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Abstract

Aliphatic substitution reactions by radical anion intermediates were
discovered two decades ago. The reaction is useful for forming carbon-carbon
bonds, especially for some highly substituted organic compounds because of
the low steric sensitivity in radical reactions. It has been established that the
reaction proceeds via a one-electron chain sequence in which a radical anion is
produced in the initiation process. This can be illustrated in the following
general equations, where R represents a wide variety of organic moieties, X is

RX + ¢——» (RX)

(RX)-——_—‘—D R- + X'-
R- + A ——» (RA) )
(RAY+ RX ——>» RA + (RX)

a leaving group and A" is an incoming nucleophile. The term Sgn1 is a simple
symbolism to represent this sequence of reactions. '

Since the Spn1 reaction proceeds by a chain process, attempts were
made to use the reaction for polymerization. We call this kind of
polymerization a Sgy1 polymerization. Two kinds of Sgy1 polymerization

RCCN + Fe(CN)g> ———> [RCCN + Fe(CN)¢*

NO, NO. |

NONO, | NOXNO,
[RCCN + RECN —» |R~-4-R KaFe@s,,  p$-L-R
NO, NO, CNCN CNCN

¥ -voi

polym.

were attempted. The first kind was initiated by the reaction of the anion of 2-
nitronitriles with K3Fe(CN)g. The dimer was produced when the anion of 2-
nitronitriles reacted with excess K3Fe(CN)g in aqueous solution, but no
polymer was obtained. 2-Nitronitriles RCH(NO7)CN were isolated for the
first time by treatment of 2-cyano-2-nitroesters with NaOH and subsequent
acidification with acetic acid at 0°C.



N
¢02 NaOH AcOH RCHCN

R- Et ———» —F¢ >
C§02t NO,

The second attempt was by treating compounds of a bifunctional
electron donor with a bifunctional electron acceptor. The polymerization of
1,4-bis(2,2-dinitropropyl)benzene (acceptor) with the dilithium salt of 1,4-
bis(2-nitropropyl)benzene (donor) was tried, but a polymer with average
molecular weight 840 (trimer) was obtained. In order to know why the
polymerization gave a trimer, the Sgy1 reaction of the model compound 2-
nitro-1-phenylpropane was studied. From studies of the reaction of the model
compound, four problems (disproportionation, solubility, ratio effect and
reactivity) were discovered, which should influence the polymerization. These
problems were solved by using tetracthylammonium nitronates and iodine for
the coupling reaction. Thus, polymerization was induced using the

(;Hs CH,
CH; HCHZQCHZ CH, .g_";i;%“%*.‘_— 1,C —CCH,
0, NO, NO,NO, |,

di-tetraethylammonium salt of 1,4-bis(2-nitropropyl)benzene with jodine to
give a polymer with average molecular weight about 5000 after removal of
nitro groups.

The Franchimont reaction, which is the dimerization resulting from the
reaction of 2-bromoesters with NaCN, is discussed in the fifth chapter. The
inhibition of the dimerization reaction of 2-bromoesters with cyanide ion was
achieved by using a buffer or Et,NCN. Attempts to inhibit the cyclization
reaction of a,0’-dibromodiesters with cyanide ion using a buffer or E4NOH

still remain to be investigated.



Acknowledgements

I wish to express my sincere appreciation and gratitude to Professor
K.R. Kopecky for his outstanding guidance throughout the course of this
research project. I am also grateful to him for his patience and many helpful
suggestions during the preparation of this manuscript.

I am especially grateful to my wife not only for her support but also
for her tremendous help in composing the diagrams for this thesis using the
" Chem Draw" program for the Macintosh computer.

Finally, I would like to thark the University of Alberta for financial

support.



Table of Contents

Page

L INtrOQUCHION....cevveeeerereerrererreneirsseressssssnssnnasssssnsasenanees 1
1I. Syntheses and attempted polymerization of 2-nitronitriles........ 27

SYNLNESIS. c.cereerrrrererrsaneessnnnnssssnnesiissisisnsnsionenns 28

The decomposition mechanism of

ethyl 2-Cyano-2-nitrobutanoate.......cccoeurerurusnscssnsuasseses 38

Attempted polymerization of 2-nitronitriles.......ccceereenees 42
TI1. The coupling reaction of the model compounds for the Sgx1

POIYMETiZAtION. c.vvcuriuiniressesenteasanstcunnansenensacssncs 48

Synthesis and reactions of the model compound............... 49

Synthesis and reactions of 1,4-bis(2-nitropropyl)benzene... 71

Other electron donors and aCCEPLOTS.......ccceumsersessssancanens 74
IV. POlymerization......ccccoeueeumnenresssatisunsunnnmnniensensncaneanens 82
V. Franchimont reaction.......ccccceeseessennencssnicssecsesisaiscanaes 94

The inhibition of the dimerization reaction

of 2-bromoesters with NaCN.....ccccovinviniinsisecnsincncane 96

The inhibition of the dimerization reaction

of methyl o-bromophenylacetate with NaCN......cccceevuvene 101

The attempted synthesis of dimethyl 2,5-dicyanoadipate... 104
The attempted synthesis of dimethyl 2,7-dicyanosuberate.. 109

VI. EXperimental........ccoceisuesceusnsnsnsesscsnsnsnssansusacacsesees 111
Syntheses and reactions of 2-nitronitriles.........cceeecsueen 113
Syntheses and reactions of model compounds...........cece.. 132
POlYMeriZation. ..cceeueeeessesuesnsssssnsnensnsnnanconeasesnes 161
Franchimont Treaction......ccccccrrseriseercaremnanneniecasessenee 168

R CTEIICES e vueeersereareeasssosssrsssssnnnsssseassssasssasossessasssannoses 178



List of Tables
Page

Table I. The yield of the dimer obtained in various solvents with
different ratios of iodine and 2-nitro-1-phenyipropane..... 136
Table I. The yield of the dimer obtained with different solvents
and reaction tiMes........ccccereeveniiiicsssnnerecsssnsencessnnes 137
Table III. The yield of the dimer obtained in different solvents for
the reaction of the lithium salt or the ammonium salt with
the gem-dinitro compound ........ccccceeveveerirrneraenneenen 138
Table IV. Molecular weight of products obtained from different
reaction conditions..........ceeerreresisnneererccsenneneencenes 162
Table V. Estimation of the concentration of Et4NOH determined
by the reaction of 2-nitro-1-phenylpropane with I, in
various amounts of EtgyNOH ..........ccceecvivrrrecnnenenes 164



List of Figures

Page

Figure I. The structures of cis and trans
2,3-dimethyl-1,4-diphenyl-2-butene..........ccoureucusuccecee 69
Figure II. The structure of the anion 2-methyl-1-phenylallyl.......... 69

Figure III. The structures of cis and trans-
1,3-diphenyl-2-methylpropene.......cccoceueusuncuseecases 69



I. INTRODUCTION

Aliphatic substitution reactions involving radical anion intermediates
were discovered two decades ago. The reaction is useful for forming carbon-
carbon bonds, especially for some highly substituted organic compounds
because of the low steric sensitivity in radical reactions.1-5 The first reaction of
this kind with a-halonitroalkanes was observed by Hass and SiegleS as early

as 1940 (equation 1). However, it was not until 1966 that a reaction

Br _ EOR 3FH3
cuben, + cHfon; B CHy-(-C-CHy+ Br (1)
NO, NO, NO,NO,

mechanism was postulated by Komblum? and Russel18.9 and their co-workers
for substitution at certain aliphatic sites, especially for reactions of
nucleophiles with p-nitrobenzyl chloride or 2-chloro-2-nitropropane.

It has been established4 that the reaction proceeds via a one-electron
chain sequence in which a radical anion is produced in the initiation process.

This can be illustrated in the following general equations 2-5, where R

RX + ¢ —» (RX) )
(RX))—— R + X 3)
R + A — (RA) @)

(RA)’+ RX —— RA + (RX)’ (5)



. represents a wide variety of organic moieties, X is a leaving group and A" is
an incoming nucleophile. The term Sgn1 standing for substitution, radical
nucleophilic, unimolecular, was introduced by Bunnett10 and is generally
accepted for a simple symbolism to represent this sequence of reactions. This
particular useful designation is used throughout this thesis.

There are two kinds of Sgn1 reactions depending on the types of the
substrates. The first occurs with molecules in which the leaving group (X) is
directly attached to a saturated carbon; this is usually referred to as an aliphatic
Srn1 reaction, although the substrate may contain certain unsaturated groups
(e.g. p-nitrocumyl system). In the second type, the leaving group (X) is
attached to an unsaturated, usually aromatic, carbon and is called an aromatic
Sga] reaction, which was discovered in 1970 by Kim and Bunnett.10

The conditions for these two types of Spnl reactions are quite different.
For the aliphatic Sgy1 reaction, a weak nucleophile but good electron donor
like the lithium salt of 2-nitropropane can be used for the substitution (e.g.
equation 1), while for the aromatic Sgy1 reaction a strong nucleophile is

especially favored as illustrated in equation 6.11 Usually the reaction is carried
| DMSO
PhBr + CH2=C-Bu-t T—V PhCHZCOBu-t ©)

out under photostimulation. In this case, the presence of a nitro group is not
required, contrary to the substitution for the saturated system. The nitro group

ever retards the aromatic Sgn1 process. 12 This thesis will mainly discuss the

aliphatic Sgy1 reaction (or the saturated system).



Although exceptions are known, 13 most aliphatic Sgy1 reactions require
a nitro group either in the substrate or in the nucleophile to increase the
reactivity. The nitro group is a good electron acceptor because of a low-energy
n* molecular orbital which allows the formation of a relatively stable radical
anion. Therefore, reaction between a nitro compound and a nucleophile,
which is able to act as an electron donor, will lead to an electron transfer as
shown in equation 7. This step is usually called initiation. The dissociation of
the radical anion forms a radical and an anion, which may be the rate
determining step (equation 8 or 8'). The chain propagating process occurs in
the next step by the combination of the radical with the nucleophile to form
another radical anion (equation 9 or 9"). This radical anion will transfer the
electron to R2C(X)NO2 (equation 10 or 10'). The termination step may
involve coupling or disproportionation of two radicals (equation 11, 12 or

11, 12').

initiation

RCNO, , Ny ——> (Rz‘r'N"?' . N O
X X

propagation path A

(szNOz)’ ———» RCNO, + X ®)
X

. CNO, \’
RCONO,+ Nu —» (Rzlllu 2) ©)

(chr‘Noz)’ . RfNO, R,CNO, | ( RZ?NOZ)’ (10)
Nu X Nu X

X = NO,, SO,R, I, Br, Cl, etc.



pathB

(RZiN"zy RCKX  + NO, (8"
RCX + No —— (szzx ) )
. u

(™ ) JRpNO, R (RZ?N%)’ (10

X = CN, CO;R, COR, etc.

termination l|{ |
2R,(NO, — R-G-G-R (1)
NO,NO,
2 (RCH,),CNO, ——— (R'CH,),CHNO, + RCH,GNO,  (12)
HR'
2R2(.:X e R'%’E'R (11')
X X
2 RCH),CX —— RCH),CHX + RCHGX — (12)
HR'

Scheme 1. The SpN1 reaction mechanism.

If X is a good leaving group (X = SO2R, I, Br, Cl, etc.), the nitro
group will remain during the reaction (path A). On the other hand, in the
presence of a poor leaving group (X = CN, CO2R, COR, etc.), breaking of
the carbon-carbon bond is difficult and the substituion of the nitro group takes
place (path B). Bowman has shown many other different leaving groups ina

recent review.l



In most cases, the nucleophile in the Sgn1 reaction performs two
functions. First, it may act as a single electron donor in the initiation step of
the reaction. Secondly, it acts as a radical trap in the key propagating step in
the Sgy1 reaction. In some cases, the reaction is initiated by some oxidizing
reagents. For example, the reaction of nitronates R2CNO2" with sodium
cyanide is initiated by potassium ferricyanide to give o-nitronitriles

R,C(CN)NO214.15 (equation 13-15). In this case, cyanide ion only acts as an

- K;F . .
R,CNO, Fe@s,  R,CNO, (13)
RCNO, + CN' ——> (RQFNOz)" (14)
_ CN
(R2?N°2) KyFe(CN)s _ RyfNO, (15)
CN CN

electron trap during the reaction, but the reaction is a non-chain process
because there is no electron acceptor besides potassium ferricyanide. Although
cyanide ion is a very good nucleophile, it is a relatively poor electron donor.
There is only one report for the Sgn1 reaction when cyanide anion acts both
as an electron donor and a radical trap; this happens in a-chloro-p-
nitrocumene16 (equation 16). The p-hitrocumyl system must be a very reactive

substrate.

CH,

CH,
02N_C>.¢_CH3 NaCN ozN—O- {:—CH3 (16)
a CN




The ter Meer reaction17 is an another example of the reaction which can
be initiated by an oxidizing reagent (Scheme 2). For example, the anions of 1-

halo-1-nitroalkanes can react with sodium nitrite in the presence of sodium

bufft -
RCHNC, =———> R(NO, (17)
X

X
R¢NO, , RCHNO, —— (R¢HN02' . RENO, ()
X X X X

RONO, NS0y RONO, 19
X X

RCNO, + No; —> R¢(N02)1 (20)
X X

[R?(Noz)i > R-é-NOz + X (21)
X 0,

R-(}:—NOZ + R-C-X -N02 + R-C-X 22)
N02 &02 ﬁ02 02

Scheme 2. The ter Meer reaction mechanism.

persulphate as an initiator (equation 19).19.20 The reaction can also happen in
moderately alkaline media without the oxidizing reagent. Therefore, 1-halo-1-
nitroalkanes function as electron acceptors and the anions of 1-halo-1-
nitroalkanes as electron donors (equation 18),18 but the reaction in strong
alkaline media does not take place because there is no neutral molecule as an

electron acceptor. After the initiation, the nucleophile nitrite ion will combine



with the radical to form the radical anion (equation 20). The resulting radical
anion will lose a leaving group (a halide ion) to form a 1,1-dinitroalkyl radical
(equation 21). The electron transfer from the anion of 1-halo-1-nitroalkane to -
the 1,1-dinitroalkyl radical permits the chain process to continue. Thus this is
a chain reaction.

As mentioned by Komblum,2:4 the Spy1 reaction is retarded by the
presence of a strong electron acceptor like p-dinitrobenzene or radical traps
such as oxygen and di-z-butylnitroxide because they will stop the chain
reaction. The inhibition and light catalysis are the most common criteria for
assigning the Sgy1 reaction. Inhibition studies have been discussed in
detail.8.9.16,21-23

On the other hand, the Sgy1 reaction is highly accelerated in the
presence of light. In certain reactions, light is absolutely required to stimulate
the Sgn1 reaction for weakly basic nucleophiles.24:25 In most Sgn1 reactions
of R2C(X)NO3, neither the substrate nor the nucleophile absorb visible light,
which suggests the presence of a charge transfer complex which is able to
aborb light. The role of light catalysis is to energize the charge transfer
complex between a substrate (acceptor) and a nucleophile (donor), hence
enhancing the chance of electron transfer. Recent studies by Kornblum and
co-workers clearly illustrate this principle.16,20 The quantum yield was
observed to be several hundred to 6000 for those reactions studied. The
quantum yield is also wave length dependent, which also supports the

proposal that the photochemical initiation proceeds preferentially via a charge

transfer intermediate.



For the aromatic Sgy1 reactions, usually DMSO and liquid ammonia but
not HMPA are the solvents of choice.26 On the other hand, most Sgn1
reactions in saturated systems are carried out in dipolar aprotic solvents such
as DMF, DMSO and HMPA because these solvents can increase both
nucleophilicity and electron transfer capability in the order DMF < DMSO <
HMPA.24 Sometimes a reaction only takes place in HMPA but is slow in
other solvents.2? Solubility may be another factor because most of the
nucleophiles are either inorganic compounds (e.g. NaNO2) or lithium or
sodium nitronates. However, when soluble salts like tetrabutylammonium
nitronates are used, the reactions in other solvents like dichloromethane or
benzene proceed even more rapidly than in dipolar aprotic solvents in the p-
nitrobenzyl and p-nitrocumyl systems.28:29

Bowman has extensively studied the solvent effect on the Sgnl
reaction, especially for the nucleophiles like thiolates.30-32 In dipolar aprotic
solvents, the reactions between Me2C(X)NO2 and RS- proceed largely by the
Sgn1 mechanism (equation 23), but in methanol only disulphide products are

Me,CNO, Ry —2ME Me2FN02 + X (23)
SR

X

X=Cl,Br

MeCNO, , Rs- —%H» Me,CNOy + RSX (24)
X

RSX + RS — RSSR (25)

obtained (equation 24 and 25). This is attributed to a solvation effect.

Methanol can strongly solvate the intermediate radical anion in the Sgn1



mechanism, which retards its dissociation to the radical and the anion as

shown in the Scheme 3, and hence retards the Sgn1 reaction. At the same

MeOH-- -
Q;QF-?Z/%X + RY ———r& -©
(0

l T (\""0-- HOMe
- Me i 8\ o
MeOH ML

l O-- HOMe
5 * %

MeOH-- 5 .
Q->¢-=c/-b§ ---SR Me,CNO, + X'

MeOH-- Me
>¢=c’ + RSX
- N\

MeOH -- Me

Scheme 3. Effect of MeOH solvation on the reaction between Me2C(X)NO; and RS-

time, the increased solvation of Me2C(X)NO3 lowers the transition state
energy of the Sy2 reaction on X, causing a faster competing reaction.
Actually, this solvation effect can be observed in the reaction of the nitronates
with NBS (N-bromosuccinimide) or NCS (N-chlorosuccinimide) in methanol.
Only R2C(X)NO> is obtained without further reaction of R2C(X)NO2 with
R2CNO3" to form a dimer33 (equation 26).

RCNO, —NC{MeOH™  R,COONO, (26)

X=C],Br
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The Sg1 reaction occurs readily under mild conditions ard usually an
excellent yield is obtained. In contrast to the Sx2 reaction, the reaction is rather
insensitive to steric hindrance, which makes the reaction useful in constructing

highly branched organic compounds. As shown in Scheme 4, if the nitro

R
|
R,C= CHR' <22 R— C— CHR CH,SNa_ R,CHCH,R'
NO,
lN&CHzNOz
j ; ;
. [0] . 1)OH |
—_C— R R— C—CH,R —_—C— '
R—C CH2 -« I 2 —i-)—H—,,_;a'P R: ? CH2R
OOH CH,NO, CHO

Scheme 4. Coversion of nitro groups into other functional groups.

group in a product is not required after the reaction, it can be replaced by other
groups such as hydrogen by selective reduction,34 or nitromethylene by
substitution with the anion of nitromethane. The nitromethylene group can be
further converted to an aldehyde.35 The nitro group can be also eliminated by a
strong base to form alkenes.36 In addition, vicinal nitro groups can be

reduced to an alkene by the reaction with sodium sulfide (equation 27).36 The

R R NayS R R
R—}:—{)—R' —> pb=b-r @7

| hv

NO, NO,
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applications of the Sgy1 reaction in synthesis are quite unique because some

compounds may be easily accessible only by this kind of reaction.
Applications for polymerization

Since the Sgn1 reaction is a chain process, we considered its possible

application to polymerization. There should be three advantages: mild reaction

ACHSMe, + OH s=———= ACHSMe, + HO

ACHSMe,+ ACH,SMe, ——>  ACHSMe, + "ArcH,SMe,

"ArCH,$Me, > ACH, + SMe,

. -+
ArCH, +  ArCHSMe, > ArCHzCIJH§°Mez

ArCHz‘fH§Mez > ACH,CHAr +  SMe,

. - + +
AICH2CHAr + AICHSMe2 ArCHz(I?HC|3HSMe2
Ar Ar’
- > ArCH2 FH CH2Ar
Ar |n

Scheme 5. Polymerization of p-nitrobenzyldimethylsulfonium tosylate.



conditions, low sensitivity to steric hindrance and most importantly unique
polymer structure which may be impossible to obtain by other polymerization
methods.

This kind of polymerization has been observed in the reaction of p-
nitrobenzyldimethylsulfonium tosylate.37-38 When the compound is treated
with a base, it forms several dimeric products in 50% total yield. Another 50%
is believed to be a polymer. The polymerization is illustrated in Scheme 5. The
molecular weight is up to 1000, that is, the polymer chain is at least 8 units or
longer. This reaction shows that the Spy1 reaction could be used for the
polymerization.

Alonso and Rossi have attempted to use the aromatic Sgy1 reaction for
polymerization.39 Two different approaches were used: (1) by the reaction of
an aromatic substrate bearing two leaving groups and a nucleophile having
more than one nucleophilic center; (2) by the reaction of a substrate having
both the leaving group and the nucleophilic center within the same molecule.

