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Abstract

Two conformational diastereoisomers due to thedmed Aryl-NSQ rotation were observed by
NMR in the model compoundN,N'-bis-tosyl-N,N'-dipropargyl-1,4-diamine-2,3-dimethyl
benzenel. X-Ray analysis showed that only tegn conformation is present in the solid state.
The conformational preference in solution was es@d by DFT calculations and
experimentally determined by low-temperature NMRBpeaxments. It was found that thanti
conformation is the more populated in low-polastivents whereas thsynis the favored one
in polar solvents.

Keywords: Sulfonamides, dynamic NMR, DFT calculations, X-raystallography

Introduction

Hindered aromatic ketones such as 1,4-bis-(mejitos¢ne$ and 2,3-dimethylnaphthalerfes
substituted by two acyl moieties in positions lavén the plane of the carbonyl group nearly
orthogonal to that of the aromatic rings and thergy barriers for the aryl-CO bond rotation is
high enough as to give rise to two conformatiosalmers (rotamers), depending as to whether
the two carbonyl groups are in anti or in asynrelationship with respect to the planar core. The
corresponding interconversion barriers could be swmesl by variable-temperature NMR and
when the two acyl substituents were sufficienthikipye.g. in the case of theBuCO moieties)

it has been even possible to achieve the physkigdration of the two rotamefswe thus
considered the possibility that aryl-bis-sulfonaesidcould exhibit a similar conformational
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behavior, due to the hindered rotation of the AMO,R bond. At the best of our knowledge,
this kind of conformational process has not beerestigated in detail, while it could be
important in atroposelective reactions where tlsgltde can act as a leaving group.

Results and Discussion

Compoundl (Scheme 1) was prepared by tosylation and propatigy of 2,3-dimethyl-4-amino
aniline in turn prepared by nitration and reductioh 2,3-dimetyl aniline as previously
reported®* It is worth of mention that the 1,4-tosylation &f3-dimethyl-4-amino aniline
revealed to be not a trivial task. In fact, aftee easy introduction of the first tosyl group, the
second tosylation occurred either in 1,4- and in ppsition. It appeared that the nucleophilicity
of the two nitrogen atoms of the mono tosylatedvdgive is quite similar. In our opinion this is
only apparently surprising when considering that &lectron Donating Group (EDG) NH
increases the nucleophilicity of thara tosylated nitrogen atom while the Electron Wittvdreg
Group (EWG) NHTs decreases the nucleophilicitypafa NH, due to conjugation. As an
alternative explanationthe observed similar reactivity of the Nidnd NHTs group could be
due to deprotonation of NHTs group, under the basaction conditions (triethylamine was used
as base), with increasing of the nitrogen nucldagpty. However, the 1,3- and 1,4-bistosylation
of 1,3-diaminotrimetyl benzefi@and 1,4-diaminotetrametyl benzéiereported to occur without
formation of 1,1-bistosylated by-products. Since teprotonation of NHTs group could be
easily operative in these systems as well, whigedbnjugation between the Mldnd NHTs is
prevented by the relative position or/and steritdrance, the lack 1,1-bistosylated by-products
in these reactions strongly supports the first tiyesis. Independently upon the actual reason of
the encountered difficulties, 1,4-bis-tosyl amin@aswisolated in 23% overall yield after a
challenging flash chromatography required to sdpatee 1,1-bis-tosylated derivative as well as
trace amounts of tris- and tetra-tosylated denegtiformed during tosylation.

The following propargylation occurred smoothlylmsth NHTs groups allowing the isolation
of 1ina 74% vyield (Scheme 1, see the Experimentei@efor detailed conditions).

Ts.
NH, NH, NN
ref. 3,4 a b
—_— —_—
/
NH2 TS/N\//

a) TsCl, Et3N, dry DCM, 0-25 °C; b) Propargyl bromide, K,CO5, dry DMF
Scheme 1Preparation of compourid
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The propargyl moiety was conveniently introducextduse the CHacts as a probe of
chirality® that can monitor the conformational motion.

