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ABSTRACT

Stable crystalline phosphorus ylides were obtained in excellent yieldsfrom
the 1:1:1 addition reactions between triphenylphosphine and
dialkylacetylenedicarboxylates, in the presence of NH-heterocyclic com-
pound, such as benzotriazole. These stable ylides usually exist in solution
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as a mixture of two geometrical isomers as a result of restricted rotation
around the carbon-carbon partial double bond resulting from conjugation
of the ylide moiety with the adjacent carbonyl group.In the recent work,
stability of the Z- and the E- isomers were undertaken for the two rotamers
of phosphorus ylides involving benzotriazoleby natural population analy-

sis(NPA) and atoms in molecules (A1M) methods.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

The synthesisof phosphorusylidesisanimportant
reaction in organic chemistry because of the applica-
tion of thesecompoundsinthesynthes sof organic prod-
uctd, Several methods have been developed for
preparation of phosphorusylides®tY, Theseylidesare
usually prepared by treatment of aphosphonium salt
with abase, and phosphonium saltsare usualy pre-
pared from the phosphineand alkyl halide’??l. Phos-
phonium sdtsarea so prepared by Michael addition of
phosphorusto activated ol efines. The phosphonium
saltsare most often converted to the ylides by treat-

ment with astrong base, though weaker bases can be
usedif the salt isacidic enough. Michael addition of
phosphorus (@) compounds such as triphenylphosphine
to acetylenicestersleadsto reactive 1, 3-dipolar inter-
medi ate betaineswhich are not detected even at low
temperature. These unstabl e species can be trapped
by apraticreagent, ZH, suchasmethanol, amide, imide,
etc. to produce various compoundse.g. ylides*1.
Theseylidesusually exist asamixtureof thetwo
geometrical isomers, athough someylidesexhibit one
geometrical isomer. Assignment of the stability of the
two Z- and E- isomersisimpossible in phosphorus
ylides by experimental methods such as*H and $*C
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NMR and IR spectroscopy, mass spectrometry and
elementa analysisdata. For thisreason quantum me-
chanicd cdculation hasbeen performedinordertogain
abetter understanding of the most important geometri-
cal parametersand a so relative energies of both the
geometrical isomers.

RESULTSAND DISCUSSION

Theor eticalstudy

Recently, different reportshave been published on
the synthesisof stable phosphorusylidesfromthere-
action between tri phenyl phosphineand reactive acety-
lenic estersin the presence of N-H, C-H or S-H het-
erocyclic compounds. Theseylidesusually exist asa
mixture of thetwo geometrica isomers, athough some
ylides exhibit onegeometrical isomer. Assignment of
thestability of thetwo Z- and E- isomersisimpossible
in phosphorusylidesby experimental methodssuch as
H and *C NMR and IR spectroscopes, mass spec-
trometry and elemental analysisdata. For thisreason
quantum mechanica calculation hasbeen performedin
order to gain abetter understanding of the maost impor-
tant geometrical parametersand dsorelativeenergies
of boththe geometrical isomers.

