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I INTRODUCTION

The objective of this research is to explore new functional groupings
that might find utility in propeilanis and explosives. The major emphasis
of phe program is on the chemistry of organic oxidized halocge.: derivatives,
Some exploratory work was also done on alkylation reactions of heavy metal
salts of nitro compounds.

JEi CHLORINE HEPTOXIDE CHIMISTRY

A. DISCUSSION

3o Preparation
Dichlorine heptoxide was first synthesized by Michael and

Conn in 1900 by the reaction of anhydrous perchloric acid with phosphorous
pentoxidel. Several modified procedures were later reportede; Schmeisser
described a convenient preparation using 70% perchloric acid with carbon
tetrachloride as a diluent3. Although dichlorine heptoxide is generally
described as the most stable oxide of chlorine and its physical and spectro-
scopic properties have heen studied extensivelye, its chemical reactions
have not been explored. As the anhydride of perchloric acid it would be
expected to function as an efficient perchlorylating agent.

Carbon tetrachloride solutions of dichlorine heptoxide
were prepared conveniently and safely by a modification of Schmeisser's
method. Thuas, 70% perchloric acid was added to a suspension of phosphorcus
pentoxide in carbon tetrachloride at 0°, and the mixture was gradually heated
to reflux. Dichlorine heptoxide and carbon tetrachloride, which codistill,
were removed under vacuum. Yields were quantitative. The same method was

used to prepare solutions of dichlorine heptoxide in deuterochloroform for
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use in ceses where products were insoluble in carbon tetrachloride; the
reacticns were monitored by nmr.

22 Reaction with Alcohols

Alkyl perchlorates have previously been prepared by the
reaction of anhydrous perchloric acid with aicohols or alkenesh, by reaction
of diazoalkanes with 70% perchloric acids, and more often by reaction by
alkyl icdides with silver perchlorate in hydrocarbon solvents6. None of
these methods is satisfactory for perchlorates of alcohols bearing electro-
negative substituents.

The reaction of a solution of dichlorine heptoxide in
carbon tetrachloride with a variety of substituted and unsubstituted alicohols
sives the corresponding alkyl perchlorates in hign yields and thus constitutes
& nev ;eneral synthesis of esters of perchloric acid.

In general, equimolar quantities of alcohol and dichlorine
nevtoxide in carton tetrachloride were stirred at room temperature as required.
Tne veactions were conveniently monitcred by nmr as hydrogens geminal to OClO3
are deshielded by 0.7 - 1.0 ppm from the starting alcohol (Table 1.

Table 1

limr Spectra of alkyl perchlorates prepared from alcohols and

dichlorine heptoxide® (R-CH20C103).
Compound 9CH-OClO3 R
CH3CH20C103 4.57 q CH3, 153 %
J=T Hz J=T Hz
(CH3)ECHOC103 5.15 septet CH3, 3 1.48 4
J=6 Hz J=6 Hz




Table 1 (cont'd)

J=6 HZ

l compound 3(1{-00103 R
[ 1~‘C(N02)20H200h'2(3{20(2103 L.% m (AreBz) -0CHp-CH,-, L.00
(AgB,)
[ FC(NO, ) 5= Cliy-C-, 1,58 4
[ Jip=1T H,
CH3(CH2)3CHﬁOCqu . 50:-% -CH,-, 1.6 broad n
[ J=6.5 H, CHy-, 1.05 &
:v Es 2 = O«v o e ‘: d
[ C13(CH2)3 011(00103)0}13 4.95 m CH(0C10,) CEig, 1.53

'CHE" 1.5 bread m

CH. -CH,, 1.0 m
i l FC(NO2)2C’H20C103 5.56 d
JHF=1.6 HZ
l CH ). CH_ 1 bR H .33 s
: r'hjc(nog;?_r'Hg’)cm3 5.3 s 03, 2.23
l NO_
I (=%
uo3o'.:1{2(‘:-c;12001o3 5.k3 s
NO

(a) Nmr spectra were measured on a Varian T-60 spectrometer as diiute solutions
in carbon tetrachloride. Chemical shifts are reported as pom relative to TMS
as internal standard. Integral ratios were in accord with tueory (+ 5%).
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Simple primery and secondary alcohols reacved rapidiy
with dichlorine heptoxide and the alcohol were completely consumed after
several hours. Thus, l-pentancl, ethanol, 2-hexanol and isopropanol gave,
recpectively, l-pentyl perchlorste, ethyl perchlorate, 2-hexyl perchlorate,
and isopropyl perchlorate. The prodicts were identified by conparison of
the ir spectra with published datau’6 aad by nmr spectra. In contrast to
results reported for the perchloric acid-alcohcl reaction isomeric products
were not observedh.

As is generally the case in reacticns of alcohols with
electrophilic reagencs, electron-withdrawing substituents were found to
lower the reaction rate. Nevertheless, perchlorates derived from nitro
alcchols covid be prepared and isclated conveniently by this reaction.

Thus 2-fluoro-2.2-dinitrcethancl required four days for 90% conversion

to 2-fluoro-2,2-dinitroethyl perchlorate at room temperature. The low
reaction rate is attributable in part to the low solubility of 2-fluoro-2,2-
dinitroethanol in the reaction solvent, carbon tetrachloride. Unreacted
alcohol and the byproduct, perchloric acid, were removed by extracting the
solution with water, and the perchlorate was hydrolytically stable under
these conditions. The perchlorate, which distilled at room temperature at
0.09 mm, is a colerless oil. It was identified by elemental analysis and

