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-From the monance interaction between diRerent NR2 substitucnts and the arylic u-system in mom+, 
1,3-b& and I$,!Ltris(di&yl~&)benzene~, quantitative pprpmctas arc derived for the relative domx sbwgth of 
the pymWino, dimctbylamiao. piperidino aad morpholino group. Towards an tmcbgcd r-system in the ground 
state. the doav potential daxeascs in tk series Pyr>N(CH&>Pip>Mor. Tk same order, though with 
somewhat d&rent gndrtioa, is observal for the amimbcnzenc~nc charge transfer compIcx ab 
sorptia?, aad for the paagmpk oxidatbl* potclltials. Wlc detaikd analysis of the cknicai shift/achiugc 
&n~cmelptionrf~~~xymddhlltyhmmo~rhomv~thttbere~tituentrcxatrsilnificmt 
&shieldiog effect on protons in or~bpositb. This additional downkId shift is probably due to stcric interactions 
andshlmgiyinuea= fromtbepymAeototbep&aiQogmap. 

Depeodence of enamioe reactivity upon the nature of the 
nitrogen substituents is a well established fact.’ Thus, I- 
N - pyrrolidino - cyclohexeoe reacts much more readily 
with electrophiks than I - N - piperidino - cyclohexene.’ 
In view of the practically identical substrate structure, 
the dilference in reactivity must arise from unlike stabil- 
ization of the positively charged transition state by the 
nitrogen looe pair. Since for ekctrophilic attack the 
transition state can be approximated by the cationic 
reaction intermediate (1,2), this means that the weight of 
the immonium struchne B is greater for the pyrrolidino 1 
than for the piperidino compound 2. 

In enamine chemistry, this experimental behaviour has 
usually been rationalized in terms of H. C. Brown’s 
generalization? “Reactions which involve formation or 
retention of an exe double bond in a S-ring derivative 
will be favoured over corresponding reactions which 
involve the formation or retention of an exe double bond 
in a 6-ring derivative.” When, however, the relative 
stability of a number of isomer pairs with exe- and 
e&cyclic double bonds, respectively, were determined 
by the hydrogenation method,’ the endocyclic 
modilkation was found to be more stabk in each case, 

c&f-J -cifiL~ 
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even for five-membered rings. EHT calculations’ are in 
agreement with the hydrogenation data but attempts at 
correlating reactivity with them&ynamical stabilities 
failed. 10 view of these discrepancies, the practicability 
of Brown’s generalization for the heterocyclic moieties 
pyrroMne and piper&e seems rather doubtful. The 
widespread application of enamioes in preparative 
organic chemistry, on the other hand, makes it highly 
desirable to have some measure for the resonance inter- 
action between NR2 groups and double bonds-and thus 
for the reactivity of enamines. 

The stronger donor potential for pyrrolidino vs 
piperidino nitrogen, noted above for transition state and 
cationic intermediate, must to some extent be retlected 
already in the ground state; so, greater weight of the 
dipolar structure B and thence higher CB charge density 
is expected for pyrrolidino enamines (3 vs 4). 

(-jg--J -(--q-J 
SA 40 

Gurowitz and Joseph’ have indeed successfully used 
the p-proton chemical shift, as indicator of Cb ekctron 
density, to rationalize the isomer distriiution of jJ-alkyl- 
ated cyclohexeoyl enamines in terms of vary@ NRZ 
donor stren& For some ekdrophilk aramiae’rea&ons, 

tremely difficult, though, to correctly assess and allow 
for steric and conformational effects on the chemical 
Shift. 9m4s Symmetrical 1,3,5 - tris (dialkylamino) ben- 
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zenes,” on the other hand, which we have repeatedly 
used as model compounds for enamine reactions,“*‘~ 
have a fixed (planar) geometry, and shot&l thus be 
ideally suited for a quantitkation of the donor potential 
for the different I% groups via the respective aryl 
proton shifts. 

mom-HzmmN-~~coIIpAllolyB 
Ihe direct proportionality relationship (1) between A- 

electron density and the chemical shift of aromatic and 
oletinic protons has found widespread application for 
analyzing, hotb qualitatively and quantitatively, the 
changes in electronic sbucture upon introduction of a 
substituent. ‘- 

