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SUMMARY
A range of 2-substituted-2-nitropropanes (MEZC(X)NO2 vith X = I, Br,

C1, NO,, POSEL,, COMe, CO p-NO,C H,N,, CN, SCN,

g0 P03 2 2 2CgHy 2Lty

and N3) have been prepared and tested for antimicrobial activity against a

Et, SR, SO,R, p-ND
representative range of micro-organisms. The structure activity relation-
ship (S.A.R.) indicates antimicrobial activity of MeZC(X)ND2 in the order of

I >SCN, Br >SR, p-NOC H,  >C1, NO Et, and

oLt >502R, N

, CN, PO,Et,, COMe, CO

2 3 2

P-N02C6HQN2.

Increasing antimicrobial activity correlates well with the increasing
ease of abstraction 6f the a-substituent by thiolate anions (X-philic -
reactivity towards thiolate) as shown by the chemical studies.

New synthetic procedures have been elaborated for the synthesis of
a-thiocyanato and a-azido-nitrocompounds. o -Nitroazides have been shown
to undergo SRNl reactions with azide, thiolates, and phenyl sulphinate :!
via loss of nitrite, rather than loss of azide, from the intermediate
radical anions (RZC(N3)NGZ' The reaction with nitronate-anions proceeded
by loss of nitrite from the intermediate radical-anions.

a-Nitrothiocyantes have_been shovn to undergo SRNl reactions with azide,
phenyl sulphinate, nitronates, and some thiolates via loss of thiocyanate
from the intermediate radical-anions (RZC(SCN)NOZ).

More strongly nucleophilic thiolates such as phenyl thiolate have been
shovn to react with a-nitrothiocyanates by a non-radical redox mechanism to

yield the corresponding disulphides.

Et, and

The reaction of thiolates with MeZC(X)NOZ(X = CN', COMe, CU2

PU3Et2) has been investigated.

The nature of the radical-anion intermediates for MeZC(X)NOZ(X =z Br,
Cl, NDZ’ SCN, N3, P03Et2 SOZR’ COMe, CUzEt, and CN} has been investigated
by &lectron spin resonance spectroscopy in'coliaboration with Professor
M.C.R. Symons of Leicester University. They all form stable radical-anions

(MeZC(X)NO2 at 77°% in solid matrices of CD.0D or methyl THF, E.s;r.

3

i



spectroscopy has also been Qsed to show that the direction of dissociation
of thesé radical-anions to radicals and anions correlates with that observed
in solution reactions.

The mechanism of oxidation of thiolates to disulphides by a-substituted
nitro compounds in protic solvents has been investigated as an in vitro

model of their biological mode of action.
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INTRODUCTION



 PART 1

1.1 Antimicrobial Agents

Antimicrobial agents are drugs used to counteract infection and
invasion of mieroorganisms in man. The term "Antimicrobial™ describes
several groups of particular agents.

Antibiotics are chemical substances produced by living organisms,
by semi-synthesis, or by total synthesis. Antibacterial, antivi ral,
and antifungal drugs are used against bacterial, viral and fungal
infections respectively. Antimicrobial agents can be classified as
- narrov spectrum drugs which act only on a single species or on a limited
grbup of organisms, Examples of such drugs are nystatin, isoniazid,
and griseofulvin. At the other extreme are drugs which affect a very
wide range of species and are referred to as broad-spectrum agents.
Examples of such drugs are tetracyclin and ampicillin.

Antibiotics act in many ways, but principally as follows:-

a) Interfere with the synthesis of nucleic acids or‘proteins, e.g.
actinomycin and chloramphenicol.
b) Interfere with mﬁcopeptide synthesis and hence .the formation

of new bacteriﬁl cell wall, e.g. cycloserine, penicillin and

cephalothin.”

c) By injury to the cytoplasmic membrane, e.q. ampHotericin and
polymixinl-a.

Many synthetic compounds have been shoun to have a marked effect
on the metabolism of microorganisms and are very useful antimicrobial
agents. The sulphonamides for instance, (widely used before the discovery

of penicillin), affect the folic acid biosynthesis, whilst several



arsenic compounds are known to inhibit certain thiol containing enzymes.
They react with the free thiol groups of these enzymes thereby inhibiting

Jtheir reaction vith glutathione2 (egn. 1-1).

R-S~A8-S-R

+ ZRSH <o

Synthetic nitro compounds are widely used in medicinal applications,
especially as antimicrobial agents., Nitrofurazone (5-nitrofurfural semi-
carbazone, "furacin" {1)) for example is used topically with great success
as a broad spectrum antibacterials.

Nitrofuran derivatives appear to inhibit the formation of all types
of RNA and DNA, as well as interfering with the conversion of pyruvate to
acetyl. QjAs.; While the nitrofuran derivatives have been the most
important nitro antibacterial drugs, nitroimidazole derivatives are now
of increasing importénce and are well-knoun antibrotozoal drugs. The
most troublesome flagellate disease of temperate climates, vaginal
trichomoniasis, is cured by the oral administration of metfonidazole-(Z).
Metronidazole is also used as tﬁe drug of choice in treatment of diseases

caused by amoebael?7161 and is used increasingly against anaerobic

infections.
DéN—JZi::;;:§§§~CH=N-NHCUNHZ 0N // "E§§.cn3
CHZCHZDH
5-Nitrofurfuryl semicarbazone Metronidazole
(1) ‘ (2)



Trichloronitromethane (chloropicrin),. a synthetic agent, was used
as a fumigant for agricultural purposess. Chloropicrin has been reported
to act as an oxidizing agent forming disulphide bridges between cysteine

residues of reduced haemoglobin (eqn. 1-2)

2R-SH + C13CN02 ——m= 2HC1 + R-5-S-R +Clc=NOy 1-2

Bronopol (2-bromo-2-nitropropan-1,3-diol (3)) is another synthetic

antimicrobial agent that owes its activity to interaction with thiols7.

HUCHz\ r
~ c’//B
HOCH; ™~ NO,

2-bromo-2-nitropropan-1,3-diol (3)
PART 11

1.2 Bronopol

Bronopol is én a-substituted aliphatic nitrocompound which is
active against a wide range bf bacteria, including Ps aeruginosa, but
is less active against yeasts and fungi7’8.

Bronopol is used as a preservativé in suppositories and toiletries,
and as an éctive.agent for various formulated products of commercial
importance such as cosmetics (e.g. medicated shampoo), pharmaceuticals
(e.g. antiseptics, and foam contraceptives), and household products (e.g.
liquid soap)g’lo.

Bronopol is a crystalline powder wﬁich‘is soluble in water and
other polar solvents. In aqueous solutions bronopol is stable at low

pH, but decomposes at higher pH and higher temperatures. The toxicity

of bronopol is very low and it is most active in slightly acidic solutions.



At high pH i.e. (in alkaline media) bronopol degrades and liberates
nitrite which cén under certain conditions nitrosate available amines
that méy be present such as diethanolamine to form nitrosamines which

may be cércinogenicll.

Development of bronopol and Structure Activity Relationships (S.A.R.)

In 1961 Zsolnail2 studied a number of alkyl and aralkyl nitro
compounds with potential antifungal properties. It was observéd that
several a-substituted aliphatic nitro compounds were very active,
particularly wvhere the structural feature, C(Br)NOz, was present.,

Eckstein et a113 studied the antifungal activity of some
2-nitro-propan-1,3-diol derivatives. They found that the most active
‘compounds were those wvhere the asubstituent was bromine e.g. R=Br and

Rlee in (4).

Replacement of bromine by chlorine resulted in compounds with iow
anti-fﬁngal activity. The most effective anti-fungal compounds has a
carbon chain length of 6-7 for the R alkyl group; if R was aryl the
activity vas retained, especially with an o,p-dichlorc substituted benzene
ring. Once again the most active compound contained the C(Br)NO2 group.
Croshaw et all4 obtained similar results at the Boots Company Limited
(Nottingham, England).

In the early 1970's Bowman and Stretton15 studied the properties of

_derivatives of 2-nitropropan-1,3~diol, i.e. secondary a-hale-nitro,

derivatives (Sa-d)



el N =c1 b
C
HOCHy N0, = F c
= H d
They found thetfluoro . . derivative (5c) and the unsubstituted analogue

£he
(5d) were both inactive and that the chloro (5b) was only slightly active.

The bromo analogue (3) was very active, as was the iodo analogue (5a).
However, the iodo derivative was unstable. The 1,3-diol aided water
soluybility only, because the 2-nitropropane analogues, 2-bromo and
2-iodo-2-hitrdpropane vere of similar sctivity as the corresponding
1,3-diol derivatives. 2,2-Dinitropropane and 2-chloro-2-nitropropane
vere moderately active. Other bromonitro derivatives, e.g.
2-bromo-2-nitrobornane and 2-bromo-2-nitroadamantane were also fairly
active. Once again. these results confirmed the C(Br)NU2 structural
requirement. The minimum inhibition concentration (M.I.C.) values
obtained are shown (Tabletl).

Stretton and Manson16 carried out similar work to that of Buiman and
Stretton and obtained similar M.I.C. values for the 2-nitropropane
analogues.

In the search for antimicrobial activity Clark et 3117

successfully synthesised a series of simple aliphatic nitrocompounds and

tested for antimicrobial activity, They studied structure (6) in detail.

HO.C— E NO, (6)

L
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Tabletl Minimum inhibitory concentration (M.I.C.) values for a series of halo-nitro compounds

M.I.C. value (ug/ml'l)

Nitropropane derivatives E. Coli S, Aureas P, Aeruginosa N. Crassa A, Niger
2-Bromo-2-nitropropane-1,3-diol 32 35 15 280 300
2-Chloro-2-nitropropane-1,3-diol 400 480 210 >200 >200
2-Fluoro-2-nitropropane-1,3-diol 40 40 B0 300 380
2-Bromo-2-nitropropane 40 40 80 200 380
2,2-Dinitropropane 400 400 280 >200 >200
2-Bromo—2-nitrobo%§ne 50 6 80 280 300
2—Bromo-2-nitroadamantane 40 10 80 200 300




Table}? Minimum inhibitory concentration (M,I.C.) values for a series of halo-nitro compounds

Nitro derivatives

M.I.C. value (ug/ml~1)

X Rl RZ E. Coli 5. Aureas C. Albican P, Aeruginosa
l-Bromo-l—nitr0pr0pane—2;ol Br Me H 16.6 15.6 16.6 16.6
2=Bromo=-2=-nitrobutane-1, 3-gicl Br . Me CHZOH 16.6 l6.6 l6.6 16.6
2-Bromo-2-nitropropane-1,3-dicl Br H CHZUH. 16.6 16.6 50 .16.6
1,1-Dibromo- 1-n1tr0-3-methyl-
butan.-2-ol Br CH(Me)2 Br 16.6 16.6 50 5.5




Noqpalogenated nitro-alechols (X = H, R1 = R2 = a}kyl) vere
practically inactive as antimicrobial agents; Inclusion of a bromine
(X = Br) increased the activity greatly, ﬁhile_with % = Gl a less active
compound Qas obtained.

The most active compounds (with M.I.C. values in ug/ml) are shown
in Tablei2 .

Similar structure - activity relationships were obtained by
Fridmen et a1.18,19

Once again the antimicrobial éctivity of the compounds described
is clearly associated with the structural feature, C(Br)NOZ.

The potential properties of bronopol as a preservative prompted
the search for new analogues of bronopol which would be stable in the
full range of pH's and exhibited a broad-spectrum of antimicrobial
activity. |

.In 1971 a compound called bronidox (S5-bromo-5-nitro-l,3-dioxan)

(7) was'patented.zu

0,
S-bromo-S—nitro—l,3—dioxan (7)
Lappas et a121 studied the structure activity relationships of
substituted 5-nitro-1,3-dioxans(8). Each compound vas tested for
activity against a wide range of bacteria and yeasts. The; used a

microbiocidal scale, with 1400 being the maximum value (corresponding

to the most active compound), to evaluate the antimicrobial activity

of the compounds.
The two most active compounds vere:
i)  5-Bromo-2-methyl-S-nitro-1,3-dioxan (B), where

Rl = Br, R2 = H, R3 = CHB’ with microbiocidal index 1375.

-8 -



ii) 5-Bromo-2-(p-hydroxyphenyl)-5-nitro-1,3-dioxan (8) vhere

Rl = Br, RZ = H, R3 = p-HO-C6H4-, wvith microbiocidal index 1375.
02N R3

(8)

Finally, they noted that under certain conditions with certain
derivatives the dioxan ring was cleaved to give a bronopol-like structure
vhich was the effective antimicrobial agent.

Lorenz22

, also wdrking on bronidox, obtained similar results and
made the same conclusionsg.
From these studies on the structure-activity relationship of

a~halo substituted nitro compounds, it can be concluded that C(Br) NO2

is essential for good antimicrabial activity.

Toxicity Studies on Bronopol

Several toxicological studies have been performed to- test the
suitability of bronopol as a preservativ323‘30; In the original study
on bronopol by Croshawla, some basic information on the toxicity of
bronopql was obtained, The L.D50 of brenopol in aqueogs solution for
mice was 350mg/kg (orally) and 200mg/kg (intraperitonally}. The values
obtained for mice were 400mg/kg (orally) and 200mg/kg (subcutaneously).
In an acute toxicity test, newly weaned albino rats were fed 1/40 and
one fourth the L'DSU values of bronopol in their diet for 12 weeks.
There were no deaths, and similar weight gains were observed as compared

to a control group. Food consumption and liver and kidney weights were

also similar. When the rats were killed, no histopathoclogical changes

- were observed in any of the organs examined. A 2% bronopol emulsion

wvas irritant to the skin and to the eye of rabbits after one application.



However, a 0.05% concentration showed no irritation even after
application on four successive days, Tests for skin sensitisation
gave negative results.

Subsequent studies by Moore et a131'32

on the absorption of bronopol
revealed that it was readily absorbed and distributed evenly among various_
tissues in rats and dogs. Bronopol was also rapidly excreted in the
urine and the major metabolite was 2-nitropropane-1,3-diol plus four
other polar, but unidentified metabolites.

Further tests were carried-out by Bryce et a19 at the Boots Company

to supplement those obtained initially by Croshaw et a1ll

and obtained
similar results to those obtained by Moore et a131’32.

Full toxicity testing on bronidox has not been reported; however,
preliminary studies by Lorenz22 reveal no evidenqe of sensitisation
reactions. . - . L -,

Mode of Action of Bronopol

The mode of action of bfonopol and its analogues has been fully
investigated in our laboratories in Loughborough.

Stretton and Mansonl6 have suggested that the primary mode of action
of bronopol is to oxidise sensitive thiols in close proximity, to the
corresponding disulphide. The study of bronopol antagonists revealed
that sodium thioglycollate and Z-mercaptoethanol prevented the inhibitory
action of bronopol. The action of bronopol oﬁ rapidly dividing cells and
its low activity on non-proliferating cells indicated that the inhibition
of some metabolic activity was in;olved in its mode of action. Since
bronopol was antagonised by the addition of thiol containing compounds,
it would appear that bronopol affects thiol groups, especially in thiol
containing enzymesls. Stretton and Manson also showed that loss of

enzyme activity, such és that of papain, due to reaction with bronopol

- 10 -



corresponds to loss of free thiol in the enzyme. Bronopol alsc oxidised
cysteine, glutéthione, and coenzyme A to the corresponding disulphide
in high yield. The in vitro mechanism of bronopol is shown (Scheme 1-1).

Scheme 1-=1

SH ST
Protein”” — Protein”” + 2HY
SH : -
S~ B CH_OH : S~
Proteir< /, : L’.>C< 2 —— Protein””
s~ NJ, “CH,OM S-8r
ST S
Protein< — Protein/ ) + Br- 1.3
$-Br Ns

In the proposed mode of éction,protein or other thiols are oxidised
to the corresponding disulphide and the halonitro compound is reduced
fo nitro anion and bromide. The nitro anion resulting from bronopol
rapidly decomposes.

Study of the reaction of 2-substituted—2-nitropropanes with

thiolates by Bowman and Rich.slrds::m:"'-s—35

has shown that the redox

reaction proceeds via an ionic reaction. As the M.I.C.'s of bronopol
and 2-bromo-2-hitropropane are very similar it is possible.that their
mechanism of action with thiclates is similar; i.e. depending largely

on the C(Br)NO2 function., The proposed in vitro mechanism is shown

{(Scheme 1-2).

Scheme 1.2
Me X . Me
‘c< + RS™ —#=R-S-X 4 \,=NOE 1-4
Me” NG, Mé
R-S-X + RS~ —»= R-5-S-R + X~ ‘ 1-5
In_summary
Me,C(XINO, + 2RS~ —_— MeZCNOE + R=5-S-R + X~ 1-6 -

- 11 -



The 2-substituent is abstracted by the nucleophilic thiolate to yield
a reactive sulphenyl interﬁediate (R-S-X) which rapidly reacts with

further thiolate to yield the disulphide. An alternative single

electron transfer (S.E.T.) mechanism suggested by Russell et a1°6
can be considered ~ = - . (Scheme 1-3), but was shown not to be
operative.33-35
Scheme 1-3
" X e, x |7
S.‘EIT. e
e>c< + R~ = >l + RS’ 1-7
Me NO Me NO
2 2
Me_ X T* M
N ..
C —— C-NO, + X~ 1-8
Mg No, | Mg~ 2
MK- S.EiTo M
/C-Nﬂzi + RS ™—mm e\C=N0"' + RS 1~9
" 2 El
Mé Mg~ :

The above mechanism and others will be discussed further in the succeeding -

sections.

PART II1

Reactions proceeding by single electron transfer (S5.E.T.) and radical-

anion intermediates

Single electron transfer (S.E.T.) is the exchange of an electron
between two chemical species. No bonds are broken in the process,and no

net chemical change takes place except a change in oxidation state

(egn. 1-10).

- 12 -



2l g2 = Azl-ﬂl . g2t - 1-10
vhere zy = charge on the oxidizing form of species A
z2.= charge on the reducing form of species B
Electron transfer can be regarded as an act of umpolung (egn. 1-11)
R-E + R-Nu === R-E* + R-Nu™
nucleophile electrophile electrophile nucleophile 1-.11

The reactions of radical anions, and reactions which involve
transient radical anion formation are established as an important pért
of organic chemistry.37—46 A radical-ion is a molecule which in
addition to having one or more unpaired electrons has a net negative
charge (radical anion) or net positive charge (rédical cation)

| (egns, 1-12, 1-13).
M4'eg —a= M radical anion : 1-12

M-@& -—a M radical cation 1-13

Radical-anions can be subeclassified according to the orbitals in which
the unpaired electron(s) residé. These orbitals may beo, 1, or
"o typs" and bonding, antibonding, or nonbonding. By far the largeét
and.must common type of radical anion are the I~type. The electronic
configuration of these radical anions is best exemplified by the
molecuiar orbital (MO) diagram for'benzeneaob(QE).

(93)

- b4

_P— - ?4_; 6——‘Fs . |
R

- )

(9a) (9) ~ (9b)

- 13 -



Addition of an electron to benzené wiil give the benzene radical-
anion (9a) in which the additional unpaired electron goes into the
lovest unoccupied M0, vhich is I in this case. Similarly, removal
of an electron leaves the benzene radical-cation (9b) haviné an
unpaired electron in its highest previously fully occupied MO, which
in this case is a [I-bonding orbital.

The first radical-anion was probably obserued46b as early as
1836, when potassium hydroxide solution was added to benzil producing

a deep blue colour which is now attributed to the formation of (10)

Q-0 O=HD
0-

Further 4éc vork showed that the reaction was given by many a-diketones.

o0

More recently it has Been amply demonstrated that radical-anions may
be generated in many compounds containingEH-bongg? notably in ketones,
azo and nitrocompounds, simple and conjugated olefins, and aromatic
compounds; In general the longer the [I-system, the easier is the
formation of the radical-anion, due to the resonance stabilisation
obtained. -

Radical-anions are generally not very stable, although in exceptional
cases, e;g. the naphthalene radical-anion, they méy be isolated and stored.

Atmospheric oxygen readily destroys radical-anions by removing an electron
(eqn. 1-14).

R™ 40, —=R+0) | 1-14

The importance of single electron transfer (S.E.T.) and radical-
anions as intermediates in synthetic processes has received a lot of
consideration in the literatureaa_aG. The reactions of metal hydrides,

for instence, with organic substrates such as ketones, unsaturated

hydrocarbons and alkyl halides have been considered to proceed via a

palar mechanism.47

- 14 -



Recently, Ashby and l',‘uwcarkrarsa8 and several other resc—:archersa9

demonstrated that metal hydrides do indeed react with aromatic

substrates via a single electron transfer mechanismaeb

, scheme (1-4) .
| Scheme 1-4

L] * 4'S.E. -
¢ phgedr +th S EeIs fnocer] s ] > Tenge + Bems mon]

solvent cage

| - - . HO
[PhC'+ B+ M-H'] — e MBr + Ph,CH Mo PhCMY T2 PhyCH - 1-15

3 3
PhBCH

Likewise a S.E.T. mechanism has been proposed for certain reactions
using grignard reagents. A more detailed look at this reaction will
serve as a good example of comparing polar and S.E.T. mechanism for

the same reaction (Scheme 1-5).

Scheme 1-5

| Polar §%s
RMgBr + Ph2C=U - thgz\.?6+
‘S.E.T. & HMgBr
: : ¥ '
[Pht-oMgBr + R} —e=  ph_C-oMgBr
| 2

L |

R R-R R

PhCOMGBr ==  PhC-CPh

2| | 2 1.16
BrMg0 OMgBr
Ashby and crcaworkers45 arguments for the suggested mechanisms for
the reaction shown in Scheme (1—5)‘are that the 1,2-addition product
can be formed by either a polarlor a 5.E.T. mechanistic pathway. If the
1,2-addition product is actually formed via a S.E.T. pathway, then
evidence might be obtained for the intermediacy of the free radical

and - radical-anion,

- 15 -



Ashby et a.!‘l'5

have obtained evidence for the S.E.T. mechanism by
severél'metﬁods. Initially, to test for the intermediacy of the

ketyl and the radical, they used a cis-enone which has the ability to
isomerize to the corresponding trans-enone if it is reduced to a ketyl.
If the cis-enone is reduced to the ketyl, it will rapidly isomerize to

the trans-ketyl which on coupling with alkyl radical will produce the

trans-1,2-addition product.
E:-- ><s;::::::/:1><
"——--')S:i)4¢’§;1></

1,2-addition product

Scheme l-6

Scheme 1-6 demonstrates that the predominant route for the reaction
(even with a ketone that is less easily reduced than benzophenone) was
an electron transfer producing a ketyl és an intermediate.

Another means of obtaining evidence for S.E.T.is the tqapp}ngﬁof
the ketyl and thus inhibiting the formation of 1,2-addition product.
p-Dinitrobenzene, which is a strong electron acceptor will eapture an
electron from the radical-anion, résulting from the mixture of the
Grignard reagent and the ketone, The results showed that the Grignard
reagent had reacted with the ketone at the same rate in the presence or the
absence of p-dinitrobenzene, but that pinacol formation was completely

inhibited. (egn. 1-18, 1-19)

RMg.X+ Ph,C=0  S.E L. Ph COMgX + R 1-18
N[]2 2 : .
Ph, Coftgx- + —a= Ph, =0 + g 1-19
L N[]2 .
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Further evidence for the ketyl intermediate was obtained by use
of ketyl cross-over eXperiments.50 The cross-over experiment was based
on the premise that if a ketyl and a free radical are generated during
the reaction,the addition of another ketyl of appropriate reduction
potential will cause the formation of anotﬁer 1,2-addition product
corresponding to the added ketyl in addition to the expected product

(egn. 1-20).
Rl

- 108
k = 10" 4

2Mg.'x ——R.IZE—OMgSE + ﬁz' —_— R2 c-OMgx

zc:g + R

‘ 52 |
JP RZC—UMgX

> C~OMgX - =20
P

From these pieces of evidence Ashby et al have drawn a general picture-+

R

to represent the transition state (11) involving alkyl group transfer

in the reaction of grignard reagents with aromatic ketones. In this
transition state, electron transfer has already faken place in the prior
step so  that pértial radicgl Qharacter exists at the alkyl group of |
the grighard, the cérbonyl carbon, and the 2-and 4-positionsg of thé'._
phenyl group. Escape of the radical-anion and the free radical from

the solvent cage result in abstraction of hydrogen by the free radiéal
from solvent and dimerization of the radical-anion to form the magnesium

salt of the pinacol (their proposed mechanism is.shown Scheme 1-7).

Scheme 1-7

‘ - §, 678
RMGX + Ph,C=0 Fagt thc=&_ slov ph,C-0-tg"=X
' . '\MS"'_ . o AG' ‘1_21 :
7 |
R
8. Phai
OV §~ + s
Ny~ C——20 H 1,2-, 1,4-, 1,6~ addition
Bk ' S+ —Y  product 1-22
& ~ & Mg.....X .
RG. 1 . H, pinacol + RH
- escape from solvent cage
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They have also presented evidence for the reduction of various
metal hydrides with polynuclear hydrocarbons via a S.E.7. mechanism
as indicated by e.s.r; spectroscopy and visible spectroscopy of the

intermediate radical-anions.

Nuciéophilic substitution in aromatic systems proceeding by S.E.T.

and intermediate radical-snions : SRPl mechanism
v

One of the most important developments involving S.E.T. and

intermediate radical-anions has been the elucidation of the_SR 1

51,52

N
mechanism. Bunnett suggested the terminology SRNl (substitution
radical~nucleophilic first order) to describe the reactions which have been
shown to proceed via intermediate radical anions and radicals rather

than Meisenheimer complexes. These reactions are carried-out in liquid
ammonia or dipolar aprotic solvents and are dramatically stimulated

by solvated electrons, light, or heat. A simple ionic substitution
mechanism via addition and eiimiggt%gn stgps hardlyAgccuunts for this

stimulation and the following mechanism has been proposed (Scheme 1-5)l

Scheme 1-8 .
ArX + electron donor —pm= [Arf-x]f + regidue - 1-23
[acx I - AN X7 1-24
Ar®  + Y — [ﬁ!urY]A 1-25
[ Arv]® + AX — [ ACX]® + ArY 1-26
‘e.g. X = C1, Br, I, SPh, F, 0Ph, SePh.
e:g:.Y =‘NH2, RS , P03R2

Initiation of the chain reaction is effected by electron transfer from
a suitable donor to the substrate (eqn. 1-23). The resulting radical-
anion expels the nucleofugic group with a pair of electrons to form an

eryl radical (egn. 1-24). Formation of the new carbon-nucleophile bond
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is accompanied by attack of the nucleophile on thearyl radical to

form a nev radical-anion {egn. 1-25), vhich then transfers an electron

to the neutral starting material thereby completing the chain reaction

{(egn. 1-26). This affords the observed substitution product A<Y

and another éubstfate radical-anion, which can re-enter the propagating
cycle in egn. 1-23 .

The overall reaction is analogous to that proposed earlier by
Kornblum and Russell for reactions of nucleophiles with certain
p-nitrobenzyl halide: and 2-halo-2-nitropropanes. However, prior to
1970 this reaction mechanism was unknown in the area of nucleophilic
aromatic substitution. Bunnett and co-workers52 have now shoun a wide
range of aromatic.SRNl.reactions wvith a variety of agl substrates aﬁd
anions. |

Aromatic sﬁbstitution reactions proceeding via the SRNl mechanism
have also been reported by other workers.53 For example

54,55 56

2-chloroquinoline have been substituted

and 4-bromo-iso-quinoline
vith the enolate anion of acetone and sodium thiophenoxide respectively

(egn. 1-27, 1-28).

_ q‘ NH hu
ol o+ K+CH2=CMe CH, e 1-27

T

: SPh
X . NaOMe/MeUH
+ NaSPh

The SONI mechanism in substltutlon in benzyl compounds 1-28

The first example of S.E.T. and radical-anion intermediates in
aliphatic' substitution was discovered during an investigation of the
reaction of p-nitro-benzyl halides with the sodium salt of

57,59

2-nitropropane (Scheme 1-9),
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Scheme 1-9

"N no, - Nt
R?./ 2 R/C g

| CH, X
Rz'?'NU and/or Ffl.,./[)f\H
tH3 N0, Ry tN=_ o NO,

DZNQCHO R R,C=NOH

The salt of 2-nitropropane (12} is an ambident-anion, and its
reaction with an alkyl halide can lead to alkylation on carbon or

oxygen. The latter route is normally predominantw’61

(egn. 1-30).
In fact C-alkylation only occurs vhen p- or o-nitrobenzyl halides are
reacted with the salt. In all other cases O-alkylation occurs by an
SNZ ﬁechanism, giving the corresponding ketones or aldehyde via the
nitronic ester, When p.-nitrobenzyl chloride was reacted with the
sodium salt of 2-nitropropane an 83-95% yield of the C-alkylated
product was obtaiped (egn. 1-31).

Me

| | |
ON CH.C1 + Me,CNOZ = ON CHy-C-Me, 1-31
2 2 2tN0, o

2

o-Nitrobenzyl chloride gave a 46% yield of the carbon alkylate in the
same reaction, but m-nitrobenzyl chloride reacted to give D;alkylation.
It was also found that the ratio of C-to 0-alkylation occuring in the
reaction of the salt of 2-nitropropane with a series of a-substituted
p-nitrobenzyls depended on the naturé of the a-substituent. The poorer

the leaving group the more C-alkylate was formed.
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The rate of reaction when carbon-alkylation predominated was at
least 100 times that when oxygen-alkylation predominated. In view of
these results it was suggested that 0-alkylation proceeded via an
SNZ mechanism but since the rate of C-alkylation was largely unaffected
by the nature of the leaviné group a direct ionic displacement was
unlikely for this type of reaction. Consequently, an alternative
mechanism (éRNl) was assigned.

More support for a chain mechanism (SRNl) was provided by studies

of the reaction of the a-substituted p-nitrocumyl system (13) with

anions.62 Te
0 N@-q Me
2 X

Since in this system su%giatution must occur at a tertiary carbon
center, SNZ type attack is not possible. Kornblum and co—worké?gtﬁgve
studied the system intensively, and found that p.-nitrocumyl chloride
reacted relatively rapidly with a variety of nucleophiles at room

temperatufe in dipolar aprotic solvents to give high yields of the

substituted products {Scheme 1-10).

Scheme 1-10
T‘fe i‘l’!e
Me-C-—C-Me ﬁe
,{;02 Me- C-CH(COOR),
Te
Me, C=NO_ -
NO 2 2 Me-C-C1 CH(COOR)
2 \ -~ 2 NUZ
Ee
Me~L-S0,Ph - Me
2" Py
‘ aCN
cno, Y megon
NaND2

=
(%)
(o]
M
=
|
B e T d
o vt
—_
(0]
pra
o
N
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The mechanism of p-nitrocumyl compounds with anions has been‘
studied extensively; The reactions are inhibited by molecular
oxygen;sa Oxygen scévenges tﬁe intermediate, presumably, the
p-nitrocumyl rédical (14), giving the peroxy radical. The latter is
converted to the hydroperoxide by hydrogen abstraction from the salvent

and Finélly to the corresponding alcohol (eqn. 1-32).

Me Me Me Me
Me-b» Me-C-0-0° Me-L~-0-0H Me-C —OH
0,
NO.
NO, NO,, ND, ,

(14)

Also, very small amounts of oxygen inhibit the reaction of }Lnitrocumylé.
For example the reaction of ghnitrocumyl chlofide wvith sodium benzene
sulphinate is normally complete in two hours under nitrogen giving a

95% yield of the sulphone, but the presence of only 1 mol % of oxygen
causes the reaction to proceed only 1% to completion in the same peried.
These results suggest that the reactions are chain processes, with a
small amount of oxygen being able to intercept a chain carrying radical,
presﬁmébly the r-nitrocumyl radical (14).

The inhibition of the reactions of substituted p-nitrocumyl compounds
with énions by p -dinitrobenzene (@.-DNB) in low conéentration has also been
observed. The p -DNB readily accepts an electron and can participate in
electron transfer reactions with intermediates of the substitution process.

\Kornblum43 suggested that p -DNB causes the inhibition by accepting an
electron from the intermediate radical anion (15) and thﬁs intefrupting

the chain sequence (eqn. 1-33).

- r T
e e |* ND, H,C1 0,

N . 1-33




Di-(tert-butyl) nitroxide also inhibits the reactions of
p-nitrocumyl chloride with anions. The compound is a known free radical
scavenger, and the presence of 5 mol % in the reaction caused almost
total inhibition of the reaction. In the absence of di-(tert-butyl)
nitroxide the reaction was 90% complete in the same time. This result
again suggests that radicals are chain carriers in these reactions.

Attempts to detect the radical-anion of p-nitrocumyl chloride by
e.s,r, spectroscopy have Failed.36b This failure is attributed to the
rapid expulsiaonof the_chloride anion before the radical-anion can reach
a high enough concentration to give an e.s.r. signal i.e. the intermediate
radical-anions are not very stable and have a short lifetime. In vievw
of these studies, the sequence of (Scheme 1-11) was suggested as the
mechanism for the reaction of a-substitutedp -nitrocumyl cdmpounds ‘

with anions,

Scheme 1-11

Me S.E.T. Me

o, (Me + A —<i:;:>}-¢ Me + A C 134
X X

()

0, X-Me OZN—Q—ﬁ-Me + X 1-35
Me

ﬁ-f’le + AT 0N (-Me 1-36
A

Me 5.E.T. M
OZN‘Q_E-Me + (S)—- [ 5]-'- + OZNQ_%?MB 1-37

The sequence in the scheme 1-11 closely resembles that proposed by

L

Bunnett for SRNl aromatic substitution., The same mechanism was also

rationalised by Kornblum > and Russell®C for substitution in
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aliphatic o-substituted nitro-compounds.

Substitution in aliphatic systems

The participation of purely aliphatic systems in SRNl reactions has
also been observed., Reactions of the salt of 2-nitropropane with
2-halo-2-nitropropanes weredescribed as early as 193965 (egn. 1-38).

Me .C=NG..

9 5 + Me,COOND, ————--Mez(NUZ)C(NQ}MeZ 1-38

x. = C1, 8r, 1{16)

The reaction of the sodium salt of 2-nitropropane with
2-chloro-2-nitropropane, 2-bromo-2-nitropropane and 2-iodo-Z«nitropropane
in refluxing ethanol werefound to give : 29 and 43% yields,respectively,

of 2,3-dimethyl-2,3-dinitrobutane (16).

66

)
Van Tamlen and Van Zyl™™ have described the displacement of the

halogen atom of 2-halo-2-nitropropane by diethy#ethylmalonate (egn. 1-39).
- Me t
MeZC(X)NO2 + EtC(COZEt)2 EtEO Me- 0‘ Egﬂ Et
2 % 68%

reported in 1970 similar reactions

1-39

Kornblum and co-wurkersm’68

using dipolar aprotic solvents. They found that the transformations

took place rapidly under mild conditions (eqns. -40, 1-41),

89%

‘ Me Me
Me,C(Br)ND, +  C=COEt  —mm Me g-—-—¢-c0 Ft © 1-41
2 2 N2 2f0p CON
More recent inveStigation369 have confirmed and extended these
studies. Catalysis by light and inhibition by catalytic of p-DNB,
di-(tert-butyl) nitroxide, and molecular oxygen have been observed in

reactions using a variety of anions and a-substituted nitro-aliphatic

compounds. The proposed mechanism is given in Scheme 1-12.
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Scheme 1-12

R,COOND,  + A SR coono, I+ 4 142
[R,cO0ND, * — e RyENO, + X 1-43
R ENO, + A —=[R,C(AND, }* 1-44
[Ryc(aN0, I+ RLENIND, —am RC(AIND, +  [R,CONND,Y 1-45

vhere X = SO,Ph, NO,, I, Cl, Br, SRO>~>

nitronate, MeZC(CUQEt)Z.

and R = alkyl, A = 50,Ar,

2
Other a-substituted nitroaliphatics react with anions to yield a
product which is farmally the result of direct displacement of the nitro

group7l.(eqn. 1-46, 1-47).

' DMSO
Me C(CN)NO + <:>—Ng — Q—‘-‘,—Me + NO 1-46
NO CN
cao Et
02Et

These reactions are again subject to catalysis by light and to
inhibition by catalytic concentrations of a variety of radical scavengers
and strong electron acceptors. The proposed mechanism is given in

Scheme 1-13.

- T - R
R,C(XIND, + A __i [®, C(x)NOz] + A 1-48
[ch(x.)woz]‘- —= REX + NO, 1-49
R,CX + & -—O-[ch(A) X]‘ 1-50

[RCCAXT" + R,COOND,—~m[R,COOND, T+ RC(AIX  1-51

wvhere X = - COOR, -COR, - NDZ, - CN, and R.
R = alkyl
and A= Me,C=NO,, PhSO,, FEC (CO.EL),.

Schemes 1-12 and 1-13 differ only in the way in which the intermediate

radical-anion (16) dissociates (eqn 1-52).
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-
?2' 'a_’ Rl-g_NOZ + X
RI——Q-—X _ 2
Ni']2 b 1-52
i S TN
1 - -
(16) R —C-X -+ NDZ
le

They also demonstrate that nitro compounds differ in their reactivity

for undergoigg radical-anion substitution. It is therefore necessary

to enquire why some &-subétituted nitro~compounds react by less of the
a-substituent and some bylloss of nitrite, as well as why 2,2-dinitro-
propane reacts easily with loss of nitrite but not a-cyano, o-keto,

and a-ethoxycarbonyl nitro-compounds. Kornblum69 in his answer to the
above question bases his argument on the feollowing considerations:

a chain reaction involving radical-anions is most likely to be observed
vhen minimal energy is needed for the formation of the intermediate

" radical-anions. It is known that one electron reduction of a nitro

group is brought about relatively easily69 i.e, nitro radical-anions

are comparatively easy to produce, because they are relatively stable.

