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JABSTRACT*’. The ana]ys1s of the magnet1c.resonan§e spectra
at 220 MH of the carcinogenic benzo[a]pyrene (1) and 6-
.methy1benzo{a]pyrene (2) is presented. The proton exchange

' stddy in sulfuric abid?d2 is ‘used to determiné.the specfic
pritions of eTectrdphf]icvsubstitutidn "E]ectrothli;
attack on (1). takes p]ace predominantly on the 6- pos1t10n; _'3
fo]]owed by the I- and 3- -positions, whereas in (2), in '
'i‘ which the‘6fcarbon_atom is substituted, the most active

,'pbsitions are the numbers 1, 3 ahd ngwith 5 the slowest.



INTRODUCTION

_The proton nuclear magnetickresonance (NMR) study at 60 MHé"of

'tWenty'unsubstituted po]ycyc]itbhydrocarbonsT reveals the presence of
separated band}systems; The large ring-current diamagnetic effect of

these mo]ecules generates on the protons'a'downfieid chemical shift

re]at1ve to those of the benzene and naphthalene ser1es "The oart14

tcular re]evance of this effect to the meso- anthracenxc protons leads

-

'to the1r-separat1on from the others and thus to their 1dent1fweation
E Moreover the angu]ar protons exn1b1t an add1t1ona] desh1e}d1ng effect
. due to the non- bonded spin-spin interactions (steric compression effect)2

v and the1r band systems can also be eas11y ass1gned ‘However, the re-

ma1n1ng protons are normally not we]] separated
_-In the case of the po]ycondensed'hydrocarbons, a Comp]éte:NMR

ana]ysis has been achieved on]y for the benio[e]pyrene 2 < This was

-accomplxshed by compar1son of the theoret1ca1 ca]cu]ated sh]e]d]ng

parameters, a re]at1ve1y 1ess comp11cated ca]cu]atuon for this symme-'

trical mo1ecu1e w1th the exper1menta1 data.

The\better,reso]ut1on ach1evab]e'w1thvthe 220'MHZ spectrometer,

~aided by the double resonance teohnique‘andvspeCific deuterodeprotona-
“tion with su]fdric'acid4d2 allows us to report here the interpretation

“of the,benzo[a]pyrenel(l)-and 6-methy1benzofa]pyrene (2) oroton mag-

o A~y o
CoT Quaittae-

netic resonance spectra. . At the sane time, the snactr a Dravic

t1ve 1nformat1on on the positions of se]ectxve subs titution ob‘a*ned b/
- such a deuter1um ion exchange F1na11y, the klnet1cs of exchange are

used for.def1n1ng the re]at1ve react1v1t1es of the various positions of

the tw04hydrocarbons. '



O ORESULTS

Assignments of Lines

.'BENZO[a]PYRENES(l). T'he'220-MHZ proton magnetic resonance of (1)
is shan fh Figure 1.. The peaks are aésigned to the corresponding pkd-
",tonsvin,the following manner. Thé intégratibn line provides the proton
ratio 1n-thezband groups from Teft to'right; of 2:1:3:1:3:2. A first

1,3 that

apﬁrb#imaﬁe 1nterpretétion deriVes'from Martin's empirical rules
" suggest whiéﬁ spectral regions are to be assdciétediwith each type of
'aromatic‘pfOton.'»"» | | |
! The.two_angu1ar-protons H]O and H]i-were already chafécterized by.
Martin g§ a].]

in the‘Spectrum at 60 MHZ. The overall superposition of
the two éhemicalbshifts in this speétrum is-a pure coincidence. At
higher-coﬁcentrations,'Qr when the coupled protbns are irradiated in the
Lregions'élose'to their'resonénce signal, using the'déub]e résonance
tethhique"(yiégﬁjjgjji), the sharp doublet of Hy; becomes sTightly_sepa-
‘rated'frdmﬂthe‘hbre comp]ex coupling of H]O' If the'twb.pfotons-afg
“irradiated with a.strong fadiofrequéncy signal at their resonance fre-

