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Abstract

Amides substituted by on@sulfonyl group and anoth¢#sulfonyl, g-ester or5-CN group, form
very low percentages of the corresponding enolsetahan for theg, g-diester andg-cyano,
p-ester substituted systems, despite the equal akeveslectron delocalizing ability of the latter
groups which help to stabilize the enols more ttiaat of the sulfonyl group. This cannot be
attributed to the non-planarity of the enols, sitbe calculated structures are planar. It is
suggested that the sulfonyl-substituted amidesremes stabilized than thgester- org-cyano-
substituted amides. An amide substituteddeyponafluorosulfonyl f—acetyl groups enolizes on
the acetyl group, forming a strong, nearly symmgatrintramolecular hydrogen bond. The use of
600 MHz NMR spectroscopy can extend the range séndable enols.

Keywords: f-Sulfonylenols g-sulfonylamides, X-ray structures, H-bonding

Introduction

Amides substituted by twgs-electron-withdrawing groups (EWGs) Y, YL frequently give
appreciable percentages of their tautomeric eolsith Keng = [2]/[1] > 7 in CDCE.}*3
Examples of favorable Y,Y combinations include C®, CNZ?®° CN, CN®’ CONR,
CO,CH,CF5;%" (ROLP=0, CQR'* CONRR', CN? or CSNRR', CN? Surprisingly, the N@
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CO,Et combination gives a relatively 10gno = 0.1 which is close to that for Y = 'Y=
COMe!
Y'YCHCONRR' == Y'YC=C(OH)NRR'
1 2
A recent preliminary experiment With Y = CONH' = MeSQ, R = R' = H showed no enal,

which by our (300 and 400 MHz) NMR detection methodans thaKgng < 0.02M* Thee
results are somewhat surprising, since mostly giteebEWGSs (to which NPand RSQ belong)
give higher ko values, although quantitative correlation betwKery, (or FKenol = -10g Keno)
and parameters measuring the extent of electrdmdvatval such asKy(CH,YY’) was not
found® Such correlation may be expected since in 2 eequilibria (Eq. 1), the enda is
stabilized by the zwitterionic structuB® which contributes significantly to the enol struuret

.o + .o
Y. QNRR' Y. NRR' Y. NRR' NRR'
e I g — O
" /) Y. («’ N

Y O o Y' OH Y OH

1a 1b 2a 2b

We assume that the lack of a genendkqg vs. pKa(CH,YY ') correlation is significantly
affected by the left-hand side of Eqg. 1 which inlgs stabilization of the amide by structate
superimposed on destabilization by electrostatmulston between the C=0 and the C-Y and
C-Y’ dipoles, effects which are not correlated with pKg's.

In the present paper we want to find out if thesesled lowKgn, compared with the
intuitively expected ones fg#-sulfonyl-substituted amides reflects a low exteinpromotion of
the enolization. We prepared several amides suteditby RS@ R'SQ; RSQ, COR' and
RSO, CN EWGs pairs, and tried to observe the derivenlsg calculate theiKgn values, and
explain the observations by computation.

Results and Discussion

Synthesis

Fifteen "formal®® Y’ Y-substituted amide§a-o which can be formed in a mixture with the
isomeric enols 6a-0 were prepared by the method used previously foepaming
(EWG')(EWG)CHCONRR' systerfi§® The active methylene compounga-c were converted
into their sodium salts by reaction with metalli@ N\h THF, and the salts reacted without
isolation with aryl or alkyl isocyanatesto give the amideSa-j (Eq. 2). The cyano-substituted
systemsbk-n were prepared fro8d-f and4 in the presence of & in dry DMF (Eq. 2). A
single keto carbonyl substituted system (Y = COBt®,was likewise prepared. In this system a
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competitive enolization between the COMe and CONidRbonyls may give endl, and hence
the product was assigned3®6a/70. Only 5¢°’ and5k*® are known compounds.

CH,(SO,R)Y
3

3a: Y =CO,Me, R=Ph
3b: Y =SO,Ph, R =Ph
3c: Y =SO,Me, R =Ph
3d: Y=CN,R=Ph

3e: Y=CN, R=Me

3f: Y =COMe, R =C,Fq

Na
1. Et;N/ DMF
2.R'NCO 4
4a:R'=Ph NaCH(SO,R)Y
4b: R'= 2,4-(MeO)2C6H3
4c: R'=i-Pr
4d: R'=t-Bu R'NCO 4
Y
Y = COMe
R'NHCOC(SO,R)=C(OH)Me = —— == R'NHCOCH(SO,R)Y

7

70: Y = COMe, R = C,4Fg, R' = Ph

Structures in solution

5

5a: Y = CO,Me, R=Ph,R'=Ph

5b:Y = COo,Me, R = Ph, R' = 2,4-(MeO)2C5H3
5c: Y =CO,Me, R=Ph,R'=i-Pr

5d: Y =CO,Me, R =Ph, R'=t-Bu

5e: Y = SO,Ph, R = Ph, R'=Ph

5f: Y =SO,Ph, R=Ph, R'=i-Pr

5g9: Y = SO,Ph, R =Ph, R' =t-Bu

5h:Y = SOZPh, R=Ph, R = 2,4-(MeO)2C6H3
5i: Y = SO,Me, R = Ph, R'= Ph

5j: Y =SO,Me, R =Ph, R =i-Pr

5k: Y =CN, R=Ph,R'=Ph

5I: Y=CN,R=Ph,R' =i-Pr

5m:Y =CN, R=Me, R'=Ph

5n: Y=CN,R=Me, R = i-Pr

50: Y = COMe, R = C4Fq, R'=Ph

6

6a
6b
6¢c
6d
6e
6f
69
6h
6i
6j
6k
6l
6m
6n
60

)

