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ABSTRACT: The presence of gB in the reaction of 2-nitropropane anion (1) witknitrobenzyl bromide (5b) in
tert-butyl alcohol results in an approximately three-fold increase in C-alkylation [yielding 1-(2-methyl-2-
nitropropyl)-4-nitrobenzene (9) by a&kn1 mechanism] versus O-alkylation (by &2 mechanism, and leading
thereafter top-nitrobenzaldehyde). Dioxygen completely inhibits C-alkylation in the absence , But is
ineffective in its presence-Dinitrobenzene does not significantly affect the thermal reactioAG36f 1 with 5b, but
partially inhibits C-alkylation in reaction under photostimulation. HowepetinitrobenzeneatalyzesC-alkylation

in the thermal reaction in the presence offEtRationalizations of these novel results are presented. Qualitatively
similar results were obtained for the reaction of phenylnitromethane anion (16) with 5b. Copyrg®®0 John

Wiley & Sons, Ltd.
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Scheme 1

INTRODUCTION

In the course of his classical work on ambident
nucleophiles, Kornblum investigated the reaction of the
anion 1, derived from 2-nitropropane (2-NP), with
nitrobenzyl halided. Two types of products were
isolated: nitrobenzaldehydes$)((plus acetone oxime)
and 2-(nitrobenzyl)-2-nitropropaned)( The former are
the result of O-alkylation of the nitronate ion followed by
fragmentation of the first-formed nitronic esterd),?
while the latter are the expected product of C-alkylation
(Scheme 1).

Mechanistic investigatiois® convincingly demon-
strated that in addition to the then well kno81-Sy2
type of reactions for nucleophilic displacement at a

reaction® was also uncovered in certain aliphatfcand
aromatic system$2

In Kornblum and co-workers studié& the reaction in
DMF of 2-NP anion (2-NPA1), as its lithium salt, with
p-nitrobenzyl chloride%a), proceeded entirely, or almost
entirely, via theSgn1 mechanism, yielding the product of
C-alkylation, 1-(2-methyl-2-nitropropyl)-4-nitrobenzene
(9), while in the reaction wittp-nitrobenzyl bromide §-
NBB; 5b), which bears a better leaving group, this path
and product were secondary (17-20%), and O-alkylation
by the Sy2 mechanism followed by decompositionge
nitrobenzaldehyde predominated (60-65%). C-Alkyla-
tion (but not O-alkylation) was found to be subject to
photostimulatiorf” and in Sznl reactions of the type
under discussion the phenomenon generally involves

benzylic carbon, there existed, in appropriate cases, anfacilitation of the production of radical anions by ET

alternative chain process involving radical anions and

electron transfer (ET) that effected such displacement (cf.

Scheme 2). This type of process, dubbed &l

*Correspondence to:S. Hoz, Department of Chemistry, Bar-llan
University, Ramat-Gan 52900, Israel.
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from the nucleophile (e.g. 2-NPA) to the substrate (e.g.
the nitrobenzyl compound), sometimes within a charge-
transfer complex and/or to an excited stat&-*2Other
possibilities are, however, not precluded (for an imagi-
native early suggestion, see Ref. 4b).

Following a prior serendipitous finding of a surprising
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(CH3%,CNO,]" + p-0,NCGH,CH;X ——> (CH3),CNO,] + p-0;NCeH,CHoX 1+

1 Sa,b 6a,b
p-ONCHCHX - —  p-ONCHCHyI© + X
6a,b 7
p-ONCEH,CHy* + (CH3CNO;T  —— p-O;NCeH4CHy(CH3),CNO] -
7 1 8
p-0;NCH;CHy(CH3L,CNO,1 = +  p-0,NCgH,CH,X LI
8 Sa,b

P-0,NCgH,CHy(CH;),CNO, + p-O,NCeH,CH,X ]-
9 6a,b
a:X=Cl, b:X=Br

Scheme 2
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effect of triethylborane (Et;B) in a case in which
reactantyieldeddifferent productsby differentcompet-
ing mechanistigpathwaysjt seemedhatthe reactionof
2-NPA with p-NBB describedabove might be appro-
priate for the furtherinvestigationof unexpectedffects
of Et3B.

