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I Introduction

The objective of this research program is to explorc the synthesis of
new functional groupings with potecntial utility in high cnergy propellants
and explosives. The major emphasis of this rescarch has been on the prepa-
ration of organic derivatives of oxidized halogen compounds.

Appendices to this report describe completed areas of investigetion
in the format of journal manuscripts. Appcndix A deals with the prepara-
tion and characterization of alkyl perchlorates from reactions of alcohols
with dichlorine heptoxide. Appendix B describes perchlorylamines obtained
from amines and dichlorine hcptoxide. Appendix C describes re~ctions of
ethers with dichlorine hcptoxide and with a:yl perchlorates. Uncompleted
work that comprises the body of this report includes reactions of silver
perchlorate and of -iachlorine heptoxide with alkyl iodides and reactions of

silver perchlorate and dichlorine heptoxide with halogens and interhalogens

in the presence of olefins.




i I1. Discussion
AN Reactions of Silver Perchlorate and Silver Triflate wich Alkyl Iodides
; In connection with the structure proof of eikyl perchlorates obtained

from dichlorine heptoxide and alcohols ( Appendix A), an independent synthesis
was desirable. The only primary alkyl perchlorates with more than two carhon
atoms described in the literature were prepared by the reaction of silver per-
chiorate with alkyl iodides in a hydrocarbon solvent}' Isomerization would

not have been detected without the availability of nmr. However, reactions of

2 L
other silver salts, such as the nitrate, ,3 totuenesulfonate, and nitrite,5

with alkyl nalides have been studied extensively and under similar conditions,
only primary substitution products have been reporied from primary haulides.

It was unexpected, therefore, to find that the reaction of propyl iodide
witn a suspension of silver perchlorate in carbon tetracnloride, pentane or
1,1,2-trichlorotrifluoroetnane gave isopropyl perchlorate es the major product.
A gquantitative yield of perchlorates was obtained consisting of 60% isopropyl
perchlorate and 40% propyl perchlorate. Variables such as the particle size
of the silver perchlorate and the rate of stirring resulted in variations as
much as 10% in the product distribution but the total yield remained essentially
quantitative.

The use of benzene as the solvent resulted in a slower reaction rate;

16 hrs was required for completion but the product, obtained in 91% yielgd,
consisted ent.rely of propyl perchlorate. No isopropyl perchlorate or benzene
alkylation proaucts were detected by nmr or by glpc after reaction with lithiunm
bromide. The use of mixture. of carbon tetrachloride and benzene gave inter-

mediate results. Thus, a solvent consisting of 33% benzene and 67% carbon

tetrachloride gave a.1 equal mixture of propyl perchlorate and isopropyl




perchlorate. A solvent consistin: of 67% benzene and 33% carbon tetracihloride
;ave a product containing 15% isopropyl perchlorate and es% propyl perchlorate.

Since silver perchlorate is soluble in benzene but much less so ip the
uixed sclvents, the possibility was considered that e homogeneous selective
reaction competes with a heterogeneocus unselective reaction. However, a large
excess of silver perchlorate in benzene, mainly ocut of solution, also gave
completely unrearranged perchlorate.

Methyle..e chloride as solvent gave a product with 62% propyl perchlorate
and 38% isopropvl perchlorate. This solvent thus gives results intermediate
betwveen those with benzene and with hydrocarbons or carbon tetrachloride,

The use of an excess of propyl iodide, with carbon tetrachloride as the
reaction solvent, was also found to reduce the amount of rearrangement. Twice
the theoretical amow:t of propyl iodide gave L4L1% rearranged product, and four
times the theoretical amount of propyl iodide gave only 23% rearrangement.

The difference in selectivity between these silver perchlorate reactions
and those of other silver salts would appear to be related tn the fact that
the perchlorate ion is a poorer nuclecphile. Consequently, since the triflate
ion is similar in reactivity to the perchlorate ion, the corresponding silver
trifiate reactions were examined.

The results were quite similar to those of the silver perchlorate reac-
tions. In carbon tetrachloride, pentane or 1,1,2-trichlorotrifluorcethane,
the product consisted of 34% propyl triflate and 66% isopropyl triflate.
Methylene chloride pave 59% propyl triflate and 41% isopropyl triflate. Benzene
save completely unreaiianyged propyl triflate. Also, as in the perchlorate

reactions, diluted benzenz gave intermediate results. Thus, 33% benzi:n= in




1,1,2-trichlorotrifluoroethane gave 57% rearrangement, 50% benzene ;ave Lop
rearrangement, and 67% benzene gave £3% rearrancement. Using ethyl ether
as sulvent resulted in exchange of alkyl groups. A mixture of products con-
taeining ethyl triflate and ethyl propyl etner was obtained. An excess of
propyl iodide as solvent gave only unrearran-ed propyl perchlorate.

The generally accepted mechanism ifor silver salt displacements is a
push-pull mechanism, in which the transition state requires both "pull” on the
halogzen by silver and "push” by the displacin: anion. The degree of pull
ty silver depends on the nucleophilic power oi the anion. For a strong
nucleophile, the amount of carbon-halo;;en bond breakiny in the transition
state is close to that in an SN 'isplacement, whereas for a weak nucleo-
phile, the halogen bond must be aimost completely ruptured before the new
bond begins to form.

Perchlorate and triflate are the least nucleophilic anions that have
been studied in silver salt alkylations, so the transition state should be
closer to that of an SN 1 reaction. A 1,2 hydride shift can therefore com-
pete with direct displacement.

The prevention of this rearrangement by the use of benzene, alkyl iodide,
or to a lesser extent, methylene chloride as the solvent is more daifficult to
ratiora:ize. The solvents tnat lead or do not lead to rearrangement do not
fall into a pattern with regard to polarity or dielectric constant. One possi-
ble explanation of the results is the reaction of an incipient carboniwm ion
with solvent to form a complex which then undergoes displacement by the anion.
The lack of any byproducts resultins from the alkylation of benzene argues

against this mechanism. Furthermore, the formation of a lower-energy

I
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intermediate should accelerate the reaction, whereas the rate 1s considerably
slower in benzene.

¢ experimental results ere more readily explained as a consequence of
the well-known complexation of silver ions by vbenzene. The coordinated silver
icns are less reactive and so exert less 'pull on the halogens of the reac-
tant. The complexed halogrn is then displucec with a transition state that
is more SN 2 -like. Both the reducec¢ reaction rate and the increased regio-
specificity are explained on this basis. Results with neat alkyl iodides as
solvents can be rationalized similarly on the basis of silver ccmplexation
with solvente. Since complexation is an equilibriuwn phenomenon, intermediate
results in mixed solvents are to be expected. This equilibrium also explains
the ract that a large excess of silver salt out of solution does not change
the results. OSurface sites are subject to the same equilibrium deactivation.

Another possible effect of benzene solvation is increased nucleophilic
activity of the anion, providing a more SN ¢ -like transition state. Further-
more, the heterogeneous reaction requires specific orientation of the substrate
with respect to anion sites on the surface. Repeated adsorbtion-desorbtion at
the silver sites would therefore provide increased possibilities for hydride
shift.

Knowledge of the effect of solvent on selectivity allows one to use these
reactions for preparative purposes. For substrates that do not undergo facile
carbonium jon rearrangement, carbon tetrachloride is a preferred solvent
because of the high reaction rates obtainable and for convenience in nmr obser-
vation of the reaction course. For substrates prone to rearrangements, benzene

provides selectivity. Preparations of perchlorates and of triflates from silver



perchlorate and silver triflate are shown in Tables 1 and 2, respectively.
Yields were determined by nmr integration with the addition of a measured
amount of a suitable reference material. Yields of the triflates were con-
firmed by the same pro edure using fluorine nmr. Spectral properties of the
products were identical with those of the perchlorates (Appendix A) and
triflates6 obtained from the corresponding alcohols and di:hlorine heptoxide
or triflic anhydride respectively. Hexyl iodide and silver perchlorate in
carbon tetrachloride gave mainly secondary perchlorates, and botn £-hexyl
perchlorate and 3-hexyl perchlorate were identified as the corresponding

bromides following reaction with lithium bromide.

CH3(3H2)51 + AsClo, ——> CH3(C}12)500103 +

CH_CH_CH.CH CHCH + CH CH CH CHCH CH
3 o BRI

0C10 0C10
3 i

6




Table 1.

Reactions of Alkyl lodides with Silver Perchlorate

e

o

Starting Material Product

CH3I CH3OClO3

Q%G%I a%m%omgj
(CH3)2<:HI (CH3)2GHOCIO3
cng:cucnel CH, =CHCH,0C10,
G%G%G%I m%m%m%omp3
CH3(CHe)3CHQI 0113(052)3CH20030
m%(m%)sm%l m%(m%)am%omp3

2
=

Yield (%)

81

99

98

96

91

86

39




Table 2. Reactions of Alkyl Iodides with Silver Triflate

Starting Material

Product

C1_0S0 _CF
3==0=—=3
CH CH 0SO CF

ey B T

(CH3)20303020F3

CH2=CH2CHOSOECF3

CH3CH2CHEOSOECF3

S
G%Ungm%oogy3

CH (CH2)8CHEOSOECF3

5

Solvent

CClh

¢e
3

(vlu

CClu
C6H6

C6H6

Yield (%)
85
98
o
95
92
82

93




fsh, Reactions of Alkyl Jodides with Dichlorine Heptoxide.

