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Nitrobonzanas aro a WO1l known clasa of atablo organic
compounds.Nitro-mym-triazinom arm not known, althoughothor
●bstitutod triazinas ars very wall known. TO invastigato
tha what proparti@s tho nitrotriazinosmight hav~, should
they bo ●ynthasizmd, w. p,rformod mol*oular orbital
caloulationm for nitrotriazina (NTZ), dinitrotriazino
(DNTZ), and trinitrotriazinm (TNTZ). Nitrobanzon@s with
analogous nitro group substitution wara also studied to
provldc a chock on tha calculations. In particular,
nitrobanzano (NB), 1,3-dinitrob@nzeno (DNB), and 1,3,5-
trinitrobsnzono(TNB)wara istudiod.

Mol@cularorbital aalculaticnm●mployingtho 3-21G basia act
war. parformcd with tho Guusmian 82 program. Goomstrical
paramatsrswora optimizodwithin tha stated point group to
obtain final ●ar ias.

‘1
Furthar calculation wsra almo

pcfonnad to dotarm no if twisting tha nitro groups out of
ths plans rasultad in highsr●ncrglos.For tha nitrobcnzcnom
studlad, non-planar g@omatri@s wars highar in ●norgy than
planar onas. For tha nitrotriasinas,a non-planarqaomotry
was highar In ●nmrgy for nitrotriazlno,but dinltrotriazino
and trinitrotriazina profar non-planar struotura-.
Deviations from

f
lanarity havo llttla ●ffaat upon tho

oalaulatad ●narg cm of .lth@r the nitrobanzanas or
nitrotriazinas~tharafora,it would not ba too surprisingif
thaa~ aompoundm turn out to ba non-planar in crystals, duo
to pauking foraas.Additionally,our aaloulations,whiah aro
basad upon planar medals, ●ra adaquat, for tho purpoao at
hand.

Tharmodynamiooalaulationsto obtain haats of fommtion ●t
25 C wara parformd by dariving ●nwgy inaramantm for tho
Ca -H, Nar, ●nd Cm -N02 groups. The ●argy inarammt for tha
C-figroup was obtakd ●s 1/6 tha aaloulatadtotal ●argy of
banxcnc plum it- haat of formation ●t 2S C. Naxt, knowinq
tho Car-?! Inoramant, tho N ●nd C-NO

i
znoramants war.

obtainad from tha oalaulatad~otal ●norqi ● of pyrldina and
nitrobanaana, r~mpaotivaly. Thasa oompounds wua ohosan
booauso roliabla tharmodynamiadata la availabl~ for th,m.
Aa a roault, our aalaulationa●xaatly raprodua~ tho obs-nad
data for tha rafarwm aompounds. Tha final ●narqy
inaramwits obtainad●r~ shown in Tabla 1.

Elaotron distributions ●nd ●tom-aontmod Znultipolo
wpanmiona wara oalaulatad ufiinq tha programs RHO ●nd
RHODERt Thma programs •ssi~n aharga to ●toms in a molooulo
●ooordin~ to Hlrshfaldts Stoakholdar racipa~ This mthod
daponds on tho oonstruetion of ● promol@aulo,whioh is tho
wpmposition of ● hariaally●vcraqod ●tom danritiaa,Chargo

Ri- ●asiqnad in t ● sam~ proportion to ::: ●tom in th.
mol~oulc ●s it donatofi ahar~m to promolaauls.



Additionally, dansity dafonnation maps aro fonneld by
●btraating tho promoloculo’s●lactron density from that of
tho EI01CU19.

Tabla II shows the calculated heats of formation of th~
nitrobonzanosand nitrotriazinos.Calculatedtotal ●nsrgias,
HOMOand LUMO●mrgiam, and dipola raomontsaro shown in
Tabla III. It should ba notad that tha ●xparimantaldipola
momnt of nltrobanzonohas boon d~torminsd to b, 4.0 D,
●uggacting that th, calculationsovarmtimat. th, ●loctron
withdrawingabilityof tho nitro group.

