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Abstract—Reactioos of the tithe iminoxy radical 1 with Grignard and organolithium reageots RM yield initially
di-t-butyl ketoxime 3 (in salt form) together with the radical R'. This radical R’ caa combine with unreacted
iminoxy radical on oxypen to give the oxime ether 3. For steric reasons attack os aitrogen is dificult and therefore
nitrone é is not formed, or in trace amounts only. The evea more hindered attack on carbon is never observed, ie.
there is no formation of (intermediary) sitroso compounds. The relatively reactive methyl and pbeay! radicals can
abstract hydroges from the solvent (diethy! ether). In this way a-ethoxyethyl radicals are formed, which can
combine with the iminoxy radical on oxygen, yiclding the acetal-tike oxime ether 7.

Reactions of frecmdmhwﬂhowmom!lneom-
pounds have been well documented.' During the last
deudenlmbwomeummnhuwyofmhm
tions involve—often extremely rapid—bimolecular
homolytic substitution (S;2) at the metallic center (eqn
ay.

Y +MR.»YMR,. ,+R’ M

lnthccoumolaninvesﬁaﬁononmcﬁomof
orgqanometallic compounds with nitroso compounds
wrymsanclectrooennve(xe Ci, Br, NO,, AqO)sub»

RESULYS AND DESCUSSION

Reaction of di-1-butyliminoxy radicals with Grignard
reagents. The di-t-butyliminoxy radicals 1 were con-
veniently prepared according to Ingold*® from the oxime
by oxidation with Ag:0. When a solution of a Grignard
reagent RMgX is added slowly to an ice-cold ethereal
solution of iminoxy radicals 1, the characteristic and
dominant blue colour of the latter {ades rapidly, while a
white precipitate is formed in an exothermic reaction.
The magnesium salt 2a, furnishing di-t-butyi ketoxime 2
upon hydrolysis, is the major product in all experiments
(56-71%), and is accompanied by minor amounts of
oxime ether 3 (13-319%). Somewhat surprisingly oxime
ethermlbwnlin!hemnoflwhhnmhyt-
magnesium iodide (Table 1). Formation of the two
products (i.c. oxime and oxime ether) can a priori be
ratiooalized with attack of the iminoxy radical at the

tAn ahtermative Sy2 substitution with attack oe carbos amd
formal expulsioe of MgX' has no precedence in the literature '

metal ceater of the Grignard reagent RMgX (eqn (2)).
This leads to the MgX salt of the oxime with simul-
tancous expulsion of the radical R’ (bomolytic sub-
stitution). In a subsequent step the radical R’ can com-
bine with another iminoxy radical 1, producing the oxime
ether (eqn (3)). An analogous sequence of reaction steps
hnbeeuwumedmthehmmtoexphmpmdlm
formation in reactions of uhnvdy stable oxygen (i.c.
nitroxy®* and aroxyl’®) and nitrogen (i.c. tetrazinyl®)
centered radicals with Grignard reagents.t

It is of interest to note that Ingold and Roberts have
pointed out, that homolytic reactions which result in the
net replacement of one radical by another, do not neces-
sarily proceed by direct substitution.' The rate con-
trolling step for the formation of the products may well
involve some charge separation or even the transfer of
an clectron from the organometallic compound to the
radical. Furthermore, it has been suggested that initial
electron transfer will be favoured over direct substitution
dthemwiyformedboodmmmdym
jonic. One may expect such an clectron transfer in
particular with sterically hindered radicals, where
bimolecular substitution is thwarted. Since the bonds
which magnesiom forms with carbon in organomng-
pesium compounds are usually regarded as being
covalent and & new oxygen-metal bond is formed with
more ionic character, we are inclined to consider it very
tikely that the crowded di-t-butyliminoxy radical accepts
in first instance an electron from the Grignard reagent
(eqn (2)), at least mrucnooswrthomnometaﬂ:cderm-
tives which have good clectron donor properties.”

The multident reactivity of iminoxy radicals. ESR
spectra of iminoxy radicals are characterized by a large
nitrogen splitting of usually more than 30 G, indicating
that there is significant spin density on nitrogen in an
orbital with considerable s character.’’ Calculations have
indicated that in the iminoxy radical derived from
dimethylglyoxime the unpaired spin density is almost
equally divided between the oxygen and the nitrogen
atom.'” Ingold et al. determined spin densities in the
di-1-adamantyliminoxy radical, and found that py is sp-
proximately 25%."

