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ABSTRACT

The technique of supersonic molecular jet laser spectroscopy
was used to determine the stable conformations of a series of
alkylbenzenes.  This study demonstrates, for the first time., the
sensitivity of molecular jet spectroscopy in determining both the
number of stable conformations as well as the geometry of various
ethyl, propyl, and butyl substituents relative to the aromatic ring.
Different rotamers with low barriers to interconversion, >5 kcal/mol.
can be isolated in the supersonic jet expansion. Each observed
conformation exhibits its own spectroscopic origin (S} « Sp
transition) in a two-color time-of-flight mass spectrum (TOFMS). The
number of stable conformations is then used to Jetermine the
minimum energy geometries of the substituent group. Previous
identification of individual molecular conformations for such low
barriers to interconversion has not been attainable with conventional

techniques such as variable-temperature NMR.
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Abstract: The technique of ~upersonic molecular et laser spectroscopy was used to determine the stable conformations of
a series of alkylb This study d trates ior the first tme. the sensitvity of maolecular jet specii dswwps i ueici MuLING
poth the number of stable conlormations as well as the geometry of various ethyl. propyl, and butyl substituents relative to
the aromatc ring  Dafferent rutumers with low barriers 10 interconversion, <5 kcal/mol. can be 1solated in the supersomic
jet expansion. Each observed contormation exhibits its Own spectroscopic origin (S, «— Sy transition) in a two~cotor time-of-flight
mass spectrum (TOFMS)  The numoer ot stabie conlormations 1s then used to determine the minimum energy geometries
of the substituent group. Previous dentification of individual motecular conformations for such low barriers o (nterconversion
has not been atlainable witn cunsentiond: techmigues Such as varnable-temperature NMR

Molecular conformation and its reiationship to the chemical
and physical properties of organic moiecuies have proven (o be
worthy of the intense effort expended since the pioneering work
of D. H. R. Barton in the early 1950y ©  Nonetheless. the ex-
perimental determination of the conformational preferences of
many fundamentally important subsutuents 1s sull lacking.’ This
void 1s paruicularly prominent for substituents which have free
energy barriers to conformational inierconversion of less than ¢a.
$ kcal moi™ (1750 em™). outside the range of vanable-temperature
N MR spectroscopy. In cases for which the individual confor-
mations have not been “frozen out” and identified using the NMR
tecnmigue. theoretical calcuiations have been of consideraole value
in facilitating conformational analysis and geomeiry assignments.*

Recently. we communicated the results of our imitial studies
using supersonic molecular jet laser spectroscopy as a novel tool
for conformationai analysis.** This techmque has aliowed us
to assign unequivocaily the minimum energy geometries of aro-
ma:ic ethyl and propyl substituents ® und 1o determine the ex-
perimental values for torsional potentiai barriers in Sq and S. for
aromatic methyl groups.® The jet spectroscopic technique allows
the probing of both ground-state and eiectronically excited-state
f -atures of jet-cooled molecuies.

The expansion process results in gas-phase molecules at near
absolute zero temperature.’ Hence. ground-state energy mimma
can be 1solated and studied. even when very low barriers 10 in-
terconversion are present. Each stable contormation corresponding
to a potential energy mintmum generates. 4t ieast in principle.
115 OWN SPECLroscopic 03 transition. and converseiv. each 03 tran-
sition 15 associated with a specific stable ground-state conformation
By examiming the spectra of specifically substituted aikvibenzenes.
ane can “count” the number of stabie ground-state conformations.
Molecular geometry and conformauon can be assigned from a
knowledge of the number of ground.-siate energy mimima a
molecule possesses.

Alkylbenzenes can be divided into three categories with regard
to substitution patterns: the aromauc ring can be bonded 10 a
primary. secondary. or tertiary alkvi carbon atom (¢f. Table [ for
the substituents examined herein) [n this work. we are pnmarly
interested in two conformational features first. the onientation
of the aromatic ring relative to the alkyl side chain, described by
the torsion angle r, (cf. Figure 1) (this 1s equivaient to defining
the position of C, reiative to the plane of the benzene ring); and.
second. the orientation of C, reiative to C ,,, (this 1s described
by the torsion angle r;). Examination of molecular models and
simple symmetry arguments indicate three conformational types
for r.. as indicated in Figure t planar. for which a C,-C, bond
1510 the plane of the aromatic ring: perpendicular. for which a
C,-C4 bond s perpendicuiar t0 the plane of the aromatic ring:
and gauche. for which 0° < 7 (C ) -C ppe~C,~Cy) < 90°

In this report, the two-color time-of-flight mass spectra
ITOFMS)'™ and dispersed emission (DE) spectra of several
alkyl-substituted benzenes (cf. Tabie I) are presented and analvzed
in terms of the individuai ground-state conformations of these
nonngid molecules *'® 1n parucular. we consider the fallowsng

FNT 2
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FIG 1 (006.25-36}
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TXT03