R'NHC(OH)=C(SO,R)Y

In addition to the amid&, the enolss which may have ak- or Z-configuration, the sulfonyl
group itself can be a potential enolization siigjng species8. The three species are shown in
Eq. 3, withZ-6 and8 as hydrogen bonded species. The relative stabiiithe enoB was probed
by B3LYP/6-31+G* (B3LYP/6-31G**) calculations. Theyanosulfonyl enol8 derived from5sl
and5n showed no stable structure. A barrierless protansfier gave the amidé& and5n. The
ester- or the acetyl-substituted spect&s bc, 50 and the PhS©analogue obo) also did not
give stable structure8. Proton transfer from the enoBa and 8c first converged to the
intramolecularly hydrogen bonded enol of e®tevhich was at a minimum, by transferring the
proton to the adjacent ester group. It then furtrensferred the proton to the amido carbonyl to
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give the enola and 6¢ on the amide carbonyl. The latter were 10.9 (1ar) 12.5 (13.7)
kcal/mol less stable thaBa and 6¢, respectively. In contrast, the enols formed frproton
transfer to the acetyl group were stable, and iddee enol7 was actually the product isolated.
Only the enold-PrNHCOC=C[RS(=0O)OH]S&R, R = Me, Ph &f) (their calculated structures
are given in Figure S1 in the Supporting Informafioemain computationally stable but they
were 19.5 (17.0) and 14.8 (15.5) kcal/mol, respebtj less stable than the isomeric engls
Comparisons between enolizations at the three siteacetyl-substituted sulfonylamideg
R' =i-Pr, Y = COMe showed that enolization on the ace&ybonyl to giver is comparable to
enolization on the amido oxygen. For the known ega¢ with R = GFy the enolization is
0.6 (0.2) kcal/mol more favored to givethan on the amide group to gi8ewhich agrees with
the observed product

/H *Q\ /R O O-H
O S\\O R'HN /O R'HN O
R'HN Y Y @] Y @)
Z-6 5 8

6a Y = CO:Me, R = Ph, R" = Ph
6c Y = COMe, R = Ph, R* 3-Pr
6f: Y = SOPh, R = Ph, R* +Pr
9: PANHCOC(SGR)=C(OH)OCH

'H and**C NMR spectra were the probes used for structwearchination in solution. Most
of the compounds display in the 300 or 400 MHz speonly the signals for the amide
tautomersba-n in both CDC} and DMSOsds. Most characteristic are the CH and NH signals in
the 'H spectra and the CH and C=0 signals in i@ spectra. Only compoundsb and 5¢
display, at the very low field of 15-16 ppm, weanals in CCJ or in CDC} which are ascribed
to the enol OH signal ddb and6c, respectively, and accompanying NH signals wie same
intensity at 8-10 ppm. The % enol in these cased most 2-4%i.e., Kgno = 0.04 (CCJ) and
0.03 (CDC}) for 5b/6b and 0.03 (CG) and 0.02 (CDG) for 5c/6¢, but the integration of the
small OH signal is not very reliable. In an attertgptobtain a more reliable integration and to
detect lower percentages of the enol, if any, tHeNMR spectra of most of amidéswere
measured in CGlor in CDCE with a 600 MHz instrument. The increased sensjtignabled us
to see the OH signals 6&, 6 6d and6i more clearly and with a better integration thart tha
the 400 MHz instrument, and to determine enol peeges of 0.08-0.84%. Moreover, in cases
where signals for the enols were not observed, sseirae that 0.05% of the enol could have
been observed. A drawback is that a weak broadikajoa. 14.50 ppm, which is ascribed to an
unknown impurity, was observed in all the spectr&/6 in CDCL and in CDC{ itself and may
have prevented the observation of the OH signalstitér enols. Small signals which appear in
the region of the enol NH signals of other systemaee occasionally observed in these cases, but
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their assignment is only tentative. Consequentlys difficult to estimate the precision of the
Kenol Values, except that the values are low. The fadtthe % of endbais higher in CCj than

in CDCL as was observed with other erdisicreases the reliability of the assignment. Tagd
are given in Table 1 and spectra are shown in tipp&ting Information.

Table 1. Composition oba-n/6a-nand50/60/70in several solvents at room temperature

Compd. Solvent  Amide (%) 6(CH)  S(NH), [f(NH)]®  6(OH) Kenol PKeno!
5a/6d' CDCl 99.57 4.96 9.03 16.27 0.0043 2.36
CDCl 10 4.96 8.96 <0.005 >2.3
5b/6b° CCly 99.16 4.73 9.26 16.3 0.0085 2.1
CDCl 99.39 5.08 9.35, [10.82] 16.14 0.0061 2.2
DMSO-ds 100 6.08 9.63 <0.005 >2.3
5c/6c CCly 97° 3.81 6.08, [8.10] 14.98 0.031 151
CDCl o8 4.84 6.99, [8.05] 15.60  0.02 1.7
DMSO-ds 100 5.34 8.19 <0.005 >2.3
5d/6d CCly 100 4.75 7.00 <0.005 >2.3
CDCl 10 4.75 7.00 <0.005 >2.3
5d/6d° CDCl 99.32 4.75 7.00 15.71 0.068  2.16
5el6e CDCl 100 5.27 8.75 <0.005 >2.3
DMSO-dg 100 6.37 10.43 <0.005 >2.3
5f/6f CDCl, 100 5.26 6.84 <0.005 >2.3
5g/6g CDCl; 100 5.06 6.77 <0.005 >2.3
5i/6i CDCl; 99.92 5.27 8.42 0.0008 3.1
DMSO-ds 100 6.07 10.62 <0.005 >2.3
5j/6] CDCl 100 5.05 6.43 <0.005 >2.3
DMSO-ds 100 5.82 8.36 <0.005 >2.3
5ki6k CDCl 100 5.03 8.29 <0.005 >2.3
516l CDCl 100 4.63 6.19 <0.005 >2.3
5m/6m CDCl 100 4.88 8.13 <0.005 >1.7
5n/6n CDCl, 100 4.76 6.31 <0.02 >23
50/60/70  CDCl 0 9.80 19.08 >50 <-1.7
THF-dg 0 9.86 19.05 >50 <-1.7
DMSO-ds f f 10.52 f <0.02 >1.7

& Measured with 600 MHz NMR spectrometer unlessratise stated, except values in DMSO-
ds which were measured with 400 MHz NMR spectromefef(NH) of the enol isomer.

° Measured with 400 MHz NMR spectromet&Wery weak signals were observed at 10.7 and
11.6 ppm and one of them may be due to the isoreat °Position of OH signal is hidden by
the 14.52 ppm signal at 600 MHZ00% ionization.
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The5ad/6a/70 system displays in théd NMR spectrum in CDGltwo low field 1:1 signals at
19.08 and 9.80 ppm ascribed to OH and NH signaspectively, of the same tautomer, as well
as Me and Ph signals. THE NMR spectra displayed two low field signals a8 Bppm (t,J 6
Hz) and 168 ppm ascribed to,©f the enol on the COMe group and to the amide CO,
respectively. The very lowOH) value and the similaw values to those of the enol
PhNHCOC(CGEt)=C(OH)Me on the acetyl groéfpargue strongly that the species is the &nol
(see below). The fufiH and**C NMR data are given in Figure S1 of the Supportirigrmation.