The first attempt is illustrated in Scheme 6, but no polymerization was
obtained. p-Dichlorobenzene can be substituted by ketone enolate ions under
photostimulation, and thus the disubstituted product is produced. When the
ketone is used in large excess, the chloride ion is eliminated in 83-93% yield,
and a 65% yield of disubstituted product is obtained (R = CMe3). However,
when the photostimulated reaction of p-dichlorobenzene with the ketone and
potassium ¢-butoxide is carried out in a ratio 1:1:4, the yield of chloride ion is
only 25-50%. The low yield of chloride ion is attributed to two factors. The
first one is due to the greatly reduced reactivity of the anion "C(Ar)HCOR

12



X—O—Y + "CH,COR —* RCOCHZO—CHZCOR

lt - BuO"
O
RCOCH —O—CHZCOR - RCOCH —O—CHZCOR

Y 1. @ X=Y=Cl 2. (3 R=¢-Bu
(b) X=Y=Br (b) R =CH;
* (©) X=Cl; Y=Br
polym.

Scheme 6. Attempted polymerization of p-XCgHsY with "CH2COR.

ACl + Cl s —fe (ArCly + 01—@- s.

(ArC))° Ar + CI

Ar  + Cl —@—s (ArS—O—Cyr

(ArS—Q—C9 - as) o+ a
o

polymer - [A‘S"O_ S—O_GI :

Scheme 7. Attempted polymerization of sodium p-chlorothiophenoxide.

13



because of the complete conjugation with benzene ring. The second one
results from the darkening of the solution during the reaction. It is clear at the
beginning, but later becomes dark green and some solids form. Thus the
reaction will be slowed down gradually because the possible light stimulation
is greatly reduced by the darkening of the solution.

The second attempt is a system like sodium p-chlorothiophenoxide,
which is illustrated in Scheme 7, but still no polymer was obtained. When a
solution of p-chlorothiophenoxide ion is irradiated in liquid ammonia, some
yellow solids form, but only a 20-23% yield of chloride ion can be detected.
When they tried to increase the reactivity by entrainment with addition of more
reactive substrates like chlorobenzene or 1-chloronaphthalene,0 there was no
increase in the yield of products. They suggested that the low yield of chloride
ion for the reaction is caused by slow electron transfer initiation and low
reactivity in the propagating steps. The suggestions were confirmed from
model reactions.

There are several interesting cyclizations to give a cyclopropane ring
which result from Sgri (substitution, electron transfer, intramslecular) or Si
(substitution, nucleophilic, intromolecular) reactions.41-45 In the case of 2,4-
dibromo-2,4-dinitropentane, the reaction with the lithium salt of 2-
nitropropane gives a cyclized product cyclopropane (Scheme 8), but no
expected substitution product is obtained. The cyclopropane is produced by
radical coupling as shown in Scheme 9. The cyclopropane can be also
obtained in 36% yield by the reaction of the corresponding dianion with

iodine. Also the reaction of ethyl 4-chloro-4-nitrovalerate with sodium

14
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B
CH3CCH2CCH3 2 CH,CCH,CCH,
N02 N02 NO, NO,
I, CHsléCH:«
NO,
CH CH
H,C NO, H,C NO, 303
O,N CH, O,N CHj, NO, No2
36 % 15% 88%
Scheme 8. Cyclization of the dianion of 2,4-dinitropentane.
r r r r
CH3 CH2CCH3+ CH3CCH3 — CH3 CH2|(:CH3 + CHBCCH3
0, NO, NOZ 0, NO, N02
r r r CH3{:CH3
-Br : NO
CH3CCH2FCH3 CH3CCH2|CCH3 2 -
0, NO; 0, NO,
0, NO,

CH3CCH3 + CH3CCH3 — e CH3§-I EH
NO, NO,

Scheme 9. Reaction mechanism of 2,4-dibromo-2,4-dinitropentane with the lithium salt of
2-nitropropane.
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CHy(CCH,CH,COEt NaH CHy(CH,CHCO,Et
NO, NO,
L {1
CH,OCH,CHCO,Et d CH;(CH,CHCO,Et
NO, NO,

Scheme 10. Reaction of 4-chloro-4-nitrovalerate with NaH.

hydride (Scheme 10) only forms cyclization product. The reaction is believed
to proceed by Syi mechanism, but the possible Sgri processes could not be
excluded.43 The cyclization reaction is the reason why no polymerization
occurs. These compounds cannot be used for the Sgn1 polymerization.
Based on the above examples, it can be expected that other bifunctional
compounds will also cyclize to form four, five or six-membered rings.
Bowman and Jackson have shown that the dianion of 2,6-dinitroheptane can
be oxidized by potassium ferricyanide to 1,2-dinitro-1,2-dimethylcyclopentane
in aqueous solution (equation 28).46 No polymerization was observed because
the cyclization to a small ring is fast and favored. The oxidizing cyclization to
a four membered ring is shown in equation 29.47 It should be expected that a
longer chain dianion such as that of 2,8-dinitrononane may polymerize by

iodine coupling because cyclization to a seven membered ring is slow.

16
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- - K;Fe(CN)g NO,
CH3?CH2CH2CH2$CH3 > CH, (28)
NO, NO, | CHNo2
7 |
| K3Fe(CN)Q+ (29)
'OZN// OzN/‘
l\/b({ ,Me . ,Me
NO, MO*™"  No,
R- (-f-Y [ox] or R’ R -?-Y
|
X X )
YY)
R-C-Y + R-?-Y - 5 R-C-C-R
X X X X
1Y ] _x Y Y
R-C-C-R " S R-C-¢-R
X x %

Y Y REY | YYY
R-¢-¢.Rl + RC — R-¢-¢-E-R
4 X ¥ kR X
YYY Y|l Y| Y
R-C-&.ER| =X . R—i i {:—R
k R - nX

Scheme 11. The SrN1 polymerization of RC(X)Y".
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We considered two types of compounds for polymerization: (1) a
compound bearing a leaving group and an electron withdrawing group at the
same carbon; (2) a compound containing two secondary nitro groups and a
rigid group or along chain Z inside the molecule RCH(NO2)ZCH(NO2)R to
prevent cyclization.

(1). For the compounds of type one, the polymerization will follow the
sequence shown in Scheme 11. Here, X is a leaving group and Y an electron
acceptor. After the initiation by certain oxidizing reagents or radicals, the
resulting radical will combine with RC(X)Y- to form a radical anion of the
dimer. The radical anion may lose a leaving group X- to form another radical.
Thus the combination of the radical with RC(X)Y" permits the chain to grow
and the polymerization may proceed in this way. For the compound
RCH(X)Y to polymerize, the first thing that it should have is an acidic proton,
so it can be easily converted to the anion by a base. The anion should have an
ability to accept the radical after initiation. Thus, the polymerization can only
take place at a primary carbon or a secondary carbon, but there are only a few
examples for the Sgy1 reaction which take place at the primary carbon such as
the anion of nitromethane.35 As shown earlier, when there is a cyano group at
the o.-carbon, the nitro-group will be a leaving group during the Sgnl
reaction. The presence of a nitro group may be necessary to increase the
reactivity for the reaction because nitro group is not only a good electron
acceptor but also a good leaving group. Hence 2-nitronitriles should be the
compounds (X =NO2, Y = CN) to test our idea for the polymerization.



Because the polymerization occurs at a secondary carbon, we started to
look for this kind of Sgn1 reaction. There are not many examples in the
literature since most Sgn1 reactions take place at a tertiary carbon. The
synthesis of 1,1-dinitroalkanes is one of the examples and is performed by
the reaction of the anion of 1-nitroalkanes with sodium nitrite in the presence

of potassium ferricyanide (equation 30). However, the method fails for the

- K;3Fe(C =
RCHNO, + NaNO, H:J:‘&;;; RCNO, (30)
NO,
K3FC(CN)6

RCHNO, + NaCN 11,0, NaOH No reaction (31

synthesis of secondary 2-nitronitriles (equation 31).14 The ter Meer reaction is
another interesting example (Scheme 2), which has been discussed earlier.
However, 1-halo-1-nitroalkanes may not be suitable compounds for the
polymerization because bromide or chloride ions may compete with the

reaction initiated by sodium persulphate (equation 32).48 Halide ions can react

2X° + 504" 2X + 250% (32

with sodium persulphate to form halogen atoms which can accept or destroy
the radical anion and thus stop the chain reaction. In addition, the
polymerization may not happen in aqueous solution because of solvation
effects. The polymerization of 1,1-dinitroalkanes is impossible because the -

nitronitronates are oxidized to the corresponding acid by sodium persulphate

19
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in aqueous solution (equation 33).49a However, the reaction of the anion of 2-
nitropropane with sodium persulphate gave the dimer in 60% yield (equation

34).49 The anion of 2-nitropropane is a good electron donor and the oxidation

potential may be low.

RCNO, + S;08 RCO, + SOF  (33)

II‘IOz CH,CH,
CH3FCH3 + 8,08 CH3(:3— <'FCH3 + 502 %
NO, NO,NO,
60%

The polymerization of 2-nitropropanenitrile should proceed as indicated
in equations 35-38. The chain propagating step proceeds by the combination
of the radical and the anion and is the most important step (equation 36). This
radical anion may lose a nitro group to form the radical of the dimer (equation
37). The recombination of the radical and RC(NO2)CN- forms the radical
anion of the trimer (equation 38). The process will repeat to produce the
polymer. The termination probably takes place by coupling or
disproportionation of two radicals.

There is no available synthesis of 2-nitropropanenitrile and the chemical
and physical properties of the compound are not known. Because of the
solvation effect, it seems that the polymerization in aqueous solution is
unlikely. If the oxidation potential of the anion of 2-nitropropanenitrile is high,
a suitable initiator might be used in an aprotic solvent to initiate the

polymerization.



21

- R" .
CH,CON ol or CH,CCN (35)
NO, NO,
CH3FCN + CH3fZCN CH;~ C-C~CHj4 (36)
NO, NO, O,NO,
CNON ¢
] -NO; e
CHj~ C~C-CH CH; c-c-CH3 @37)
0NO, %o,

CNCN

! CH,CCN T
CHy - C-CHy + SN | eny- o= c-No2 (38)

0, NO, NOZCH3CH3

_N02
No2 CH CH3

(2). For the compound RCH(NO2)ZCH(NO2)R to polymerize, Z
should be rigid or a long chain so that the cyclization can be avoided. It seems
that a benzene ring could meet the requirement. Since there is no available
synthesis of 1,4-bis(1-nitroethyl)benzene (Z = CeHg4), 1,4-bis(2-
nitropropyl)benzene (Z = CH2C¢H4CH?2) was used instead to test the
possibility of this kind of polymerization. The disubstituted compound can be
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made by using an available method for the preparation of the corresponding
mono-substituted compound.

The coupling reaction conditions for forming a C-C bond have been
extensively studied by Kornblum.24 A usual coupling reaction is by gem-

dinitro compounds with lithium nitronates (equation 39).50 In the presence of

oA
‘N ——DMSO _  ReC-C-R'
,CNO, R-C-C-R (39)
R R'
102
Et- CCH,0CH,
Et- CCH,0CH,
02

R,C(NOp), + R

Et— C= CH, -LOCH_ Et~ OCH,0CH; 2. 40)

NO, 0,

excess lithium salt (2 equivalents), the coupling reaction always gives an
excellent yield. Another method was also mentioned by Kornblum and
Cheng5! by using iodine with lithium nitronates (equation 40). Illumination
can increase the reaction rate. Therefore the polymerization might be
accomplished by using 1,4-bis(2,2-dinitro-propyl)benzene as an acceptor and
the dilithium salt of 1,4-bis(2-nitropropyl)benzene as a donor (Scheme 12). |
This unique polymer is only accessible by the Sgy1 reaction. Since the
polymer contains so many nitro groups, it may be useful after further
modification.

The polymer obtained from 2-nitropropanenitrile contains many vicinal

cyano-groups, which can be reduced to double bonds52 (equation 41). After
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] I|~102 ﬁ"oz
cnscr‘caz—@— CHz(ECH3 + CHCCH, CHzlcl:KC)H3 —

NO, NO, NO, \
o
CH3FCH2_®—‘ CHZ?CH3 + CH3ICCH2 CH2£§H3
NO, NO, NO,
riloz' II\IOZ -NO; . 5“02
CH3ICCH2—@— CH,(CH, CH3FCH2—®— CH,(CH,
NO, NO, NO, . NO,
. YO, _ -
CH3FCH2—®— CHztch3 + CH3CCH2—®— CHZECH3——
2 Xo,
CH3fCH2 CH2 FCHz_O_ CHszHB
0, o2 No2 NO,
Yoo
CH3(I:CH2—<:>— cnzrf— ccnz—Q— cnz(fcm3
NO, No2 No2 NO,
CH3?CH2—@— cnzc— CCHZ—Q— CHZCCH3 —_——
NO, %o, Mo, No,
CH3 CHs

T

Scheme 12. polymerization of the dilithium salt of 1,4-bis(2-nitropropyl)benzene with 1,4-
bis(2,2-dinitropropyl)benzene.
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the reduction, the polymer has a structure of conjugated double bonds and so

may be a useful conducting or semi-conducting material.

CN CN '| [ CH, 'I
{:’ ﬁ‘: = = @1)
CHBCH3 J n . CH3 .| n

Conducting polymers are potentially useful materials although the real
applications still remain under investigation. This kind of material has been
extensively studied in recent years.53-56 The most common systems are
polyacetylene, polythiophene, polyphenylene and polyaniline. The major
problem is the solubility of the polymer. Because of the conjugated double
bonds, it is rigid, brittle and intractable. This largely limits the real application
of the conducting polymer. The attempt to make a copolymer with styrene and
to increase the solubility only decreases the conductivity. The introduction of a
t-butyl group into thiophene make the polymer soluble.7 The polymer was
made by chemical polymerization instead of the usual electrochemical
polymerization. The solubility allows molecular weights to be measured.
About 200-300 thiophene units are detected and this polymer shows
conductivity comparable to that of a semi-conductor. Although the polymer
chain is still not quite long enough, this may be the way to solve the solubility
problem of the conducting polymer.

The polymer that would be obtained from the second type of
polymerization contains nitro groups that can be easily modified. If the nitro

groups are removed by treating with a strong base, the polymer will have a



CHs st
base
CHz_ —_— c-cn,} {@—cn -C—C=CH (42)
n

structure containing conjugated double bonds (equation 42). This is another
kind of conducting polymer. It may be possible to introduce a big group into
the benzene ring before polymerization to make the polymer soluble without
decreasing the reactivity because the radical reaction has a low sensitivity to
ring substitutents. This kind of polymerization may be the alternative way to
make a soluble conducting polymer.

Since there was no available method for the synthesis of 2-nitronitriles,
many efforts were made to prepare these compounds. A new method was
developed and is useful for their synthesis. The synthesis and attempted
polymerization of 2-nitronitriles will be discussed in the second chapter.

During studies of the polymerization of 1,4-bis(2-nitropropyl)benzene,
we found several problems which lead to a low molecular weight polymer
(trimer). By studying the reaction of the model compound, 2-nitro-1-
phenylpropane, these problems were solved by using the tetraethylammonium
salt for the polymerization. The reaction of the model compound will be
discussed in the third chapter and the polymerization in the fourth chapter.

In the process of synthesis of 2-nitropropanenitrile, we discovered that
the dimerization resulting from the reaction of 2-bromoesters with sodium

cyanide can be inhibited by using a buffer or tetracthylammonium cyanide.
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These methods were applied for the attempted synthesis of o,c'-

dicyanodiesters, which will be discussed in the fifth chapter.
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II. SYNTHESES AND ATTEMPTED
POLYMERIZATION OF 2-NITRONITRILES

At the outset of this study, 2-nitropropanenitrile was an unknown
compound. The homologous compounds, nitroacetonitrile and the potassium
salt of 2-nitrobutanenitrile have been made by different methods.
Nitroacetonitrile was made by the reaction of nitromethane with KOH
followed by acidification and subsequent dehydration of the resulting

methazonic acid 3859 (equation 43). The potassium salt of 2-nitrobutanenitrile

CH,NO, -;:—H‘%} 0,NCH,CHNOH 2%» O,NCH,CN (43)

Br
: |
CH;CH,CH,CN 5 G0Nz . CHCHCON (44
NO,

was made in moderate yield by the reaction of 1-butanenitrile with amy] nitrate
in the presence of potassium t-butoxide® (equation 44), but only its
brominated product 2-bromo-2-nitrobutanenitrile was isolated. Thus, an

alternative way was investigated for the synthesis of 2-nitropropanenitrile. We

NaN
RCHCN 0, RICHCN (45a)
NO,
X= OTs, I, etc.
NaCN
RFHNO2 —_— R?HNOZ (45b)
X CN
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first tried to make 2-nitropropanenitrile by the reaction of the a-substituted
propanenitriles CH3CH(X)CN with sodium nitrite (equation 45a). We also
tried to make 2-nitropropanenitrile by the reaction of o-substituted nitroethanes
CH3CH(X)NO, with cyanide ion (equation 45b). Both attempts were
unsuccessful. A five-step synthesis was thus developed to make 2-

nitropropanenitrile in 66% total yield.

Results and_ Discussi

1. Synthesis

At first, the substitution of 2-p-toluenesulfonyloxypropanenitrile
CH3CH(OTs)CN with sodium nitrite was considered to make 2-
nitropropanenitrile because 2-p-toluenesulfonyloxypropanenitrile is readily
prepared by the reaction of acetaldehyde with p-toluenesulfony! chloride and
sodium cyanide®! (equation 46). When 2- n-toluenesulfonyloxypropanenitrile

RCHO + TsCl + NaCN ——> RCHCN + NeCl (46)
OTs
RCHCN + NaNO, —— RCHCN @7
OTs NO,

was treated with sodium nitrite overnight, no product was isolated (equation
47). In order to understand why the reaction does not give the substitution
product, we compared the reaction with that of a-haloesters and sodium nitrite

because c-nitroesters and o-nitronitriles may have similar properties and close
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pKa values. Komblum reported that the reaction of o-haloesters with sodium
nitrite produces 2-oximinoesters (equation 48), but the same reaction in the

presence of phloroglucinol (1,3,5-trihydroxybenzene) gives the substitution
product a-nitroesters (equation 49).62:63 This is because o-nitroesters are

- RCCO,R'  (48)
OH
RCHCO,R' + NaNO, —
phloroglucinol

- RCHCOR'  49)
NO,

acidic and they can react with sodium nitrite to form the sodium salt of the o-

nitroesters and nitrous acid. As shown in Scheme 13, a further reaction

between the anion of a--nitroesters and nitrite esters produces the oximes. In

the presence of phloroglucinol, the formation of the nitrite ester is inhibited.

RCHCOR' + NaNO, ——— RCHCOR' + RCHCOR

NO, NO
NO Rg:cozn'
Rﬁl:COZR' -~ RCCOR' + HNO,
NO, NO,
R$COzR' L CO,R'
o EOH

Scheme 13. Reaction mechanism of o-haloesters with sodium nitrite without
phloroglucinol.
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That this attribute of phloroglucinol is involved is shown by the production of
ethyl 2-methyl-2-nitropropanoate in 78-91% yields without phloroglucinol
being presentt (equation 50). Here, the o-nitroester, being devoid of an a-

H; H,
CH3(I:C02CH2CH3 + NaNO, —» CH3('3C02CH2CH3 (50)
Br NO,

hydrogen, cannot undergo the nitrosation reaction which converts o-
nitroesters to a-oximinoesters. The nitrosation may happen for 2-
nitropropanenitrile without the presence of phloroglucinol during the reaction
of 2-p-toluenesulfonyloxypropaneniu'ile with sodium nitrite. However, when
the reaction of 2-p-toluenesulfonyloxypropanenitrile with sodium nitrite was
carried out in the presence of phloroglucinol overnight, still no product could
be isolated and only a little starting material was recovered. Probably 2-
nitropropanenitrile forms first and then decomposes immediately because it is
an unstable compound.

2-p-Toluenesulfonyloxyacetonitrile was also prepared and substitution
attempted, but no nitroacetonitrile could be isolated. The presence of
phloroglucinol has no effect on the substitution (equation 47, R = H).

Usually nitroalkanes are made by the reaction of haloalkanes with silver
nitrite,64 but the method cannot be used for the synthesis of nitroacetonitrile
because nitroacetonitrile will react with nitrite ion further to form the O-
cyanomethyl ether of nitroglyoxynitrile, which results from the reaction of 2-

oximino-2-nitroacetonitrile with iodoacetonitrile6® (Scheme 14). In the case of
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0
ICH,CN -A8%, (O,NCH,CN) -28%, AgON=(<N 2
CN

ICH,CN

02
NCCH,ON=
CN

Scheme 14. Reaction mechanism of AgNO, with iodoacetonitrile.

2-iodopropanenitrile, the formation of the oxime is impossible. Thus we
thought that the reaction of 2-iodopropanenitrile with silver nitrite might
produce 2-nitropropanenitrile. 2-Iodopropanenitrile is easily made by
refluxing a mixture of 2-p-toluenesulfonyloxypropanenitrile and potassium
iodide in acetone in the dark for 24 hours (equation 51). 2-
TIodonitropropanenitrile was identified by its NMR spectrum. The chemical
shift of the methyl protons is located at & 2.15 ppm as a doublet (J =7 Hz) and
that of the methine proton at & 4.33 ppm as a quartet (J = 7 Hz). The crude
product of 2-iodopropanenitrile was used directly without purification. No

acetone,reflux

CH3§HCN

Ts
RTHCN + AgNO, —2E——» No reaction (52)

> CH3FHCN (51)
I
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product was obtained for the reaction between 2-iodopropanenitrile and silver
nitrite even after being stirred for six days (equation 52). 2-Iodopropanenitrile
was recovered in about 30% yield.