nmr spectra. Its density at 25° is 1.70k4,

CCl1

Fc(rzog)zcn?cn * 01207 —_——— 1~“c(Noz)2cx2ocm3 + HC10,

Under the same conditicns, 2,2-dinitropropancl reacted

completely in 48 hrs to give 2,2-dinitropropyl perchlorate. This material
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was also unaffected by aqueous extraction to remove perchloric acid. It
wes vacuum transferred at 0.03 mm, and was identified by elemental analysis
as well as ir and nmr spectra. Its density was found to be 1.601.
Similarly, 2,2-dinitro-1,3-propanediol reacted with
dichlorine heptoxide. After rour days, the nmr specirum of the solution
was consistent with the diperchlorate contaminated with 5-10% of the mono-
perchlorate of the alcohol. This impurity was remcved by filtraticn through
acidic alumina. The product was a colorless non-volatile oil which gave the
expected ir and nmr spectra for 2,2-dinitro-1, 3-propane diperchlorate. How-
ever consistent elemental analyses could not be obtained. 2-{Fluorodinitro-
ethoxy)ethanol7 showed intermediate reactivity, giving complete conversion
to the perchlorate in 20 hrs. Attempts to prepare a perchlorate from
trinitrcethanol were unsuccessful. No reaction took place in 5 days st
room temperature or 3 hrs at the reflux temperature of carbon tetrachloride.
Dichlorine heptoxide reacts sufficiently slowly with
vater that perchlorates can be prepared even in aqueous solutions. Rates
of reaction of electronegatively substituted alcohols can be greatly en-
nanced under these conditions by the addition of base. Thus, 2-fluoro-2,2-

dinitroethanol was converted to the perchlorate in minutes at 6%y agueous

alkaline solution.

H,0
Fc(me)ecaeo:a Qf'f?f{;} FC(N02)2G£{20©
FC(NOE)ECHEOC103




2 Reaction with Ethers

The cleavage of ethers with dichlorine heptoxide was
investisated as an alternative method for synthesizing alkyl perchlorates.
This method has the potential advantage of complete utilization cf dichlorine
neptoxide without the simultaneous formation of perchloric acid.

Tetrahydrofuran wae found to react exothermically with
sichlorine heptoxide to give 1,4-butanediperchlorate quantitativeliy. The

product was identified by ir and nmr spectra.

cey,,
R0 e S BfI(0)

OCH_CH,CH CH,OC10
Bl 00 B Sase BeC =3

Diethyl ether also reacted with dichlorine heptoxide under
these conditions but the reaction was relatively slow; it did not go to

completion in 18 hrs. This reaction has not yet been investigated extensively.

L, Reaction with Amiaes

Perchloryl fluoride reacts with aquecus or anhydrous ammonia

8
t¢ give a mixture of NHMF and NHuNHClO from which other salts of perchloryl-

3
amide (NH”TJ““) can bte prepered by metathesis reactions in aqueous solution.
[
Amines, however, generally give complex cxidation and N-fluorination products,
rather than perchlarylationg. The synthesis of N-perchlorylpiperidine in

66% yield from FCLO, and aqueous pipericdine is an exception and this compound

3
is the only such derivative nreviously characterizedlo. Reactions of di-
“hlorine heptoxide with amines were investigated on this program with the
objective of providing a more general route to N-Clo3 compounds so their

stability can be assessed. Dichlorine heptoxide in carbon tetrachloride

was found to react repidly at O with two equivalents of primary or seccndary
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anires to give nearly quantitative yields of the N-perchloryl derivatives

as shown in the following equation.

R (g, )R R-
). 3 50
po T T 01207-——15 N \ <
~ O B ==
T 0 /.\1-0103 : PR% C10,
R, RS R2

Solutions of the products in carbon tetrachloride are obtaired by acidifi-
cation of the reaction mixtures with dilute sulfuricz acid which effectively
removes salts and traces of unreacted amines. Advantage can also be taken
of the relatively slow rate of hydrolysis of dichlorine heptoxide protected
by a nonpolar solvent. HN-Perchlorylamines are conveniently prepared by
dropwise addition of di-hlorine heptoxide in carbon tetrachloride to an
aquecus solution of excess amine followed by acidification and separation
of organic and aqueous layers.

Solutions of l-perchlorylpiperidine, N-perchloryl-2-
cthylaziridine, and N-perchloryldiamylamine in carbon tetrachloride were
prepared as outlined above and the products identified by spu:ctral and
analytical methods. Infrared spectroscopy is particularly useful. Strong
hands were always observed nesr 1220, 1190, and 1000 cn~l cheracteristic

of the N-7103 group. The absence of N-H absorption was noted.

= e
{ W —=—( ¥ ao
el 3

CH,,CH, G CH, Cil
{ \I‘IH 29
Gty - c1o3
C1,07 s
(bSHll) 2NH : (CSHll) ?N.uo3
¥




li-Perchlorylpineridine was identified by comparison of
the ir spectrum with that of an authentic sample. Evaporation of the
solvent from a small portion of the reaction mixture from Z-ethylaziridine
gave N-perchloryl-2-ethylaziridine as a colorless oil which could be vacuum
transferred at 0.05 mm to provide ax analytical sample. Correct C,H,N, and
Cl analyses together with the speetral data permits unequivocal assignment
of structure.

Primary N-perchlorylamines can be obtained in solution
exactly as outlined for the secondary derivatives. The presence of the NH0103
zroup was readily confirmed by the nmr and ir spectra. Evaporation of the
solvent from N-perchloryl-n-butylamine gave a colorless oil which decomposed
spontaneously when air was admitted to the system. In contrast,N-perchloryl-
i-butylamine,which does not contain hydrogens adjacent to the NHC103 groug,
fave a colorless oil wihich could be vacuum transferred and identified by
elemental analysis.

Prelininary investigations indicate that these compounds
can be extracted with dilute sodium hydroxide and recovered after acidifi-
cation. Chemical reactions for tne salts of primary N-perchloryl amines
have not yet been investigated.

NaOH
—> R-nC10, ©

R-IHCLO
3

Reaction with ketones

gem-Diperchlorates have been prepared by the reaction of
ketones with: solutions of anhydrous percnloric acid in cnloroform or

metnylene chloride™. A disadvantage of this methed is that a mole of water
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is liberated which extracts perchloric acid from the organic soivent ang
can alsc shif't the equilibrium of the perchlorate formation reaction.
Dichlorine heptoxide should also react with ketcnes, but without the
formation of water.