In a continuation of the screening of dichlorine heptoxiae reactions
with organic compounds containing various functional groups7, alkyl iodides
were examined.

Ethyl iodide reacted rapjdly with a solution of dichlorine heptoxide
in carbon tetrachloride at 0°. Equimolar amounts of the reagents gave a 63%
yield of ethyl perchlorate, a 10% yield of ethyl acetate and a 3% yield of
diethyl ether. To gain insight into the course of this reaction various
ratios of the reactants were examined. A 2:1 molar ratio of ethyl iodide to
dichlorine heptoxide guve a 66% yield of ethyl perchlorate an 11% yield of
ethyl acetate and a 21% yield of dethyl ether. These yields are expressed
in moles of product per mole of dichlorine heptoxide. Thus, the main pro-
duct arising from the addition of a second mole of ethyl iodide js diethyl
ether. 2 third mole of ethyl iodide resulted in no further chanse. An excess
of dichlorine heptoxide resulted in no diethyl ether being Tormed.

These results suggest that the initial reaction gives alkyl perchlorate
and a reactive intermediate not visible by nmr. This intermediate and addi-
tionai alkyl iodide give ether

One might expect the reaction to take place by way of valence expansion
of the lodine since chlorination takes place by this route. Methyl iodide
wus reported8 to form the dichloride at low temperatures, which decomposes

at -30° to form methyl chloride and ICl.

I'Cl —3 CH.CL + IC1
S(ehl 5

CH,I + 012 —> CH

= 3




A similar route may be envisioned for the formation of an alkyl per-
chlorate from an iodide and L1207' The other fragment would be IClO3 or
E IOClOE. Addition of this fragment to alkyl iodide and decomposition of the
adduct would give a reactive alkoxy derivative such as the hypoiodile or

E chlorite:

~01
RI + I0C10, ~——> RI ———> ROI or ROClO

Information as to the types of alkoxy derivatives that could possibly
be involved was obtained by using model compounds. Chlorine oxide in carbon
L tetrachloride was thus treated with ethyl iodide. The products were ethyl

chloride (40% yield), diethyl ether (10%) and ethyl acetate (4%).

CoHgT + Cla0 ——> C,H.C1 + (02H5)0 + C.H

5 OEQ{

> . 5

Ethyl hypochlorite in carbon tetrachloride solution was prepared by the
literature methodg. Reaction of this compound with two moles of ethyl jodide
gave ethyl chloride (82% yield), ethyl acetate (4%) and diethyl ether (37%).
The use of equimolar amounts of the reagents gave a quantitative yield of
ethyl chloride and a new compound, which, on the basis of its nmr and ir spec-
tra, was assigned the structure, ethyl hypciodite. The same compound was
obtained from ethyl hypochlorite and methyl iodide. In this case the other
product, methyl chloride, was readily removed under vacuum to give a solution
containing only ethyl hypoiodite. The same compound was also obtained from
ethyl hypochlorite and iodine.

CQHSOCl + 02HSI — 02H5OI + CeHSCl

CeliSOCl + CH31 G 021{501 + CH,C1

3

CQH OClL + 1 e CQH oI + IC)

5 2

]




Ethyl nypoiodite in carbon tetrachloride was decomposed in several nours,
liverating iodine. In the presence of water it decompused rapidly. The com-
pound reacted with an equimolar amount of ethyl iodide to give diethyl etner
in 41% yield and ethyl acetate in 12% yield.

The product mixture from ethyl hypoiodite and ethyl iodide is thus simi-
lar to that arising from the addition of a second mole of ethyl iodide to the
ethyl iodide -01207 reaction mixture. Ethyl hypoiodite or another R-0-X type
interm:diu.2 is implicated, but R-0-21 cannot be the intermediate since hypo-
chlorites gave mainly alkyl chlorides when reacted with iocdides. The results
are not definitive but are consistent with ClO3I asEthesa it allisprodueit:.

The formation of hypoiodite rIrom hypochlorite, and the formation of ether
from iodide and hypoiodite can be rationalized on the bhasis of trivalent iodine

‘ntermediates as follows:

i
RI + ROCl =——> R-I] ~—13 RCL + ROIL
\5 OR

ROl = m e gan I
&_>OR

Similar results were obtained with other alkyl iodides and dichlorine
lieptoxide. Thus methyl iodide gave methyl perchlorate in 73% yield and di-
methyl ether in 12% yield with 1 mol of 01207. With a 2:1 ratio of iodide to
GlQOT, the yield of ether was increased to 35%. Propyl iodide with 1 mol of
Cl:07 cave propyl perchlorate (61%), isopropyl perchlorate (9%), propyl pro-
picnate (9%) and dipropyl ether (2%). A higher ratio of iodide to Cl,0, increasec

the ether yield. Isopropyl iodide with an equimolar amount of Cl1.0, jave only
=

T

isopropyl perchlorate (74% yield), but with excess iodide, isopropyl cther

5

11




isopropanol, and 2,2-diperchloratopropane were also formed. Pentyl iodide
and hexyl iodide gave the corresponding perchlorates with 1 mol of C1207.
In all of these reactions an insoluble white solid was also formed that
was not identified.

Iodobenzene also reacted with 31207 at 0° to give a white solid that
tecame blue-green and then white again. The final material was stable, but
the composition is not yet known. When the reaction was carried out at room
temperature, the initial precipitate exploded. Perfluoroheptyl iodide reac-
ted with C1207 Siir) CClu under reflux or after prolonged standing at room teum-
perature to give a white solid. Trifluoroethyl iodid: reacted slowly with
C;:O to give an unidentified insoluble oil. The carbon tetrachloride solu-
tion contained a conipound tentatively identified (ir and nmr) as trifluoro-
ethyl chloroformate, suggestive of attack on the solvent.

An altempt was made to trap intermediates in the reaction of fluorinated
iodides with C1207 by the addition of an olefin. Addition of ethylene to a

solution of trifluorcethyl iodide and Cl in cerbon tetrachloride gave

0)
e
ethylene diperchlorate, 2-chloroethyl perchlorate and ethyl perchlorate.
Only a trace of the iodide was required to promote this reaction, whereas no

reaction took place between Cl,.0., and ethylene in the absence of the iodide
[

under the same conditions. More reactive olefins gave similar products

i

directly’'. Thus, trifluoroethyl iodide appears to function as a catalyst

to promote the reactivity of ClﬂOY. Perfluoroheptyl iodide and pentafluoro-
[

icdobenzene had similar catalytic effects.

Another olefin that did not reect directly with C120, in CClu was 1,1-di-

¢

fluorcethylene. In the presence of triflucrcethyl iodide, however, Z2-chloro-

Lok



1,1-difluorcethyl perchlorate, and 1,1-difluoroethyl perchnlorate, as well

as a trace of 2-iodo-1,1-difluoroethyl percnlorate were formed.




o Reactions of Dichlorine Heptouxide-Halo:en and Silver Perchlorate-

Halogen Mixtures with Clefins

Reactions of alkyl iodides with dichiorine heptoxide above were
surgestive of trivalent iodine reactive intermediates. Michael and Conn,
in 1901, reported a vigorous reaction between dichlorine septoxide and
iodine to give a white powder that fwned in airlo. A reinvestigation of
this reaction was of interest, both from the standpoint of the type of bond-

ing involvea and from the stardpoint of finding a useful synthetic reagent.

When iodine was added to o carbon tetrachloride solution of dichlo-
rine heptoxide, the iodine was consumed over a 1 hr period to give a white
solid and a pale yellow solution. KEqual molar amounts of the reagents were
consumcd. The solid appeared to be iodine pentoxide, but prel*minary analy-
tical rcsults were erratic. Iodine chloride also reacted with dichlorine
heptoxide to give & solution and a solid with appearance similar to those
{rom iodine. Todine bromide reacted only very slowly with dichlorine hep-
toxide, and chlorine and bromine ;;ave no evidence of reaction. To obtain
information regarding the soluble products from iodine and from iodine chlo-
ride, reactions with olefins wcre studied. In-situ reactions of halcgens
and dichlorine heptoxide with olefins were also studied.

1,1-Difluoroethylene reacted with the soluble product from iodine and
dichlorine heptoxide to gilve 2-iodo-1,1l-dif'luoroethyl perchlorate in h0-60%
yields, as well as small amounts of 1,1-difluoro-1,2-diiodoethane. The
iodine chloride product reacted similarly to give in 65-75% yield a mixture
of 2-chloro-1,1-difluoroethyl perchlorate and £-iode-1,1-difluoroethyli per-

chlorate. The latter was the major product. The compounds were identified

14




by nmr and ir spectra, as well as by quantitative analysis for hycérogen

and fluorine by mar.

x CC:L;4
CHE—C}2 + C1207/I2 ity ICH20F20010 + ICHQCle

3

Gl al¥, & 000 /T0) Semeueey 10 0H G610 & L1007 0010 - CLOH GF 0CLO
i < & 7 2 R - 3 0

9]

3

Ethylene also reacted with either iodine-dichlorire heptoxide or iodine
chloride-dichlorine heptoxide to give 2-icdoethyl perchlorate in 10-15%
vields. The major products were 1,2-diiodoethane and l-chloro-zZ-ivdoethane,
respe~tively. ftaylene also reacted rapidly with dichlorine heptoxide when
chlorine or bromine was added, to give the corresponding 2-haloethyl per-
chlorates in 10-15% yield. Again, the 1,2-dihaloethanes were the ma jor pro-
ducts. These perchlorates were identified by comparison wi-! authentic
camples prepared from the corresponding alcohols and dichlorine heptoxide.