~ andz Th@ aalaulatod haats of formation of tho
nitrotriazinos show vary difforcnt

bahavior. Whila tho haats for formation of tha banzonas
ohanga only slightly with inaraasing nitro group
wbmtitution, tho triazinas show a larga inaroana in thg
haat of formationwith tho substitutionof ●ach nitro group,
Inda6d tha first nitro group in banzana lowors tha hsat of
formation from that in banzanc, whila subsquant
●-fistitutionraisam the h~a% of formationby 1 and 5 kaal,
Substitutionof nitro groups raises tha haat of formationof
triazino by 11.1, 16.7, and 21.6 kual. Thcso rasu!.tsshow
that substitution of a nitro group in triazina ia
thcrmodynamioallydestabilizingralatlva to tho substitution
of a nitro group in banzano.

%%’!&triazin.. ●r. shown in Figur.. 1-6 whil.
i The aaloulatad struoturas for tho nitrob~nzanas

aaloulatad●tmaturas for banaana,pyridino and tria’zinaarc
shown in Figuras 7, 8 and 9.

Comparing tha nitro groups in tha oorapounds,it Is found
that t.hanitro group ~aomatry ramainsnaar::rm:tant in tha
triasino ●miam ●nd in tha bansana Comparing
tria8inar ●nd bontanas, It ifiaonaiatontlyfound that tho C-
N bond is lonqm ●nd the N-O bonds ●hortsr in tha triazinos
than in tht bmww’m. Thaoo rasults ara aonmiatantwith tha
groat~r contributionin tha bsnxonas of oharga-b~arinqnitro
group rosonano~struotur~s.

Tha ring gaom~tria- oan not bo understood in tams of tha
contribution of aharqa-baaring nitro group r~aonanoa
●truotur~m. 6uoh ●truaturas plaoo positiva ohargw on tha
ortho ●nd para poaitiona and doubla bonds botw~cn tha mata
●nd ●ithar tho para or ortho positionlas illuntrat@dbalowt
Rathar, thoaa stnoturaa warn batt@r ●%plainod b tha sigma

Iwithdrawing●bility or induativ~●ffaat of tha n tro group,
?This roaul s, in nitrob@n8anafor cxamplo, in bond langths

that ●ro ●hortost noarast tho nitro qroupa ●nd that boaomc
lon~ar with inormmlng dhtanoo from th~ nitro group.



Likgwiso,in nitrotriazinatho ●hortoat ring bond is naarast
tho nitro group, whilo th~ ramainingbonds arc longsr. Here
tho ●ffmt is not apparmt beyond tho adjacantbond.

~: Calculated Hirshfald charges aro
shown in Tabla Iv for tho nitrobonzanoaand in Tablo V for
tho nitrotriazinos.In g~n-ral, th~~o charg~~ illumtrat@

that tha n~itrogroup is strongly gl-atron w~thdra~~ng,

Increasing group zubmtitution, whila withdrawing
groatar amounts of chargo from thm ring, ramults in laasor
●l@Gtron populations in ●ach individual nitro group. Tho
ipso position is always most ●lactron daficiant, showing
that sigma withdrawal dominatas at this position ovor pi
rosonanca ,ffeats, which would placa a nogativa charg~ on
tha ipso carbon.

Chargam at ths para pemltion ara conaistant with tho
oporationof pi withdrawing●ffaats.Thu~, of tho thraa ring
positions, ths para position IR most ●l~ctron poor, tha
ortho is lass SO, whils tho mmta pogition is least ●loatron
dafiaiont. It is somawhat unusual that the ort~o position
should b, lCSS claatron dofiaisnt that tha para position,
baaausa both sigma and pi withdrawing●ff@ats arm .xp@atad
to ba strongarat tha ortho position.