6w, = q * PC,. (1) 

The underlying assumption, i.e. that within a given 
class of compounds, the chemical shift of a specific 
proton is determined primarily by the a charge density at 
the respective carbon, has for aromatic molecules been 
established to hold to at lea.9 thst 
approximation. ‘9G%z7J8 Thus, Zweig et al. report good 
linear correlation between aryl proton shifts and HMO 
r-electron densities for the unsubstituted positions in a 
number of sterically unhindered dimethylamino ami 
metboxy ben7.enes.“z 

The authors’ assumption that there is no sterical in- 
teraction between two otilro-standing methoxyl 
Broups,p” is not tenable, though: veratrole, for in- 
stance, gives only one narrow singlet in the ‘H NMR for 
the two sets of aryl protons. The following correlations 
are therefore limited to those four benzene derivatives 
for each sub&rent which bear no mutually ortho- 
standing groups (54). Because of some (minor) dis- 
crepancies between Zweig3 and our measurements,’ 
moreover, a new, internally consistent set of shift data 
wig be used (see Experimental). 

Win such a series of me&-substituted benxenes, the 
intramolecular ring current can be assumed as constant: 

6 &x+*J&x 
X 
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intermolecular ring current and other medium effects 
may be minimized by using equimolar solutions in a 
common isotropic solvent. Of the other factors upon 
which the position of a nuclear magnetic resonance 
signal depends, anisotropic electrical and magnetic field 
gradients due to the substituent itself have been consi- 
deredasnegligiiinthecaseoftbemethoxyand 
dimethylamino group Spiesecke and Rchoeider, in theii 
fundamental paper, had reported IW) signittcant ani* 
tropic contribution to the ‘H shifts of bimetbylamine and 
dimethyktlmr; thence, Zweig er faf. inferred that in 
substituted henzenes protons O&KJ to a N(CH& or 
OCH, function likewise experience no additional anise- 
tropic shiftp 

In a detailed study of ‘H and’ "C shifts of simple 
aliphatic emunines,‘“’ this compkte neglect of substi- 
tueot anisotropy has since heen demonstrated as un- 
justified. Within the aminobenzene series, this is exem- 
plified, for instance, by the identical aryl proton shift, 
aai consequently identical NR1 donor strength, for the 
tripiperidino and trimorpholino compounds (&I, c) which 
is incompatii with the gradation known from enamine 
reactivity.‘o The assumptions upon which straightfor- 
ward correlations of &-values with r4ectron densities 
have hitherto heen based, evidently represent only a 
rough approximation of the actual chemical shift 
hehaviour, and thus hold only for comparisons between 
groups of widely different mesomeric potential, such as 
between OR and NR1.p3 In the evahration of smaller 
chemical shift differences, the anisotropy factor may no 
longer be neglected since it has about the same magni- 
tude as the differential shifts A&a2 between the in- 
dividU dialkylamino groups and, even more cruci& 
ditfers for each NR2 function. 

In view of the approximations inherent in assessing the 
NR2 substituent anisotropy (see below), the basic HMO 
formalism was used as an unsophisticated model for the 
r-electron density calculations. With respect to ‘the 
choice of the parameters h and k which are needed to 
characterize heteroatoms in the Htkkel formalism, 
though, there is no consensus in the literature: rather, 
vahres have been adapted in each case-more or less 
i3rbitmily40 guarantee optimum linearity for the 
respective correlation. Heilbrormer and Rock have justly 
raised strong objections to this practice.32 In compliance 
with theii recomme r&ion, we have based our cor- 
relation for the metboxy-henzenes on the parameters 
&=2&t and k-=0.0 as or&ally proposed by 
Stnitwieser;” for the dimetbylamino nitrogen, !&it- 

I X 

d N 3 Pip) 

n 

’ Nw0 (Marl Fi 1. corrolrtion diagram HMO r-declroll den& VI uyl pm- 
ton cbuaial rhift for the metlmxy bonzma 30-k experimental 
8-vduca (for tba numbo+ of the wrroti points. ree Tabk 1). 
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weisefs values (lljl = 1.50, k- = 0.80) were likewise used 
attheoutset. 