2-.Chloro-1,1-difluorcethyl perchlorate was obtained 1a 50% vield from
the reaction of equimolar amounts of 1,l-difluorocethylere, dichlorine hep-
toxide and cnlorine. ©Smaller amounts of 1,2-dichloro-1,l-difluoroethane
ard 1,1-d:7luoroethyl perchlorate were also obtained.

Tetrafluoroethylene also reacted readily with dichlorine heptoxide-
halogen mixtures. The major reaction products with dichlorine heptoxide-
iodine were identified as 2-chlorotetrafluoroethyl perchlorate and 2-iodo-
tetraf'luoroethyl perchlorate. These two compounds were identified by com-
varing their fluorine nmr spectra with those reported for 2-chlorotetrs-
fluoroethyl perchloratell and 2-iodotetrafluorocethyl perchloratelg. Smaller

amounts of l-chloro-2-iodotetrafluoroethane and 1,2-dichlorotetrafluoro-



ethane were also produced in this reacticn:

1

CC1l

\ ~ / l}‘ v - e ARl h v N Ny A
CF?=CP2 + LLZOY/12———-——9ICF2CF20u103 + ban:urZOLlO3 + IpF2CF2Cl + LlCFQCPECl
é Dichlorine heptoxide-iodine chloride also reacted with tetrafluoro-

ethylene to give a 50-6C% yield of 2-chlorotetrafluoroethyl perchlorate

and murch smailer amounts of 1,2-dichloro- and l-chloro-2-icdotetrafluoro-
ethanes. No Z2-iodotetratluoroethyl perchlorate was obtained in this reac-
tion. On the other hand, the reaction of tetrafluoroethylene with di-
chlorine heptoxide-icdine bromide yielded both 2-bromotetrafluoroethyl per-
chlorate and 2-iodotetrafluoroethyl perchlorate, each in 30-40% yieid. The
identification of 2-bromotetrafluorcethyl perchlorate is tentative and is
based on the similarity of its fluorine nmr spectrum (two triplets at ¢
67.9 ana §1.8) with those of 2-chlc - and 2-bromotetrafluoroethyl perchlo-
rates. A small amount of l-bromo-c-iodotetrafluoroethane was also produced
in this react.ion.

N

S e o N ICF CF OCLO. + BrCF_CF OC10. + BrCF CF I
o=CF, + C1,0,/IF siSeu g el g e i

Additional work is in progress to determine the course of these rea~.
tions. The reaction of dichlorine heptoxide with iodine is of particular
interest since it gives - intermediate that is relatively stable in solu-
tion and gives olefir adducts cof the elements of iodine perchlorate. Iodine
perchlorate is the only unkaown member of 4he family ol halogen perchlorates.
Reactions of chlorine and of bromine with olefins and dichlcrine heptoxide
would appear to take place by perchlorate trapping of halonium ions or ha-
logen-olefin complexes, since there is no evidence of a reaction between
the halcg- s and dichlorine heptoxide. These reactions are of inteiest as

a practical route to p-halo perchlorates, previously obtainable only from

halogen perchlcrates.

16




A related route to this type of product is the reaction cf silver
perchlorate with halogens. The reaction between silver perchlorate and
iodine has been studied by a nwrber of worknrsij. In inert solvents such
as carbon tetrachloride, no reac.ion ﬁ“curs'L whereas more reactive solvents
are attacked. Recently, fhriste and Schack failed t~ synthesize iodine
perchlorate by reacting lodine with chlorine perchiorate, but obtained
icdine tris(perc;;ﬁrate)lb.

Although no visible reaction occurs between anbydrous silver per-
chilorate anéd iodine, perchlorates are readily produced when an olefin is
added to the mixture. Ethylene, 1,1-diflucroetiiylene, tetrafluoroethylene,

and 1,1-dichloroetnvliene were tle olefiins employed in the study of these
’ 3 Y

reactions which proceeded by the following general equation:

(R,=CR', + X_ + AgCl0, ———> CR XCR_'0Ci0_ + AgX
= c 2 Sh (e e

R

1

HorF; R'= H, For Cl

24

il

B ]

Ir most cases, these reactions yield the same products as dichlorine
heptoxide-halogen mixtures, but silver perchilorate reactions generally yield
only one product. Thus, stoichiometric mixtures of chlorine, bromine or
iodine and silver perchlorate reacted when 1,1-diflaoroethylene to give
2-chloro-1,1-difluoroethyl, 2-bromo-1,1l-difluoroethyl, and 2-iodo-1,1-di-

fluoroethyl perchlorates, respectively, in 95-98% yields:

Cli,=CF, + X, + AgCLC, —— XCiL,CF 0010, + AgX

X = Cl, Br, I
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2-Jodo-1,1-diflucroethyl perchlorate was also obtained by using iodine
chloride or iodine bromide in the above reaction. These reactions were
completed in 15-00 min &t room temperature. Carbon tetrachloride or
m2thylene chloride are convenient sc.vents for these reactions and silver
perchlorate must be scrupulously denydrated before use.

Silver perchlorate-halogen mixtures are somewhat less reactive with
olefins than dichlorine heptoxide-lalogen mixtures. Thus, whereas the
reaction with dichlorine heptoxide and tetrai'luoroethylene took place with
iodine, iodine chloricde or iodine bromide, only iodine chloride was reactive

with silver perchlorate.

CF,=CF, + IC1 + AgCl0, —> ICF,CF, 0010,
= & “ c.

1

2-Jodoethyl perchlorate was obtained in ood yields when iodine, iodine
chloride, or iodine bromide and silver percnlorate mixtures were reacted with
ethylene. 1,1-Dichlorcethyiene also reacted with silver perchlorate-balogen
mixtures to give the corresponding 2-halo-1,1-dichlorocethyl perchlorates

and 1,2-dihalo-1,1l-dichloroethnane:

CH2=CCl2 + AgClOu + Xg——-> XCHECClQOClO3 + XCH2CClQX

A = OIS T
The tetranaloalkanes were identified by comparing their nmr spectra with those
of the authentic compounds. The identification of 2-halo-1,1-dicblzrcethyl

perchlorates is tentative and is based on infrared and proton nmr spectra of

the compounds.
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D- Miscelluneous Reactions

Reactions of simple olefins witn dichlorine heptoxide in carbon tetra-
chloride were described previously7. Extension of this recction to 1,1-di-
fluoroethylene resulted only in the formation of a low yield of 1,1-difluoro-
ethyl perchlorate, apparently tormed from perchloric acid preseat as an impu-
rity. Subseguently, water was added to dichlorine hepcoxide solution in
carvon tetrachloride as a convenient source of small quantities of anhydrous
perchloric acid. This reagent and 1,1-difluoroethylene gave a T6% yield of
1,1-dif uoroethyl perchlorate. Propene similarly gave a 65% yield of iso-
cropyl perchlorate and a 10% yield of l-chloro-2-propyl perchlorate, a pro-
duct previously obtained from propene and dichlorine heptoxideY. Allyl chlo-
ride and the perchlcric acid reagent gave a 91% yield of 1l-cbloro-2-propyl
perchlo:ite. Ethylene gave a 63% yield of ethyl perchlorate, whereas 1,1-di-

chloroethylene did not react.

Hcmu
CH.=CF =5 - GO0
2 e e 3
=CHCH  ~——————» (CH,).CHOC1O 1
CH,, 3 ( 3)2 3 * ClCHE'C‘{CH3
ocm3
C1CH CH=CH =——————> CJ.CH CHCH
2 2 2‘ 3
0C10.
3
CH =CH ——— 3 CH,CH 0OC10
QS Fan 3

Reactions of ketones with dichlerine heptoxide to give geminal diperchlo-
rates were described previouslyY. Attempts to extend this reaction to aldehydes

resulted in the formation of Li-h yields of carbexylic acids. Valeruldehyde

gave an 86% yield of valeric aciu, and pivaldehyde gave an 81% yield of pivalic




acid. Dichlorine heptoxide also functioned as an oxidizing agent for nitroso
compounds. Thus nitroscbenzene gave a 96% yield of nitroberzene.

