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ABSTRACT

The reactions of dimethylchloramine with a variety of different

substrates has been studied.

With basic substrates such as hydrazine and the alkyl substituted
hydrazines, dimethylchloramine acts as an oxidising agent, but with
ammonia and the methylamines contrast was found with the corresponding
NH2C1 reactions. Simple nucleophillic attack of the amine on the
dimethylchloramine nitrogen explains the products found in the reactions
with CHzNHo and NHsz, whilst dehydrohalegonation reaction accounts for
the observed products. With dimethylamine a complex reaction occurs
which is most probably intimately associated with the decomposition of

(CHz)oNC1 itself.

Dimethylchloramine reacts in two different ways with methyl esters
of certain acids. On the one hand, esters typified by CHz0SO;F, and

.
including CHz0C10z, yielding a cationic species identified as (CHz)zNCl.

In this cation, the nitrogen chlorine bond possesses a slight dipole,
the positive end of which 1s directed towards the chlorine atom, 1in
accord witn the *C1 NQR absorption frequency of 56.09 MFz, found in the
€10y, (CH5)3ﬁ01 010;, being in excess of that found for Clp. The
application of standard approximate methods to the observed coupling
constants for the Cl0; and BF4 indicate that the bonding between the
nitrogen and chlorine atoms in the cation involves an almost pure chlorine

p orbital.




<+
The 1on, (CHz)zNCl, 1s precipitable from aqueous solutions of the

chlorine trimethylamine complex, (CHsz)zNCls, by Cld; and BF; ions.

V1th the methyl halides, dimethylchloramine reacts to yield, with
methyl bromide, the addition complex of trimethylamine, (CHz)zNBrCl,
the infra red spectrum of which fits well with the trends observed for
other (CHz)zN (Halogen)s addition complexes, whilst with methyl iodide,
a novel tetramethylammonium pseudopolyhalide, (CH3)4&[(CH3)2N(I01)2T:

forms.

Dimethyl bromamine, (CHz)oNBr, reacts in a similar way to (CHz)aNC1,
with alkylating agents, the unstable (CH3)5ﬁBr 0802F-fonms with
CHz0S0oF and (CHs)sﬁBr C104 can be precipitated from aqueous solutions
of the fluorosulphate by Cld; jons. With CHzI, (CHz)oNRr yields, in a

+ -
similar way to (CHz)oNC1, (CHz)sN[(CHz)oN(IBr)y| .
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CHAPTEBR ONE

INTRODUCTION



INTRODUCTION

The study of N-Halamines covers a very broad area of chemistry,
from the use of NClz as a bleaching agent for flour, through their
use as precursors to hydrazines, important in rocket propellants to

reactions involving alkylamino steriods.

N-Halamines, as a class of halogen derivatives of nitrogen, have
been discussed by Mellor (1) and Gmelin (2), and much early work on
NClz has been reviewed by Sneldes (3). Almost certainly the best
described member of the Halamine class, chloramine, NH>Cl, has been
reviewed by Drago (4) and Colton and Jones (5). An important area of
N-Halamine chemistry, that of water treatment and bacterial activity,
was discussed by Berliner (6) in the early 30's. A comprehensive
treatise on the chemistry of N-Halamines has been undertaken by

Kovacic (7).

In the chemistry of N-Halo compounds, both the halogen and the
nitrogen act as reaction sites, and as a consequence their chemistry
is very varied. The nitrogen can act as both a cation and an anion,
as in certain bicyclic rearrangement reactions and in hydrazine
formation, and can also act as a base im nucleophillic substituion, a
radical cation in the Hoffman-Loffler reaction and as a radical in

photolytic and addition reactions.

The halogen, in many instances, can act as a cation in halogenation
reactions and as an anion in Grignard reactions and hence N-Halamines

can serve as useful starting materials for a host of organic compounds.
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The Halamines vary in toxicity and explosiveness, serious ingury
has been caused by NClz to some early workers in this field, indeed
P. L. Dulong lost three fingers and an eye, as Mellor (1) states. The
toxicity of NClz quickly stopped further use as a bleaching agent for
flour.(8).

The reactions of the Halamines can be split into five classes'
Dealkylation, Dehydrohalogenation, Halogenation, Ammination, and

Rearrangements.

Dealkylation reactions are typified by the non radical dispropor-
tionation of n=(C4Hg)aN*HC1, the di-n-butylchlorammonium cation, to
n(C4Hg)NHC1, mono-n-butylchloramine, in acid solution (9),

(CqHg)oN*HCL + }[20—»(C4H9)NHCI + Hz*0 + C4 fragment
(C4Hg)NHC1 + H*z=== (C4Hg)N*HpC1
(C4Hg)NHC1 + (C4Hg)oNYHC1 —> (C4Hg)NC1z + (CqHg)aN*Hp
whereas an example of dehydrohalogenation is found in the conversion of
the N-chloro derivative of 3p-acetoxy-20-amino-5-pregene; a steroid, to

the corresponding immine (10).

GHsz CHgz
~HC1 \

R-CHNHCl ———> R - C = NH
Base

where R =

H
CH

CHLCO,



This reaction is usually followed by hydrolysis to form the corres-
ponding carbonyl compound, as exemplified in the conversion of
N-chloroisopropylamine to acetone and ammonia, via a postulated
isopropylimine structure:

-HC1 Hp0
(CHz)2CHNHCl ————> (CHz)aC =NH —————  (CHz)2C = 0 + NHg

and N,N dihalamines containing at least § carbon atoms produce nitriles
when subjected to Caesium fluoride (11)

CsF
RCHoNClp ————> RC EN

and specifically

CsF

, |
n-(C4H9)N612 ——— > (CsHy) /c/ = N (90% yield) i

N-Halamines are well known to act as halogenating agents of aliphatic
and aromatic compounds. Alkanes, esters, alkyl halides and ethers were
found to be susceptible to chlorination by (CHz)oNC1 (12, 13, 14, 15, 16,
17), in sulphuric acid solution, usually with Fe(II) compounds or light
as the initiator. The reaction involves a radical cation generated from
the protonated alkyl chloramine (12).

(CHsz )oN*HC1 — > { (CHg )aN*/ Y.
HCL  ~— 7

The amino radical cation then abstracts a hydrogen atom from an alkane,
RH, forming the dimethyla{nn)onillz_m cation and the radical R°®

(CHs )oNH* # RH —» (CHz)oN*Hp + R.

N——
which then interacts with the protonated dimethylchloramine to form an

alkyl halide and further dimethylamino radical cations:

R + (CHz)oN*HC1I—RC1 + (CHsz),N*H



In the case of methyl heptanoate, halogenation occumed predominantly

at the second carbon atom in the alkyl chain:

(CHz )oNC1
CHz 0o CCHo CHo CHo CHo CHa CHz > CHz 05 CCHo CHo CHp CHp CHC1CHz
Pe(II)
hawmnwam nn nldasmintdwa manhondiam (1Q) hasald am avidanas Frxmam dha $anman
Feiva -2 A-7Y @Gli QA UTALIMGAVLATG UUWIIGAL W \.LUI VoUW Vil UV AWGALWS L AWVl VA LVWVILBG L

distributions obtained in the chlorination of l-chloropropane, suggested
that the chlorine atom was the chain propagating species, and not the
dialkylamino radical cation, since the orientation and isomer distributions
were identical with different N-chloramines and also with photo-
chlorinations vhich def'initely involves Cl-.
RQN’rW HC1—— Clp + RoN‘H /\ w
R* + Xo—» RX + Xe

X* + RH—> HX + R*

Recent work by Ingold (19) on the N-Halamine halogenation of
l-chlorobutane indicated that along with the radical cation mechanism,
a concurrent chlorine atom process could occur resulting from impurities

in the N-Halamine (Clos HC1l or C1-).

Chloramines may also act as halogenation agents towards olefins,
NHoCl and cyclohexene produce low yields of the 1-2 dichlorocyclohexane
(20), whereas NCls has been shown to form, in high (90-97%) yields,
vic-dichlorides of certain olefins (21)

3RCH = CHp + 2NClz—— 3RCCHC1CHoC1 + No%
or specifically, 1,2-dichlorohexane from l-hexene.
NCl1gz

CH3(CHp )5CH = CHp ——————> CHz(CHp)3CC1CHoC1 + NoT
CHpClp 0°C




The interaction of N-chloramines with primery and secondary amines
result in an exchange process (22)

(CHz)oNH + (CHz)aNCl=— (CHsz)2NC1 + (CHz)oNH

~J

and with tertiary amines there is some doubt (7, 23).

Ammination reactions with NC1lz and AlClz apparently sparked off a
great deal of work in studying the interaction of N-Halamines with
saturated functionalities (24, 25, 7), such as alkanes. The reaction
1s postulated to proceed via an hydride abstraction process, presumably
by Cl* followed by addition of the dichloroamide ion; to yield a
N,N-dichloramine,

o+
ClzN + AlClz —= C1 (NC1»A1Clsz)

c1t NC1~
R~CHg CHg —> R-CH-CHy —— R-CH(NC1p )CHz
followed by reduction to the corresponding amine. In the case of cyclo-
hexane, N,N-dichlorocyclohexylamine was isolated (26) indicating
probable involvement of the nucleophile, "NClo, the dichloroamide ion.
A similar reaction occurs with alkyl halides such as t-butyl chloride,
(CHz)3CCl, producing t-butylamine in 90% yield on treatment with NCls,
A1Clz followed by reduction of the N,N-dichloro intermediate, which was
isolated (27).
AlCl1s NClo~ +H*
(CHz)3CC1 ——> (CHz)sC* —— (CHs)3CNCl, —> (CHz)3CNHp

With unsaturated compounds such as olefins, acetylenes, X, P
unsaturated ketones, acids and ketenes, ammination occurs by addition
to the multiple bond. NClz addition, followed by reduction of the

N,N-dichloro derivative, yielded B chloroalkylamines with the olefins,



ethylene, propylene isobutylene and cyclohexene (27, 28, 29) as
exemplified by the reaction with ethylene as shown below:

HC1
CHp = CHp + NClz —> C1CHoNHoNClp —> C1CH»CHoNH*3C1™

and with propylene, showing that Markovnikov addition occurs:

CHzCH = CHo + NClz—> CHzCH=CHoCl.

however the substituted ethylenes, 1,1 diphenyl; 1,1,2 trimethyl;
1,1,2 triphenyl; and tetraphenyl, gave no organic amine products on

treatment with the NClz, A1Clz system.

With dialkyl=-N-chloramines radical additions were found to occur

with terminal olefins (30)

Hp S04 N
(CHz )oNC1 “Tore (CH3)?N + Cle D

L N
XRC = CHp + (CH3)2NH———>(CH5)2NHCH20\-X

R R
/ + & J/
(CHz )2HNCHp C\'x + (CHz )oNHC1=—> (CHs )>NHCHs c<x— C1e

(X = F, C1, Br, Si(CHz)s)
However, concurrent with the radical cation process, a competing reaction

scheme involving Cl* occurred:

H H H
I c1t el -H* | ~
HaC = cl:-clz- —_— cmw_-;-c- — cx.-cng-cl: = C= v
X | X
XH
-H* | |
— > (1-CHp-C-C-
HOAc |



With N-chlorodiethylamine good yields of P chlorinated amines
were obtained from 4M HpSO04/HOAc mixtures of the olefin and chloramine

at 30°C, for example (30):

(CgH5)2N01
CHp = CHCHz ——— > (C2Hg)oNCHaCHCICHs  (42%)
HoS04/HOAc

CHy = CHF— (C2Hg)aNCHa CHCLF  (80%)
CHp = CHCHpCl— (CoHg)oNCHaCHCICHC1  (83)
It was found also (31, 32, 33, 34) that N-chloroalkylamines added to
olefins by a radical process in redox systems.
RoNC1 + M*—— RoNe + MC1*
RoNe + CHgCHoCHoCHpCH = CHp —> CHz(CHp )5 CHNRpCHp ¢
CHz(CHp )3CHNRo CHo * + MC1'——> CHsz(CHp )3CHNRoCHoC1 + M*
M = Cu, Fe.
Modification of the system to include sulphuric acid, altered the

attacking species from the pure radical to the protonated radical ion

RofH* (35).

Depending on the Grignard reagent chosen, N-Halamines can produce
primary, secondary and tertiary amines. NHaX, (X = Cl, Br), fomm primary
amines with (n=C Hg)MgX (36) whereas NHBrp and NClz produce both primary
and secondary amines (37, 38). Alkyl substituted halamines produced 1°,
2° and 3° amines if the halamine was N(Hal)> substituted, whilst only
2° and 3° amines resulted if the halamine was N(dialkyl), substituted
(39).



Coleman ( 36) presented the equations:
RMgX + NHoCl —> RNHy + MgXCl
RMgX + NH>Cl—— RC1 + MgXNHo
to account for the variety of products obtained when investigating
NHoCl reactions with various Grignard reagents, illustrating the
dual nature of halogen in the N-Halamines, amine production shows Cl
as the leaving entity through Sn2 attack whilst, when alkyl halides are
obtained, the amino group is displaced. The nature of R determined the
major pathway, both reactions were shown to be interdependent since
NHz production was found to be inversely proportional to amine
formation. With other organometallic compounds, chloramine forms primary
amines (39):
RM + NHoCl——> RNH, + MC1
M =1Li, Zn
and with NC1lz, RoZn produces 1° and 2° amines. Whilst with dialkylhal-
amines, hydrazane and 3° amine formation occurs with alkylpotassium
complexes (40).
((cHz)otHK + ((CHz)2CH)2NC1 —> ((CHz)2cH)zN; ((CHs )2eM)2NN((CHs )20H)2

however the yields (3% amine; 4,5% hydrazine) were low.

Ammination involving aromatic compounds has received considerable
attention in the past, Bock and Kompa, Minisci et. al. and Kovacic et.
ale. are probably the three leading groups in this field. With toluene
and a variety of other monosubstituted arenes, amminations occurred in

96% sulphuric acid media.

Ro
Z—@ + CINRp —= g + HC1



with toluene, the distribution of products between =o-m,-p substituted
toluidines was found to favour m- substitution (9:53:38; o:m:p) ().

A similar product distribution was noted when RpNCl, HaSO04, CHz°CgHg

was photolysed (9:53:38), (42), whilst when toluene was reacted with
dimethylchloramine and aluminium trichloride in a nitroalkane solvent
p- substitution was the predominant mode of ammination, the distribution

14:27:59 (o:m:p) being found (43).

With toluene and dimethylchloramine in redox systems, ammination
again occured in the ration 9:53:38 (o:m:p) (44) which is contrasted by
the almost equal o~ and p~ content of the result of ammination of toluene

with aminosulphuric acid, NH>0SO0zH.

With NC1z, AlClxs amminating systems, 100% m- toluidine was formed
from toluene, in 42% yield (45) and with other alkyl arenes similar
orientations were found (46), however with NN dialkylhalamines, although
m- specificity was noted, the high m- orientated yields with NClz were
not reproduced. (47). The decrease in m- orientated product yield was
attributed to electrophillic ammination or free radical reactions com-

peting with the o- substitution reaction.

Aldehydes and ketones react with chloramine to produce ald-chlorimines
and ketochlorimines by a Schiff's base reaction:
H
-Hp 0
RCHO + NHpCl— RT-NHCI——) RCH = NC1
OH

and primary amines are afforded by reduction (48,49).



With nitrogenous substitutes, much work has been carried out in the
synthesis of hydrazines from amines. A discussion of the literature
concerning the reactions of chloramine and substituted alkyl chloramines

with amines can be found in chapter 3.

With phosphorous compounds N-Halamines react in a variety of
different ways. Aryl phosphites act as Lewis bases towards dialkyl-
chloramines forming an adduct:

(CgH50)sP + EtpNC1— (CgHg0)sP(N(Et)2)CL

whereas with alkyl phosphites further reaction occurs (50).

(Et0)zP + (Et)aNC1—— (Et)>N-PO(0Et)> + EtCl
With phosphines, chloramine yields 4° amino phosphonium chlorides in
high yield (51).

RsP + NHpCl ——> [RsPNHp] *C1~
but these salts are often difficult to isolate because of hydrolysis:
[RsPNHo J*C1™ + HoO —> RsP = 0 + NH4Cl

With aryl phosphines, P-P bonds form with (CHz)a2NC1l, forming tetraphenyl-
phosphetane from phenyl phosphine, and tetraphenylbisphosphine from
diphenylphosphine (52).

UCgHsPHy + 4(CHz)aNCl—> (CgHsP)g + 14 CHz )aNHa C1

2(Cglg)2PH + (CHz)2aNC1—> (CgHs)2PP(CgHg)a + (CHs)2NHaCl
Whilst with phosphine, oxidation by dimethylchloramine yielded elemental

phosphorous,

PHz + 3(CHz)aNCl—> 2P + 3(CHsz)aNHoC1

10



With amino phosphines, ammination always occurs at the phosphorous
site yielding further P-N bonds rather than at the nitrogen site
yielding hydrazines (53, 54). This was shown by the hydrolysis of
the phosphonium salt HoN - P+(06H5)2)(tC4H9NH) €1, amino-t-butylamino-
diphenylphosphonium chloride, (I), formed from a chloramine interaction
with di-t-butylaminodiphenylphosphine. Hydrolysis of I yielded
t-butylamine and ammonia as the nitrogenous substances:
0

(I) + HoO + OH —> (CgHg)2P-OH + NHs + t~Cq4lgNHo

whereas if ammination of the aminophosphine had occurred at the

nitrogen, then t-butylhydrazine would have been formed on hydrolysise.

The phosphorous preference in ammination is also shown in
reactions with hydrazinophosphines (55).
Hz
+ -
(06H5)217\!-N(CH3)2 + NHpC1l—>  (CgHg)oP-N-N(CHz)2 C1
CHz NHo
thus demonstrating the enhanced phosphorous electron density when

bonded to an amino groupe.

Analogous behaviour of chloramine towards phenyl substituted
phosphines is noted in the equivalentarsenic compounds, aminoarsonium

halides being formed (56).

NHpC1 -
(Cgg)shs ——— (c6H5)3As*NH2 c1
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With aliphatic arsines, dimethylchloramine yields arsenic,

diarsines, and tetrasubstituted cyclopolyarsines (57) as shown below.

Arsine Products Yield (as cpd)
AsHsz As, (CHz)2NHoC1 6£6%
CHz AsHo (CHzAs)g; (CHz )oNH>C1 85%
(CHs )2AsH (CHs )2AsAs(CHz)2; (CHsz)2NHaC1 45%

Stibanes chloraminated with NH>Cl yield aminoalkylchlorostibanes:
RzSb + NHpC1—> RzSbh(NHz )C1
which condense to form the iminobis-trialkylchlorostibane which are
readily hydrolysable to the anhydrides and ammonia (58). With silyl,
gemyl and stannylamines, NHpCl gave products resulting from the cleavage
of the Si-, Ge- or Sn-N bond (59), and no stable addition compounds were

formed analogously to the phosphine case.

Dimethyl(trialkyl silyl, germyl, stannyl)amines reacted with
chloramine to yield; for exemple, the trialkylgermyl halide, dimethylamine,
aemmonia and nitrogen:

3RsMN(CHsz )2 + 3NHoCl——>3RzMC1l + 3(CHgz)oNH + NHz + No
M = 8i, Ge, Sn
and in the case of bis-(trialkyl, germyl or stannyl)amine, similar
products were noted:
3(RasM)oNH + 6MHoC1l —> 6RzMC1 + S5NHz + 2Np

(M = Ge, Sn).

There has been little work in the behaviour of sulphur compounds
towards halamines. Most commonly, reactions appear to proceed via
nucleophillic substitution on the halamine nitrogen by the sulphur

compound. Dialkyl sulphides, when treated with an etherial solution of
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chloramine, precipitate the aminodialkylsulphonium salt (60).
RoS + NHoCl —> RpS*NHp €1~

A new N-halo compound, N,N-dihalo-S,S-dimethylsulphurdiimmide, was
formed by halogenation of the dimethylsulphurdiimmide with the halogen
in aqueous solution (61).

(CHz)2S(NH)2 + Xa —> (CHz)2S(=NX)2
These N-=-halo compounds reacted with RpS compounds yielding S-N
unsaturated salts by nucleophillic substitution.

RoS + (CHs)2S(=NX)2 —> (CHs)aS(=N"SRp)p 2X

Of the rearrangement reactions undergone by substances involving
N-halamines, the best known is probably the Hoffman-Loffler reaction,
for the synthesis of certain cyclic amines from N-halogeno compounds.
The reaction can be exemplified by the formation of N-alkylpyrollidine

from N-chloro=(alkyl)-n-butylamine:

CHo CH> CHp———CH>
| | Hp 50, | |
CHz CHo TCI) Cﬂz\ /CHg
Cl\\\ T
N
R
\\\R

The above transformation appears to be a straightforward dehydro-
halogenation reaction, but the isolation of 4-chlorodibutylamine from

N chlorodibutylamine (62) shows that a different mechanism is involved.

It is thought that the initially protonated N-chloramine is
homolytically cleaved under the influence of some initiatory influence,

(heat or 1ight), to yield amminium radicals.



CHa CHp Hp Ha
Lk -

Hz Hz Ho
N N
01/ I,i R }! \R

The amminium radicals then abstracts a sterically favourable proton

to yield andlkyl radical:

CHa CHp CHp CHa
(|:H3 /:Hg _— CHp CHp
7 /I\i__H
H/ \R H \R
The alkyl radical then abstracts chlorine intermolecularly in a chain
reaction:
CHp Ho CHp —— CHp
CHo ng C4H§jcm > /|1H2 /CH2

N/————- c1 | Y
/ +\ /
H R H \R
The, (isolable), 4=-chlorobutylammonium salt is then converted, by
alkaline hydrolysis, into the cyclic tertiary amine:

Chg

Hp Chio

Chp
+ HC1

CHo CHo > Cl"z le
e \/
Cl1

4
7 N\
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An interesting feature, shown in further investigations of the
mechanism of this reaction, is that selectivity for hydrogen abstraction
is at C4 by preference (63). N=-chloro-N-t-butylhexylamine yielded pro-

ducts which were concomitant with C4 hydrogen abstraction:

L L e LTk
> ii a [
CH/ N/ Cﬂg/ \N/
2
e N —

CHz cl t( C4H9) CHz t( C4H9)

A quite different type of rearrangement was found in the conversion
of N,N-dichloro-sec-alkylamines to ¢ aminoketones (6L4). The N-Halamine
is successively treated with sodium methoxide and HC1:

N
-HC1 1 /1
RCHz CHR —— RCHp CR ——>RCH-CR

l
NClp NC1

H

I . -
NHzC1
RCH-CR — RCH~- ‘H—Eo'—’RLHCR

/

CHz OH /N\ HC1
-R
O/CH;-, 0

The above scheme accounted for, for example, the rearrangement of
N,N-dichloro-sec—cyclohexylamine to 2-aminocyclohexane in 72% yield
(65, 66)« The N chlorimine, RCHoC(=NC1)R, was isolated and subsequently
transformed to the o amino ketone (67). Further support for this mode
of rearrangement was obtained in a 1""6 labelled N,N dichloro-l,

1

2 diphenylethylamine-l-lhc transformation, the = C being found almost

exclusively in the carbinyl group (68).
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after degrative procedures were carried out on the product, II, the

labelled C* atom was found in the ketonic material.

One type of N halamine rearrangement is thought to proceed via a
nitrenium ion intermediate. From an investigation of the solvolysis of
N-chloroisoquinuclidine with CHzOH in the presence of AgNOs, (69, 70)
60% yield of 2-methoxy-l-azabicyclo (3.2.1) octane indicated an alkyl
migration. There are two conceivable pathways leading to this product,

each involving an alkyl migration:

+Z
|

et
A7 NN

\




pathway (a) involving the formation of a nitrenium ion as a discrete
intermediate (III) and subsequent rearrangement by alkyl migration,
whereas pathway (b) suggests a concerted process where C1 loss occurs

at the same time as alkyl migration.

A further example of this type of rearrangement is (71):

Lﬁxﬂ*—m@
Cl

Supporting mechanistic evidence to the nitrenium ions' discrete
existence was obtained from kinetic studies. Methanolysis of several
2-chloro-2-azabicyclo (2.2.1) heptane derivatives gave thermodynamic

parameters in accord with thoseexpected for a process involving ions

(72).

This brief review of the chemistry of N-Halamines shows how
versatile the compounds can be and of what value they are to the

synthetic chemist,:

In this work, the reactions of one of the members of the halo amine

class, dimethyl chloramine, will be investigated. Its reactions with
basic substrates such as the amines and hydrazines show differing
behaviour to that of the simple chloramine NH»Cl. The reactions of
dimethyl chloramine with alkylating agents is also presented, and in
this area evidence is gained for the existance of the chlorammonium
cation (CH3)5N+Cl, and its considerably less stable bromo analogue

(CHs )3N+Br.

17
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The cation (CH3)3NCl+ is investigated with many spectroscopic
techniques including NQR spectroscopy where it is found that the
chlorine is the more electropositive atom in the N-C1l bond, showing
that (CH3)3N+Cl is certainly a more effective chlorinating agent than

molecular chlorine.

The work on the cation (CH3)5N61+ indicates that past considerations
of the structure of the halogen trimethylamine addition compounds,
(CHz)zNXa, X = C1, Br, I, in terms of structures such as (CHz)sN'X X,
is perhaps incorrect in the solid phase for all, with the possible
exception of (CHz)sNClp, where although the ion (CHz)sN'Cl is formed in
aqueous solution, evidence for Cl-Cl interaction has been found in the

solid phase.

The alkylations of (CHz)oNC1l and (CHz)oNBr with less powerful
alkylating agents than, for example CHz0Cl0z, CHz0SOzF, provide an
interesting contrast. In the case of CHzI, dimethylchloramine yielded
the unexepcted tetramethylammonium salt of a pseudo-polyhalide anion,
(CHz)qN" (CHz)oN(T€1)p ~« When dimethyl bromamine 1s reacted with
methyl iodide, the corresponding bromo compound is produced, formulated
as (CHg)aN' (CHz)oN(IBr)o » but the interaction of dime thylchloramine
with methyl bromide gives the known compound, (CHz)zNBrCl. In complete
contrast, when methyl chloride is used as the alkylating agent, only

decomposition products of the chloramine are obtained.



CHAPTER TVWO

EXPERIMENTAL METHODS

19



20

EXPERTMENTAL METHODS

The study of the reactions of Halo amines with acid and basic
species required the use of a variety of manipulative techniques.
Although the majority of reagents used were not particularly volatile,
a vacuum line allowed quantitative transferences of materials to be
made under anhydrous conditions. The vacuum line also allowed
investigations of reaction products which were volatile, for example
methane, which would otherwise have been lost if conventional "bench"
techniques had been used.

In order to maintain anhydrous conditions throughout a series of

reactions, a dry box was used.

This Chapter will describe the vacuum and dry box systems and give
details of the equipment associated wath theme The methods employed
to purify or prepare and purify all the reactants used in the study

arc alsoc explained and discussed.

1. The Vacuum Line

The vacuum line was of generel purpose design, as shovm diagram-
matically in Figure 1. It can be split into four sections, comprising
of a pumping section (P), a general working section (W), a storage
section (S), and a fractionating section (F).

The pumping section comprised of a Jencons mercury diffusion pump, D,
backed by an Edwards two-stage rotary oil pump.

The diffusion pump was rated at better than 30 litre per second pumping
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capacity at 107 to 10 ° mm Hge, and could attain an ultimate vacuum of

3 x 10-7 mm Hge The pump was heated electrically using a 320 Watt wrap
round heating element. The critical backing pressure of 0.2 mm Hg. was
easily obtained using the two-stage rotary oil pump which was an

Edwards "Speedivac" model 2SC20A, powered by a 0.25 horsepower motor,
providing a pumping speed of 22 litre per minute and an ultimate vacuum
of better than 107> mm Hge.

The diffusion pump was situated between two cold traps, it being isolable
from the rest of the line by a large three-way tap 3a (Figure 1) and

tap La, thus ensuring that if chemicals reactive to hot mercury, e.ge.
Clo, were being handled in this section no contamination could occur.

An air bleed was provided via tap la to prevent oil suck back when the
o1l pump was switched off. The connections between rotary pump and
diffusion pump and the rest of the line were aslarge as possible.

The general working section consisted of an array of six taps terminating
in Bl sockets to allow attachment of various pieces of apparatus such
as infra red gas cells or resaction vessels. It was found more convenient
to have Bly sockets rather than Bll cones on this section as reactions
were carried out which often required the making and breaking of con-
nections to this part of the line, for example weight analysis cell work,
where the cleaning of vacuum grease from the demounted apparatus was
facilitated by having a cone and not a socket, This section of the line
was also equipped with a standard volume V; and a cold finger, C.

The storage section provided a total capacity of 90 litres in the form
of four20 litre bulbs and two 5 litre bulbs. The storage bulbs were
connected to the vacuum line via Rotaflow taps, which were found to be

more satisfactory than greased ground glass taps for this particular

purpose, since the seal provided was found to be, in general, more
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durable than that offered by a greased tap. The merits of this type
of vacuum tap are discussed later.

For the investigation of volatile reaction products, or the purifi-
cation of volatile reactants, the fractionation section was used.
This consisted of six individually isolable fractionation bulbs, of
diameter such that they made a close fit in the mouth of a "Thermos"
dewar.

The fractionation section was demountable, for ease of cleaning, and
was equipped with its own monometer, FM, Figure 1, so that slow
distillations could be carried out whilst leaving the rest of the
vacuum line free for other work. Access to this section was via
Bll sockets.

Cold baths necessary for distillations were made up using organic
liquids of suitable melting point, and liquid nitrogen (never liquid
air). The temperatures of such baths are given in Table 1.

Table 1: Temperatures of Ligquid Nitrogen Slush Baths

Cold bath component Temperature (°C)
Melting CClg -23
Melting CgHsCl =45
Melting CHClz -6l
Melting CpHgCOCHs -78
Solid CO» (CHz)2CO -84

Melting C6H5CH3 =98




The cold traps used in the pumping section contained liquid nitrogen.
The dewars used with the vacuum line were either "Thermos" refills
fitted, most conveniently, into empty one pint oil cans supported on
cork rings; or standard quart "Thermos" flasks. The latter were used
predominantly for freezing purified products on the fractionation train
when such products could not be stored elsewhere, for example dimethyl
chloramine, since nitrogen evaporation losses were minimised by the

narrow neck of the flask, and cottonwool. The other dewars were used

for holding the cold baths.

All parts of the line were connected, via various manifolds, either
directly or indirectly to the main manometers M, (Figure 1), which were
direct reading and fabricated from 8 mm bore tubing. Pressures were

recorded using a cathetometer yielding pressure readings to 0.0l mm.

The standard volume situated in the working section of the line
was calibrated using an external known volume, whose volume was found

by weight measurements full and empty of mercury, and the standard P,

V, and T relationships.

For vacuum checking, when the vacuum was observed to be better than
0.01 mm from the menometer, a Tesla coil was used which indicated, by
the discharge colour inside the vacuum line, when the pressure had fallen
below approximately 1072 mm Hg., (& black vacuum) and this condition was
considered satisfactory when pumping out reaction vessels or joints
between the line and demountable pieces of apparatus. The use of the
Tesla coil could induce the formation of "F" centres in alkali halide
infra red plates (a blue coloration), and also cause the decomposition

of some reactants (such as (CH3)2NCI), thus care was exercised in its

24
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use. It did however prove extremely useful in the detection of
pinholes 1n the glass tubing of the vacuum line but could alsc cause
pinholes if 1insufficient care was taken when checking thin walled

containers such as molecular weight bulbs.

In all cases Apiezon M grease was used for jJoints which were
broken, such as cones and sockets, Apiezon L grease was used for
taps within the vacuum line as this grade proved more convenient,
especially when the ambient temperature was low, since it remained
more fluid than M grease at lower temperatures. Black Picein wax was
used for the connaections at the diffusion pump since this was consider-
ably more permanent than either Apiezon L and M grease and would also

withstand the temperatures at this area.

For: experiments involving substances reactive towards Apiezon

greases, such as chlorine, Kel-F 90, a fully fluorinated grease was used.

Examples of different apparati used with the vacuum line are shown
in Figures 2-8. Infra red gas cells, storage ampoules and some weight
analysis cells were equipped with the "Rotaflow" stopcock. This stop-
cock is shown in section in Figure 9 and consists of a PTFE plug
attached to a plastic knurled knob, the whole fitting into a specifically
designed glass tube. When the stopcock is closed the PTFE plug is
clamped tightly onto the valve seat formed in the glass tube, thus sealing
the contents of the enclosed vessel off from the atmosphere. The seal
at the other side of the stop cock is formed by expanding the PTFE plug
along about 1 cm of its length by means of a resilient insert inside the

PTFE plug.
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Conditions of a good seal were obtained when both PTFE/glass
contact areas appeared "wetted" by the PIFE. It was found important
to ensure that no dust particles or pieces of fibre adhered to the
valve seat or the valve stem as this could cause leakage.

The use of a Tesla spark coil, for vacuum testing, could degrade

the PTFE around the valve seat area if care was not taken.

It was found that this type of stopcock had several advantages over
the more standard greased, ground glass tap, in that it could be used
quantitatively after long periods of time in contact with, for example
BClz whereas a conventional greased tap would have deteriorated.
Indeed for weight analysis experiments where the reaction studies
involved materials whose boiling point was less than room temperature,
the Rotaflow system offered ease of manipulation, reproducibility and
safety.

It was found however that although a seal may be satisfactory at room

temperature, this may not be so at say -23°C, in a freezer, for example,

when the PTFE plug contracts, but this does not represent a serious

drawback since the contraction can be compensated for by pre adjustment.

The use of the stopcock when formed into a storage ampoule is shown

in Figure 4. Clearly the convenience of this method over a sealed pyrex

ampoule need not be emphasised.

Figure 5 shows two views of the infra red gas cell which was

fabricated from 25 mm diemeter tubing and had a path length of

approximately 10 cm. The cell was equipped with a short, approximately

5 cm, cold finger for the collection of small quantities of volatile
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materials, and was sealable by means of a Rotaflow stopcocke Normally
KBr infra red plates were affixed to the ground glass ends by means of
Piceine wax, care being taken during the application of the plates to
prevent cracking under the heat of an infra red lamp used to melt the
black Piceine sealing wax. In some cases CsI plates were affixed in a

similar way.

Figure 3 shows a standard weight analysis cell formed from a B2L

cone and socket. The socket part of the cell contained a ground glass

tap whereas the container part was formed from a cone. This was so that,

with careful greasing, materials could be weighed into the cell without
coming in contact with the grease around the cone and socket jointe. The
standard cell was only practicable for dealing with reactions involving
volatile products or reactants where the temperature did not exceed the
boiling point of the most volatile component. For: weight analyses
involving higher temperatures, the Rotaflow system was used (Figure 2)
which consisted of a TF16/24 stopcock fused to a wider bore tube rounded
at the ends This size of stopcock allowed quantitative transferences

to be made by completely removing the PTFE plug.

For the opening of 16 mm 0.D. heavy walled pyrex reaction ampoules
(Figure 8¢) an ampoule breaker was used, which is shown in Figure 8b and
in use in Figure 8a. The ampoule breaker was used by initially deeply
scoring the sealed end of the ampoule to be opened, with a glass knife,
near to the tip but below the fused end, and coating the neck of the
ampoule with Piceine wax. Whilst the wax was still soft, the open end

of the ampoule breaker was slid onto the ampoule so that the scored end
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was close to the heavy operating lever of the ampoule breaker tap, and
the whole allowed to cool. Visual inspection usually revealed if the
seal was adeguate since the wax "wetted" the inside of the breaker tube.
The complete breaker and ampoule was then affixed to the vacuum line
via the BlL4 cone, shown in Figure 8b, and the whole evacuated. The
ampoule to be opened was usually frozen in liquid nitrogen before
opening, and the tip of the ampoule cracked off by carefully turning the
large tap thus bringing the operating lever in an arc across the tip of

the ampoule.