Good single crystals of compoutdvere grown from acetonitrile/methanol solutiongbgw
evaporation. X-ray diffraction analysis showed ttiet two SQ moieties are skewed out of the
plane of the 2,3-dimethylphenyl ring, the dihedaalgles being 93° and -94° (the compound
crystallizes in the centrosymmetric R2point group, therefore also the molecule withedirals
=-93° and +94° is present in the crystal célfhe two sulfonyl groups are therefore on the same
side of the phenyl ring. While the typesmethylphenyl rings are arranged in a parallel osjon
pointing in the same direction away from the twathgegroups of the tetrasubstituted central
phenyl ring, the two propargyl moieties are arrahgeananti disposition, yielding overall &€;
symmetry. Due to the N-S d-p conjugatiSrihe two carbons and the sulfur bonded to nitrogens
lay almost on a plane, being the sum of the tXr&eX angles close to 360° (353.0° and 356.0°).

Figure 1. ORTEP structure of compouddEllipsoids drawn at 50% probability.

Although only one conformation is present in thelids state, two conformational
diastereoisomers are expected to exist in solupimyided the relative energy is not exceedingly
different. In one conformational diastereoisomer tlvo SQ moieties are on the same side with
respect to the 2,3-dimethylphenyl plane (i.e.dierelationship observed in the solid state), and
in the second diastereoisomer the two 8@ on opposite sides (thusaarti relationship). If the
N-SO, and the N-CH rotational motions are fast, tlsgn conformation dynamically belongs to
the Cs symmetry, while thanti belongs to the&s, symmetry group. Nevertheless, if the N-SO
rotation is slow in the NMR time scale, both shodisplay diastereotopic hydrogens for the,CH
group because even in the case ofsyreconformation the local plane of symmetry of the,CH
does not coincide with the molecular symmetry pfane
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A Molecular Mechanics (MM) conformational searttocalized at least four conformations
with similar energy. Two conformations haaeti relationship of the sulfonamide moieties, and
two have thesyndisposition. Within each pair the conformation8etdibecause of the different
disposition of the propargyl chain. When optimizgdDFT at the B3LYP/6-31+G(d,p) level of
theory (Figure 2) the four conformations were vaétl as energy minima (no imaginary
frequencies) and the relative energies are cotleat@able 1.

Table 1 B3LYP/6-31+G(d,p) andbB97XD/6-31+G(d,p) calculated energies for compoudnd
(full optimization, relative values in kcal/mol) igas phase and with the inclusion of two
different solvents (PCM method)

B3LYP/6-31+G(d,p) ®B97XD/6-31+G(d,p)
Conf Gas Phase CHg¢l DMSO Gas Phase CHLI DMSO
AE AH° AE AH° AE AH° AE AH° AE AH° AE AH°

ant-1 0.81 0.74 0.30 0.300.00 0.00 1.84 257 120 1.82 1.19 253
ant-2 0.00 0.00 0.00 0.000.26 0.22 0.80 1.31 0.55 0.75 1.00 2.55
synl 129 129 064 068 0.68 036 0.74 0.74 0.0100 0.00 0.00
syn2 0.75 0.79 047 053 053 044€.00 0.00 0.00 0.26 0.05 0.54

The conformation observed in the solid state epoads to theynl conformation of Figure
2 suggested by DFT calculations. T8l conformation was not calculated as the mostestab
but the energy differences are small and the comdtion observed in the crystal could be the
result of a stabilization due to a better lattieelpng.

Due to the different relative disposition of thdfenamide moieties, the dipole moment of
the anti andsyn conformations is expected to be different. Ithisst foreseeable that the polarity
of the solvent could influence the relative enesgiéthe conformations at a great extent. For this
reason the DFT optimization were run by includinffedent solvents and using the PCM
approach? On raising the dielectric constant of the solvehe energy difference decreases
from 0.79 kcal/mol (gas phase) to 0.44 kcal/mol wB&1SO was considereld.

The results of the B3LYP calculations suggested toth theanti and syn conformation
should be populated in solution. However, given trexy small energy differences, an
assignment of the conformational preference basedatculations will be unreliable. Indeed,
when a different functional such asB97XD (that accounts for long-range interactionsl an
dispersive forces) was employed, the trend wasrsede thesyn conformation being always
calculated as the more stable, with larger eneifjgrences. The conformation observed in the
solid state was calculated to be the most stablenwtihe solvent was introduced in the
calculations (Table 1). Within this theoretical é&vinclusion of DMSO in the calculations
enhanced again the preference for $lgg conformation in polar solvents with respect to How
polarity ones like chloroform.
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anti-1

Figure 2. Calculated conformations for compouhdRelative energies are reported in Table 1.