Gl 6
el - mﬁ(c&g) COOH
g

grasecy 3

(CcH_)_ccHo ~——————> (CH_) CCOOH
B8 3°3

o _—______9 ~ YO
C6P5N0 C H_N

Attack of nurleophiler on the chlorine of a perchlorate group was exa-
i mined as a mild perchlorylation reaction. Perhalogenated perchlorates offer
the advantages of reduced tendency for attack on carbon by the nurlenphile,

and inability to undergo perchi...ic acid elimination. An easily available

perchlorate of this type is 2-iodotetrafluoroethyl perchlorate, prepared by
mixing iodine, silver perchlorate and tetrafluorcethylene. The reaction of
tiis compound with hexylamine gave N-perchlorylhexylamine and N-hexyl-1,1-di-
fluoro-l-iodoacetamide:

AgCl0
CF =C’F ____..————} ICF CF CC‘O
i I gy 2
2

JCF_CF OC10 + RNH ———> RNHC1O + RNH F + ICF,CF=0
s e 2 3 3 2

RME, + ICF CFO —> RNHCCF I
2 2 § 2

0
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LI, Exgerimental

A. Reacti~ns of Silver Perchlorate and Silver Triflate with Alkyl Iodides.

Reaction of Silver Perchlorate with Propyl lodide. Commercisl silver

perchlorate was dried azectropically before usel. Propyl iodide (0.170 g, 1 mmol)
wes added with stirring to 0.207 g (1 mmol) of silver perchlorate and 3 ml of
cerbon tetrachloride at 0°. The mixture was stirred for 1 hr and filtered. Nmr
analysis of the solution, using chlorobenzene as a quantitative standard showed
a quantitative yield of a mixture of propyl perchlorate (hO%) and isopropyl per-
chlorate (60%). Variables in this heterogeneous reaction that are difficult to
reproduce, i.e., particle use of the silver perchlorate and the rate of stirring,
resulted in variations of  10% in the yields of the components, but the total
was quantitative. Identical resvlts were obtained when using pentanc or 1,1,2-
trichlorotriflnoroethane as the solvent. Methylene chloride gave a 92% yield of
a mixture of propyl perchlorate (62%) and isopropyl perchlorate (38%). 1In an
experiment identical to that above using carbon tetrachloride, but with twice
the theoretical amount of propyl iodide, the product consisted of 41% isopropyl
perchlorate and 59% propyl perchlorate. Four times the theoretical amount of
propyl iodide gave 23% isopropyl perchlorate and 77% propyl perchlorate.

The use of benzene as the reaction solvent required a reaction
period of 18 hrs at room temperature, with stirring. The benzene solution
was filtered, washed with water, and dried over magnesium sulfate. Nnr analysis
shnwed a 91% yield of propyl perchlorate and no trace of isopropyl perchlcrate
or cumene. The benzene solution was added to an equal volume of lO% lithium

bromide in acetone, washed with water and dried. Nmr and glpc chowed propyl
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bromide but no isopropyl bromide. No rearrangement was observed when ten
times the theoretical amount of silver perchilorate (2.07 g) was used, mainly
out of solutionl

The reaction of equivalent amounts of propyl icdide and silver
perchlorate for 18 hrs, as above, in a solvent consisting of 33% benzene
and 67% carbon tetrachloride gave a 30% yield of perchlorates consisting
of 50% propyl perchlorate and 50% isopropyl perchlerate. A solvent consis-
ting of €T% benzene and 33% carbon tetrachloride gave a 91% yield consis-
AL (ORF 15% jcopropyl perchlorate and 85% propyl perchlcrate.

ropyl perchlorate and isopropyl perchlorate were unchanged in

control experiments in the presence of silver perchlorate and silver iodide.

Reaction of Hexyl lodide with Silver Perchlorate in Carbon

Tetrachlorjde. The above procedure was used. Nmr analysis showed that the

product consisted of 42% 1-hexyl perchlorate and 58% secondary perchlorates.
In this mixture the relative anounts of 2-hexyl perchlorate and 3-hexy)
perchlorate could not be determined. The mixture was added to an equal
volume of lithium bromide in acetone and washed with water. A mixture of
2-bromohexane and 3-bromohexane was isolated by preparative glpc. Nmr
analysis, by comparison with authentic samples, showed a U:1 ratio of 2-
bromohexane to 3-bromohexane.

In control experiments, l-hexyl perchlorate gave a quantitative

vield of l-bromohexane, and the secondary isomers gave a 50% yield of the

corresponding bromide.




Reaction of Silver Triflate with Propyl lodide. Propyl iodide (0.170 2,

=

.0 mmol) was added with stirring to 0.257 g (1.0 mmol) of silver triflate in

3 il of carbon tetrachloride at room temperature. The mixture was stirred tfor

[

tirs and was filtered. Yields were determined by both proton and fluorine
nmr using benzotrifluoride as a quantitative standard. A 979 yield of tri-
Tlates was obtained consisting of 34% propyl triflate and €6% isopropyl
triflate. The yields of the components varied ¥ 10% but the total was always
nearly quantitative. The same results were obtained using 1,1,2-trichlorotri-
fluorcethane or pentane as the reaction solvent. Methylene chloride gave a
95% yield consisting of 59 propyl triflate and 41% isopropyl triflate. Using
benzene as solvent, with an 18 hr reaction period gave a 92% yield of propyl
triflate with no isopropyl triflate. A solvent consisting of 33% benzene and
67% 1,1,2-trichlorotrifluoroethane gave a 98% yield containing 43% propyl tri-
rlate and 57% isopropyl triflate; SO% benzene,50% 1,1,2-trichlorotrifluoro-
ethane gave a 98% yield with 51% propyl triflate, 49% isopropyl triflate; 67%
benzene, 33% 1,1,2-trichlorotrifluorcethane zave a 94% yield with 77% propyl
triflate, 23% isopropyl triflate.

Using ethyl ether as solvent gave & mixture of products containing cthyl
triflate and ethyl propyl ether.

Propyl Triflate. A solution of 0.30 g (5 mmol) of propanol and 0.335

(5 mmol) of pyridine in 5 ml of carbon tetrachloride was added dropwise, with
stirring to a solution of 1.41 g (5 mmol) of triflic anhydride in 10 ml of

carbon tetrachloride at U°. 1In 15 min the soluticn was filtered, washed with
wvater, and dried over magnesium sulfate. Nmr analysis using chlorobenzene as

a quantitative reference, showed an 86% yield of propyl triflate: proton nmr
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(c01h)‘§u.u5 (t, 2H, J=6 Hz, CH,0-), 1.83 (m, 2H, CH,CH,0-) and 1.08 ppm (t,
3H, J=6 Hz, Cﬂj); fluorine nmr (CClh) & 75.80 ppm {s)}; ir (CClh) 2990 (m),
160 (w), 1420 (vs), 1250 (s), 1220 (vs), 1155 (vs) and 950 cm'l(vs).

Pentyl Triflate. Pentyl iodide (0.91 ;, 4.6 mmol) was added dropwise

with stirring to a partial solution of 2.40 ;; (8 mmol) of silver triflate in
25 ml of benzene. The mixture was stirred for 18 hrs and filtered. The til-
trute was washed with water, dried over magnesium sulfate and distilled to
sive 0.785 ¢ (82%) of pentyl triflate, bp 59-57 (1.5 mm), with spectra identi-
eElil SEhdy waosE e dle litcrature6.

Decyl Triflate. Decyl iodide (4.02 2, 15 mmol) was reacted by the above
procedure with 5.14 g (20 mmol) of silver trifiate in 100 ml of benzere. The
washed and dried bernzene solution was filtered through silicic acid and stripped
of solvent to give 4.05 g (93%) of decyl triflate, a colorless oil: proton
nmr (CD013)6'u.u2 (t, 2, J=6 Hz, GH,0-), 1.82 (m, 2H, CHyCH0-), 1.27 (m,

14, Gi,) end 0.83 ppm (m, 34, (,); fluorine mmr @ 75.% (s); dr (CCL) 1420,
1220, 1160 and 950 cm~t (505CF5).
Anal. Caled for CllH21F3SO3: C, 45,80 e e ol g 05 Beund:

C, 45.55; H, 7.09; S, 11.h4o.




B. Reactions of Alkyl Iodides with Dichlorine Heptoxide.

Reaction of Ethyl Iodide with Dichlorine Heptoxide. Ethyl iodide

(C.0936 g, 6 mmol) was added dropwise with stirring at 0° to 2 ml of 0.3 M
dichlorine heptoxide in carbon tetrachloride. A granular, colorless preci-
pitate and a purple solution formed immediately. Nmr analysis of the solu-
tion showed that the ethyl iodide was consumed in 15 min to give ethyl per-
chlorate (63% yield), ethyl acetate (10%) and diethyl ether (3%). The pro-
ducts were identified by coqparison with authentic samples by nmr, ir, and,
for ethyl acetate and ether, glpc retention times.

In a similar experiment using 2 moles of ethyl iodide per mole
of 01207, the ethyl iodide was consumed completely to give ethyl perchlorate
(66% yield, mols product per mol of 01207), ethyl acctate (11%) and diethyl
ether (21%). Using 3 moles of ethyl iodide per mole of 01207 gave the same
yields ancd 1 riole of ethyl iodide was left unchanged.

Variations of reaction temperature (-20° to +25°) did not appre-
ciably effect product ratios. A twofold excess of dichlorine heptoxide gave
a 7T% yield of ethyl perchlorate, a 9% yield of cthyl acetate and no ethyl
@ {aEe,

Reaction nf Ethyl Iodide with Chlorine Oxide. Ethyl iodide

(0.0936 g, 6 mmol) was added with stirring at 0° to 1 ml of 0.3 M chlorine
cxidelY in carbon tetrachloride to give a purple solution containing (nmr
analysis, mols per mol ClQO) ethyl chloride (4C%), diethyl ether (10%) and
ethyl acetate (4%).

Reaction of Ethyl lodide and Methyl lodide with Eth:) Hypochlorite.

