1 -78°C-rt. 2 (up to 86% ee)

B. Established (thio)-urea ammonium salts (broadly applicable syntheses available):

/—AI' \‘/\/ \ Y “Ar
z NH S’OYNH ,® OIS
| NR3 NS



6’-N-introduction
and
O-protection

Scheme 2Targeted general route to access bifunctionalystsA.

We started by carrying out the alkylation of th€®BF group
with benzylbromide, allyloromide and methyliodidelléaving
slightly adapted literature proceduresto obtain the 9-O-
alkylated compound$ for both, the quinine and the quinidine
series in yields higher than 87% (Scheme 3). Threduction of
a free amino group in the 6-position of the Cinchcskeleton
starting from quinine or quinidine derivatives wasry nicely
developed by Hiemstra's group some yearsAgad in general
their synthesis strategy to access the intermedigitees9 was
found to be rather straightforward and suited for targeted
route as well. First, the 6’-OMe group had to be déylated,

3

and we originally thought that it will be most praeti for the
rest of the sequence to hydrolyze the imi®eguantitatively
(which is easily achieved upon treatment with cititid) and
introduce a more stable N-protecting group for fokowing
quinuclidine quaternization. For catalyflsan N-Boc-protecting
group was found to be best-suited for such a styafedn
general, adapting this protecting group concept wassible
herein as well, but the Boc-protection as well asdiyerotection
were found to be not straightforward in our firsteatpts (i.e.
requiring tedious column chromatography purificatip
Gratifyingly however, we realized that such a detoeqiring at
least two additional chemical steps) was not necgstaall, as
the benzophenone served well as
6'-N-protecting group under neutral quaternizatiomnditions.
Thus, it was possible to carry out a direct and ctiele N-
alkylation of the quinuclidine nitrogen by reactimgines9 with
various benzylic bromides (Table 1 contains theaittetof the
groups that were successfully introduced). The gnatg
ammonium salt imined0 were then directly hydrolyzed with
citric acid to access the novel 6-BHdontaining Cinchona
ammonium saltd1l. These compounds were purified by column
chromatography and could be obtained in isolatettigiranging
from 33-85% over three steps. It should be noteat this
procedure was not perfectly optimized for some & kbwer
yielding examples, but considering the straightfmmdv
procedure, avoiding any column chromatography mation on
intermediate® and10, this approach reliably delivers reasonable
quantities of differently substituted clean amirks From a
practical point of view, it was encouraging that thee of less
clean intermediates for this sequence was still iptessas the
column chromatographic purification of compourtls allows

a

which was achieved by using NaSEt in DMF at elevatedor the reliable removal of impurities originatirfigpm the early

temperature (110 °C)This gave the cupreine and cupreidine steps as well.
derivatives7? in reliable yields of around 90% or higher. Using successfully

BBr;to facilitate the demethylatiéhwas possible as well, but we
found the NaSEt conditions somewhat more robust, cédphe
with respect to the suppression of potential immsithat may
interfere in the subsequent steps. Triflation &f 6+OH group
following Hiemstra’s protocdl then gave the triflate8 in
satisfying yields. In general, conversion7do the triflates3 was
found to be quantitative and it would be possiblergploy crude
8 further, with purification on a later stage only.wkver, as the
next three steps were then carried out without amyfigation
step (as outlined below), it turned out to be beamfiwith
respect to the overall yield and also the easy wthér
purification to submit triflates8 to silica gel column
chromatography.

To install the amino group, these triflates werenteabjected
to a Pd-catalyzed Buchwald-Hartwig type couplingvith
benzophenone imine giving the iming@écomplete conversion of
the triflates). Attempts to purify these imines bylumn
chromatography always lead to a relatively fast artiydrolysis

Interestingly, the groups of Xie anda M
used
9-NH,-containing Cinchona alkaloid ammonium salts as
asymmetric phase-transfer cataly$tand given this interesting
report the herein synthesized 6’-MBinchona ammonium salts
11 may also be worth being tested in future asymmetric

applications.

Finally, the last step that was necessary to aehibg main
goal of these investigations was to couple thenclaainesll
with different iso(thio)cyanates. Considering thévifgged role
of 3,5-bis-Ck-phenyl-based ureas and thioureas in asymmetric
H-bonding catalysis in gener&land based on the fact that these
groups were also the most generally used ones dauttier chiral
ammonium salt/H-bonding hybrid cataly@sD, our main focus
was clearly on the synthesis of catalystscontaining such a
thiourea- or urea-group. However, we also demonstrétat
some other (thio)-ureas can easily be introducedvel$ and
considering this generality, we are confident tliatcase other
derivatives are necessary for a given reaction nopdtion,
different iso(thio)cyanates should easily be introed as well.
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Scheme 3Developed Synthesis route: a) RX (BnBr, allylbide; Mel), KH
or NaH in DMF or THF, r.t. (86-98%); b) NaSEt, DMELO °C (> 90%); c)
PhNTH, DMAP, CHCl,, r.t. (67-91%); d) PAC=NH, Pd(OAc), BINAP,
CsCO;, THF, 65 °C; e) AICH,Br, toluene, 65 °C; f) citric acid, #/THF,
r.t. (33-85% over three steps); gfNCO/S, CHCI,, r.t. (37-91%).

Table 1 gives an overview of the ammonium salt deires
that we synthesized so far (all compounds were isdlas the
corresponding ammonium bromides). However, it shoodd
pointed out that this is really just a represemgafirst collection
to demonstrate the generality of this flexible &wsis route.
Overall this strategy works for different urea anidtinea groups
Ar? allows to incorporate different ammonium substitseArt
and different 9-O-alkyl groups R, and can be empldyge both,
quinine and quinidine-based hybrid catalysés and A”
straightforwardly.



Table 1.Hybrid ammonium salts accessed so far followirggganeral route outlined in Scheme 2

Entry Quinine Quinidine R Art Ar? Counteranion X  (Thio)-Urea Yield (%)
Series Series
1 Al - Bn- Ph- 3,5-(CE)2-CeHs- Br S 56
2 A2 - Bn- Ph- 4-CH-CsH4-Ph- Br S 54
3 A3 - Bn- Ph- Ph- Br S 59
4 A4 - Bn- Ph- Ph- Br O 47
5 A5 - Bn- Ph- 3-NGQ-CeH4- Br o 64
6 A6 - Bn- Ph- 3,5-(CE)-CeHs- Br O 46
7 A7 - Bn- 4-Ch-CeHs- 3,5-(CR)2-CeHs- Br S 85
8 A8 - Bn- 4-tBu-GHa- 3,5-(CR),-CeHs- Br S 61
9 A9 - Bn- 3-Ph-GH4 3,5-(CR)2-CeHs- Br S 61
10 A1C - Bn- B-Np- 3,5-(CR)2-CoHa- Br S 37
11 All - Allyl- Ph- 3,5-(CR)2-CeHs- Br S 55
12 Al12 - Allyl- 4-CF3-CeHas- 3,5-(CR),-CeHs- Br S 40
13 A13 - Allyl- 4-tBu-CeH.- 3,5-(CR)2-CeHs- Br S 38
14 Al4 - Allyl- 3-Ph-GsH4- 3,5-(CR),-CeHs- Br S 46
15 A15 - Allyl- 3-MeO-CgHs- 3,5-(CR)2-CeH3- Br S 71
16 A16 - Allyl- B-Np- 3,5-(CR)2-CoHa- Br S 46
17 Al17 - Me- Ph- 3,5-(CB)2-CeHs- Br S 37
18 Al8 - Me- Ph- 3,5-(CE)-CeHs- Br O 46
19 A18 - Me- 4-CR-CeHs- 3,5-(CR)2-CeHs- Br S 42
20 A20 - Me- 4-tBu-GHa- 3,5-(CR),-CeHs- Br S 40
21 A21 - Me- 3-Ph-GH4 3,5-(CR)2-CeHs- Br S 91
22 A22 - Me- 3-MeO-GH.- 3,5-(CR),-CeHs- Br S 42
23 - A"23 Bn- Ph- 3,5-(CB)2-CeHs- Br S 43
24 - A’24 Bn- 3-MeO-GH.- 3,5-(CR),-CeHs- Br S 60
25 - A"25 Bn- 4-Ch-CeHs- 3,5-(CR)2-CeHs- Br S 63
26 - A’26 Allyl- Ph- 3,5-(CR),-CeHs- Br S 42
27 - A"27 Me- Ph- 3,5-(CE)2-CeHs- Br O 39
28 - A"28 Me- 4-tBu-GHa- 3,5-(CR),-CeHs- Br S 42

a) lIsolated yield based on amité.