A selection of tap cone connectors, consisting of a ground glass
tap fused to either a Bl cone or socket are shown in Figure 6. These

were used to connect standard quickfit flasks to the vacuum line.

Figure 7 shows an extremely useful addition to the tap cone connec-
tor, exemplified in Figure 7, as the apparatus used in the preparation
of (CHz)sNClp. The apparatus consisted of a standard tap cone connector
Joined to a standard quickfit flask by means of a sintered glass filter
stick, of porosity 4, which had a Bl4 cone fused to each end. The
reason for employing the filter stick was to prevent fine powdered pro-
duct from, typically, the (CHz)zN, Clp, Freon 11, reaction entering the
vacuum line when the solvent, Freon 11, was pumped away, since in the
latter stages of solvent removal, bumping can occur. The sintered glass
filter allowing reactants and volatile products to pass but not the
solid residues. The use of this addition increased the time taken to

pump out flasks attached to it.



The storage ampoules and tube work of the vacuum line were dried
and degassed before use by gently playing a gas flame over the outside

surface whilst pumping at black vacuum.

2. The Drv Box
The dry box was a standard glass box of approximately 30 litres
capacity and is shown, along with the associated humidity control

equipment, in Figure 10.

The glove box was manufactured in 1970 at the Science Site Central
Workshops at Durham, from an original drawing from Warwick University,
from Va inch mild steel, all joints were welded. A tubular spanner was
welded into the base to take an infra red press.

An enclosed variable speed recirculating pump, P positioned inside the
glove box, passed the box atmosphere, approximately once every seven
minutes, through two cold traps, C, fitted in parallel. The box was
maintained, at all times when not in use, under a positive pressure of
nitrogen, such that the gloves were inflated. The nitrogen used for
the make-up of the box atmosphere was drawn off the central liquid

nitrogen storage cylinder and was rated at less than 6 ppm H»x0.

The box itself was kept dry with dishes of phosphoric oxide, or
with sodium potassium alloy, placed in strategic positions around the
box floor. The adequacy of the dessication can be seen from spectra of
extremely moisture sensitive compounds such as BCl4- (Figure 30

Chapterd ).
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The entry and exit to and from the box was, for large objects,
via the main port, A, which was purged with nitrogen for between 30
and 45 minutes depending on the item(s) being taken into the box.
For small items, such as infra red cells or analytical samples, the
quick entry and exit port, Q, was used. This consisted of two brass
B55 cones bolted back to back on the main port side of the box. B55
glass sockets equipped with Rotaflow taps, were fitted over the cones

and the whole could be evacuated to water pump vacuum within minutes.

The box was also fitted with an electrical connection via a gland
1n the sidewall terminating in a 13 amp socket, thus enabling the use
of a magnetic stirrer or hot plate. Facilities for filtration were
also provided via a tube passing through the sidewall, which terminated
in a three-way tap within the box, so that vacuum control could be made
conveniently. Care was taken to ensure an adequate inflow of nitrogen

during filtration operations.

All non welded joints, such as at the large plastic window, were
sealed with silicoset silicone rubber, and before commissioning, the
box was purged with nitrogen for at least two weeks, and before use was
set to recirculate the box atmosphere through the cold traps, which were
immersed in dewars of liquid air, for at least four hours. Liquid air
was used in this instance because, with the positive nitrogen pressure
in the box 1t was possible to liquify the box atmosphere if liquid

nitrogen was used.
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To facilitate the handling of fine powders within the box, under
such dry conditions, a radioactive source was employed. This consisted

of a 20 cm aluminium rod which had a thain strip of tin plate bolted to

(PPAmp43) -

The nuclide decays by o emission and has a half life 7.95 x 103 years.

its end. The tin plate was coated with Americium nitrate

This proved satisfactory in reducing the electrostatic conditions

inside the box,.

3. Preparation and Purification of Reactants
(a) The alkyl halides, CHszX, X = F, C1, Br, I
Methyl chloride, bromide and iodide were readily available
reagent grade materials. Methyl fluorade was prepared from dimethyl

sulphate and potassium fluoride.

Methyl iodide was dried over phosphoric oxide and distilled
into a Rotaflow storage ampoule surrounded by aluminium foil to

prevent photolytic decomposition reactions occurring.

Methyl bromide was received in 100 ml ampoules which were
cooled in ice water then opened, the contents poured quickly into
a chilled flask containing phosphoric oxide, degassed on the vacuum
line by freezing in liquid nitrogen, pumping out then allowing the
contents of the flask to melt then refreezing and re-evacuating.
This procedure was repeated until, when frozen at 77K, no discharge
could be obtained with a Tesla spark coil. The methyl bromide was

then distilled into a Rotaflow storage ampoule.



Methyl chloride was introduced, from a commercial cylinder,
into the fractionation section of the vacuum line and distilled
through two baths at -84 (acetone, solid COp) and condensed at
77K in liquid nitrogen. The methyl chloride was stored in a pre-

evacuated 20 litre bulb on the vacuum line,

Methyl fluoride was prepared by the method of Yates (73)
from dimethyl sulphate and potassium fluoride according to the

reaction:

(CHz)20503 + 2KF = 2CHzF + K»S04

In a typical preparation, 25 gm (0.43 mole) of potassium
fluoride, previously dried at 120°C for twelve hours, was introduced
into a 250 ml three-necked flask fitted with a condenser,
thermometer and nitrogen inlet. 25 ml (0.26 mole) dimethyl sulphate
was added and the flask purged with nitrogen, the effluent nitrogen
from the top of the condenser was passed through a trap and thence
to the atmosphere through a bubbler.

The contents of the flask were heated to 160°C for three hours with
only a trickle of nitrogen flowing. As the heating commenced, the
effluent trap was immersed, slowly, in liquid air contained in a
dewar.

After the heating period the trap was isolated and transferred,
frozen, to the vacuum line and pumped out. On warming the trap, the
contents were allowed to distill through a bath at -131°C (melting
n~pentane) into a liquid nitrogen trap. The thus prepared gas was

checked for purity and stored in a demountable 2 litre bulb.
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Infra red spectra on all the alkyl halides obtained were checked

with published spectra.

(b) Other Alkylating Agents

Methyl perchlorate, CHzC1l04, due to its high in
the pure state, was prepared in solution, according to the method
of Hammond (74), by mixing silver perchlorate and methyl 1odide, in
carbon tetrachloride solution, but modified to ensure no methyl

1odide was present in the resulting solution.

In the dry box 2.0 gm (9.65 m mole) AgClO4, finely ground, was
introduced into a 100 ml two-necked Bl) quickfit flask, and 25 ml
dry CCly added. To this, 0.5 ml (1.14 g, 8.01 m mole) CHzI was

added, the flask stoppered, covered in aluminium foil and removed

from the dry box, placed on a flask shaker and agitated for 24 hours.

The flask was returned to the dry box and after the, now, yellow
solid had settled, an aliquol of the solution was investigated by
infra red spectroscopy and found to show no absorptions due to CHzI.
The flask was then attached to the apparatus shown in Figure 11,
consisting of a filter stick Joining the reaction flask to a second

two-necked 100 ml flask equipped with a tap cone connector.

The complete apparatus was then transferred to the vacuum line
where the empty flask was partially evacuated causing the solution
in the reaction flask to pass through the filter, after which the
whole was returned to the dry box and the filtrate stoppered in its
flask. The residue was treated, out of the dry box, with distilled
water and dried in an oven at 120°C, and weighed yielding 1.8845 gm

Agl.
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1H NMR of an aliquot of the solution showed only one peak
atT 5.8 from external TMS, infra red spectroscopy showed the
presence of the characteristic perchlorate bands at 1460 cm-l
and it was concluded that the solution contained 0.9172 g (8.01 m

mole) CHzC1lO4 representing the complete conversion of the methyl

iodide.

Methyl fluorosulphate, CHz030oF, was prepared from fluoro-
sulphuric acid and dimethyl sulphate in the apparatus shown in

Figure 12.

60 ml (1 mole) fluorosulphuric acid was placed in a 250 ml
two-necked round bottomed flask containing some pieces of porous
pot. A lagged 12 inch column, with side arm, was connected with a

condenser and receiving flask.

150 ml (1.5 mole) dimethyl sulphate was run into the reaction
flask and the whole heated to boiling. The fraction boiling at 92°C
was collected, treated with anhydrous NapCOz and distilled on the

vacuum line into a Rotaflow storage ampoule.

Dimethyl sulphate was treated with anhydrous sodium carbonate,

decanted, and used without further purification.

(c) Ammonia and the Methyl Amines

Ammonia, NHz, was introduced from a cylinder into a trap frozen

in liquid air, containing some small pieces of clean sodium metal.

The trap was allowed to warm up, producing the characteristic

blue-gold coloration, and the ammonia distilled into the fractionation
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section of the vacuum line, through two traps at -84°C (acetone,
solid CO,) and finally frozen at -196°C in liquid nitrogen. The
dry ammonia was then transferred to the cold finger of a previously
evacuated 20 litre storage bulb, into which it was allowed to
expand.

Infra red spectroscopy showed that the material was free from other

amines or contaminants.

Methylamine, CHzNH>, was obtained from a 40% w/v aqueous
solution by distillation from the solution into the fractionation
section of the vacuum line, the solution being exposed, with care,
to the pump via two baths at -84,°C (acetone, solid COs) and a trap
at -196°C.

The majority of the product collected at -84°C, along with some
water and some ammonia. A second distillation through a -84°C bath,
collected methylamine and ammonia., The separation of the NHz from
CHzNH; proved to be difficult but some five distillations through a
-84°C bath, and frequent monitoring of the infra red spectrum of the
first and subsequent volatiles at =84°C, indicated that after five
distillations the residual methylamine at -84°C was ammonia free.

The amine was stored in a Rotaflow storage ampoule.

Anhydrous dimethylamine, (CHsz)oNH, was obtained in 500 ml
ampoules as reagent grade chemical. The ampoule was cooled in an
ice/NaCl mixture and opened in the fume hood, the contents being
poured briskly into a cooled flask fitted with a tap cone connector.

After degassing on the vacuum line the amine was distilled through
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a -64L°C bath (melting chloroform) and collected in a trap, at
-196°C, in liquid nitrogen. Infra red spectroscopy revealed the
major contaminant to be tetramethylmethylenediamine,

((CHs )NCHaN(CHz)2), which was retained at -64°C (Bpt 98°C, 760 mm).

The purified amine was stored i1n a large Rotaflow storage ampoule.

Trimethylamine, (CHz)sN, was obtained as the anhydrous
reagent grade material in 500 ml ampoules. The purification
procedures for this amine were the same as that used for
dimethylamine, and the resultant pure dry amine was stored in a
large Rotaflow storage ampoule. Purity was checked by infra red
spectroscopy on samples of the vapour at various pressures, com-
parisons being made with published data. In no cases were there

any absorptions not accountable for by the pure amine.

(d) The Hydrazines

Hydrazine, NoHy, can be prepared as the anhydrous compound,
from a hydrazinium salt and liquid ammonia, requiring fairly large
volumes of ligquid ammonia and some none too simple manipulative
techniques such as filtering solutions of liquid ammonia in a dry
atmosphere. A simpler method was to start with the hydrate, NoH4,HoO
and dehydrate with cdeium hydride, CalHp, in the dry box. 1In a
typical preparation, ca 20 ml hydrazine hydrate was treated with
excess calcium hydride in the dry box, in a two-necked flask. The
hydrazine hydrate, calcium hydride slurry wes then removed from the
dry box and quickly fitted to a condenser set for reflux with a

nitrogen purge. The purged flask was heated and the mixture allowed
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to reflux for an hour, and then distilled. Final infra red check

and melting point (1.5°C) showed pure anhydrous hydrazine (hydrate

melting point 1s -40°C).

The methyl and dimethyl hydrazines, CHzNHNHa, (CHz
were obtained as anhydrous reagents, and purified by treating with
calcium hydride and distilling on the vacuum line. N,N dimethyl-
hydrazine was distilled four times through a -84°C bath (acetone,
solid CO») removing NHz. No evidence of oxidation of the final
sample of CHzNHNHo, was found, no methane apparent in the infra red

spectrum, methyl hydrazine vapour is prone to oxidation in the air,

by a first order process yielding methane and nitrogen (101)

These products were stored in Rotaflow ampoules.

Trimethylhydrazine, (CHz)oNNHCHz, was prepared from
N,N dimethylhydrazine following the method of Class (75) by converting
N,N dimethylhydrazine into N,N dimethylmethyleneimmine and subse-
quently reducing to trimethylhydrazine, according to the reaction
sequence below.
(CHz)oNNHo + CHo0 —s= (CHz)oNN = CH» + Hz0
(CHz)oMN = Chp _“XAM4 ((ch. ) NNHCHs
The method of Class was followed until the final stages where the
free hydrazine was distilled from a caustic soda solution of its
hydrochloride on the vacuum line, collecting in a Rotaflow ampoule
part filled with calcium hydride. The hydrazine was shaken with
the drying agent for approximately one hour and then distilled into

a Rotaflow storage ampoule.



Infra red spectroscopy showed the product to be free of any
(CHz)oNN = CHy which can result from oxidation of the hydrazine
(76) .

(e) The Halogens Clp, Bry, Io

Chlorine was obtained from a cylinder and introduced into
the fractionation section of the vacuum line through two traps at
-84°C (acetone, solid CO>) and collected at -196°C. Infra red
spectroscopy in a gas cell with NaCl plates showed no HCl1l at
pressures up to 500 mm Hg, but some CO» which was removed by holding
the chlorine at -84°C, and carefully pumping. The halogen was
stored in two 5 litre storage bulbs on the vacuum line for immediate
use and as a liquid in a heavy walled pyrex ampoule, and in a heavy

walled Rotaflow storage ampoule, in the refrigerator.

Bromine was purified by shaking with anhydrous sodium carbonate,
decanting and drying over phosphoric oxide and fainally distilling

into a Rotaflow storage ampoule.

Todine was sublimed, under vacuum, transferred to the dry box

and bottled in the dry box.

The sections of the vacuum line used for handling these halogens
were greased with Kel-F 90, a fully fluorinated grease, to minimise
absorption and deterioration. After the purification procedures all

relevant sections were regreased with Apiezon L and M grease.

45



46

(f) Other Chemicals

Boron trichloride, BClz, was obtained in 50 ml ampoules which
were cooled in ice/salt mixture, opened and transferred to a purged
flask equipped with a tap cone connector and introduced, after
degassing, into the fractionation section of the vacuum line, where
it was distilled through a trap at -95°C (melting toluene), a trap
at -116°C (melting diethyl ether), and into a trap at -196°C. The
compound was liquid at -95°C and solid at -116°C. HC1l, which was
apparent in the crude material was removed completely at -116°C
(HC1 vapour pressure is approximately 100 mm Hg. at this temperature).
A small quantity of the purified product was condensed into a Rota-
flow storage ampoule, the ampoule sealed, allowed to warm to room
temperature and the BClz swished around the inside. The ampoule was
then returned to the line and pumped out, and the remaining bulk of
the BClz distilled in. This procedure was adopted to make sure of

the dryness of the inner surface of the storage ampoule.

Sulphur dioxide, S0, was obtained in pressurised cans from
which the liquid was poured onto an excess of phosphoric oxide in
a round bottomed flask equipped with a tap cone connector. After
degassing the compound was distilled from the phosphoric oxide through
a -84°C bath (acetone, solid CO>) and collected at -196°C. Infra
red spectroscopy indicated the purity of the sample, and it was

stored in a Rotaflow storage ampoule.
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Antimony pentachloride, SbCl5, and antimony pentafluoride,
SbFS, were used as obtained, as satisfactory analytical figures
were found. (Sb015, Found %, Sb, 40.51; Cl, 58.63; required %,
Sb, 40.71; C1, 59.29. SbFy, Found %, Sb, 55.72; F, 42.31;

required %, Sb, 56.81; F, 43.83.)

(g) N-Halamines

There are many varied methods, in the literature, for
preparing N-halamines. Classically, (CHsz)aNCl, 1s prepared from
a golution of dimethylammonium chloride and sodium hypochlorite,
but chloramines have been formed from t-Butyl hypochlorite and an
amine, and from the cleavage of trimethylsilylamines with chlorine

gas (77).

A convenient method of formation of simple alkyl halamines was
found to he that of Rustnug (78) where dialkylamines were treated with
N--chlorosuccinimide. The succinimide reaction was found to be:most
convenient, and provides better yields than with the use of dimethyl-
ammonium chloride and sodium hypochlorite.

In a typical preparation of dimethylchloramine, 7 gm (52.4 m mole)
N-chlorosuccinimide was placed in a Rotaflow weight analysis cell
and after degassing on the vacuum line, 2.2206 gm (49.35 m mole)
dimethylamine was condensed in. The Rotaflow was sealed and placed
in a freezer at -23°C for 24 hours, after which time the cell was
returned to the vacuum line and the volatile material distilled out.
Infra red spectroscopy showed no strong C-N vibrations of (CHz)oNH

1

at approximately 780 cm ™, and the presence of a weaker absorption
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at 600 cm-1 was noted (N-C1l vibration). The total volatiles

recovered weighed 3.78lL4 gm representing a conversion of 96.4%.

Dimethylchloramine was stored on the vacuum line in one of
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of its instability at elevated temperatures.

The infra red spectrum of (CHz)oNCl was recorded in the vapour
phase and the spectrum is shown in Figure 14. Figure 15 shows

the infra red spectrum of (CHsz)oNCl at ~196°C in a low temperature
cell. The bands at 590, 910, 1005, 1160, 1190, 1210 cm * correspond
to the values 592, 912, 1004, 1149, 1684, 1209 cm-l, Heasley V. L.

quotes for the chloramine in solution (47).

Dimethylbromamine, (CHz)oNBr, can be prepared utilising similar
techniques to that for (CHz)oNCl. The most satisfactory method of
preparation was found in the reaction of N-bromosuccinimide with
dimethylamine.

The bromamine is much less stable than the equivalent chloramine,
preparations resulting in the pure material often resulted in rapid
decomposition to, CHy, NHz, (CHsz)sN, (CHz)oNH and Brs as shown in
Figure 16, recorded after a sealed tube of (CHz)oNBr turned from the
characteristic greenish yellow colour to a dark reddish-brown mass.
It was found more convenient to prepare the compound in a solvent,

thus increasing 1ts stability,

In a typical preparation of the anhydrous material, 1.9 g

(10.7 m mole) N-bromosuccinimide was weighed into a 100 ml round
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bottomed flask equipped with a tap cone connector. The flask was
placed on the vacuum line and degassed. 0.4147 g (9.2 m mole)
(CHs)oNH was then condensed onto the bromosuccinimide and the flask
1solated from the vacuum line and allowed to warm up to ~-23°C
(melting CCly), where over a period of fifteen minutes, the yellow
colour of the N-bromosuccinimide was observed to fade leaving a
partially white residue. At this stage the volatile contents of
the flask were distilled into a calibrated test tube on the vacuum
line, resulting in the collection of 0.75 ml of a bright greenishe-
yellow liquid, which was then distilled over as short a distance as
possible into a second cold finger containing approximately 0.l gm

N-bromosuccinimide where it was stored frozen at-196°C.

In a typical solvent based preparation, 1.8 g (10.1 m mole)
N-bromosuccinimide was ground to a fine powder and placed in a 100 ml
beaker to which 40 ml distilled water was added, along with a stirrer
bar, and the whole gently stirred to disperse the fine particles of
N-bromosuccinimide. To this dispersion 1.50 ml of a 26% w/v aqueous
solution of dimethylamine, prepared by condensing 26 gm (CHsz)oNH into
100 ml distilled water frozen on the vacuum line and allowing to
warm to room temperature, was added. The yellow solid gradually
disappeared leaving a clear faintly yellow solution. 10 ml CCly was
then added and the whole transferred to a separating funnel, where
the yellow product extracted into the CCly layer was transferred to
a 100 ml conical flask containing anhydrous MgClp and the contents
were shaken and then treated with & second quantity of MgClo. The

MgCly, was allowed to settle leaving a clear yellow solution.
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An aliquot of the solution was placed in a UV cell and the absorption
spectrum recorded over the range 200~450 nm, showing two absorptions
at 262 and 320 nm, which compares with 259 and 320 nm given in the
literature (47).

The infra red spectrum was recorded in O.1 mm path liquid cell and
the bands obtained compared with those given by Heasley.

(Heasley) 1201 1172 1148 1001 900 525

(Found) 1205 1175 1145 1000 900 530

All the absorptions were accounted for,.

Figures 17 and 18 show the UV and IR spectra of the compound.

(h) Solvents

The majority of sclvents or reaction media used were either
over phosphoric oxide or sodium metal. CCl4 and CH>Cly, were refluxed
over P’205 for approximately half an hour and then distilled into a

large flask containing fresh P»0g.

Chloroform, CHClz was washed with sulphuric acid and then water
and distilled, under nitrogen, from Po0g onto P'go5 and stored under
nitrogen to prevent oxidation to C0Clp. Infra red spectroscopy did

not reveal any COClp, when the solvent was handled in this manner.

Diethyl ether and hexane were dried over fine sodium wire,
whilst freon 11, trichlorofluoromethane, CClzF, was distilled in
vacuo from P§05 into a Rotaflow storage ampoule.

Acetonitrile, CHzCN, was refluxed with phosphoric oxide for approxi-
mately half an hour, and then distilled into a receiving flask

containing phosphoric oxide.



In all cases, dried solvents were kept in either stoppered
1l litre round bottomed flasks, or for convenience in vacuum line

use, in large Rotaflow storage ampoules.
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CHAPTER THREE

THE REACTIONS OF DIMETHYLCHLORAMINE

WITH SIMPLE ALTPHATIC AMINES AND HYDRAZINES
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Introduction

The reactions of chloramine with nitrogenous substrates has been
mostly confined to the synthesis of hydrazines, and the reactions in
which hydrazines form are detailed below, from the review by Drago (79).

NH>C1 + 2NHz —== (NHy ) + NH4C1
NHpC1 + 2RNHp —== RNHNH»> + RNH3Cl
NHoC1l + 2RpNH — RoNNH, + RoNHoCl

NH2Cl + RsN —== (RsNNHp ) C1~
NHpCl + 2NHz(aq)—== NoHy + 2NH4C1

NHoCl + NHz(aq) + OH —e= NoHg + C1 + Ha0
NHaCl + RNHp(aq) + OH —e= RNHNHp + C1  + HpO
NHpC1l + RoNH(aq) + OH —s= RoMNHp + C1  + HoO

NHoNH2 has also been formed from NHoBr and KNHp in liquid ammonia (80).

The reaction between chloramine and ammonia in liquid ammonia was
shown by Sisler (81) to be pseudo first order, whilst in aqueous solutions
the reaction is first order in both NH>Cl and NHz from pH 10-14, and
follows a base independant path (82). Nucleophillic substitution of
chloramine by ammonia is used to explain the base independant pathway,
and substitution of alkyl groups for hydrogen on NHz increases the
reaction rate constant as would be expected for an Sn2 type of reaction.
At high alkalinities (up to 9M KOH) the reaction is base catalysed and
the reaction is formulated along the lines of a rapid pre-equilibrium
formation of the chloramide ion which is subsequently attacked by ammonia:

OH™ + NHpCl —e= NHC1 + H0

NHz + NHC1 —s= NpHg + C1~



A

The reaction between chloramine and alkyl substituted ammonias
is believed to follow a similar pathway at pH up to 14, and indeed the
reaction product from the RzN, NHoCl interaction is similar to that

proposed for the intermediate in the Sn2 reaction of NH>Cl and NHz:
NHz + NHpCl —e= [HzN-NHpC1™ ] —e= NoHg + C1~
RsN + NHoC1 —= [RsfiNH, C17)

The quest for hydrazines led Klages (99) to the reaction between
dialkylchloramines and copper bronze, but found the reaction

CuBronze

(CHz)oNC1 ——%—= ((CHz)2N)2
did not yield tetramethylhydrazine but formed, amongst other products,
tetramethylmethylenediamine, (CHsz)sNCHoN(CHz)> and trimethyltriamine:
CHz
CHp ——N
N\ &
CHp——N ::j

CHz

CHs——N

Both products being indicative of dealkylation of the chloramine. With
higher alkyl amines, reduction to the parent amine occurred:

CuBronze
( C4H9)2NCI — C4H9)2NH

and reactions involving dialkylamino magnesium halides also failed to

yield tetramethylhydrazine.

Schiff 's bases however yield ultimately alkyl hydrazines when the

initi1ally formed diaziridine is treated with dilute acid (83)
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H

N

NHoC1 /\

Cglly {CH = NCqHy —= CH, ;CH-NCgHy
w*
Celly BC{7NC4H9 58 CgHly J0HO + CHigNHNH

N
H

and diaziridines are also formed from the interaction of 0C1™ with
alkylamines and formaldehyde in 2N NaOH (84). The reaction proceeding
via N-chlorination of the formaldehyde - amine addition product and

subsequent dehydrohalegonation:

NHR

—

CH0 + 2RNH, —s= CHj

\NHR

NHR NHR N-R
_ -HC1
Gilp + 061" —== CHp —= Cilp

NHR \NCIR \N-R

yields of 72% have been reported for R = n-Butyl (84).

With Hydrazines, chloramine reacts to form triazanium salts (85)
RoNNHp + NHpCl —#= [HoNNRpNHp ] *Cc1”
The triazanium jion NHgNH'gNH;g+ was suggested by Sisler (81) to be the
probable intermediate in the decomposition of hydrazine by chloramine
in liquid ammonia:

NHoNHp + NHpCl—#= NHoNHoNHp 'C1”

and,

ONHo NHoNHp C1 ™ —== 2NH4C1 + NoHy + No
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yielding an overall reaction:
NoHg + 2NHpCl —= 2NH4C1 + Np

On closer inspection, the reaction between NHoCl and 1,1 dimethylhydrazine
was found to yield, along with the expected 2,2 dimethyltriazanium
chloride, tetramethyl-2-tetrazene, (CHz)oNN = NN(CHz)z, (86).

Sisler (86) found that the presence of ammonia in the NHaCl, increased
the yield of 2,2 dimethyltriazanium chloride whilst decreased the

amount of tetramethyl-2-tetrazene, and concluded that the mode of attack
of 1,1 dimethylhydrazine with chloramine is uncertain, but involves
ei1ther direct attachment on the (CHz)oN- moety to yield directly
(CHz)2N(NHp )2 €17, or a hydrogen abstraction reaction yielding either
(CH5)2NﬁH or (CHz)oNN groups as reactive intermediates. The presence
of NHz which was found to decrease the yield of ((CHz)oNN),, was con-
sidered to reform (CHz)oNNHp from the radicals produced from hydrogen
abstraction of the hydrazine:

NHp C1 _
(CHz)oNNHp —e= (CHz)oNNH

(CHz)oNNH + NHz—w=NHp + (CHz)2NNHp
Thus effectively removing hydrazine radicals from the sphere of reaction
and consequently reducing the extent to which ((CHz)>NN), forms according
to the reaction:
2( CHz ) NNH —= ( CH )2 NNHNHN( CHs )2
( GH5)2NNHNHN( CH )2 ~2 5 (CHz )2 NN = NN( CHg )2
and

2( CHz )oNN,—= ( CHz )oNN = NN(CHs )2



Chloramination of (CHz);NNHCHs and (CHz)oNN = CH> are also reported to

yield (CHz)oN(NH,)2C1 (85).

Chloramine will react with heterocyclic bases to yield the

corresponding hydrazine in low yield (87). for example from & pyridone

N |
H

Z
-
N

and diazo compounds have been formed from oximes (88).

NOH

The diazo compounds from the oximes of acetophenone, benzophenone and

£

benzaldehyde were prepared 1in this way.

Purely aliphatic oximes yield aliphatic diazo compounds as shown
by the 75% yield of diazomcthane from formaldehyde oxime and chloramine
(89), and Gassman (88) considered that a sequence of steps initiated by
nucleophillic displacement at ihe chloramine né;rogen was most likely:

~C1
HpC = NOH + NHoCl—* HoC = gNHQ

OH
~H-0
HoC = NNHZ—T HoC = Na
-H

Symmetrical Azo compounds can be prepared by coupling 2 mole
N,N-dichloramine (90) in methanol solution with 50% NaOH at low

temperature.
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NCl, N=

CN CN

and in general NCRRCN = NCRRCN forms by this method, where R and R are
low molecular weight alkyl groups; or RR is a cycloalkyl group as
shown in the example.

Bock (91) investigated nucleophillic substitution reaction in
N-chloramines with the anions N;r,- and SCN , finding that wth LiNz in
THF, azidotetrahydrofuran was produced, but with NaNz, the first
dialkylamino azide was prepared:

CHa Clp
(CHz)oNC1 + NaNz ———s= (CHz)oNNz + NaCl (25% yield)

and with NH4SCN, a dialkylamino thiocyanate was produced:
CHzCN

NH4SCN + (CHsz)oNC1 (CHz)2NSCN + NH4C1

—_——
R.Te 5 hours

with other anions, NH;Cl reacts with OH to form hydroxylamine by a
Sn2 mechanism (92):
NHaCl + OH —s= NHoOH
whilst in strongly basic conditions (93)
NHpoCl + OH —s= NHz + OC1~
With CN™, NHxCl yields an amino cyanide which can further react to yield
a disubstituted cyanide (94)

0°c
2NHpC1l + 2KCN —== 2NHpoCN + 2KC1

2NHp CN —s= NH(CN)»> + NH3z




but Markwald (95) reported KCNO as a product and, Raschig (96) reported
CNC1l as a product.
Alkoxides yield RONH, compounds when treated with NHoCl in ROH (97, 98)
- ROH -
RO + NH>Cl-—e= RONH> + C1
In this Chapter the reactions of (CHsz)>NC1 with nitrogen bases

such as the methyl substituted ammonias and hydrazines are presented,
and the results discussed by comparing and contrasting with the corres-

ponding NHp2Cl reactions.
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Results and Discussion

The results of the investigations into the reactions of dimethyl
chloramine with nitrogenous substrates are summarised in Table 2 below.
An equation indicates where the stoichiometry has been established.
All reactants were anhydrous unless otherwise stated.

TABLE 2: REACTIONS OF (CH=)oNC1 WITH SOME AMINES AND HYDRAZINES

Reactant Identified Products

(CHs )2NC1 (CHz )2NH ; (( CHz )2N)2 CHp ;( CHs )2NHz C1

NH3z (CHg )2NC1+2NHz-# ( CHz )o NNHo +NH4 C1

CH3NHp 2CHzNHz +2( CHz )oNC1-# ( CHz ), NN=CHp +( CHz )2 NHp C1+CHoNH3 C1
(CHz )oNH CHg ;(( CHz )2N)2 CHp ; ( CHz )2NH2 C1

(cHz)sN ( CHz )aNC1+2( CHz ) sN-+( ( CHz )oN )2 CHp +( CHz ) sNHC1
NoHga(CC1zF sol) (CHz )oNH ;N» ;( CHz )2NHo C1 ;N2H501

CHzNHNHo (Et20 sol) (CHz )2NC1+( CHz )NHNHp~# CHy +N5 +( CHy )2 NH+( CHzNHNHz C1

( CHz )oNNHp ( CHz )2 NH ;No ;CHg ; ( CHz )2NNHzC1 ; ( CHs )2 NHa C1

(CHz)2NNHo (Et20 sol)  (CHz)2NHpC1;( CHz )2 NNNN(CHs )2

CHzNHN( CHz )2 ( CHz )2NC1-4CH3NHN( CHz )o—( CHz )oNN = CHo4{ CHz )oNH> C1

In any considerations of the reactions of (CHz)oNC1l, its inherent
instability must be considered, and although the stoichiometry of the
decomposition reaction was not established, the products in most abundance
were dimethylammonium chloride and tetramethylmethylenediamine, however
although the mass balance was satisfactory in the decomposition studied,
the molar quantities are in poor agreement.

The amine, ((CHz)sN)oCH, indicates that alkylation has occurred since




the C/N ratio of chloramine to the amine was increased from 2:1 to 2.5:1.
Klages (99) found tetramethylmethylenediamine in the reaction of dimethyl-
chloramine and copper bronze, also finding the cyclic trimer of N-methyl-
methyleneimmine (CHz=N = CHp)s, but did not discuss the formation of the
diamine.
The formation of the trimer (CHz-N = CHo)3 or 1,3,5 trimethyl 1,3,5
hexahydrotriazine, can be easily explained by considering the self
dehydrohalegonation of a chloramine molecule

(CHz)oNC1 —#=CHzN = CHp + HC1
and the rapid trimerisation of the so formed immine. It is well known
that this trimer is susceptible to aqueous acid decomposition, yielding
its usual starting materials, formaldehyde and methylamine, however
under anhydrous conditions the pathway of decomposition may be different.
It can be envisaged that (CHz)oNCHoN(CHz), forms from the trimer, as

indicated by the equation

] CHS
e — .
ctiz N | Ho CHsNHp + (CHs)2NCHoN(CH3 )2
s
Hz

but such an equetion iridicates that as much methylamine is formed as
tetramethylmethylenediamine, and no methylamine was detected in the
decomposition of dimethylchloramine, and further, it is unlikely that
the trimer would be reduced in the presence of dimethylchloramine which

is an oxidising agent. No evidence of large quantities of (CHz-N = CHp)z

was found in the (CHz)2NC1l decomposition.




Another source of (CHsz)oNCHoN(CHz)o would be the reaction of a dimethyl-
chloramine molecule with a molecule of trimethylamine:

(CHz)oNC1 + (CHsz)zN—s= (CHz)oNCHoN(CHsz)> + HCL
and this reaction has been studied, as shown in Table 2, and found to
yield 100% (CHsz)oNCHoN(CHz)z e
Trimethylamine could form in a disproportionation reaction of the type

2( CHz )oNC1—s= ( CHz )sN + CHzNClp

and although no evidence for methyl dichloramine was found in the
decomposition of (CHz)oNC1l, (CHsz)sN was observed amongst the decomposition
products of (CHz)aNBr, however (CHsz)oNCHoN(CHsz)> was not detected from
the (CHz)oNBr decomposition, which is consistant with (CHz)sN being

present, since all the (CHz)oNBr had decomposed.

Dimethylchloramine reacted with the methyl amines and ammonia, on

the whole cleanly, with the exception of dimethylamine.

With ammonia and methylamine, hydrezine formation occurred, while
with trimethylamine C-N bond formation predominated. Simple nucleophillic
attack by ammonia and methylamine on dimethylchloramine would account

for N-N bond formation:

CHs
N s R
CH, H ¢ H

3
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The polarisation of the N-C1l bond N-Cl assisting Cl formation as the
N-N bond is established. Subsequent oxidation of the hydrazine
(CH5)2NNHCH3 with further dimethylchloramine, in the case of the methyl-

amine reaction, yielded the product detected, (CHz)oNN = CHs.

In the case of trimethylamine, nucleophillic attack by the amine
would not account for the observed products, since by this process the

hydrazinium salt (CHz)sNN(CHs)2C1™, would be expected:

Cds
t;r;> "W <E£§;]fh —_— :25>hb———gq<£££§i§Lg Cl_
C H

An alternative mechanism, which would indeed account for the products
observed in the reactions with NHz, CHzNH, and (CHz)zN involves the

chlorine in (CHz)sNC1 acting as a nucleophile towards a proton on the

amine substrate:
(CHg,N =R —= CHNFR —e CHyNR + HCL
Ct 2 H C—H
lu\

where R = -NHp in ammonia, -NHCHz in methylamine and -CHoN(CHgz)» in
trimethylamine.

