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column at 150°. There was a shoulder on the peak for 20: ir 20
vog- 3080; vem 2980; 2930, 2850 (d); vc.c 1640; bands at 1025,
932, 880, 735, and 725 cm™; nmr (20, Figure 3), 4 1.3~1.9 (4
protons, m, CH; of C,, C;), 2.1 (2 protons, q, J = 13, 6 Hz,
CH;CH,CH==), 2.75 (t of d, Jar = 20 Hz, CF,CH,CH), 4.4 (1
proton, 5 line, J = 12 and 6 Hz, CH,CHICH;); nmr (21) 5 1.8
(6 protons, t of d, Jgr = 20, J = 8 Hz, CF,CH,;CHI), 4.4 [2 pro-
tons, m, (CHI),].

Reaction of 5 and 8 to Give endo-2-Iodo-exo-3-perfluorobutyl-
norbornane (17).—5 (17.3 g, 0.0500 mol), 8 (4.70 g, 0.0500 mol),
and ABN (0.164 g, 1.00 mmol) were processed as above and
heated for 3 hr at 70.0°. Distillation gave 17: bp 79-82° (3.5
mm), 16.7 g (76%), a single peak by glpe; ir (KBr plates) éca
1480, 1460, 1355, 1320; w»cr 1250-1200, 1130; bands at 1030,
1020, 1010, 970, 943, 925, 910, 875, 855, 790, 760, 740, 735, 685,
and 650 cm~!; nmr was identical with the published spectrum of
perfluoropropyl homolog.1

Anal. Caled for CHFsl: C, 30.02; H, 2.29; I, 28.84.
Found: C,30.2; H,2.10; I,28.2.

Reaction of 5 and 9 to Give 5-Perfluorobutyl-exo- and -endo-7-
iodonortricyclene (11,,,).—5 (6.93 g, 0.0200 mol), 9 (0.921 g,
0.0100 mol), ABN (0.0328 g, 0.200 mmol), and 2-butanone (10
ml) were treated as above. After 16 hr at 70° the reaction mix-
ture was analyzed by glpc (6-ft Apiezon N column, temperature-
programmed 7°/min from 110° to 180°); adducts were found at
5.75 (3.19%), 9.5 (3.26%), and 11,.p at 10.2 and 11.2 min (48.5
and 435.09, relative areas). The small amount of the first set of
peaks precluded isolation. Distillation afforded 11,,5: bp 75~-78°
(1.5 mm), 3.56 g (81.3%); ir (KBr plates) vca 3040, 3020, 3000,
2980, 2955; no bands at 1600-1900; 3cu 1475, 1355, 1320, 1300;
ver 1250-1150; and bands at 1050, 1035, 1023, 980, 950, 910,
900, 880, 870, 820, 740, 730, 720, 700, and 650 cm™*; nmr 5 1.0~
2.68 (6 protons, m, ring protons), 3.2, (1-proton, t, Jur = 17 Hz,
CF,CH-; §3.82 (0.9 proton, s, CHI), 4.25 (0.06 proton, s, CHI).
That the perfluorobutyl group was exo was-indicated by the ab-
sence of coupling of proton on C-5 to adjacent protons at a 90°
dihedral angle.

Anal. Caled for CyHsFsI: C, 30.16; H, 1.84; F, 39.03; I,
28.97. Found: C,304; H,1.8; I,27.7. :
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Competitive Addition of 5 to 6 and 3.—A 50 ml, three-necked,
pear-shaped flask fitted with a nitrogen inlet, a Dry Ice filled
condenser, and a liquid sampling tube extending to the bottom of
the flask, was charged with materials as listed in Table X. The
flask was partly immersed in an oil bath kept at 70° and at inter-
vals indicated in Table X, a sample (approximately 0.010 g) was
removed by suction through the sample tube. The liquid in
the sample tube below the ““Teflon-Varibor’’ valve was flushed
back into the reaction by external nitrogen. Samples thus ob-
tained from three different experiments were kept in a refrigerator
and analyzed by glpc as described below.