3. Conclusion

A flexible synthesis route to access a structuraliyerse
collection of bifunctional 6’-(thio)-urea contaigjn Cinchona
alkaloid quaternary ammonium salt catalysts(starting from
quinine) andA” (quinidine-based) has been developed. Thi
protocol allows to overcome the limitations of theeypously
reported original synthesis rotitéwhich unfortunately delivered
one derivative only). Key to success allowing for lexible
synthesis was to introduce the quaternary ammoniampgfirst,
followed by a final (thio)-urea introduction, whiafave more
than 20 derivatives straightforwardly.

4. Experimental section

General Information

'H-, ¥c- and F-NMR spectra were recorded on a Bruker
Avance Il 300 MHz spectrometer with a broad band plese
probe. All spectra were referenced on the solvenk,pdze
chemical shifts are given in ppm.
High resolution mass spectra for the final catalystse obtained
using an Agilent 6520 Q-TOF mass spectrometer witfE&h
source and an Agilent G1607A coaxial sprayer or a mber
Fisher Scientific LTQ Orbitrap XL with an lon Max APb6&rce.
ass spectra for the intermediates were obtainedgusin
Agilent LC/MSD Trap SL. Analyses were made in the pasit
ionization mode if not otherwise stated.
Preparative column chromatography was carried oubgus
Davisil LC 60A 70-200 MICRON silica gel. All chemicalseve
purchased from commercial suppliers and used witffuntler
purification unless otherwise stated. THF and totuemere
distilled over sodium under Ar atmosphere prior te.uAll
reactions were carried out under Argon.
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General procedures for the 9-O-alkylation of quinarel
quinidine (Syntheses of compouBjis

Allylation and BenzylatianA solution of quinine/quinidin®
in dry DMF (4 mL/mmol5) was treated with dry NaH (2.8
equiv.) and the resulting mixture was stirred atfot 2 h. Benzyl
chloride or allyl bromide (1.1 equiv.) were addedd athe
resulting mixture was stirred at r.t. for 20 h. Afetraction with
brine and EtOAc the organic phase was dried oveiSSa
filtrated and evaporated to dryness, giving 9-Qtatéd or 9-O-
benzylated compounds®® in > 87% yield and sufficient purity
for the following steps.

Methylation A solution of5 in dry THF (3 mL/mmol5) was
added slowly to a suspension of dry KH (3 equiv.dig THF
(0.8 mL/mmol5) at 0 °C.The resulting mixture was first stirred
at 0 °C for 30 min and then heated to 50 °C fomdf. After
cooling to 0 °C again, methyl iodide (1.05 equiwas added
dropwise and the resulting mixture was stirred anowald to
warm to r.t. over night (12-14 h). After extractiontlwbrine and
EtOAc the organic phase was dried overL3@, filtrated and
evaporated to dryness, giving 9-O-methylated comgs#éft in
almost quantitative yield and sufficient purity fttre following
steps.

General procedure for the 6’-O-demethylation (Synthede
compounds)

Sodium ethanolate (4.4 equiv) was weighed in a Youssk f
and a solution o6 in dry DMF (6.3 mL/mmok) was added. The
flask was flushed with Ar, closed and heated to 110f¢C5
days. Then, a saturated ag. solution of,8Hvas added and the
mixture was extracted with EtOAc twice. The combinedaaig
phases were washed with brine, dried ove;S@y filtered and
evaporated to dryness to afford compouritf in almost
quantitative yield and sufficient purity for thelfawing steps.

General procedure for the 6'-O-triflation (Synthesés
compounds)

Starting materia¥ was dissolved in dry Ci€l, (15 mL/mmol
7) and DMAP (0.2 equiv.) and PhNT§1.2 equiv.) were added
and the mixture was stirred for 24 h. Then the stlweas
evaporated and the remaining residue taken upOAEtwashed
with brine, and the organic layer was dried ovey3@, filtered
and evaporated to dryness. The crude product waBepuby
column chromatography (silica gel, gH,/MeOH = 20/1) to
afford compound8®in up to 90% yields.

General procedure for Buchwald-Hartwig reaction (Syages of
compound$®)

Pd(OAc) (0.05 eq), racemic BINAP (0.1 equiv.) and,C®;
(1.6 equiv.) were weighed into a Young flask and aitgmi of

The crude imines9 were dissolved in dry toluene (1.5
mL/mmol 9) and the different benzyl bromides (1.05 equiv.)
were added and the resulting mixture was stirredrogiet at 65
°C. The solvent was evaporated and the crude pred0@twere
used for the next step without further purification.

General N-deprotection procedure (Syntheses of congjsdil)

The crude imine40 were dissolved in THF (6 mL/mmabo).
Then, an aqueous solution of citric acid (10%, 13rmmol 10)
was added and the resulting mixture was stirred dyletn
followed by addition of a saturated solution of ;8@ (60
mL/mmol 10). The mixture was extracted with GEl, and the
combined organic phases were washed with brine, dneu
N&SQ,, and evaporated to dryness. The crude products were
purified by column  chromatography  (silica  gel,
CH,CIl,/MeOH/EtLNH = 20/1/0.8 or CHCI,/2-PrOH = 10/1) and
dried in vacuo to afford the pure aming¥® in 33-85% yield
(over three steps).

General procedure for the (thio)-urea formation ($yases of
final ammonium salt8\)

The aminesl1 were dissolved in C}Cl, (20 mL/mmol11)
and the corresponding iso(thio)cyanates (1.2 epguiere added.
The resulting mixture was stirred at r.t. overnighihe solvent
was evaporated and the crude products were purifiecblumn
chromatography (silica gel, GBI, /MeOH = 20/1 to 10/1 or
CH,CI, /2-PrOH = 10/1) to afford the ammonium SIS,

Details of (thio)-urea-containing ammonium salks

Ammonium salAl: Obtained in 56% yield (585 mg) starting
from 707 mg (1.23 mmol) of the corresponding anfide 'H-
NMR (300 MHz, CDCY, 298.0 K):8 / ppm = 12.08 (s, 1 H),
10.64 (s, 1 H), 8.92 (dl = 4.4 Hz, 1 H), 8.63 (d] = 9.0 Hz, 1
H), 8.42 (s, 1 H), 8.31 (s, 2 H), 8.10 (= 9.0 Hz, 1 H), 7.61 (d,
J=4.3Hz,1H),7.56 (s, 1 H),7.51-7.40 (m, 10 H}86(s, 1 H),
5.59-5.44 (m, 2 H), 5.31-5.25 (m, 1 H), 5.03-4.96 ), 4.44
(d,J=11.8 Hz, 1 H), 4.26 (1 = 9.4 Hz, 1 H), 4.13-3.93 (m, 3
H), 3.20-3.12 (m, 2 H), 2.56 (bs, 1 H), 2.19-2.03 &), 1.80-
1.61 (m, 1 H), 1.46-1.38 (m, 1 HY*C-NMR (75 MHz, CDC},
298 K): 8 / ppm = 179.1, 148.5, 146.0, 140.8, 139.3, 138.2,
135.8, 135.4, 133.7, 131.5, 131.0, 130.7, 129.B.4,2126.5,
126.0, 125.1, 124.8, 123.4, 121.5, 119.2, 118.4,.6,1112.1,
72.2,71.6,67.1, 63.3, 60.4, 50.5, 37.5, 26.4),2%.2;"°F-NMR
(282 MHz, CDC}, 298 K):5 / ppm = -62.7; HRMS (ESI+): m/z
calced. for G,H3gFgN,OS [M-Br]™: 761.2743, found: 761.2743.

Ammonium salA2: Obtained in 54% vyield (38 mg) starting
from 57 mg (0.10 mmol) of the corresponding amife. 'H-
NMR (300 MHz, CDC}, 298.0 K):8 / ppm = 11.75 (s, 1 H), 9.50
(s, 1 H), 8.98 (dJ = 10.6 Hz, 1 H), 8.91 (d] = 4.4 Hz, 1 H),

the triflate8 in dry THF (10 mL/mmoB) and the benzophenone g 17 g'13 (m, 2 H), 7.58-7.37 (m, 8 H), 7.2Q)( 7.7 Hz, 1 H)
imine (PRC=NH; 1.2 equiv.) were added. Subsequently, the; g5 (d,J = 7.3 Hz, 1 H), 6.10 (s, 1 H), 5.73 (@l= 11.3 Hz, 1

flask was flushed with argon, closed and heated t8365C for
3-5 days. Then, the solution was cooled to r.t. &hdred
through a pad of Celite. The filter cake was washdl ®H,Cl,
and the filtrate was evaporated to obtain the imBf&shat were
used for the next step without further purification.