quency, the HiZ‘ pOstd]ated on the basis of the same'coupling_COnstant,
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coT]apses to a Sing]et (Figure ZA) and the complex.muTtip]et, tenta-
tlve]y ass1gned to the protons™ S‘and H9, is'simplified’(Figure éB)
on the other hand when the H]2 peak is saturated the signal of H]O and
Hyq becomes a ‘broad s1ng]et (Figure 2C). .The.1rrad1at1on of the complex
multiplet H8’ Hg in the region of their resonanCerfrequency creates:a

separat1on of the doublet H]]'from the H]O which appears now.as a complex

| Signa] Th1s comp]ex1ty is reduced when the s1gna] correspond1ng to the

'resonance frequency of H9 is saturated

. The multiplet peak H7, partially super1mposed on H]2 and r3, is
des1gnated by the resu]tant decoup]1ng when the_s1gna] correspond1ng tod

H8 iS-irradiated (Figure 2D). Thus, the decoup11ng exper1ments make it

‘poss1b1e to .assign unequ1voca11y the protons HlO’ ]], ]2, 7, 8 and H9.

~The character1st1c peak at 8 47 ppm corresponds to the mesoanthra-

‘cen1c hydrogen in the 6- pos1t1on A]though the two protons H4 and H5

possess about the same chem1ca] shift as the H2, the pattern of their AB

' spectrum can be recogn1zed It was easy to see the quartet of Hﬂ and HS

when the H]-and H3 were selectively deuterated (ylgg_lhfﬁg) and Figure 4C).
In:the:resuTtant Spectrum the large left inner band of the quartet resulted.
from thefsuperimposed sing]et'of the collapsed H2, arising from the dis-
appearance_of the tWo‘orthoécoupIing constants (Figure 1) with the protons
1- and 3fposittons. | - | |

The precise distinction between protons H] and H3 Cannot'befdireCt]y

- resolved because we are not aware of a valid criterion for their differen-

tiation.'”Dewar's theoretical calculations predict that the positions.for.

*The four interacting nuclei H7"H8t Hg» and H]O-candbe considered a

ABNMX system.
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. e]ectfdphiiic substitution reactions are in decreasing order of reacti-
vity,'6, 1>and 3. A]though'the 6-positidn is by far the most active,
~a bd]ky Friédé]-Crafts keagént would manifest the steric hindrance of
the mésO—anthraCen1C'typézof this carbon-atdm. In that case, electro-
philic sQSStitutiénstoﬁTd be expected to take place on the 1- and 3-
bositibhs.vTWhen the‘hydrocarbon_(l)visva]]owed'to react with the succinate
anhyd}ide and a]umfhum chloride, thé 1-acylated derivative is the main )
produCt;4. | |

L Thevdeutehodéprotonathn of (1) shoanin Table 1 indiéates that the
6-po$itibn is the most basfc one and the 1- and 3-positions reveal only
a’]ittle‘difference'ih reaciivfty. Of the latter two the signal'exchangéd
slightly faster_is prefekential]y”suggested to be the proton on the 1-
_pos{tion, .The proposed designétion'stems frém the above reborted '
theofetica] and chemicaJ results. | |

 6-METHYLBENZO[aJPYRENE (2). At first glance, the NMR of this mole-

’cu]e.(Fiduke 3),:compared to the spectrum of (1) shows ihé two expected
-deshie1ded protons-HS and H? in tHe peri;posftion-with respect to'the
methy1'grdup (peri effects), and an anoma]oﬁs shie]dingveffecf of one of
the two ahguTarbprotons as shown by the intégrated spectrum. »The.ratfo‘
of the_pfotonsvfromf]eft to right is 1:1:1:1:2:1:2:2.  The .complex |
mU]tiplet of’fhe two downfield shifted pfotons H5.and H7 cahnot, to our

'know]edge,-be'easi]y explained.” As a matter of fact, the "peri” coup]ihg
. v v : é -

have beén'reported to be smaT]'énd-to pr5duce_a broadening of peaks.
_Howevek,'strong irradiafioh of the methyl group (sing]et at 3.2 ppm,
withfthe_]inewidth at the half height of 1.6 HZ)'doeS'hot affect either

the b_rdad-H5 or the broad H7.
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' The rééuTts of irradiation of the Hg and Hy mu]tjp]et‘by tne. double
resonanceiﬁethﬁique suggest that: the proton centered at 8.96 ppm belongs
to the 74pd$ition (Figufé ZE); On the other hand, the saturation of the
Tatfer“proton affects thévHS and H9 signal (Figufe 2F); indicating spin-
spin_c¢up]ihg to H8 and hence, their réspective assignméht; Furthermére, _

this fihdihgzsuggests‘that the multiplet centered at 8.45 ppm to be, by

'exc]uéioﬁ;”the protoh in the 5-positibn. The two peri-protons, Hg and j
H7_éxhibit'ab0ut.tﬁe same downfie]d‘shiftfre]ative'to their signals in