Two transition states were conceived for the rotabf the sulfonamide (Figure 3): the first
one has the Spointing towards the CH of the central ring (TSadhile the second TS has the
SO, close to the methyls of the central ring (TS-2haf optimized at the B3LYP/6-31+G(d,p)
level in the gas phase, both structures were validas transition states by frequency analysis (a
single imaginary frequency corresponding to thatron of sulfonamide was found). The lower
energy transition state was TS-1, i.e. the one #iéhSQ group close to the aromatic CH (20.4
and 21.9 kcal/mol, respectively).

\r5—< o

Ve o
17 Cf
TS-1 TS-2
(20.4) 21.9)

Figure 3. The two transition states for Aryl-NSR rotation. The energies in parenthesis (in
kcal/mol, B3LYP/6-31+G(d,p) level) are relativette lowest energy ground state.
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The'H-NMR spectrum of compounttaken at +25°C in £D,Cl,; showed two sets of signals
with 57:43 relative ratio. The aromatic signal loé tCH belonging to the central ring is split into
two signals at 6.64 and 6.52 ppm, and the sign#h@fCH is split into two AB systems, with
two signals overlapped at 3.83 ppm and the remgitwwo partially overlapped at 3.52 ppm.

T (°C) ) . k(s
/ \ ;J'I IIIII\
95 //' \.»k ,/’/ S 320
PO //' ™~
// \\\ // ,
7 P¢ N 9
i_--*-// \“u.. YO e \“m.______o
//\\\ //\ L
/T /TN
B/ % / . 63
I \\-____., e e’ 2 S~ —
N\ N\
/ N /’"\\ !.-’ L /_\\
0 }/ \\- // \\\ 53
- - I e ——
|
| ||| |ﬂ|
/ /\ |I | I|
27 A | I AN

664 658 652 ppm

Figure 4. '"H NMR (600 MHz in GD,Cls) of the aromatic CH signal of compountisOn the
left are reported the experimental spectra. Onridif are reported the lineshape simulations
obtained with the indicated rate constants.

The evidence of two sets of signals in fie NMR spectrum confirms the existence in
solution of the two conformational diastereocisomarsd the diastereotopicity of the hydrogens
belonging to the Ckconfirms that the Clgroups are displaced out of the aromatic plane. On
raising the temperature the two signals of the atenCH broaden and reach the coalescence at
+77°C, eventually yielding a single signal aboved+@& (Figure 4). From the rate constants
determined by full lineshape simulation an energyribr of 17.5 kcal/mol was derived for the
conformational process using the Eyring equdfioifhis energy barrier corresponds to the
diastereomerization between thaand theanti conformations.
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Figure 5. '"H NMR (600 MHz in GD.Cls) of the CH signal of compounds. On the left are
reported the experimental spectra. On the rightsa@vn the lineshape simulations obtained
with the indicated rate constants. The rate cotstemparenthesis are those for the two-steps
racemization/homomerization process (see textdtails).

The same behavior was observed for the Gignals (Figure 5). The two pairs of signals
reach the coalescence at +109°C and yield a sisigieal above +120°C. The line shape
simulation of the Chisignal requires the use of two different rate tams. One accounts for the
diastereomerization and it exchanges one AB systémthe other. The second rate constant
exchanges the two doublets within each AB systeme. first rate constant has to be identical to
that obtained from the simulation of the aromatid¢, @hile the second one should correspond to
% of the diastereomerization constant, becauseatemization of theanti conformation (or
homomerization of theyn is a two-steps pathway that requires the secalemtiation ofboth
the sulfonamide moieties. A satisfactory simulatieas indeed obtained using two different rate
constants: that for diastereomerization and a lkdaha¢e constant accounting for the internal
exchange of the AB systems (18.1 kcal/mol).