It is therefore not surprising that the chain sequences of eqns.” (1-42)-
{1-44), which only invoke nitro radical-anion formation, are feasible
processes. With, for examplg, a-nitro esters, the reaction with a
nucleophile would involve the sequence of egns. (1-48)-(1-51).

Preliminary studies69 revealed that there is little or no reaction vith
a-nitro esters. Kornblum's suggestion is that the radical-anion
([RZC(COZEt)AT) is of rélatively high energy and, therefore, the chéin
process is rendered essentially inoperative. This theory is supported

by ready reaction of these compounds with a nitro anion as the nucleophile
i.e. a‘nitro group to stab;lise the radical-anicn [MeZC(COZEt)C(NOZ)MeZ]L .

In summary, when a radical and an anion combine two possibilities for
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.localization of the odd electron exist eqns. (1-53 and 1=54).

R + AT —e= R - A" , 1-53
and/or
R + AT —a= *R-A 1-54

This means that . .localization into the nitro-alkyl or nitro-
phenyl moiety (eqn. 1-54) is most important i.e. the radical—aniqns
shown in eqn. (1-44) correspond to that of eqn. (1-54); on the
other hand, in reaction of a-nitro esters with nitro-paraffin salts
the radical-anion shown in (eqn. 1-50) corresponds to that of egn. (1-53).
Finaliy, in 1978 the replacement of a nitro group by hydrogen,
was reported72. This reaction takes place at room temperature when

the nitro compound'is treated wvith the sodiﬁm salt of methyl mercaptan,

eqn. (1-55)-(1-56).

Me DHSO Me no
—C-CN + CH,87 % Cr 2 1
Ogjﬂe . 3 hv i ~Me >3

91%

' Mq _ Me
NO, + CH.S M0 e 1-56
DzEt\Me hy CO,Et Me ~

These transformation exhibit the characteristics of electron transfer

chain substitution reactions. The mechanism72’73 is illustrated in

Scheme (1-14).

Scheme 1-14
I - So .T’. 2 3

RyC-ND,  + CHyS RN R,C-NO; + CH,S 1-57
R C-NO* e RyC 4 ND, 1-58

. _ —— - - -
RyC + HyC-S™ RyC-H + HL-S 1-59

. S.E.T

CH ( - . L[] L] - X -
[CHosT™ + RyeNo, " Hyess + [Ry0N0, ] 1-60
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Other reactions of nucleophiles with a-substituted nitro-compounds

will be further elaborated, where relevant, in the discussion section.

PART IV

The reaction of thiolate anions with a-substituted nitro-compounds

The antimicrobial mode of action of a-substituted nitro-compounds
implicates their reactiviﬁy with thiolate anions (Part I). The reaction
of thiolate anions with aliphatic a-substituted nitro-compounds is
therefore of some importance but has, in general, been poorly investigated.

Zeldrin and Shechter7a have reported that the reaction of n-butane
thiolate with 1,1,1,-trihitroethane in hot ethanol leads to the formation
of the corresponding disulphide (71%) and the anion of 1,l-dinitroethane
(42%) eqn. (1-61).

MeC(NO,)y + BuS™ —m= BuSSBu + MeE(ND,), 1-61

The authors suggested an ionic mechanism for the reaction, {Scheme 1-15)

Scheme 1-15
+ - : - +
MeC(N02)3 * KBuS — - MeC(NOz)ZK + BuSN(I2 1-62
BUSNOD,, + KBuS™ —a=  BuSSBu + KN, 1-63

36b

Russell and Danen of fered an alternative mechanism, which invokes the

intermediacy of the 1,1,],-trinitroethane radical-anion, {Scheme 1-16).

Scheme 1-16
g - SE T o * '

CH;C(ND, )5 + BuS 250 s + [CH3C(N02)3] 1-64
[cHyeno,),4] —= CH5T(ND,), +°NO, 1-65a

or
= CHiE(ND,), + NOj 1-65b
CHBC(NUZ)Z + BuS—*l",CHBC(?\!EIZ)2 + BuS 1-66
2 BuS —= B,SSBu T 1-67
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Sokolovsky et al7? reported that the oxidation of protein thiol
and peptides such as glutathione (17) with tetranitromethane (18)
resulted primarily in disﬁlphide formation Scheme (1-17), or to an
acidic derivative (RSOZHL

Scheme 1-17

T + -

RSH + C(N02)4 —— RSNO2 + C(N02)3 + H 1-68
(17) (18) .
RSH + RSNO2 —-—m= RSSR + NDE + H+ 1-69
For glutathione R = -CHZ-?H-g-NHCHZCOUH

N=H

Lo

| Wy

CHZ-CHZ-CH-CUOH

The acidic derivative was identified as a sulphinic acid by chromategraphic

and electrophoresis. analysis, and by its conversion into a sulphonic acid

on oxidation with iodine {(Scheme 1-18);

Scheme 1-18
RSN02 + HZU —-- RSOH + NGE + H¥ 1-70
RSOH + %02 — RSOZH 1-71

Substitution of d-substituents in aliphatic nitro-compounds by

thiolates has been shoun by Kornblum et a16%-64 They demonstrated
that the reactions of phenyl thiclate with o, p-dinitrocumene and
p-nitrocumyi chloride gave the substitution product in high yield uﬁder

mild conditions by an Sg, 1 mechanism (egn. 1-72).

Me | Me

I l

1-72
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' . . . 76
Likewise, the reaction of p-chlorophenylthiclate with a-nitrosulphones

: . . 43
and the reaction of methane thiolate with 2-(p-cyanophenyl)-2-nitropropane

(Scheme 1-19) gave the corresponding substituted products by an SRNl

mechanism.
Scheme 1-19
Mezfi-SOZPh + C]_‘Q-S‘D—Miﬂ— C@—S—-F-—Me + PhSO; 1-73
NO2 :
Me
/He
NG %~Me + MeS~ ~Me + NO 1-74
Me '
Nl]2
The SRNl'mechanism has also been shown to operate in the reactions
" of a range of a-substituted nitro-compoﬁnds with a variety of thiolates77.
33-35

Recently, Bowman and Richardson studied the reactions of
aliphatic a-substituted nitro compuunds with various thiolates. They
found that thiolates derived from the more acidic thiols reacted to
give a-nitrosulphides by an SRNl mechénism, but that thiolates derived

from the less acidic thiols (more nucleophilic thiolates) were oxidised

to disulphides (T.able 1-3 and Scheme 1-20).

Scheme 1-20
-
Me COOND, + ' e |
e L(XIND,  + — V_QS—E-Me+Y 5| 1-75
0
0, 2
Y
where X = Br, Cl, I, NO,, SO,Ph,
Y = H, CHs,Cl, NO,.
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Table 1-3

MBZC(X,)NIZ + RS —_— NEZC(SR)N{]2 + RSSR 1-.75-
% yield

R X:;,reaction conditions a-nitrosulphide disulphide
2-8enzothiazolyl Br (DMF, 2h) 89 -
4Nitrophenyl Br (DMF, 2h) 83 -
2-N.itrophenyl I (30 min); C1(5h); NO,(24h) 0; 34; 55 98; 14; 9
4-Ch lorophenyl I; Br(2h); Cl; SUzPh N02(18h) 0; 0; 35; 59; €9 75; 70; 32, 0; -
Phenyl Br (MeOH, 5 min); (DMF 2h) Cl; ND2 - 96; 87

(16h); SO,Ph - 52; 92; 48

Benzyl Br; C1; NUZ; SOzPh - B0; 86; B7; 58




The substitution reactions of thiolates with various substrates

43,69 34’35’?‘S)hewebena'n shown to

(aromatic77, benzylic , and éliphatic
_proceed by an Sp, 1 mechanism (Scheme 1-21).

Scheme 1-21

- So .Tn - = -
R,CXND, + RS 75- [R,COND,]™ + RS 1-76
. ) .
[R,CONOND, | —a=  R,CNO, + X 77
R,END, + RS™ —==  [R,C(SRINO, ] | 1-78

| S.E.T. .
[R,C(SRIND,]"  + R,CORND,—mm R,C(SRING, +  [R,COONG,] 1-79

Russellx’37

has proposed a non-chain radical oxidative dimerisation .
mechanism for the oxidation of thiolates by trinitroethane (Scheme 1-16).
This mechanism could be extended to cover the oxidation of thiolates

by 2- substituted-2-nitropropanes {Scheme 1-22).

Scheme 1-22
e SERTer. o . _
Me,C(XINO, + RS Z=b="[Me,COOND " + RS 1-80
[MezC(X)ND'Z]‘ © —a= M CND, + X7 | 1-81
Me,CNO, + RS —=  Me,CNO; + RS 1-82

2RS —== RSSR : ‘ 1-83
‘Thus, the difference in reactivify of different thiolates could be
explained by Schemes 1-21 and 1-22, i.e. the intermediate nitropropyl
radical either adds to th;olate (Scheme 1-22) to yield a-nitrosulphide or
undergoes electron transfer (Scheme 1-22) with thioléte to yield

thicls
disulphide. Thiolates of the less acidic,are more easily oxidised and

electron transfer (egn. 1-82) could therefore predominate giving
disulphide and the thiolates from the less nucleophilic thiolate could
undergo additioq giving'u-nitroéulphides. Howeve;, Bowman and t’-%ichardsc.n”"35
attempfed fo trap possible thiyl radical intermediates during the oxidation

of phenyl thioclate with 2-bromo-2-nitropropane using norbofnadiene, but

vere qnsuccessful. Diphenyl disulphide was the only isolatable product
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and no trace of norbornadiene-thicether édducts could be detected. They
also provided other evidence against a radicéi mechanism for
the redox-reaction. Their argument was that, if the competition is as
shown in Scheme 1-21 and 1-22, then the product obtained should be
independent of the nature of the a-substituent, since.both processes

have a common intermediate, the Zénitropropyl radical. Theiy results
demonstrated that for thiolates of intermediate reactivity e.qg.
4-chlorophenyl and 2-pitrophenyl thiolate the nature of the a-substituent
does determine the route of reaction; i;e. the reaction between the
thiolate and the a-substituted nitropropane is the point of divergence
betveen the paths to form either a-nitrosulphide or disulphide, not the
reaction with the 2-nitropropy1‘radicél. e

Furthermore, sulphenyl halides are well known reactive species which

react rapidly with thiolates to form disulphide; In order to trap the
sulphenyl intermediate they reacted triphenylmethyl thiolate with
2-chloro-2-nitropropane in methanol (eqn; 1—84); The sterically hindered
triphenylmethyl-sulphenyl chloride {19) was isolated and no disulphide
detected. The disulphide should have been formed if thiyl radicals wvere
intermediates. The equivalent reaction with

Ph3CS'+ MeZC(Cl)NBZ — Ph,CSC1 + Me,CNO.,

3 2772
(19)

1-84

2-bromo-2-nitropropane was'also attempted, but gave unreliable results

due to the instability of the intermediate sulphenyl bromide. In light

of these pieces of evidence Bowman énd Richardson33_35 suggested that

the oxidation is best explained by an ionic mechanism involﬁing

| nucleophilic attack by the thiolate anion on the a-substituent (Scheme 1-23

and eqn. 1-85) and subsequent reaction of a second thiolate molecule

with the sulphenyl intermediate (eqn; 1-86). Thus the distribution

- 33 4



Scheme 1-23 _ |
RS X(EMe NO R-5-X + Me,CNOT 1-85
272 —e T 2772
RS  + RSX —= RSSR + X~ 1-86
of product depends on competition between a SNZ mechanism and the
SRNl one. This proposal is able to account for their results shown
. in Yable 1-3; the more nucleophilic the thiolate and the easier the

abstraction of the 2-substituent (I>Br>Ci>NO >502Ph), the more

2

disulphide formation is favoured, and vice versa. Finally, tgez obtained

evidence for the competition between the SRNI (Scheme 1- Zlghzsgheme 1-23)

routes by trapping the radical and radical-anions involved in the

SRNl mechanism, e.g. they carried out the reaction of 2—nitropheny1thioiate

with 2-bromo-2-nitropropane under 02, in the presence of p-DNB, or with

the exclusion of light and showed that the yield of disulphide was

substantially increased at the éxpense of the a-nitrosulphide. These

pieces of evidence support the Bowman and Richardson mechanism and show

that the non-chain exidative dimerisation via intermediate radical and.
36,37

radical-anions proposed by Russell” ’”" was unlikely., Summary of the

mechanisms proposed by Bowman and Richardson is shown in Scheme 1-24.

Scheme 1-24

Me,COOND, + HS™ Sant Me,C(SRINO, + X~ 1-87
- 5,2

Me,C(XND, + RS™ A RaS-X + Me,CND, 1-89

R-S-X + RS~ N Rs_5-R + X" 1-90

Me,TND, + Me,C(XIND, ENam RN, Me,C(NO, )TN, )Me, 1-91

Their conclusion vas that certain thiolates undergo oxidative dimerisation
with a-substituted nitro. compounds by an ionic mechanism via a reactive
sulphenyl intermediate (R-S-X) to yield'disuiphide; They have suggested
that these reactions are dependent on the nature of the a-substituent

and the nucleophilicity of the thiolate.
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. X=Philic reactions

In SNZ nucleophilic substitution the attacking reagent (the
nucleophile) brings an electron pair to the carbon.atom of the substrate,
~using this electron pair toc form the new bond, and the leaving group

{nucleofuge) comes away with an electron pair (eqn. 1-92)

Y_('\ __(_\)r(

— R—Y + X~ 1-92
Receﬁtly, a nev type of nucleophilic substitution called "X.-philic"
has been subjected tao intensive review in literature78. In simple
terms X-philic reactions are SNZ nucleophilic substitutions at (X) with

the carbon atom playing the role of the leaving group (eqn. 1-93).

A D

e.g. R3C—-‘--X + Y= —emY—X + R3C— 1-93

X-philic feactions occur with the release of a carbanion. Certain
structural features févour this incipient carbanion and will facilitate
the x -philic reactions; Accordingly, a general tendency toward reactions
of X-philic type must increase in the series Csp3<CSp2<CSp. A typical
example is the reaction of halo acetylenes with nucleophiles79’80
(Scheme 1-25).

Scheme 1-25

: - - H,0 -
R-C= C-X L [R-C=C"] # X-Y ~2am R-CSCH 1-94
where R = Ar, Het.
Y = 0Alk, SR, NH,, PhsC.
Ayl halides are a second class that may be involved in reactions with
attack by nucleophile on halogenal’sz. For example, the reaction of

dihalobenzene with diethylphosphonate eqn. 1-95,
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| (EtD),PO” ~ -POstt,

Hal 1.95

In light of the previous examples, the net result of an X-philic
reaction is the transfer of a "positive" (X) moiety from a carhon atom
of the substrate to the nucleophile with the formation &f & carbanion.
These reactions can be very useful from a synthetic point of view, e.q.

"X-ation" (halogenation, cyanation)83 of the nucleophilic moiety and the

~generation of a carbanion (eqn; 1-96)-

1. PhaCli 1-9¢
2. BrCH, CH Br ‘
The X-ph111c attack by thlolate (eqn. 1- 85) anion on the a-substituent
an
of a-substituted nitro-compounds - ~is a good example of, X-philic

reaction: .

The assignment of the x-philic mechanism is dependent on the
structures of the initial andAfinél compounds; For examples, the y-philic
route has been supported by the isolation of the product due to the
transfer of a "positive" halogen moiety, e.q. bromonitrile84 (egn. 1-97).

(CFg),CHBr + N~ —~ BICN + (L F.),CH’ 1-97

In most reports the real mechanism is not well understood,
Alternatively single electron transfer (S.E.T.) which is discussed in

(Part IV) can be considered,j.e;

~. X-philie
oL+ Y - ‘E‘C-”‘-Y
\\:.E.T. //‘y
N oo e
Cleewt ] 7
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2.1

Interest in the chemistry of a-substituted nitro-alkanes is due to
their biologicél éctivity and chemicél reactivity, which has béen discussed
in the introduction.

The objectives of the project were:
a) To syntheéize Z—SQBstitﬁted-Z—nitropropane derivatives with potential
antimicrpbiél écti&ity; The synthesis of the following representative

compounds vas plénned;

Me X with X = C1, Br, I, COMe,  CO.Et,
\ C/
7N
Me NO {
2 NO,, CN, P(OEt),, SN,
F-N0,, CH,, SO,~Ph, SO,Me,
Sfth.

b) To determine the antimicrobial activity of the prepared compounds
(Minimum Inhibition Concentrétion, M.I.C.), and thereby to determine the
structure-éctiﬁity relétionship (S.A.R.} of the a-substituent.

c) To investigéte the chemistry of the previously unstudied compounds

sﬁch és:
/,X
MeZC\‘ND vhere X = SECN, N3, PO3Et2
2 :

d) To study the reaction of 2-substituted-Z-nitropropanes with thioclate
“anions as an in vitro guide to theif mode of action and potential anti-
microbial activity, |

e) To investigate the use of €.S.T. épectroscopy to predict the behaviour
of radical-anions of MeZC(X)NO2 in solution reactions at room temperature

as a guide to their antimicrobial activity.
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2.2 Synthesis of 2-substituted-Z-nitropropanes

'2.2.1 Preparation of 2-substituted-2-nitropropanes by electrqphilic

attack on nitro-anions

Nitro-anions are ambident anions and can react with electrophiles
via carbon or oxygen. Oxygen alkylation is favoured in reactions with
alkyl and acyl halides and is therefore of little value in the preparation

of 2—substituted-Z-nitropropane343'61’85;

C-alkylation, however, is
favoured with many electrophiles and can be successfully used in the

preparation of a number of these compounds (egn. 2-98).

NO
R cj#tmﬁ" R c” 2 2-98
: 2 NE o
. . .. 85,86
One partlcularly useful synthetic method is the Henry reaction .

Henry discovered the aldol-type, élkéli-catalyzed, addition of nitromethane
and homologoué primary nitroalkanes to aliphatic aldehydes. The reaction
vas later extended tﬁ include secnndéry nitroalkanes and many substituted
nitroalkane derivétives; In its most generél fdrm, the Henry reaction is
illustrated by eqn. 2-99 .

RYcHO + RZCHZNOZ base 1

It requires the presence of arhydrogen atom on the carbon that carries

CHDHCH(R )NO (2-99)

the nitro group, i.e. the primary and secondary nitroalkanes, while
tertiary'nitroalkanes do not react85. A good example of the Henry reaction
is the synthesis of bronopol(3) (2-bromo-2-nitropropane-1,3-dio1)5? See
Scheme (2-26). o |
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Scheme 2.26

) e EH.G CH.NO CH_<NO -
CHSNO, + RadMe —m= CH, =G, + MeOH — | 272 — [
cazo‘ CH,O0H
CH,0
CH,,0H CH 0"
HOCH, br l l
A Ly B NO3 . [CHNO,
HOCH, .~ N0, | — |
CH.OH CH.,0H
(3)

a) Preparation of 2-bromo, 2-chloro, and 2-iodo-2-nitropropane (20),

(21), and (22)

The 2-halo-2-nitropropanes were prepared by the method of Seigle and

65

Hass The method is stréightforward and worked well. The mechanism is

outlined in Scheme 2-27;

Me J:;'
Me.Chnp,  NaOH e

ol 2 - /TN\G__.-. l"IezC()()N[]2 + X

v x- '
Scheme 2-27 L}f (20) X = Br, B84%
(21) =rcC1, 52%
(22) =1, 71%

b) - Synthesis of d, p-dinitrocumene (24)

The synthesis of &,E?-dinitrocumene has been reported by Kornblum

and co-vorkers = (eqns. 2-100 and 2-101).

2 274
HNO 2 NaNOz 2-100
-
HRF4’0 \ f‘u(I) 510
NO
2 N02 2

p-CNB (23)
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K ﬁe 7

N, 2 NO,,

o DMF l c"
+  Me.C=Y —
2 \o

YaNe

1 -
NO, | o0 oo

Me ‘ z2-101

\ .
Me —/C NU 2

NOZ 75%

o, p-dinitrocumene {(24)
The first step was the preparétion of'p-dinitrobenzene89 (23) via diazotization
and replacement of the nitrogen of the diazonium salt by nitrite in 51%
yield. .The dinitrobenzene reédily undervent aromatic nucléophilic
substitution (SNAr) of the nitro group at room tempefature in OMSD to
afford a, p-dinitrocdmene (24) in 75% yield; The diéplacement of the ﬁitro
group occurred reédily due to the use of the dipolar aprotic solvent (DMSO),

“e) Prepération of 2-(g:nitrophenylézo)-2—nitropropane90(25)

Electrophilie éttéck céﬁ élso be demonstrated with aromatic compounds
such as in the reaction of p-nitrophenyldiézonium chloride with the anion
of 2-nitr0propéne to give 2-{p-nitrophenylazo )-2-nitropropane (25) in
25% yield. The mechanism in Scheme 2-28 is proposed.

Scheme 2-28

0
_ n T ., e
O,N N=N +  Me,C=N O.N —NzN-C-Me
2 27 N - 2 i
0 \ N,

(25} 25%

d) Preparation of 2-nitro—2-nitrosopropéne (26)

Another example of electrophilic attack vas the preparation.of

2-nitro-2hnitrOSOpropanegl (eqn; 2-102).
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O %
_ He—exf* Me
0 Me NO Me_ N/
Me,,C K- —= el = > c.
Me NO te” "N, NG; Me
Fr
NO (26) 2-102

2«nitro-2—nitrosopropéne wés not considered for testing due to its
instability énd the strong potentiél carcinogenicity of nitroso groups.
The compound, however, vas prepéred as an intermediate for the attempted
preparation of 2-ézido-2-nitropropéne (2&9;

e) Preparétion of d-nitrosﬁlphides

The preparétion of the a-nitrosﬁlphides has been reportedBa. The
anion of 2-nitropropane reacts with symmetricél disulphides in DMF to

yield a-nitrosﬁlphides; The SNZ mechanism proposed is shown in Scheme

2-29.
- | Me
Mezc;ﬁ(o o x@s-s@x ,__,_x@—s_q:—rae
0 ND2
+ 5™
X = No, (27), 83%
X =Cl (28), 76%
Scheme 2-29 . X

We have repeéted the reéction shown in Scheme 2-29 and obtained (27)
in 83% and (28) in 76% yield; The reaction proceeds only if the
disulphide has strong electron Withdrawing substituents.

f) Attempted_prepération of 3-methyl-3-nitro-butan-2-one(30)

The C-écylétion of nitromethane with acylimidazoles to obtain
a-nitro-ketones in good yield hés been reportedgz. An attempt to prepare
the target o-nitro-ketone via C-acylétion of the anion of 2-nitropropane

was unsuccessful (Scheme 2-20).

- 41 -



0 - -
Me ]
R Me-C ——N — \ ! —_—
Me’/C_NUZ + ~\5‘:,:;=N = Ae_ﬁg-—g_ N =N
dh (29)

Me 0 _/7 o\
Scheme 2-30 \C/éME + N““x:Z:;;N

g D,

‘ (30)
The first stage will take place to form the intermediate (29) which

is most likely to be stericélly hindered énd therefore thermodynamically
unstable forecing the equilibriﬁm over to the left (i.e. starting material).
This sdggestion is sﬁpported by the steric limitations of the well-knoun

Henry85 reaction (eqn; 2~103); In order for the reaction to proceed it

must have at least two of the Rl, Rz, RB,'dr R4 groups 8s hydrbgen.
Rl R2_ ; RY R’
NG+ Jrs0 = REE (07 1-103
R R N0, Ré

This evidence is in agreement with our observation and therefore we
conclude that C-acylation can occur using acetyl imidazoles and nitromethane,
or. possibly primary nitrcaikanes, but that szecondary nitroalkanes do not

react.

- 2.2.2 Synthesis of 2-substituted-2-nitropropanes by nucleophilic

substitution of halide by nitrite

3*Methy1-3—nitrobutmT-Z-one93(33) and ethyl 2-methyl-2-nitrdpropionate93
(34) vere prepared from the corresponding a-bromo compounds. The bromination
of the ketone is a simple process with a well understood mechanism and was
carried out in good yield (51%). The bromination proceeds via an acid

catalysed reaction, in this case hydrogen bromide formed in the reaction

- 42 -



itself was the catalyst (eqn; 2-104). The a-bromoester was prepared by

BrLBréH*
B
CHy ‘g:§ﬁ3 ch, oy CH3 g CHy 2-104
HIE: (31)

reaction (Scheme 2-31). The second stage in the synthesis of

PBr, , EtOH D
MeZCHCDOH —- MeZC C-Br —b Mezli-COEt
Br Br
(30

Scheme 2-31

a-nitroketones and a-nitroesters, i.e.the substitution of bromide by
" nitrite,has been reported93 to proceed by an SNZ type mechanism (eqns.

2-105 and 2—106); However, SNZ substitution on a tertiary carbon center

NO,,

M
Me,C(COCHL)BT  —spe—= Me,C(COCH N, 2-105
(33) 85%
NO;
Me,C(CO,Et)Br ~—=  Me,C(COELINO, 2-106
(34) 53%

is unlikely because of steric hindréngs; Russell and R039 have reported
the reactions of nﬁcleophiles vith a—héloketones (egn. 2-107). They found
that sterically hindered a-héloisobutyrophenones only reacted with the

0 fe \\ N Me Me
Y —0X 4 Me CaNO, S S Y S
| (X + HeC=ND y— c 5 N, tog

+ Mf‘la }1I\'|.:.

- ‘ 0 re C-——C
Y = N0, CN Y t-C-on
X = Cl _

fe
salt of 2-nitropropane when the p-substituent was either nitro or eyano.

Competition between i9nic and free-radical (SRNl) substitution lead to
different products (eqn; 2-107). However, since tHe free-radical process
wvas not observed in the reaction of nucleophiles with the unsubstituted
a-chloroisobutyrophenone, they concluded that substitution on a-haloketones

by an electron transfer mechanism (SRNl) is limited even when S, 2

N
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substitution is sterically hindered. However, no inhibition studies
have been reported for these reactions (egns. 2-105 and 2-106) and therefore
they could possibly proceed by an SRNl mechanism shown in (Scheme 2-32).

Scheme 2-32

S.E.T

MeZC(COCH3)Br' + NO; ———--[MeZC(CUCHJ)Br]"'+ NO,,

[tte c (cock,)Br] —— Me,C(COCHy) + Br

Me, CCOCH,  + NOJ ——-[MeZC(NOZ)CDCH3]

2
[Me,C(NO,)COCH,]*  + e, C(Br)COCH; ——= Me,C(ND,)COCH;  + [Me,C(Br)COCH,]

Further research is required to determine the mechanism involved in
these substitutions. Inhibition studies and light catalysis would easily
indicate the absence or presence of the SRNl mechanism.

2.2.3 Synthesis of 2-substituted-2-nitropropanes by oxidative addition

of anions to the salts of nitrecalkanes

95

.. The first cxidative addition was reported”” in 1961. This was the’

preparation of geminal dinitroalkanes (egn. 2-108).

B R
Ry— € —H NadH - R,—C—NO, + agtO) 2-108
ho,, AgNU3/NaM02 NO,

The mechanismgs, hovever, was not elucidated until several years later
in 1964. The mechanism proposed invoked the initial oxidation of the
nitroanion with Ag(l) to give a nitro-radical which reacted with the
nitrite to yield a dinitro radical-anion. The radical-anion then yielded
the dinitroalkane product after further oxidation by Aq(l) as shown in

(Scheme 2-33).
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Scheme 2-33

e -+ S,E.T. +
RZC_ND2 + Ag —w= F!zil‘.-N[l2

. — r ke

R,C-NO, + NOZ o [R,C(ND,), ] o
L + 0

[RZC(NOZ)Z] + Agh —»=R,C(NO,), + Ag

+ Agco)

Matez et 3197.reported in 1979 that aqueous potassium ferricyanide was
a useful reagent for the oxidative addition of anions to the salts of
secondary nitrocompounds (eqn., 2-109).

N - -2e
Mezl'.‘_N[]2 +_A —_— l"lezti(;t\)N[l2 2-."109

vhere A = NO,, CN, p-C1C_H,S, PhSO

2’ 64 2°
The simplicity and short reaction time of the method, in addition to
the cheapness of the reagentsswas further exploited by Bowman and

Rakshit’®

for the preparation of a series of heteroeyclic sulphides
e.g. l-methyl-l-nitroethyl pyrimidin-2-yl sulphide (75%) and
l—ﬁethyl-l-nitroethylAl-methylimidaZQI-Z-yl sulphide (42%) with none of
the corresponding disulphide being formed. Likewise, we have prepared

2-eyano-2-nitropropane (35, 42%) and 2,2-dinitropropane (36, 31%) by the

same method (eqns. 2-110 and 2-111. respectively).

Me,CHND, 2og Me.Cz=NO —  Me.L(CNINO 2-110
2 2 2 2 2 :
K3Fe(CN)
6
. - NaN02
Me, CHNO Me,.C=NO s Me, C(NO,) 2-11
27702 TR ypelon 20 22 !

The products were purified by_Fractional distillation and identified
by lH.n.m.r., i.r and b.p. Attempts to use the diethylphosphonate anion

for preparation of diethyl l-methyl-l-nitroethylphosphonate (37} failed;
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only unreacted diethylphosphite was recovered (egn. 2-112)}.

NaOH e congm (EEM PO 0.€ 2-112
Me,CHND, —mm Me,CsNO, - Me,OINO,)PULEL, .
K3Fe(CN)6
(37)

- We suggest that the lack of reaction could be due to the phosphonate
anion being protonated by water and thus prevenfing any electron transfer.
We have, however, prepared diethyl l—methyl-l-nitroethylphosphonate‘(37)
by the SRNl route (see section 2.2.4);

" The versatility of fhe ferricyanide reaction (egns. 2-109, 2-110 and
©2-111) and the évailability of the fequisite secondary nitrocompounds has
made it a useful synthetic route; Kornbulm et ;? have reviewed the reaction
and prepared a wide range of a-nitronitriles, a-nitrosulphones, and

a-dinitroparaffins (egns. 2-113-114) in excellent yields.

. NaOH NaNQ
/,/~\\/,/\\\{,f\:£;/ 2 /,/\\\,/A\\,/;;;xigo | 2-113

2 K3FE(CN)6 9 2
CtH3 (13H3 ﬁ 90 |
Ph-C-NO, - —®  Ph-Ce—§-Ph 2-114
‘. Noz 0

We, likewise, found thé Ferricyénide reaction to be very useful for
the preparation of other target compounds e.g; 2-nitro-2-thiocyanatopropane 1
(67) and 2-azido-2-nitropropane (40). These and ofhers are djscussed in
_(Seciions 2.4, and 2;5); The oxidative additiun reaction proceeds via
the mechanism shoun in scheme 2-33.

Scheme 233

-

R,C=NO3 e R,C-NO
2 .
| 2 pe(mily Fe(1n) 2 2
R,C-NO,, A [Ryc(A)NOD]*
R ]t R,C (AIND,
Fe(I1I) Fe(Il)
overall:
RCENO; + AT e RLC(AIND, \ | | 2-115
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2,3-Dimethyl-2,3-dinitrobutane (38), an impurity in some of the oxidative

additions is - formed by the mechanism shown,
Me C=Ng~ + Fe(III) —m Me C=NO, + Fe(Il).
2 2 . ] 2 ‘. .

Me,C-ND,, + Me,C=NC;, ——-——--[MeZC(NUZ)C(NOZ)MeZ]‘“

[Mezc(Noz)C(Noz)Mez]i Fe(IIl)  — Me,C(ND,)C(NO,)Me, + Fe(II)

(28)
Fortunately, the addition of the anion of 2-nitropropane to the

2-nitropropyl radical is slover than most other anions.

2.2.4 Synthesis of 2-substituted-2-nitropropanes by the Sq 1 substitution

The SRNl substitution can also be used fof the preparation of
2-substituted-z-nitropropanes; The 2-hélo-2-nitropr6panes, wvhich are
reédily prepéred, can be substituted to yiéld nev substituted nitropropanes
vhich cannot be obtained by other routes. The mechanism and scope is fully
discussed in the introduction and is shown (Scheme 2-34).

Scheme 2-34

Me,C(XINO, + e~(A) MY o [Me,COXIND, )" + (&) 2-116
[MeLOOND, T Me,ND, + X~ 2-117
Me,CND,, + A" —= [Me,C(AINO, ]* 2-118
[Me,C(AIND,]* + Mezc(x)wnzs.'—E;IMezccA)Noz + [Me,COXND, " 2-119
or [Me,C(XND, ]* —= Me, X + NO, 2-120
Me GX + A — = [Me, (X" 2-121

N S.E.T. . L]
[Me?_c(A)x} + Me,COOND, " Me,C(A)X +  [Me,COXIND, |™  2-122
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Equations 2-117-119 demonstrate loss of the a—substituentYl(X )

e.g. X = I, Br, Cl, SOR, SR, NO,, and S(C)R, vhile equations 2-120-122

2
demonstrate loss of nitrit365’67’76 e.g. X = COR, CUZR, CN, NOZ’
__“-r‘DzCéHaN2 and Me. The latter route is nﬁt of any use for the preparation
of 2-subst1tuted-Z-nitropropanes.
Russell and Hershberger70 reported the preparation of diethyl l-methyl

nitroethylphosphonate (37) (eqn. 2-123).

]
B
Me,C(BEIND, + (E£0),PH E=RuK e LC(POSELIND, 2-123
THF/1h 2 e
(37)

We prepared the compound (37) in good yield (76%), 1H.n.m.r.,i.-.r,
and b.p vere in agreement with the literature70 data for the proposed
structure. However, we were not able to observe the parept peakVAi;.-ag_men\:
| in the electron impact mass "spectrur
(p1 -46) was obtained vhich corresponds to loss of the-hAitro droup;
We observed that this type of reaction is very sensitive to oxygen,
and the course of the reaction can be inhibited by the presence of a trace
quantity of oxygen in the reaction atmosphere.
The reactinh has been reported to proceed via an SRNl'mechanism
(Scheme 2-34 , with A = POELC),
3 o
Likewise, we prepared l-methyl-l-nitroethyl phenyl sulphene (39) in good

yield (77%) by reaction of 2-bromo-2-nitropropane with the sodium salt of

benzene sulphinic acid (egn. 2-124).

- hvu,DMF c \
MeZC(Br)NUZ +. PhSO; Lo 8 MezC(uUZPh)NGZ | 2-124
' 77%
(39)

1 .
The "H.n.m.r., i.r, and m.p. wvere in agreement with the literature68

data for the proposed structure. Kornblum and co—workers68 reported that

the reaction (egn. 2-124) proceed.via an SRﬂl mechanism (Scheme 2-34, with

A = PhSUZ).
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2.2,5 Preparatlon of a-nitroazides

2.2.5.1 Preparatlon of a-nltr0321des by oxidative addition of azide to

nltronate anions

Oxidative addition has been used to synthesize a number of
2-sﬁbstituted-2-nitropropane compounds by Matcz et a197. The preparation
of Z-ézido-z-nitropropéne (40) vas éttempted using the oxidative addition
method as shown in Scheme 2-40.

Sche:ﬁe 2-&d

(I1I) Me é-NO:"+'ke(II)

MBZCNUE + Fe g - 2 2
Me,C-ND, + N3 —— [MeZC(N3)N02]
(111)

(Me,C(N,IND, ™ + Fe —a He,C(NIND, + FelID)
(40)

Putéssiﬁm ferricyénidg wés used as the oxidising agent for the
oxidétiue addition with an excess of azide for the preparation of
‘Z-azido-z-nitropropane (40); The t;l:c. (silica, CHC1 ) showed a single
spot, and g.l.c. (SE30, 10%) showed one pure. compound as product. The
spectroscopic data suggested that the product was 2,2-diazidopropane (41).
The 1H.n.m.r. spectrum, 61;5p;p;m. (s); the i.r. spectrum which éhowed very
-1

é strong absorption bond ét v 2100cm

max , the mass spectrum with m/e

69 (M*-57) identified as the base peak; and the 1°C.n.m.r. spectrum

8€25.96 (q, Me) and §C79.10 (s, quaternary carbon), were witﬁin the

expected valﬁes for the proposed structure. The elemental analysis vas
unsatisfaétory due to the explosive properties of the product. The

product was obtained in afuir yield (41%). However, from the spectroscopic
data, it is clear that the product was not our target. The i.r spectrum,
for instancé, showed the.ébsence of a nitrc peak at Unax 1555cm“1. The
chemical shift of the singlet in the1H.n.m.r. spectrum appears at a lower

§-value (1,5p.p.m.) than would be expected due to the dpshleldlng effect

of a nitro group; the singlet should appear at lower field, around
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§1.8-2.2p.p.m. This eyidence led us to suggest that the compound was not
our térget (40) but possibly 2,2-diézidopropane‘(41). In order to prove
the strﬁctﬁré of the prodﬁct a derivétive was prepared by reacting the
ézide product with norbornene to form an adduct (Section 2.3.1).

