Reactions of Dichlorine Heptoxide with Ethers

digital pH meter fitted with a combination electrode. The pK, was
taken to be equal to neutralization point. The results are listed in
Table IV. Three or more titrations were used except where indicat-
ed. The precision of the results dppears to equal the accuracy nor-
mally accepted for glass electrodes, pH meters, and commercial
pH standards.

The pK ,’s of N,N-Diethylanilines (2). These values were ob-
tained from titration curves of 0.001 M solutions of the aniline in a
shght excess of HCl titrated with 0.001 M NaOH solution. If the
amines were insoluble in water (less than 0.001 M), but soluble in
a 10% (v/v) ethahol-water solution, then the same concentrations
were used in that medium. The results are summarized in Table IL.
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Reactions of Dichlorine Heptoxide and of Acyl Perchlorates with Ethers!
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Spectral and solubility properties of acyl perchlorates, prepared from silver perchlorate and acid chlorides, are
consistent with covalent mixed anhydride structures and not with acylium salts. Acetyl perchlorate in carbon tet-
rachloride reacted with tetrahydrofuran to give 4-perchloratobutyl acetate and with epoxides to give vicinal ace-
toxy perchlorates. Isopropyl ether gave isopropyl! perchlorate and isopropyl acetate whereas isopropyl pentyl
ether gave isopropyl perchlorate and pentyl acetate. Dimethoxymethane gave methyl acetate and methoxymethyl
perchlorate. Benzoyl perchlorate and N,N- diethylcarbamoy! perchlorate reacted with tetrahydrofuran to give the
corresponding 4-perchloratobutyl esters. Dichlorine heptoxide in carbon tetrachloride reacted with tetrahydrofu-
ran, trimethylene oxide, and 2,3-butene oxide to. give 1,4-butane diperchlorate, 1,3-propane diperchlorate, and
2,3-butane diperchlorate, respectively. Ethyl ether gave ethyl perchlorate and a trace of ethyl acetate. Propyl
ether gave propy! perchlorate and isopropyl perchlorate, whereas isopropyl ether gave isopropyl perchlorate and
2,2-diperchloratopropane. Dimethoxymethane and dichlorine heptoxide gave methyl perchlorate and methoxy-

methyl perchlorate.

Dichlorine heptoxide in carbon tetrachloride was shown
recently to be an effective perchlorylating agent for alco-
hols? and for amines.? The present paper deals with reac-
tions of this little explored reagent and of related acyl per-
chlorates with ethers.

Acyl perchlorates*® have been used as acylating agents
and are generally assumed” to be perchlorate salts of acyl-
ium cations, RCO*ClO4~. Solubilities in nonpolar solvents
and spectral properties, which should readily differentiate
between the salt structures and the corresponding covalent
mixed anhydrides, RC(0)-0ClO3, have not been reported.

The present work includes the characterization of acyl per-
chlorates and their utilization in ether cleavages to prepare
alkyl perchlorate derivatives.

Acetyl chloride was found to react on mixing with a sus-
pension of silver perchlorate in carbon tetrachloride to give
a solution of acetyl perchlorate. The yield, determined by
nmr, was essentially quantitative. The nmr chemical shift
of the compound, § 2.27, is close to those of acetyl halides
and anhydrides, whereas values reported for CH3CO+
salts®-are approximately 6 4:0. The infrared spectrum. of
acetyl perchlorate shows a normal carbonyl peak at 1825
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cm™! rather than the peak at 2300 cm™! assigned to
CH,CO* salts.® Solutions of acetyl perchlorate in methy-
lene chloride, chloroform, and ethylene chloride were also
prepared by adding acetyl chloride to suspensions of silver
perchlorate in these solvents. The solubility properties and
spectra of acetyl perchlorate are thus clearly consistent
with the covalent mixed anhydride structure CH3C(O)-
OCl103 and not with the salt structure.

Electron-supplying substituents would increase the like-
lihood for an acyl perchlorate to exist as an acylium salt.
Benzoyl perchlorate and N,N-diethylcarbamoyl perchlo-
rate were therefore prepared from the corresponding acid
chlorides and silver perchlorate in carbon tetrachloride.
The compounds were soluble in carbon tetrachloride, and
their spectral properties, described in the Experimental
Section, are similar to those of acetyl perchlorate. Thus
even an adjacent phenyl or amino group to stabilize posi-
tive charge is not sufficient to impart salt-like properties to
an acyl perchlorate.

CH,COCl + AgClO, — CH,C(0)OC10,
C,H,COCl + AgClO, — C¢H,C(0)OCIO;

Acyl perchlorates in carbon tetrachloride reacted cleanly
with cyclic ethers to give a,w-acetoxy perchlorates. Thus,
acetyl perchlorate in carbon tetrachloride reacted rapidly
with tetrahydrofuran at 0° to give a 78% yield of 4-perchlo-
ratobutyl acetate, identified by ir and nmr spectra and by
conversion to 4-bromobutyl acetate with lithium bromide
in acetone. No 1,4-butane diperchlorate or 1,4-diacetoxy-
butane was formed, which would be expected if acetyl per-
chlorate equilibrates to dichlorine heptoxide and acetic an-
hydride.