RESULTS AND DISCUSSION

Unlessspecifiedotherwise,the reactionof p-NBB (5b)
with 2-NPA (1) (preparedn situ by the reactionof 2-NP
with an equivalent of potassium tert-butoxide) was
conducted in tert-butyl alcohol solution under the
standarcconditionsdetailedin the Experimentalsection
andfor 20min only, soasto obtainratiosof initial rates.
A productisolationrun (24 h) confirmedthatin t-BuOH,
asin DMF,3? both O-alkylation and C-alkylation occur,
leading eventually to p-nitrobenzaldehydeand to 9,
respectivelyIn 20 kinetic runs (20 min) understandard
conditions, the averagetotal conversionwas 13.6+
3.4%, of which 6.1+ 1.3% was O-alkylationand 7.5+
3.3% was C-alkylation. The latter, but not the former,

CHzBI‘

was completelyinhibited underan atmosphereontain-
ing 0.5mol equiv. of dioxygen, or in the presenceof
0.01mol equiv. of galvinoxyl, both known free radical
scavengers® Contrariwise, it increasedo 79.6+ 7.3%
under irradiation by sunlamp(total conversion83.3+
7.6%; O-alkylation3.7 + 0.3%). This is in keepingwith
expectationgor an Syl reactionpathwayand parallels
the reports of Kornblum and co-workers$3®*and in
particular of Russell and Daner? for the analogous
reactionwith 5a. To be notedis the occurrenceof C-
alkylationby an Sgn1 mechanisnevenin the absencef
light stimulation, althoughto a much smaller extent®®
Thusthe initiation stepof electrontransferfrom 2-NPA
to p-NBB is notinhibited by the t-BuOH solventasit is
by the better solvating and hydrogen-bondingstOH
Recently presenteddata indicate that in thermal Sgal
reactionssuchasthat underdiscussiorET from 2-NPA
may be concertedwith bond cleavage.In that case6
would not be a distinct intermediate rather7 would be
produceddirectly with releaseof halideanion(Schemes
2 and3).%" In contrastto C-alkylation, the extentof O-
alkylation was not affectedby the presencef dioxygen
or galvinoxyl, and decreasedslightly in those experi-

CH,Br

o -
+/ + }) ET
(CH3)2C=—‘N\ i + _— (CH3)2C=N\ ) .
O—BEt3 O—BEI3
10

NO;
5b

CH,Br |~
.

\O— éEt:;

12

NO; | —> 7 + Br
6b

O-
(CHNC =7 } —> (CHy)C=N

NO,
11

o
+/
N + CH;3;CH;*
—BEt,
13

Scheme 3
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Table 1. "'B chemical shifts in -BuOH solution

Soluté s°

Et;B 87.1(180f
EtsB + p-NBB 87.1(180f
EtsB + 2-NP 87.2(180f
EtsB + t-BuOK 2.9(800¥
EtsB + 2-NPA (= 2-NP+ t-BuOK) 66.5(800)f

&All solutes0.1m in t-BuOH assolvent.

® In ppmdownfieldfrom Et,O BF3; Me,S BH3 in CDCl; wasusedas
an externalsecondarystandardy —20.1.

© Width at half-height,in Hz; *'B, with | = 3/2, hasshortT; andbroad
absorptiorineswhich precludedhedeterninationof B—H couplingat
a distancebeyondonebond.

ments in which conditions were modified so as to
enhancethe competing C-alkylation significantly, the
decreasebeing commensuratenith the exhaustionof
reactantsby the latter. Thesefindings indicate that O-
alkylationin t-BuOH, asin DMF,3?is theresultof anSy2
type process.

Proceedingwith our prospectingfor novel effects of
Et3B, we indeedfoundthattheadditionof 1 mol equiv.of
Et3B to thereactionof p-NBB with 2-NPA resultedn an
approximate threefold increase in C-alkylation (to
24.0+ 5.7%)with a concurrenincreaseof total conver-
sion(28.2+ 5.9%)andabarelysignificantdecrease O-
alkylation (to 4.2+ 0.8%).Doubling the amountof Et;B
to 2 mol equiv.hadno cleareffect on theyield or on the
productdistribution. The effect of sunlampirradiation,
inducing a dramatic dominanceof C-alkylation, was
preservedn the presencef 1 equiv.of Et;B. Thevalue
found (85.3+ 4.9%) was marginally higher, and the
extentof O-alkylation(1.34 0.1%)somewhatowerthan
foundin the absencef Et3B.