RC=04+ CLO

5
i 207 e R2c(o.1o3)2

f‘.___ ___q .
R,C=0 + 2HC1O, 110(001_03)2 + 1120

Ketones were found to react rapidly with dichlorine
heptoxide in carbon tetrachloride, but the products were insoluble in this
solvent. Deuterochloroform was a more satisfactory reaction solvent for
spectral identification of the products. Thus acetone gave a quantitative
yield of 2,2-diperchloratopropane, identical with the compound obtained
from perchloric acid. In the same way, the corresponding gem-diperchiorates
were obtained from cyclohexanone, methyl t-butyl ketone and di-t-butyl ketone.
In each case, the chemical shifts of hydrogens © to the carbon bearing the
nerchlorate groups were greater than those of the correspcnding ketones by
0.41 to C.L6 units, and the 8 hydrogens were shifted by 0.13 to 0.17 units
(Table 2). Tre formation of the diperchlorate from di-t-butyl ketone indi-
cates that the reaction is not sensitive to steric factors.

Unsuccessful attempts were made to displace the perchlorate
sroups of 2,2-diperchloratopropane with inorganic anions. Silver nitrate,
sodium nitrite, sodium chloride and potassium carbonate all regenerated

acetone, suggesting that nucleophilic attack was on chlorine rather than

carbon. Triethylsilane, however, reduced the diperchlorate to iscpropyl
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a b
Starting Materiais Products
Ch CH 0C10 0.kl -
3 3 2
\\C o) \\C(/ :
ati” @/ oo
3 s, 3
4 2.1 2.58
% C10 Q 0Cl10 =
J SngE =ty 0.46 i1
- g ’
8 2.27 (m, uH) 2.73 (m, bi
§ 1.8 (m, 6H) 1.93 (m, 6H)
= CH CH CH
3 3
i 3\ / 0C10
5 & = 0.17
aw” Ne=0 a S -
3 7 iy 0C10
e ~N
.,A.3/., CI.3 CH:_{ CH3
CH e § 1.40
3
ey CH 0C10
EeR ~c % -
CH CH ™ 0c10 0.4 0.16
5 3] 3 :
(] @
N N
o A
CH CH
CH3 3 3 3
 2.05 (s, 3H) 2.5 (s, 3H)
612 a0 1.28 (s, o)
a. Difference in chemical shift between alpha hydrogens of em-diperchlorate

™, b
Table 2

gen-Diperchlorates

and those of the correspcnding ketone.

Difference in chemical shift between beta hydrogens of gem-diperchlorate
and those of the ccrrespondins ketone.

10
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perchlorate.

oM G
6SL0, ULLOQ
S I 2

|
u.i,j-'l:m,j + (02}15)3sm —> (:}13(:}1(1{3 + (c2n }jSiClC:h
0

6. Reaction with Nitronate Ioans

Reactions of nitronate salts with dichlorine heptoxide
were examined with the obJective of preparing perchlorylnitroalksnes.

The potassium salt of 2-nitropropane gave thre~2 products
in the reaction with dichlorine heptoxide in carbon tetrachloride: 2-nitro-
propene, acetorne, and 2,3-dimethyl-:, 3-dinitrcpropane. The same products,
aloni with 2-fluoro-2,2-nitroprepane were reported as a result cf the reaction

i2

of merchloryl fluoride with salts of 2-nitropropane -,

ClL 0O

(Gl ). c00. 9 2 en oo & (60 ) oW+ [Ch) ¢ = OUol.)
= 3)2 e W 3 3)2 2 Jeafee =2

2

0 NO2 N02
Salts of 1,1-dinitroalkanes also failed to give perchloryl
derivatives. The potassium salts of 1,l-dinitroethane and 1,1-dinitrcbutare
yielded only the corresponding dinitroalkanes and l-chloro-1,l-dinitro-
alkanes. Transitory tlue colors of the solutions suggest that nitroso inter-

mediates were involved. The sodium salt of nitroethane yieided only acetic acid.

C10

2 7 ~ ~ foYald
R-C(N02)2@ —=L5 R-C(NO,),CL + HC(NOQ)eﬂ

GHomo ®@ —>m. 0H
3 2 SEai

35k
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It appears thut attuck on the oxygens of the nitro groups
and oxidation predominates in these reactions. Lower oxides of chlorine,
which would result from oxidation-reducti''n reactions, disproportionate
rcadily to give hypochlorous acid or chl rine which would chlorinate the
dinitro anions.

7. Reaction with Unsaturatcd Compounds

Perchlorybenzenes have been prepared by the reaction of
aromatic compounds with perchloryl fluoride catalyzed by aluminum chloridel
Reactive olefins, such as vinyl ethers, also react with perchloryli fluoride
but yield fluorine-containing products rather than perchloryl compoundslu.

A study was initiatcd of reactions of aromatic compounds
and of olefins with dichlorine heptoxide. The olefin reaction is of parti-
cular intcrest as a potential source of perchlorylalkanes, an unknown class
of compounds.

Benzcne reacted vigorously with a solution of dichlorine
heptoxide in carbon tetrachloride, but only dark, insolublc tars were
formed, with no detectable trace of perchlorylbcnzene. 1In the presence
of the Lewis acid catalysts, aluminum chloride or zinc chloride,similar
results werc obtained. To determine whether traces of perchloric acid
catalyzc this reaction, sodium sulfate, potassium fluoride, or sodium
carbonate was added as a scavenger. No reaction occurred under these con-
ditions. HNitrcbcnzenc did not react with dichlorine heptoxide, wnhereas
chlorobenzenc gave tars slowly and anisole gave the same type cf tarry
material even in the presence of potassium fluoride.

