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Cation radical mechanisms o , 3, y-

tribenzoyloxylation of 2-allyl-1,4,5-trimethoxybenzenet
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Threo- and erythro-1-(2,4,5,-trimethoxyphenyl-1,2,3-tri(4-nitro) benzoyloxypropanes were formed in a one-electron
transfer reaction between 2-allyl-1,4,5-trimethoxybenzene and 4-nitrobenzoyl peroxide and a mechanism is pro-
posed for this very unusual, subtle reaction.
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The important radical pathways of radical cations includegenerated or not in their reactions with diacyl peroxides. Our
deprotonation, ring-substitution, fragmentation, dimerisation,preliminary results showed that in the oxidation of
oxidation and reductioh4 Olefin radical cations are of par- 2-propenyl-1,4-dimethoxybenzene and 2-propenyl-1,4,5-
ticular interest since they undergo a variety of reactions. Fotrimethoxybenzene by 4-nitrobenzoyl peroxide, while the for-
instance, styrene radical cations generated by photo-induceder underwent preferably ring-benzoyloxylation, the latter
electron transfer (PET) are subjected to intensive study botfwith one more ring-substituted methoxy group) gave only an
on product analysis and kinetics. Their addition to a precurson, (3, -dibenzoyloxylation product. Nevertheless, we believe,
olefin to give a dimer radical cation and their intermolecularthe similar olefinic radical cation intermediates must be
as well as intramolecular additions are well knéwnlhe involved in the reactions
additions of anionic and neutral nucleophiles to these olefinic In the present work, 2-allyl-1,4-dimethoxybenzetpgnd
radical cations gave, S, -addition products and their rates 2-allyl-1,4,5-trimethoxy-benzene2) were prepared as the
were measured by time resolved spectrométers.

Previously, we have reported that by using diacyl peroxidesTable 1 Decomposition rate constants of 4-nitrobenzoyl
[(C4FsCO,),, (ArCO,), or (RCO,), ] as one-electron oxidants peroxide 32 in the presence of substates 1 or 2 in CH;CN

of methoxybenzenes, the corresponding arene radical catiogpstrate Initial T+0.1/°C  k x104/s7  t;,/min
was generated with a nucleophile §FGCOO, ArCOO or concentration

R{COO ) and a radical ( £sCOO, ArCOO or RCOO/ Ry)

in the original solvent cagé® and many mechanistic details o€’ 0.25 M 4304 02'58017 24218

of the methoxybenzene radical cations have been dis, 0.05 M 14.3 5.23 22
closed!!12\We wondered whether the olefinic radical cations aInitial concentration of 3. 0.01M.
of variously ring-substituted styrenes could be readilybinitial concentration of 3, 0.02M (ref. 9)

Table 2 Products and their distribution of reactions of 1 or 22 with (ArCOO), 3b in CH;CN¢

Substrate Product TrC
OCH3 OCH3 OCH3
CHyCH=CH, ACOO CHCH=CH> CHoCH=CH,
ArCOO ArCOOH 40
OCH3 OCH3 OCH3
1 4 (43%) 5 (51%) 6 (95%)
OCHg OCHz Ha  OCOAr OCH3
CH,CH=CH, ! (|: C/"'c CHO
| T NHd
CH30 CHIO OCOAr Hb OCOAT  chy0 ArCOOH 25
OCH3 OCH3 OCH3
2 7(threo-) + 8(erythro-) (43%) 9 (3%) (55%)

a 45% 2 was recovered.
b Molar ratio 1 (or 2): 3 = 1:1.
¢ Ar stands for 4-O,NCgH,-.
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Scheme 1

representative substrates in the mechanistic study on their on¢4-nitro) benzoyloxypropane? and erythro-1-(2,4,5-
electron oxidation by 4-nitrobenzoyl peroxi8eThe pseudo- trimethoxy) phenyl-1,2,3-tri(4-nitro) benzoyloxypropaige
first order rate constants for thermal decomposition ofwere formed with almost one-half (45%) of the substrate
peroxide3 (0.01 M in CHCN) in the presence df (0.25M) recovered (see Table 2). By column chromatography on silica

or 2 (0.05M) are found to be 2.81104 st at 44.4°C (t,,= gel, 7 ( threo) and8 ( erythro) were isolated and charac-
41 min) and 5.2% 104st at 14.3C (t;,, = 22 min), respec- terised. Their molar ratio (1:1) was determinedHyNMR
tively (see Table 1). integrations in the reaction mixture. The doubl& &i87 ppm
The reported unimolecular decomposition rat8 iof dilute is reasonably assigneditta (see Table 2) in thareoisomer
acetonitrile solution (~0.02M) at 8C is 5.07x 10°s1 (t;,= 7 for its bigger coupling constand € 8.5Hz) and the chemi-

