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support was reduced in flowing hydrogen (100 mL min?, 99.999%,
H,0 < 3 ppm) at 200 °C for 7 min and then cooled to room
temperature maintaining the same hydrogen stream. The
AlPO,-supported rhodium catalyst thus prepared has a metal
surface area of 90 m%g~'5,>10.

Hydrogenation Apparatus and General Procedure. All
experiments were conducted with a Parr Instruments 3911 hy-
drogenator at an initial hydrogen pressure of 0.55 MPa and at
25 °C. The temperature was controlled by pumping water from
a thermostatic bath through the vessel jacket with a precision
of 0.5 °C.

The compound to be reduced (5 mmol) and methanol (50 mL)
were placed in the hydrogenation vessel (250 mL) and then the
catalyst (200 mg) was added. The vessel was connected to the
hydrogenator, twice flushed with hydrogen, pressurized to 0.55
MPa. and shaken until absorption of 1 equiv of hydrogen. The
progress of hydrogenation was then followed by recording the
hydrogen uptake vs. time, at constant volume. Catalytic activity
is determined as the initial rate of hydrogenation, from the slope
of the linear hydrogen pressure decrease vs. reaction time, re-
maining linear up to 50-60% conversion.

After filtration and elimination of methanol by rotary vacuum
evaporation, the hydrogenation products were purified by crys-
tallization or silica column chromatography and, in the case of
the compounds previously described, were identified by com-
parison of their spectroscopic properties (\H NMR and IR spectra)
with those described in the literature.
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To see if the generation of cyclic peroxonium ions by intramolecular alkylation of dialkyl peroxides could be
extended to 3- or 4-membered ring systems, seven S-iodoalkyl tert-butyl peroxides were treated with silver
trifluoroacetate in refluxing dichloromethane. Compounds 1a-d, RCH,C(Me)(0OOBu-t)CH,I (R = H, Me, Et,
or Ph), gave mixtures of 1,2-peroxy-migrated substitution and elimination products RCH,C(Me)(OCOCF;)-
CH,00Bu-t, CH,~C(CH,R)CH,00Bu-t, and RCH=C(Me)CH,00Bu-¢, whereas compounds le-g, PhC(R)-
(OOBu-t)CH,I (R = H, Me, or Ph), afforded 1,2-phenyl-migrated products. The results were rationalized in
terms of the selective generation of intermediate alkylated perepoxides from la-d or phenonium ions from le-g.
The relative migratory aptitudes were found to be Ph > Bu-¢-00 > alkyl.

Perepoxides have been postulated as intermediates in
the singlet oxygenation of alkenes! and in the reaction of
B-hydroperoxy bromides with base,? but their existence
remains a matter of controversy. In continuing our in-
vestigations on the generation of peroxonium ions by in-

(1) Frimer, A. A. Chem. Rev. 1979, 79, 359 and references therein.
(2) Kopecky, K. R.; Scott, W. A,; Lockwood, P. A.; Mumford, C. Can.
J. Chem. 1978, 56, 1114.

tramolecular alkylation of dialkyl peroxides,®® we have
obtained evidence that species closely related to perep-
oxides, the hitherto unknown alkylated perepoxides, me-

(3) Porter, N. A.; Mitchell, J. C. Tetrahedron Lett. 1983, 24, 543.

(4) Bloodworth, A. J.; Courtneidge, J. L.; Eggelte, H. J. J. Chem. Soc.,
Chem. Commun. 1983, 1267.