Initiélly, ve were sﬁrprised thét the oxidation of the anion of
2-nitr0propéne in the presence of azide gave 2,2-diazidopropane. A
possible explanation is that the breakdoun of the intermediate radical
anion, (40), is faster than its oxidation by ferricyanide i.e.

_(k2 > kl) in Scheme 2-41.

Scheme 2-41
e (111) N - (11) |
_Mezc-Noz + Fe —3-'-[MeZC(N3)N02] + Fe 2125
(40)
L (I11) K, (1I)
[Mezc(N3)N02} + Fe L Mezc(r\l})Nu2 + Fe 2-126
(40) (40)
or
L k _
[MeZC(N3)N02] Lo (Me,CNgY  + NG 2-127
(40)
(MeZCN3) + NE ( —— [MEZC(NB)Z] 2-128
3 III) (1II) »
[Me,CNg), ] + Fe — Me,CNg), + Fe 2-129

In order to obtain some information regarding the mechanism, the reaction
was repeated for different times (Table 2-1). The results suggested that
the2,2-diazidopropane (41) was formed from 2—azid§—2-nitropropane (40)

: and not directly by decomposition of the intermediate radical-anion.

(eqn; 2-127);
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Table 2-1. Preparation of 2-azido-2-nitropropane

MBZC=N0§ + ZNS -—t-MezC(NS)NUZ + Mezl'.'(N})2
(40) (41)
. Time-(min,) - 1 15 20 40 60
% yield of Me,C(N;INO, (40) 28 | 24 19 7 0

% yield of Me,C(N5),  (41) 19 |22 |22 | 38 | 4

We have shown (Section 2.4.1) that the 2-azido-2-nitropropane (40)
does in fact react with azide via an SRNl mechanism under thesé reaction
conditions to give 2,2-diazidopropane (41) (eqn. 2-130). We suggest
therefore, that the 2,2-diazidopropane (41) is formed by an SRNl reaction
of excess ézid! with the 2-azido-2-nitropropane.

Me,C(N;INO,, + N;CHZ@lzéﬁb%eZC(N3)2 ' 2-130

(41)

Likewvise, we have shown that 2-azido-2-nitropropane (40} can be
prepéred by an SRNl mechanism frgﬁ " 2-bromo-2-nitropropane {section
2;2;5;2); Our results sﬁggest-thét a single electron is removed from the
intermediate radical-anion (40) (eqn. 2-126) in the ferricyanide oxidation

or in the SRNl chéin reaction, faster than its breakdown, i.e. k,> k, in

1 "2
Scheme 2-41.

Wright and Ward100 have reported the preparation of 2-azido-2-nitro-

propane (40) by an electrochemical reaction as shown in eqn. 2-131.

Me C=NOT + Nz PE3D0dR. con.Ing 2-131
2-=NOy + N3 g \N3/NC,
(0.9y)
(40)
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The electrochemical method supports our argument that loss of an
electron from the radical-anion must be faster than breakdoun of the
radical-anion. The oxidation potential used (Pt = 0.9V) is higher than
the oxidation potentiél of ferricyanide (0.46V). The potential difference
between the tuo reactions allowed the electrochemical reaction to have
the electron more répidly removed than in the ferricyanide oxidatioﬁ
reaction;

When the nitronéte salt was added to a solution of two equivalents
of ferricyénide énd one equivalent azide in methylene chloride and water,
rather than ferricyanide being added to the nitronate anion and azide,
followed by immediate work-up, a mixture of 2,2-diazidopropane (41) and
2-azidn—2-nitropropéne (40) was obtained, which was fractionally distilled
to give(40)(28%) and 41 (19% . The spectroscopic data were in agreement
with the proposed structure for (ao); lH.n;m;r., 8§1.8 (s); i.r.

v, 2120em™L (N;) and 1555en™t (NO,) .

1-Azido-1-nitrocyclohexane (42) was also prepared by the addition of

the anion of nitrocyclohexane to a solution of ferricyanide and azide

in methylene chloride in 72% yield (egn. 2-132).

DZN 07 O,N N3
NaOH N./CH,Cl 2-132
— - ‘1——a3 2 .
K3Fe(CN)6 72%
(42)

The spectroscopic data vere in agreement with the proposed structure.
G.l;c. (SE30, 10%) showed a méjnr peak due to the product and a2 minor peak
which corresponded to cyclchexanone. The lower yield observed for the
eqﬁivélent reéctions wvith the anion of 2-nitroﬁropane could be explained
by é more répid decomposition of the intermediate radical to acetone which
wés not observed becéuse it.would be lost by evaporation in the work-up.

The nitrocyclohexane reaction was also carried out in diethyl ether to

afford the product in 48% yield.
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2.2.5.2 Preparation of 2-azido-2-nitropropane by radical nucleophiiic

substitution (Sp,\1)

The prepérétion of 2~ézido-2-nitropropane (40) was also carried out
using radical nucleophilic substitution (Sp,1). The reaction of equimolar
qﬁéntities of 2—bromo-2-nitropropéne vith azide was carried out in HMPA
under én étmosphere of nitrogen and using fluorescent laboratory lights
(eqn; 2—133); ZQAzido-Z—nitropropane (40) was obtained in 38% yield.

HMPA
—

Me,.C(Br)NO + NI
©2 (Br) 2 hu

3 MeZC(NB)NO2 C 2=133
1 mechanism was

RN
inﬁestigéted Qsing the éccepted diagnostic tests for the mechanismaa.

The possibility of the reéction proceeding by an S

The results of these studies are shown in Table 2-2.

Téble 2-2: Reéction of ézide with 2-bromo~-2-nitropropane

% recovery % yield
Conditions Time (min.) MeZC(Br)NO2 MeZC(Nj)NU2
Stépdard | 15,60,(260) | 17, 11, 0 25, 22, 38
Dark 15, 60 20, 17 21, 21
S molar % p-DNB | 15 22 | 17
10 molar % DTN | 15, 60 28, 13 23, 20

Addition of 5 molar % of p-DNB to'thelreaction of azide with
2-bromo-2-nitr0propéne reduced the vield of 2-azido-2-nitropropane from
25% td:l?% which was small but significant. P-Dinitrqbenzene forms
a relatively stéble rédicél—anion and will readily accept an electron
from most other rédical-anions and electron donors (egn. 2-134). p-DNB

43

has been used as a diégnostic method™” for the SRNl mechanism becaﬁse it

is able to intercept_intermediéte radical-anions in the free radical-
anion radical chain sequence and ‘thus inhibit the reaction. A reduction
in the yield of 2-azido-2-nitropropane to 21% resulted when the reaction

flask was wrapped in éluminidm foil to exclﬁde light. Di-tert-butyl-
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NG, 2 |
[Me,C(BING,]=  + @ — = Me,C(BrINO, + 2-134
: o,

L N,

nitroxide (DTBN) is an efficient sca‘vengerlL3 and addition of 10 ﬁolar %

of DIBN to the reéction redﬁced the yield of 2-azido-2-nitropropane to

22% and increased the recovery of starting material from 17 to 28%.
Although these results are not cleér-cut, ve hovever, suggest that these
sméll, bﬁt significént, inhibitions (especially at shorter times) indicate
thét the SRNl mechénism is probébly operétive as shown in Scheme é—&Z.

Scheme 2-42

- s.ET. < .
Me,C(BEIND, + N3 SRl [Me,C(BEIND, ]~ + Ny 2-135
_ (43)
[MeZC(Br)NUZ]" --—" l“IezC--NO2 + Br- 2-136
Me C-NO, + N3 —- [MeZC(N3)N02] 2-137

[Mezc(N3)N02]‘ +MeZC(Br)NUZS;If:__;T..‘MeZC(N3)N02 + [Mezc(Br)Noz]"
| 2-138
The mechanism shown in Scheme 2-42 is a chain process with ipitiation,
pr0pégation, and termination steps; The initiation (eqn. 2-135) occurs by
an electron transfer from the azide anion to 2-bromo-2-nitropropane to
give the radical-anion (43). In the absence of P--DNB the radical-anion
| breaks doun to form the 2-nitropropyl radical and bromide anion (egn. 2-136)
initiéting the propégétion; The azide anion couples with the 2-nitropropyl
radical (eqn; 2-137), followed by an electron transfer between the resulting
radicél-énion and the stérting méteriél (eqn. 2-138), to complete the
propégation cycle; Rédical-anions are known to be able to easily transfer

electrons to neutral species. The termination steps of the sequence are not
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vell understood.
The use of stronger photolysis lights for catalysis led to rapid
decomposition of 2-azido-2-nitropropane, which is not surprising because

101 5 Azido-2-

the photolytic decomposition of azides is well known.
nitropropane will probably react further with azide by an SRNl mechanism
to yield 2,2-diazidopropane which is even more suscep{ible to photolytic
or thermal decomposition. The use of other solvents (DMF) did show some
2,2-diazidopropane but did not give improved yields. These problems will
certainly complicate the observed resplts and may explain the pogor
inhibitions.

2.2.5.3 Attempted preparation of 2-azido-2-nitropropane (40) by the

102

method of Maffei and Co-workers

Maffei and co-workers have l'epurtev:im2 the preparation of
2-azido-2-nitropropane, We have attempted to repeat Maffei's method,
the first stage of which was the preparation of 2-nitro-2-nitrosopropane

(26) (eqn. 2-139).

+/(d" . NG ;E:-—EI-:
Me2C=N\ . + NO  — MBZC\ —--MBZC\ ,CMez 2.139
0 NO NO, NO
2 2 2
25%
(26)

We prepared the nitroso dimer (26) in 25% yield; 1H.n.m:r., i.r. and
m.p. were in agreement with the literaturegl data for the proposed
structure. The dimer (26) was then reacted in chloroform Qith sodium
azide and acetic acid. The reaction was worked up after 22h yielding
a crude product which was purified by preparative t.l.c. (silica/toluene).
The pure broduct vas identified by 1H.n.m.r. 6(CDC13) 4.55 (1H, ABX, m}
3.73 (2H, ABq), 81.55p.p.m. (3H, d). The i.r.spectra showed strong sbsorption
peaks at 2120 and 1555'cm'1 corresponding to azido and nitro groups .
respectively. The spectroscopic data suggest that the product is
l-azido-2-nitropropane (44) (egn. 2-140).
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-
+ + h
Me,C(NOIND,, + N -~ Me,ON7IND,  —em Ny-CH,-CH-CH

3 NO2

(44) 89%

2-140

In support of our suggestion Svetlakov et 31103 reported the preparation of
l-gzido-2-nitropropane. The reported refractive index was in agreement
with that for the product. The mechanism reported (Scheme 2-43)10% ig

based on the reaction of nitrosobenzene and hydrazoic acid to form phenyl

azide.

Scheme 2-43

—_—
2 N0 2 \NU _ Mezc\ N
2 2 NO, Y
2
N ‘
(i
o
N |
7S N=N
r -
A’Z + MEZC(NJ)NUZ —— Mezl'f\
NDZ

We suggest that elimination takes place during the reaction of hydrazoic
acid with 2-nitro-2-nitrosopropane to give the nitro olefin intermediate
(45), followed by an ionic attack b& azide anion to afford the product
(44). A possible mechanism is shown in Scheme 2-44. The addition of

azide to 2-nitraopropene is reported103 to proceed in high yield,

Scheme 2-44

i ———————itt

—w CH,==C NCH, ~C-Me
2 —e=N5CH, —— (48)
CH’//,\\NU NF H¥
3 2 N=(D (3,N+
T - N\
(45)

nA
Me,C(NIIND, + N,
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Maffei and co—workersl02 assigned their structure on the basis of the
nitrosobenzene reéction with hydrazoic acid to form azidobenzene and on
combustion analysis. The empirical formula of their proposed product is
the same as ours, We, therefore suggest that their assignment is wrong
and that they also prepared l-azido-2-nitropropane.

2.3 Preparation of norbornene adducts of azides

The explosive nature of the azido group prevented us from obtaining
conclusive evidence in the form of combustibn analysis for the prepared
azido-compounds. Although their synthesis have been reported100 no data
for compérison purposes was reported. This directed cur attention to the
preparation of derivatives of the azido compounds which we hoped would be
safe and easy to analyse.

The reaction of organic azides with alkenes by a 1,3-dipolar
cycloaddition mechanism encouraged us to react the azido compounds with
norbornene. Norbornene was chosed because it is a strained molecule and
the addition reaction therefore takes place rapidly forming the
1,2,3-triazoline systemlus’lOG.

2.3.1 Reaction of phenylazide with norbornene

The reaction of phenyl azide (46) with norbornene (47) has been
reported in the literature107 and appeared a suitable standard reaction.
We prepared the phenylazide adduct (48) and used it as a standard (with
known m.p., 138 and lH.n.m.r., and i.r.) for comparison purposes with
other azide adducts. The adduct (48) was prepared {Scheme 2-&5) in
(94%) yield. |
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Scheme 2-45

+ = N

HNHZ N NHBC 3

L Nal07 + NaCl + 2ZH,0
o° 7 <0°

42% 2-141

(46)

3
" % — ")
(46) {47) : ' 5 2_142
94%
(48)

The first step was the preparation of phenylézide by diazotisation of
phenylhydrazine with sodium nitrite (egn. 2-141) in 42% yield. The
spectroscopic data were in agreement with the proposed structure of the
product. Phenylazide was then reacted with norbornene to obtain a crude
phenylazide adduct (48) (egn. 2-142). The-adduct'was.recrystallised from
aqueous methanol to afford a pure product in 94% yield. The m.p. of the

adduct was in agreemenf with that reported in the literature107. The

13

1H.n.m.r. and ““C.n.m.r. data are shown in figs. 2-1 and 2-2 ,
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§6.9, m

§(6.9, m)

§4.5,d M
H H Hs7.3, s
' H H
Fig. 2-1 (48)

lH.n.m.r. data for the norbornene adduct of phenylazide

=— (0C 32.2, t)

(¢ 40,1, d)

J’(ac 60,4, d)
6ca4.9, £ 1

(sC 25.6, t)—>2 (sC41.3, d)/H

e 0-(sC 114.2, d)
Fia. 2-2 (28) (4C 86.2; d) 10@—-m -(sC 129.5, d)

p- (6122.05 d)

(sC 139.5, s)

13C n.m.r,. data.for.the  (8C) norborhene adduct of phenylazide

The addition occurs from the less hindered exo side as shown in

eqgn. 2-143.

H Ch.\. R (o K\N
I -
H N-Ph H F
. Ph
(48) .
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2.3.2 Reaction of 2,2-diazidopropane with norbornene

The reaction of 2,2-diézidopropane (41) with norbornene (47) wvas
conducted in a similar manner to that of phenylazide (egn. 2-144) to

yield a crystalline product (49).

MeZC(N3)2 Lb &N%
N

N

|

Me—C-— N3

Me  (49)

(50) 2-144

(51) Me-—-F-~3
Me
The spectroscopic data (u:max ZOﬁUcm-l) indicated that a mono-adduct had
been formed. The product was recrystallised and a m.p. taken. Combustion
analysis unfortunately, even after several attempts, showed small amounts
of nitrogen loss. The azide peak in the i.r. spectrum is lower than
expected, but this shift could be due to the triazole system. The
1H.n.m.r. spectrum revealed the presence of all the protons expected. The
13C.n.m.r. was not run due to the instability of the adduct. It appears
that the product (49) is not stable enough for analysis and slowly
eliminates nitrogen. The triazole system is reported in the literaturema’l09
to slowly decompose to give the corresponding aziridine (50) and/or

imine (51) products at room temperature. The mechanism of these

rearrangements is shown in Scheme 2-46.
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Scheme 2-46

4/;1 N IMe
N
—C—M
\§?§>N -—ji- ? e
| Me
Me-[{— N3
Me (50)
(49)
N H
N§ N2 H
N Me
N7 g
| N—?-Me
Md—C—N T
3 M
Yo (s1) 3
(49)

We also reécted 2-azido-2-nitropropane (40) with norbornene (49) at short
and long reaction times. In both cases the products obtained were
unidentifiable, the products were oily with messy t.l.c's and 1H.n.m.r.
spéctra. We suggest that, if the desired produét had been formed it
decomposed to give a complicated mixture of products. However, unlike
2-azido-2-nitropropane, l-azido-l-nitrocyclohexane reacted with norbornene

to yield a crystalline product (32) (eqn. 2-145).

2 3
) g
— N —adecomposition
N/
D2
(52) 1-145
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The spectroscopic data indicated that a mono-adduct (52) had been formed.
Combustion analysis unfortunately, even after several attempts vas

unsatisfactory.

2.4 Reactions of or~nitroazides

2.4.1 Reactions of 2-azido-2-nitropropane with azide

The formation of the unexpected 2,2-diazidopropane (41) as the major
product in the qxidative addition reaétion (section 2.3.1} led us to study
the reaction further, and to investigate the mechanism.

Reaction of 2-azido-2-nitropropane with azide in DMF or DMSO gave
stéady decomposition of the starting material and norproducts, but when
reacted under similar conditions to the oxidative addition reaction
i.e, CHZClZ/HZO’ 2,2-diazidopropane (41) was obtained in 91% yield
(egn. 2-146).

Me C(N )NO + N' .EEZ£H 0e C(N3)2 + NOE 2-146

(41) 91%

The substitution of nitrite under such mild conditions has not been

previously observed. However, (as mentioned in the introduction) nitrite

65,67,76

substitution has been reported to proceed in dipolar aprotic

solvents eqn. 2-147.

Me,C(XIND, + Me,CNO, —mm Me,C(XIC(NO,)Me, + NOT 2-147
X = CN, COEt, COCH,

This means that substitution of the nitro group as shown in egn. 2-146 is
feasible, |

Complete inrhibition using p-DNB, DTBN, and absence af light, as shown
ih table 2-3, suggests that the production of 2,2-diazidopropane (41)
proceeded entirely via a pathway involving a chain reaction with radical
and radical-anion intermediates; i.e. the SRNl mechanism as shown in

Scheme 2-47 is proposed.
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Table 2-3 Reaction of 2-azido-2-nitropropane with azide

Anion . Conditions 4 MeZC(N3)2 % recovery MBZC(N3)N02
Nj‘ CHZClz, 40 min, 91% -

CHZCIZ, 40 min. dark - 90%

5 molar % P-DNB - 91%

10 molar % DTBN - 95%

Scheme 2-47

- S.E.T. N -
MeyCONIND, + N5 S-Exla [Me,ctv0n0, 7+ iy 2148
[Me,C(N;IND,, 1 —=  [me,cn, + N0 2-149
(53)
[ MeCN;] + Ny —=  [Me,C(N5), | 2-150

Me,C(NIND, + [MeZC(N3)2]...MeZC(N3)2 + [MeZC(N3)N02] . 22151

The ifhibition results, which showved 90-95% recovery of starting material

vere in support of the proposed mechanism. However, if the proposed SRNI
mechanism is operative, the intermediate 2-azidopropyl radical (53)
(eqn. 2-149) must have a sufficiently long life-time to react with azide

to form the new radical-anion. To our knowledge, at the time, there vas
no proof in the literature that this intermediate (53) is able to exist.
Roberts .and co-workersl01 had suggested that the intermediate (53)
did exist but was very unstable and decomposed rapidly to give the iminyl
radical (54) (eqn. 2-152), which they wvere able to observe by e.s.r.

spectroscopy. They were net able to observe the 2-azidopropyl radical by

e.s.r. spectroscopy.
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. k
1 N -
[MeZCN3] L Me =N+ N, 2-152
(53) (54)
ko .
. _ko . ’
[ Me,tNy T+ N3 ——mm[Me,C(N5), ] 153

'Sﬁbsequent to our publicationll0

showing that the Z-azidopropyl radical
undergoes bimolecular reaction faster than decomposition i.e.(k, > kl)‘
Roberts et allll repeated their experiments with a spin-trap for the

2-ézidopropyl radieal (53) (egns. 2-154-159).

ButoN=NOBU® L saito 4 N, | 2-154

Bute + Me,CHN; —am ButOH + [Me,oN; ] 2-155

[MeZCN3]'+ But.N=n —a=  Me,C(N;IN(O yBu® 2-156
(s3) (55 (56)

Bule  + ButN=0 —e ButON(0-)BUut 2-157

ButoN(D )Bu* — e ButoN=8' + But 2-158

But* +ButNzD  —w (But)zNU' | 2-159

Initiélly, vhen a benzene solution containing isopropyl azide and
di-t-butylhyponitrite (TBHN) was heated in the cavity of an E-109
spectrometer, the £.5.T. spectrum of the iminyl radical (54) was observedlol.
Howvever, when 2-methy1-2-nitrosopropane was included as a spin-trap,
_overlépping spectra of three nitroxide radicals were observed, and (53)

vas not detectéble, even at low concentration of 2-methyl-2-nitrosopropane .
(55) (egns. 2-155, 157 and 159). Also, with a fixed concentration of

(55), the initial relative concentration of the trapped 2-azidopropyl

rédicéi (56} increased és the concentration of isopropyl azide increased.

They found no conclusive evidence for trapping the iminyl radical. (54)

to give the hydrazon-N-oxyl radical112 (57) (egn. 2-160)
M82C=N' + Buthﬂ —_— MezC=N'—N(U' )But 2-160
(57)
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Roberts et allll confirmed these results by repeating the experiment with
benzylazide. The e.s.r; spectrum ébtained vas assigned to the nitroxide
(58) (eqns. 2-161-162).
aufo  + PRCHN, —a  [PRCHNg ]+ Bu‘OM 2-161
[PhcN, T + BufNep —a=  PRCH(NGN(D' )Bu® 2-162
(58)

Roberts and co—\uorkerslll therefore concluded that the 2-azid0propyl
radical reacts faster with the spin trép (i.e; bimolecular reaction) than
decomposition to the iminyl radical (i;e; a unimolecular reaction). These
results provide excellent evidence for the proposed SRNl mechanism far
the reaction of -azide with Z-azido-z-nitropropane; Hence the preliminary
conclusion that the reaction of the 2—ézidopropyl radical with azide anion

is faster thén its breakdown to iminyl rédicél énd nitrogen appears to be

correct (i.e. the bi_molecular reactions of a-azidoalkyl radicals are
faster than their breakdown).

Furthermore, preliminéry e;s;r; stﬁdies113

in solid matrices at
77X have shown that the 2-ézidopropyl radical has a detectable lifetime.
Initial anélysis of the e;s;r. spectrum suggests that the odd electron

resides largely on the terminal nitrogen and is pértly delocalised onto

the central nitrogen of the azide as shown in (59&) and definitely not

on the carbon as shown in (59b);

R ﬂ + -

R>C=N-N"='3 R £-N=N=N
(59a) ~ (59b)
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2.4,2 PReactiong of a-azidonitro;COmpounds'with'the'sodium salt of

benzenesulphinic acid

Kornblum and co-worker568 have reported the reaction of a-substituted
nitro-compounds with the salts of sﬁlphinic acids by an (SRNl) mechanism
(egn. 2-163). We reacted 2-ézido-2-nitropropane (40) with the sodium salt

PhSO5 L3

i‘*1t=.-2E!()()N[]2 — l"lta-ZC(Sl]zF‘h)ND2 + X | 2-

vhere X = I, Br, Cl, ND2
of benzenesulphinic acid to obtain l-azido-l-methyl phenyl sulphone (60)

in 70% yield (eqn. 2-164). The product vas initially identified by i.r.

-

—= Mg, C(S0,PhINg + NO; 2-164

MeZC(Nj)NO2 + PhSU2

70%
(60)

spectroscopy which clearly showed absorption for the azido group at Uia
1

X
and 1150 cm-l, and

the absence of nitro ébsorption (at Voo, €2 1550 cm—l). The combustion

2103 cn! and for a sulphono group at U2y 1300 cm

énalysis and 1H.n.m.r; spectrum were in agreement with the proposed
structure.

When the reaction was repeéfed in DMF the product (60) was obtained
in 59% yield as well as é trace_of starting material (40). This indicates
that the reéction vas not complete in DMF and hence the rate of reaction of
2-ézido—2-nitropropane is greater in DMSO than in DMF. The reaction was

alsg repeéted in HMPA with photolysis, but only decomposed material was

isolated;
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fhe possibility of the reaction proceeding by the SRNl mechanism was
investigated ﬁsing the éccepted diagnostic tests for the mechanismaa.
Addition of 10 molér % of p-DNB to the reaction reduced the yield to
47%. Likewise, addition of 20 molar % DTBN also reduced the yield to
47%. These results indicate that a radical radical-anion chain mechanism
(SRNl) is operative as shown in Scheme 2-48.

Scheme 2-48

| - S.E.T. - .
Me,C(N5IND, + PhSOZ izt [Me,C(N5IND, |"+ (PhSO,)
[MeZC(N3)N02] — - (Meth3) + NO7
(MeZCN3) + PhSO; — [MeZC(SUZPh)N3 ]-

e, C(N5IND,, + [e,,C(S0,PRIND, J—mm Me,C(S0,PHIND,, + [Me,C(N;IND, ]
" Loss of nitrite wés élso obserﬁed when l-azido-l-nitrocyclohexane (42)
wés reacted vith the sodiﬁm sélt of benzenesulphinic acid in which case

l-(l—ézidocyclohexyl) phenylsidphone (61) was obtained in 53% yield
(eqn; 241165) .

X _ o
3 BMSO , .
<:>< . phsO; = <:>rSUZPh~ + N0 2-165
ND No :

2 — N3
(61) 53% -

The identity of the product was confirmed by i.r. spectroscopy which clearly
showed absorption for an azido group at Y nax 2120 cm"1 and a sulphono

-1
group at Unax 1300 cm

énd 1150 cm-l and the absence of nitro absorption
(at Vnax Ca 1550 cm"l). The combustion analysis and 1H.n.m.r. vere in
agreement with the éssigned structure. We suggest that this reaction

(eqn. 2-165) also proceeded via the SRNl mechanism shown in Scheme 2-48.

- 67 -



2.4.3 Reaction of 2-azido=-2-nitropropane with p-chlorophenylthiolate

The participation of thiolate anion in SRNl substitution was

initially reported’ 2P

for reactions of p-cyano-a-nitrocumene. An
example is the replacement of nitrite by methane thiolate as shown in

egn. 2-166.
Me
MeaéﬁNO

+ NOE 2-166

Later, the reaction of thiolates with 2-substituted-2-nitropropanes by
the SRNI mechanism was reported by Bowman and Richardson3&’35.
We reacted 2-azido-2-nitropropane (40) with p-chlorophenylthiolate

in DMF to obtain l-azido-l-methylethyl p-chlorophenyl sulphide (62) in

70% yield (egn. 2-167). The product (62) .- - was identified by i.r.
. Me ‘
MGZC(NB)ND2 + C} , Cl E-Me + Nﬂz 2.167
3
: ) [-14
(62) 70!0

spectroscopy (Uhax 2110 cm-l (azide), and no nitro absorption) and
1H.n.m.r., 6(CDC13) a singlet at 1.51 p.p.m..which indiéates loss of
nitrite. The combustion analysis was also correct.

When the reaction was repeated using an old batch of p-chlorophenyl-
thiolate which had largely oxidised to the corresponding sulphinate compound
the product obtained was 1l-azido-l-methylethyl p-chlorophenyl sulphone (63)
in 20% yield (egn. 2-168). The product was identified as before by

combustion analysis and i.r. and 1H.n.m.r. spectroscopy.
: _ DMF 0 Me
MBZC(N3)N02 + CI —"‘ Cl E—E"'Me 2.168
3 .
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Similarly, the reaction of l-azido-l-nitrocyclohexane (42) with sodium
p-chlorophenylthiclate was carried out in DMSO to give 1-(l-azidocyclohexyl)

p-chlorophenyl sulphide (64) in 53% yield (egn. 2-169).

DN~ N
2 3 N3
- DMsg
2-169

(64) 53%

I.r. and lH..n.m.r. spectroscopy indicated that the expected product had
been formed. The product was purified by t.l.c. (alumina, Et0A ¢/diethyl
ether) and showed only one spot, but the combustion analysis wvas not as
accurate as required. Further purification failed.‘ The compound was not
distilled due to the high temperature-required and the danger thereof due
to the explosive properties characteristic of azido and nitro groups.

The results of the reactions of 2-azido-2-nitropropane (40) with
azide, phenylsulphipate, and p—chlarophenylthiolate showed high yields of
the a-substituted azides. The inhibiticn studies suggest that a radical
radical-anion light catalysed chain reaction mechanism (SRNl) is operative.
A number of conclusions can therefore be made. 1-Nitrite is superior to
azide as a nucleofugal group ih radical-anions. Whilst not strictly
comparable, Kornblum69 has reported a reaction in thé o, p-dinitrocumene.
series (egn. 2-170) which indicates that loss of nitrite is favoured over
loss of azide. The reaction proceeds via an SRNl mechanism and is shown

in Scheme 2-49.

The reverse of the reaction in eqn. 2-170 is possible but was not

observed.
Te Te
Me-—~F—-N02 MeéE—N3
SRNl .
Ny — + NO7 2-170
02 ND



Scheme 27&9

Te
Me—-E—-—NO2
0,
M

Me—-i——NU

Je
2
NU2

Me
/

Me-C~

+ N3- '

@ + Ny

NO2

qe
Mg = C —— NU2

NG,

2. It has been reported

with loss of nitrogen to give the long-lived iminyl ¢-radical (54).

101 that the intermediate radical (53) breaksdown

Ve -~
Me— ——NO2
S.E.T. =
NS
!
= 02 -
M
Ie
Me—~{*
== + NOF
_ROZ
» qe .
—
Me N}
-
T ———
| 02 i
N Te B T
Me-—C——N3 Me-C
- O |
+
.02

We

found no signs of the iminyl radical in the form of the usually observed

dimer101 (‘p).
Me

(D)

Hovever, the iminyl radical could abstract

HC=N-N=CMe
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a hydrogen radical to form a primary imine which would hydrolize rapidly
on work-up to yield acetone, which would be lost in the work-up.
3. The 2-azidopropyl radical is able to add to anions via carbon to
form a new species of radical-anion.

[te,CCAN; T
4., The intermediate oa-substituted azide radical-anions are sufficiently
long lived to allow loss of an electron to yield the neutral a-substituted
azides.
5. This SRNl reaction route can be used for the synthesis of a-substituted
azides.
6. Loss of the nitro group rather than the a-substituted nitro-compounds
has been repartedég. This group now includes a-nitroazides, -cyanides,
-ketones and -ésters.

2.4.4 Reaction of 2-azido-2-nitropropane with sodium salt of 2-nitropropane

To our knowledge, there have been no reports of azide acting as a
leaving group in SRNl reactions except Kornblum and co-workeréég. report
of the reaction of p-nitrocumylazide with the sodium salt of Z-hitropropane

(egn. 2-171). The reaction of 2-azido-2-nitropropane with the sodium salt

r|”.e ‘I‘;Ie l‘?e
Me-—C—N Me-{ —C—Me
3 | .
¢ MeC=NOT  HIPA NG, 22171
— - . N
NO, ' No,

of 2-nitropropane in HMPA at room temperature gave 2,3-dimethyl-2,3-dinitro-

butane in 24% yield, i.e. loss of azide rather than nitrite (eqn. 2-172).

. _na—  HMPA
Me,C(NSIND, + Me,C=ND) ;;;.. Me,C(NO, )C(NO, )Me,, 2-172
| 24%
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The reaction was much slowver and lover yielding than the previous reactions.
The possibility of the reaction praceeding by an Sp,1 mechanigm vas

investigated using the accepted diagnostic tests for the mechanismaa.

The results of these studies are shown in Table 2-4.

Table 2-4 : Reaction of 2-azido-2-nitropropane with sodium salt of

2-nitropropane

Conditions % recovery % yield of
MeZC(N3)N02 MeZC(NUZ)C(NOZ)Me2
HMPA,NZ, Tungstenlamps 0. 24
+ 10 molar % p-DNB 0 24
+ 10 molar % DTBN 0 24
+ 40 molar % DTBN trace trace
Dark 0 19

The inhibition studies indicated that little, if any, of prbduct was

formed by an SRNl substitution. The proposed mechanism is shown in
Scheme 2-50.

Scheme 2-50

i~ SeE,T. 2 -
Me,C(N5IND, + Me,C=NO5 2Ead{Me CN,ING,] ™ + Me,C-NO,

Me,L-NO, + Me,CaNO;  ——am [Me,C(ND,)C(NO,)Me,, ]

. Z
[MeZC(NUZ)C(NDZ)Mez] + MeZC(N3)N02 —_ MeZC(NOZ)C(NOZ).MeZ

+ [MeZC(N3)N02 ]'-

Also  [me,c(N N0, )" = [Me ;

ZCNBT + NO

l“hs-zfiN3 i o Decomposition

[Me,tN3]" + MeCoNOy —em  [Me LN )C(ND, e, ]

Thus we suggest that 2,3-dimethyl-2,3-dinitrobutane was formed by a radical
radical-anion non-chain mechanism. This means that small amounts of

inhibitor will only inhibit chain reactions but large amounts will inhibit
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a non-chain radical reaction. This non-chain mechanism has been previously

observed and reported in the literatureja’lla.

The reaction of l-azido-l-nitrocyclohexane (42) with the sodium salt

of 2-nitropropane was also carried out and gave 1-(l-methyl-l-nitroethyl)-

l-nitrocyclohexane (65) in 18% yield and 2,3~-dimethyl-2,3-dinitrobutane

in 8% yield (egn. 2-173). This reaction was also low yielding and slow.

.2 3 © DMSO : > ['é'e N
= — =€ TegINg, )T (ND,, )Me
+ MBZC-NUZ hU |\|02 ( 2) )2 )

W2 gy e
(65)

The inhibition studies were performed and the results are shdwn in
Table 2-5. These results suggest that the product (65) was formed by
an SRNl mechanism and that 2,3-dimethyl-2,3-dinitrobutane was formed by
a radical radical-anion nen-chain mechanism as shown in Scheme 2-50.
These reactions,in contrast to the reactions of azide, sulphinate, and
thiolate, gave lover yields of product and also gave slow loss of azide

instead of nitrite.

Table 2-5 Reaction of l-azido-l-nitrocyclohexane with the sodium salt

of 2-nitropropane

ch(r\r3)N02 + Me2C=N[T£ — ch(r\mz)c(wz)Me2 + MeZC(NOZ)C(NDZ)Mez

(65) ‘ (d)
R.C cps %R.,C(N,IND % yield & ~ yield
2 COridlthnS %BCO eryz (65) (Z) ‘
Cyclobexyl bDMS0,2h, N 0 18 B
Tungsten Eamps 0 18 8
Dark 50 0 0
lab light + 10
molar % p-DNB 50 0 - 10
lab light + 40
malar % p-DNB 100 0 0
lab light + 10
molar % DTBN 64 )] 1]
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We_tﬁerefore suggest that the best explanation for the dual
nucleofugal behaviour in the a-nitroazide. radical-anion is that loss of
azide is more rapid than nitrite, and that the resulting intermediate
2-azidopropyl radical adds rapidly to anions in the absence of steric
control, e.qg. Ng'and fhiolétes; However, when steric control becomes
important e.g; (PBZCzNDE) the addition is blocked and the nitrocyclohexyl
radical, resulting from the less Favoured loss of azide, is able instead
to add to the anion of 2-nitropropéne as shown in Scheme 2-5la. This
alternative breakdown does not éppear to take place for the 2-azido-2e

nitropropane radical anion [hezc(N3)Nuz]

Scheme 2-51q,
- 5.6, ,
RpCIN;IND, + A NN [RZC(NB)NOZ]‘ + A

Fast . -
[RoCiNgIND, I = (BZCNB) + NOZ
RONgY  + & == [R,C(AN,]
Skow
-_—

[RCONN0, T == R,END, + N3

LY - -
R,CNO, + A == [RZC(A)NUZ]‘

2.4.5 Reaction of_z-azido-z-nitrOpropéne with sodium salt of.diethyl ethyl
mélonate

In order to test another sterically hindered anion, 2-azido-2-
nitropropane was reacted with the anion of diethyl ethylmalonate in DMSO
with photolysis for 3h to give tetraethyl hexane-3,3,4,4~tetracarboxylate
(66) in 22% yield, i.e. the reaction agaih proceeded without addition of
the anion to the Zéazidopropyl radical (eqn; 2-174).
Me,CIN3IND, + EtC(CO,EL), —am E£C(C0,Et),C(EL)(CO,EL),

(66) 22% 2-174

The product (66) vas identified by i;r., lHJﬁrn.r. spectroscopy and
b.p. Again the reaction was slow and low yielding. A radical radical-
anion mechanism has been reported by Kornblum69 for redox reaction of

this type and is shown in Scheme 2-51b.
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Scheme 251k

- S.E,T- :
Me,C(N5IND, + ELT(CO,EL),><Em [MeZC(NB)NOZT + EtC(CO,EL),

£ * -
[Me,CONO, ] —= [Me,ONg] 4 NOS
2 EtC(COZEt)2 —t— EtC(CUzEt)ZC(Et)(COZEt)z
[MeZCNj] ——s= Decomposition

[Me ] o ELE(CO,EL) , o [Me, CINE(ER) (COLEL),]

This reaction gives some support to the Kornblum69 theory that
SRNl reactions only take place when a nitro group is present to hold

the extra electron to give a stable radical-anion (eqné. 2-175-17¢)

R +A —s R—A" ' 2-175

R+ A —= RYeA 2-176
‘where (A") or (R") must contain a nitro group to stabilize the intepmediate
radical-anion.