The rate constants obtained by the line shapelaiions cover a wide range of temperature
and allowed us to derive all the activation pararsetusing both the Arrhenius and Eyring
equations (1) and (2), respectivéty.
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From the Arrhenius plot (Figure 6) the activatienergy E was found to be 18.2 + 1.0

kcal/mol with LogA = 13.3 £ 0.6 (errors at the 95¥nfidence limit). From the Eyring plot the

values of activation enthalpy and entropy werevéetiasAH” = 17.5 + 1 kcal/mol andS" =

0.0 £ 2.6 e.u. As usual in the dynamics of confdromal processes, the activation entropy value

results to be negligible within the experimentatentainty*®

In kKT - In k -
| R2=0.9961 | R2=0.9966
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Figure 6. Left: Eyring plot. Right: Arrhenius plot.

As a first attempt to assign the more populatedfaronation in solution, some different
solvents were used because the dipole moment afythendanti conformation was calculated
to be different. Thesyn conformation was calculated to be the more paad the polarity
difference increases when a polar solvent suchMS® was included in the calculations. (0.23
D in gas phase, 0.65 D in CHCind 1.0 D in DMSO). For this reason th¢ spectrum was
recorded in DMSO and in a 50:50 v/iv DMSQDGCI, mixture (Figure 7). When DMSO was
used, an inversion of the conformer ratio was olesk(left trace of Figure 7, 43:57 ratio). When
the solvent mixture was employed, the ratio wa$3,7thus a mismatch due to an inversion of
the chemical shift should be ruled out. On thisifyabe more populated conformation in low-
polarity solvents should be tlaati.
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Figure 7. 'H spectra ofl in different solvents. The asterisk indicates thsidual signal of
C.D,Cly. The relative stability of the conformers is resezt in DMSO with respect to;B,Cl4

Since the X-ray structure was determined on cdgys@wown from a polar solvent
(acetonitrile/methanol), it cannot be excluded ttrgstals containing thanti conformer could
be grown from a low polarity solveht. However, when single crystals obtained from a
chloroform solution were analyzed, they had theyvemme crystal cell and structure of the
others. Thus the preference of #y@conformation in the solid state must be attributed more
dense crystal lattice, independently of the confitiomal preference in solutidfi.

To unambiguously assign which conformation isri@e populated in solution, a crystal of
1 was dissolved in CELI, at -50 °C and the spectrum recorded at the sampet@ture having
always kept the sample cooled below this tempegat8mce in the solid state only tlsgn
diastereoisomer is present, the aromatic CH regiaimly displays a single signal (6.31 ppm, see
Figure 8). When the sample was allowed to warndmsghe spectrometer, the line of the second
diastereoisomer at lower field (6.46 ppm) increagssintensity, eventually reaching the
equilibrium proportion. This behavior confirms ththe more populated conformation in low-
polarity solvents is thanti.
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Figure 8. Trace a: 600 MHZH spectrum recorded at -50°C on a sample obtaigetissolving

a crystal ofl in CD,Cl, at -50°C, and kept at this temperature. Tracepbctsum recorded at -
50°C after warming the sample at -30°C for 5 miracE c: spectrum recorded at -50°C after
warming the sample at -30°C for additional 5 miotdt time at -30°C: 10 min). Trace 44
NMR spectrum recorded at -50°C of a sampld dissolved at ambient temperature in D
and then cooled to -50°C.

Conclusions

N-Aryl tosylates display a rather large rotatiotarrier around the Aryl-NS(R bond, and
separate signals due to thgn and anti conformations were observed at ambient temperature
when two identical NSER groups were bound to the same aromatic ring. tbube different
dipole moment, the relative population of the twenformations strongly depends on the
solvent, theanti one being the more stable in low polarity solvefise syn conformation is
always the solely populated in the solid statebpbdy because of a more dense packing.