A mixture of reaction products was weighed and weight/area
factors were determined from replicate analysis as indicated in
Table XI.2 Results from these experiments were mainly used as
guidance for more quantitative work, as given in Table VII.
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Benzoy) peroxide readily reacts with alkyl phenyl selenides in CCl, solution at room temperature to yield stable

tetravalent selenium coordination compounds:

alkylphenyldibenzoyloxyselenuranes (4).

When refluxed in

CCl, 4 decomposed into a-benzoyloxyalkyl phenyl selenides (5) and benzoic acid. Benzoyl peroxide further re-

acts with 5 to form stable selenium(IV) compounds:
Upon heating, they decomposed into additional a-benzoyloxylation products (10).

e-benzoyloxyalkylphenyldibenzoyloxyselenuranes (9).

1t is suggested. that the re-

action involves the initial decomposition of 4 into ion pairs and attack of the benzoate ion on the « hydrogen,

producing a selenium-stabilized carbonium ion.

Subsequently, the benzoyloxy moiety on the selenjum re-

arranges the « position of the alkyl group and yields the benzoyloxylation product (5a).

Recently, we found that free-radical initiators such as
benzoyl peroxide did not initiate the polymerization of
phenylvinyl selenide. This failure was attributed to
the addition of benzoyl peroxide on the selenium atom
to give a tetravalent selenium(IV) compound (1).!
Similar tetravalent selenium compounds have been
known in the literature for some time.? Foster
isolated diphenylselenium diacetate from the reaction of
diphenylselenium oxide with acetic anhydride.? Stable

* Address correspondence to author at the Department of Chemistry,
Polytechnic Institute of New York, New York, N. Y. 11201,

(1) Y. Okamota, R, Homsany, and T. Yeno, Terahedron Leit., 2531
(1972).

(2) For a discussion of bonding in high-valenced selenium compounds, see
(a) J. I. Musher, Ann. N. Y. Acad. Sci., 19252 (1972); (b) J. I. Musher,
Angew. Chem., Int. Ed, Engl., 8, 54 (1969).

(3) D. G. Foster, Recl. Trav. Chim, Pays-Bas, 84, 447 (1935).

PhSeCH=CH: + (Bz0);, —>

OBz
Ph | —> PhSeCH—CH,; (1)
N\ 8
Se Bz OBz
/ 2
H,C=CH
Bz

cycelic tetravalent selenium compounds were also pre-
pared by the intramolecular reactions between selenium
oxide and carboxylic acid.*~¢ More recently Reich

(4) L. B. Agenasand B, Lindgren, Acta Chem. Scand., 34, 3301 (1870).
(8) R. Lesser and R. Weiss, Ber., 47, 2510 (1914).
(6) B.Lindgren, Acta Chem. Scand., 38, 2560 (1972).
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TasLe 1
REAcTION PRODUCTS OF ALKYL PHENYL SELENIDE WITH BENZOYL PEROXIDE

Chemical shift, r (CCL)

—_

Compd Alkyl protons Aryl protons np Bp, °C (mm) Yield, %
CH,;SePh, 3a 7.80 (s, 3 H) 2.50-3.00 (m, 5 H) 1.5895 70-72 (7)
4a 7.15 (s, 3 H) 1.95-2.90 (m, 15 H) Mp 116 92
Sa 4.20 (s, 2 H) 2.10-3.05 (m, 10 H) 1.6130 120 (0.7) 60
C,H;SePh, 3b 7.35(q,2H)J = 7.5Hz 2.33-2.92 (m, 5 H) 1.5745 63 (3)
8.35 (t,3H)J = 7.5 Hz
4b 6.05(q,2H)J = 7.5 Hz 1.80-3.05 (m, 15 H) Mp 95-99 87
8.22 (,3H)J = 7.5 Hz
5b 3.45(q, 1H)J =7.0Hz 1.85-3.05 (m, 10 H) 1.5970 122 (0.3) 60
8.30(d,2H)J = 7.0 Hz
C4H98ePh, 3¢ 718 (¢, 2H)J = 7.5 Hz 2.47-2.98 (m, 5 H) 1.5605 85 (3)
8.10-8.90 (m, 4 H)
9.05(t,3H)J = 6.5 Hz
4c 6.92 (t,2H)J = 7.5 Hz 1.80-2.98 (m, 15 H) Mp 75-80 82
8.10-8.90 (m, 4 H)
9.05(t,3H)J = 6.5 Hz
S¢ 3.60(t, 1H)J = 6.5 Hz 1.95-3.05 (m, 10 H) 1.5855 140 (0.3) 49
8.00-8.90 (m, 4 H)
9.05 (t,3H)J = 6.5 Hz

synthesized several cyclic chiral dialkoxydiaryl selen-
uranes.’