The addition of galvinoxyl (0.01 equiv.) in the
presencef EtzB (1 equiv.)reducedthe total conversion
to only 8.6+ 0.4%, C-alkylation declining to 4.4+
0.4%, but O-alkylation holding steadfastt 4.2+ 0.2%.
Increasingthe amountof galvinoxyl to 0.5mol equiv.
had no further significant effect. The residual C-
alkylation persistingundertheseconditionsis in contrast
to its completeinhibition by galvinoxyl in the absencef
EtsB. Although dioxygen also completelyinhibited C-
alkylationin theabsencef theboranewe foundonly an
insignificant variation in the yields of C- and O-
alkylation in a seriesof experimentdn the presenceof
Et;B andof dioxygenincreasingfrom 0 to 1 mol equiv.

To aid in the rationalization of the previously
undocumenteeffect of EtzB reportedabove,the extent
of its coordinationasa Lewis acid,with thesolutesn the
presentreaction was determinedwith the aid of *'B
NMR. Resultsare presentedn Table 1. It is clearthat
thereis no discernibleextentof coordinationto eitherof
theneutralmoleculesp-NBB or 2-NP, in the faceof the
presumedcoordinationto the t-BuOH solvent, even at
soluteconcentrationfive timesthoseusedin thereaction

Copyright(d 2000JohnWiley & Sons,Ltd.

runs. On the other hand Et;B clearly coordinateswith

tert-butoxideion andwith 2-NPA. Thevery muchlarger
1B upfieldshift in the former casethanin thelatteris to

be attributedto the greaterbasicity and chargelocaliza-
tion in tert-butoxidethanin 2-NPA.*H NMR determina-
tions on t-BuOH solutionscontainingEtsB, t-BuOK and
2-NP showedthat when thesereactantswvere addedin

equimolarquantities(concentration0.1m), 10+ 3% of

the 2-NP remained non-ionized, indicating that at

equilibrium that portion of the Et3B is boundto tert-

butoxide.The valueof é reportedfor *'B onthelastline

of Table1 is thereforea weightedaverageof valuesfor

the fraction of Et;B bound to tert-butoxide and that
boundto 2-NPA.

Whereasthe Et;B-bound 2-NPA, 10, (Scheme3)
would be expectedto be a poorerelectrondonor than
‘free’ 2-NPA, yetit couldstill beviablein thatrole, either
photostimulatear not, especiallywithin a complexwith
the acceptor p-NBB (11). An ET would yield 6b
accompaniedby the radical 12. Releaseof an ethyl
radicalfrom thelatterby B—C homolysiswould produce
the neutral and stable 13. Such an ET would be
energeticallymore favorable were it concomitantwith
B—C homolysiswithout 12 asa distinctintermediateon
the projected path?®”® Another possible initiation
processto be consideredhas its basis in the much
studied’ and extremelyrapid reactiort® of trialkylbor-
aneswith dioxygen, which releasesalkyl radicals. As
adventitioudracesof dioxygenimpurity havebeenfound
to suffice for this phenomenon!®°the increasein C-
alkylationin the presenceof EtsB may be ascribableto
the releaseof ethyl radicalsand their reactionwith p-
NBB, abstractingrromine’®andyielding ethyl bromide
andthe more stable,and chain-propagatingp-nitroben-
zyl radicals(7; Scheme?). The inhibition by galvinoxyl
supportghe presumptiorof thefreeradicalnatureof the
reactionalso in the presenceof Et3B. The failure of
dioxygento inhibit C-alkylationin the presencef EtzB
stemsfrom its dualreactivity, bothtrappingradicalsand
inducingtheir production.In the experimentonducted
undersunlampirradiationthey may havebeenproduced
by photolysisof 10. On the basisof recently reported
calculationresults,one would expectthe tetracoordina-
tion of the boronatomin sucha structureto leadto very
substantialweakeningof the B—C bonds?° since the
boron radical formed upon homolysiscould delocalize
spin density on to the nitronate ligand. Whateverthe
nature of the chain-initiating stepsin the presenceof
EtsB, with or without photostimulation,the very low
concentrationof ‘free’ 2-NPA at equilibrium makesit
highly unlikely that it is the target of p-nitrobenzyl
radicaladditionin the C-alkylationstep.This conclusion
is supportedby the finding that doubling the Et;B
concentrationwhich would further depresghe ‘free’ 2-
NPA concentrationhadno significanteffect on yield or
productdistribution. It thereforeappeardikely that10is
the substrateof p-nitrobenzylradical addition, resulting