Kornblum suggested that in these cases (i;e. vhere nitrite is lost)
reaction takes pléce; It is possible that this is correct, i.e. in malonate.
for.example, the ester groups do not easily hold an extra électron, and
that our examples of SRNl reactions with loss of azide proceed because the
extra electron is stabilised in the aromatic mw-orbital of the arylthio
or arylsulphono groups. This argument does not howeﬁer explain the
‘formation of 2,2-diaziddpropane vhich would require the extra electron in
the intermediate radical-anion to reside in the azido group.

"2.4.6 Summary
1) o-Nitroazides have been prepared by two routes involving intermediate
radical-anions; the SRNl route (Scheme 2442) and oxidative addition route
(Scheme 2-40),
2) a-Nitroazides undergo substitution by an SRNl mechanism with a series

of anions (e.g. azide, sulphinate, and thiolates) to give loss of nitrite.
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Me:ZC(N3)N02 + A — MezC(N3)A + ND2
with A~ = N3, PhSO3, p~Cl-C/H,S;

p—Cl-CGHaSO2
3) a-Nitroazides undergo reaction with nitronate anions by a radical
radical-anion non-chain mechanism and/or a SRNl mechanism with loss of

azide.

3

N Me

, 3 _ |

(53 + Me,C=NO, . —Me -+ Me,C(NO,)C(NO,)Me,
0 ' ne, N0y

2 2

(a) MezC(N})NO2 + MezC=NO2 —_— I"’Ie:z[!(Nl:lz)C(l'\Jl)z)l*'lt-:2 + No

4) Our results provide importént evidence for a new species of radical-

anions [MezC(N3)X]i swith X = NO,, N3, SUzPh, and p-Ql-C H,S, and dual

64
nucleofugal behaviour for a-nitroazide radical-anion of nitro-cyclohexane.

5) Loss of nitrite is preferred over loss of azide from the intermediate

radical-anion.
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2.5 Preparation of a-nitrothiocyanates

2.5.1 ?reparatlon of a-nltrothlocyanates by oxldatlve addltlon of

thlocyanate to n1tro-an10ns

We next turned our attention to the synthesis of a number of
a-nitrothiocyanates using oxidative addition. We hoped further to
demonstrate the versétility of this synthetic method. 2-Nitro-2-
thiocyanatopropéne (e7) wés prepared by this method as shown in Scheme
2-52.

Scheme 2-52
Me,C=ND5, + FelTID) Ve £-NO,, + FeID)

gv=Nlg + = T8 L=

l“leZC-NU2 + SCN — [MBZCV(SCN)NDZJ'

" III : 11
[MeZC(SCN)Nﬂz] + Fe! )_... Me,C(SCNIND, + Fel10)
overall '
e TNO, +7SCN + 2Fe{ 111 —em e C(sONIND,, + 2Fe{TD) 2-177

(67)

Initially, the reaction vas éttempted with the addition of a satursted
soluytion of potéssium ferricyanide to é stirred mixture of sodium thiocyanate
in diethyl ether and wéter; The lH.m;n;r; spectrum showved a mixture of
products; the peak at 51 75 p. p m. was identified as 2,3-dimethyl-2,3-
d1n1tr0butane, and the peak at 62 10 p. p m. was later shown to be the
chemical shift for the proposed product (67). The two separate singlets

at §1.90 and 1.98 p.p.m. respectively vere not identified. Attempts to
isolate the unidentified compounds were unsuccessful, Howvever, when the
nitronate solution was added to a mixture of potassium ferricyanide and
sodium thiocyamtein diethyl ether and water only two products were
 obtained. The lH.n;m.r; spectrum showed a peak at §1.75 p.p.m. corresponding
to 2,3-dimethyl-2,3-dinitrobutane, and a peak at §2.10 p.p.m. corresponding
to the proposed product (67); The i.r, spectrum showved absurptioh at
Unax 2160 t:m-l {SCN), and Unax 1550 t:m"1 (NUZ). Fractional distillation

of the mixture géﬁe pure 2-nitro-2-thiocyanatopropane (67) in 35% yield.
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The identity of the product was confirmed by combustion aﬁalysis and
spectroscopic data. fhe lH.n.m;r; spectrum showed a singlet at 62.10 p.p.m.
(Me,C). The i.r. spectrum showed an absorption at vy . 2160 et (SCN),
and v 1550 cm"l (NQZ).

Replacement of diethyl ether by methylene chloride as a soclvent in
the previous reaction'géve product (67) (98% pure by lH.n.m.r.analysis,
containing a trace of dimer); Fractional distillation again gave pure
2-nitro-z-thiocyanatoprobahe (67) in ad% yield.

Similarly, l-nitro-l-thiocyanétocyclohexane (68) was prepared by
addition of the corresponding nifronéte to the solution of ferricyanide and

thiocyanate in CH2C12/H20 (eqn; 2-178); The i;r. spectrum of the crude

gi : OZN SCN 2-178
1I11) - €H,C1,/H.,0 '
« 2re M) son M2l . . oro(1D)
47%

(68)

_ product showed absorption at Vax 2160 cm“l (SCN), 1550 t:m'1 (NUZ)’ and
1720 cm_l (c:o); The latter peék was due to a minor by-product (5%) which
vas identified as cyclohexanone by compérison with authentic material using
g;l.c. (SE30, 10%). Pure l-nitro-l-thiocyanatocyclohexane was obtained by
preparative thin layer chromatography (silica, CCla/Hexane; 60 : 40). |
When the reaction was repeated in diethyl ether and wvater as the sclvent

mixture a lower yield (34%) of product was obtained.

2.5.2 Attempted preparation of 2-nitro-2-thiocyanatopropane by S.,.1

substitution

Attempts to prepare 2-nitro-2-thiocyanatopropane (67) by the SRNl

route (Scheme 2-53) failed, yielding only unreacted starting material.
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Scheme 2-537
Me,C(XIND,, +7SCN SM[MeZC(x)Noz]"' +'SCN
[Me CCXOND, ]* —= Mg, CND,, + X
Me,CNO, +7SCN _-[MezC(vSCN)NOZTD
[MeZ'C(SCN)NUZ‘]"+ Me,C(XIND, —pmm Me,C(SCNIND, + [Me,C(X)NO, |-
' vhere X = I, Br
Some SRNl chain reactions can be initiated by using anions. The
anion of 2-nitropropane is knownM to easily undergo S.E.T. to generate
radiecal-anions, which then enter the chain reaction to form the desired
product as shown in Scheme 2-54; This process is known as entrainment
and the anion is termed an entrainment'agentaa;
Scheme 2-54
Me,,C(BTIND, +7SCN ng.i'[MeZC(Br)NDZ]"' +'SCN
Me,C(BX)NO, + MeZCNIJ-ZS'_F;;. Me,C(BIIND, |~ +te,tNO,,

[Me,C(Br)ND, ] —= Me,ENO, + Br

Me,CNO,, + ~SCN o [Me,C(SCNIND,, }©

[Mezc(SCN)Noz]‘ + Mezc(sr)wozi&ﬁezc(scmmz + [Mezc(Br)Nuz]"

The use of catalytic chain initiatinnaa (entrainment) with catalytic
amounts of the anion of 2-nitropropane did not yield any a-nitrothiocyante,
but did yield traces of 2,3-dimethy1-2,3-dinitr0bdtane. The latter compound
vas also a significant impurity in the ferricyanide method. This observation
suggests that the anion of 2-nitropropane successfully competes with
thiocyanate for addition to the 2-nitropropyl radical. Similar lack of
reactivity of thiocyanate in SRNl'reactions vith halequinolines has been
reportedl%AbThe lack of reéctivity in our system is surprising because of
the synthesis of 2-nitro-2-thiocyanatopropane (67) with ferricyanide shows

that thiocyanéte is able to add to the 2-nitropropyl radical as shouwn in.

eqn. 2-179.
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Me iNO, + "SCN —m= | Me,C(SCNINO, ] 2-179
2772 2 2
(70)
. , ' 115 . s
Likewise, results from e.s.r. spectroscopy suggest that the dissociation
of the intermediate radical-anion (70) is reversible as shown in eqn. 2-180.

The dissociation takes pléce readily. The intermediate radical-anions of

[Me,C(SCNIND,]” === Me,CNO, + "SCN | 2-180

2-bromo-(71) and 2-chloro-2-nitropropéne (72) have also been shown to
dissociate readily expléining vhy 2-bromo-and 2-chloro-2-nitropropane

cannot be made by SRNI substitution;

[Me,caring,]” (e ccciono, )™
(71) (72)

We suggest that the eqﬁilibrium lies well over on the side of dissociation,
thus inhibiting the chain reaction. The lack of reactivity could also be
due to poor electron trénsfer between the thiocyénate anion and 2-bromo-
2-nitropropaﬁe. This electron transfer is required for initiation of the
SRNl chain reéction; In éddition, éttempts to prepare a-nitrothiocyanates
by oxidative addition of cﬁpric thiocyénéte, vhich has been reported in

the literaturell®, failed, and the only product isolated was 2,3-dimethyl-

2,3-dinitrobutane.

Thiocyanate is an ambident énion117 but only adds to the 2-nitropropyl-

radical via the sulphur atom as shown in egns. 2-181 and 182, This

Me,ENO, + “SCN —-[Mezc(st:N)an]‘——- Me,C(SCNIND,,

T (70) (67) 2-181
[Me2C(Ncs)N02]" — MeZC(_NCS)NUZ _ 2-182
(73)
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observation was confirmed by i;r; spectroscopy which only showed absorption
for thiocyanate ét Vnax 2160 cm-l; No absorption was observed at Unax
2140-2080 r:m-l correspbnding to isothiqcyanéte; The course of the reaction
represented in equétion'2—182 appeérs unlikely. Also, no isomerisation

of (65) to (73) vas observed. We suggest that this phenomens is possibly
explained by kinetic control of the addition of thiocyanate to the
2-nitropropyl radical because the "sulphur;énion" is more nucleophilic
towards carbon thén the nitrogen; Tolbert énd Siddiqui118 have suggested
that the addition of anion to the radical in the SRNl mechanism is

kinetic rather than thermodynamic control.

2.6 Reactions of a-nitrothiocyénates

2.6.1 Reaction of 2-nitro-2-thiocyanatopropane with the sodium salt of

2-nitropropane

2-Nitro-2-thiocyanatopropane (67) vas reacted with the sodium salt of
2-nitropropane in DMSO at room temperétﬁre under nitrogen with photolysis

to give 2,3-dimethyl-2,3-dinitrobutane in 72% yield (egn. 2-183).

Me,C(SCNIND,, + Me,C=NOS {%?ﬁl Me,C(ND,)C(NO,)Me, + TSCN  2-183
72¥

| The reaction proceeded with loss of thiocyénate and not nitrite from
2-nitro-2-thiocyénatopropéne; The identity of the product was confirmed
by m.p. and i.r. comparison with authentic material. The i.r. spectrum
sﬁowed the absence of absorption for thiocyanate at U 2160 an~t.  When
the reaction was repeated using DMF as the solvent a lower yield (51%) was
obtained.

The possibility of the reaction proceeding by an SRNl mechanism was
investigated using the accepted diagnostic tests for the mechanismaa.
The results of these studies are shown in Table 2—6; Tﬁe inhibition
results are similar ﬁo those observed for other reactions known to proceed
‘by an SRNl mechanism,'sﬁggesting that the reaction proceeds by an SRNl
mechanism as shown in Scheme 2-55.



Table 2-6 Reaction of 2-nitro-Z-thiocyénétopropane with the sodium salt

of 2-nitropropane

Conditions | % yield Me,C(ND,)C(ND,)Me,
Standard, DMSO, Ny, hu, 2h 72
Dark N,, 2h 42%
0,, zh 38%
5% molar of p-DNB | 34%
10% molar of DTBN 34%

Scheme 2-~59

— S.E'T _'-
Me,C(SCN)ND,, + Me,C=NO; _..[MeZC(SCN)NOZ] + Me,£-NO, 2184
(67) (70)
[ve,cisciIng,* —» Me,£-NO, +7SCN 2-185
Me,C-NO, + Me,C=NOZ  —am [Me,C(NO,)C(NO Ve, ] 2-186

[ je(No,Ye(ND, Mo, ™ + Me,CCsTNIND, S Es Me,C(NO, )C(ND Me, + [Me,CesONING,]”
2-187

Recently, BOWmén énd Symons héﬁe reportedll5 the detection of the

intermediate rédicél-anion'(?ﬂ) by_e;s;r. spectroscopy in solid matrices

at 77% (eqns; 2-184 and 185); They observed the electron capture by

(67) to form the radical-anion (70) (eqn. 2-184), and its dissociation

to the 2-nitropropyl radical and thiocyénate anion (eqn. 2-185). Their

results are therefore in égreement with our results in solution.
l-Nitro-l-thiocyénétocyclohexane (68) also reacted.with the sodium

salt of 2-nitropr0péne in DMSO with photolysis to give the corresponding

a-substituted prodﬁct l-(l-methyl-l-nitroethyl)-l-nitrocyclohexane (65)

in 61% yield and 2,3-dimethyl-2,3-dinitrobutane in 16% yield (eqn. 2-188).

The reaction égain proceeded with loss of thiocyanate. The products were
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0N SCN z

+ Me2C=N02 — + MeZC(NDZ)C(NOZ)MEZ 2-188

61% 16%
(68) (65)

Sepéréted by recrystéllisétion énd identified by m;p. and i.r. comparison
vith éﬁthentic mﬁtériéls; We sﬁggest that the formation of (65) also
proceeded by an SRNI mechanism (Scheme 2-55) and the formation of
2,3—dimethyl-2,3—dinitrobuténe proceeded by a radical radical-anion non-

chain mechanism as shown in Scheme 2-49.

2.6.2 Reaction of 2-nitro-Zéthiocyénétopropéne vith the sodium salt of

benzenesﬁlphinic écid

The reéction‘of 2-nitro-2-thiocyénétopropane with the sodium salt of
benzenesﬁlphinic acid in DMSO with photolysis vas carried out and yielded
l1-methyl-1-nitroethyl phenyl sulphone (74) in 49% yield (eqn; 2-189).

Agéin the reéction és shown in eqn; 2-189, proceeded wvith ioss:of thiocyanate

to give the prodﬁct (74). The identity of the product was confirmed by

o Me
: - gﬁg. n ! .
I“IF_-ZC(SCN)NL'J2 +.Ph \\:_. — Ph—ﬁ-C-Me. + SCN 2-189
0
: ]
1= | NU2
0 Me (74)

Ph-g-ﬂ —%-Me
NO2
(75)
m;p; and lH.n.m;r. spectroscopy and i.r..comparison with the literature
méteriél; The i;r; spectrum for example, showed no absorption at
By 2160 cm"l corresponding to thiocyanate.
The possibility of the reaction proceeding by an SRNl mechanism was
inﬁestigéted ﬁsing the éccepted diagnostic tests for the mechanism44

The resﬁlts of these studies ére shqwn in Table 2-7.
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Table 2-7 Reaction of 2-nitro-2-thiocyanatopropane with benzenesulphinate

Conditions : % recovery % yield
Me,C(SCNINOD,, PhSUZC(NOZ)Mez (74)

Standard, OMSQ, Nz,'

hv, 0 49
Dark, DMSO, N, 40 0
0,, DMSO | 37 0
5 molar % p-DNB 40 0
10 molar % DTBN 35 0

The results of the inhibition studies suggest that the formation of
prodﬁct (74) was inhibited by radical inhibitors and demonstrates that
é rédicél radical-anion chéin reéction is involved. We suggest that the
reéction proceeds by én SRNI mechanism shown in Scheme 2-56. In addition
Scheme 2-56

MeZC(SCN)ND2 + PhSOE S.E.L -[MezC(SCN)NOZI- + (PhSOzf

- [Me,cesenino, I —w=  Me,CNO, +SCN
0
Me,CNO, + PhSQZ = [Phicvove,]
&2tN0, 2 j-C(NDy e,
1

” ' l_-_ E ’ —
Me,C(SCN)NG,, +[Phﬁ-C(N02)Meé]—ﬂ-Ph"-C(NOZ)Mez + [Me,c(senno,
0
it is worth noting that the reaction, as shown in equation 2-189 could
proceed by an élternétive route to give the sulphinate ester (75).

Benzenesulphinate is an ambident anion and can react either via the

oxygen or sulphur atoms. No product from attack by the "oxygen anion"

wvas observed, i.e. the sulphinate ester.
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2;6.3 Reaction of 2-nitro-2-thiocyanatopropane with azide

Z-Nitro-z-thiocyénétopropéne (67) vas reacted with sodium azide
in HMPA; 2-Azido-2-nitropropane (40) was obtained in 8% yield and 27%
of stérting material vas recovered (eqn; 2-190).

% HMPA
MeZC(SCN)N(]2 + NaN3 -E-l-).- Mez{:(N3)NU2 + l"lezl’.:(SCl\I)N[)2 2-190
8% _ 27%

The identity of the products was confirmed by i.r. and 1H.n.m.r.
Spectrél compérison with éuthentic material. This reaction gives further
sﬁpport for the loss of thiocyénéte as observed with previous reactions.
Therefore, wve sﬁggest that the 2-azido-2-nitroprepane was also formed by
an SRNl mechénism; The reason for lover vields obtained in this reaction

could be due to steédy decomposition110

of 2-azido-2-nitropropane (40).
A repeét experiment at longer time gave the same yield of product (8%),
while the recovery of stérting material dropped from 39% at 90 min to

27% at Sh.

"2;7 Reéetions‘Of'24hitr042-thiocyanatopropane with thioletes

Thiolate énions are recognised as being some of the most nucleophilic

119, énd cén be expected to participate readily in bimelecular

species known
nucleophilic displacement reactions. On the other hand thiolate anions are
easily oxidised by a variety of reagents e.g. péruxides, halogens and
ferricyanide to the corresponding thiyl radicals, The latter combine

-rapidly to form disulphidelzo. (egns. 2-191-194) -

2857+ 2Fe (11L) g 2RS 4+ 2Fel! 2-191

2RS o RSSR 2-192
also

RS+ X, —e RSX + X- 2-193

RSX + RS~ ——e= RSSR + X~ 2-194

vhere X = I, Br, Cl
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The presence of the nitro group profoundly influenées the properties
of the o-substituted nitropropénes. In general the latter are easily
reduced by 5.E.T. The eleétron density on the a-substituent is also
markedly lowered due to the inductive electron withdrawing effect of -
the nitro group, and this permits the abstraction of the a-substituent
by a suitable nucleophile.

Bowman and RichardsonM’35

reported the reactions of a variety of
thiolates with 2-substituted-2-nitropropanes and suggested 2-substituted-
2-nitropropanegundergo substitution reactions with thiolates and proceed
by an SRNl mechanism (Scheme 2-57).

Scheme 2-57

- S.E,T. . i
Me,C(XINO, + RS™ b= [MeZC(X)NOZ]_ + RS
[MezC(X)Nﬂz] —  Me,C-ND, + X

MepiNO, + RS™  —= [Me,c(srING, ]

: S.E.T. .
[Me,c(srIND, T + Me,C(XOND, "= "Me ,C(SRIND, + [me,cexono, ]

This mechanism (as discussed in the introduction) has been shown to

operate with a variety of substratés77’3a’35. Alternatively, Bowman and

34,35

Richardson suggested an  ionic mechanism involving nucleophilic

attack by the thiolate anion on the a-substituent and subsequent reaction
of a second molecule of thiolate with the sulphenyl intermediate as shown
in Scheme 2-58 to explain the formation of disulphide.

Scheme 2-58

X

MezC + RS~ —»= R-S-X + MeZCNDE
ND2

R-S-\)j + RS™ . —®= RSSR + X
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A competition between an SNZ mechanism and the SRNI mechénism takes place,
vhich accounts for their observed results.

Russell and Co-workers36a have propdsed a non-chain radical mechanism
to account for oxidative dimerisation for various anions not including
thiolates. The mechanism applied to thiolates is shown in Scheme 2-53.

Scheme 2-59

_S.E. o
e COOND, + RS™ 2252 Tie,c0ONO,]™ + RS

| [MeZC(X)NUZ]f- —_— Me20N02 + X-
MBZCNOZ + RS" i MEZCNUE + RS
2RS —m= RSSR
121,122

Recently, Russell and co-workers have reported for oxidative
dimerisation a chain mechanism for the reaction of enolates with an
a-substituted nitro compound. The mechanism applied to thiolates is shown
in Scheme 2-60.

Scheme Z-60

| _ S.E.T. =
MeZC(X)NO2 + RS S——;L DMeZC(X)NUZJ + RS Initiation

[Me,LO0OND,] + RS~ —am RS + Me,CNOZ + X~
RS + RS~ —— [RSSRT' Propagation

RSSR]™  + Me,CIXIND, s RSSR + [MeZC(X)NOZ].;

A variety of thiolate anions wvere reacted with 2-nitro-2Z-thiocyanato-
propane. The thiolate anions were chosen because of their availability
and diuersity of structure. The thiolate anions also act as a good model
Fo,indicate the possible biological activity of a-nitrothiocyanates.

2.7.1 Reaction of 2-nitro-2-thiocyanatopropane with p-chlorophenyl-

thiolate

Z-Nitro-z-thiocyanétopropane vas reacted with p-chlorophenylthiolate
to give l-methyl-l-nitroethyl p-chlorophenyl sulphide (28) (37%),

di-(p-chlorophenyl) disulphide(76> (19%), and 2,3-dimethyl-2,3-dinitrobutane
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(16%) (eqn. 2~195). The products were separated by preparative thin layer

Me ,C(SCNIND,, + m—@s‘ omsq_ CIQS-CP4e2+ cx—@-ﬁ
hv &02 |

. (28) (76)
; + MeZC(NOZ)C(NDZ)Mez

chromatography and identified by comparison with authentic materials.

2-195

The possibility of the reaction proceeding by an SRNl mechanism was
investigated using the accepted diagnostic tests for the mechanismaa. The
results of these studies are shown in Table 2-8. These inhibition results

Table 2-8 Reaction of 2-nitro-2-thiocyanatopropane with p-chlorophenyl-

thiolate
% yield
Conditions Me,C(SRINO, | RSSR | dimer | Me,C(SCNING,
Standard; DMSO, N,, zh 37 14 16 0
Dark 20 16 20 10
0, | 12 4 | 10 41
40 molar % p-DNB 17 26 8 34
40 molar % DTBN 26 0 0 11

clearly showed that the production of the o-nitrosulphide (28) proceeded
by‘a pathway involving radical intermediates. We therefore suggest that
the a-nitrosulphide (28) was formed by an Spat mechanism as shown in
Scheme 2-61.
Scheme 2-61

MeZC(S[:N)NU2 +RS'—-M92C(SR)N02 + SCN (SRNI) 2-196

~—a RSSCN + Me,,C=NO (5,2) 2197



RSSCN + RS~ —am RSSR +7SCN’ (5,2) 2-198
(77) (76)

Me,C=NO; + Me C(SCNING, —= Me,C(ND,)C(NO,Me, +7SCN (Spy1) 2-199

Mezl(SR)NO2 + RS~ —w= RSSR + Me2C=NUE (SNZ) : 2-200

2;B-Dimethyl-z,3-dinitrobutane {(egqn. 2-199) vas formed by the known

reaction of 2-nitro-2-thiocyanatopropane with the anion of 2-nitropropane

(Section 2.6.1) via an SRNl mechanism. Di-{p-chlorophenyl) disulphide

(76) formation could be due to the abstraction of the a-substituent by

thiolate (eqn. 2-197). The presence of the nitro group makes the

a-substituent relatively positively charged by reducing its electron density,

i.e. the thiocyanate atom is activated to attack by nucleophiles. Thiolates

are strong nucleophiles apd are sble to participate in such an sbstraction

to form a sulphenyl thiocyanate . intermediate (eqn. 2-197) which reacts

- further with thiolate to form the disulphide. We have not been able to

isolate the sulphenyl thiocyanate intermediate (77) because it reacts

rapidly with further thiolate vith loss of thidcyanate to yield disulphide.

The reactions of sulphenyl thiocyanates with thiolates are well known and

123-125

had been reported in the literature e.g. (egn. 2-201).

DMF ,
Q—ECHZPh + (SCN),, = Q + PhCH,SSCN 2-201

RS~

PhCHZSSCH(CUZH)CHZCU2

The formation of disulphide (egn. 2-198) was not qfeatly inhibited which

H
suggest§that a non-chain mechanism such as the SN2 mechanism was operating.

Russell et al36 have proposed the SRNZ mechanism shown in Scheme 2-62

as well as a closely related chain oxidative dimerisation (Scheme 2-60).
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Scheme 2-62
Me,C(SCNIND,, + RS™ ~ “==b& [Me,C(SCNINO,]" + RS
2 2 2ol
™ - i & -
[Me C(sTNINDL]" + RS = [Me,C(SRINO,]™ +7SCN
(70)
[-MEZC(SR)NOZJ + Me,C(SCNIND,, —mm Me,C(SRIND, + [MeZC(SCN)Nﬂz]
(78) ~ with R = €1

This could also explain the formation of the a-nitrosulphide and
disulphide respectively. The formation of disulphide cannot be explained
by this mechanism owing to the observed lack of inhibition. The
a-nitrosulphide however, could be formed by tHe SRNZ mechanism.,

Russell's argument is based on the observation that the competition
between the SRNZ and the related chain oxidative dimerisation mechanisms
for the same substituent with different anions debends on the stability
of the radical-anion intermediate (70). ‘More nucleophilic anions favour
SRNZ rather than the chain oxidative dimerisation i.e. p-chlorOphenylthiplate
wvould be more likely to yield disulphide, and phenylthiﬁléte more likely to.
yield a-nitrosulphide. As phenylthiolate only yields disulphide it would
suggest that the formation of a-nitrosulphide with p-chlorophenylthiblate
is by an SRNl mechanism but the 5,,,2 mechanism cannot be exciuded.

RN
2.7.2‘ Reaction of 2-nitro-2-thiocyanatopropane with phenylthiolate

2-Nitro-2-thiocyanatopropane was reacted with phenylthiolate to give
only diphenyl disulphide (79) (52%) and 2,3-dimethyl-2,3-dinitrobutane
(50%) (eqn. 2~202).

DHMSO .
Me,C(SCNINO,, + PhS™ = PhSSPh + Me,C(NO,)C(NO,)Me 2-202
2 2 . 2 W NE, ey

(79)
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The possibility of the reaction proceeding by an SRNl mechanism was
: . ' -

investigated using the accepted diagnostic tests for the mechanism.
The results of these studies are shown in Table 2-9. These inhibition

results clearly demonstrate that the production of diphenyl disulphide (79)

Table 2-9 Reaction of 2-nitro-2-thiocyanatopropane with phenylthiolate

% yield ‘ .
Conditions ) Me,C(SRIND, | Ph-S-S-Ph | Me,C(ND,JC(ND,IMe, | Me,C(SCNIND,
DMS0, 10 min (zh) 0 (0) 36 (52) 34 (50) 10 (0)
Dark - 4 0 38 41 0
0, | o 26 11 24
20 molar % p-DNB 0 38 12 9
20 molar % DTBN 0 37 13 6

proceeded by a non chain mechanism i.e. SNZ ﬁechanism, and that the
2,3-dimethyl-2,3-dinitrobutane was formed by an SRNl mechanism as shown

in Scheme 2-61. Phenylthiolate is a stronger nucleophile than p-chloro-
phenylthiolate and therefore SNZ attack by the thiolate on the thiocyanato-
substituent to give the sulphenylthiocyanate intermediate is favoured over
the slower electron-transfer required for the SRNl.mechanism.

2.7.3 Reaction of 2-nitro-2-thiocyanatopropane with the sodium salt of

benzylthiol
2-Nitro-2-thiocyanatopropane was reacted with the salt of benzylthioclate
in DMSO to give dibenzyl disulphide (80) (30%) and 2,3-dimethyl-2,3-
dinitrobutane (22%) along with a high yield of polymeric aromatic material

(16%) as shown in egn. 2-203, The possibility of the reaction proceeding

MezC(SCN)NOZ + PhI',‘HZS" — PhCHZS—SCHZPh + (Pht:Hs)n
{80)

+ HezC(NUZ)C(NOZ)Mez 2-203
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by an SRNl mechanism was investigated using the accepted diagnostic tests

for the mechanism;&a The results of these studies 9re shown in Table 2~10.

Table 2-10 Reaction of 2-nitro-2-thiocyanatopropane wvith the sodium salt

of benzylthiol

% Yields
Conditions MezC(SCN)ND2 ,(PhCHS)n dimer PhCHZS-SCHzPh
DMSO, Ny, 2h ' 15 16 22 30
02 + dark 31 ~% 3 3
20 molar % P;DNB +
dark 18 22 4 3
20 molar % DTBN +
dark : 39 19 3 trace

*henzoic acid 15% was also isolated.

The inhibition resﬁlts shov that the yield of dibenzyl disulphide was.
reduced to ca 3%. This indicéteé thét the formation of disulphide vas

inhibited énd that it mﬁst be formed by a chain radical radical-anion

mechénism; Rﬁssell et a1121 have reported a chain radical radical-anion

~ redox mechanism for the reaction of a-substituted compounds with enolate

anions és shown in Scheme 2-63; A similar reaction can be proposed, with
Scheme 2-63
Me,C(X)NO, + RCOCH, 2:5aT[Me,COXIND, ] + RCOCH,

[MeZC(X)NOZ] + RCDCHE_.... Mez-C-NOE + RCDCH‘2 + X

RCOCH, + RCOCH;  —am [RCUCHZCHZCDR]

RCOCH,CH, COR S.E.Ts =
[ ) 1" . Me,C(XING, e RCOCH,CH,COR + [Me,C(X)ND, ]
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benzylthioléte replacing the enolate anion. Disulphide radical~anions
have been observed By e;s;r; spectroscopy126 and are known to be in an
equilibriﬁm with thiyl radical and thiolate as shown in eqn. 2-204.
RS + RS~  —w= [RSSR]™ | 2-204
This result is unﬁsﬁél as all the other redox reactions of a-substituted
nitro compoﬁnds and thiolétes, wvhich yield disglphide, proceed by an
"ionic" SN2 mechanism as fully discussed for p-chlorophenyl and phenyl-
thiolate (sections 2;7;1 and 2.7;2).-
f The other problem to be expléined is the formation of aromatic
polymer; The lH;n.m;r; for the separated polymer shoved only arocmatic
protons at §7.1-7.5 p;p.m; and no benzyl protons (-CHZ) wvere observed.

We suggest thét the polymer érises from thiobenzaldehyde produced by an

elimination process (egn. 2-105).

Ph-CH-S-SCN  —m= PhCHS + B™H + “SCN 2-205
|
H (81)
B:
. ' 127 . . :
Thiobenzaldehyde (81) is not a stable species and undergoes rapid

polymerisétion; The formétion of benzoic acid in place of the polymer in
the oxygen inhibition reéction strongly syggests that thiobenzaldehyde
is an intermediate and that it is oxidisedtc benzoic acid faster than
it polymerises;

Baldvin and Lopez128 hévé reported their failure to isolate
thiobenzéldehyde, but do report trapping it as é Diels-Alder adduct
(Schemg 2-64). The elimination mechanism they report,although concerted,

could explain the possibility of thiobenzaldehyde being fofmed in our

reaction.



Scheme  2-64

o
| |
Phcﬁ}-s-éiwzi’h L e PhOHS + PRCH,SOH
Me -C i Me 5
N» L—Ph = " | Ph
Me <~ NCH, H e

129 héve reported an E2 elimipation to form a

Kirby and co-workers
thioéldehyde vhich likewise cénnot be isolated but can be trapped as
an adduct with énthrécene,‘thebéine, or 3,3~dimethylbutadiene

(eqns. 2-206-207).

NCS Et.N

EtDZC—CHZSH —d- EtOZE‘fCHZ-S-Cl 2 - EtOZC-—CHS+ Et3N+HCl" 2-206
S , ,
" Me-—i:: CH2 Mem
Et0,C-C + — - 2-207
2N, Me=C=CHy Me 0,Et

We, therefore consider that én E2 elimination from benzylsulphenylthiocyanate
to form thiobenzéldehyde énd éubsequent polymerisation is a reasonable
explénétion of the resﬁlt;' Reéetions of benzylthiolate with othsp .
a-substituted nitrO'cdmpoﬁnds.proceéding,via benzylsulphenyl intermediates

do not éppeér to yiéld lérge amounts of polymer and give only the
corresponding disulphide33-35; It is however quite possible that small

amounts of polymer were formed and not noticed during purification of

dibenzyl disulphide. In concldsion the overall reaction sequence is shown

in Scheme 2-65;
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Scheme 2-65

S-SCH,Ph + Me,C=NO, + SCN

l‘4ezC(SCN)f\202 + 2PhCH25 — PhCH2 2 2 2

| Sonl
Me,C=NO; + Me,C(SCNIND, i\ Me,,C(NO,)C(NO, e, +7SEN

 Mept=Ny
And
- SNZ -
Me,,C(SCNIND,, + PhCH,S ™ —Lem  PRCH,SSCN + Me,C=NO
21:_
Ph?p;ss\gw Bas€m phcHS —» Polymer
H + SCN
J
.

2.7.4 Reaction of 2-nitro-2-thiocyanatopropane with the sodium salt of

p-nitrophenyjthiol

2-Nitro-z-thiocyénatopropéné wvas reacted with p-nitrophenylthiolate
in DMSO to gi&e lérgely the corfesponding a-nitrosulphide,l-methyl-1-
nitroethyl p-nitrophenyl sulphide (27), as well as di-(p-nitrophenyl)
disulphide (82) in 17% and 9% yield respectively (eqn. 2-208). The

spectroscopic data for the products were in agreement with the assigned

_ DMSO | aE
Me,,C(SCNINO,, + I _..ozm@—sch!ez £ oz@s
A : NO 1

2
NG, 17%  (27) (82) 9%

+ S.M. + MeZC(NOZ)C(NUZ)Me2 - 2-208
structures.
The possibility of the reaction proceeding by an SRNl mechanism was
investigéted ﬁsing the actgpted diagnostic tests for the met’:ha\nissr'n..M4
The results of these studies are shown in Table 2-11, The inhibition
results cleérly demonstrate that the formation of a-nitrosulphide (27)

was inhibited, which suggest that its formation proceeded by a radical
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Table 2411"ﬁeaé£ion of ' 2-nitro-2-thiocyanatopropane with p-nitrophenyl-

thiolate
% yield
Conditions %e, C(SRIN, | RSSR | dimer | Me,C(SCNINO,
DHSO, 15 mins, N, 17 9 3 | 18
+ 20 molar % p-DNB 5 20 4 36
+ 20 molar % DTBN trace 15 3 36
+ 02 trace 22 4 62

radical-anion chain reaction (SRNI) mechanism., The disulphide is most
likely to be formed by an "ionic" SNZ mechanism. The two mechanisms are
.discﬁssgd fﬁlly in Section 2.7.1.

2;8 Reaction of 2—nitro-Z—thiocxﬁnétoprqggne with the anion of

diethyl ethylmalonate

2-Nitro-Z—thiocyénétopropane was reacted with the sodium salt of
diethyl etﬁylméloﬁéte in DMSO to give the respective dimers, 2,3-dimethyl-
2,3-dinitrobﬁtane (47%) and tetraethyl hexane-3,3,4,4-tetracarboxylate (66)
(20%) as shown in eqn; 2-209. The products were identified by i.r. and
H;n;m;r; spectroscopy, and b;p. The reaction was slow and low yielding.
The reaction proceeded without addition of the anion to the 2-nitropropyl-
rédicél to yield the expected substituted product.
MeZC(SCN)NU2 + EtE(CUzEt)z-----EtC(CDzEt)ZC(Et)(COZEt)2
(66) 2-209
+ MeZC(NOZ)C(NDZ)Me2 |
The SRNl mechénism as shown in Scheme 2-66 would be expected to yield the

SRNl product (83) vhich was not obtained; It is well known that the anion

of diethyl ethylmalonate vill add to the 2-nitropropyl radical yielding the

substituted product (83). The reaction of MeZC(X)NO2 (with X = Br) with
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Scheme 2-66

= S.E.T. S, Etd
Me ,C(SCNIND, + ELT(CO,EL), == [Me,C(SCNIND, ]* + ELE(CO,EL),

[Me,CCsCNIND,, ]+ — = Me,C-NO, +7SCN

Me,C-NO, + EtC(COEL), — ——w= [Mezllj— (': (CO,Et), 1
NO, Et

[Me,C(NO,)-C(EL) (COLEL), T" i Mez?——-T(CDZEt)Z
NO, Et  (83)

66,114

the énion of diethyl ethylmalonéte has been reported to proceed by

abstraction but when X = C1114, no, 114, or spP%%

an SRNl reaction takes
pléce;

We therefore sﬁggest that an abstraction mechanism folloved by a non-
chéin redox mechénism to form (66) és shown in Scheﬁe 2-67 takes place;
Scheme 2-67

MeZC(SCN)NUZ + EtC(cqut)z.__.. Me,,C=NO

2+ Ncgff(cozst)z
Et (84)
Me,C=NO; + MeZC(SCN)NUZ — MeZC(NUZ)C(Nﬂz)Mez + SCN
r~1t:s-:l:(c02r~:t)2 + EtC(CUzEt)Z_... [NCS-?(COZEt)Z] + EtC(CUZEt)Z
Et (84) £t
[r\zt:s-tlz(cozEt)2 ]- —— Et-C(CEIZEt)z + SCN
Et
¢ —
2EtC(C02Et)2 EtC(CUzEt)ZC(Et)(COZEt)Z_
(66)

130

It has been suggested that the well known (iodine) oxidative dimerisation

of 1,3-diketoneanions (eqn. 2-210) takes place via the mechanism shown in

Scheme 2-68.

