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Experimental work on the enophilic regioselectivity'@h and
TAD with trisubstituted olefins shows thaO, prefers side-on
hydrogen abstraction at the more crowded sits éffect} and
TAD end-on at the more crowded engefneffect)? as displayed
in Figure 1. For nitroso compounds, however, no data appear to
be available as to whetheis or gemregioselectivity applies. Figure 1. Regipseleqtivities in the ene regctior_l of @risubstituted olefins
Greene examined the ene reaction of pentafluoronitrosobenzendor the enophiles singlet oxygen'@,), triazolinedione (TAD) and
on deuterium-stereolabeled alkenes, and concluded that the samagitrosoarene (ArNO); the respectiveis, gem, and skew hydrogen
mechanism operates as established for singlet oxygen ang@Pstractions are shown, no intermediates are implied.
_triazoline_dion_e, i.e., an irreversibly formed aZiI’id_iINEOXidé Table 1: Regioselectivities in the Ene Reaction of
intermediate intervenes, analogous to the perepbfiiéO, and 4-Nitronitrosobenzene (ArNO) and Phenyltriazolinedione (PTAD)
the aziridineN-imide® for TAD. Very recent experimental and  with (E/2)-3-Methyl-2-pentene/Z-1) and
computational results by Singletofor the ene reaction of TAD (E/2)-2-Methyl-1,1,1-trideuterio-2-buten&Z-2)

have provided cogent arguments in favor of a diradical intermedi- A=B HB HBA

ate. Irrespective of the electronic and structural nature of the actual | - ;\/ +

transition states and/or intermediates involved, the following Riwin~ Rewix oegoeli{h fuin Riwix  Foin Rtwix
product data (regioselectivities) are clear-cut about the enophilic 1,2 ' 3.5
hydrogen abstraction from the olefifO, abstracts side-orcis olefin  enophile convn®® m.b.2° regioselectivity?
effect) and TAD end-ongem effect). Be this as it may, the (equv) (A=B)  [%] [%] wix win
following pertinent questions must be asked:

(a) Does the nitrosoarene enophile folleis or gemregiose- olefin  enophile convit® m.bac regioselectivity
Iet;:tivity? (b) What struc.’[tL)JlraIf fac’;]orsdinhthe enc.)phirllic hyo!rogtlen (equiv) (A =B) (%) (%) twix twin
abstraction are responsible for the dichotomy in the regioselec-
tivities of 1O, (cis) and TAD (@en)? Our present experimental ;% 88)) ﬁmg gg gg >9750(%?)3b)d ;g ((223
data disclose that the regiochemical behavior of nitrosoarenes is3 g5 (1'.5) ArNO 71 83 884a) 12 (4b)
a hybrid between that 300, and TAD, i.e., ArNO abstracts the 4 7.5 (1.5) ArNO 72 77 814b) 19 (4a)

hydrogen atom from the alkyl group at the more crowded side 5 E-2(1.0) PTAD >05 88 54 ba) 46 (5b)
(cis) as well as more crowded end€n). This novel result is 6 Z-2(1.00 PTAD >95 98 53 bh) 47 (53)
rationalized in terms of akeworientation for ArNO, dictated by -

- : : " aDetermined by'H NMR spectroscopy, errot-5% of the stated
steric InFeractlorjs, .and. sheds light on the control ofqlseyersus value.? Based on 100% conversion of olefilMass balance! The E
gemregloselectl\_ntles in tr_léoz_ and TAD ene reactions. configuration was determined by NOE spectroscopy.

The ene reaction of 4-nitronitrosobenzene (ArNO) viattand
Z-3-methyl-2-pentenes=(Z-1) and withE- andZ-2-methyl-1,1,1- dione (PTAD) with theE/Z-2 substrates were not known, they
trideuterio-2-butenesE{Z-2) gave the expected ene products, \yere also determined (Table 1).
which were identified and quantified by means'efNMR (600 The results in Table 1 reveal unequivocally that the nitrosoarene
MHz) spectroscopy and isolated as well as fully characterized preferably abstracts a hydrogen atom from trisubstituted olefins
(cf. Supporting Information). Furthermore, since the regioselec- 4t the more crowded endgn) and more substituted sideig)
tivity data for the ene reaction of 4-phenyl-1,2,4-triazoline-3,5- of the double bond, that is, the combined characteristics of the
* Corresponding author. Fax-+49(0)931/888-4756. E-mail: adam@ demandcis effects are evident; but compared'@, and PTAD,
chemie.uni-wuerzburg.de. http://Awww-organik.chemie.uni-wuerzburg.de. the ArNO enophile possesses the higher extent of regioselectivity
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site ranges only between 0 and 30%. Impressive is Efe
substrate, since ArNO reacts exclusively96%) at thetwix
position, whereas it is only ca. 50% for bdth, and PTAD. What

all three enophiles have in common is that the regioselectivity
for hydrogen abstraction at thwix methylene substituent in the
Z-1 substrate is lower (only nominally for PTAD); mechanistically  sensitivity, as manifested in the so-called “nonbonding large group
significant, theE-diastereomer is preferentially formed for all three ~ effect” for the neopentyl substra&'® Comparison of its'O,
enophiles. These remarkable regioselectivities of the enophilesregioselectivity with that of the substratésand 2 (Scheme 1)
ArNO (skew Ruyix), 1O, (Cis, Ruix’'Rione and PTAD gem R/
Ruwin) Signify distinct abstraction modes and call for rationalization. the Ruix group in the neopentyl cag(*O,). Thus, with the large