It would seem more likely that the actual situation is a compromise between
these extremes, the greater basic strength of methylamine (pKb 3.36) over
that of trimethylamine (4.20) tending to force the methylamine reaction
along the N-nucleophile pathway whilst stearic reasons and a higher pKb
tend to guide the trimethylamine reaction along the c1” nucleophile
pathway. In the case of ammonia, it would seem likely that either the

N-nucleophile pathway is favoured because of low stearic hinderance of

72



73

the nitrogen line pair, or that the Cl-nucleophile pathway is favoured

because of the lower basic strength of ammonia (L4.75) over methylamine.

It is interesting to note that in the case of methylamine the
ultimate product of the reaction was a result of the oxidation of
presumably, the initially formed trimethylhydrazine, whilst in the case
of ammonia the dimethylhydrazine formed was not attacked, although, as
described later, dimethylchloramine does react with dimethylhydrazine.

Thais is perhaps suggestive of two differing mechanisms.

With dimethylamine, the situation is far less clear. Amongst the
products detected was the amine tetramethylmethylenediamine. This amine
was found in both (CHz)oNC1l decomposition and in the (CHz)sN reaction.
In the case of (CHz)sN its formation is simply explicable, but with
(CHz)2NH it is suggestive of (CHz)sNC1l decomposition since no simple

mechanism can yield this product.

The ratio of (CHz)aNCl to ((CHz)oN)2CHo found in the decomposition
of (CHz)oNC1 differs from that found in the reaction of (CHz)oNH with
(CHz)oNC1, which suggests that the amine is not merely acting as a medium
for the chloramine decomposition.

Methane wasfound in both the methylamine and dimethylamine reactions,
but not with any other amines studied, perhaps this is related to the
order of magnitude greater basic strength of these two amines over that

of ammonia and trimethylamine.

With the hydrazines, dimethylchloramine acted as an oxidising agent.

NoHg, CHsNHNH,, and (CHz)oNNHCHs reacted stoichiometrically yielding Np



in the case of NpHg, No and CH4q with CHzNHNH5, and the immine,
(CHz)oNN = CHp, with (CHz)oNNHCHs .

With N,N dimethylhydrazine, (CHz)oNNHp, the reaction products indicate
that although oxidation had taken place, the reaction was by no means
straightforward. Products including CHg, Nz, and NHz were detected as
was the result of oxidative coupling of two hydrazine molecules,

tetramethyl-2-tetrazane, (CHz)oNN = NN(CHz)o .

The hydrazine reactions can be rationalised by considering the
initial step to be the formation of a trizanium structure which then
breaks down to yield the products found.

In the case of hydrazine itself, the following scheme accounts for the
observed stoichiometry, and is in accord with known (100) hydrazine
oxidations:

2(CHz)oNC1 + 2NoHg —m= 2( CHz ) NNHaNHp TC1 ™

2( CHz )oNNHoNHy TC1 ™ —w= 2(CHz)oNH + 2NHNH + 2HC1
ZNHNH—=~ N4Hy
NgHq —== No + NoHy4

yielding an overall reaction:

2(CHz )oNC1 + NHoNH, —e= 2(CHz )oNHoC1 + Np

By a similar process, monomethylhydrazine yields methane and nitrogen:

gﬂs+ -
2(CHz )2NC1 + 2CHzNHNHp —e= 2( CHz )2 501

CHz
+ -
2(c33)2»ﬁ\m1-13 C1l —==2(CHz)oNH + 2CHzNaH + 2HC1

2CHzNoH —#= CHzNHN = NNHCHz

CHzNHN = NNHCHz —w= 2No + 2CHg
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overall:

(CHz)2NC1 + CHsNHNHp —e= CHg + Np + (CHg)oNHoCl

In the case of trimethylhydraszine, (CHz)oNNCHzH, the following

scheme accounts

CHs
+ -
(CHz)oNC1 + (cH5)2NNHCH5—-(cns)gn}\lw(cng,)am
H

CHs
+ -

(CHS)gléTN(CHg;)gCl ~—= (CHz )oN=-N = CH» + (CHz)oNH + HC1
H

and overall:

(CHz)2NC1 + CHzNNHCHz—= (CHz)oN-N = CHy + (CHz)oNHoCl

In the case of dimethylhydrazine, (CHz)oNNHp, the product complexity

is difficult to explain along the above lines. It would seem reasonable
that initial triazanium salt formation does occur:
+ -

(CHz)2NC1 + (CHz)oNNHy —s= ( CHz )oN-NHp=N(CHz)2C1

which can yield the immine:
+ - + -
(CHz )oNNHoN( CHz )2C1 —= (CHz )oN = NH + (CHz)oNH + C1
and this further reacts:
+ -
2(CHz )N = NHC1 —e= (CHz)oNN = NN(CHz)o + Z2HC1
which on an overall basis would yield:
2(CHz)oNC1 + 2 (CHsz )oNNHo—*= (CHz)2NN = NN(CHz)z + 2(CHz)aNHaCl

The formation of tetramethyl-2-tetrazane, (CHz)aNN = NN(CHz)2 was indeed
observed, but in quantitiesfar less than that indicated by the equation.
The N,N dimethyldiazanium compound (CHz)oN = NHC1 , from above, could
rearrange to yield methane and a diazonium salts

- + o
(CHz)oN = NHC1 —s= CHy + CHzN = NC1
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which would account for the observed methane, and the subsequent
decomposition of this diazonium salt would lead to nitrogen formation,

also observed. In this instance methyl chloride would also be expected

to form, which was not observed:

CHsN = NC1™—w= CHzCl + Np
This mode of reaction would tend to reduce the yield of HC1l formed in
the initial tdazonium decomposition, resulting in the presence of free
(CHgz)2NH, which was also observed. It is unclear why (CHz)oNNHp should

react in a different manner to the other hydrazines with dimethylchloramine.

Discussion
A comparison of the reactions of (CH3)2NC1 and NHoCl with the
alkylamines and hydrazines 1s shown in Table 3.

TABLE 3
REACTIONS OF (CHz)oNC1 AND NHpCl WITH SOME AMINES AND HYDRAZINES

Reactant Products
(CHg)oNC1 (this work)  NHpCl " (zef)

NHz (CHz )2NNHp N2 Hy &
CHzNHp (CHz)oNN = CHp CHzNHNHp 79
(CHs )2NH CHyq 5 (( CHz )2N)2 CHp (CHz )2NNHp 79
(CHz)sN ((CH3)2N)2CHa (CHsz ) 3NNHp C1 79
NaHy N> N2 81
CHzNHNHo CHg sN2 -

(CHs )2 NNHz CHg ;N2 » ((CHz )aN)2N2 (CHz )oN(NHp )2C1; 86

((CHz )2N)2N2
(CH3)2NN(CHz)H  (CHz)oNN = CHp (CHz )oN(NHp )2 01~ 85



From Table 3, it can be seen that there are several differences
between the reactions of (CHz)oNC1l and NHoCl with amines and hydrazines.
Most, if not all, NH>Cl reactions with ammonia, methyl amines and methyl
hydrazines, can be rationalised by nucleophillic attack of the substrate
nitrogen lone pair on the chloramine nitrogen, since in all the cases
above N-N bond formation occurs, whilst in the case of (CHz)oNC1 this
is not entirely so, certainly with trimethylamine C-N bond formation
resulted however with ammonia and the hydrazines, a nucleophillic attack

mechanism accounts, ultimately, for the products of the reactions.

It is unclear why (CHz)oNH does not react with (CHz)oNCl in the
same way as either NHz or (CHz)sN does, certainly (CHz)oNH is more basic
in water than either trimethylamine or ammonia, as reflected in the pKb
value, and 1f steric reasons prohibit close enough approach of the attack-
ing nucleophile to (CHz)oNCl, then C-N bond formation, as in the case

of (CHz)sN, should occur.

Oxidations of hydrazines with N-chloro compounds are known, and
most of the simple alkyl hydrazines are easily oxidised. Both CHzNHNH»
and (CHz)oNNCHzH are oxidisable by air, yielding CHy and Np and
(CHz)oNN = CH» respectively (101, 102) and of course hydrazine itself

is oxidised to nitrogen by NH>Cl.

The reaction between NH>Cl and the alkyl hydrazines show differences
between corresponding (CHz)oNC1l reactions, especially in the case of
trimethylhydrazine, (CHsz)>NNHCHz, where the triazanium complex was found
by Sisler (85). Indeed Sisler found that the oxidation product of

trimethylhydrazine, (CHz)oNN = CHp was reduced by NHoCl to the triazanium
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complex.
The oxidation of hydrazine to nitrogen only, by dimethylchloramine, shows

that the chloramine is a two electron oxidant, for example (200):

N+

M™ 4 NoHy —m= NoHp + MOP* 4 on”

NoHp —s= NgHy

yd
NgHg

N

NHz + HNgz

No + NoHg

and not a one electron oxidant, for example:
M™ + NoHg —e==H™" 4 NpoHy + H'
MNpHz —e= NyHg
NgHg—e= N> + 2NHz
Diimmide involvement in the two electron case has been shown in the
oxidation of hydrazine by aqueous Mo(VI), as MoO}~ at low pH (100).

NoHg" + Mo(VI) —== NaHp + 3H' + Mo(IV)

+

5
Mo(VI) + Mo(IV)—s= 2Mo(V) == [Mo(V)] 2

MNolp + H'—e=Np + NoH

The NoHy was observed mass spectrometrically and also trapped with

c1s~1,2-cyclohexanedicarboxylic acid.

Methylhydrazine oxidation by the one equivalent oxidant Mn(III),
has been studied in aqueous acid perchlorate media, (100), and the
reactions:

WMn(III) + 2CHsNHNHz —= CHsNHoN = NNHpCHz  + Lin(II) + 4H'

2Mn(IIT) + 2(CHg)oNNHz ' —m= ( CHz)oNHNHNHNH(CHz)s + 2Mn(II) + 2H™

2Mn(III) + 2(CHz)oNNHoCHs = (CHz )oNHN( CHz )N(CHz )NH(CHz)o + 2Mn(IT) + 20"



which contrasts with the oxidation products found when (CHz)sNC1l is used
as oxidant. The Mn(III) reaction with hydrazine shows the one

equivalent nature:

oMn(III) + 2NoH_*—= NsH_  + NHy + 2Mn(II) + H™

5 5

and not

Mn(ITI) + NoH, ' —== No + 2Mn(II) + 5H'

5

which would be expected in a two equivalent case.

Reactions of (CH3)2NCI with the silver salts and sodium metal
and indicative of little ﬁ:-C{; polarisation, certainly less than is
present in g:-—Cf- » which is supported by the®C1 NQR result of
43.67 MHz for (CHz)oNC1l at -196°C. Most,if not all the reactions in
this section support the view that the N-C1l bond is polarised &1-—C§-
which is in accord with the NQR result being less than that of mole-

cular chlorine.

Experimental

1. Decomposition of (CHz)>NC1

5.1094 g (6427 m mole) (CHz)oNCl was condensed into a Rotaflow
ampoule and left for approximately two weeks in a cupboard at room
temperature. It was observed that a quantity of off-white solid had
formed. The Rotaflow was connected to the fractionation section of the
vacuum line and all volatile material distilled into a trap at -196°C.
The Rotaflow was then removed and weighed, yielding 1.5321 g of a
yellowish white solid. The Rotaflow was taken into the dry box where

the solid was investigated. The infra red spectrum was recorded and
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and indicated (CHz)sNHoCl to be the major component, as shown in

Figure 19, the accompanying contaminants were not identified.

1.2132 g of the s0l1id material, which analysed as, %, G, 33.48;

Hy, 9.06; N, 18.35; Cl, 39.3; was placed in a two-necked

3
8

un

A" ]

bottomed flask, as shown in Figure 20, and epproximately 5 cm” distilled
water added. The small bulb was charged with approximately 5 g KOH
pellets and carefully attached to the flask, which, when equipped with
a tap cone connector, was connected to the fractionation section of
the vacuum line.

The KOH pellets were shaken into the solution and the contents of the
flask were exposed to the vacuum pump via traps at -64°C, -84°C, and
-196°C, the air being pumped away and the volatile contents separating
in the fractionation train. The contents of the traps were fractionated
and found to contain 0.6413 g (CHz)oNH and 0.0113 g (CHz)oNCHoN(CHz )2
A trace of NHz was also observed in the spectrum of the more volatile

componentse.

The original volatiles from the Rotaflow were distilled in vacuo
and found to contain 2.7133 g (27.83 m mole) (CHz)2NC1l and 0.8639 g

(8.47 m mole) (CHz)oNCHoN(CHz)2, and no other products were observed.

In the dark, dimethylchloramine decomposed to yield (CHz)aNCHN(CHz)>
and (CH3)2NH201. The stoichiometry of this decomposition reaction is
not clear, however, 30.14 m mole (CHz)oNCl yielded 8.47 m mole
(CHz )2NCHoN(CHz )2, and a solid residue of whose analytical figures
suggest the empirical formula 025 HogN4p Cl, of which, by infra red

spectroscopy, (CHz)oNHoCl is a major component, and indeed, from the
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fig20

APPARATUS USED IN THE REACTIONS OF

NaOH WITH AMINE SALTS
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treatment of this solid with KOH, the amount of dimethylamine evolved
indicates that 95.7% of the solid is dimethylemmonium chloride, which

on this basis indicates that 18 m moles of the amine salt was formed.

The decomposition of (CHz)aNBr was studied at -BL°C
freshly prepared (CHz)oNBr in a Rotaflow in an acetone, solid COp

slurry until the reaction had commenced and then frozen at -196°C.

The decomposition reaction, which 1s violent even at -84°C, proceeds
within seconds, and subsequent examination of the volatile fraction of
the product remaining after the reaction had taken place, revealed NHz,
CHg,(CHz)zN and a trace of (CHxz)oNH. The solid material which was a

dark involatile red brown tar was not investigated.

2. The Reactions of (CHz)oNCl With The rous Amines NHz,CHzNH> ,

(CHz)oNH and (CHz)zN

(a) NHz

A 16 mm OD heavy walled pyrex reaction ampoule was attached
to the vacuum line, into which approximately 6 cm3 (7.9512 g,
LL6.78 m mole) NHz was condensed, followed by 0.3215 g (4.04 m mole)
(CHz)2NCl. The tube was sealed and allowed to warm to room temper-

ature where the contents formed a clear homogeneous solution. The

ampoule was placed in a cupboard where, after three months, no solid

material had separated.

The ampoule was fitted to the ampoule breaker, as shown in
Figure 8, Chapter 2, and attached to the fractionation section of

the vacuum line, and frozen at =-196°C. The ampoule was carefully
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opened to the manometers and no noticeable depression was recorded
indicating the absence of any non condensable material. The
volatile material was distilled into the fractionation train, via
traps at -64°C, -84°C and -196°C, by allowing the ampoule to

slowly warm to room temperature.

The bulk of the ammonia collected as a liquid at -84°C, whilst
some was solidified at -196°C. Subsequent fractionation at -84°C
separated a single component, and the ammonia collected at -196°C.
The identity of the component collected at -84°C was found to be

the hydrazine (CHz)oNNHp, of which there was 0.2308 g.

The ampoule was weighed and transferred to the dry box where
it was carefully broken open and the white solid isolated. By
careful washing and drying, the pieces of ampoule and breaker were
reweighed and the mass of white solid was found to be 0.2113 g, the
identity of which was NH4Cl, shown by infra red spectroscopy and
confirmed by elemental analysis found (%) H, 7.05; N, 26.33;

Cl, 65.94; NH4Cl requires (%) H, 7.47; N, 26.16; C1l, 66.35.
The reaction is summarised in Table 4.

TABLE 4: SUMMARY OF REACTION OF ANHYDROUS NHz WITH (CH=)oNC1

Reactants Products
NHz, 7.9512 g (466.77 m mole) (CHz)oNNHp , 0.2308 g (3.84 m mole)

(CHgz)2NC1, 0.3215 g (4.04 m mole) NH4C1l, 0.2113 g (3.95 m mole)

NHz, 7.8306 g (460.62 m mole)
(by difference)
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Hence 4.04 m mole (CHz)>2NC1l reacted with excess ammonia to yield
3.84 m mole (CHz)2NNHp, N,N dimethylhydrazine, and 3.95 m mole
ammonium chloride, and the reaction can be expressed by the

equation:

(CHz)2NC1 + 2NHz —s= (CHz)oNNHp + NH4C1

(b) CHaNHx

0.2035 g (2.56 m mole) (CHz)aNC1 was condensed into a 16 mm
heavy walled pyrex reaction ampoule, as shown in Figure 8, Chapter 2,
followed by 1.4747 (47.58 m mole) anhydrous methylamine. The ampoule
was stored at room temperature in a cupboard. After nine months the

contents of the ampoule had remained homogeneous,

The ampoule was fitted to the ampoule breaker in the manner
described in the previous section, and the whole fitted to the
fractionation section of the vacuum line and the ampoule opened
whilst frozen at -196°C. The non condensable material filled a pre-
calibrated volume attached to the fractionation section and a
pressure of 5 mm Hg was recorded. The infra red spectrum of the non-
condensable material was found to consist of CHg. From the volume
and pressure measurements, the quantity of the CHy was estimated at

0.00112 g (0.07 m mole).

The ampoule was isolated from the vacuum line and the methane
pumped away. The ampoule, still frozen, was again exposed to the
standard volume and no noticeable change in pressure was recorded.

The ampoule was then allowed to warm up, and the volatile contents



distilled through a trap at -84°C and into a trap at -196°C. As
the distillation proceeded a white solid was noted in the ampoule,

which remained when the ampoule was held at -23°C (melting CClg).

The contents of the trap at -196°C was investi
red spectroscopy and found to contain NHz and CHzNHo. The contents
of this trap were distilled through a trap at - 96°C (melting
toluene), but the mixture was found not easily separable. The
mixture of methylamine and ammonia was then returned to a trap at
-196°C and redistilled through a trap at -117°C (melting diethyl
ether), where methylamine and ammonia was found in the first
volatiles through the trap, but after the distillation was approxi-
mately three quarters complete the residue was found to consist of
only methylamine, The mixture was then redistilled into the trap
at ~-196°C and the relative amounts of NHz and CHzNH» determined by
infra red spectroscopy. The absorbance of the 1045 e’ band in
the CHzNHp» spectrum was used at the analytical peak, and its
extinction coefficient measured by plotting ; graph of absorbance
against pressure for the amine on its own, and is shown in Figure 21.

The pressures were determined by manometer and cathetometer.

In order to analyse the mixture, a second standard volume was
attached to the vacuum line at the fractionation section, and the
total ammunt of mixture was expanded into this volume, which
included an infra red gas cell, in three aliquots of total pressure
approximately 33 mm Hg. The infra red spectrum of each aliquot was
recorded over the range 1150 e’ to 900 cm' and the absorbance

read off the spectra.



The infra red spectrometer was not adjusted in any way, except
for 100% control, during the determination of the calibration
curve and the recording of the unknown spectra. Since the spectra
are displayed, on this instrument, in the transmittance mode the
peaks appear less intense as the base line is reduced to zero
transmittance. In order to correct observed transmittances to true
transmittances, a correlation factor was determined (103), which
was accomplished by recording the spectrum of a fixed pressure of
POFz at different base line transmittance, t, against the extra-
polated base line value at the peak position, t + The true trans-

mittance T can be obtained (rom the empirical expression:

T = 100(t - 2.5) + 2.5

t
and the absorbance A determined from the transmittance T. The results
of this determination are given below:

Calibration of 1045 cm ' absorption:

Pom | 5.18 9.70 16.29 31,19

A 0.061 0.089 0.152 0.284

Extinction coefficient of this absorption = 9.89 x 10 mm Hg mm

Calculated Pressure of CHzNH> in Mixtures

Total pressure, mm Hg 30.90 3134 34435
Calculated CHzNHp mm Hg 28.32 31.05 3421
M moles CHzNHp 3.98 ko33 L77
M moles NHz 0.36 0.04 0.02

giving a total quantity of 13.08 m moles CHzNHz (0.4055 g) and the

amount of NHz, by difference, 0.42 m moles (0.0071 g). The remaining
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CHzNHz2 was distilled into a Rotaflow and weighed, yielding 0.9036 g,
thus the total amount of CHzNH> recovered from the mixture was
1.3091 g (42.23 m mole), indicating that 0.0846 g CHsNHp had been

consumed.

The trap at -84°C was found to contain a small quantity of a
fairly involatile substance, whose molecular weight was found to be
74412, determined by expanding the trap contents at a known pressure,
into a bulb of known mass and volume and weighing. The compound was
identified as methylenedimethylhydrazine, (CHz)oNN = CHo, by comparison
of infra red spectra with an authentic sample of (CHz )oNN = CHp
prepared from (CHz)sNNHp and aqueous CHpO0 solution, and detailed under
part 4, of this section.

It was found that there was 0.0903 g of this compound i1n the reaction

product, which corresponds to 1.25 m mole.

The ampoule was isolated from the vacuum line, weighed, and
transferred to the glove box where it was broken open by scoring the
sidewall and carefully breaking over a piece of polyethylene film to
collect any pieces of broken glass. This precaution was found
unnecessary, as the ampoule broke cleanly into two parts. The solid
was scooped out, and the pieces of ampoule and breaker were removed
from the dry box, carefully washed with water and acetone, taking
extreme care not to dissolve any of the black Piceine wax sealing
the neck of the ampoule into the breaker, and allowed to dry in a
vacuum dessicator. Subsequent weighings showed that 0.1892 g solid

residue was formed in the reaction.
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The solid, which analysed as, %, C, 23.41; H, 9.62; N, 18.73;
Cl, 48.14; was treated with KOH in the apparatus shown in Figure 20,
and the resulting volatile components examined on the vacuum line.
It was found that CHzNHy and (CH3)aNH were both present, accompanied
by a trace of NHz.
The infra red spectrum of the solid was recorded and found to consist
of both (CHz)oNH2Cl and CHzNHzCl. The analytical figures are con-

sistant with an almost 50:50 mixture of (CHz)oNHpCl and CHzNH3Cl.

In the reaction between (CHz)oNC1l and CHzNHo, 0.0846 g, 2.18 m
mole CHzNHp reacted wath 0.2035 g (CHz)aNCl, to yield 0,0903 g
(CHs)oNN = CHy and 0.1892 g of a 50% mixture of (CHz)sNH2Cl and
CHzNHzCl. Also formed were a small amount of CH4 and NHz. These

results can be summarised by the equation:

2CHsNHy + 2(CHz)oNC1—w= (CHz)oNN = CHp + (CHsz)oNHpCl + CHsNHzCl.

{c) (CHz)oNH

1.4242 g (31.59 m mole) dimethylamine was condensed into a heavy
walled 16 mm pyrex reaction ampoule, as shown in Figure 8, Chapter 2,
followed by 0.1735 g (2.1814 m mole) (CHz)oNCl. The ampoule was
sealed and alloved to warm to room temperature, where a homogeneous
solution formed. After approximately six months in a dark cupboard,

the solution had deposited a quantity of white crystals.

The ampoule was fitted to the ampoule breaker as detailed previously,
attached to the fractionation section of the vacuum line and frozen

at 196°C. The ampoule was carefully opened to the manometer and a



pressure of 1l.34 mm Hg was recorded using a cathetometer. Infra
red spectroscopy showed that the non condensable material was
methane, CHs, and subsequent volume calibration of the pertinent
section of the vacuum line revealed that this pressure corresponded

to 0.0186 m mole CH40

The non condensables were pumped away with the ampoule isolated
from the vacuum line and again the ampoule was opened to the mano-
meter, where no noticeable change in pressure occurred. The volatile
contents of the ampoule were then distilled through a trap at -84°C
and collected at -196°C. Subsequent refractionation at -84°C yielded
0.1489 g (1.46 m mole) ((CHz)oN)2CHa, tetramethylmethylenediamine,
characterised by infra red spectroscopy and 1.2825 g (28.5 m mole)
(CHz )oNH, dimethylamine, which collected at -196°C. Further

fractionation of the (CHz)oNH fraction revealed no other amines.

The ampoule and breaker were i1solated from the vacuum line,
weighed and transferred to the dry box where after careful breaking
of the ampoule, the solid residue was removed. With great care the
pieces of ampoule and breaker were washed with distilled water,
rinsed in acetone and dried in a vacuum dessicator, after which
weighings showed that 0.1630 g of solid material had been formed.
The solid was analysed and found to contain, (%), C, 29.57;

H, 11.20; N, 17.18; C1, 44.10; (CHz)oNHoCl requires, (%), C, 29.31;
H, 9.81; N, 17.15; Cl, 43.40, and infra red spectroscopy confirmed

that the solid was (CHz)oNHoCl.
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The reaction is summarised below:

Reactants Products

(CHz)aNH 1.4242 g (31.59 m mole) CHg 0.0007 g (0.019 m mole)

(CH3)2NC1 0.1735 g (2.18 m mole) ((CHz)aN)2CHy 0.1489 g (1.46 m mole)
(CHz )oNH 1.2825 g (28.5 m mole)

(CHz)oNHaCl  0.1630 g (2.0 m mole)

Total mass = 1.5977 g Total mass = 1.5957 g

Thus 0.1417 g (3.15 m mole) (CHz)oNH reacted with 0.1735 g
(2.18 m mole) (CHz)2NC1l to form 0.1489 g (1.46 m mole) ((CHz)aN)2CHz;

0.1630 g (2.0 m mole) (CHz)oNHaCl and 0.0007 g (0.019 m mole) CHy.

() (CHz)sN

4.4095 g (74.61 m mole (CHz)zN, trimethylamine, was condensed
into a previously weighted TF6/24 Rotaflow weight analysis cell as
shown in Figure , Chapter 2, followed by 1.1748 g (14.77 m mole)
(CHz)2NCl. The Rotaflow tap was closed, and the weight analysis
cell allowed to warm to room temperature, where a homogeneous
solution formed. The reaction was allowed to proceed in a cupboard
for approximately eight months, after which time the solution had

deposited a white crystalline solid.

The Rotaflow was attached to the fractionation section of the
vacuum line frozen at -196°C, and opened to the manometers where
no change in pressure was recorded. The volatile contents were
then distilled through a tap at -84°C and collected at -196°C, by

allowing the Rotaflow to warm slowly to room temperature. The
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distillation was continued until no further mass change was found
on successive weighangs of the Rotaflow weight analysis cell. The
volatile components were fractionated and found to contain only
two substances, (CHz)sN, isolated at -196°C, and ((CHz)oN)2CHp,
tetramethylmethylenediamine, isolated at -84°C, both identified by
infra red spectroscopy.

From these fractionations, 1.4724 g tetramethylmethylenediamine was

recovered.

The solid material in the Rotaflow weight analysis cell, of
which there was 1l.4113 g, was transferred to the dry box and
found to be (CHz)zNHC1, trimethylammonium chloride, by infra red
spectroscopy. The C, H, N, and C1l microanalysis confirmed the
identity of the solid, the analytical faigures found being, (%),
C, 37.60; H, 9.81; N, 15,24; Cl, 37.31, and (Clz)sNHC1 requires,
(%), C» 37.68; H, 10.55; N, 14.66; C1, 37.10.
The reaction is summarised below:
Reactants Products
(CHz)aN, 44095 g (74+61 m mole) ((CHz)aN)2CHz, 1.4724 g (1441 m mole)
(CHz)2NC1, 1.1748 g (14.77 m mole) (CHz)zNHC1,  1.4724 g (14.77 m mole)
(CHz)3N (by difference),
2,7006 g (45.77 m mole)
Hence 1.7089 g (28.96 m mole) (CHz)zN reacted with 1.1748 g
(1477 m mole) (CHz)oNC1l to form 1.4724 g (14.41 m mole) ((CHz)oN)2CHy
and 1.4724 (14.77 m mole) (CHz)zNHC1l, and the reaction can be
represented by the equation:

2(CHz)sN + (CHz)oNC1 = (CHsz)oNCHoN(CHz )2 + (CHz)sNHC1



S

95

The Reactions of (CHz)oNCl With The Hydrazines N CH ’
(CHz)pNNH, and (CH= ), NNHCH=
(a) NaHg

0.4094 g (5.15 m mole (CHz)oNCl was condensed into a 16 mm
heavy walled pyrex reaction ampoule, followed by 1.7942 g (55.98 m
mole) anhydrous hydrazine, NoHg. 8.1195 g Freon 11, (CClzF) was
then added by distillation, to act as a moderator for the reaction,
and the tube sealed. After the ampoule had warmed up to room
temperature, bubbles were observed in the solution, and the reaction,
was allowed to continue at room temperature kehind a brick screen
as a safety precaution. After two weeks the ampoule was fitted to
the ampoule breaker and frozen at -196°C when attached to the
fractionation section of the vacuum line. A standard volume was
also attached at this point on the vacuum line, and with the ampoule
frozen, the neck carefully broken off and the contents exposed to
the standard volume and manometer, where a pressure of 18.24 mm Hg
was recorded using a cathetometer.
The infra red spectrum of the non condensables showed no absorptions

in the region 4,000 e’

to 250 cm™ , and it was concluded that the
gas was nitrogen. A pressure of 18.24 mm Hg. in the total volume

2.5569 litre, indicated 2.55 m moles of N» to be present.

The non condensables were pumped away and the remaining volatiles
distilled into the fractionation section via traps at -23°C, -84°C
and -196°C. As the liquid level in the ampoule decreased, a white
solid was deposited, and towards the end of the distillation the

ampoule was left for 24 hours exposed to a trap at -196°C, in order
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to remove the last traces of NoHg from the solid.

The contents of this trap were distilled through -23°C and
-84°C combining the most volatile fraction with that obtained in
illation. The least vojatile fraction was found
to contain only NoHg, 1dentified by infra red spectroscopy, of
which there was 1.561)4 (48.72 m mole).

The most volatile fraction contained only CClzF and (CHz)oNH
identified again by infra red spectroscopy, and this mixture was
found to be insgparable. The mixture was weighed and the amount
of (CHs)oNH estimated, assuming CClzF to be inert, yielding
042114 g (4¢69 m mole (CHz)oNH.

The ampoule was transferred to the dry box and the solid
material isolated. Infra red spectroscopy showed the solid to be
a mixture, predominantly NgHSCl, but absorptions due to
(CHz)oNH2C1 were also present. The elemental analysis confimmed
the presence of carbon in the sample, found (%, C, 0.92; H, 9.70;

N, 44.52; Cl, 44.86, and the melting range was found to be 85-93°C,

(CHz)2NHoC1, mpt 170°C; N2H5§1, 89°C.

The reaction is summarised below.

Reactants Products

NoHg , 1.7942 g (55.98 m mole) N>, 0.0714 g (2.55 m mole)
(CH3)2NC1, 0.4094 g (5.15 m mole) (CHz)2NH, 0.2114 g (4.70 m mole)

NoHg 1.5612 g (48.79 m mole)

Residue 0.3566 g (By difference)
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Thus in this reaction 0.2330 g (7.28 m mole ) NoHq have been
consumed by 5.15 m mole (CH3)2NCI, producing 2.55 m mole No.
Now for this amount of dimethyl chloramine and nitrogen, the reaction

2(CHz)oNC1 + NoHg = 2(CHz)2NHoC1 + Np
requires a chloramine to nitrogen molar ratio of 2:1, which compares
with the 2.02:1 ratio found. The reaction also requires 0.0824
NoHg for 0.4094 g (CHz)aNCl.
A second reaction that presumably takes place, since (CHz)oNH was
found as a product, is:
(CHz)oNHoC1 + NoHy —e= (CHz )oNH + N2HC1

and adding this to theequation above, the overall reaction is:

2(CHz)2NC1 + 3NoHy —w= 2NoH_C1 + 2(CHz)oNH + Np

5
The figures obtained indicate that the second of these reactions

has not gone to completion, and thus the reaction is best represented
as

(CHz)2NCL + (1 + X)MNoHg = (2 - X)(Cliz)aNHaC1 + X(CHS)ZNH + XNoH_C1 + Np

5
and this equation and the figures obtained for (CHz)oNH production
and (CHsz)oNC1 consumption, allow X to be evaluated, since 0.409) g
(CHz )aNC1 will yield 0.1159X g (CHz)oNH, and since 0.2144 g (CHz)aNH
was found, X becomes 1.85.

By a similar means, a value of 1.83 for X is obtained from the con-
sumption of NaoHgy and (CHsz)oNCl1.

Thus the final equation representing the reaction between NoHgq and
(CHz)oNC1 1s:

2'CHz )aNC1 + 2.84NoHg = 0.16(CHz)oNHoC1 + 1.84(CHz)oNH + 1.84NpH_C1l + Np

5
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(b) CHaNHNH»

7.4298 g (approximately 10 cmj) sodium dried diethyl ether,
(62H5)20, was introduced into a TF6/2L Rotaflow weight analysis
cell and degassed on the vacuum line and reweighed. To the frozen
ether in the Rotaflow, 0.4065 g (5.11 m mole) (CHz)2NCl was added
by condensation, and the whole allowed to warm up until a homogeneous

solution had formed.

On refreezing at -196°C, 0.9078 g (19.68 m mole) methylhydrazine,
CHzNHNHp , was added, and the Rotaflow isolated from the vacuum line
and allowed to slowly warm to room temperature.

Small bubbles were observed in the homogeneous solution soon after
room temperature had been attained, and a small quantity of white
s0lid had precipitated. After two days at room temperature, behind
a brick screen for safety, no further bubbles were observed, and

the Rotaflow was transferred to the vacuum line and frozen at -196°C.
The Rotaflow was carefully opened to the manometers and a pressure
of 36.92 mm Hg was recorded, which by infra red spectroscopy, was
found to contain methane, CHg, but the spectrum was not as intense
as expected from such a pressure, and since no other absorptions
could be found in the infra red spectrum it was concluded that the

non condensable gas was a mixture of CHgq and either Np» or Ha.

The Rotaflow was isolated from the vacuum line and the non
condensable gases pumped away. Subsequent opening to the manometer

revealed further quantities of non condensable gas, and it was
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concluded that there was a saturated vapour of CHy present (CHg,
vapour pressure at -196°C is 10 mm Hg).

The Rotaflow was held at -196°C and all non condensables were
pumped away until a constant mass remained, resulting in a mass

loss of 0.2281 g.

The Rotaflow was then allowed to warm to room temperature as
the contents distilled through a trap at -84°C and -196°C. Infra
red spectroscopy showed that (CQHS)QO and (CHz)oNH collected at
-196°C, and CHzNHNH, at -84°C. 0,431l g CHzNHNH» was recovered,
and the mass of the more volatile components was 7.4298 g. The
Rotaflow and contents were transferred to the dry box, where
0.4262 g of a white solid was isolated, which was identified as
CHzNHNH3Cl, by infra red spectroscopy and elemental analysis.
Found, (%), Cl4.82; H, 8.82; N, 33.64; Cl, 42.91. CHzNHNHzC1

requires, (%), C, 14.55; H, 8.55; N, 33.94; Cl, 42.96.

The equation:

(CHz)2NC1 + 2CHzNHNHp = CHzNHNHzCl + CHgq + Np + (CHsz)oNH
requires, at -196°C, a total mass loss of 0.2252 g, calculated
from the starting amount of (CHz)oNC1l, and since the mass loss after
pumping at -196°C was found to be 0.2281 g, it was concluded that

the non condensable gases were CHg and No.

From the mass of CHzNHNH» recovered, 0.4764 g (10.36 m mole)
had reacted with 0.4065 g (5.11 m mole) (CHz)2NCl. Assuming the
diethyl ether had not entered the reaction, and indeed no evidence
was found for chlorinated hydrocarbons or other C-0 or C=0 compounds

then from the total mass of the (CZHS)ZO: (CH5)2NH mixture, 0,2305 g



100

(5.12 m mole) (CHz)oNH was recovered from the reaction.

