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ABSTRACT: 1’0 NMR spectra of several-diamides were obtained at natural isotopic abundance in acetonitrile
solution in order to study the conformations of these compounds in solution}Th&IMR shifts vary with the
intercarbonyl dihedral anglein a sense opposite to that observeddfatiketonesJ 1998 John Wiley & Sons, Ltd.
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INTRODUCTION

The carbonyl group is one of the main functional groups
in organic chemistry and it has been widely studied by
numerous methods, including th& NMR techniqué’

As a general remark, we can note th4 NMR shifts
of the studiedz-diamides fall in the range (ca. 270—
370 ppm) of common amid€8 Several effects cooperate
in influencing the observed chemical shifts. In our
attempt to estimate the effects of individual factors on

The nature of the bond and the preferred orientation of the chemical shifts, we compared homogeneous sub-

this group with respect to other groups in its neighbor-
hood are strongly influenced by interactions with vicinal
substituents and both aspects have been investigdted.
The amino group is most important among possible

groups of compounds.

Substitution on the amide nitrogen strongly influence
the'’O NMR shifts of the conjugated carbonyl group. On
going from2a,bto 2c—i a deshielding of roughly 25 ppm

vicinal substituents, and amides have been the subject ofis observed, which can be attributed to the influence of

a large body of’O NMR work? However, whereas the
particular but important case afdiketones has already
been dealt with, at least partiaffy>*“the only paper on
-diamides is a report on the shifts NfN-dimethyl- and

N,N-diphenyloxamides (291.9 and 313.2 ppm, respec-

tively, in DMSO at 90C), in a study devoted to related
quinoxaline-2(H),3(4H)-diones>

The recent availability oN,N-disubstituted-4,5-imi-
dazolidinediones offers the opportunity to study:-
diamides in a fixed planaiis configuration®® Following
our studies on-diketones’°2%it was also of interest to
compare these closely related systems.

RESULTS AND DISCUSSION

Scheme 1 shows the structural formulae of the com-
pounds studied. Values of the intercarbonyl dihedral
angles of severat-diamides obtained in different ways
are given in Table 1, which also give% NMR chemical
shifts and estimated half-height linewidths in acetonitrile
solution.
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the aromatic ring and its substituents as previously
reported for simple amide$:®

The changes in shifts induced by substitution in the
aryl ring for the group of the anilideac—iare comparable
to those observéd for acetanilides, As(2c—
2h)=1.9 ppm andAé(2c-2) =—4.1ppm vs 3.3 and
—3.7 ppm for 4-methyl and 4-chlorophenylacetanilides,
respectively. In the case obrtho-substitution, 2d
compared with2f, steric hindrance causes shielding,
opposite to the usual effect I{O NMR spectroscop¥,
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Scheme 1.

CCC 0894-3230/98/060387-05 $17.50



388 G. CERIONI, A. G. GIUMANINI AND G. VERARDO

Table 1. 7O NMR data on a-diamides in MeCN solution at 65°C

Compound R R 60-17 (ppm) v, (Hz) 0 (°)
12 H H 306.2 270 180'°
1b Pr 'Pr 317.6 340 g3
1c H '‘Bu 294.7 222 180°
1d H 1-Ad 292.4 410 180°
1€ Me CeHs 336.5,349.1 295,320 135
2a Me Me 285.5 105 o
2b CeHi1 CeH1sp 285.7 375 o
2c CeHs CeHs 313.0 280 o2
2d 0-FCqH4 0-FCH, 307.1 320 oP
2e m-FCgH,4 M-FECeH, 319.1 270 o°
2f p-FCeH. p-FCeH. 311.2 275 oP
29 m-MeCgH., m-MeCgH, 310.4 250 o°
2h p-MeCgH., p-MeCeH, 311.1 385 o
2i p-CICeH. p-CICeH.4 317.1 360 o°
3 Me Me 323.0 135 18t
4 Me Me 325.3 134 78!

& Measuredn DMSO at 65°C.

b Estimaed, this work.

¢ Two signalsfor the two conformerswere observedseetext.
Computedby the semi-empiricalquantummechanicamethodAM

but similar to the effect observedor the acetanilides?®
Theinfluenceof metasubstitutionis alsoconsistentvith
previous observationsCompound2e is deshieldedby
6.1ppm comparedwith 2c, a valuecloseto thoseof 6.2
and 5 ppm measuredor metasubstitutedu,o,o-trifluor-
oacetophenon@sindanisoles'® respectively The influ-
enceof a metamethyl group,a shieldingof 2.6ppm, is
opposite and weaker, as also noted, e.g., for aceto-
phenone$" (2 ppm) and o,u,a-trifluoroacetophenonés
(3.2ppm).