228 min)? Therefore, such a significant acceleration of cal shift ofHa in erythro isomer8 appeared ad 6.83 ppm
peroxide decomposition should be taken as an indication of aith a smaller coupling constant € 4.7Hz). The two meth-
bimolecular election-transfer process between the ddnar ( ylene protons a€, ( Hc andHd ) of both diastereomers are
2) and peroxide. unequivalent and show AB type doublets of doublets with very

Notably, donor2 bearing one more electron releasing similar coupling constants),,= 12 Hz ).
methoxy substituent on the ring compared with dohor A reasonable mechanism can be proposed for the reaction
reacted at a rate of nearly twice of that at much lower tem-  of 1: since no significant steric hindrance is felt gta@d G
perature and smaller molar ratio. The only reason for such af the phenyl ring, the ring-substitution has an advantage over
rate difference is the lower oxidation potential of dahtiran the deprotonatidii and thus the side C=C bond remains unre-
1. This is a good example to show that the oxidation potentiahcted. For reaction & much mechanistic details can be told
of the substrate is really a main factor in affecting the rate obased on the very unusual main products and interesting
electron transfer process. stochiometry. The formation af and8 may involve several

For the products, at first we expected that both the radicatlementary steps: caged radical-ion 2air/ 3- " is generated
cationsl*-and2* - generated in an electron transfer step mayvia electron transfer fror@ to 3. After separation of such a
deprotonate from the -carbons and lead w-benzoyloxyla-  radical-ion pair, radical anion 3- - collapses into 4-
tion. However, deprotonation did not take place in the reactiorO,NCzH,COO- and 4- QNCzH,COO", and radical catior2*
of donorl. No benzoyloxylation product was found but ring- deprotonates to give radica0. Benzoyloxylation of radical
substitution productgl(+ 5) were formed with a yield of 94%. 10 takes place and generates a neutral intermediate substrate
For the reaction o2, very unusuaby, S, y-tribenzoyloxylated  11. After fast diffusion from cagell is oxidised by3 in the
products, namelythreo-1-(2,4,5-trimethoxy)phenyl-1,2,3-tri  second ET process generating a new radical cafionThen
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both radical benzoyloxylation and nucleophilic benzoyloxy-  3-Allyl-2,5-dimethoxyphenyl  4-nitrobenzod®: m.p. 77-77.5°C;
lation take place and finally lead to the formation of o *H NMR 8.42 and 8.38 (AZBB’ system,J = 6.8 Hz, 4H, aromatic),

tpi ; ; 6.70 (dJ = 3.0Hz, 1H, aromatic ), 6.65 (d,= 3.0Hz, 1H, aromatic),
B, vy, -tribenzoyloxylated diastereomersand 8 (molar ratio, 6.07-5.93 (ck dx t, J= 16.6Hz, 10.4Hz, 6.5Hz, 1H. I&=). 5.14-5.09

1:1).The aldehyd® is formed .in a sm.all amount Vig,E&C;s (M, J=16.6Hz, 10.4Hz, 1.5Hz, 2H, =H,), 3.77 (s, 3H, OEl,), 3.70
cleavage of the corresponding radical cation. A tentatives, 3H, OGH,), 3.45 (d,J = 6.5Hz, 2H, benzylic); MS (El): 344, 343
mechanism is proposed in Scheme 1. (M+), 193, 150 (base), 104, 92, 76; IR (KB, 1743, 1606, 1527,
According to the mechanism proposed, the reactionl432, 1347, 1266, 1219, 876, 858; Anal. Calcd fggHzNOg: C,
involves two electron-transfer steps. The donor involved in theé2-97; H, 4.99; N, 4.08; Found: C, 62.96; H, 4.87; N, 3.90.

— ; o 4-Allyl-2,5-dimethoxyphenyl 4-nitrobenzeat (5): m.p.
second ET process, AEH=CHCH,OCOAr (11), is conceiv 105.5-106.5°CtH NMR: 8.39 and 8.33 (A%BB’ system,) = 6.9Hz,

ably the product generated in the first ET-reaction. Thisyy’ aromatic), 6.86 (s, 1H, aromatic), 6.74 (s, 1H, aromatic),
assumption is well rationalised by the interesting stochiomes.06-5.92 (kdxt, J = 16.7Hz, 10.5Hz, 6.6 Hz, 1H, =),

try of the overall reaction. Since unimolecular decomposition5.12-5.07 (mJ = 16.7Hz, 10.5Hz, 1.5Hz, 2H, #€,), 3.79 (s, 3H,

of peroxide3 at room temperature is negligible, the disap- OCHg), 3.77 (s, 3H, OEl,), 3.40 (d,J = 6.6Hz, 2H, benzylic); MS

pearance of the peroxide should be a consequence of its el 6263‘1“6%2425%)’1}12% ﬁgébﬁ% 11%‘&92122% !QRZ éKgB%lgéé.' Anal
tron transfer reaction with the donor. The reaction started at f ! ’ ’ ; ' ' ' ’ ! AAnal.

