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TaBLe I

Bome MesyLATES PREPARED UsiNG TRIETHYLAMINE
As Base 1N MeETHYLENE CHLORIDE SOLUTION

Yield,
Compd* No. %d Physical properties®
CH.OMs
-71¢,
o, 1 95 Mp 70-71¢.
CF,
OMs 2 Highly reactive liquid
CH, which decomposes
CF, slowly at 0°¢
OMs
3 92 Mp 48.5-49° dece
CF;
Adamantyl-1-OMs 4 82¢  Mp 46-48° dec
(CHa)sC?HCHzCHa 5 90 Colorless liquid/
OMs
(CH;)SC({JHCECH 6 92 Colorless liquid/+»
OMs
7 Highly reactive liquid
CH3<]3H~© which decomposes
OMs violently at room
temperature
CF,CH.OMs 8 87t Colorless liquid, bp
97-99° (35 mm)
(CF;),CHOMs 9 85!  Colorless liquid, bp

157-158°

+ All mesylates were characterized by their 60-MHz H nmr
spectra. ©° Corresponds to weight of product obtained after
removal of solvent and pumping the residue down to 1 mm at
0° for 4 hr. ¢ Melting point and boiling point data are uncor-
rected. ¢ See ref 16 for preparation and characterization of the
precursor alecohol. ¢ Purity was further confirmed by titrimetric
rate analysis of solvolysis and infinity titer (see ref 16). / Purity
was further confirmed by conductometric rate analysis of sol-
volysis. ¢ Yield after recrystallization from hexane. *Pre-
cursor alcohol and mesylate were prepared by Mr, William Dowd,
Department of Chemistry, Indiana University. ° Yield after
fractional distillation.

We have found mesylates to be quite useful as syn-
thetic intermediates. They are about three times less
reactive toward solvolysis than the corresponding
tosylates.’® With suitably unhindered systems, mesyl-
ate is easily displaced by nucleophiles such as halide or
hydride.'®* In the latter case, where reduction is per-
formed with excess lithium aluminum hydride in ether,
mesylates are especially useful because the mesylate
fragment reduces to methyl mercaptan, which is easily
removed.

Experimental Section

General Procedure for the Preparation of Mesylates.—To an
approximately 0.2 M solution of the alcohol in methylene¥” chlo-
ride solution containing a 509 molar excess of triethylamine at
0 to —10° was added a 109, excess of methanesulfonyl chloride
(maesyl chloride) over a period of 5-10 min.’8 Stirring for an ad-
ditional 10-15 min completed the reaction. The reaction mix-

(15) R. E. Robertson, Progr. Phys, Org. Chem., 4, 218 (1967).

(16) R, K. Crossland, Ph.D. Dissertation, University of Southern Cali-
fornia, Los Angeles, Calif., 1970,

(17) Both cyclohexane and pentane may also be used as solvent. The
choice is based solely on the solubility of the starting alcohol.

(18) Mesyl chloride weas redistilled; triethylamine was refluxed over
phthalic anhydride, distilled, and then redistilled from potassium hydroxide
pellets; methylene chloride was taken from a freshly opened bottle of AR
grade., Anhydrous reaction conditions were maintained.
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ture was transferred to a separatory funnel with the aid of more
methylene chloride. The mixture was first extracted with ice
water, followed by cold 109 hydrochloric acid, saturated sodium
bicarbonate solution, and brine. Drying of the methylene chlo-
ridg solution followed by solvent removal gave the product,®
which was pure enough for most uses including solvolysis.

Registry No.—1, 25236-57-1; 2, 935-20-6; 3, 25236-
59-3; 4, 25236-60-6; 5, 25236-61-7; 6, 25236-62-8;
7, 25236-63-9; 8, 25236-64-0; 9, 25236-65-1.

Acknowledgment.—The latter stages of this research
which were carried out at Indiana University were
supported in part by Grant AT(11-1)-1008 from the
U. 8. Atomic Energy Commission (Document No.
COO0-1008-7).