- benzo[a]pyrene and this adds further evidence for their assighment. A

ﬁeéatfvé\resu]t of the découp]ing of the proton at 8.90fppm‘by'irrad1ati0n
of'thefproton Hg rules out the possibi]ity that the doublet might be the

proton:in'the-]O-position'and-suggests this to be the protdn in the 11-

position. =

'Thé'pkotons H]]‘and H]2;_though Coup]ed, do ndt‘show exactly the
Qame'cpup]iﬁg'cdnstanf; HoWéveh, a bbsiti&é,féciproca] decoupjihg experi-
ment (Figukes ZG,-ZH)V]eaves'no doubt abbut fheir'assignments; The dowh—
fﬁe]d shif£,of the proton Hg with respect to its chemical shift in the .

NMR of (l)r(Figure 1)-leaves the proton H4‘a$'a.doub1ét pbssessing‘about

the same chemica] shift'andvcbup]ing cOnstént as in (l),T The characteristic
'trip]et with two equal toUp]ing cohstants definesvthe pfoton fn.the.z-

' positfdn.. whi1e'ohé of:the protoné coupled to the H, is directly disc]osed
»by its having;the same:va1gevf0r the coﬁp]ing cohﬁtant, the second one, |

~ partially superimposed, is disclosed after deuterium-exchange (Figure 5). -

They.present the same-patterns, the same chemical shift, and the same

“ease of deuteration as the protons H] and H3'in.(l), On fhis basis,

their assignment is suggested.' Ihcidenta]]y, the three interacting
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~ protons Hys Hys Hqs form an'ABC'system”as in the case of (1) (Fjguré 1).
The spectrum oF the threelorotons is relatively sihpfe.becausg thé
coup]wng constants J] 2 and J2 3 are practically the same.. Finally, the.

.rema1n1ng proton, name1y, the doublet at 8. 20 ppm, is tae proton in the

10—pqs1t10n. '

' §pectrdm of Ben?o[é]pyrene (1)_in Acid Medium

,The NMR spectrum of compound (1) (39.6 mg) in a mixture of carbon .
tetrachloriaé'(o}s ml), trifluoroacetic acid (0.5 m1) and concentrated
_su]fukic aéid (0.032 m1) reveals a singlet in the aTiphatic regién at
§ 3.78 ppm corresponding to the two protons of the cationic intermediate.
Since the 6—tarbdn'atom is by far the most keactive one (vide infra), it
is IogiCal to designate that position as thé pkedomfnant]y protonated
one. iIn 3_31mi1ar way; the NMR spectrum of (l),:Under the same condi-
fioné?EeXCept'for'frif1Uoroacetic acid and sulfuric acid which haVe been
sUbstitutEd With their deuteratéd isotopes, does hot exhibit any signal

in the a11phat1c region.

DEUTERODEPROTONATIOV oF BENZO[a]PYRENE (1) AND 6-METHYLBENZO[a]
PYRENE (2) The carcinogenic aromatic hydrocarbon (1) is easily dis-
soTved_in c0ncentratedjsu1fur1c acid-dz._'The solution is then nﬁenched
~ with a:ch111ed mixture of deuteratéd water .and th]oroform_at differeht
reaction times. ) l | |

After the separation of the.compound, its NMR spectra (Figure 4),
compafed td the NMR.spectfum of (1) (ngure 1), point out speciffc
deuterated pbsitigns by the partial or tdta] disappearance'of some of |
the sjgnais. The results are Summafized in Table 1. When thé hydrocarbbn

(1) is treated for 120 sec with deuterated sulfuric acid at 5-10° (Figure 4A)
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o
Table 1
Peroenti'of'deuterodeprotonation in concentrated sulfuric

acid=d, (isotopic purity, 99.5%)