These findings are in agreementwith the results
obtained for the solid state?®in the caseof 2c. For this
compound, the aryl rings were found to be almost
coplanar to the heterocyclic plane (torsional angle
~ 20°). Moreover,in acetanilide,a very similar (21°)
torsional angle betweenthe phenyl ring and the C=0
group hasbeencalculated’” and also measured17.6")
by x-ray crystallography:?> We can thereforesay that
there are no important conformational changes for
derivatives2 on going from the solid stateto solution.

Thevery closesimilarity of the shiftsshownby 2aand
2b indicatesthat the N-substituentdoes not exercise
sterichindranceon the carbonyloxygen.

Oneof the moststudiedfeatureof o-diketoness their
intercarbonyldihedralangled. Its changesnodify, inter
alia, the electrondensity on the oxygen atoms=? thus
causing relevant effects on their ‘'O NMR chemical
shifts. Cerfontainet al.>® determinedfor the 1O NMR
signals,a shift to higherfield on increasingd from 0 to
90° and an opposite shift to lower field on further
increasing? from 90 to 18C°.

Also in the caseof o-diamides,the datain Table 1
showadependencef the'’O NMR shiftsontheangled.
It is worth noting, however, that this dependencds
oppositeto that observedfor «-diketones.In fact, 1b
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(0= 92°)*3is deshieldedy 32.1ppm comparedvith 2a.
Such a value of the torsionalangle ¢ of 1b had been
hypothesized,in solution, based on dynamic NMR
measurementS® and has beenmeasuredin the solid
state by x-ray analysis-=

The observeddeshieldingcan be assignedonly to a
minor extentto theinfluenceof theisopropylgroups We
havepreviouslypointedoutthat,on goingfrom 2ato 2b,
neitheranyobservablestericeffectnoranyinfluencedue
to different electronreleaseabilities of the two different
alkyl groupscouldbeascertainedTlhis observatioris not
uncommon in YO NMR. N,N-dimethyl- and N,N-
diethylacetamide$'** differ in their chemicalshifts by
only oneppm. Likewise, N,N-dimethyl- and N,N-diiso-
propyl-N-nitrosamine¥® show a 2 ppm difference. A
possiblebuttressingeffectfrom theisopropylgroupshas
beenrelievedby the changean theintercarbonylihedral
angle(thisis commonlyassumedo bethereasorfor this
effect). In any case,such an effect would have been
opposite,.e. shielding,asdiscussegreviously.

Recently,Yamadd’ has shownthat a changeof the
C(O)—N twist angle hasa stronginfluenceon the 'O
NMR shifts of amides,.e. asthe twist anglez increases
from about 20° towards 90°, deshieldingis observed.
This finding seemshowever,not to be applicableto the
observeddeshieldingof 1b comparedwith 2a. In fact,
bothcompounddiavear valuecloseto 0°, 2a becaus®f
its geometricakonstraintsvhereaslb is known 3 from
an x-ray study,to havesuchat value.

A possiblecontribution to the observeddeshielding
could comefrom cyclization. As observedoy Boykin et
al.,'® it is problematicto find a monotonicrelationship
betweernchemicalshiftsandring sizein lactamsfor both
Y0 and >N NMR. Comparisorof five-membereding
C- or N-alkyl-substitutedactams(Aé = 6.6 ppm)*8 with
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similar open-chairamide$ indicatesthat cyclization (to
afive-membereding) causesn theamidesystemasmall
contribution both upfield and downfield, dependingon
the derivativescompared.Even taking in accountthe
differencesbetweenamidesand «-diamides,it seems
reasonabl@ot to ascribeto cyclizationthefull observed
variationin chemicalshifts betweenlb and2a.

A comparisonbetweenopen-chaina-diamides with
0 =180 (1a) and 1b can be helpful. Compoundla is
knownto existin sucha conformationin thesolid state™®
The estimated® torsional angle ¢ for N,N-dialkyl-
substitutedx-diamidesin solutionis roughly the same.
Similar results are obtainedby MMX calculations,as
implementedn the programPC Model ! for derivatives
1c and 1d. The observedA§(1b-19 is 22.9ppm. This
observationis in good agreementwith the previously
discussecffectof ¢ variationfor derivativeslb and2a.
That a differencein Aé is observedon comparinga 6
variationfrom 0° to 90° with thatfrom 90° to 18C is not
surprising.A similar resulthadbeenobtainedin the case
-diketones>® The smalldeshieldingobservedn compar-
ing 1c (and 1d) with 2a (ca 10 ppm)thereforehasto be
sharedbetweerthis effectandthat(if any)of cyclization.
Compoundlahasbeenmeasuredhecausef its verylow
solubility, in a solvent (DMSO) different from that
(MeCN) of all the otherderivatives.Contributionsto its
shift from hydrogerbondingarethereforedifferentandit
lacksN-alkyl groups;all thismakest difficult to quantify
the influence of # variations. Its shift is, however,in
qualitative agreementwith the results discussedpre-
viously.