PAR1S

SENO? 3 issues. (3) Will supersonic molecuiar et spectroscopy aiiow the

observation of different conformauons of more compiex alkyl-

SENI? .*  benzenes within the propyi and butyl series’ (b) Do compiex alkyl
o substituents of the type ArCH,R (R = alkvl} have r. = 90°
SENIS i3 (perpendicular conformauon, Figure 1) (<) Can mummum energy
SENI8 s conformations of ArCHR'R? and ArCR'R*R’ be observed? (d)
3 In addition to observing different conformations. wiil this technique
12 provide an experimental determination of their geometries?
TXTos
SENO3 :  Results and Discussion
PARIS
SENO3 A. Results of Previous Jet Studies. The barrier 1o internal
SENO9 o rotation of the methyl group 1n toluene :s extremeiy small due.
SENIZ 1 n part, to the barrier's sixfold symmetry  Hence. assighment of
¢ a stable conformauonal form for this molecule 1s not meaning-
SENIS 14 ful%'3'4 Our observation of two 03 transiuions in the TOFMS
iv for both 1.3-diethylbenzene and 1.4-dietnsIbenzene tcorresponding
= 1o the syn and ant conformations) und 2 wingie U% transition for
29 ecthyibenzene establishes that the perpenaicutar coniormation (a
AGID JA2Bl6a (013.13-16)
16 of the aromatic ethyl group in these compounds 15 present in the
i globai energy minimum.?
PAR2t
SEND) For propyibenzene. supersonic molecular it spectroscopy has
s shown that the propyl moiety exists (n Lwo slable, observable
.9 conformations with respect 1o the aromatic ring: an anti 2 and
AGID !A2B16b .003.29-30) Fq
SENGe 31 a gauche 3 conformation.” Importantly. these results are consistent
= only with a perpendicular orientauion of the first torsion for both
8 of these conformations. 1.€.. 7{Conpo=C,pes=Ca=Cy) = 90° as il-
SEN®9 6 lustrated by Ib for both 2 and 3. [Beneath the structures 2 and
= 3are the relatve values of the MOM M-caiculated'* stenc energies
SENiz :* (SE) for these rotamers. The SE values are indictive of the relative
SENIS ;0 stabilities of these conformdtions. Relative SEs are shown below
*  the structures for some of the other conformations discussed in
1 T.
PARZe this paper.]
SENOY B. Compounds Containing an Aryl to a Primary Alkyl Bond
sENo? 11 (ArCH;R). To probe the extent of the apphicability of this su-
¢ personic jet technique for the structure determination of more
0 compiex molecules, we first studied a series of compounds con-
SENI2 29 taining the Ar~CH,R substructure. i-Ethyl-4-propylbenzene (4)
AGID JA2Blsc 1012.3- 4 TR
¢ 15 annteresting combination of a molecule containing both the
SEN1s 14 ethyl and propyl substituent. Extrapoiating from the results
o obtained for the ethyibenzenes and propvibenzenes cited above.
4 l-ethyl-d-propylbenzene would have. in principle. four origins: a
13 syn-anti $8. a syn-gauche Sb. and the corresponding anti-ant
11 6a and anti-gauche 6b (the first descriptor specifying the relative
42 disposition of the two substituents with respect to each other. the
¢3  second descriptor specifying the conformation of the propyl
SENIS &) substituent relative to the aromatic ring)  As shown in Figure
o 2. four ongin transiions are observed in the TOFMS of 4. one
18 each for the four energy minima 1at 37369 |. 37372.7 and
SEN2! 28 }7496.7.37497.3 ¢cm™). Given the above structural logic and
8 the TOFMS of the ethyl- and propyibenzenes. the third doublet
18 atca. 37548 cm™' then must be assigned as a torsionai motion
PAR? 30 of the propyl substituent group in accord with previous work.**
SENO) The TOFMS for the 03 region of the S, = S, transition 1n
SENms 15 isobutylbenzene (7) is presented in Figure 3 The spectrum
AGID JA2BI6d (003.21-22) m
SENG 4 displays a single intense ongin at 35178 cm™  Two weak
4 features, assigned as 1s0butvl torsions. occur at 37551.4 and
SEN1Z 1) 37559.6 cm™  Comparison of this spectrum to that of propyl-
9 benzene™' is of value since the TOFMS of propylbenzene clearly
19 displays two origins. corresponding to conformations 2 (anti) and
SENIS 1 3 (gauche). Addition of a methyi group to the 3§ position of the
SENIS 1) propyl chain results in an isobutyl group The two possible
s conformauions for 1sobutyibenzene. analogous to 2 and 3. are 8a
i1t and 9.
PAR0
SENO) Which of the two conformations 8a or 9a corresponds 1o the
3 mimmum energy conformation of 1sobutvibenzene can be de
A ——

ENT 1214
FIG 2 (018, 6- 7
FIG 3 1003.16-17)
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TXTo6
PAR3O
¢ terrmined experimentaily from examination ot the TOFMS ot
SENOs s i-isobutvi-3-methyibenzene (10} Because of the svmmetnicaliy
~  subsiituted aromauc ring, the TOFMS for 10 wouid contain two
« origins tf 8d and 8e were the mimimum energy conformations,
SENG9 o conformation 9d (=9¢) would show only a single ongin. The
1 spectrum displavea in Figure 4 evidences two ongins, 4t 36963 1 FIG 4 (009, ~- %)
+and 37023.0 cmt (with 1e = e ring methyvi torsions oceurring
14 ~3cm™ to lower energy of each onigin® 1 o that 8d and Be must
SEN1: 1w be the mimmum energy conformers This conclusion s supported
» by our MOMM caiculations, in whicn 8a 15 found to be more
s stable than 9a by ca. 0.7 kcal mol’ u» judged by steric energies,
SEN:Y Statistical weights also favor 8s over 98 These results reflect
SENis ¢ the greater stabdity of anu confornutions relative 1o gauche
s+ contformations in 1s0butvibenzenes. u rerationsnip diso vbserved
ana caicuiated for the cases of propvibenrene und related mole-
SEN2: v cules. Just as in the cases of prupsvibenzene und 3-metnyl-i-
. propyvibenzene. the number of cunturmutivns voscried tor 150-
- outvibenzene and 3-methvlisobuts benzene amo dictate that »,-

31 1 Chnmo-Cime=Ca~Cy) = 90° for the suduths subsutuent * ENT Is
PaR33
SEAD The TOFMS of 1-is0butvl-2-metnvibensene (11 i Figure $) FIG 2 1003. §- 9)
SEN0s  + vontains two origins at 370360 ung 1T T v um These pre-
SENOS ¢ sumably correspond to 8b and 8¢\~ contormation 9 1s not a
» sgmificantly populated energy mimmum 'or cither »obutyibenzene
o f-sobutyi-3-methvibenzene. tne voservunun ot two ortgins for
: -15odulyl-2-methyihenzene 15 Turiner support 1or contormations
:» 8b and Bc for these 1sobutyibenzences
PAR3S
SENC) The TOFMS of neopentvibensene (12} -~ shuown in Figure 6 FIG 6 1003. 6- "
AGID JA2Bl6e (003.11-12) /14
SENOe A singie origin 1s observed at 37 £33 6. ¢m © The observation of
SENOS ¢ 3 single ongin s consistent with the lindings for propyibenzene
SEN.: ¢ and theisobutvibenzenes discussed above. s in the case for other
» compounds containing an arvi to g pamary alkyl bond. v .-
SEN ¢ 0 0 C g ~CloggComCyr = 90° for neupentyibenzene © As riustrated
+ 123, only a single staggered contormation 1s possible about ..
SEN .5 These results are confirmed by MOMM caicuiations which 1n-
1 dicate that the mimimum energy contormation of 12 has a stag-
¢ gered arrangement about the C -C, bond (r:) and has r.-
B - = c3. 90°
AR Conno=Cipgo~Ca~Cy) = ca. N
SENOY The TOFMS for the 02 region ui the S = S, transition of
SEnoe ¢ butylbenzene t13) 1s presented in Frgure © The spectrum contains FIG 7 (003.16=1"1