(5) Mitchell, J. C.; Heaton, S.; Porter, N. A. Tetrahedron Lett. 1984,
25, 3769,

0022-3263/86/1951-1790$01.50/0 © 1986 American Chemical Society



Alkylated Perepoxides: Peroxonium vs. Phenonium Intermediates

Scheme 1
MO*BU
R R 00tBu 2/ 5
. Is) \}Y ]9 +r 00¢-Bu
!
N coc 8 och ;

2a-d RCH 4ag

o] Rz> [J R g
1a_ + E or
a9 ¢-Bu F,COCC{\ +-Bu 2 ]
Se 6f.g

entry R! R? path
la Me Me a

products (yield, %)
2a (57) 4 3a (16)

1b Me Et a 2b (35) + 3b (6) + 4b (12)

1c Me Pr a 2¢ (32) + 3c (14) + 4c (28)
1d Me CH,Ph a 2d (53) + 3d (21) + 4d (16)
le Ph H b 5e (96)

if Ph  Me b 6f (36)°

ig Ph Ph b 6g (72)

¢ Mixture also contains ¢-BuOCH,COCH,Ph (24%) and Me-
COCH(OBu-t)Ph (8%).

diate in reactions of suitable §-haloalkyl tert-butyl per-
oxides with silver trifluoroacetate, but that, where possible,
phenonium intermediates are formed preferentially. We
now report the nature of this evidence.

Results and Discussion

Peroxy iodides 1 were prepared by tert-butyl peroxy-
mercuration® of the corresponding alkenes followed by
anion exchange and iododemercuration.” The structures
were confirmed by 'H and *C NMR, the high-field triplet
for 3CH,I being particularly characteristic. All compounds
except 1b and 1d were previously known, and our *H NMR
data are in agreement with those reported.” Treatment
of the peroxy iodides with silver trifluoroacetate afforded
products consistent with the selective generation of phe-
nonium or peroxonium (i.e., alkylated perepoxide) inter-
mediates (Scheme I).

Thus, when each peroxy iodide la-d was treated with
silver trifluoroacetate in refluxing dichloromethane and
the crude product was purified by HPLC, two components
were isolated which were identified by spectroscopic data
and elemental analysis as the peroxy-migrated substitution
product 2a—d and a mixture of the peroxy-migrated elim-
ination products 3a—d and 4a-d. The allylic peroxides 3
and 4 were readily identified from the olefinic and
CH,00Bu-t resonances in their 'H and *C NMR and by
their reaction with bromine. The presence of the tri-
fluoroacetate group in the substitution products 2 was
immediately apparent from the carbonyl absorption at ca
1780 cm™ in the infrared, but because of the similar
shielding characteristics and vicinal arrangement of the
peroxy and trifluoroacetoxy substituents, NMR spectra
do not allow a wholly unambiguous distinction to be made
between 2 and the straight substitution product RCH,C-
(Me)(00Bu-t)CH,0COCF,;. Consequently we examined
the effect upon the NMR of hydrolysing the trifluoro-
acetates to the corresponding alcohols 7. For example, 2a
was transformed into 7a by reaction with aqueous NaOH
under phase-transfer catalysis. As a result, the methyl

NaOH
Me.C(OCOCF,)CH,00¢:Bu —— ——>  Me,C[OH)CH,00¢-Bu

CF,C0),0

2 7a

and methylene protons were shifted upfield by about the
same amount (0.35 ppm), which is compatible with the

(6) Bloodworth, A. J.; Courtneidge, J. L. J. Chem. Soc., Perkin Trans.
11981, 3258.
(7) Schimdt, E.; Rieche, A.; Brede, O. J. Prakt. Chem. 1970, 312, 30.
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structures shown but not expected for the conversion of
Me,C(00Bu-t)CH,0COCF; into Me,C(OOBu-t)CH,OH.
To confirm the identity of the alcohol 7a, it was converted
back into 2a by treatment with trifluoroacetic anhydride.

In contrast to the 1,2-peroxy migration chemistry of
1a—d, only phenyl migration was observed in systems le-g.
Thus, peroxy iodide le under the same conditions as for
la—d afforded 5e as the only detectable product. The
structure of 5e was identified from 'H and ¥C NMR, the
characteristic low-field chemical shift (109.12 ppm) for the
carbon bearing two oxygen groups being particularly di-
agnostic. Peroxy iodide 1g, on the other hand, afforded
ketone 6¢g, identified by comparison with an authentic
sample. Peroxy iodide 1f similarly gave ketone 6f, but a
second major product was the a-tert-butoxy ketone t-
BuOCH,COCH,Ph, which presumably arises by rear-
rangement of the vinyl peroxide CHy~C(CH,Ph)OOBu-¢,
formed by an elimination analogous to that affording allylic
peroxides 3a—d.