Solid State Structures

The solid state structure of “formal’5c, crystallized from EtOAc/petroleum ether afd,
crystallized from CDGl were determined by single crystal X-ray crystaligny. The ORTEPs
and the full data for both compounds are given &sGn the Supporting Information. The bond
lengths for5c [C(1)-C(2)O.Me 1.516(8) A,C(1)-C(4)=0 1.528(7) A, MeQz(2)-0O(1) 1.177(7)

A and i-PrNH-C(4)-0(2) 1.225(5) A] indicates that the structure 56 Each molecule is
intermolecularly hydrogen bonded to a secdsw molecule by N-HO bond forming a
homopolymeric network. The data resemble that efdalculated structure and that for amide
MeSQ,CH(CONH,),. "

Figure 1. ORTEP structure of compoufia.
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In contrast, the solid state structure5of6a/70 (cf. ORTEP of70 in Figure 1) shows C(1)-
C(2), C(1)-C(4), C(2)-O(1) and C(4)-O(2) bond ldmgtof 1.428(9), 1.468(9), 1.290(8) and
1.261(8) A. The C(1)-S(1) bond length of 1.706(7)s%0.1 A shorter than the value of 1.803(5)
A'in 5c. The O(1)-H, and O(1)H bond lengths and distances are 1.19 and 1.24shectively
and <O(1)HO(2) = 160.3° The very long C(1)-C(2)uble bond indicates a single bond
character for the zwitterionic enol structure. T®@)-O(1) bond is a single C-O bond, in line
with the enol sub-structure C=C(Me)-O-H&d. The O-H which igis to the amide group, forms
a non-linear hydrogen bond with a“O nonbonding distance of 2.40 A, indicating a sgron
hydrogen bond. The small difference of 0.05, 0.6d 8.029 A between the O-H andB,
C(2)-C(4) and C(1)-C(2), and C(4)-O(2) and C(2)-Xdistances, respectively, indicate a high
symmetry at room temperature (Figure S1). Thisniscontrast with the calculated data at
B3LYP/6-31+G*, (B3LYP/6-31G**) especially at the éisogen bond which show a much larger
difference between the O-H and B bond lengths which are respectively 1.037(1.058)nd
1.473(1.398) A fof7o, and 1.050(1.061) A and 1.436(1.350) A 6ar(Figure 2b). Superposition
of the two structures gives an almost symmetrigdrtigen bond of 1.26 (1.24) and 1.25(1.20) A.
This raises the possibility that the static unsymmiva& structures of7o and 60 at low
temperature have a low barrier for reversible hgdrotransfer between the acetyl and the amide
oxygens, leading to the observed close to symmbyizogen bond. A similar structure with a
less symmetric hydrogen bond was obtained for thel eerived from the formal amide
PhNHCOCH(COMe)CGEt.* A similar difference between calculated and obseértaydrogen
bond parameters was reported for enols of cyanaraai@es? A second intermolecular
N(1)-H~O(3) hydrogen bond exist between the amidic NH and of the sulfonyl oxygens
(N-H 1.06 A, H'O(3) 1.81 A, N'O 2.71A, < N(1)HO(3) 139%. We note that a competitive
enolization on the COR and CONRR' carbonyls wakeealemonstrated by isolating both solid
enols in the 2-carbanilido-1,3-indanedione syst&ifhe calculated structures 5€ and 70 are
given in Figure 1. The calculated B3LYP/6-31+G*rithedynamic data for the barriers of eq. 4
in kcal/mol, kcal/mol and e.u. areH 91.43,AG 0.97 andAS 1.50 for7o—> Transition state and
0.52, 0.29 and 0.80 for the correspondbag—> Transition state, respectively.

t

SO,C4Fg SO,C4Fg SO,C4Fg
H3CWNHPh HaC_A_NHPh
O\H,O O\H,O
Enol of acetyl, 70 Enol of amide, 6o
OH-O values

The results given above, especially the absencenof signals even in the 600 MHz spectra
indicate that thes-sulfonyl-substituted amides, substituted by anotfeulfonyl, f-ester or
S-cyano group undergo an inefficient enolizationgamtrast with the other Y Npairs mentioned
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above. This can be ascribed to three reasonsh@yulfonyl together with the other Y group are
weaker resonatively EWG than these Ygyoups, and hence amide stabilization due to tstreic
1b overcomes enol stabilization due to structive Precedents for such behavior are known for
several Y,Y pairs? (b) Steric interaction between tjflesubstituents twist them out of planarity
from the C=C(OH)NRRplane, thus reducing the maximum resonative stalibn of the enol,
which is achieved at full planaritycf( structure2b). Precedents for this behavior in diester-
substituted systems were shown by computatidr(s) Amide destabilization of sulfonyl-
substituted systems is lower than in the corresipgneisters. The low enolization ability will be
discussed in comparison with other EWGs, espeagsigr groups, in terms of these points.

The electron-withdrawing ability of R'SOCO,R, NO, and CN groups can be compared by
using substituent parameters, especialtyvalues which measure negative charge delocalizing
ability. Slightly differing values are available the literatue, and our values are taken from a
recent compilation’ For CQMe, CO:Et, CN, NQ, MeSQ and PhS@the o, values are 0.44,
0.44, 0.65, 0.77, 0.70 and 0.68, are 0.74, 0.74, 1.02, 1.29, 1.13 and 0.95 agidralues are
0.30, 0.31, 0.26, 0.37, 0.35 and 0.22, respectiv€lgnsequently, a MeSOis a better
resonatively negative charge delocalizing than®Or CN, which is only exceeded by that of a
NO, group. A PhS@ group is less EWG than a MegBased on this argument alone, the
MeSQ, group should give highdfeno values than corresponding systems with REWGs.

Several observed ratios

The problem of quantitative comparison is thatrfarst of the sulfonyl-substituted systems the
Kenol Values are< 0.005. Consequently, for observable sulfonyl-stidsd enols in CDG| a
CO:Me group exceeds enol-promotion ability than,B® or CN as shown by the following
ratios Keno[ PNNHCOCH(CQMe),)/Keno[PNNHCOCH(CQMe)SGPh] = 17.4, and for thal-i-

Pr analogue > 5. FOKgno[i-PrNHCOCH(CN)CQMe]/Keno[i-PrNHCOCH(CN)SGPh] = >
9000 and two methoxycarbonyl groups are better thamo RSQ groups:
Keno[PANHCOCH(CQMe),)/Kenof PANHCOCH(SGMe)SOPh] = 88. It is clear that it is
difficult to observe trends with the few availalslecurate values. A more extensive comparison
will be achieved by calculating many md€e,. values by the DFT method.