Compounds3 and 4 are deshieldedby 37.5 and
39.8ppm, respectively,when comparedwith 2a. These
data are intriguing, as the torsional angle 6 is very
differentfor thetwo compoundsThesevalueshavebeen
reported?to be 20° and6(° for 3 and4, respectivelyWe
newly computedthem by the semi-empiricalquantum
mechanicalmethod AM1, implementedin the Spartan
3.1 packagé?® obtainingthe datagivenin Table 1. For
the o-diamide assembly enlargmentfrom a five-mem-
bered(2a) to a six-membereding (3) hasa deshielding
effectcomparableéo thosedueto enlargmenfrom afive-
to a seven-memberedng (4) and to variation of the
torsional angle # from 0° to almost perpendicular.In
lactams'® annulationeffects vary with the size of the
ring. The A¢ differencedor thefive- comparedwith six-
or seven-memberedng are 19.5and 35.0ppm, respec-
tively. If suchhadbeenthecasewith «-diamidestheshift
differencebetweer8 and4 shouldhavebeenroughly 30—
40 ppm. In the caseof «-diketonesthereseemdo be no
such effect. A tentative explanationcould perhapsbe
foundin a severedistorsionof the ringsin the cyclic -
diamides,asshownin Fig. 1.

It is, in anycaseclearenoughfrom the discussedlata
thatvariationof theintercarbonyldihedralanglef hasan
oppositeeffect for a-diketonesand «-diamides.Accord-
ing Cerfontain et al.,*® # changeshave an influence
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Figure 1. Preferred conformations (hydrogen atoms not
shown) of compounds 3 and 4, as obtained by AM1
calculations.

mainly on the AE term of the Karplus—Popleequatior?
and this term is usually approximatedto the n - =*
forbiddentransitionin UV spectroscopyUnfortunately,
in the caseof a-diamides sucha transitionis difficult to
observeandit is assumet to be not resolvablewhen
# =90°. Wetoo failed to observet in all thecompounds
studied. Semi-empirical CNDO/s-CI computations,as
reportedby Larsonand McGlynn?° estimateda shift to
shorter wavelengthsfor this transition, when 6 =90°,
relative to all othera-diamides.*’O NMR shifts should
thereforehave showna trend similar to that constantly
observed®?for «-diketonesWe do not havea rationale
for this observation. Further studies are actively in
progressin our laboratoriesto obtain someinsight into
this problem.

Compoundle,assuming preferreds-transconforma-
tion for thetwo carbonylgroups canexistasamixture of
three conformersdue to slow (on the NMR time-scale)
rotation aroundthe C—N bonds.Namely, calling ¢ a
situation where a methyl group is s-cis to the oxygen
atomof its amidegroupandt the oppositesituationwhen
it is s-trans,we havetwo different oxygenatomsfor the
c/t conformerandonefor eachof the two conformersc/c
andt/t. The samenumberof signalsshould,of coursebe
observedfor the methyl groupsin *H and **C NMR.
Owing to the lack of sensitivity of *’O NMR spectro-
scopy, particularly when comparedwith *H NMR, we
observednly two signalsin our *’O NMR spectrumand
thereforedecidedto checkour resultsby *H NMR. The
pertinent'H NMR dataaregivenin Table2.