Figura 10-13 show densityd~formationmaps and ●laatrostatic
potentialsaaluulatcdfor tha nitrotriazinasand Figuraa 14-
17 show ●imllar rasults for nitrobmzcncs. Tha dansity
deformation map- show praaisaly what chanqas in ●loctron
dcnslt

1
ocaur to produaa tha indicated ●laatrostatic

potont al. Thun, the atom-cantorad xnultipola●xpanaiona
dasoriba how tha molacula diffars from a supposition of
sphorioal noutzal ●tomsl IQ, th~ promolaoula. Boaausc tho
●lautrostatiapotantial is zaro outsida a spharioalneutral
aharga distribution, if it IS ●ssumed that van dar Waala
spharos ●noloaa all tha ●leatrondansit of tha promolaotii~,

xthan It follows that tha ●laotrostat o potantial of tha
promolaoula is xaro ●t distanoas grsatar than a van dor
Waa18 radius. (Aotually,van dor Waals ●phmas ●rc found to
●alomo only about 99,5# of tha promolaeula’s●l~ctronic
ohar~a.)

Tho ●l@at&o~tatiO potmtialm show that inaraasinq nitro
group ham tha ●ffaat of ma)cln~th~ ●loatrostatio●ssoaiatad
with th~ pi ●yatam mush more positivo. In tha triazinc
●ariam, th~ ●loatromtatio potantial qo,s from ● maximum
valua of about 35 kaal in triatiinato graatar than 70 kaal
in trinitrotriasinaoA similar trmd is found in tha
banawmm, wharo ● ncgatlvs potantial●ssooiat~dwith tha i

!●ystm in bannon~ im ohwi~od to ● +40 koal potmtlal n
trlnitrobaneana.



Tho nitrotriazinomand nitrobonzanasaro found to diffar in
●avaral important rospacts. Tha thermodynamic ●ffact Of

nitro group substitution dj ffors significantly,
daztabilizinq tha triazino rolativo to tha bmzons, Tha
calculatedatructuraasuggestthat thg pi withdrawing●ffact
of tho nitro group is not the dominant factor in d~termining

1!
●omatries.Tho sigma withdrawingability of tho nitro group
s quit. strong and provicl~ma bettor rationalizaitonof tha
oaloulatod gaomatrios. Novortholoss, tha pi withdrawing
●ffaat is found to rationallza ●om. of tho calculated
ahargmm.Takan tofpthor tha sigma and pi withdrawingnatura
of tho nitro group rssults in largo changas in tha
●loctrostatio potentials of tha triazinos. Tha larga
positivo changas in tha potentials asaociat~d with the pi
aystcm suggest that nitro group substitutionmakas the pi
s Stain
Y

moro raaetiva toward nuclaophilos. IndaSd,
M ●smhoimor oomploxosof nitro bonzanas aro well known. Tha
graator magnitudo of tho potentialsassociatociwith tha pi
●ystcm of tho triazinos suggests that tha trlazlnas would
likely ba mora raaativo toward nucl~ophiloa than
nitrobanzanos.

A final aonaidaration involv.a tha stability of th~
nitrotriazinas.It has boon proposad that nitre aromatics
●nd hatoroaromatiosaan undarqodaaomposltionvld th- nitro-
nitrita rcarrangamant. Tho rasults of our oalaulationschow
tha triazlno N to b. a stronqcr●laatron withdrawc than a
C-H fragmnt. Thus tha nitro-nitrltarcarrang~mantwould bc
●paatad to prooaad mora quiakly for tha nitrotriazinos than
f5r tha nitrobonzmaa. Contributions from rosonanca
atruotuxws suah ●s that below would halp stabilize th~
transitionstatao

Nitrotriazin@saro thannodynamioallydastabilizadby nitro
froups. Comparad with nitrobonzanastha nitrotriazinosars
●xpaatad to ba 19s8 stabla thormodynamieally, mor9
●saaptibla to th~ nitro-nitrite raarrangamcnt,and mora
maativa toward nualaophilom.