CH,C(0)OCI0; + (CH),0 —*

CH,CO,(CH,),0C10; — "~ CHyCO,(CH,)Br

(CH,),CO .

Epoxides readily added acetyl perchlorate to give vicinal
acetoxy perchlorates. Thus, ethylene oxide gave an 89%
yield of 2-perchloratoethyl acetate, identified by spectra
and by conversion to 2-bromoethyl acetate. Propylene

o
CH,—CH, + CH,C(0)0Cl0; —>
CH,CO,CH,CH,0C10; ~—=> CH,CO,CH,CH,Br

oxide gave an 80% yield of 2-perchlorato-1-propyl acetate
and an 8% yield of 1-perchlorato-2-propyl acetate. This
mixture reacted with lithium bromide in acetone to give

the corresponding acetoxy bromides, which were also pre-

pared independently from acetyl bromide and propylene
oxide. Epichlorohydrin similarly gave a mixture of 1-per-

/[
CH,CHCH, + CH,C(0)OClO, —
CH,CH(OCI0,)CH,0COCH, + CH;CH(OCOCH;)CH,0Cl0;

l LiBr

CH,CHBrCH,0COCH, + CH;CH(OCOCH,)CH,Br

T

[\
CH,CHCH, + CH,COBr

chlorato-3-chloro-2-propyl acetate and 2-perchlorato-3-
chloro-1-propyl acetate. 2-Butene oxide gave 3-perchlo-
rato-2-butyl acetate.

Baum and Beard

Secondary alkyl ethers were also cleaved readily. Thus,
isopropyl ether reacted with acetyl perchlorate in carbon
tetrachloride to give essentially quantitative yields of iso-
propyl perchlorate and isopropyl acetate. Similarly, isopro-
pyl pentyl ether gave isopropyl perchlorate and pentyl ace-
tate, with no detectable trace of pentyl perchlorate or iso-
propyl acetate. Simple primary dialkyl ethers were less
readily cleaved by acetyl perchlorate. Ethyl ether, propyl
ether, and pentyl ether gave ethyl acetate, propyl acetate,
and pentyl acetate, respectively, in yields of 20-25%, but no
alkyl perchlorates were detected.

(CH,),CHOCH(CH,), + CH;C(0)OC10; —*
(CH,),CHOCOCH, + (CH;),CHOCIO,

CH,(CH,),0COCH, + (CH,),CHOCIO,

Acetals were also cleaved by acetyl perchlorate. Thus, di-
methoxymethane gave methyl acetate and methoxymethyl
perchlorate. The latter compound was also synthesized in-
dependently from silver perchlorate and chloromethyl
methyl ether.

CH,0CH,0CH, + CH,C(0)OClO; —>
CH,0,CCH; + CH,OCH,0Cl0,

CICH,0CH; + AgClO;

Benzoyl perchlorate and N,N- diethylcarbamoyl perchlo-
rate also reacted with tetrahydrofuran to give 4-perchlora-
tobutyl benzoate and 4-perchloratobutyl N,N-diethylcar-
bamate, respectively. Reaction of these products with lithi-
um bromide gave the corresponding 4-bromobutyl esters.
The acyl perchlorates also gave high yields of the corre-
sponding methyl esters on addition of methanol.

Reactions of ethers with dichlorine heptoxide were stud-
ied using the standard 0.3 M reagent in carbon tetrachlo-
ride described previously.? Tetrahydrofuran was cleaved
rapidly by this reagent to give an 83% yield of 1,4-butane
diperchlorate. Trimethylene oxide gave 1,3-propanediper-
chlorate in 55% yield.

0]
I + CLO, —> CIO,0(CH,),0Cl0,

0
+ CLO, — ClO0O(CH,),0C0;

Epoxides also reacted with dichlorine heptoxide. An ex-
cess of dichlorine heptoxide reacted with 2-butene oxide to
give a 30% yield of 2,3-butane diperchlorate, but stoichio-
metric mixtures of the reagents gave a mixture of products,
which appeared to contain oligomers. Regardless of the
ratio of reactants, ethylene oxide, propylene oxide, and epi-
chlorohydrin gave complex mixtures which showed per-
chlorate bands in their ir spectra. ’

Simple aliphatic ethers were also cleaved with dichlorine
heptoxide. The reaction of ethyl ether, monitored by nmr,
was found to be rapid initially, yielding 33% ethyl perchlo-
rate. The formation of ethyl perchlorate then became pro-
gressively slower; the yield was 53% in 2 hr, 59% in 18 hr,
and 67% in 66 hr. Apparently perchloric acid, formed in a
side reaction, reduces the rate by complexing with unreact-
ed ether. An acidic hydrogen appeared at § 15.5-16.0, ac-
companied by a downfield shift of 0.28 ppm for the methy-
lene hydrogens of ether. A 2-3% yield of ethyl acetate was
also formed.

