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ABSTRACT

Triphenylphosphine reacts with dialkyl acetylenedicarboxylates in the
presence of a SH-heterocyclic compound such as 2-thiazoline-2-thiol to
generate stable phosphorus ylides. These stable ylides exist in solution
asamixture of the two geometrical isomersasaresult of restricted rotation
around the carbon-carbon particle double bond resulting from conjugation
of the ylide moiety with the adjacent carbonyl group. In the recent work,
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NMR study and the assignment of more stable Z- or E- isomers as the

major form were investigated using AIM method.
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INTRODUCTION

Trivalent phosphoruscompound isknowntobea
nucleophile, whereasit behaves as an €l ectron donor
toward good € ectron acceptor either inthe ground or
excited statel"3. In recent years there has been in-
creasinginterest in the synthesis of organophosrhorus
compounds, that is, those bearing a carbon atom
bound directly to aphosphorus atom>*2, Thisinter-
est has resulted from the recognition of the val ue of
such compoundsin variety of biologicd, industria and
chemical synthetic uses>9. A large numbers of meth-
ods have appeared describing novel synthesisof or-
ganophosphorus compounds®9. Thereare many stud-
ies on the reaction between trival ent phosphorus nu-
cleophilesand an unsaturated carbonyl compoundsin
the presence of a proton source such as alcohol or
phenol . Y lides areimportant reagentsin synthetic
organic chemistry, especially in the synthesis of natu-

raly occurring productsand compoundswith biologi-
ca and pharmacological activity*¥, The synthesis of
phosphorusylidesisanimportant reactionin organic
chemistry because of the application of these com-
poundsinthe synthesisof organic products2*?, Phos-
phorus ylides most often prepare by treatment of a
phosphonium salt with abase. Most of the phospho-
nium saltsareusua ly made from thereaction of phos-
phine and an alkyl halide®*?, though they can be ob-
tained by Michael addition of phosphorusnucl eophiles
to activated olefind®9, Theseylidesusudly exist asa
mixture of thetwo geometrica isomers, though some
ylidesexhibit onegeometrical isomer. Assignment of
the stability of thetwo Z- and E- isomersisimpos-
siblein phosphorusylides by experimental methods
suchas'H and 2C NMR and IR spectroscopes, mass
spectrometry and elementa analysisdata. For thisrea
son quantum mechani cal cd culations have been per-
formed in order to gain abetter understanding of the


mailto:smhabibius@yahoo.com

ACAIJ, 10(2) 2011

Sayyed Mostafa Habibi-Khorassani et al. 77

most important geometrical parametersand asorela
tiveenergiesof both the geometrical isomers.

MATERIALAND METHODS

Quantum mechanical calculation has been per-
formed by Gauss an98 program and usingthe AIM 2000
program packages. Di-tert-butylacetyl enedicarboxil ate,
tri phenyl phosphine and 2-thiazoline-2-thiol were pur-
chased from Fulka(Buchs, Switzerland) and used with-
out further purification. All extrapuresolventsincluding
1, 2-dichloroethaneand THF also obtained from Merk
(Darmstadt, Germany).

RESULTSAND DISCUSSION

Calculations

A facile synthesis of the reaction between
triphenyl phosphine 1, dialkyl acetylendicarboxylates
2 and 2-thiazoline-2-thiol 3 (asa SH- heterocyclic
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Figure 1: i) Thereaction between triphenylphosphine 1,
dialkyl acetylenedicarboxylate2 (2aor 2c) and 2-thiazoline-
2-thiol 3for gener ation of stable phosphorusylides4 (4aor
4c).j) Thetwo Z-4aand E-4arotational isomers(Minor and
M aj or, respectively) of ylide4a.
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compound) have been earlier reported® for genera-
tion of phosphorusylides4(a, c) involving thetwo
geometrical isomer such asZ- and E- isomers. The
reactionisshownin Figure 1. For assignment of the
two Z- and E- isomers asaminor or mgjor formin
phosphorusylides4(a, ) containing a2-thiazoline-2-
thiol, first the Z- and E- isomerswere optimized for all
ylide structuresat HF/6-31G(d,p) level of theory by
Gaussi an98 package program®. Therelative stabili-
zation energiesfor both the geometrica isomershave
been calculated at HF/6-31G(d,p) and B3LY P/6-
311++G(d,p) levels. Atomsin molecules (AIM) and
natural population analysis(NPA) methods and also
CHelpG keyword at HF/6-31G(d,p) level of theory
have been employed in order to gain abetter under-
standing of the most geometrical parametersin both
the E-4(a, ¢) and the Z-4(a, c) of phosphorusylides.
Thenumbersof critical pointsand intramolecular hy-
drogen bonds have been recognized as well as the
charge of atoms that constructed on the Z- and E-
isomers. Theresultsatogether reved theeffectivefac-