J. Phys.Org. Chem.2000;13: 105-111
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0" o
CHC(CH:) N7 CHLCH ), N

0—BEY O—BER

7 + 10 —» —_— + 6b
ET
tor 7+ BP)
NO; NO,
14 15
Scheme 4

in theradicalanion14. Thelatterpresumablyransfersan
electronto p-NBB (5b) and thus continuesthe chain
(Schemet).

Comparedwith the complexity which governs C-
alkylation,thefactorswhichinfluencethe S\ 2 reactionof
O-alkylation appearsimple. Triethylboranereducesthe
nucleophilicityof 2-NPA by bindingto anoxygenof the
nitro group,andin part, by bindingto solvent,indirectly
causesrotonationof a limited amountof 2-NPA to 2-
NP. Consequentlythe already small yield of O-alkyl
product is further reduced. An additional reduction
occurs under light irradiation becausemost of the
reactantsaresiphonedff by the successfullicompeting
C-alkylation.

Entirely unforeseenwere our further findings upon
adding m- or p-dinitrobenzene(m-, p-DNB) to this
system. In Kornblum’s work which establishedthe
formation of radical anionson the path of C-alkylation
in thesereactions,he utilized dinitrobenzeness single
electronacceptorsto competewith 5a [cf. Scheme2,

Egns(1) and(4)] andthusinhibit the reactionsequence.

Specifically,whenreactinglithium 2-NPA (0.42m) with
5a (0.2M) in DMF solutionfor 48h, the presenceof m-
DNB (0.4M™) reducedC-alkylationfrom 92 to 40%while
allowing arisein O-alkylationfrom 6 to 48%.Themore
readily reducedp-DNB?! proved much more effective
evenat 0.04m concentrationreducingthe C-alkylation
yield to 6%, and permitting 88% O-alkylation. With
reactantsat half theseconcentrationsn EtOH solution
for 96 h, p-DNB (0.02Mm) waslesseffective,reducingC-
alkylation from 90 to 31%3% Similar findings were
reportedby Rusself*?

In contrastwe found that underour conditionsin the
absencef EtzB, a 50% molarequivalentof m-DNB had
no significanteffect (whencomparedwith control runs)

Table 2. 2-NPA + p-NBB: effect of m-dinitrobenzene in
presence of triethylborane®

m-DNB (mol equiv.)
0 0.05 0.25 0.50 1.0

C-alkylatior? (%) 56 62 72 77 93
O-alkylatior? (%) 7.5 5 5 4.5 3

& Standardeactionconditions;seeExperimentakection;1 mol equiv.
of Et3B; reactiontime, 60 min.
b HPLC analysisafter reactionquench.

Copyrightd 2000JohnWiley & Sons,Ltd.

on eitherthe total conversionor the productdistribution
in reactiontimesof 45 min. Thesamewasfoundto bethe
casefor p-DNB in amoreextensiveseriesof experiments
using various molar equivalents,from 5 to 80%, and
reactiontimes of up to 150min. However,in reactions
(20min) undersunlamprradiationthepresencef a0.05
molar equiv. of p-DNB did reducethe extent of C-
alkylation from 82.6+ 4.9% (O-alkylation, 3.8 + 0.3%)
to 49.1+ 8.6% (O-alkylation, 7.6 4+ 1.6%). Raising the
amountof p-DNB to 0.5molarequiv.furtherreducedhe
C-alkylationto 33.1%(O-alkylation,9.7%).Ourreaction
conditionsdiffer from thoseKornblumandof Russellin
the concentration®f the reactantg0.02vs 0.075-0.4v)
and the dentities of the solvent (t-BuOH vs DMF or
EtOH), the cation (K* vs Li*) and the p-nitrobenzyl
halide (bromidevs chloride). Althoughit is possible,in
the absencef evidenceto the contrary,to speculateon
plausible rationalizationsfor the contribution of all of
thesedifferencesto the differing DNB effect, it is most
probablythetransitionfrom 5ato 5b andthe concomitant
weaker C—X bond which are to be held mainly
responsibleThe radical anion of 5b hasbeenfound to
dissociateunimolecularlyto 7 andhalideanion[Scheme
2, Egn. (2)] with a rate constantabout two orders of
magnitudelarger than that of 5a (~10° vs 10* s %, in
aqueoud-BuOH)?? At the concentrationf the present
runsthis unimolecularchain-propagatinglissociationof
any 6b formed would be able to competeeffectively
with the inhibitory bimolecularET to DNB (k <10"**
I mol~*s1).22