Experimental Section

General. Commercial available reagents are used as obtaumddss otherwise stated, from

freshly opened container without further purificais. Anhydrous solvents were obtained from
Puresolv (Innovative Technology Inc.) apparatud. tAé reactions are monitored by TLC on

commercially available pre-coated plates (silichGfeF 254) and the products were visualized
with acidic vanillin solution. Silica gel 60, 2308@ mesh, is used for column chromatography.
Melting points were determined in a capillary tulsng a Biichi 510 melting point apparatus
and are uncorrectetd and**C NMR spectra were recorded at 200 or 400 and SMOrMHz,
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respectively. Chemical shift$)(are expressed in ppm using residual non-deutksadlvent as
an internal standard (DMSO, 2.50 fot and 39.52 for*C; CDCk, 7.26 for'H and 77.16 for
13¢).1® Coupling constantsl) are given in Hertz (Hz).

N,N’-bis-tosyl-1,4-diamino-2,3-dimethylbenzeneA solution ofp-toluensulfonyl chloride (280
mg, 1.47 mmol) in 1 mL of dry DCM was added dropvét 0°C to a solution of 2,3-dimethyl-
1,4-diaminobenzene (100 mg, 0.73 mmol) and dryhiylamine (162 mg, 1.6 mmol) in 0.5 mL
of dry DCM. The reaction was stirred at 0 °C undex, atmosphere and monitored by TLC
(eluent: DCM/ACOEt 20/1) for 2 hours. Then, dryethylamine (33 mg, 0.33 mmol) and
toluenesulfonyl chloride (57 mg, 0.30 mmol) wereled twice after 4 and 6 h, and the reaction
kept at ambient temperature for additional 20 holinge reaction mixture was diluted with DCM
(40 mL), washed with 10% aqg. HCI (3x30 mL) and witater (2x30 mL). The organic layer was
dried over NgSQ,, filtered and concentratdd vacuum The crude brown solid obtained (239
mg) was purified by silica gel flash chromatogragéient: DCM/AcOEt 15/1) to obtaiN,N'-
bis-tosyl-1,4-diamine-2,3-dimethylbenzene as a evhkitlid (74 mg, 23 % yield). M.p. 237-238
°C; 'H NMR [400 MHz, DMSO-g]: 1.86 (s, 6H), 2.37 (s, 6H), 6.55 (s, 2H), 7.2807(m, 4H),
7.40-7.55 (m, 4H), 9.42 (bs, 2K) **C NMR [100.6 MHz, DMSO-¢|: 14.7, 20.8, 124.2, 126.4,
129.2, 132.9, 134.8, 137.2, 1426IR (KBr pellet): 3273, 1596, 1330, 1159, 1084663m";
MS (ESI, negative mode)n/z (int. rel. %) 443.08 [(M - H) 100]; Elemental analysis for
C22H24N204S;: Caled: C, 59.44%; H, 5.44%; N, 6.30. Found: C, 83%7H, 5.19%; N. 6.63%.
N,N’-bis-tosyl-N,N’-dipropargyl-1,4-diamine-2,3-dimethylbenzene (1) To a solution ofN,N’-
bis-tosyl-1,4-diamine-2,3-dimethylbenzene (90 mg2 OGnmol) in dry DMF (2.5 mL)
propargylbromide (120 mg, 0.8 mmol) and dryGd; (113 mg, 0.8 mmol) were added in
sequence. The reaction mixture was stirred at «6Qider a positive Natmosphere for 24
hours. The reaction was cooled at ambient temperatiluted with EO (100 mL) and washed
with 10 % ag. HCI (3x30 mL). The acid aqueous phaae extracted with D (2x40 mL). The
organic phases were combined, washed with brin60(3rL), dried over N&QO,, filtered and
concentratednh vacuum The crude white solid obtained (98 mg) was peudifby silica gel flash
chromatography (eluent: DCM) to obtaiN,N’-bis-tosil-N,N’-dipropargyl-1,4-diamine-2,3-
dimethylbenzend as white solid (74 mg, 71 % vyield). M. p18-120 °C (dec)'H NMR (400
MHz, CDCk): 2.12 (t,J = 2.2 Hz, 1H), 2.16 (1) = 2.3 Hz, 1H), 2.26 (s, 3H), 2.32 (s, 3H), 2.42
(s, 3H), 2.47 (s, 3H), 4.12-4.17 (m, 1H), 4.17-4(88 1H), 4.48-4.53 (m, 1H), 4.53-4.58 (m,
1H), 6.55 (s, 1H), 6.59 (s, 1H), 7.14-7.40 (m, 4HK1-7.73 (m, 4HY. **C NMR (100.6 MHz,
CDCl): 15.9, 16.1, 21.7, 21.8, 41.4, 41.5, 73.8, 73R8, 78.0, 126.4, 126.7, 128.3, 128.4,
129.4, 129.5, 136.2, 136.4, 138.0, 138.2, 140.D,8,4143.85 (23 signals of 24 theoretical
different carbons due to the diastereoisomeric @t IR & 0.03M in CDC}): 3306, 2918,
2262, 1593, 1477, 1348, 1159, 1090trvS (ESI, positive mode)m/z (int. rel. %) 543.25
[(M+Na)*, 100]; Elemental analysis for,g2sN-04S,: Calcd.: C, 64.59%; H, 5.42%; N, 5.38.
Found: C, 64.73%; H, 5.69%; N, 5.22%.
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Single crystals were obtained from evaporation fagetonitrile/methanol solution. Cristal
structure detail: Molecular formul&;sH»sN204S;; M, = 520.64; Monoclinic, space group:f,