A similar effect was observed in the reaction of propyl
ether with dichlorine heptoxide. In 15 hr, a 49% yield of
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propyl perchlorate was obtained, as well as a 13% yield of
isopropyl perchlorate.

CH,CH,CH,0CH,CH,CH, + Cl,0, —
CH,CH,CH,0Cl0; + (CH,),CHOCIO,

Isopropyl ether was also cleaved by dichlorine heptoxide
in carbon tetrachloride to give a 10% yield of isopropyl per-
chlorate, but the major product was 2,2-diperchloratopro-
pane, identified spectrally and by conversion to the 2,4-
dinitrophenylhydrazone.® Isopropyl pentyl ether also gave
this compound as well as low yields of isopropyl perchlo-
rate and pentyl perchlorate.

Dimethoxymethane was cleaved by dichlorine heptoxide
to give a 78% yield of methoxymethyl perchlorate and an
86% yield of methyl perchlorate in 5 days.

CH,OCH,0CH, + CLO, —
CH30C103 +- CH30CH20c103

Ether cleavages by acylium ions and related species are
generally assumed to take place through oxonium ion inter-
mediates.!0-12- Cleavage of the intermediates may take
place by a spectrum of mechanisms ranging from SN1 to
SN2, depending on the carbonium ion stability of the sub-
strate fragment and the strength of the nucleophile, as well
as steric factors.

—4‘)——0—4[1—— + RCOX —>

[ J x‘ |
—C —-O—(Ijm —> —C—OCR + —(F” X" — —CX
' | i |

RC==0 X~

i \ —_— —(:T“OC‘IR + —(E?X
N 5
RC=0 X-

Lewis acid catalyzed cleavages of secondary and tertiary
ethers by acid halides appear to go by an SN1 type mecha-
nism whereas primary ethers give SN2 type products.
Mechanisms of cleavages by mixed sulfonic carboxylic
anhydrides are shifted toward the SN1 end of the mecha-
nistic spectrum because of the weak nucleophilic properties
of sulfonate anions.’? This shift would be expected to be
more pronounced for acyl perchlorates. A similar mecha-
nism for cleavages by dichlorine heptoxide would involve a
perchloryloxonium ion intermediate.

Clo,

R-O-R + CL,0, R-O-R CIO;"

This strongly electron-withdrawing group on the oxoni-
um ion should further enhance the tendency toward an
SN1-like cleavage. The formation of a significant amount of
isopropyl perchlorate from propyl ether and dichlorine
heptoxide is thus noteworthy, since isopropyl derivatives
were not found in the reaction of propyl ether with acetyl
tosylate.12

The formation of oxidation products from dichlorine
heptoxide, particularly with isopropyl ethers, is also consis-
tent with a perchloryloxonium ion intermediate, which has
similarities to intermediates proposed for the oxidation of
ethers by bromine!3 and of alcohols by chromic acid.!4 Di-
rect oxidation by dichlorine heptoxide cannot be ruled out,
however.

Although alkyl perchlorates are sensitive explosives as
neat materials, they are insensitive when sufficiently dilut-
ed in an inert solvent and have been shown to function as
potent alkylating agents in solution.2 The acyl perchlorate
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and dichlorine heptoxide reagents used in this work were
prepared as dilute solutions. With reasonable precautions,
the methods provide practical means of introducing func-
tionalized alkoxy moieties in synthesis.

Experimental Section

Nmr spectra were recorded with a Varian T-60 spectrometer
and ir spectra were recorded with a Perkin-Elmer 700 spectrome-
ter. A Varian 920 gas chromatograph with a 5 ft X 0.25 in. column
of 12% QF-1 on chromosorb W was used for glpc separations.

Caution! Neat alkyl perchlorates are sensitive explosives, and
the previously noted? precautions should be observed. Similar
safeguards should be observed with acyl perchlorates.

Acetyl Perchlorate. Acetyl chloride (0.0785 g, 1 mmol) was
added in two portions to a stirred suspension of 0.3 g (1.5 mmol) of
silver perchlorate in 4 ml of carbon tetrachloride at 0°. The reac-
tion mixture was stirred for 30 min and filtered to give a colorless
solution which fumed in moist air. The yield was 96%, determined
by nmr using ethylene chloride as internal standard. Solutions of
acetyl perchlorate were stable for several days at room tempera-
ture. The same procedure was used to prepare acetyl perchlorate
solutions in methylene chloride, chloroform, and ethylene chloride.
Nmr (CCly) 6 2.27 ppm (s); ir (CCly) 1825 (vs), 1370 (w), 1285 (vs),
1160 (m), 1040 (s), 1095 cm~?! (m).

Reaction of Acetyl Perchlorate with Methanol. Excess
methanol (1 ml) was added with stirring to 1 mmol of acetyl per-
chlorate in 4 ml of carbon tetrachloride at 0°. The mixture was
stirred for 30 min, washed with water, and dried. Nmr and ir spec-
tra showed only methyl acetate obtained in 90% yield.