General quaternization procedure (Syntheses of conmixii0)

H), 5.66-5.55 (m, 1 H), 5.41-5.29 (m, 2 H), 5.06-4(88 2 H),
4.43-4.28 (m, 3 H), 4.13 (bs, 1 H), 3.91 {d= 11.9 Hz, 1 H),
3.18-3.10 (m, 2 H), 2.54 (bs, 1 H), 2.33 (s, 3 H)62106 (M, 5
H), 1.78-1.71 (m, 1 H), 01.45-1.38 (m, 1 EC-NMR (75 MHz,
CDCl,, 298 K): & / ppm = 179.6, 147.6, 140.1, 138.8, 138.2,
135.9, 133.9, 130.8, 129.7, 129.4, 128.1, 127.%.412126.1.
125.1, 122.1, 120.6, 119.2, 118.5, 117.1, 72.67,786.9, 60.4,
50.7, 49.9, 44.0, 42.3, 41.7, 37.6, 26.6, 25.02,221.4, 14.0;



HRMS (ESI+): m/z calcd. for £HsN.OS [M-Br]’: 639.3152,
found: 639.3154.

Ammonium salf3: Obtained in 59% yield (14.5 mg) starting
from 20 mg (0.035 mmol) of the corresponding anfide 'H-
NMR (300 MHz, CDC}, 298.0 K):5 / ppm = 11.84 (s, 1 H), 9.60
(s, 1 H), 9.02 (ddJ; = 1.9 Hz,J, = 9.2 Hz, 1 H), 8.91 (d] =
4.4 Hz, 1 H), 8.16 (d) = 9.2 Hz, 1 H), 8.09 (d] = 1.8 Hz, 1 H),
7.70 (d,J = 7.5 Hz, 2 H), 7.58 (d] = 4.5 Hz, 1 H), 7.53-7.39 (m,
11 H), 7.32 (tJ = 7.6 Hz, 2 H), 6.10 (s, 1 H), 5.70 @,=
11.6 Hz, 1 H), 5.63-5.52 (m, 1 H), 5.36 @= 17.2 Hz, 1 H),
5.05 (dd,J; = 1.2 Hz,J, = 10.4 Hz, 1 H), 4.96 (d = 11.9 Hz, 1
H), 4.44-4.28 (m, 3 H), 4.14-4.08 (m, 1 H), 3.89J¢ 11.7 Hz,
1 H), 3.18-3.10 (m, 2 H), 2.54 (bs, 1 H), 2.16-2.07 @rH),
1.46-1.38 (m, 1 H)**C-NMR (75 MHz, CDC}, 298 K):5 / ppm
=179.8, 148.2, 146.0, 140.4, 139.1, 137.9, 1353%,5, 134.0,
130.8, 130.4, 129.8, 129.4, 129.3, 128.4, 127.4.4,2125.3,
124.9, 119.0, 118.7, 112.1, 72.6, 71.7, 66.6, 68(%3, 50.6,
37.6, 26.6, 25.1, 22.5; HRMS (ESI+): m/z calcd. @agH,:N,OS
[M-Br]*: 625.2996, found: 625.2999.

Ammonium sal&4: Obtained in 47% yield (11.2 mg) starting
from 20 mg (0.035 mmol) of the corresponding anfide 'H-
NMR (300 MHz, CDC}, 298.0 K):8 / ppm = 10.65 (s, 1 H), 8.85
(d,J=45Hz, 1 H), 8.71 (dd, = 1.8 Hz,J, = 9.2 Hz, 1 H), 8.38
(s, 1 H), 8.12 (dJ = 9.3 Hz, 1 H), 7.91 (s, 1 H), 7.60-7.42 (m,
16 H), 6.08 (s, 1 H), 5.80 (d,= 11.8 Hz, 1 H), 5.64-5.53 (m,
1H), 5.42 (d,J = 17.5 Hz, 1 H), 5.07 (dd}, = 1.2 Hz,J, =
10.3 Hz, 1 H), 4.95 (dJ = 11.7 Hz, 1 H), 4.43 (d] = 11.8 Hz,
1H), 437-431 (m, 1 H), 4.16-4.10 (m, 1 H), 4.03 {dF
11.7 Hz, 1 H), 3.21-3.13 (m, 2 H), 2.58 (bs, 1 H), 2183 (m,
3H), 1.77-1.71 (m, 1 H), 1.47-1.42 (m, 1 HYC-NMR (75
MHz, CDCk, 298 K): & / ppm = 153.6, 147.3, 141.1, 139.6,
137.4, 135.9, 135.8, 134.2, 131.5, 130.9, 129.8.7,2129.4,
128.8, 126.6, 125.5, 124.1, 122.5, 119.4, 119.B.7,1106.9,
73.2, 72.0, 66.6, 62.8, 60.1, 50.6, 37.7, 26.63,282.6; HRMS
(ESI+): m/z calcd. for @H.N,O, [M-Br]™: 609.3224, found:
609.3224.

Ammonium salf5: Obtained in 64% yield (16.5 mg) starting
from 20 mg (0.035 mmol) of the corresponding anide 'H-
NMR (300 MHz, CDC}, 298.0 K):8 / ppm = 10.59 (s, 1 H), 9.19
(s, 1 H), 8.83 (dJ = 4.4 Hz, 1 H), 8.49-8.47 (m, 1 H), 8.25 (d,
=9.1 Hz, 1 H), 8.08 (s, 1 H), 7.95 @ 9.2 Hz, 1 H), 7.72 (dd,
J; = 1.4 Hz,J, = 8.1 Hz, 1 H), 7.60 (dd}, = 1.2 Hz,J, = 8.1 Hz,

1 H), 7.55 (dJ = 5.0 Hz, 2 H), 7.50-7.48 (m, 5 H), 7.47-7.40 (m,
5H), 6.31 (s, 1 H), 5.62-5.51 (m, 2 H), 5.35-5.28 (nH), 5.04
(dd, J; = 1.3 Hz,J, = 10.5 Hz, 1 H), 4.95 (d] = 11.6 Hz, 1 H),
4.68 (d,J=11.6 Hz, 1 H), 4.43 (dl=11.8 Hz, 1 H), 4.31 (1 =
9.3 Hz, 1 H), 4.18-4.08 (m, 2 H), 3.29-3.14 (m, 2 HR72(bs,
1 H), 2.21-2.08 (m, 3 H), 1.50-1.42 (m, 1 H), 1.2501(f, 1 H);
®C-NMR (75 MHz, CDC}, 298 K): 5 / ppm = 153.3, 148.6,
147.6, 145.1, 141.0, 139.9, 137.9, 136.0, 135.91.113131.4,
130.9, 129.7, 129.5, 129.3, 129.2, 126.5, 125.41.7,2123.7,
119.1, 118.5, 116.7, 113.3, 107.3, 72.9, 71.8,,66327, 60.2,
50.5, 37.7, 26.6, 25.2, 22.2; HRMS (ESI+): m/z calfor
CuHsNsO, [M-Br] *: 654.3075, found: 654.3076.

Ammonium saliA6: Obtained in 46% vyield (61 mg) starting
from 89 mg (0.16 mmol) of the corresponding amirie 'H-
NMR (300 MHz, CDC}, 298.0 K):8 / ppm = 10.63 (s, 1 H), 8.96
(s, 1 H), 8.85 (dJ = 4.5 Hz, 1 H), 8.54 (d] = 9.5 Hz, 1 H), 8.08
(d,J=9.3Hz, 1 H), 8.04 (s, 2H), 7.94 (d, I = 1.7 HE)17.58
(d,J=4.5Hz, 1 H), 7.53-7.39 (m, 11 H), 6.15 (s, 1 H§455.52
(m, 2 H), 5.42-5.36 (m, 1 H), 5.04 (d#},= 10.3 Hz,J, = 1.1 Hz,
1H), 4.95 (dJ=11.7 Hz, 1 H), 4.46 (d = 11.7 Hz, 1 H), 4.31-
4.26 (m, 2 H), 4.14-4.00 (m, 2 H), 3.25-3.13 (m, 2 H}8 (bs, 1
H), 2.17-1.90 (m, 3 H), 1.78-1.67 (m, 1 H), 1.47-1(89 1 H);
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¥*C-NMR (75 MHz, CDC}, 298 K): & / ppm = 152.9, 147.6,
145.1, 141.0, 139.8, 137.6, 135.8, 135.5, 133.2.013131.5,
130.8, 129.6, 129.5, 129.3, 129.1, 126.1, 125.8.5/2121.6,
119.2, 118.4, 107.2, 72.9, 72.0, 66.5, 62.9, 68015, 37.5, 26.4,
25.0, 22.4!°F-NMR (282 MHz, CDCJ, 298 K):& / ppm = -62.8;
HRMS (ESI+): m/z calcd. for SH3oFN,O, [M-Br]™: 745.2972,
found: 745.2975.