The reaction is summarised below.

Reactants Products
(CHz)2NC1, 0.4065 g (5.11 m mole) CHy + No
CHzNHNHp, 0,9078 g (19.68 m mole) (CHz)2NH, 0,2305 g (5.12 m mole)

CHzNHNHp, 0.431l4 g (9.36 m mole)

CHzNHNHzC1, 0.4262 g (5.17 m mole)

Thus 5.11 m mole (CHz)oNC1 has reacted with 10.36 m mole (CHz)NHNHp
to yield CHy and N2, 5.12 m mole (CH3)2NH and 5.17 m mole CHzNHNHzCl
which is consistant with the equation:

(CHz)oNC1 + NC1 + 2CHaNHNHp, —e= CH4 + No» + (CHz)oNH + CHzNHNHzC1

(c) (CHz)oNNHo

0.7191 g (9.05 m mole) (CHz)oNC1l was condensed into a heavy
walled 16 mm pyrex reaction ampoule, followed by 2.8487 g (47.48 m
mole) anhydrous (CHz)2NNHs, and the ampoule sealed. As the ampoule
warmed to room temperature fine bubbles were observed, and after
2} hours at -23°C in a freezer, fine white needles had precipitated.
The ampoule was left for approximately one week, after which time

the supernatent solution had a distinct yellowish tinge.

The ampoule was fitted to the ampoule breaker and frozen at
-196°C, after which the ampoule was carefull opened to the manometers
and approximately 18.5 mm of non condensable gas was observed. Infra
red spectroscopy showed this to be CHyq along with another non
condensable substance, probably either No or Hze.

The non condensables were pumped away and the remaining volatile

material distilled through a trap at -84°C and collected at -196°C.
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The residue in the ampoule had a yellowish colour, and the ampoule
was isolated, removed from the vacuum line and weighed, and from

the mass of materials put into the ampoule, 0.8392 g of solid

residue was recovered.

The volatiles were fractionated to separate 1.9726 g (CHz)oNNHp
by passing through traps at -64°C and -78°C until, after four such
distillations, no trace of the more volatile (CHz)oNH or NHz could
be found by infra red spectroscopy.

The ampoule was taken into the dry box and opened where the solid
residue was found coated with an involatile yellowish oil. The
infra red spectrum revealed absorptions due to (CHz)sNHpCl and
(CHz)oNNH3C1l, amongst other unidentifiable peaks. Thus in this
reaction, 0.7191 g (CHz)2NC1 had reacted with 0.876lg (CHz)oMNNHp,

to yield 0.8392 g of s0lid residue composed of, in part,

(CHz)2NH2Cl and (CHz)aNNHzCl. 0.7560 g of a mixture of NHz,(CHz)oNH
andmon condensable CHq and No or Ho accounted for the most volatile

material.

The experiment was repeated, and in this instance, 2.0871 g
(34.78 m mole) (CHz)oNNHo was condensed into a Rotaflow weight
analysis cell, followed by 0.353 g (4.45 m mole) (CHz)aNCl. The
Rotaflow was isolated from the vacuum line, and, still frozen,
transferred to the fractionation section and affixed to part of the
vacuum line which had a previously calibrated standard demountable,
volume attached. This section of the vacuum line is shown

diagrammatically in Figure 22.

When the Rotaflow was attached to this section of the vacuum

line, the jJoints were pumped down to black vacuum and the section




sealed from the rest of the line by means of tap Ty (Figure 22).
The Rotaflow was isolated from the vacuum section be means of

tap Ty, and the Rotaflow ampoule allowed to warm to room temper-
ature. Bubbles started to form whilst part of the contents were
still frozen, and began to effervesce vigorously shortly after.

The Rotaflow was quickly cooled at this point, and it was noticed
that the liquid had taken on a yellow colour. After approximately
ten minutes at -196°C the Rotaflow was opened to the standard
volume and manometer by means of tap Tr, and a pressure of 21.99 mm
Hg was recorded. The procedure was repeated three times, and no

change 1n manometer reading was obtained.

The 1nfra red spectrum of the non condensable gas revealed
that methane was present, and since the total pressure was in
excess of the saturated vapour pressure of CHy at -196°C, it was

concluded that other non condensable materials were present.

The amount of CHgq present in the mixture was estimated by
observing the relationship between the pressure and the infra red
absorbance of the C-H vibration at approximately 3010 ! . In
order to accomplish this, natural gas, which contains 94% CHg,
(104), was passed through two traps at -196°C, whilst both traps
were open to the vacuum pump. The material that collected in the
second trap was found to contain only CH4 by infra red spectroscopy,
other alkanes and thiols being isolated in the first trap. The

infra red spectra of aliquots of CHg, at known pressures, were

recorded and a graph plotted of absorbance against pressure for this
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vibration, and is shown in Figure 23. The absorbances were
were corrected for base line error of the instrument in the
manner described in the section dealing with CHzNNp reactions

(section 1b).

The values of absorbance and pressure found are given below.

Absorbance: 0.045 0.053 0.067 0.08, 0.106

Pressure (mm Hg): 1.90 3.05 L7 6.67 7.90

and from the graph it can be seen that this absorption does not
obey the Beer-Lambert relation at these pressures, but over the

pressure range 2-8 mm Hg CHy the relation is linear.

From the spectrum of the non condensable mixture, the
absorbance of the CHq vibration at 3010 cﬁ4 was found to be
0.0916, which from the calibration graph, corresponds to a partial
pressure of 6,95 mm Hg. Thus from the total pressure of 21.99 mm Hg,
15.04 mm Hg corresponds to the other non condensable material.
6.95 mm Hg of CHy in the total volume of 2.5569 litre corresponds
to 0.995 m mole, and 15.04 mm Hg of the other non condensable

corresponds to 2.06 m mole.

The Rotaflow was frozen at -196°C and all non condensables
pumped away, isolated at Ty (Figure 22), removed from the vacuum
line and allowed to warm to room temperature behind a brick screen.
The solution was distinctly yellow in colour. The Rotaflow was
reweighed and a mass loss of 0,0756 g found. After two days at
room temperature the Rotaflow was again returned to the vacuum line

and attached to the standard volume system shown in Figure 22, with
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the exception of the large volume S. The Rotaflow was frozen at
-196°C and opened to the manometers, where 12.18 mm Hg of non
condensables were obtained. By a similar process this quantity
of gas corresponded to 0.036 m mole CHy and 0.077 m mole of other
non condensables.

The entire process was repeated a third time but no further non

condensables were found.

From the mass loss figure, an approximate molecular weight of
the non condensable gases was obtained, since 0.0756 g of gas
occupied a volume of 2.5569 litre at a total pressure of 21.99 mm Hg.
The resulting molecular weight of 25.07 indicated that the mixture
contains only Np and CHy since the molecular weight of a 2.16:1

molar ratio of N4 and CHyq is 24.2.

The Rotaflow was then allowed to warm to room temperature and
the volatile materials distilled into the vacuum line where again

NHz and (CHz)oNH were observed in the most volatile fraction.

In a third experiment a solvent was used as a moderator for
the vigorous reaction.
A 150 ml round bottomed flask containing approximately 25 cm3 dry
diethyl ether and a teflon stirrer bar, was degassed on the vacuum
line and 2.0154 g (CHz)oNNH, added by condensation. The flask was
isolated from the vacuum line and the contents allowed to warm up
and mix. After refreezing at -196°C, 1.7159 g (21.58 m mole)
(CHz)2NC1 was introduced and the flask isolated from the vacuum line,

placed on a magnetic stirrer, and allowed to warm to room temperature

with stirring.



After twelve hours a good deal of white so0lid had formed and
this was separated in the dry box using a filter stick and a two-
necked 150 ml round bottomed flask. The now clear’, but yellow,
solution was returned to the stirrer and agitated for a further
24 hours when more solid had appeared. The solid was again
collected in the dry box and the solution returned to the stirrer
for a further two days, after which time it was completely clear
but yellow in colour. A total of 1l.5427 g of solid was isolated,
which was identified as a mixture of (CHz)oNHoCl and (CHz)oNNHzC1,
by infra red spectroscopy, with (CHz)oNHpCl being the most pre-

dominant component.

The yellow solution was poured into a 25 ml quickfit three-
necked semi-micro pear shaped flask and the diethyl ether was
distilled off conventionally at atmospheric pressure, the temperature
remaining between 35 and 38°C. As the temperature of distillation
started to rise above LO°C, the heating was stopped and the residue
in the distillation flask, of which there was approximately 2 ml,
was transferred to the vacuum line and all the remaining diethyl
ether distilled off at room temperature, leaving a small quantity
of a yellow oily involatile liquid, of which there was 0.0185 g.

A quantity was distilled into the cold finger of the infra red cell,
by gentle warming, and the infre red spectrum showed the substance
to be tetramethyl-2-tetrazene, (CHz)sNN=NN(CHz)2, which was

confirmed by the preparation of an authentic sample by the oxidation

of (CHz)oNNHo, with Hg0 (105), and the comparison of the two spectra.

107
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The results from these experiments indicate that (CHgz)aNC1
reacts vigorously with (CHz)pNNH> to yield CHy, N>, NHz, (CHsz)oNH
and (CHz)oNN=NN(CHz)2, and the indicated stoichiometry is that
2 moles of (CHz)oNC1 react with 3 moles (CHz)o2NNH,. The ratio of
nitrogen to methane is approximately 2:1 and the halogen is present
in the products as the halide ion. Tetramethyl-2-tetrazene is

formed in very small quantities.

(d) (CHz)oNNHCHz

Trimethylhydrazine, 1.136 g (15.53 m mole) was condensed into
a 16 mm heavy walled pyrex reaction ampoule followed by dimethyl-
chloramine, 0.3279 g (4.12 m mole). The ampoule was sealed and
removed from the vacuum line to warm to room temperature behind a
brick screen. After approximately 20 minutes at room temperature
a white solid had formed over the surface of the ampoule in contact

with the originally homogeneous solution.

After two weeks at room temperature the ampoule was fitted to
an ampoule breaker and attached to the fractionation section of
the vacuum line. With the ampoule frozen at -196°C, the tip was
carefully broken off and the conlents opened to the manometers,
where no measurable depression was noted: the ampoule was allowed
to warm slowly to room temperature, the contents being distilled
through traps at -45°C (melting chlorobenzene), -84°C and -196°C.
The majority of the volatile material collected at -45°C with some
at -84°C and very little at -196°C. Infra red spectroscopy showed

that all fractions contained (CHz)oNNHCHz and an unknown substance.
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The volatiles were all combined at -196°C and then warmed to -45°C
where infra red spectroscopy showed that the unknown substance was
methylenedimethylhydrazine, (CHz)oNN=CHy, identifiable by the
characteristic =CHp vibrations at approximately 3080 en” in the
infra red.

The entire volatiles were transferred to a preweighed Rotaflow

ampoule, yielding 1.1186 g.

The composition of the mixture was estimated by utilising
the 600 cm ' absorption of (CHsz)oNN=CHo. An authentic sample was

prepared from (CHz)oNNH, and aqueous CHoO solution (106).

'H NMR spectroscopy showed only two absorptions for the
prepared sample (CH5)2NN=CH2 atT 2.15, 5.42, from external TMS, and
had an integrated ratio of 3.03:1, indicdting the =CHo protons

absorbed at Y 5.42 and the methyl protons at T2.15.

Infra red spectra of various pressures of (CHz )oNN=CHp were
recorded and the absorbance of the 600 cm”~ band measured and
corrected for base line error as described previously.

A graph was plotted of the pressure and corrected absorbance values,

as shown below and in Figure 24.

Pmm Hg 6.05 18.33 36.99 46.50 56.11

Absorbance 0.077 0.198 0.307 0.367 0.643

- -1
The extinction coefficient was found to be 7.43 x 10 5 (mm)(mm Hg) .
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The mixed hydrazines in the Rotaflow were connected to the
vacuum line as shown in Figure 22, and the contents allowed to
expand against the manometer at room temperature. When the
pressure had stabilised, after ten minutes, the infra red spectrum
of the vapour phase was recorded and from the absorbance measure-
ments made on the 600 cm—1 band, L4e345 m moles (CHz)oNN=CHp was

found.

The white residue in the reaction ampoule, of which there
was 0.3461 g, was isolated in the dry box and identified as
(CHz)2NH2C1 by infra red spectroscopy, and elemental analysis,
(CHz)oNHoC1 requires, (%), C, 29.31; H, 9.81; N, 17.15; Cl, L3.40;

Found, (%), C, 29.59; H, 9.64; N, 17.23; C1, 4.10.

In the reaction between (CHz)aNC1 and ( CHz)oNNHCHz, 4.12 m mole
(CHz)oNC1 reacts with excess (CHz)oNNHCHz to yield L4.34 m mole
methylenedimethylhydrazine, (CHz)oNN=CHp, and L4.24 m mole dimethyl-
ammonium chloride, (CHz)aNH»Cl, and the stoichiometry indicated by
these figures is illustrated by the equation:

(CHz)oNCL + (CHs)oNNHCHz = (CHsz)aNN=CHp + (CHsz)aNHoCl

Miscellaneous (CHz)>NC1 Reactions

(a) With Silver Compounds

The silver compounds, Ag0 (dry and moist), Ag (oxalate),
AgC03, AgNOz, and Ag(N2Op), were used in weight analysis experiments

with dimethylchloramine.




In a typical experiment, approximately 0.1 g of the dry silver
compound was weighed into a Rotaflow weight analysis cell followed
by degassing on the vacuum line and the introduction of an excess
of (CHz)2NCl. The Rotaflow was sealed and shaken at room temper-
ature fur approximately ten minutes and then returned to the
fractionation section of the vacuum line where all the volatiles
were removed and the Rotaflow reweighed.

In each case no mass change was observed and infra red spectroscopy
revealed only (CHz)>NC1 an the liquid phase. With moist silver
oxide, a small quantaty ( 0.1 g) was placed in a test tube and shaken
with an excess ( 5 ml) pure dimethylchloramine, and no change was
noted in the supernatent liquid, nor in the colour of the silver

oxide.

(b) L0

Approximately 0.1 g Lio0 was placed in a weighed Rotaflow weight
analysis cell in the dry box, and transferred to the vacuum line
where an excess of (CHz)oNC1l (~1 g) was introduced. The weight
analysis cell was sealed, removed from the vacuum line and warmed to

room temperature with shaking,.

After approximately ten minutes at room temperature, where no
change was noted in the Rotaflow contents, the dimethylchloramine was

distilled out, and subsequent weighings indicated no mass change.

12



(c) Na Metal
A small piece of sodium was cut from a stick in the dry box,

washed with dry diethyl ether, loaded into a previously weighed
Rotaflow weight analysis cell, and attached to the vacuum line.
The cell was pumped out leaving the small cube of sodium metal,
bright,in 1ts base. Approximately 5 ml dimethylchloramine was
condensed on top of the sodium and the Rotaflow sealed and allowed
to warm to room temperature, where after ten minutes, no change in
the bright metallic surface was noted. On returning to the vacuum
line no significant mass change was recorded on distilling out the

dimethylchoramine.

13
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CHAPTER FOUR

REACTIONS OF DIMETHYLHALAMINES LEADING TO THE FORMATION

OF TRIMETHYLHALAMMONIUM CATIONS



N5

Introduction

In the studv of the adiition compounds of the halogens, Clp, Brm,
and I, with simple aliphatic tertiary amines, such as trimethylamine,
(CHz)sN, the existance of discrete halotrialkylammonium cations have
been suggested, but never satisfactorily isolated as cations wath

anions other than halides,

Hantzch (107) studied the reaction between agueous trimethylamine
and hypochlorite, finding the products included dimethylchloramine and
methanol and suggested the formation of the ion (CH3)3NC1, as an
intermediate, accounted for the products, according to the reaction:

(CHz)zN + HOC1 —w=(CHz)zNC10H —e= (CHz)oNC1 + CHzOH

Bohme and Krause (108), considered the best representation of
addition compounds such as (CHz)sN Bro was (CHz)zNBr Br, the cation
being responsible for the sixteen-fold increase in conductivity of a
solutiion of trimethylamine and brominc in S0;/CCly at -20°C, over that
of the individual reactants, concluding that all knownaddihon compounds
of the halogens Cl, Br, T with trimethylamine were best represented as
(CHz)zNX X, however some 1onisation would be expected in SOz soluiion
because of the possibility of halide 1on acceptance by S0>:

+ -
(CHz)zNXo + S0o === (CHz)zNX + XSO

Bohme and Boll (109), formed a compound which they claimed contained
the chlorotrimethylammonium cation, (CH3)3NCl, when equimolar mixtures
of (CHz)zN, SbClgy Clp, 1n carbon tetrachloride were allowed to react,
the solid product which was 1solated indced gave a reaction to KI

solution, releasing Io, but on drying in a vacuum dessicator for 24 hours,
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chlorine was losi according to the reaction:

(CHs)sNC1 SbClg 8= (CHs)sNSbCls

Ellas (110) showed, from kinetic and spectroscopic evidence, that the

]
"

species responsible for the nltimate formation (CH;);NCI from (C”

rom {CHs
and HOC1l was an 1onic intermediate similar to thal suggested by Hantzch,
namely (CHz)zNCl.

The UV spectrum of an aqueous solution of the chlorine, trimethylamine
complex, (CHz)zNClo, showed the presence of bands attributable to
(CH3)oNC1 almost immediately, but in acid solution the formation of the
chloramine could be suppressed, and a curve obtained for an intermed:ate,
which was neither 0C1 nor Clp. The freezing point of a solution of
(CHz)3NC1y in 0.01N HpSO4 was consisient with (CHz)zNC1 Cl.formulation.
On mixing agueous trimethylamine with aqueous 0Cl at pH 2.6, an UV

absorption identical to that found for acid solutions of (CHsz)zNClo,

indicating that a similar species 1s formed in both cases.

The HOC1l, (CHz)sN reaction was studied kinetically and 1t was found
that at constant amine concentration the initial rate was a function of
the HOC1 concentration, passing through a maxamum at a (CHz)zN/HOC1
ratio of approximately 1:0.5, at a constant pH of 3.4. At constant HOC1l
concentration the reaction velocity was found to be proportional to the
concentration excess of (CHxz)sN over HOC1.

The reaction was formulated according to the scheme below:

fast + -
(CHz)sN + HOC1 ——s= (CHz)zNC1, OH

¥ slow Ho 0 N
(CHz)sNC1 + (CHz)zN —= [PRODUCTS —== (CHs)3zNH, (CEsz)aNH, CHp0

(CHz)3NC1 + (Cliz)oNH—e= (CHs)sNH + (CHz)aNC1
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where 1nitial rapidly formed (CH3)3§Cl cations act as an efficient
chlorinating agent, yielding products with probably C-Cl bonds.
C-chlorination has been shown to be responsible for the formation of
secondary amines and aldehydes when tertiary amines react with sources

of "positive chlorine" (114), « carbon chlorination occurring. Thus

the nature of the [PRODUCT@ » not 1solated by Ellis, above are presumably
compounds of the type CHyCIN(CHsz)», or (CH2C1)(CHsz)oNH, hydrolysing to
(CHz)oNH and the aldehyde CHoO.

(CH3)3NCI then chlorinates the so formed dimethylamine to give (CHz)oNC1.

Another explanation for the resultant products and the rates at
which they are formed, was put forward by Ellis, based on the Bohme and
Krause formulation:

N . =HC1 -
[(CHz )2 CINGHZ} €I —e= (CH3)2N((J%%I2

. Hp0 -
(CHz )oNC1CHy —e= (CHz )oN-CHpCl —e= (CHz)oNHp + C1 + CHpO
3

where the associated halide 1on abstracting a proton from a nitrogen methyl
group forming an intermediate, (IV), which rearranges to an o(chloroamine
which then hydrolyses to a secondary amine and formaldehyde.
The dependence of the rate of the reaction on the free amine concentration
may thus be due to its ability as a proton acceptor, removing the proton
from an « carbon atom on the chlorotrimethylammonium cation:

CHg slow CH

+ + +
(Cﬂs)aN\+ N(CHz)s —= (CHz)2N + HN(CHz )5 —= PRODUCTS
c1 c1
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On examination of the rate of formation of the ion (CH3)3§C1 from
(CH3)3N and HOC1 1n the presence of Cl 1ons, it was found by Ellis, that
the rate decreased as the CI concentration increased, UV measurements
shoving increasing formation of Clo with increasing CI addition, indi-
cating tha’ the (CH3)3ﬁ01 cation 1s more effective in chlorinating powsr

than molecular chlorine.

In conclusion 1t would appear that the 10n (CH3)3§Cl 1s present
inagueous solutions of (CHz)zNClp, but to then go on and consider that
in the solid phase, all trimethylamine, halogen addition compounds are
(CH3)3§—Ha1 Halz is clearly misleading. No sample compounds containing
the halotrimethylammonium cation have been isolated and shovn to contain

such cations i1n the solid phase.

The remainder of this section will be devoted to how, and under
+
what circumstances, the cation {CHz)3sNC1 may be prepared and 1solaled.
The spectroscopic techniques employed 1n the 1nvestigation of the charge

distribution in the cation are discussed in Chapter 6.

+
The Formation Of The Cation (CH=)zNC1

gy
There are three methods which cen provide the cation (CHz)zNC1l, two
of which start waith the trimethylamine, chlorine oomplex and the third,

starting from dimethylchloramine.

-+
(a) €CH3)zNC1 Formation From Aqueous (CHz)aNCly

The work of Ellis (110) has shown that in aqueous acid solutions of
+
(CH3)sNClp, the cation (CHz)zNC1 is present, so that addition of a large
stabilising anion such as Cld; or BF{ can be used to precipitate salts

+ - + -
such as (CHz)sNC1 C104, (CHz)zNC1 BF4.
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+
(b) (CHz)z:NC1 Formation From (CHz)zNC1l, And A Lewis Acid

The work of Boll and Bohme (109), suggested that when mixtures of
3 -
(CHz)zN, Clp, and SbC1l; werc alloued to react, a complex (CHz)5NC1 SbC1,
+ -
formed. By utilising this technique, (CHz)3NC1 BCl, can be obtained by

reacting (Clz)3NCly with BClz in a sealed tube.

+
(c) (CH3)sNC1 Formation From (CH=z)oNC1

It is well known that trialkylamines when treated with alkylating
agents, form tetraalkylammonium salts according to the reaction below:
(CHz)sN + CHsI = (CHz)4NI
By careful choice of alkylating agent, bearing in mind the low basicity
of (CH3)oNC1l, (pkb = 13.6, (115)), salts can be prepared as shown in the
following reaction:
(CHz)aNC1 + CHzX = (CHz)sNC1X

This method can be used to prepare salts where X is 0S0zCHz, 0S0pF, Cl0O4.

The Preparation Of {CHz)=NClo

The trimethylamine chlorine complex was prepared from (CHz)zN and Clp
in Freon 11, rather than CCly as used by other workers, to allow a lowver
reaction temperature (-84°C), and easc of handling on the vacuum line.

The reaction between trimethylamine and chlorine can be cxplosively violent,
even at -84°C, if no solvent 1s used, strong solutions of chlorine and
trimethylarine can also explode at room temperature, on mixing, thus a

liberal excess of solvent is particularly recommended.

In a typical preparation, (CH,)zN (1 ml, 13.13 m mole) was condensed
into a 50 ml round bottomed flask separated from a tap cone connector by
a short filter stick as shown in Figure 7, Chapter 2, on the vacuum line.

Approximately 7 ml Freon 11 was condensed in, and the whole allowed to
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warm up until solution occurred, (approximately -23°C). The flask and
contents were then refrozen in liguid nitrogen, and chlorine, (0.5 ml,
l12.2 m mole) condensed 1in, followed by a further 5 ml Freon 1ll. The
flask was 1solaled from the vacuum line and the liquid nitrogen dewar
replaced by one containing an acetone, solid COp slurry, at -84°C, and
left Por approximately 15 minutes, after vhich time the tap to the
vacuum line was opened and the flask pumped dry, the filter stack
preventing the finely divided white solid remaining, from passing into

the vacuum laine.

‘then the flask and contents had wvarmed to room temperature, 1t was
transferred to the dry box where ihe so0lid was removed fom the flask,
bottled and weighed. The solid was used as soon as possible after
preparation 1.58 g of product was 1solated in this way, representing
100% yield, whicn was found to be C3H9NC12 by analysis: Required for
CsHgNC1 , (%), C, 27.71; K, 6.98; N, 10.77; C1, 54.54; Pound, (%),

C, 28.26; H, 6.34; N, 10.87; C1, 54.96.

The infra red spectrum was recorded, shown in Figure 25, and no
evidence for (CHs)gﬁH could be found, equally therc vere no absorptions
attributable to C~C1l structures.

A small sample was dissolved in 0.01N HpSO04 and the UV spectrum recorded,

as shown in Figure 26, which agreed directly wvith that found by Ellas (110).

Reaction Of (CHz)zNC1> With Agueous Anions

Saturated solutions, in dastilled water, of NaCl0s, NaBF4, L1PF6
NaNz and NalNCS, were made up and added to a strong solution (1 g/5 mi,

200 g/litre) of (CHz)3zNClo in distilled water, a freshly prepared solution
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of (CHz)3NCly being used for each anion. Only Cld; and BF; produced

precipitates of fine vhite microcrystals.

(CH3)3§CI €104 and (CH3)3ﬁC1 BF; were prepared by dissolving 1 g
(7.69 m mole) freshly prepared (CH
a 50 ml beaker. To this solution a saturated solution of either sodium
perchlorate or sodium tetrafluoroborate '.as added and the product, which
formed within seconds, 1solated by suction on a sintered glass filter.
The product was washed with a few drops of dry hexane and allowed to
dry on the sainler to a free flowing white powder. 0.3 g (20% y1e1d)
(CH5)3§C1 C104 and 0.4 g (28.7% y1eld) (CH3)3ﬁ01 BF, wece 1solated in
this way, and analysis confirmed the formation of, 05H9N01204 (Requires,
(%) C, 18.55; Hy Leblh; Ny 7422; C1l, 36.59, Found (%), C, 18.39; H, L.hk;
N, 7.95; C, 36.2) and of C3HgNC1RFy (Requires, (%), C, 19.35; H, L4.96;
N, 7.72; C1, 19.58; B, 5.96; F, 41.92, Found, (), 19.45; H, 5.10;

N, 7.61; C1, 19.4; B, 5.87; F, L1.51).

Infra red spectra of each of these two products were recorded as
nujol mulls on CsI polyethylene protected plates, and shown in Figures
27, 28.
A sample of (CH3)3§CI Cld; vias dissolved in 0.01N l»S04 and the UV spectrum
recorded, shown in Figure 29. This 1s comparable with Figure 26, showing
the spectrum obtained for a solution of (CH3)3NC1, in HpSO4, and shows
that in solution both species give rise to a compound vhich is in all

+
probabilaty (CHz)sNC1.

Specimens of tnese two compounds were exarined by M R spectroscopy,

the results of which are discussed in Chapter 6.
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The equavalent mass ol the selt (CHQ)JﬁCl Cld;, 45 an oxidising a_ent,
wcs deterawned by dissolvins an accurately weighed aliquot ¢uickly in
vater anl alding an excess of KI in 0.2 HpS0,, anl tilrzting the
liberat2l 1odine waith 0.11491" solium thiosulphate, previonsly stund~<r’ised
against polassium 1odate. The equivalent mass ves founi to be 99.71.
The eguation:

(CH3)5"C1 + 26"+ H = CH,M + CT

rogiuires 1 Lheorectic=2l eguivalent mass of 97.0 for the perchlorate.

The Formmataon Of (Cd=)zMC1 From (CH-)=NCl» And Lewis Acids

Boll (109) reacted solutions of (Ciz)sll, Clo, SbC1, in CCl, and
obtained a proluct which lost chlorine on storing in a vacaum dessicalor.
The metrod o Boll suflers from the disadvanlace inot as the solutions
are rmixe. immediale compelition occurs bhetween the tio Leiis acids, Clo

anl SbC1l., znl the base (CH-}-IT, resulting 1n a nixture, 'hese Cl~ is
5 ol (&9 -

trying to substitute into the M-Sb bond in (CHJ)QN-SbCIS-

This dafficulty wais overcome by starting witn the (Cl;)zN complexed
to the weaker Lewvis acid, Clp, as in (CH5)zNClo, and adding a stron-er
volatile, Levis zcz1 such as BClz to 1t.
weicht an~l;sis experiments 'rith fresaly prepared (CIL,),FCls 2ni RCls,
the course of whach was {ollo.ed by infra red spectroscopy, showed that
BRC1, w1ll ald to (CHz)sMNClo to zive (cns)ﬁu BCl:, to the extent of
apnroxiunatel s 90%s In this instance, infra red bsorntions Jdue to BCl:
verz found, as well as those attributable to the culaon (CU;)Q;Cl. o

+
1ndacatlion of (C'-).'H formation was apparent from the infra red.
3ls PP
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With other Lewis acids the picture is not so clear. The use of
BCl; had practical advantages over and above 1ts Lewis acid capabilaties,
in that 1t was readily removable during the weight analysis experiments.
The Lewis acid SbCls, 1s clearly not so volatile, and ideally requires
| the use of a solvent in which both the Lewas acid end (CH3)3NCIQ are
soluble, but with whaich they do not react.
Good high dielectric solvents such as nitrobenzene or nitromethane, do
not meet these requirements as the Lewsis acid reacts with tnem, whereas
chlorinated hydrocarbon solvents such as CCly or CHpCly were found to

be ineffective in dissolving the chlorine, trimethylamine complex.

In a typical weight analysis experament with BClz, 0.5322 g
(4.09 m mole) of freshly prepared chlorine, trimethylamine complex was
placed in a Rotaflow weight analysis cell, as described previously; in
the dry box. The Rotaflow had been previously treated waith BCls, so as
to coat the inside surfaces and hydrolyse any absorbed, water not removed
by gentle heating under vacuum. The Rotaflow being pumped dry after the
BClz pretreatment and weighed. The Rotaflow was transferved from the dry

hox to the vacuum line, pumped oul, sealed and reweighed.

An excess (7.9191 g, 67.59 m mole) BClz was then condensed into the
cell, and the whole allowed towarm to room temperature, after which the
cell was reweighed. The cell was then placed on a flass< shaker and

agitated for 16V2 hours at room temperature.

The volatile contents of the cell were then removed on the vacuum line
by distilling into a cold finger, and the cell reweighed. This procedure
was repeated after 24 hours, after which the volatile material was

pumped away, the cell transferred to the dry box for infra red investigation.



129

The spectrum of the product i1s shown in Figure 30, and saince no (CH3)3ﬁH
absorptions could be found, and the spectrum showed BClZ and residual
(CH3)zNClp, 1t was assumed that the mass in the cell could be accounted
for by (CHz)sNClp, (CH3)3ﬁClBClZ only., The results of the weighings
are shown in Table 5 below.

TABLE

MASS CHANGES DURING (CH=z)-NCl,, BClz REACTION

Starting Mass (CH3)zNClo 0,5322 g
Residual Mass (165 hours) 0.3806 ¢
Residual Mass af'ter 39 hours 0.9150 g
Residual lMass Required (100% conver31on) 1.0117 g
Percentage Conversion 90 41,5

The required residual mass was calculated assuming 100% conversion
according to the equation below:

& -
(CH5)3NC1; + BClsz = (CHy)4NC1 BCl,

In an experameni with SbCl5, 0.7547 g (5.8 m mole) (CHz)zNClp which
had been freshly prepared, was placed in a 100 ml round bottomed flask
followed by 12 ml dry CdoCly in the dry box. 1 ml (7.79 m mole) SbC1,
was then added, and the flask stoppered and shaken for 1V2 hours. The
flask conients were then poured into a sintered glass filter in the dry
box, and product collected, washed with CHpCly and found to weigh
1.1214 g The infra red spectrum of the product was recorded between
CsI plates, and 1is shown in Figure 31, indicating Sb016 formation from
the slrong absorption at 345 ch « Peaks are also attributable to

residual (CHz)zNClp, and 1t 1s possible to observe a peak attributable to

the N=C1 stretch in the cation at 400 em” .
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The reaction product did not analyse well, (Found, (%), C, 11.6;
H, 3.23; N, 4.79; Cl, 57.4; Sb, 25.8). The C:N ratio of 2.8:1 1s
reasonably close to the 3:1 required by (CHz)zNC1 SbClgs but the N:Cl
ratio 15 only L4.75:1 instead of 7:1. No determination of the oxadising

1

power of the product was performed.

A second sample of approximately 2 g (CHz)zNClp was placed in a
mortar in the dry box and ground under a solution containing apnroximately
5 ml SbC15 in 20 m1 dry CHoClp. The resulting slurry was filtered, and
the filtrate allowed to stand in the dry box for about 1 hour, after
which grey needles deposited. The product was i1solaoted on a sintered
glass filter and the infra red spectrum recorded between CsI plates,
and 1s shown in Faigure 32. The product wvas analysed and found to contcin
(%)s Cy 9.50; H, 2.73; N, 3.69, C1l, 57.63; Sb, 31.3; which indicates
empirically G3a5Hi9g5NSbClgq The ainfra red spectrum showed a strong
absorption at 345 em” indicating, SbClé, and also an N-H cation vaibration

at 3200 cm’ .

It was apparent that (CH5)3ﬁH SbCi% had formed and this was confirmed
+ -
by comparison with an infra red spectrum of (CHz)slH SbClg prepared from

(CH3)sNH €1 and SbClg in CHpClp solution, and 1s shown in Figure 33.

+ o+
The formation of (CHz)sNH is presumably due to attack of (CH5)sNC1

on the solvent CHyCls yielding chloroform CHGCls, but since the producti

was not analytically pure, other side reactions have presumably occurred.

This reaction was nol investigated further.
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+
The Formation 0f (CHz)zNC1 From (CH=z)»NC1

Reaclions involvingtertiary amines and alkylating agents are well
knovmn, the reaction proceeding via attack ol ihe nitrogen lone pair on
suitably positive carbon atom as shown in the scheme below:

H

f o
RzlT: "CH3;X —e»[RgNe==(z==X| —mme RzN-CHz + X

H

The extent to which such alkylations occur depend on two factors, the
availebility of the nitrogen lone pair, as measured in basicaty, and the
degree of polarisation of the CHz~X bond such that cé* occurs, other

things, such as stearic effects being constant.

For weakly basic teritiary amines, such as (CHz)oNC1l the alkylating
agent musl compensate in providang a larger effective posilive charge on
the CHz group adding onto the hase. As a guide to how positive a methyl
group is, '"H NMR can be useful. Table 6 lists the 'H absorptions for a
selection of methyl esters, indicaeting those with 0X0 anions, are much
more positive than alkyl halides.

TABLE 6

'Y NMR OF METHYL ESTERS

Anion T Reference Remarks
SbFg bels 112 at =78°C; SbF;, S0z, CHsF
€104 5¢7 111 CHzI, AgCl04 in CCly sclution
0S0oF 5.8 112 in SbPy
5.79 1153 as pure liquid
NOz ~ 5.85 111
0c1” 6.01 111
S04 6.0l 131

I~ 8.00 This work as pure liguid




0f the anions listed in Table 6, CHz0S0zCHz, CHzNOz, CHz0SO-F,
CHz0C105, and CH3$bF6(CH5F,SbF5 1n S0p) were reacted with (CHz)oNC1.
CHzI also reacts, but the product of this reaction, CgHy1gN2Cl2In, is

considered in Chapter 5.

Only CHzNOz failed to provide a product, which in view of its
projected power from the table, should be at least as efficient as
CH3050zCHz, dimethyl sulphate. The reason for the lack of reaction may
be that at the temperature of the reaction, approximately 16-20°C, a
high energy barrier exists to the transition stale. Any heating
decomposes the dimethylchloramine.