A C.3 M solution of ethyl hypochlorite in carbon tetrachloride was prepared
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by the reported procedure9: nmr (CClh)c;3.37 (5 2By 0= o5 iz CH2) and
1.30 ppm (t, 3 H, J = 6.5 Hz, CH3); ir (001h) 3010 (m), 2960 (m), 1385 (m),

1120 (m), 1030 (s) and 990 cm % (w).

mee W WRE N

Ethyl icdide (0.0936 g, 0.6 mmcl) was added to 1 ml of this solu-
’ tion with stirring at 0 Ethyl iodide was consumed in 1 hr to give a purple
" solution containing ethyl chloride (82%, mols per mol ethyl hypochlorite, nmr
analysis) ethyl acetate (11%) and diethyl ether (37%).
A similar experiment using 0.3 mmol of ethyl iodide gave a quanti-
3 tative yield of ethyl chloride and a compound having @& methylene quartet at

é4.37, tentatively identified as ethyl hypoiodite.

The latter compound was also obtained when methyl iodide was sub-
stituted for ethyl iodide in the above experiment. The resulting methyl
chloride was removed in vacuo to give a colorless solution of etnyl hypoiodite:
nmr (001u)5'h.37 (q, 2 H, J = 6.5 He, CH,) and 1.32 ppm (t, 3 H, J = 6.5 Hz,
753); ir (CClu) 2970 (m), 1480 (m), 1450 (w), 1270 {m), 1240 (m), 1010 (s) and
870 cm—l. The compound decomposec in several hours at room temperature libera-
ting iodine. It was decomposed on washing with water. The same compound,
contaminated by ICl, was obtained by adding an equivalent of iodine to ethyl
hypochiorite in carbon tetrachloride.

A solution contairing 0.3 mmol of ethyl hypoiodite was prepared
&5 above from methyl iodide, and 0.3 mmol of ethyl icdide was added to give
ethyl acetate (12%) and diethyl ether(41%). In a control experiment, diethyl
ether did not react with ethyl hypochlorite in 72 hrs.

Reaction o1 Methyl lodide with Dichlorine Heptoxide. Methyl iodide

(0.085 3, 0.6 mmol) was added to 2 ml of 0.3 M dichlorine heptoxide in carbon
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tetrachloride with stirring at 0°. After 15 min the solution was filtered.
Nar analysis showed methyl perchlorate (73%) and dimethyl ether (12%). Under
the same conditions, using twice this amount of methyl iodide gave methyl
verchlorate (70%) and dimethyl ether (35%).

Reaction of Propyl lodide with Dichlorine Heptoxide. Propyl

iodide (0.102 g, 0.6 mmol) was added dropwise with stirring to 2 ml of 0.3 M
dichlorine heptoxide in carbon tetrachloride at 0°. An immediate reaction
zave a white precipitate and a purple solution. Nmr analysis of the solution
showed propyl perchlorate (619 yield, mcls product per mol C1207), isopropyl
perchlorate (9%) propyl propionate (9%) and dipropyl ether (2%). In a simi-
lar experiment using twice the above amount of propyl iodide, the yields

were unchanged except that of propyl ether (29%).

Reaction of Isopropyl Iodide with Dichlorine Heptoxide. Iso-

propyl iodide (0.102 g, 0.6 mmol) and dichlorine heptoxide (0.6 mmol) were
reacted as above to give isopropyl perchlorate (74%) with only trace impuri-
ties detectable by nmr. Twice this amount of isopropyl iodide gave isopropyi
perchlorate (71%), isopropyl ether (16%), isopropanol (28%) and 2,2-diper-
chloratopropan818(3%).

Reaction of Pentyl Iodide with Dichlorine Heptoxide. Pentyl

jodide (0.1188 g, 0.6 rmol) and dichlorine heptoxide (0.6 mmol) by this pro-
cedure gave pentyl perchlorate (76%) with traces of ester and ether impurities.
In this case, the white precipitate was washed with carbon tetrachloride and

dried under vacuum: mp>300° (the mp of iodine pentoxide is 300-325° dec).

Anal. (alcd for 1205: I 76,03, Pound: I 10:687; Q&0 1%




Reaction of Hexyl Icdide with Dichlorine lieptoxide. Hexyl

iodide (0.1272 g, 0.6 mmol) was added to 2 ml of 0.3 M dichlorine hep-
texide in carbon tetrachloride with stirring at 0°. DNmr analysis of the
filtered solution showed a 54% yield of hexyl perchlorate. The solution
was added dropwise to an equal volume of 10% lithium bromide in acetone.
Acetone was removed by repeated washing with water. Nmr analysis of the
solution showed a 49% overall yield of hexyl bromide (91% based on hexyl
perchlorate).

Another experiment using twice the above amount of hexyl indide
gave hexyl perchlorate (56%, mols per mol of dich orine heptoxide) dihexyl
ether (37%) and an unidentified carbonyl-containing compound (ca. 5%). The
solution was treated with lithium bromide and with water as above. Hexyl
bromide and dihexyl ether were isolated by glpc (6 ft x l/k in column of
12% QF-1 on chromosorb W, 750) and identified by retention time and spectra.

Reaction of lodobenzene with Dichlorine Heptoxide. Iodobenzene

(0.122 g, 0.6 mmcl) was added at O° with stirring to 2 ml of C.3 M dichlo-
rine heptoxide in carbon tetrachloride. A white solid separated which be-
came blue-green in 15-20 min and white agein after 10 min. This solid was
insensitive to shock and was stable for several weeks at room temperature.
The carbon tetrachloride solution showed nc nmr signals. The solid was
washed with carbon tetrachloride and dried under vacuum: mp h5~550 Gl
This solid was insoluble in most common solvents, but reacted rapidly with

dimethyl sulfoxide and slowly with methanol. The ir spectrum showed strong

vands at 3400 and 1100 em™t.




Apal. Found: C, W65 My 1.8%: €l 1aT5 I Laneis

When the addition of ilodobenzene to the dichlorine heptoxide
solution was carried out at room temperature, the initial precipitate
explcded.

Reaction of Perfluoroheptyl lodide with Dichlorine Heptoxide.

Perfluoroheptyl iodide (0.298 3, 0.6 mmol) wes heated under reflux for

3 hrs with 2 ml of 0.3 M dichlorine heptoxide ir carbon tetrachloride. A
white solid was formed in about 20% comversion. The solution contained
starting material and about 5% of a carbonyl-containing material (1715 cm™1).
The same products were formed when the reactants were stirred for 6 wks at
ambient temperature. The structures are under investigation.

Reaction of Trifluoroethyl Iodide with Dichlorine Heptoxide.

-

Trifluorcetinyl iodide (0.186 g, 0.6 mmol) was stirred with 2 ml of 0.3 M
iichlorine heptoxide in carbon tetrachloride for 18 hrs at room tempera-
vure. Tne starting material was consumed and an orange-red oil separated.
Tne carbon tetrachloride layer was removed and fresh carbon tetrachloride
and water were added. HNmr and ir spectra showed a 35% regeneration of
trifluoroethyl iodide. The original carbon tetrachloride solution con-
tained a 16% yield of a compound tentatively identified as trifluoroethyl
chloroformate: proton nmr (JClu)J"h.SO (q, Jyp = 7 Hz, CF3§22); fluorine
nmr (CCL,) @78.08 pom (t, Jgp + 7 Hz, CFGH,); ir (€CL,) 1710 (s), 1125
s

Reaction of Trifluoroethyl Iodide and Ethylene with Dichlorine

Heptnxide. Ehtylene (1 ml, 0.6 mmol) was added by syringe to a partially




evacuated flask containing 0.186 g (0.6 mmol) of trifluoroethyl iodide
and 2 ml of 0.3 M dichlorine heptoxide in carbon tetrachloride, and the
mixture was stirred for 18 hrs at room temperature. No insoluble material
was formed. The mixture was stirred with wvater and the carbon tetra-
chloride layer was dried over magnesiwi sulfate. Nmr analysis using chloro-
Lenzcne as & quantitative standard showed ethylene diperchlorate (16%), o-
chloroethyl perchlorate (33%), trifluorocthyl iodide (78%) and etiyl per-
chlorate (4%). The perchlorates were identified by ir, nmr ard «lpe
comparison with authentic samples prepared from the ccrresponding alcohels.
An otherwise identical experiment with only 0.06 mmel of tri-
fluoroethyl iodide gave ethylene diperchlorate (20%), 2-chloroethyl per-
chlorate (33%), trifluorcethyl iodide (7%) and ethyl perchlorate (£%).
Bthylene ¢did not react with dichlorine neptoxide under these

conditions in the absence of an iodide.

Reaction of Perfluoroheptyl Jodide and Ethylene with Dichlorine

leptoxide. Under the above conditions, equimolar quaniities of ethylene,
dichlorine heptoxide and perfluoroheptyl iodide gave elhylene diperchlorate
(7%), 2-chloroethyl perchlorate (11%), perfluorcheptyl iodide (90%) and
ethyl perchlorate (14%). The ethylene was nc . completely consumed.

Reaction of Pentafluoroiodcbenzene and Ethylene with Dichlorine

Heptoxide. By the above procedure, equimolar amounts of ethylene, penta-

fluoroiodobenzene and dichlorine heptoxide gave ethylene diperchlorate

(17%), 2-chloroethyl perchlorate (23%), ventafluoroiodobenzene (87%) and

ethyl perchlorate (5%).
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Reaction of Trifluoroethyl Iodide and 1,1-Difluoroethylene

with Dichlorine Heptoxide. By the above procedure equimolar amounts of

trifluorcethyl iodide, 1,l-difluoroethylene and dichlorine heptoxide
gave 2-chloro-1,1-difluorcethyl perchlorate (31%), trifluoroethyl iodide
(37%), 1,1-difluoroetu.yl perchlorate (7%) and 2-iodo-1,1l-difluoroethyl

perchlorate (3%). These perchlorates were identified by comparison with

authentic samples described elsewhere in this report.