Cyclohexene gave dark insoluble tars with the ClgoY-Ldlh

3




reagent, but when the reaction was repeated with potassium fluoride present,
a colorless solution was formed. Molecular distillation gave a small amount

of a material with elemental analysis consistent with the structure,

/91
lO3 . The infrared spectrum showed strong bands at 1225 and 1260 cm'l,
attributable to -C103, and the nmr spectrum was typical of 1,2-disubstituted
cyclohexanes.
B EXPERIMENTAL
25 Dichlorine Heptoxide

To a suspensicn of 50 g (0.35 moi) of phosphorous pentoxide
in 100 ml of carbon tetrachloride, 8.2 g (0.0603 mol) of T0% perchloric acid
was added dropwise, with efficient stirring, over a period of 2 hrs at 09,
The reactic- mixture was allowed to stand at room temperature overnight and
then was heated at reflux for 9C min. The mixture was cooled to room temper-
ature, ancd the product was vacuum transferrea to a -700 receiver at 60 mm.
The distillate consisted of 93 ml (149 g) of very pale yellow liquid which
contained 0.00030 moles of dichlorine heptoxide per ml of solution, 93% yield
(titration after stirring for 45 min with 1N sodium hydroxide). The nmr
spectrum showed that no perchloric acid was present.

Using deutercehloroform rather than carbon tetrachloride
as the solvent in the above procedure gave the same results.

2 Pentyl perchlorate

1-Pentanol (C.0006 mole, 0.C52 g) was added to two mi of
dicnlorine heptoxide in carbon tetrachloride (0.0006 mol) with magnetic

stirring and ice cooling. Stirring was continued for two hours and then

13




tne reaction mixture was quenched with ice water. Tne carbon tetracnloride
layer was dried over sodium sulfate and a2nalyzed by nmr (Tabie 1) and ir.
The ir spectrum was very similar to that putlished for n-hexyl perchlorate6
with strong bonds at 1260 and 12L0 em™! characteristic of covalent perchlo-
rates. lio OH absorbtion was present.

3. 2~Fluoro-2,2-dinitroethyl Perchlorate

a. 2-Fluorc-2,2-dinitroethanol (0.51 g, 0.00325 mole)
was added to 15 ml of dichlorine heptoxide=-carbon tetrachloride solution
(0.0045 mole) and stirred for our days at which time nmr indicated the
reaction was 90-95% completed. The reaction mixture was quenched with ice
and the organic layer was dried over sodium sulfate. Excess alcohcl was
completely removed by this treatment. Evaporation of solvent (60 mm) from
an aliquot left a colorless oil which could be vacuum transferred at
0.05 mm to give the analytical sample: nmr (CC%*)5'5.56 (a4, Jgp = 15 Hz);
¢25°= 1,70k,

Anal. Calcd for C,H,CLFN,05: €, 10,065 B, 0.85; F; 5.03. Feund:
C ST 050 By 551,
b. 2-Fluorc-2,2-dinitroethanol (0.345 g, large excess).

was edded to 1 ml of 1.00 N NaOH (0.001 mol) with stirring at 0°. To this

mixture was added U ml of dichlorine heptoxide-carbon tetrachloride solu-
tion (.0012 mol) in scveral portions. The yellow cclor presumably due to
fluorodinitromethyl anion faded in three minutes indicating completion of
reaction. Dilution with water and separation of layers gave a carovon tetra-
chloride solution of 2-flucro-2,c-dinitroethyl perchlorate identical to the

material aoove.

14




-

L. 2,2-Dinitropropyl Perchlorate

2,2-Dinitropropanol (0.45 g, 0.0030 mol) was added to
10 ml of dichlorine heptoxide-carbon tetrachloride snlution and the
mixture was stirred for 48 hrs at which time the reaction was complete.
The solution was washed with ice water and dried. Solvent was removed
from an aliquot giving the colorless perchlorate which was subsequently
vacuun transferred (0.03 mm) to a dry ice cooled receiver: nmr (CClh)
&5.32 (s, oH, ¢-C§20C103) ané 2.32 ppm (s, 3H, 613); Sitn (CClu) 1570(s)
(rzoe-¢~noz,) and 1280(s), 1240(s), 975(m) em~1 (0C10,); a*2°= 1.601.

Anal. Caled for 0311501_1-;208: G icbe e as e Ny 1200

Foupa: €, 16.40; H, 1.00¢ €4, 15.36; N, 11.66.

DR 2,2-Dinitro-1, 3-Propane diperchlorate

2,2-Dinitro-1, 3-propanediol (0.199 g, 0.0012 mole) was

added to 8 ml of dichlorine heptoxide-carbon tetrachicride solution (C.0024%
mol) and the mixture was stirred for feur days. Nmr indicated that the
major product was the diperchlorate, but was contaminated with 5-10% of
an impurity which appeared to be the monoperchlorate. Acgueous extraction
did ot remove this compound but purification was accomplished by filtra-
tion tbrough acidic alumina. Removal of solvent left a coiorﬁgss cil
(~30) yield): nmr (cmu)é's.ia opm (s); ir (cmu) 1570(s) (-ff-xeioz), and
1280, 7240, 970 enmd (C-OClOB). An acceptable elerental analysis has not
yet ve:en obtained.

Anal. Caled for C3HuClp”:Oi2‘ €, 10,89; B, 1.22; N, 8,46, ~Foana:
Gy bradat b daahe N i

15




G Reaction of Tetrahydrofuran with Dichlorine Heptoxide

Tetrahydrofuran (0.043 ¢, 0.C006 mol) was added to 2 ml
of an ice cooled solution of dichlorine heptoxide in carbon tetrachleride
(0.0006 mol) with magnetic stirring. A vigorous exothermic reaction
occurred. Nmr anaiysis of the slightly yellow solution confirmed the dis-
appearance of the tetrahydrofuran multiplets at(53.75 and 1.85 and revealed
new multiplets atd4.60 (m, 4H) and 3.70 (m, 4H) which are attributed to
1,k-butanediol diperchlorate. The nmr spectrum was unchanged by agueous
extraction. Addition of excess tetrahydrofuran gave separate nur peaks as
expected ruling out complexes or "oxonium" type compounds. Work is in
progress to further characterize this material.