Although CHszF, SbFg in S05(1) reacted with (CHz)oNC1 the product did not
contain the cation (CH3)3ﬁC1, which in view of the apparent stability of
(CH5)3ﬁCI 010; or BF,, SbF% as an anion ought to stabilise the cation

equally well.

The alkylating agent CHz0C10z, methyl perchlorate, presents a method
of obtaining a salt (CH3)5ﬁC] Cld; preparable also from (CHz)zNCly and
agueous ClOZ .

CHz080oF and CHz050zCHz both yielded white solids which contained the

+
cation (CHz)zNC1l as shown by infra red spectroscopy.

In a typical experiment involving CHz0S0zCHz, 1 ml (1.33 g, 10 m mole)

(CHz)2S04 was dissolved in 10 ml dry diethyl ether in a 50 ml round
bottomed flask eguipped with a tap cone connector, and attached to the

vacuum line. The solution was degassed and 0.7 g (8.8 m mole) (CHz)oNC1

was condensed.

136
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The flask was 1solated and removed from the vacuum line, and allowed

to warm up to -5°C 1n a refrigerator, where 1t remained for two hours.
The flask was then driedl and transferred to the dry box and the solution
filtered with suction, yielding 1.32 g of a fine white solid, which
represents 73% conversion of chloramine to chlorammonium salt. The
solid was analysed and found ito contain, (%D, C, 23.46; H, 5.95; N, 6.98;
Cl, 17.9; S, 15.97. (CHz)3zNC10S0zCHs requires, (%), C, 23.36; H, 5.8L4;
N, 6.81; C1, 17.27, S, 15.57.

An infra red spectrum was recorded, and i1s shown in Figure 34, as a nujol

mll between CsI plates protected with polyethylene failm.

The equivalent weight of the compound as an oxidising agent was
determined by addaing KI to an acidified solution and titrating the
liberated Ip with sodium thiosulphate. The equivalent weight was found
to be 104.102, which when compared to the required value, of 102.830,

indicates slight decomposition.

A sample of the compound was dissolved in water and 1ts UV spectrum
recorded, as shown in Figure 35, whicn compares with that shown in

-+ -—
Figures 26 and 29 for the complex (CHz)zNClo and the salt (CHsz)zNC1l C104.

The reaction with CHz0S0oF, methyl {luorosulphate, was performed 1n
a similar way, typically 1 ml (1.43 g, 12.5 m mole) CHz0SO2 was condensed
into a 50 ml round bottomed flask containing 5 ml dry degassed CClg.
0.1 g (1.26 m mole) (CHz)oNC1l was then condensed into the flask and the
whole 1solated from the vacuum line, placed in a refrigerator for about
10 minutes, and {ihen returned to the vacuum line where all the volatlile

material was pumped away, leaving a white powder. The flask was transferred
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to the dry box and 0.2 g of the fine white powder isolated. This mass
represents an 82.5% yi1ell based on the equation below:

(CHz)oNZ1 + CH30SO0oF = (CHz)zNC10SOoF
A sample was analysed and found to contain, (%), C, 18.26; H, 4.59;
N, 7.10; C1, 18.52; S, 16.6; F, 9.99. (CHz)zNC10SOF requires, (%),
C, 18.59; H, 4.65; N, 7.23; C1, 18.33; S, 16.53; F, 9.80.
The infra red spectrum of a sample of the product i1s shown, as a nujol

mull between polyethylene protected CsI plates, in Figures 36 and 37.

The alkylating agent, Cliz0Cl0z, was never 1solated as the pure
compound but used in the solution it was prepared in, as detailed in
Chapter 2.

5 ml of the solution, wnich contained approximately 0.46 g (4 m mole)
CHz0C10%z, was placed in a 50 ml round bottomed flask equipped with a
tap cone connector. The flask was attached to the vacuum line and the
solution degassed; 0.3512 g, 4.42 m mole. (CH3)2N01 was then condensed
1n and the flask i1solated from the vacuum line, removed &nd allowed to
warm to room temperature. After approximately 5 minutes a white solad
began to form, and after 10 minutes the flask was transferred to the
dry box and the contents filtered with suction, the white solid being
washed with a small quantity of dry CCly. The product was analysed and
found to contain, (%), C, 18.68; H, 4.73; N, 7.35; C1, 36.71.

(CH3)3NC1 €104 requires, (%), C, 18.55; H, 4.64; N, 7.22; Cl. 36.59,

The infra red spectrum of the compound vas recorded as a nujol mull

between protected CsI plates and 1s shown in Figure 38, and if compared

with Figure 27, 1t can be seen that the product from the methylation of
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(CH3)oNC1 contains the same cation as that obtained from agueous solutions

of (CHz)zNCls.

The reaction between (CH3)2NC1l and CHsF/SbFg mixtures in liquid
50> did not yield a produrt contzanin
typical experiment, 2.0722 g (9.56 m mole) SbFe was then placed in a
50 ml round bottomed flask in the dry box, and the flask sealed with a
tap cone connector.

The flask was affixed to the vacuum line and the contents degassed.

4.031 g (62.92 m mole) SO, was then condensed in and the whole allowed to
warm to -23°C (melting CCl,) and the SbF5 allowed to dissolve. i’hen
solution was complete, 0.3439 g (10.105 m mole) CizF was added, and the

flask and contents held at -84°C to allow the solid to dissolve.

0.8232 g (10.35 m mole) (CHz)oNC1 was then condensed into the
refrozen SbFs, CHzF, SO2 solution and the flash warmed to -84°C where the
whole dissolved leaving a clear colourless solution. The rlask and
contents were held at this temperature over night, after which time the
contents of the flask appeared solid. The volatile components were
distilled into a cold finger at -196°C. The solid residue was transferred

to the dry box and a sample removed for oxidation analysis.

An aliquot of the product was dissolved in water acidified with O.IN
HpS04 and KI added, to yield a solution which when titrated against sodium
thiosulphate resulted in an equivalent weight of 975 indicating little
oxidising power. The material elemental analysis showed that the product

could be represented by the empirical formula CzHjoNC1Sbig Fg.
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+
L. Reactions In Which (CHz)zNBr Is Formed

All the preparative techniques employed in the formation of the
+
(CHz)3NC] catlion cannot be used 1n formation of the bromo analogue,
since (CHz)zNBro is not soluble 1in water. A direct method 1s found in

alkylation of (CHz)oNBr.

The complex formed in the reaction of (CHz)oNBr with the alkylating
agent CHz080oF is extremely unstable, and indeed no satisfactory analytical
figures were obtained, however infra red spectroscopy showed that in the
compounds prepared, certain parallels could be drawn between the reaction

products with the equivalent (CEz)oNC1 reactions.

In an experiment with CHz0S0oF, 1 ml of a solution of (CHz)oNBr in
CCly, prepared as detailed in Chapter 2, was contained in a test tube in
the dry box, and approximately 0.5 ml CHz0S0pF added and Lhe tube shaken.
Aftier a few seconds, a white precipitate formed. The tube was stoppered
removed from the dry box and filtered with suction, washed with a few
mls hexane and then transferred to a second test tube,

The solid was taken up in approximately 1 ml distilled water, and to the
resulting solution, a few Arops of saturated NaCl04 solution were added,
resulting 1n a white precipitate. Tn a second experiment, 5 ml of the
solution of {CHz)oNBr was placed in a 50 ml beaker 1n the dry box. To
this 0.4 ml CHz0S0oF was added, and the contents swirled. The solid
product was filtered off and washed with a few mls of dry CCls. The
product was analysed and found to contain (%) C, 15.91; H, L4.82; N, 5.58;
Br, 31.43; S, 12.19; F, 8.32. (CHz)sNBr 0SOF requires, (%), C, 15.13,

H, 3.78; N, 5.88; Br, 33.61; S, 13.44; F, 7.98.
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The infra red spectirum of the product was recorded as a paraffin
mull between protected CsT plates, and i1s shown an Figure 43 which, when
the peaks attributable to 0SO,F, at 1299, 1073, 583 and 565 cn  are
removed, indicated @ in Figure 43, leaves peaks at 295, 325, 805 and
945 em' . The far infra red spectrum, plotted in Figure 44 shows peaks

at 294.2 and 324.5 cm .

A small quantity of the product was dissolved in water and treated
with saturated NaClO4 solution, the resulting white solid being filtered
off and dried on the sinter by washing with dry hexane. The infra red
spectrum of a sample of thais material was recorded and is shown in
Pigure 45, i1ndicating Cl04; ebsorptions at 630 cm” (V4) and a broad
absorption centred at 1080 em”! (Vz), and leaving absorptions at 295,

325, 805 and 945 cm' . The far infra red spectrum of this product, plotted
in Figure 46 shows absorptions at 294.2 and 323.5 cm_T, vhich agree well
with the figures for the OSOgF— salt, and are comparable with the faigures

+
quoted for the cation (CHz)zNCl.

A small sample of the product from the CHz050sF alkylation was
dassolved 1n water and 1ts UV spectrum recorded. The change in the
spectrum with time 1s shown in Figure 47, indicating that the sample was
partly decomposed, as seen by the absorption shoulder to the peak at
235 nm. As the course of the decomposition progresses, absorptions
attributalle to Bro, at 394 and 265 nm, appear, and the peak due to

(CHz)oNBr (a2t 286 nm) slovly disappears.

Discussion And Conclusions

+ -
Considering the similarity of the specira obtained for (CHz)zNC1 0SO- F
and ClOZ wvith those obtained from the product of the reaction of

(CHz )oNBr and CHz0SO0>F and the aqueous reaction of this product, 1t 1s
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reasonable to suppose, despite poor analytical figures, that (CHsz)oNBr
can be alkylated to yield the (CH3)5ﬁBr cation, this cation can be
precipitated from agueous solutions of the fluorosulphate by ClOZ.

Table 7 lists the infra red absorptions obtained for Cld; and FSOE salts

of (CHz)zNC1 and (CHz)zNBr.

TABLE 7
INFRA RED ABSORPTIONS OBSERVED FOR CATIONS (CHz)2NC1l, AND (Cliz)=zNBr, cm”!

i (CHz)sNCL 336 403 815 935
Cl04

+
(CHz)3NBr 295 325 805 945

- (CHs)sNCL 335 400 820 940
FSO-, +
(CHs)sNBr 295 325 805 945
The vibrational assignments are discussed in Chapter 6, where the
N-Cl stretching frequency was identified at 40O ch by 1sotope splitting.
In the case of (cng,)sﬁar, neither of the bands al 295 and 325 cm  were
apparently split, however the rough calculation of the expected splitting,
as detailed in Chapter 6, indicates that the separation betiween ™Br and
By isotope absorptions 1s of the order of 1.8 cn™’ at 325 cm'1, and
since the absorptions are very weak, as seen from the relevant spectra, it

18 not unduly surpraising thaet no splitting was observed.

+
The (CHz)zNBr compounds were considerably less stable than the

corresponding chloro compounds, samples rapidly changing from white to

dark red at room temperature.

The results obtained from the reaction of (CHsz)sNC1 and {CHz)0C10s

- +
and the C104 precipitation of (CHz)zNC1l show that in solutions of (CH3)5NC12,
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the cation exists, and {rom the UV evidence, does not chlorainate Fo0 to

give HOCl.

In ac1d solution, 11 NNR evidence points to the formation of
(CH3)3ﬁH as a major decomposition product of the cation, (CH5)3ﬁ01, the
spectrum 1n 0.05M HC1l at 0°C being shown diagrammatically in Figure 47a.
The spectrum consists of two main features between TMS and down field to
T6.0, a singlet at T6.25 and a doublet atT7.23 and 7.18. The doublet

+
splitting of 5 cps and 1ts position, indicates (Clsz)zNH.

The spectrum was studied over a period of 1!/ hours and the relatave
peak intensity followed by integration, as detailed in Table 8.
TABLE 8

+ -
'H NMR DECOMPOSITION STUDY OF (CHs)sNC1 C1 IN 0.05M HC1

Tame (hour) Integrated Peak Area Temperature °C

Singlet Doublet Total

Start (10 min o0ld) 2.9 4l 7.0 0
1 2.2 L9 7.1 0
1.5 0.1 6.8 6.9 40 (PROBE)

+
The peak at 16.25 can be assigned to (CHz)zNC1l methyl protons since
it slowly disappears, and from the integrated area results, it 1s related
>
to the appearance of a (CHz)zNH doublet at 7.23 and 7.18, the splitting

ks
of which 1s within 0.5 cps of that determined for (CHz)zNH in 6M HC1.

(5.5 cps, centred atT 6.8L).
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]
DIAGRAM OF H NMR SPECTRUN OF (CH=z)=zNC1l C10s IN 0.05M HC1l AT 0°C /{

Hp O
\ Absorption
b Edge

(CHz)sNC1

Scps

(CHs )sNH

625

721

Over the period of the observation, no other absorptions were noted.

=
Other methyl amines such as (CHz)oNHo would appear un field from the

+
(CH3)zNH absorption, and be split as a iriplet. (CHz)oNC1l absorptions

+ +
would appear between the {CHsz)sNH peaks and the (CHz)sNC1l singlet, as a

singlet, but with increasing intensity with time.

Indeed the integrated

area totals for the two peak systems observed, remaining essentially constant

+
indicating a straightforward replacement of C1 in (CHz)3NCl for H yielding

+ *
(CH3)3NH. The mode of formation of (CHz)sNH in this 1instance is not

immediately apparent since i1ts presence implies that the chlorammonium

+
cation has chlorinated either water, formang HOC1l and (CHz)sNH or 1tself

forming

chloro species such as ClCHg(CHs)aNCI.
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The formation of HOCl 1s not apparent in UV spectra of agueous

acid solutions of (CH5)3ﬁ01 as shown in Figure 26, and by Ellis et. al.
(110), but (CH3)3§H formation can be confirmed by precipitation of the
picrate as showm in Faigures 48 and 49.

chlorinated cations would be apparent in the NMNR spectrum either as
such, or as their decomposition products consisting of dealkylated amines.
Thus 1n thas instance it would appear that HOC1l formation is the most
likely explanation for the presence of (CH5)5ﬁH and absence of other

2 carbon atom amines.

The value of T 6.25 for the methyl protons in (CHz)3NC1l, when compared
with 6.84 for (CH3)3§H indicates an 1increase in positive character of the
methyl protons in the chlorotrimethylammonium cation, which 13 consistent
with H 1n (CH3)5ﬁH being replaced by the more electronegative Cl in

-+
(CH3)3NC1.

The dilferences petween trimetnylamine complexes of other halogens
and that of chlorine are quite merked. The chnlorine comprlex 13 white,
and i1nsoluble in solvents such as acetone or chloroform, whereas the
complexes (CHz)sNBro and (CHz)zNI» are fairly deeply yellow coloured, and
indeed are soluble i1n acetone or chloroform but insoluble 1n water.
The 1nfra red spectra of three halogen complexes are shown in Figure 39,
where the three spectra are superimposed. (CH3)3NC1lo clearly daffers from

the other two halogen complexes.

+ -
Tn the solid phase (CHz)sNC1l can interact with Cl to fora (CHsz)zNC1o
as shown 1in Figure 40, which 1n this case is a KC1 disc of the C10y salt,

the characteristic (CHz)zNClp bands between 300 and 350 cm ' being clearly
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&+ 8-
visible indicating tnat fairly extensive (CHz);NCl....Cl occurs, since
+
1f this interaction did not occur, the spectrum of (CH3)3NCl would not
be expected to change from that observed in a paraffin mull. It is

reasonable to conclude that in the solid phase (CHz)zNClo does not exist

+ -
as (CHs)zNC1 C1.

The proposition that oither halogen complexes exaist an this form in
the solil phase 1s equally untenable since evidence from (Cliz)oNBr
alkylations indicate that the (CH3)3ﬁBr cation has a dafferent anfra red
absorption spectrum to (CHz)3sNBrp, in which one would expect, 1f
(CH3)5ﬁBr Br wholly existed, no sgnificant spectral differences betlween the
cations in both species.

It 1s inlerest'ng to note ithat reactions between (GHS)S"I'\?Cl and T do not
vield (CHz)3NC1-I, 1.e. revers addition of TC1 to trimethyrlamine, but
(CHz)sNIo> as shown in Figure 41. This substitution can be considered as
attack of T on the cationic nitrogen in (CH3)3ﬁCl forming (CH3)3ﬁi which
stabilised by the excess I forming (CHz)3zNTo.

+ -
(CH5)3N-@1 — (cns)sxfr + C1

T I

(CHs)sN=T + T—= (CHs)3sNIo
This exchange process is also true of (CH3)3NB12 and I: where 1nfra red
spectra of (CHz)sNBrp recorded in KT pressed discs show the absorption of
(CHz)3NI> and not (CHz)3NBrp nor even (CHz)zNIBr, as shovm in Figure 42,
and indeed as Figure 42 shows, (CHz)zNIBr in a XI pressed disc also shows

the absorptions of (CHz)zNIo.

160
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Thus in conclusion, N-halamine cations of the iype (CHs)sﬁﬁal have
been shown to exist as such 1n salis such as (CH3)3ﬁ01 C104 and
(CH3)5ﬁBr bSOgF, but the evidence is against the formulation of addition
complexes of the halogens and trimethylamine as (CH5)3§—Ha1 Hal in the

solid phase as suggested by Bohme and Krause (108).

The bromo salts are considerably less stable than the corresponding
chloro derivatives, and 1t would appear that under cerlain circumstances

+
of pH and concentration (CHz)sNCl can produce HOCl in water, although the

evidence for this 1s not conclusaive.



CHAPTER FIVE

REACTIONS OF DIMETHYLHALAMINES WITH SIMPLE ALKYL HALIDES

164
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Introduction

It was seen in Chapter 4, that with methyl esters of certain acads,
it was possible to form a chlorotrialkylammonium cation from
dimethylchloramine, and that a sumilar situation probably exists with

dimethylbromamine, (CHz)oNBr.

One class of methyl esters that were not discussed in that chapter

were the halides, CHzCl, CHzBr, and CH3I.
Classically, alkylation of amines to form tetraalkylammonium salts

proceeds via nucleophillic attack of the alkyl halide by the basic amine:

H

/

" h

(CHz)aN: + CHzI —o= (CH3)3N=--T-=-I —s= (CHz)4NT

or L _
(. [ .

(CHz)zN: "CHz LT —s= (CHz)4NT

and in the case of (CHz)oNC1l, an exactly analogous reaction occurred with,

for example melhyl perchlorate, CHz0C10sz:

(cns)gcm:“cnsﬂu-cms —= (CHz)sNC1 C10g4

It was noted in Chapter 4 that the alkylating agents studied were
powerful, as estimated by the 'H NMR absorptions of the methyl groups,
indicating considerable polarisation of the C~X bond, in for example

CHz0C10z, the C-0 bond would be polarised:

& 5
HzC~0C103
The extent to which this polarisation occurs compensates for the decrease

in basicity of (CHz)oNCl over say (CHsz)oNH.



With alkyl halides such as CHzI, the reaction with dimethylchloramine
may well be considered to proceed via conventional lines, yielding a
product consisting of trimethylchlorammonium cations:

+ -

CHzI + (CHz)oNC1 —s= (CHz)zNC1 T
The compound, (CHz)zNC1 I, is 1someric with the well known addition
complex of the Lewis acid IC1 and the base, trimethylamine, (CHz)zN:

IC1 + (CHz)sN —e= (CHz)zNIC1

The remainder of this chapter will show that the product obtained
from the reaction of, for example, (CHz)oNC1l and CHsI, is not structurally
1someric with the addition complex (CHz)zNIC1l, although can be empirically

represented as 05H9NIC1.

X ray crystallographic studies, (116) and supporting chemical and
spectroscopic evidence will be presented to show that the product from
the CHzI,(CHz)2NC1 reaction is CgHygN»IoClp and is in fact a
tetramethylammenium salt with a novel pseudopolyhalide anion:

(CHz )¢ (CHs)2N(IC1),

Results Mnd Discussion

It has been found that CHzI reacts with both dimethylchloramine and
dimethylbromamine to yield products which analyse as C3zHgNXI, where
X = C1, Br.
The X ray work carried out by N. W. Alcock (116) indicates that the
product is C6H18N2X2Ig which is a tetramethylammonium compound containing

the anion (CHz)oN(IC1)s.

166



Reaction Between CHzBr And (CHz)oNC1

The reaction of CHzBr with (CHz)>NC1l yielded a compound which

analysed as CzHgNBrCl and this compound was identified as the addition

complex of trimethylamine and the interhalogen bromine monochloride.

(CHz)oNC1 + CHzBr —a= (CHz)zN BrCl

With methyl chloride, dimethylchloramine yielded a mixture of

amine salts of empirical formula CsH,,NC1, which had no oxidising power,

and this together with spectroscopic evidence indicate that CHzCl does

not alkylate (CHsz)oNC1l to yield the expected (CHz)zNCls.

These results are summarised in Table 9.

TABLE

SUMMARY OF (CH=z)oNX, ALKYL HALIDE REACTIONS

Reactant

(CHz)aNC1, CH3I
(CHz)oNBr, CHsI
(CH3)2NC1, CHzBr

(CHz)oNC1, CHzCl

Product

- -
(CHz)4N (CHs)oN(IC1),
(CHz)gN (CHs)aN(IBr)z
(CHz )sNBrC1l

C3H39NC1, (CHs)2NC1, CHszCl

167

The infra red absorptions of the products CHzI, (CHz)oNCl; CHsI, (CHz)aNBr,

and CHzBr, (CHz)oNCl, are listed in Table 10 and shown respectively in

Figures 50, 51 and 52 for the region 1600-250 cm® , and Figures 53 and

54 respectively for the region 300-40 cm® .
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TABLE 10

OBSERVED FREQUENCIE§17CM—?J FOR THE PRODUCTS:

CH=zI/( CH

(CHz )»NC1/CH=T

3025
2955
2910
2855
1495
1485
1460
1440
1400
1160
1145
1010
U5
880
520
465
264449
126.9

100.1

NCl, CHzI/(CH

(

CHz )aNBr/CHz T

[

3020
2955
2920
2860
1490
1480
1455
1435
1405
1400
1150
1140
1010

945

880

505

460

261.2

NBr AND CHzBr/(CH

(CH.

NC1l

3)2NC1/CHzBr

3010
2990
2920
2850
1475
1,60
1430
1400
1260
1220
1100

985

800

500

370



Initial inspection of the spectra of products of alkylation of
(CHs)oNC1 by CHzBr and by CHzI indicate that there are two structurally
1

different compounds present, in particular the region between 1200 em

and 700 cdﬁ show marked differences.

The product of the reaction of (CHz)oNC1l with CHzBr resembles,
in the infra red, the addition compounds of the halogens and interhalogens

with trimethylamine, as indeed the empirical formula suggests.

In order to examine, and perhaps confirm that CHzBr alkylates
(CHz)oNC1 to yield a (CHgz)szN, interhalogen addition complex, the
preparation of the previously unreported (CHz)zNBrCl was attempted.

Using a mixture of Clp and Brp in CCly solution trimethylamine was added
to yield a yellow solid whose infra red spectrum indicated that (CHz)zNBry
had formed along with another complex which had a very similar infra red
spectrum, differing largely in the 500 em™ region. The elemental
analysis indicated that chlorine was present in this mixture, and it was
thought that the additional absorptions indicated in the spectrum were

probably due to the presence of (CHz)zNBrCl.

Further confirmation that (CHsz)zNBrCl had formed is found in an
absorption at 280 em™ in the infra red, which 1s absent in (CHsz)zNBro,
and 18 attributed to the Br-Cl absorption. This absorption compares well

-1

with that observed in the pyraidine analogue at 307 cm in benzene

solution, and 295 em™ 1n the solid complex (117).

The presence of the 500 cm™ absorption in the spectrum of the

(CHz)oNC1, CHzBr product, and in view of the great similarity between this
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spectrum and that of the other (CHz)zN, halogen complexes, strongly
suggests that (CHz)zNBrCl is the product of the alkylation reaction.
A more comprehensive discussion of the spectrum of (CHz)zNBrCl and is
relationship with the other trimethylamine, halogen and interhalogen

complexes can be found in Chapter 6.

It is thus interesting to note that this is not the expected product
from such an alkylation. It would be expected that the reaction should
proceed via a chlorotrimethylammonium cation, and thus yield the complex

(CHz)3NC1Br:

(CHz )2 ClN:ﬁCHg,gr — = (CHz)3NC1 Br—m (CHz)sNC1Br
but in the reactions observed of the cation (CHz)zNC1l, in Chapter L, the
addition of bromide 1ons to aqueous (CHz)zNC1l yielded (CHz)zNBrn, where
this result was explained by nucleophillic attack of a bromide 1on at the
positive nitrogen centre:

(CHs) 33Q1 —= (CHz) 3111'131-@: —w= ( CHz ) zNBro
Br

In the case of (CHz)oNCl and CHzBr, the reaction probably proceeds
to the stage where the salt (CHS)sﬁCI Br forms and then the newly formed
bromide ion acts as a nucleophile, and attacks the now positive nitrogen,
followed by the establishment of a Br-Cl bond at the same time as the

N-Br bond dissociates:

(Cﬁs)gl\{ﬂCHg,gr» (CHZ,)SNQ:l — (cng,)sx}]-srﬁ?—-— (CHz )zNBrCl

Cl Br

175



Reaction Between CHzI And (CHz)oNX, X = Cl, Br

The complexes formed between dimethylchloramine and bromamine
and methyl i1odide are, certainly spectroscopically different from the
trimethylamine halogen addition complexes. The relative stabality of
ithe compounds towards heat 1s noticeable in the infra red beam,
(Cliz)sNIC1 for example, remaining yellow for considerably longer than

the (CHz)oNC1, CHzI product.

¥ -
The structure of the compound (CHsz)gN (CHz)oN(IC1)> has been
shown, by low temperature X ray analysis, to contain the novel anion:

CHz CHs

N//////
I/// \\I
C{/ \\Cl
The X ray work was performed at the University of Warwick, and the

relevant crystal data are given in Table Il.

TABLE 11

CRYSTALLOGRAPHIC DATA FOR (CHz)aM (CHz)oN(TC1)s

Crystal System: llonoclinic
a b c g

Q
Cell Dimensions (A):

11.233(3)  5.773(1)  11.078(2)  98.2u(2)
Cell Volume (A3): 711.6( 3)

Space Group: P2/6

Data collected using a Syntex P2) diffractometer at -60°C with an LT-1 low

o
temperature device and Mo K« radiation, = 0.710359A



Purther evidence confimming the indentity of the CHzI products as,
(CH3)4ﬁ (CH3)2N(IX)£ can be found in comparing the spectra of the
alkylation products with those of the parent halamine, where 1t is
found that distinct similarities exist, much in the same way as the

(CHz)3sNIC1 spectrum resembles that of (CHz)zN.

Table 12 lists the observed frequencies for (CHs)oNCl, as a solid
film at -196°C, and compares the frequencies with those obtained for the
alkylation product. The equivalent (CHz)oNBr spectrum, as a solution in
CCly, 1s also listed, along with the observed spectrum of 1ts CHzI
alkylation product. The respective spectra are presented in Figures 55

and 56 in the region 1400-250 em ™.

It is interesiing to no%*e that the absorptions that do not readily
"rit" in Table 12, those at 3020, 1490, 1405, 1400 and 945 cm't, are

+
precisely the absorptions due to the (CHz)4N cation.

It appears that in the alkylation reaction the dimethylamino moiety
has been retained. The infra red spectrum of adducts of (CHz)>NCl are
interesting and lend further credence to the formulation of the

+ -
CHzI, (CHz)aNC1l product as (CHz)4N (CHz)oN(IC1)s.

With Io, (CHz)oNC1l forms an addition compound,
(CHz)sNC1 + Ip —s= (CHz)oNC1.Io
This compound 1s yello#s, and in the infra red similarities exast to the
CHzI, (CHz)aNC1l product, especially at around 1150 cm’ and at 500 cm .
The infra red spectra are shown in Figure 57, and the frequencies

tabulated i1n Table 13.
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TABLE 12

COMPARTSON OF INFRA RED SPECTRA OF ((CHs)oNC1 AND

(CHz)oNBr AND THEIR CHxI ALKYLATION PRODUCTS

+ - + -
(CHz)oNC1 (CHz) 4N(CHz)oN(IC1)» (CHz)4N( CHz ) 4N(IBr), (CHz)oNBr
(-196°¢C) (solid) (solid) (CCly solid
3025 3020
3000 3000
2980
2960 2956 2955 2960
2925
2910 2910 2920 2900
2870 2885
2855 2860
2825 2820
2780 2780
1495 1490
1480 1485 1480
1455 1460 1455 1465
1450
1445 145
1435 1440 1455 1430
1425 1420
1415
1400 1400 1405 1440
1400
1210 1200
1190
1160 1160 1150 1175
1145 1140 1145
1010 1010
1005 1000
945 945
910 900
880 880
595 535
520 505
465 L60
410 400
380
360

265 261
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TABLE 1

COMPARISON OF INFRA RED SPECTRA OF (CHz)oNCl.I»,

(CHz)oNC1 ( -196°C CHz )oNC1/CHzI PRODUCT

(CHz)oNC1.To (CH=)oNC1/CH=I (CHz)oNC1 (-196°C)

1495

1485 1480

1460 1455

1450

1445

1435 1440 1435

1425

1415 1415

1400 1400 1400

1210

1190

1155 1160 1160
1145 1145

1010 1010 1005
945

910
880 880

595
505 520
455 475

410
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Where again the retention of the (CHz)oN moiety is indicated, and
further, that because of the marked similarity, some form of (CHz)oN-I
interaction 1s also indicated. The comparison between (CHz)oNC1.Io
and (CHz)oNC1/CHzI product again points to the presence of (CH3)4§ in
the alkylation reaction product. Thais is emphasised by the absence

of the strong 945 em™> band in (CHz)oNC1I,.

The use of deuterated halamine and alkyl halide species can again
support the crystallographic structure. The products of the reaction of
CHzI and CDzI with (CHz)oNC1l, CHzCDzNC1 and (CDz)oNC1l were all prepared
and are all yellow solids. The infra red spectra of these products are
shown in Figures 58 to 63. The position of the absorption bands are

listed for each complex in Table 14.

It can be seen immediately from Figures 62 and 63, showing the
infra red spectra of the products CHzI, CHzCDzNC1 and CDzI, (CHz)oNC1,
that the two complexes are different indicating that the product of the

alkylation reaction contains at least two different carbon atoms.

Tne noted resemblance between (CHz)>NC1l and (CHz)oNC1/CHzI spectra
are again shown where the (CDz),NC1/CDzI product ressmbles (CDz)oNCl.
This is shown in Figures 60, 61l. Another interesting feature of the
spectra 1s the great similarity the (CHz)oNC1/CDzI product has with the
(CH3)oNC1/CHzI product. This indicates that the bulk of the spectrum in
the region 1400-250 el is determined more by the dimethylamino structure
than the alkyl iodide, again consistent with structures where the

(CHz)oN mounety is retained, and indeed influenced only slightly by the
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TABLE 14
-1
INFRA RED ABSORPITIOM FREJUTNCIES, CM , FOR PRODUCTS OF RTACTIOMS OF

ClisI AND CDsI WITH (CHz)oNC1, CHzCDzNC1l, AND (CDz)oNC1

CHzI

(CHz)oNC1  CH=zCD=zNC1  (CD=z)»NC1

1,94 1420 1415

1483 1410 1410

1461 1395 1230

1433 1200 1170

1402 1080 1155

1159 1065 1100

1145 1050 1085

1010 1020 1060

945 985 1050

880 9200 980

520 890 960

465 840 945

265 820 860

770 850

L70 830

L.30 815

1795

775

750

450

CD,T
(CHz)oNC1  (CH;)CDsNC1  (CDz)oNC1
1430 1415 1185
1415 1405 1160
1400 1240 1115
1220 1185 1100
1165 1170 1055 °
1140 1155 870
1060 1130 820
1045 1095 815
1010 1060 195
945 1025 725
870 980 465
845 960 425
830 900
810 870
770 830
515 810
460 45
265 490
425
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presence of the rest of the molecule.

The vibration at 520 cm™ in (CHz)oNC1/CHszI is lattle affected

by the use of CD3zI indicating an independence of this vabration on

C-D honds. Had thas vibration bheen

________ Y a C~I mode then it would be

expected to shift significantly with the use of CDzI instead of CHzI.
However, in the case of the reaction of CHzI with (CDz)oNC1 the band

at 520 en™ has moved to L50 cm'1 indicating clearly that this vibration
is associated with the (CHz)oN part of the CHzI, (CHz)oNC1l product.
Table 15 laists the position of the absorption at 520 em? 1n the
CHsT/(CHz)aNC1 product, as a function of increasing CDz substitution

on the chloramine.

TABLE 1

-1
VARTATION OF 520 CM  VIBRATION WITH INCREASING

CDz SUBSTITUTION OF (CHz)oNCl

(CHz )oNC1 CH=CDzNC1 (Cbz)oNC1
|
|
| CHzI 520 470 4,50
CD3I 515 490 425

An interesting feature of Table 15, is the way the frequencies fall

into three distinct groups, one at around 520 cm™

480 em” » and a third at around 440 cm'1 + Since the band at 520 cm”

» one at around

1

in the (CHz)>NC1/CHzI product is also present, at 505 cm-l, in the
(CH3)oNC1I complex, it 1s reasonable to assume that 1t 1s a function of
the (CHz)oN structure. The grouping observed in Table 15 can thus be
explained in terms of increasing mass in the (CH5)2N moiety. The group
that absorb at 520, 515 cd4 clearly contain (CHz)oN(IC1), ions whilst
those at 425, 450 cm . contain (CD3)oN(IC1l), ions. Thus the group at

470, 490 must contain CHzCDzN(ICl), ions.



This absorption 1is useful in postulating a possible mechanism for

the reaction. The formation of ietramethylammonium ions can be

explained if dimethylchloramine is alkylated by methyl iodide in the

normal way, as indeed occurred with methyl bromide or with methyl

perchlorate:

(CHz)oNC1 + CHzT —m ( CHz )zNC1I

As has been seen with methyl bromide, and the reactions of the

(CHz)zNC1 cation, noted in Chapter L4, the following can occur:

(CHz)sNC1 + T —s= (CHg)sNI + C1

+
The production of trimethylamine, necessary for (CHz)4N production, and

IC1 for (CHs)oN(IC1)> production follows:

(CHz)aNI + CL—e= (CHs)sNIC1 == (CHs)zN + IC1

The trimethylamine is then alkylated, it now being the strongest

base present, by a further mole of CHzI:

CHI + (CHz)zMN —e= (CHz )N+ I

IC1, I, and (CHz)oNC1l, then react to form the anion:

IC1 + T + (CHz)oNCL —a (CHs)2N(IC1)s

Following this scheme through with the various deuterated compounds,

leads to the following equations:

2(CHz )oNC1 + 2CHsI —_—
2(CHz)aNC1 + 2CDxI —_—
2CHzCDzNC1 + 2CHzI — -
2CH5CDzNC1 + 2CDzI —_—
2(CD3)oNC1 +2CHzI —_— -
2(CD3)oNC1 +2CDzI —_—-

(CHs)4N (CHs)2N(IC1)z

(GHs)2N(CD3 )2 (CHs)2N(TC1)2

(CHz)sN(CDs) CDzCHzN(IC1)2

CHsN(CDs)s CDzCHsN(IC1)z

(CHs )2N(CDs )2 (CD3)2N(IC1)z

(CD3)qN (CD5)aN(IC1)s
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Resulting in the formation of six distinct compounds which was observed
in the six different infra red spectra, and also that these six compounds

fall anto three groups of two, each group having a common anion.

In the non deuterated instance, the vibrations at 3%020. 1L90, 1LD5,
1400, 945 and 460 cm' are accountable for by the cation (CH3)4ITI, a
comparison of these frequencies with those found in the literature for
other (CH3)4’1\-I compounds is given in Table 16.