_XCOOH go,
~~XCOOH

__XCOOH -1,
“SXCOOH

/0\ /X\

0= C==0

\x/ \ /
5,6
X=CQH4,4 @

In this paper, we report the direct synthesis of the
tetravalent selenium dicarboxylate by the reaction of
alkyl pheny! selenides with benzoyl peroxide and the
thermal decomposition products of the compounds.

Results and Discussion

In a typical reaction, a CCly solution of methyl phenyl
selenide (3a) was added dropwise to a CCly solution of
benzoyl peroxide. The solution was cooled using
water. A slight exothermic reaction followed and a
white solid precipitate was obtained. The solid was
methylphenyldibenzoyloxyselenurane (yield 929,) (4a).
4a was refluxed in CCl; for 2 hr. Upon cooling, the

OBz OBz
12 A |
PhSeCH,R + (Bz0), — _~Se —> PhSeCH 2)
3 RCH,™ | |
OBz R
4 5
a,R=H
b, R=CH,
c, R= C3H7

solution remained clear. It was washed with aqueous
NaHCO;, the CCl, solution was dried, and the solvent
was evaporated. a-Benzoyloxymethyl phenyl selenide
(5a) (609, yield) was obtained. From the NaHCO;
extract, benzoic acid and a trace amount of phenyl-

(7) H.J. Reich, J. Amer. Chem. Soc., 95, 964 (1973). The name “selen-
urane’’ for tetrasubstituted selenium(IV) compounds was used in analogy
with sulfurane.

selenic acid were isolated. These results are summa-
rized in Table I.

The thermal decomposition of benzoyl peroxide in the
presence of alkyl ether®® or sulfide®® has been reported
to yield the corresponding a-benzoyloxylation products.
The reaction mechanisms were accounted for by the
chain-reaction sequence. Recently, however, Pryor
and Bickley reported that benzoyl peroxide decomposes
at an accelerated rate in the presence of alkyl sulfide.}!
They showed that the sulfide makes a nucleophilic
attack on the O-O bond of benzoyl peroxide to form an
unstable intermediate which subsequently decomposes
into a-benzoyloxy sulfide and Dbenzoic acid. The
intermediate was not isolated. The structure could be
postulated to have a resonance hybrid of ionic (6) and
covalent (7) characters.

R
\_0Bz \ /OBz
/s\ s+
R OBz R ~0Bz
6 7

Horner suggested that the possible mechanism for the
formation of the a-benzoyloxylation product involves
the cyclic structure 8.12  This structure is similar to one

o-—-T----o
o
fus]
w

/
a
N\

Ph
8

(8) W.E. Cass, J. Amer. Chem, Soc., 69, 500 (1947).

(9) P.D. Bartlett and K. Nozaki, J. Amer. Chem, Soc., 69, 2299 (1947).

(10) H. B. Henbest, J. A. W. Reid, and C. J. M. Stirling, J. Chem. Soc.,
1217 (1964).

(11) 8. A. Pryor and H. T. Bickley, J. Org. Chem., 87, 2855 (1972).

(12) L. Horner and E. Jurgens, Justus Liebigs Ann., Chem., 602, 135
(1957).
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Tasre II
REACTION PRODUCTS OF o-BENZOYLOXYALKYL PHENYL SELENIDES WITE BENZOYL PEROXIDE

Compd Alkyl protons
9a 3.38 (s, 2 H)
10a 0.20 (5, 1 H)
ob 8.30(d,3H)J = 5.5 Hze
10b 8.25 (s, 3 H)e

Chemical shift, » (CCly)

Aryl protons Mp, °C Yield, %
1.50-3.05 (m, 20 H) 102 85
1.80-2.70 (m, 15 H) 121-122 54
1.20-3.00 (m, 20 H) 55 77
1.70-2.60 (m, 15 H) 70-74 48