Table 3. 2-NPA + p-NBB: effect of p-dinitrobenzene in
presence of triethylborane?

p-DNB (mol equiv.)
0 005 0.10 0.25 0.50

C-alkylatior? (%) 25 71%¢ 68 62 59°
O-alkylatio? %) 5 059 04 02 02

& Standardeactioncondiions; seeExperimentakection;1 mol equiv.
of Et3B; reactiontime, 20 min.

b HPLC analysisafter reactionquench.

¢ After 3 min C- and O-alkylationwere 13 and0.2%, respectively.

94 Substantiallythe sameresultswereobtainedn experimentsn which
2 mol equiv. of Et3B wereused.

¢ Although the addition of 0.1molequiv. of dioxygen had no
significant effect, that of 0.5mol equiv. of galvinoxyl decreasedC-
alkylation to 44% (O-alkylation,0.5%)

J. Phys.Org. Chem.2000;13: 105-111
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. /0' ET
(CH;nC =N\ *
O—BEt;
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wY + 5b
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+ CH;CHy’

13

/O.
(CH3)C =1\?\ +
O0—BEt;

12

CH;CH,Br  + 7

Scheme 5

Most surprisingly, in reaction mixtures containing
EtsB the DNBs actedascatalysts ratherthaninhibitors,
significantly enhancingC-alkylation. Table 2 showsthe
results of a series of experiments (60min) using
increasingamountsof m-DNB. Although the catalytic
effect of mDNB is very moderate,it increaseswith
concentrationMore effective catalysiswas notedwhen
p-DNB wasaddedin the presenceof Et;B. Table 3 lists
the results of a series of reactions (20 min) using
increasingamountf p-DNB. At arelativeconcentration
of only 0.05 equiv. p-DNB results in a 2.8-fold
enhancemenbf C-alkylation, but further increasesin
its relative concentrationlead to a slow decline.In a
seriesof light-irradiated reactionscontaining 1 mol e-
quiv. of EtzB, the product distribution (C-alkylation,
82.9+ 9.4%; O-alkylation, 1.3+ 0.4%) was unaffected
by the addition of 0.05molequiv. of p-DNB (C-
alkylation, 82.9+ 9.3%; O-alkylation,0.8 + 0.4%).

The catalytic effect of the DNBs may be the resultof
their actionasoxidantsin amannermparallelingthatof 5b
in Schemed, leadingto thereleaseof ethyl radicals.The
latter than convert 5b to chain-propagatip 7, as
suggestedabove (see Schemeb5). At relatively high
concentrationsof p-DNB its interception of radical
anionsin the chain beginsto be felt. The phenomena
observedarein qualitative agreementvith the order of
efficacyp-DNB > m-DNB >5b aselectronacceptors?

In an extensionof the abovework we checkedthe
effect of EtzB and of p-DNB on the reaction of
phenylnitromethaa anion (PNMA; 16) with p-NBB in
t-BUOH. The productof C-alkylationof PNMA is 1-(2-
nitro-2-phenylethyb4-nitrobenzeng17), while O-alky-

CeHsCHNO, "

lation givesthenitronateester(18) which decomposet
p-nitrobenzaldehydeand the oxime of benzaldehyde
(Schemes).

The reactionconditionsparalleledthoseusedin the
caseof 2-NPA exceptfor the reactiontime, which was
increasedo 1.75h because®PNMA is a poorernucleo-
phile and poorer electron donor. The results are
summarizedin Table 4. In this casetoo, EtzB greatly
increase<C-alkylation, and a further increase although
modest,obtainswhen a catalytic amountof p-DNB is
alsoadded.