TABLE 16

COMPARTSON OF INFRA RED ABSORPIION FREQUENCIES OF THE (CHz)4N

CATION WITH VARTOUS ANTIONS (DATA ON Cl, IBro, AND Iz FROM REF, (118))

(CHz)4N (CH=)oN(IC1)o (CHz)4NC1 (CHz)4NIBr (CHz )4NT

3020 3019 3020 3018
1490 1490 1487 1478
1405 1405 1416 1,17
1,00 1398 1405 1409
945 958 957 945
460 L56 458 456

The remaining bands are therefore due to the anion. The vibrations at

1150, 1145, 880 and 520 cm-1 are presumably skeletal modes of the

dimethylamino moiety. The split vibrations at 1150 cm—" and 1145 cm;‘| ’

along with the vibration at 1010 cm;1 are presumably C-N stretching modes,

whilst the absorption at 880 cm”? may be a CNC deformation mode. The

520 cn” mode may be a rocking or twisting mode of the N(CHz)s system

1t dropping from 520 to 470 cm'1 and finally 450 cm_1 on successive CDz

-1
substitutions. Its intensity is fairly large. The absorptions at 265 cm
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+ -
in (CHz)aN (CHz)oN(IC1)2 could be associated with the I-C1 function, since
in (CHz)sNIC1l, ICl was reported (120) at 249 em” . In various ICly salts
of Rb and Cs theV 1 mode of the anion is at 282 (Rb) and 268 (Cs), whilst

-1
the strongVs is at 218 cm = in both (119).

The vibration was also found in the corresponding (CHz)oN(IBr)s
analogue which perhaps suggests that this band 1s also a skeletal mode of
the CN framework, perhaps a N(CHz)2 wagging mode, 1t certainly appears a
little high for a N-I vibration, since in (CHz)zNIC1l the N-I mode is
reported at 196 cm~ , dropping to 172 cm ' in (CHs)sNIBr (120), However,
in view of the shortening of the N-I distance, from 2.304 in (CHz)zNIC1
(122) to 2,218% in the anion, (116), it is expected that the N-I frequency
would increase in the anion, which would be accompanied by a corresponding
reduction in the I-Cl frequency, since the ICl bond length 1s longer in

the anion (2.671, (116)) than in (CHsz)zNIC1 (2.52, (122)).

The band at 127 c:m_1 appears a more likely contender [or the I-C]

1

assignmenti with the 100 cm™ band being an N~I-Cl deformation mode, 1t

being found at 147 cm' 1n (CHs)sNIC1 (120).

191

The infra red spectrum of the methylation product of dimethylchloramine

with methyl iodide thus supports the crystallographic evidence for the

4 -
product formulation as (CHz)4N (CHz)oN(IC1l)o, and strongly suggesis that
the less stable bromo analogue is of similar structure,

(CHsz ) 4N( CHz )2N( IBr)3 «

"H NMR spectra, run in acetone, a solvent in which although
dissolving the material does not allow successful crystallisation, yield
further supporting evidence for this structure. Two singlets were

observed, at =30°C, at 76.97 and 6.85, from external TMS. The integrated

ratio was found to be respectively 2:1.
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The reaction of trimethylamine with the compound (CH3)4&(CH3)2N(ICI);
and product from the CDzI alkylation of (CHz)sNCl is interesting, since
the reaction products contained tetramethylammonium cations, confirming
the presence of the cation in the starting material, and the base
((CH3)2N)oCHy, tetramethylmethylenediamine, a product found in the
reaction of (CHz)oNC1l with (CHz)zN. The overall stoichiometry indicated,
can be expressed by the equation:
(CHz )4N (CHz)2N(IC1)z+2( CHz )sN —s= ( CH5)4;I+( CHs ) sNH+T+IC15 +( ( CHz )oN) 2 CHa
When the products of this reaction, after removal of the base ((CHz)aN)oCHp,

were treated with NaOH, only (CHsz)sN was found.

A similar reaction, when carried out on the product of the reaction
between CDzI and (CHz)poNC1l, yielded (CHz)zN on NaOH treatment of solid
residues, and only C-D bonds were found in the solid phase. The reaction

1s thus indicated:

(CD3)2N(CHs )z (CHs)2N(TIC1)p+( CHz)sN —m= (CDs )gf\r(t:ﬂa);fqu; +( CHz ) sNH+( ( CH3 )2N)pC Ho

It is thus clear that the reaction between trimethylamine and
(CH5)4ﬁ(CH3)2N( IC1), involves only the anion, and that the dimethylamino
portions remains intact. A possible reaction scheme would be:

(CH3)4§I(CH3)2N(I0152 + (CHz)zN—e= (CHz)zNIC1 + (cns),jr + (CHz)oNIC1
(CHz )oNIC1—s= (CHz)oNC1 + I~
(CHz)oMC1 + (CHz)zN—s= ( CHz)oNCHoN(CHz)> + HC1
HC1 + (CHz)sNIC1 — (CHz)sNH IC1
resulting in an overall reaction:

- + + — —
(CH5)4ITI( CHz )oN(IC1)2 +2( CHz)zN—e= ( CHz ) 4N+(CHz)zNH+IClp +I+( (CHz)oN)aCHp
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From the X ray work, the N-I and I-C1 distances are 2.218(6)3 and
2.6?1(3)K respectively, and the N-I-Cl system 1s almost linear,
N-I-C1l = 176.9(1)°, witn the other angles about the nitrogen close to
the tetrahedral values.
One particular analogue of this anion 1s the I; 1on, which 1s found to be
V shaped (121), as (CHz)oN(IC1), essentially is, so it is possible to

consider (CHsz)oN-as a pseudohalide.

The N-I bond length of 2.2183, 1s shorter than the N-I length in
(CHz)3NIC1, which is 2.30A& (122), and a corresponding lengthening of the

I-C1l distance of 2.671 in the anion, compared to 2.52 in (CHz)aNIC1.

Such a shortening of the N-I bond length is consistent with a
stronger N-I interaction than 1s present in for example (CHz)sNIC1,
perhaps as a consequence of the negative charge being delocalised over
the I-N-I system. Such delocalisation has been proposed to account for
the appreciable 1onic character found in the ICIp anion (121), from NQR
measurements, where it 1s suggested that the ionic character of the

I-Cl bond corresponded to about a half an electron on each chlorine atom.

In summary, methyl i1odide reacts with dimethylchloramine in a
conventional manner yielding, a cationic species which rearranges and
further reacts to yield a novel anion in which i1t can be thought that

the dimethylamino group acts as a pseudohalide.

With methyl bromide, dimethylchloramine di1d not react in exactly the
same way, but evidence points to conventional alkylation followed by
nucleophillic attack of bromide 1on to yield the charge transfer complex

(CHz)zNBrC1.
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With methyl chloride, in view of the recovery of some of the siarting

materials, indicates no reaction but decomposition of the chloramine.

The reaction of dimeihylchloramine with methyl 1odide and bromaide

1l Cl
+ -
XV(CHs ) g —s= (Cllz)sNK + C1
Cl
+ -
(CHz)3zN-X + C1 —s= (CHz)zN—m=X-C1
on the basis that the N-I bond is less stable than the N-Br bond, when ‘?

X = Br the reaction proceeds no further, but when X = I then the reaction

proceeds thus:

CHSI , LN
+ -
(CHz)zN-I-C1l —w= (CHz)gN + ICL + I Yoo

(CHz)aNC1 + T + ICL—m= (CHz)aM(IC1)a

Experimental

l. The Reaction Of Dimethylchloramine With Methyl Todide

The reaction between pure anhydrous dimethylchloramine, (CHz)2NC1, and
pure anhydrous methyl 1odide, CHzI, was studied in a weight analysis cell

on the vacuum line.

Dimethylchloramine, 1.6472 g, (20.72 m mole), was condensed into a
Rotaflow weight analysis cell, followed by an excess, 5.4312 g,

(38.25 m mole) methyl 1odide.

The weight analysis cell was allowed to warm slowly to room temperature
where, after a period of approximately thirty minutes a quantity of yellow
soliad had precipitated. The reaction was stopped at this point by cooling

the Rotaflow to -196°C, and then d1istilling out all the volatile products,
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by allowing 1t to warm up slowly to room temperature, The residual mass
of the Rotaflow was determined and returned to the vacuum line, frozen
at -196°C, and the reactants returned. After a period of 10-15 minutes,
the process was repeated and 1t was found that the residual mass of the
Rotaflow did not vary significantily from the previous determination, and
it was concluded that the reaction had reached completion.
From the mass of product formed, and on the basis of the eguation
(CHs)aNC1 + CH3I —s= C3HgNC1I o

the reaction had gone to almost 100% completion. e b o A

The elemental analysis confirmed the empirical formula CzHgNC1I,
which requires, (%); C, 16.26; H, 4407; N, 6.32; C1, 16.03; I, 57.32.

Found, (%) ; C, 16.40; H, 4.07; N, 6.03; C1, 16.16; I, 55.40.

The infra red spectrum of the product was recorded as a nujol mull
between CsI plates protected with polyethylene film, and is shosn in
Tigure 0. The far infra red was recorded as a thick mull in nmugol, in
an airtight cell between polyethylene discs, and a plot of the spectrum

1s shown in Figure 53.

Perdeuteromethyl iodide, CDzI, was used in conjunction with variously
deuterated dimethylchloramines, to prepare deuterated examples of the
product CzHgNC1I. The method employed was exactly analogous to that
described above, namely the direct interaction of the alkyl i1odide with
dimethylchloramine without solvent. By this method the products listed

in Table 17 were prepared.



TABLE 1

Reactants Product Infra Red Spectrum
CHzI, CDzCHaNC1 C3HgD3NC1I 62

CHzI, (CDz)oNC1 C3HzD NC1I 58

CDzI, (CHz)oNC1 C5HgDsNC1I 63

CD3zI, CDsCHzNC1 C3HaDgNC1I 59

CDzI, (CDz)sNC1 C3DgNC1I 60

The preparation of the deuterated chloramines was performed by the
method detailed in Chapter 2, where the deuterated amine was treated with
an excess of N-chlorosuccinimide:

CDzCHsNH + (CHpCO)oNC1—ee CDzCHzNC1 + (CHoCO)oNH

Attempts were made to produce crystals of the compound C3H9NCII
suitable for X ray work. A variety of solvents were used to crystallise
the material, but none met with reproducible success. In most cases rapid
darkening of the solvent occurred, indicating decomposition. The most
promising, liquid SO>, yielded a strong solution at -84°C, but on warming
above this temperatures the solution rapidly darkened, turning black at
room temperature. Table 18 summarises the solvents used and the results

obtained.

Attempts to precipitate a crystalline product from solutions of
C3H9NCII by adding solvents in which the complex was insoluble, for
example CCly or the aromatic hydrocarbons benzene or toluene, yielded
only powders. The method that met with most success was by preparing
the compound in excess dimethylchloramine. Approximately 1 mm cubes

were obtained in this way but unfortunately were twinned, however prepar-

ation of the compound at -30°C in tetrahydrofuran, over several months,
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was found

Solvent

CHzCN

(CHz)2CO

(CHz )5 NCHO

(C6H5)CH3

(CHz)280

HCONHp

Cgllg
502(1)

(CHz)oNC1

CoH.OH

5

successful (116).
TABLE 18

CRYSTALLISATION OF CzH,NC1I
7
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IN VARIOUS SOLVENTS

Solution Stahilaty

ade

Fair
(room temperature)

Poor
(room temperature)

Faar

(room temperature)

Fair
(room temperature)

Poor
(room temperature)

Poor
(room temperature)

Poor
(room temperature)

Apparently good
(-81°c)

Apparently good '7
(0°c) v

Fair

Comments

Starting material recoverable, usually
as a fine powder and often brown.
Crystals obtained only once.

Fine powder recoverable, frequently
darkened in colour.

Pumping solvent off yielded tiny
cubes. Crystallising by evaporation
yielded fine powder, very dark. '

Only very slightly soluble. Fine
yellow powder recovered.

7

LY

Insoluble.

Involatile solvent, very dark tar
recovered on pumping.

Very slightly soluble.

Very slightly soluble.

Immediate decomposition at temperatures
in excess of -84°C.

Preparation 2n excess (CHz)oNC1
yielded crystals of suitable size,

but twinned.

Fine powder recovered.
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2. The Reaction Qf (CHz)pNC1 With Methyl Bromide

The reaction of dimethylchloramine and methyl bromide was studied
in a sealed, 16 mm 0D pyrex reaction ampoule, over a period of several

months ’ at -23°C .

A 16 mm OD heavy walled pyrex reaction ampoule, was evacuated on the
vacuum line and 0.7843 g (9.86 m mole) dimethylenloramine introduced by
condensation at -196°C. Aftier the introduction of 2.6132 g (27.53 m mole)
methyl bromide at -196°C, the ampoule was sealed, and allowed to warm to

room temperature with occasional shaking.

The ampoule was placed in a freezer at -23°C for approximately
12 weeks. The progress of tne reaction being observed from time to time,
by noting the amount of solid material separating at the base of the
ampoule. After 12 weeks no further increase in the amount of solid
material was apoarent, and the ampoule was then alloved to warm to room

temperature, and fitted to an ampoule breaker.

The ampoule was frozen at -196°C and opened to the fractionation
section of the vacuum line, and no significant manometer depression was
observed, indicating the absence of any non condensible material. The
ampoule was allowed to warm to room temperature whilst the volatile

contents distilled through a trap at -84°C and into a trap at -196°C.

The solid residue was transferred to the dry box, and the identity
of the components of the volatile fraction determined by infra red
spectmszopy. Only methyl bromide and dimethylchloramine was observed in

the volatile flaction.

1.3768 g of a pale yellow solid was isolated from the ampoule in

the dry box, and elemental analysis indicated the empirical formula
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03H9NC1Br: found (%), C, 20.55; H, 5.03; N, 8,02; Cl, 20.30; Br, L4.93:
03H9N01Br requires, (%D, C, 20.64; H, 5.16; N, 8.03; C1l, 20.35; Br, 45.80.
The infra red spectrum was recorded as a nujol mull between CsI plates

and is shown in Faigure 52.

The Preparation Of (CHz)zNBrCl

The interhalogen BrCl was prepared by mixing solutions of Clp and

Bro in carbon tetrachloride.

A solution of bromine in carbon tetrachloride was made up by adding
approximately 0.7 g Brp to 10 cm” dry CCl4 by condensation of the carbon

tetrachloride onto the frozen Bm at -196°C on the vacuum line.

A solution of chlorine in carbon tetrachloride was made up by
bubbling Clp gas into 100 ml CCly; at room temperature until saturated.
The strengths of the solutions were estimated by adding a known volume
of aqueous KI solution, of known concentration, to an aliquot of the
halogen solution, and titrating the liberate i1odine with KIOz.

By this method the bromine solution was found to be 0.0715 g Brz/cmB,

and the chlorine solution, 0.0855 g Clg/cmB.

The solutions were mixed in the ratio according to the reaction:

Bry + Clp === 2BrCl
3 3

such that 10 cm” of the bromine solution was mixed with 3.7 cm” of the

chlorine solution, so that the mixture was almost equimolar.

To the pale red solution of the mixed halogens, a solution of

trimethylamine in sodium dried hexane was added. The trimethylamine

3

solution was made up by dissolving 5.2797 g (CHz)sN in 100 cm” sodium
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dried hexane, on the vacuum line. The solution thus contained 0.0528 g

3

per cm3, and 10 cm” was used in the reaction. As the amine solution was
added to the mixed halogen solution, an immediale precipitate occurred

which was very pale yellow in colour.

The precipitate was separated on a sintered glass filter and washed
once with dry hexane and allowed to dry to a free flowaing pale yellow

povder on the sinter.

The infra red spectrum of the material, shown in Figure 64, consists
of a mixture of two (CHz)3N adducts. There was no evidence of (CHz)zNClp
formation. The analytical figures show that the compound is not pure; (%),
C, 19.61; H, 5.19; N, 7.25; C1, 17.69; Br, 50.03. C5H9NBr01 requires, (% s

C, 20.64; H, 5.16; N, 8.03; C1, 20.35; Br, 45.80.

Figure 64 supports the mixture proposition, since the absorptions
appear broad, and the vibration at around 500 cm—1 1s split, indicating
more than one (CHz)zN-XY adduct.

Comparing Figure 64 with Figure 65, which 1s a genuine spectrum of
(CHz)3NBro, indicates that the result of the reaction between (CHsz)zN and
the mixture Clp, Brp containe (CHz)zMBr and presumably (CHs)zNBrCl, since
the spectrum of the reaction product and that of (CHz)zNBrp are very
similar, indicating that the total product contains only (CHz)zN- adducts,
and since the (CHz)zNBrp spectrum can be found in the product spectrum,

the remaining band at 500 cm‘1, along with the presence of Cl in the

analysis, indicates that (CHz)zNBrCl has formed. The Br-Cl vibration

can be found at 278 cm™ in the far infra red, (Figure 66).

O
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3+« The Reaction Of Dimethylchloramine With Methyl Chloride

The reaction between dimethylchloramine (CHz)sNC1l, and methyl

chloride, CHzCl, was studied in a sealed tube at 0°C for several months.

)

A 16 mm heavy walled pyrex ampoule was evacuated an

rozen at
-196°C on the vacuum line. Damethylchloramine, 0.4875 g (6.13 m mole)

was introduced by condensation.

A standard volume of 2.3343 litre was attached to the fractionation
section of the vacuum line and evacuated. JMethyl chloride, CHzCl, was
admitted to the fractionation section and standard volume, until a
depression of approximately 10 cm was recorded. The system was allowed
to stabilise and the actual depression recorded using a cathetometer,
and was found to be 3,696 cm Hg. The standard volume was isoclated, and
the excess methyl chloride pumped away, the contents of the standard
volume were then conéensed into the reaction ampoule containing dimethyl-
chloramine. By noting the temperature and atmospheric pressure during
the transference of methyl chloride 1t was found that 0.5564 g (11.02 m
moles) had been added. The ampoule was then sealed and allowed to attain
room temperature with occasional shaking and then stored at around 0°C an

a refrigerator.

The reaction was allowed to continue and the amount of solid material
forming was noted periodically until after approximately six months no

further precipitation appeared to be occurring.

The ampoule was attached to an ampoule breaker and fitted to the
fractionation section of the vacuum line, frozen at -196°C, and opened to

the manometers, where no significant depression was noted. The ampoule

204



was allowed to slowly warm to room temperature, whilst the volatile

fraction distilled through a trap at -84°C and was collected at -196°C.

Infra red spectroscopy revealed that (CHz)sNC1l was collected at
-84°C whilst at -196°C a mixture of predominantly methyl chloridc and
some dimethylchloramine was present. The fraction collected at -84°C was
dastilled into the trap at -196°C, the course of the distillation being
monitored by infra red spectroscopy and no further componenis were

detected.

The s0lid residue in the ampoule was transferred to the dry box
and the white free flowing powder analysed as, (approximately),
CzHyqNCl. Found (%), C, 36.68; H, 10.75; N, 15.83; C1, 35.63. The infra
red spectrum of the s0lid material was recorded as a nujol mull between

CsI plates and 1s shown in Figure 67.

The oxidising power of the product was tested by dissolving an
aliquot of the white solid in distilled water, and adding acidified
potassium iodide solution. No iodine formed as indicated by no colour

change on the addition of a few drops of starch solution.

L. The Reaction Of Dimethylbromamine, (CHxz)oNBr, With Methyl Iodide

The reaction between methyl i10dide and dimethylbromamine was carried
out 1n carbon tetrachloride solution because of the great instability of

pure (CHz)>NBr at room temperature.

Dimethylbromamine, was prepared immediately prior to the addition
of methyl 1odide, by the method described in Chapter 2, in this instance,

the halamine was prepared in carbon tetrachloride solution. 5.0124 g
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(28.17 m mole) N-bromosuccinimide was slurried in approximately 10 cm
dry carbon tetrachloride in a 100 cm3 beaker. To this slurry, 5 cm3

of a solution of dimethylamine in CCly, made up by condensing 10.4315 g
(CHz)2NH 1nto 100 cm3 CCly on the vacuum line, was run in from a burette.
The slurry was stirred for approximately 20 minutes and the now white
residue filtered from the greenish yellow solution of (CHxz)>NBr in CCly.
The residue on the fi1lter was washed with CCly and the total volume of
solution made up to 20 cmj. The concentration of (CHz)oNBr was estimated

to be 0.0178 g/cm3 by assuming 100% vield from the reaction:

(CliCO)oNBr + (CHz)oNH = (CHz)oNBr + (CHpCO)oNH

To 5 cm”’ of the solution of (CHz)oNBr in CCly (0.3590 g, 2.9 m mole)
3

in a beaker, 2 cm” methyl 1odide was added, and the beaker covered with
a polyethylene film, and placed in a refrigerator., After two hours a
yellow solid had formed. Tnis was filtered off at room temperature. The
residue washed with CCly and then dry diethyl ether, and dried on the
sinter by allowing air to flow through for about 30 seconds. By thas
method 0.5123 g of the yellow solid was obtained, represénting 66.5%
vield on the basis of the equation:

(CH3)2NBr + CHzI = C3H9NBrI
Elemental analysis indicated the empirical formula 03H9NBrI: found for
product: (%), C, 13.69; H, 3.35; N, 5.31; Br, 30.32; I, 47.82.

CzH NBrl requires, (%9, C, 13.54; H, 3.38; N, 5.27; Br, 30.05; I, 47.76.

9

The infra red spectrum of the compound was recorded as a nujol mull
between Csl plates and 1s shown in Figure 51. The spectral region from
L00 cm"1 down to 40 cm_1 was also recorded, using a thick mull in nujol
on a piece of high density polyethylene. This spectrum i1s plotted in

Figure 54.
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5. The Interaction Qf The Product, CzHoNC1I, With Trimethylamine, CxzHgN

The reaction between the alkylation product of dimethylchloramine
and methyl i1odide, and excess anhydrous trimethylamine was studied in a

weight analysis cell at room temperature.

0.1637 g of the yellow product from the reaction of CHzI with
(CHz)oNC1 was placed in a preweighed Rotaflow weight analysis cell. After
the introduction of 7.6148 g (129.06 m mole) anhydrous trime thylamine by
condensation on the vacuum line, the Rotaflow was allowed to attain room
temperature, where the supernatent liquor was observed to be slightly

yellow in colour.

The Rotaflow was placed on a flask shaker and agitated for 24 hours
at room temperature, after which time 1t was returned to the vacuum 1line,
and all the volatiles removed to a cold finger. After the mass of the
residue had been determined, the volatile contents were redistilled ainto
the Rotaflow, and returned to the flask shaker. The process was repeated
at 36 and 48 hours from the starl of the reaction, and no significant
increase in the residue mass was noted at 48 hours over that recorded

at 36 hours.

The volatile fraction was distilled into the fractionation train
and found to contain only trimethylamine and the amine, (CHz;)aNCHoN(CHz)s ,
tetramethylmethylenediamine, the 1dentity of which was found by infra red
Spectroscopye
The trimethylamine and tetramethylmeihylenediamine were separated at
~84°C, and 0.0384 g (0.376 m mole) of (CHz)oNCHoN(CHz)s> was found. From
the mass of trimethylamine at the start of the reaction and that recovered,

0.0410 g (0.69 m mole) had been used up.
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The solid residue, which was an off white colour, and amounted to
0.1683 g, was investigated in the dry box.
Approximately half of the product was transferred to a two-necked round
bottomed flask, equipped with a small bulb as shown in Figure 20
Chapter 3, and removed from the dry box. The solid was taken into
solution in the minimum guantity of distilled water, and potassium
hydroxide pellets packed into the small bulb. The apparatus, completed
with a tap cone connector was fitted to the fractionation seclion of the
vacuum line, and the solution frozen and degassed three times. By
carefully twisting the flask the KOH pellets were allowed to slide ainto
the pale yellow aqueous solution, and the volatile malerial so produced

distilled through a trap at -84°C and into a trap at -196°C.

The distillation was 2lloved to continue for approxamately 10 minutes,
then the flask isolated from the vacuum line., The volatile materials so
collected were investigated by infra red spectroscopy, and found to

contain only trimethylamine.

The caustic residue in the flask was exposed to the air and water
was added to dissolve the excess KOH, and on cooling, under the tap a
fane white solid appeared to form, which was filtered off using a porosity
4 sintered glass filter, dried by washing twice with dry hexane, and its
1dentity found by infra red spectroscopy as a nujol mull, to be a )

tetramethylammonium salt. !

The residue from the filtration was treated with a few drops of
saturated sodium perchlorate solution and again a quantity of white solid
+
precipitated. The infra red spectrum of this material showed (CH5)4N

absorptions &s well as those attributable to 010;:
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Part of the solid residue from the trimethylamine reaction was
analysed and found to contain, (%), C, 18.17; H, 4.93; N, 5.91; C1, 15.35;
I, 55.52.

Thus, assuming the alkylation product of (CHz)sNC1l and CHzI to be of
formula 06H18N2I2012, 0.1637 g (0.37 m mole) reacted with 0.69 m mole
trimethylamine to yi1eld 0.1683 g of solid, and 0.38 m mole
tetramethylmethylenediamine, which indicates:

+ -
(CHz)4N (CHz)oN(IC1)o + 1.9(CHz)zN = (CHz)oNCHoN(CHz), + SOLID

The analytical figures for the s0lid indicate an empirical formula
of C7HpaNpI2Clp, 0.1683 g of which would correspond to 0.37 m mole.
CoHp2N2IoClp can be interpreted as (CH3)4ﬁ + (CH5)3§H + I + ICl, in
which case the reaction waith trimethylamine would be:

+ - + + - -
(CHz ) 4N( CHz )oN(IC1)o +2( CHz ) zN —a= (CHz ) gN+( CHz ) sNH+I+IC1o +( CHz )oNCHoN( CHz )

6. The Reaction Of (CHz)zN With The Product Of The Alkylation Of

(CH=)>NC1 By CD=I

The reaction between (CDz)oN(CHsz)o (CHz)oN(IC1l)s, and (CHsz)sN was
performed in an exactly analogous manner to that with the non deuterated

product described in 5 above.

0.2729 g of the product from the alkylation of (CHz)oNC1 by CDzI
was placed in a preweighed Rotaflow weight analysis cell, and evacuated
on the vacuum line. 3.8515 g (65.28 m mole) anhydrous trimethylamine was
then condensed into the cell, and the whole allowed to attain room
temperature, and then placed on a flask shaker and agitated for 48 hours.
On return to the vacuum line the cell was treated in the same way as

described 1n 5 above, where 0.0639 g (6.26 m mole) (CHz)oNCHoN(CHz)o and
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3.7826 g (64el1l m mole) (CHz)sN were recovered, leaving 0.2801 g of a

whaite solad an the weight analysis cell.

The white solid was treated with excess KOH as described above,

i &

and the products collecied on the vacuum line. Infra rcd spectroscopy

indicated that only trimethylamine had been formed and that 1t contained

no C-D bonds.

In this reaction 0.61 m mole (CHz)oN(CD)z (CHz)4N(IC1l)s reacted
with 0.0689 g (1.17 m mole) (CHz)zN to yield 6.26 m mole {{CHz)oN)oCHp
and a solid residue. These figures indicate the stoichiometry:

(CHs)aﬁ( CDz)> (Cliz)aN(IC1)n+2( CHz ) zN —= (cns)aﬁ(cng,)g +( Cliz) 3KM+I"+1012‘+((CH3)2N)ZCH

+ -
7. 'H NMR Spectrum Of The Complex (CHz)aN (CHz)oN(IC1)s

'H NMR spectroscopy in acetone, in which the complex dissolves,

revealed two singlet absorptions, attributable to the complex. The sample
was run at low temperature, (=30°C) and allowed to warm to rqom temperature

where the decomposition was followed.

The initial spectrum recorded as quickly as possible, at -30°C is
shown in Figure 68. The integration indicates a 2:1 ratio (1.82:1) for the
peaks at (T6.97) and (6.85) from external TMS. Figure 69a shows the
spectrum as it warms to the probe temperature, (40°C), and Figure 69b shows

the same spectrum after approximately 1 minute.

Thus the NMR data obtained indicates, that there are two types of
7
protons in the molecule, and that they are sufficiently far apart not to

kY

/

.h

influence one another. The integrated ratio's indicate thatl there are

twice as many of one type as the other.
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fig69

(a) at40°C (b) after i1min at 40°C
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CHAPTER SIX

NUCLEAR QUADRUPOLE RESONANCE AND INFRA RED SPECTROSCOPY



Introduction

This Chapter deals with the application of Nuclear Quadrupole
Resonance, and infra red spectroscopy, to the compounds prepared

+
containing the species (CHs)sNC1l, and (CHz)zNBr.

The first technique gives information about the chlorine i1onicity,
and some insight into the electron density distribution in the N-C1

bond.

Infra red spectroscopy relates the compounds in which the ion
(CHz)sNC1 appear with the compound (CHz)zNClp, in which polarisation of
o+ -
the C1-C1 bond has been suggested in the extreme ((CHz)3zNC1,Cl ) by

Hantzch for all trimethylamine halogen complexes.

Infra red spectra were recorded using a Perkin Elmer model 457
spectrometer in the range 4,000-250 cm_l, whilst for the range

4L00-40 cm-l. a Beckman-RIIC FS720 Fourier spectrometer was used.

1. Nuclear Quadrupole Resonance Spectroscopy

Nuclear Quadrupole Resonance (NQR) is an important method of radio
frequency spectroscopy. NQR is observed in nuclii of elements with an
electric quadrupole moment, for example the halogens. The nuelii of

over sixty isotopes of various elements have nuclear quadrupole momentse.

Nuclear Quadrupole Resonance arises out of the interaction of an
atomic nucleus, of non spherical symmetry, with a non uniform field of
electrons surrounding it. The nuclear electric quadruple moment is the
deviation of the nuclear charge distribution from spherical symmetry.
The magnitude of the non uniformity of the electric field is given by

the electric field gradient.
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In general the charge distribution in nuclear spheroids can be
either oblate or prolate in the direction of the nuclear spin, I.
Such a charge distribution is termed an axial quadrupole. The non
spherical distrabution of charge about the nucleus can be represented
as a sum of the charge, (a monopole), and a quadrupole. Only nuclii
with I>1 may have a nuclear electric quadrupole moment, Q. Such

moments range in magnitude from -2 barn to 10 barn for all known values.

When two atoms A and B combine to form a molecule A-B, the
formation of the bond A-B is accompanied by a strong, non uniform
electric field along the bond direction (conventionally the z direction),

and its magnitude is the component of the total field gradient tensor

in this direction.

The field gradient, g, is a 3 x 3 tensor, such that

QGex + Qyy + Qz =0 (1)

and in the z direction is given by

Azz = ai (ii)

az2

For axial symmetry, qyx = Qyy» but where no such symmetry exasts,
i.e. when qxx7(%xy’ an additional term is defined, to describe the
deviation of the field gradient from axial symmetry. This term is known
as the asymmetry parameter, m, and is defined as

N = |9 = Gyy| (1ii)
9zz

There are several factors which result in the atomic nucleus
experiencing a non uniform electric field. The fi1eld gradient is mainly
determined by the valence electrons, and the largest contribution is that

of electrons in uncompletely filled p orbitals. Charges lying close to
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the atom under consideration, for example neighbouring ions, atoms or
molecules, are also significant contributors to the value of the

electric field gradicent.

The interaction of the quadrupole moment, @, and the electrc

field can be expressed by the Hamiltonian:

H QVE (iv)

or
H = ezg»g 3122 -I(I +1) + n(I+2 + 1—2) (v)
4I(21 ~ 1) 2

where I+ and I- are raising and lowering operators, or sometimes
termed shift operators.

Hamiltonian (v) has Eigenvalues:

1
E = e2Qg 3m2-I(I+1) 1+q2/2 (vi)
4I(2T - 1) 3
where my = I, I-1, =I, the magnetic quantum number.

Equation (vi) shows that for states where m, differ only by sign
thus preclude the separate determination of asymmetry parameter and

coupling constant,.

Transitions between quadrupole levels are brought about by coupling
the nuclear magnetic dipole moment with an oscillating magnetic field of
appropriate frequency. For nuclii of spin %5, there are two doubly
degenerate energy levels and thus only one transition between them. The
frequency of the transition,V , can be deduced from (vi) above and is

given by (vii), forn = 0,

v = e%Qq (via)
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where the temm equ/h is known as the nuclear quadrupcle coupling
constant, and for instances where the gradient is not axially symmetric,

Vis given by:

1
v =e%g (141D (viat)
2h 3

For nuclii where I>3,, the number of transitions possible increases,
as does the complexity of the expressions relating the frequency of the
transition to the coupling constant. Many can only be solved numerically,
and the transition frequency equations tabulated for reference (153),for
example '*’I has a spin of 55, and the equations for the two observable

transitions are:

vz(flz £h) =6 gzgg(l - 0.203% 2 + 01621 ....2) (ix)
20 h

V(£ #2) =3 e2Qq(1 + 0.0926n% = 0.634n" vuevs) (%)
20 h

for small asymmetry parameter, ({0.3).

For nuclii of spin 72, such as chlorine, determination of both
asymmetry parameter and coupling constant can be carried out if the
degenerancy of the m; levels are lifted. This in practice utilises the
Zeeman effect, where a weak external magnetic field of the order of

10-50 gauss is applied to the sample.

In the case of certain classes of compounds, however, ignorance of
the asymmetry parameter need not significantly affect the accuracy of
the coupling constant determination, since for n of 10%, the value of

(equ/h)from the measured frequency is 1.9967Y as opposed to 2V for
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n = 0, imposing an error of 1.6 x 10_5% for frequencies around 45 MHz.

The measurement of nuclear quadrupole coupling constants can
provide a great insight into concepts useful to the chemist, yet
dafficult to quantify. Terms such as icnic character, and partial

double bond character, can be given new meaning by applying approximate

methods to the results obtained from NQR experiments.

The interpretation of NQR data, in terms of concepts which are
useful to the chemist, such as ionic character, has been considered by

several workers.

Townes and Dailey (123) deduced expression (xi) below, relating
the quedrupole coupling constants to the amount of s character in a

covalent bond, between two atoms:

00 = (1 - 5)e’Qqur (xi)
This equation can be modified by introducing factors to take account of
the ionic character, d-character, andw -character of the bond, and the
resulting equation 1is shown below
e, =-(1-s+a)(1-1) -7) e%q, (xit) |
/ It
Equation (xii) above is normally applied to compounds in which the
atom exhibiting NQR, 1s at the negative end of a bond dipole, or, where
the electronegativity of the resonating atom is less than, or equal to,

the electronegativity of its partner in the bond.
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If the resonating atom is at the positive end of a bond dipole,
such that the bond 1s polarised thus Xi__g@ s then account should be
taken of the effect that this positive charge has on the orbitals of
the atom, which contribute to the electric field gradient at the

nucleus.

Townes and Dailey (123) suggest that a unipositive formed charge
on an atom requires the number of unbalanced p electrons to be multi-
plied by a factor of 1.25, estimated from atomic fine structure.
Further, a multiplicand of 1A.25 should be applied in cases where a
negative formal charge is apparent in the atom. Clearly a factor is
required to account for instances in which the atom is neither charged
-1, 0 or +1, bul some intermediate value determined by the ionic

character.

Equation (x1ii) below relates the coupling constants to the 1onic
character and s character in cases where the atom 1s the more electro-

positive.

equm.,L = =(1-3) 1+ 4(1 + 2¢) equd (xiii)

wheref has been estimated for chlorine as 0.1k (12)4).

Chandra (125), obtained a similar type of expression relating the
1onic character and s hybrid character of a bond to the nuclear

quadrupole coupling constant.