Z-4a

Figure2: i) Intramolecular hydr ogen bonds(dotted lines) in
thetwo E-4aand Z-4ageometrical isomer sof stableylide4a.
j) Part of molecular graphs, includinginter molecular hydro-
gen bond critical points (BCPs) for thetwo E-4aand Z-4a
geometrical isomersof stableylide4a.
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Figure3: i) Intramolecular hydr ogen bonds(dotted lines) in
thetwo E-4c and Z-4c geometrical isomer sof stableylide4c.
j) Part of molecular graphs, including intermolecular
hydrogen bond critical points(BCPs) for thetwo E-4cand Z-
4c geometrical isomer sof stableylide4c.

torson stability of Z- and E- ylideisomers. Therela-
tive stabilization energiesfor thetwo Z-4(a, ¢) and E-
4(a, c) isomers(SeeFigures2 and 3) arereportedin
TABLE 1, ascan be seen, the Z-4aand the Z-4c iso-
mersare more stable than the E-4aand the E-4cforms
(0.33and 1.82 kcal/mol, respectively) at B3LY Pleve.
TABLE1: Therdativeenergy (kcal/mal) for both theZ- and

E- isomer of ylides, obtained at HF/6-31G(d,p) and B3LY P/6-
311++G(d,p) levels.

Conformer HF B3LYP
Z-4a 0.00 0.00
E-4a 0.09 0.33
Z-4c 0.00 0.00
E-4c 3.76 1.82

Further investigation was undertaken in order to
determine moreeffectivefactorson stability of thetwo
Z- and E- isomers, onthebasisof AIM calculationg®
at HF/6-31G(d,p) level of theory by theAlM 2000 pro-
gram package®!. In recent years, AIM theory has of -
ten appliedintheanaysisof H-bonds. In thistheory,
thetopologica propertiesof thee ectron density distri-
bution arederived from the gradient vector field of the
electron density p(r) and onthe Laplacian of theelec-
tron density V?p(r). The Laplacian of the el ectron den-
sity, V2p(r), identifiesregionsof spacewhereintheeec-
tronic chargeislocally depleted [ V2p(r) > Q] or built up
[V2p(r) <014

Two interactingaomsinamoleculeformacritica
point intheeectron density, where Vp(r) =0, cdled the
bond critical point (BCP). Thevauesof thechargeden-
sty anditsLaplacian at thesecritical pointsgive useful
informati on regarding the strength of the H-bonds*!.
Therangesof p(r) and V*p(r) are (0.002-0.035 e/a °)
and (0.024-0.139 e/a ?), respectively, if H-bondsex-
ist*. TheAIM caculation indicatesintramol ecular hy-
drogen bondsand critical points(H-BCP) for thetwo
Z-4(a, ¢) and E-4(a, ¢) isomers. Intramolecular H-BCPs
with apart of molecular graphsfor thetwo rotational
isomersareshown in Figures 2 and 3. Most important
rotational parametersinvolving someH-bonds (bond
lengthsand their relevant bond angles) arereportedin
TABLE 2. Thedectrondensity p(r), Laplacian of elec-
tron density %p(r), and energy density -H(r) arealsore-
portedin TABLES 3 and 4. A negativetota energy den-
sty at theBCPreflectsadominanceof potentid energy
dengity, whichisthe consequence of accumulated stabi-
lizing €l ectronic charge’®”. Herein, the number of hy-
drogen bondsin both categories (E-4aand Z-4a) and
(E-4c and Z-4c) are (8 and 8) and also (15 and 13),
respectively. Thevauesof p(r) and V?p(r) arein the
ranges (0.006-0.017 and 0.006-0.017 &/3?), (0.002-

TABLE 2: Mogtimportant geometrical parameter scor respondingto H-bonds(bond lengthsand their relevant bond angles)
for thetwo E- and Z- isomer sin both ylides4a and 4c. Bond lengthsin angstromsand bond anglesin degr ees, respectively.