Although no spin density on the ceatral C atom of
iminoxy radicals has been assumed, radical reactions can.
occur nevertheless via carbon, as was demonstrated witlt
the formation of C-O dimers -bead-to-tail- upon the slow
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Table 1. Yields * (%) of products from the reaction of (1-Bu)yC=N"0 1 with Grignard reageots RMgX and with
organolithien

compounds RLL
» Savor Fmon Fufly Paodoc
Iy 2 -] z
R M Mgx* Li Mgx* Li Mgx* Li Mgx* Li
CH, b 65 - —_ 3 2 trace trace
»-Be 56 ] 2 2 4 2 - —
t-Bu 58 60 pol 18 — - — —
CHCHy* 6! = 3! ¢ — ¢ _ -4
CeH; &6 4 13 10 — — 15 18

*Yields refer 1o isolated products and are based upoo iminoxy radical 1.
*X is bromide except whea R = CH,, where it is jodide.
“The reaction with beazyimagnesium bromide gave furthermore 13% of dibenryl.

“The reaction with beazyllithimm was oot performed.

decay of the sterically hindered di-iso-propyl- and di-t-
butyliminoxy radicals.'* The presence of spin deasity on
nitrogen as well as on oxygen may be illustrated with the
results obtained by Grubbs & al on the thermal
mmmndm-d:pbeuytN-benzhy&yinmlw
isomeric beazopbenone O-beazhydryl oxime 8.'**
Convmevﬂence(ESR,ClDNP kinetics, nature of
by-products) has been presented that the thermolysis
proceeds via benzhydryl and diphenyliminoxy radicals.
The amounts of mixed nitrone 4 and mixed oxime ether §
obtained in a cross-over study employing 4 and its
anslogue deuterated in all para positions, indicate that
beazhydryl radical combination at the oxygen atom of
the benzophenone iminoxy radical is slightly favoured
over combination at the nitrogen atom, whereas reaction
at the central carbos atom, to give a tertiary nitroso
compound, is presumably too slow to compete.'*

The consequence of the multident character of imin-
oxy radicals in the present case is thst radicals R,
formed upon reaction of di-t-butyliminoxy radicals 1
with Grignard reagents (eqn (2)), do not combine with
uareacted 1 exclusively on oxygea to give oxime ether 3,
but also on nitrogea to give a, a-di--butyl-N-R nitrone 6.
Experimestally we find that nitrone 6 is always a minor

component (up (o 49) because of severe steric hindrance
caused by the two flanking t-Bu groups in the iminoxy
radical (see Table | and Scheme 1). Thus, only the
relatively small primary radicals such as Me and n-Bu
seem to be capsble of combining at nitrogen, leading to
a,a-di-t-buty-N-methyl and  a,a-di-t-butyl-N-n-butyl
nitrone respectively. As in the combination of diphenyl-
iminoxy and beazhydryl radicals we have po indications
for the third possibility: reaction oa carboa.

The isolated nitrones were shown to be stable at room
temperature and comsequently they cannot be inter-
mediates in the formation of oxime ether 3 (cf. 4+ 85).
We suggest that this is also true for nitrones with R =
t-Bu, CH;CH; and C,H;. That these are not found in
practice is therefore ot due 1o ease of isomerization (to
oxime cther), but to steric hindrance.

mN-mthyi-andN-n-bmyi-nmtwndnotbe
obtained in an asalytically pure state, but spectroscopic
mﬁﬂywmufmm?ormme
mspecumoftheN-Medumnve:howsampr
absorption at 115Scm™', which is characteristic for
dxphnckctowom"“’mnmmechmmopbomu
mpomibkfornab;ammmumnmmm

reasonable agreement with its position in electronic
spectra of the few other known nou-conjugated keto-
nitrones."”*' The casily interpreted NMR spectrum shows
for the N-Me group a singlet with a chemical shift
8= 3.&)typullampmitionmandecmn
deficient nitrogen ceater.™ Furthermore, as a coa-
sequence of the noa-symmetrically substituted C=N dou-
bie bond the two t-Bu groups appear as two separate
singlets (i.c. 8 = 1.48 and 1.52).
No systematic study has been made of the importance



Reaction of di-t-butyliminoxy radicals with organometallic compounds

of radical combination (o RR) andlor dis-
proportionationt under the reaction conditions. In the
case of benzylmagnesium bromide we found dibenzyl to
the extent of 13%. More reactive species than benzyl,
like methyl and pbenyl radicals are capabie of abstrac-
ting hydrogen from the diethyl ether solvent. The resul-
ting relatively stable a-ethoxyethyl radical can combine
with the iminoxy radical on oxygen (sof on nitrogen) to
give 1-cthoxy-1-iminoxy ethane 7, an acetal-like oxime
cther. Upon treatment with dilute hydrochloric acid, 7 is
rapidly converted into di-t-butyl ketoxime (78%), thus
supporting the proposed structure, because this facile
bydmlzymtoonmeuwell-known for related sys-
34 As was established in a blank experiment,
d&-t-btnyhmmoxyndmlslmsublemdmbyiether
solution under the reaction conditions. This rules out
formation of oxime ether 7 via abstraction of hydrogen
from the solvent by the iminoxy radical$.