DFT calculations ofKgpo values

The calculated thermodynamic parameters dfgdpvalues for all our systems, a few others, as
well as several values for diesters, a cyano estdrdicyano substituted systems, and systems
activated by only the single groups SR = Me, Ph, ¢Fy), COR (R = Me, CHCF;) and CN,

as well as R'NHCOCHSsystems [R =-Pr, t-Bu, Ph and 2,4-(MeQ@{sHs] at both B3LYP/6-
31+G* and B3LYP/6-31G** are given in Table 2. Earlicalculated\H, AG and [Kgno vValues

for (MeO,C),CHCONHPh at B3LYP/6-31G** are respectively -5.7 a@d? kcal/mol and 1.98.
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Table 2 Energies (kcal/mol) and and entropies (e.u.jedkhce between enol and amide
calculated at B3LYP/6-31+G* (B3LYP/6-31G**) in kcalol

PKenol AE AH AG AS
i-PrNHC(OH)=C(SGPh), 34(-07) 5.0(08) -53(49) 3.66(0.57)
i-PrNHC(OH)=C(SGQMe), 4.3 (1.0) 6.1 (2.3) -5.9(4.4)  4.46(1.71)
i-PrNHC(OH)=C(SGC4Fs)2 -89(-8.8) -8.9(-9.1) -0.3(0.9)  -6.49(-6.64)
i-PrNHC(OH)=C(SGMe)SQ,PH 0.7(-27) 19(07) -41(6.4) 1.37(-0.54)
i-PrNHC(OH)=C(SQMe)SQ,PH 08(-2.3) 22(03) -47(6.7)  1.60(-0.23)
i-PrNHC(OH)=C(CQMe)SQ:Ph 0.6(-2.9) 1.8(20) -39(29) 1.33(-1.50)
i-PrNHC(OH)=C(COMe)SgPh 23(-6.9) -14(58) -3.1(-3.8) -1.04(-4.25
i-PrNHCOC(SGQPh)=C(OH)Me 32(-7.0) -22(57) -3.2(4.3) 64(-4.18)
i-PrNHC(OH)=C(COMe)S&C,Fo -7.8(-10.8) -55(-9.1) -7.6(-5.9) -4.06 (-6.64)
i-PrNHCOC(SQC4Fs)=C(OH)Me -8.2(-10.8) -6.2(-9.3) -6.8(-5.2) -2.66.80)
i-PrNHC(OH)=C(CN)SGMe 1.5 (-1.3) 1.9 (-1.2) -1.2(-0.4)  1.37(-0.85)
i-PrNHC(OH)=C(CN)SGPh 1.1(-1.8)  15(-1.5) -1.3(-0.7) 1.12(-1.12)
t-BUNHC(OH)=C(CQMe)SQ,Ph 3.3(-06) 4.9(0.8) -52(-47) 3.60(0.57)
PhNHC(OH)=C(SGMe), 4.0 (0.3) 52(0.9) -4.1(-19) 3.78(0.67)
PhNHC(OH)=C(SGPh), 5.0 (1.9) 6.1(2.6) -3.7(-2.4)  4.49 (1.94)
PhNHC(OH)=C(SGC4Fy)2 -44(-52) -3.6(-4.6) -2.7(-2.0) -2.64(-3.36)
PhNHC(OH)=C(SGMe)SQ,PH! 23(-1.2) 3.0(04) -24(27) 2.19(-0.27)
PhNHC(OH)=C(S@Me)SOPH 25(-09) 34(0.2) -3.1(2.2) 2.48(-0.16)
PhNHC(OH)=C(C@Me)SGPh 1.6 (-5.2) -05(-4.1) -35(-3.7) -0.38(-3.01
PhNHCOCH(SGPh)=C(OH)OMe 0.4¢) 1.8 (°) 4.5 (°) 1.30 ()
PhNHC(OH)=C(COMe)S@h 1.2 (-4.1)  26(-29) -45(-41)  1.89(-2.10)
PhNHCOCH(SGPh)=C(OH)OMe -0.1¢) 1.4 () 4.8 (°) 1.01 (°)
PhNHC(OH)=C(COMe)S&L,Fs 7.1 (9 6.1(%)  -35(% -4.45 (4
PhNHCOCH(SGC4Fe)=C(OH)Me -8.0(-10.4) -6.8(-9.7) -4.2(-2.4) -B.07.12)
PhNHC(OH)=C(CN)S@MVe 4.6 (1.4) 5.3(1.4) -2.3(-0.2) 3.89(1.05)
PhNHC(OH)=C(CN)S@Ph 5.2 (1.8) 5.1(2.0) 0.7(-06)  3.70 (1.45)
2,4-(MeOYCgHsNHC(OH)=C(SQPh) 7.9 (3.2) 89(5.2) -3.1(-6.4) 6.50(3.79)
2,4-(MeO}CgHsNHC(OH)= 32(-1.6) 4.6(-0.3) -4.8(-45)  3.40(0.20)
C(CO.Me)SG:Ph

MeSQO:C(CONH,)=C(OH)NH,® 20(-5.8) -0.8(-4.8) -4.0(-3.2) -0.58(-3.56)
MeSQ:C(CONH,)=C(OH)NH,? 1.0(-2.1)  22(-1.0) -42(-3.6) 1.62(-0.74)
i-PrNHC(OH)=C(CQMe), 27(-76) 0.0(4.4) -9.0(-10.7) 0.0(-3.2)
i-PrNHC(OH)=C(CQMe)CO,CH,CF; 4.6 (-8.4)  -2.2(-6.2) -8.1(-7.7) -1.6(-4.5)
i-PrNHC(OH)=C(CQCH:CFs), 5.2(-8.9) -25(-6.9) -89(6.7) -1.9(-5.0)
i-PrNHC(OH)=C(CN)CGMe -44(-79) -27(-6.3) -59(55) -2.0(-4.6)
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Table 2 (continued)