Hydrocafbon. o Reection time Positionsdof’substitution

| “ (sec) 6 1 3 s
'Benzo[ajpyrehe‘d .". o hTZOE . 42 0 0 0
o S 60 9% 55 4 0
120 99.5 61 43 0
g0 95 73 e o

240 99.5 8 8 0

o 480 99.5  99.5 f 99.5 0
6—Methyihenzo[a]pyrené§e 1200 . %5 9.5 21

%The percent of the deuterat1on is ca]cu]ated 1n the NMR soectra at

2 H per cm by the percent ratio of the 1ntegrat10n of the peaks. corres-

- ponding to the part1a]1y substituted protons with respect to the inte-

‘gration of the peaks corresponding to the non-substituted protons. The

signal of - the protoh‘jn the 3-position (Figure 1) is"hé]f-suoerimposed.

The integration of the visible part is considered. ha]f a orOton - The

subst1tut1on reacLlons have been carr.ed out at ambwent temperature un-

.]ess otherwise spec1f1ed 9At 5-10°. . In thesc cond1t1ons the nydro-
carbon was not comp]ete]y so]ub]e in the acid. -£xoer1ments with

| ]onger react1on t1mes have produced negat1ve resu]ts because of the

almost tota] decompos1t1on of the compound under these seve re,cond1-

‘tions.
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only the Séposftion Uﬁderédes-exthange. The séme keacfidn at rdomﬁtem— '
-pérafuré fdr'GOﬂéec (Figurév48) gives rfse'to practicéi1y‘tota1~éxchangé
on the 6-position and to.partial and approximate]y‘equal exchange on the
1- and 3—bosjt16ns. Further, When,this déuterated hydfocarbon is prb— : V <J‘
tonated with sQ]fUric’acid; the NMR spectrum of (1) (Figure 1) reépﬁéars.
‘ Deuteration'for longer times (d.g., 480 sec, ngure'4C) shows the com-
plete-ééTective e]ectrophi]ic'substitutioh'of.thevthree active positions;
}eaQing the other‘ones.unaltefed. |

Compound (2), also ;arcihogeniC,'shows after treatment with deuterated .
SUTfuric acid for 120 sec a‘comp]ete exchange of the protons in the 1- and

3-positions (Figure 5 and Table 1). The 5-position seems to be active as well.

~ DISCUSSION .
fhé enhahcedvresolution.of the NMR,speétra at 220 MHZ in réiation to
the 60'MH2 has pekmitted fhe‘separafion of fhe péaks ofva]1'of the dif-
ferént»pfotonsjih (1) and (g) and, hence, to allow-their assignment. ‘In
this way, it hasjbeen‘possib]e to follow the selective deuterium‘exchénge
in bofh compounds.  The 6-position in compound‘(l) is the most actfve one
followed byvfhe huch ]eséfactive 1- and 3-positions; the ]atter two
" possess about the same reactivity. The predominant reactivity of 00S1 -
tion No. 6 is also substantiated by the formation of the corresponding
~ cationic intermediate in the acid medium. The NMR of the hydrocarton o &
under’£hese éonditions.exhibits a unique singlet in the aliphatic region.

These data manifést'a‘noteworthy_agreement with theoretica] M.0. calicu-
- ( , .

~

Tations vide supre), which indicate that positions Nos. 6, 1, and 3



)
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~have the lowest carbon localization energieS‘end.in}the same order of
reactivity. Similarly, the deuteriﬂm exehange reaetions for~ .g) show
the active 1- and 3-carbon atemstand; fn addition, some reactivity at
thefsecerben atom as wejl._ | | | -

It ie’fhteresfing to.hotice that.the Chemfca]lreacfivity,-end pre-
sumably the earcihogenicvreactivity in afohatic hydrocarbon, is induced
by the eieetrophi]ic_oxygen of the hydroxy]atihg enéymes.9f17 Therefore,
» the}kfneficé of exchange 1n,these compdunds with deuterium ion ean p}o-"
vide infbrhation about-their reactive positiens, which might be reievant

in the process of'carcino"ge'nesis.]8

'EXPERIMENTAL'

B The NMR spectra were feeohded en'afVarjan high'resolutioh HR 220 MH,
,ébectrometer at the ambient temperature (17°) in deuterochloroform as
sd]vent wfth tetremethyTSi]ane (TMS) as.an internal standard. The addi-
' tional statiohary_radio¥frequency fieid for the‘doub]e resehance was
phovidedvby a‘4204A osci]]étor‘(Hew1ett Peckard)' The su]furwc ac1d d2
(99 5% isotopic pur1ty) was obtained from Merck Sharp & Dohme.