molar ratio 0f2:3 = 1:1 and was completed with almost one H??%Q?L,,qgfgg'.“oﬁ' C.62.97; H, 4.99; N, 4.08; Found: C, 63.20;
half (45%) of dono® recovered. The recovery of the donoris  Threo1-(2,4,5-trimethoxy)phenyl-1,2,3-tri(4-nitro)benzoy-
a strong indication of the involvement of the second ET stepgoxypropang7): m.p. 167-168°C'H NMR: 8.40-8.07 (m, 12H, aro-
with a greater reaction rate. As mentioned above, an ET readpatic), 6.98 (s, 1H, aromatic), 6.87 @@= 8.5 Hz, 1H,Ha), 6.55 (s,

tion exhibits a faster rate toward the donor with lower oxida-1Haromatic), 6.16-6.12 (m, 1#b), 4.61 (dx d, J= 12.3Hz, 3.4Hz,

: ) : : ~ 1H, Hc), 4.53 (dxd, J=12.3Hz, 6.1Hz, 1HHd ), 3.90 ( s, 3H,

tion potential. For |nte(med!ate f&H=CHCH,0OCOAr (11), _ OCH,). 3.87 (s, 3H, O@2), 3.79 (s, 3H, OEL); MS (El): 705 (M),

with the expanded conjugation system and hence lower oxidas3g, 388, 167, 150 (base), 104, 76; IR ( KBr)1726, 1610, 1520,

tion potential than donot, oxidation by peroxide should 1466, 1352, 1269, 1236. The structural assignmentisftentative
take place much faster than oxidation of the starting materiaput expected to be correct in view of the structural data and the pres-
1. Besides, these two ET steps occur at much lower rates th&fice of theerythroisomer.

other elementary steps: deprotonation, radical recombinatio%xigggnleig:‘;'ﬁi;trilrygﬂ%x)cmpﬁaglélézéifétggl('m”f%aegfg}"

and nucleophilic addition. _ o matic), 6.96 (s, 1H, aromatic), 6.83 @z 4.7Hz, 1H,Ha), 6.54 (s,

Furthermore, the yield of 4-nitrobenzoic acid of the overall 1H, aromatic), 6.19-6.16 (m, 1Hb), 4.82 (dx d, J=12.1Hz, 3.3Hz,
reaction is 55%. This is because the nucleophile, 4-nitrobeniH, Hc), 4.62 (dxd, J = 12.1Hz, 6.6Hz, 1HHd), 3.91 (s, 3H,
zoate generated in ET-steps, is consumed partly in the nucléCH3), 3.86 (s, 3H, O€l5), 3.76 (s, 3H, OEl;); MS (EI): 705 (M),
ophilic addition to the olefinic radical cation and partly by 538, 389, 388, 346, 150 (base), 120, 104; IR (KBr)1730, 1608,

ot : : 528, 1457, 1322, 1296, 1264; Anal. Calcd fogH,;N;O;s C,
?:(;Ji'::r;higggpﬁPy the proton released in the deprotonation 6.18: H, 3.85 N, 5.96: Found: C. 55.93: H, 4.06-N. 5.70.
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IR spectra were taken on a Perkin Elmer Joel 983 spectroftéter.
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product analyses were conducted on the same NMR apparatus [usin& g%)sg' 4%\/%{23% %b))é %/Uglcl)inandGGMMEEJI';ﬂfc\gia:]a’nar% _ih‘;rr?éo
(CD;),SO as solvent] and on a Model 102 gas chromatograph 3 Oré éhem 1983 48 491‘?' o o '

(Shanghai Analytical Instrument Works). MS spectra were recorded .
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lowing the reported procedute. K.D. Hofferacker,J. Org. Chem 1996,61, 5626.
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(or 2) + 3] maintained in a thermostat (far+ 3 at 44.4 + 0.9C), 6564; (b) Ibid. Pure Appl. Chem. 1995. 67.71: (©) ‘M.S.
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out at each time interval and the remaining perodideas deter- Chem. 30&1994,116 1141
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