Te Reaction of Piethyl ether with Dichlorine Heptoxide

Diethyl ether (0.0L4 g, 0.0006 mol) was added to 2 ml
(0.0006 mol) of dichlorine heptoxide-carbon tetrachloride solution as out-
lined above. Nmr analysis after two hours revealed a pair cof triplets and
a pair of gquartets. The downfield quartet was centered at 4.57 ppm super-
imposable with that of etayl perchlorate prepared Trom ethancl. The other
quartet corresponded to diethyl ether. The pair of triplets were somewhat
overlapping, but chemical shifts were consistent with a mixture of ethy.
perchlorate and diethyl ether. Tre ratio of perchlorate to ether was 1.4:1
after 2 hrs and 3:1 after 18 hours. Strong ir bands at 1220 and 1190 cm
after aqueous extraction were identical to those of ethyl perchlorate pre-

vared by alternative methods.

¥
v

&. Reaction of Benzene with Dichlorine Heptoxide

Four ml of a solution of dichlorine heptoxide was added

16
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dropvice to 2 ml of dry benzene with stirring and cooling. An exothermic
reaction took place and a dark rmaterial deposited on the sides of the flask
wnich was insoluble in carbon tetrachicride, chloroform, and weter. DBroad
absorbtions were noted in the ir spectrum. The organic layer was washed
with water, dried and filtered. Evaporation gave no trace of perchloryl-
benzene. Repetition of this procedure with added scavengers for strong acid
(e.g. sodium sulfate, potassium carbonate, potassium fluoride) suppressed
reaction completely. Variation of modes of mixing of reasgents as well &s
stoichiometric ratios gave similar results. Friedel Crafts catalysts such
as aluminum chloride or zinc chloride gave the same black material. In the
case of aluminum chloride a small quantity of chlorobenzene was obtained.

9. N-Perchlorylpiperidine

a. Piperidine (0.104 g, 0.0012 mol) was added to 2 ml of
dichlorine heptoxide-carbon tetrachleride solution (0.0C06 mol) with cooling
and stirring. A yellow precipitate separated immediately and after five
minutes the reaction mixture was quenched with dilute sulfuric acid, wached
with water, dried over %A molecular sieves and filtered. The ir spectrum
10

wvas identical with the published~™ spectrum of l-perchlorylpiperidine: nmr

(cc14) 6 3.k2 (m, bHE), and 1.85 ppm (broad m, 6H); ir (CCl) 1230, 1195,

1035, and 990 cm'l

N-C10,).

(n-C05)

Bl Piperidine (0.208 g, 0.0024 mol) was added to 10 ml
of water with stirring and cooling and 4 ml (0.0012 mol) of dichlorine
heptoxide-carbon tetrachloride was added in portions. After five min the

mixture was acidified and treated as above. Yields (nmr) are nearly quanti-

tative in voth procedures.




RN Nd-bPerchloryi-Z-ethylaziridine

C-Bthylaziridine (0.182 g, 0024 mol) was added to 10 ml

% 1l {(J.00L2 mol) of dichlorine heptoxide-carbon tetrachloride

-
2

.- Wwas added 1n several portions. After five min the reaction mixture

PRSI ¥ SN

Pi0Ied with dilute suifuric acid and the organic layer was washed with

warn oldidiod

(]

1
i

oant dried over molecular sieves. Bvaperation of solvent from a portion

YU 2 cowsreese o1l which was vacuun transferred at 0.0% mm to ive the

‘ Ho B
nar (CCL, ) & 2.85 (broad m, 3, H\t::N-ClO3), 1.67
4 _
H~

anasriicas cancle:

v, H, ﬁ,’ ;. and :.30 ppm (m, 3H, -c:~:3); ir (CCL,) 1220, 119v, and
-‘* . v v, . M
[T \>u-b;\) ).
3
Ans.. Jaloa ror “;HBHC;O“: C, 31.20; K, 5.25; Ci, 23.08; N, v.i2.
——— 4 ‘5
J a2, J\;.(’( ’ :., ".J.L; l, s .:){'; N, 8:.06.
SR li-rerchloryldiamylamnine

ne procedure was that outlined for 2-etnylaziridine.

cevrn, omtu are as foillows: nme (CCLL ) §3.27 (m, MU, -CH,-N-C10. ); 1.h7T
1y ’ 2 j
1225, 1190,

C.u3 pem (m, ©H, -Gi3); ir (CClh) 120

viom, L =3 -0, and
& it w \ PRI . I
. h-verchloryibutylamine
n-Tutrl amine {(U.07C o, 0.002F mol) was stirreda with 10 mi
£t and - omL oS dicshlorine heptoxide-carbon tetrachloride was added in
Cost oo Dulrring was continuea for five min and then the solution was
. : ool e salfurio acid. The organic layer was dried over LA
o e, wndlowas anaiyzed vy ir and nmr. Bvaporation of solvent
: Corooruion ave oesloriless oliowhich decomposed vigerously when alr
crlutoer b e system. Thlo instability nas so far precluded elemental

BEST AVAILABLE COPY
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analysis: nar (CClh) &§5.77 (broad, 1H, N-H, disappears on adéition of D,0),

3.50°(E, 2R, -zmc1o3), 1:53 (m, b4, -G!,_,C.’-ig-), and 0.97 ppm (m, 3H, -:»3);
il 2

ir (CCL,) 3270 h-cie

N

3)» and 1250, 1200, 1020 em 1 (H-C10,).

13 N-Perchloryl-t-butylamine

E—Butylamine (0.003 mol, 0.22% g) was added in four poriions
to a sclution of dichlorine heptoxide in carbonr tetrachloride (5 mi, 0.0015 mol}
with stirring and cooling in a dry ice-carbon tetrachiloride bath (=209).

The mixture was stirred for ten min and then was acidified with dilute
sulfuric acid. The organic layer was washed with water, dried over molecular
sieves, and filtered. Evaporation of solvent from a portion leit a colorless
0il which was vacuunm transferred at 0.02 mm to provide an analytical sample:

nmr (301,*) & 7.10 (broad, lH,-I~IH-ClO3), disappears upon shaking with D,0),

and 1.32 ppm (s, OH, t-butyl); ir (cmu) 3280 (m),(MH), 1245 (s) 1190 (vsj,

(o)
o3
o]

1005 (s) e (N-f‘103).

Anai. Caled for CquONCIO @ 30-865 8, 6,568, 9.0b: Feuni: C; 29.01;

x
B, 6.4%; B, B.09.