Reaction of Acetyl Perchlorate with Tetrahydrofuran. Te-
trahydrofuran (0.072 g, 1 mmol) was added to 1 mmol of acetyl
perchlorate in 4 ml of carbon tetrachloride with stirring at 0°. The
reaction mixture was stirred for 30 min, washed with water, and
dried. The only product in the carbon tetrachloride layer was 4-
perchloratobutyl acetate in 78% yield (chlorobenzene as internal
nmr standard): nmr (CCly) 6 4.52 (t, 2 H, J = 6 Hz, CH20ClOs),
4.38 (t, 2 H, J = 6 Hz, CH;0Ac), 2.02 (s, 3 H, CH3CO), 1.88 ppm
(m, 4 H, CH,CHy); ir (CCly) 1740 (C==0), 1280, 1240, 1040 cm™!
(0Cl03).

The solution of 4-perchloratobutyl acetate was added dropwise
at room tempature to 5 ml of a 10% solution of lithium bromide in
acetone. After 30 min, the reaction mixture was washed with water
and dried. Evaporation of solvent gave 0.146 g (75%) of 4-bromo-
buty! acetate: nmr (CCly) § 4.02 (t, 2 H, J = 6 Hz, CH,0Ac), 3.37
(t, 2 H, J = 6 Hz, CH2Br), 2.00 (s, 3 H, CH3CO), 1.87 ppm (m, 4 H,
CH,CHy); ir (CCly) 1740, 1240 cm ™! (COO0).

Anal. Caled for CgHy1BrQg: C, 36.92; H, 5.64; Br, 40.99. Found:
C, 36.69; H, 5.38; Br, 40.88.

Reaction of Acetyl Perchlorate with Isopropyl Ether. Iso-
propy! ether (0.102 g, 1 mmol) was added to a solution of 1 mmol
of acetyl perchlorate in 4 ml of carbon tetrachloride with stirring
at 0°, Nmr spectra indicated completion of reaction in less than 10
min. The reaction mixture was washed with water and dried. Iso-
propyl perchlorate? and isopropyl acetate were obtained in 97%
yield, identified by comparison with authentic samples by ir and
nmr.

Reaction of Acetyl Perchlorate with Isopropyl Pentyl
Ether. By the above procedure, acetyl perchlorate and isopropy!l
pentyl ether gave isopropyl perchlorate and n- pentyl acetate in 95
+ 5% yield. Pentyl perchlorate and isopropyl acetate were not ob-
served. Control experiments indicated that 1-2% of these compo-
nents would have been detected.

Reaction of Acetyl Perchlorate with Primary Ethers. The
appropriate primary ether (1 mmol) was added to 1 mmol of acetyl
perchlorate in carbon tetrachloride with stirring at 0°. The solu-
tion immediately became yellow-orange and some insoluble mate-
rial was formed. The only products observed either before or after
treatment with water were the n- alkyl acetate (20-25% yield) and
starting material (45-50%). Thus, ethyl acetate, propyl acetate,
and pentyl acetate were obtained from ethyl, propyl, and penty!l
ethers, respectively. Increasing the reaction time to 48 hr did not
improve the yield and a dark tarry residue was deposited. In no
case was any alkyl perchlorate detected.

Reaction of Acetyl Perchlorate with Ethylene Oxide. Ethyl-
ene oxide (0.088 g, 2 mmol) was added at 0° with stirring to a solu-
tion of 2 mmol of acetyl perchlorate in 10 ml of CCly. The reaction
mixture was stirred for 30 min, washed with water, and dried. The
nmr spectrum of the solution showed an 89% yield of 2-perchlora-
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toethyl acetate (CgH5Cl as quantitative standard): nmr (CCly) &
4.60 (m, 2 H, AyBy, CH;0Cl103), 4.27 (m, 2 H, AsBy, CHy0AC)?
2.10 ppm (s, 3 H, CH3COO); ir (CCly) 1750 (COO), 1285, 1240,
1040 cm™! (OCl103). Treatment of the CCly solution with an excess
of 10% lithium bromide in acetone gave 2-bromoethyl acetate
(81%): nmr (CCly) 6 4.22 (t, 2 H, J = 6.5 Hz, CHs0Ac), 3.37 (t, 2 H,
J = 6.5 Hz, CHsBr), 2.00 ppm (s, 3 H, CH3COO). The infrared
spectrum was identical with that of an authentic sample.