¢ The proton spectra for CH were overlapped with those of aromatic protons.

proposed by Oae and Kise to rationalize an *O exchange
between a sulfoxide and acetic anhydride.!3 They
suggested that the exchange involves an equilibrium
between a cyelic structure similar to 8 and one like 6 2
7. Johnson and Phillips have, however, investigated
the Pummerer rearrangement of sulfonium - salts.!
Their results indicate that the initial formation of an
ylide is the rate-determining step; the ylide then leads
to product via a sulfur-stabilized éarbonium ion.
mechanism is supported by Pryor and Bickley.!!

When alkylphenyldibenzoyloxyselenuranes were de-
composed in the presence of different alkyl-substituted
selenides, crossover products were obtained. However,
methyl phenyl selenide was found to preferentially form
the a-benzoyloxylation products over ethyl and n-butyl
phenyl selenides.

OBz RCH,SePh
P A
Se + RCHSePh 2 PhSeCHR
/| A |
CH, OB 0Bz
/ Z
R +
PhSec|HR'
OBz
R= H, C3H7
R'=H,CH,

These results suggest that benzoate ion escapes to
solution in the a-rearrangement reaction and the reac-
tion has an intermolecular nature. ‘

Therefore, it is likely that the reaction shown in eq 2
involves the initial formation of an ion pair and then
leads to product via a selenium-stabilized carbonium ion
as shown in Scheme I.

Scucume I
0Bz 0Bz OBz
N .
4= PhSe(IDHR —> PhSe==CHR —> PhSeCHR
+
H
~OBz

Similarly, the reaction mechanism of eq 1 can be
described as shown in Scheme IT.

ScHEMi IT
OBz OBz

T

1 = PhSeCH==CH, —> PhSe=CH(l)H2 —_ ‘?hSeCH—(IZHz
+

-OBz 0Bz OBz OBz

(13) 8, Oaeand M. Kise, Tetrahedron Lett., 2261 (1968).
(14) C. R. Johnson and W. G. Phillips, J. Amer. Chem. Soc., 93, 682
(1969).

This

Benzoyl peroxide further reacts with 5a and 5b at
room temperature to form corresponding stable sele-
nium(IV) compounds:  a-benzoyloxyalkylphenyldi-
benzoyloxyselenurane (9). After 9 was refluxed in

OB OBz
P N |
5 —t> /Sle = PhSe(IJR
BZOCIH OBZ OBZ
R 10
9
a,R=H
b, R=CH,

CCl, and the reaction products were treated by a pro-
cedure similar to that described above, the additional
a-benzoyloxylation products (10) were obtained. How-
ever, the compounds tend to hydrolyze during the
treatment with the aqueous NaHCO; to form diphenyl
diselenide and alkyl dibenzoates.’® The typical results
of these reactions are summarized in Table II.

Experimental Section

All boiling points and melting points repotted are uncorrected.
Nuclear magnetic resonance spectra were obtained on a Varian
Associates Model A-60 spectrometer with tetramethylsilane as an
internal reference. Infrared spectra were recorded with a Perkin
Elmer Infracord. Mass spectra were obtairied on a Hitachi
Perkin-Elmer Model RMU-60. Benzoyl peroxide was purchased
from Matheson Coleman and Bell and was recrystallized from
CCli—methyl alcohol. Elemental analyses and molecular weight
determination were made by Schwartzkopf Laboratories, New
York, N. Y. ' .

Alkyl Phenyl Selenide.—Ethyl and n-butyl seneides were
prepared by the method of Okamoto and Yano.” Methyl
phenyl selenide was synthesized by the method previously re-
ported in 729 yield, bp 70-72° (7 mm) [lit.*¥ bp 200-201° (760
mm)]. ’