4. Reaction of Dichlorine Heptoxide with Urethane

Urethane (0.216 g, 0.0024 mol) was added to 4 wml of dichlorine
heptoxide~carbon tetrachloride solution (.0012 mol) and stirred for three
hours. A viscous oil separated. The only procduct soluble in carbon tetra-
chlcride, both before and after aqueous work-up, was ethyl perchlorate identi-
fied by comparison of nmr and ir spectra with an authentic sample. Experi-

nents in aqueous solution gave no product soluble in carbon tetrachloride.

: 2,2-Diperchloratopropane

AT

5
o

Opectroquality acetone (0.034 g, 0.0006 molj was added by




[ -

[ st

syrinze to € mi of dichlorine neptoxide-chloroform-d solution (=C.0006 mol).
e e : . 3 3 3
After 15 min, nmr and ir spectra were identical with tnose reported ~. HNo

evidence for impurities was found and the yield was quantitative.

PRty
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16. Reaction of 2,2-Diperchloratopropanc with Inorganic Anions

Treatment of a solution of the diperchlorate in CDCl_ (see
3
above) with silver nitrate, sodium nitrite, sodium chlorate, sodium chloride,
and potassium carbonate all regenerated acetone.

R Reaction of 2,2-Diperchloratopropane with Triethylsilan

Reaction of 0.0006 mol of diperchlorate in CDC;3 with
triethylsilane (c.o70 g, 0.000C mol) for one hr gave a highL yield of
scpropyl percnlorate (identified by comparison of the nmr with an authentic
sample).

18. Reaction of Dichlorine Heptcxide with the Potassium Salt

of e-liitropropane

The potassium salt of 2-nitropropane (0.10 g, 0.0008 mol)
was added to 0.000€ mol of dichlerine heptoxide in 2 ml of carbon tetra-
chioride. A blue solution formed, but the color faded in about an hour.
The nmr spectrun showed that the products in sclution consisted of 58 mol
% acetone (& 2.1), 29% 2-nitropropane (d,cfl.S) and 95 2,3-dimetnyl-2,3-
dinitrobutane (& 1.7). Assignments were confirmed by the addition of
autnentic samples.

19. Reaction if Dichlorine Heptoxide with 1,1-Dinitroethanec

1,1-Dinitroethane {0.07 &, 0.0006 mol) was added to 1 ml
y £
£ a 1 I potassium hydroxide solution in methanol. Solvent was removed

by

wnd the salt was dried for 1 hr at 1 mm. Carbon tetrachloride (0.5 ml) was




added to desensitize the salt and then & solution of 0.0006 mol of
dichlorine heptoxide in 2 ml of carbon tetrachloride was added at g

A Dblue solution formed. After 3 hrs at room temperature, the yellow
salt of 1,l-dinitruethane was consumed, and the blue color of tne
solution faded. The nmr spectrum of the solution showed 7¢% 1,1l-dinitro-
ethane, and 30% l-chloro-1,1-dinitroethane. Filtration through neutrail
alumima removed the dinitroethane, and the ir spectrwus of the solution
was identical with that of authentic l-chloro-1,l-dinitroethane.

~
[

C. Feaction of Dichlorine Heptoxide with 1,1-Dinitrotutane

-

The above procedure using the potassium salt of 1,1-
dinitrobutane gave only l,l-dinitrobutane and l-chloro-1,l-dinitrobutane.

21. Reaction of Dichlorine Heptoxide with Nitroethane

The sodium salt of nitroethane was prepared by heating

6 ¢ ~f nitroethane (0.08 mol), 3.2 g (.08 mol) of sodium hydroxide and
3C 1. of methanol for 2 hrs at 500. The salt was filtered, washed with
ether, and dried under vacuum. To a suspension of 3.45 g (0.0345 mol) of
the salt in 25 ml of carbon tetrachloride at 0°, 0.038 mol of dichlorine
heptoxide in 12% ml of carbon tetrachloride was added. 'The mixture was
stirred for 1 hr at 0° and then warmed to ambient temperature. The nmr

spectrum of the resulting solution showed only nitroetnane and acetic acid.

22, Reaction of Dichlorine Heptoxide with Cyclohexene

Cyclohexene (0.75 g, 0.009 mol) was added dropwise at
0% to a stirred suspension of 2 g of potassium fluoride in a solution of

0.01 mol of dichlorine heptoxide in 35 ml of carbon tetrachloride. A

colorless solution resulted. The solvent was distilied off at 100 mm.




lrie material darkened on attempted distillation at SOO. Molecular distil-

= = = ==(0) ; 2 - : 5 Ry
lation at C.005 mm, -70- coldfinger, yielded 0.05 mi of colorless liguid.

Anal. Caled for CgH, C1,0.: C, 35.82; W, L.97. Found: 0, 36.7%;

Dil
i, b.66.

The infrared spectrum showed a strong doudblet at 122%

and 1260 cm-l.

11I. REACTIONS OF CHLCRATES

A. DISCUSSION
The chlorate ion could potentially function as an ambident
anion in alkylation reactions. Attack of an alkylating agent at an cxygen
atom of chlorate would give an organic chlorate, and attack at chlorine

woula give a perchlorylalkane.
SO c103® —> R0C10, or B-010

literature search revealed only one reported example of this reaction,
the preparation of triphenylmetnyl chlorate from chlorotriphenylmethnane

and silver shlorate in carbon tetrachloride’”. The chlorate was reported

to be soluvle in carbon tetrachloride, but no spectral or analytical data

This reaction was repeated under the reported conditions and
ine nmr spectrum of the carbon tetrachloride solution showed an eguimolar
mixture of benzopienone and tripnenylmethanol. with only minor amounts of
:nidentified materials. Triphenylmethanol crystallizec on concentra-

vicon of the solvent and was identified by mixed melting point with an




@

sutheptic sample. The benzophenone, isolated by distillation, contained
a Lrace amount of a material that oxidized potassium jodide. ‘The same
products aulso were obtained when methylere chloride, i,1,3-trichloro-
trifluoromethane or acetonitrile were used as solvent, ¢r wnen bromo-
triphenylmethane or sodium chlorate were used instead of the chloro
compound or the silver salt, respectively.