Communications to the Editor

Notable is also the significantly loweskewregioselectivity
for theZ-1 (70:30) versus th&-1 (100:0) diastereomer (Scheme
1; Table 1, entries 1 and 2). This is not in accord with an
irreversibly formed intermediate, as proposed for all three ene
reactions {0,, PTAD and ArNO)# Were that the case for the
present substrates1 andE-1, it becomes difficult to rationalize,
why the sterically less encumberEely, versus theZ-1y,, leads
to lower (actually none!) hydrogen abstraction from tiwen
position of substratee-1. As revealed byZ-1y, during the
abstraction of the coplanar allylic hydrogen atom fromtvtsx
alkyl group, unfavorable 1,2-allylic straif-4A) builds up? It is
a question of the balance between this 1,2-allylic strain and the
steric interaction between the aryl group of the ArNO enophile
and the R,ix and Ryne Substituents. For the-1 diastereomer, these
two effects are counteracting, while fBr1 they are reinforcing.
Thus, for theZ-1 substrate proportionally mo& 1, is populated
than forE-1 and, consequently, motein abstraction is observed
for Z-1 (entries 1 and 2). This is not compatible with an
irreversible formation of an aziridin-oxide.

Is the newly discoveredkewabstraction unique for nitroso
enophiles? Since steric effects are responsible for this enophilic
reactivity, one would expect th&d, (the smallest of all enophiles)
should be the least prone to engage in this course of action.
Nevertheless, if sufficiently obligetleven 'O, exhibits steric

unmistakably reveals preference for hydrogen abstraction from

In the ene reaction of the nitrosoarene, the two configurations
2wix and2y,in may be envisaged for an enophile/substrate encounter
complex, in which the pertinent steric repulsions are shown (this
model applies irrespective of possible intermediates). For clarity,

Structures 6 ('O,) and 6 (PTAD)

in the 2,ix arrangement, th&l-oxide functionality points to the
twix alkyl (Ryix) substituent, while irRy, it points of thetwin

(Rwin) One. A large steric effect becomes evident on closer tert-butyl

Structures 2uwix, 2twiny Z-1twixy Z-11winy E-1twixs E-1twin
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group at thetwin site, the'O, molecule abstracts
preferentially through theskewgeometry rather than the usual
cis one. Similar nonbonding interactions operate also for the
PTAD enophile}! but more effectively because of the larger size.

2 oH ZAum CHy E1 i CH Therefore, although the usugémregioselectivity applies, again
o 8 A;\ A " a strongskewpreference is promoted and exclusive hydrogen
A’\N§O y N=o H ™~N=o " abstraction from the R« group results (compare the regioselec-
/ H3C/\ﬁ.H H o/\( tivities for 6 Wlth those in Scheme 1). o _ _
HC “H LCH HEC'J b H In conclusion, from the present exercise in regiochemistry we
124 N have learned that the enophilic regioselectivity may be rationalized
2 CHs 21 CHs 1. CHs in terms of the well establisheds (:0,) andgem(TAD) and the
in C e - " AT newly recognizedskew(ArNO) effects. For all three enophiles
H o=N"_ o=N" o 0= =~ steric interactions are important, but they appear to be more
'..ﬁ/‘\CHg CH, e CHs pronounced for ArNO. It should be mechanistically instructive
H ' CHy to probe this new concept experimentally and theoretically in
H H CHs p p p y y
2A further depth.

inspection: In the2y, geometry, the aryl substitutent of the
nitroso compound is located between the flanking«Rnd Rone

alkyl groups of the more crowded and sterically congested side thanked for financial support.
of the double bond. In contrast, in tf&,, configuration this

repulsion is less because the aryl group interacts only with the
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Supporting Information Available: Experimental section (PDF).

Ruin SUbstitutent. The latter pushes the aryl group of ArNO toward This material is available via the Internet at http:/pubs.acs.org.
the unsubstituted corner of the double bond and resultskews
line arrangement to afford the major product by hydrogen
abstraction from the Rx group. Thus, the combined steric
repulsions of the aryl group with thef2 and Rone Substitutents,
and additionally with the Ri, group, forces the ArNO to follow
along theskewgeometry in the favore@y,x arrangement and
hydrogen abstraction takes place almost exclusively from the R
group, as displayed in the Figure 1.
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