From the results obtained it appears that the relative
migratory aptitudes in these 1,2-nucleophilic rearrange-
ments decrease in the order Ph > Bu-¢t-00 > Alkyl.

The regiospecific formation of products in which peroxy
or phenyl groups have migrated to the methylene site
suggests that the unsymmetrical peroxonium and pheno-
nium intermediates (8 and 10) each have appreciable
carbocationic character, or that they rearrange to the fully
fledged carbocations (9 and 11) before conversion to
products.

cy,
CH .
—_
RCH, -— 0¢-Bu
¢-Bu RCH,
8 9
R4
— T\Ph
—_—
R 0¢-Bu
00¢-Bu

10 n

The formation of substitution products 2a-d and 5e is
readily explained by either picture, as is the formation of
ketones 6f and 6g by loss of a 2-methoxy-2-propyl cation
in a Baeyer-Villier type 0-O cleavage.*® However, de-
protonation of carbocation 9 would be expected to favour
the formation of Zaitsev elimination products, namely
4b—d and vinylic peroxides RCH,C(CH;)=CHOOBu-¢,
which are expected to rearrange to the aldehydes
RCH,C(CH,)(OBu-t)CHO, yet no aldehydes were detected
and appreciable amounts of the Hoffman elimination
products 3 were obtained. This may be rationalized in
terms of loss of a proton antiperiplanar to the breaking
C-0 bond of the alkylated perepoxide 8 in an E2-type
mechanism. A similar mechanism with the phenonium ion
10f can account for the formation of CHy=~—C(CH,Ph)-
OOBu-t, which rearranges to the observed ¢-
BuOCH,COCH,Ph, as the principal elimination product
from 1f.

It is interesting to compare our results with those ob-
tained by Kopecky for the reaction of $-hydroperoxy
iodides with silver salts.® Although both systems afforded
allylic peroxides, the hydroperoxy iodides gave no sub-
stitution products analogous to 2. Furthermore, the hy-
droperoxy iodides additionally yielded dioxetanes whereas
we did not detect these, or derived carbonyl products, in
any of our reactions. By analogy with our results, an
intermediate protonated perepoxide can account directly
for allylic hydroperoxide formation, and it is not necessary
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to invoke an indirect route via deprotonation to a perep-
oxide. This is consistent with Kopecky’s observation that
product distributions from the silver salt reactions are
different from those from reactions with base,? where a
perepoxide mechanism is believed to operate. It seems
likely that dioxetanes arise by deprotonation of the cor-
responding four-membered ring dialkylperoxonium ions
and that formation of the corresponding trialkylper-
oxonium ions from 1 is disfavored for steric reasons.

A further difference between our reactions and those of
B-hydroperoxy halides is that 1,2-alkyl migrations have
been observed in the latter.5® However, each example
involved compounds in which the hydroperoxy group and
the halogen were attached to identically substituted ter-
tiary carbon atoms. Hence migration of the hydroperoxy
group could not be detected, and nothing can be concluded
from product analysis about relative migratory aptitudes.
Meaningful conclusions about the influence of tert-bu-
tylperoxy vs. hydroperoxy groups in reactions of this type
must await comparisons between more closely related
systems.

Further work addressing these interesting mechanistic
questions is in progress in our laboratory.

Experimental Section

Unless otherwise indicated, NMR spectra were recorded with
a Varian XL 200 spectrometer for solutions in CDClg; 60-MHz
'H NMR spectra were obtained with a Jeol PMX 60 instrument
and 20-MHz ®C NMR spectra with a Varian CFT 20 spectrom-
eter. Infrared spectra were measured with a Perkin-Elmer 983
instrument. Mass spectra were obtained using a VG 7070 F/H
mass spectrometer plus Finnigan INCOS data system. tert-Butyl
hydroperoxide was purified as described previously.!* All other
reagents were commercial samples which were used as received.