Sjil
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Co Reactions of Dichlorine Heptoxide-Halogen and Silver Perchlorate-

Halogen Mixtures with Olefins.

Reaction of Dichlorine Heptoxide and Iodine with 1,1-Difluoro-

ethylene. To a suspension-solution of 0.254 g (1.0 mmol) of iodine in 10 ml
or' carbon tetrachloride was added 3.3 ml of dichlorine heptoxide solution in
carbon tetrachloride (1.0 mmol of ClEOT) erd the reaction mixture was stirred
at room temperature for 18 hrs. All the icdine was ccnsumed to give an orange
solution and a white precipitate. The mixture was filtered and to the filtrate
was added, by syringe, 22 ml (1.C mmol) of 1,1-difluorocethylene. The mixture
was allowed to stand at room temeprature cvernight. The solution was concen-
trated t6 3 i proteon nmr (CClh)c§3.52 (t) and 4.08 (t); fluorine nmr

¢ 45,6 (t) and 73.4 (t). The two compounds in the mixture were identified

as 1,l-difluoro-1,2-diicethane and 1,1-difluoro-2-iodoethyl perchlorate. An
authentic sample of the diiodo compound was prerured by the addition of iodine
to 1,1-difluorcethylene in carbon tetrachloride solution, proton nmr (CClh)
§4.07 (t); fluorine mar # 45.8. For the identification of the perchlorate,

see below.

Reaction of Dichlorine Heptoxide and Iodine Chloride with 1,1-

Difluorocthylene. Iodine chloride (0.10 g, 0.6 mmol) in 1.0 ml of carbon

tetrachloride was added with stirring to 2 ml of 0.3 M dichlorine heptoxide
in carbon tetrachloride. The mixture became turbid and gradually deposited
a pale yellow solid. Afte 2 hrs the iodine chloride was consumed and 15 ml
(0.7 mmol) of 1,l-difluorocethylene was added with a syringe. The mixture was

allowed to stand overnight: proton nmr (CClh)cyB.Sh (t) and 3.72 (t); fluorine

nor ¢ 73.9 (t) and 80.2 (t). The 63.54 and ? 73.9 compound comprised 70% of




the sample.

The solution was concentrated to ca 20% of its original volume
and the two compounds were separated by glpc (5' x 1/4" column of 12% QFI on
chrom W, 60-80 mesh at 65°, the flow 60 cc/min, injector 105°, detector 145°).
Two peaks, retention times 4.5 and 13.5 mm, were observed. Weighed samples
of the .rapped compounds were aralyzed for ¥ and F by nmr using chlorobenzene
and hexfluorobenzene, respectively, as internal standards. The lower reten-
ticn time component was characterized as 1,1-difluoro-2-chloroethyl perchlo-
rate: proton nmr (CClu)<§3.72 &5 Jgp = 9:5 Hz); fluorine nmr ¢ g (£,

JHF = 9.5 Hz).

Anal. Caled for CEHEFEClEOu: HE 1t OSSR O S Ro ind i - HiSe iR g

BT

The other compconent in the mixture was identified as 1,1l-diriuoro-

2-iodoethyl perchlorate; proton nmr (CClu) G Avae Al Tt 5 Hell o Pl otine

HF

nmr ? RO (b T A0 )

}{I“I

Anal. Caled for Cjf F,ICL0,: H, 0.69; F, 13.1. Found: H, 0.73;

oo
¥, 2.7

Reacticn of Dichlorine Heptoxide and Iodine with Ethylene. To a

freshly prepared 01207-12 mixture from 0..54 g (1.0 mmol) of iodine and 1.0 mmol
of dichlorine heptoxide in S5cc of carbon tetrachloride was added 50 ml of
ethylene. A mildly exothermic reaction was complete in 5 min. Glpc showed

two compounds identified as l-chloro-2-iodoethane (major component) ard 2-
chloroethyl perchlorate by comparison with authentic samples. An authentic
sample of l-chloro-2-iodcethane was prepared by adding iodine chloride to

ethylene at room temperature. The reaction was completed in 30 min: nmr (CClu)
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§3.56 (m). Identification of 2-iodoethyl perchlorate is described below for
the reaction product of AgClOu, I2 and ethylence. Spretral and glpe proper-
ties were identical.

Reaction of Dichlorine Heptoxide and Chlorine with Ethylene. To

€ nl of C.3 M dichlorine heptoxide solution in carbon tetrachloride was added
15 ml of chlorine and the mixture was allowed to stand at room temperature
overnight. Etnylene (20 ml) was added by syringe and the mixture allowed to
stand at room temperature overnight. The mixture was washed with water and
dried. The nmr spectrum showed two compounds, 1,2-dichlorcethylene and Z2-
chloroethyl perchlorate, compared with authentic samples. A sample of the
perchlorate [?roton ror: §3.77 (t) and 4.66 (t?]was prepared from 2-chloro-
ethanol and dichlorine heptoxide.

Reaction of Dichlorine Heptoxide and Bromine with Ethylene. An

excess of ethylene was added to a mixture prepared by adding 0.096 g (0.6 mmol)
of dbromine in 1 ml of carbon tetrachloride to 2 ml of 0.3 M dichlorine hep-
toxide in carbon tetrachloride. The bromine color was discharged in 2 hrs.
Nmr showed a mixture of 1,2-dichloromethane and 2-bromoethyl perchlorate in
approximately equal amounts. 2-Bromoethyl perchlorate was prepared from 2-
bromocethanol and dichlorine heptoxide: nmr (CClu),6'3.52 Co)oand 7L (o)

Reaction of Dichlorine Heptoxide and Chlorine with 1,1-Difluoro-

ethylene. To a stirred solution of dichlorine heptoxide (1.6 mmol.) in 3.3 ml
of carbon tetrachloride was added 22 ml of chlorine and the flask was attached
to a syringe containing 1,1-difluoroethylene. The reaction was allowed to
proceed overnight. Nmr showed 1,2-dichloro-1,1-difluoroethane, 1,1-difluoro-

ethyl perchlorate, and 2-chloro-1,1l-difluoroethyl perchlorate (major product,
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ca 50% yield). An authentic sample of 1,2-dichloro-1,1-diflioroethane was
prepared by reacting 1,1-difluoroethylene with chlorine in carbon tetra-
chloride for 18 hrs: proton nmr (cc1h) §3.92 (t); fluorine nmr ¢ 50:0 (E)
1,1-Difluoroethyl perchlorate, obtained by addition of perchloric acid to
1,1-difluorcethylene, is described above.

The composition of the mixture was further confirmed by gas
chromatography by comparing retention times with those of authentic com-
pourds. On a 5' x 1/4" 12% QF1 cn chrom W, 60-80 mesh, column of 60° ard
He flow 60.cc/min, the retention times (min) were: 1,2-dichloro-1,1-difluoro-
ethane 1, 1,1-dirluorcethyl percnlorate 2, and 2-chloro-1, i-difluorcethyl per-
chlorate k.

Reaction of Dichlorine Heptoxide and Iodine with Tetrafluorc-

ethylene. A mixture of 0.254 g (1.0 mmol) of iodine and dichlorine heptoxide
(1.0 mmol) in 7 ml of carbon tetrachloride was stirred at rcn . temperature
until the icdine was consumed to give a pale yellow mixturc. The reaction
flask was attached to a syringe containing tetrafluoroethylsne and the reac-
tion was allowed to proceed for 23 days. The mixture was washed with 5% agueous
sodium thiosulfate and with water and was dried over magnesium sulfate. The
filtered solution was examined by fluorine nmr and exhibited several signals.

The two strongest signals, triplets, at ¢ 72.8 (JFF = 4.5 Hz) and 92.6 (Jpp =
19

[

5.5 Hz) were assigned to 2-chlorotetrafluoroethyl perchlerate, reported
values: ¢ T72.7 and 92.5. This material was removed when the solution wus
concentrated to 1/3 of its original volume. The concentrate showed only two

triplets, ¢ 63.4, Jgp = 4.5 Hz, and 90.2, Jpp = 5.5 Hz, which agree with the

values assigned to 2-iodotetrafluoroethyl pcrchloratcle.
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The two weak triplets of ? £0.0 and 67.1, with somewhat longer
couplin:; constants than those of the perchlorates, were assigned to l-chloro-
2-iodotetrafluoroethylene. An authentic sample of this compound was obtained
by reacting tetrafluorcethylene with iodine chloride in carbon tetrachloride
overnight: fluorine nmr (CClh) ¢ 59.8 (JFF =8 Hz) and 66,9 (Jgp = 8 H2).

A very weak singlet at ? T71.0 was assigned to 1,2-dichlorotetrafluoroethylene
and that at 52.8 to 1,2-diodotetrafluoroethylene. Authentic samples of these
two halocarbons were obtained by adding chlorire or iodine to tetrafluoro-
ethylene.

f Yields of the above products, cetermined by nmr using hexafluoro-
benzene as the internal standard, were: 65, 15, 10, 5, and 5% for 2-chloro-
tetrafluoroethyl perchlorate, 2-iodotetrafluoroethyl perchlorate, l-chloro-2-
iodotetrafluorocethane, 1,2-diiodotetrafluoroethane, and 1,2-dichlorotetra-

fluoroethane, respectively.