Mcthoxy benzener. The HMO ncharge density/& 
correlation plot for the methoxy benxenes sI& displays 
considerable deviations from linearity in a close-up view 
~,U.Th~~~ee&rreiek&a$~te~Jn~t& 

(Table 1. representing aryl positions with one and two 
orrho_OCH, groups, respactively) have identical slope, 
with a parallel displacement of about 0.1 ppm. These aryl 
proton shifts evidently are de&m&d apart from u- 
electron density, by an additional or&-effect, i.e. the 
methoxyl group does indeed not behave magnetically 
isotropic. 

Consequently, an ortIm increment A& is derived via 
linear regression analysts for the five aryl positions in 
anisole, resorcinol di- and phloroglucind trimethykther 
((8, 0 - @ and @ in Table l/Fii 1). The 
- 0.108 ppm per o-W& by which the experimental& 
values have to be corrected for best tit indicate that aryl 
protons experience additional deshielding from ortho 
methoxyl functions (caused either by anisotropic field 
gradients or steric effects of the sub&rent). The cor- 
relation for the corrected shift values is exceedmgly 
good (r = 0.99999, Table I ; Fig. 2). Due to an intrinsic 
deficiency of the HMO formalism, however, points 
which represent aryl positions meta to a OCH, substi- 
tuent C0,8 in Fii 2) still lie far outskk the l&r 
correlation.’ 

Inclusion of these mcta-positions and the anisotropic 
downtkld shift, causally connected with increasing n- 
charge density at the high geld end of the shift range, 
thus combine to force a steeper slope for the simple 
correlation. Our final equation (2) therefore has a 
significantly less steep slope than the relationship, 
obtained for the uncorrected o/p-data, and than that 
reported by Zweig et al.= 

[HMO ockctron density] = - 7.26 x 10-2[61 + 1.5238. 

(2) 
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Fii 2. calelation disgram HMO ack.ctroa &nsily vs aIyl 
proton cbcmicai shift for the methoxy benzeae3 g&a: *expcri- 
mental d-vatucs cerre&d by A& -O.lU?ppm (CUT&WI lioc 
for &Wmnfoa a4 QLc& T&Y) eaty-fof the lmmbwiWl 

IXmethyhmino bcnzenes. In adapting the HMO 
parameters for the N(CH& group to the mcthoxy ben- 
zene correlation (2), h- and k-values may no longer both 
be chosen freely (contrary to the general practice in the 
literature). To accede as far as possible to the recom- 
mendation of Heilbronner and Rock,‘* we have retained 
the hrq-value of 150= for the N(CH,), nitrogen. In 
conjunction with Sbeitwieser’s value of 0.80 for kc_,,.” 
this gives a significantly smaller slept of the correlation 
line for those five positions in the sterically unhindered 
dimethylamino beaxenes SMlb which are either orrho 
and/or para to a N(CH& substituent. Wii k = 0.84, on 
the other hand, both slope and intercept (Table 2) are 
identical with the values for the4mcorrected-methoxy 
cotrelation (Table 1). The individual points for the 
N(CH& derivatives again show considerable scattering, 
the deviations-sign&antly -corresponding in both 
dire&on and relative magnitude to those found for the 
methoxy benxenes (as shown in Fig. 1). For the five 
o/P-poaitiom ill WWimethylaniline and l&bis- and 
135 - tris (~thylpmino) - benzene (CD, @ - 0 
and @ in Table 2), therefore, that orrho-increment ii 
determined for 0.80 <&SO.!& respectively, which 
gives the same slope for the dimethylamino correlation 
plot as in eqn (2). The correMon passes through an 
optimumfork c-N = 0.84 (Fig 3), with a cotrespooding 
anisotropy comction of -0.150 ppm which is 
sigu&atitly larger than for WK. 

As described, the HMO parameters for the OCHJ and 
N(CH& sub&rents have been adapted to best M with 
‘H shifts. Since no additional assumptions have been 
introduced and the internal consistency within the cor- 
relation has been strictly preserved, however, it should 
be possible now to also evaluate the tiner mumces in 
mesomeric interaction between the different cyclic NR2 
moieties via a &/HMO chatge density correlation. 