Preparation of tert-Butyl Peroxymercurials. 3-Bromo-
mercurioalkyl tert-butyl peroxides were prepared by peroxy-
mercuration of the corresponding alkenes followed by anion ex-
change as described previously,® and were recrystallized from light
petroleum (bp 60-80 °C).

For the peroxymercurial precursor of 1a (97% yield): ‘H NMR
(60 MHz) ppm 1.26 (9 H, s, C(CHjy)), 1.33(6 H, s, C-
(CH;),CH;HgBr), and 2.10 (2 H, s, CH,HgBr); 13C NMR ppm
(20 MHz) 26.69 (C(CHj),), 28.65 (3Jy, = 138 Hz, C-
(CHg),CH,HgBr), 45.73 (*Jy, = 1525 Hz, CH,HgBr), 79.67 (C-
(CHj);), and 81.52 (C(CHg),CH,HgBr). Anal. Caled for
CgH,;BrHgO,: C, 22.55; H, 4.03. Found: C, 22.80; H, 4.02.

For the peroxymercurial precursor of 1b (88% yield): *H NMR
(60 MHz) ppm 0.92 (3 H, t, CH,CHj;,), 1.2-1.8 (2 H, m, CH,CH3),
1.25 (12 H, s, C(CHjy); and CCHj), and 2.05 (2 H, s, CH,HgBr);
13C NMR ppm 8.70 (q, CHyCHy), 25.67 (q, 3Jy, = 125 Hz, CCH,),
26.84 (q, C(CHy)y), 34.07 (t, Jy,), 131 Hz, CH,CHy), 43.77 (t, 'y,
= 1537 Hz, CH,HgBr), 79.14 (s, C(CH3)3), and 83.69 (s, CCHj).
Anal. Caled for CgH;sBrHgO,: C, 24.58; H, 4.35. Found: C, 24.63;
H, 4.33.

For the peroxymercurial precursor of le¢ (84% yield): 'H NMR
(60 MHz) ppm 0.6-1.6 (7 H, m, CH,CH,CHj,), 1.27s (12 H, C(CH,),
and C(CH,), and 2.03 (2 H, s, CH,HgBr); *C NMR (20 MHz) ppm
14.65 (CH,CH,CHy), 17.59 (CH,CH,CH,), 26.13 (3Jy, = 125 Hz,
CCHy), 26.77 (C(CHy)y), 43.74 (Jy, = 131 Hz, CH,CH,CH,), 44.14
(Jy, = 1531 Hz, CH,HgBr), 79.69 (C(CH,),), and 83.50 (3Jy, =
119 Hz, CCHy). Anal. Calcd for C,qH;BrHgO,: C, 26.46; H, 4.66.
Found: C, 26.46; H, 4.58.

For the peroxymercurial precursor of 1d (83% yield): 'H NMR
ppm 1.26 (9 H, s, C(CHj,),), 1.37 (3 H, s, CCHj), 1.82 and 1.97
(AB, J = 12 Hz, CH,HgBr), 2.64 and 3.15 (AB, J = 14 Hz, CH,Ph),
7.32 (5 H, m, Ph); 1*C NMR ppm 26.72 (q, C(CHy)s), 27.57 (q,
3y = 163 Hz, CCHy), 42.32 (t, Jyy, = 1543 Hz, CH,HgBr), 45.86

(8) Kopecky, K. R.; Filby, J. E.; Mumford, C.; Lockwood, P. A.; Ding,
J.-Y. Can. J. Chem. 1975, 53, 1103.

(9) Schulz, M.; Kirschke, K., Z. Chem. 1972, 12, 261.

(10) Kopecky, K. R.; Lopez Sastre, J. A. Can. J. Chem. 1980, 58, 2089.