In another experiment, 2.3 ml of a 0.3 M carbon tetrachloride
solution of dichlorine heptoxide was added to a stirred suspension of 0.254
G0 mmol) of iodine in 1.5 ml of carben tetrachloride and the flask was
attached to a syringe containing tetrafluoroethylene. The reaction was com-
pleted in I hrs at room temperature. The reaction products, 2-chlorotetra-
fluoroethyl perchlorate, 2-iodotetrafluoroethyl perchlorate, l-chloro-2-iodo-
tetrafluoroethane, 1,2-diiodotetrafluorocethane, and 1,2-dichlorotetrafluoro-

ethane, were obtained in 15, 30, 20, 25, and 5% yields, respectively.

Reaction of Dichlorine Heptoxide and lodine Chloride with Tetra-

rluoroethylene. The reaction of 01207-101 and tetrafluoroethylene was carried

] out employing the same conditions described above for the analogous reaction
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of iodine. The reaction, completed in 4 hrs, yielded 2-chlorotetrafluoro-
ethyl perchlorate,l-chloro-2-iodotetrafluoroethane, and 1,2-dichlorotetra-
fluoroethane in 5¢, 35, and 15% yields, respectively.

Reaction of Dichlorine Heptoxide and Iodine Bromide with Tetra-

fluoroethylene. By the ebove procedure, dichlorine heptoxide and iodine bro-

mide reacted with tetrafluoroethylene (1.5 hrs) to give a mixture of 2-bromo-
tetrafluoroethyl perchlorate, 2-iodotetrafluoroethyl perchlorate, and l-bromo-
2-icdotetrafluoroethane in 40, 35, and 5% yields, respectively. The identifi-
cation of 2-bromotetrafluoroethyl perchlorate is tentative and is based on

the analogy between its nmr spectra (fluorine nmr: ? Cia9 A%, Jyp = L.5 Hz)
e 01,0 (&, Jyp = 9.0 Hz) and those of 2-chloro- and 2-iodotetrafluoroethyl
perchlorates. An authentic sample of l-bromo-2-iodotetrafluorocethane was
obtained by adding iod.ne bromide to tetrafluorcethylene; fluorine nmr (CClh):
¢ 56.6 (t) and 59.9 (t).

Reaction of Silver Perchlorate and Chlorine with 1,1-Difluoro-

cthylene. To a stirred suspension of 0.207 g (1.0 mmol) of anhydrous silver
perchliorate in 5 ml of carbon tetrachloride was added 25 ml of chlorine and
the reactor was attached to a syringe containing 1,1-difluoroethylene. The
reaction was completed in 1.5 hrs. Proton and fluorine nmr spectra showed
that the product of this reaction was 2-chloro-1,1-diflucroethyl perchlorate
(95%).

Reaction of Silver Perchlorate and Bromine with 1,1-Difluoro-

cthylene. By the above procedure silver perchlorate and bromine were reacted

with 1,1-difluoroethylene (reaction time, 10 min) to give a 98% yield of 2-

bromo-1,1-difluoroethyl perchlorate: proton nmr (CClu)<53.6O (t); fluorine




nmr ? 77.% (t). The product contained trace amounts of 1,2-dibromo-1,1-
difluorcethane, a reference sample of which was prepared by the addition
of bromine to 1,l-difluorcethylene (reaction time, 1 hr): proton nmr

(cmh)é3.95 (t, Jyp = 12.5 Hz); fluorine nar 47 SOl i, o= 2.5 He )l

Reaction of Silver Perchlorate and Iodine with 1,1-Difluoro-

ethylene. By the above procedure silver perchlorate and iodine were reacted
with 1,1-difluoroethylene (1.5 hrs) to give 2-iodo-1,1-difluoroethyl per-
chlorate in 98% yield.

Reaction of Silver Perchlorate and Iodine Chloride with 1,1-

Diflucroethylene. Silver perchlorate and icdine chloride were reacted with

1,1-difluoroethylene (1-2 min) as above to give a mixture of 2-iodo-1,1-di-

fluorocthyl perchlorate (60%) and l-chloro-2-iodo-1,1-difluoroethane (L0%).

Reaction of Silver Perchlorate and Iodine Bromide with 1,1-

Difluorcethylene. To & suspension of 0.207 g (1.0 mmol) of enhydrous silver

perchlorate in 1 ml of carbon tetrachloride was added a solution of 0.207 g
(1.0 mmol) of iodine bromide in 5 ml of carbon tetrachloride and the mixture
was stirred at room temperature for 18 hrs. To the nmixture was added 1,1-
iifluoroethylene and the reaction was allowed to proceed until the dark color
of iodine bromide was completely bleached (2.5 hrs). The clear and color.ess
sclution contained 2-iodo-1,1l-difluoroethyl perchlorate as the scle reaction

product is a practically quantitetive yield.

Reaction of Silver Perchlorate and Iodine with fthylene. To a

solution-suspension of 0.253 2 (1.0 mmol) of iodine in 5 ml of carbon tetra-

“hloride was added 0.207 g (1.0 mmol) of anhydrous silver perchlorate and

ethylene was added with stirring until the iodine was consumed (30 min).




The colorless solution was decanted from the silver salts: nmr (CClu)
52.33:(t), -Ci, -9103), L.68 (6], and 3.60 (s} Thery two signals

~

were assigned to 2-icdcethyl perchlorate and the 3.60 signal to 1,2-diodo-
cthane. The two compounds were present in approximately equal amounts.

Beaction off Silver Percthloratc and Todipe Chloride witth Ztnylene.

By the above procedure, anhydrous silver perchlorate and iodine chloride
were reacted with ethylene teo give a misxture of 2-icdoethyl perchlorate
{ ~E - 5 - g QA

(ca 20%) and l-chloro-2-jodcethane (ca 30%).

Reaction of Silver Perchlorate and Iodine Bromide with Ethylene.

By the above procedure, Z-iodoethyl perchlorate (nmr triplets of<§3.h9 and
%.69) was obtained in 25% yield by reacting silver perchlorate and iodine
bromide with ethylene (10 min). Trace amounts of 1l-bromo-2-iodoethane
Gum'53.57), also prepared by the addition of jodine bromide to ethylene,

were present in the solution.

Reaction cf Silver Perchlorate and Iodine Chloride with Tetra-

flvoroethylen=. To alisuspension of 0.207 g (1.0 nmol) of anhydrous silver

perchlorate in 5 ml of carbon tetrachloride was added 0.162 g (1.0 mmol) of
iodine chloride and the flask was connected to a syringe containing tetra-
fluorcethylene. The reaction mixture, was stirred at room temperature over-
night and filtered: fluorine nmr (CClu): ¢ 63.4 (t) and 90.2 (t) assigned
to 2-iodotetrafluoroethyl perchlorate, 85% yield (determined by nmr using
hexafluorobenzenc as a standard).

Reaction of Silver Perchlorate and Chlorine with 1,1-Dichloro-

ethylene. Tc & stirred suspension of 0.207 g (1.C rmol) of anhydrous silver
LSS E A ) p

perchlorate in 5 ml of carbon tetrachloride was added 22 ml of chlorine and




0.120 g (1.2 mmol) of 1,1-dichloroethylene and the reaction was allowed
to proceed for 1.5 hrs. The colorless solution was decanted r'rom the
silver chloride: nmr&4.2 (s) and 4.10 (s). ThedL.21 signal was due
to 1,1,1,2-tetrachloroethane; an authentic sample was prepared by the
addition of chlorine to the olefin. The other signal was assigned to
1,1,2-trichloroethyl perchlorate.

Reaction of Silver Perchlorate and Bromine with 1,1-Dichloro-

ethylene. By the above procedure, silver perchlorate and bromine reacted
with 1,1-dichloroethylene to give approximately equal molar mixture of
1,1,1,2-tetrabromoethane (& 4.32) and 1,1-dichloro-2-bromoethyl perchlorate

(6 L.05).

Reac*tion of Silver Perchlorate and lodine with 1,1-Dichloro-

cthylene. By the above procedure, silver perchlorate and iodine reacted
with 1,1-dichloroethylene (4 hrs) to give a single product which was tenta-
tively characterized as 1,l-dichloro-2-iodoethyl perchlorate; nmr (CClh)
5§4.17 (s).

Reaction of Silver Perchlorate and Jodine Chloride with 1,1-

Dichloroethylene. By the above procedure, silver perchlorate and lodine

chloride reacted with 1,1-dichloroethylene to give 1,1-dichloro-2-iodoethyl

perchlorate as the sole reaction product. The reaction was completed in

SEmeEnt:




D) Miscellaneous Reactions.

Reactions of Olefins with Perchloric Acid. Water (0.0080

=
(&%)

C.44 mmol) was stirred with 2 ml of 0.3 M dichlorine heptoxide for 30 min
in a 25 ml flask. The flask was evacuated partially and 13.4 ml (0.6 mmol)
of 1,1-difluorocethylene was added by syringe. In 2 hrs, the solution was
washed with water and dried over sodium sulifete. Nmr analysis using chloro-
benzene as a quantitative reference showed only 1,1-difluoroethyl perchlo-
rate, obtained in 76% yield: proton nmr (CC%+)5JJ95 ppmoit, J o= 14 Bzl
fluorire nmr @ 69.52 (g, J = 1k Hz); ir (CCL,) 1390 (m), 1280 (vs), 1200 (s),
12507 (8); 1230 (&), 1030 (e}, 970 (&) &nd 920 em~L (s).