From the above results, it appears to be impossible to introduce a nitro
group into the a-carbon of the substituted propanenitriles CH3CH(X)CN by
the substitution with nitrite ion. We considered an alternative way to
introduce a cyano group into the a-carbon of substituted nitroethanes
CH3CH(X)NO3. As mentioned in the introduction, the ter Meer reaction is
useful for the synthesis of 1,1-dinitroethane by the reaction of the sodium salt
of 1-chloro-1-nitroethane with sodium nitrite (Scheme 2). Thus we considered
a similar method to make 2-nitropropanenitrile by the reaction of the sodium
salt of 1-bromo-1-nitroethane with sodium cyanide using sodium persulphate

as an initiator (equation 53). However, the reaction in aqueous solution does

CH3£N02 + NaCN —2%5  No reaction (53)
. 2

X=1Br

not give any product. When 1-iodo-1-nitroethane was used, iodine was
liberated during the reaction. We also tried the reaction in DMSO. Vigorous
exothermic reactions were observed, but still no product was isolated.
Cyanide ion is a poor electron donor. Thus no electron transfer reaction can
take place for the above reaction.

We also intended to make 2-nitropropanenitrile by the dehydration of 2-

nitropropanamide since 1,1-dicyano-compounds can be made by the
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dehydration of 2-cyanoamides with PoO5. 2-Cyanoamides are made by the
reaction of 2-cyanoesters with ammonium hydroxide 66 (equation 54), but we
were unable to get 2-nitropropanamide by the reaction of ethyl 2-

nitropropanoate with ammonium hydroxide because the reaction produces the

RCHCO,R' NHOF, RCHCONH, %, RCHCN (5

CN CN CN
*NH,
NH,OH -
CH3CHC02CH2CH3 e CH3CC02CH2CH3 (59)
| |
NO, NO,

ammonium salt of the 2-nitroester (equation 55). No further attempt was made
to prepare 2-nitropropanenitrile by this way. This method may not be useful
for the synthesis of 2-nitropropanenitrile because we found later that 2-
nitropropanenitrile is an unstable compound and would decompose under the
reaction conditions. |

Since the above methods to synthesize 2-nitropropanenitrile failed, the
hydrolysis of ethyl 2-cyano-2-nitropropanoate was considered. The
decarboxylation of the corresponding carboxylic acid may give 2-

nitropropanenitrile (equation 56).

ON CN
]

CH,CCO,CH,CH; ST CH3CC02H ;2= CHCHCN  (56)
No2 No2 NO,
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r CN

P |

CHg,FCOZCHZCH3 + NaCN —4&—— CH3FC02CH2CH3 (57
NO, NO,

We tried to prepare ethyl 2-cyano-2-nitropropanoate by the reaction of
ethyl 2-bromo-2-nitropropanoate with sodium cyanide (equation 57), but only
a little starting material was recovered. As discussed above, sodium cyanide is
a poor electron dohor and thus the Sgy1 reaction may not happen between the
2-bromo-2-nitroester and cyanide ion. However, the reaction of ethyl 2-
bromo-2-cyanopropanoate with sodium nitrite was reported to give a 55%

yield of ethyl 2-cyano-2-nitropropanoate (equation 5 8).67 We found that the

r CN
|
CH3FC02CH2CH3 + NaNO, CH3(|3C02CH2CH3 (58)
CN NO,

product ethyl 2-cyano-2-nitropropanoate is an unstable compound in the
reaction mixture. If the reaction is stirred at room temperature overnight, the
product ethyl 2-cyano-2-nitropropanoate will be decomposed by sodium
nitrite. We were able to modify the reaction conditions by conducting the
reaction under argon and at 0° C (the product 2-nitroester is stable at 0° C).
Therefore, a better yield was obtained (> 90%).

In Scheme 15 (R = CHj), the multiple-step synthesis of 2-
nitropropanenitrile is shown. The reaction of ethyl 2-bromopropanoate with

sodium cyanide in alcohol was reported to give about 20% yield of ethyl 2-
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cyanopropanoate.58 The major product is diethyl 2-cyano-2,3-dimethyl-
succinate, which results from the reaction of the sodium salt of 2-

cyanopropanoate with ethyl 2-bromopropanoate (Scheme 16). This is called

the Franchimont reaction.®?

REHCO,CH,CH; —4NaCHL2ACOH Rgﬁcozcmm3
Br

lnrz , AcONa
N02 Br
| NaNO, |
RiEOzCHszls ~—DMFOC REEOzCHzCHa
1.OH
2.H,0*
RCHCN
NO,

Scheme 15. Synthesis of 2-nitronitriles.

RCHCO,CH,CH, Rl RESC02CI-12CH3

Br
REL{COZCHZC]{s + NaCN =——>» RiSOZCHZCH3 + HCN

) RCHCO,CH,CH,
Rgoz%ms + RCHCO,CH,CH; ~——> R(CO0,CH,CH,
Br

Scheme 16. Reaction mechanism of ethyl 2-bromoesters with NaCN.

We tried the reaction in DMSO because this solvent should increase the

nucleophilicity of cyanide ion and thus the substitution will be accelerated.
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However, the reaction of the 2-bromoester with cyanide ion in DMSO only
gives a little higher yield (40%) of the 2-cyanoester. The major problem is the
competition between the anion of the 2-cyanoester and cyanide ion. The
competition could be avoided by using a buffer solution because the
deprotonation of the 2-cyanoester may be reduced in the buffer (the pKa
values of HCN and 2-cyanoesters are about 9 and 8 respectively). In fact, the
reaction works well in the presence of two equivalents of acetic acid and four
equivalents of sodium cyanide in DMSO. The yield of the product 2-
cyanoester increases to 90%. The reaction will be discussed in detail in the
fifth chapter.

The remaining steps (Scheme 15) for the synthesis of ethyl 2-cyano-2-
nitropropanoate have been reported.57 The sodium salt of 2-nitropropanenitrile
was obtained directly by treatment with NaOH. To avoid the possible Nef
reaction, the acidification of the sodium salt of 2-nitropropanenitrile should be
carried out at 0°C and a weak acid such as acetic acid should be added
slowly. Because 2-nitropropanenitrile is a stronger acid than AcOH, HCl
should be added subsequently to adjust the pH to acidic before the isolation of
the product with extraction. In this case, acetic acid functions as a buffer and
prevents the Nef reaction. 2-Nitropropanenitrile was purified by distillation
under vacuum below 35° C. The NMR spectrum of the compound shows a
quartet at & 5.40 ppm for the methine proton (J =7 Hz) and a doublet at &
2.03 ppm for the methyl protons (J = 7 Hz). The compound is unstable and
insoluble in water, but its salt is soluble and stable in aqueous solution. At

room temperature, the compound starts to decompose in about 1 h. as
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observed from color formation. The decomposition product has a strong acetic
acid smell. No attempt was made to isolate the decomposition product.

The hydrolysis of ethyl 2-cyano-2-nitropropanoate is extraordinary.
Ethyl sodium carbonate was isolated by precipitation with ethanol, which
indicates that the hydrolysis follows the way shown in Scheme 17. Because
the anion of 2-nitropropanenitrile is very stable, instead of C-O bond cleavage,
C-C bond cleavage is preferred as in the iodoform reaction. In addition, 2-
cyano-2-nitroesters are reactive. The hydrolysis in methanol can be achieved

by using sodium nitrite or sodium acetate as a base.

NaOH
CH,(CCO,CH,CH, -—Hf(—,—v CHj —EOCHZCH3
0, OH

02
NaOCOCH,CH, <—2%__ HOCOCH,CH, + CH_,,cl':CN
NO,

Scheme 17. Hydrolysis of ethyl 2-cyano-2-nitropropanoate.

We also made 2-nitrobutanenitrile by the same way as shown in
Scheme 14 (R = Et). Ethyl 2-cyanobutanoate has been made by the
esterification of 2-cyanobutanoic acid,’0:7! but the best way to make ethyl 2-
cyanobutanoate is by the condensation of acetaldehyde with ethyl cyanoacetate
under catalytic hydrogenation’2 (equation 59).

2-Nitrobutanenitrile was also purified by distillation. The NMR
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CH,CHO + CH,CO,Et _A%I';/_Pl{zalf_igsfi@i"& CHCH,CHCOE:  (59)

CN CN

spectrum of the compound shows a triplet for the methine proton at 8 5.24
ppm, and a quartet of doublets for the methylene protons at § 2.26 ppm and a
triplet for the methyl protons at 5 1.09 ppm (all coupling constants J =7 Hz).
2_Nitrobutanenitrile is a fairly stable compound and can be stored at -10°C for
2 days without decomposition. It starts to decompose at room temperature in
2 h. as observed from color formation, but it is relatively stable in solution
(the color forms in 24 h.). Both acid and amine are found to catalyze the

decomposition as observed from the NMR spectrum in CDCl3 solution. No

attempt was made to investigate the decomposition product.

2. The decomposition mechanism of ethyl 2-cyano-2-nitrobutanoate

As mentioned in the synthesis of ethyl 2-cyano-2-nitropropanoate, if
ethyl 2-bromo-2-nitropropanoate is stirred with sodium nitrite at room
temperature overnight, the product ethyl 2-cyano-2-nitropropanoate will
decompose. The decomposition is vigorous in DMSO if ethyl 2-cyano-2-
nitropropanoate is allowed to react with sodium nitrite because a large amount
of bubbles can be observed during the reaction. The gas is brown in color,
which is probably NO,. However, no reaction was observed at 0° C in DMF.
We did not intend to isolate the decomposition product until we tried the
reaction of ethyl 2-bromo-2-cyanobutanoate with sodium nitrite in DMSO.
One of the decomposition products was isolated in 20% yield. The product



was identified to be ethyl 2-oximinopropanoate. The compound melts at 96-
970 C which is identical to the literature value’? (97° C). The NMR spectrum
of the oxime shows a singlet for the methyl protons at & 2.03 ppm and a
broad peak for the hydroxy proton at 8 5.63-6.25 ppm. The chemical shift of
the ethyl group is located at 8 1.33 ppm as a triplet for the methyl protons and
84.25 ppm as a quartet for the methylene protons (J = 7 Hz).

Two reaction mechanisms can be proposed as shown in Scheme 18 and
19. As shown in Scheme 18, the first step is the electron transfer from nitrite
ion to the 2-cyano-2-nitroester. The resulting radical anion may lose a nitro

CH3CHZIE202Et —Pos—>  CHCH,CCOEt + NO,

NO, o;
oo

HNO, +CH,CH=CCO,Et <+——2— CH,CH,CCO,Et

14- NO;" . (\
f" il
CH3 COzEt w——
CHy— HC —(—COE:
CN

CH O,Et
EEH 2, dxsnll 3E )

Scheme 18. One possible reaction mechanism for the reaction of ethyl 2-cyano-2-
nitrobutanoate with NaNO».
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group to form a radical of the 2-cyanoester. However, the nitrite radical may
attack the radical of 2-cyanoester to form ethyl 2-cyanobutenoate and nitrous
acid. The Michael addition of the alkene by nitrite ion and subsequent
cyclization form an unstable intermediate, which may decompose to ethyl 3-
oximino-2-oxobutanoate. Probably further decomposition during the
distillation would result in the 2-oximinoester.

Another possible reaction mechanism is shown in Scheme 19. After the
initiation, the resulting radical may combine with nitrite ion to form the nitrite

ester, which may decompose to the 2-oxoester by elimination of cyanide ion

NaN ?N
CHCH,0COEt —DWSg—>  CHCHCCOE + NOy
NO, NO;
| o
NO;
CH,CH,CCOEt <———— CH,CH,CCO,Et
ONO'
electron
ltransfer
N @c
CH,CH,(COBt — g  CH,CH,CCOEt

ONO
CH3?EC02Et <tNO  CH,CH=CCO,Et
Nom

Scheme 19. Another possible reaction mec ' ~nism for the reaction of ethyl 2-cyano-2-
nitrobutanoate with NaNO2.
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and NO*. The reaction of the enol of the 2-oxoester with nitrogen oxide cation
or the nitrite ester may produce the 3-oximino-2-oxoester, which may
decompose to the 2-oximinoester during the distillation. Both suggestions
indicate that ethyl 3-oximino-2-oxobutanoate is the intermediate before it
decomposes to the oxime.

In the first proposed mechanism (Scheme 18), ethyl 2-cyanobutenoate
is believed to be an intermediate for the formation of ethyl 2-
oximinopropanoate. A control experiment was made by the reaction of ethyl 2-
cyanobutenoate with sodium nitrite in methanol and in DMSO, but in both
solvents the alkene polymerized very easily even when sodium nitrite was
used in large excess. The proposed mechanism is still possible because during
the decomposition the concentration of the butenoate may be very low, which
should lower the possibility for the polymerization.

We also tried to monitor the reactionn of methyl 2-cyano-2-
nitrobutanoate with sodium nitrite by NMR in DMSO-dg and DMF-d,;. When
DMF-d, was used as a solvent, several singlet peaks between 8 3.5 - 4.0 ppm
were observed in half an hour. These peaks completely disappeared in 24 h.
except the singlet at § 3.63 ppm. The chemical shift of the ethyl group became
complex and undistinguishable. In DMSO-dg, the reaction only takes 160
min. as observed by the disappearance of the starting material. Also only the
peak at § 3.63 ppm remained 3 h. later in the region of & 3.5-4.0 ppm. The
product which shows the peak at 8 3.63 ppm may be the intermediate methyl

3-oximino-2-oxobutanoate.
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In order to examine whether the decomposition is general for all 2-
cyano-2-nitroesters, the reactions of methyl and ethyl 2-cyano-2-
nitropentanoate with sodium nitrite were also tried. The pentanoate is less
reactive than the butanoate and the major reaction in DMSO, which contains
water, is the hydrolysis to 2-nitropentanenitrile. The hydrolysis may be
avoided by introducing a big ester group which will increase the steric
hindrance for the hydrolysis.

The reaction mechanism for the formation of the oxime still remains to
be confirmed. Probably the best way to determine the reaction is to isolate
every decomposition product, especially the the intermediate 3-oximino-2-

oxoester.

3. Attempted polymerization of 2-nitronitriles

After 2-nitropropanenitrile was obtained, we tried the polymerization of
the salt in aqueous solution by using some oxidizing reagents such as sodium
persulphate and potassium ferricyanide, but no apparent reaction was
observed when only a small amount of the oxidizing reagent was used

(equation 60). 2-Nitropropanenitrile could be recovered by acidification after

- Na,S,0q (cat.) or .
RCCN —ﬁk{gﬁm’ No reaction (60)

NO,

the reaction. As discussed in the introduction, the Sgn1 reaction is slow in
protic solvents because of a solvation effect. The effect may make the initiation

for the polymerization more difficult. However, oxidizing reagents like



potassium ferricyanide are insoluble in aprotic solvents. An alternative way to
initiate the reaction was attempted using a radical reagent such as AIBN (2,2'-
azobisisobutyronitrile). When the potassium salt of 2-nitropropanenitrile and a
small amount of AIBN in DMSO were warmed to 60° C, no product was
obtained (equation 61). No starting material was recovered. Probably the

anion is unstable and decomposes at 60° C.

RFCN % No polym. (61)
NO,
. _ NS0 g o R ©2)
R{CN KGFe(CN)g H,0 —C—¢

However, the anion of 2-nitropropanenitrile in aqueous solution can be
oxidized by potassium ferricyanide to the dimer (equation 62, R = CH3) when
the oxidizing reagent is used in large excess. The reaction is very slow and
only gives a 10% yiéld in 4 h. The yield was measured by the weight of the
dimer. Because the dimer is insoluble in water and precipitates during the
reaction, the product can be isolated easily by filtration. The crude product of
the dimer was obtained in 50% yield in 2 days. Longer stirring does not give a
higher yield. The dimer was purified by recrystallization from hexane-THF.
The crystals were further purified by sublimation at 100° C under vacuum.
The dimer decomposes at 144° C. The NMR spectrum of the dimer only
shows two singlets at & 2.36 and 2.39 ppm.

2-Nitrobutanenitrile was also prepared, but no reaction was observed

for the reaction of the anion with a small amount of the oxidizing reagent (e.g.
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NayS,0g). The sodium salt of 2-nitrobutanenitrile can be also oxidized by a
large amount of potassium ferricyanide. The dimer was obtained in 45% yield
(crude) in 3 days. It is a mixture of meso and dl isomers. The mixture can be
easily separated by recrystallization from ethanol. One of the isomers
crystallized from ethanol and was further purified by sublimation at 100° C
under vacuum. This isomer decomposes at 142° C and its NMR spectrum
shows a triplet for the methyl protons at 8 1.26 ppm, and a quartet of doublets
at 5 2.28 ppm and a quartet of doublets at 3 2.86 ppm for the methylene
protons (J = 7 and 14 Hz).

The residue, obtained after the recrystallization, contained mainly the
other isomer (> 90%), as was determined from the NMR analysis. This

isomer was also purified by recrystallization from ethanol and then

Rﬁ’:CN——@{’%g—Pﬂﬁ-r R(":CN
NO, NO,
2 R?CN ——p R_?Figk ey

NO
* N02 N02 K3F€(CN)6

or RECN + R?CN — R_??igk —
NO, NO, NO, NO,

R—gN— g-R -%‘ » polym.

Scheme 20. Reaction mechanism of the anion of 2-nitronitriles with K3Fe(CN)e.
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sublimation. This isomer melts at 118-120°C and its NMR spectrum shows a
triplet for the methyl protons at 6 1.34 ppm, and two quartets of doublets at &
2.36 and 2.78 ppm for the methylene protons (J = 7 and 14 Hz).

The dimer may arise from the coupling of two radicals of the 2-
nitronitrile or from the coupling of a radical with an anion. As shown in
Scheme 20, after the combination of the radical and the anion, the resulting
radical anion of the dimer does not lose a nitro-group but transfers one
electron to potassium ferricyanide immediately. The transfer of the electron to
the oxidizing reagent may be a very fast process, which should prevent the
polymerization. Furthermore, the precipitation of the dimer may also prevent
the further reaction.

In order to determine whether 2-nitronitriles can be used for the
polymerization, the reaction of the dimer with the lithium salt of 2-

nitropropane was investigated. There should be no problem for the initiation
_ ™
R?CN + CH3ﬁ'JCH3 —_— R—i— ?— CH, (63)
NO, NC, NO,

because the substitution of a tertiary a-nitronitrile with the lithium salt of 2-
nitropropane gives a good yield of the substitution product’4 (equation 63). If
the substituticn reaction occurs between the dimer and the lithium salt of 2-
nitropropane, then polymerization by the reaction of the dimer with the anion
of 2-nitronitriles would be possible in a dipolar aprotic solvent. The

polymerization can be initiated also by the lithium salt of 2-nitropropane
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. 1cheme 21). When 2,3-dicyano-2,3-dinitrobutane and two equivalents of the
lithium salt of 2-nitropropane in HMPA were stirred overnight, 2,3-dimethyl-
2,3-dinitrobutane was obtained in 75% yield, which was estimated from the

R_'ﬁ)_ffiR "o, fN g

NO, NO, NO, NO,

oNoNew T ?Nl
R—C— (= (N0, K > R—E—O—(;—R

NO, R CH, b
t l- Noz.
substitution product ([:N
R—C=C—R
CH;CCH,
0,
soluble salt
) NO» 2 _NO- .
CH{ CH, 2, CH,(CH,§ 0, CH,CH;
NO, NO, NO,
CH,(CH,
0,

CHs_(f'— f— CH, <—nter CH:;—?_ ‘f_ CH,

Scheme 21. Reaction mechanism of the dimer with lithium 2-nitropropanate.