Reactions of alkyl halides with silver chlorate were also
complex. Suspensions of silver chlorate in halocarbon solvents were
used, as well as solutions in acetonitrile. Acetonitrile took part in
the reactions, yielding nitrogen-containing materials with spectra indica-
ting R-]:C(X)CH3 structures. Analytically pure compounds were not isolated,
towever, i-bButyl chloride and suspensions of silver chlorate in methylene
chiorice gave t-butanol and an orange-yellow gas, presurmably chlorine
dioxide. Alkyl iodides gave complex products that liberated clemental
iodine even arter the inorganic salts were removed and the organic materials
were treated with sodium thiosulfate. Cyclohexyl iodide and silver chlorate
in ether yielded & small amourt of a white solid which analyzed as bicyclo-
hexyl igdide.

These complex reactions suggest that caroonium ion attack on
nlorate ion takes place mainly on the oxygens, to give alkyl cnlorates a.
the initial intermediates. These can undergo homolytic cleavage to give
chlorine dioxidzs and alkoxy radicals, which can take part in hydrogen
abstractions, fragmentation reactions and rearrangements.

Brief attempts were made to prepare perchloryl bromide Dy

reacting bromine with silver cnlorate. In squeous solution, the reaction
L) P

23




a ST e e

-— o

gave hypobromous acid, identified by addition to cyclcnexene to give
2-bromocyc.chewx.ncl. The reaction also was attempted in benzene, which
mignt be perchlorylated by the product. Only bromobenzene was isolatea.
Control experiments to determine whether bromine (possibly silver catalyzed)
Oor another inter~esdiate was the brominating agent did not give uneguivocal

‘esults. Bromine did not react with benzene under these conditions but

(54

in the presence of silver oxide it did react, but at a much slower rate.
An attempt was also made to utilize silver chlorate as a
chlorylating agent in the same way that silver nitrite functions as a
= i
nitrating agent in the oxidative nitration reaction™~. Only two products

Wwere formed from the salts of 2-nitropropane; 2-chloro-2-nitrovpropane and

no

, 3-dimethyi-2, 3-dinitropropane.

c1 CH.. 0113
1. NaOH | ey
CH_CHNO CH. L RS e R
23 p, AgC10 e i T
KO NO,. NO
e 2 i

Salts of Z-nitropropane are oxicdized to 2,3-dimethyi-2,3-dinitropropane

of oxidizing agents. Any acid-liberating reaction would give

by a variedy
chicric acid which dispr-portionates to give chlorinating agents.
B EXPERIMENTAL

1 Reaction of Chlorotriphenylmethane with Silver Chlcoratc

A suspension of 2. of silver chlorate in a soiution of
D

2.5 g of chlorotriphenylmethane in 30 :ml of carbon tetrachloride was stirred
at ambient temperature for 18 hrs. The nmar spectrum of the carbon tetra-
ehloride sclution showed an equimolar amount of triphenyimethanol and

benzophenone. Tripnenylmethanol precipitated when the solution was

24
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cuncentrated, and was characterized by mixed mp with an wuthentie sampie.
Benzophenone was further characterized by its irfrared spectrum. Benzo-
vhenone isolated by molecular distilletion from the mixture contained a
small amount of oxidizing material, giving an icdometric titer of C.64 meg/g.

Similar results were obtained using methylene chloride,
1,1,3-tricnlorotrifluoroethane or acetonitrile as solvent. Bromotripnenyl-
methane gave the same products ac chlorotriphenylmethare. The same preducts
also were formed wnen bromotriphenylmethane was reacted with sodium chiorate
and with siiver bromate.

25 Reaction of Iudocyclohexane with Silver Cnlorate

A suspension of 2.0 g (0.0104% mol) of silver chlorate in

a solution of 2.0 g (0.0095 mol) of iodocyclohexane in 5 ml of ether was

stirreé¢ for 20 hrs. The solution was fiitered and the solids were washed
with five 10 ml portions of ether. lodine color in the filtrate wes pro-
nounced. Removal of the solvent and addition of metnyleane chloride gave

0.1 g of a white solid, mp 148°, phase change (granules tc needles) at

Q

N

13C-13
Anal. Caled for C ,H, I: G99 B, 920 Pound: G, 5943 B, 681

The methylene chloride solution was treated with 0.1 K

sodium thiosulfate to remove iodine, but iodine color rapidly reappeared

when the solvent was removed. The nmr spectrum was complex.

S Reaction of Bromine with Silver Chlorate
a. In Benzene

Bromine (0.8 g, 0.005 mol) was addec to a suspension

of 1.91 g (0.C1 mol) of silver chlorate in 10 ml of btenzene at 0° with

(a)
(&




stirring. After 3 nrs at room temperature, the bromine color had dis-
appeared. Filtration and removal of the excess benzene gave 0.9 ¢ « 5T%
yieid) of bromobenzene, bp 52° (19 rm), identified by its nmr spectrunm.

A solution of bromine in benzene, for comparison,
d¢id not decoclorize in one week. A mixture of 1.16 g (0.01 eq) of silver
oxide, 10 ml of btenzene and G.4 g (0.0025 mol) of bromine required 48 hrs
for loss of bromine cclor. The latter reaction yielded 0.20 g of isclated
bromobenzene.

b In Water

Bromine (1.6 g, 0.01 mol) was added dropwise with
stirring to a solution of 1.21 g (0.01 mol) of silver chlorate in 20 ml
of water. S&ilver bromide precipitated immediately. The precipitate was

filtered and air dried to yield 1.85 g (98% yield) of silver bromide. One

e

rd of the aqueous solution was vacuum distiiled into a -80" receiver.