Reaction of Acetyl Perchlorate with Propylene Oxide. Pro-
pylene oxide (0.058 g, 1 mmol) was added to a solution of 1 mmol
of acetyl perchlorate at 0° with stirring. After 30 min, the reaction
mixture was washed with water and dried. Nmr spectra showed
two compounds identified as 2-perchlorato-1-propyl acetate (80%
yield) and 1-perchlorato-2-propyl acetate (8% yield): nmr (CCly) of
2-perchlorato-1-propyl acetate, § 5.17 (m, 1 H, CHOCIO3), 4.13 (m
2 H, CH30Ac), 2.07 (s, 3 H, OCOCH3), 1.52 ppm (d, 3 H, J = 7 Hz,
CH3;CH); nmr of 1-perchlorato-2-propyl acetate, 4 5.10 (m,
CHOACc), 4.48 (m, CH;0Cl03), 2.07 (s, CH3C00), 1.33 ppm (d, J =
= 6 Hz, CH 3CH). The ir spectrum of the mixture had a strong car-
bonyl band at 1755 cm™1 and perchlorate bands at 1280, 1240, and
1040 cm ™2,

The mixture of isomers in carbon tetrachloride was added drop-
wise to 5 ml of 10% bromide in acetone at room temperature. A
mixture of 2-bromopropyl acetate (95%) and 1-bromo-2-propyl ac-
etate (5%) was obtained. The structures were assigned by compari-
son of nmr and ir spectra with those of an independently prepared
mixture described below.

Reaction of Acetyl Bromide with Propylene Oxide. Propyl-
ene oxide (2.90 g, 0.05 mol) dissolved in 10 ml of carbon tetrachio-
ride was added dropwise (1 hr) to a solution of 6.15 (0.05 mol) of
acetyl bromide in 50 ml of carbon tetrachloride with a catalytic
quantity of zinc bromide. The reaction mixture was then stirred
for 1 hr, washed with water, and dried. Evaporation of the solvent
and distillation of the residual oil gave 6.55 g (72%) of a mixture of
bromo acetates, bp 54-58° (10 mm). The ratio of 1-bromo-2-propyl
acetate to 2-bromo-1-propyl acetate was 2:1. Nmr (CCli) of 1-
bromo-2-propyl acetate 5 4.87 (septet, 1 H, CHOAc), 3.32 (d, 2 H,
J = 5 Hz, CH9Br), 1.32 ppm (d, 3 H, J = 6 Hz, CH3CH); 1-bromo-
2-propyl acetate nmr (CCly) 6 4.05 (m, 3 H, CHBr, and CHy0Ac),
1.65 ppm (d, 3 H, J = 6.5 Hz, CH3).

Anal. Caled for CsHoBrOs: C, 33.17; H 5.01; Br, 44.13. Found:
C, 33.11; H, 4.98; Br, 44.16.

Reaction of Acetyl Perchlorate with Epichlorohydrin. Epi-
chlorohydrin (0.0925 g, 1 mmol) was added to a solution of 1 mmol
of acetyl perchlorate in carbon tetrachloride with stirring at 0°.
After 30 min the reaction mixture was washed with water and
dried. The nmr spectrum showed 1-perchlorato-3-chloro-2-propyl
acetate and 2-perchlorato-3-chloro-1-propyl acetate in the ratio
1.4:1. The total yield was 93% using chlorobenzene as a quantita-
tive nmr standard: l-perchlorato-3-chloro-2-propyl acetate nmr
(CCly) 6 5.10 (m, 1 H, CHOAc), 4.68 (d, 2 H, J = 5 Hz; CH30ClO3),
3.65 (d, 2 H, J = 6 Hz, CH,Cl), 2.13 ppm (s, 3 H, CH3 COO); 1-
perchlorato-2-chloro-1-propyl acetate nmr (CCly) 6 5.20 (m, 1 H,
CHOCI0s3), 4.837 (m, 2 H, CHyOAc), 3.78 (d, 2 H, J = 6 Hz,
CH.Cl), 2.08 ppm (s, 3 H, CH3000) The infrared spectrum of the
mixture of products showed strong bands at 1755 (C=0) and 1280,
1240, 1050 cm ™1 (OC0;).

The solution was added dropwise to 5 ml of a 10% solution of
lithium bromide in acetone with stirring at room temperature. The
reaction mixture was washed with water and dried. Evaporation of
solvent gave 0.186 g (87%) of a mixture of 1-bromo-3-chloro-2-pro-
pyl acetate and 2-bromo-3-chloro-1-propyl acetate.

Reaction of Acetyl Perchlorate with 2-Butene Oxide. 2-
Butene oxide (0.072 g, 1 mmol) was added to a solution of 1 mmol
of acetyl perchlorate with stirring at 0°. After 30 min the solution
was washed with water and dried to give a carbon tetrachloride so-
lution of 3-perchlorato-2-butyl acetate in 73% yield: nmr (CCly) 6
4.92 (m, 2 H, CHOAc, CHOCIO3), 2.03 (s, 3 H, CH3C00), 1.48 (d, 3

H, J = 6.5 Hz, CH;CHOCIO3), 1.28 ppm (d, 3 H, J = 7 Hz,
CH3;CHOAc); ir (CCly) 1745 (C=0), 1280, 1240, 1040 cm™!
(0OC103).