Calculations

A facile synthesis of the reaction between
triphenyl phosphinel, dialkylacetyl endi carboxylates?
and benzotriazol €3 (asaNH- heterocyclic compound)
for generation of phosphorusylidesda-cinvolvingthe
two geometrical isomers such as Z- and E- isomers
havebeen earlier reported*®. Thereactionisshownin
Figure 1. For assignment of thetwo Zand Eisomersas
aminor or mgor formin phosphorusylides4a-c con-
taining abenzotriazole, first the Z- and the E- isomers
wereoptimizedfor dl ylidestructuresat HF/6-31G(d,p)
level of theory!*® by Gaussian98 package program,
Therdative stabilization energiesin both the geometri-
ca isomershavebeen cd culated at HF/6-31G(d,p) and
B3LYP/6-311++G** levels. Atoms in molecules
(AIM)®2Y, natural population analysis (NPA) methods
and CHelpG keywordat HF/6-31G(d,p) leve of theory
have been employed in order to gain abetter under-
standing of most geometrica parametersof boththe E-
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4(a, ¢) and the Z-4(a, c¢) of phosphorus ylides. The
numbersof critical pointsand intramol ecular hydrogen
bondsaswell asthe charge of atomsthat constructed
on the Z- and E- isomers have been recognized. The
resultsatogether reved theeffectivefactorson sability
of Z- and E- ylideisomers. Therdative stabilization
energiesfor thetwo [Z-4(a, ¢) andE-4(a, €)] isomers
(SeeFigures2 and 3) arereported inTABLE 1. Ascan
be seen, isomers E-4aand E-4c aremore stablethanZ-
4aand Z-4c (0.15 and 1.95 kcal/mol, respectively) at
B3LY P/6-311++G**|evel.
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Figurel: (i)Thereaction between triphenylphosphine 1,
dialkyl acetylenedicar boxylate 2 (2a or 2c) and benzotriazole3
for generation of stable phosphorusylides4 (4aor4c). (j)The
twoisomer sZ-4aand E-4a(minor and major, respectively) of

ylide4a.

TABLE 1: Therdativeener gy (kcal/mol) for thetwoZ and E
isomer sof ylides4a and 4c, obtained at HF/6-31G(d,p) and
B3LYP/6-311++G(d,p) levels.

Conformer HF B3LYP
Z-4a 1.00 0.15
E-4a 0.00 0.00
Z-4c 1.97 1.95
E-4c 0.00 0.00

Further investigation wasundertakenin order tode-
termine moreeffectivefactorson stability of thetwo Z-
and E- isomers, onthebasisof AIM cdculationsa HF
6-31G(d,p) level of theory by the AIM2000 program
package??. Inrecent years, AIM theory has often ap-
pliedintheanaysisof H-bonds. Inthistheory, thetopo-
logica propertiesof thedectron densty distribution are
derived fromthegradient vector field of thee ectron den-
sity Vp(r) and onthe Laplacian of the electron density
V2p(r). The Laplacian of thed ectron density, %p(r), iden-
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tifiesregionsof spacewhereintheelectronic chargeis
locally depleted [V2p(r) > 0] or built up [V?p(r) < 0](24,
Twointeractingatomsinamoleculeformacriticd point
inthedectrondensty, whereVp (r) =0, cdled thebond
critical point (BCP). Thevauesof thechargedensity
anditsLaplaciana these critical pointsgiveuseful infor-
mation regarding the strength of the H-bonds?2. The
ranges of p(r) and V?p(r) are 0.002 - 0.035 e/a* and
0.024—-0.139 e/a ’, respectively, if H-bonds exist'®.
TheAlM cdculationindicatesintramol ecular hydrogen
bond critical points (H-BCP) for thetwo Z-4(a, c) and
E-4(a, ¢) isomers.Intramolecular H-BCPsaongwitha
part of molecular graphsfor thetwo rotationa isomers
areshowninFgures. 2 and 3 (dotted line). Most impor-
tant geometrical parametersinvolving some H-bonds
(bondlengthand their relevant bond angle) arereported
inTABLE 2. The€electron densities (p)x10° Laplacian
of electron density V2p(r) x10% and energy density -
H(r) x10* are also reported in (TABLES 3and 4). A
negativetota energy dendity a the BCPreflectsadomi-
nanceof potential energy density, whichisthe conse-
quenceof accumulated stabilizing el ectronic charge??.
Herein, thenumber of hydrogen bondsin both catego-
ries(E-4aand Z-44) and (E-4c and Z-4c) are (7 and 6)
and also (13 and 9), respectively. Thevauesof p and
V2p(r) x10* for thosearein theranges (0.003—-0.016
and 0.002-0.015 e/a ’) and (0.003-0.017 and 0.002
—0.014 ¢/a ) and als0 (6.00—44.40 and 5.21 —42.41
€/g°) and (7.87 — 46.19 and 5.72 — 40.57 e/a ), re-
spectively. In addition, theHamiltonian[-H(r) x10%] are
in the ranges (6.60 — 16.80 and 5.58 — 15.85 au) and
(6.58—19.21 and 6.44 — 16.75 au), respectively (See
TABLES 3 and 4). These HBs show V?p(r) > 0 and
H(r) <0, which according to classification of Rozaset
a @ aremedium-strength hydrogen bonds. Inboth ylides
thedipole moment for thetwo E-4aand E-4cisomers
(5.95and 5.01D, respectively) aresmaller thanthetwo
Z-4aand Z-4cisomers (6.02 and 6.80 D, respectively)
andthevalueof -H_, (=2-H(r)x10") for thetwo E-4a
and E-4cisomers (79.43 and 166.05 au, respectively)
arelarger than thetwo Z-4aand Z-4c isomers (69.41
and 109.16 au, regpectively). Thesedifferences, contaning
afairly differencein number of hydrogen bonds, indi-
polemoment for ylideda(TABLE 5) andin—H, ,, dto-
gether, makeadight Sability of E-4ain comparisonwith
Z-4aisomer. Also, these parametersinylidedc makea
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favorableand considerablestability on E-4cin compari-
sonwith Z-4c. Also, thechargeon different aomswhich
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Figure?2: (i) Intramolecular hydrogen bonds(dotted lines) in
thetwo E-4aand Z-4a geometrical isomer sof stableylide4a,
(j) Part of molecular graphs, including intramolecular hy-
drogen bond critical points(BCPS) for thetwor otational iso-
merssuch as E-4a and Z-4a. Small red spheres, and lines
correspondingto BCPSbond paths, respectively