(19) The more reactive the product mesylate, the more slowly the mesyl
chloride was added and the lower the temperature. For very reactive sys-
tems the glassware used in the work-up was prechilled and the temperature
of the mesylate was never allowed to exceed 0°, With large-scale prepara-
tions (~1 mol) the excess of triethylamine may be reduced to 20%.
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Decomposition of liquid #-butyl peroxide (I) at its
boiling point (110°) in absence of any solvent proceeds
at a rate approximately 2.8 times faster than expected
from its unimolecular decomposition rate (reaction 1) in
the gas phase.? Isobutylene oxide (II) is formed as a
major decomposition produet along with t-buty! aleohol
and acetone (see Table I). The induced decomposition
of I and formation of I1 along with the other produects
are explained in terms of a free-radical reaction includ-
ing the chain sequence 3 and 4.?

(CH3);CO0C(CH3)s —>» 2(CH;)CO- (1)
I

(CH,;)CO- + I —> CH,COCH; + CHj- (2)

(CH;):CO- (or CHy:) + I ~——

(CH,;);COH + (CH;)COOC(CHs); (3)
(or CH,4 -
-

(CHa)z?OOC(CHs)s — (CH3)2070 + -OC(CH:): (4)

CH;. H,
II

Reaction of {-amyl peroxide (IIT) by a similar route
would involve abstraction of a secondary hydrogen as
shown in reactions 8 and 10. The greater reactivity of
secondary hydrogens relative to primary hydrogens
toward abstraction would suggest that the chain se-
quence 8§ and 10 could possibly be a more important
route for the decomposition of III than it is for I. The
products of the decomposition of III in the liquid phase

(1) Taken in part from the thesis submitted by K. J. J. in partial fulfill-

ment of the requirements for the Ph.D. degree from the University of Kan-~
sas, 1969,

(2) J. H. Raley, F. F. Rust, and W. E. Vaughn, J. Amer. Chem. Soc,,
70, 88 (1948); E. R. Bell, F. F. Rust, and W, E. Vaughn, ib¢d., 72, 337
(1950).
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TasLe I
TrERMAL DEcoMPOSITION PRODUCTS OF DIALKYL PEROXIDES

Notas
Peroxide Temp, °C
{t-Butyl peroxide? (I) 110
t-Amyl peroxide (III) 115

« Based on moles of peroxide decomposed. b Data from ref 2.
at 115° indicate, however, that only a small amount of
1,1,2-trimethylethylene oxide (IV) is formed. The
rate of decomposition of III in the liquid state is, how-
ever, faster than either in the gas phase or in solvents
(Table 1I) that do not produce radicals that induce the
decomposition of dialkyl peroxides.?

Tasre II

DrcoMPoSITION RATE oF t-AmYL Peroxipe (II1)

Solvent® Temp, °C k X 104 sec-? Half-life, min
Gas phase 132.2 0.72¢
Neat 132.2 (1.15)° 100.4
Gas phase 125.0 0.274 427.7
Neat 125.0 (0.57)¢ 200.8
trans-Decalin 125.0 0.28 402.4
cis-Decalin 125.0 0.28 408.0
Triethylamine 125.0 0.35 323.0
Cyclohexane 125.0 0.36 313.0
Cyclooctane 125.0 0.29 386.0
Octane 125.0 0.30 381.0

@ Mole ratio of solvent to peroxide is 5:1. ? Reference 2.
¢ First-order kinetics observed through first half-life of the de-
composition. ¢ Extrapolated from data in ref 2.

Hydrogen abstraction from {-butyl peroxide to yield
the precursor of isobutylene oxide is performed, for the
most part, by the i-butoxy radical, a species reactive
enough to abstract the primary alkyl hydrogens of 1.
Some of the hydrogen abstraction from I (~309%) is
performed by methyl radicals which are also reactive
hydrogen abstractors. Methyl radicals are formed in
the fragmentation reaction of the t-butoxy radical (re-
action 2), a reaction which competes favorably, but not
to the exclusion of, hydrogen abstraction from I by the
t-butoxy radical.

The small amount of i-amyl alecohol formed in the
reaction of III indicates that fragmentation of the ¢-
amyloxy radical is faster than hydrogen abstraction
from the alkyl portion of I1IT by the radical. Further-
more, elimination of an ethyl radical occurs more readily
than elimination of a methyl radical (ke/k7 = 20.8)* as
evidenced by the amount of acetone formed relative to
2-butanone. The small amounts of 1,1,2-trimethyl-
ethylene oxide (IV) and 1-ethyl-1-methylethylene oxide
(V) formed in the chain sequence 9 and 11 indicate that
hydrogen abstraction from the alkyl portion of the
peroxide does not occur readily. Apparently the hy-
drogen atom abstraction is performed only by the re-
active t-amyloxy and methyl radicals, both of which are
present in small amounts owing to the rapid fragmenta-

(3) E. 8. Huyser and C. J. Bredeweg, J. Amer. Chem. Soc., 88, 2401 (1964);
E. S. Huyser, C. J, Bredeweg, and R. M., VanScoy, ibid., 86, 4148 (1964).
(4) Seed. K. Kochi, ibid., 84, 1193 (1962).