EXPERIMENTAL

Materials. t-BuOH, from Merk, wasrefluxedover CaH,

anddistilled. t-BuOK (99%), from Merk, was sublimed
(0.2Torr/170°C) before use. p-Nitrobenzyl bromide
(95%),from Merk, waspurified by recrystallizatiorfrom

light petroleum (b.p. 60-80°C); m.p. 99-10CC. 2-

Nitropropane(95%), from Aldrich, waspurified to 99%

by distillation through a fractionating column; the

remaining 1% was l1-nitropropane.p-Dinitrobenzene
(95%), from Fluka, was purified by sublimation
(0.5Torr/170°C). m-Dinitrobenzenegalvinoxyl andthe

solutionof BEt; in THF (1 M, underN,) were obtained
from Aldrich.

Instrumentation. NMR spectra were determined on
Bruker AM-200 and AM-300 instruments. Unless
specifiedotherwisethe solventwasCDCIl; andchemical
shifts (§) are reportedin ppm downfield from TMS as

p-NO,CeH,CH,CH(NO)CgHs + Br

C¢H4 CH=NOH

16 17

+ < l -

b [ P-NO,CgH,CHON(O)=CHCgH; | p-NO,CeH,CHO
18

Scheme 6

Copyrightd 2000JohnWiley & Sons,Ltd.
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Table 4. 2-PNMA + p-NBB: effect of triethylborane and p-
dinitrobenzene®

Etz:B/p-DNB (mol equiv.)

0/0 1/0  0/0.05 1/0.05
C-alkylation (%)° 12 59 9 71
O-alkylation (%)° 6 1 5 0

& Standardreaction conditions; see Experimentalsection; reaction
time, 1.75h.
14 NMR analysisafter reactionquench.

internal standard Melting-points were determinedon a
Fisher-Johnsapparatus and are uncorrected. High-
performanceliquid chromatographioqHPLC) analyses
were performedon a Waters Model 510 (two-pump)
instrumentequippedwith a Model 490 programmable
multi-wavelengthdetectorand operatecby Baseline810
software.Samples(20 ul) were loadedvia a Rheodyne
model 7125 injection cell on to an Alltech Econosil
column (Si, 10um; 250x 4.6mm i.d.). CH,Cl, and
hexanewerefed by separatgpumpsin a volumeratio of
1:1 anda columnflow-rateof 1 ml min~*. Simultaneous
detectionwas conductedat 262 and270nm. The HPLC
instrumentationand analytical protocol were calibrated
and responsefactors were determinedfor the various
compoundsRetentiontimeswerep-NBB 6.03,9 12.57,
p-nitrobenzaldehydd 6.88,p-DNB 8.9 and m-DNB 8.9
min.

Reaction of 2-NPA with p-NBB, kinetic runs, general
procedure. Unlessotherwisespecified resultsgiven are
average®f 3—10runs,andtheinitial concentratiorof the
reactantavas0.02m each.For eachsetof simultaneous
runs (6-8), separatefresh stock solutions of known
molarity of theindividual reactantgt-BuOK +1 equiv.of
2-NP; p-NBB) in t-BuOH werepreparedn a glove-box
underadry (P,Os), inertatmospheréN, or Ar). Aliquots
containing2-NPA (0.05mmol), t-BuOH whennecessary
to make up final volume to 2.5ml and p-NBB
(0.05mmol) were distributedin that order with micro-
pipettes to the septum-sealedwell mixed reaction
vessels.The sealed vesselswere removed from the
glove-box and kept in a bath at 30°C and, unless
otherwisespecified,with the exclusionof light. At the
end of the statedreaction time (usually 20min) the
reactionwas quenchedby the injection of 2ml of 3%
aqueoushydrochloricacidandthe mixture wasextracted
with two portions of CH,Cl,. The combined extracts
were washedwith water followed by brine, dried over
MgSQ,, andthe solventwasevaporatedTheresiduewas
dissolvedn 20 ml of CH,CI, andaliquotsweresubjected
to quantitative HPLC analysis.No aromatic products
otherthan9 andp-nitrobenzaldehydeeredetectedThe
material balancewas better than 96% in all cases.In
reactiongunin thepresencef EtzB, al M solutionof the
latterin THF wasinjectedinto the reactionvesselin the

Copyright(D 2000JohnWiley & Sons,Ltd.

requiredamountimmediatelyprior to the additionof the
p-NBB.