Pym&fino, pip&difw, and nwrpholino benrenes. The 
ditference in overlap between a sp2-carbou p. orbital 
and the nitrogen lone pair of the various NR2 groups 
cot&J in principle be due to varying hybridization or 
different electronegativity of the N atom. Since our 
‘H/‘% investigations of enamines have clearly demon- 
strated that, within the series of dialkylamino functions, 
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the electronegativity of the heteroatom does not vary 
signiftcantly,” the N(CH& h-value of 1.50 for the cou- 
lomb integral perturbation parameter was retained also 
for the cyclic dialkylamino functions. 

In the pyrrolidino bcnzenes--this becomes evident 
from the aryl proton spectra already by inspection--the 
orrho-protons experience only a small additional 
deshielding effect. Nevertheless, the same optimization 
procedure as for the N(CH& derivatives is applied to 
the data pairs representing the five o/p-positions in SC, 6c 
and & The regression analysis yields k= 0.90 for the 
Pyr substituent, together with a small ortho-increment of 
- 0.0% ppm/oPyr group. When, after appropriate cor- 
rection, the five correlation points for the o/p-positions 
in mono, l&ii- and 13J-uipyrroBdmobenxene are 
entered into the correlation plot for the dimethylamino 
compounds (0, Pii 31, the mutual compatibility of the 
two data sets, and thence of the respective overlap 
integrals (k-values), is immediately apparent. 

By the same procedure, a k-valw of 0.79 can be 
derived for the piperidino sub&rent. As indicated al- 
ready by the enamine data,‘- the lb for this NR2 group 
requires a very large corrective term, A& - 0.243 ppm. 
Since, furthermore, the numerical evaluation of the ‘H 
spectra of piperidinobenzene sd and lH-piperidino- 
benzene 6d is none too gocdh kPb is a priori not as 
reliable in its relative magnitude as the values for 
N(CH,h and Pyr. 

The difference in NR2 donor strength becomes espe- 
cially manifest in the barriers of rotation around the 
Cz-NO partial doubIe bond in the 1,3J-tris(dialkyl- 
amino)_2-nitrosobenzenes 9.y We shag use these 
quantities, therefore, to derive k-values also for the 
piper&o and morpholino substituents. 

The energy of activation for this rotational process is 
facilely simulated in the HMO formalism. In conjunction 
with the experimental AG&values determined by 
dynamic ‘H NMR spectroscopy” (Table 3), the HMO- 
AE,-values for tris(dimethylamino)_ and tripyrrolidino - 
nitrosobenzene (W, c) set up a new correlation line 
(AG~/AE,-plot, Fig. 4). With this relationship, AG: for 
the piperidino and morpholino compound (9d, c)’ can be 
correlated with the respective AB-values (Fig 4ITable 
3) which in turn determine a specific overlap integral for 
each of the two NR2 functions. The k-values thus 
obtained are 0.775 for the pipcridino and 0.74 for the 

17.0 - SC 

16.0 - 

2 
1 IS.0 - 

H % 

3 : t ______.___.._~ 

Pi 4. Barr&s of rotation arouwJ the Cl-NO puthl do&k bead 
ia lJ$tris(~j-Sn ): cerrela&a 
diagmar for AO&vatues 
NMR) VI activation baniers simulated by HMO 

text, Table 4). 

morpholino group. For a cross&eck, AE. (HMO) 
activation barriers are calculated for three further 
triaminonitrosobenzenes with difTerent NR, functions 
(9f-b Table 3) and compared with the experimental 
AG&htes ? the points fit perfectly onto the correlation 
line in Fig. 4. 

CONCLUsIolys 

Even though in a rather roundabw t manmzr, we have 
thus successfully derived quantitative parameters for the 
mesomeric potential of the different NRs substitueots. 