Reaction of Acetyl Perchlorate with Dimethoxymethane.
Dimethoxymethane (0.076 g, 1 mmol) was added to a solution of 1

mmol of acetyl perchlorate in carbon tetrachloride with stirring at -

0°. After 15 min, nmr showed the disappearance of the starting
materials and the formation of methyl acetate (95%) and methoxy-
methyl perchlorate (83%). The yields were determined by nmr
using chloroform as a quantitative standard. Washing with water
and filtration of the solution through silica gel to remove formalde-
hyde polymer gave a solution of methyl acetate (78%) identified by
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comparison of spectral and gas chromatographic parameters with
those of an authentic sample.

Reaction of Chloromethyl Methyl Ether with Silver Per-
chlorate. Chloromethyl methyl ether (0.0805 g, 1 mmol) was
added to a stirred suspension of 0.30 g (1.5 mmol) of silver perchlo-
rate in 4 ml of carbon tetrachloride. After 30 min, nmr spectra in-
dicated that starting material was consumed, and methoxymethyl
perchlorate, identical with the material above, was formed in 81%
yield. Solutions fumed in moist air: nmr (CCly) 6 5.57 (s, 2 H, CH,),
3.67 ppm (s, 3 H, CHy); ir (CCly) 1280, 1260, 1050 cm™1 (OC103).

Benzoyl Perchlorate. Benzoyl chloride (0.703 g, 5 mmol) in 5
ml of carbon tetrachloride, was added dropwise at 0° with stirring
to 1.45 g (7 mmol) of silver perchlorate suspended in 10 ml of car-
bon tetrachloride. Stirring was continued for 2 hr. Filtration under
anhydrous conditions gave a colorless solution of benzoyl perchlo-
rate which fumed in moist air. The yield was 98% using cyclohex-
ane as quantitative internal nmr standard: nmr (CCly) 6 7.4-8.1
(m, Ar); ir (CCly) 3080 (w), 1780 (vs), 1590 (m), 1450 (m), 1280 (vs),
1225 (s), 1180 (m), 1050 (s), 950 cmax~1 (vs).

Reaction of Benzoyl Perchlorate with Methanol. Excess
methanol (0.96 g, 30 mmol) was added to 5 mmol of benzoyl per-
chlorate in carbon tetrachloride prepared as above. The reaction
mixture was stirred for 10 min, washed with water, and dried. The
only product was methyl benzoate (95%).

Reaction of Benzoyl Perchlorate with Isopropyl Ether. Iso-
propyl ether (0.50 g, 5 mmol) was added to 5 mmol of benzoyl per-
chlorate in carbon tetrachloride at room temperature. After 3 hr
the reaction, monitored by nmr, was complete and gave isopropyl
perchlorate and isopropyl benzoate each in 98% yield (ethylene
chloride as quantitative internal nmr standard). The structure of
the products was confirmed by comparison of nmr and ir spectra
with those of authentic isopropyl perchlorate and isopropy! benzo-
ate.

Reaction of Benzoyl Perchlorate with Tetrahydrofuran. A
solution of 0.36 g (5 mmol) of tetrahydrofuran in 2 ml of carbon
tetrachloride was added dropwise with stirring to 5 mmol of benzo-
yl perchlorate in carbon tetrachloride at 0°. After 30 min the reac-
tion mixture was washed with water and dried. Nmr spectra of the
carbon tetrachloride solution showed 4-perchloratobuty! benzoate
(83%) contaminated by a small quantity of polymeric materials
showing a broad band in the ether region (3.50 ppm). Filtration
through a short column of silica gel removed the latter: nmr (CCly)
5 7.2-8 (m, 5 H, Ar), 457 (m, 2 H, CHs0CiO3), 4.32 (m, 2 H,
CH;0COC¢Hs), 1.95 ppm (broad m, 4 H, CH,CHy); ir (CCly) 1735
(C=0), 195, 1260 cm™~! (OC103).

The carbon tetrachloride solution was added dropwise at room
temperature to 20 ml of a 10% solution of lithium bromide in ace-
tone. The reaction mixture was. stirred for 30 min, washed with
water, and dried. Evaporation of solvent gave 0.905 g (71%) of 4-
bromobutyl benzoate: ninr (CCly) 6 7.1-7.8 {m, 5 H, Ar), 4.20 (m, 2
H, CH,0COC¢Hs), 3.33 (m, 2 H, CH.Br), 1.93 ppm (m, 4 H,
CH:CHy); ir (CCly) 1720 em™1 (C=0).

Anal. Caled for C11H13BrOg: C, 51.40; H, 5.10; Br, 31.10. Found:
C, 51.42; H, 4.93; Br, 31.20.