R-‘C(C[]ZEl:)2 + 12 ——— RC(COZEt)ZC(R)(CDZEt)2 _ 2-210
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Scheme 2-68
R-C(COZEt)Z +1, —= 'R-—IIZ(COZEt)z + I-
1

R-('I.‘(CDZEt)z + RC(COEL) ) [R-l,:(COZEt)Z] + RE(CO,EL),

I I
[R-n!:(cozr:t)z] —= R-C(COEt), + I~
I
2R-E(COEt), —  RC(CO,EL),C(R)(CO,EL),

Evidence for the sﬁggested mechénism (Scheme 2-67)came from experimental
observations which indicéted that the malonate anion vas abstracting the
thiocyénéte groﬁp to form the corresponding diethyl ethyl thiocyanatomalonate
(84). This sﬁspected prodﬁct could not be isolated but the i.r. and
H;n;m;r; spectrﬁm indicéted its possible presence.

We éttempted the prepérétion of (84) | by reacting the sodium
salt of diethyl ethylmélonéte wvith copper (II) thiocyanate, but only tetra- |
ethyl hexéne-B,3,4,4-tetrécérboxyléte (66), (Scheme 2-69) was formed.

Scheme 2-69 _
ELC(CO,EL), + Cu(II)(SCN)Z = ELE(CO,EL), + cuDsen =sen
2ELE(C0,EL),, —= ELC(CO,EL),C(EL) (CO,EL),

- (66)

overall
- I1
Etl’:(CDzEt)2 + Cu (SCN)2 —i— Etll‘(CUzEt)ZC(Et)(CUZEt)2

(66)
The use of copper (Il) thiocyanate for thiocyanation is well documented !

but the mechanism is unknown.
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We also attempted the preparation of diethyl ethyl thio®Yanatomalonate
using thiocyanogeni>2(85)(eqns. 2-212-213).

Br2 + Pb(SCN)2 L — (Sl'.‘N)2 + PbBr2 2-212
(85)
EtE(COZEt)2 + (SCN)2 - EtC(SCN)(COZEt)2 + SCN 2-213
Thiocyanogenl32(85) is a relatively unstable liquid and was therefore used

immediately to avoid hydrolysis to thiocyanic acid and hypothiocyanous
acid (eqn. 2-214). Unfortunstely, we obtained a polymeric form of

(SCN)2 + H20 —— HSCN + HOSCN 2-214
thiocyanogen in every attempt.

2,9 Reaction of 2-nitro-2-thiocyanatopropane with the anion of

diethylphosphite

The preparation of diethyl l-methyl-l-nitroethyl-phosphite was

attempted, using the same conditions reported70

for its preparation from
2-chloro-2-nitropropane énd diethylphosphite; However, when 2-nitro-2-
thiocyanatopropane was reacted with the anion of diethyl phosphite in

THF, 2,3-dimethyl-2,3-dinitrobutane (10%) vas isolated with a large amount

of starting material being recovered (egn. 2-215).

Me,C(SCNIND, +~P(CEE), 'Zam Me,C(NO,) C.(NO,)Me, + SCN-PO,EL, 2-215
(86)
We suggest that the die£hylphosphite participates in an "ionic" SNZ
abstraction. The resulting nitro anion then undergoes SRNl reaction with
Z-nitro-2-thiocyanatopropane to give the dimer., However, the isothiocyanate
derivative (86) rather than the thiocyanate derivative would be predicted
(HSAB Principle) due to the ;hard" basicity of phoéphite. The phosﬁhorous

anion would be predicted to react with the "hard" nitrogen atom rather than

the "soft" sulfur atom,
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The isothiocyanate derivative (86) was not isolated and presumably
underwvent hydrolysis to diethylphosphate which would héve been lost on
vork-up due to its water solubility. This hés been reported in the

literature133 (egn. 2-216).

q H,0 f
S:C:N-;D(UEt)2 _3___ (EtU)zPDH + HSCN 2-216

Sﬁmmarx

To our knowledge there are no reports in the literature of thiocyanate
acting as a leaving group in SRNl reactians,
1) a-Nitrothiocyanates have been prepared by oxidative addition in good
yields. The ease of the reaction and the availability, as well as, the
lowv cost of the reagents used makes this a valuable synthetic method.
2) o-Nitrothiocyantes undervent the SRNl substitution with various anions
e.g. nitronate, PhSUE and Ni. In each case thiocyanate was the leaving
group.
3} The reaction of 2-nitro-2-thiocyanatopropane with thiolates e.g.

f(p;NozcéHaS') yields the corresponding a-nitrosulphide by an
SRNl mechanism or the corresponding disulphide by an SNZ abstraction
mechanism. The reaction with benzylthiolate gave a polymer of
thiobenzyaldehyde, and dibenzyl disulphide by a chain oxidative dimerisation
mechanism,
4) 2-Nitro-2-thiocyanatopropane reacted with the anion of diethyl ethyl-
malonate to yield the corresponding dimers in low yields.
5) COur synthetic studies of the SRNI reactions of 2-nitro-2-thiocyanato-
propane confirmed the e.s.r. observations (see section 2.6) which showed
the breakdown of the 2-nitro-2-thiocyanatopropane radical-anion to
nitropropyl fadical and thiocyahate. Ve, therefore suggest that e.s.r.
spectroscopy provides a good probe for predicting the reactivity of radical-

anions in SRNl reactions,

Some of these results have been published in preliminary form.lja
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2,10 Miscellaneous reaction of 2-substituted<?-nitropropanes

2.10.1 Reactions of diethyl l-methyl-l-nitroethylphosphonate

Diethyl methyl-l-nitroethylphosphonate (37) was reacted with the
anion of 2-nitropropane in DMSO to give unreacted starting material and an
unidentified product (egn. 2-217). The lH.n;m;r. Spectrdm was complex

PQ,EL
C=NO, 258 (37) + Me " re., 2-217
i .

sz

MeZC(PO )NU + Me,
(86)
due to the mixture of product and starting material and the splitting of

31P coupling. . A tentative assignment from the lH.n.m.r.

all peaks due to
spectrum suggested that the unidentified material was (86). The products
could not be separated due to their similar properties. Repeat reactions
using an.excess of the anion of 2-nitropropane and longer reaction times did
not force the reaction to completion but did eventuslly cause decomposition.

The reaction vas very slow, Ca 42h, indicating that the a-nitrophosphonate

vas very unreactive., Similar lack of reactivity has been observed by

Russell et a1;130

The reaction was carried out in DMF for 42h and gave 2,3-dimethyl-2,3-

dinitrobutane in 60% yield (eqn. 2-218).

- DMF _
I“Te=,~2C(P[II3Et2)N02 + Me2(3=NE]2 —— Mezc(NOZ)C(NOZ)ME::2 2-218
' 60%
This suggests that oxidation of the anion to the dimer takes place rather
than substitution but no proof was obtained. The mechanism could possibly

be an SRNI mechanism but this is very unlikely; The proposed mechanism

is shown in Scheme 2-70.
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Scheme 2-70

Me,C(POSEL,IND, + Me,C=NO; [e,C(POEL, NG, ]* + Me,C-NO,
Me,,£-NO, + Me C=NO3 - [Me COND, TN, e, ]

[Me,C(ND,)C(ND, Me,]*  + Me,CPO,EEL,IND, —wm e, C(ND,)C(NO, e,
+ [Me c(Po,ELIND, ]
In their e.s.r. studies, Symons and Bowman115 reported that the
corresponding radical-anion clearly breaks down to nitrite anion and
phosph ite radical (egn. 2-219) and not to the nitropropyl radical and
[Me,C(PO,EL, NG, ™ —am  Me,C-POSEL, + NO 2-219

2 3772 2

[Me,C(POSEL,IND, J* _pmm  Me,C-NO, +POSEL, 2-220

diethylphosptite  (egn. 2-220). The e.s.r. studies also indicated that
the radical-anion is very stable and does not dissociate readily to the
| phosphonate radical and nitrite, supporting the lack of reactivity of
the system in solution as well as the prediction of the identity of the
product (86).

Diethyl l-methyl-l-nitroethylphosphonate (37) wvas also reacted with
p-chlorophenylthiclate in DMF to give p;chlorophenyl ethyl sulphide (87)
in 45% yield (eqn. 2-221).

0
'P._‘QI:HZI:H3
ig/ \ - -CH.CH

4 0-CH,CHy | 3
NO +

5 2-221

DMF L =NO~
—— + P03§t2+ MezC-ND2

The reaction vas repeated at different times, all of which yielded
p-chlorophenyl ethyl sulphide (87), (41-46%). The identity of the product
was confirmed by comparison with authentic méterial_which was prepared

according to the literaturel” method (eqn. 2-222).
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c‘1_©-sn + CH,CH T MeOi. CL@CHZCH3 + Nal 2-222

Triethylphosphite and thiophenol have been reported>® to undergo
simultaneous ionic and radical reactions to give ethyl phenyl sulphide
and diethyl phosphate (eqn. 2-223).

0
I
—®=  PhSEt + (EtU)zPOH 2-223

=0

PhSH + (Et0)3
This reaction could be used to explain our results; Taking into
consideration the inductive effect of the nitro group in the a-nitro-
phosphonate (37) ionic attack at the ethyl group of the phosphonate ester
is more likely. ‘

2.10.2 -Reaction of 2-cyano-2-nitropropane with thiolates

2-Cyano-~2-nitropropane (35) was reacted with phenyl thiolate in HMPA
to give l-cyano~l-methylethyl phenyl sulphide (88) in 53% yield (egn. 2-224).
The identity of the product was confirmed by the lH.n.m;r. and i.r. spectrum.

MeZC(CN)NO2 + PhS™ !ﬂﬂﬁL PhS—C(CN)Me2 + NOE 2-224

(s8)

Our results confirmed those of Kornblum and Kester69 who suggested that
the reaction proceeded by an electron transfer (SRNI) mechanism,

The reaction of p-chlorophenylthiolate with 2-cyano-2-nitropropane
gave only recovered starting material. Further investigafion of these
reactions is required.

The e.s.r. studies of the radical-anion of 2-cyano-2-nitropropane have
shown that it breaks down to nitrite and the 2-cyanopropyl radical (eqn.

2-225). The e.s.r; studies also show thét the radical-ahion is relatively
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[Me,CCNIND,]” —e= He,CON + NOS 2-225
stable and breaks down less easily than other a-substituted-nitro radical
anions. These observations are in agreement with the solution reactions
reported above;

The reactions of 2-cyano-2-nitropropane with phenyl thiolates (and the

114

associated e.s.r. studies support the observed loss of nitrite from

2-cyano-2-nitropropane when reacted with the anion of 2-nitropropane

(eqn._2-226),i.e. the slow reaction rate and low reactivity cause

hu

Me C(CN)NO + Me,C= NO2 —a= Me C(CN)C(NO )Me + NOE 2-226

2

substitution of nitrite rather than cyanide.

2.10,3 Reactions of 3-methyl-3-nitrobutan.?-gne. (33) and ethyl 2-methyl-

2-nitropropionate (34) with p-chlorophenylthiolate

3-Methyl-3-nitrobutan -2-one (33} and ethyl 2-methyl-2-nitropropionate
(34) were reacted with p—chlorophenylthioléte in DMF and MeOH respectively
to give low recovery of stéfting materials in both cases and no other

products. Longer reaction times gave lower recovery of starting materials,

i.e. more decomposition,

"

Me,C(COMe)INOD,, +©—— Cl s-c come + MO, - 2227
L
Me '

Me,C(CO,ELING, + —— CL@-—S -C—CO,Et 4 Ngz 2-228

We vere surprised by these results because the e.s.r. spectroscopy
studies of both compounds showed that the corresponding radical-anions
breakdown to nitrite and the 3-methyl-3-butm12_one radical or the

ethyl 2-methyl-2-propionate radical respectively (eqns. 2-229 and 230).
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We suggest that either the radical anions are very stable in solution

[Me,clcomelng, ] —w= Me,C-COMe + NOF 2-229

. . - | )
[Me,c(cOEEIND,]"  —m= Me,CCO,EL + NO, 2-230

reactions or that an unknoun élternative reaction takes place leading to
decomposition. Both of these compounds have been shown-"1 to react via
a slov SRNl mechanism with the anion of 2-nitropropane with loss of nitrite

(egqn. 2-231).

C:NU2

MezC(COMe)NOZ + Me —_— Mezccr:UMe)C(Noz)Mez + NO- 2-231

2 2

2.11 The use of e.s.r. spectroscopy to predict the direction of SRNl

reactions .
In studies of a-substituted nitro-compounds proceeding by the SRNl
mechanism (eqns. 2-233-235), loss of the a-substituent (X } from the

S.E.T.

Me,COOND, + A ~Zwe [Me,COOND,]"  + & | 2-232
[e,c(xmo,]* —= Me,b-NO, + X~ 2-233
MeL-NO, + A~ —am [MeC(AIND,] 2-234
[Me,CCAWOT™ + te,COXND, —om Me,C(AIND,, + [MeZC(X)NUZJL 2-235
[Me,c0xmo,]” — Me,E-X + NO5 2-236
Me,C-X + A = [te,C(AIX]" 2-237
[Me,c(ax]™ + Me,COOND, —em Me,C(AX + [Me,COXOND, ] 2-238

36,38,39,40

intermediate radical-anion has been observed for X = I, Br,

Cl, SO,R, sr,% s(o)r, and SN'35. Loss of nitrite has been observed 63874

for X = COR, CO,R, CN, NO,, p-NO,CH,N,, and Me’2( eqns. 2-236 to 2-238).

A groving number of anions have been shown to participate in SRNl reactions
vith a-nitro-compounds e.g. A™ = RZCNDE’_RSUE’ RSy Ng, SUE, (RO)ZPUI and
carbanions RCXY (with X,Y = COR, COZR, CN, SDZR and combinations thereof.
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115 f the radical-anions from various o-substituted

E.s.r. studies
nitro compouﬁds of the type‘MeZC(X)NOZ, wvhich we have prepared, are being
carried out at Leicester University by Professor M.C.R. Symons and co-
vorkers. This section has been included because of the relevance to

the understanding ofrthe reactivity of the compounds under study.

| Degassed samples were irradiated és dilute solutions (ca 1% v/v) in
methanol (CDBUD vas used to avoid overlap with solvent radical features)

or methyltetrahydrofuran. They were frozen as small beads in liquid nitrogen

and irradiated at 77Kina Vickrad60

Co x-ray source to doses of up to 1 Mrad.
E.s.r. spectra were measured on a Varian E109 spectrometer calibrated with
proton resonance. Samples were annealed to the selected temperature or
until significant changes occurred (Ca 140K) in there.s.r. spectrum, and re-
coolédto 77K for study.

The purpose of the study is to show that:
a) a-Substituted nitro-compounds are able to capture an electron to form
"stable" radical-anions (egn. 2-232).
b) These radical-anions are able to dissociate to radicals and anions
(egns. 2-333 and 2-236).
c) These radicals and anions can combine to form radical-anions (reverse
of eqns. 233, 236 and 234, 237).
d) The direction of breakdown can be observed (egqn. 2-233 versus 2-236).
e) The structure and stability of the radical-anion and radicals.

Thg e.s.r, spectroscopy results show that the structure of MeZC(X)NU2

.radical-anions is pyrimidal at nitrogen (89). This structure has been



suggested to explain the isotfopic coupling which corresponds to Ca 5%
2 scharacter, and the anisctropic coupling which corresponds to Ca 57%
2p-character. This gives a ratio of P /'sof Ca 11 as opposed to. Cé 30
for a planar n-radical such as NH3+‘. Despite this pyramidality, results
indicate that there is a tendency to édopt the conformation shown (89)

i.e. delocalisation into the C-X o-bond for X = SCN, Br, Cl, P03Et2,

and SUZR. The proposed mechanism is shown in Scheme 2-71. The breakdown
of the parent radical-anions was difficult to detect which indicates that

Scheme 2-71

MeZC(X)NO2 relaxation by

ad Pyramidal I\mzbond bending

e - . -
Me,COOND, S [M0,COOND,]T  —me  Me,EX + NO;

relaxation by
~a bond stretching

Me.CNO

otND,, + X~

initial formation of Mezéx and MeZENU2 is a "hot" process. This suggests

that the initial electron addition occurs on the planar nitro-grodp and
that relaxation proceeds subsequently, involviné either bond-stretching,
giving Mezéx or MezéNDZ, or bond-bending, giving the stable radical-anion
[ﬂezC(X)NDé]L with a pyramidal nitro-group. This relaxation stabilises

the radicél-aniop, thereby retarding dissociation.

All the compounds studied showed stable radical-anions i.e. MeZC(X)NU2
withX = Br, Cl, NO

s No, SCN, PO.EL

2' 3 372 2
CN. Compounds with X = Br, Cl, NGZ’ SCN, SUZR underwent dissociative electron

COMe, CO.EL, SOzPh, SUzMe, Me, and
capture to yield MezéND2 and anion X~ . These results are in accord with

those observed in liquid-phase (solution) studies.
Some of the other compounds with X :'P03Et2, COZEt, and CN, underwvent
dissociative electron cépture to yield nitrite and the corresponding free

radical (MethOBEtz, MeZECOZEt, and MBZ&CN). Again, these results were
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in accord with solution studies for the latter two compounds.
The results of the e;s.r; studies which are pérticularly relevant
to our work are summérised:

a) 2-Nitro-2-thiocyanatopropéne (eqn; 2-239). This dissociation of radical

/SCN )cw‘
Me.C 2 a  MeC e Me C-NO, +"SCN 22239
2. 2N
2\ NO, \wuz

anions is in agreement with our results from solution studies of SRNl

reactions, which clearly indicated loss of thiocyanate rather than nitrite

(see section 2.5).

b)  2-Azido-2-nitropropane (eqn. 2-240). Interpretation of the e.s.r.
Me?_c/N3 2 o Me C/N3 — " [Me,ON,] «NOZ 2-240

25 . 273 2
NG, \Nu2

spectra of [Meths' is still in progress. Localisation of the odd electron
on the carbon atom [Mezfi—N:,,] hag been definitely shown not to exist.

The spectra indipate, so far as interpretation allows, that most of
the odd-electron density lies on the terminal nitrogen, some on the central
nitrogen, and very little on the [ G——N}. The electron is thought to be

in a p-orbital and not a o~orbital. This is shown in fig. 2-3. These

Fig. 2-3

Me2C=-'N'==N==°-‘=N - MezC —=N=N'-=N (MezCzN‘-:'-N—-;—-N)

initial observations are in agreement with our results from solution studies

wvhich cleérly indicated the loss of nitrite in SRNl reactions (see section

2-4).
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0
P(OEL),

MeZC\ — MeZC-F’O3Et2 + N[]2 2-241
NO2

Me,C(POLEL,IND, &
c) Diethyl l-methyl-l-nitroethylphosphonate (eqn. 2-241). The e.s.r.
spectrum showed loss of nitrite. Our results in solution reactions gave
an unidentified product, but sppeared to indicate loss of nitrite (see
section 2.10.1) |
d) 2-Cyano-2-nitropropane (egn. 2-242). The e.s.r. studies showved loss

CN

e : - ) a9
MEZC(CN)NU2 S MezC — MezC-CN + NO2 2-242

NO2
of nitrite which is in agreement with our results in solution reactions
(see section 2.10.2).
e) The reactivity of 2-substituted-2-nitropropanes cbserved in our

reactions correlates closely with the stability observed by e.s.r.

spectroscopy for the radical-anions[HBZC(X)NUéﬁ'with:

i} X = Br >SCN >Cl >N02 relatively unstable radical-anions.

ii) X

COCH3, SOZPh, the radical-anions do not dissociate in solid state’

i.e. they are very unreactive.
iii) X = POBEtZ’ COzEt, CN, very slov dissociation.
f)  The overall relative stability for the radical-anionsDMeZC(X)NOéTL

as pbserved by e.s.r. spectroscopy (i.e. the relative amounts of radical-
‘anion and its dissociation) is as follows:

- Br >SCN >C1 >N02 >P03Et2, CO,Et, CN, N, >COMe, SO,Ph >Me.

2 3 2

- 169,



2.1z Reéctions of aliphatic a-substituted nitro-compounds with thiolates

in protic solvents

An importént characteristic of the action of drugs is their solubility
ih vater or organic solvent. Water solubility plays a key role as to
wvhether a drug can be useful medicinally or not. The solubility of
a drug can be tested in model in vitroexperiments using systems which
mimic the biological ones. Therefore, in order to test the reactivity
of our prepared compounds as a guide to in vitroactivity, ve carried out
a series of reactions of a-substituted nitropropanes with thiolates in
protic solvents (ﬁater and/or methanol). Most of the 2-substituted-2-
nitropropanes are insoluble in water, therefore MeDH/HZU mixtures had
to be used to solubilise reactants.

Thiolates have been reacted with 2-substituted-2-nitropropanes in
dipolar aprotic solvents to yield a-nitrosulphides by an SRNl mechanism34’35
and/or disulphide by an ¥ -philic mechanism involving attack by thiolate
on the a-substituent to yield a sulphenyl intermediate (RSX) which
subsequently gives disulphide on reaction with thioclate (section 2.7).

In our studies on the mode of action of the antimicrobial agent,
2-bromo-2-nitropropan-1,3-dicl (3) (bronopol), which owes its activity
to the oxidation of protein thiol groups to disulphides, ve studied the -
reaction in water and in methanol and found that bronopol gave only
disulphides when reacted with thiolates. Theée results encouraged us to
set out an investigation on the effect of protic solvents on the course of
the reaction of 2-substituted-2-nitropropane with different thiolates
i.e. why do some 2-substituted-2-nitropropanes undergo SRNl reactions
in dipolar aprotic solvents while bronopel in water only yields

disulphides when reacted with thiolates?
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Stretton énd Manson16 have suggested that the primary mode of action
of bronopol is due to its ability to oxidise sensitive thiol groups to
~disulphides (see introduction). They have shown that bronopol oxidises
(L)-cysteine, glutathione, and coenzyme A to the corresponding disulphides.
They also demonstrated loss of enzyme activity (e.g. papain) due to
oxidation with bronopol.
Bowman and Burton136 carried out series of reactions with bronopol.
They showed that bronopol oxidises (L)-cysteine and N-acetyl-(L)-cysteine-
methylester to their corresponding disulphides in 70-%0% yield (egqn. 2-243).

They also showed that the stoichibmetry wvas 2:1 (RSH: Bronopol).

0 D
1 1]
ZCH3CNHCHC02Me + (H[JCHZ)ZIZ.‘(Br)NO2 —_—— CHJENH-['ZH-CDZMe
CHZSH l!?H2
S
_ _ |
Br + (HOCH2)2C=N02 + Sl'; 2-243
g
! ;
CH3-C-NH—CH-COZM e

Considerable effort was made to isolate the nitronate resulting from the
redox reaction but without success. The resulting nitronate is known to
be unstable, decomposing to formaldehyde, and hence to polymeric material,
and to nitromethane, which also decomposes further. . The reaction was

also shown not to proceed at low pH(1-2) showing that ionization of thiol

to thiolate is essential for reaction.
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2.12.1 Reactions of 2-substituted-2-nitropropan-1,3-diol with thiolates

2-Bromo-2~nitropropan-1,3-diol and 2-chloro-2-nitropropan-1,3-diol
vere reacted vith different thiolates in water or in water/methanol to
give the corresponding disulphides in excellent yield (egn. 2-244}, The

results of these reactions are shown in Table 2-12.

Table 2-12 Reactions of 2-substituted-2-nitropropane-1,3-diol with

thiolates
(HOCH,) ,C(XIND, + 2RS —am RSSR + (HOCH,) C=NOy + X~ 24244
X = Br, C1
R ' Conditions, X % yield RSSR

4-Chlorophenyl | HZO"NZ’ 4h, Br 92
Hy0, N,y 4h, CL 64

4-Nitrophenyl H)0, N, 48h, Br 98
'HZU/MeUH, 20h, Br 96

Benzyl HZO’ 4h, NZ’ Br 94
H,0, 4h, N,, Cl 52 (24 benzyl thiol)

These results show that bronopol only oxidizes thiolates to‘their
corresponding disulphides in prbtic solvenfs and that no SRNl products are
formed. Even reaction with the non-rucleophilic p-nitrophenylthiolate only
gave disulphide, whereas 2-bromo-2-nitropropane on reaction with
p—nitrophenylthioléte in DMF vields 89% of the SRNl product

(a-nitrosulphide).ja’35

2-Chloro-2-nitropropan-1,3-diol oxidizes the
relatively non-nucleophilic thiolate, i.e. p—chlorophénylthiolate _
(pka7.06) to disulphide in good yield. However, when the more nucleophilic

benzyl thiolate was used, proton absfraction was mare important, i.e.

chlorine is much less easily abstracted than bromine and therefore proton
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abstraction becomes important as shown in Scheme 2-72;

Scheme 2-72

HOCH c1
2
N
AN
H-@CHZ \’,‘{'D .
G0  —= RSH + HOCH E:No— + CH.O
2-=N0; 2
RS
c1 c1
HOCH,C + RSH == HOCH,CHND,  + RS ™
NO3
c1 |
A4 - :
H—ﬂ—CHzLEIIH — RSH + CH,0 + C1-CH=NO,
RS N}
| o
.

Our results confirmed those of Bowman and Burton136

Mansonls. These invitro oxidations of thiolates to disulphide are therefore

s, and Stretton and

a good indication of the primary mode of action of bronopol in ViV5 . The
reaction mechanism is shown in Scheme 2-73. The a-substituent is-
abstracted by the nucleophilic thiolate to yield a reactive sulphenyl

Scheme 2-73

f/’x - ' -
(HUCHZ)ZC\*;{_} + RS- RS«X + (HOCH2)2 C:NU2
N
Ng”
RS-X + RS~ — = RSSR + X~
overall

(HUCHZ)ZC(X)N% + 2RST —m= RSSR + (HUCH2)2 C=NO, + X~
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intermediate (RS-X) which rapidly reacts with further thiolate to give
the corresponding disulphide; The élternétive single electron transfer
(5.E.T.) mechanism suggested by Russell et al36 (Scheme 1-3) has been
shown not to be t.)perat.i.\na.33-35

2.15.2 Reaction of 5-bromo-5-nitro-l,3-didxane with thiolates

Brqy idox, 5-bromo-5-nitro-1,3-dioxane (7), an analoque of bronopol,
is also marketed for medicinal use as a preservative. The similarity of
structure would suggest that its reactivity and mode of action is the
same as that of bronopol.

In their investigation to demonstrate the importance of an a-bromine
as a substituent in the 5-nitro-1,3-dioxane series, Lappas énd cn-worker321.
reacted 5-bromo-2-methyl-5-nitro-1,3-dioxane (90) with (L)-cysteine in
wvater to give (L)-cystine (91) and 2-methyl-S5-nitro-1,3-dioxane (92}

(eqn. 2-245).

We have reacted 5-bromo-5-nitro-1,3-dioxane with (L)-cysteine in
water and methanol (50 : 50) to give (L)-cystine (91) in 70% yield, and
traces of 5-nitro-1,3-dioxane (93) (eqn. 2-246). The identity of the

product was confirmed by m.p. and 1H.n.m.r.

H 0\ /Br €0 h o S '
) ><0 . ‘ 2HSCH2EH+ 2 'EE,E,HZSSCHZ?H_._ + DX 9_245
(0) ' (91) (92)
p or 02 myo/meon 0% 403 0 H
< + 2HSCH,CH =% HC-CH,SSCH.CH +
4 NO 21 e 220 0 N, 2246
2 : NH3 N[-B N'-B 2

Ve reacted 5-bromo-5-nitro-1,3-dioxane with p-chlorophenylthiolate
in MeDH/HZD,(pHS.S) to give the corresponding di{p~chlorophenyl)
disulphide (27) in 70% yield and traces of 5-nitro-1,3-dioxane (93)

(eqn. 2-247). The stoichiometry of the reaction was 2 : ! (RSH : Broridox).
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S- .
r H.,0/MeOH 0/ M
+ 2
9 —= |C1 S + <
NO :
2 2 o NOZ
Cl

(27) (93) 2-247

The reaction was also shown not to proceed at low pH (1-2) showing that
ionization of thiol to thiolate is essential for reaction; These regults
are similar to those for bronopol which suggests that broqidox may have
a similar mode of action i.e. oxidation of sensitive protein thiols to
the corresponding disulphides.

A microbiological in vive  study of the mode of action of bronidox
is in progress. Preliminary results suggest that the mode of action is
137

similar to that of bronopol.

2.12.3 Reactions of 2-substituted-2-nitropropanes with thiolates

Thiolates have been shown to react with 2-sﬁbstituted*2—nitr0propanes'

in dipolar aprotic solvents to yield a-nitrosulphides by an SR 1

34,35

N
mechanism (eqn, 2-248) and/or disulphide by an )(--phi].it:-iB mechanism
(egn. 2-249) involving attack by thiolate on the a-shbstituent to yield

a sulphenyl intermediate which subsequently gives disulphide (Scheme 2-74).

The X-philic reaction is favoured over the SRNl by more strongly nucleophilic

Scheme 2-74

‘MeZC(X)NDZ + RS —a MeZC(SR)NU2 + X -SRNl - 2-248
Me,C(X)NO, + RS~ ——a= Me,C=NOT + RS-X 2-24%a
2 2 27772 1
X-philic
RS-X + RS~ —  RSSR + X~ 2-24%9b

thiolates and by more easily abstracted a-substituents i.e. I> Br> C15%725,

Although most of the earlier work on the SRNl mechanism of MeZC(X)NO2
reactions was carried out in ethanol, dipolar aprotic solvents have since
been used, and no comments so far we are aware, have been made on the

effect of protic solvents.
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We have carried out series of reactions of variouﬁ MeZC(X)ND2 and
various thiolates in dipolar éprotic solvents and in MeOH or MeUH/HZU
as-solvent. All the reactions of MeZC(X)NU2 vith thiolates which give
SRNl or mixed SRNl/redox products in dipolar apfotic solvents yielded
exclusively redox products, i.e. disulphide and nitronate,in methanol

solution (eqn. 2-250). The results of these reactions and some reactions

Me, C(XIND,, + rg— MeOtl Me,C=NO3 + RS-X 2-250a
RS-X + RS~ — e RSSR + X~ 2-250b

X = Br, Cl, SCN

138 34,35

carried out by Bowman and Valmag , and Bowman and Richardson re
tabuiated in Table 2-13. The identity of products vas confirmed by i.r.,
lH.n.m.r., and m.p. comparison with authentic materials. Looking at
the results in the table it can be seen that the most pronounced change
was the reaqtion of MeZC(Br)NU2 with p-nitrophenylthiolate which gave 89%
of the SRNl product in DMF and 51% of disulphide in a faster reaction in

methanol.

SRNl reactions of MEZC(X)ND2 wvith nitronates proceed faster36 in

DMF or DMSO than in Et0OH, but the differences in rate are relatively small.

139

Rugsell has reported striking differences in reactivity in the SﬁNl
reactions of MeZC(X)NO2 due to solvation of the nucleophiles (protic

solvents wvere not used).

We propose that our results.can be explained by strong methanol
solvation of the intermediate radical-anion in the SRNl mechanism, which
retards the dissociation of [MezC(X)NDZ]g to Mezl’:NU2 and anion (eqn.

2-251) and hence retards the SRNI chain reaction. The dissociation of

the radical-anion to radical and anion is the rate determining step in

the SRNl‘mechanism, therefore a rétarding of this step would slow the
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Table 2-13: MeZC(X)NO2 + RS ——a= RSSR + I'“hazC(SR)!'d{J2

X R Conditions? 7 Yield®
RSSR Me,C(SR)NO2
Br p-nitrophenyl | DMFC, &4h; MeOH:H,0 (85:15), lhd 0;51 89;0
2-pyridyl DMFC, 2h; HMPAC, lh;MEOHC,Zlh 5;28;66 10(25);12;0
p-chlorophenyl | DMF, 2h; MeOH:H,0 (85:15), 5min 70;94 0;0
p-chlorophenyl | /MeCH, 20min o 71 0
+20mol 7 pDNB'; +20mol % DTBN® 7068 0:0
Ccl p-chlorophenyl | DMF, &4h 32 35
p-chlorophenyl | [MeOH, 4h 55 0
+dark, +0; 32333 0;0
+5mol % pDNi€; +5mol 7 DTBN® 26,28 0;0
p-chlorophenyl | IMeOH, 20min 36(6)P . 0
+0,; +20mol 7% pDNB® 21(12) F;18¢22) ¢ 030
+20mol % DTBN® 30 0
SCN p-nitrophenyl | [DMSO, 15min 18§18)t 17
+dark; +0» 28(38)E;46(62)F | 215 trace
+15mol % pDNBe; 15mol % DTBNE | 40(36)1;30(36)f | 55 trace
p-nitrophenyl |[MeOH:H,0 (80:20), 20mind 39 0
p~chlorophenyl | DMSO, 20min 35(7F 54
p-chlorophenyl | |MeOH, 20min 60 0
. +dark; +0, 55353 0;0
+20mol 7 pDNB®; +20mol 7% DTBN® 55;56 0;0
2-thiopyrimidine p-chlorophenyl { DMF®, Sh; MeOH®, Sh 20347 32;0
zi;?ég-zgeme"“y”" p-chlorophenyl | DMFC, Sh; MeOHS, 5h 23;55 4630

(a) Reactions were carried out under an atmos_phere of nitrogen, with light catalysis (2 x 150W

Tungsten 'white light' lamps) with a molar ratio of RS : Me,C(X)NO, of 2:1.

(b) Z yields are

based on RS , calculated by ' n.m.r.spectroscopy with an internal standard or by isolation.

(¢) Equi-molar ratio of RS :

disappeared within 2min indicating complete reaction.

Me ,C (X)NO, .

(d) The red colour of p-nitrophenylthiolate
(e) wol Z of Me,C(X)NO,, pDNB = p-di-
nitrobenzene, DTBN = di-t-butyl nit¥oxide. (f) Unreacted Me,C(X)NO,.




Me----o\H

-
-
-

- Me
[Me.,C{X)NO ]" = Nt (': Me C-NO, + X~ 2-251
-0 Me
H
7

Me—0
rate of reaction. The solvation will withdraw electron density from the

nitro group in the radical-anion making the reorganisation of m* to o¥*
orbitals required for dissociation more difficult. The alternative
‘E:EEEEEE_fEfEEEEP (eqn. 2-249), however, is not greatly retarded because
of the small difference in solvation of thiolates in protic and dipolar

aprotic solventsti0-142

and therefore predominates, and only disulphide is
obtained. Solvation of anions in SN; reactions normally considerably
retards the rate of reaction, hence most SN2 reactions are much faster
in dipolar aprotic solvent than in protic solvents.

The nucleophilicity of p-nitrophenylthiolate is nearly the same in

methanol as in DMF, Neta143

has reported that the protonated radical-
anion of p-nitrobenzyl bromide dissociates 60 times slower than the non-

protonated radical-anion (egn. 2-252). Strong H-bonding (protic solvation),

HO :
O+ .
\?\T CHQBr i },\N Hz‘ + H + B
-0~ -0 2-252

of the radical-anion would be expected to exert a similar, albeit smaller,
effect on the disscciation of the halo-nitro radical-anion,

The X-philic mechanism (eqn. 2-249) for the formation of the sulphényl
intermediate (RS-X) i.e. (SNZ attack by thiolate on the a-substituent),
a&d hence the disulphide, is supported by the lack of inhibition by a
radical trap (02 and DTBN), strong electron acceptors (02 and p-DNB),

and the absence of light (these are the well-known diagnostic inhibitorsaa
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for reacfions proceeding by an SRNl mechanism)., This lack of inhibition
of disulphide formation in DMF and DMSO also has been reported >, and the
léck of significént inhibition in MeOH for the reactions of MeZC(Br)ND2
and Me2C(SCN)ND2 with p-chlorophenyl thiolate (Téble 2-13) excludes

a radical radical-anion chain mechanism.

Surprisingly, the methanol reactipns appeared to proceed faster than
those_in dipolar aprotic solvent. A more definitive difference in rate
could be observed for the reactions of MeZC(SCN)NO2 with p-chloro and
p-nitrophenylthiclate in MeOH which were compiete in 20 minutes, but in
DMS0, still had unreacted stérting material after 20 minutes. Even when
the SRNl reaction of MezC(SCN)NDZ‘and p-nitrophenyl thiclate in DMSO was
inhibited, the X-philic reaction was nat fast enough to consume all the
starting material i.e; the SRNI reaction uses only part, and not all, of
the starting material and cannot therefore be used as an explanation for a
slow SNZ reaction. These results suggest that the redox reaction to
disulphide is faster in MeOH than in DMF or DMSO.