Reactions between Alkyl Selenides (3) and Benzoyl Peroxide.
—Methyl phenyl selenide (7.0 g, 0.04 mol) in 30 ml of CCl, was
added dropwise over 20 min to a solution of benzoyl peroxide
(9.5 g, 0.04 mol) in 40.ml of CCl,. The solution was cooled using
water. A slight exothermic reaction was followed by the pre-
cipitation of a white solid, The solid was identified as methyl-
phenyldibenzoyloxyselenurane (4a): yield 92%; 'mp 116°;
mol wt (benzene) 402 (caled for CuH;s043e, 413); ir (CCl,) 1680
and 1725 em ™! with no absorption bands which can be attributed
to benzoyl peroxide; mass spectrum m/e 171, 122, 103, and 77.
The CCl, solution of 4a was refluxed for 2 hr and washed with
aqueous NaHCO;. After the CCli solution was dried and the

(15) The mechanisms of the decomposition have not been investigated.
However, it may be speculated that the dibenzoates react with water to
form diphenyl diselenide and alkyl dibenzoates.

Ph8eCH(OB:z): + H:0 — PhSeOH + CH:(OBz)2
2PhSeOH ~ PhSeOOH - PhSeH!
PhSeH + PhSeOH — PhsSe: + H:0

(16) K. W. Bagnall, “The Chemistry of Selenium, Tellurium and Polo-
nium,” Elsevier, Amsterdam, 1966, p 164,

(17) Y. Okamoto and T. Yano, J. Organometal. Chem., 29, 99 (1971).

(18) W.J. Pope and A, Neville, J. Chem. Soc., 81, 1553 (1802).
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solvent was evaporated, benzoyloxymethyl phenyl selenide (5a) (7
g, vield 60%) was obtained: bp 120° (0.7 mm); n*p 1.6130.
Anal. Caled for CiHi,0:.8e: C, 57.70; H, 4.10; Se, 27.14.
Found: C, 57.38; H, 4.10; Se, 27.15. Ir had 1720, 2982, 3022

em™!; mass spectrum m/e 291, 261, 122, 105, and 77. From the’

NaHCO; extract, benzoic acid (5.0 g) and phenylselenic acid
(0.5 g) were isolated and identified. Under similar conditions,
ethyl and n-butyl phenyl selenides were treated with benzoyl

peroxide. a-Benzoyloxyethyl and butyl phenyl selenides were
obtained. Anal. Caled for CisH10:8e (5b): C, 59.01; H,
4.59; Se, 25.90. Found: C, 59.25; H, 4.70; Se, 25.40.

Caled for Ci;HisO:8e (5¢): C, 61.26; H, 5.41;
Found: 61.54; H, 5.59; Se, 23.35.

Decomposition of Atkylphenyldibenzoyloxyselenuranes in the
Presence of Other Alkyl Phenyl Selenides.—Alkylphenyl-
dibenzoyloxyselenurane was prepared by the reaction of alkyl
phenyl selenide with benzoyl peroxide in CCl,. To the solution
was added a different alkyl-substituted phenyl selenide. The
CCl, solution was gradually refluxed for 2 hr.  After the CCl, was
washed with aqueous NaHCO; and then water, the CCl, solution
was dried and the solvent was evaporated. The products were
determined by nmr measurements without isolation. The results
are shown in Table III.

Se, 23.72.

Tasre III
DECOMPOSITION OF ALKYLPHENYLDIBENZOYLOXYSELENURANES
IN THE PRESENCE OF OTHER ALKYL PHENYL SELENIDES

a-Benzoyloxylation product, %
PhSe(leR PhSe(J}HR’

~——~Reaction system—————-—
Ph8e(0OBz):.CH:R + PhSeCH:R’

R R’ OBz OBz
H CH, 92 8
C:Hx H 5 95
C,H; CH; 40 60

Reactions between «-Benzoyloxyalkyl Phenyl Selenides (5)
and Benzoyl Peroxide.—The reactions were carried out by a pro-
cedure similar to those described in the reactions between alkyl
phenyl selenides and benzoyl peroxide. Benzoyloxymethyl
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phenyl selenide (5.8 g, 0.020 mol) was dissolved in 60 ml of CCl,
solution of benzoyl peroxide (5.2 g, 0.022 mol). The white solid
9a obtained was filtered and washed with CCl,, 9.0 g (859, yield),
mp 100-102°. 9a (8.0 g, 0.015 mol) was heated in CCl, for 2 hr
and the solution was treated with aqueous NaHCO;. After CCl,
solutions were dried and the solvent was evaporated, dibenzoyl-
oxymethyl phenyl selenide (10a) was obtained, 3.3 g (0.008 mol),
yield 549, mp 121-122°. Anal. Caled for CyH,s08e: C,
61.16; H, 3.88; Se, 19.17. Found: C, 61.59; H, 4.10; Se,
18.80. @a,a’-Dibenzoyloxyethyl phenyl selenide (10b) was ob-
tained (yield 48%), mp 70-74°. Anal. Caled for CypHi1:08e:
C,62.11; H, 4.23; Se, 18.60. Found: C, 62.49; H, 4.60; Se,
18.15.