Z-4¢

Figure3: (i) Intramolecular hydrogen bonds(dotted lines) in
thetwo E-4cand Z-4cgeometrical isomer sof stableylide4c,
(j) Part of molecular graphs, including intramolecular hy-
drogen bond critical points(BCPS) for thetworotational iso-
mers such as E-4cand Z-4c.Small red spheres, and lines
correspondingto BCPSbond paths, respectively.
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are caculated by AIM and NPA methods and aso
CHéelpG keyword at HF/6-31G(d,p) level arereported
inTABLE 6for thetwo Z- and E- isomersof ylides4a
and4c. Thereisgood agreement between theresultsin

TABLE 2 : Most important geometrical parameters
correspondingtoH-bonds (bond lengthsand their relevant
angles) for thetwo Z and E isomersin both ylides4a and 4c.
Bond lengths in Angstroms and bond angles in degrees,
respectively

E-4a Z-4a E-4c Z-4c

CioHis..0say 2.407(121.02)° 2.51(101.10) 2.42(104.44) 2.81(105.45)

CiHa....Cu 2.60(122.62) 2.56(117.97) 2.54(117.67) 2.65(116.56)

CuHps....0s5;  3.15(124.05) 3.48(124.89)

CaHss....Cao 2.66(107.23) 2.45(111.18)

2 bond length; ® bond angle; * Isrelevant to theZ isomer

TABLE 3: Thevalues of a=p(r) x10°% b=V?px10°and c=-
H(r) x10*for thetwo Z-4aand E-4aisomer sof ylideda calcu-
lated at thehydrogen bond critical points. All quantitiesare
in atomic units.

E a b c Z a b -C

1 0329 06.00 0660 1 0823 1010 07.35
2 1177 4440 1052 2 09.84 29.14 10.35
3 0814 2914 0708 3 0212 0521 0558
4 0874 1049 0873 4 0901 3102 1512
5 1562 4198 1680 5 1574 4241 1516
6 1454 4243 1552 6 1029 3328 15.85
7 1332 3712 14.18

TABLE 4: Thevaluesof a=p(r) x10°% b=V?px10° and c=
H(r) x10* for the two Z-4cand E-4cisomers of
ylidedccalculated at the hydrogen bond critical points. All
guantitiesarein atomicunits.