AGID JA2BI6f 1003.21-22 f)q

¢ onecntense ongin, at 37 381 5 cm . with what appears o be a
SEN0e T weaker ongin to lower energy. at 2T STx O0em  This latter peak
« s unitkely 10 be due to a methsi rotur transition 1or a methyl group
SEn:: v ~o far removed from the chromophore ** A\ variety of confor-
© mations. buiit on the anti and eauche contormations of propyi-
SEN.« 4 benzene, can be imagined for bulvibenzene {f the intense ongin
« feature at 375818 cm™ 15 indeed duc v 4 single molecular
- conformation, 1t 1s most hikelv ussociated with the extended
s conformation ldas (Table !, (nvolving the \taggered. ali-anu TBL 1 (0158.29-30
séxis w form of the butyl group. This contormer imvoives the least amount
v of steric interference, according 10 our MOMM caiculations. b'¢
SEND The assignment is consistent with our previous observations that
SENIe the anti conformer 1s energetically favored over the gauche. The
: less intense orgin at 37578.0 cm 1 oniy 3 8 cm’' lower 1n energy
s€n:t o than the ongin for 14aa. In propvibenzene. the gauche and anu
SEN 1 conformer origins are separated by 49 2 cm - ¢ This range of
©  separaucn would also be expected between onigins delonging 10
+ conformations of butvibenzene based un (he gauche and anu
SEN3Y 13 conformations of propylbenzene The observed separation of 3.8
* cm™n Figure 6 impiies that the second ongin (at 37578.0ecm™}
SENJs < s probabiy due to a conformation such as 14ag  The rerminal
s methyl group of the butvl chain 1s far enough from the r-system
» of the ring so that the effect of 1ts orientation on the energy of
W the w==* transition should be relativeiv small. which 1s an ex-

pama2 40 pectation consistent with the observed spacing of 3.8 cm™
AR4

SENO) We cannot at present account for the failure 1o observe ad-
:  dional 0‘,} transitions corresponding to the two other conformations
i of butylbenzene (gauche, gauche 14gg and gauche/anu l4gn)
expected based on simpie conformational anaiysis concepts ot on
senos 37 our MOMM calculations (Table 1) Conformational preferences
+ for vanous alkyibenzenes. including butyibenzene. have recentiy
= been examined using CAMSEQ. MM, and molecuiar dynamics




UNITNO 321 wilie
Gai 4 JAIBI6OM 1ABBI035M Voo e
06
42
s methods. with particuiar attention oe:ny fraced or “loed”
» = conformanons.® The theoretical approacnes do nut arways ivad
3 1o the same stabitity ordering of the vurivus dussiole contorma-
2es s hons.** and more detatied experimentai ~tudies ure ndicated
4
-3 Previous papers from our jaboratory have addressed the pos-
o wibihts that local. but not global. stable muiecuiar conformations
e in nonrigid molecules or in van der W auais clusters cun be de-
«0¢ 3o populated through collssions in the molecuidr 1et expansion  in
1 moiecules or clusters for which shallow weths and smail barrers
1 to contormational changes exist. energetic cuilisions mav depop-
0 ulate iocal mimima in the potenual surtace 1n favor of the geeper,
N9 3 giobal ones. Thus, in certain “stencally hinacred™ compounds te.g .
«  Z-propvitoluene,” |.2-diethvibenzenc.® :na i 2-dimethoxy-
: benzene'*®). not all of the concervable lovuiis stabie vrientations
N o the nonngid moiety are equaliv poruiated  Thn unequut
4 distrioution of conformers in the final expunsion cquinbrium resuits
: o ineither ynequai Contormer sPECIroscuPI, 'NIEAMLILS, of 10 cxireme
Nitoi cases. the fadure 10 observe specilic  cranvitions  burther o
‘dence 10 suDstantiale the existence 0 s “aanctin CHCC(‘ "
oresented beiow
\R48
O3 c-Butsl-3-metnsibenzene 1 15) was cyamined witn the hooe that
2symmetric substitution would contirm tne antl anti vonlorma-
Noe - sonat assignment of the parent buivibensere sncctrum L alor-
09 tunJtely, N0 on signals courd be voserice Mo sutnibute thes
inding to enhanced moges of nonradiaine decas from > ol 18,
RSt ~ tnereoy rendering the TOFMS experiment untenapie in this case.
KN
£NO3 C. Compounds Containing an Arvl to a Secondary Alkvl Bond
ENO9 (ArCHR'R?). lsopropyibenzene 1161 v the prototype ol morecuies
AGID JAZBi6g (H09. 3~ 4
EN1Z . comamming an aryi-secondary aikyl bond Because the internal
rataton parrrer about the C,,2-C .3 bund vl 1sopropyibenzene
> iess than $ kcal mot'. " NMR studies have been unable 1o isolate
o andadenuly speaific 1sopropyl cunturmations tor sterically un-
'+ mndered molecuies.
PARS4
SENJY Figure 8 contains the TOFMS ol the U% region for the S. —
SENOs < Satransition of 1sopropylbenzene. The spectrum consists of a single
< sntense ongin at 37668 5 cm’ und 4 much weaker feature at
377100 cm™. the latter attributed 1o torsiunal motion of the
SEN09 v 1sopropyi group.t? (Table 11} illustrates the three possibie con-
SENi: » tormauons 17-19 of isopropylbenzenc 1161 The presence of a
» singie origin indicates that oniv une Lontormation of 1sopropyi-
SENIS 4 benzene s an energy minimum  Determination of which this is
© may.in principle. be made based un the number of 0 transitions
« in the TOFMS of appropriateiv substituted isopropyibenzene
>EN v 1~ denvauves. The simplest dervatines are 1-sopropyi-3-methyl-
~  benzene (20. Table l11) and I-ethvi- -iwopropvibenzene 121, Table
a i
PARS®
SENG) The TOFMS for 1-1s0propsi- -metnvibenzenc 1200, presented
+ 0 Figure 9. contains two originy  the doudiet 4t ca 37165 cm’!
SEN0e I and a less (ntense feature ut 1T isM 0 ¢m Meta-subsututed
toluenes have been observed in the past” ¥ to display a doublet
4 leature with a spacing of 2-4 ¢cm  tor the U} transition shown to
SENO® It be due to methyi rotor transitions  The reature at 37156.0 cm™*
©1s neither a hot band nor a methvi rotor 1nternal transition; its
9 relauve intensity 1s independent ot covling conditions and 1ts energy
SEN:I 29 15 100 low for the appropriate methyi rotor energetics The weak
« doublet feature centered at 37 191 ¥ ¢m 1< taken 10 be due 1o
~  torsionai motion of the tsopropyi group. as 1s suggestad for 150-
> propylbenzene. but also with the e = ie ring methyl ro-ational
SEN:s 17 transiion built on it. The presence vl 1wo urigins 1n the TOFMS
o of |sopropyl-3-methyvibenzene etiminates 18 twhich should
o generate oniy one onigin as an energy mimimum of the sopropyl
I >ubstituent but does not distinguish between 17 and 19 (Table
LR 11 }]
PARGO
SENO)Y Experimental determination uf the mimmum energy onentation
9 of the aromatic 1soprops | group comes irom consideration of the
sENoe 19 TOFMS of 1-ethvi-3.1sopropvibenzene (211 The substitution of
¢ anethylgroupic - >rmaton 18) at the metal ning position relative
‘e lothe sopropyl & .p generates many different possible molecular
SENd it conformers (Tabie 11[)  Conformation 18 has already been
SEnit  © eliminated as a possible energy minimum Isopropvl orientation
+ 17 gives rise o oniv two disunct 1-ethvi-Jasopropyibenzene
2 conformers. but all other 1sopropyi ofientations ie g.. 19) generate
sevis 11 four conformers. The spectrum of I+ethyi-J.1sopropylbenzene 1s
R