NMR spectrum using p-dimethoxybenzene as an internal standard. We were
unable to isolate the elimination product, 2,3-dicyano-2-butene, probably
because it reacts with lithium 2-nitropropanate further to form a soluble
Michael adduct. The first initiation step does happen, but the resulting radical
does not combine with the lithium salt of 2-nitropropane to let the chain
propagate. Instead the elimination takes place. The strong tendency for the
vicinal nitro-groups to eliminate to the alkene is known as observed in the
reduction of the vicinal nitro-groups with sodium sulfide under illumination.36
However, in the case of a,-dicyano-a,S-dinitro compounds the elimination
still occurs even without illumination. Because of the elimination reaction, the

polymerization of 2-nitronitriles is impossible.
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III. SYNTHESES AND REACTIONS OF MODEL
COMPOUNDS FOR THE Sgn1 POLYMERIZATION

After the unsuccessful polymerization of 2-nitronitriles, we started to
look for bifunctional compounds which can undergo the Syl polymerization.
As mentioned in the introduction, the reaction of gem-dinitro compounds with
excess lithium nitronates (2 equivalents) always gives an excellent yield of the
coupling product (e.g. equation 39). Therefore, we believed that there should
be no problem in formation of the carbon carbon bond by Sgnl
polymerization of bifunctional compounds. Thus, 1,4-bis(2-

nitropropyl)benzene (R = H) was prepared. The dilithium salt of the

CH,*CH; »— CH,(CH,
NOZ 02
R=H,NO, Li.

compound was used as an electron donor (R = Li) and 1,4-bis(2,2-
dinitropropyl)benzene (R = NO2) as an acceptor. However, as will be
described in the next chapter, the reaction of the donor with one equivalent of
the acceptor only produces a product with average molecular weight of 840
(trimer). Many efforts to increase the molecular weight by using different
reaction conditions failed. In addition, the dilithium salt only dissolves slowly
during the reaction. We also found that the product contained strong signals
of the disproportionation product as indicated in the NMR spectrum by a peak
for the methine proton of RCH(NO2)R' at $ 4.8-5.2 ppm. As mentioned in
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the introduction, the disproportionation is one of the termination processes for
the Sgn1 reaction (e.g. equation 11). Thus the disproportionation could be the
" main reason why the polymerization gives trimer. In order to study and solve
the above problems, the model compound 2-nitro-1-phenylpropane was
prepared and the coupling reaction was investigated because this type of Sgy1
reaction was still unknown.

By studying the reaction, the coupling reaction using the
tetracthylammonium nitronates with iodine was found to give a lower
disproportionation yield. The reaction can be carried out in the presence of
water. This discovery should be useful for the application of the Spy1 reaction
bacause an anhydrous condition is not necessary. We also explored other
possible model compourds (electron donors and acceptors) for the Syl
polymerization. These compounds include 4,4'-disubstituted diphenyl
sulfones and 2-cyanoesters. Some of these compounds may be potentially

useful for the Syn1 polymerization.
B l | I D [ ] []

1. The synthesis and reactions of 2-nitro-1-phenylpropane and its lithium salt
and 2,2-dinitro-1-phenylpropane

2-Nitro-1-phenyl-1-propene was prepared by the condensation of
benzaldehyde with nitroethane in the presence of n-butylamine. The
condensation proceeds very slowly at room temperature,’> but the reaction in

methanol under reflux gives about 55% yield.”6 We were successful in
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increasing the yield to 85% by using the procedure for the preparation of 1-(2-
methoxy)phenyl-2-nitropropene in toluene.”’ The synthesis is illustrated in

Scheme 22. 2-Nitro-1-phenylpropane has been made recently by the reduction

PHCHO + CH,CH,NO, =S puoy < oCH; + H,0
0,
. NaBH,
u LiOCH- l
PhCH,CCH,=—5 phCH,CHCH,
0, 0,
_A
4 \
NaNO, |
H,0
o
PhCH,CCH, PhCH,CCH,
02 02

Scheme 22. Synthesis of 2-nitro-1-phenylpropane and its derivatives.

with sodium borohydride in methanolic THF solution (MeOH:THF = 1:10).78
This method can prevent the Michael type dimerization reaction’? as shown in '
equation 64, which happens when the reaction is carried out in methanol.
2,2-Dinitro-1-phenylpropane was made by using a general procedure for the
preparation of gem-dinitro compounds. 1’

As expected, the reaction of 2,2-dinitro-1-phenylpropane with two
equivalents of the lithium salt of 2-nitropropane in HMPA gives the

substitution product in 94% yield (equation 65). The compound was purified



PhCH = CCH; —;%%'" PhCH,(CH, 64
0, 0,
PhCH = CCH;
0,
H;
PhCH,C— CH— CCH,
O,Ph NO,

0, Li ?H3fﬂs
PhCH,CCH, + CH,CCH; PRCH,C—CCH,  (65)
0, 0, 0N,

by recrystallization from hexane. The crystals melt at 119-120° C. The NMR
spectrum of the compound shows three singlets for the methyl protons at 3
1.40, 1.74 and 1.95 ppm, and two doublets for the methylene protons at &
3.28 and 3.90 ppm (J =7 Hz).

The coupling reaction of 2,2-dinitro-1-phenylpropane with two
equivalents of the lithium sait of 2-nitro-1-phenylpropane in HMPA also gives
the dimer in excellent yield (equation 66). The dimer is a mixture of dl and

0, L 3CH;
PhCH,CCH; + PhCH,CCH, — PhCH,C— jCHzPh (66)

02 \ 02 O 02
ratio 1 2 yield 94%
i ) 1 79, dl and meso

meso isomers, which can be easily separated by the extraction with benzene.

One of the isomers which is soluble in benzene was purified by
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recrystallization from hexane. The crystals melt at 188-190° C. The NMR
spectrum of the isomer shows a singlet for the methyl protons at 5 1.38 ppm
and two doublets for the methylene protons at 85270and 408 ppm J = 7
Hz). The above benzene insoluble material was collected and purified by
recrystallization from THF. These crystals decompose at 230° C. This isomer
has different chemical shifts in the NMR spectrum. The methyl protons are
located at 8 1.58 ppm and the methylene protons at 6 3.08 and 4.04 ppm as a
doublet (J = 7 Hz). Probably the latter is the meso isomer because it has a
higher melting point.

The first thing to be solved for the polymerization was the
disproportionation, which is one of the termination processes for the Sgn1
reaction. If the disproportionation occurs between two radicals, then it should
be possible to reduce the reaction by increasing the reactivity of the nitronates
because the chance for the coupling reaction between a radical and an anion
will increase. However, the disproportionation may happen by the reaction of
the radical and the anion. This has been shown by Komnblum in the reaction of
o-methylbenzyl cyanide anion with the B-nitronitrile (Scheme 23).802 The
disproportionation between the anion and the radical produces o.-
cyanostyrene, which will react with the anion to form the Michael adduct.

By studying the coupling reaction of the model compound, the
magnitude of the disproportionation reaction can be estimated. HMPA was
used as a solvent for the reaction because the dimer is more soluble. The same
result can be obtained for the reaction in DMSO. No solvent dependence was

observed for the reaction. We expected that the reaction would give a low
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OL/O * PhCCH3 — OL/O phgim

No2 No2
OO OO+
No;

OL-O thCH3—> OZ:/O + PhCCHz-
Ph,CCHz- + OL'/O—’Ph?=CH2 OL-/O

CN NO, NO;
(Hs
thcnz?m

PhC=CH,  + Ph{!CH3
CN
Scheme 23. Reaction mechanism of a-methylbenzyl cyanide anion with the B-nitronitrile.

disproportionation yield when two equivalents of the lithium salt of 2-nitro-1-
phenylpropane were allowed to react with 2,2-dinitro-1-phenylpropane under
illumination for 20 min. However, one of the disproportionation products 2-
nitro-1-phenylpropane was obtained in 5% yield. The disproportionation yield
was estimated by the integration of the signal of the methine proton of the
NMR spectrum using p-dimethoxybenzene as an internal standard. The
possibility that 2-nitro-1-phenylpropane comes from the lithium salt was
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excluded by a blank test, which was performed by dissolving the same
amount of the lithium salt in water and working this up in the same way. The

disproportionation is illustrated in Scheme 24. We were unable to isolate the

II\IOZ L 0;
PhCH,CCH, + PhCH,CCH,8 PhCH,CCH, + PhCH,CCH,
0, 0, 0, 0,
:lf H,0 l NO,
PhCH,CHCH, PhCH,CCH,
0, 0,
Li
iphcnzccm,
‘ 0,
dimer
2 PhCH,CCH, PhCH,CHCH, + PhCH=CCH,
0, 0, 0,
PhCH,CCH;
0O,
dimer Michael adduct

Scheme 24. Reaction mechanism of the disproportionation.

other part of the disproportionation product probably because it reacts with
the lithium salt to form a soluble Michael adduct. As mentioned earlier, this
Michael addition can take place in methanol. The addition may also happen in
DMSO or HMPA. |
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The disproportionation yield (5%) is already significant for the coupling
reaction. This is a surprising result. The lithium salt of 2-nitro-1-
phenylpropane is soluble during the reaction. The chance for the radical to
react with the anion should be high because there is excess anion in the
solution during the reaction. Low reactivity of the lithium salt or the possible

reaction between the radical and the anion should be responsible for the

disproportionation.

If the i - - - --:ionation comes from the reaction between the radical
and the anicr:. »» 1mpossible to prevent the reaction no matter how
reactive iz i+ .. iun the other hand, if the disproportionation results from

the reaction of two radicals, the disproportionation can be decreased by
increasing the reactivity of the anion because higher reactivity of the anion
means higher possibility for the reaction between the anion and the radical.
We can prove that the disproportionation mainly comes from the reaction of
two radicals because a lower disproportionation yield is observed when a
more reactive anion is used for the coupling reaction.

As mentioned in the introduction, the tetraalkylammonium salt of a nitro
compound is more reactive than the lithium salt as observed in the reaction of .
the tetrabutylammonium salt of 2-nitropropane with ap-dinitrocumene and p-
nitrobenzyl bromide.28:29 As will be discussed later, we also found that the
the coupling reaction is faster when the tetraethylammonium salt of 2-nitro-1-
phenylpropane and 2-iodo-2-nitro-1-phenylpropane (or iodine) are used for

the coupling reaction.



Thus the disproportionation yield should be decreased for the reaction
of the tetraethylammonium salt of 2-nitro-1-phenylpropane and iodine if the
disproportionation results from the reaction of two radicals. Indeed, the
reaction of the tetraethylammonium salt of 2-nitro-1-phenylpropane with one
equivalent of iodine (in 2:1 molar ratio) in HMPA only gives a 2%
disproportionation yield as measured by the same method mentioned above

(equation 67). It should be emphasized that the yield was obtained when there

PhCH,CCH,

:. NEt4 Iz 0, 02 02
PRCH,{’CH; —~ PhCH,(CH, PRCH,C—CCH,Ph (67)
N02 02 CI’I3CH3

is no excess anion during the reaction. The disproportionation was less than
0.5% for the reaction of the ammonium salt with iodine (in 3:1 molar ratio).
Therefore, the disproportionation yield can be reduced to 2% with one
equivalent of reagent and further down to 0.5% by using excess ammonium
salt.

It seems that both factors (two radicals coupling and the coupling
between the radical and the anion) contribute to the disproportionation. In the
case of the lithium salt, the reactivity is lower than the ammonium salt. The
chance for two radicals to disproportionate should be higher although the
lithium salt is used in excess. However, the disproportionation yield can be
only reduced to 0.5% by using the ammonium salt and iodine. Both the
ammonium salt and 2-iodo-2-nitro-1-phenylpropane are very reactive

compounds. The 0.5% disproportionation yield may result from the reaction

o0
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of the radical with the anion. Hence, for the lithium salt the disproportionation
mainly results from the reaction of two radicals. For the polymerization a little
excess anion is required in order to reduce the possible disproportionation.

In order to obtain a high molecular weight polymer from bifunctional
monomers like in condensation polymerization, the monomers must be used in
1:1 ratio. Therefore, an equivalent of the electron donor and acceptor should
be used for the Sgn1 polymerization, but this may result in a problem for the
polymerization because there is no excess anion in the solution and the chance
for the disproportionation of two radicals should increase. Thus low molecular
weight polymer may be produced.

While studying the coupling reaction of the model compound, we found
another problem which may influence the polymerization. When one
equivalent of the lithium salt of 2-nitro-1-phenylpropane is used for the
coupling reaction with 2,2-dinitro-1-phenylpropane (1:1 ratio) under
illumination for 20 min, the reaction is only 75% - 80% complete (the ratio of
the starting material 2,2-dinitro-1-phenylpropane and the dimer is about 1:4 in
the product) as determined from the NMR spectrum (equation 68). The

NO, ] . 0,NO,
PhCH,CCH; + RCH,CCH, vpa — PRCHC—CCHPh (68)
NO, NO, CH;CH,
both in 1:1 ratio R time yield
Ph 20 min. 75%
Ph 5h 80%

H 20 min. 80%



reaction was worked up by precipitation with water. The precipitate was
analyzed from its NMR spectrum. In addition, when the reaction is
illuminated for a long time (5 hours), the ratio only changes a little. The ratio
of the starting material and the product is about 1:5. We did not try the reaction
of the lithium salt of 2-nitropropane with 2,2-dinitropropane when both are
used in 1:1 ratio, but we have tried the reaction of the lithium salt of 2-
nitropropane with one equivalent of 2,2-dinitro-1-phenylpropane. In this case,
the reaction is only about 80% complete in 20 min. under illumination. We
call this a ratio effect.

The ratio effect should be the second factor which influences the
polymerization. At first, we speculated that a reversible reaction was

respomsible for the above result as shown in equation 69 because the ratio of

0,NO, 9 )
PRCH,C—CCHPh === PHCH,CCH, + PhCHzFCH3 (69)
CH,;CH, NO, NO,

the product and the starting material only changes a little with longer
illumination. Furthermore, no elimination product was observed which
usually happens with long illumination in the presence of excess lithium salt.
As shown in Scheme 25, if the reversible reaction could occur, then a radical
of 2-nitro-1-phenylpropane should be produced. The radical could react with
the lithium salt of 2-nitropropane to give the cross coupling product 2,3-
dimethyl-2,3-dinitro-1-phenylpropane, which can be detected by the NMR
spectrum. We tried the reaction by using the dimer and two equivalents of the



0, NO, CHsECHs NO, No,
—_ — NO, —
PhCHz? FCHZPh o PhCHZ? FCHZPh

A

X

PhCH2¢— CCH,Ph  PhCH,{CH; + PhCH,{CH,

CH, CH, NO, NO,
CH3(CH,
i Noz.l Yo,
CH; CH, NO, No,
PhCH,C== CCH,Ph PhCH, — CH,
CH; CE._

Scheme 25. Reaction of the dimer with the lithium salt 2-nitropropane.

Li
2 CH;CCH
O,NO, 311102 P
PhCHzF— ?CHZPh —— PhCH2F= (iTCHzPh +
CH;CH, g CH;CH,
NO,NO,
CHC~(CHy  (70)
H3CH,

lithium salt of 2-nitropropane under illumination (equation 70), but only the
signals of the elimination product 2,3-dimethyl-1,4-diphenyl-2-butene and
2,3-dimethyl-2,3-dinitrobutane were detected in the NMR spectrum (the
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reaction mechanism will be discussed later). The NMR spectrum of 2,3-
dimethyl-2,3-dinitrobutane shows only one singlet at 8 1.72 ppm, while 2,3-
dimethyl-1,4-diphenyl-2-butene shows two singlets for the methyl protons at
& 1.64 and 1.72 ppm, two singlets for the methylene protons at 8 3.46 and
3.52 ppm. Thus the ratio effect may result from the low reactivity of both
donor and accéptor but not from the reversible rewction. The reason wh;' the
chain zeactiop ::annot go to completion when 2,2-dinitro-1-phenylproprane
and the lithivm salt of 2-nitro-1-phenylpropane or the lithium salt of 2-
nitropropane are used in 1:1 ratio still remains unknown. As will be discussed
later, both the tetraethylammonium sait of 2-nitro-1-phenylpropane and 2-
iodo-2-nitro-1-phenylpropane have higher reactivity. The effect was not
observed for the reaction of the tetracthylammonium salt of 2-nitro-1-
phenylpropane with 2-iodo-2-nitro-1-phenylpropane in acetonitrile and :vas
observed to be small for the reaction in HMPA and DMSO. Thus it can be
concluded that the ratio effect can be avoided by using more reactive electron
acceptors and donors or by using excess amount of the donor when a lithium
nitronate is used.

The third factor which influences polymerization is the reactivity. If the .
reactivity of both electron donor and acceptor is low, the polymerization
should take a long time. We have shown that the disproportionation mainly
results from the reac:ion of two radicals. If the reactivity of the anion is low,
then the reaction between the anion and radical is slow. In fact, the lithium salt
is not very reactive because even in the presence of two equivalents of anion,

the reaction still gives a 5% disproportionation yield. At the beginning, this
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problem was not noticed until the coupling reaction of the model compound
was investigated.

As mentioned by Kornblum,80b the reaction between 2.Z-
dinitropropane with the }ifaium salt of 2-nitropropane takes only ¥ iuin.
(equation 71, Ry, R = H). The lithium salt of 2-nitropropane and 2.2-

0, Li E"Oz I,‘Ioz
RICHzf:CH3 + R2CH2FCH3——'» R1CHzF_ (fCHQR2 (71)
NO, NO, CH, CH,
Rl R2 time
H H 2 min.*
Pb H 1h
H Ph 1h
Ph Ph 5h.
Ph Ph 15 min. (illumination)
Ph Ph 2h. (50°0)

*The reaction was conducted in DMSO. No detail reaction conditions were mentioned.

dinitropropane must be very reactive compounds. In cider to study the
reactivity of the model compound, we monitored the reaction of 2,2-dinitro-
1-phenylpropane with the lithium salt of 2-nitropropane (1:2 ratio) m HMPA
by TLC (eluant 1% methanol in chloroform). It was found that the reaction
takes about 1 h. (R1 = Ph, R2 = H). The same product can be obtained by the
reaction of 2,2-dinitropropane with the lithium salt of 2-nitro-1-phenylpropane
(1:2 ratio) in 1 h. (R; = H, R2 = Ph). It is also possible to monitor the
reaction of 2,2-dinitro-1-phenylpropane with the lithium salt of 2-nitro-1-
phenyipropane (1:2 ratio) by TLC (eluant benzene:hexane:methanol =
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78:20:2). The reaction requires 5 h. as observed by the disappearance of the
starting material 2,2-dinitro-1phenylpropane (R1, R2 = Ph). It is not known
why the presence of phenyl groups slows down the coupling reaction.

From the above result, the formation of the C-C bond from the reaction
of lithium nitronates with gem-dinitro compounds is slow. We believe that the
C-C bond formation for the reaction between 1,4-bis(2,2-
dinitropropyl)benzene and the dilithium salt of 1,4-bis(2-nitropropyl)benzene
is even slower. This slow reaction is why the polymerization only gives the
trimer.

The Sgn1 reaction (also the disproportionation) is always accelerated by
light. The coupling reaction between 2,2-dinitro-1-phenylpropane and the
lithium salt of 2-nitro-1-phenylpropane (1:2 ratio) only takes 15 min. with
illumination by a 15 w fluorescent light. The reaction rate is thus 20 times
faster than the reaction without illumination (5 h.). O)n the other hand, the
reaction is not very sensitive to temperature and still res-ires 2 h. at 50° C.

As observed in the reaction of the tetrabutylammonium salt of 2-
nitropropane with a,p-dinitrocumene and p-nitrobenzyl bromide, the
ammonium salt is much more reactive than the lithium salt.28.29 We tried to
make the tetraethylammonium salt of 2-nitro-1-phenylpropane by using 20%
aqueous solution of tetraethylammonium hydroxide (equation 72), but we
could not isolate the pure salt. The attempt to remove water by drying with
molecular sieves leads to the decomposition probably because of the presence
of oxygen. Another method was also tried by the reaction of the potassium
salt of 2-nitro-1-phenylpropane with anhydrous tetraethyiammonium chloride
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‘NE,
PhCH,CHCH, HE ol PHCH,CCH, ™)
NO, NO,
K ELNCI “NEt,
PhCHACH; —Tompmar=  PhCH,(CH, (73)
NO, NO,

in 1-propanol (equation 73). No rcaction takes place in methanol. The driving
force must be the precipitation of potassium chloride because KCl is only
slight soluble in 1-propanol, and will be precipitated during the reaction.
However, this method only gave impure product because it contained some
tetracthylammonium chloride and 1-propanol as observed from the NMR
spectrum.

Because it is not easy to obtain the pure ammonium salt, the coupling
reaction in the presence of water was studied. Surprisingly, the presence of
water (10-15% in the solution) has little influence for the Sgy! ieaction
because the coupling reaction of the tetraethylammonium salt of 2-nitro-1-
phenylpropane, which is generated in situ by one equivalent of E4NOH (20%
solution), with 2,2-dinitro-1-phenylpropane (in 3:1 ratio) gives an excellent
yield (equation 74, R = Ph) with illumination for 20 min. The reaction of the
amnionium salt of 2-nitropropane with 2,2-dinitro-1-phenylpropane also
atiords the substitution product in almost quantitative yield under the same
reaction condition (equation 74, R = H). Because the ammonium salt is

insoluble in dichloromethane or in benzene in the presence of water, the
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reaction can be only carried out in a solvent which is miscible with water such

as acetonitrile or DMSO.