If Nx’ N.Y and Nz represent the electron population in the Py* Py

and p, orbitals respectively, then if an amount of double bond

character, ¥ ; s character s, d character d, and ionic character i, are



present then, Ny = 2, Ny = (2 -M) and N, =(1+s-d+ i), where

the z axas is along the bond.

Now the number of unbalanced p electrons on the atom is related

to the coupling constant in the free atom, by equation (xiv)

2 2 .
e Qq =[N + N, -N,le Qqat (xiv)
2
and hence
2 . 2
e Qq,, =(1=-s+da-1i)- Va)e Qay, (xv)

Wilmshurst (126), derived a simple relation between coupling
constant, ionic character and percentage s hybridisation of the
resonating nucleus. Using orbital functions of Gordy (127) expression
(xvi) was deduced.
e®0q = 3a(1 - 1)eQq, (xv1)
where X is the percentage s hybridisation of the p orbitals such that
the nomalised bonding orbital is given by equation (xvii)
Y =T -3 s + [, (xvis)
and in order to account for orbital contraction when the atom in
question 1s the more electropositive partner in the bond, equation xvi
1s adjusted by a factor 1 + c as shown below
e’Qq,, = (1 + o)(1 - 1)eQq, (xviit)
The value of c¢ given by Wilmshurt (126) was that due to Townes and

Dailey (123), i.e. 0.25.

Gordy (128) does not consider changes in both ionic character and
hybridisation when accounting for changes in coupling constant. He
maintains that the hybridisation, andi hence s character, of halogen

bonding orbitals are fixed, and changes in coupling constant from one



compound to another is due entirely to changes in ionic character, and
only in exceptional circumstances, such as when the halogen 1s the more
electropositive partner in a bond, such that a large positive charge
exists, then hybridisation can be considered.

Gordy obtained the expression

1— ezgg = i(1 + 0.13 92Q9 - as2 - adz) + as2 - adz (xix)
2 2
e Qqg e Qqat
2

in which ag“ and adz are respectively the amounts of s and d character
of the bond orbital, which re-arranges to (xx), neglecting nuclear

screening.
_gfgg_ =(1-s8+4d) -i(1 -s -4) (xx)
2
e Qqqt
where s and 4 are now the amounts of s and d character, and 1 is the

ionic character.

Simplification of expression (x1x), above was accomplished by
Gordy, by considering two extreme cases of halogen bonding namely, purely

ionic, as in KC1 or KBr, and purely covalent as in Clp or Brp.

Gordy argued that,since from Cly coupling constant data the ratio
equmu'/equnt was unity, and the ionic character zero, hence application

of (xlx) led to a52 = ad2 or no hybridisation.

Considering KCl, where the coupling constant ratio is observed to
be zero, and the ionic character equal to unity, equation (xix) shows

that adz = 0, i.e. no d hybridisation, and terms in a_, cancel out. This

s
led Gordy to the conclusion that hybridisation does not exist either in
pure covalent Clp or in pure ionic KCl, unless it exists in such a form

as to have no effect on the coupling constant, and further that based



on the preceding observation, little if any detectable hybridisation

exists in mixtures of the two bonding forms.

Utilising this deduction, that s = d = 0, equation (xx) becomes:

eQq

There thus appears to be some conflict in the interpretation of
changes 1n coupling constant in terms of 1onic character, and
hybridisation. Gordy on the one hand considering no hybridisation of
the chlorine bonding orbitals in the greater majority of carbon halogen
compounds, whereas Townes and Dailey, at the other pole, consider both
hybridisation and ionicity changes. Townes and Dailey however, do go
part way to the Gordy concept, in later appraisals of their treatment,
where a rule, somewhat arbitrarily, states that in compounds such as
X-Cl, the halogen bonds are hybridised with 15% s character whenever the
halogen is more electronegative by 0.25 unit than the atom to which it

is bonded (129).

In all these treatments, whichever is nearest the true situation,
no unique value for ionic character or hybrid character can be obtained,
and saince 1t 1s not possible to obtain independant values of 1onic agnd
hybrid character, then assumptions must be made either of hybridisation

or ionic character.

It is common to assume the hybridisation and determine ionac
character from coupling data, or to utilise other methods of determining
ionic character and obtain hybridisation.

llost methods of determining ionic character depend on its relationship

e%q = (1 -4) (i)
at
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with electronegativity, and indeed there are many varied expressions.

Pauling (130), obtained an exponential relationship shown in
(xxai)
ionic character = 1 - exp(-0.25(Xa - Xb)z) (xxii)
where Xa, Xb are the atomic electronegativities. This does not fit

particularly well with values obtained from dipole moment determinations.

Gordy (128) utilised equation (xx1), above and plotted 1onic
character of diatomic molecules obtained from quadrupole coupling data,
against the electronegativity difference of the two atoms, and found a
linear relationship up to around 90% ionic character, or electronegativity
difference of around 2 units, after which the curve levelled off toward
100% 1onicity, with increasing electronegativity difference. This led
Gordy to the approximate rule:

jonic character = Yo( Xa - Xb )| for [Xa - Xbl <2 (xxiii)

Hannay and Smyth (131) from bond dissociation energy considerations
obtained:
jonic character = 0.16(|Xa - Xb|) + 0.035(|Xa - Xb|)2 (xxiv)
which fits the experimentally determined 1onicity from dipole moments,

better than that of Paulinge.

Other methods of ionic character estimation are due to Wilmshurst
(126), and (132), where consideration is given to electron distribution
in a bond A-B. For a two electron bond the pair of electrons will
divide themselves between the two atoms in the ratio of their relative

electronegativities, such that V2Xa/[Xa + XQ electrons are on atom A
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and Y,Xb/[Xa + Xb] electrons are on atom B. Definition of the ionic
character as one half the excess number of electrons on one atom
relative to the other results in equation (xxv)

1onic character = |Xa - Xb| (xxv)
IXa + Xbl

In order to utilise any one of these expressions in the correlation
of nuclear quadrupole coupling constants, requires a knowledge of the
electronegativity of the atoms involved in the bonding. It is clearly
unsatisfactory to consider the electronegative of nitrogen, in for
example (CHz)sN, as being equal to that in for example (CHz)zNC1l, or in
N>, and this situation has led to the development of group electro-

negativity and eftective electronegativities.

The Mulliken definition of electronegativity (133) as:
Xa = Yo(I? + E?) (xxva1)
where I% and E* are the ionisation potential and electron affinity of
atom A, is salisfactory, but not parameterised for A in structures such
as RgA, but the definition due to Gordy (134), that the electronegativity
of an atom 1s "the potential resulting from the unscreened nuclear charge
of the bonded atom eff'ective on a bonding electron when the electron is

at a distance from the nucleus equal to the covalent radius r",

Xa = (Zeff)e
r

led to the empirical expression (xxvii), for the electronegativity of

an 1solated atom:

Xa = 0.3l n +1 + 0.5 (xxvii)

r

where n 1s the number of valence electrons.
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Allred and Rochow (135), derived a similar expression considering
the force of altraction between anelectron and 1ts nucleus, when the
electron 1s at the covalent boundary, r, of the atom. By simple
electrostatics, this force 1s given by:
Force = e-Zeff (xxvrii)

2
r

where eZeff 1s the charge which 1s effective at the electron due to
the nucleus and 1its surrounding electrons, and the force obtained is

thus a measure of the "absolute electronegativity" of the atom.

In order to bring values obtained by (xxviii) in to line with
scales such as that due to Pauling (130), obtained from bond energy
considerations, the equation (xxix) was derived.

Xa = 0.359 Zeff + 0.744 (xxix)
2
r

by plotting Zef‘f‘/r2 against Pauling electronegativities.

The values obtained for the elements, by both Gordy and Allred
and Rochow, are in reasonable agreement, but there are exceptions. A
good example 1s the Si and Ge figures, where Allred and Rochow give
1.74 for Si and 2.02 for Ge, whilst Gordy gives 1.82 for Si and 1.77
for Ge. Not only are the values numerically different, but in one case
Ge is more electronegative than Si, and in the other case Ge is less
electronegative than Si. Evidence (136), suggests that Ge is more

electronegative than Si.

The differences in the two scales are probably accountable for by
Gordy's consideration of the potential at the covalent boundary whilst

Allred and Rochow consader the force.
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Wilmshurst (137), and Chandra (132) used expression (xxvii) to
calculate the electronegativity of species such as -CHz. The method
of Wilmshurst differs slightly to that of Chandra and consequently
differing values of electronegativity result, for example, Wilmshurst
calculates a value of 2,63 for -Cliz whereas Chandra calculates 2.42,

and for -CClz Wilmshurst finds 3.03 whereas Chandra 2.,07.

It should be pointed out, however, that a group electronegativity
must depend on the rest of the molecule, because it is a property of
the group obtained by adiabatic breaking of the bond between the group
and the rest of the molecule . This is a limitation to the concept of
group electronegativities not considered by Chandra or Wilmshurst, and
of course the values must therefore depend on the compound from which
they were obtained. Expression (xxvii) can be used, however, as long
as the value of r, the covalent radius, is known, or can be estimated

for the particular compound in which the group appeers.

The 1nadequacy of atomic electronegativities an dealing with atoms
in real situations such as nitrogen in (CH3)4ﬁ+, indicates that a
radically new approach be considered. Work by Hinze (137) defined a
a quantity termed orbital electronegativity, much in the same way as
Pauling defined atomic electronegativity (139) as a measure of the
power of an atom, to attmct an electron to itself, and thus the orbital
electronegativity defined,as the derivative of the energy of the atom
with respect to the charge in the orbital, so that the orbital electro-
negativity 1s a measure of the power of an atom, as it may exist in a

molecule, to attract an electron in a given orbital, to itself.
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The definition implies that the occupation number of the orbital
considered can take both integral and non integral values and, that,
1f this is true then the energy of the atom is a continuous and

differentiable function of the occupation number.

That the occupation number can be non inlegral is not entirely

satisfactory from a strict quantum mechanical point of view, but /
~

-~

nevertheless, partial atomic charges are freely used and thus by

implication acknowledge non integral values of the occupation number. b

L

3oroot b

RRE
Utilising this concept of electronegativaty, 1onic character can

be defined in terms of charge transfer necessary to make the bond

electronegativities of the bonded atoms equal. Thus 1f the occupancy

of the j th bonding orbital of atom A in A-B 1s n; then the ionic

character of the bond is:

jonic character = |n,; - 1| (3xx)
and in terms of electronegativaty:
1onic character = 1, X°a - X°b (x0xi)
Ca + %b

where X° refers to orbaital electronegativity and the constants cy, cp
are formulated from ionisation potentials and electron affinities of

the orbitals concemned.

This relationship for ionic character reduces to that of Gordy when
Cag + ¢y = 1, but in real terms |°a + cp| is found to be generally greater

than 1 (140), for compounds such as H-X (X = F, C1, Br, I, Li, Na).

It is interesting to note that values of ionic character cdculated

in this way, agree, in general, better with those calculated by Hannay



and Smyth(equation (xxiv)),using their own electronegativities, since
for small differences in Xa and Xb equation (xxiv) reduces to:

1onic character = 0.16[Xa - Xb]|

This is because the Hannay and Smyt

calculated from bond dissociation energies and thus include effects

due to hybridisation.

In order to use equation (xxxi), values for ¢, and ¢y, must be

known, not only for the orbitals in the particular hybridisation they

are 1n, but for the orbitals in the particular compound being
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considered, and since the values of c are determined by the 1onisation

potential and electron affinity of the orbitals considered, the

limitations are clear.

It is further clear that according to equation (xxxi), no unique

relation exists between eleclironegativity and ionic character.

Thus in the interpretation of NQR data there are three areas in

which there is uncertainty.

Firstly, the hybridisation of the absorbing atom, secondly, the

assessment of ionic character, and thirdly, the values of electronegativity

necessary to estimate ionic character, or, in the case of Townes and

Dailey, s character. The latter of the three is highlighted by considering

nitrogen and chlorine. According to Townes and Dailey's rule relating s

character to electronegativity difference, then if Mullikens electro-

negativities are used, nitrogen 1s less electronegative than chlorine

by 0.67 (N, 2.33; Cl, 3.00) and would thus indicate 15% s character,



whereas if Paulang's values are used then nitrogen is less electronegative

than chlorine by only 0.12 (N, 3.0k4; Cl, 3.16) indicating 0% s character,
since the difference 1s less than 0.25. (Electronegativity values from

ref. 141).

The question of hybradisation is related to bond strengths which
1s i1n turn related to the extent to which two orbitals overlap when

a bond 1s formed.

Both molecular orbital and valence bond theory reguire that in
order to form a strong bond, the atomic orbitals forming the bond must
overlap to as great an extent as possible, and that the energies of
the overlapping orbitals should be of comparable magnitude (142). It
1s known that sp hybraid orbitals can overlap more strongly than pure s
or pure p orbitals, and thus it seems likely that in order to meet the
energy matching requirement for strong bonds then hybridisation would
occur to an extent required by the energy mis-match of the combining

orbitals.

Gordy's original sugeestion that hybridisation does not occur,
except on, for example, halogens with positive charges in compounds such
as A-Cl, appears untenable, indeed hybridisation is certainly likely on
halogens polarised 01&', but it seems reasonable that hybridisation can

occur on halogens polarised Cl§_.

Gordy's explanation of no hybridisation, outlined earlier, can be
examined more closely. Coupling constant data for the halogens was used

by Whitehead (143) to show that for the gaseous molecule Clp, some s
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hybridisation does occur, since the ratio of the observed frequencies
for atomic chlorine (54.87 MHz) and for molecular chlorine (54.2475 MHz )
indicate 2% s cnaracter. Bromine and iodine do not show this, but no

d hybridisation was accounted for.

It would thus appear that hybridisation should be considered when
interpreting NQR data, and that the hybridisation of the atom under
observation is unique, and not egquatable to that of the same atom in a

variety of different compounds,

This was sumfted up by Whitehead (144) who studied a large number
of halides of C, Si, N, B, P, S and found that although a general
relationship exists between the s character of chlorine and its solid
state NQR frequency, a unique value of hybridisation of the chlorine
covering all types of compounds is meaningless. Each molecule must be
considered on its own, and assessment of s character made from what

element the chlorine is bonded toe.

Thus since hybridisation cannot be assumed in equations relating
coupling constants to hybridisation and ionic character, an independant
assessment of 1onic character is necessary, with the possible exception
of the method of Whitehead involving orbital electronegativities, since
expressions for hybrid orbital electronegativities, in terms of pure s
or p orbital electronegativities involve the amount of s character in
the bonding orbitals (145). Indeed this metnod appears to be the most
satisfactory since no assumptions, apart from those implicit in the
concept of orbital electronegativity outlined earlier, are made. However,

as pointed out, the method requires a knowledge of ionisation potentials
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and electron affinities of orbatals involved in the actual compound

under investigation.

Independant assessment of 1onic character 1s most easily carried
out from electronegativity values, and although many scales exist, in
general as long as one scale i1s used throughout a correlation, trends

may be observed even though absolute values are not determined.

In order to utilise methods of obtaining i1onic character from
electronegativities, it is necessary to estimate the effective electro-
negativity of atoms in a group, and to this end the method of Chandra

(132) appears to give values most consisient with the literature.

Results and Discussion

Nuclear guadrupole resonance spectroscopy has been carried out on
the compounds (CH5)3§-01 €103 , (CHs)sN~Cl BF{ and CHzNClp, using a
Decca NQR spectrometer. The frequencies observed at -196°C are shomm
in Table 19 along with the coupling constants calculated assuming no
asymmetry parameter, the spectra are shown in Figures 70, 7} and 72.
TABLE 1

*c1 NQR IFREQUENCIES AND COUPLING CONSTANTS FOR

CHzNC1p, (CHz)zN'C1 C105 AND (CHz)sN'Cl BFs

Compound MHz eng/h ( 3¢c1)

CHzNC1, 47.95
48.01 96.70
48.32 oof
49.07

(CHz)sN'C1 €104 56.09 112.18

(CHz)sN' C1 BF{ 55.89 111.78
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Absorptions due to other compounds containing this cataion,

(CHs)sN'C1 0S05CH3; (CHz)sN Cl 0SO0.F, were not observed.

The position of the absorptions ain the *C1 NQR speclral range
indicate that the chlorine i1s at the positive end of the N-C1l bond
dipole in the cations, since both the frequencies are in excess of
that of molecular chlorine (54.873 MHz, (146)). The values found are
compared with those found for other nitrogen chlorine compounds in
Table 20,

TABLE 20

®C1 NQR FREQUENCIES FOR SOME NITROGEN CHLORINE COMPOUNDS

Compound MHz (-196°C( *C1)) Ref.
N-chlorobenzotriazole 56743 147
Chlorotrimethylammonium perchlorate 56.09 This work
Chlorotrimethylammonium fluoroborate 55.89 Thas work
N-chlorosuccinimide 54.10 147
Dichlorammine T 51.60 148
Methyldichloramine 48.35 This work
2,6 dibromo,N-chloro,p-benzoquinninimide 46,306 147
Dimethylchloramine 43,67 151

Interpretation Of The NQR Data In Terms Of The Approximate Methods

The methods of Tosmes and Dailey, and, Wilmshurst and Chandra,
can be used to interpret the data given in Table 19, to determine how
ionic, and how the chlorine 1s hybridised in the 1on (CH3)3ﬁ+Cl. For
comparative purposes values for the i1sostructural phosphorous analogue,

+
(CH3)3P C1 can be obtained.
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Electronegativities

The values of electronegativity given by Pauling (130) for the

relevant atoms are shown in Table 21.

i TABLE 21

|

|
Atom: H C N 0 P Cl
Electronegativity: 2.1 2.5 3.0 3. 2.1 3.0

In order to utilise any of the relationships between coupling
1 constant and ionic and hybrid characler, the electronegativities of
' entities such as (CH3)3ﬁ—-or (CH3)3§- must be computed. The method
i used to obtain these values is that of Chandra (132) based on Gordy's

defanition of electronegativity from nuclear screening considerations.

Gordy's expression for the electronegativity of an i1solated atom
(128, 134) is given by

X=0.21n+1 + 0.50 (xtvia)

r

where n is the number of valence electrons and r is the covalent radius.

In order to use equation (xxvii) in the estimation of group
electronegativities, n must be replaced by n*,where n* 1s now the effective
number of valence electrons the central atom A, of a group ABy, has, due
to the effects of the combined electronegativity differences between A
and By.

Chandra (132) formulated n* as

n* =n+m - 2n Xa - p| Xa (xxxiia)
Xa + Xb Xa + Xb
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since in the group AB, derived from X-AB, the number of electrons

on atom A due to m bonds with atom B will be

2n Xa
Xa + Xb

and 1f B has any non bonded valence electrons, the effect of p

resonance contributors of the type "ABY is given by

p Xa
Xa + Xb

n 1s the number of valence electrons atom A has conventionally.

Using this method, values for the effective electronegativities
of various central atoms in both N and P -Cl compounds are shown in
Table 22.

TABLE 22

CALCULATED GROUP ELECTRONZGATIVITIES

Group Effective Electronegativity
(CHs)sN - 3

(CHz )oN= 2.9

(CHz )NC1-~ 2.9

(CHz)sF - 2.2

(CHz)oP- 2.2

(CHz)C1P- 2.1

The electronegativity of A , where A is N or P was calculated by
adding half the electronegativity difference between the atom and the
next in the perirodic table, to the value of the atom. Calculations
involvang groups with lone pairs included values for the electronegativity

of the filled orbital, assumed to be 3p3, from Whitehead (149). The
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values used were N(Sp3), 1.32; P(sp3), 1.59.

The values for the covalent radii are shown below.

Element or ion: N N+ P P+ c
Covalent radius: 0.70 0.69 1.10 1.09 0.77

Tonic Character

Using the values for the electronegativities calculated above,
the 1onic characters of various N-Cl and P-Cl compounds are shown in
Table 23, determined by various methods.

TABLE 2

CALCULATED TONIC CHARACTERS OF X-Cl BOND

. Tonic Character of X-Cl Bond
Compound/ion
1* o 3% L*
(CHz)sNIC1 0 0 0 0
(CHsz)2NC1 0.017 0.05 0.016 0.0025
(CHz )NC1p 0.017 0.05 0.016 0.0025
(CHz)3P~C1 0.15 el 0.15 0.15
(CHz )oPC1 0.15 Oud 0.15 0.15
(CH3)PC1, 0.18 0445 0.17 0.18
* Method 1 i=Xa - Xb | Wilmshurst, Chandra
Xa + Xb
Method 2 i = Xa ~ Xb , Gordy
2
2
Method 3 i =0.16 [Xa - Xb| + 0.035|Xa - Xb| © , Hannay & Smyth
Method 4 i=1- exp(-0.25(Xa - Xb)?) , Pauling
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Hybrad Character

Using the values of 1onic character determined 1in Table 23, the
58 character of the halogen bonding orbital can be estimated.

Tables 24 and 25 show s character obtained using methods of Townes and

Dailey (Table 24),

ezgg =[(1-s+d)( -1 -’H]

2
e Qqat

and by Wilmshurst, (Table 25),

ezgg = 30l - i), s =1 - 3«

2
e Qqat

TABLE 24
8 CHARACTER OF X-C1l BOND CALCULATED USING THE TOWNES AND DAILEY EXPRESSION

Compound s _EEQS_ s Character (Townes and Dailey)
MHz (-196°C) *"Qay 1 Fad > L
(r:Hs)g,ﬁ-u 56.09 1.022 -0.022 -0.022 -0.022 -0.022
(CHz)aNC1 43.67 0.7959 0.19 0.16 0.19 0.20
CHzNC1p 48.35 0.8221 0.16 0.13 0.16 0.17
(CH5)311;C1 29.09 0.5302 0.38 0.11 0.38 0.38

CHzPCly 26.08 0.4753 0.Jbk; 0.14 043 0.42




TABLE 25

s CHARACTER OF X-C1 BOND CALCULATED USING THE WILMSHURST EXPRESSION

Compound  y'C1 _ _e%qq s Character (Wilmshurst)
e (-196%) S0 19 2 r
(CHsz )sNC1 56409 1.022 -0.02  -0.02 -0.02  -0.02
(cHz)oNC1 43.67 0.7959 0.19 0.16 0.19 0.22
(CHz)NC1p 48.35 0.8221 0.16 0.13 0.16 0.19
(CHs )5PC1 29.09 0.5302 0.37  0.13  0.37  0.37
(CHz)PC1, 26.08 0.4753 0.43 0.13 0443 0.43
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* see footnote to Table 23.

Values for (CHz)zP-Cl from ref. 151, and for CHzFClp from ref. 124.

From Tables 23, 24 and 25 it can be seen that the s character
is fairly insensitive to large changes in 1onic character when the
ionic character 1s small and non zero, indeed if Gordy's estimate of
ionic character is used, then the s character does not change appreciably

over several orders of magnitude change in ionic character.

The small negative s character for (CH5)3ﬁiCI indicates that the
estimate of the group electronegativity of (CH3)3ﬁ> is too small, since
from the resonance frequency, the s character would be expected to be
small, and 1f the same order as in Clp (around 2%). A value of zero for

the 1onic character in this ion again seems unreasonable since some

polarity does existe.



For analogous compounds (CHzNC1,, CH3P012) a tenfold increase in
1onic character is indicated by all methods except ngliﬁgs. On this
basis the ionic character of the N-C1l bond in (CH3)3N101 would be
expected to be around 0.015, which would indacate an almost pure p

chlorine orbital.

A value of 0.015 for the 1ionic character would indicate an
+
effective electronegativity for (CHz)azN— of 3.09, using the expression

i=Xa-Xb
Xa + Xb

which if substituted into equation (xxvii), gives a value of 0.67 for

+
the covalent radius of nitrogen in (CHz)zN-Cl. This represents a fairly
large shortening of the C-N bond, it being l.4L A°, as opposed to 1l.47 A°

+ - -
an (CHz)4N C104 and ICL, (152).

+
The ratio of the coupling constants of chlorine in (CHz)zN-C1l to
+
(CHz)zP-C1 1s 1.93, assuming of course, zero asymmetry parameter. This

and the change in ionic charader is a consequence of the greater

electronegativity of nitrogen. The possibility of d orbital participation

in partial P-Clr-bonding cannot be ruled out, however it i1s unlikely in
the N-C1l case. The trend in coupling constant from (CHz)oN-Cl to
CHzNCl, is reasonable because both increased chlorine substitution and
loss of a methyl group would tend to cause positive shifts in the NQR
frequency. The negative effect of adding a methyl group to (CHs)aNCl is
completely swamped by the formation of a cationic species, (CH3)3§—CI,
so that the frequency and coupling constant increase, from 43.67 to

56 009 MHz.
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2. Infra Red Spectroscopy

The infra red spectra of a variety of new nitrogen halogen compounds
have been recorded using a PE 457 grating spectrometer in the range

1. The region 40O cm-l-hn cm-1 was investigated using a

4,000-250 cm™
Beckman RIIC FS720 interferometer. Spectra in this region were obtained
from the recorded interferrogram using a fourier transform based on that

by Cooley and Tukey (154).

The infra red absorption frequencies observed for the cations
+ -+
(CHz)sN—C1 and (CHz)zN-—Br are shown in Table 26.
TABLE 26

OBSERVED INFRA RED ABSORPTION FREQUENCIES FOR CATIONS

+
(CHz)NC1 . AND (CHz)=NBr WITH DIFFERENT ANTONS

(CHz)3C1 CHz )=NBr
€10, (a) C104 (b) BFg  0S03CHz  O0SOF  BCly 0S0oF  C104
336 336 336 335 335 330 295 295
L3 403 L3 40O 400 LOO 325 325
815 815 815 810 820 815 805 805
935 935 935 940 940 940 A5 945

(a) cation prepared from (CHz)oNC1l and CHzCl104

(b) cation prepared from (CHz)3NClp and aq C104



The spectra were obtained as mulls in nujol using CsI plates protected
by a thin film of polyethylene. Spectra were run against a polyethylene

blank.

Vibrational assignments can be made by ! 15
(CH3)3E—X is a 5 atom Cszv structure, all methyl groups being equivalent
and of mass 15. This method has been used by Gayles (155) and by
Yokobayashi and co-workers (120) in consideration of the infra red

spectra of complexes of the type (CHz)zNXY, and by Zeil (156) 1in the

compound (CHz)sCCl, which is 1soelectronic with (CH5)3ﬁ-Cl.

The restriction imposed by this assumption is that only absorptions
below 1000 cm-l can be considered, since those above, in these compounds

are predominantly C-H modes.

For the 5 atom Czv structure, shown in Figure 73, the number and

activity of the normal modes can be deduced from the character table for

the Cyv point group (157). Such a table, including the number of
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reducible representations, found by applying the indicated symmetry operand

to the co-ordinate system, and summing the diagonal elements of the
generated matrix, i1s shown in Table 27.
FIGURE

+
5 ATOM Czv STRUCTURE WITH CO-ORDINATES FOR (CHz)zN-C1

Xs

@ N

Xy

. @ Cl

z, O CHagroup
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TABLE 2

CHARACTER TABLE FOR POINT GROUP Czv

Czvi E 203z Joy

A | 1 1 1| 7, [#z] A L
Ay | 1 1 -1 | R,
E 2 -1 0 | (TxsTy)(RysRy) [(bxobty)] | (oopemityy sBioy) s (dy g s0txz)

el 15 o 3

The irreducible representations can be found from the reducible
representations as follows:
A Ye[(15 x1) + (0 x1x2) +(3x1x 3) =&
Ay YE[(15 x1) + (0 x1x2) + (3 x-1x 3)

1

E: Ye(15x2) +(0x-1x2) +(3x0x3)] =5
resulting in LA} + A, + 5E modes. From the character table however,
these are 147 + 1E for translation. T, and 1A2 + 1lE for rotation, R, to

be subtracted, leaving for the ion (CH3)3ﬁ—Cl, 3A + 3% modes,.

The character table shows that both Ay} and E vibrations are both
infra red and Raman active since the components of the polarisability,

™, and dipole moment, p, belong to these species in this point group.

The six vibrations for (CHs)sN-Cl are shown in Figure 7k, and

described in Table 28,




FIGURE

+
NORMAL MODES OF VIBRATION FOR (CH=x)zN-C1l ION

o
vC—N (A1) vG—N (E)
Y Va Vs
§ NC3(Ay) § NCz (E) A NCz (B)
Ve Vs Y%
TABLE 28

+
VIBRATIONAL DESCRTPTION FOR (CHz)zN-C1 STRUCTURE

Vibration Description
Vi N-C1 stretch
\)2 Symmetric C-N stretch
V3 Asymmetric C-N stretch
V)_._ Symmetric C-N~C deformation or N-C-N bend
Vg Asymmetric, C-N-C deformation or C-N bend

V6 NC; rocking mode
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The absorptions observed for the cations (CH5)3ﬁ-Cl and (CH3)3E—Br
may now be assigned vibrational modes. From Table 27, the absorptions
at 815 and 935 co ' are assigned to the A and E carbon nitrogen
stretching modes, in accordance with the C-N modes in a variety of
(CHz)zN+(acceptor) complexes as well as (CHz)zN itself, as shown in

Table 30.

The N-C1 stretching vibration was identified in the spectrum by
utilising the two chlorine 1isotopes. Provided sufficient resolution is
available, the absorption recorded by the instrument will appear as a
doublet, the ratio of intensities reflecting the ratio of ¥C1 and

¥C1 1sotopic abundances.

An expanded scale record of the absorption observed at 403 cm™
is shown in Figure 75, where 1t can be seen that the intensity ratio is

approximately 3:1, and the separation is 5 em” .

The magnitude of the splitting can be calculated by making two
assumptions. Firstly the i1on (CH3)3ﬁ-Cl is considered a mixture of
diatomic molecules, comprising of an atom of mass 59, ((CHz)zN—=) bonded
to either of the chlorine isotopes of mass 35 and 37. Secondly, the
force constants for the °*'M==2Cl and **M——Cl bonds are considered equal
and that it 1s possible to express the vibration in terms of a ha monic

oscillator whose frequency of vibration is given by the equation

V=21 [f
2%V p

where £ 1s the force constant and p is the reduced mass given by the
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equation
1=1+1
p Mr Mr

where Mi refers to the mass of the chlorine isotope (35, 37) and Mr

refers to the mass of the residue (5Y).

It is thus possible to write two similar equations relating the

frequency of each i1sotopic vibration:

Vis = 1 [f35 V57 = L. f5z
2x p35 2r p37

and the ratio of the frequencies 1s given by:

V35 =\/’W since f‘55 = f37
Vi Vk3s

where H37 = 5/ x 59 and #35 = 35 x 50
37 + 59 59 + 35
hence V35 = 1'017V37

or the separation between the two vibrations/V, is

Av
AV

1.0l 37 =V37
0.01N 37

- -1
and at 403 cm , the separation is found to be 6.9 cm .

This value, approximately 7 cm_1 » compares favourably with the

) "
~1 . R TRl
observed value of 5 cm , considering the assumptions made. The w=

re’

intensity ratio of 3:1 is in agreement with the abundance ratio for the 711 |

two chlorine isotopes of 3.09:1 (158). St

The vibration observed at 335 cm_1 is either a NCz deformation or

NCz rocking mode. It seems likely that in view of the low intensity of
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the NCz rocking modes observed in the trimethylamine halozen addition
compounds (120, 155), the vibration at 335 cﬁﬂ is assigned to eather

of the NCz deformation modes, and mosti probably the symmetric mode

since this appears the strongest in the isoelectronic (CHz)zCCl spectrum
shown 1n Figure 76. The missing NCz deformation and rocking modes were

not detectable even 1in very strong mulls in the far infra red (350-10 cm-1 ).

The vibrational assignments are summarised in Table 29.

Assignments can be made on a similar basis for the bromo cation,
(CHz)3NBr, where the absorptions at 805 end 945 cm™ are the Ay and E
carbon nitrogen stretches. the N-Br vibration should, like the N-Cl,
appear as a doublet of, in this case, equal intensity because, of the
approximately equal abundance of "Br and ¥Br (1.02:1, ™Br: *Br, (158)),
and by carrying out a similar calculation as above, the expected splitting,
at say 300 cm4 » 1s only 1.5 cm' . No splitting was detected on either
of the 325 cn' or 295 cm' vibration in (CHs)sNBrClOg or (CHs)sNBr 0SOsF ,
which 1s not strictly)surprlslng. v

Comparang C-Cl and C-Br frequencies for (CHz)zCC1l and (CHz)zCBr,
from Table 29, a 60 cm'"1 reduction 1s experienced, which 1s the same as
that experienced in going from (CHz)aNC1 ( N-C1, 595 cm™ ) to
(CH;)gNBr ( N-Br, 535 em™ )o It thus seems likely that the absorption at

325 em' 1n both the FSOz and C1l04 anion of (CH3)3ﬁBr 1s attributable to

this absorption, representing a 78 em™  reduction 1in frequency.
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TABLE 29
VIBRATIONAL ASSICNMENTS FOR HALOTRIMETHYLAMMONIUM PERCHLORATES

COMPARED WITH THE ISOELECTRONIC t-BUTYL HALIDES

Vibration (CHz)zN C1 {CHz)zN Br (CHz)zCC1 (CHz)=CBr

Vi (vX) 403 325 580 520
Vp (C-N) Ay 865 805 815 806
Vs (CN) E 935 945 1396 1413
V), §NC5 47 335 295 370 303
V5 6NC3 E - - 4O 398
VgpeNCs E - - 300 268
Reference Thas work Thas work 155 155

The absorption at 295 em  1n (CH5)3ﬁ—Br appears to correlate
with the 335 em absorption in (CH;:,)g,ﬁ~Cl, tentatively assigned to the
Ay &NCz skeletal mode. Comparison again with the chloro and bromo
t butyl analogues indicate a 67 cm ' reduction from (CHz)sCC1 to

1

(CHy)2CBr, which is compared with 40 cm -~ 1in the halotrimethylammonium

1

species 1f the 295 cm ' absorption is, as it seems likely, the Ay & NCz

skeletal mode.

As with the (CH3)5§C1 case, very strong mulls of (CHg,)sl\*fBr C104
or FS0z failed to yield any further absorptions which could be
attributed to the E$ NCz and Ep-NCz modes of the bromotrimethylammonium
cation. The vibrational assignments for (CH5)3ﬁ—Br in (CHz)sNBrC10, are

shown in Table 29.
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When the 5 atom Czv structure assumed for the analysis of the
halotrimethylammonium cation is extended to a 6 atom Czv structure as
in for example (CHz)zNIo, then the number of reducible representations
from the Czv character table yield 54, + A2 + 6E modes, which when
1A; + 1Ay and 2E modes are subtracted for rotation and translation, there
are 44 and LE modes remaining, which are, of course all infra red actave.

The extra two modes are a N-X-Y, (E) bend and X-Y (A7) stretch.

Table 30 lists the assignments and frequencies for all known
trimethylamine halogen and interhalogen complexes along with the

frequencies for trimethylamine 1tself.

The complex (CHz)zNCly, presenis a situation intermediate between
structures such as (CHz)zN—=XY where X and Y are halogens, e.g.
(CHz)3NIC1l, and structures involving the cation (CHS)Sﬁ—Cl, Z  where
Z = 0104 for example.

TABLE
COMPARTSON OF FREQUENCIES OF (CHz)=zN HALOGEN AND . INTERHALOGEN COMPLEXES

Vibration (CHz)zN Trimethylamine Complex
L Bz clx Icl IBr BrCl
V; nx - 8 166 336 196 172 302" 2
PR 827 801 800 800 809 807 800
V3 C-N 1063 999 989 962 993 996 985
V,6NCs &, 358 365 320 32 W3 W3 435
Vs sNCy E L3k 468 19k Suh 490, K7L 482 500
\J6 PINC3 269 - 267 - - 269 -
Vo, x-y - 188 224 348 249 206 278
Vg § Nxy - 50 70 88 147 90 -

Reference 154 154 154 This work 120 120 This work
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This situation 1s clear from a chemical point of view as for
example (CHz)3NClp is very soluble in water yielding (CHs)zN-C1 cations
whilst (CHz)sNICl for example 1s not, indicating a strengthening of the

N-halogen bond and a corresponding weakening of the halogen-halogen bond.