(11) Bloodworth, A. J.; Cooksey, C. J., J. Organomet. Chem. 1985, 295,
131.
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(t, *Jg = 88 Hz, CH,Ph), 79.56 (s, C(CH,),), 83.18 (s, 2y, = 113
Hz, Cé‘Ha), 126.92 (d, Ph), 128.42 (d, Ph), 130.58 (d, Ph), and
137.46 (s, Ph). Anal. Caled for C,,Hy,BrHgO,: C, 33.50; H, 4.21.
Found: C, 33.43; H, 4.09.

For the peroxymercurial precursor of le (87% yield): 'H NMR
in agreement with reported spectrum;!? 3C NMR (20 MHz) ppm
26.50 (C(CHy)s), 39.65 (CH,HgBr), 80.88 (C(CHj)s), 84.06 (CPh),
125.99 (Ph), 127.94 (Ph), 128.51 (Ph) and 142.26 (Ph).

For the peroxymercurial precursor of 1f (82% yield): 'H NMR
in agreement with reported spectrum;’ *C NMR ppm 26.94 (C-
(CHy),), 29.62 (CCHy), 46.30 (CH,HgBr), 80.34 (C(CH,),), 84.67
(CCHgy), 124.96 (Ph), 127.24 (Ph), 128.39 (Ph), and 146.65 (Ph).

For the peroxymercurial precursor of 1g (89% yield): 'H NMR
(60 MHz) ppm 1.32 (9 H, s, C(CH,),), 2.67 (2 H, s, CH,HgBr),
and 7.23 (10 H, s, Ph); *C NMR ppm 27.03 (C(CHs,),), 44.64
(CH,HgBr), 81.09 (C(CHy)y), 88.24 (CPh), 126.44 (Ph), 127.49 (Ph),
128.14 (Ph), and 145.69 (Ph). Anal. Calcd for C,gHyBrHgOo:
C, 39.31; H, 3.84. Found: C, 39.38; H, 3.76.

Preparation of §-Iodoalkyl tert-Butyl Peroxides (1).
Iodine was added via a Soxhlet thimble to a solution of the
peroxymercurial 3g in methylene chloride (150 mL) at reflux.
After 2 h, the solution was washed with saturated sodium bi-
carbonate (50 mL), saturated sodium thiosulphate solution (50
mL, or sufficient to remove all 1), and water (2 X 50 mL) and
dried (MgSO,). The solvent was removed under reduced pressure,
and the $-iodoalkyl tert-butyl peroxide was purified by vacuum
distillation or by addition of light petroleum (bp 60-80 °C) fol-
lowed by filtration to remove any mercury(lIl) salts. For 1a, le,
and 17e—g, 'H NMR spectra were in good agreement with reported
data.

For 1a (77% yield): 3C NMR ppm 15.38 (t, CH,I), 24.32 (q,
C(CH;),CH,I), 26.54 (q, C(CHy)g), 77.97 (s, C(CHy),CH,I), and
78.60 (C(CHg)s).

For 1b (96% yield): 'H NMR (60 MHz) ppm 0.88 (3 H,
CH,CH,), 1.23 (9 H, s, C(CHjy)3), 1.30 (3 H, s, CCH3), 1.5-2.0 (2
H, m, CH,CHj,), 3.39 (2 H, 5, CH,I); *C NMR (20 MHz) ppm 8.05
{(q, CH,CHy), 14.70 (t, CHy,l), 21.47 (q, CCHg), 26.65 (g, C(CHs)s),
29.48 (t, CH,CHy), 78.66 (s, CCHy), 79.78 (s, C(CH;);). Anal. Caled
for CoHp10,: C, 37.77; H, 6.69. Found: C, 37.75; H, 6.60.

For le (91% yield): *C NMR (20 MHz) ppm 14.50 (q,
CH,CH,CHy), 14.99 (t, CH,lI), 17.00 (t, CH,CH,CH,), 14.99 (1,
CH,l), 17.00 (t, CH,CH,CHj,), 21.96 (q, CCHy), 26.69 (q, C(CHy);),
39.29 (t, CH,CH,CHy), 78.75 (s, CCHjy), and 79.81 (s, C(CHj),).
Anal. Caled for C;iH»I10,: C, 40.10; H, 7.05. Found: C, 39.73;
H, 6.96.