Actually, the coupling reaction can be simplified by using sodium

hydroxide solution as a base (equation 74). Thus two equivalents of the

0, base NO, NO,
PhCHz(FCHg, + RCHZFHCH;:, T, 20 min PhCHz? - FCHzR (74)
NO, NO, CH, CH,
in12raio  base R yield
Et,NOH H 91%
Ph 91%
NaOH Ph 91%

sodium salt of 2-nitro-1-phenylpropane are generated by sodium hydroxide
solution in HMPA. The reaction of the sodium salt with 2,2-dinitro-1-
phenylpropane gives the dimer in 91% yield. This simple procedure could be
used for the coupling reactions of other nitro-compounds. '
The procedure can be simplified further for the coupling reaction by
using iodine with the tetracthylammonium salt. Thus the tetraethyfammonium
salt of 2-nitro-1-phenylpropane (three equivaients) was generated by 20%
Et4sNOH in HMPA. The coupling reagent iodine (one equivalent) was added
subsequetly. After illumination for 20 min., the dimer was isolated by
prersipitation with water in 94% yield (equation 75). The order of adding

Yo 3O,

3 PhCH,CHCH,8 REUNOH, D0+ PhCH,C— CCH,Ph (75)

NO, CH, CH,



reagents is important. If iodine is added before Et4NOH, Et4NOH will react
with iodine first (form iodide ion and the salt of iodic acid) and thus the
coupling reaction only gives the dimer in low yield. To avoid the reactiori of
iodine with tetraethylammonium hydroxide, the nitro compound should be
converted to its tetraethylammonium salt first by using exactly one equivalent
amount of Et4NOH.

It is very difficult to determine the concentration of E(4NOH. We tried
to titrate E;4NOH by using 1 N HC1 and the concentration obtained (the labled
concentration of commercially available product is 20% by weight) was
19.2%. When this concentration was used to convert 2-nitro-1-phenylpropane
into the ammonium salt, the reaction of the ammonium salt with iodine (in 2:1
molar ratio) only gave a low yield of the dimer (< 75%). We tried to determine
the concentration of Ei4NOH by the coupling reaction of 2-nitro-1-
phenylpropane in the presence of various amounts of Et4NOH with iodine
(2:1 ratio). We found that the concentration at 18.5% gave the highest yield of
dimer (> 85%). It should be pointed out that the reaction is very sensitive to
the quantity of Et4NOH. If a little more E4NOH is used, the reaction yield
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will drop dramatically because the excess Et4yNOH would consume iodine first

before the coupling reaction can occur. If less E4NOH is used, the reaction
will not go to completion because there is not enough of the ammonium salt
inside. In this case, a little 2-iodo-2-nitro-1-phenylprogane was observed in
the product from the NMR spectrum. On the other hand, if 2-nitro-1-
phenylpropane is used in excess (e.g. 2.2 equivalents), there is no problem

with the coupling reaction using iodine (a little excess E4NOH can be used).



By studying the coupling reaction of the ammonium salt with iodine,
we also found that the ammonium salt of 2-nitro-1-phenylpropane is more
reactive than the lithium salt of 2-nitro-1-phenylpropane. The coupling
reaction of the iodo compound with the tetracthylammonium salt of 2-nitro-1-
phenylpropane in acetonitrile (containing 10% water) takes only 30 min. in
laboratory light (the reaction of 2,2-dinitro-1-phenylpropane with the lithium
salt of 2-nitro-1-phenylpropane normally takes S h.). The same reaction
requires only Iess than 5 min. under illumination. On the other hand, the
reaction of 2,2-dinitro-1-phenylpropane with the ammonium salt in acetonitrile
is very slow. The reaction is only 16% complete after iflurnination for 5 hours.
Attempts to initiate the reaction by using iodine were unsuccessful (only 30%
yield in 8 h.). Thus the reactivity of the gem dinitro-compound is much lower
than the iodo compound.

Protic solvents like methanol cannot be used for the Sgnl reaction
because of the solvation effect.30-32 Thus dipolar aprotic solvents such as
DMSO are required for Sgy1 reactions if a lithium nitronate is used because
the lithium salt is more soluble in these solvents than in benzene or
dichloromethane. The reaction of the tetrabutylammonium nitronates in the
benzyl and p-nitrocumyl systems in benzene and dichloromethane was also
reported.28:29 However, these reactions were always carried out under
anhydrous conditions. We found that this is not necessary. We have already
shown that the reaction in the presence of water (even 10-15%) still gives an

excellent yield of the substitution product. Even dipolar scivents are not

A A4
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required for the reaction. The reaction in acetonitrile or in THF proceeds faster
and also gives an excellent yield (equation 76).

j NEt, acetonitrile
PhCH,CCH, + PhCH{CH; ———— dimer  (76)

Although illumination speeds up the coupling reaction greatly, it also
causes the elimination of the vicinal nitro groups. As mentioned earlier, the
vicinal nitro groups can be eliminated to give a double bond by sodium
sulfide with illumination.36 We found that the lithium salt of 2-nitropropane
can be also used as an electron donor for the elimination with illumination.
Thus the alkene 2,3-dimethyl-1,4-diphenyl-2-butene is produced by the
reaction of the dimer 2,3-dimethyl-2,3-dinitro-1,4-diphenylbutane with the
lithium salt of 2-nitropropane (1:4 ratio) for 5 h., but 2,3-dimethyl-2,3-
dinitrobutane (57% yield) is also produced, which results from the processes
as indicated in Scheme 26. No attempt was made to measure the yield of the
alkene. When the pure d! or meso dimers are used for the reaction, the alkene
isolated is 2 mixture of trans and cis isomers in 1:1 ratio as observed from the
NMR spectrum, which indicates that the elimination has no stereoselectivity.
If 2,2-dinitro-1-phenylpropane and three equivalents of the anion of 2-nitro-1-
phenylpropane in HMPA are illuminated for 5 h., a mixture of the dimer and
2,3-dimethyl-1,4-diphenyl-2-butene is produced (equation 77). This is

because the dimer is unstable under illumination in the presence of
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R(F——(;TR + CH;CCH, ko Rg— gR + CH,CCH,
NO. : NO.

NO,NO, NO, NO,NO;
|- vos
o, I}
ch=CR2 RC— FR
NO,
. __ +NO; 0, NO, _ o &H, {Hs Hs
CH3FCH3—-3— CH,{"CH, - ~ CHyC— (CH,
NO, NO, NO,NO,

Scheme 26. Reaction of vicinal dinitro compounds with lithium 2-nitropropanate.

on 'CH3 |CH3
PhCH,(CH; + 3 PhCH,CCH; e PhCH,(— CCHPh +
|
NO, NO, NO,NO,
H; CH,

|
PhCH,C==CCH,Ph  (77)

the excess lithium salt. Thus the presence of the anion causes the elimination.
We did not intend to isolate and measure the yield. However, without
illumination no elimination reaction takes place if the reaction is carried out at
room temperature for 24 h.

The alkene, 2,3-dimethyl-1,4-diphenyl-2-butene, was purified by
distillation. One of the isome:s crystallizes out in the distillate. The crystals
can be further purified by recrystallization from pentane and melt at 48-50°C.



Figure 1. The structures of cis and trans-2,3-dimethyl-1,4-diphenyl-2-butene
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Figure II. The structure of the anion of 2-methyl-1-phenylallyl
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Figure II. The structures of cis and trans-1,3-diphenyl-2-methy!iropse:;
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The NMR spectrum of this isomer shows a singlet for the methyl protons at 3
1.72 ppm and a singlet for the methylene protons at 8 3.46 ppm (Figure I).
This isomer is believed to be the trans isomer. After recrystallization, the
filtrate contains mainly the other isomer and it is a liquid. The NMR spectrum
of the liquid isomer shows a singlet at 8 1.64 ppm for the methyl protons and
a singlet at & 3.52 ppm for the methylene protons. We tried to identify the



solid and liquid isomers by their NMR spectrum. From the chemical shifts of
the trans and the cis isomers, it seems that the protons of both methyl groups
in the trans isomer are deshielded by the remote benzene rings. On the other
hand, the methylene protons of the cis isomer (liquid) are deshielded by both
benzene rings, which causes the chemical shift to lower field. There is no
reported chemical shift for trans and cis 1,4-diphenyl-2-butene, but the anion
of 2-methyl-1-phenylallyl shows the similar pattern as illustrated in Figure
I1.82a,b The methylene protons of trans- and cis-1,3-diphenyl-2-methylpropene
also show distinct chemical shifts in the NMR spectrum (Figure IIl).82¢.d By
comparing the chemical shift, the solid alkene is probably the trans isomer and
the liquid cis isomer.

Solubility was the fourth problem to be solved. The dilithium salt of
1,4-bis(2-nitropropyl)benzene is only slightly soluble in HMPA or DMSO.
Organolithium compounds are associated in hydrocarbon solvents.83 For the
bifunctional compound, the dilithium salt should be polymeric and this is why
the dilithium salt has so low a solubility in HMPA. As mentioned earlier, the
disproportionation depends on the concentration of the donor and the reactivity
of the donor and the acceptor. During the polymerization, the dilithium salt .
only dissolves slowly. This low solubility should increase the chance of
disproportionation because the concentration of the anion becomes lower.

Addition of water into HMPA or DMSO may increase the solubility of
the dilithium salt, but at the same time, the presence of water may decrease the
reactivity for the Sgy1 reaction because of the solvation effect. As mentioned

earlier, the tetraethylammonium salts show very high reactivity towards the



Sgn1 reaction. We considered that the diammonium salt might solvi the
solubility problem. However, the solubility problem still remains to be solved
because we found later that the pure di-tetracthylammonium salt of 1,4-bis(2-
nitropropyl)benzene is insoluble in HMPA and DMSO. The solubility problem

will be discussed in the next chapter.

2. Synthesis and reactions of 1,4-bis(2-nitropropyl)benzene and its gem
dinitro compound and the halo compound

The compound 1,4-bis(2-nitropropyl)benzene can be made by using the
procedure for the preparation of the mono-substituted compound (Scheme
27). The condensation of terephthaldicarboixaldehyde with nitroethane at room
temperature takes a long time and gives 1,4-bis(2-nitro-1-propenyl)benzene in
low yield,84 but the condensation under reflux in nitroethane for 24 h. gives
the alkene in 74% yield.85 Reduction of the alkene by using sodium
borohydride in methanolic THF solution (THF:MeOH = 10:1) gives 1,4-
bis(2-nitropropyl)benzene in good yield. 1,4-Bis(2,2-dinitropropyl)benzene
is also made in 60% yield by using the general procedure for the preparation
of gem-dinitro compounds. A better yield could be obtained if a large excess
sodium nitrite were used since this could reduce the possible side reactions
such as dimerization, which result from the nitronate reacting with the
resulting gem-dinitro product. 1,4-Bis(2-halo-2-nitropropyl)benzenes were
made by the reaction of the dilithium salt with bromine or iodine in methanol.

In order to test the Sgn1 reaction for the compound, we tried the

reaction of the lithium salt of 2-nitropropane with 1,4-bis(2-bromo-2-



OH C-O—CHO N CHyp=CH—{_)— CH= c:H3

NO,
NaBH,
THF
CH3FCH2—©—CH2 CH3<—— CH3FHCHCH2 HCH,
NO, NO, 0,
M;:)H K}f?gﬁ)s
¥ ¥
CH3?CH1—O—CH2CCH3 CH3?CHZ-—.—CH2CCH3
NO, No, No,
X = Br, I.

Scheme 27. Synthesis of 1,4-bis(2-nitropropyl)benzene and its derivatives.

nitropropyl)benzene and 1,4-bis(2,2-dinitropropyl)benzene. However, it is
impossible to monitor the reaction by TLC to know how long the reaction
takes because it is difficult to distinguish the disubstituted and mono-
substituted product. When 1,4-bis(2-bromo-2-nitropropy!)benzene was stirred
with the lithium salt of 2-nitropropane in HMPA for 24 h., a mixture was
obtained. The mixture contained a little 1,4-bis(2-nitropropyl)benzene and
2,3-dimethyl-2,3-dinitro-butane as observed from the NMR spectrum. The
cross bromination of the lithium salt takes place (equation 78). On the other
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hand, 1,4-bis(2,2-dinitropropyl)benzene can react with the lithium salt of 2-

nitropropane to give the substitution product (eguation 79). The reaction was

Li
r CHB CHS
CH3FCH2. cnzgcug,—f&—— CH3FHCH2<_:“ "HZE CH,
NO, 0, %)
g
+ CH_,,E CH3+ other products
Li O,NO
0, NO, C“ﬁf‘*’ CHy CH,
CH3$CH2©CHZ(LCH3 “H_,,{: {:CH cnzc— CH3 (79)
NO, 0, NO;NO,

carried out in lab light to avoid the elimination of the vicinal dinitro-groups by
the lithium salt of 2-nitropropane. The product is insoluble in DMSO at room
temperature. It was purified by recrystallization from nitroethane. The
compound decomposes at 24J° C.

1,4-Bis(2,2-dinitropropyl)benzene also reacts witn . :_4jum salt of 2-
nitro-1-phenylpropane. The product is even more insoluble in common
organic solvents. We were unable to get satisfactory elemental analysis even
after recrystallization from DMSO-nitroethane iive times. The possible
product, 1,4-bis(2,3-dimethyl-2.3-dinitro-4-phenylbutyl)benzene, was
reduced with sodium sulfide directly in HMFA under illumination (equation
80). One of the elirnination products was isolated in 28% yield by collecting
the precipitate after water was added. The isomer was purified by



Li
NC. . 0, PhCH,CCHy o
cnsi':cfif-f _‘f)-—CHzr"éCH, M%gzﬂ I
NO, 0,
PhC{i'z H, CH,Ph
CH,C=CCHp{_)—CH=CCH; (€0

CH,

recrystallization from hexane. The NMR spectrum of the alkene, 1,4-bis(2,3-
dimethyl-4-phenyl-2-butenyl)benzene, shows a singlet fo: the methyl protons
at & 1.74 ppm and two singlets for the methylene protons at 8 3.42 and 3.44
ppr. This isomer is probably the trans, trans-alkene because the chemical
shifts are close to those of methyl and methylene protons of trans-2,3-
dimethyl-1,4-diphenyl-2-butene. We tried to isolate other isomers by
extraction with dichloromethane. Aficy removal of the solvent, the crude
product still coatained isomers as ohserved from the NMR spectrum. The
methyl protons were located at 5 1.66, 1.74 and 1.80 ppm. The methylene
protons were located at 5 3.44, 3.46, 3.50, 3.54, 3.68, 3.72 ppm. The
residue has a strong hydrogen sulfide smell and changes to a red color

gradually. Purification of the mixture by recrystallization was unsuccessful.

3. Other electron donors or acceptors
Along with 1,4-bis(2-nitropropyl)benzene, we also searched for other
possible electror: donors and acceptors which may be useful for the Sgnl

polymerization. The electron donor may polymerize with 1,4-bis(2,2-

74
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dinitropropyl)benzene and the electron acceptor with the dilithium salt of 1,4-
bis(2-nitropropyl)benzene.

One of the systems that we were intci2sied in was the 4,4'-disubs*ituted
diphenyl sulfone. Komblum reported that 1-nitro-4-phenyisu’fonylbenzene
reacts with the lithium salt of 2-nitropropane in HMPA to give 4-
phenylsulfonyl-a-nitrocuinene8¢ (equation 81). Even 4-phenylsulfonyl-o:-

nitrocumene car react with the lithium salt of 2-nitropropane (equation 82).27

Li
CH,CCH, FH3
p-PhSO,CH,NO, - p-PBSO,CeH,LNO, @81)
CH,
Li
p- 26t N2 T 4 25413 ?2 (82)
3 CH; CH,

We thousht that 4,4'-bis[{1-methyl-]-nitro)ethyl]diphenyl sulfone may be a
good e.... on acceptor for the polymerization.

The compound can be made from the corresponding alcohol. As shown
in Scheme 2%, the dicarboxylic acid was made by the oxidation of the sulfone
and converted to the ester.87.88 The alcohol can be made by the Grignard
reaction. The coaversion of the alcohol to the chloride was made by zinc
chloride and conc. hydmchloﬁc acid.89 Attempts to purify the compound by
flash chromatography remains unsuccessful becausz the elemental analysis
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CH3«i:—O— S04 _)— CCH;
a a
Scheme 28. Synthesis of 4,4'-bis[(1-chloro-1-methy!)ethyl]diphenyl sulfone.

for chlorine was low. The NMR spectrum of the compound shows a singlet
for the methyl pr.:ons at & 1.95 ppm and multiplets for the arotnatic protons
at §7.65-8.00 ppm. The compound decomposes at 108° C. No reaction was
observed for the reaction of the chloro compound (equation 83, X = Cl) with
the lithium salt of 2-nitropropane. The stariing material was recovered. The
attempt to prepare 4 ,4'-bis[(1-methyl-1-nitro)ethyl]diphenyl sulfone by the

reaction of the chloride with sodium nitrite also failed.

Li
CHsf"'@“ S tiZCH3 m no reaction 83)
X X

X= Cl, NOz.
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4,4'-Dinitrodiphenylsulfone should be a good electron acceptor for the

Sgrnl reaction because the mono-substituted compound 1-nitro-4-
phenylsulfonylbenzene can react with lithjum pitropropanate. The sulfone was
made by the oxidation of 4,4'-dinitrodiphenyl sulfide (equation 84).90 As

N~ )1 JEG 02’"(_’}-'SOz--C}NO2 (84)
Li
Cﬂj{b—soz——@ FCH3 (85)
NO,

CH,CCH,
NO,

0N )—SOr~<_)NO,

expected, the compound is quite reactive towards the lithium salt of 2-
nitropropane (equ-tion 8> The reaction is complete in 30 min. with
illumination. The product 4,4'-bisi{1-methyl-1-nitro)ethyl]dipheny! . ne
was isolated by precipitation with water and purified by recrystallization from
ethanol. The yellow crystals decompose ai 260¢ £.. The NMR spectrum of the
compound shows a singlet for the methyl protons at 8 2.00 ppm and iwo
doublets for the aromatic protons at & 7.63 and 8.05 ppm (J = 7 Hz).

However, no product was obtained for the reaction of the product 4,4'-
bis[(1-methyl-1-nitro)ethyl]diphenyl sulfone with the lithium salt of 2-
nitropropane. All the starting material was recovered even after the reaction
‘was illuminated for 24 h. (equation 83, X = NO2). Thus 4,4'-dinitrodiphenyl
sulfone might be used for the polymerization but not 4,4'-bis[(1-methyl-1-
nitro)ethyl]diphenyl sulfone.



There is no reaction between p-dibromodiphenyl sulfone or p-
dichlorodipheny! sulfone and the lithium salt of 2-nitropropane (equation 86).
The low reactivity of the compound may be attributed to the fact that chloro-
and bromo-groups ar not good electron acceptors for the reaction unlike the
nitro group in 4,4'-dinitrodiphenyl sulfone. Thus the bromew wid chloro

compounds can not be used for polymerization.

L
CH,CCH;
X—<\:/>"‘302—< >"X % 1o reaction (86)
X =Br, Cl Li
CH,CCH,4 CH
+ ﬁ: ‘ I3
NC-—O— CH,NMe; - NC—O— CH,(CH;  ®7)
u NO,
CH;CCH,
p-PhSO,CH,CHX s 0O FEACtiON (88)

X = Br, NMe;Br, NEt;Br.

It was reported that the Sgy1 reaction can take place with p-
cyanobenzyltrimethylammonium chloride but not with p-cyanobenzyl chloride
(equation 87).13 Thus, we considered that p-phenylsulfonylbénzyl systems
may be good electron acceptors for the Sgy1 reaction. However, no product
was isolated from the reaction of p-phenylsulfonylbenzyl bromide with the
lithjum salt of 2-nitropropane (equation £8, X = Br). Also no reaction was
observed for the trimethylammonium or triethylammonium salt (X =NMesBr
or NEt3Br). The reaction of the dimethylsulfonium salt (X = SMe3Br) with the
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lithium salt of 2-nitropropane produces an insoluble solid. No attempt was
made to identify the insoluble material. These systems cannot be used for the
polymerization.