a = 12.9245(16)b = 14.4030(18)¢ = 15.9629(19) AB = 12.4680(10) = 2746.0(6) R T =
298(2) K,Z = 4,p. = 1.259 g cnT, F(000) = 1096, graphite-monochromatedeoadiation & =
0.71073 A), w(Mok,) = 0.229 mm', colourless brick (0.4 x 0.3 x 0.15 Mmempirical
absorption correction with SADABS (transmissiontéas: 0.9664 — 0.9139), 1440 frames,
exposure time 40 s, 1.0 <26.42, -18 h< 15, -18<k <17, -19<1 < 19, 21271 reflections
collected, 5608 independent reflectioRg(= 0.0434), solution by direct methods (SHELXS97)
and subsequent Fourier syntheses, full-matrix is@sares orF,> (SHELXTL 6.10), hydrogen
atoms refined with a riding model, data / restsihparameters = 5608/ 0/ 32gF?) = 1.017,
R(F) = 0.873 andvR(F?) = 0.1196 on all dataR(F) = 0.0461 andvR(F%) = 0.1019 for 3534
reflections withl > 4o (1), weighting schemev = 1/[c*(F.?) + (0.047P)? + 0.000P] whereP =

(Fo? + 2F2)I3, largest difference peak and hole 0.199 an8270e A3 Crystallographic data
(excluding structure factors) for the structurearted in this paper have been deposited with the
Cambridge Crystallographic Data Centre as suppléangpublication no. CCDC-1029712.
Variable temperature NMR. The variable temperature NMR spectra were obtalnyedsing a
flow of dry nitrogen which entered into the NMR pshead by a vacuum-insulated transfer
line. The 600 MHZH spectra were acquired using a 5 mm direct praitie av9000 Hz spectral
width, 2.0 ps (20° tip angle) pulse width, 3 s asifion time and 1 s delay time. A shifted sine
bell weighting function equal to the acquisitiomé (i.e., 3 s) was applied before the Fourier
transformation. Temperature calibrations were paréul before the experiments, using a digital
thermometer and a Cu/Ni thermocouple placed in aRNMbe filled with 1,1,2,2-
tetrachloroethane. The uncertainty in the tempesatbeasurements can be estimated from the
calibration curve as 1 °C. Line shape simulatiorese performed using a PC version of the
QCPE DNMRS6 program’ Electronic superimposition of the original and ieulated spectra
enabled the determination of the most reliable catestants at different temperatures.
Calculations. Ground state optimizations and transition statesewebtained by DFT
computations performed by the Gaussian 09 rev Aé2es of programi$ using standard
parameters. The calculations for ground statestramgdition states employed the B3LYP hybrid
HF-DFT functionaf? the long-range correlatadB97XD* and the 6-31+G(d,p) basis set. The
analysis of the vibrational frequencies for theimpted structures showed the absence of
imaginary frequencies for the ground states, aedptiesence of one imaginary frequency for
each transition state. Visual inspection of theresponding normal modk validated the
identification of the transition states. If notfdifently stated, the energy values presented in the
results and discussion section derive from totdtebnic energies.
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