For 1d (82% yield): 'H NMR (60 MHz) ppm 1.23 (9 H, s,
C(CHy)3), 1.30 (3 H, s, CCHy), 3.00 (2 H, 5, CH,Ph), 3.33 and 3.37
{AB, J = 10 Hz, CH,I), and 7.23 (5 H, s, Ph); *C NMR ppm 14.47
(t, CH,I), 22.36 (q, CCHjy), 26.72 (q, C(CH,);), 42.58 (t, CH,Ph),
79.31 (s, CCHy), 80.16 (s, C(CHy)s), 126.44 (d, Ph), 127.89 (d, Ph),
130.60 (d, Ph), and 136.86 (s, Ph). Anal. Calcd for C;,Hy 10
C, 48.28; H, 6.07. Found: C, 48.19; H, 5.95.

For le (97% yield): C NMR ppm 6.29 (t, CH,I), 26.49 (q,
C(CHy)y), 80.98 (s, C(CH,),), 85.25 (d, CH), 127.07 (d, Ph), 128.37
(d, Ph), 128.57 (d, Ph), and 138.19 (s, Ph).

For 1f (88% yield): *C NMR ppm 15.34 (t, CH,I), 24.37 (q,
CCHy), 26.69 (q, C(CH,)3), 79.53 (s, C(CHy)s), 81.01 (s, CCH,),
125.75 (d, Ph), 127.39 (d, Ph), 127.95 (d, Ph), and 142.12 (s, Ph).
Anal. Calcd for C3H 010, C, 46.72; H, 5.73. Found C, 46.72;
H, 5.46.

For 1g: C NMR ppm 15.11 (t, CH,l), 26,78 (q, C(CHy)s), 79.70
(s, C(CHy)y), 84.22 (s, CPhy), 126.94 (d, Ph), 127.21 (d, Ph), 127.64
(d, Ph), and 142.43 (s, Ph).

Reaction of 8-lodoalkyl tert-Butyl Peroxides with Silver
Trifluoroacetate. Silver trifluoroacetate (1.1 equiv) was added
to a solution of the g-iodoalkyl tert-butyl peroxide (1g) in
methylene chloride (50 mL) at reflux (la—d) or room temperature
(le—f), and the mixture was stirred for 1 h. The mixture was then
filtered through a sintered glass funnel (5-cm diameter) containing
silica (1 cm) covered with celite (0.2 cm). The methylene chloride
was removed under vacuum and the products were separated by
medium-pressure chromatography (50 em X 2.25 cm, silica, 1%
EtOAc in light petroleum (bp 60-80 °C)). See Scheme I for

(12) Ballard, D. H.; Bloodworth, A. J. J. Chem. Soc. C 1971, 945,
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product distributions and yields, which were determined by NMR
integration vs. internal standards for the crude mixtures. Yields
of isolated materials are given below.

For 2a (24%): 'H NMR (60 MHz) ppm 1.20 (9 H, s, C(CHj)s),
1.57 (6 H, s, C(CH,),), and 4.20 (2 H, s, OOCH,); *C NMR ppm
23.45 (q, C(CH,),), 26.14 (q, C(CHjy);), 78.14 (t, CH,), 80.90 (s,
C(CH,),), and 86.87 (s, C(CHj)); IR (C=0) 1777 cm™.. Anal.
Caled for C,(H,,F304 C, 46.51; H, 6.63. Found: C, 46.22; H, 6.48.

For 2b: 'H NMR (60 MHz) ppm 0.92 (3 H, t, CH,CH,), 1.25
(9 H, s, C(CH,)g), 1.53 (3 H, s, CCHjy), 1.90 (2 H, m, CH,CHj),
and 4.25 (2 H, s, OOCHy,); *C NMR ppm 7.34 (CH,CH,), 20.56
(CCH,), 26.06 (C(CH,)3), 28.67 (CH,CHy), 76.37 (CH,), 80.80
(C(CHy),), and 89.49 (CCHy); IR (C=0) 1776 cm™.