M

FNT 16

ENT 1700

FIG 3 1003, - 4,

TBL 111 (009. 3- 4)
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FIG 9 ¢003.10-1 1+
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presented in Figure 10 The spectrum dispiays oniy two intense
ongins at 37226 6 and 37264.8 ¢m” . and thus 7 must be the
mimmum energy cenformation of the 1sopropsyi group with respect
10 the ring. Substitution of the ethyl group 1n the meta position
then vields conformers 22 and 23. This conciusion agrees with

AGID JA2BI6h (021.16-17) m

our MOMM calculations and with the other hiterature data’
which likewise predict 17 to be the staoie conformation for iso-
propylbenzene.

We next examine the senies of three compounds 24-26 which
rd
AGID JA2Bi6i 1003.10-11) 4

1y :nteresting because 11 embodies the partial substructures of both
the sopropyl and propyl substituents

The TOFMS of sec-butylbenzene 241 1n tne U regron of the
S = S, transition ts presented in Figure [ 4nd contains a single
ongin at 37627.1 em™ The weaker teature wecurnng at 37661 3
sm” 15 presumably due to torsional motor 3t N ikl group as
discussed earhier. Only a single conformation for sec-butyibenzene
i» observed.  As a first approximation. * 1Cng Cope=C,~H,)
~hould equal 0° for sec-butvivenzene 1241 4s found for 1so-
oropvibenzene. > The Newman protections af the thr+¢ staggered
onformauions are itlustrated by 27-29  The most stable con-

/s
AGID JA2BI6y 015.13-101 R

formation of sec-butylbenzene 1s 29 by MOMM calculations.
near » | kcal mol™' more stable than 27 and 3 kcai mol™' more
stable than 28. We therefore suggest that the mimimum energy
conformation uf sec-butylbenzene vbserved 1n the jet corresponds
029

The TOFMS of 1-sec-butyl-2-methyibenzene (30) contains oniy
AGID JA2BI6k (003 6- 1 A

a single ongin (Figure 12}, MOMM caiculations support the
observation of only a single conformatr n and that the preferred
conformation s 31.

(1.2.-Dimethyipropyl)benzene 125) can. 1n principle. exist 1n
or e or more of three staggered contormaniuns 32-34. MOMM

%
AGID Ja28161 003.15-171 P

calculations indicate that conformation 32. possessing only (wo
gauche—gauche interactions. 15 the ground-state energy mimimum.
The TOFMS of 15 indicates two origins at 37 556.6 cm™ and
174859 cm™. The ongin to the red (iow cnergs } 1s approximatety
107 the intensity of the second origin - W e tentatively assign the
37 856.6cm”’ ongin as 33 and the 37 58S 9-cm ' origin as 32 based
on the relative intensities of the two origins and the caiculated
reiative stabilities.

(1.2.2-Trimethylpropylibenzene (26 has onlv one staggered
conformation. namely. 38, and s TOFMS shows a single origin

AGID JA2B16m 1003.10-11) m
at 375858 em™’

D. Compounds Containing sn Aryl to a Tertiary Alkyl Bond
(ArCR'R?R?). The one-color TOFMS of the 0 region of the S,
— S, transition for jet cooled reri-butvibenzenc 136) is presented

/
AGID JA2BI6n 1009.19-200 1R

in Figure 13 The spectrum displays a single miense ongin at
37696.2 cm™'. which means that only one of the three postulated
conformations tplanar 37, perpendicular 38. gauche 39; cf. Table
1V) 13 an energy mimmum, and therefore oniv one of these species
is present in the molecular jet  This 1s an important conciusion
because 1t imphes that the oniv way that one origin can appear
in the TOFMS of |-reri-butvi-s-ethvibenzene (40) as if the
minimum energy conformation of the rert-butyl graur orresponds
to the planar conformauion giving rise to conform.uion 41

FIG i010i5.10-11,

FIG i1 (003.21-22)

FIG 12(003.:3-14

FIG 131009.24-25)

TBL IV (012.30-31)

—
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NOY The TOFMS for 40, presented in Figure 14,10 fact. contains FIG 14 (003, 51

"Nos 1y only one origin at 37 142.0 cm™ W therefore conclude that the
- stable coniormation for |-reri-butvi-d-ethvibenzene must corre-
:Nos 12 spord to 41. This 1n turn confirms that the mimmum energy
10 conformation of the tert-butyl group in tert-butyibenzenes must
18 be the planar form and reconfirms the perpendicular conformation
= of the aromatic ethyl substituent: these structural conclusions
s follow if and only if the conformationai assignments for both the
ENI2 ae  rert-butvl and ethyl substituents are correct. These conclusions
4 are further supported by our MOMM calcuiations which predict
13 the planar conformation to be the minimum energy conformation
ents 12 of the rerr-butyl group 1n 36 and 40. Given that both the cal-
s culations and the expenimental values are in agreement as to the .
i~ number and posiuon of potentiai minima on those two surfaces.
;= we conclude that these determinations are vahd.
"ARS4
ENO According to the above results. |-rert-butvi-1-methsylbenzene
¢« 142} shouid extibit a TOFMS contaimng two ongins, corre-
ENos .o sponding o conformations 43 and 44 The TOFMS for the 03

Ve
AGID JA2BI60 (003312 A

- region of the S, — Sy transiuon for 42 using 140 psig of helium 4
N9 1 s presented in Figure 15a.  The most (niense feature of the FIG 15 1006.25-26)
< spectrum occurs as 2 barely resolved doublet 1due to the methyl
SEni2 o9 rotor trapsitions™?) centered at 3T 136 «m Figure |3a also
¢ displays two other intense features at 371650 and 371698 cm™
SENTS Some of the weaker features that appear in tne TOFMS of 42
s correspond to additional internai rotational transitions of the ring
sEnis 23 methyl rotor. The spectrum presented in Figure 15a ts more
¢ complicated than anucipated because there are three relatively

4 inense peaks.
PARS?