We suggest that the most likely explanation is that the nitro-group
of MBZC(X)NO2 is solvated by MeOH but not by DMF and DMSO, and that this
solvation becomes very strong in the SNZ transition state thereby lowering
the energy of the transition state and increasing the rate of rgaction

(egn. 2-253). Normally solvation of the neutral species (electrophile)

MeQH:j e 3] Te . MeOH 111y, g— M(T ¥
» ~
- ‘ . a-
=W lX + R —e TMeC--x - -2 50sR
P e
MeUHI'HJ’ ’0/ MB Meﬁ" Hafiprge y

g_ Me

/ ﬂ-nll'HDMe

+
RSX + MeZC:N } 2-253

11 HOMe
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solvation may become dominént;

'If our explanétion is caorrect, this reaction shows a novel increase
in rate for SNZ substitution in MeOH over DMF and DMSO. Several féctors,
howvever, militate against this explanation. Firstly, although thiolates
are reﬁortedlao to be similarly solvated in protic and dipolar aprotic
solvents, the solvation must be taken into account. Using pka values
as a guide140 [e.g. p-nitrophenylthiol, pka 8.4 (MeOH), 6.3 (DMF), 5.6

(DMSO)], higher solvation and therefore lower nucleophilicity would be
| expected in methanol relative to DMF and DMSB. -

Secondly, several reportslal’ 144

clearly show that in the deprotonatiaon
of 2-nitropropane the nitrnfgfoup is not strongly solvated by protic solvent
(HZD) in the transition state. The rate of deprotonation is therefore
faster in DMSO than in water which is in sharp contrast fo the large
difference in pka of 2-nitropropane between water'(f.s) and DMSO (16.9).141
The pka is determined by the'thermodyqamic equilibrium (eqn. 2-254) in
MEZCHNU2 = M92C=N0'2' + H* . 2=254
which the nitro-anion is gtrongly solvated making nitro-compounds uniquely
acidic. The rate of deprotonation is, however, very slow due to the
reorganisation of spB to Epz orbitals that is required. Several aul:horsm5
have suggested that in the transition state for deprotonation the negative

charge is largely on carbon in a sp3 type intermediate as shown in

eqns. 2-255 and 256.The transition state (A) (eqn. 2-255)- would not be

H Me |
/ \N§- 8- - +
Me C + B: —— C ~a- H - - -"B ~ . ME C=MU + BH 2-255
2 Mg | 22
NO2 NO2
(") /‘
o &=
. Me
/H Ne 16 8-
MeZC + B: - ;Naa:9—~ ~--H----B 2-256
(8)
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strongly solvated but a transition state such as (B) (eqn; 2-256) would

be strongly solvated. This difference is called the 'nitro anomaly.“lal’laa

Even when the solvation of the base is taken into éccount146 the rate of
deprotonation is faster in DMSO than in water, suggesting by comparison,
that abstraction of the a-substituent should be slower in protic solvents
than in dipolar aprotic solvents., The differences in reactivity betwveen
vater and methanol, and betveen abstraction of (H") and o-substituents
may, however, be counter ﬁo the above observations, allowing solvation

of the transition state to be used as an argument.
147

Thifdly, MeZCNO2 is reported ta be a poor leaving group. Finally,

the more strongly basic the anion the greater the likelihnod that it will

145 rather than by a SNZ

pathway. Our explanation suggests the opposite, i.e. SRNl (initial S.E.T.)

react by a single electron transfer mechanism

by weakly nucleophilic thiolates, and SNZ by strongly nucleogphilic thiolates
vhich may indicate that our explanation is wrong.
We therefore suggest that a non-chain mechanism proceeding by initial

S.E.T. (egn. 2-257), closely similar to the SETZ (substitution,electron
36a

transfer, second order) (eqn. 2-258) proposed by Russell and reported
by Ashby148 must be considered. |
-— SQE.T.' - — -
Me,C(XINO,, + RS —= [Me,C{X)NDRS ] 2-257a
[Me,C(X)NO_RS] —==  Me,CNO,, + RS-X 2-257b
2 2 SE.T 272
Me,C(X)NO, + R~ —e  [Me,COONER ] 2-258a
[Me COONGR ] —e=  Me,C(RIND, + X~ - 2-258b

Protic solvation of the intermediate radical-anion would by strong,
retarding dissociation to Mezf.‘NO2 and X~ in the SRNl mechanism, but possibly
favouring reaction with the thiyl radical to give the sulphenyl intermediate.

The observed lack of inhibition or trapping of thiyl radica134’35 can

be explained by the radical-anion and thiyl radical being tightly held
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in a solvent cage. Similarly, the initial S.E.T. would be rapid and

light catalysis would not be expected (Scheme 2-75).

Scheme 2-75
Me,C(XINO, + RS~ el [Me,C(X)NORS] 2-259
[Me,COX)NT,RS] —e= RS+ Me,C(X)NO; | 2-260
MeZC(X)No; T Meztwo2 +XT 0 (Sp D) 2-261
Mezccx)No‘z' + RS~ __S,E.T |Me,CNO X RS | 2-262
[Me,CND,, X RS] —_— Me,CNOS + X"+ RS’ | 2-263
RS + RS- —=  [RSSR]* 2-264
[RSSR]™  + Me,C(XINO, ——mm RSSR + [Me,COOND,]* 2-265

There is no evidence to suggest that protic solvated halo-nitro

radical-anions undergo dissociation to nitronate and X 115’14%

" We
th co . L 149 .
erefore suggest the reaction in the cage is an Sy2 type reaction

(Scheme 2-76) with a transition state (C). This alternative breakdown

Scheme 2-76
~ & 8
Rt'.)_f'”X"‘Y. — ‘-‘R ooouux‘o-uocq# — R+ x-"'—Y 2-266
Me Me
N o 3. .| ‘
RS X%—NU‘-—— [Rs.....x.....s.c=-N0-]=|= 2-267
[ 2 I 2 :
; Me Srge (C) Me .
e ey S0 g )R N
[rRS X [i——NOZ] ——a= RSX + Me,CNO, 2-268
' (C) Me
Phs" + [RONs]” ——s= PhSR +ONs | 2-269

only takes place in the presence of a reactive free radical (RSY in the

solvent cage. 5,2 js more likely with a terminal or isolated halogroup

as in our molecule. This mechanism can apply to reactions in DMF/DMSO
and in MeOH, but would be more favoured in MeOH because of solvation would

improve the nucleofugicity of MeZCNUE.in the substitution. This reaction
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of a thiyl radical vith a radical-anion (eqn. 2-26%) has been reported.150

The reaction of MeZC(Cl)NU2 with p-chlorophenyl thiclate is slow in
MeOH and in DMF. The DMF reaction yiélds SRNl and redox products but the
MeOH reaction yields only disulphide and is slightly inhibited by

0,, p-DNB, and DTBN. We suggest™

that this inhibition is gxplained either
by slight inhibition of the non-chain SETZ mechanism expounded above or by
a chain oxidative dimerisation mechanism121 (Scheme 2-75) as proposed for
the reaction of enolates with MeZC(X)NOZ. Lover reactivity (vesker and
less reactive halide i.e., C1) would allow diffusion from the solvent cage
before diésociation or a SHZ reaction with (RS) radical (eqn. 2-260).
Methanol solvation would favour a second S.E.T. (eqns. 2-262 and 263) rather
than dissociation of the radical-anion (SRNl in DMF), The sulphenyl
chloride would not be an intermediate in this sequence which is possible as
it has not been trapped or observed.
Summary

We have shown that all the a-substituted nitro-compounds studied
react in protic solvent with thiolates to yield only disulphides, and
no SRNI products (a-nitrosulphides) were formed,as was observed in many
reactions in DMF and DMSO, Although there is a choice of mechanisms
(S\2 (X) or Sg;2) for this redox reaction the products are the seme, i.e.
nitronate and sulphenyl intermediate (RSX). The épparent faster rate
in protic solvents over dipolar aprotic‘solvents is also of significance.;

These observations are of particular importance as they make our
observations of the in vitro reaction much closer to the in vivo" reaction
of a-substituted nitro-compounds with thiolates.

Our results therefore provide extra evidence that the in vivo

observation of the mode of action of bronopol and bronidox (i.e. oxidation

of protein thiolate) can be expléined by in vitro reactions. By analogy
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the biological mode of actian can be by either of the rﬁechanisms shown

in Scheme 2~77.

Scheme 2-77

/Nu /Nu
Protein —SH == Protein-$~ + HT
Nu s Nu

Prote/in-S" + RZC()()NU2 — = Protein —S5 —X + RZCNDZ_

/Nu 5 Z(X) /Nu
Protein—s+ RCOOND, =’ [Protein—s  Me,LOON0;]
: /Nu . S-E.T. /Nu
[Protein —s' Mezc(x)No‘Z] —=  Protéin—S5X + Me,CNO
/Nu/l [;, u
Protein —S—X —— Protein o+ XT
S

Nu =‘RS'/RSH ((‘ys),—NH2 ([_ys),.-l'\lH-yjNH2 (Arg)s His »

o-
@ (Tyr),—COE (Glu, Asp), CONH,, (Gln, Asn), CH,OH (Ser), Thr‘_,
SMe (Met),or -CONH-(peptide bonds in proteins.-
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2.1 3 Biological activity

The main aim of the work hés been to determine the structure activity

, relationship (S.A.R.} for compounds with the structure RZC(.‘()NO2 and to
correlate their antimicrobial activity with their chemical reactivity

(by reaction, and observation of their radical-anions by e.s.r. spectroscopy
respectively). It was also hoped that these observations could provide
extra evidence for their antimicrobial mode of action.

2.131 Antimicrobial activity of 2-substituted-2-nitropropanes

To this initial aim the antimicrobial activity of the prepared
2-substituted-2-nitropropanes [_MeZC(X)NO2 with X = I, Br, Cl, NOZ’
P03Et2, COMe, CUZEt, SR (with R = p-chlorophenyl), Ssz(with R = phenyl),
P—N02C6Ha, p-N02C6HaN2’ CN, SCN, and N3] were tested in vivo, The minimum
inhibitory concentration (M.I.C.) was recorded against a representative
range of micro-organisms (Table 2-1&); All the compounds tested, except
bronopol, have low solubility in water which is a problem for accurate
testing., The problem of poor aqueous solubility was overcome by using
minimum volumes of organic solvents (acetone, or dimethyl sulphoxide) to
effect solubility, The volume of solvent used was, in all cases, without
detectable effect on bacterial or fungal growthlsz; The solutions were
sterilized by membrané filtration (Sartorius membrane filter, 0.2um
porosity). o

A cross-section of different types of micro-organisms were used for
the testing. The organisms used for the estimation of antimicrobial
activity vere afram-positive bacterium: Staphylococcus aureus NCIB 8625,
a Gram-negative bacterium: -Pseudomonas aeruginosa NCIB 6749, a fungus:

Aspergillus niger CMI 31821, and a yeast: Candida albican A3a (Boots

strain).
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Table 2-14 Minimum inhibitory concentration values for 2-substituted-2-nitropropanes

= 92T -

M.1.C. (ugml™h)
Compound
S, Aureus F. zeruginosa A. Niger C. Albican

2-Bromo-2-nitropropan-1,3-diol (3) 31 15 500 >500

. 2-lodo-2-nitropropane (22) 25 20 250 250
2-Bromo-2-nitropropane (20) 30 &0 250 300
2-Nitro-2-thiocyanatopropane (67) 62 250 125 62
1-Nitro-l-thiocyanatocyclohexane {€8) 62 250 125 62
a,p-Dinitrocumene (24) 628 628 62a 624
1-Methyl-1l-nitroethyl p-chlorophenyl a a a N
sulphide (28) 62 62 62 .62
2-Cyano-2-nitropropane (35) >2000P >2000b >2000P >2000P
3-Methyl-3-nitrobutan-2-one (33) >2000b >2000P >2000P >2000b
Ethyl 2-methyl-2-nitropropionate (34) >2000b >2000P >2000P >2000b
Diethyl l-methyl-l-nitroethyl- b b b b
phosphonate (37) >2000 >2000 >2000 >2000
2-Azido-2-nitropropane (40) >1000 >1000 >1000 >1000
1-Azido-l-nitrocyclohexane (42) >1000 >1000 >1000 >1000
1-Methyl-1-nitroethyl phenyl- b b b b
sulphone (39) >2000 >2000" >2000 >2000
2-(p-Nitrophenylazo)-2- b b b b
nitropropane (25) >2000 >2000 >2000 >2000

a - M.I.C. vaiues at saturated solution.

b - Disc methed




Minimum inhibitory concentration (M.I.C.) values vere determined in
nutrient broth against bacteria by using a tube dilution method (end point)
or disc method (agar cup test), and for fungi, by a dilution method in
Czapek Dox medium. The inoculum was 0;01 ml of an 18h broth culture of the
test bacterium and yeast or 0,01 ml of a spore suspension prepared from
1 7 day culture of fungus; The M.l .C. values were noted after 24h at 37°
for the bacteria, 48h at-25° for the yéast, and 120h at 25° for the fungus.

An approximate bactericidal end-point was obtained by subculturing
a loopful of medium from tubes showing no'growth into an additional 10 ml
éf medium.,

 Minimum inhibition c;ncentration (M.I.C.) values were also determined
by an alternative method to the agar cup testi;:hthe disc method. In this
method bronopol was used as’a marker to compare the size of zones of activity
produced by compound when allowed to diffuse from an impregnated paper disc
placed on an agar plate seeded wvith micro—orgénism;

Minimum inhibitory concentration values of the compounds are shown
in Table 2-14. Bronopol was used as a marker for comparisons of activity.
The results for I, Br,VCI, and_ND2 are the same as previously determined by
Stretton and Buwman.l5 The compounds tested fall into three catagories of
activity; l-fimilar to or more active than bronopol. 2-Poorly active relative
to bronopol. 3~ Inactive.

The first group contained those compounds with a-nitro-substituents
of I, Br, SCN, p-ClCGHas, and p'N02C6H4°

2-hitro-2-thiocyanatopropane (47) and 1-nitro-l-thiocyanatocyclohexane
(68) were active againét bacteria and both the fungus and the yeast.
Remarkably, their activity against ﬁram-positiﬁe bacteria was in the range
of that for bronopol, and less active than bronopol against Gram-negative
bacteria. However, their activity against the fungus and the yeast was
more pronounced and they vere more active than bronopol; The

] . cid
a-nitrothiocyanates (&7 and é8) were shown to have a bacterial activity at
Fa

- 127 -



Ca 500ug/ml. The nature of the alkyl group (dimethyl or cyclohexyl) does
not appear to affect the activity.

2-Iodo-2-nitropropane (22) was the most active compound tested. It
was more active against the Cram-positive bacterium, and shown a similar
range of activity against the Cram-negative bacterium to that of bronopol.
It wvas more active than bronopol against both the fungus and the yeast.

2-Bromo-2-nitropropane (20) was as active as bronopol against the
tram~-positive bacterium, less active against the G'ram-negative bacterium,
and more active than bronopol against both the fungus and the yeast. The
nature of dimethyl group has né effect on activity.

«, p-Dinitrocumene (24) and l-methyl-l-nitfoethyl p-chlorophenyl
sulphide (28) were less active than bronopol (at the same concentration in
diethyl ether using the disc method). However, attempts vere made to dissolve
them in water solution and an activity of 62pg/ml was measured in saturated
solution i.e. less active than bronopol; Higher activity than measured is
possible but may not be observed due to poor water solubility, The a, p-
dinitrocumene (24) is not particularly reactive in SRNl reactions and initial
results indicate that the radical-anion is stable‘and does not easily
dissociate. The antimicrobial activity, therefore does not appear to be
closely correlated as with the other compounds. The relatively high
activity méy be due to the nitro-aryl moiety rather than an a-substituent
to the nitro group.

‘ The reactivity of the a—nitfo sulphide (28) does however correlate with
chemical reactivity, i,e. thiolates are rapidly oxidized by the a=-nitro
sulphide (28), to disulphide.3& Improved activity could be possibly obtained
by using a more reaétiue'a-nitro sulphide such as l-methyl-l-nitroethyl p-

nitrophenyl sulphide (27) which oxidizes thiolate to disulphide more rapidly
than (28).
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The second group contains the poorly active compoﬁnds relative to
bronopol whiéh includes MeZC(Cl)NO2 (21) and 2,2-dinitr0pr0péne (36);

Both were less active than bronopol égainst the bacteria, the fungus and
the yeast. Their antimicrobial activity correlates well with their ability
to oxidize thiolate to the corresponding disulphide, i.e; not as rapid as
those compounds of the first group (I, Br or SCN).

The third group [MeZC(X)NUZ vith X = CN (35), COMe (33), CO,Et (34),
POSEL, (37), Ny (40), PhSO,, (39}, and p-NO,PHN, (25}, vere all
inactive., This lack of activity again correlates well with their chemical
reactions. The ketone (33) and the ester (34), for example, gave no reaction
vith thiolate (section 2.9.3). The a-nitroazides (40 and 42) gave substitution
rather than oxidation with thiolate (section 2.4.3). 2-(p-Nitrophenylazo)-
2-nitropropane (25) has been report:ed33 to react with benzyl thiolate to
give disulphi&e, vith p-chlorophenylthiolate to give the SRNl product
(a-substituted sulphide), and with phenylthiolate to give the SRNl product
and oxidation (disulphide): all these reactions of (25) with thiolate were
very slow and only with very nucleéphilic thiolates was the oxidation
product dominant, The a-nitrophosphonate (37) did not give the oxidation
product disulphide (section 2.9.1). The l-methyl-l-nitroethyl phenyl
sulphone (39) is generally unreactive with thiolate; reaction with p-chloro-
phenylthiolate has been reported to give some SRNl'product and some oxidation
product (disulphide), but again a very slov reaction. The reaction is
probably slow enough to preclude observation of any activity. Likewise the
e.s.r. spectrum of the radical-anion shows no dissociation at 77-140 K,

i;e. it is a very stable iﬁtermediate;

From chemical reactians, e;s.r. and antimicrobial studies we can
assign the following: |
1. An order of antimicrobial activity for MEZC(X)NO2 vith X = I >SCN,

Br >p-CIC_H,S, »-NOCH, >C1, NO

64 264

2 and PhSOZ.

o N3 CN, COMe, COEt, POEE,,

p-NOC N
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2, From e.s.T. observations115 of the radical-anions at 77-140 K, an
order of stébility of the rédical-énions can be approximately

assigned as follows:

a. . Immediate dissociation Br >SCN >Cl >N02

b. No dissociation, i.e, very stable SﬁzPh, p-NUZCGHA’ COCH3

c. Dissociation with loss of nitrite; NB,CN, CUzEt, P035t2

3. An approximate order of the ability of a-substituted-2-nitropropanes

to oxidise thioclate to disulphide. A comparison made from:reactions
carried out in protic and dipolar aprotic solvents is as follows;

I >SCN >Br >p—ClC6H45 >C1 >N02 >502Ph, p_NOZCGHQNZ'

The COMe, COEt, PO Etz, N. and CN compounds either gave substituted

2
product.or did not react.

3 3

With the exception of a, p-dinitrocumene, these three facets of the
behaviour of RZC(X)ND2 compare very closely, suggesting that the rate of
oxidation of thiolate to disulphide and the stability of their radical-
anions are implicated in their antimicrobial mode of action.

The comparison between antimicrobial activity and the rate.of oxidation
of thiolate to disulphide strongly confirms the studies of Stretton and
Manson16 vho have shown that the mode of action of bronopol is due to
oxidation of protein thiol to disulphide.

' Our studies therefore suggest that active u-substituted nitro compounds
(MeZC(X)NUZ) have the same mode of action as bronopol. Our studies also
suggest that the reaction of MeZC(X)NO2 in vitro with thiolate is an accurate
guide to the potential antimicrobial activity. The mechanisms (SN2(X) or

S.E.T.) are pmposed151 in section 2.11.
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It is not clear exactly why the antimicrobial activity correlates
wvith the stébility of their radicaluaniOns; Symons and Bowménll5 have
suggested that the stability of the radical-anions is related to the bond-
strength of the (C-X) bond, and therefore rédical-énion stability will
correlate with either the SNZ(X) or S.E.T. mechanisms. This correlation
may implicate the radical-anions of MeZC(X)NU2 as intermediates in the

biological mode of action which points towards the single electron transfer

mechanism,
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EXPERIMENTAL



Experiment number

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

3.10

3.11
3.12
3.13
3.4

3.15
3.16
3.17
3.18
3,19
3,20
3.21

3.22

3.23

Preparation
Preparation
Prepafation
Prep&ration
Preparation
Preparation
Preparation
Preparation

Preparétion

of 2-bromo-2-nitropropane.

of 2—chlor0—2-nitropropane;

of 2-iodo-2-nitropropane.

of p-dinitrobenzene.

of a,p-dinitrpcuméne.

of 2-(p-nitrophenylazo)=-2-nitropropane.

of 2-nitro-2-nitrosopropane.

of l-methyl=lenitroethylp~-nitrophenyl-sulphide.

of l-methyl-l-nitrogthylp-chlorophenyl-sulphide.

Attempted prepération of 3-methyl-3-nitrobutan-2-one by C-acylation

of 2-nitropropane sodium salt.

Preparation
Preparation

Prepération

of 3-bromo-3-methylbutan-2-one.
of 3-methyl-3—nitrobutan-Z-one;

of ethyl 2-methyl-2-nitropropionate.

General procedure for oxidative addition of anions to nitro-anions

"Normal® addition).

a - Prepérétion of 2-cyéno-2-nitropropane;'

Prepération
Preparation
Preparation
Preparation
Preparation
Preparation

Preparation

of 2,2-dinitropropane;

of diethyl l-methyl-l-nitroethylphosphonate.
of l-methyl-l;nitroethyl phenyl sulphone

of the sodium salt of 2-nitropropane.

of the sodium salt of diethyl =thylmalonate

of the sodium salt of p-chlorophenyl thiol.

of 2,2-diazidbpropane.

General procedure for oxidative addition (reverse order)

a - Preparation of 2-azido-2-nitropropane.

b - optimum

reaction conditions for preparation 2-azido-2-

nitropropane.

General procedure for nucleophilic substitution reactions.



a ; Preparation of 2-azido-2-nitropropane by nucleophilic
substitution.
b - Inhibition studies.
3.24 Attempted preparation of 2-azido-2-nitropropane via the method
of Maffei et al. |
3.25 Preparation of l-azido-l-nitrocyclohexane.

3.26 Preparation of phenyl azide.

3.27 Reaction of phenyl azide with norbornene.

3.28 Reaction of 2,2-diazidopropane with norbornene.

3.29 Reaction of i-azido-l-nitrocyclohexane vith norbornene.
3.30 Reaction of 2-azido-2-nitropropane

a - with sodium azide
b - Inhibition. studies
3.31a Reaction of 2-azido-2-nitropropane with the sodium salt of
.benzenesulphinic acid,
b Inhibition studies.
3.32 Reaction of l-azido-l-nitrocyclohexane with the -sodium salt of
benzene sulphinic acid,
3.33 Reaction of Z-azido-Z—nitrppropane wvith sodium salt p-chlorophenyl-
thiolate. |
3.34 Reactioh of I—azido-l-nitrocyclohexané wvith sodium salt of
P-chlorophehylthiolate.
3.35a Reaction of 2-azido-2-nitropropane with the sodium salt of 2-
nitropropane.
b Inhibition studies
3.36a Reaction of l-azido-l-nitrocyclohexane with the sodium salt of
2-nitropropane.
b Inﬁibition studies,
3.37 Reaction of 2-azido-2-nitropropane with the sodium salt of diethyl

ethylmalonate.



3.38

3.39
3.40

3.41

3.42

3.43
3.444

ii.
iii.
iv.

3,45

3.46
3.47

3.48

Prépafations:nf 2-nitro-2-thiocyanatopropane.

a - By oxidative addition "Normal",

b - By oxidative addition "reverse order".

c - Attempted preparation of 2-nitro-2-thiocyanatopropane by
nucleophilic substitution.

d - Attempted preparation of 2-nitro-2-thiocyanatopropane using
entraining agent.

Preparation of l-nitro-l-thiocyanatocyclohexane.

Reaction of 2-nitro-2-thiocyanatopropane with the sodium salt of
2-nitropropane aﬁd inhibition studies.

Reaction of l-nitro-l-thiocyanatocyciohexane vith the sodium salt
of Z-nitrqpropane.

Reaction of 2-nitro-2-thiocyanatopropane with the sodium salt of
benzene sulphinic acid and inmhibition studies,

Reaction of 2-nitro-2-thiocyanatopropane with sodium azide.
General procedure for reaction of 2-substituted-2-nitropropanes
with thiolate anions.

Reactipns'of 2-nitro-2-thiocyanatopropane with thiolates.

With the sedium sélt of p—chlordthiophenol and inhibition studies.
With the sodium salt of phenylthiolate and inhibition studies.
With the sodium salt of benzylthicl and inhibition studies.

With the sodium salt of p-nitrophenylthicl and inhibition studies.
Reaction of 2-nitro-2-thiocyanatopropane with the sodium salt of
diethylethylmalonate.

Attempted preparation of diefhyl ethylthiocyanatomalonate
Reaction pf,2-nitro-2-thiocyanatopropane with diethylphosphite.
Reactions of diethyl l-methyl-1—nitr0e£hylphosphonate.

a - With the sedium salt of 2-nitropropane.

b - With the sodium salt of p-chlorophenylthiol



3.49 Reéctions of 2-cyano-2-nitropropane with thiolates
a - With the sodium salt of phenylthiol.
b - With the sodium salt of p=-chlorophenylthiol.
3.50 Reactions of 3-methyl-3-nitrobutane-2-one and ethyl-2-methyl-2-
nitropropionate with p-chlorophenylthiolate.
3.51 Reactions of a-substituted nitrocompounds with thiolate anions in
protic solvents. |
a - Reactions of 2-bromo-2-nitropropan-1,3-diol.
i - With the sodium salt of p-chlorophenylthiol
ii - With the sodium salt of benzylthiol.
iii - With the sodium salt of p-nitrophenylthiol
3.52a  Preparation of 2-ch10ro-2-nitropfopan-l,3-diol
b Reactions of 2-chloro-2-nitropropan-1,3-diol with thiolate anions
in protic solvents. o
3.53 Reactions of 5-bromo-5-nitro-l1,3-dioxane with thioclate anions in
protic solvents.,
a - With (L) cysteine,
b - With the sodium salt of p—chlornphenylthibl
¢ - With p-chlorophenylthiol
3.54 Reactions of 2-substituted-2-nitropropanes with thiolate anions in
protic solvents.
a - Reactions of 2-chloro-2-nitropropane with the sodium salt of
p-chlorophenylthiol and inhibition studies, .
b - Reactions of 2-bromo-2-nitropropane with the sodium salt of
p-chloro phenylthiolate and inhibition studies
¢ - Reactions of 2-nitro-2-thiocyanatopropane with thioclate anions.
i - With the p-nitrophenylthiolate.
ii - With the sodium salt of p-chlorophenylthiolate,inhibition studies,
i1i - With the sodium salt of phenylthiol.

3.55 Microbiology.



Experimental

The following conditions apply unless otherwise stéted. All solvents
wvere distilled and dried by conventional methods. Analytical thin layer
chromatography was performed using silicé gel (GFZS& according to Stahl),
supplied by Merck, on 0.25 mm thick plates, Preparative thin layer
chromatography was performed using silica gel as above for 0;75 mm thick
plates.

Analytical gas chromatography was carried out using a Pye 114 series
gas chromatograph with a flame ionisation detector on a 5 ft. célumn of
10% SE30 on Gas Chrom Q.

Melting points were taken on a ypfler hot-stage apparatus and are
uncorrected. Proton magretic resonance spectra were recorded by a Varian
EM360A spectrometer (60MHZ) and Perkin-Elmer R32 spectrometer (90MHZ) in
solutions of deuteriochloroform and/or DMSO-dé with tetramethylsilane

(TMS) as internal standard. The following abbreviations are used in the

presentation of the spectra, s = singlet, d = douplet, q = quartet,
t = triplet, m = multiplet, br = brpad.

' Quantitative analyses by 1H.n.m.r.' of reaction product mixtures were
carried out using an added intérnal standard (P-dimethoxybenzene) of known
amount. The relativé integration of peaks was used for the calculation of
molar quantities.

Infrared spectra wvere recorded as. KBr discs,pujol mulls, liquid films
or chloroforms soluticns by means of Perkin-Elmer 177 grating spectrométer
and the guoted absorbances are strong except where indicated (m = medium,
v = weak). Mass spectré vere recarded on a DS-55 Mass spectrometer

Refractive indices were determined at 25°C on an Abbe refractometer.

Analysis were performed by the microanalytical departments of
Manchester University and Nottingham University.r

Nitrogén was dried and deoxygenated by'passing it through a series

of wash bottles containing Fieser's solution, conec. sulphgric acid, and
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potassium hydroxide;

Common abbreviations used ére: DMF - N,N-dimethylformamide, DMS0 -
dimethylsulphoxide, HYPA - Hexamethylphosphoramide, MgOH-Methanol,
MgSUa - anhydrous magnesium sulphate, THF - Tetréhydrofuran, t.l.c. -
thin layer chromatography, 02 - oxygen gas, N2 - nitrogen gas, p-DNB -
p—dinitrdbenzene, DIBEN - Di-tertubutyl-nitroxide;

3.1 Preparation of Z-bromo-z-nitropropane65

Aqueous sodium hydroxide (40 g in 200 ml¥p)and 2-nitropropane (89 g,
1 mol) were mixed in a round-battomed flask until a single layer was formed.
Brom ire (216 g, 1.35 mol) vwas added slowly until the reaction mixture
retained a slight brownish colour, The resultant two phases were separated,
the aqueousllayer discarded, and the organic layer washed successively
with 10% thiosulphate solution, 5% aqueous sodium hydroxide, and distilled
wvater. The crude liquid was dried (MgSUa) and diétilled in vacuo to yield
a colourless lach'ymata y liquid of 2-bromo-2-nitropropane (141 g, 84%),

2. 61-62°C at 29 mm), v (neat) 1554 em1;

b.p. 30°C (1 mm) (1it®
6(00013) 2.27 (s).

3.2 Preparation of 2—chlcro-2—nitrqpropane65

freshly distilled 2-nitropropane (25 g, 0.28 mol) and sodium hydroxide
(12 g, 0.3 mol) in water (120 ml) were mixed in a 250 ml 3-necked round
bottom flask until a éingle layer was obtained. Chlorine gas wés then
passed th:ough'the solution until it was no longer absorbed. The excess <F -
halogen was.rémoved at the water pump. The organic layer was separated,
washed vith 10% aqueous sodium thiosulphate (2 x 25 ml), 5% aqueous
sodium hydroxide (2 x 25 ml), and watér (2 x 25 ml) and dried (MgSUa).
The product was distilled in vacuo to yield a colourless liquid of
2-chloro-2-nitropropane (17 g, 52%), b.p. 48-51° (30 mm), (1it55 b.p.

48-50° at 26-30 am) v__ 1550 en~1 8(CoC15) 2.15 (5).

a
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3.3 Preparation of 2-iod0-2-nitropr0pane65

2-Nitropropane (22.5 g 0.28 mol) vas added to a solution of sodium
methoxide (0.28 mol) in methanol; The mixture wés stirred for an hour and
the solvent removed in vacuo. The resulting white solid was dissolved in
ice-water (780 ml) to which iodine (50;8 a, 0.4 mol} in diethyl ether
(250 ml) was added rapidly. The resultant two léyers were separated and
the aqueous portion extracted twice with diethyl ether (2 x 80.ml). The
organic fractions were combined, washed with 10% thiosulphate solution,
and dried (MgSUa). The solvent was removed in vacuo, with the exclusion

of light, to yield a colourless, lachrymatory liquid of 2-iodo-2-nitro-
1

propane, which darkened on standing (30 g, 71%); Vnax 1°40 em 3 G(CCIQ)
2.46 (9. | |

3.4 Preparation of p-dinitrobenzene89

a) Preparation of p-nitrophenyl diazonium fluoborate:

p-Nitroaniline (34 g, 0.25 mol) was dissolved in fluoboric acid solution
(110 ml) in an Erlenmeyer flask which was cooled in an ice-bath. The
solution was stirred with an efficient stirrer. A cold solution of sodium
nitrite (17 g, 0.25 mol) in water (34 ml) was added dropwise. When the
addition wvas completed, the mixture was stirred for a few minutes and the
crystals filtered off. The solid diazonium fluoborate was washed with cold
~ fluoboric acid (1 x 30 ml), 95% alcohol (2 x 50 ml), and finally several
times with diethyl ether (3 x 50 ml). The solid had to be well stirred in
-each washing and this was achieved by ﬁsing a sintered glass filter, The
diazonium fluoborate was dried in a desiccator over phosphorus pentoxide
(56 g, 95%). |

b) Preparation of p-DinitroEenzene

Sodium nitrite (200 g, 2.9 mol) was dissolved in water (400 ml) in a 2 1
Erlenmeyer flask. Copper powder (40 g, 0.63 mol)vas added;‘ The mixture was

stirred efficiently. A suspension of the p-nitrophenyldiazonium fluoborate
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(56 g, 0.26 mol) in vater (200 ml) was added slowly. Diethyl ether (4-5 =1)
was added at this stége in order to breék the foam that had formed. The
reaction was complete.by the time all the diazonium compound had been added
and a precipitate was formed., The product was filtered and vashed with vater
dilute aqueous sodium hydroxide, and water; The solid was dried in an oven
at 11000, powdered, and extracted overnight with toluene (300 ml) using a
sohxtet system. The solvent was removed in vacuo to obtain a reddish
residue which was recrystallised from chloroform to yield reddish brown
crystals of p-dinitrobenzene (22.1 g, 51%); m.p. 175-177° (1it.%7 m.p.
177%); Ve 3140, 2980, 2860, 1560, 1460, 1380, 1350, 1120, 860, 840,

1

720 cn 5 (COCLy) 8.3 (9.

" 3.5 Preparation of a, p-dinitrocumene.88

p-Dinitrobenzene (10.1 g, 60 mmol) was dissolved with stirring in
DMSO (100 ml) in a 250 ml round-bottomed flask under an atmosphere of nitrogen
and anhydrous conditions. After 30 min  the sodium salt of‘2—nitropropane
(6.3 g, 56 mmol) was added and the stirring continued for 3h at 25°. The
resulting deep reddish-brown reaction mixture was poured into ice-water
(400 ml) and extracted with benzene (4 x 100 ml). The benzene extracts
were combined, washed with water (4 x 50 ml), dried (MgSDa), and the
solvent removed in vacuo to yield a crude brown residue vhich was
recrystallised from hexane - benzene to yield unreacted starting material
(2.3 g, 23%). The mother-liquor was left to stand in a deep—freezer; the
resulting crystals wvere filtered and re-crystallised from hexane - benzene

(50 : 50) to yield pure crystals of a,p-dinitrocumene (9.5 g, 75%
8

H
m.p. 67-69° (1it.%8 m.p. £9-70°); Vnay 1605, 1550, 1455, 86D, 720 en™d;

b
§(COC1,) 7.6 (4H, ABq) 2.12 (6H, s).
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3.6 Preparation of 2-(p-nitrophenylazo)-2-nitroptropane’

p-Nitrobenzenediazonium tetrafluoroboréte (2;3 g, 10 mmol) was
dissolved in dry DMF (50 ml)in a thrée-necked round bottomed flask and

the solution deoxygenated for 15 min with dry N The sodium sait of

2.
2-nitropropane (1.1 g, 10 mmol) wvas added and the reaction mixture stirred

for a further 15 min under Nz. The reaction mixture was poured into

ice-water (100 ml), and extracted into diethyl ether (3 x 50 ml). The
combined ether extracts were washed with water (4 x 30 ml), and dried
,(MgSUA). Removal of the solvent in vacuo yielded a yellow solid which was

recrystallised from methanol to give yellow crystals of 2-(p-ﬁitrophenylazo)-

6 104°); .

1530 cnt, §(CDCY5) 1.95 (6H,S, 2CHy), 7.87 (2H, d, arom.), 8.35

2-nitropropane (0.5 g, 25%); m.p. 102-104° (lit.’ 1550,

'(2H, d, arom), .

3;7 Preparation of 2-nitro-Z-nitrosoprqpane91

2-Nitropropane (45 g; 0.5 mol) was dissolved in sodium hydroxide
solution (22 g, 0.55 mol) in water (100 ml) ina 1 1 round-bottomed flask.
The flask and contents were cooled to 0° (salt/ice). Sodium nitrite
(379,0.53 mol) was added, fallowed by dropwise addition of 6N hydrochloric
acid {20 ml), keeping the temperature below 5°c. The addition of hydrochloric
acid was continued until the solution became just acidic. A deep blue coler
appeared followed by precipitation of crystals of the nitroso dimer. The
crystals vere filtered, washed with distilled water (4 x 50 ml) and diethyl
ether (2 x 30 hl) to obtain a colourless crude product which was dried
overnight in the desiccator. Double recrystallisation from diethyl ether

yielded crystalline propyl pseudonitrole dimer (21 g, 25%); m.p. 75-76°C

(2it.”? m.p. 76%C); v

-1
max? 1760 cm a(c0013) 1.5 (s).
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3.8 Preparation of 1-methy1-l—nitroethy1‘p-nitrophenyi sulphide33

Sadium p-nitro-phenylthioléte (0.54 q, 3.0 mmol) was added to
DMF (25 ml)} under an atmosphere of nitrogen; When the sélt had completely
dissolved 2-bromo-2-nitropropane (0.5 g, 3.0 mmol) was added. The reaction
mixture was stirred and illuminated with two 15-W fluorescent lamps. The
initial deep.red colour of the thiclate anion faded after Ca.20 min
After lh the reaction mixture was poured into ice-water (50 ml) and extfacted
vith diethyl ether (d.x 30 ml)., The combined etﬁer extracts were washed
with distilled water (4 x 20 ml), dried (MgSDa), and the solvent removed
in vacuo to yield a crude product which on recrystallisation from diethyl
ether yielded yellow crystals of the a-nitrosulphide (0.6 g, 83%); m.p.