For 2¢; 'H NMR (60 MHz) ppm 0.8-2.0 (7 H, m, CH,CH,CHj),
1.20 (9 H, s, C(CHy)y), 1.52 (3 H, s, CCHjy), and 4.18 (2 H, s,
OOCHS,); 3C NMR ppm 14.16 (CH,CH,CHj,), 16.42 (CH,CH,C-
H,), 21.09 (CCHy), 26.07 (C(CHjy)s), 38.36 (CH,CH,CH,), 76.67
(CHy), 80.82 (C(CHy),), and 89.28 (CCHj); IR (C=0) 1770 cm™.
Anal. Calcd for C,H,, F30,: C, 50.34; H, 7.39. Found: C, 50.48;
H, 7.33.

For 2d (28%): 'H NMR (60 MHz) ppm 1.23 (9 H, s, C(CH;)5),
1.48 (3 H, s, CCHjy), 3.15 and 3.20 (AB, J = 15 Hz, CH,Ph), 4.20
and 4.27 (AB, J = 14 Hz, OOCH,), and 7.17 (5 H, 5, Ph); *C NMR
ppm 20.65 (q, CCH,), 26.15 (q, C(CHy),), 42.05 (t, CH,Ph), 75.73
(t, OOCH,), 80.90 (s, C(CHj)3), 88.79 (s, CCHy), 127.06 (d, Ph),
128.30 (d, Ph), 130.69 (d, Ph), and 134.93 (s, Ph); IR (C=0) 1776
cm™,

For 5e: 'H NMR (60 MHz) ppm 1.20 (9 H, s, C(CH,),), 3.12
(2H, d, J = 6 Hz, CH,Ph), 6.53 (1 H, t, J = 6 Hz, CH), and 7.31
(5 H, s, Ph); 3C NMR (20 MHz) ppm: 26.41 (q, C(CH,),), 37.25
(t, CH,Ph), 80.72 (s, C(CH,);), 109.12 (d, CH), 126.54 (d, Ph),
128.26 (d, Ph), 129.75 (d, Ph), and 136.66 (s, Ph); IR (C=0) 1789
ceml; MS, m/e 306 (M*, 0.03%).

For rearrangement product tert-BuOCH,COCH,Ph (23%): 'H
NMR (60 MHz) ppm: 1.17 (9 H, s, C(CH,)3), 3.78 (2 H, s, CH,;Ph),
3.95 (2 H, s, CH,OBu-t), and 7.18 (5 H, s, Ph); 3C NMR ppm:
27.27 (q, C(CHy)3), 46.17 (t, CH,Ph), 67.79 (t, CH,OBu-t), 74.18
(s, C(CHy),), 126.89 (d, Ph), 128.55 (d, Ph), 129.60 (d, Ph), and
133.93 (s, Ph); IR (C=0) 1718 cm™.

For 3a: 'H NMR in agreement with reported spectrum.!?

For 3b + 4b: 'H NMR ppm 0.8-1.1 (m, CH,CH,), 1.25 (s,
C(CHjy),), 1.5-1.8 (m, CH,CHj;), 4.31 (s, 440 s, and 4,45 s
(CH,00Bu-t), 494 s and 5.08 s (CH;=C), and 5.53 (m,
MeCH=C).

For 3¢ + 4c: 'H NMR ppm 0.8-1.2 (m, CH,CH,CH,;), 1.25 (s,
C(CHa)g), 1.4-2.4 (m, CHgCHZCH‘r;), 4.28 8, 4.37 8, 4.40 S
(CH,00Bu-t), 5.00 s and 5.12 s (CH=C), and 5.52 (m, EtCH=C).

For 3d + 4d: 'H NMR ppm: 1.27 (s, C(CHj;)3), 3.33 (s, CH,Ph),
4.225,4.37 s, and 4.42 s (CH,00Bu-t), 4.82 s and 5.00 (CH,=C),
and 6.38 (s, PhACH=C).