N,N-Diethylcarbamoyl Perchlorate. Diethylcarbamoy! chlo-
ride (0.675 g, 5 mmol) dissolved in 5 ml of carbon tetrachloride was
added dropwise with stirring, over a 10-min period, to 1.20 g (6
mmol) of silver perchlorate suspended in 15 ml of carbon tetra-
chloride at 0°. The reaction mixture was stirred for 30 min and 10
ml of carbon tetrachloride was added to give a solution of N,N-
diethylcarbamoyl perchlorate in 82% yield (ethylene chloride as
quantitative nmr standard): nmr (CCly) 6 3.33 (q, 4 H, J = 7 Hz,
NCH,), 1.25 ppm (t, 6 H, J =7 Hz, CHj); ir (CCly) 2960 (m), 1782
(vs), 1480 (m), 1460 (m), 1420 (m), 1390 (m), 1370 (w), 1320 (w),
1280 (vs), 1220 (m), 1140 (s), 1100 (s), 1050 (s), 1020 (m), 960 (w),
900 cm™! (s).

Reaction of N,N-Diethylearbamoyl Perchlorate with
Methanol. Excess methanol (0.96 g, 0.03 mol) was added to a solu-
tion of N,N- diethylcarbamoyl perchlorate in carbon tetrachloride,
prepared as above, with stirring at 0°. The reaction mixture was
stirred for 30 min, washed with water, and dried. Evaporation of
solvent gave 0.517 g (96%) of methyl N,N- diethylcarbamate iden-
tified by spectral comparison with an authentic sample described
below.

Methyl N,N-Diethylcarbamate. Methyl chloroformate (9.45
g, 0.1 mol) was added dropwise with stirring at 0-5° to a solution
of 7.8 g (0.1 mol of diethylamine and 3.9 g (0.1 mol) of sodium hy-
droxide in 25 ml of water. The reaction mixture was stirred for 30
min and extracted with methylene chloride and distilled to give
10.3 g (79%) of methyl N,N- diethylcarbamate, bp 66-68° (26 mm):



Reactions of Dichlorine Heptoxide with Ethers

nmr (CCly) 6 3.57, (s, 3 H, OCH3), 3.17 (q, 4 H, J = 7 Hz, NCHy); -

1.10 ppm (t, 6 H, J = 7 Hz, CHy); ir (CCly) 1700, 1280, 1180 cm™1
(OCON).

Reaction of N,N-Diethylcarbamoyl Perchlorate with Te-
trahydrofuran, A solution of 0.36 g (5 mmol) of tetrahydrofuran
in 3 ml of carbon tetrachloride was added dropwise with stirring at
0° to a solution of N,N-diethylcarbamoyl perchlorate prepared as
above. After 30 min the solution was washed with water and dried
to give a solution of 4-perchloratobutyl N,N-diethylcarbamate
(75% yield by nmr, chlorobenzene quantitative standard): nmr
(CCly) 6 4.52 (t, 2 H, J = 6 Hz, CH20Cl03), 4.00 (t,J =6 Hz, 2 H,
CH30CON), 3.18 (q, 4 H, J = 6.5 Hz, CH3N), 1.83 (m, 4 H,
CH:2CHy), 1.12 ppm (t, 6 H, J = 6.5 Hz, CHjy); ir (CCly) 1695
(OCON), 1280, 1040 cm™! (OClOsg).

The carbon tetrachloride solution of the product was added to
20 ml of a 10% solution of lithium bromide in acetone. After 30
min, the reaction mixture was washed with water and dried. Evap-
oration of solvent gave 0.176 g (70%) of 4-bromobutyl N,N-di-
ethylcarbamate as a pale yellow oil. An analytical sample was col-
lected by glpc using a 6 ft X ¥; in. aluminum column packed with
10% QF-1 on 60-80 mesh chromosorb W at 150°: nmr (CCly) 8 3.97
(t,2 H, J = 6 Hz, CH,OCON), 3.33 {t, 2 H,J = 6 Hz, CH,Br), 3.17
(q, 4 H, J = 7 Hz, NCHy), 1.83 (m, 4 H, CHyCHy), 1.10 ppm (t, 6
H,J =7Hz, NCHy; CH3); ir (CCly) 1695, 1180 em~! (OCON).

Anal. Caled for CgH13BrNQs: C, 42.86; H, 7.2; Br, 31.69; N, 5.6.
Found: C, 42.56; H, 6.87; Br, 31.58; N, 5.74.

Reaction of Ethyl Ether with Dichlorine Heptoxide. Ethyl
ether (0.0888 g, 1.2 mmol) was added to 4 ml of 0.3 M dichlorine
heptoxide in carbon tetrachloride? at room temperature. Aliquots
were removed periodically, washed with water, dried, and analyzed
by nmr for ethyl perchlorate? (per cent yield) and ethyl ether (per
cent recovery) respectively as follows: 10 min, 33, 57; 2 hr, 53, 37;
18 hr, 59, 26; 66 hr, 67, 18. Ethyl acetate was also formed, with a
yield of 2-3% in 66 hr. A small acid signal also appeared (before
water treatment of the aliquots) at § 15.5-16.0 as the reaction pro-
gressed, and its formation was accompanied by a downfield shift of
0.28 ppm for the methylene hydrogens of ethyl ether.