SENOY Because the three main features tn the TOFMS of 42 are quite
s intense. the exact assignment of ongins and thus the number of
SEn0e ¢ conformations for this moiecule 1s not readily apparent. [n order
s 10 resolve this conformational analvsis yuesuon. three additional
: approaches were pursued: temperature-dependent spectra. to
@ invesuigate the possibility of hot bands (Figure 15). dispersed
SEN09 3 ermission studies ( Figure 16); and methyl rotor calculations. The FIG 16 (006.3i1-32)
1 latter demonstrate that the three features cannot be assigned 10
3 a single conformauon with (even ntense) methyl rotor transitions.
sen1z . On a first level of interpretation. Figures 15 and 16 suggest

SEniS 1 somewhat contradictory conclusions about these data. The peak
s a1 37565.8 cm” in Figure '€ ~Tnears 10 be a hot bard as s
SENIS '8 intensity decreases with high-pressure argon expansion. Con- {
1 clusively, the DE spectrum assocrated with the 37 169.8.cm™
o feature. a poruon of which is depicied tn Figure 16. indicates that
12 this feature 1s not a hot band because there are no transitions to /
;¢ higher energy of the excitation energy
PARSO
SENGY These three results (TOFMS, DE. ana nigid rotor calculations)
can be rationaiize¢ by assigning the feature 1n question as due
::  toa second conformation of 42 which can be depopulated 1n the
SENO6 4 argon expansion. The conformationai energy baiance twell depth. ‘

s barrier heights. and surface shape) in this instance must be such

3 that the more energetic cotlisions with argon rather than with 1

SENOS 29 hellum emphasize the “kinetic effect” described below  MOMM
1 caiculations predict that 43 and 44 do indeed correspond to energy

SENI 4 mimima, being nearly identicai in terms of stertc energy. The
y  barrer between the two mimima (calculated to be 0.5 kcal mol™)

should be of iow enough energy that argon collisions can convert

4

sents ¢ all of the moiecules to a singie conformation As shown in Tabie
s 1V. the planar conformation 37 of the reri-butvl substituent 1s
6 further confirmed.

PARYY

SENO) 1.3-Di-1er1-butvibenzene 1 45) represents the most highly sub-

3 sututed and largest molecule in terms of molecuiar weight ex-

seNos - amined in these studies. The TOFMS for the 0F region of the
10 Sy == Sy transition for 45 using 130 psig of helhism 1s presented

senos 1 in Figure 17 We attnbute the three features at 373356, 37 388.1, FIG 17 (006.25-26)
o and 37410.2 cm™' to conformauions 46—48. although at this stage |

AGID JA2B16p (009.15-16) m 5

SENI1 0 we Cannot assign conformanons to parucular transiions. MOMM
1 calculauons indicate that 4648 are of nearly equal stability, and

3 hence the unequal intensity of the three transitions may agan be

14 due to some kinetic phenomena during the expansion process.

SPEN. | ’s‘ . Chart IV summarizes the results obtained for reri-butvl aromatics
Al
b |




TXTo0e
PAR9e
SENO}
SENS

SEN:S

SENIB e

PAR9Y
SENOY
SENOe

SENN

PARIOZ
SENO3

SENOe

SENDS g

SEN¢ -

SEN.8

]
PAR1IOS
SENO)
SENO6 5

SENDO

PARITI
SENOY

SENOS 30
SENOY 28
M
SENIZ )
il
L]

PARING

UNIT NO 324 v lle
Gal T OJAZBIOM JAdI045M \ il

E. Kinetic Factors in the Expansion Process. Previous dapers
‘eom our laboratory have addressed the dossipihity that ocatiy
but not giobaily stable molecular Jontormanons in o nonnigid
molecules or in van der Waals clusters cun be depopuidted through
collisions 1n the molecular jet expansion * In molecuies or clusters
for which shallow wells and smail barriers to contormational
changes exist. energetic collisions mus. 1n principte. depopulate
jocal mimma in the potenuial surtace in tavor ot the geeper giobai
ones. The i1ntensity ratios for the O3 transitions ot the various
contormers reflect the populations of these conjormers which exist
11 the terminal beam temperature ( [, < | K. Ty = 2-53 K,
and T.p = 10-20 K} These popuiations are not equilibrium
populations representative of any particuiaf remperature, nowever.
ds they are aiso atfected by the potentiai surtace shape ang the
ninetc pathwayis) to this terminar temoerature

Retative intensiues of ongins are tnus r.:ther unpredictadie based
0N SIrUCturai expectations or tneoretica: crirmates  Numerous
vases exist for which the intensities uPaCas 11 (oiow 1ntuItion or
tneory 1e g, 13- and |d-diethvibensene © ometnvi- Lpropyi-
Derizene. !-methoxy-}-methviberseac © 1n the ther hand.
tor i.3-di-zeri-butvlbenzene reportec nerern ot eurs LTy expec-
tations of three nearly equally intense U~ iransitions are not met,
For cases of “sterically hindered” cumpounds. ¢ 2. . -metnyl-2-
~ropvibenzene” ana i.l-diethyibenseny * suudi MoBuations of the
-4Fi0us DOsSIDIE conlormations ure nut vxpecied and the Of
iransition intenssties are very different | nequar distribution of
~onformers in the finai expansion euunidbrium results 1n unequal
SPECLIOSCOPIC INteNsItIes for the different conformanions

To some extent. the expectation ur prediction of 4 kinetic effect
« based on ground-state equilibrium distnbutions calculated from
<aiculated steric energies or heats ol formation rather than irom
any independent experimental data MOMM calculauons ailow
us to determune the relative populations of the varous confor-
mauons of a system. 1f the conformutions have iree energies withun
<3 ! keal mol™' . they shouid be nopulated 4t room 1emperature.
however. if the free energy difference s mucn larger than this.
the higher energy forms shouid be cltcctively absent rom the
poputated conformations. Thus the caicuiated energy predictions
play a roie in the number of contormations evnecred to be observed
1n our experiments. Hence the identification ot 3 kinetic effect
1s somewhat tied 10 caiculations of conformationai free energres.***
Experimentai evidence for a kineuic etfect can sometimes be ob-
tained. for example. by performing TOFMS experiments using
different expansion gases

Comparison of Conformational Analvsis Capabifities by Jet and
Other Spectroscopic Techniques. W ¢ cmzRasize that one of the
most fundamental conseguences ot this work 1 the SPectroscopic
abservation of specific conformations ot simpie sikvibenzenes
Because of the low barniers to internas rotation ol the substituents
1 these molecules, previcus =xperimentai studies have. with few
exceptions. observed oniy averuged \peciroscopic properties for
the yndividuai contormations present

For example. the barrier 1o rotavion sboul a nonhindered
aromauc tert-butyl group s quite low. ca 4 $ keai mol™'? NMR
15 not presentiyv capable of observing the :ndividual conformauons
of such asymmetncally substituted rerr-butvl svstems as reported
above. Yamamoto and Oki'™ reported the first “unambiguous™'®
observation of restricted rotation for an aromatic ieri-butyl-C
2 group in 1986 for the specially designed. highly hindered
molecule 49 An energy barrier of 9 2 kcal mol™* for rotation