An electron transfer reaction can occur at the carbon of 2-cyanoesters as
shown in the reaction of 2-bromo-2-cyanoesters with nitrite ion. This can be
further illustrated by the reactiun of methyl 2-cyano-2-nitrobutanoate with the
lithium salt of 2-nitropropane. The reaction produces the substituted
product, methyl 2-cyano-2-ethyl-3-methyl-3-nitrobutanoate, in excellent yield
(equation 89). The same product can be obtained in excellent yield by the

FN CH,CCH, 3{‘1
E(C0,CH, =2~ CHy~ C-C—COR (89)
NO, NO,CN
H3
CHsE H3 " Et?HCOz( H, —pimo— CHy— C—C—CO,CH, (90)
NO,CN

reaction of the 2-cyanoester with 2,2-dinitropropane in the presence of
tetracthylammonium hydroxide (equation 90). The compound was isolated by
| extraction and purified by dissolving in diethyl ether and precipitating at -70°

C. It melts at 51° C. The NMR spectrum of the compound shows a singlet at 8
3.84 ppm for the methyl ester, a quartet of doublets at 8 2.16 ppm and a

quartet of doublets at 8 1.86 ppm for the methylene protons (J = 7 and 14 Hz),
two singlets at 3 1.84 and 1.88 ppm for the methyl protons, and a triplet at &

1.13 ppm for the methy! protons of the etiyl group (J = 7 Hz).
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However, the 2-bromo-2-cyanoester is less reactive than the 2-cyano-2-
nitroester. When methyl 2-bromo-2-cyanobutanoate is allowed to react with
2 equivalents of the tetraethylammenium salt of 2-nitropropane in DMSO,
after illumination for 20 min, the product contains 2,3-dimethyl-2,3-
dinitrobutane and methyl 2-cyano-2-ethyl-_:- methyl-3-nitrobutanoate inal:3
ratio (equation 91) as determined from the NMR spectrum. Cross bromination
occured in this case. The cross bromination product 2-bromo-2-nitropropane

will react with the lithiur: salt of 2-nitropropane to produce 2,3-dimethyl-2,3-

dinitrobutane.
r CH’ECT" 3 3¢CH,
Etlc:cozcu3———9=-m CHy~ ¢~ ¢ —CO,CH; + CHy— ¢=¢=CH; 1)
CN N02CN N02N02
et o E{0CO,CH
CH,CH,”HCOR R E‘fg°2CH3 92)
NOZ t(éNoz 3
p o
1) E N "H
BICHCOCHy+  ECO,CH; 35,5, — > o)
NO NO Ex¢CO,CH,
2 2 CN

The anions of 2-cyanuesters can be used as electron donors. When the
ammonium salt of the 2-cyanoester is allowed to react with iodine in the

presence of light, the reaction only gives 32% yield of the dimer in 20 min.



and only 60% in 7 h. (equation 92). The dimer can be also obtained in
moderate yield by the reaction of the tetracthylammonium salt of the 2-
cyanoester with the 2-bromo-2-cyanoester under illumination for 2 hours
(equation 93). The dimer was isolated by the precipitation with water and
purified by recrystallization from methanol. The crystzls melt at 130-136°C,
and are a mixture of d! and meso isomers. The NMR spectrum of the dimer
shows two singlets at 3.90 and 3.86 ppm for the methyl esters, and two
multiplets at 8 1.88- 2.48 and 2.22-2.48 ppm for the methyiene protens, and
two triplets at 8 1.19 and 1.12 ppm for the methyl protons (=7 Hz). No
product was isolated when the lithium salt of ethyl 2-cyanobutanoate reacted
with ethyl 2-cyano-2-nitrobutanoate. Probably the nitroester was decomposed
by the presence of water in the solvent. The reactivity of 2-cyanoesters is

moderate. o,,o’-Dicyanodiesters might be used for the polymerization.
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IV. POLYMERTZATION

As discussed in the introduction, compounds that contain bifunctional
groups (electron donor and acceptor) could be used for Sgx1 polymerization.
We have mentioned in the last chapter that the polymerization of the dilithium
salt of 1,4-bis(2-nitropropyl)benzene with 1,4-bis(2,2-dinitro-propyl)benzene
only gave a trimer. In order to know why the polymerization fails, we made
some efforts to investigate the Sgn1 reaction. From the study of the coupling
reaction of the model compound, we realized that many factors influence the
Sgn1 reaction. Disproportionation, solubility, ratio effect and reactivity are the
four major factors. These factors should also influence the polymerization and
should be solved before we can increase the molecular weight of the polymer.
The most important factos seems to be #¢ disproportionation which was never
investigated before. We = able to izzrease the molecular weight for the
Sgn! polymerization of the 1,4-bis(2-nitropropyl)benzeric system by
decreasing the disproportionation. In the oreliminary attempt, the reaction gave
a polymer with average molecular weight of S9C0 (afrer removal of nitro
groups). We believe that the Sgn1 polymerization should be a new method to
make a polymer.

Results and_discussion

The symthesis of 1,4-bis(2-nitropropyl)benzene was mentioned in the

third chapter. The dilithium salt of 1,4-bis(2-nitropropyl)benzene was used as
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an electron donor and 1,4-bis(2,2-dizitropropyl)benzene as an electron
aceptor. HMPA was used as a solvent for the polymerization because the
lithium salt is insoluble in DMSO and slightly soluble in HMPA. The reaction
of the donor and acceptor (in 1:1 ratio) in HMPA produces a green colored

mixture at the beginning which may be a charge transfer complex. The color

L L T 122 vpa
CH3§CH2—©— CH,CCH, + CH3(;¢H2—©— CH,OCH, =7~
NO, NO, NO, NO,
?}13 |CH3
CH,C—CCH, 94)
NO,NO, |,

changes to yellow in half an hour. During the reaction, the lithium salt
dissolves in tihee hours. A:ier being stirred for 24 h. (equation 94), the
product was easily isolated by precipitation with wate:. ‘This product is soluble
in chloroform and benzene. It was purified by dissoving in chlorcform and
precipitating with methanol. After the purification, the product is a light yellow
solid. The average molecular (m.w.) weigli is only 540 from the molecular
weight analysis by the osmometric method in benzene.

Many efforts w2 made to increase the molecular weig ht. At first, we
tried the polymerization by increasing the reaction time. Since the Sgy1
reaction is a chain process, we believe that a longer reaction time should
increase molecular weight for the polymerization if the polymerization is slow.
However, the same reaction gave product with average molecular weighi 750

after being stirred for 7 days. Even after 30 days, the average molecular
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weight was only increased to 840. It appears to be that the degree of
polymerization does not depend on the reaction time. It is known that the
Sgn1 reaction is always accelerated by light, so we tried the polymerization in
the presence of a fluorescent light. The polymerization also gave a trimer
(m.w. 830) after illumination for 48 h. From the above results, it seems that
other effects influence the polymerization.

It is possible to estimate the molecular weight by measuring the
integration ratio of the end group of the product and the C-C bond linkage in
the NMR spectrum. The NMR spectrum shows many broad peaks which
make analyzing the spectrum difficult. However, there are certain areas which
can provide some valuable information about the structure of the end group of
the product. We can distinguish the signa! of the end group of the product and
the C-C bond linkage by comparing the NMR spectrum of the dimer 2,3-
dimethyl-2,3-dinitro-1,4-diphenylbutane and 2-nitro-1-phenylpropane. The

ou:
PhCH2? — ICCI-12Ph PhCHz(liHCH:,
CH, CH, NO,
dl and meso

methylene protons of the dimer appear at §2.70, 3.08, 4.04 and 4.08 ppm
as four doublets (J = 7 Hz) and the methy] protons appear at 5 1.38 and 1.58
ppm as two singlets. Because the product and the dimer have the same
structure, the signals of the methyl and methylene protons should be located in

the same region. The signal of the methylene protons of 2-nitro-1-
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phenylpropane is located at & 3.00 and 3.30 ppm as a doublet of doublets,
that of the methyl protons at 8 1.58 ppm as a doublet (J =7 Hz), and that of
the methine proton at 8 4.77 ppm as a multiplet. These correspond to the
structure of the end group. We can only use the signal of the methine proton at
8 4.8-5.2 ppm and the that of the methylene protons at & 4.04 and 4.08 ppm to
estimate the molecular weight. Because of the line broadening, other peaks
may overlap with each other. The product, which was obtained by the reaction
of the dilithinm salt with the gem-dinitro ccmpound under illumination for 48
h., shows an integration r. .0 about 1:4 between the methine proton (end
group) a"\d the methylene protons (the C-C bond linkage). If both end groups
of the product are in the form CH3CH(NO2)CH,R, then there should be 8
methylene protons in the product, which correspond to the trimer (m.w. 752).
This estimated molecular weight is very close to that obtained by the

~snmometric method (m.w. 830).

CH, CH3 CHy CH,
CH3(|,‘HCH2—©—CH é""T CHZ—O—CH —éCH2 —O—Cﬂz CH3
NO, No2 NO, OzNOz

The signals of the methyl and methylene protons of 2,2-dinitro-1-
phenylpropane appear at 8 2.02 and 3.84 ppm. We did not observe these
signals in the NMR spectrum of the product. This mearis that there is not this
kind of the end group in the form of CH3C(NO,),CH3R in the product. Thus,
1,4-bis(2,2-dinitropropyl)benzene has been consumed completely for the

reaction of the dilithium sait of 1,4-bis(2-nitropropyl)benzene with 1,4-
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bis(2,2-dinitropropyl)benzene. Because a trimer was produced, the gem-
dinitro groups must have reacted by ariother pathway.

From the above end group analysis, the disproportionation should be
the major factor which should influence the polymerization. As discussed in
the last chapter, the disproportionation reaction is one of the termination
processes for the Spn1 reaction. Once the termination reaction occurs, the
chain process stops. We have shown that the reaction of the lithium salt of 2-
nitro-1-phenylpropane (2 equivalents) with 2,2-dinitro-1-phenylpropane
produces zvout 5% yield of disproportionation product. For the
polymerization between the dilithium salt of 1,4-bis(2-nitropropyl)benzene
and 1,4-bis(" -initropropyl)benzene, the disproportionation yield should be
higher. i+ isz useless to use €XCESS dilithium salt of 1,4-bis(2-
nitropropyl)benzene to prevent the disproportionation because the dilithium
salt is only slightly soluble in HMPA.

The disproportionation reaction is the most important factor to be solved
for the Sgy1 polymerization. Probably the disproportionation mainly results
from the reaction of two radicals for the lithium nitronates. The
disproportionation can be reduced by using a more reactive anion
tetraethylammonium nitronate and by using iodine as a coupling reagent. In
this case, the disproportionation was reduced to 2% when the ammonium salt
of 2-nitro-1-phenylpropane and iodine were used in 2:1 ratio (molar ratio).
The disproportionation yield was reduced further (in only 0.5% yield) when

the ammonium salt and iodine were used in 3:1 ratio (molar ratio). Thus,
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polymerization should be possible by using the di-tetraethylammonium salt of
1,4-bis(2-nitropropyl)benzene and iodine.

Solubility is the second problem which should be solved for the
polymerization. Organolithium compounds are associated in dimeric,
tetrameric or hexameric structures.83 For the bifunctional compounds like the
lithium salt of 1,4-bis(2-nitropropyl)benzene, the compounds should be
polymeric and this is why the dilithium salt has a so low solubility in HMPA
or DMSO.

We hoped that the tetraethylammonium salt of 1,4-bis(2-
nitropropyl)benzene would be a more soluble salt. During the synthesis of the
tetraecthylammonium salt of 2-nitro-1-phenylpropane, we found that it is
difficult to get a pure ammonium salt. The major problem is to remove water.
The ammonium salt is fairly stable in the presence of water, but it decomposes
very fast once water is removed. We found that it is possible to remove water
by an azeotropic method. Because the di-tetraethylammonium salt of 1,4-

bis(2-nitropropyl)benzene is insoluble in benzene even in the presence of

"NEy, NEY
CH, OZCHZ—O—CHZ OZCH3 O o CH ngz—O_CHZCICH3 95)
NO,

water (equation 95), the conversion of 1,4-bis(2-nitropropyl)benzene to the
ammonium salt by 20% Et4NOH should be carried out in the presence of
ethanol (benzene:95% ethanol = 3:1). The compound should be always
protected by argon. After removal of water, the pure ammonium salt was

obtained as a light yellow solid in 85% yield. The NMR spectrum shows three



triplets for the methyl protons of the ethyl groups at § 1.10-1.21 ppm (24 H),

a singlet for the methyl protons at 8 2.74 ppm (6 H), a quartet for the
methylene protons of the ethyl groups at 8 3.12 ppm (16 H), a singlet for the

methylene protons at 8 3.62 ppm (4 H) and a singlet for the aromatic protons
at & 7.10 ppm (4 H). The ammonium salt is highly hygroscopic and
decomposes slowly even under argon atomphere. The ammonium salt is still
insoluble in HMPA and DMSO. Because the ammonium salt is very unstable,
we found that it can be generated in situ in HMPA by using Et4NOH solution
as a base. Although the presence of water may reduce the reactivity of the
ammonium salt because of the solvatiori effect, the effect may be small. Thus
we can try the polymerization by using the ammonium salt in the presence of
water (10-15%).

Based on the reaction of the model compound, we found another
problem, that is, the ratio effect. As discussed in the last chapter, for the
reaction of 2-nitro-1-phenylpropane with 2,2-dinitro-1-phenylpropane, when
in a 1:1 molar ratio, proceeds to 75% completion in 20 min. with illumination
and only 80% after 5 hours. Because the reaction cannot go to completion, it
is impossible for the reaction of the dilithium salt of 1,4-bis(2-
nitropropyl)benzene and 1,4-bis(2,2-dinitropropyl)benzene to give a polymer
with high molecular weight. The ratio effect should be another factor which
influences the polymerization of the dilithium salt of 1,4-bis(2-
nitropropyl)benzene and 1,4-bis(2,2-dinitropropyl)benzene. This effect only

occurs when the lithium nitronate and the gem-dinitro compound are used for
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the Sgn1 reaction. The effect is unimportant for the reaction of the
tetraethylammonium sat of 2-nitro-1-phenylpropane with iodine in HMPA.

We also found that the reactivity of the lithium salt of 2-nitro-1-
phenylpropane is lower than the ammonium salt. The slow formation of the
C-C bond results in longer reaction time for polymerization. This low
reactivity may also increase the disproportionation. However, in the presence
of light, the difference of the reactivity becomes smaller.

The Sgy1 reaction can be accelerated by light. The presence of light can
even cause the elimination of the vicinal nitro groups by lithium nitronates. We
found that it is impossible by illumination to increase the molecular weight for
the reaction of the dilithium salt of 1,4-bis(2-nitropropyl)benzene with 1,4-
bis(2-nitropropyl)benzene.

From the above discussion, we know why the polymerization of the
dilithium salt with the gem-dinitro compound fails. From the study of the
coupling reaction of the model compound, we discovered that the carbon
carbon bond formation can be achieved by using tetracthylammonium
nitronates and iodine. Higher reactivity was observed for the reaction in
acetonitrile than in HMPA. We tried the polymerization in CH;CN, but a
precipitate formed immediately when iodine was added the di-
tetracthylammonium salt of 1,4-bis(2-nitropropyl)benzene solution. HMPA or
DMSO was used for the polymerization because the polymer is more soluble
in these solvents.

We were successful in obtaining the polymer by using the di-

tetracthylammonium salt of 1,4-bis(2-nitropropyl)benzene as an electron



donor (equation 96), which was generated by the reaction of 1,4-bis(2-
nitropropyl)benzene with an equivalent of Et4NOH solution, and iodine as a
coupling reagent (in 2:1 molar ratio). HMPA or DMSO was used as a solvent

for the polymerization. The polymerization in both solvents gave the same

(|:H3 CI:H;;

1) Et,NOH

CH3EHCH2©CH2 HCH, I)YT:“.T’ 2(l: —'irmz %6)
0, 0, NO,NO, [,

result. After illumination for 24 h. under argon, the polymer was isolated by
precipitation with water. The polymer is slightly soluble in HMPA, but
insoluble in DMSO. The low solubility makes the characterization of the
polymer impossible. To make a soluble polymer, the nitro groups in the
polymer were eliminated by sodium sulfide. The elimination takes about 48 h.
in HMPA with illumination, but it is very slow in DMSO. The elimination
polymer should have the structure shown (equation 97). This polymer is

CH, CH, CH, CH,
CH2C — ?CHZ W CI'!QC = CCH2

Sg

cross linking  (97)

soluble in chloroform, but it contains sulfur as indicated from the mass

spectrum. The polymer was purified by dissolving in chloroform and
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subsequently precipitating with methanol, but became an insoluble solid after
drying at 80° C under vacuum. We realized later that the presence of sulfur can
cause the cross linking to the polymer. Because sulfur is present in the
polymer, the cross linking should happen at elevated temperature (equation
97), which should make the polymer insoluble. Thus an alternative reduction
method has to be used.

As mentioned in the last chapter, the lithium salt of 2-nitropropane can
promote the elimination of nitro groups from the dimer, 2,3-dimethyl-2,3-
dinitro-1,4-diphenylbutane. It should be possible to eliminate vicinal nitro

"groups by using excess of the lithium salt of 2-niiropropane. In this way, we
can avoid introducing sulfur into the polymer. The reaction was carried out in
HMPA because the polymer is only slightly soluble in this solvent (equation
98). The reaction is very slow. After illumination for 7 days, the polymer

CH, CH3 CH3 CH,
NO, No2 " 0

CH, CH,
CHSC—?CH:, (98)
NO, NO,

dissolved. The elimination polymer was isolated by precipitation with water.
Although the reaction will produce 2.3-dimethyl-2,3-dinitrobutane as a by-
product, it is relatively easy to remove the by-product by extraction with
methanol because the polymer is only slightly soluble in boiling methanol.
The polymer was further purified by extraction with ethyl acetate. The
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weight of the elimination polymer obtained was measyfd by the osmometric
method in dibromomethane solution. The average molecular weight of the
polymer is 4888.

The NMR spectrum of the polymer only shows tWo broad peaks at §
1.68 and 1.74 ppm for the methyl protens, two broad Peaks at 8 3.26 and
3.52 ppm for the methylene protons, and a broad peak 2t 8 7.10 ppm for the
aromatic protons. No signal of the end group could be observed, Probably the
signal is too weak to be observed. We do not know whtther the end group is
in the form of CH3CH(NO2)CH2R or MezC=C(Me)CH2R. The former end
group should result from the disproportionation (equation 99). The latter one

2 RCH,CCHy —— RCH=CCH;  + Rcﬂz?HCHB (99)
NO, NO, NO,
RCH,CCH,8 L RCH,C— (CH; Q2 .. RCH,C==CCHj (100)

NO, NO, NO,

should be from the reaction of the gem-dinitro groups ¥ith the Jithium salt of
2-nitropropane (equation 100) and subsequently elimiNation of the vicinal
nitro groups. From the IR spectrum, very strong abs®ptions at 1547 and
1508 cm-1 were observed, which are probably ffom the end group
CH3CH(NO2)CH2R.

Although the molecular weight is not high for the Sgy1 polymerization,

it is possible to increase the molecular weight by using 2 better golvent or more



soluble ammonium nitronates for the polymerization. Because the di-
tetraethylammonium salt of 1,4-bis(2-nitropropyl)benzene is only slightly
soluble in dipolar aprotic solvents like DMSO and HMPA, we could only try
the polymerization in the presence of water (10%). The presence of water
should have some solvation effect although the magnitude is not known. The
solubility of the ammonium salt may be increased by using the

tetrabutylammonium salt. This remains to be investigated.
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V. FRANCHIMONT REACTION

The Franchimont reaction69 is the dimerization reaction of 2-
bromoesters with sodium cyanide to form a substituted succinate diester. The

reaction is illustrated in Scheme 29. As mentioned in the second chapter, the

RCHCO,R —NaCN RCHCO,R'
Br CN
RleHC02R' + NaCN =——= Rcl':cozk- + HCN
CN CN
RCCOR' + RCHCO,R' ————= RCHCOR
CN Br RCC02R'
CN

Scheme 29. The Franchimont reaction mechanism.

pKa values of hydrogen cyanide and 2-cyanoesters are almost the same (about
8-9). Because sodium cyanide is only slightly soluble in methanol or in
DMSO (the solubility of sodium cyanide in methanol is only 6.8% by weight
at 15° C),%12 the concentration of cyanide ion is low. The competition between
the anion of 2-cyanoesters and cyanide ion results in the formation of the
succinate diester. Actually, this reaction is very useful for the synthesis of
alkylated succinate diesters or succinic acids.910

In the case of 2,5-, 2,6- and 2,7-dibromodiesters, the reaction of the
o.,o'-dibromodiesters with cyanide ion produces four, five and six-membered

rings respectively.92-95 As shown in Scheme 30, the cyclization is basically
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NaCN

R02C('3H(CH2),,CHC02R ROZClCH(CHz)nCHCOZR
Br él’ Br bN
n=2-6
aCN

7 C— COR —— R02C(|3H(CH2),,C CO,R

CHy, |

CN
Scheme 30. The reaction mechanism of o, a’-dibromodiesters with sodium cyanide.

the same as the dimerization. The reaction of o,a’-dibromodiesters with
cyanide ion produces mono-substitutited products a-bromo-o’'-cyanodiesters
first, and then the o-bromo-o/-cyanodiesters cyclize to form 4-6 membered
rings immediately after the deprotonation of the mono-substituted product.
The cyclizations for a small ring (n < 4) are intramolecular reactions and
should be much faster than the dimerization because the effective concentration
of the internal nucleophile is always high. On the other hand, no cyclization
was reported for the formation of a seven membered ring (n = 5) because the
cyclization is slow.95

During the synthesis of ethyl 2-cyanopropanoate, we found two
methods which can inhibit the dimerization for the reaction of 2-bromoesters
with cyanide ion. The first method is by using a buffer for the substitution and
the second one by using tetraethylammonium cyanide to increase the
concentration of the cyanide ion. In order to know whether these two methods

are useful for the synthesis of a,0’-dicyanodiesters by the reaction of o'
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dibromodiesters with cyanide ion, we studied the Franchimont reaction.
Although the dimerization can be inhibited by using the above two methods,
efforts to prevent the cyclization still remain unsuccessful probably because
the cyclization is a very fast process. We will discuss the inhibition of the
dimerization for the reaction of 2-bromoesters with cyanide ion and the

attempted synthesis of o, a'-dicyanodiesters separately.