Ammonium salA7: Obtained in 85% yield (124 mg) starting
from 100 mg (0.16 mmol) of the corresponding anfide. *H-
NMR (300 MHz, CDC}, 298.0 K):8 / ppm = 11.66 (s, 1 H),
10.15 (s, 1 H), 8.93 (d = 4.5 Hz, 1 H), 8.70 (d] = 9.0 Hz, 1
H), 8.30 (s, 1 H), 8.25 (s, 2 H), 8.07 (= 9.4 Hz, 1 H), 7.70-
7.41 (m, 11 H), 6.22 (s, 1 H), 5.71 @= 12.0 Hz, 1 H), 5.57
(ddd,J; = 16.8 Hz,J, = 10.3 Hz,J; = 5.9 Hz, 1 H), 5.36-5.30 (m,
1 H), 5.06 (dJ =10.3 Hz, 1 H), 5.00 (dl = 12.0 Hz, 1 H), 4.46
(d,J=11.8 Hz, 1 H), 4.32-4.16 (m, 3 H), 4.05 Jds 11.8 Hz, 1
H), 3.17-3.04 (m, 2 H), 2.58 (bs, 1 H), 2.25-2.05 ), 1.83-
1.70 (m, 2 H), 1.47-1.41 (m, 1 HYC-NMR (75 MHz, CDC},
298 K): 8 / ppm = 179.2, 148.6, 146.0, 140.6, 139.3, 138.1,
135.5, 134.3, 131.5, 131.1, 130.6, 130.1, 129.B.512126.7,
126.2, 124.9, 123.5, 121.6, 121.4, 119.3, 118.7,.8,1112.1,
72.3,71.7,67.2,62.1, 60.5, 51.0, 37.5, 26.39,222.3;°F-NMR
(282 MHz, CDC}, 298 K): 6 / ppm = -62.8, -63.2; HRMS
(ESI+): m/z calcd. for @HsgFoN,OS [M-Br]*: 829.2617, found:
829.2625.

Ammonium salA8: Obtained in 61% vyield (66 mg) starting
from 75 mg (0.12 mmol) of the corresponding amirie. 'H-
NMR (300 MHz, CDC}, 298.0 K):8 / ppm = 11.95 (s, 1 H),
10.56 (s, 1 H), 8.92 (d = 4.5 Hz, 1 H), 8.63 (d]=9.2 Hz, 1
H), 8.40 (s, 1 H), 8.32 (s, 2 H), 8.11 {7 9.2 Hz, 1 H), 7.66-
7.35 (m, 11 H), 6.15 (s, 1 H), 5.56-5.42 (m, 2 H)056325 (m, 1
H), 5.01 (d,J = 10.8 Hz, 1 H), 4.97 (d = 11.7 Hz, 1 H), 4.42 (d,
J=11.6 Hz, 1 H), 4.24-4.18 (m, 1 H), 4.17-3.99 (nH)2 3.91
(d,J =11.9 Hz, 1 H), 3.23-3.15 (m, 2 H), 2.57 (bs, 1 Hp02
2.06 (m, 3 H), 1.81-1.71 (m, 1 H), 1.46-1.38 (m, 1 HR2 (s, 9
H); ®C-NMR (75 MHz, CDC}, 298 K):5 / ppm = 179.1, 154.4,
148.6, 146.0, 140.8, 139.2, 138.3, 135.9, 135.3.3,3131.5,
131.0, 130.7, 129.6, 129.4, 126.6, 126.4, 125.4.8,2123.5,
122.8, 1215, 119.2, 118.4, 112.1, 72.2, 71.6,,66300, 60.4,
50.5, 37.5, 34.9, 31.1, 26.4, 25.0, 22'E-NMR (282 MHz,
CDCls, 298 K):6 / ppm = -62.7; HRMS (ESI+): m/z calcd. for
CugH47FgN,OS [M-Br]": 817.3369, found: 817.3372.

Ammonium salA9: Obtained in 61% vyield (58 mg) starting
from 77 mg (0.12 mmol) of the corresponding amirig. 'H-
NMR (300 MHz, CDC}, 298.0 K):8 / ppm = 11.86 (s, 1 H),
10.28 (s, 1 H), 8.94 (dl = 4.4 Hz, 1 H), 8.79 (d]=9.4 Hz, 1
H), 8.30 (s, 3 H), 8.12 (&l = 9.2 Hz, 1 H), 7.72-7.39 (m, 16 H),
6.19 (s, 1 H), 5.66-5.51 (m, 2 H), 5.36-5.30 (m, 1 5)6-4.97
(m, 2 H), 4.41 (dJ = 11.8 Hz, 1 H), 4.27-4.09 (m, 3 H), 4.03 (d,
J =11.7 Hz, 1 H), 3.29-3.16 (m, 2 H), 2.58 (bs, 1 HP02.16
(m, 2 H), 1.80-1.71 (m, 2 H), 1.48-1.39 (m, 1 HE-NMR (75
MHz, CDCk, 298 K): 8 / ppm = 179.2, 148.6, 142.3, 140.7,
139.4, 138.2, 135.8, 135.4, 132.6, 132.2, 131.9,113130.7,
129.9, 129.7, 129.5, 129.4, 129.1, 128.2, 127.5.7,2126.6,
125.1, 124.9, 123.6, 121.5, 119.3, 118.5, 117.8,I72.5, 71.8,
66.9, 63.0, 60.5, 50.7, 37.5, 26.4, 25.0, 22FE-NMR
(282 MHz, CDC}, 298 K):8 / ppm = -62.7; HRMS (ESI+): m/z
calcd. for GgH,sFsN,OS [M-Br]": 837.3056, found: 837.3061.

Ammonium salA10: Obtained in 37% yield (26 mg) starting
from 47 mg (0.08 mmol) of the corresponding amiri®. 'H-
NMR (300 MHz, CDCY, 298.0 K):8 / ppm = 12.03 (s, 1 H),
10.30 (s, 1 H), 8.96 (0} = 4.5 Hz, 1 H), 8.90 (d] = 9.2 Hz, 1
H), 8.32 (s, 2 H), 8.26 (s, 1 H), 8.18 = 9.5 Hz, 1 H), 7.94-
7.45 (m, 15 H), 6.20 (s, 1 H), 5.72 @= 11.0 Hz, 1 H), 5.58
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(ddd,J; = 17.0 Hz,J, = 10.5 Hz,J; = 5.9 Hz, 1 H), 5.40-5.34
(m, 1 H), 5.09-5.01 (m, 2 H), 4.44 (d,= 11.7 Hz, 1 H), 4.39-
4.29 (m, 2 H), 4.23-4.16 (m, 1 H), 4.10 M= 11.7 Hz, 1 H),
3.27-3.18 (m, 2 H), 2.53 (bs, 1 H), 2.20-2.09 (m, 1 Hj4-1.60
(m, 2 H), 1.50-1.41 (m, 1 H}*C-NMR (75 MHz, CDC}, 298
K): & / ppm = 179.3, 148.5, 146.0, 140.7, 139.6, 1383R.7,
135.5, 134.5, 133.8, 132.8, 131.6, 131.1, 130.B.8,2129.5,
129.2, 128.4, 128.1, 127.8, 127.3, 126.8, 124.8.712123.3,
121.5, 119.2, 118.6, 117.9, 112.0, 77.6, 71.8,,66371, 60.4,
50.6, 37.5, 29.7, 26.4, 25.1, 22 4F-NMR (282 MHz, CDC},
298 K): 86 / ppm = -62.7; HRMS (ESI+): m/z calcd. for
CuH1FgN,OS [M-Br]": 811.2900, found: 811.2899.