PKeno AE AH AG AS
i-PrNHC(OH)=C(CN)CQCH,CF; 6.0(-9.2) -41(-7.3) -6.3(-6.3) -3.0(-5.3)
i-PrNHC(OH)=C(CN)CQCH(CF),  -7.1(-9.9) -4.4(-7.0) -9.0(-9.8) -3.2(-5.1)
i-PrNHC(OH)=C(CN}) 2.7 (0.1) 3.4(0.9) -2.4(26) 25(0.7)
PhNHC(OH)=C(CGMe), 1.6(-6.2) 02(4.2) -58(-6.6) 0.1(-3.1)
PhNHC(OH)=C(COQMe)CO,CH,CF;  -3.1(-6.9)  -1.0(-6.2) -7.1(-2.4)  -0.7 (-4.6)
PhNHC(OH)=C(CQCH,CF), -4.0(-7.7) -11(-66) -9.7(-3.6) -0.8 (-4.8)
PhNHC(OH)=C(CN)CGMe 3.1(-6.6) -1.7(-55) -49(-3.7) -1.2(-4.0)
PhNHC(OH)=C(CN)CGCH,CF; 45(-72) -3.7(-6.7) -2.8(-1.7) -2.7(-4.9)
PhNHC(OH)=C(CN)CGCH(CF)> 59(-8.8) -3.9(-7.4) -6.8(-47) -2.9(5.4)
PhNHC(OH)=C(CN) 3.5 (1.2) 3.7(1.6) -04(14) 27(1.2)
i-PrNHC(OH)=CH 31.2 (30.0) 32.0(31.4) -2.7(-46) 23.5(23.0)
t-BUNHC(OH)=Ch 27.7(30.9) 27.3(30.4) 2.1(1.4) 20.0 (22.3)
PhNHC(OH)=CH 28.5(31.2) 29.5(31.6) -3.3(-3.8) 21.6(23.2)
2,4-(MeO}CsHsNHC(OH)=CHp 31.4 (30.1) 31.7(30.7) -1.1(-2.0) 23.3(22.5)
H,NC(OH)=CH 30.8(28.2) 31.8(30.2) -55(-6.6) 23.3(22.1)
H,NC(OH)=CHSGPh 16.5(13.4) 16.8(13.6) 2.0(-2.0)  12.3(10.0)
H,NC(OH)=CHSQMe 15.3(2.9) 159 (12.8) -2.0(-2.0) 11.7 (9.4)
H,NC(OH)=CHSQC4Fs 10.9(9.0)  11.6(9.6) -2.4(-2.0) 8.5 (7.0)
H,NC(OH)=CHCQMe 15(-16) 3.0(-05) -4.8(-3.8) 2.2(-0.3)
H,NC(OH)=CHCGQCH,CF; 1.6(-3.8) -0.2(-3.6) -45(-0.8) -0.2(-2.6)
H,NC(OH)=CHCN 19.8 (17.5) 20.5(18.3) -2.1(-2.6) (FL3.4)

3 Hydrogen-bonding with an oxygen atom of the,8@® group.® Hydrogen-bonding with an
oxygen atom of the S®h group.® Untable structure, converged to the enol on theen
Unstable structure, converged to the enol on treyhoxygen.® Hydrogen bonding with an
oxygen on the amide group.

The following conclusions, based on the B3LYP/68-G% (B3LYP/6-31G**) values arise
from Table 2: (a) ForrPrNHCOCH(SQPh)COMeAG for enolization on the acetyl group is 0.8
(-0.1) kcal/mol more negative than on the amiddaayl. A value of 0.8 was calculated for the
N-Ph analogue, but the B3LYP/6-31G** value is noaitable since the enol on acetyl is not a
stable structure. For the more EW &XFy derivative the corresponding differences are 0.7
(-0.2) and 0.7 (0.2) kcal/mol for th¢i-Pr andN-Ph derivatives, respectively. Th&g, values
at B3LYP/6-31+G* are more negative for enolizatiam the acetyl site, as observed
experimentally for7, although the differences are not large. Thisateworthy since when the
competition between the two groups is not intramal@ the calculatedG difference for
H,C=CHCOX prefers enolization when X = Me over thdtew X = NH by 22 kcal/mof° The
acyl activated enols are among the most stableseqaliged by the Keno values. (b) As
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expected, the most stable enols are those substitty two SGQC4Fy groups, with a larger
preference for theéN-i-Pr derivative. TheN-Ph, (SQC4Fy).-derivative is 14.5 kcal/mol more
favored than the (PhSE analogue. (c) TheN-substituent effect omG (in kcal/mol) is
appreciable. For the GBle, PhSQ combination theAG order followed ig-Bu 4.9 (0.8) > 2,4-
(MeO)C¢H3 4.6 (-0.3) >i-Pr 1.8 (-2.0) > Ph -0.5 (-4.1). Although it may foetuitous, the three
of the four systems measured at 600 MHz are antefetv which display observable enols and
they are the bulkier substituents. For thesQ SQPh combination the effect is large and the
order of AG values is 2,4-(MeQ¥sH3 8.9 (5.2) > Ph 6.1 (2.6) >Pr 5.0 (0.8), whereas the effect
is smaller for SgMe, SQPh |AG order is Ph 3.0 (-0.4)isPr 2.2 (0.3)]. For systems with no
EWG theAG order isi-Pr 32.0 (31.4) > 2,4-(Me@FsH3z 31.7 (30.7) > Ph 29.8 (28.7) tBu
27.3 (30.4). We conclude that there is no constamtbserved systematic order of the effect of
the N-substituents. (d) FA¥-Ph, Y = SQPh the order oAG for Y’ is SQPh 6.1 (2.6) > CN 5.1
(2.0) > SGMe 3.4 (-0.2) > COMe 2.6 (-2.9) > GMe -0.5 (-4.1), and foN-i-Pr, Y = SQMe the
order for Y = SQPh 2.2 (-0.3) > CN 1.9 (-1.2). This order differgrh the order obk™ values of
these group& (e) The values at B3LYP/6-31G** are consistentlpren negative than at
B3LYP/6-31+G*. (f) For theN-i-Pr derivatives a SfPh group gives a 0.8Kpno units lower
values than an S®le group, both for two SER groups or CN, SER combinations. However,
for the N-Ph group the trend for the two g groups is inverted by 0.8 units. Interestingly,
when both SgMe and S@Ph are in the same compound tlike, values for the botN-Ph and
N-i-Pr derivatives are significantly lower by 2.0 ah@ kcal/mol than when for two identical
SOR groups. Thesr values quoted above suggest that order of elegtithrdrawal is SGPh>
SOMe2 (g) The order of EWGs according ¢8” valuesj.e., MeSQ > CO;Me > CN > PhS&°

is not reflected in the order of the calculatd¢:p, values, assuming additivity of substituent
effects. By calculating the differenegKeg,o value for two groups, based on thegp, of pairs

of Y,Y'-substituted systems, and making the extreme adsumepf additivity of substituent
effects,i.e., either that the effect of identical group in ttempared two pairs is cancelled if two
systems are compared, or that NpKgno values should be divided by two if the groups YYor
appear twice in each pair different values werewated from different pairs. The following
ApKEgno Values for CGQMe - SQPh are obtained based on the following two pairsy of’
groups: -1.83 (2 CéMe — 2SQPh), -1.33 (2 CeMe — CQMe, SQPh), -0.44 (CGMe, CN —
SOPh, CN), -2.33 (CeMe, SQPh — 2SG@Ph), for theN-i-Pr derivative and -4.90 (G®le, CN