In reactionsrun in the presenceof predetermined
quantities of dioxygen, the latter were injected as a
componenbdf dry air 1 min afterthe additionof p-NBB.
In reactionsrunin the presencef galvinoxyl, a 0.025m
solutionof thelatterin t-BuOH (darkgreen)wasinjected
in the requiredamountimmediatelyafter the addition of
p-NBB. In thesereactions,whetherin the presenceor
absencef Et3B, thecolor of thesolutionattheendof the
reactiontime waspurple.

In reactionsrunin the presencef m-DNB or p-DNB,
thesewere injectedin t-BuOH solutionin the required
amountithersimultaneouslyvith theinjectionof thep-
NBB solutionor immediatelythereafterln theseruns,at
the end of the reactiontime cloudinesshad appearedn
the mixtures. In the absenceof Et;B, the solutions
remaineccolorlessin its presencethe solutionscontain-
ing mDNB turned pink and those containing p-DNB
turnedpurple.

In the caseof reactionscontainingbothgalvinoxyl and
p-DNB, the latter was addedin THF solution. In these
caseghe color of the reactionturnedred.

Irradiationwasperformedusinga 500W sunlampand
Pyrexreactionvesselsin all theseexperimentshe setof
controls were run simultaneously under the same
conditionsexceptthatthereactionvesselsverewrapped
in aluminumfaoil.

'H NMR spectraof suchtert-butyl alcoholsolutionsof
equivalentamountsof 2-NP and (CHs);COK showeda
singletonly, até 2.01,attributableto the CH; groupsof 2-
NPA, andno discernibleabsorptionof 2-NPwhoseCH;
groups show a doublet at § 1.55. Experimentswith
various relative amounts of 2-NP and (CHs);COK
showed that the deprotonationis slow on the NMR
time-scale,and that separatenon-averagingpeaksare
obtainedfor 2-NP and 2-NPA.

Reaction of 2-NPA with p-NBB; product identification.
Working in a glove-box, 44mg (0.4mmol) of freshly
sublimedt-BuOK weredissolvedn 5 ml of t-BuOH, and
0.036ml (0.4mmol) of 2-NP,0.4ml of a1 M solutionof
EtsB in THF and a solution of 88 mg (0.4mmol) of p-
NBB in 15ml of t-BuOH were addedin that order.The
vesselwasclosedandthecontentaverestirredfor 24 h at
roomtemperatureAfter dilution with 25ml of waterthe
reactionmixture wasworkedup asdescribedabove.The
two productswereisolated,after evaporatiorof solvent,
by chromatographyof the residue on silica using
CH.Clo—hexane (8:1) as eluent. The 1-(2-methyl-2-
nitropropyl)-4-nitrokenzene(9) was recrystallizedfrom
EtOH-H,0; m.p. 67-68C (lit.>* 66-67C). 'H NMR
(CDCly), 6 1.60(s, 6H), 3.31(s, 2H), 7.28(d, J=9.0Hz,
2H), 8.16 (d, J=9.0Hz, 2H). MS (El), m/z224 (M™),
178, 136, 132. p-Nitrobenzaldehydem.p. 105°C (lit.**
106°C). *H NMR (CDCly), § 8.1(d, J=9.0Hz, 2H), 8.4
(d, J=9.0Hz, 2H), 10.2(s, 1H).2°
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Phenylnitromethane. This was preparedby the method
of Kornblum et al.?® and final purification was
performedby chromatographyn silica with CH,ClI, as
eluent.*H NMR (CDCly), § 5.42(s, 2H), 7.43(s, 5H) 2’
13C NMR (CDCly), 6 80,129.1,129.8,129.9%"

Reaction of PNMA with p-NBB. Sample preparation,
reaction conditions and work-up paralleled those de-
scribed for the kinetic runs with 2-NPA, except for
reaction times, which were extendedto 1.75h, and
identificationandanalysisof productswhich weredone
by *H NMR.

1-(2-Nitro-2-phenyéthyl)-4-nitrobenzene (17): *H
NMR (CDCly), 6 3.45(dd, 1H), 3.92 (dd, 1H), 5.7 (dd,
1H), 7.5 (m, 4H), 7.32 (d, J=9.0Hz, 2H), 8.12 (d,
J=9.0Hz, 2H). Quantitativeanalysisfor 17 was based
on integrationof the areaunderthe peakat 6 =5.7 and
thatfor p-nitrobenzaldehgeontheareaunderthe peakat
6 =10.2(seeabove).
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