Ammonium salAll: Obtained in 55% yield (43 mg) starting
from 53 mg (0.10 mmol) of the corresponding amirid. 'H-
NMR (300 MHz, CDC}, 298.0 K):8 / ppm = 12.32 (s, 1 H),
10.43 (s, 1 H), 8.90-8.82 (m, 2 H), 8.45 (s, 1 H)08& 2 H),
8.14-8.07 (m, 1 H), 7.81-7.78 (m, 2 H), 7.58-7.50 fnt{), 6.22
(s, 1 H), 6.18-6.07 (m, 1 H), 5.97 (d,= 12.0 Hz, 1 H), 5.58
(ddd, J; = 16.6 Hz,J, = 10.2 Hz,J; = 5.3 Hz, 1 H), 5.48 (d] =
5.8 Hz, 1 H), 5.43-5.37 (m, 2 H), 5.07 (tk 10.3 Hz, 1 H), 4.66
(d,J=11.8 Hz, 1 H), 4.44-4.26 (m, 4 H), 4.11 (dd= 12.3 Hz,
J, = 6.8 Hz, 1 H), 3.43-3.36 (m, 1 H), 3.30-3.22 (m, 1 B3
(bs, 1 H), 2.21-2.07 (m, 3 H), 1.86-1.75 (m, 1 H)211437 (m, 1
H); “®C-NMR (75 MHz, CDC}, 298 K):5 / ppm = 179.2, 148.1,
145.2, 140.8, 139.5, 138.9, 135.7, 133.8, 132.3,5,3131.1,
130.0, 129.6, 126.5, 126.3, 125.1, 124.7, 123.9,5,2120.5,
118.8, 118.5, 112.1, 73.5, 70.5, 67.0, 64.0, 68049, 37.6, 26.5,
25.1, 22.4"°F-NMR (282 MHz, CDCJ, 298 K):& / ppm = -62.8;
HRMS (ESI+): m/z calcd. for gH3FN,OS [M-Br]": 711.2587,
found: 711.2587.

Ammonium salA12: Obtained in 40% yield (17 mg) starting
from 31 mg (0.05 mmol) of the corresponding amirig. 'H-
NMR (300 MHz, CDC}, 298.0 K):8 / ppm = 11.81 (s, 1 H),
10.18 (s, 1 H), 8.88 (d} = 4.6 Hz, 1 H), 8.70 (dJ = 8.9 Hz, 1
H), 8.34 (s, 1 H), 8.24 (s, 2 H), 8.02-7.47 (m, 7 H266(s, 1 H),
6.21-6.06 (m, 2 H), 5.58 (ddd, = 17.1 HzJ, = 10.6 Hz J;= 6.2
Hz, 1 H), 5.49-5.36 (m, 3 H), 5.08 (di},= 10.3 Hz,J, = 0.9 Hz,

1 H), 4.80 (dJ =12.1 Hz, 1 H), 4.43-4.35 (m, 4 H), 4.16 (dd,

ppm = -62.8; HRMS (ESI+): m/z calcd. for,£.,5FN,OS [M-
Br]": 767.3213, found: 767.3197.

Ammonium salAl14: Obtained in 46% yield (56 mg) starting
from 81 mg (0.14 mmol) of the corresponding amirié. 'H-
NMR (300 MHz, CDC}, 298.0 K):8 / ppm = 11.95 (s, 1 H),
10.17 (s, 1 H), 8.93-8.88 (m, 2 H), 8.31 (s, 3 H)28d,J=9.2
Hz, 1 H), 7.98 (s, 1 H), 7.86-7.77 (m, 2 H), 7.68-7(BO 4 H),
7.52-7.42 (m, 4 H), 6.20-6.09 (m, 2 H), 6.05 Jds 11.9 Hz, 1
H), 5.60 (ddd,J); = 16.9 HzJ, = 10.4 HzJ; = 5.8 Hz, 1 H), 5.48-
5.38 (m, 3 H), 5.08 (ddj; = 10.6 Hz,J, = 0.8 Hz, 1 H), 4.69 (dI
=11.9 Hz, 1 H), 4.49-4.30 (m, 4 H), 4.07 (dd~ 12.3 HzJ, =
7.1 Hz, 1 H), 3.46-3.28 (m, 2 H), 2.64 (bs, 1 H), 22208 (m, 3
H), 1.86-1.80 (m, 1 H), 1.46-1.35 (m, 1 HJC-NMR (75 MHz,
CDCl;, 298 K): & / ppm = 179.3, 148.5, 146.0, 142.6, 140.7,
139.6, 139.4, 137.9, 135.7, 132.7, 132.3, 132.2,6,3131.2,
130.6, 130.1, 129.7, 129.2, 128.3, 127.2, 126.8%.5,2125.1,
124.7, 123.7, 120.8, 118.8, 118.7, 111.9, 73.5%,786.7, 63.5,
60.4, 51.0, 37.6, 26.5, 25.1, 22/8--NMR (282 MHz, CDC},
298 K): 8 / ppm = -62.8; HRMS (ESI+): m/z calcd. for
CuH1FgN,OS [M-Br]": 787.2900, found: 787.2902.

Ammonium salAl15: Obtained in 71% yield (47 mg) starting
from 42 mg (0.09 mmol) of the corresponding amirié. 'H-
NMR (300 MHz, CDC}, 298.0 K):8 / ppm = 11.72 (s, 1 H),
10.11 (s, 1 H), 8.88 (d] = 4.5 Hz, 1 H), 8.80-8.77 (m, 1 H),
8.31-8.27 (m, 3 H), 8.08 (d,= 9.2 Hz, 1 H), 7.58 (s, 1 H), 7.49-
7.40 (m, 3 H), 7.29 (d) = 8.0 Hz, 1 H), 7.06 (dd}; = 8.2 Hz,
J, = 2.1 Hz, 1 H), 6.16-6.04 (m, 2 H), 5.83 {d= 11.9 Hz, 1 H),
5.59 (ddd,J; = 16.7 Hz,J, = 10.2 Hz,J; = 5.8 Hz, 1 H), 5.45-
5.36 (m, 3 H), 5.06 (d] = 10.2 Hz, 1 H), 4.58 (dl= 11.9 Hz, 1
H), 4.40-4.25 (m, 4 H), 4.03 (dd, = 12.5 Hz,J, = 7.2 Hz, 1 H),
3.87 (s, 3 H), 3.48-3.40 (m, 1 H), 3.35-3.27 (m, 1 24%4 (bs, 1
H), 2.18-2.06 (m, 3 H), 1.86-1.76 (m, 1 H), 1.41-1(B% 1 H);
¥C-NMR (75 MHz, CDC}, 298 K): 5 / ppm = 179.3, 160.2,
148.3, 145.5, 140.6, 139.4, 138.5, 135.8, 132.2.01,3131.6,
131.1, 130.7, 130.6, 130.2, 128.7, 127.4, 126.5.7,2125.1,
124.8, 123.8, 121.4, 120.8, 119.6, 119.0, 118.4,8,1116.4,
112.1, 73.4, 70.5, 66.8, 63.5, 60.6, 51.1, 37.64,285.1, 22.5;
F-NMR (282 MHz, CDCJ, 298 K): 5 / ppm = -62.8; HRMS

=12.8 Hz,J, = 6.8 Hz, 1 H), 3.56-3.19 (m, 2 H), 2.64 (bs, 1 H), (ESI+): m/z calcd. for GHsgFsN,O,S [M-Br]": 741.2692, found:

2.23-2.10 (m, 3 H), 1.88-1.78 (m, 1 H), 1.45-1.39 {nH); °C-
NMR (75 MHz, CDC}, 298 K):5 / ppm = 179.1, 148.5, 145.9,
140.6, 139.4, 137.9, 135.5, 134.4, 132.5, 132.3,5,3131.1,
130.5, 130.4, 127.3, 126.5, 125.0, 124.6, 123.4,412120.6,
118.8, 117.8, 112.1, 73.4, 70.4, 67.3, 62.9, 68153, 37.6, 26.4,
25.1, 22.4°F-NMR (282 MHz, CDCJ, 298 K):5 / ppm = -62.8,
-63.2; HRMS (ESI+): m/z calcd. for s@5gFN,OS [M-Br]":
779.2461, found: 779.2416.