— SQPh, CN) for theN-Ph derivative and -3.1 (G®le, SQPh — 2SG@Ph) for theN-2,4-
(MeO)C¢H3 derivative. The CeMe — SQMe values are -2.33 (2GMe — 2SQMe), -3.37
(COMe, CN — SQMe, CN), for theN-i-Pr compounds and -5.09 (CN, e\ — CN, SGQMe)
for theN-Ph compound. The CN — $Ph values are -0.58 (2CN — 28%) and -1.68 for (CN,
CO,Me — SQPh, CGQMe), for theN-Ph derivative, and CN — SMe value of -0.98 (2CN —
2MeSQ) for the N-i-Pr derivative. For CéMe — CN, the pair 2C&@e — 2CN gives -1.25 for
the N-i-Pr derivative. The crude ability of the groupgptomote enolization obtained from these
values is therefore G®le > CN > SQPh > ? S@Me. (h) Finally, the difference between the
calculated gas phasé-no values and the observed values in €lnot large: Fobb/6b and
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5cd/6¢c the experimentahG values are 1.9 and 2.0 kcal/mol, compared with risspective
calculated values in Table 2 of 1.8 and 4.6, rebpay.

In order to look computationally at simpler sysgewith fewer interactions, the enolizations
of Y-substituted N-unsubstituted acetamidesNEBIOCHY, Y = SOR (R = Ph, Me, ),
COR' (R' = CH, CH,CF;) and CN were computed. The results (Table 2, botiodicate that
the AG and Kgno Values are, as expected, significantly higher tloarthe Y,Y -disubstituted
systems. The important result is that the valuesdtfonyl and CN groups are much higher than
for the ester groups, although among theS@roups the Igenq is lower for the much more EW
C4Fg than for Ph and Me. The differences are mainly uthe AH term, although thaS term
for the esters is a few e.u. more negative thathi®ISQR. Consequently, even in the absence of
mutual interactions between Y and’ ¥nd between Y and the N-substituent, the main
experimental conclusion that an $Ogroup is a less enolization promoter than aRCQroup
remains valid. Since the enols are planar, anglhg, values do not follow thew values we
conclude that the effect is connected with the amichich is apparently more stabilized for the
SOR-substituted amides than for the fR3substituted amides. We believe that this (expglana
c) holds also for the Y ,Ydisubstituted systems.

Calculated geometries of the enols

The calculated geometries of few of the enols avergin Figures 2 and 3. In Figure 2 few
calculated and observed bond lengths and anglesoanpared for the amidec and the enol on
the acetyl groupro for which X-ray data are available. The crystallgghic parameters are
mostly similar, especially for the amide, except for the hydrogen bond parametersy @f
where we interpret the observed structure as regudliom a dynamic equilibrium between enols
60 and70, whereas the calculated structure representddhe most stable structure.

1.473
1442 749

1263 ——4 1200 117.0

121.6
152.4 124.0

(@) 5¢ (i-PrNHCOCH(CQMe)SQOPh) 1) 70 (PhNHCOC(S@C,Fy)=C(OH)Me)
Figure 2. Calculated (black) and observed (red) bond lengtitsangles fora) 5c¢ (left) and b)
70 (right).
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3t

i-PrNHC(OH)=C(SGMe)SQ,Ph i-PrNHC(OH)=C(SGPh),
i-PrNHC(OH)=C(CGMe)SQ:Ph PhNHC(OH)=C(COMe)SC4Fs

Figure 3. Calculated structure of several enols with differ& and Y groups. Planarity is
shown by the side view on the right hand side efdtnuctures.

In Figure 3 the calculated structures of few enots the amide carbonyl are shown.
Additional structures are given in the Supportinfpimation. The important conclusion is that
the NHR, OH, Y, Y and C=C bond of the enolic moiety are all in tleene plane, as
demonstrated by a side view of each of the endiss &xcludes suggestion (b) above that the
low % of enolization is due to twisting of thRY,Y' substituents from planarity. Consequently,
although the full negative charge delocalizing iapbibf these substituents is operating to
stabilize the enols, this is insufficient to obseavsignificant percentage of the enols.

Suggestion (c) is therefore the remaining explanaflo investigate it we need to dissect the
total effect of the substituents &gy to the separate effects on the amide and the €h@.was
performed by using the bond separation isodesmiateans, in which the effect of substituents
on the total amide/enol equilibria is dissectedhi® effect of the substituent on the stabilization
of the amide (Eqg. 5) and the enol (Egq. 6) in congoar with the parent system. In these
hypothetical isodesmic equations the Ygroups are no longer conjugated with the substitue
on Co(NHR)OH. Eq. 7 (the difference of egs. 5 and 6)egitheAG for the difference between
AG for the Y,Y substituted system and the parent N-substitutethatde and its enol. Table 3
display the results of equations 5 and 6 usingleti®yas the "deconjugating” reagent, at both
B3LYP/6-31+G* and B3LYP/6-31G**. Similar calculatis when CH is used instead of
H,C=CH, are given in the Supporting Information, while theergies of the parent reactions
required for comparisons are given in Table 4.
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Y'YCHCONHR' + HC=CH, === CH;CONHR' + YYC=CH,  AGx (5)
Y'YC=C(OH)NHR' + BC=CH, === H,C=C(OH)NHR' + YYC=CH, AG: (6)
AG = AGp — AGEg = AGyw [Y'YCHCONHR' == Y'YC=C(OH)NHR'] ~AGuu[CH3CONHR'
== H,C=C(OH)NHR]] (7)

Table 3.AE, AH andAG (kcal/mol) for Equations 5 and 6; A: at B3LYP/6+33*; B: at
B3LYP/6-31G** |evel

Y,Y' R Eagn. AE AH AG
A B A B A B
SOPh, SQPh i-Pr -93 -85 90 -82 -105 -100

193 191 188 191 16.6 18.1
69 55 66 -53 -80 -73
208 239 203 23.7 180 218
-15.1 -120 -144 -116 -17.2 -14.3
26.2 275 255 272 237 26.1