/7

AGID JA2Bl6g 1009.23-201 1

about the C -terr-butyl group was found °

The most obvious difference between tne Y amamoto and Oki
results'® and those reporied herein s that laser et spectroscopy
15 able to observe specific conformauions of unhindered aromatic
substituted rerr-butyvl groups. A more subtie distinction s that
the NMR swudy observed individual spectroscopic signals for the
met 1yl groups of a molecule whieh has only 3 single tert-butyl
conformation.‘* On the other hand. we have observed two or more
stable conformations of a specific compound which differ from
each other by the arrangement in space of the ter1-butyi group
itself. Thus. we are able 10 cbserve spectroscopic properties from
the two stabie conformations of | -tert-butvi-3-methvibenzene and
from the three stable conformauions i 3-di-terr-butyibenzene

FNT 19
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The T.010N O 1NE 150PFOPYI RTOUD ANT T&ialeY secondary aiinvl
subsiituents 1e g . CyClOpropyi, Criionexy Caroometnoxy. etc +
*.45 Deen sufficientis siowed down and detected oy N MR spec-
troscopy . but oniv 1n systems for whicn two adiacent bulky groups
sigmificantly increase the barmer to rotation ° ¥ A iow-resdiution
microwave studs of meta-substituted 1sopropvibenzenes has re-
suited 1n the observauon of (wo spectroscopically distinguishabie
band series. one each for the two minimum energy conforma-
tions.'* On the other hand, we have observed the stadie con-
formauons of the simpie secondary aikvi->ubsiituted aromaugcs,
. -methyl-3-1sopropvibenzene (two contormauonsr and |-ethyi-
l.asooropylbenzene (two conformations:  Agan note the stencally
unhindered environment of these substituents

As found for the reri-butvl. 1sopropvi. und analogous subsui-
uents. compounds CONtaiNINg arv: "o Primary aikyvl groups
“ArCH.R) have very jow barriers :u coniormational irtercon-
.ersion uniess found in stencally encumberea environments We
ndve previousiy reported the observation ot 1wo contormations
*or poth 1.3- and | 4-diethvibenzene (the unti and svn contor-
mationsi.® propyibenzene (anti and gaudne contormations). Y
and |-methsi-3-propyibenzene 1one uat. 2na 'wo gauche con-
‘ormations) ~ Low-resolution microwasve studies were performed
o True et a: % on severai ethvibenzenes but couid oniv have
noserved A singie ground-siate energy Minimum. hence. the crucial
2ypenment O studving moiecuies wnich pussess two or more stable
conformations was not reported  Four origin transitions are ob-
served for |-ethvl-4-propylbenzene. due to the svn and anti con-
1ormaiions (rerative 1o the perpendicuiar etnvl sudstituents of both
:he anu and gauche conformauions ol the propyi substituent Sa-5b
and 6a-6b

Recentiy Sandstrom and co-workers reported one of the very
‘ew studtes on svstems Ar-CH,R tor wnich R is a bulky aikvl
2roud (in these cases. R = 1soprops! and rer-butyl, leading to
>00uty. and neopenty) substituents: * L sing dvnamic MR
Thev were aple 1o observe the svr and anti conformations (50 and
S1 respecuivens s of the S-aikvi-3-so0utsithodanines (R = methyi

AG!D 1A2Bl6r i006.1 "~ 1%} 64

ang pnensit This s equivalent 1o ubsersing the conformations
aoout = 1cl 521 In these cases. nowever. tnev did not observe
7/
AGID JA2Bl6s 009 :2-151 YA

signais for the rotational conformations about the second torsion.
-2.eg.52 Inthe current study w0 conformations are noted
for both i-1sobutyvl-Z-methsibenzene 8b and B¢y and |-150-
outsi-3-methvibenzene (8d and 8e: The inarvidual conformations
depicted by 8 represent torsionar nomerism about --  Hence. the
laser 1et SpECtroscopy method can uoNe™ € JONTUrMationai rsomers
4pout both = and r,

S v and Concl

This study demonstrates the use Wi sudersonic molecular jet
14S€T SPECLroscopy 1o estabhish the euistence of varioys stable
<ontormations of the foliowing 1 pes ol alksi-substituted aromatic
compounds those contaiming arsi to orimary aikvi bonds (ethvl,
propyl. 1s00utyl. neopentyl). arvi 1o secondary atkvi bonds tiso-
propyl. sec-dutyiy. and aryl 10 1erniary aikyi bonds irerr-butyh)
Attention 1s focused upon two conformational parameters the
position of C4and C, of ArC,-C,-C.-R (R = H or alkyl) mo-
iecular tvpes. 1 €. v, and 7. n Figure |

We have demonstrated the capabiists of laser 1€t spectroscops
by investigating substrates in which oniv smali structural features
distinguish one conformational energy mimmum from another
The observation of iwa or mare 0% transitions indicates the ca-
pability of these high-resolution technigues (o observe two tand
presumably more) conformations having nearly 1dentical free
energy The most demanding choice. from a structural point of
view, would be compounds possessing two or more distant and
noninteracting substituents “umerous subsirates meeting this
criterion have been examined.

The ground-state conformational energy minima of varnous
asymmetrically substituted dialkyibenzenes are exfenmenull_\
established by matching the number of observed 03 origin tran-
sitions 10 the various “geometrical” possibiiities  Thus. the
ArCH,-C bond of aromatic to primary aikyl substituents. cg.

FNT 20
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cthyvlbenzene » 1:n Frgure i) is perpendicuidr 1o tne tuane of the
sromatic ning, and the C-H bond ir arvi o secongars aikvl bonas
e g . in nopropyibenzene ) 1s i the mane ! e arumalc nng
Simiiarty, jet spectroscopy has estadisney that vne vl the metny)
2roups in terr-butvibenzene (an exampie of an arvt 1o teruary alkyvl
bond containing substrate) is in the dlane ot the aromauc ring

The secona torsion of the aromatic aikvi side chain ry (¢ Figure
Ui 1s also established for a number ot compounds. including
propyibenzenes and butvibenzenes {r these cases. two ground-
state mimima are opserved for each vompound L nfortunatety.
\niormation regarding the third torsion <. C,-C,=C.=C;) 15 not
sbtained in the only compound possessing 4 C.. nameiv. butyl-
venzene. The structural vanability 2t C. mav oe 100 far removed
‘rom the aromalic chromophore 1n tne muiecuie 1 ailow structural
Jiscrimination. even by these sensiive methods