Benzo[a]oyrene (1). The benzo[a]pyrene_(l) was purchased .from

Aldrich and furtheh hurified by fi]tration'thrdugh a chromatonraphy'co1umﬁ>
'éShfajnfhg neutraivalumfna (woelm act1v1ty 1)y benzene was used as the
,so1Vent_ The compound was recrysta]11zed from acetone- -methanol and had
m.p. ]8]-]82?." o

The HMR had 8 7.75 (H8 and Hg;vmultiplet), 7.89 (H4 and He s ABvsystem,
J4,5 = 9.1 HZ), 7.92 (H 2, tr1p]et J] 2 = =7.6 H JZ 3 7. ]8 H ) §.02
(Hy. quadruplet, J],Z 7.6 H, J]’3 1.0 HZ), 8.16 (H3, quadruplet,



Jy 5= 780,55y 5= 1.0 H,) s 8.27 (45, multiclet), £.24 {Ry,, coublet,
[ < 1y -
311;12‘2-9-] HZ); 3.4 (H6,;sing]et, 3. 9"(H70 and Ha - dounliet).

hééMethv1behzd£a]pyrehe (2) The comﬁound was pregarcd by reductton
Of'6-tohmylbehzd[a]pyrene19 accoro1ng to the method of. Huang -Minlon. 20
The formy]benzo[a]pyrene (0.500 g, 1.185 x 10 -3 moles) vas d1sso]ved in
the hihimumxamount ef dioxane (10 mT), Te that’solution were added
0.397.gjot.potasstum hydroxide in 0.2 ml of Water; 10 m1 of triethylen-
g]yco], and 1 ml of 100% hydroz1ne hydrate. The so]utioh was refluxed
(100°) for 1.5 h. After that perxod hydrazine water and dtoxane were
removed_by distillation and the temperature was raised to 180-200° for
5 h. -The cooled solution was-di]uted with waterv(40 ml) and was neutra-
1izedEWith 1tN-hydroch]oric acid. Thefcolored phecipﬁtate was separeted
and dried,(NaéSO4)§ _It'has then fi]tered"On neutral alumina (Woelm
acttvity_l) using,chldrofohm'as solvent. The first traction contained -
the yeltow compound. Aftef recnystallizatioh from acetone—ethaho], 1te
,weight was .0.300 Q (63% yield) and it had m.p. 216 2 - 216.7° (1it. ]O
‘m.p. 216. 2 - 216.7). ) N
| The NMR spectrum had §°3.20 (CH3'ghoup, sihg]et' 1ineWidth at half
he1ght 1.6 H ,)» 7.76 (Hg and Hg, muitiplef); 7.84 (Hy, doublet, J4 5 =

5 H ) 7.89 (H2, triplet, J] 27 = 7.6 H J2 3= =7.6 H ) 7.95 (H 1)
quadrup]et, J]_-2 = 7.6 H,, J] 3= 1.4H ) 8.11 (H3, quadruplet, J2 3=
7.6 Hys 9y 3= T4 1), 815 (Hy,, doubTet, 11,12 = 9.1 H ,)s 8.20 (Hyo,

doub]et J =9, 7 H ) 8.49‘(,5, mu]t1p1et), 8.90 (H]], doub?et,

9,10 ~
Adll 12 9 3 H). (See Figure 3.)