Reaction of di-t-butyliminoxy radicals with orgasoli-
thium compounds

Organolithium compounds RLi give with di-t-butyl-
iminoxy radicals 1 the same products in essentially the
same yields as the corresponding Grignard reagests
(Table 1). It is therefore reasonable to assume a
similarity in the mechanism as well,” ie. initial for-
mation of the lithium salt 2b of di-t-buty! ketoxime and
radical R, which reacts further to give the other
products as visualized in Scheme 1.

EXPERDJENTAL
IR spectra refer to CHCly solns and were recorded oe a
Unicam SP200 or Perkin Elmer 257 spectrophotometer. 'H NMR
spectra were obtaimed with Varian A60, ASOD, HA-100 and
XL-100 instruments, osing TMS a3 intersal standard. Chemical
shifts are given in ppm (8 scale). MS spectrs were determined on

X aN

C=N—CR + C=
Semecn s
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mABIMu:VmMATﬂlMAm!mbydc
were performed 0o a Varian gas chromatograph,
u:qncomcohm(lﬂftxlllh)ncbdmmsaloo.
Chromosord S, 45-60 mesh st 150°.

Di-t-butyliminoxy radicals 1 were prepared in about 85% yield
from the pareat oxime 2 by oxidation with Ag,O in beazese, as
described cartier by Ingold.’? Prior to use the radical was parified
twice by distillation s pacwo by the bulb-to-bulb technique with
the receiver in tiquid N,. Grigaard reagents were obtained from
commercial grade Grigsard Mg tumings (E. Merck) aad the
appropriate organic halide in dicthy! ether, using standard pro-
m”mwhsmwwmﬂendthemm
carefully daws from the cleay top portion. Orgasolithium
reageats were commercially availgble as 2M solns (Fluka AG).

Reaction of 1 with organometellic compounds

General procedure. A 1-2M soln of the ik com-
pound was added slowly to a 0.10-020 M soln of 1 in anhyd
dicthy! ether at 0° (under helium) ustil disappearance of the blue
colowr of the radical. Thea the mixture was allowed to warm to
room temp. and subsequeatly stirred foc an additional 1S min.
After additioa of an excess of NH/Cl aq and separation of the
ether layer, the resuitant water layer was repeatedly extracted
with CHCl,. Removal of the solveats from the combined extracts
in sacwo after drying over MgSO,, then gave the crude colous-
less (o pale yellow product mixture.

Isolation of oxime ethers. The products were scparated by
preparative column chromatograpby on silica gel using CHCl, as
the chuent. Oxime ethers 7 and 3 could be isolated successively
as colouriess ods, while 2 cluted later as a separate fraction and
was obtained as a white solid. The oxime ethers isolated by this
procedure all kad a correct clemeat composition with the excep-
tion of the bearyl derivative, which had to be sepanated from
dibenzyl with gic. The spectroscopic data summarized in Table 2
tra show osually bardly any pareot peak; as an exampie the main
fragments in the 70 eV spectrum of 7 are givea: M 229 (< 1%),
mie 73 (ICH,CHOCH,CH,]*, 100%), m/e 57 ((CHyL,C®, 20%),
mje 45 (ICH,CHOH]", 61%).

Isolation of nitrones. As a consequence of their extremely small

R—R

RM  + :>c--o — R+ rmn—om o :c=-—on
1 ( l 20/2b 2
Ma-MgX or Li #e
CHy GH-O-01LH,

H
x
{C-N- o-i—:-% %—— }-N—O-( + [oc,ooq q»-gou]
¥4

2

Scheme 1. Geaeral scheme for product formation ia reactions of di-t-butytiminoxy radical 1 with Grignard and

tDi-t-butyl ketoxime 2 can, in principle. also be formed by
disproportioaation of the radical pair consisting of iminoxy radi-
cal 1 and R, in case the latter contains 8-hydrogens (i.e. R=
t-Bu).

$The O-H boad dissociation energy™ in di-t-butyl ketoxime 2
is approximately 81kcal.mole™'. The case of hydrogen ab-
straction by imisoxy radical 1 from a suitable dosor may be
wmmm.uewmmlum
hexadicne (D(C-H]= 81 kcal.mole™').® to give stoichiometric
amounts of oxime 2 and benzeoe.