E a b c Z a b -C

1 0424 1414 0745 1 0810 1721 0854
2 1025 4254 1441 2 0928 30.24 1235
3 0442 1512 0943 3 07.77 11.04 10.01
4 0914 1912 1003 4 02.89 0572 06.44
5 1112 3865 1502 5 1111 37.00 1454
6 1081 3321 1414 6 1214 4057 13.03
7 1756 4619 1921 7 13.15 39.29 1547
8 1314 3412 1603 8 10.80 4020 12.03
9 1355 3829 1458 9 1457 3855 16.75
10 03.99 07.87 06.58

11 04.85 1399 09.88

12 1299 30.87 13.58

13 16.85 3899 1571
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threemethods.

Accordingtothetheoreticd cdculationsingasphase
(TABLE 1), isomersE-4aand Z-4ahavealittlediffer-
enceingability (0.15kcd/mol), and differencein sabil-
ity of two isomers E-4c and Z-4cisfairly high (1.97
kca/moal). Thisresultiscompletely consistent with the
obtained resultsonthe basisof AIM calculation for de-
termination of themost geometrica parameters. In syn-
thesisof ylids4aand 4¢i*8, the*H, 1*C, *PNMR data
demonstrate more production of E-4a(52%) and E-4c
(100%) asamajor isomers. Theseresultsare compat-
iblewiththoseobtainedintheoretica caculaions.
TABLE 5: Themost important geometrical parameter sin-
volvingthevalueof -H _/au, dipolemoment/D and thenumber

of hydrogen bondsfor thetwo Z- and E- isomer sof ylides4a
and 4c.

Gepmetrical Hyglau Dipole number of
isomer moment/D  hydrogen bond
E-4a 79.43 5.95 7
Z-4a 69.41 6.02 6
E-4c 166.05 5.01 13
Z-4c 109.16 6.80 9

TABLE 6: Thechargeson different atomsfor thetwoZ and E
isomersin both ylides4a and 4c, calculated at HF/6-31G(d,p)
theoretical level.

Number

Z-4a E-4a Z-4c E-4c
of atom
c1 -0.68%-0.37)° -0.66(-0.49) -0.65(-0.29) -0.66(-0.48)
(-0.89)° (-0.87) (-0.85) (-0.85)
c2 1.76(0.93) 1.77(0.93) 1.74(0.88) 1.75(0.91)
(0.94) (0.93) (0.94) (0.93)
c7 0.29(0.06) 0.26(0.08) 0.27(0.15) 0.30(0.12)
(-0.48) (-0.49) (-0.48) (-0.49)
05 -1.32(-0.62) -1.38(-0.68) -1.36(-0.60) -1.37(-0.69)
(-0.75) (-0.79) (-0.77) (-0.79)
o6  "133(-051) -131(-0.48) -134(-0.55) -1.30(-0.52)
(-0.67) (-0.69) (-0.68) (-0.69)
P11 3.20(0.11) 3.20(0.12) 3.22(0.10) 3.21(0.11)
(1.86) (1.85) (1.84) (1.85)

aCalculated by AIM method.; ® Calculated by CHelpG K eyword.;
¢ Calculated by NPA method.

CONCLUSION

Theassignment of the Z- and E- isomersasami-
> Hnalytical CHEMISTRY
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nor or major formin both the ylides 4a and 4c were
undertaken by AIM and NPA methods and also
CHélpG keyword. Quantum mechanical caculations
show that ylidedaexistsin two different forms (E-4a
and Z-4a) with different va uesin solutionbut, inylide4c,
with presence of bulky akyl groups (di-tert-butyl in-
stead of dimethyl groups), much differenceinstability of
E-4c and Z-4carisesand bulky akyl groups preventthe
conversion of E-4cto Z-4c. So, leadingto theforma:
tion of high efficient product in singleisomer form (E-
4c). Theseresultsarein agreement with those obtained
insynthesisof theylides4aand 4c.
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