Reaction of Allylic Peroxides (3) with Bromine. A solution
of bromine in dichloromethane was added dropwise to a solution
of the allylic peroxide in dichloromethane until the color of
bromine persisted. After 5 min, the volatile components were

(13) Maillard, B.; Kharrat, A.; Rakotomanana, F.; Montaudon, E.;
Gardrat, C., Tetrahedron 1985, 41, 4047,
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removed under reduced pressure to afford the dibromide as a
colorless oil, which was purified by medium-pressure chroma-
tography (conditions as before).

For product from 3a (¢-BuOOCH,C(CH,Br)(Br)CH;): 'H
NMR (60 MHz) ppm 1.27 (9 H, s, C(CH,),), 1.87 (3 H, s, CCHj),
3.82 s and 3.90 s (AB, J = 11 Hz, CH,Br), and 4.23 (2 H, s,
CH,00Bu-tert); *C NMR ppm 26.28 (q, C(CHy)s), 27.70 (q,
CCH,), 40.74 (t, CH,Br), 62.74 (s, CBr), 79.88 (t, CH,00Bu-t),
and 81.32 (s, C(CHy)y).

For product from 3d (¢-BuOOCH,C(CH,Br)(Br)CH,Ph): 'H
NMR (60 MHz) ppm 1.28 (9 H, s, C(CH,),), 3.32 (2 H, s, CH,Ph),
3.78 and 3.87 (AB, J = 11 Hz, CH,Br), 4.31 (2 H, s, CH;00Bu-t),
and 7.36 (5 H, m, Ph); 3C NMR ppm 26.35 (q, C(CH,)3), 38.56
(t, CH,Ph), 42.95 (t, CH,Br), 67.35 (s, CBr), 78.34 (t, CH,00Bu-t),
81.39 (s, C(CHy)g), 127.36 (d, Ph), 128.07 (d, Ph), 131.18 (d, Ph),
and 134.78 (S, Ph). Anal, Calcd for C14H20Br202: C, 44.23; H,
5.30. Found C, 44.39; H, 5.04.

Hydrolysis of Trifluoroacetates (2). Trifluoroacetate 2a
(0.3 g) was dissolved in 5 mL of methylene chloride to which was
added Bu,NBr (0.1 equiv). Sodium hydroxide (2.0 equiv) was
dissolved in 5 mL of water, and the two phases were mixed and
vigorously stirred for 16 h. Methylene chloride (50 mL) and water
(50 mL) were then added and the organic phase was separated,
washed with water (3 X 50 mL), and then dried (MgSO,). The
solvent was removed under vacuum to give the alcohol 7a (95%):
'H NMR (60 MHz) ppm 1.22 (6 H, s, C(CH3)y), 1.27 (9 H, s,
C(CHy)3), 2.42 (br s, OH), and 3.85 (2 H, s, CH,00Bu-t); *C NMR
ppm 26.22 (C(CHy),), 26.30 (C(CH,),), 71.27 (COH), 80.99 (C(C-
Hj)s), and 83.09 (CH,00Bu-t); IR (OH) 3566 cm™.

Trifluoroacetate 2d was similarly converted into 7d (92%): 'H
NMR ppm: 1.15 (3 H, s CCH,), 1.28 (9 H, s, C(CHjy);), 1.70 (br
s, OH), 2.86 (2 H, s, CH,Ph), 3.88 (2 H, s, CH;00Bu-t), and 7.27
(5 H, s, Ph); 1*C NMR ppm 23.88 (q, CCHj), 26.40 (q, C(CHy),),
45.39 (t, CH,Ph), 73.35 (s, COH), 81.01(s, C(CHjy),), 81.16 (t,
CH,00Bu-t), 126.40 (d, Ph), 128.11 (d, Ph), 130.61 (d, Ph), and
137.31 (d, Ph); IR (OH) 3562 cm™.
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