SENGT This work 51rongly SUDPOTLS OUT Pret-Uus «INCIUSIORS thaL 1et
SPECLrOsCODY !5 an excellent techmique 'ar 'ne UDNEMY3LION dnc
aentification of COAIOIMANIONS OF uroMutie MoreCules which 1n-

SENDe szrconvert with very (0w energy aur-ery e svnenimental vb-

« servauons are compiemented by ™ vecu.eT OItii-mosecular
mecnanics 1 MOMM) caiculations wnich ¢stimate tne stabilities
S i sanous contormatons ¢l these maiciures

T\TI2

SENRE Experimental Section

PAR138

SENGY The tme-of-flight mass spectromerer = s 1s Q€ r10€Q ciscwhere

SENOe The TOFMS experiment used a R M J. -¢an nuised vave  Both hetium

SENN -~ 2NC ITION were used as Carner gases. g sneyred 1or cach experiment

SEN D A TOFMS cxpeniments were percormed si roum emperature. and
Avoived one-coior two~-photon photoiunization

PARL4L

SENOY Dispersed emussion 1 DE) experimenty were cirfred out in a MTuores-

SENOe cence sxcitation chamber described previousis © {3 oplics were used to
Lanect and focus the ermission omo the siis ot an ¢ % 208 GCA

N McPherson | -m scanning Monochromaior with a Jispersion ol 2 "8 A

SENS o mmoniturd order of a 1200 groove mm . -y blazeo graung  Expansion
31 Ine gas into the chamber was acnieved witt 3 Quanma Rav PSV.D

s~ cuised vaive wrth 2 S00-um pinhoie lucated ~ . _m trom the aser beam

SEN .2 Sampte. - 2re Diaced 1n the head of 1he vaive 3nd heated 10 $5-"0 °C

SEN = 1o 3cmieve 3 greater concentralion in the et Henum a1 "0 psy was used

SEN.. + s 1ne carner gas except as otherwise nuted  The dikvibenzenes 7 12

- 1315 16. 20. 21. 24. 36. 40. 42. 4ng 4% were nurcnased from either

SEND I Aidrich Chermicat Co. or Wiley Organics  The ourity of these mateniais

SENIe  © was determined by GC and NMR ipectroscooy prior 10 therr use. Ex-

: perimentai details for the preparation ot 4 10 1115 25 26, and 30 are
© gwven i the Supplementary Materias

PAR144

SENGY Empinca: force lield calculations are pertormed using the moiecular

SENG® >roial-moiecuiar mechamics (MOMM-%¢) aigontnm of Kao *4' This FNT 21
rorce field has peen specifically parameir.zed "or aromanc fing svstems
and s kNown to reproduce exper:ments. geumetnies and energies

SEND MOMM has aiso been used 10 correiate sier:c energies with the rates of

SENGT ¢ certain aromatic ning additionsst 1ag rayracan reactions < The FNT 220 FNT 22
2round-state caiculations are perrormec vung compiete geometry dpti-
M12aL0n 10 determine the ground-sigtc energs MitiMum 1the stabie

. conformation’ and o estimate the palent:y: enerEy DArTErs 1o rotauon
29 100Ut the C,omg=C, and C.-C, oungs . Loout the Lorsions v -
W 0 ClmCoCai and v C -, -C. O respectively
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SENO? +10) 1a) The name “onc- 1and 1wo- + culor tme-vi-light Mass spectroscopy
SENOS v generally employen to describe the luliowing eipeniment A sampie 1s
¢ irradiated with a laser of energy «.. resuiing in the generation of the first
SENOS  «  excited singlet state 1Sy — S, A second photon #- subsequentiy 1onizes those
SEN.I 4 moiecutes tn S, (S, —= 1"y The ions are detecied 1n given mass channels by
+.me-of -Mlight Mass 5PECIFOSCODY. such 1hyt UNIY 1UR Jurrent representing a
SEN La0sen m .5 recorded  The energy o 'he » Jaxer v changed. a0 an
SEN.8 1 sbsorption spectrum of 3 mass-selected \pevies v obtained (b tn proneening
© work, Smaliev and co-workers have sepuried '° *he fuorescence excitation
4 FE) spectra and dispersed Nuorescenie spectra ot 4 set of alkvibenzenes
SENI These studies did not examine 1n deta'l the wunturmational analvsis of the
SENIY 5 ds In add b the HF resutis are not mass selected. there
SENIY 3 Coutd be some ambiguity regarding the source ut same ot the transitions o
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APOO Figure 1. Deflimition of torsionNai angies » o™ nedils Lartormanonal

CAPO) -+ geometries of the molecules examined in ths vluds

TOFMS of 1-ethyi-d-propyibenzene
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AP Figure 2. TOFMS of the 0% region of . -cirv-3-propvipenzene (41 The
CAPOS 1 SPECLIUM CORSIStS Of {Our UNRINS a1 FTIAN I AT IT1 T ung 37496 7

17497 Y ¢m® corresponding tO fOUF laDie LuAtOrMALioNs fof this mol-
1D ecule see texty

TOFMS of 1sooutyibenzens
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C AP0 Figure 3. TOFMS of the 05 region ol “Ne >~ S+ iransition of 1so-
CaPos 4 putvibenzene ' 7t The spectrum disprass g s.ngie orn ac 3" 81" 8 em’
CcaPo9 @ The weak leatures at 3™ 8% dand 17 <49 a (m yre attributed to tor-
i s10nal mouon of the isobutyl group
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CAPOO Figure 4. TOFMS of the 0§ region o1 the > — 5o iransition of i-is0-

CAPO6 4 Butvl-3-methylbenzene 1101 The spectrum conlaimy (wo origins at
CaPd  + 169651 and 370230 cm™ The peaks occursing j <m lower in energy
0 than these onigins are due 10 fIng MetNvI 1rs0Ns

TOFMS of I-isobutyl-2-metnyldenzene
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CAPoe Figure 8. TOFMS of the 03 region of !-1sobuiv)-2-methvibenzene (11}
CAPpe * Two ongins are observed in the specirum 4t 370360 and 37171 8 em™

TOFMS of neopentylbenzene
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CAPOO Figere 6. TOFMS of the 03 region ol neopentvibenzene 112) The

CAPO® ) spectrum shows oniy one ortgin at 17136 cm *  Weaker features.
4 higher in energy 10 the ongin. are attributed 10 iww-{requency torsional
¢ motons of the neopentyl group
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TOFMS of butyibenzene

T

1
37700
ENERGY (cm™)

T
37600

Figure 7. TOFMS of the 03 region of the S = > iransition of butsk
senzene (131 The wnense feature 31 1734 v (m s assighed 10 the
staggered. ali-anui conformation of the butvi group 1 14aa) The weaker
reature at 37 S8 G cm™! 15 also assigned o> & separate arigin, corresp-
Jinding to l4ag