Reaction of Propyl Ether with Dichlorine Heptoxide. Pro-
py! ether (0.1224 g, 1.2 mmol) was added to 4 ml of 0.3 M dichlo-
rine heptoxide in carbon tetrachloride and the reaction was fol-
lowed by nmr, as in the preceding example. In 15 hr, the spectrum
showed propyl perchlorate? (49% yield), isopropyl perchlorate?
(13%), and propyl ether (33%); in 66 hr, no significant further
changes took place. An acid signal (6 15.9) and downfield shift of
the a-hydrogen signal of propyl ether were observed before water
treatment of the samples. In a control experiment, no reaction was
observed between propyl perchlorate and propyl ether under the
same conditions.

Reaction of Tetrahydrofuran with Dichlorine Heptoxide.
Tetrahydrofuran (0.176 g, 2.4 mmol) in 1 ml of carbon tetrachlo-
ride was added dropwise with stirring at 0° to 8 ml of 0.3 M dichlo-
rine heptoxide in carbon tetrachloride. After 15 min, the solution
was washed with water and dried over magnesium sulfate to give a
solution of 1,4-butane diperchlorate? (83% yield using chloroben-
zene as quantitative nmr standard). No other products were de-
tected by nmr or ir.

Reaction of Trimethylene Oxide with Dichlorine Heptox-
ide. A solution of 0.087 g (1.5 mmol) of trimethylene oxide in 2 ml
of carbon tetrachloride was added dropwise with stirring to 5 ml of
0.3 M dichlorine heptoxide in carbon tetrachloride at 0°. After 30
min, the solution was washed with water, dried over sodium sul-
fate, and filtered through silica gel to remove small quantities of
polymeric material. The nmr spectrum of the resulting solution
showed only 1,3-propane diperchlorate (55% yield using chloroben-
zene as quantitative standard): nmr (CCly) 6 4.63 (t,4 H, J = 6 Hz,
CH20CI03), 2.28 ppm (quintet, 2 H, J = 6 Hz, C~CH,-C; ir (CCly)
1290, 1270, 1230, 1010, 1030 cm~1 (OCl03).

Reaction of Isopropyl Pentyl Ether with Dichlorine Hep-
toxide. Isopropyl pentyl ether (0.078 g, 0.6 mmol) was stirred with
2 ml of 0.3 M dichlorine heptoxide solution in carbon tetrachloride
for 18 hr at room temperature. A small quantity of a colorless oil
separated, soluble in CDClg, which was identified as 2,2-diperchlo-
ratopropane by nmr.? The carbon tetrachloride layer was washed
with water and dried. Nmr showed a 22% yield of isopropyl per-
chlorate, 11% pentyl perchlorate, and 18% isopropyl pentyl ether.
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Reaction of Dimethoxymethane with Dichlorine Heptox-
ide. Dimethoxymethane (0.091 g, 1.2 mmol) was added to 4 ml of
0.3 M dichlorine heptoxide in carbon tetrachloride. The reaction,
followed by nmr, was complete in 5 days to give methyl perchlorate
(86%) and methoxymethyl perchlorate (78%).

Reaction of Isopropyl Ether with Dichlorine Heptoxide.
Isopropyl ether (0.061 g, 0.6 mmol) was added to 2 ml of 0.3 M di-
chlorine heptoxide in carbon tetrachloride with stirring at 0°. In
min, the solution became pale yellow-green, and after 10-15 min, a
colorless oil separated and the solution became colorless. The solu-
tion contained isopropyl perchlorate (10% yield by nmr) and iso-
propyl ether (25%). The oil was identified as 2,2-diperchloratopro-
pane:? nmr (CDCl3) § 2.60 ppm (s). In another experiment, water
and 2,4-dinitrophenylhydrazine reagent were added to the crude
product mixture to give 0.086 g (60%) of acetone 2,4-dinitrophen-
ylhydrazone.

Reaction of Epoxides with Dichlorine Heptoxide. 2-Butene
oxide (0.0353 g, 0.49 mmol) was added with stirring to 2 ml of 0.3
M dichlorine heptoxide in carbon tetrachloride at 0°. The solution
was stirred 24 hr at ambient temperature. The solution was sepa-
rated from a dark insoluble oil, washed with water, and dried over
sodium sulfate. Spectra were consistent with the 2,3-butane diper-
chlorate structure (30% yield by nmr): nmr (CCly) 6§ 1.58 (d, 6 H, J
= 6 Hz, CHzs), 5 ppm (m, 2 H, CH); ir (CCly) 1280, 1240, 1040 cm ™!
(Cl0y).

Equimolar amounts of 2-butene oxide and dichlorine heptoxide
by this procedure gave a mixture with two additional methy! dou-
blets.

Ethylene oxide, propylene oxide, and epichlorohydrin reacted
on mixing with dichlorine heptoxide, but nmr spectra indicated
complex mixtures. The ir spectra showed strong perchlorate bands
at approximately 1280, 1240, and 1020 ecm™L,
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