E-4a Z-4a E-4c Z-4c
Css-Heo...O7 2.413(118.06)b 2.38(119.49) Cre-H7g76).--O6 2.42(111.28) 2.44(110.87)
Cx-Hs...0¢ 2.41(103.41) 2.72(89.39) Ceg-Heg(73)---Os 2.40(111.69) 2.42(112.07)
Ci-Hs...Seg 2.54(116.38) 2.55(115.79) Cs6-Hs7(zg)...O7 2.95(87.31) 2.53(117.52)
Ca-Hgss...Ns» 2.80(153.84) 2.76(150.60) Ci-Hs....Ss 2.55(112.58) 2.62(109.18)

2Bond lengths; ® Bond angles
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0.017 and 0.002-0.015 €/a®), (0.021-0.058 and
0.023-0.058 &/a,%) and (0.007-0.062 and 0.008-0.057
€/a%), respectively. Inaddition theHamiltonian-H(r) is
intherange(7.1-18.9and 7.1-17.9 au) and (5.1-18.2
and 4.8-17.7 au) (SeeTABLES 3 and 4).

TABLE 3: Thevaluesof p x10%, V2p 10°and hamiltonian [-
H(r)] x10*for both the E-4a and Z-4a isomers of ylide 4a
calculated at thehydrogen bond critical points. All quantities
arein atomicunits.

E px10® V?p x10° -H(r) x10* Z p x10® V?p x10° -H(r) x10*
1 1378 57.32 189 1 1282 47.24 9.9
2 1715 58.04 124 2 1229 4420 11.4
3 1240 4580 95 3 628 2284 71
4 569 2112 71 4 1690 57.72 131
5 1055 38.92 176 5 1027 38.80 17.9
6 758 29.00 85 6 876 3232 74
7 1049 3884 178 7 1031 37.00 17.2
8 10.89 37.48 160 8 995 34.24 14.6

TABLE 4: Thevaluesof p x10% V2p 10®and hamiltonian [-
H(r)] x10* for the two Z-4c and E-4c isomers of ylide 4c
calculated at thehydrogen bond critical points. All quantities
arein atomicunits.

E px10° Vpx10® -H(r)x10* Z px10® WV’px10°® -H(r)x10*
1 589 2396 9.6 1 308 1352 7.8
2 1187 4612 13.0 2 27 8.96 4.9
3 1144 4488 13.6 3 97 38.40 17.7
4 1714 59.96 14.3 4 1300 4928 11.9
5 244 912 6.1 5 1266 4856 12.7
6 963 3924 134 6 1266  49.40 13.8
7 321 1168 7.3 7 1191 4648 13.3
8 219 764 5.1 8 488 20.72 9.6
9 1361 5144 11.9 9 304 11.96 7.8
10 1318 50.04 121 10 1555  57.08 17.4
11 1517 61.88 173 11 428 11.04 4.8
12 589 2396 9.6 12 924 31.76 14.4
13 1224 44.36 176 13 963 36.28 17.5
14 1148 39.80 15.2

15 1111 41.04 18.2

These HBs show V?p(r) > 0and H(r) < 0, which
according to classification of Rozas et al®®. are me-
dium-strength hydrogen bonds. In both ylidesthedi-
polemoment for thetwo E-4aand E-4cisomers(5.14
and 6.13 D, respectively) are smaller than thetwo Z-
daand Z-4cisomers(7.92 and 9.86 D, respectively)
andthevalueof -H__ (=>H(r)) for thetwo E-4aand

tot
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E-4cisomers(107.8 and 184.3 au, respectively) are
larger than thetwo Z-4aand Z-4cisomers (98.6 and
153.6 au, respectively). Thesedifferencesinthe most
important geometrica parametersof the E-4(a, ¢), with
respect to the Z-4(a, ), involving afairly differencein
dipole moment and aconsiderabledifferencein-H(r)
and also approximately same number of hydrogen
bonds, taken altogether, make astability on theseiso-
mersin comparisonwith the Z-4(a, c) forms(There-
sultsaresummarizedinTABLEDS).

TABLE5: Themos important geometrical par ameter sinvolv-
ingthevalueof -H /au, dipolemoment/D and number of hy-
drogen bondsfor thetwo Z- and E- isomer sof ylides4aand 4c.

lsomer  -H g /au Dipole Number of
moment /D hydrogen bonds
Z-4a 98.6 7.92 8
E-4a 107.8 5.14 8
Z-4c 153.6 9.86 13
E-4c 184.3 6.13 15