Pyrrolidino N(CH& Piperidino Morpholinn 
k 0.90 0.84 0.77s 0.74 

Since they are cdiirated against ‘H chemical shift 
data, i.e. against a ground state property, these 
parameters of course mirror only the relative &nor 
strength of the NR2 sub&rents towards an acceptor 
n-system in its (uncharged) ground state. They take no 
account of the “sleeping” potential of each dialkylamino 
group for stabilization of a partial or full positive charge 
which would be necessary, though, to allow exact pre- 
dictions on the influence of the individual NRZ moietie!s 
upon enamine reactivity. 

s-syn 1 9’ S-anti 

Better than by groumi state n-electron densities, t& 

‘The &&vahes arc UJcd because tky arc derived from charged transition state of an ekctrophilic attack is ap- 

ex&cuy determinable exphxotal data? a corrclatia basal on proxhatcd by the charge transfer compkx with a strong 
AI& cakuMed fram A@ with the A!?-vslue for the Cl-NO electron acceptor or by the radical cation formed upon 
rota&m in 4-dh~thylne,” yields i&&al one-electron oxidation of an aminobenzeue. In Table 4, 
results. the (HMO) r-energy of tlK. highest occupied molecular 



The donor strength of dialkgamino functions 

T&de 3. &thtion tmrhrs for rota&~ around the (?-NO partial doubk bond in the I, 3,s - bis(dialkylamind) - 2 - 
nitros0bc~ne.s~ 

7.415 
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ed 

ee 
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eh 

kcal/mOl] 

17.2 

15.15 

13.05 

12.0 

13.75 

13.4 

12.65 

Lb: 

0.428’) 

0.4169 

0.4047 

0.3983 

0.4090 

0.4062 

0.4024 

aDctemi”ed by ttmpwatorc-de&-endent ‘I3 NNJt m COC13. 
37 

b 
calrulatad as d*tarled in the textr for the nttroso function. the 

foilowmQ hdtorodtue psramotera rere uaut: hi O.M, hb 1X0. 

kwO 1.00. kc+ 0.80 and 0.00. respectively. 34 

fTm CakplCxJ IVS. Bw%A 

I-pyrrolidLn0 !ic - 0.7012 19500 

1-d*tJly1.¶mino Sb - 0.7266 20700 0.45 

I-piparidim sd - 0.7545 215m 

1 -!wrpho1ino 5a - 0.7696 23600 

1,3-dipyrrolidino 6c - 0.6357 0.11 

- 0.7937d 
18loO 

1,3-bis(dimethylamino~ 6b - 0.6635 

- 0.8148d 

2cmm 

1.3-dipiperidlno 6d - 0.6944 0.25 

- 0.8376d 
2tm 

1,3, I-Vipyrrolidino & - 0.6357’ 16fXO 0.01 

~,3,5-~~a(d~e~l~i~) 8I5 - 0.6635= 17500 0.13 

1.3.5~trfpiperidino 86 - O-6944= la9ixl 0. IB 

1.3. S-trimorpho1ino 0.7114= 20600 0.35 

is FIX the bsteroatoa, paramsters, tha h- and k-values were used as de- 

l zrLbed in ti text. 
b 

In cXzCi2 (WASOL Merck), Uetermlned from equf- 

molar 101uCicms of amino- and trinLtrDbsnzene at several different con- 

csntrations rrangs I- 5x lo-2a~,rounded to the nearcrt loocar -1 . 

= %088ured at e mtating platfma electrode in Q3cN against A9/Iqe 

(lo-*m in CE,cW 4s refen3nc8, supporting alectrolyta 10-lpl tiCIOq. 

d sscond hlqhest occupfsd lsoteculm Orbital. @ mub1y &generate fKm'*. 
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Fii. 5. Correlation diagram CC band energy of dialkykunino&ru.encltrinihobmzene charge transfer compkXes (in 
cHgh, only b6ga ~6~ek6gth cr dmpti06 inchhd) vs comgy Of highest occupied mokculaf orbital (in B). 

ofbital as model parameter is contrasted with the char8c 
transfer band energy of m compkxes between trinity 
benzene (see Experimental) and all the aminobnzcncs;y 
some polarographic halfwave oxidation potentials 
(determined in CHKN vs Ag/Ag? are likewise in- 
&&d. 