33

102-104% (1it.”” 102-104° )y v x 1535; 1345 and 1600 cm_l; G(CDC13)

ma
1.90 (6H, s, 2Me) and 7.88 (4H, ABq, arom.).

3.9 Preparation of l-methyl-l-nitroethyl » -chlorophenyl sulphide33

A stream of oxygen was passed through a solution of di-(p-chlorophenyl}
disulphide (1.11 g, 3.86 mmol) in DMF (150 ml). The sodium salt of
2-nitropropane (1.15 g, 13.5 mmol) was added and the mixture stirred for
Zzh. The reaction mixture vas poured into ice-water (500 ml), extracted with
diethyl ether (4 x 60 ml), and the combined ether extracts washed with
vater and dried (MgSUa). The solvent was removed in vacuo to yield a yesllow-
vhite solid which vas recrystallised from hexane to give the a-nitrosulphide
as colourless crystals (0.67 g, 76%); m.p. 81-82° (1it.”” 82-83°); v

max
1

1550 cm™ a(coc13) 1.83 (éH, s), 7.37 (4H, s).

3.10 Attempted preparation of 3-methyl-3-nitrobutamg.one . by C-acylation
92

of 2-nitropropane sodium salt

Dry THF (40 ml) was pipetted into a three necked round bottomed flask
. Londehser
fitted with a nitrogen bleed a magn ttic stirrer bar and a reflux,The
sodium salt of 2-nitropropane (3 g, 27mmol) was added followed by l-acetyl-

imidazole (3 g, 27 mmol). The suspension formed was heated under reflux
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vith stirring for 20h.

o The reaction mixture wés poured into ice-water (50 ml) extracted
vith diethylether (4 x 20 ml), the combined ether layers washed with
distilled water (2 x 20 ml), and dried (MgSOQ). Remaval of the solvent
in vacuo gave back the starting material.

3.11 Preparation of 3-bromo-3-methylbutamr2-one

3-MethylbutanrZ2-one (43 g, 0.5 mol) was dissolved in ethanol (50 ml)-_
in a 500 ml three necked round bottomed flask fitted with pressure equalizing
funnel, a drying tube and a magnetic bar. Bromine {112 g, 1.4 mol) was
added dropwise until the reaction mixture retained a dark bromine colouration.
The mixture was cooled and poured into ice-water overlayered with diethyl
ether (50 ml). The orgahic layer was separated, and the aqueous layer was
further extracted with diethyl ether (2 x 30 ml). The combined ether
extracts were washed with distilled water (2 x 30 ml), sodium bicarbonate
solution (5% w/v) (2 x 30 ml) and sodium thiosulphate solution (5% Yv)

(2 x 20 m1), and dried (MgSUa). The solvent was removed in vacuo to give
a red oil. The crude product was fractionally distilled to give 3-bromo-3-
methylbutan-2-one (40.8 g,-SI%);b.p.l5 46-489C; Unax (neat), 2995, 2900,
2930, 1710, 1450, 1360, 1350, 1280, 1180, 1100, 960, 899 cm-l; G(CDCiJ),
1.85 (6H,s) 2.4 (3H,s); g.1.c;'(5E30, 10%) only one peak.

3.12 Preparation of 3—methy1-3-n'1trobutan-2-one93

Dry DMSO (200 ml) was poured into a 500 ml round bottomed flask
fitted with a drying tube and a magnetic bar. 3-Bromo-3-methylbutan-2-
one (6.75 g, 40 mmol) wasi-added to a stirred mixture of sodium nitrite
(15 g, 0.16 mol) and résorcinol (13 g, g.11 mol). The reaction mixture
wvas stirred for 20h. The reactioﬁiﬁ&xture poured into a beaker containing
ice-water overlayered with diethyl ether (QOO/IUﬁml Y. The orgahic layer
vas separated and the aqueous layer further extracted with diethyl ether
(4 x 25 ml). The ether extracts were combined and washed with distilled

vater (4 x 30 ml), dried (MgSOa) and the solvent removed in vacue to give
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a crude reddish liquid vhich was fractionally distilledA(l;Z-M0 at
16 mmHg) gave white crystals of 3-methyl-3-nitrobutan-2-one.

Recrystallisation from (Pet ether 60-80/hexéne) gave colourless crystals

- . 153
of 3-methyl-3-nitrobutam2-gne (4.6 g, 85%) m.p. 30-31° (1it."”“m.p.

29-30° ); v 2980, 2850, 1730, 1550, 1470, 1380, 1240, 1180, 1120,
1

860 cm 6(CDC13) 1.72 (&H,s) 2.21 (3H,s); g;l;c. (SE30, 10%) only one

peak.

3.13 Preparation of ethyl 2-methyl-2-nitropropionate’-

The procedure in experiment 3,12 was followed, using the following
quantities; ethyl 2-bromo-2-methylpropicnate (19.5 g, 0.1 mol), sodium
nitrite (12 g, 0.13 mol) and resorcinol (13 g) in DMSO (200 ml) were reacted
for 2.5h. The crude reddish oil vas fréctionally distilled to give ethyl
2-methyl-2-nitroprpionate (1.95 g, S3%) b.p. 69-711°C (1it’> 70-71°C);
Ynax(neat) 1553 em™t, 8(COCL;) 1,29 (3, t) 1.B (6H,8) 4.22 (2, q);

g.l.c. (SE30 10%) one pesk only.

3.14 General procedure for oxidative addition of enions to nitro-anions

("Normal" addition)’’

a - Preparation of 2-eyano~-2-nitropropane

_ .Freshly distilled 2-nitroptopane (4.45 g, 50 mmol) was dissolved in a
solution of sodium hydroxide (2.8 g, 70 mmol) in water (30 ml) in a three
necked round bottom flask. Sodium cyanide (4.9 g, 0.l_mol) and diethyl
ether (30 ml) vere added. A saturated aqueous solution of potassium
ferricyanide (32.9 g, 0.1 mol) in water (75 ml) was added dropwise to the
stirred solution at 20-25°. When the addition was completed the reaction
mixture was stirred for 30 min at room temperature. The ether layer was
separated and the aqueous layer.extracted with diethyl ether (2 x 2¢ ml)
The ethereal layers were combined, washed with water (2 x 20 ml), dried

(MgSUa), and the solvent removed in vacuo to obtain a crude product.
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Vacuum distillation of crude product afforded 2-cyano-2-nitropropane (98%) pire
with an impurity of 2,3-dimethyl-2,3-dinitrobutane (2%) by lH.n.m.r.
The 2-Cyano-2-nitropropane was purified by distillation to give (2.1 g,

1

42%); b.py576-78°; vy 2260, 1555 em 3 §(CDC13) 2.04 ).

3.15 Preparation of 212-dinitrogg_o_pane97

2,2-Dinitropropane vas prepared using the general procedure for
oxidative addition (expt. 3.14). 2-Nitropropane (17.8 g, 0.2 mol),
sodium nitrite (27.6 g, 0.4 mol) and a saturated solution of potassium
ferricyanide (131.7 g, 0.4 mol) were reacted to afford a crude product,
vhich was distilled to yieid a colourless solid of 2,2-dinitropropane
97 1

9 68-70° , [1it.”’ 56-60° (3 mm)]; v, 1555 cm

6(00013) 2.15 (8, 2 Me).

(8.3 g, 31%); b.p.

3.16 Preparation of diethyl 1-methy1-l—nitroethyl_phosphonate70

Dry THF* (30 ml) was pipetted into a three necked, round bottomed
flask fitted wvith a nitrogen bleed and a magnetic bar. Diethylphosphite
(1.4 g, 10 mmol) was added, followed by potasaium t-butoxide (1.0 g,

9 mmol). The reaction was cooled down to -45°C (Dry ice/Acetone).
2-Chloro-2-nitropropane (1.1 g, 9 mmol) was added dropwise and the reaction
vas stifred for 30 min., Potassium chloride was precipitated out during

the reaction. The reaction mixture was warmed to 25°C. The precipitate
vas filtered-off, the THF removed in vacuo, and the residue extracted

from brine with diethyl ether (2 x 50 ml). The ether extracts vere

vashed with distilled vater (3 x 20 ml), dried (MgSUa), and the solvent

vas -removed in vacuo to .give a crude product. 1H.n.m.r. analysis of the
crude product indicated diethyl l-methyl-l-nitroethylphosphonate (75%) pyre
and 2-chloro-2-nitropropane (8%). Fractional distillation afforded pure

diethyl 1-methyl-1l-nitroethylphosphonate (1.5 g, 76%), b.p.., . 94-96°

2.5
.. 70 '

]. * . . - 0 .

(Lit.™" b.p., 94-95° ), Unax(neat)2980s 2950, 1550, 1470, 1400, 1370,

1340, 1260, 1160, 1045, 1015, 970, 855, 770 cm L, 8(COC15) 4.25 (4H,m)

1,75 (6H, d) 1.35 (6H,t). - The above reaction was repeated several times
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and yielded 74-78% of diethyl l-methyl-l-nitromethylphosphonste.

»

N.B. The chain reaction failed to proceed in reactions where the THF
vas not vigorously purified and dried.

3.17 Preparation of l-methyl-l-nitroethyl phenyl sul_phone68

2-Bromo-2-nitropropane (3.36 g, 10 mmol) and the sodium salt of
benzene sulphinic acid (4.92 g, 30 mmol) were stirred together in dry
DMF (190 ml) at -20°C under an atmosphere of N2 for 2h, The reaction
mixture was illuminated vith two 15 W fluorescent tubes. The reaction
mixture was poured into a besker containing distilled water (200 ml)
overlayered with benzene (200 ml). The aqueous fraction was extracted
wvith benzene (2 x 50 ml) and the combined benzene fractions washed
thoroughly with distilled water (3 x 50 ml). Removal of the benzene in
vacuo gave a white solid which was recrystallised from absolute ethancl
to giﬁe l-methyl-1-nitroethyl phenyl sulphone as colourless.crystals (3.45 q,
77%); m.p. 115-7° (1it.%8 116-7°); bmax 1550, 1343, 1334, 1160, 1140 cn s
6(CDC13) 1.95 (6H,8) 7.71 (5H,m).

3.18 Preparation of the sodium salt of 2-nitropropane

Sodium (5.8 g, 0.25 g.atom) was slowly added to dry methanol (100 ml)
with stirring under nitrogen. When all the sodium had dissolved 2-nitro-
propane (22 g, 0.25 mol) was added and stirring continued for 30 min. The
excess solvent vas removed in vacuo and evacuated at 60° and 1 mmHg to

yield a free-flowing white powder (27.7 Q, 100%), 6(020) 2.0 6).

3,19 Preparation of the sodium salt of diethyl ethylmalonate
| Dry ethandl (100 ml) was placed in a three necked round -bottomed
flask flushed with nitrogen and stirring was commenced. Sodium metal
(1.25 g, 54 mmol) was added in small lumps and the mixture stirred until
the metal dissolved. Diethyl ethylmaleonate (10 g, 53 mmol) was added and
the reaction mixture stirred for lh,

The solvent was removed in vacuo to yield a white powder which vas

dried in vacuo at 1 mm overnight (11.1 g, 100%); 6(CDC13) 1.10 (3H,t);
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1.24 (eH,t), 3.64 (2H,q), 4.16 (4H,q).

3.20 Preparation of the sodium salt of p-chlorophenylthiol

Clean fresh sodium (4.8 g, 0.21 g.atom) was added as small lumps,
with stirring to dry methanol (150 ml). A steady stream of nitrogen vas
passed through the flask fhroughout the preparation. When all the metal
had dissolved p-chlorophenylthiol (30 g, 0.21 mol) was introduced over
15 min and the reaction mixture stirred for 2h.

The solvent was removed in vacuo at 40° to yield a vhite powder
vhich was washed with copious amounts of dry diethyl ether under an
atmosphere of nitrbgen and redried in vacuo (33g, 94%), m.p. 232-234°
(1167 m.p. 232-235°); s(COCL,) 7.5 (s).

All phenylthiol salts were stored in vacuo. All the salts are
susceptible to oxidation to the corresponding sulphinate saits, and it
should be stressed that oxygen must be vigorously excluded.

It was found prefershle to prepare fresh thiolate salts shortly
before use. The following thiolates were prepared in the same way as the
sodium salt of p-chlorophenylthiolate:
p-nitrophenylthiolate m.p. >275°; 6(00013) 6.67 (AB q); Benzylthiolate
m.pe >275°; 6(CDC13} 3.45 (2H,s), 7.15 (5H,s); phenylthiolate m.p. >260°
6(CDCl3) 7.1 (5H,s).

3.21 Preparation of 2,2-diazidopropane

Using the general procedure for oxidative addition (expt; 3.14),
2-nitropropane (4.45 g, 0.05 mol), sodium hydroxide (2.3 g, 0.06 mol),
sodium azide (6.5 g, 0.1 mol), and potassium ferricyanide (32.9 g, 0.1 mol)
vere reacted for 60 min. The 1H.n.m.r. analysis of crude product showed
only one singlet at 61.5 and the i,r. spectrum showed no nitrd absorption.
The liquid was fractionally distilled* to afford a colourless liquid of
2,2-diazidopropane (1.21 g, 19%); b.p.g ; 35-37% u__ 2100cm™" (vs, Ny)
Anax (Ethancl) 284 nm; §(cbCl5) 1.5 (s); le.n.ﬁ.r. (CDC13)p.p.m. 25.969
(q, 2Me), 79.11 (s, quaternary carbon).
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The'reaction was repeated seyeral times dn 2K scale to yield
.2,2-diazidopropane in an averagé yield of 39%.
* The fractional distillation and all procedures were carried cut in a
fume cupboard behind a safety screen.in case of possible explosion.
The 2,2-diazidopropane was cooled to Ca -50° and alloved to slowly warm
up, distilling at 35-37° at G.] mm Hg. Atiempted combustion analysis of
2,2-diazidopropane ended up with a shattered combustion tube.

3.22 General procedure for oxidative addition

a) Preparation of 2-dzido-2-nitropropane

Freshly distilled 2-nitropropane (4.45 g, 0.05 mol) was dissolved in
a solution of sodium hydroxide (2.3 g, 0.06 mol) in water (30 ml). The
nitronaste solution was added dropwise to a mixture of sodium azide
(3.25 g, 0.05 mol) in a saturated aqueous solution of potassium ferricyanide
(32.9 q, 0.1 mol) in H,0 (100 mlj and diethyl ether (70 ml) with stirring
at such a rate that the temperature remained at 20-25°%. After completion
of the addition the mixture was stirred fof a further 20 min, The ether
layer was separated, and the aqueous phase extracted with diethyl ether
(2 x 40 m1). The ether extracts vere combined, washed with water (4 x 30 ml)
dried (MgSDa), and the solvent removed in vacuo at low temperature to yield
a yellowish liqhid. 1H_.n.m.r. analysis showed a peak at 61;5 whicﬁ
corresponds to 2,2-diaszidopropane (9%), a peak at §1.8 corresponds to
2-azido-2-nitropropane (22%), and a trace of 2,2-dinitropropane at §2.20.
The above procedure was repeated with various molar qﬁantitiés of materials
1H.n.m.r. analysis of the crude reaction products showed a similar mixture.
The crude product was fractionally distilled using the method

described in procedure {3.21) in each run to yield pure 2-azido-2-nitro-

propane.
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b-
. o F.'
Optimum reaction conditions for preparationa2-azido-2-nitropropane via

oxidative addition

Freshly distilled 2-nitropropane (4.45 g, 0.05 mol) was dissolved
in a solution of sodium hydroxide (2.8 g, 0.06 mol) in water (30 ml).
Sodium azide (6.5 g, 0.1 mol) and methylene chloride (70 ml) were added,
and the solution stirred. A saturated aquecus solution of potassium
ferricyanide (32.9 g, 0.1 mol) in water (100 ml) was added.

Immediate work-up afforded a yellowish crude product; 1H.n.m.r.
analysié of the crude product shoved a peak at 81.5 which corresponds to
2,2-diazidopropane {19%) and at §1.8 which corresponds to 2-azido-2-
nitropropane (28%).

The reaction was repeated for different times. The yields 2,2-
diazidopropane and 2-azido-2-nitropropane in the crude products were analysed
by 1H.n.m.r. using an internal standard. The results are shown in Table
2.1 on page 51,

The crude product was fractionally distilled as in expt. 3.21 to
vield a yellowish cil of pure 2-azido-2-nitropropane b;p;15 20-250;

Upgy 3000, 2460, 2120, 1555, 1455, 1390, 380, 1295, 1250, 1180, 1140,
830 en”", §(COCL,) 1.8 (6H,s); Cppm (CDC1;/TMS) 25.09 (q, 2Me) 100.48
(s, quaternary carbon)}, '

3.23 General procedure for nucleophilie substituytion reactions

a = Preparation of 2-azido-2-nitropropane by nucleophilic substitution

Sodium azide (0.65 g, 0.0l mol) was added with stirring to HMPA
(30 m1) in a 100 ml three necked round bottomed flask under an atmosphere
of nitrogen (the flask was fitted with a rubber septum in one of the necks).
2-Bromo-2~-nitropropane (1.68 g, 0.0l mol) was added after 10 min by
injection through the septum using a syringe. The reaction went red in
colour during the addition. The progreés of the reaction was monitored
periodically by the removal of aliquots (1 ml) from the reaction mixture.
Each aliquot vas pipetted into a sample tube containing diethyl ether (5 ml)
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and ice-céldlwater (5 ml), and shaken. The etﬁer layer was separated, dried
(MgSUa), and the solvent removed by evaporation under a stream of nitrogen.
The residue was analysed by t.l.c, {chloroform /silica gel) and lH.n.m.r.

to check the extent of the reaction. The course of the reaction was
terminated after 24h. The reaction mixture was poured into ice-cold
distilled water (100 ml) and extracted with diethyl ether (3 x 25 ml). The
ether extracts vwere combined and washed with distilled water (2 x 40 ml),
dried (MgSUa), and the solvent removed in vacuo to yield a yellowish liquid

of crude 2-azido-2-nitropropane (0.5 g, 38%); Y ax 2120, 1555 om™ L

;
G(CDClj) 1.8 (6H,s).

The above procedure was repeated, except that the duration of reaction
vas varied, to yield mixtures of products which were analysed by 1H.n.m.r.
spectroscopy. The results are shown‘in Table 2-2 on page 53. The crude
product was fractionally distilled as in (3.21) to yield a pure product of

2-azido-2-nitropropane.

b - Inhibition studies for the preparation of 2-azido-2-nitropropane

via nucleophilic substitution

1) Control: The reaction was carried out as in expt. 3.23a for 15 min
and 60 min.The yields :of 2-bromo~2-nitropropane (17%) and 2-azido-2-nitro-
propane (25%)wereestimated by lH.n;m.r. analysis; A duplicate run of

control reaction gave similar results.

2) Exclusion of light: The reaction was repeated as in (bl) for 15 and

60 min except that the flask was completely wrapped in aluminium foil to

exclude light.

3) p-Dinitrobenzene inhibition: The reaction was repeated as in (bl)
for 15 min except that 5 molar % of p;DNB was added to the reaction mixture
prior to the addition of 2-br0mo-2-nitrdpr0pane and photolysis. A duplicate

run of the experiment (15 min ) gave similar results.

4)  Di-t-butyl-nitroxide inhibition: The reaction was repeated as in

(bl) for 15 and 60 min except that 10 molar % of DTBN was added to the
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feaction ﬁixture prior to the addition of the é-bromo-z—nitropropane and
photolysis., A duplicate run of the experiment (15 and 60 min ) gave
similaf results.

The yields of all these reactions were calculated from 1H.n.m.r.,
using an internal standard, of the crude product. The results are
reported in Tsble 2-2 on page 53.

3.24 Attempted preparation of 2-azido-2-nitropropane via the method of
102

Maffei et al

Dry propylpseudonitrole (5.9 g, 0.05 mol) was dissolved in chloroform
(90 m1) in a round bottomed flask equipped with an efficient magre tic
stirrer. Distilled glacial acetic acid (6.5 ml) was added and the reaction
vessel and contents cooled to 0% (salt/ice). Sodium azide (7.1 g, 0.11 mol)
wvas added portionwise over 2h keepiﬁg the temperature at 5% , The course
of the reaction was terminated vhen the reaction mixture becamé colourless
from bright blue (20-22h). The reaction mixture was cooled, washed with
cold water (4 x-lDOrml), neutralized by washing with 5% sodium carbonate
solution (4 x 50 ml), and washed again with ice-cold water (4 x 50 ml).
The organic layer was separated, dried (MgSDa), and the solvent removed
in vacuo to yield a yellowish liquid (3.14 g, 96%). The product was not
distilled due to the explosive nature of the functional groups. The product
vas chromatographed (silica/Toluene) to afford pure l-azido-2-nitropropane
(2.7 g, B9%); Vo, 2930, 2120, 1555, 1455, 1400, 1355, 1285, 770 em™.;

§(COC1y) 4.55 (I, m), 3.75 (2H, m) 1.55 (3H, d); n %0 1.46 (1:t.10% 20 1.46).
D

3.25 Preparation of l-azido-l-nitrocyclohexane

Using the procedure reported in expt. 3.22, l-nitrocyclohexane
(3.25 g, 0.025 mol), sodium hydroxide (3.2 g, 0.08 mol), sodium azide
(6.5 g, 0.1 mol), potassium ferricyanide (32.9 g, 0.1 mol) and methylene
chloride‘(BG ml) in place of diethyl ether afforded a light green liquid
as the crude product. The crude product was not distilled due to explosive

properties of the functional groups and the higher temperature required,
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the yield‘was (2.95 g, 70%); Vnax 2950, 2870, i215, 1550, 1450, 1358, 1290,
1230, 1155, 1110, 956, 907, 807, 740 cm—l; G(CDCIJ) 1.5 (6H, m) 2.12 (4H, m)
T.l.c. and g.l.c. analysis showved a pure product except for traces of
cyclohexanone.

A similar reaction, carried out by the "normal" oxidative addition
procedure (expt. 3.14) in CH.Cl,, gave the same results as above (2.9 g,
69%) reaction, and in dry diethyl ether, gave a lower yield (2.02 g,
48%) .

3.26 Preparation of phenyl azidelsa

Distilled water (100 ml) and concentrated hydrochloric - acid (13.8 ml)
were placed in a 500 ml three necked round-bottomed flask, fitted with a
stirrer, thermometer, and a dropping funnel; The flask was cooled in an
ice/salt bath, stirring started, and phenylhydrazine (Q;J g, 0.077 mol)
added dropvise. The phenylhydrazine hydrochloride separated as fine white
plates, Stirring was continued, and after the temperature had fallen to
0, dieﬁhyl ether (100 ml) was added, after which a previously prepared
solution of sodium nitrite (6.25 q) in vater (100 ml) was added from a
dropping funnel at a rate such that the temﬁerature NEVER rose above 3°C.
The mixture was then subjected to steam distiilation and about 200 ml of
distillate were collected. The organic layer was separated and the aqueous
layer further extracted with diethyl ether (2 x 20 ml). The ether extracts
were combined, wvashed with distilled water (2 x 10 ml), dried (MgSBA), and
the solvent removed in vacuo at low temperature to yield a crude oil of

phenylazide (3.8 g, 42%); u__ (neat) 2120, 1595, 1490, 810, 750, 690,

670 cm_l.

The crude product was used for next stage without distillation due

to the explosive nature of the functional group.
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3.27 Reaétion of phenyl azide with norbornene107

Norbornene (0.5 g, 5 mmol) and phenyl azide (0.9 g, 7.5 mmol) were
placed in a small Erlenmeyer flask which was allowed to stand overnight
in a fume-cupboarthe flask was rubbed with a glass rod teo give the product

as a crystalline mass vhich was recrystallised from aqueous methanol to

afford the pure dihydrotriazole (1.07 g, 94%); m.p. 101-102° (1it.1%7

101-102° ); u__ (Nujol) 2920, 1600, 1500, 1470, 1380, 1260, 1140, 1120,
1105, 1030, 990, 960, 850, 760, 700 cm~ L,
q!.s(lHJd-! i

§(CDCL;) 1.15 (4H, m) 2.65 (2H, d) 3.7 (IH d)A6.9 (2H, m) 7.3 (5H, s);
Leoom (CDC1y /TMS) 1,(24.98, t); 2,(25.64, t); 3,(32.20, t); &,(40.13, d);
5,(41,33, d); 6,(60.46, d); 7,(86.27, d); 8,(114.21, d); 9,(122.0, d);

10,(129.5, d); 11,(139.55,s ). (See page 59)

3.28 Reaction of 2,2-diazidopropane with norbornene

| Norbornene (0.5 g, 5 mmol) and 2,2-diazidopropane (0.9 g, 71 mmol)
vere allowed to stand overnight in diethyl ether (10 ml) in a stoppered
Erlenmeyer flask. Needle-like crystals were formed. The ether was decanted
and the crystals recrystallised from ethyl acetate to afford pure adduct
(1.02 g, 87%); m.p. 108-110° ; (Found: C, 54.7; H, 7.4; N, 34.1, C10H16N6
require: C, 54,523 H, 7.3; N, 38.15; Unax 2040 cm-l; G(CDC13) 1.4 (10H, bm)
1.7 (2H,9 2.19 (2H,s ) 3.19 (1H, s ),

The above reaction was also attempted with 2-azido-2-nitropropane but

yielded only decomposed and unidentified material.

3.29 Reaction of l-azido-l-nitrocyelohexane with norbornerie

Norbornene (0.5 g, 5 mmol) and l-azido-l-nitrocyclohexane (1.2 g,
7.05 mmol) were al}owed to stand overnight.in diethyl ether (10 ml in a
stoppered Erlenmeyer flask. A crystalline solid was formed. The diethyl
ether was decanted and the solid recrystallised from ethyl acetate to
afford product (0.55 g, 39%); m.p. 104-106° ; Upay 1750 cm ™ (NOZ)’ the

combustion analysis was unsatisfactory.
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3.29 a Reaction of 2-azido-2-nitropropane with sodium azide

Sodium azide (0.5 g, 7 mmol) was dissolved in distilled water (20 ml)
and methylene chloride (20 ml) in a 250 ml round bottomed flask equipped
vith a stirrer. 2-Azido-2-nitropropane (250 mg, 1.9 mmol) was added and
the reaction stirred for lh. The organic layer was separated, washed with
distilled water (2 x 20 ml), dried (MgSUa), and the solvent removed in vacuo
to yield pure 2,2-diazidopropane (220 mg, 91%) Yoy 2100 em L (va);

G(CDCI}) 1.5 (s). The i.r. spectrum wvas identical with that of authentic

material.
- b) Inhibition studies
- The control reaction wvas carried out as detailed in expt. 3.30a, with

methylene chloride and water as solvent for 40 min to give 2,2-diazido-
propane (91%).

Inhibition studies with p-DNB, DTBN and exclusion of light were
carried out as detailed in expt. 3.23b. The results are shown in Table 2-3
on page 63,

3.31 a - Reaction of Z;azido-Z-nitrqpropane with the sodium salt of

benzene sulphinic acid

Using the standard procedure (expt. 3.23) the sodium salt of
benzenesulphinic acid (1 g, é mmol) and 2-azido-2-nitropropane in DMSO
(40 ml) were reacted for 5 min.

The crude product was recrystallised from hexane to give l-azido-
1-methylethyl phenyl sulphone (600 mg, 70%); m.p. 72-73°; (Found: C,
47.6;H4.6; N, 18.6 C9HllN3025 requires C, 48.0; H, 4.8; N, 1B.6%);

Vnax (nujol) 2103, 1595, 1300, 1150, 760, 700 cm-l; G(CDCIB) 1.52
(éH, brs) 7.5 (5H, m).

The above reaction vas repeated in DMF for 10 and 40 min. Both
reactions gave 59% of the product and a trace of 2-azido-2-nitropropane.

When the reaction was repeated for 24h, 46% of product was obtained.
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Photolysis with tungsten "white light" lamps (2 x 150 w) of the reaction
in HMPA for 2h gave decomposed and unidentified material.

b - Inhibition studies

Expt. 3.31a (DMSO, 5 min ) was taken as the control reaction.
Inhibition studies with p-DNB and DTBN were carried out as detailed in
expt. 3.23b. The results are shown on page 67.

3.32 Reaction of l-azido-l-nitrocyclohexane with the sodium salt of

benzenesulphinic acid

Using the standard procedure (expt. 3.23), l-azido-l-nitrocyclohexane
- (500 mg, 3 mmol}% the sodium salt of benzenesulphinic acid (1.09, 6 mmol)
in DMSO (40 ml)were 'stirred overnight (14h). The crude colourless solid
product was recrystallised from hexane to give 1-{l-azidocyclohexyl)

phenyl sulphone (410 mg, 53%), m.p, 88-89° (Found: C, 54.5; H, 5.6;

Ny 16.1%, Cy M) N30,5 requires C, 54.3; H, 5.65 N, 15.8%); v__ (Nujol)

2120, 1595, 1300, 1;50, 763, 700 cm_l; G(CDCl3) 1.65 (10H, m) 7.3 (SH, Y ).
The reaction was repeated for 2h. ‘The sﬁectroscopic data showed presence
of unreacted starting materisl.

3.33 Reaction of 2-azido-2-nitropropane with the sodium sajt.of p-chlorophenyl

thiolate

Using the standard procedure (expt. 3.23), the sodium salt of
p-chlorophenylthiolate (1.4 g, 8 mmol) and 2-azido-2-nitropropane (0.5 g,
3.8 mmol) in DMF (40 ml) were reacted for 40 min. The product was purified
by column chromatography (Alumina EtOAC/diethyl ether) to yield a pure
liquid‘of l-azido-1-methylethyl P-chlorophenyl sulphide (640 mg, 70%);
~(Found: C, 48.0; H, 4,3; N, 18.00; C9H10N3SC1 requires: C, 47.5; H, 4.3;

N, 18.,45) Umax(neat), 2110, 1590, 840, 760 cmhl; (CDClj) 7.3 (4H, ABq)

1051 (6H, )

The reaction had previously been carried out using one month old
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p-chloropsenylthiolate (wvhich had largely oxidised to the corresponding

sulphinate compound). The work-up gave a yellowish solid which was

recrystallised from hexane to yield pure l-azido-l-methylethyl p-chloro-

' phenyl sulphone (0.2 g, 20%)$m.p. 67-68° ;(Found: C, 41.9; H, 4.0;

N, 16.55, gy N;S C10, requires C, 41.62; H, 3.88; N, 16.18%); v

2110, leGO, 1320, 1150, 840, 760 cm-l, 6(00013) 7.5 (4H, ABg) 1.6 (éH, s).
Similar results were obtained when the reaction was repeated with

pure p-chlorophenylthiclate in DMSO for 18h.

3.34 Reaction of l-azido-l-nitrocyeclohexane with sodium salt of

p-chlorophenylthiolate

Using the procedure reported in (3.23) l-azido-l-nitrocyclohexane
(0.5 g, 3 mmol) and sodium p-chlorophenylthiolate (1.9 g, 7.9 mmol) in
DMSO (40 ml) werereacted for lh, The work up gave a yellow oily liquid
vhich was purified by column chromatography on alumina (EtOAC/ether) (90/10)
to yield pure 1-(1-azidocyclohexyl )p-chlorophenyl sulphide (0.42 g, 53%);
(Found: t, 53.5; H, 5.4; N, 15.6, CIZHIANBCES requires C, 53.8; H, 5.2;
N, 15.7%); v__ 2110, 1580, 1250, 830, 760 emL; 8(C0C15) 1.55 (10H, m.
broad), 7.3 (4H, ABg).

The above reaction was repeated twice and gave the same results.

3.35 a - Reaction of 2-gzido-2-nitropropane with the sodium salt of

2-nitropropane

Using the standard procedure (expt. 3.23), the sodium salt of 2-nitro-
propane (2 g, 18 mmol) and 2-azido-2-nitropropane in HMPA were reacted with
illumination with 2 x 150 v tungsten "white light"lamps - for 60 min. The
crude solid product obtained was recrystallised from ethanol to yield pure
2,3-dimethyl-2,35dinitrobutane (160 mg, 24%) m.p; 206-208° (lit.65 208~

'2090);umax 1550 cm—l; 6(CDCI3) 1.75 (s). The reaction vas repeated for

16h without photolysis and yielded (54%) of 2,3-dimethyl-2,3-dinitrobutane.
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b-  Inhibition studies

Expt. 3.35a vas used as the control reaction. Inhibition studies
vith p-DNB, DTBN, and absence of light weré carried out as detailed in
expt. 3.23b. The results are shown in Table 2-4 on page 72.

3.36 a - Reaction of l-azido-~l-nitrocyclohexane with the sodium salt of

2-nitropropane

Using the standard procedure (expt. 3;23), the sodium salt of
2-nitropropane (1 g, 9 mﬁol) and l-azido-l-nitrocyclohexane (500 mg, 3 mmol)
in DMSOwere illuminated for 2h with 2 x 150 w Tungsten "white light"
lamps. The 1H.n.m.r. spectroscopy and g.l;c; (Se30..10%) analysis of
the crude product showed 1-(1l-methyl-l-nitroethyl)-l-nitrocyclohexane
(116 mg, 18%) was the main product; with a trace of 2,3-dimethyll-2-2,3-
| dinitrobutane. Recrystallisation from ethanol géve pure l-(l-methyl-1-

0 m.p. 149-150°C);

nitroethyl)-l-nitrocyclohexane m.p. 148-150°C (1it.’
Unax 1553 en”l; S(CDCL;) 1.63 (6H,8) 1.5 (6H, m) 2.4 (4H, m).

b -~ Inhibition studies

Expt. 3.36a vas used as the control reaction. Inhibition studies
wvith p~DNB, DTBN, and absence of light were carried out as detailed in
expt. 3.23b. The results are shown in Table 2-5 on page 73.

3.37 Reaction of 2-azido-2-nitropropane with the sodium salt of diethyl

ethylmalanate

The sodium salt of of diethyl ethylmalonate {500 mg, 1.8 mmol) and
2-azido-2-nitropropane in DMSQ (40 ml), using the standard procedure
(expt., 3.23), were-illuminafed wvith 2 x 150 w "white light" lamps for 3h.
The crude yéllow oily liquid showed one spot on t.l.c. (silica/CHClj) of

~ tetraethyl hexane 3,3,4,4-tetracarbo xylate (100 mg, 22%); b.p.40 173-

155

175°C (using Kuge#@hr distillation) (1it.””” b.p.g o 128-129°C); v

max{neat)
=1 : '
1740 cm™7; 8(CDC15) 0,92 (6H, t) 1.1 (12H, t) 1.95 (4H, q) 4.15 (8H, Q).
The reaction was repeated several times under the same conditions and

yielded 20-22% of product.
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3.38 Preparation of 2-nitro-2-thiocyaftopropane

a - By oxidative addition ("Normal")

2-Nitropropane (4.45 g, 0.05 mol), sodium hydroxide (2.8 g, 0.07 mol),
sodium thiocyamate (8.18 g, 0.1 mol), and potassium ferricyanide (32.9 g,
0.1 mol) were reacted as in expt. 3,14 for 60 min. The 1H.n.m.r.
analysis showed a mixture of products. The product mixture was fractionally
distilled and afforded a bright yellow oil (2.4 g). Again the “H.n.m.r.
analysis and g.l.c. (SE 30 10%) showed the product to be a miXturgphax(neat)
2170 (SCN}, 1550 em™? (NDZ); S(CDClj) 1.75 (s, 2,3-dimethyl-2,3-dinitrobutane),

1.9 (s, unidentified), 2.12 (s, 2-nitro-2-thiocyanatopropane).

b = By oxidative addition ("reverse order")

2-Nitropropane (4.45 g, 0.05 mol), sodium hydroxide (2.8 g, 0.07 mol),
sodium thiocyanate (8.18 g, 0.1 mol) and potassiuh ferricyanide.(32.9 g,
b.l mol) were reected as in expt. 3.22 for 20 min. The lH_.n.m.r. analysis
of the product showed 2-nitro—2—thiocyanatopropane and a trace of "dimer"
2,3-dimethy1;2,3-dinitrbbutane. The crude product was fractionally distilled
to afford a bright yellow o0il of 2-nhitro-2-thiocyanatopropane (2.45 g,
40%) b.p.h5 66-68°C; (Found: C, 32.7; H, 4.3, N, 18.4; S, 22.1, C,H_N,S0

46272

requires: C, 32.86: H, 4.14; N, 19.2; S, 21.94%); v 2880, 2170

max(neat)
(SCN), 1550 en™ (NO,); S(CDC1;) 2.1 (s); m/e 100 (M-46), 41 (M-59); n?C

1048.

d

The above mefhod vas repeated several times giving 38-40% yields.,
A similar yield was also obtained in a scaled up run,

c - Attempted preparation of 2-nitro-2-thiccyanstopropane by nucleophilic

substitution

2-Bromo-2-nitropropane (500 mg, 2.9 mmol) and sodium thiocyangte
(500 mg, 6.1 mmol) in DMSO (40 ml) were reacted as in expt. 3.23 and
illuminated with tungsten “white light" lamps (2 x 150 w) for 2h. The
H.n.m.r. analysis showed only the presence of starting material (0.48 g, .
96%). The reactioﬁ vas repeated in THF and again, only starting material
was recovered. (0.5 g, 100%)
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d - Attempted preparation of 2-nitro-2-thiocyanatopropane using the

sodium salt of 2-nitropropane as an entraining agent

2-lodo-2-nitropropane (640 mg, 2.9 mmol), sodium thiocyanate

- (500 mg, 6.1 mmol), and & catalytic amount of the sodiur salt of 2-nitropropan
(10 molar %)} were reacted as in expt. 3.23 with illumipation by tungsten
"white light" lamps (2 x 150 w) in DMSO for 2h, The crude white solid
product'was recrystallised from ethanol to give 2,3-dimethyl-2,3-dinitro-
butane in trace amaunts, enough to do the m.p. 2n7-208°C (1it,5° e,

1

208-20900); 1552 em —; (CDC1.) 1.75 (8). The reaction vas
3

Hax(nujol)
repeated without using entrainment} only starting material was recovered.
The reaction was also: repeated with 2—brom6-2-nitropropane @.5g, 3 mmol)
in THF for 20h. The lH.n.m.r. analysis showed 90% recovery of starting

material and 10% of 2,3-dimethyl-2,3-dinitrobutane.