Ry value the sitrooes remained 0o the columa, and could only be
obtained (as pale yellow viscous oils) after repeated ehwation of
the upper layer of the silica gel column with dry McOH, when
the other prodects had beea cluted with CHCI,.
a,a-Di-t-butyl-N-methyl nitrone. IR (CHCLy), #oo, 3000 (s), 1490
(), 1395 (m), 1375 (m), 1265 (s) 1155 (s) and 1055 (s) cm '. UV
(CHYCN), A ga. 263 nm. NMR (CDC1,) 8 1.48 (s, (CH;)«C. 9H), 1.52
(s. (CH\)C, (9H), 3.86 (s, CH-N, JH). MS (70eV), M 171 (17%).
a,a-Di-t-butyl-N-n-butyl altrome. IR (CHCl), vau, 3000 (s),
1490 (s), 1395 (w), 1370 (m), 1260 (w), 1SS (m) and 1055
(m)cm™'. UV (CHYCN), A, 258am. NMR (CDCl,), 8 0.97 (1,



pab2d C. Scuenx and THJ. pe Boea

Cuy-CH,, J =7, 3H), 1.3 (broad m, CHy, 2H), 1.49 (s, (CH),C,
9H), 1.53 (s, (CH),C, 9H), 1.97 (broad m, CH,, 2H), 398 (t.
CHyN, J =17, 2H). MS (M0 V), M 213 (15%).
Determination of dibenzyl. In a belium atmosphere a sols of
beazyimegnesium bromide was prepared from commercial grade
Grigaard Mg turaings (120 mmol) and beazyl bromide (40 amol)
in 40ml of dry (Na) diethy! ether, freed from peroxides and
deacratod with belimm ® Excess of Mg metal was employed ia
order to minimize the amoust of uareacted balide. The clear top

portioa of the Grignard reagest was trassferved ia a stream of
dry helimen into a marrow (¢ 10 mem) calibrated dropping fwanel
and used for reaction with 1 (3.7 mmol). After compiction, an
adiquot of the Grigaard reagent was hydrolysed simaltanecously
with the mixture, and after a standard work-wp the amoust of
dibenzyl in both residues was determined by meass of gic, using
trans-stilbese as.an internal standard. Formatioa of 0.47 mmol of
dibenazyl could be established by this prodedure.

Table 2. Spectroscopic and analytical data of di-t-butyl ketoxime ethers (t-Bu),C=N-OR 3 and 7

IR (CHCH);
R- Y- NMR (CCL); 8 is ppm Element asalysis
o-C.H, 1390, 1365(t-Bw) 0.94(t, CuyCHy, J = 7, IH) C,;HpNO (2133)
1050-890 (C-0) 1.19(s, CHy1C, 9H) Cak.: C 73.24, H 1267, N 6.57
1.30(s, (CHy)C, 9) Found: C 73.05, H 1263, N 6.8
1.55%(m, CRy-CH,, 4H)
1941, CH,0, J = 6, 2H)
t-CH, 1390, 1360(t-Bu) 1.21(s, (CHyLC, 9H) CisHpNO (2133)
940 (C-0) 1.24(s, (CH)C-O, 9H) Calc.: C 3.4, H 1267, N 6.57
1.31(s, (CH)C, 9H) Found: C 73.24, H 12.64, N 6.66
CHCHy 1400, 1372(1-Bu) 1.1%(3, (CH)C, 9H) CiuHxNO (47.3)
1048, 1000, 91(C-0)  1.31(s, (CHy,C. 9H) Cale.: C 77.73, H 10.12, N 5.66
5.00(s, CH~O, 2H) Found: C 7765, H 10.14, N .57
7.2%(s, CHs, SH)
CHs 1395, 1370(t-Ba) 152(s, (CH,), 9H) CsHpNO (2333)
910 (C-0) 1.44(s, (CHy), 9H) Calc.: C 77.25, H 987, N 6.00
H, 7.11(m, CHy, SH) Found: C 77.20, H 1001, N 591
cu,cnroi- 1400, 1374(t-Bu) 1.08(t, CHy-CHAHp-0, Jax, = Jox, = 7, 3H) CyHpNO, (229.3)
H 1118, 940, 920(C-0) 1.1%(s, (CH,1C, 9H) Calc.: C 68.12, H 11.79, N 6.11
127(d, CuyCHO,, J = 8.5, 3H) Found: C 68.93, H 12.06, N 6.07
1.30(s, (CHyC, 9H)
3.47(double q, CHy-CiiAHg-O, Jap = 10,
Jax= 7, 1H)
3.7«“0* q. CHrCHA“ro. ,AI = lO.
J.x, = 7, lH)

5.0%q, CHy-Ci-0,,J = 5.5, IH)
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