Decomposition Products of «,a’-Dibenzoyloxyalkyl Phenyl
Selenide (10).—After recrystallization of 10a from CHCI;, the
solvent was evaporated and the residue was treated with pe-
troleum ether (bp 30-60°). From the petroleum ether solution,
diphenyl diselenide was isolated (0.41 g), mp 57°. Its spec-
trum was superimposed on that of the pure compound. The
petroleum ether insoluble solid was recrystallized from benzene
and methylene dibenzoate was obtained (0.52 g), mp 96°,
(lit.*®* mp 99°). Anal. Caled for CisHi:04:  C, 70.30; H, 4.68;
mol wt, 256.  Found: C, 69.87; H, 4.48; mol wt, 281 (ben-
zene). Ethylidene dibenzoate was isolated from the reaction of
9b — 10b, 0.45 g, mp 69° (lit.’* mp 70°). Anal. Caled for
CisH1Os: C, 71.10; H, 5.02; mol wt, 270. Found: C, 71.80;
H, 5.22; mol wt, 292 (benzene).
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The reaction of alkyl- or arylphosphines with dialkyl peroxides or polyperoxides in solvent systems containing

water leads to the formation of alcohols or glycols from the peroxides.

The quantitative formation of phosphine

oxides in this reaction provides a useful analytical tool and gle analytical methods are described. The model
systems investigated are (1) the reaction of styrene and 1,3-octadiene polyperoxides with triphenylphosphine and
(2) the reaction of di-n-hexyl peroxide, 1,2-dioxane, ascaridole, and di-tert-butyl peroxide with tri-n-butylphos-

phine.

The reaction of phosphines with peroxygen com-
pounds to give phosphine oxides was first reported in
1927 when the reaction of benzoyl peroxide and tri-
phenylphosphine was described. Horner and Jurgeleit,?
however, were the first workers to report results of a
comprehensive study of the reaction of phosphines with
a variety of peroxides. They reported that dialkyl
peroxides react very sluggishly with triphenyl- or tri-
ethylphosphine in hydrocarbon solvent to give the
corresponding dialkyl ethers and phosphine oxides.
Some of their data for tertiary peroxides was subse-
quently shown to be in error.® More recently, Denney,

(1) F. Challenger and V. K. Wilson, J. Chem. Soc., 209 (1927).

(2) L. Horner and W. Jurgeleit, Justus Liebigs Ann. Chem., 5§91, 138
(1955).

(8) R. Hiatt in “Organic Peroxides,” Vol. 3, D. Swern, Ed., Wiley-Inter-
science, New York, N, Y., 1972, p 24.

The latter two compounds do not give quantitative amounts of phosphine oxide.

et al.,* reported the formation of ethanol, ethylene,
ethyl ether, and tributylphosphine oxide from the re-
action of diethyl peroxide and tri-n-butylphosphine in
the absence of solvent,. .

The ready reduction of hydroperoxides to aleohols
by phosphines has been used in oxidation chemistry as
a tool in determining the structure of hydroperoxides.
Quantitative measurements of the resultant alcohols
and phosphine oxides can be used as analytical meth-
ods.

We were interested in the analysis of various olefin
autoxidation product mixtures which were expected to
contain both. peroxide and hydroperoxide groups.

(4) D. B. Denney, H, M. Relles, and A. K. Tsolis, J. Amer. Chem. Soc.,
86, 4487 (1964).

(5) R. Hiatt in “Organic Peroxides,” Vol. 3, D. Swern, Ed., Wiley-Inter-
science, New York, N. Y., 1972, p 71.