3.39 Preparation of l-nitro-l-thiocyanatoeyclohexane

1-Nitrocyelohexane (6.45 g, 0.05 mol), sodium hydroxide (3.2 g,
0.08 mol), sodium thiocyanatex(a.l g, 0.1 mol), and potassium ferricyanide
(32.9 g, 0.1 mol) were reacted as in expt. 3.22 in methylene chloride and
afforded a light-yellowish oil., G.l.c. (SE30 10%), ix.., and t.l.c.
(silica/CHClB) analysis indicated that the crude product was contaminated
with cyclohéxanone. The crude oil was purified by preparative t.l.c.
(silica, CCla/hexane: 60/40) to afford l-nitro-l-thiocyanatocyclohexane
(4.02 g, 43%); (Found: C, 45.6; 5.6; N, 15.0 S, 16.8, C.H N0, requires

7102
1

C, 45.16; H, 5.37; N, 15.05; S, 17.20%); v 2160 (SCN), 1550 cm™

max{neat)
(NO,); 8(CDC1,) 1.6 (6H, m), 2.3 (4H, m).
The above reaction was'repeated‘in diethyl ether and gave l-nitro-1-

thiocyanatocyclohexane (3.2 q, 34%). The product could not be distilled,

even under reduced pressure, because of decomposition,
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3.40 Reaction of 2-nitro-2-thiocyanatopropane with the sodium salt of

2-nitropropane

The sodium salt of 2-nitropropane (1 g, 9 mmol) and 2-nitro-2-
thiocyanatopropane (550 mg, 3.7 mmol) in DMSO (50 ml),using the standard
procedure (expt 3.23), were illuminated with tungsfen "white light" lamps
(2 x 150 v) for 2h. The crude product was recrystallised from ethanol to
afford colourless crystals of 2,3-dimethy1-2,3-dinitrobﬁtane (0.48 g, 72%);
5

208-205°); v

m.p. 207-208° (1it.° nax(nu jol)

1552 cm-l; 6(CDC13) 1.75 (s).
The reaction was repeated several times giving 70-72% yields. When the
reaction vas repeated in DMF instead of DMSO a 51% yield of product was

obtained.

Inhibition studies

The above reaction in DMSO was used as the control reaction. Inhibition
studies with p-DNB, DTBN, 02, and absence of light were carried out as
detailed in expt. 3.23b, The results are shown in Table 2-6 on page 82,

3.41 Reaction of l-nitro-l-thiocyanatocyclohexane with the sodium .salt aof

Z2-nitropropane

The sodium salt of 2-nitropropane (1 g, 9 mmoi) and l-nitro-1-
thiocyanatocyclohexane (0.55 g, 3 mmol) in DMSO (40 ml) vere reacted using
the stanﬁard procedure (expt. 3.23) with photolysis for &4h fo give 1-(1-
methyl-l—nitroethyﬂfl-nitro-cyclohexane (0.39 g, 61%) and 2,3-dimethyl-2,3-
- dinitrobutane (80 mg, 16%). The products were separated by crystallisation
and the identity of the products was confirmed by their m.p., i,r. and

H.n.m.r. A repeat reaction gave similar results.

3.42 Reaction of 2-nitro-2-thiocyanatopropane with the sodium salt of

benzene sulphinic acid. .

The sodium salt of benzene sulphinic acid (1 g, 6 mmol), and 2-nitro-
2-thiocyanatopropane (0.55 g, 3.7 mmol) were reacted in DMSO (40 ml),

using the standard procedure (expt. 3.23)under photolysis with tungsten

-~ 155 -



"white light" (2 x 150 w) for 2h. . The crude product vas recrystallised

from ethanol to afford colourless crystals of l-methyl-l-nitroethyl phenyl

é8 Ony.

1590, 1550, 760, 690 em™L §(CDC15) 1.95 (6H, S), 7.69 (5H, m). The

sulphone (420 mg, 49%); m.p. 116-118°C (lit.

reaction was repeated several times under the same conditions and gave yields
of 46-49%. When the reaction was carried out for 30 min under the same
conditions 22% of starting material was recovered as well as product.

Inhibitions studies

The above reaction was used as the control reaction. Inhibition
studies with 02, DTBN, p-DNB, and absence of light were carried out as
detailed in expt. 3.23b. The results are shown in Table 2-7 in page 84.

3.43 Reaction of 2-n1tro—Z-tHiocyanatOprgpane with sodium azide

Sodium azide (500 mg, 7.6mmol) and‘2-nitr0-2-thiocyanatopropane (0.55 g,
3.7 mmol) were reacted in HMPA (40 ml) for 90 min using the standard procedure
(expt. 3.23). lH.n.m.r. and i.r. spectroscopy, and t.1.c. (silica/CHClB)
indicated a mixture of products., The lH;n.m;r; analysis indicated that 8%
of 2-azido-2-nitropropane and 31% of the starting material (2-nitro-2-
thiocyanopropane) were present. The reaction vas repeated under the same
conditions for 5h. The spectroscopic data and t.l.c. showed a 27% recovery
of starting material and 8 % of 2-azido-2-nitropropane (analysis by 1H.n.m.r.)
The reaction was repeated in DMSO instead of HMPA for éh. Spectroscopic
anal}sis showed a trace of 2-azido-Z-nitropropane and a large recovery (98%.
by 1H.n.;m.r.) of starting material.

3.44 a - General procedure for the reaction of 2-substituted-2-nitropropanes

with thiolate anions

Dry solvent* (30 ml) vas pipattéd into a three necked round bottomed
flask fitted with a magnetic stirrer bar and nitrogen inlet. Nitrogen was:
bubbled through the solvent for 30 min. before, and throughout, the reaction,
The salt of the thiocl, or the thiol and an equivalent of sodium methoxide,

vas introduced into the flask and stirring was commenced. After a few
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minutes an equimolar amount of the 2-substituted-2-nitropropane was added
and the reaction mixture illuminated with tungsten "white light" lamps

(2 x 150 v). After a suitable time the reaction mixture was poured into
ice-water (50 ml) and extracted into diethyl ether (4 x 20 ml). Sodium
chloride was sometimes added to aid separation, The combined ether layers
vere vashed with distilled vater (4 x 20 ml) and dried (MgSO,). The
solvent vas removed in vacuo yield the crude product. The unreacted
thiolate remained in the agqueous extract.

*Solvent = Dipolar aprotic solvents (DMF, DMSO and HMPA) or protic solvents
(HZO and MeOH or HZO/MeUH).

b - Reactions of 2-nitro-2-thiocyanatopropane with thiolates

i - With the sodium salt of p-chlorophenylthiol

The sodium salt of p-chlorophenylthiol (500 mg, 3 mmol) and 2-nitro-
2-thiocyanatopropane (500 mg, 3.4 mmol) were reacted in DMSO (40 ml) for
2h using the standard procedure detailed in expt. 3.44a. The crude product
wvas leached with he*ane leaving a residue of 2,3-dimethyl-2,3~dinitrobutane
(16%). Evaporation of hexane gave a residue which was recrystallised from
hexane to give l-methyl-l-nitreethylp-chlorophenyl sulphidé (37%); m.p.
33

82-83%); v

O 4. \
81-82" (lit. max(nu jol)

1590, 1552 cm 2; 8(CDC1,) 1.83 (6H, 8),
7.37 (4H; s). Evaporation of the mother liquor gave di-{p-chlorophenyl)
disulphide (14%). The spectroscopic data for the disulphide end the dimer vere
in agreement with assigned structures as well as their m.p.'s. The reaction
was repeated under similar conditions and gave similar yields of products. The

% yields'were calciilated by 1H.n.m.r. analysis of the crude product,

Inhibition studies

The reaction detailed in expt. 3.44b was used as the control reaction.
Inhibition studies with p-DNB, DTBN, 02, and the absence of light were

carried out as detailed in expt. 3.23b. The results are shown in Table

2-8 on page g8,
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ii - With the sodium salt of phenylthiol

The sodium salt of phenylthiol (500 mg, 3.7 mmol) and 2-nitro-2-
thiocyanatopropanel(SUD mg, 3.7 mmol) were reacted in DMSQ for 2h using
the standard method (expt. 3.44a). The crudé product was leached with
hexane. Removal of the solvent in vacuo and recrystallisation of the
residue from ethanol gave diphenyldisulphide (400 mg, 52%); m.p;

56

59-61° (1lit. 58-600); G(CDCI3) 7.2 (10H,m). Recrystallisation of

the residue after leaching gave 2,3-dimethyl-2,3-dinitrobutane (330 mq,
50%). The reaction was repeated for 10 min and 1H.n.m.r. analysis indicated
diphenyldisulphide (36%), 2.3-dimethyl-2,3-dinitrobutane (34%) and recovery

of starting material (10%).

Inhibition studies

The above reaction (10 min ) was used as the control reaction.
Inhibition studies ﬁith b_DNB, DTBN, 02 and absence of light were carried
out as detailed in expt. 3.23b for 10 min. The results are shown in Table
2-9 on page 91.

iii - With the sodium salt of benzylthiol

The sodium sélt of benzylthiol (500 mg, 3.4 mmol) and 2-nitro-2-
thiocyanatopropane (550 mg, 3.7 mmol) were reacted in bMSD (40 ml) using
the standard procedure (expt. 3.44a) for 2h under irradiation with
fluorescent laboratory lights. lH.n.m.r. analysis of the crude pfoduct
indicated dibenzyl disulphide (30%), 2,3-dimethyl-2,3-dinitrobutane (22%),
starting material (15%) and thiobenzaldehyde polymer? (16%). The reaction
was repeated using two equivalentSof the salt under the same conditions.

Hen.m.r. analysis of this reaction indicated dibenzyl disulphide, (24%),
2,3-dimethyl-2,3~dinitrobutane (28%), starting material (22%), and a
trace of thicbenzaldehyde palymer?

The reaction was repeated with illumination with tungsten "white
light" iamps {2 x 150 w) for 2h, 1H.n.m.r. analyses of the product

indicated dibenzyl disulphide (8%), 2,3-dimethyl-2,3-dinitrobutane (10%)
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starting material (33%) and thiobenzaldehyde polymer? (25%). The reactién
wés also repeated for 10 min in DMF under the same conditions. G.l.c.
(SE30, 160°C) analysis of the crude product sho@ed three significant peaks:
dibenzyl disulphide, 2,3-dimethy1-2,3-dinitrobutane and an unidentified
peak. 1H.n.m.r. analysis indicated dibenzyl disulphide (12%), 2,3-
dimethyl-2,3-dinitrobutane (10%), starting material (16%), and an
unidentified product (thiobenzaldehyde polymer?) (12%). T.l.ec. (silica/
Pet.ether 60 : 80) showed three spots. Prepérative t.l.c. (silica/Pet.
ether 60 : 80) gave three bands vhich were separated. lH.n.m.r. and

g.l.c. (SE30, 160°C) of the least polar band indicated that it consisted

of dibenzyl disulphide and the thiobenzaldehyde polymer. Mass spectrometry
indicated dibenzyl disulphide (m/e, M' 246, 123, 91, 65) and thiobenzaldehyde
were present (m/e, M* 122, 121 (PC=S™)  77).

" Inhibition studies

The above reaction (Zh)_was used as the control reaction. Inhibition
studies with p-DNB, DTBN, 02, and sbsence of light were carried out as
detailed in expt. 3.23b; The results are shoﬁn;in Table 2-10 on page 92.

iv = With the sodium salt of p-nitrophenylthiol

Using the standard procedure (expt. 3.44a), p-nitrophenylthiol
(170 mg, 1.1 mmol) and potassium-t-butoxide (80 mg, 0.7 mmol) in DMSD
(50 m;) were initially reacted for 15 min to form the anion of p-nitro-
phenylthiol (a deep red colour resulted). 2-Nitro-2-thiocyanatopropane
(170 mg, 1.2 mmol) was added to the solution and the reacfion‘mixture
stirred for 15 min by which time the red colour had disappeared.
1H.n.m.r. analysis of the crude product indicated l-methyl-l-nitroethyl
p-nitrophenyl sulphide (17%), 2,3-dimethyl-2,3-dinitrobutane (3%), di-
(p-nitrophenyl) disulphide (19%), and starting material (18%). The -
mixture of products was analysed by ;H.n.m.r. épectroscopy. The reaction
vas repeated under the same conditions for lh, 2h and 4h resp; similar

results were obtained,
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Inhibition studies

The above reaction was used as the control reaction. Inhibition
studies with p-DNB, DTBN, and 02 vere carried out as detailed in expt.
3.23b, The results are shown in Table 2-11 on page 96.

3.45 Reaction of 2-nitro-2-thiocyanatopropane

With the sodium salt of diethyl ethylmalonate

Dry DMSO (60 ml) wvas pipetted into a three necked, round bottomed
flésk fitted with a nitrogen bleed and a magretic stirrer bar. The
sodium salt of diethyl ethylmalonate (100 mg, 0.47 mmol) was added and
the reaction was stirred for 30 min until most of the salt diséolved.
2-Nitro-2-thiocyanatopropane (70 mg, 0.47 mmol) was added and the reaction
vas illuminated with tungsten "white light" lamps (2 x 150 w) for 5h.
After 5h the reaction was worked up as in expt; 3.37. 1H.n.m.r. analysis
of the crude product indicated a mixture of tetraethyl hexane-3,3,4,4-
tetracarboxylate and 2{3-dimethy1-2,3-dinitrobuténe; The mixture vas
leached with hexane. Removal of the solvent in vacuo gave tetraethyl
hexane-3,3,4,4-tetracarboxylate (47 mg, 20%), the identity of which was
confirmed by i.r, and_lH.n.m.r. comparison  with previously prepared
authenfic material (section 3.37). The residue after leaching vas
recrystallised from ethanol and gave 2,3-dimethyl-2,3-dinitrobutane (40 mq,
47%), again the identity of the product was confirmed by m.p., i.r. and
- “H.n.m.r. spectrosbopy.

The above reaction was repeated under the same conditions for 6h with

the same results,

3.46 Attemptgd preparation of diethyl ethylthiocyanatomalonate

Dry methanol (40 ml) was pipetted into a three necked, round bottomed
flask fitted with a nitrogen bleed and a magnatic bar. The sodium salt of
diethyl ethylmalonate (0.6 g, 2.2 mmol) was added and the reaction was‘
stirred for 30 min' until most of the salt_dissolued; Copper (II)

thiocyanate (2.8 g, 15 mmol) was added and the reaction mixture was refluxed
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for 48h. The reaction mixture vas poured in water and diethyl ether. The
léyers vere separated and the aqueous layer washed with ether (3 x 30 ml).
The combined ether extracts were dried (MgSUa) and the solvent removed
in vacuo to yield a yellowish liquid of tetraethyl hexane-3,3,4,4~
tetracarboxylate (50 mg 10%). The identity of the product was confirmed
by comparison of the t.l.c., and i.r. and 1H.n.m.r. spectra with the
previously prepared compound (expt. 3.37).
Attempts to prepare the thiocyanatomalonate using thiocyanaogen132
(prepared by the standard route from lead thiocyanate and bromine)and the
sodium salt of‘diethyl ethylmalonate géue only a polymer of thiocyanogen
(orange cfystals of the trimer).

Other attempts using thiocyanogen (prepared from bromine and sodium
thiocymnqenjlzzin methanol and ethanol also yielded the trimeric

thiocyanogen and none of the desired product;

3.47 Reaction of 2-nitro-2-thiocyanatopropane with diethylphosphite

Dry THF (30 ml) was pipetted into a three necked, round bottomed
flask fitted with a nitrogen bleed and a magn etic bar; Diethyl phosphite
(1.4 g, 10 mmol) was added, followed by potassium t-butoxide (1.0 g,

9 mmol). The reaction was cooled down to -45°C (Dry ice/Acetone) and
2~nitro-2-thiocyanatopropane (1.3 g, 9 mmol) added dropwise, and‘the
reaction stirred for 30 min. The reaction mixture was warmed to 25°.

The reaction mixture was poured into vater and extracted with diethyl
ether (3 x 30 ml). The ether extracts were combined (2 x 50 ml) and
dried (MgSOa). The solvent vas removed in vacuo to give largely starting
material and some 2,3-dimethyl-2,3-dinitrobutane (10% by 1H.n;m.r.)
Repeat reactions in DMF and ethanol gave low yields of unidentified

material.
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3.48 Reacfions of diethyl l—methxl—l-nitroethyiphosphonate

a - With the sodium salt of 2-nitropropane

Dry DMF (40 ml) vas pipetted into a three necked, round bottomed
flask fitted with a nitrogen bleed, and a magnetic bar. The sodium salt
of 2-nitropropane (660 mg, 5.9 mmol) was added and the reaction mixture
stirred until most of the salt had dissolved. Diethyl l-methyl-l-nitro-
phasphonate (400 mg, 1.8 mmol) was added and the reaction flask illuminated
with tungsten "white light" lamps (2 x 150 w) for 42h. The reaction vas
worked up as in expt. 3.363 and yielded 2,3-dimethyl-2,3-dinitrobutane
(190 mg, 60%). The identity of the product was determined by m.p. and
i.r., lH.n.m‘r. spectroscopy.

When the above reaction was repeated in THF for 18h and 9h under
the same conditions, 1H.n.m.r. analyéis indicated a quantitative recovery
of starting matérial.

The above reaction was also repeated in HMPA (the'course of the
réaction vas folloved periodically by'taking aliquots) for 28h; 1H.n.m.r.
analysis indicated that decomposition took place steadily throughdut the
reaction with no formation of products. However, when the reaction was
repeated in DMSO0 for 6h under the same conditions, lH.n.m.r. analysis of
the crude product indicated unreacted nitrophosphonate (lH.n.m.r. values
are given in expt. 3.16)and an unidentified productS(CDCl;) 4.2 (m) 1.7
(d) 1.4 (s) 1.36 (t) (tentative assignmentl T.l.c. (silica/ CHCl3) showed
two spots very close together of which one was starting material Longer
reactibn times did not improve conversion and both compounds decomposed
steadily with time,

b - With‘the sodium salt of p-chlarophenylthiol

The sodium salt of p-chlorophenylthiol (540 mg, 3 mmol) and diethyl
1-methyl-1-nitroethylphosphonate (400 mg, 1.8 mmol) were reacted under
the same conditions using the standard procedure (expt. 3.44a) for 1lh,

The reaction mixture was poured into ice-water (50 ml) and extracted
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with diethfl éther (4 x 30 ml). The ether extracfs vere combined, washed
wifh distilled vater (2 x 30 ml), dried (MgSOa), and the solvent removed
in vacuo to giﬁe an oil of p-chlorophenyl ethyl sulphide (250 mg, 45%)
Uméx(neat) 15%0, 1100, 820, 750, 690 cm‘l; 6(CDC13) 7.25 (4H, s) 7.85
(24, g} 1.25 (3H, t). The aqueous phase vas acidified with hydroxy ammonium
hydrochloride (500 mg) extracted vith diethyl ether (2 x 30 ml), and dried
(MgSDa). Removal of the solvent in vacuo yielded nothing.

The éboﬁe reéction wés repeéted under the same conditions for
2h, 18h, énd 48h, éll of which yielded p-chlorophenyl ethyl sulphide (41-46%).
The identity of the sdlphide wéa proven by comparieon (i.r. and 1H.n.m.r.)
vith én éﬁthentic sémple which wés prepared as follows: Dry methanol (50 ml)
wésrpléced in a three necked round bottomed flask flushed with nitrogen.
Sodium mgtél (0;7 g, 33 mol) vas added in small lumps and the mixture stirred
until the metal dissol&ed; p=Chlorophenylthiol (5 g, 34 mmol) was added and
the reéction mixture stirred for lh; Ethyl iodide (5 g, 32 mmol) was added
and the coﬁrse of the reéction vas terminated after 90 min. The precipitated
sodium iodide was filtered off and the solvent was removed in yacué to yield
an o0il of p-chlorophenyl ethyl sﬁlphide (3;02 g, 47%). Spectroscopic analysis
(i;r; and lH;n;m;r;) vas in égreement with the proposed structure.

3;&& Reactinns'of'2+cyan0i2-nitroprppéne with thiolates

é - YWith the sodium salt of phenylthiol

The sodium salt of phenylthiol (230 mg, 1.74 mmol) and 2-cyano-2-
nitropropéne (200 mg, 1.75 mmol) in HMPA (40 ml) were reacted for 3h with
lab, light photolysis using the standard procedure (expt. 3.44a). The crude
product vas sepérated by preparative t.l.c. (silica,CHClBIdiethyl ether) to
yield l-cyano-1-methylethyl phenyl sulphide (180 mg, 53%); v

max{neat)
1150, 1070, 750, 695 cm™1; 8(CDCL,) 1.95 (6H, ) 7.3 (5H, m) and a trace of

diphenyl disulphide. The reaction was repeated with illumination by tungsten
"white light" lamps (2 x 150 w) under the same conditions and gave similar

results;
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b - With .the sodium salt of p-chlorophenylthiol

The above expt; vas repeated with the sodium salt of p-chlorophenyl-
thiol under the same conditions but only gave unreacted starting material
as shown by t.l.c, i;r., énd n;m;r; spectroscopy.

3.50 Reactions of 3-methyl-3-nitrobutane-Z-one and ethyl 2-methyl-2-

nitropropionate with p-chlorophenylthiolate

3—Methy1-3-nitrobuténe-2-0ne and ethyl 2-methyl-2-nitropropicnate
were each reacted with the sodium salt of p-chlorophenylthiol for 10h, 14h,
Zah,‘resp; using the standard procedure (expt. 3.44a) and gave only small
amounts of stérting material (20%, 15%, nitroketone and nitroester resp.,10h).

Similar results were obtained when the reactions were repeated using

DMSO or HMPA.

3.51 Reactions of’&ésubstituted nitro compounds with thiolate anions in

protic solvents

a - Reactions of 2-bromo-2-nitroprepan-l1,3-diol -

i; ‘With the sodiﬁm salt of p-chlorophenylthiolate

The sodium salt of p—chlﬁrophenylthiol (2 g, 12 mmol) and 2-bromo;2-
nitropropén-l,3-diol (1 g, 5 mmol) in distilled wafer (60 ml) were reacted
for 4h without photulyéis under an étmosphere of nitrogen. The resulting
precipitated crude sﬁlid was filtered and recrystallised from ethapol to
afford di{p-chlorophenyl) disulphide (1.6 g, 92%); m.p. 73-75° (1it.1%6
75°); Umax(nujol !
ii. With fhe sodium-sélt of benzythiol

y 1590, 820 e, §(CDC15) 7.2 (ABq).

The sodium salt of benzylthiol (2 g, 13.6 mmol) and 2-bromo-2-nitro-
propan-1,3-diol (1 g, 5 mmol) in distilled water (60 ml) were reacted for
4h without photolysis under an atmosphere of nitrogen. The precipitated crude
solid was filtered and recrystallised from ethanol to afford dibenzyl
disulphide (1.5 g, 94%), m.p. 71-72° (1it.**6 m.p. 729); 5(COCL,) 3.63
(4H, s), 7.3 (10H, s). |
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iii.  With the sodium salt of p-nitrophenylthiol

p-Nitrophenylthiol (100 mg, 6.4 mmol), sodium hydroxide (100 mg,
12.5 mmol), sodium methoxide (100 mg, 18.5 mmol and 2-bromo-2-nitropropan-
1,3-diol (1 g, 5 mmol) were reacted in distilled wvater (60 ml) for 48h. The
red colour of the anion of p-nitrophenylthiol disappeared within minutes.
The precipitéted crude solid was filtered and recrystallised from ethanol
to afford di-(p-nitrophenyl) disulphide (850 mg, 98%); m.p. 182-183° (1it,1”®
Mep. 182-183’D)£(C0013) 7.62 (ABq); The reaction was rebeated in MeDH/H,0
(85/15 V/v) (60 m1) for 20h and gave the product in 96% yield.

3.523; Prepératiun of 2—chloro--2-nitrdpropan-l,3-dioll57

i. ‘Prepérétion of the sodium salt of 2-nitropropan-l,3-diol

Dry methénbl (450 ml) wés pléced into a three necked round bott&med
flask fitted withanm inlet for nitrogen gas, reflux and magnatic stirrer.
Nitrogen gés wés bubbled throﬁgh the solvént for 30 min. Sodium metal
(11.5 g, 0.5 g-atom) vas added slowly, with stirring,followed: by - .
péraforméldehyde (trioxane) (30 q, 0.24 mol) at room-.temperature. The solution
wés cooled to Q° énd nitromethéne (30;5 0, U;S mol) édded dropwise over a
3h_period, keeping the temperétﬁre below 00; When the addition was coﬁpleted
a vhite solid had formed vhich vas filtered off and washed with dry méthanol
(2 x 25 ml); The prodﬁct was heated in an oven at 40-50° to remove the methanol
of co-crystéllisétibn to give a quéntitative yield of 2—nitropropan-1;3—diol.

ii. ChlBrination of the sodium salt df.2-nitropropan-l,3-diol.

Dry ether (125 ml) was poured into a three necked.round bottomed flask
fitted with an ihleﬁ'Fdr-nitrbgen gas; andnitrogen gas bubbled through for
30 min. The sodium salt of 2-nitropropan-1,3-dicl (5.1 g, 0.025 mol) vas
suspended in the solvent and chlorine gés slowly bubbled through the reaction
vessel for 15 mih; The outflow vas led ﬁhrough a flask of sodium hydroxide
solution to trap Qnreécted chlorine; A rapid feaction.took place followed
.by precipitétion of sodium phloride; The excess chlorine was driven out by

continﬁing the péssége of nitrogen gés for lh;~ The sodium chloride was
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filtered aﬁd the solvent was removed in vacuo to‘afford a crude prodﬁct
which was recrystallised from chloroform to afford colourless crystals
of 2-chloro-2-nitropropan-1,3-diol (3.42 g, 61%); m.p. 134-13¢° (1it.1>7
m.p. 135); 6(D,0) 4.2 (ABq).

b - Reaction of 2-chloro-2-nitropropan-1,3-diol with thiolate anions

in protic selvents

Similar reactions (expt. 3-51) were carried in MeOH and MeDH/HZD.
The results ére shown in Table 2-12 on page 112.

3;53 Reéction'oF‘5~bromo-5-nitro-l,3-dioxane with thiolate anions in protic

solvents

a. With (L)-eysteine

(L)-Cysteine (760 mg, 4.7 mmol) and 5-bromo-5-nitro-1,3-dioxane
(500 mg, 2.4 mmol) in MeOH and phosphate buffer pH5.5 (10: 90 Y/v) (50 ml)
vers reécted for lh withoﬁt photolysis under an atmosphere of nitrogen.
The preeipitéted crude solid was filtered and dried to give (L)-cystine:
(400 mg, 70%); m.p. 260-262° (1it.’® m.p. 260-261°). The aqueous layer vas
extrécted with diethyl ether (2 x Bb ml) and the solvent was evaporated
in vacuo‘to éfford small amount of impure material which possibly contained
~ some of the expected 5-nitro-1,3-dioxane.

b. With the sodidm sélt of p~chlorophenylthiol

The sodium sélt of p-chlorophenylthiol (500 mg, 3 mmol)} and 5-bromo-
~ 5-nitro-1,3-dioxane (650 mg, 3 mmol) in MeOH and phosphate buffer pH5.5

(50 : 50 V/v) (60 ml) for 15 min without photolysis under an atmosphere of
nitrogen. The resdlting precipitate was filtered and recrystallised Froﬁ
ethanol to give di-(p-chlorophenyl) dispulphide (300 mg, 70%). The praduct
vas identified by m;p; and 1H;n.m.r. The équeous layer was extracted with
diethyl ether (2 x 30 ml) and the solvent. evaporated in vacuo to give a

mixture in low yield. The 1

H.n.m.r. spectrum showved a mixture of starting
material (the dioxéne) and the reduced product, 5-nitro-1,3-dioxane. . A

repeat reaction with equivalents ef thinlate aave the same yield of -
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. disulphide (é00 mg, 70%) and no starting material ‘(dioxane). .

c. With p-chlorophenylthiol

The same reéction conditions as above (3.53b) used for reaction of
p-chlorophenylthiol (880 mg, 6 mmol) and 5-bromo-5-nitro-1,3-dioxane (650 mg,
3 mmal)in MeOH and JM hydrochloric acid (50 : 50 Y/v) (60 ml) for 15 min.
No reaction took place.

3.54 Reéctions of 2-substitﬁted-2-nitropropanes with thiolate anions in

methanol or methanol/vater

a. Reactions of 2-chloro-2-nitropropane with the sodium salt of

p-chlorophenylthiol‘

The sodium salt of p-chlaorophenylthiol (2 g, 12 mmol) and 2-chloro-
Z-nitropropéne (0.75 g, 6 mmol) in methanol (60 ml) vere reacted for 4h under
an atmosphere of nitrogen; The precipitated solid was filtered and recrystal-
lised from ethanol to give di-(p-chlorophenyl) disulphide (950 mg, 55%); The
identity of the prodﬁct wvas confirmed by m;p; and 1H.n.m.r. and i.r. spectro-

scopy.

Inhibition stﬁdies

The reaction in pért (ﬁ) wés used as the control reaction. Inhibition
studies with p-DNB, DTEBN, 02, and absence of light were carried out as detailed
in expt; 3;23b énd in pért (a); The results are shown in Table 2-13 on page
117.

The reéction wvas also carried out as in part (a) but instead of a
4h period, the reaction time was cut down to 20 min to give di-(p-chlorophenyl)
disulphide (660 mg, 38%). Inhibition studies for the 20 min' reaction with
p-ONB, DTBN, 02, énd ébsence of light were also ca:ried out. The results are

shown in Table 2-13 on page 117;

b. Reaction of 2-bromo-2-nitropropane with the sodium salt of

p-chlorophenylthiol

The sodium salt of p-chlorophenylthiol (1,2 g, 7.2 mmol) and 2-bromo-
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nitropropaﬁe f600 mg, 3.6 mmol) were reacted in ﬁeDH : HZU (85/15 V/v
(60 ml) for 5 min under an atmosphere. of nitrogen; The precipitated solid
vas filtered and recrystéllised from ethanol to give di{p-chlorophenyl)
disulphide (?70 mg, 94% ; The identity of the product was confirmed_by m.p.
1H.n.m;r. and i.r. spectroscopy.

The reaction was repeated in MeOH for 20 min to give di-(p-chloro-
phenyl) disulphide (730 mg, 71%).

Inhibition studies

The above reaction (20 min ) was used as the control reaction.
Inhibition stﬁdies with p-ONB, and DTBN were carried out as detailed in
expt. 3.23b. The results are shownn in Teble 2-13 on page 117.

c; Reéctions of 2-pitro-2-thiocyanatopropane with thiolate anions in

methanol/wéter

i. With the sodium salt of p-nitrophenylthiol

The sodiﬁm salt of p—nitrophenylthiol.(l g, 6.8 mmol) and 2-nitro-2-
thiocyénétopropéne (0;55 a, 3.7 mmol) were reacted in MeOH : H,0 (80720 V/v)
(60 ml) for 20 min. under an étmosphere of nitrogen. The precipitated solid
vas filtered to give di-(p-nitrophenyl) disulphide (390 mg, 39%). The
identity of the product vas confirmed by m.p., and 1H.n.m.r. and i.r.
spectrosc0py;

ii. With the sodium salt of p-chlorophenylthiol

The sodium salt of p-chlorophenylthiol (1.2 g, 7.2 mmol) and 2-nitro-
2-thiocyanatopropéne (0.55 g, 3.7 mmol) in MeUH/Hzﬂ (e0/20) (60 ml) vere
reacted for 20 min under an atmosphere of nitrogen. The precipitated crude
solid was filtered and recrystallised from ethanol to give di-(p-chlaorophenyl)
disulphide (640 mg, &0%). The identity of the product vas confirmed by m.p.
énd lH;n.m.r. and i.r. spectrqscopy;

Inhibition studies

The above reaction was used as the control. Inhibition studies were

carried out as detéiled in expt; 3;23b; The results are shown in Table 2-13
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on page 117.

ii. With the sodium sait.ﬁflphenylthiol

The sodium salt of phenylthiol (1 g, 7.5 mmol) and 2-nitro-2-
thioeyanatopropane (0;55 Q, 3.7 mmol) in MeOH : HZU (80/20 i’/\;)(5[] ml),
vere reacted under an atmosphere of nitrogen under the same conditions as in
expt. c.i and c.ii for 20 min; The precipitated product was filtered and
recrystallised from ethanol to afford diphenyl disulphide (150 mg, 18%).

The identity of the product was confirmed by m.p., and 1

H.n.m.r. and i.r.
spectroscopy.

Similar reactions vere carried out in DMF or DMSO solvents instead
of MeOH : HZD system. These reactions are reported in expt, 3.44a, The

results of these reéctions ére élso shown in Table 2-13 on page 117.

3.55  Biclogical activity

Microbiology

Minimum inhibitery'concentrétion determination (MIC)

a. Organisms
A cross-section of different types of micro-organisms were used for

the testing and these were:

Stéphylocq?ﬁé_ Ayreus NCIB B&25
Pseudomonas . Aeruginosa ' NCIB 6749
Candida ‘ Albican | A39 (Booté strain)
Aspergillus Niger CMI 31821

b, Composition of Media The following media were used:

(i) Nutrient agar

Lab Lemco or Beef extract 1.0 g
Yeast extract 2.0g
Bacteriological peptone 5.0 g
Sodium chloride ‘ ' 5.0g
Agar povder 15.0 g
Distilled vater 1000 ml
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(2) Czapek-Dox agar

Sodium nitrate 2.0 g

Potassium chloride 0.50 g
.Magnesiﬁm glycerophosphéte 0.05 g
Sucrose 30.0 g
Ferrous sulphaﬁe 0.01 g
Potassium sulphéte 0.35 g
Agar powder 15.0 g
Distilled vater 1000 ml
c. Steriiiiétién of.éoiﬁtions énd equipmengi Sterilization of all

solutions was carried gut either in the éutoclave at a temperature of 12100,
at a pressﬁre of 15 psi, for 15 min; or by membrane filtration using 0.2 um
filters. | |

All glasswére was sterilized at 160°C for 3h.

d; CultiéétiOn of'Orgénisms: All cultures were available as freeze dried

specimens from sténdérd collections;

e; *The‘inOCGIGm:-The inoeulﬁm wés O;Dl ml of an 1Bh broth culture of

test bacteria and yeést or 0;01 ml of a spore suspénsion prepared from a 7 day

cultﬁre of fﬁngﬁs;

f; Prepérétion'of'éntimicrobiél'solutions: The diol derivatives were

éll vater solﬁble, énd solutions were sterilized by membrane filtration
(sértorioﬁs membrane filter, 0.2 um porosity). The other derivatives vere
soluble in acetone and DMSO and in acetone vater mixtures. The volumes of
acetone or DMS0 used wvere in all cases without detectable effect on bacterial,

yeast, or fﬁngél growth;

g. Methods of determining MIC values:

1-End point method (tube.diiﬁtion technigues): In this method a

series of broth tubes contéining known concentrations of the substance -
vere inoculated with the orgénism and incubated. The MIC values were noted

after 24h at 37°C for the bécterié, 48h at 25°C for the yeast, and 120h at
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25°C for tﬁe fungus. The results of the MIC values are shown in Table 2-14
on page 126. |

2-Disc method (Agar cup test): In this method the antimicrobial
activity of the nev compound was measured in terms of another (contral), by
compafing the size of zones of activity produced vhen the compounds were
alloved to diffuse from an impregnated paper disc pléced on an agar plate
seeded with micro—orgénisms; This method is as fgllows: .

Inoculum (10;1 ml) was added to melted nutrient agar (14 ml) and
then poured into a sterile Petri dish and solidified. A series of discs
(filter paper 6 mm diameter) were dipped in antibaéterial solutions in
ether (1lpg/ml) and quickly removed and the ether allowed to evaporate in
very short time; The discs wvere then placed firmly on the seeded plste and
incubated at 37°C for 18h in case of bacteria, for 48h at 25%C for yeast,

and 120h for the fungus; The results are shown in Table 2-14 on page 126.
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