Onthebasisof theoretical caculations(TABLE 1),
both the Z-4aand Z-4c have adlightly stability with
respect to thetwo E-4aand E-4¢ (0.33 and 1.82 kcal/
mol) isomersand seem to be different fromtheresults
of predictable properties of the most important geo-
metrica parameters (TABLE5). Perhaps, thisdightly
different behavior isrelevant to the huge structures of
thetwoylides4(a, ¢) involving four largeatomssuch as
thetwo sulfurs, one phasphorus, one nitrogen and four
oxygen and a sothevery large number of other atoms
(CandH). Thispoint, madealimitationinapplication
of basis set higher than B3LY P/6-311++G(d,p) ina
higher performance for more accurate cal cul ations.
Neverthel ess, theresultsthat areshownin TABLE5,
involving acong derabledeferenceintotal Hamiltonian
(-H,,) and afairly deferencein dipole moment, taken
atogether asdominate two factors of stability onthe
two E-4aand E-4c, are compatible with the experi-
mental resultsfrom the!H, C and 3!P NMR spectros-
copy whichindicatethetwo isomersof Z-4aand E-4a
with experimental abundance percentage of 75% for
E-4a(asamajor form) and also only aloneisomer of
4c (E-4c). Moreover, the total number of hydrogen
bonds in the two Z-4c and E-4c (13, 15) are more
thantwothe Z-4aand E-4a(8, 8), thisleadsto alarge
rigidity inthesegeometrica isomersin comparisonwith
thetwo Z-4aand E-4aforms. Therigidity of thetwo

—— a%a['yttaa[’ CHEMISTRY
A ndian W



80 NMR study and AIM analysis for assignment of the two Z- and E-isomers

ACAIJ, 10(2) 2011

Full Peaper ==

molecular structuresby the very largeintramolecular
hydrogen bond accompanied by more steric factor of
the bulky tert-buthyl groups (comparewith dimethy
groupsthe structuresin both the E-4aand Z-4a, Fig-
ures 2 and 3) within (E-4c and Z-4c forms) make a
good opportunity for enhancement of energy barrier
and al so explanation of abundance percentage of the
these two isomers. Hence, interconversion process
between thetwo E-4c and Z-4c isomers needsto pass
through avery highrestricted barrier energy, particular
in solution media, for thisreason it ispossibleto see
only asingleisomer asaloneisomer of 4c (E-4c). On
the contrary, interconversion processfor both the E-4a
and Z-4ageometrical isomerspassthrough aconsid-
erably low energy barrier, thisleadsto aplausibleob-
servation of thetwo E-4aand Z-4a (SeeFigurel, ).

Z-4a (Minor, 25%)

—I—Z-étc (Minor, 0%) -

E-4¢ (Major.as alone isomer)

E-4a (Major, 75%)

(A) (B)
Figure4: Inter changeable process of geometrical isomers
for ylidesdaand 4c.A) Avery highrestricted barrier energy
for introversion process between the two E-4¢c and Z-4c¢
isomers. B)Alow restricted barrier energy for introversion
processbetween thetwo E-4aand Z-4aisomers.

Also, thecharge on different alomswhich are cal-
culated by AIM and NPA methodsand also CHelpG
keyword at HF/6-31G(d,p) level are reported in
TABLE 6 for thetwo Z- and E- isomersof ylides4a
and 4c. Thereisagood agreement between theresults
inthreemethods.

Furthermore, theindividua chemicd shiftshavebeen
characterized by NMR cal culations at mentioned level
for the two major E-4(a, ¢) and minor Z-4(a, ¢) geo-
metricd isomers. Thetota spin-spin coupling constant is
the sum of four components: the paramagnetic spin-orbit
(PSO), diamagnetic spin-orbit (DSO), Fermi-contact
(FC), and spin-dipole(SD) terms. Thevaueof chemica
shifts (8) and coupling constants (Jx_y) arereportedin
TABLES 7-10. Ascan be seen thereisgood agreement
between boththe experimentd and theoretica chemi-

ca shifts(5) and coupling constants (Jx_y). Inthe present
work, molecular structuresof ylides4(a, ¢) involving four
large atomssuch astwo sulfur atoms, one phosphorus,

TABLE 6: Thechargeson different atomsfor thetwo Z- and
E- isomersin both ylides4aand 4c at HF/6-31G(d,p) level.

Number of 5 ,. E-4a Z-4c E-4c
atom

6.59x10™ 6.78x10" 7.05x107 7.07x107

C1 (0.40)°  (0.39) (0.54) (0.46)

(-011)°  (-011)  (-011)  (-0.12)
-7.93x10" -7.84x107" -7.82x107 -7.50x10™

C3 (-0.76)  (-0.77)  (-0.66)  (-0.66)
(-0.83)  (-0.83)  (-0.83)  (-0.81)

1.85 1.83 1.87 1.84

C5 (0.79) (0.76) (0.85) (0.80)

(0.91) (0.90) (0.90) (0.91)

-1.40 -1.42 -1.41 -1.40

06 (-0.60)  (-062) (-0.60)  (-0.61)
(-0.78)  (-0.78)  (-0.77)  (-0.80)

-1.28 -1.28 -1.29 -1.29

o7 (-0.34)  (-028)  (-053)  (-0.54)
(-045)  (-044)  (-048)  (-0.47)

321 3.22 3.24 321

P4 (0.44) (0.42) (0.20) (0.25)

(1.74) (1.74) (1.75) (1.74)

aCalculated by AIM method; *Calculated by CHelpG keyword;
cCalculated by NPA method.