n

(o8

Cyclohexene reacted instantly with this cistillate to give 2-bromoeyclo-
hexanol, distilled in a molecular still at 50° (0.0l mm).
Anal. Calcd for Cgh, Br0: C, ha. el B, 6019, Foundy G U0-72; H, 6I51)

b, Reaction of Silver Chlorate with £-Nitropropane

2-Nitropropane (0.89 g, 0.01 mol) was dissolved in 11 ml
of 1H sodium hydroxide with stirring at SOO. A solution of 3.8 ; (0.02 mol)
of silver chlorate in 30 ml of water was added dropwise sith stirring at 0°
over a 15 min period. The mixture was stirred 1 hr at rcom temperature and
was then extracted with methylene chioride. The methylene chloride solution,

whicn contained suspended silver, was strijpped under aspirator ard ether

was added. Filtration gave 4 clear solulivcu, whicn was dricd and =iripped




h of solvent. The nmr spectrum of the residue showed orly two procucts,
£,3-dimethyl-2,3-dinitrobutane (5 1.7) and 2-chloro-2,2-nitropropane in
L a 1ol ratio of 4.5:1. Authentic samples of both compcunds were added to

the mixture to shuw lidentity.

. Iv. FLUQRONITRO CHEMISIRY
A. DISCUSSION

: 1 Bis(fluorodinitrcmethyl jmercury

i Bis(fluorodinitromethyl)mercury was recently synthesizedlr,
but except for halogenation, little work has been reported on its reactions.

. On the basis of the reactivity of bis(trinitroethyl)mercury with a variety
of alkylating agentsl8 thls mercuriel appeared to be a promising inter-

. mediate in the synthesis of other fluorodinitromethyl derivatives.

| The preparation of bis(fluorodinitromethyl)mercury was
simplified. In the original synthesisl7, mercuric oxide and fluorodinitro-

* methane were reacted in wet diethyl ether for several days to give the

! compound. We found that using freshly precipitated mercuric oxide this

; reaction can be completed in a matter of minutes in water or methanol.

| Bis{fluorodinitromethyl)mercury was found to be less
reactive than anticivated in alkylation reactions. It did rot react with

i allyl bromide, benzyl chloride or benzyl bromide at ambient temperatures.

At higher temperatures (50-80°) these reactions yielded only tarry, un-

identifiable products.

I A suspension of the mercurial in methyl iodide was
L 4

alloweu to stand for several weeks before mercuric iodide began to deposit.
2 Another six weeks were required to complete the reaction. 1-Fluoxrn-1,1-

dinitroetr:nz was obzained in 80% v 2:d &nd the compound wus identified

27
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by its reported nmr spectra:

He [cp(zaoo) ] + CH I ——3CH CF(NO )
<‘2]2 3 2l

3 + HgI2

g

2 Reaction of Perchloryl Fluoride with 2-Fluorc-2,2-dinitroethanol

Before 2-fluoro-2,2-dinitroethyl perchlcrate was cobtained
in the reaction of 2-fluoro-2,2-dinitroethanol with dichlorine heptoxide,
ceveral attempts were made to synthesize the compound by reacting the
alcohol with perchloryl fluoride:

P‘C(Iloe)ECIIEOH + 1:‘0103-—;FC(I102)2011200103 + AP

2-"luoro-2,2-dinitroethanol did not react with perchloryl fluoride in carbon
tetrachloride or dimethylformamide solution in the presence of equimolar
anounts of pyridine. In methanolic sodium hydroxide, the reaction yielded
fluorodinitroethyl methyl ether, identified by its reported‘o nnr specira:
NaOH
FC(NO.),.CH OH + FClO, ——3 CH_OCH CF(NC ) + HNaClO
o < 2 3 2 2
CH_OH
3
This product could be formed either from 2-fluoro-2,2-
dinitroethyl perchlorate and methanol or from methyl perchlorate and
2-fluoro-2,2-dinitrcethanol. This work was discontinued when 2-fluoro-2,2-
dinitroethyl perchlorate was prepared from dichlorine heptoxide.

B. mXPERIMENTAL

5 Bis(fluorodinitromethyl)mercury

To & solution of 12.4 g (0.1 mol) of fluorodinitromethane

in 150 ml of methylene chloride was added 10.8 g (0.05 mol) of yellow

mercuric ovide and tne mixture was stirrea ot QSO fcr three days. During




this period mercuric oxide gradually disappeared and some bis(fluorc-

[ dinitromethyl)mercury precipitated. The mixture was warmed to LQ°

and filtered. Bis(fluorodinitromethyl)mercury crystallized at 0° ané
' was washed with cold methylene chloride to yield 16.7 g (75% yield)
mp 145-6° (reported17 mp 147°).

This material was obtained quantitatively by reacting
freshly precipitated mercuric oxide with flucrodinitromethane (same
amounts as above) in 75 ml of water. The reaction was ccmpleted in a
few minutes. The clear solution was evaporated to dryness and the salt
was crystallized from methylene chloride.

Similarly, the product was obtained gquantitatively by
reacting fluorodinitromethane with yellow mercuric oxide (same amounts
as above) in 40 ml of methanol. The reaction was completed in 45 minutes.

2. 1-Fluoro-1,1-dinitroethane

A suspension of 1.1 g (0.0025 mol) of bis(fluorodinitro-
methyl)mercury in 4.0 ml of methyl iodide was allowed to stand at ambient
temperature for 8 weeks. Red mercuric iodide gradually deposited and was
filtered. Removal of excess of methyl iodide gave 0.28 g, (80% yield) of
l-fluoro-l,l-dinitroethane. Its proton spectrum was identifical with that
reportedlg.

3. 2-Fluoro-2,2-dinitroethyl Methyl Ether

Perchloryl fluoride was bubbled sloly intc a solution
of 1.0 ¢ (0.025 mol) of sodium hydroxide and 3.9 g (0.025 mol) of 2-fluoro-2,2-
dinitroethanol in 70 ml of methano) until the solutiun ecume nevirad (-9 minj.

The solution was evaporated and the residue was extracted to give 1.0 g of




| IS

‘I

2-fluorn-2,2-dinitroethyl metiyl ether, bp 47° (Smm), 11t€l bp h7-48°

(Lzm). The proton nmr spectrum was identical with that reported2o.
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