Ammonium salA13: Obtained in 38% yield (48 mg) starting
from 84 mg (0.15 mmol) of the corresponding amirien. *H-
NMR (300 MHz, CDCY, 298.0 K):8 / ppm = 12.06 (s, 1 H),
10.48 (s, 1 H), 8.88 (Al = 4.5 Hz, 1 H), 8.76 (d] = 9.0 Hz, 1
H), 8.40 (s, 1 H), 8.33 (s, 2 H), 8.10 &= 9.2 Hz, 1 H), 7.71-
7.47 (m, 6 H), 6.18-6.06 (m, 2 H), 5.83 = 11.0 Hz, 1 H),
5.57 (ddd,J; = 17.0 Hz,J, = 10.6 Hz,J; = 5.9 Hz, 1 H), 5.46-
5.33 (m, 3 H), 5.06 (ddl, = 10.3 Hz,J, = 1.2 Hz, 1 H), 4.62 (d,
J=11.9 Hz, 1 H), 4.42-4.20 (m, 4 H), 4.04 (dg,= 12.7 Hz,
J,= 7.1 Hz, 1 H), 3.44-3.26 (m, 2 H), 2.63 (bs, 1 H},522.07
(m, 3 H), 1.88-1.78 (m, 1 H), 1.45-1.38 (m, 1 H), 1(859 H);
¥C-NMR (75 MHz, CDC}, 298 K): 5 / ppm = 179.2, 154.5,
148.4, 145.9, 140.8, 139.4, 138.1, 135.8, 133.2.213131.5,
131.1, 130.6, 126.6, 126.4, 125.1, 124.7, 123.68.01,2120.8,
118.8, 118.5, 112.0, 73.3, 70.5, 66.8, 63.5, 668038, 37.5, 34.9,
31.1, 26.5, 25.1, 22 4F-NMR (282 MHz, CDCJ, 298 K): & /

741.2695.

Ammonium salAl16: Obtained in 46% yield (23 mg) starting
from 36 mg (0.06 mmol) of the corresponding amirié. 'H-
NMR (300 MHz, CDCY, 298.0 K):8 / ppm = 12.11 (s, 1 H),
10.25 (s, 1 H), 8.95 (dl = 9.1 Hz, 1 H), 8.90 (d] = 4.5 Hz, 1
H), 8.32 (s, 2 H), 8.16-8.09 (m, 1 H), 8.05-7.84 (nK)6 7.64-
7.58 (m, 3 H), 7.52-7.47 (m, 1 H), 6.25-6.10 (m, 2 %%1 (ddd,
J,=16.9 HzJ, = 10.4 HzJ; = 5.8 Hz, 1 H), 5.52-5.40 (m, 3 H),
5.10 (d,J = 10.2 Hz, 1 H), 4.78 (dl = 11.8 Hz, 1 H), 4.53-4.35
(m, 4 H), 4.11 (ddJ, = 12.6 HzJ, = 7.2 Hz, 1 H), 3.50-3.43 (m,
1 H), 3.36-3.29 (m, 1 H), 2.61 (bs, 1 H), 2.16-2.09 @rH),
1.81-1.70 (m, 2 H), 1.46-1.38 (m, 1 HYC-NMR (75 MHz,
CDCls, 298 K): 8 / ppm = 179.3, 148.4, 145.8, 140.7, 139.6,
138.3, 135.7, 134.6, 133.9, 132.9, 132.2, 131.4,113130.1,
129.5, 128.6, 128.2, 127.8, 127.4, 126.7, 124.8.8,2123.4,
121.5, 120.7, 118.9, 118.6, 117.9, 112.1, 73.6,,786.7, 63.7,
60.5, 51.0, 37.6, 26.5, 25.2, 22/8--NMR (282 MHz, CDCJ,
298 K): 8 / ppm = -62.8; HRMS (ESI+): m/z calcd. for
CaH3FN,OS [M-Br]™: 761.2743, found: 761.2752.

Ammonium salAl17: Obtained in 37% yield (28 mg) starting
from 50 mg (0.10 mmol) of the corresponding amiria 'H-
NMR (300 MHz, CDCY, 298.0 K):8 / ppm = 11.87 (s, 1 H),
10.25 (s, 1 H), 8.90 (0} = 4.5 Hz, 1 H), 8.82 (d]=9.0 Hz, 1
H), 8.41 (s, 1 H), 8.30 (s, 2 H), 8.09 ®= 9.0 Hz, 1 H), 7.82-
7.80 (m, 2 H), 7.58-7.46 (m, 5 H), 5.99-5.79 (m, 3 5133-5.19



(m, 2 H), 4.50-4.46 (m, 2 H), 4.36-4.30 (m, 1 H), 44169 (m, 1
H), 3.63 (s, 3 H), 3.01-2.91 (m, 1 H), 2.53-2.45 (nHi)1 2.35-
2.26 (m, 1 H), 1.96-1.80 (m, 3 H), 1.17-1.08 (m, 2 ¥3-NMR
(75 MHz, CDC}, 298 K): 6 / ppm = 179.3, 148.5, 146.0, 140.7,
139.5, 137.5, 134.9, 133.8, 131.6, 131.1, 130.8.612126.3,
126.1, 125.1, 124.8, 123.6, 118.7, 112.3, 67.14,687.6, 56.6,
54.4,37.8, 27.0, 23.6, 21 7F-NMR (282 MHz, CDCJ, 298 K):
&/ ppm = -62.8; HRMS (ESI+): m/z calcd. for83sFN.OS
[M-Br] ": 685.2430, found: 685.2433.

Ammonium salA18: Obtained in 46% yield (38 mg) starting
from 54 mg (0.10 mmol) of the corresponding amiria 'H-
NMR (300 MHz, CDCY, 298.0 K):8 / ppm = 11.02 (s, 1 H),
8.85-8.77 (m, 2H), 8.58 (dl = 9.1 Hz, 1H), 8.11-7.95 (m, 4H),
7.91-7.78 (m, 2H), 7.59-7.46 (m, 3H), 7.46-7.37 (iH),26.00-
5.78 (m, 3H), 5.28 (dJ = 10.5 Hz, 1H), 5.19 (d] = 17.0 Hz,
1H), 4.62-4.42 (m, 2H), 4.36-4.26 (m, 1H), 4.14-4.62, @H),
3.62 (s, 3H), 3.67-3.52 (m, 4H), 3.04-2.91 (m, 1H)222.40 (m,
1H), 2.36-2.22 (m, 1H), 2.04-1.78 (m, 3H), 1.17-1.64, (H);
®C-NMR (75 MHz, CDC}, 298 K): 5 / ppm = 153.0, 147.6,
145.0, 141.2, 140.2, 137.0, 135.0, 134.0, 131.9 &33.3 Hz),
131.4, 131.1, 129.6, 126.4, 123.5 Jor 273 Hz), 123.0, 118.7,
118.6, 118.4, 115.2, 107.6, 77.4, 76.5, 67.1, 6%3,6,
56.6,54.4,38.0, 27.2, 23.8, 21.7, 14.1; HRMS (EStr/ calcd.
for CygH3sFeN4O, [M-Br]™: 669.2659, found: 669.2642.

Ammonium salA19: Obtained in 42% vyield (8 mg) starting
from 12 mg (0.05 mmol) of the corresponding amirie 'H-
NMR (300 MHz, CDC}, 298.0 K):8 / ppm = 11.15 (s, 1 H), 9.92
(s, 1H), 8.92 (dJ = 4.5 Hz, 1H), 8.79 (dd}; = 9.3 Hz,J, = 1.6
Hz, 1H), 8.27 (s, 2H), 8.18 (d,= 1.3 Hz, 1H), 8.10 (d) = 9.3
Hz, 1H), 8.00 (dJ = 8.0 Hz, 2H), 7.82 (d] = 8.0 Hz, 1H), 7.60
(s, 1H), 7.48 (dJ = 4.5 Hz, 1H), 6.02-5.79 (m, 3H), 5.34 (b=
10.4 Hz, 1H), 5.24 (d] = 17.1 Hz, 1H), 4.58-4.44 (m, 2H), 4.37-
4.25 (m, 1H), 4.24-4.13 (m, 1H), 3.63 (s, 3H), 3.5873(m, 1H),
2.99-2.86 (m, 1H), 2.58-2.45 (m, 1H), 2.39-2.27 (1H),12.08-
1.87 (m, 3H), 1.22-1.11 (m, 1H); HRMS (ESI+): m/z chléor
Cs7H34FN,OS [M-Br]": 753.2304, found: 753.2301.

Ammonium salA20: Obtained in 40% yield (42 mg) starting
from 70 mg (0.13 mmol) of the corresponding amiridn. 'H-
NMR (300 MHz, CDC}, 298.0 K):8 / ppm = 11.92 (s, 1 H),
10.37 (s, 1 H), 8.90 (d = 4.4 Hz, 1 H), 8.83 (d] =9.2 Hz, 1
H), 8.40 (s, 1 H), 8.33 (s, 2 H), 8.12 (+ 9.1 Hz, 1 H), 7.72 (d,
J=8.3 Hz, 2 H), 7.62-7.46 (m, 4 H), 5.96-5.82 (m, 2 5Y3 (d,
J=11.6 Hz, 1 H), 5.32 (dl = 10.6 Hz, 1 H), 5.27-5.14 (m, 2 H),
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131.6, 131.2, 130.5, 130.1, 129.8, 129.7, 129.8.312129.2,
128.9, 128.3, 127.2, 126.7, 123.8, 118.7, 112.8),63.2, 57.6,
56.7, 54.4, 37.9, 27.1, 23.6, 218c-NMR (282 MHz, CDC},
298 K): 8 / ppm = -62.8; HRMS (ESI+): m/z calcd. for
CaH3FN,OS [M-Br]™: 761.2734, found: 761.2750.