/
[ v
RAts

Deuterodeprotonatjon of benzo[alpyrene (l)} (a) Compouhd (l):(25 mg)

was partially dissolved under stirrtng in 1.5 ml of conc. sulfuric acid—d2

t 5510°'and 1eftlfor']20vsec. A deep red solution appeared. The acidic



~f

“'] 3-
so]utﬁoh'wdsfthen Poured’into 1vaT of deuterated wate%’and_E mloof
chlofdform§'previous1y chilled. :Room temperature wés;not'exccgdgc fol-
10wihg the di1ution; The chloroform solution aftek;éxtréction was
sepératédvahd the acidic aquedusédeuterated so]utioh.was éxtracted again
with 5 ml of chTorofokm.' The total organicisoiuiithWas wasned with 5 mi

of Chlékofbrm.' The total organic solution was washed with 5 ml of deu-

,terated water_and dried’(NaZSO4). After evaporation of the chloroform,

‘the approximately 20 mg of residue were disso]véd'in 1 ml of chloroform-d. -

and its;NMR Was'recorded. (b) Compound (1) (25 mg) was dissolved in
1.5 ml of conc. sulfuric acid-d, at room temperature and then stirred
for 60 sec. After that, the same procedure as (a) was followed.

(¢c) The same conditions as (b) wé?e used when (1) was left for 120, 180,

~ 240 or 480 sec in su1furi¢ acid-d,.

'DeutéropkOtdnatiOn‘bf G;méthy1benzd[a]pvrene‘(g)., Compound- (2) (30 mg)i»

was dissolved in 1.5 ml of sulfuric acic-d, and left for 120 sec at room
temperatufe under stirring. The so]Ution becaﬁé green. The same=prote—>
dure as'(a)vwaS'fo]lowed, ‘Results in Figure 5 show the absénce of Hi at

7.95 and Hy at 8.11.

1
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FIGURE ‘LEGENDS
Figure 1. fhe 920 MH,, NMR spectrum of benzoLa]Hyrene (2% nt/vj.in CDCﬂ3 at
17°. The scale is referred to TMS as nternalﬂstandard The oupling'
constants;are;]n hertz (HZ) and’ have been determined by expansion at =
: 2 HZ per=cm:a'The aecuraCy_of the coup11ng constants measurements is

£ 0.1 H,.

Figure 2. . Double resonance experiments. Benzo[alpyrene: -A)fIrradiatien of
Hyqs decoupling of H12; B) Irradiation of Hig» decrease of complexity

of H C) Irrad1at1on of H12’ decouo]xng of H]] ‘D) Irradiation

8’ HQ;
'of H8’ decoupling of H7
' -6-Metny1benzo[a]pyrene- E) Irradiation of Hg» -decoupling of Hy;
F) Irrad1at1on of | H7, decrease of complexity of H8’ Hg, G) Irrad1at1on
of le, decoup11ng of H]] H) Irradiation of H]], decoup]1ng of H12.

Scale .25 ppm = | 4mte—| ..

Figure 3; - ThedZZOnMHF NMR spectrdm.of 6—methy]benzo[a]pyrene (ZA wt/v) in’
CDC13 at 17°. The sca]e is referred to TMS as lnterna] standard -The
eouplfng constants are in Hz'and have_been.determ1ned by expans1on at
2,”2 per cm. The singlet signal of the methyl protons atv3,201ppm_is out
of the field. The-acedraqy of the coupling COnstanfs'measurements fs.

0.7 H,,.

Figure 4,1 A) The 220 MH_, NMR Spectrum of benzo[alnyrene, brevious]y treated
- with. squuric acid—dz“for 120 sec at 5-10°. Tne compound is disso]ved
in CDC]3 and the spectrum is recorded at 17°, using TNS as internal

standard B) The NNR spectrum of the same compound prev1ous]y treaued

L
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Figure 4 (coniinued)

o e . o , L
with su]fur1c-ac1d—d2 for 60 sec at room temperature, racorced in the

W o ~ same conditions as A). C) The NMR spectrum of the same compound,
previously treated with sulfuric acid—d2 for 240 sec at room tempera-

ture, recorded in the same conditions as A).

Figure 5. The 220 MHZ NMR.spectrum of 6-methy]bénzo[a]pyrene? previous]y’ 

treated with $u1furic_acid—d2 for 120 sec at foom_témperaturé. The.
compound is dissolved in CDC]3 and the'spectrum is recorded at 17°
using TMS as 1htérna1'standard. The absence of H] at 795 and.H3 at

811 is apparent.

—
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A Makes any warranty or representation, expressed or 1mp11ed with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report. ’

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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