When the trinitrabenzenc ucrvalucs (Tabk 4) for 
mollo- and lSJaisubstitu14d benzene daivaGvl%3’ of 
Pyr, N(CH& ami Pip are plotted against the HMO 
acaelgy of the highest occupkd MO of the aminobe 
zcne, a good linear correlation is obbincd (Fig. 5). The 
divergencies in each case are within the experimental 
error limit of *5 Ml for the cr lnaximunl; the two 
morpholino derivatives, Se and b, on the other hand, lie 
definitely outside the con&&n. This could be due 
either to a slightly Merent (X complex co&mWon 
(perhaps an effect of the y-oxygen atoms), or to the 
k-value for * morpholin group being too large (a 8ood 
fit would rcqurc ba = 0.70). 

For the triaminobenzene E7,%vabs Crabk 4). the 
trend Pyr > N(CH& > Pi > Mor is likewise observed, 
but again one point (this time for the pipcridino 
compoud) falls definitely outside the linear comlatioa. 
Also, the oxidatbn potential of the diamino derivatives 6 
ineachcascishigherthnnthatoftheun’rcspondin8 . . 
trmomhcazc~ S-cmtrary to the praiihm from 
HOMO energies (see Tabk 4). CkarIy, for such finer 
d&rentiations, both tbe simple, straightforward cor- 
relation technique and the HMO formalism are strained 
too much. 

If 01K keeps this rcservatiDn in mind, though, the 

k-parameters derived above ncverthekss represent a 
useful tool also for energy and reactMy conWions. 

Allcompounda(availabkLXmmmSyapcpued~ 
totbctib@re~~wcrerabtiMofrccrystlllited,~- 
tivcly, from tight petrol CtlIer before the NMR IMaalrements. 

T& NMR spectra were taken of 0.5 molar CC& sotins at 
3(PC;(hecbemialshatspreOivenind[ppm]rrlativetoTMSas 
intcnudstand&.Tbespa%awnruncitberonaVarianA6Oin 
CW sweep mode or on a Brukct HX90E in Pulse-Fourier- 
Traasfarm technique (with (CD&CO as ‘D-lock in the inner tube 
of a cQoXifd cell unit); 16k interferograms were utitizd with a 
&cc&al wkftb of 892.8571H2 (canrpoadhu to 0.1090Hz~ 
0.001ppmpcraddrcss).fnthccaseoftlmsccompmmdswhich 
givcouiysin@aryfpmtoasignalr.thclistcdchcmkalahiftsere 
theavengcofthrccswccpsineschdirectionorof6vescpamtc 
FT spechr, rupcctively. For the compkx ‘H spectra of anisok 
and N,Ndia&F, an exact computatiolllrl analysis by 
Cast&noctol.‘isavaWk.;thcspectraofthccomspomliug . . 

damtmr,nroteiaoldimrtbyletha& 

IWMUI& aad numuicaUy evalu&d by aurscfvcs.-* For the 
mmxrkal analysis and the HMO calculatiu~s, standud programs 
were Wed. 

Tbechar#ctransfercompkxspectrawmmcaslm!dona 
BcckmauACTAMVxUV/VISspedropMoWta intalxkalcen 
~UV~~CS (HELLMA, Millheinj with a0 overall path- 
kugth uf 0.877cm.’ Of the m ecceptas communly used, 
cbbranil lad even wm so tetrocyamxthyknc u&go rapid 
chcmicalrcactkmwithaminokazenes;iothecaseofTt%E&d 
tripymlM&WW. for ilMancc. the CT complex is eXtremcly 
tra&n& the oxunpkx ill- of aroumtic ekctm@ic . . 
aubsmbm beii formed almost hmncdiately.” Even if the CT 
bandsamkobscrvcdbyrapidlyscana&aftcrmkingthe 
compoaents,acurectcvaluatiooofAuisnatpossii.Trini- 
bvbclKcnc, on the other hand, gives weudcfined, perflY3ly 
~~ bands for mono-, his- aad tri@alkyl- 

For details df tbc triam+&osobcnzcoc rotation bankr . . 
vs and the Fdampqa oxidatbn potential 
lmasmmcnts. see tk respective rcferclKxs.“” 
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