SO,Me, SQMe i-Pr

SOCaFg, SGCaFo i-Pr

SO,Ph, SGMe i-Pr -11.3 -99 -11.0 96 -128 -10.9
199 230 194 228 171 20.8
SO,Ph, CGQMe i-Pr 63 50 63 -52 -84 -81
246 277 242 277 218 254
SO,Ph, COMe i-Pr 56 43 55 -44 -78 -70
278 315 280 326 256 30.2
SOC4F, COMe i-Pr -5 55 -74 55 -97 -81
316 347 316 354 278 323
SOMe, CN i-Pr -88 -78 87 -7.7 -106 -10.2
215 237 210 235 195 224
SOPh, CN i-Pr -10.2 -93 -100 -93 -11.8 -11.8
205 227 201 225 187 212
SOPh, SQPh Ph -10.2 -96 -98 -93 -11.2 -11.9
173 198 169 196 144 176
SOMe, SQMe Ph -81 -7r1 7.7 -67 96 -94

184 209 179 206 151 18.3
-19.1 -17.2 -184 -16.6 -20.6 -19.3
226 234 219 230 199 212

SOCaFg, SGCaFo Ph

O MO NN HFORNOROOAODADA DGO U O U O O

SO,Ph, SGMe Ph -11.3 -10.6 -11.0 -10.2 -13.1 -13.2
178 204 173 201 147 175
SO,Ph, CGQMe Ph -101 94 -98 -92 -11.7 -120
227 252 223 252 195 225
SO,Ph, COMe Ph 5 -31 -28 -28 -27 50 -55

»

260 309 265 30.7 232 27.8

Page 31 °ARKAT-USA, Inc.



Table 3 (continued)

Y,Y' R Eqn. AE AH AG
A B A B A B
SOC4F, COMe Ph 5 -90 -7.3 -8.6 -7.1 -11.4 -10.9
6 288 327 29.1 326 254 293
CO:Me, CN Ph 5 -125 -9.2 -124 -91 -147 -11.7
6 23.2 217 228 215 213 20.1
SO,Ph, CN Ph 5 -13.4 -10.1 -13.3 -10.0 -149 -13.0
6 23.0 213 226 21.0 209 194
SOPh, CQMe Ar? 5 55 47 -84 -40 -113 -6.9
6 26.7 248 262 245 251 235
SO,Ph, SQPh AP 5 -6.2 -62 -58 58 -7.2 -7.2
6 182 212 177 21.0 157 183
COMe, COMe i-Pr 5 59 52 59 H53 -70 -63
6 28.2 320 280 323 251 295
COMe, CQMe i-Pr 5 -91 -83 -96 -9.0 -105 -10.0
6 324 358 316 356 30.0 344
COMe, COMe i-Pr 5 69 56 -73 61 -83 -73
6 30.7 339 299 341 28.0 334
CN, COMe i-Pr 5 -89 -83 -88 -83 -100 -99
6 272 297 269 297 246 278
CN, COMe i-Pr 5 95 -84 -93 -83 -11.1 -10.7
6 31.7 372 317 370 299 352
CO:Me, COMe Ph 5 54 -49 60 55 -62 -55
6 26.7 30.1 265 304 235 274
COMe, CQMe Ph 5 -14.0 -149 -145 -15.7 -12.8 -13.9
6 301 347 301 341 277 319
COMe, COMe Ph 5 -46 -42 55 51 -48 -42
6 301 327 290 323 260 304
CN, COMe Ph 5 -92 -89 98 -95 -98 -98
6 249 270 244 269 217 244
CN, COMe Ph 5 -11.9 -116 -12.1 -120 -125 -12.9
6 294 355 294 349 273 323

& Ar = 2,4-(MeO)CgHs.

Pa
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Table 4. Energy Difference (kcal/mol) between Enol and AenCalculated at B3LYP/6-31+G*
(B3LYP/6-31G**) levels

Enol AE AH AG PKeno

i-PrNHC(OH)=CH 31.7(30.2) 31.2(30.0) 32.0(31.4) -23.47(-23.02)
t-BUNH(C(OH)=CH 27.2(30.3) 27.7(30.9) 27.3(30.4) -19.99(-22.32)
PhNHC(OH)=CH 31.0(29.6) 31.0(29.8) 29.8(28.7) -21.88(-21.04)
ArNHC(OH)=CH," 32.2(30.6) 31.4(30.1) 31.7(30.7) -23.27(-22.53)

3 Ar = 2,4-(MeO)CgHs.

The following conclusions arise from Table 3: @&) the AG (and AH) values for the
reaction of the amides (Eq. 5) are negative, iriigathat the overall interaction between tae
andg-substituents is destabilizing and they preferdarbdifferent molecules. (b) In contrast, all
the reactions of the enols (Eq. 6) give positig andAH values, whose values are much larger
than those of Eg. 5). (c) The values based on 8ierB/6-31+G* basis set are less positive than
those based calculated at B3LYP/6-31G**. (d) THéedences are substituent dependent; for Eq.
5, the order of destabilization fi-i-Pr is CQMe, COMe ,SOQMe, COMe, COMe,COMe <
COMe, SGPh ,SQC,4F;,COMe, CQMe,CN < CQMe, COMe < S@GMe,CN < CGQMe,CN <
SOMe, SQPh < SQPh,CN < S@Ph,SQPh. With Y = COMe, Y= SQC4Fy gives a more
negative values than $SPh. For N-Ph the order is: COMe,COMe < Gde,COMe <
COMe,CN < SQC4F;,COMe < SQPh, CQMe < SQPh,SQPh < SGPh,CQMe < COMe,CN
< COMe,COMe. (e) TheAG values for enols (Eg. 6) are consistently highar €O:Me-
activated systems than by sulfonyl systems. TheranflAG values when R' +Pr is: CQMe,
COMe > CN, COMe > COMe, COMe > GMe, COMe > COQMe, CN > SOMe, COMe >
CO,Me, SGQPh > SGMe, CN > SQPh, CN > SGMe, SGQPh > SQPh, SQPh >SQC,F,
COMe. For theN-Ph derivatives the order is: GKde, COMe > COMe, CN > COMe,COMe
>S0,C4F, COMe > CQMe, COMe > COMe, SQPh > CGQMe, CN > SQPh, SQPh.