Tabla IV. CalculatedHirahfoldchargea for nitrobanzanos.
..----.-”-------------------...-----.--.-”-----”----------
Po=ition Banzarm NB DNB TNB
-------------------------------.--..-.-----------”-------
cl -.0491 .0112 .0177 .0241
c~ -.0491 -.0290 -,0136 ,0090
C3 -.0491 -.0395 .0177 .0241
C4 -.0491 -.0186 -.0028 .0090
c~ -.0491 -.0395 -.0298 .0241
c~ -.0491 -.0290 -.0028 .0090
HI .0491
H2 .0491 .0648 ,0768 .0849
H3 ●0491 .0594
H4 .0491 .0615 .0746 .0849
H5 .0491 .0594 .0689‘,,.,
He .0491 .0648 ,0746 0849
N .3000 *3013 :3024
0 -.2328 -.2240 -.2103
01 -.2328 -.2180 -.2103
--------------------------- 0-------------------------- -0

Table V. CaloulatodHirshfaldohargos for nitrotriazims.
------------------ -----a--- -...---.-------.---0------- ---
Position s-Triazino NTz DNTZ TNTZ
-0-----0-----00-------- --.!---------.0.0-----0----0.--.--0
NL ‘.2016 -.1747 -.1530 -.1340
C2 .1247 ● 1840 .1988 .2129
N3 -.2016 -41747 -.1532 -.1340
cd .1247 .1466 .1988 .2129
N5 -.2016 -.1770 -,1530 “.1340
c~ .1247 .1466 .1673 .2129
H2 .0770
Hd .0770 .0909
H6 .0770 ● 0909 .1034
N .2888 .2907 .2924
0 -,2107 -.2016 -.lb56
0! -.2107 -.1935 -,18S6
---9-..99-999-0-9---------.--------00--0-0-0---0--9--- 0-..
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Figura Captions

Figur~ 10. Densitydeformationma ● (laft)and ●lactrostatic
rpotentials (right) for ●yn-triaz no in tha molecular plans

(upper) and in tho porpondicular s~otry plan- ( lowar) .
Atoms in tho illustratedplans arm Lndicatod with a dark
oirola. Atom projaotad Into tha illumtratad piano arm
indiaatodwith a +. Positivavaluom arc raprasonhadby tho
solid uontourm, nagativa valuas ara roprasantsdby dash-d
aountourm, and zaro as a valuas is rmprosantad by tho
combinationdot-dot-da-huontour.Regions within .2 A of tho
atoms in tha DDM’s is blankad to highlight tho atom
posit.tonm.Ragions within a van dor Waals radius of an atom
ara blanked in tha ●laatrostaticpotontialmaps bacau-a the
atom-centaradmultipolo●xpansionmaro invalidthart.

Figur@ 11, Danaity dafmmtion maps (loft)and ●loxtrostatla
pot~ntials (right)for nitrotr~azinoin tho molaoularplan.
(uppar)and in tho perpendicularsynumtrypiano (lowor). Sao
Figura 10 for dataila.

Fiquro 12. Densitydofomation maps (loft)and ●loxtrostatis
potentials (right) far dinitrotriazlne in tha molaoular
~;:::=l(uppor) and in tho porpondieular s~atry plan.

* Saa Figura 10 for datails.

Figuro 13. Dan#lty deformationmapa (loft)and ●laxtrostatia
potantlals (right) for :rinitrotriazina in thk molaoular
~;:~r)(uppor) and in tho p~rpendioular symmtry plana

8 Saa Figura 10 for dokails.

Figura 14. Dansity deformationmaps (l@ft)and ●laxtrostatia
potentials (right) for bonzana in tho molooular plana
(uppar)and In tha parpondieularsym.motryplans (lowar).Soa
Figuro 10 for datalls.

Fig’Ur@15. Dansity deformationmaps (laft)and ●laxtrostatica
potentials (right) for nitrobanzons in tho malmular plan-
(uppm) and in th~ parpondioularsyamatryplana (low@r).Soa
Fiqura 10 for datail-.

Figuro 16. Dansity deformationmap- (laft)and ●laxtroatatio
potentials (riqht) for 1,3-dinitrobmzma in tho molooular
plain (uppar) and in tha p~rpandlaular symmtry plana
(low@r).Saa ?iqura 10 for d~taila.

Figuro 17 Dmmity dafomatien maps (laft)and ●laxtroatatio
potmtials (right) for 1,3,5-trhitrobansana In tha
molmular plan. (up ●r) and in tha pmpandioular spmatry

1plan- (low@r). Sao F gur~ 10 for d-tails,
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