Result { Di .

1. The inhibition of the dimerization reaction of 2-bromoesters with NaCN
As mentioned above, because of the competition between the anion of
2-cyanoesters and cyanide ion, the reaction of 2-bromoesters with cyanide ion
in alcohol gives 2-cyanoesters in 20% yield.69 We hoped that DMSO would
be a better solvent for the substitution. The dipolar aprotic solvent usually
accelerates the substitution because the nucleophilicity of cyanide ion can be
increased. However, the reaction of ethyl 2-bromopropanoate with sodium
cyanide in DMSO gives ethyl 2-cyanopropanoate in only 40% yield. Because
the succinate results from the competition between the anion of 2-cyanoesters
and cyanide ion, it should be possible to increase the yield of 2-cyanoesters by
increasing the concentration of cyanide ion or by inhibiting the deprotonation
of 2-cyanoesters. As mentioned earlier, the concentration of cyanide ion
cannot be increased by using excess sodium cyanide because the solubility is
limited. However, it is possible to prevent the deprotonation of 2-cyanoesters

by cyanide ion with a buffer. Therefore, the dimerization can be sufficiently
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inhibited without affecting the substitution. Indeed, a good yield was obtained

when two equivalents of acetic acid and four equivalents sodium cyanide were

stirred with ethyl 2-bromobutanoate for 5 h. (equation 101). In addition, the

CH,CH,CHCO,Et iﬂi:-:%—» CH,CH,CHCO.E: +
Br

CN
CH=NH
CH3CH¢¢C02Et (101)
CN
~5%

CH=NH
4 eq. NaCN, DMSO
CH3CH2(;JHCOZEt 7 eq. ACOH CH3CHz(!3C02Et (102)

CN CN
~ 6%

major by-product was ethyl 2-cyano-2-ethyl-3-iminopropanoate in about 5%
yield. The iminoester was also obtained in 6% yield in a control experiment
when the 2-cyanoester was stirred with the same buffer (HCN-NaCN) for two
days (equation 102). Ethyl 2-cyano-2-ethyl-3-iminopropanoate was purified
by distillation under vacuum. It is a white crystalline material, mp 113-114°C.
It shows a broad NMR signal for both protons of the imino group at 8 5.38-
6.38 ppm and an absorption at 1556 cm-! in the IR spectrum for the C=N
bond. The stability of the compound is probably because the imino-group is
attached to the tertiary carbon. Because of the steric hindrance, the hydrolysis
of the imine should be much slower than that of a normal imine.

The formation of the iminoester is a good indication of the reaction

mechanism as shown in Scheme 31. The presence of the buffer prevents the
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deprotonation of the product 2-cyanoester by cyanide ion and thus reduces the
competition with cyanide ion. After the substitution is complete (there is no
more 2-bromoester), the presence of a small amount of the anion reacts with

HCN to form the iminoester, but only a low yield was obtained.

RCHCOR'—NeCN_ RCHCOR

Br CN
RFHCOZR':‘I:_“‘=C?= R;CCOZR-
CN
- CH=NH
ROCOR' + HON === RCCOR'
CN CN

Scheme 31. The formation of the iminoester.

We also tried different solvents for the reaction in the presence of the
buffer solution. DMSO is the best solvent because the substitution reaction is
complete in S h. as observed by TLC. Thus DMSO was used for most
substitution reactions. When the same reaction is carried out in methanol,
although no dimerization reaction occurs, the reaction is only 60% complete
in 18 h. and only 80% in 52 h. as determined from the NMR spectrum.

When acetic acid was used as an acid to form a buffer (HCN-NaCN)
for the reaction of dimethyl 2,5-dibromoadipate with sodium cyanide, the
dimerization still occured. Thus, other possible buffer systems were
investigated. These buffer systems were also tried first in order to know

whether they are useful to inhibit the dimerization of 2-bromoesters.



Apparently, acetic acid cannot be used in excess because the reaction of
methyl 2-bromobutanoate with sodium cyanide (three equivalents) in the
presence of acetic acid (five equivalents) gave two products in about 1:1 ratio.
From the NMR spectrum, one of them is methyl 2-cyanobutanoate and the
other is probably methyl 2-acetoxybutanoate (equation 103), which results
from the substitution by acetate ion. The compound shows a triplet for the
methine proton at 8 4.98 ppm, a singlet for the methyl ester protons at & 3.78
ppm, a singlet for the methyl protons of acetyl group at § 2.15 ppm and a
triplet for the methyl protons of the ethyl group at & 1.00 ppm (the signal of

the methylene protons is overlapped with those of methyl Z-cyanobutanoate).

5 eq. AcOH

CH;CH,CHCO,Me ‘3?2,‘.‘5:‘561" CH,CH,CHCOMe +
Br OAc
50%
CH,CH,CHCO,Me  (103)
CN
50%
CH.CH,CHCO,Me —2&-TOR _ No reaction (104)
32y 2 2 eq. NaCN
Br
EtCHCO,CH, 258N 224, TOR . BiCHCO,CH;  (105)
1!?. ] 3 eq. E;N éN

75%

To avoid the substitution by acetate ion, p-toluenesulfonic acid was
used. However, no reaction occured when p-ioluenesulfonic acid and sodium

cyanide were used both in two equivalents (equation 104). The presence of an
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amine is necessary to deprotonate HCN when the acid and cyanide ion are
used in 1:1 ratio. The reaction of methyl 2-bromobutanoate with sodium
cyanide (two equivalents) in the buffer (TsOH:Et3N = 2:3) produces 75%
yield of methyl 2-cyanobutanoate (equation 105). This method may serve as
an alternative way for the synthesis of 2-cyanoesters by the substitution
(tertiary amines should be used because a secondary amine will react with 2-
bromoesters to form stable 2-dialkylaminoester products).

Other buffer systems comprised of p-toluenesulfonic acid and amines
such as N,N-dimethylaniline, benzyldimethylamine or N-methylmorpholine
were also studied. Although no dimerization occurs, the substitution is slow
when methyl 2-bromoesters are allowed to react with sodium cyanide (three
equivalents) in the buffer (TsOH:Amine = 3:3). However, even in these buffer
systems, the cyclizavion reaction of dimethyl 2,5-dibromoadipate with cyanide
ion still takes place. Probably it is difficult to prevent the cyclization by using a
buffer solution because we found later that the cyclization is a very fast
process. Thus the reaction of methyl o-bromophenylacetate with cyanide was
studied because the substitution may proceed faster.962 From a study of the
reaction of methyl o-bromophenylacetate with cyanide ion, we hoped to find a

better system which can be used to inhibit the cyclization of o,a'-

dibromodiesters.
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2. The inhibition of the dimerization reaction of methyl a-cyanophenylacetate
with cyanide ion

Because of the presence of the phenyl group, the substitution between
methyl a-bromophenylacetate and cyanide ion, and the dimerization between
the o-bromoacetate and the product methyl a.-cyanophenylacetate should
proceed faster. The substitution product methyl o-cyanophenylacetate should
be more acidic than 2-cyanoesters. The validity of the buffer systems were
tested by the reaction of methyl o-bromophenylacetate with cyanide ion.

The reaction of methyl a-bromophenylacetate with sodium cyanide in
alcohol gives the dimer dimethyl 2-cyano-2,3-diphenylsuccinate as a major
product.69 We also tried the reaction in DMSO and obtained the same result
(equation 106). When acetic acid (4 equivalents) and sodium cyanide (6

equivalents) were used, the dimerization still took place, but the by-product

PmcI:HcozcrgEi‘)ENM—S-‘(fﬁ?"isL PhCHCO,CH, + PhCHCO,CH, (106)
Br (N PhCCO,CH;
CN
30% 70%
6 eq. NaCN
Ph(IZHC02CH3m> PhCHCO,CH; + Ph?HC02CH3 (107)
Br DMSO  PhCCO,CH; OAc
CN
2 eq.NaCN, 4 eq.AcOH

Br OAc



102

was methyl a-acetoxyphenylacetate (equation 107). When acetic acid (4
equivalents) and NaCN (2 equivalents) were used, there was no cyanide ion in
the solution and only methyl a-acetoxyphenylacetate was obtained (equation
108). Acetate anion is a good nucleophile and thus substitution by acetate ion
should take place. The product methyl a-acetoxyphenylacetate was identified
by the NMR spectrum, which shows a singlet for the methine proton at &
5.93 ppm, a singlet for the methyl protons of the ester at & 3.70 ppm and a
singlet for the methyl protons of the acetyl group at  2.18 ppm. No attempt
was made to isolate the product and measure the yield.

Therefore, p-toluenesulfonic acid was used because its sodium salt is a
weak nucleophile. Instead of obtaining the 2-cyanoester, methyl o-
hydroxyphenylacetate was obtained when the acid and sodium cyanide (both
two equivalents) were used (equation 109). The product was identified by the
NMR spectrum, which is identical to that reported in the literature.121 The

2 eq. NaCN, 2 eq.TsOH-H,0
Ph?HC02CH3 DMSO > PhClHCOZCH3 (109)

Br OH

4 eq. C¢HsNMe,, 4 eq. TsOH-H,O
PhCHCO,CH, 2eq NaCN,DMso . PhGHCO,CH; +

Br OH
40%

PhCHCO,CH;  (110)
CN

15%
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formation of methyl a-hydroxyphenylacetate'is slow and takes 4 days. It
seems that the substitution results from the presence of water (TsOH-H20 is
used).

Other buffer systems are not satisfactory for the reaction. When N,N-
dimethylaniline and p-toluenesulfonic acid (4 equivalents each) were used as a
buffer, the reaction of methyl a-bromophenylﬁcetate with NaCN (three
equivalents) still produced the 2-hydroxyester (equation 110). The reaction in
the buifer system of N-methylmorpholine and p-toluenesulfonic acid gave the
same result. From the above results, the buffer systems have no effect for the
substitution reaction. The reaction may only depend on the concentration of
the nucleophile because methyl a-bromophenylacetate is so reactive that the
normal buffer system is no longer useful to prevent the dimerization.

Methyl o-cyanophenylacetate should be more acidic than 2-cyanoesters.
Therefore, it may be impossible to prevent the deprotonation of a.-
cyanophenylacetate by cyanide jon in a normal buffer system. Because methyl
o-bromophenylacetate is very reactive, it may be possible to control the
substitution by increasing the concentration of the cyanide ion. Thus a more
soluble cyanide reagent should be used. Tetracthylammonium cyanide was
used because we found that it is very soluble in DMSO. In fact, the reaction

of methyl o-bromophenylacetate with Et4NCN (5 equivalents) in DMSO gave

5eq. EtyNCN
DMSO

Ph(liHCOZMe
Br

PhCHCO,Me (111)

100%
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methyl a-cyanophenylacetate in quantitative yield (equation 111). The product
shows an NMR spectrum identical to that in the literature.122 The reaction
may be complete in 5 min., but no attempt was made to monitor the reaction.
The dimerization is eliminated in this case probably due to the high reactivity

of the bromoester and high concentration of cyanide ion.

3. The attempted synthesis of dimethyl 2,5-dicyanoadipate
The reaction of diethyl 2,5-dibromoadipate with sodium cyanide in 40%
DMSO at 80° C was reported to give diethyl 2,5-dicyanoadipate.96b We
repeated the reaction several times using dimethyl 2,5-dibromoadipate, but
only cyclized dimethyl 1-cyanocyclobutane-1,2-dicarboxylate was obtained.
The reaction of dimethyl 2,5-dibromoadipate with sodium cyanide in
methanol gave the cyclized product.93b We also obtained the same result for

the reaction in DMSO (equation 112). The cis- and trans- isomers of the

MeO,CCH(CH,),GCHCO,Me —Plf_o"’ e (112)
Br Br ~—CN
Co,Me
yield
A = NaCN 73%
NaCN:AcOH = 9:4 65%

cyclobutane can be separated by recrystallization from methanol.93b One of
the isomers (solid) shows the methyl protons at & 3.72 and 3.85 ppm and the

other (liquid) at & 3.80 and 3.89 ppm.
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As discussed above, we have two methods to inhibit the dimerization
for the reaction of 2-bromoesters with cyanide ion. We wished to extend the
application for the synthesis of a.,0r-dicyanodiesters by the reaction of o0
dibromodiesters with cyanide ion.

The substitution in the buffer system was tried first. However, the
reaction of dimethyl 2,5-dibromoadipate with sodium cyanide (9 equivalents)
in the presence of acetic acid (3 equivalents) in DMSO only formed the
cyclized product, dimethyl 1-cyanocyclobutane-1,2-dicarboxylate, in 65%

yield (equation 113). No a,0-dicyanoadipate was formed because we could

Qo,Me o,Me
A l_cN |_cN
CH;0,CCH(CH,),CHCO,CH; —————"+ + (113)
151' Br DMSO0, 50°C COH CO,CH;
A = (a) 8 eq. Et,NCN ratio 1 : 0
(b) 4 eq. Et,;NCN 1 : 1
(c) 7 eq. Et4NCN
1eq. AcOH 1 : 1

not find any signal of the methine proton of the 2-cyanoester at 53.6 ppmin
the NMR spectrum. When sodium cyanide and acetic acid (in 1:1 ratio) were
used, no reaction took place. The reaction of dimethyl 2,5-dibromoadipate
with sodium cyanide (2 equivalents) in other buffer systems such as N-
methylmorpholine and p-toluenesulfonic acid (ina 3:3 ratio) still formed the
cyclized product.

We also tried to use Et4NCN for the substitution. The saturated solution
of tetraethylammonium cyanide in DMSO is about 3.2 N at 50°C. The
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concentration of 2,5-dibromoadipate was controlled to be as low as 0.4 N (0.2
mol). When the reaction was stirred at 50° C overnight, we isolated a mixture,
which is probably the frans and cis isomers of mono-hydrolyzed carboxylic
acid 2-cyano-2-methoxycarbonylcyclobutane-carboxylic acid because the
compound shows a strong absorption in the IR between 2800-3200 cm-1
(equation 113). We found later that the reaction of 2,7-dibromosuberate with
Et4NCN at 50° C in DMSO also gave a mono-hydrolyzed carboxylic acid
under the same reaction condition. The NMR spectrum of the mixture shows
two singlets for the protons of the methyl groups at 8 3.75 and 3.83 ppm. The
signals are different from those of dimethyl 1-cyanocyclobutane-1,2-
dicarboxylate (the protons of the methyl groups for the solid isomer
dimethyl 1-cyanocyclobutane-1,2-dicarboxylate appear at & 3.72 and 3.85
ppm arid those for the liquid isomer at 8 3.80 and 3.89 ppri). However, no
hydrolysis was observed if the reaction mixture was stirred at room
temperature for 24 hours.

When a lower concentration of tetraethylammonium cyanide (1.60 N)
was used and the reaction mixture was stirred at 50° C for 20 h., several
products were obtained (equation 113). Six singlets for the protons of methyl ‘
groups at §3.73, 3.75, 3.80, 3.83, 3.86 and 3.89 ppm were observed in
the NMR spectrum. These peaks belong to the cis and trans dimethyl 1-
cyanocyclobutane-1,2-dicarboxylates and their mono-hydrolyzed products cis
and trans 2-cyano-2-methoxycarbonylcyclobutane-carboxylic acids. No
absorption for the methine proton of the 2-cyanoester RCH(CN)CO2R' could
be observed. It seems that the hydrolysis should take place in the secondary
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ester group because this ester group is less hindered. The hydrolysis of esters
catalyzed by nucleophiles (e.g. Lil or RS-) is known and many examples
have been reported.97

From the above results, it appears that it is impossible to inhibit the
cyclization of dimethyl 2,5-dibromoadipate by using the buffer conditions or
tetracthylammonium cyanide. At last, v;/e tried the reaction by using E4NCN
and an acid. When the adipate was allowed to react with Et4NCN (7
equivalents) in the presence of acetic acid (1 equivalent) at 50° C for 5 min.
(equation 113), a mixture which contains dimethyl 1-cyanocyclobutane-1,2-
dicarboxylate (frans and cis) and 2-cyano-2-methoxycarbonylcyclobutane-
carboxylic acid (trans and cis) was obtained because six singlets for the
protons of the methyl groups at $ 3.73, 3.75, 3.80, 3.83, 3.86 and 3.89 ppm
in the NMR spectrum were observed. In another experiment, when the
reaction was stirred at room temperature for 20 min., only dimethyl 1-
cyanocyclobutane-l,2-dicarboxylate (trans and cis isomers) was obtained.
Although the concentration of cyanide jon was increaseed, the reaction of
dimethyl 2,5-dibromoadipate with cyanide ion in the buffer still formed the
cyclization product.

In order to understand whether the cyclization can occur at lower
temperature, we tried the reaction of dimethyl 2,5-dibromoadipate (0.4 N)
with Et4NCN (3.2 N) at -30°C in DMF, but the cyclization product was still
produced. The reaction of dimethyl 2,5-dibromoadipate with Et4NCN (10
equivalents) in the presence of acetic acid (5 equivalents) was also tried at

.30° C. In this case, a mixture which contained the cyclization product and an
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CO,Me
Et,NCN/ACOH(S eq.) |_coN
CH302CCI‘I(CH2)2CI’IC02CH3 u DM-FfB(PE—F +
Br T —CO,CH;

CH,0,CCH(CH,),CHCO,CH;  (114)
OAc OAc

unknown compound was obtained (equation 114). The NMR spectrum of the
unknown compound shows two singlets for the protons of the methyl esters
at 8 3.76 and 3.77 ppm and two singlets for the protons of the acetyl groups at
d 2.14 and 2.15 ppm. The compound is probably dimethyl 2,5-

diacetoxyadipate (d! and meso isomers). No attempt was made to isolate the

compound.

The concentration of cyanide ion is increased by using Et4NCN, but it
is still low compared to the effective concentration of the internal nucleophile
for the cyclization. As discussed earlier, the substitution of 2-bromoesters
with cyanide ion can be controlled by using a buffer solution. On the other
hand, the reaction of methyl a-bromophenylacetate with cyanide ion can be
only controlled by higher concentrations of cyanide ion but by a buffer
solution because of the higher acidity of the product, methyl o-
cyanophenylacetate. For dimethyl 2,5-dibromoadipate, the cyclization takes
place even at lower temperature. Once the mono-substituted o-cyanoester
forms, it is deprotonated by cyanide ion and cyclizes immediately. The
reaction of dimethyl 2,5-dibromoadipate with Et4NCN (7 equivalents) is

complete in 20 min. at room temperature, but the substitution of 2-
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bromoesters with cyanide ion in the buffer system at room temperature takes
about 5 hours. The cyclization is much faster than the substitution, which may

explain why it is so difficult to prevent the cyclization.

4. Attempted synthesis of dimethyl 2,7-dicyanosuberate

The reaction of diethyl 2,7-dibromosuberates with sodium cyanide in

ethanol was reported to form the cyclohexane (equation 115).94.95 We also

O,R
RO,CCH(CH,),CHCO,R _T‘:.iM‘;_g-— CN (115)
r r CO,R
02R1
MeO,CCH(CHy), CHCO,Me “SiE e oN  (116)
r r C02R2
1.R, = CHs, Ry =H
2.R,;=H,R,= CH;

tried the reaction of dimethyl 2,7-dibromosuberate with sodium cyanide in
DMSO and obtained the cyclization product. However when the reaction of
the suberate with 8 equivalents of tetracthylammonium cyanide was carried out
at 60°C overnight, we isolated a carboxylic acid. The product was purified by
recrystallization from benzene. The compound was identified as either 2-
cyano-2-memoxycarbonylcyclohexane-carboxylic acid or 1-cyano-2-
meﬂloxycarbonylcyclohexane-carboxylic acid (equation 116). The acid is a
white solid, which decomposes at 140°C. The NMR spectrum of the
compound shows a singlet for the methyl protons at 8 3.76 ppm. The methine
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proton was observed as doublet of doublets (J = 4 Hz and 14 Hz). Two
absorptions for the carbonyl groups in the IR spectrum appear at 1733 and
1713 cm-1. The corresponding carbonyl groups appear at 8 173.88 and
172.03 ppm in the 13C NMR spectrum. The pure compound was isolated in
48% yield. The hydrolysis only takes place at higher temperature.
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V1. EXPERIMENTAL

All reactions were carried out at 21°C (room temperature) unless otherwise
mentioned. All electron transfer reactions were performed under a positive
atmosphere of argon. The solvents dimethylsulfoxide (DMSO),
hexamethylphosphoramide (HMPA) and N,N-dimethylformamide (DMF)
were used directly from commercially available products without further
purification. HMPA should be handled with great care since it has been found
to cause cancer in laboratory animals.10! A rotary evaporator was used to
remove solvents with a water aspirator. The remaining solvent could be
removed with an oil pump.

Commercial silica (Merck 60F-254) thin layer chromatography (TLC)
plates were used. TLC plates were visualized by uv light or with iodine. Flash
chromatography!02.103 was performed by using silica gel (Merck type 9385).