The reaction of propene with perchlorie acid by the above pro-
cedure gave, after 24 hrs, a 65% yield of isopropyl perchlorate and a 10%
yield of l-chloro-2-propyl perchlorate identical with an authentic sample7.

Allyl chloride gave a 91% yield of l-chloro-2-propyl perchlorate
in 24 hrs by this procedure.

Ethylene by this procedure gave a 63% yield of ethyl perchlorate.

1,1-Dichloroethylene gave no reaction in 24 hrs under these
conditions.

Reaction of Aldehydes with Dichlorine Heptoxide. Valeraldehyde

(0.0516 5, 0.6 mmol) was added with stirring to £ ml of 0.6 M dichlorine

heptoxide in carbon tetrachloride. An orange oil separated immediately and
the nmr spectrum of the carbon tetrachloride layer showed no signals. Tne
mixture was stirred with water and the carbon tetrachloride layer was dried

over maznesium sulfate. Nar analysis showed an 86% yield of valeric acid,

identified by ir and glpc comparison with an authentic sample.




By the same procedure, nonanaldehyde gave an 83% yield of non-
anoic acid.

Pivaldehyde (0.052 3, C.6 mmol) was added to 2 mol of 0.3 M
dichlorine heptoxide in carbon tetrachloride with stirring. The progress
of the reaction was followed by nmr. After 10 min the -CHO hydrogen (£9.67)
began to disappear and new singiets were formed at<§(.l3 and 1.50 in a ratio
of 1:9. Then a separate liquid phase began to form, and in 40 min no nmr
signals were observed in the carbon tetrachloride layer. The insoluble
liquid was identified by nmr, ir and glpc as pivalic acid (81% yield).

Reaction of 2-Iodotetral’luoroethyl Perchlorate with Hexylamine.

Tetrafluoroethylene (L€ ml, 2 mmol) was added by syringe to a
stirred slurry of 0.415 g (2 mmol) of silver perchlorate, 0.325 g (2 mmol)
of iodine chloride and 15 ml of 1,1,3-trichlorotrifluorcethane in a partially
evacuated flask at room temperature. In 3 hrs the reaction mixture was
washed with water and with 5% sodium thiosulfate, and the sulution was dried
over magnesium sulfate. Nmr aralysis (venzotrifluoride as quantitative
standard) showed an 83% yield of 2-iodotetrafluoroethyl perchlorate: ¢ 89,92
(a5l ilm Lo e o T CF200103) and 69.92 ppm (t, J = 4 Hz, 2 F, CF21).

Hexylamine (0.404 g, 4 mmol) in 5 ml of 1,1,2-trichlorotrifluoro-
ethane was added dropwise, with stirring at 0° to a solution of 2 mmol of
2-iodotetrafluorcethyl perchlorate in 10 ml of 1,1,2-trichlorotrifluoroethane.
An immediate reaction took place and white solids separated. After 30 min.

the mixture was washed with dilute hydrochloric acid and with water. The

organic layer was extracted wi*™ 0.0l N sodium hydroxide soluticn, and the

latter was acidified with 0.01 N hydrochloric acid and extracted with carbon
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tetrachloride. Nmr and ir spectra of the carbon tetrachloride solution
showed a 27% yield of N-perchlorylhexylamine, identical with an authentic
sample (Appendix B). The 1,1,2-trichlorotrifluoroethane solution was
weshed with water and with 5% sodium thiosulfate solution and was dried
over magnesium sulfate. Fluorire nmr showed 2-iodotetrafluoroethyl per-
cnlorate (12% recovery) and N-hexyl-1,1-difluoro-l-iodoacetamide (33%).
The latter was isolated by column chromatography on neutral activated
alumina: proton nmr (CCH+)5€L63 (broad s, 1 H, NH, exchanged with D20),

3.23 (g, J = 61z, NHC@ECHz), 138 s 8 CH2) end 0.90 ppm {m, 3 H, CH_);

3
rlvorine mmr (CCL, ) $ 56.28 (s, CF2); ir (CC1,) 3450 (M), 1715 (C = 0),
1200, 1170, and 1120 em™! (CF).

Ansl. Calcd for CSHluNonl: G 355, B habr By iy T, "Wlib:
Found: €, 38558 H, &06; N kIOL, T, 38:-78.
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Reactions of Dichlorine Heptoxide with Alcohols

Kurt Baum and Charles D. Beard

Contribution from Fluorochem Inc., Azusa, California 91702

Abstract: Dichlorine heptoxide in carbon tetrachloride is a general

reagent for converting slcohols to alkyl perchlorates. Simple primary

alcohols, as well is ethylene glycol, 1,h4-butanediol, 2,2,2-triflucroethanol,
2,2-dinitroprope.nol, 2-fluoro-2,2-dinitroethanol, 2-(2-fluoro-2,2-dinitroethoxy )
ethanol, allyl alcohol and propargyl alcohol gave corresponding unrearranged
perchlorates. Isopropanol gave lsopropyl perchlorate. 2-Hexanol and 3-hexanol
gave mainly the unrearranged perchlorates, with the corresponding ketones,

and in the latter case, the isomeric secondary perchlorate as byproducts.

The sodium salts of perfluoro-t-outanol, 1,1,1,3,3,3-hexafluoro-2-phenyl-2-
propanol and 1,1,1, 3, 3, 3-hexafluoro-2-methyl-2-propanol gave the corresponding
tertiary perchlorates. The perchlorates, obtained as carbon tetrachloride
solutions, could be used directly as alkylating agents. Lithium bromide

with 1,4k-butanediperchlorate, 1,2-ethanediperchlorate, pentyl perchlorate

and propargyl perchlorate gave the corresponding bromides., Ethers were

prepared by the reactions of pentyl perchlorate with pentanol, isopropyl
perchlorate with pentanol and allyl perchlorate with 2-fluoro-2,2-dinitroethanol.

Hexyl perchlorate an” dimethyl sulfoxide gave hexaldehyde.




The synthesis of dichlorine heptoxide was first reported by Michsael
and Conn in 1900 by the reaction of perchloric acid with phosphorous
pentoxide.2 Several variations of this method were reported 3-T and the
physical %5,1,8 and spectroscopic iy properties of dicalorine heptoxide
vere studied extensively. However, the chemical properties of this com-
pound, the anhydride of perchloric acid, are virtually unexplored. The
present paper deals with reactions of dichlorine heptoxide with aleohols,
and its reactions with other organic and inorganic groups will be described
subsequently.

Nucleophilic attack by an alcohol on chlorine in dichlorine heptoxide
would yield an alkyl perchlorate. The carbon-oxygen bond is not ruptured

in this reaction, and in contrast to previocusly reported perchlorate

syntheses, a carbonium ion intermediated is not involved.

/‘l
03Cl-ObClO3 S ROClO3 i HClOu

R-OH

.3

Although methyl perchlorate and ethyl perchlorate have becn prepared by

several methodsl3; there is no selective method available for higher

i, 15
aliphatic perchlorates. 2 PbichR of he- Loy nucleophilicity of the

perchlorate :lon,l6’17 ccupeting rearrangements could be expected in its
reactions with carbonium ions or incipient carbonium ions.

Because of the miscibility of dichlorine heptoxide with carbon tetra-
chloride and the close proxim?“v of the boiling points of the two liquids,3

carbon tetrachloride solution of dichlorine heptoxide is a safe and con-

venient preparative reagent. The reagent used in this work was prepared

a




by adding T0% perchloric acid to a suspension of piiosphorous pentoxide in
carbon tetrachloride, heating under reflux and then vacuum distilling the
solution.

Primary Alcohols. The generality of the synthesis of perchlorates by

the reaction of primary alcohols with dichlorine heptoxide is shown by the
examples In Tgble I. Nmr spectra showed that the products were obtained in
high purity and secondary perchlorate isomers were clearly sbsent. This
reaction thus provides a convenient source of simple primary alkyl
perchlorates. The reaction was also applied to twod),W -diols, ethylene
glycol and 1,4k-butanediol, to give the corresponding diperchlorates.
Alcohols with electron withdrawing substituents likewise reacted with
dichlorine heptoxide; 2,2,2-trifluoroethanol, 2,2-dinitropropancl, 2-
fluoro-2,2-dinitroethanol and 2-(2-fluoro-2,2-dinitroethoxy)ethanol
were converted to the corresponding perchlorates. Even unsaturated alcohols
were found to be amenable to this reaction, and allyl perchlorate and propargyl
perchlorate were prepared from allyl alcohol and propargyl alcohol,
respectively., Unsuccessful attempts to prepare allyl perchlorate have
been reported.

Simple alkyl perchlorates were prepared by treating the alcohol with
the theoretical amount of 0.3 M solution of dichlorine heptoxide in carbon
tetrachloride for 18 hrs. Longer reaction times were generally used with
electronegatively substituted alcohols, and in some cases methylene chloride
was added to enhance solubility. The unsaturated alcohols were treated

0 = o} i : -
with the reagent for 0.5 hr at 0, Side reactions due to the reaction

liberated perchloric acid with the




Table I. Primary Perchlorates

Starting Material

CH30H

C2H5OH
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