1,1,2-Trimethylethylene oxide (IV)
1-Ethyl-1-methylethylene oxide (V)

Mole/100 mol

Products of% t-alkoxy radical
t-Butyl alcohol 24.8
Acetone 32.8
Isobutylene oxide (IT) 34.9
{-Amyl alcohol
Acetone 8
2-Butanone

— Ot N W oo
-0 O O

tion of alkoxy radicals yielding mainly ethyl radicals.
The ratio of attack of the secondary with respect to the
primary hydrogens of IT1, calculated from the relative
amounts of IV and V, is 4.5 indicating a reactivity ratio
of secondary to primary hydrogens of 13.5. Abstrac-
tion of hydrogen atoms apparently is performed by re-
active free radicals (or radical) that do not diseriminate
greatly between primary and secondary hydrogens.
Both alkoxy and methyl radicals would be expected to
be less selective in hydrogen abstraction reactions than
the energetically more stable ethyl radicals which likely
couple or disproportionate in these reactions.

CH:(CH;):COOC(CH; ), CoH ~—> 2CH;(CH;).CO-  (5)
III

’“/“,CH3000H3 + CHs- (6)
C.H;(CH;).CO-
TSSC.H,COCH; + CH;. (7)
CyH;(CH,):COH (or CH,) + CH:CH(CH,;);COOC(CH;)C.H; (8)
CZH5<CHS>2CO' (OI' CHs-) -f- 111

3

I
C,H;(CH,),COH (or CH,) + CgHs(IJOOC(CHs)ngHs 9)

CH,-
CH;
CHséOOC(CHs)zCZHﬁ —
CH,CH-
CH;
CHECH——é——CHs + -OC(CH,).C;Hs (10)
NS
O
v
CH;
CszéOOC(CHs)zchs —
H,-
CH;

CzHa(g\—-—CHz -+ «OC(CH;).C.H; (11)

v

Our work does not explain the enhanced rate of de-
composition of IT1 in the liquid phase. It does suggest,
however, that it is not the result of extensive attack at
the alkyl portion of the peroxide as in the #butyl per-
oxide reactions. The observation that the decomposi-
tion rate increases with increasing pressure in the gas
phase? may be indicative of a mechanism for the reac-
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tion more complex than the assumed unimolecular de-
composition of this dialkyl peroxide.

Experimental Section

Materials.—{-Amy! peroxide was prepared by the method de-
scribed by Milas and Surgenor.® The crude peroxide was dis-
tilled twice [bp 44-45° (10 mm)] through a 40-mm glass bead
column and yielded a sample at least 989, pure by gas chromato-
graphic analysis. Authentic samples of 1,1,2~trimethylethylene
oxide (IV) and 1-ethyl-1-methylethylene oxide (V) for gas chro-
matographic analysis were prepared from the appropriate alkenes
by reaction with peracetic acid as described by Sorenson and
Campbell.! The nmr spectrum of 1,1,2-trimethylethylene oxide
(bp 74-74°) showed a multiplet at 1.2 ppm and a quartet at 2.7
ppm in a ratio of 10:1. The 1-ethyl-1-methylethylene oxide
(bp 80-81°) has an nmy spectra with a triplet at 0.9 ppm, a
singlet at 1.2 ppm, a quartet at 1.5 ppm, and a singlet at 2.4
ppm.

Rate Determinations.—Samples approximately 1 ml in size of
either the pure peroxide or solution were placed in several 9 mm
X 9in. Pyrex tubes. After sparging with nitrogen and cooling,
the tubes were sealed and placed in a constant-temperature oil
bath at the temperature indicated in Table II. The tubes were
withdrawn at various time intervals; the amount of peroxide re-
maining was determined by gas chromatographic analysis of the
contents of the tubes employing the method described previously
for determination of t-butyl peroxide.?