In the solid phase however, the ionic formulation (CH3)5ﬁ—C1 Cl_
cannot be entirely correct since if it were the infra red spectrum of
(CHz)3NClp would resemble closely that of (CH3)3§C1 » which of course
1t does not. A complete spectrum of (CHz)zNClp 1s shown in Figure 77,

and the assigned frequencies listed in Table 30.

The assignment of the vibrations at 962 and 800 cm—l to the E
and A C-N stretching modes 1s i1n accord with the other trimethylamine
halogen data. The NCs deformation modes at 54k (E) and 324 (A1) were
assigned on the basis of intensity and trend. The asymmetric mode at
54, fits with the trend in increased frequency with reducing total mass,
as shown in Figure 78 where the frequency of the §NCz vibration is plotted
against the reciprocal of the square root of the total halogen mass for
the complexes (CHz)sNIo, Bro and Clp. The intensity of this vibration

is high, and this is true of all the (CHz)zN (halogen), species.

The symmetric $NCz mode at 324 in (CHz)sNClp compares with 365 em !
in (CHz)sNIo» and 320 cm™ 1n (CHz)zNBrw, all of which are little moved

from the pure trimethylamine absorpiion at 358 cm .

The N-C1 stretching frequency would be expected to be a weak
absorption, lowered in position and intensity relative to that found in
the cation (CHz)szN-Cl, at 403 cm' , because of the influence of the

second chlorine atom. Looking at the trend in N-hal frequency indicated
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in Table 30, the move from N-I to N-Br i1s accompanied by only an

18 cm change in frequency,from 148 ci” to 166 ci” , and taking into
account the mass differences, on a simple basis, the N-Cl frequency
ought to be ain the 200-300 en™ region. There are no absorptions in
this particular band of the spectrum, the nearest weak absorption being
at 336 em » to which the N-Cl frequency i1s assigned. This represents
an i1ncrease in frequency over what would be expected and should be
accompanied by a C1-Cl frequency which exhibits a proportionally larger
diminuition from free Clp than the I-T or Br-Br frequencies in the
complexes do from the free halogen. This is understandable if a weaker
C1-Cl interaction exists in (CHz)sNClp than Br-Br or I-I interaction in
(CHz)3NBry or (CHz)zNIo. Certainly this situation would be expected
since (CH3)3E—01 forms readily from (CHz)sNClp whilst there is no

evidence of a similar situation in (CHz)zMBry or (CHz)zNIo.

An assignment of 348 cm™ for the C1-Cl frequency would be
consistent with the above argument, representing a 209 chL reduction
in frequency from the free Clp Ramen absorption at 557 em™ (157), the

=1

equivalent Brp and Io figures being 93 cm t

from 317 en* and 41 em

from 213 cm® (157).

At low wavenumbers, an absorption at 8% cmt is assigned to the
N-C1-Cl deformation mode (V8 Table 30) which is in agreement with the

trends observed for the other two halogen trimethylamine complexes.

The remaining NCz rocking mode would be expected at a similar
position to that found 1in trimethylamine 1tself or its halogen adducts.

Tt is at 269 an® 1n free (CHs)sN, 267 cm™> in (CHs)zNBrn and 269 cm >
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in (CHz)szNIBr, thus appearing fairly insensitive to the group
associated with the nitrogen lone pair. It 1s a very weak absorption,
and indeed even in very thick mulls of (CHz)zNClo, no absorptions could

be found in this region.

The (CHz)3NBrCl addition complex completes the set of (CHz)zN,
halogen and interhalogen complexes. The frequencies of the absorption
found for this complex are also listed in Table 30. Again, assignment
of the C-N modes at 800 cm *© and 985 cm® is consistent within this
group of tramethylamine addition complexes, both from intensity and
position points of view. The asymmetric NCz deformation mode at
500 em? 1s in good agreement with the trend observed for (CHz)sNICl
and (CHz)zNIBr, indeed a plot of this frequency against the reciprocal
of the square root of the total halogen mass is a good straight line,
as shown in Figure 78. It is interesting to note that the interhalogen
class show slightly better agreement than the dihalogen class, and also
the slope of the line is §}ight1y different for these two groups of
complexes, as is reflected in the symmetric mode for this wibration,
wheve ithe (CHz)»NIo, Brs and Clp complexes absorb in the region

320-365 cni'1 s the (CH3)3NI01, IBr and BrCl absorb at 435 mﬁi .

The position of the N-Br absorption at 278 em? 1s in agreement

+
with the expected trend in going from the free ion, (CHz)szN-Br, at

325 cm™l, to the bromine complex at 166 cm® . A value of 302 ent is
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consistent with inercasing mass on ihe bromine in (CH3)3ﬁ—Br and a weakening

+ -_—
of the N-Br bond in going from (CHz)zN~Br Cl1 to (CHz)sNBr-Cl.



The absorption at 278 cm_‘1 1s assigned to the Br-Cl stretching
frequency, i1t showing a similar trend in its frequency reduction from
the free compound. The values for the free and complexed interhalogen

and halogen frequencies are shown in Table 31.

TABLE 31

REDUCTION IN HALOGEN-HALOGEN STRETCHING FREQUENCY IN COMPLEXES WITH (CH=)zN

I, Bm CL, IC1 IBr  BrCl

V(X-X) free 213 317 557  381.5  266.8  1439.5

\ (X-X) complex 172 22, 38 24,9 206 278
AV ¥ 93 209  132.5  60.8  161.5

(Data for free halogens from reference (156), complexed Iz, Bry from

reference (154), IC1l, IBr from reference (120); Clp, BrCl, this work)

The data in Table 31 can be considered in several different ways.
The trend observed for (CHsz)zNICl, BrCl and Clp, shows an increase in
the reduction from the free interhalogen or halogen frequency vhich is
consistent with a change in strength of the X-Y bond, the greater the
diminuition from the free halogen frequency indicating a greater
weakening of the X-Y bond, or strengthening of the N-hal bond, which
would be expected in going from (CHz)zNCl, where (CH3)3ﬁb1 Cl occurs

readily, to (CHz)zNICl.

Conversely, the trend observed in (CHz)zNIC1l, IBr, I» indicates
a weakening of the N-I bond, which is consistent with the decrease in
electronegativaty encountered in going from Cl to I, which in turn

would influence the ionic character of the I-X bond, ICl being more

lonic than Io, which in turn would tend to increase the N-I bond strength

in (CHz)zNIC1l over that in (CHsz)zNIs.

258



259

5« Conclusions

In conclusion, chlorine NQR spectroscopy has shown that in the
compounds of (CH3)3§CI with anions such as ClOZ and BFJ', the chlorine
atom possesses a slighl positive charge. The bonding between nitrogen
and chlorine atoms 1s expected to be between a sp3 hybrid nitrogen
orbital and an almost pure p cnlorine orbital. It is expected that the
C-N and N-Cl bond lengths are shorter than those expected from the sum

of the covalent radii.

The small bond dipole is reflected in the low intensity of the
N-C1l stretching frequency in the infra red. In the complex (CHsz)zNClp,
the Czv symmetry noted for (CH5)3ﬁ—Cl is maintained, and infra red data

correlate well with that for other (CHz)sN halogen complexes.

The trends in N-X and X-X frequencies for (CHz)zNX, species is
consistent with the expected changes in bonding in going from a N-(1-C1
strugture to a N-I-T, a greater N-Cl interaction being indicated in

(CHz)zNClo than N-I interaction in (CHz)sNIs.

The interhalogen addition compounds of trimethylamine show similar
trends, data for the BrCl ocomplex fitting well with the existing data

for (CHz)zNIBr and (CHz)sNICl.

The expected gradation in N-Br stretching frequency in going from
(CH3)3ﬁBr » (CHz)zNBrCl, (CHz)zNBrp is apparent, again consistent with

electronegativity considerations influencing the N-Br bond.
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CHAPTER SEVEN

DISCUSSTON AND CONCLUS1ONS



GENERAL DISCUSSION AND CONCLUSIONS

The reactions of dimethylchloramine and related compounds are shown
schematically in Figure 78, where differences in behaviour of the N-Cl
bond can be seen. In most cases, the N-C1l bond is broken, chlorine
usually present at the end of the reaction as Cl. Only in the case of
reactions with powerful alkylating agents, for example ClHz0S0oF or
CHz0C10z, 1s the N-Cl bond preserved, contrasting with the behaviour

towards CHzI, where the anion (CHz)oM(IC1l), forms.

Dimethylchloramine acts exclusively, as an oxidising agent towards
the methyl hydrazines and hydrazine itself, yieldang products resulting
from either the complete breakdown of the N-N bond as in CHzNHNH, or
N2Hg, or products resulting from oxidative coupling as in (CHz)oNNH>,
or partial oxidation leading to immine formation as in (CHz),NNHCHz,

yielding (CHz)oNN=CHp .

With the methyl amines and ammonia, differing behaviour was noted
depending on the extent of alkyl substitution. With ammonia, (CHz)zNWNH,

formed whilst with trimethylamine, C-N bond formation occurred yielding

the diamine (CHsz)oNCHoN(CHsz)s, which 1s in contrast with the corresponding

reaction of NHpCl where a N-N bond was established ;sielding the cationic

species (CH3)3NNH2 .

In the case of methylamine and dimethylamine, the situation 1s far
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less clear. In both cases appreciable quantities of methane were observed,

along with NHz and the immine (CHz),NN=CH, waith CHzNH,, and the diamine
(CH3)oNCHpN(CHz )2, tetramethylmethylenediamine, TMMD, in the case of

(CHz)oNH.
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The products noted for NHz, CHsNHp, and (CHz)zN can be rationalised
in terms of not nucleophillaic attack of the amine on the chloramine
nitrogen as 1s the case with NHpCl, but by a simple dehydrohalegonatilion
reaction involving a C-H bond in the case of (CHx)zN and N-H bonds in
the case of NHz and CHzNHo, however with CHzNHp the reaction must have

an alternative pathway since CHy and NHz were observed.

TMMD formation from the dimethylamine reaction is perhaps explicable
in terms of the chloramine decomposition where this amine was observed.
(CHz)oNBr decomposes, at -84°C, to yield, amongst cther products, (CHsz)szN,
which has been shown to react with (CHz)oNC1l to vield TMMD. It 1s
unclear why (CHz)oNH should behave i1n a different manner to the other

sunple amines.

The behaviour of both (CHz)oNC1l and (CHz)oNBr towards alkylating
agents 1s extremely interesting in that two different pathways are found,

depending on the alkylating agent employed.

With methyl esters of certain oxo acids, such as HOSOpF, HOSOzCHz
and HC104, reaction proceeds in the conventional manner, as would be
expected of a tertiary amine and an alkylating agent, yielding the
halotrimethylammonium cation. However with the methyl halides, completely
different products are formed. Methyl 1o0dide, the usual methylating
agent, forms, with (CHz)oNC1l, a pseudo polyhalide, (CHS)gN(101);, and
with (CHz)oNBr, the analogous (CHz)oN(IBr)s, in which the (CHsz)oN moiety

can be considered as a pseudo halide.

Methyl bromide, on the other hand, yields the addition complex of

trimethylamine and the interhalogen BrCl, (CHz)sNBrCl.
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The cation, (CH3)3ﬁCl, from NGR evidence, contains a chlorine atom
which 1s very slightly positive, 1.e. the N-Cl bond 1s polarised such
that the positive end of the dipole resides on the chlorine atom. The
bond 1s considered as being formed from a nitrogen sp3 orbital and an
almost pure chlorine 3p orbital, since the s character i1s around 2%.
As a consequence of this, and an i1onic character of around 1.3%, cal-
culations 1nvolving electronegalavities indicate that the C-N and N-Cl
bonds are shorter than that indicated by a straightforward sum of covalent

radii by around 2%.

In aqgueous solution, the cation (CH3)5§C], shows the same UV spectrum
as the trimethylamine chlorine addition complex, (CH5)3N012, and indeed
the salts (CHz)sNC1 C10, and (CH5)3ﬁCI BFs4 can be precipitated from
aqueous solutions of (CHs;)zNClo by addition of Cld; or BF; 1ons. The
hexafluorophosphate, azide and thiocyanate of the cation are freely
soluble in water. Confirmation that (CHz)sNClp yields (CH3)3§Cl ions 1in
aqueous solution can be found in the reaction of (CH3)2NC1 with CHz0C10z,
where (CH5)3ECI 010; is formed, and the infra red spectrum of this is
identical with that of the product precipitated when (Cliz)zNCly is treated

with an excess of C104 ions in aqueous solution.

A parallel situation existis with (CHz)oNBr, where CHz0S0>F forms
+ -
the unstable (CHz)szMBr 0S0oF, which 1s soluble in water, and yields, when

-_ -+ -
treated with an excess of C1l04 ions, (CHz)zNBr C1l04, as a precipatate.

Considering the reaction of the dimethyl halamines with alkylating
agenls as a whole, 1t seems unreasonable to suppose that the basic

mechanism of the reaction i1s different for;, for example CHz0SO2F and CHzI.



It seems likely that the initial step of the alkylation reaction, which
it 1s in both product types, as the C:N ratio has been increased, 1is
nucleophillic attack of the halamine on the positive alkyl group in the

ester.

(CHS)gcJNQCHsﬁc—— (CHz )2N-CHs + X
1

In the case of X =~bSOZF,'bSO3CH5 or 0C1l0z, the reaction stops here,
since further attack of the oxo-anion on the positive nitrogen would not
occur, however when X is a halogen, for example I, there appears to be no
reascn why an N-I bond cannot be established:

+ - + -
(CHz)zNC1 + I—= (CHz)zNI + C1
- +
and indeed, the addaition of I to aqueous solutions of (CH3)3NCl

precipitates (CHz)zNIo, the known addition complex of Ip and (CHz)zN.

The chloride 1on formed in the I reaction can now yield (CHz)zNTCl
with the 1odotrimethylammonium cation, and in the reaction medium, the
equilibrium

(CHz)3NIC1 =%= (CHz)sN + IC1

OoCCurs.

It 15 now possible for a furtner mole of CHzI to reaction with the

much stronger base, (CHz)sN, to yield (CHz)sNand further I ions.

The IC1 formed above can associale itself with a chloramine molecule
to yield the addition complex (CHsz)oNC1IC1:

(CHz)2NC1 + IC1 === (CHz)pCIN-IC1
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and an I 1on can act as a nucleopnile towards the slightly positive
co-ordinated nitrogen:
C1

/ /S

(CHS)%N (CHz)oN + C1

\\1-01 \IC1

I
The chloride 1on now assoclates 1tself with the N-I 1odine to :a1eld the
anion
I-C1
(CHz )2N
N\
It 1s possible to envasage the chloride ion association 1n the last step
of the reaction as part of a resonance structure for the anion, much in
the same way as that considered (159) in IClp where structures such as
C1-I----- Cl=e==C1  I-C1
account for longer I-C1l bond lengths, a lowering of the I-C1 stretchang
frequency, and appreciable i1onic character of the I-Cl bond. In the case
of the (CHz)oN{ICl), anion structures such as
I----C1 A-C1
(cHs)oN e (GH)2N
I-C1 I-Cl

would occure.

Such a system, hovwever, would imply a certain amount of asymmetry
about the nitrogen atom, one N-I bond being of differing length to the
other. Such asymmetry from crystallographic work, was not observed, and
1t seems more likely that the negative charge is distributed over the

I-N-T system resulting in a shortening of the N-I bond length, which is
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observed, and a consequent lengthening of the I-Cl distance.

The fainal step in the reaction would thus be:

1-C1 -1
(Cﬂs)aN\ —= (CHz)oN —
Noc1 I-C1

The reaction between CHzBr and (CHz)oNC1l can be considered to follow
a similar pathvay to ihat described above, but the reaction stops after
the attack of Br on the (CHz)sNCl cation:
(CHs)aNC1 + CHzBr —m= (CHz)sNC1 + Br

BF + (CHs)3NC1 —= (CHz)sNBr + C1~

(CHz)sNBr + C1 —m= (CHz)sNBrCl
since oresumably either (CHz)zNBrCl is not soluble in the reaction medium,
((CHz)oNC1 and CHzI) or that the equilibrium postulated for the CHyzI
reaction does not occur:

(CHz)sNBrC1 == (CHsz)sN + BrCl
A possible reason why this does not occur is that the eguilibrium demands
that the N-Br bond be broken, which would be less likely in this case than

an ithe equivalent CHzI reaction.

If the above speculations into the mechanism for the formation of
the various alkylated species found in the reaction of (CHz)sNC1 or
(CHz)oNBr are true, then the initial step in these reactions are effectively
equivalent, product differences being controlled by the reaction of the
anion of the methyl ester with the initially formed halotrimethylammonium

cation.



Suggestions For Further Vork

The reaction of (CHz)oNC1l with the methyl amines has indicated that
with CHzNHp and (CHz)oNH a different mechanism appears to occur when
compared with the reaction with NHz and (CHz)zN. It would be interesting
to investigate this mechanism further, and explain why methyl and

dimethylamine behave in a differing manner.

The anion (CHz)oN(IC1), is very interesting from a bonding point
of view, and "N NJR could provide an insight intio the charge distribution

around the nitrogen atom.

The formation o the cation (CH3)3ﬁCl from (CHz)zNClp in agueous
solution, or in the solid phase with, for example BClz, could yield a
means of preparing other chlorammonium cations, as reacting variously
substituted chloramines with chlorine would yield, for methyl deraivataives:

BClz + -
(CHz)oNC1 + Clp —s= (CHz)oNC1 Cl; —= (CHz)pNClp BCly

BC1z _
CHsNC1p + Clp—om= CHzNClp Clp —®= CHsNC1lsz BClg

BClz -
NClz + Clp—#= NCls Clp — NC1l, BCl,

however due account must be taken of the decreased nitrogen basicity with

increased chlorine substitution.

Since the cation, (CH3)3§01, possesses a chlorine atom which 1s
slizhtly posiiive, compounds containing this cation ought to be a better
chlorinating agent than chlorine itself, and from a water treatment point
of view it may be that an equimolar mixture of chlorine and trimethylamine

would be more effective than chlorine on 1is owvwn.

268



N\ + [}

10
11

12

15

1L

15
16

17

18
19
20
21

22

269

REFERENCES

MELLOR, J. W., "A Comprchensive Treatise On Tnorganic And
Theoretical Chemastry", Vol VITI, p 598ff, 1928 Vol VITI,
Suppl. II, Part II, p LO9ff, 1967, Longmans New York.

"Gmelin's Handbuch Der Anorganischen Chemie", 8th ed, No. 6,
1927 Ed. MEYER, R. J., 1927.

SNELDERS, H. A. M., Chem Absr., 68, 9212, 1968.

DRAGO, R. S., J. Chem. Ed., 34, 541, 1957.

COLTOMN, E., And JONES, M. M., Ibid 32, 485, 1955.

BERLINER, J., F. T., J. Am Vater Vorks Assoc., 23, 1320, 1931.

KOVACIC, P., LOWERY, M. K., And FIELD, K. W., Chem.Rev., 70,
639, 1970.

POLLOCK, G. H., J. Appl. Physiol., 1, 802, 1949.

NEALE, R. S., And WALSH, M. R., J. Am. Chem. Soc., 87, 1255, 1965.
RUSCHIG, H., Med. Chem., L, 327, 1942,

SHARTS, C. M., J. Org. Chem., 33, 1008, 1968.

MIN1SCI, F., GALLI, R., GALLI, A., And BERNARDI, R., Tetrahedron
Lett. ’ 2207’ 19670

MINISCI, F., GALLI, R., BERNARDI, R., And PERCHINUNNO, M., Chem.
Ind. (kilan), 51, 280, 1969.

MINISCI, F., GARDINI, G. P., And BERTINI, F., Can. J. Chem., 48,
Sk, 1970,

MINTSCI, F., BERNARDI, R., And GALLI, R., J. Chem. Soc. B, 324, 1968,

MINISCI, F., GALLI, R., And BERNARDI, R., Chem. Ind. (Milan), 49,
594, 1967.

¥INISCI, F., GALLI, R., PRRCHINUNNO, M., And BERNARDI, R., Chem.
Ind. (Milen), 50, 453, 1968.

TANNER, D. D., And MOSHER, M. ¥., Can. J. Chem., 47, 715, 1969.
INGOLD, K. U., And SPANS'YICX, J., Ibid., 48, 546, 1970.

OGATA, Y., TZAWA, Y., And TOMOIKA, H., Tetrahedron, 23, 1509, 1967.
KOVACIC, P., And FIELD, K. W., Synthesis, 135, 1969.

DANTLOV, S..N., And KNZMINA, O. P., J. Gen. Chem. USSR., 19, 269,
1949.


file:///Yater

23
24

25
26

27
28

29
0
3

33
3k
35
36
37
38

39
39a

L3

L5

270

ELLIS, A. J., And SOPER, F. G., J. Chem. Soc., 1750, 1954.

KOVACIC, P., HOPPER, R. J., CHAUDHARY, S. S., LEVISKY, J. A., And
LIEPKAINS, V. A., Chem Comm., 232, 1966,

KOVACIC, P., And CHAUDHARY, S. S., Tetrahedron, 23, 3563, 1967.

KOVACIC, P., FIELD, K. W., And HERSKOVITZ, T., J. Org. Chem., 35,
21&0’ 1970.

KOVACIC, P., And LOVERY, M. K., Chem. Comm., 651, 1966.

COLEMAN, G. H., And HOVELLS, H. P., J. Am. Chem. Soc., 45, 3084,
1925.

COLEMAN, G. H., And CAMPBELL, Ibad., 50, 2754, 1928,

NEALE, R. S., And MARCUS, N. L., J. Org. Chem., 32, 3273, 1967.
MINISCI, F., And GALLI, R., Tetrahedron Lett., 167, 1964.

NINISCI, F., And GALLI, R., Chem. Ind. (Milan), 45, 1400, 1963.
VINISCI, F., And GALLI, R., Ibid., 46, 546, 1964.

MINISCI, F., Ibid,, 49, 705, 1967.

MINISCI, F., GALLI, R., And CERERE, M., Tetrahedron Lett., 3163, 1966.
COLEMAN, G. H., And Hauser, C. R., J. Am. Chem. Soc., 50, 1193, 1928.
COLEMAN, G. H., YAGER, C. B., And SORDOS, H., Ibid., 56, 965, 1934.

COLEMAN, G. H., BUCHANAN, M. A., And PAXSON, W. L., Ibid, 55, 3669,
1933.

COLEMAN, G. H., Ibad., 55, 3001, 1933.

COLEMAN, G. H., HERMANSON, J. L., And JOHNSON, H. L., Ibid., 59,
1896, 1937.

KUFFNER, F., And SISFRIED, W., Montash. Chem., 83, 734, 1952.

BOCK, H., And KOMPA, K., Chem. Ber., 99, 1347, 1966.

BOCK, H., And KOMPA, K., Tbid., 99, 1356, 1966.

BOCK, H., And KOMPA, K., Ibad., 99, 1361, 1966.

MINISCI, F., GALLT, R., And CECERE, M., Tetrahedron Lett., 4663, 1965.

KOVACIC, P., LANGE, M. R., FOOTE, J. L., GORALSKI, C. T., HILLER, J. J,
And LEVISKY, J. A-, J. Amo Chemo SOC., 86, 1659) 196Ln



L6

L7

L9

50

51

6l
65
66
67
68

271

KOVACIC, P., LEVISKY, J. A., And GORALSKI, C. T., Ibad., 88,
100, 1966.

HEASLEY, V. L., KOVACIC, P., And LANGE, R. M., J. Org. Chenm.,
31, 3050, 1966.

HAUSER, C. R., And HAUSER, M. L., J. Am. Chem. Soc., 52, 2050, 1930.

HAUSER, C. R., HAUSER, M. L., And GILLASPIE, A. G., Ibad., 52, 4158,
1930.

PETROV, K. A., Anil SOKOL’SKII, G. A., J. Gen. Chem. USSR., 26, 3378,
1956.

SISLER, H. H., SARKIS, A., AHUSA, H. S., DRAGO, R. J., And SMITH, N. L.,
Je. Am. Chem. Soc., 81, 2982, 1959.

SISLER, H. H., And HIGHSMITH, R. E., Inorg. Chem., 7, 1740, 1968.
STSLER, H. H., And HART, W. A., Ibid., 3, 617, 1964.

SISLER, H. H., And CLENENS, D, F., Ibid., 4, 1222, 1965.

SISLER, H. H., NEILSEN, R. P., And VINCENT, J. F., Ibid., 2, 760, 1963.
SISLER, H. H., And JAIN, S. R., Ibid., 7, 104, 1968.

SISLER, H. H., And KRANNICH, L. K., Ibid., 8, 1032, 1969.

SISLER, H. H., And McKENNEY, R. L., Ibid., 6, 1173, 1967.

SISLXR, H. H., And HTGHSMITH, R. E., Ibad., 8, 1029, 1969.

APPEL, R., And BUCHNER, W., Chem. Ber., 95, 849, 1962.

APPEL, R., And HANSSGEN, D., Angew. Chem., Int. Ed. Engl., 6, 91, 1967.
WAWZONEK, S., And CULBIRTSON, T. P., J. Am. Chem. Soc., 81, 3367, 1959.

NEALE, R. S., WALSH, M. R., And MARCUS, N. L., J. Org. Chem., 27,
3726, 1962.

BAUKGARTEN, H. E., And BOWER, F. A., J. Am. Chem. Soc., 76, L4561, 1954.
BAUNMGARTEN, H. E., And PETERSON, J. H., Ibid, 82, 459, 1960.

HATCH, M. J., And CRAM, D. J., Ibid., 75, 38, 1953.

ALT, G. H., And KNOJLES, V. S., J. Org. Chem. 25, 2047, 1960.

OAE, S., And FURUKaWA, N., Bull. Chem. Soc. Japan, 38, 62, 1965.



69
70
71
72
15
Th
75
76
77
78

89
90
91
92
93

272

GASSKAN, P. G., And FOX, B. L., Chem. Comm., 153, 1966.

GASSHAN, P. G., And FOX, B. L., J. Am. Chem. Soc., 89, 338, 1967.
GASSIMAN, P. G., And CRYBERG, R. L., Ibid., 91, 2047, 1969.

GASSIAN, P. G., Accounts Chem. Res., 3, 26, 1970.

YATES, K. P., Phys. Rev., 71, 349, 1947.

HAMMOND, P. R., J. Chem. Soc., 2565, 1963.

CLASS, J. B., J. Am. Chem. Soc., 75, 2937, 1953.

OLSEN, A, L., J. Chem. Phys., 24, 1106, 1956.

SEPPELT, K., And SUNDERMEYER, W., Z. Naturforsch, B, 24, 774, 1969.

RUOSCHIG, H., FRITSCH, W., SCHMIDT-THOME, J., And HAEDE, V.,
Chem. Ber., 88, 383, 1955.

DRAGO, R. So, J. Chem. Educ-, 51{-, 5)4-1, 1957.
JANDER, J., And KURZBACH, E., Angew. Chem., 72, 919, 1960.

SISLER, H. H., COLLTER, F. N., CALVERT, J. G., And HURLEY, F. R.,
J. Am. Chen., SOC., 81, 617?, 19590

YAGIL, G., And ANBAR, M., Ibid., 84, 1797, 1962.

KOVACIC, P., Chem. Rcv. 70, 639, 1970C.

OHME, R., SCHMITZ, E., And DOLGE, P., Chem. Ber., 99, 2104, 1966.
SISLER, H. H., And UTVARY, K., Inorg. Chem, 5, 1835, 1966.

SISLER, H. H., KR%N, R. M., And UTVARY, K., Ibid., 8, 2007, 1969.
HOEGERLE, K., And ERLENMNEYER, H., Helv. Chim. Acta,, 39, 1203, 1956.

GASSMAN, P, G., MIEZNWALD, J., And MILLER, E. G., J. Am. Chem. Soc.,
81, 995, 1959.

RUMDEL, W., Angew. Chem., Int. Ed. Eng., 1, 403, 1962.

FICHS, J. J., US Patent 3346554, 1967, Chem. Abs., 68, 2593, 1968.
BOCK, H., And KOWPA, K. L., Z. Anorg. Aug. Chem., 332, 238, 1964.
YAGIL, G., And ANBAR, M., J. Am. Chem. Soc., 84, 1790, 1962,

SOPER, 7, G., J. Chem. Soc., 1927, 1953.



94
95
96
97
98
99
100

101
102
103
104
105
106
107
108
109
110

111

273

SHORT, W. F., Chem. News., 126, 100, 1923

MARKWVALD, W., And WILLE, M., Chem. Ber., 56, 1325, 1923.
RASCHIG, F., Ch. Ztg., 31, 926, 1907.

TRUITT, P., J. Am. Chem. Soc., 70, 2829, 1948.

THSILACKNR, W., And EBKE, K., Angew. Chem., 68, 303, 1956.
KLAGES, F., Ann. 1, 547, 1941.

Comprehensive Chemical Kinetics, Vol 7, Ed. TIPPER, C. F.,H., And
BAMFORD, C. H., Elsevier, 275, 417, 1972.

VERNOT, E. H., J. Am. Hyg. Assoc., 28, 343, 1967.

OSLEN, A. L., J. Chem. Phys., 24, 1956.

LUDMAN, C. J., Priv. Comm.

NORTHERN GAS BOARD, Prav. Comm.

AUDRETTH, L. F., J. Am. Chem. Soc., 80, 2516, 1958.

CLASS, J. B., And OAKWOOD, T. S., J. Am. Chem. Soc., 75, 2937, 1953.
HANTZCH, A., And GRAFFE, W., Chem. Ber., 38, 2154, 1905.
BOHME, H., And KRAUSE, W., Ibad., 84, 170, 1951.

BOHME, H., And BOLLE, E., Z. Anorg. Aug. Chem., 292, 61, 1957.
SOPER, F. G., And ELLIS, A. J., J. Chem. Soc., 3, 576, 1953.
HAMMOND, P. R., J. Chem. Soc., 1370, 1962.

OLAH, G. A., DeMEMBER, R. J., SULOSBERG, R. H., J. Am. Chem. Soc.,
1) 156, 1972.

LUDMAN, Cy Je, Priv. Comm,

WATERS, W. A., STEPHENSOM, O., FORREST, J., CRANE, W. C.,
Je Chem. Soc., 827, 19)4-6.

'I‘"TEIL, I., And MORRIS, J. C., J. Aﬂl. Chemo SOCo, 71, 3123, 19[{-9.
ALCOCK, N. W., Priv. Comm.

GINN, S. G, W,, HAQUE, I., And WO0OD, J. L., Spec. Acta., 244, 1531,
1968,

HAYVARD, G. C., And HEINDRA, P, T., Ibid,, 234, 2309, 1967.



119
120
123

124

125
126

127

128
129

130

13
132
133
134
135
136

137
138
139
140

1,31

142

143

27,

MAKI, A., And FORENS, R., Ibid., 23A, 867, 1967.
YOKOBAYASHI, K., WATARI, F., And AIDA, K., Ibid., 244, 1651, 1968.
TO’INES, C. H.’ And DAILEY’ B. Pl, J- Chem' Phys., 17, 782, 19)+9.

LUKEN, E. A. C., Nuclear Quadrupole Coupling Constants,
Acad. Bress. Lond., 1969.

CHANDRA, S., Trens, Farad. Soc., 1570, 1967.
WILIKSHURST, J. K.y J. Chem. Phys., 30, 561, 1959.

CORDY, W., SMITH, W. V., And TRAMBARULO, R. F., Microwave Spectroscopy,
]\IICG’raw-Hill ] N .Y ) 19 55 L]

GORDY, W., Disc. Farddo SOC., 17, 19, 19550
TOWNZS, C. H., And DAILEY, B. P., J. Chem. Phys., 23,,118, 1955.

PAULING, L., The Nature Of The Chemical Bond, 3rd ed., Cornell, N.Y.,
1960.

HANNAY, N. B., And SMYTH, C. P., J. Am. Chem. Soc., 68, 171, 19.8.
CHANDRA, S. And CHANDRA, S., Tetrahedron, 22, 3403, 1966.
MULLIKEN, R. S., J. Chem. Phys., 46, 497, 1949.

GORDY, W., Phys. Rev., 69, 604, 1946.

ALLRED, A. L., J. Inorg. And Nucl. Chem. 17, 215, 1961.

ALLRED, A. L., And ROCHOY, E. G., J. Inorg. And Nucl. Chem. 5, 269,
1958.

WILMSHURST, J. K., J. Chem. Phys., 27, 1129, 1957.
HINZE, Jc’ And JAFFE’ H. Ho’ J. Am. Chem. Soc.’ 8!1-’ 514-0, 19620
PAULING, L., Ibid., 54, 3570, 1932.

BAIRD, N. C., And WHTTEHEAD, M. A., Th. Chim. Acta. (Ber), Z, 559,
196k

COTTON, F. W., And WILKINSON, G., "Advanced Inorganic Chemistry",
Ind. Ed., Interscience, 1966.

COULSON, C. A., "Valence", 2nd ed., Oxford Univ. Press., 1961.

WHITEHEAD, M. A., And JAFFE, H. H., Trans. Farad. Soc., 57, 1854, 1961.



Loy
145

146
147
148
143

150
151

152

153

154
155
156
157

158

159

275

WHITEHEAD, M. A., And KAPLANSKY, M., Mol. Phys., 16, 481, 1969.

VHITEHEAD, M. A., And JAFFE, H. H., Th. Chim. Acta. (Ber)., 1,
209, 1963.

LIVINGSTON, R., J. Chem. Phys., 19, 1434, 803, 1951.
UHTTEHEAD, M. A., And HART, R. M., Trans. Farad. Soc., 67, 1569, 1971.
HOOPER, H. 0., And BRAY, P. J., J. Chem. Phys., 33, 334, 1960.

WHITEHEAD, M. A., HINZE, J., And JAFFE, H. H., J. Am. Chem. Soc.,
85, 148, 1963.

STYPHENSON, D. P., And SHOMAKER, V., Ibid., 62, 1913, 1940.
WADDINGION, T. C., And LYNCH, R. J., Advances In NQR., 37, 1974.

WYCKOFF, R. W. G., Crystal Structures, 2nd ed., Vol 5, Ch. XIL. 149,
Wiley Lond.

SEGEL, S. L., And BARNES, R. G., Catalog Of Nuclear Quad. Inter. And
Resonance Frequencies In Solids, USA EC Report IS-520 Parts 1-2, 1962,
And, Physical Chemistry, Vol IV, Ed. EYRING, H., HENDERSON, D., And
JOST, Wo, Acad. Lond., 19700

COOLEY, J. W., And TUKEY, J. W., Math. Comp., 19, 195, 1965.

GAYLES, J. N., J. Chem. Phys., 49, 1841, 1968.

ZETIL, W.. And HUTTNER, W.. Spec. Acta., 22, 1007, 1966.

NAKAMOTO, K., Infra Red Spectra Of Inorganic And Co-Ordination
Compounds, lst ed., Wiley, N.Y., 1963.

Documenta Geigy Scientific Tables, Ed. DIEM, K., And LENTNER, C.,
7th ed., Geigy Pharmaceuticals, 325, 1950.

WIEBENGA, E. II., BROEKEMA, J., And HAVINGA, E. E., Adv. Inorg. Chem.
And Radiochem., 3, 133, 1961l.

Voo
(» SSEP . .

Ceorion