1 TOFMS of 1sopropyibenzens
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Figure 8. TOFMS of the 03 region ior the S. — S, transition of 150~
propyibenzene (16} The sole origin occurs at 3”668 Scm™* The weaker

feature at 37710.0 cm™' 13 auributed to torsional motion of the 1sopropyi
group

TOFMS of 1-1s0propyl-3-methyibenzens
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Figere 9. TOFMS of the 03 region of the S. — S, transition of 1150
propyi-J-methyibenzene (20) The peax at 371659 cm™' is an ongin
which forms a doubiet with the peak at 3" 164 O cm ™ Thus latter peak
13 attributed to the e = le internai rotational transtion <f the ring
methyl rotor The weaker peak at 3™ 1560 cm’ 15 aiso assigned as an
ongin. The presence of two origins eiminates 18 as a possible stable
conformstion
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CAPOO Figure 10. TOFMS of the 0 region of *nc >« N trancition of I+

CAPO6 4 cetnvi-3-sopropylbenzene (21). The two oriins ol ine spectrum. at
+  3T266and 37264 8 cm™'. help identils 1ne slable contormation of the
1 .s0oproovi group as 17. as outhined n ihe 1wt

TOFMS of aec-butyidbenzens
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CAPOO Figure 11. TOFMS of the 03 region of the S, — S, transiuon of sec-

CAPOs 4 Dbutvibenzene (24) The spectrum displavs a singie ongin at 37627
CAPOS 0 c¢m” The weak feature at 37661 3 cm sutributed 1o 10rs:0nai motion
1 of the sec-dbuty! group.

TOFMS of 1. gac-butyl-2-methyibenzene
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CAPOO Figure 12. TOFMS of the 03 region of | -sec-butvi-2-methyvibenzene (30)
Capos . The spectrum contains oniy a singie vngin  This 15 consistent with

capos s MOMM calculanion which predicis onis one siabie conformation for this
&  moiecuie tsee text)
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CAPOO Figure 13, The one-color TOFMS o *n¢ v rceion o the . = S,

CaPoe & transition of rerr-pulvibenzene (361 T¢ v.nRic urain in {he spectrum
T 0ccurs at 370962 em - and 15 iNAICative ol 4 singie sable molecular
0 contormation

TOFMS of 1- 1gn1-butyi-4-ethyibenzens
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CAPOO Figure 14. TOFMS of the 03 region vl the S. — Sa transirion of |-

CAPO6  i4  rert-Dutyl-d-cthvibenzene (40) The fact that this spectrum comtains only
¢ oneongin at 3 142 cm” identifies the stable motecuiar conformation
.9 of the rert-butyi group as 31

c ¢ TOFMS of 1. tgrl-butyl-3-mathyibenzene
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CaP0 i Figwre IS. TOFMS of the 03 region of the S, — Sy transiuion of 1.

CAPOY 14 rert-butyl-3-methyibenzene 142). using ta) 130 psig of helum: 1b) 1%

3¢ CF,in 100 pyig of helium. and 1c) 20 pug of argon as the carrier gas

CAPOs 4t The peaks indicated by the * and ¢ are due (o argon and CF, clusters,

17 respectivelv. decomposing into the |-teri-butvi- J-methyibenzene mass

CAPOY 33 channel The intense peaks ai 37 13°0and 3169 8 ¢cm”' are ongins for

CAPiZ 3 two different molecuiar conformations The 3° 169 8-cm™ peak disap-
4 pearsn (c) because of 3 kinetic effect discussed in Lhe text




FNN24
FNP69

CAPOO
CAPOs

5
N

UNIT NO. 334 $31216
Gal 17 JA2BI6M JABBI04SM VIETE 1003

DE of 1- ter1-butyi-3-meinyibenzene
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Figere 16. DE spectrum for i-rerf-butsi- i-metnvibenzene 142) obained
by pumping the 37 169 8-cm™* feature in Fyure i a4 Resotution s " 6
¢m™  The absence of a feature to higher eneres il tne peax at 37 169 8
<m’ helps 10 preciude the assignment i ine 2T IRV x.om  feature 1n
Figure 15, a2 and b. as a hot band

TOFMS of 1.3-di- tgri-butyibenzene
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Figure 17. TOFMS of 1.)-di-rerr-butvibenzene 145) The three most
intense peaks in the spectrum at 3°3356 17388 | and 174102 cm”™!
are assigned to three different spectroscopy ongins corresponding to three
stable conformations for this moiecuie
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Table I. Substutuent Patterns for Substrates Examined in This Work
aryi-to-alky! bond type

no. of atoms primary secondary 1ernary
in substituents Ar-CH,;R Ar~-CHR'R?  Ar-CR'RIR?
c. |
o
i
>
C, e
AN
<
C; : ~
- PN
AN .
v
C, -~ )
~ P ~.
EZ2ANEC AN - e
i B N
AN N
e /\ P
- PN
S
~ N
C, ~
PN
~

Table 1l. MOMM-85 Calculated Steric Energies for Mimmum Energy Conformations of Butyvibenzene

conformauon SE (kcal/mol) trel)

l4as 0
“

14ag 1 85

™ 130

l4gg 102
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Table III. “Number of Conformations of Various lsopropyibenzenes Based on Expeniment and Conformauonal Analysis Predictions

no. of conformanions

predicted*
L et . CH, CH.
T — ~ —~
e (H e PRSI
had cH ./o\ CN‘ CN‘ AN -
17 18 19
compd planar® perpendicuiac® gauche® obsd<
1sopropyibenzene (16) | 1 1 1
| -1sopropyi-3-merhyibenzene 120} 2 1 2 2

1-ethvl-3-1sopropvibenzene (21)

“Based on counung ail 1ble molecular contormations naving the specific substituent conformation depicted. but counting degenerate confor-
8 ail possible. g
mations onlv once. * This term refers to the resatise positiun of the a-H and the plane of the aromatic ring. < Number of ongin transitions observed
by TOFMS  See text for additional discussion

Table IV. “umper of Coniormations of Various rerr-Butvibenzenes Based on Experiment and Conformational Analysis Predicuons

no. of conformauons

predicted*
[N
« M " H,
. - -~ -
— —or— 70(.__
CH H
IRl ' TH
3 38 39
compd planar perpendicular gauche obsd?®
rert-butvibenzene (36} 1 !
i -ter1-butyl-4-ethyibenzene 1 40) 1 N 2 .
| -tert-butyl-3-methyibenzene (42) N t 2 2
:.J-di-tert-butylbenzene (45) 3 M 6 3

* Based on counuing all possible molecular contormations having the specific substituent conformation depicted. but counting degenerate conjor-
mations onty once. * “umber of ongin 1ransitions voserved by TOFMS. See text for additional discussion
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