TABLE 7: Selected *C NM R chemical shift (8 in ppm) and
coupling constants (J in Hz) for somefunctional groupsin
the E-4aisomer asamajor form.

Groups 8%/ppm Jpc/HZ

2, 20Me 52.57% (50.61)°
54.01 (51.53)

d, Cipo 123.33(125.39) 92.1% (90.8)°
d, C*=0 169.82 (166.75) 13(13.4)
d, C=0 171.07 (169.28) 12.3(10.9)
d, Coaa 132.36 (132.64)
d, P=C? 41.28 (39.93)
d, Crea 129.13(126.98) 12.2(8.9)
C®-C-N 28.15 (22.43)
Cc®.c-S 49.24 (48.38)
C=S 195.13 (204.68)
d, Cortho 133.47 (135.09)
d, P-C-C*H 61.37 (55.21)

a Experimental data in accord with the results reported in the
literature®; ® Theoretical data.
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TABLE 8: Selected *H NM R chemical shift (§in ppm) and
coupling constants (J in Hz) for somefunctional groupsin
the E-4aisomer asamajor form.

Groups 8"/ppm Jpu/Hz
4H, 25 200,Me 3.13%(3.12)°
3.78 (3.72)
7.49 - 7.67
15H, m, 3C4Hs (7.42 - 7.97)
1H, d, P-C-C-H? 5.41 (5.33) 17.5%(14.9)°
2H, m, CH,N 3.14 (3.42)
2H, m, CH,S 4.40 (3.14)

@ Experimental data in accord with the results reported in the
literature®; ® Theoretical data.

TABLE 9: Selected *C NM R chemical shift (§in ppm) and
coupling congtants(J in Hz) for somefunctional groupsin Z-
4aisomer asaminor form.

Groups 5%/ppm Jpc/Hz
25, 20Me 52.38° (49.03)°
53.78 (50.02)
d, Cipso 125.7 (126.50) 92.5%(92.5)"
d, Cortno 133.50 (135.10)
d, Creta 129.1 (127.30) 12.2 (15.37)
d, Coara 132.4 (132.10)
d, C=0 170.8 (168.30)
d, C®=0 170.3 (169.00) 17.9 (15.80)
C*-C-N 27.98 (26.17)
c*®.Cc-S 50.20 (49.79)
d, P-C-C1-H? 60.96 (56.28)
d, P=C 42.34(33.12)
Cc*=s 195.3 (205.0)

@ Experimental data in accord with the results reported in the
literature®; ® Theoretical data.

TABLE 10: Selected *H NM R chemical shift (§ in ppm) and
coupling constants (J in Hz) for somefunctional groupsin
theZ-4aisomer asaminor form.

Groups 8"/ppm Jpn/Hz
3.53%(3.29)°
6H, 2s, 2CO,Me ( )
3.75(3.77)
7.49 - 7.67
15H, m, 3C¢Hs
(7.52 - 7.95)
1H, d, P-C-C-H? 5.39 (5.22) 14.4% (18.8)°
2H, m, CH,N 3.25(3.53)
2H, m, CH,S 4.56 (4.20)

@ Experimental data in accord with the results reported in the
literature’; ® Theoretical data.

onenitrogen and four oxygen arehuge moleculeswith

—— Fyll Peper

thevery largenumber of other atoms(C, H), thispoint
makealimitation for employment of basisset higher than
B3LY P/6-311++G(d,p) inahigher performancefor more
accurateca culations. Thiscausesdifferencebetween both
theexperimental and theoretical coupling constantsin
somefunctiona groups.

CONCLUSION

Theassignment of the E- and Z- isomersasama:
jor or minor form in both the ylides 4a and 4c were
undertaken by AIM and NPA methods and also
CHélpG keyword. Quantum mechanical caculations
weredarified how theylides4aand 4c exist in solution
asamixture of thetwo geometrical isomers (E-4aand
Z-43) or aloneisomer (E-4c), respectively. In addition
NMR study onthebasisof theoretical caculationswere
employed for determination of chemica shiftsand cou-
pling constants of thetwo mgjor E-4aand minor Z-4a
geometrica isomers. Both former and later theoretical
results are compati ble with the experimenta datafrom
the 'H, 3C and ¥P NMR spectroscopy.
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