Ammonium salA22: Obtained in 42% yield (33 mg) starting
from 54 mg (0.10 mmol) of the corresponding amirie. 'H-
NMR (300 MHz, CDCY, 298.0 K):8 / ppm = 11.69 (s, 1 H),
10.11 (s, 1 H), 8.93-8.87, (m, 2 H), 8.32-8.28 (rf)28.13 (d,J
=9.2 Hz, 1 H), 7.60 (s, 1 H), 7.51-7.42 (m, 4 H), 182 =7.7
Hz, 1 H), 7.10-7.06 (m, 1 H), 5.94-5.83 (m, 2 H), 5(@1J =
12.2 Hz, 1 H), 5.32 (d) = 10.9 Hz, 1 H), 5.25-5.19 (m, 1 H),
4.57-4.50 (m, 1 H), 4.42 (d,= 11.9 Hz, 1 H), 4.32-4.26 (m, 1
H), 4.13-4.06 (m, 1 H), 3.89 (s, 3 H), 3.63-3.54 (nK}} 3.06-
2.95 (m, 1 H), 2.52-2.45 (m, 1 H), 2.34-2.26 (m, 1 HN5-1.90
(m, 3 H), 1.18-1.08 (1 H)**C-NMR (75 MHz, CDC}, 298 K):
&/ ppm = 179.6, 160.4, 148.5, 146.0, 140.7, 13834,5, 134.9,
131.6, 131.2, 130.6, 127.4, 126.8, 125.8, 124.8.9,2121.5,
119.5, 118.6, 117.9, 116.6, 112.5, 67.0, 63.3,,55658, 55.9,
54.5, 37.8, 27.0, 23.6, 21.7F-NMR (282 MHz, CDCJ, 298 K):

S / ppm = -62.8; HRMS (ESI+): m/z calcd. forB3,FN4O0,S
[M-Br]*: 715.2536, found: 715.2537.

Ammonium salf”23 : Obtained in 43% yield (79 mg) starting
from 97.4 mg (0.17 mmol) of the corresponding amiriéc.
11.79 (s, 1 H), 10.04 (s, 1 H), 8.94 {ds 4.5 Hz, 1 H), 8.86 (dd,
J1=9.4HzJ,=2.2Hz, 1H),8.32 (dl=2.0Hz, 1 H), 8.30 (s, 2
H), 8.14 (d,J = 9.3 Hz, 1 H), 7.62 (d] = 4.5 Hz, 1 H), 7.59 (s, 1
H), 7.54-7.42 (m, 10 H), 6.19 (s, 1 H), 5.87 (ddids 17.3 Hz J,
=10.6 Hz,J; = 6.9 Hz, 1 H), 5.55 (d] = 11.9 Hz, 1 H), 5.29 (d,
J=10.2 Hz, 1 H), 5.13 (d] = 17.4 Hz, 1 H), 4.98 (d] = 11.9
Hz, 1 H), 4.59-4.51 (m, 1 H), 4.44 (@= 11.7 Hz, 1 H), 4.31-
4.25 (m, 1 H), 4.12-3.99 (m, 2 H), 3.37 Jt= 11.1 Hz, 1 H),
2.93-2.83 (m, 1 H), 2.48-2.35 (m, 2 H), 1.96-1.75 &), 1.59-
1.39 (m, 1 H), 1.47-1.39 (m, 1 H)*C-NMR (75 MHz, CDC},
298 K): 8 / ppm = 179.9, 148.8, 146.5, 141.0, 139.6, 138.1,
135.6, 135.2, 133.8, 131.6, 131.2,130.8, 129.8,.612929.3,
127.8, 126.2, 123.9, 123.5, 119.2, 118.6, 113.4,773.3, 72.2,
67.0, 62.8, 56.9, 54.1, 53.6, 37.8, 32.2, 27.27,231.9, 14.2
HRMS (ESI+): m/z calcd. for GH3FsN,OS [M-Br]": 761.2743,
found: 761.2751.

Ammonium salf”24 : Obtained in 60% yield (57 mg) starting
from 67 mg (0.11 mmol) of the corresponding amliér . *H-
NMR (300 MHz, CDCY, 298.0 K):8 / ppm = 11.85 (s, 1 H),

4.42 (d,J = 11.6 Hz, 1 H), 4.33-4.26 (m, 1 H), 4.13-4.02 (m, 110.16 (s, 1 H), 8.93 (d, = 4.5 Hz, 1 H), 8.84 (ddJ; = 9.3 Hz,J,

H), 3.61 (s, 3 H), 3.59-3.54 (m, 1 H), 3.00-2.92 (nH)] 2.52-

2.45 (m, 1 H), 2.36-2.28 (m, 1 H), 2.01-1.78 (m, 4 HR5 (s, 9
H); ®*C-NMR (75 MHz, CDC}, 298 K):5 / ppm = 179.4, 154.6,
148.5, 146.0, 140.8, 139.5, 137.6, 135.4, 135.3.5,3131.5,

131.1, 130.5, 126.6, 126.5, 126.2, 125.6, 124.8.7,2122.9,

118.6, 67.0, 63.2, 57.5, 56.6, 54.3, 37.8, 34.93,327.1, 23.6,
21.6; F-NMR (282 MHz, CDCJ, 298 K): 5 / ppm = -62.8;
HRMS (ESI+): m/z calcd. for H.sFeN,OS [M-Br]": 741.3056,
found: 741.3062.

Ammonium salA21: Obtained in 91% yield (61 mg) starting
from 47 mg (0.08 mmol) of the corresponding amirig 'H-
NMR (300 MHz, CDCY, 298.0 K):8 / ppm = 11.79 (s, 1 H),
10.08 (s, 1 H), 8.98 (Al = 9.5 Hz, 1 H), 8.92 (dJ=4.5Hz, 1
H), 8.31-8.29 (m, 2 H), 8.16 (d,= 9.1 Hz, 1 H), 7.88-7.40 (m,
13 H), 5.97-5.84 (m, 3 H), 5.34-5.19 (m, 2 H),4.6404(®, 1 H),

451 (d,J = 11.8 Hz, 1 H), 4.37-4.31 (m, 1 H), 4.17-4.10 (m, 1

H), 3.63 (s, 3 H), 3.39-3.26 (m, 1 H), 3.11-2.99 (nH)] 2.52-
2.44 (m, 1 H), 2.36-2.27 (m, 1 H), 2.02-1.88 (m, 3 H}8-1.11
(m, 1 H); ®*C-NMR (75 MHz, CDC}, 298 K):8 / ppm = 179.6,
148.5, 146.0, 140.7, 139.7, 139.4, 134.9, 133.2.713132.3,

= 1.5 Hz, 1 H), 8.28 (s, 2 H), 8.26 (= 2.0 Hz, 1 H), 8.14 (d]
=9.1 Hz, 1 H), 7.62 (d] = 4.5 Hz, 1 H), 7.58 (s, 1 H), 7.52-7.33
(m, 7 H), 7.16 (bs, 1 H), 7.01 (dd, = 8.4 Hz,J, = 2.4 Hz, 1 H),
6.15 (s, 1 H), 5.87 (ddd; = 17.2 Hz,J, = 10.3 Hz,J; = 6.8 Hz, 1
H), 5.40 (dJ = 11.8 Hz, 1 H), 5.29 (d} = 10.0 Hz, 1 H), 5.13 (d,
J=17.2 Hz, 1 H), 4.98 (dl = 11.3 Hz, 1 H), 4.50-4.40 (m, 2 H),
4.22 (t,J=9.6 Hz, 1 H), 4.09-4.02 (m, 1 H), 3.93 {5 11.7 Hz,
1 H), 3.84 (s, 3 H), 3.45 (6,= 11.2 Hz, 1 H), 2.97-2.86 (m, 1 H),
2.48-2.35 (m, 2 H), 1.99-1.84 (m, 3 H), 1.22-1.12 {nH); °C-
NMR (75 MHz, CDC}, 298 K): &/ ppm = 179.4, 160.1, 148.5,
146.1, 140.7, 139.5, 137.9, 135.3, 131.1, 129.6.212127.3,
126.8, 125.7, 124.9, 123.8, 121.5, 119.4, 119.8.411116.4,
112.2, 73.0, 71.9, 66.9, 62.5, 56.8, 55.8, 54.06,376.9, 23.6,
21.7;"F-NMR (282 MHz, CDCJ, 298 K): & / ppm = -62.8;
HRMS (ESI+): m/z calcd. for GH,;FsN,O,S [M-Br]": 791.2849,
found: 791.2852.