A H NMR spectrunof 1eobtainedn CDCl; solution
gave,for the methylgroups,a setof threesignals,two of
equalintensityat 3.26 and 3.44ppmanda moreintense
signal at 3.05ppm. From the integrals, their relative
intensity could be estimatedas 23 and 77% for the pair
andtheintensesignal,respectivelyln DMSO-ds all four
possiblesignalswereobservedand,atroomtemperature,
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Table 2. "H NMR Me shifts and populations of conformations of 1e in CDCl; and DMSO-ds

CDCls DMSO-ds
Conformer Shift (ppm) Population(%) Shift (ppm) Population(%)
clc 3.05 2.97 45
clt 3.26;3.44 3.25,3.35 51
t/t Not obs. 3.43 4

therewerea small signalat 3.43ppm, a pair at 3.35and
3.25ppm and an intense signal at 2.97ppm. Their
relative intensitieswereca 4, 51 and 45%, respectively.
As the pair can be unambigouslyassignedat the ci/t
conformerwe observethatthis conformationis the most
populatedin the more polar (dielectric constantDMSO,
¢ = 46.45§° solvent DMSO-ds. On the other hand, in

CDCl; (dielectric constantCHCls, &=4.806%° c/t is

roughly one third of the only other conformer still

presentMMX calculation$* allow an estimationof the
relative energiesand of the dipole moments.The most
stable(in vacug conformerhasbeencomputedo bec/c,

thec/t conformerbeingl.45kcal mol~* higherin energy.
Thet/t conformeris 1.24kcalmol™* higherupin energy.
Their respectivadipole momentsverecomputedas1.43,
1.98 and 2.69 D. We therefore think that the c/c
conformer is the most populatedin CDCl; solution,
owing to it having the lowest dipole momentand an
energy difference from the tit conformer of

2.69kcalmol™t. The t/t conformer,which is the most
energeticand hasthe largestdipole moment,shouldbe
thatobservednly in DMSO-dg at 4%. Owingto this low

percentage,we could estimate the rotational barrier
aroundthe amidebondonly for the two more populated
conformers By total line shapeanalysisof a DMSO-dg

solution spectrum at 80°C, we obtained
AG* = 18.6kcalmol~?, in goodagreemenith literature
date® for a-diamides.

The assignmenbf the two signalsobservedby *’O
NMR spectroscopyis tentative. We can reasonably
assumethat in MeCN solution we have also two main
conformers,c/c and c/t. The third conformer, t/t, is

insufficiently populatedo beobservedy 'O NMR. We
should,however,have observedhreessignalsinsteadof
thetwo actuallymeasuredThe mostlikely interpretation
of this observationis that the resolutionin 1O NMR is
not sufficientto discriminatebetweera cis-oxygenin the
c/t conformeranda cis-oxygenin the c/c conformer.

Theintercarbonyldihedralangled hasbeenestimated,
by MMX calculations?* to be closeto 135 and very
similar for all threeconformers.

EXPERIMENTAL

The compoundsstudiedwere all known, exceptlc and
1d, and were either purchased(1la) or obtained by
literaturemethods(1b,*® 1e82 2a,b 8" 2¢—i%2 3, 4%9).

Compoundslc, N,N-di-tert-butyloxalamide,and 1d,
N,N-di-1-adamantyloxalamidewere preparedby reac-
tion of oxalyl chloride and the respectiveamine, as
described® Their spectroscopicdata and elemental
analysisresultsaregivenin Table 3.

1’0 NMR spectravererecordedat 40.662MHz in the
Fouriertransformmodeon a Varian VXR-300 spectro-
meter, equippedwith a Sun 3/60 computerand with a
10mm broadbangrobe,at 338K andat naturalisotopic
abundanceConcentrationsvere, in most casesof the
orderof 30-50mg per 3 ml, owing to the low solubility
of a-diamides. The number of scanswas thus up to
2 x 10P. The signals were referenced to external
deionizedwater by the substitutionmethod.The instru-
mental settings were similar to those reported pre-

Table 3. 'H and ">C NMR data and elemental analysis results for derivatives 1c and 1d

Compound H NMR shifts 13C NMR shifts Calculated(%) Found(%)
1c 7.73(NH, 2H); 159.21(C=0); C59.97,H10.07,N13.99 C59.63,H10.21,N14.12
1.31(CHs, 18 H) 50.37(CMey);
17.71(CMey)
1d° 7.52(NH, 2H); 159.02(C=0); C74.12,H9.05,N7.86 C73.97,H9.12,N7.95
2.03(H,, 6H); 50.93(C-1);
1.97-1.95(H, 12H); 40.14(C-2):
1.65-1.63(H;, 12H): 35.52(C-4);
28.48(C-3)

& SolventDMSO-dg, room temperaturg1c) and50°C (1d), ppm from HMDS internalreference.

b SolventDMSO-ds, 40°

¢ Assignmentgor !

0 1998JohnWiley & Sons,Ltd.

1c) and50°C (1d), ppmfrom HMDS internalreference.
H and“°C NMR accordingto Refs28 and 29, respectively.
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viously? Thereproducibilityof the chemicalshift datais
estimatedo be +1 ppm.
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