Thermal Decomposition of Liquid {-Amyl Peroxide.—A small
amount of peroxide was placed in a glass tube, sealed, and heated
for 17 hr at 115°. A portion of the resulting mixture was sub-
jected to gas chromatographic analysis on two different columns
(0.25 in. X 13 ft column packed with 179, dodecyl phthalate on
Chromosorb W and /s in. X 19 ft column packed with 209
TCEP on Chromosorb W). The products of the reaction were
identified by comparison of their retention times on both columns
with authentic samples of the materials. The quantities were
determined from the peak areas of each components as measured
with a Disc Integrator. No attempt was made to analyze the
gaseous products of the reaction.

Registry No.—III, 10508-09-5.

(5) N. A. Milasand D. N, Surgenor, J. Amer. Chem. Soc., 68, 643, (1946).
(6) W. R. Sorenson and T. W. Campbell, “Preparative Methods of Poly-
mer Chemistry,”’ 2nd ed, Interscience, New York, N. Y., 1968, p 370,

A Ten-Membered-Ring Cyeclic Disulfide!
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Reaction of ethylenediamine with methyl or butyl
dithiodiglycollate in the absence of solvent affords the
eyclic disulfide diamide N,N’-ethylenedithiodiglycoll-
amide (perhydro-1,2,5,8-dithiadiazecine-4,9-dione, I)
in excellent yield. The same product, rather than the

CHr—NH—CO—CH,—S

|
CH;—NH—CO—CH,—S
I

expected low polymer with amine end groups, results in
fair yield even from reaction of the ester with a con-
siderable excess (up to 1.6 mol) of the amine. Poorer
yields result from reaction in solution in ethanol or di-
methylformamide. The disulfide is quite stable at

(1) Financial support from the National Institute of General Medical

Soiences, Public Health Service, Research Grant GM 16477, is gratefully
acknowledged.
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Figure 1.—Skeletal structures for N,N’-ethylenedithiodiglycoll-
amide: (a)amide extreme, (b) isoamide extreme.

room temperature but undergoes some decomposition
upon heating, in solution in dimethylformamide, and at
temperatures above 100°.

The monomer structure, I, is indicated by the mass
spectrum and elemental analysis. Chromatographic
homogeneity and the expected retardation are observed
upon gel filtration (Sephadex G 10 or G 15); by which
means the material is readily separated from a putative
dimer? which results from it upon exposure, in aqueous
solution, to X-rays.

Such ready formation of a ten-membered ring is un-
usual.? Several contributing restrictions are apparent,
however. Substantial hindrance to free rotation about
the disulfide bond* and the necessary planarity of the
amide group in the presumptive monoamide interme-
diate (NH,CH,CH.NHCOCH,SSCH,COOR) restrict
the eonformations which this may adopt essentially to
those available to apodeictically cyclizable six-centered
systems such as s~aminovzaleric acid. The cyeclic prod-
uct can adopt a strain-free and uncrowded, though
compact, conformation (Figure 1) in which all six cen-
ters of each amide unit are coplanar, the preferred
(10-15 keal mol—%)# dihedral angle of ~90° about the
disulfide group is maintained and, indeed, even the di-
amidoethane moiety has the gauche conformation.
It is noteworthy that the length of the disulfide bond
(2.04 A) contributes significantly to the lack of both
crowding and strain. The internuclear distance be-
tween each carbonyl oxygen and the juxtaposed ni-
trogen of the antipodal amide group is 2.9-3.0 A, ap-
proximately the sum of the respective van der Waals’
radil. The probability of duple, strong intramolecular
hydrogen bonding seems econsiderable. The formal

(2) T. C. Owen and A. C. Wilbraham, J. Amer, Chem. Soc., 91, 3365
(1969).

(8) H.StetterandJ, Marx, Justus Liebigs Ann. Chem., 607, 59 (1957), have
prepared a number of simple macrocyclic diamides. The yields of larger
rings (12 centers and above) were good but the 10-membered rings, ethylene-
adipamide and tetramethylenesuccinamide, were obtained only in yields of
24 and 34%, respectively, even under high-dilution conditions and with
carefully purified reactants.

(4) O. Foss, “Organic Sulfur Compounds,” Vol. I, N. Kharasch, Ed.,
Pergamon Press, New York, N, Y., 1961,