Ammonium salf”25 : Obtained in 63% yield (75 mg) starting
from 83 mg (0.13 mmol) of the corresponding amiién. 'H-
NMR (300 MHz, CDC}, 298.0 K):8 / ppm = 11.71 (s, 1 H),
10.11 (s, 1 H), 8.93 (Al = 4.5 Hz, 1 H), 8.78 (d]=8.9 Hz, 1
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H), 8.31 (s, 1 H), 8.26 (s, 2 H), 8.08 ¢ds 9.1 Hz, 1 H), 7.78-
7.41 (m, 12 H), 6.25 (s, 1 H), 5.88 (dd4,= 17.4 Hz,J, = 10.6
Hz, J; = 7.0 Hz, 1 H), 5.63 (d) = 11.9 Hz, 1 H), 5.31 (d] =
10.6 Hz, 1 H), 5.15 (0] =17.2 Hz, 1 H), 5.01 (dl= 11.8 Hz, 1
H), 4.56-4.45 (m, 2 H), 4.31-4.25 (m, 1 H), 4.15-4(68 1 H),
4.03 (d,J = 11.7 Hz, 1 H), 3.31-3.24 (m, 1 H), 2.88-2.78 (m, 1
H), 2.49-2.38 (m, 2 H), 2.01-1.84 (m, 3 HJC-NMR (75 MHz,
CDCl;, 298 K): 8/ ppm= 179.2, 148.6, 146.0, 140.6, 139.4,
137.8, 135.5, 137.8, 135.5, 134.8, 134.3, 131.0.7,2129.1,
126.5, 126.3, 124.9, 123.5, 119.0, 118.7, 117.8,3173.0, 71.9,
67.2, 61.7, 56.8, 54.2, 37.6, 29.7, 26.9, 23.55:2%F-NMR (282
MHz, CDClk, 298 K):8 / ppm = -62.8, -63.2; HRMS (ESI+): m/z
calcd. for G3H3gFN,OS [M-Br]™: 829.2617, found: 829.2618.

Ammonium saltA”26: Obtained in 42% vyield (204 mg)
starting from 320 mg (0.61 mmol) of the correspogdamine
11”b. 'H-NMR (300 MHz, CDC}, 298.0 K):& / ppm = 12.07 (s,
1 H), 10.57 (s, 1 H), 8.85 (d, = 4.5 Hz, 1 H), 8.62 (dJ =
8.9 Hz, 1 H), 8.53 (bs, 1 H), 8.26 (s, 2 H), 8.0d¢; 9.1 Hz, 1
H), 7.75-7.72 (m, 2 H), 7.55-7.47 (m, 5 H), 6.23-6(A6 2 H),
5.89 (dddJ; = 17.2 Hz,J, = 10.4 Hz,J; = 7.2 Hz, 1 H), 5.75 (d,
J=11.9 Hz, 1 H), 5.50-5.42 (m, 2 H), 5.31 Jd&s 10.4 Hz, 1 H),
5.21 (d,J = 17.3 Hz, 1 H), 4.58 (d] = 11.9 Hz, 1 H), 4.41-4.32
(m, 3 H), 4.21-4.11 (m, 2 H), 3.58 {t= 11.3 Hz, 1 H), 3.00-2.90
(m, 1 H), 2.52-2.43 (m, 1 H), 2.39-2.30 (m, 1 H), 2(bg, 1 H),
1.94-1.84 (m, 2 H), 1.17-1.08 (m, 1 HYC-NMR (75 MHz,
CDCl,, 298 K): 5 / ppm = 179.1, 148.4, 145.6, 140.7, 139.3,
138.2, 134.9, 133.7, 132.3, 131.9, 131.4, 131.1,.01,3130.4,
129.6, 126.2, 126.1, 125.1, 124.6, 121.5, 120.8.6,1112.4,
73.9, 70.6, 67.2, 63.6, 56.8, 54.3, 37.8, 27.06,281.6;°F-NMR
(282 MHz, CDC}, 298 K):5 / ppm = -62.8; HRMS (ESI+): m/z
calcd. for GgHs/FgN,OS [M-Br]": 711.2587, found: 711.2588.

Ammonium sald”27 : Obtained in 39% yield (30 mg) starting
from 49 mg (0.1 mmol) of the corresponding amirie'a. *H-
NMR (300 MHz, CDC}, 298.0 K):8 / ppm = 10.28 (s, 1 H), 9.01
(s, 1H), 8.94 (dJ = 4.4 Hz, 1H), 8.94 (d] = 4.4 Hz, 1H), 8.57
(d, J = 9.1 Hz, 1H), 8.11-8.02 (m, 3H), 7.93-7.88 (m, 1HR5?.
7.78 (m, 2H), 7.55-7.49 (m, 3H), 7.45-7.40 (m, 2H¥3(d,J =
1.3 Hz, 1H), 5.79 (d) = 11.5 Hz, 1H), 5.65 — 5.51 (m, 1H), 5.44
—5.34 (m, 1H), 5.07 (dd, = 10.5 Hz,J, = 1.3 Hz, 1H), 4.62 (d,
J=12.0 Hz, 1H), 4.37-4.18 (m, 3H), 3.62 (s, 3H), 3.4843m,
1H), 3.34-3.23 (m, 1H), 2.68-2.57 (m, 1H), 2.21-1.8% gH),
1.85-1.69 (m, 1H), 1.43-1.31 (m, 1HJ°C-NMR (75 MHz,
CDCls, 298 K): 8 / ppm = 153.1, 147.7, 145.1, 141.3, 140.0,
135.9, 134.1, 131.9 (¢) = 33 Hz), 131.4, 131.1, 129.7, 126.4,
125.4, 123.6, 123.5 (d, = 273 Hz), 118.9, 118.5, 115.4, 107.7,
77.4, 76.3, 66.9, 64.0, 60.3, 57.5, 50.9, 37.86,285.5, 25.3,
22.6, 14.3; HRMS (ESI+): m/z calcd. ford8lsFsN,O, [M-Br] ™
669.2659, found: 669.2650.

Ammonium salf”28 : Obtained in 42% yield (15 mg) starting
from 25 mg (0.05 mmol) of the corresponding amii&h. 'H-
NMR (300 MHz, CDC}, 298.0 K):8 / ppm =10.81 (bs, 1H),
10.47 (s, 1H), 8.90 (d} = 4.5 Hz, 1H), 8.79-8.72 (m, 1H), 8.37-
8.31 (m, 3H), 8.12 (d) = 9.2 Hz, 1H), 7.75-7.68 (m, 2H), 7.60
(s, 1H), 7.58-7.52 (m, 2H), 7.45 (d,= 4.4 Hz, 1H), 5.77 (d)
=12.0 Hz, 1H), 5.94 (d] = 1.9 Hz, 1H), 5.64-5.50 (m, 1H), 5.39-
5.30 (m, 1H), 5.06 (dJ; = 10.4 Hz,J, = 1.4 Hz, 1H), 4.50 (d] =
12.0 Hz, 1H), 4.36-4.15 (m, 3H), 3.60 (s, 3H), 3.5883m, 1H),
3.33-3.21 (m, 1H), 2.68-2.58 (m, 1H), 2.20-2.01 (rH),31.88-
1.75 (m, 1H), 1.35 (s, 9H), 1.45-1.33 (m, 1HJC-NMR (75
MHz, CDCk, 298 K): 8 / ppm = 180.2, 154.9, 148.9, 146.5,
141.0, 139.4, 136.0, 133.7, 131.9, 131.6)(g,33.2 Hz), 131.4,
130.6, 128.4, 126.8, 125.2, 124.0, 123.4)g, 271 Hz), 123.4,
123.0, 119.2, 118.3, 113.6, 77.4, 76.6, 67.1, 6305, 51.0,

Tetrahedron

37.9, 35.2, 31.3, 26.8, 22.8, 14.4; HRMS (ESI+): wdicd. for
CagHasFsN,OS [M-Br]": 741.3056, found: 741.3047.
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