Experimental Section

General. Melting points are uncorrectetH and**C NMR spectra were recorded as described
previously?” Precursors for synthesis, solvents and deutesatiegénts for NMR measurements
were purchased from a commercial supplier and wédut further purification.

Calculations. The geometries were fully optimized a the B3LY-B16-G* and B3LYP/613G**
levels of theory, with normal convergence using @sissian 03 prografi Vibrational normal
mode analyses were performed at the same leveisare that each optimized structure was a
true minimum on the potential energy surface, nagmary frequency, and to calculate the
thermal correction needed to obtain the Gibbs #&rergies.H, G and S values obtained at
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298.25 K are given in the Supplementary informatidong with Cartesian coordinates of the
optimized structures at respective levels of theory

Chemicals 5a-j/6a-j were prepared by the reaction of the active metigylcompounds with
sodium followed by reaction with the organic isacgee. The procedure of the preparation of
5d6c¢is representative of that for all derivatives.

Sodium pieces (0.12 g, 5 mmol) were added to aisalof methyl phenylsulfonylacetate (1.07
g, 5 mmol) in dry THF (20 mL) and the mixture wasred overnight. The colorless precipitate
was dissolved on addition of isopropyl isocyan&® fnL, 5 mmol) and the mixture was heated
at reflux for 2 h. The solvent was evaporated gjvine yellow solid sodium salt, which was
dissolved in DMF (5 mL) and the solution was pourgd ice-cooled 2N HCI solution (50 mL).
The colorless precipitate formed was filtered, veastvith cold water (100 mL) and dried in air
to give 1.13 g (3.78 mmol, 76%) of the product.t&le crystals obc, mp 182-3°C for X-ray
diffraction were obtained by dissolving the crudédsin ethyl acetate and slow evaporation at rt.
Anal. Calcd for GgH1/NOsS: C, 52.12; H, 5.69; N, 4.68. Found: C, 52.365187; N, 4.66%H
NMR (CDCk, 298 K) display signals for 98:2 ami8e / enol6c mixture. 6¢) ¢: 1.16 (d,J 6.2
Hz), 3.79 (s), 3.99 (octed, 6.6 Hz), 4.84 (s), 6.99 (d,6.2 Hz), 7.59 (t) 7.4 Hz), 7.72 (t) 8.1
Hz), 7.92 (d,J 9.1 Hz). 6¢) J: 8.05 (s), 15.60 (s), all other signals overlap 5h signals.**C
NMR (CDCk, 298 K)o(5¢0): 22.1 (gq,J 126.8 Hz), 22.1 (q, overlaps), 42.6 §d141.0 Hz), 53.8
(q,J148.7 Hz), 75.5 (d) 144.4 Hz), 129.2 (d] 164.5 Hz), 129.3 (d] 165.5 Hz), 134.9 (dtly
163.0 Hz J; 6.8 Hz), 136.9 (1) 9.2 Hz), 157.4 (m), 163.4 (m).

5k-n /6k-n and50d/60/70 were prepared by the reaction of the active metig/compounds with
the organic isocyanate in the presence of dgyd Eh DMF.

50/60/70. To a stirred mixture of 1-[(nonafluorobutyl)sulig]-2-propanone (0.85 g, 2.5 mmol)
and dry E4N (0.75 mL, 5.4 mmol) in dry DMF (5 mL) was addedepyl isocyanate (0.27 mL,
2.5 mmol) and the mixture was stirred for 1 h. Bh@nge solution was added dropwise to a cold
solution of 2N HCI (50 mL) and the colorless préeife formed was filtered, washed with cold
water (50 mL) and dried in air to give the pure lemw acetyl70 (1.05 g, 92%), mp 177-&,
which was crystallized from EtOAc/petroleum etheigive colorless crystals suitable for X-ray
diffraction. Anal. Calcd for &H10FNO4S: C, 36.60; H, 2.18; N, 3.05. Found: C, 36.772137;

N, 2.83%.'"H NMR (CDCk, 298 K)o: 2.63 (3H, s), 7.25 (1H, m), 7.36-7.45 (4H, mB®(1H,

s), 19.08 (1H, s)**C NMR (CDCE, 298 K)5: 25.6 (g,J 129.3 Hz), 95.0 (s), 107.2, 110.8 (%),
115.2 (t), 119.1 (t), 122.4 (d,161.2 Hz), 126.5 (d] 162.8 Hz), 129.3 (d] 161.8 Hz), 135.1 (t,
J9.8 Hz), 168.0 (s), 198.3 (S).

5k/6k. To a mixture of (phenylsulfonyl)acetonitrile (2.9, 5 mmol) and dry BN (1.5 mL, 10.8
mmol) in dry DMF (5 mL) was added phenyl isocyan@&®&6 mL, 5 mmol) at rt and the mixture
was stirred for 1 h. The dark brown solution fornveas added slowly to a cold solution of 2N
HCI (50 mL), giving a brown solid (1.39 g, 93%), it on crystallization gave colorless cotton-
like fibres of5k, mp 220-1°C (CHCE). Anal. Calcd for GsH12N203S: C, 59.99; H, 4.03; N, 9.33.
Found: C, 59.70; H, 3.45; N, 9.16% NMR (CDCk, 298 K)¢: 5.03 (1H, s), 7.22 (1H, §,7.6
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Hz), 7.38 (2H, tJ 8.4 Hz), 7.50 (2H, d) 7.6 Hz), 7.65 (2H, tJ 8.0 Hz), 7.81 (1H, tJ 7.6 HZz),
8.02 (2H, dJ 7.6 Hz), 8.29 (1H, s).

A similar procedure, starting from (methylsulforadgtonitrile (1.19 g, 10 mmol), §&& (3 mL,
21.5 mmol) and phenyl isocyanate (1.08 mL, 10 mmgdve 5m/6m (2.07 g, 87%).
Crystallization gave colorless cotton-like fibresyp 214-5°C (acetone). Anal. Calcd for
CioH10N2OsS: C, 50.42; H, 4.20; N, 11.76; S, 13.45. Found5Q.,11; H, 4.06; N, 11.49; S,
13.11%."H NMR (DMSO-ds, 298 K)J: 3.40 (3H, s), 5.88 (1H, s), 7.28 (2HJt8.4 Hz), 7.39
(2H, d,J8.0 Hz), 7.59 (2H, d] 7.6 Hz), 10.87 (1H, s).

A similar procedure was used for the preparatioooofipound$l/6l and5n/6n. Their NMR and
analyticaldata are given in Tables S1, S2 and S11 of Sumgoltiformation.
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