Proton nuclear magnetic reasonance spectra (IH NMR) were recorded
with Bruker WP-80 (at 80 MHz) or Bruker WH-200 (at 200 MHz)
spectrometers and chemical shifts are reported in parts per million (ppm)
relative to internal tetramethylsilane (0.00 ppm). Carbon nuclear magnetic .
reasonance spectra (13C NMR) were recorded with a Bruker WM-360 (at
90.56 MHz) spectrometer and are reported in ppm relative to tetramethylsilane
(0.00 ppm). The following abbreviations are used in the text: 9, chemical
shift; s, singlet; d, doublet; t, triplet; q, quartet; m, multiple; br, broad; J,

coupling constant.
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Elemental combustion analyses were performed in the microanalytical
laboratories of the University of Alberta. Infrared spectra were recorded on a
Nicolet 7000 FT-IR instrument. Mass spectra were recorded on a A.EIMS
50 mass spectrometer at an ionizing potential 70 EV. A 15 w fluorescent lamp
was used as the light source for photoinitiated electron transfer reactions.

The following usual workup procedure was employed for reactions
discussed in this thesis. After a reaction was finished, the mixture was poured
into 100 mL water and extracted with 3 X 30 mL of dichloromethane. The
combined extracts were washed with water and dried (MgSQy4). The solvent
was evaporated using a rotary evaporator. The remaning solvent could be

removed with an oil pump. The residue was used for further purification.
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2-p-Toluenesulfonyloxyacetonitrile

The procedure employed for the preparation of benzenesulfonyloxy-
acetonitrile®! was followed using formaldehyde (37%, 9.7 mL, 0.13 mol), p-
toluenesulfonyl chloride (25.0 g, 0.13 mol) in 30 mL of ether and sodium
cyanide (5.90 g, 0.12 mol) in 30 mL of water. After workup, the residue was
dissolved in dichloromethane-petroleum ether and cooled in dry ice to give a
crude product (22.5 g, 89%), which was recrystallized from ethanol to afford
a crystalline solid: mp 50-51°C (1it.104 51-52°C); 1H NMR (80 MHz,
CDCl3) & 2.50 (s, 3 H), 4.78 (s, 2 H), 7.75 (d,Y=8Hz,2H), 7.88(d,]J
= 8 Hz, 2 H).

2-p-Toluenesulfonyloxypropanenitrile

A. The procedure employed for the preparation of 2-p-
toluenesulfonyloxyacetonitrile was followed using p-toluenesulfonyl chloride
(20.0 g, 0.105 mol), acetaldehyde (7.5 mL, 0.13 mol) in 30 mL of diethyl
ether and sodium cyanide (5.90 g, 0.12 mol) in 30 mL of water. After
workup, the residue was distilled to give a pale green oil (17.0 g, 72%): bp
135-136°C (0.5 mm); 'H NMR (80 MHz, CDCl3) 51.69(d,J=6Hz3
H), 2.50 (s, 3 H), 5.18(q,J=6Hz, 1H), 7.44 (d,] =8 Hz, 2 H), 7.88



114
(d, J = 8 Hz, 2 H); MS exact mass m/z caled for C;oH;1NO3S: 225.0460;
found 225.0461.
B. Lactonitrile (3.1 mL, 0.042 mol) was added in 40 mL of pyridine
containing p-toluenesulfonyl chloride (16.0 g, 0.084 mol). The mixture was
cooled to 0°C for 24 h., worked up by pouring into 200 mL of water, and

extracted with 3 X 30 mL of dichloromethane. The combined extracts were

rinsed with 1 N HCI, water and dried (MgSO4). Removal of the solvent and
distillation of the residue gave the product (6.5 g, 68%).

Attempted syntheses of 2-nitropropanenitrile

A. From 2-p-toluenesulfonyloxypropanenitrile: 2-p-Toluene-

sulfonyloxypropanenitrile (4.52 g, 0.020 mol) was added dropwise to a
mixture of 30 mL of DMSO containing sodium nitrite (2.4 g, 0.035 mol) and
anhydrous phloroglucinol (2.7 g, 0.021 mol). After being stirred for 24 h.,
the mixture was worked up in the usual way. Removal of the solvent by
evaporation gave a residue, which contained mainly the starting material as
observed from the NMR spectrum.

Without phloroglucinol, alarge amount of bubbles was liberated during
the reaction. No identifiable product could be isolated.

B. From 2-iodopropanenitrile: 2-Iodopropanenitrile was made by the
reaction of 2-p-toluenesulfonyloxypropanenitrile (6.0 g, 0.027 mol) with
potassium iodide (6.0 g) in 50 mL of acetone under reflux overnight. The
flask should be kept in the dark to avoid decomposition of the iodo

compound. The precipitate was removed by filtration and a deep brown
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solution was obtained after removal of acetone. The crude product was used
directly without further purification; 111 NMR (80 MHz, CDCl3) § 2.15(d,]
=7 Hz, 3 H), 4.33(q,J=7Hz, 1 H).

Silver nitrite105 (3.10 g, 0.020 mol) was miixed with 30 mL of DMSO.
The crude product 2-iodopropanenitrile obtained above was added to the
mixture. After being stirred for 6 days in the dark, the precipitate was removed
by filtration. The filtrate was poured into 100 mL. of water and extracted with
chloroform. Only the starting material 2-iodopropanenitrile (1.50 g, 31%) was
recovered.

C. From 1-bromo-1-nitroethane: 1-Bromo-1-nitroethane!06 (4.62 g,
0.030 mol) was converted to the sodium salt using 40 mL of 1.5 N sodium
hydroxide solution. A little sodium persulphate and sodium cyanide (4.90 g,
0.10 mol) were added into the resulting light yellow sclution. A red solution
was obtained in 15 min. and the solution became deep red brown in color half
an hour later. The reaction was stirred 5 h. more and acidified by 1 N HCL
No identifiable product was isolated.

The reaction was also tried in DMSO, but a large amount of bubbles was
liberated during the reaction. Again no identifiable product was obtained.

D. From 1-iodo-1-nitroethane: The procedure employed for the reaction
of the bromo compound was followed using 1-iodo-1-nitroethane!06 (2.0 g,
0.010 mol), 20 mL of 1.5 N sodium hydroxide solution and sodium cyanide
(2.0 g, 0.041 mol). Iodine was released during the reaction, but no

identifiable product was isolated.
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Attempted syntheses of nitroacetonitrile

p-Toluenesulfonyloxyacetonitrile (2.11 g, 0.010 mol) was added
dropwise to the mixture of 15 mL of DMSO containing sodium nitrite (1.73
g, 0.025 mol) and anhydrous phloroglucinol (1.35 g, 0.011 mol). The
reaction was stirred for 24 h. and worked up in the usual way. Only a little

starting material was recovered. The reaction was also tried without

phloroglucinol, no starting material was recovered.
Ethyl 2-bromo-2-nitropropanoate

Ethyl 2-nitropropanoate was made by the reaction of ethyl 2-
bromopropanoate with sodium nitrite in the presence of phloroglucinol.62

Ethyl 2-nitropropanoate (16.0 g, 0.109 mol) was mixed with 40 mL of
acetic acid containing sodium acetate (12.0 g, 0.15 mol). Bromine (5.8 mL,
0.113 mol) was added to the mixture dropwise with stirring. The reaction was
worked up by pouring into 200 mL of water and extracted with benzene. The
combined benzene extracts were washed with water and dried (MgSOg). The
residue, obtained after evaporation of the solvent, was distilled to give an oil
(19.0 g, 80%): bp 56°C (0.3 mm) [lit.107 bp 88°C (20 mm)]; !H NMR (80
MHz, CDCl3) & 1.33(t,J =6 Hz,3 H), 2.40 (s, 3H), 4.35(q,J=6Hz, 2
H).
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Ethyl 2,2-dinitropropanoate

Under argon, ethyl 2-bromo-2-nitropropanoate (2.0 g, 8.8 mml) was
added dropwise to 15 mL of DMSO containing sodium nitrite (1.0 g, 14.5
mmol) and the mixture was stirred at 5°C for 3 h. The reaction was worked up
in the usual way to give a liquid (1.10 g, 65%): bp 59-62°C (1 mm) [1it.108
bp 45°C (0.1 mm)]; 1H NMR (80 MHz, CDCl3) 8 1.38 (t, J = 6 Hz, 3 H),
2.43 (s, 3 H), 4.48 (g,J =6 Hz, 2 H).

Ammonium salt of ethyl 2-nitropropanoate

Ethyl 2-nitropropanoate (0.50 g) was mixed with ammonium hydroxide
(5 mL, 28-30%). The formed yellow solution was kept at -10°C for S h.
White needles (0.50 g, 29%) were collected by filtration and identified by the
NMR spectrum as the ammonium salt of the nitroester. 1H NMR (80 MHz,
D,0) & 2.28 (t,J =6 Hz, 3 H) 2.08 (s, 3 H) 4.20 (q,J = 6 Hz, 2 H).

Ethyl 2-cyanopropanoate

A: Ethyl 2-bromopropanoate (5.0 g, 0.028 mol) was added dropwise to
150 mL of DMSO containing sodium cyanide (6.0 g, 0.122 mol). After being
stirred for 5 h., the yellow mixture was worked up by pouring into 400 mL of
water, acidifying with 1 N HCI, and extracting with chloroform. The
combined chloroform extracts were rinsed with water and dried. The solvent

was removed and distillation of the residue gave a liquid (1.38 g, 35%): bp
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520C (1.2 mm) [1it.70 bp 77°C (9.5 mm)]; !H NMR (80 MHz, CDCl3)
1.33(t,J=7Hz,3H), 1.58 (d,J=7 Hz,3 H), 3.58 (q,J =7 Hz, 1 H),
428 (q,J =7 Hz, 2 H).

After the distillation, some residue still remained in the flask. The residue
could be distilled out at higher temperature 117° C (1.4 mm). It was identified
as diethyl 2-cyanosuccinate. IH NMR (80 MHz, CDCl3) 1.18-1.50 (m, 9
H), 1.62 (s, 3 H), 3.10(q,J =7 Hz, 1 H), 4.27(q,J =7 Hz, 4 H).

When the reaction was carried out in DMSO at 60-70°C, the 2-cyanoester
was obtained in 40% yield and was isolated by distillation.

B: Ethyl 2-bromopropanoate (18.1 g, 0.10 mol) was added dropwise to a
mixture of 200 mL of DMSO containing sodium cyanide (20.0 g, 0.41 mol)
and acetic acid (17 mL, 0.28 mol). After being stirred for 5 h., the reaction
was worked up by the above procedure to give the product (11.9 g, 94%).

Ethyl 2-cyano-2-methyl-3-iminopropanoate

A. The residue, obtained after ethyl 2-cyanopropanoate was distilled from
the above reaction mixture B, was distilled at higher temperature (100°C, 1.2
mm). A little solid was obtained and recrystallized from hexane. No attempts
were made to measure the yield. Sublimation under vacuum at 80° C gave a
white solid: mp 113-114°C; 1H NMR (80 MHz, CDCl3) §1.28 (t, J = 6 Hz,
3 H), 2.00 (s, 3 H), 4.18 (q, J = 6 Hz, 2 H), 5.38-6.38 (b, 2 H); FT-IR
(CHCI3 cast) 3421, 2240, 1680, 1556, 1263, 1274 cm~1; MS exact mass m/z
calcd for C7H{gN205: 154.0742; found 154.0745. Anal. Calcd for
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CgH1oN202: C, 54.34; H, 6.54; N, 18.17. Found: C, 54.30; H, 6.66; N,
18.07.

B. A mixture of ethyl 2-cyanopropanoate (0.64 g, 5 mmol), acetic acid
(0.6 mL) and sodium cyanide (1.80 g) in 20 mL of DMSO was stirred at
room temperature for 4 days. The mixture was poured into 50 mL of water
and extracted with chloroform. After removal of the solvent by evaporation,
the residue was distilled to give some starting material and the iminoester (45

mg, 6%), which was identified by the NMR spectrum.
Ethyl 2-cyano-2-nitropropanoate

A. Attempted synthesis from ethyl 2-bromo-2-nitropropanoate: Under
argon, a mixture of sodium cyanide (0.49 g, 0.010 mol) and ethyl 2-bromo-

2-nitropropanoate (2.0 g, 8.8 mmol) in 10 mL of DMSO was stirred
overnight. The reaction was worked up in the usual way. After removal of the
solvent, little residue was obtained, which contained ethyl 2-nitropropanoate,
starting material and other products as determined from the NMR spectrum.
B. From ethy! 2-bromo-2-cyanopropanoate: The literature procedure6?
was modified by carrying out the reaction under argon at lower temperature.
Under argon, ethyl 2-bromo-2-cyanopropanoate (23.0 g, 0.112 mol) was
added dropwise to a mixture of 140 mL of DMF containing sodium nitrite
(9.7 g, 0.14 mol) cooled to 0°C. The reaction was stirred at 0°C for 2 h. and
worked up according to the literature procedure. Distillation gave the product
(18.4 g, 96%): bp 48 -50°C (1 mm) [1it.57 bp 99-101°C (13 mm)]; 1H NMR
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(80 MHz, CDCl3) 6 1.38 (t,J =7 Hz,3 H), 2.19(s,3H), 443 (q,J=7
Hz, 2 H). IR (neat) 1770, 1580 cml. |
If the reaction was carried out at higher temperature (e.g. room
temperature) for 3 h., a brown mixture was obtained (in this case, 60-79%
product was still obtained). If the reaction was stirred at room temperature

overnight, all the product decomposed. No attempts were made to identify the

residue.
2-Nitropropanenitrile

A mixture of ethyl 2-cyano-2-nitropropanoate (9.31 g, 0.054 mol) in 40
mL of 3 N sodium hydroxide solution was stirred at 0-5°C until it became
homogeneous. The solution was acidified carefully by acetic acid until there
were no more bubbles liberated, followed by addition of 1 N HCl to adjust the
pH to 1 at 0°C. The product was extracted with 3 X 50 mL of
dichloromethane. The combined extracts were rinsed with water and dried
(MgS0y4). Removal of the solvent gave the product (4.32 g, 80%) whose
NMR spectrum was that of the pure compound: bp 28-29°C (0.1 mm); 1H
NMR (80 MHz, CDCl3) & 2.03 (d,J =7 Hz, 3 H), 540 (q,J =7 Hz, 1 H).
Anal. Calcd for C3H4N705: C, 36.03; H, 4.03; N, 27.99. Found: C, 35.89;
H, 3.97; N, 27.59.

The distillation temperature should be kept below 35°C because the
compound is unstable. A light yellow liquid is obtained if it is left at room

temperature for 1 h. The compound is best preserved in dry ice.
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Attempted polymerizations of 2-nitropropanenitrile

A. 2-Nitropropanenitrile (0.20 g, 2 mmol) was converted into the sodium
salt by treatment with 4 mL of 1 N sodium hydroxide solution. A small
amount of sodium persulphate was added to the aqueous solution. No
reaction was observed. 2-Nitropropanenitrile was recovered by acidifition.

Potassium ferricyanide and ferrous sulphate-hydrogen peroxide were also
tried, but no apparent reaction was observed.

B. 2-Nitropropanenitrile (0.40 g, 4 mmol) was converted to the potassium
salt by potassium carbonate (1.38 g, 10 mmol) in 10 mL of DMSO. A small
amount of AIBN was added to the resulting light yellow solution at 60° C.
After being stirred for 2 h., the reaction was worked up in the usual way, but

no identifiable product was obtained.
Ethyl 2-bromo-2-cyanobutanoate

Ethyl 2-cyanobutanoate?2 was made in 90% yield by the condensation of
ethyl cyanoacetate with acetaldehyde under catalytic hydrogenation: bp 54-55° |
C (0.1 mm) [lit.109 bp 84-85°C (7 mm)]; 1H NMR (80 MHz, CDCl3) & 1.05
t,J=17Hz, 3H), 1.25(,J=7Hz,3 H), 1.95 (d,J =7 Hz, 2 H), 3.44 (t,
J =7 Hz, 1 H), 4.24 (t,J =6 Hz, 2 H).

The bromination procedure employed for the preparation of ethyl 2-
bromo-2-nitropropanoate was followed using ethyl 2-cyanobutanoate (68.9 g,
0.489 mol), 200 mL of acetic acid, sodium acetate (50.0 g) and bromine (26.3
mL, 0.513 mol). After workup, distillation of the residue gave a liquid (96.6
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g, 84%): bp 54-55°C (0.2 mm) [it.110bp 84.7°C (10 mm)]; 1H NMR (80
MHz, CDCl3) & 1.14 (t,J=6Hz,3H), 1.32(t,J=6 Hz,3 H), 2.32(q,J
=6 Hz, 2 H), 4.35 (g, J = 6 Hz, 2 H); IR (neat) 1752, 1235 cm-l.

Ethyl 2-cyano-2-nitrobutanoate

The procedure employed for the preparation of ethyl 2-cyano-2-
nitropropanoate was followed using ethyl 2-bromo-2-cyanobutanoate (97.0 g,
0.44 mol), 500 mL of DMF and sodium nitrite (36.4 g, 0.53 mol). The
product (75.8 g, 93%) was obtained as a liquid: bp 53-54°C (0.1 mm); 1H
NMR (80 MHz, CDCI3) 8 1.20(t,J =7 Hz, 3 H), 1.38 (t,J = 6 Hz, 3 H),
2.59 (qd, J =7 and 2 Hz, 2 H), 4.45 (q, ] = 6 Hz, 2 H); IR (neat) 1770,
1580, 1230 cm-1.

When the reaction was stirred at room temperature overnight, almost all
the product decomposed. The reaction mixture became deep brown in color.
Ethyl 2-hydroxyiminopropanoate was isolated in 20% yield.

Efforts to purify ethyl 2-cyano-2-nitrobutanoate by column

chromatography on silica gel (CHCl3 as an eluant) were unsuccessful. Some

decomposition products were found on TLC after flash chromatography.
Ethyl 2-hydroxyiminopropanoate

Under argon, a mixture of ethyl 2-cyano-2-nitrobutanoate (2.0 g, 0.011
mol) and sodium nitrite (0.74 g) in 15 mL of DMF was stirred for 24 h. The

mixture became red brown immediately, and was worked up by pouring into
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50 mL of water and extracting with chloroform. Removal of the solvent lefta
residue, which was distilled (120° C, 0.5 mm) to give a white solid (0.30 g,
21%): mp 96-97°C (1it.73 97°C); 'H NMR (80 MHz, CDCl3) & 1.33(t,]
=7 Hz, 3 H), 2.03 (s, 3 H), 4.25(q, J =Hz, 2 H), 5.63-6.25 (br, 2 H). IR
(CHCl5 cast) 3238 (br), 1718, 1312, 1174,1019 cml.

When DMSO was used as a solvent, the decomposition proceeded faster.
A large amount of bubbles was liberated during the reaction, but no

identifiable product was obtained.
2-Nitrobutanenitrile

The procedure employed for the preparation of 2-nitropropanenitrile was
followed by using ethyl 2-cyano-2-nitrobutanoate (18.6 g, 0.10 mol) and 80
mL of 4 N sodium hydroxide solution. Distillation gave a liquid (9.5 g, 83%):
bp 25-27°C (0.5 mm); 1H NMR (80 MHz, CDCl3) 3 1.09 (t,J=7Hz,3
H), 2.26 (q,J =7 Hz,2 H), 5.24 (t, 1 =7 Hz, 1 H); IR (neat) 2340, 1572

cml,
2.Bromo-2-nitrobutanenitrile

Ethyl 2-cyano-2-nitrobutanoate (5.58 g, 0.030 mol) was hydrolyzed by
treatment with 15 mL of 5 N sodium hydroxide solution. When a
homogeneous solution was obtained, 20 mL of pentane was added. Bromine
was added dropwise with stirring until color remained. The pentane layer was

dried and evaporated. Distillation of the residue gave a liquid (5.32 g, 92%):
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bp 30°C (0.4 mm) [1it.50 bp 60-65°C (7 mm)]; 'H NMR (80 MHz, CDCl3) §
1.25 (t, J =7 Hz, 3 H), 2.70 (q, J =7 Hz, 2 H).

Methyl 2-bromo-2-cyanobutanoate

The procedure employed for the preparation of ethyl 2-cyanobutanoate
was followed using methyl cyanoacetate (9.1 mL, 0.10 mol), acetaldehyde
(10 mL 0.18 mol), 20 mL of acetic acid, 0.4 mL of piperidine and 0.5 g of
5% palladium on charcoal. After workup, the crude product, methyl 2-
cyanobutanoate, was used directly for the next reaction. 1H NMR (80 MHz,
CDCl3) 8 1.13(t,J =7 Hz, 3 H), 1.82-2.30 (m, 2 H), 3.50 (t, J =7 Hz,
1 H), 3.83 (s, 3 H).

The crude methyl 2-cyanobutanoate was brominated with bromine (5.1
mL, 0.010 mol) using the procedure for the preparation of ethyl 2-bromo-2-
cyanobutanoate. Distillation gave a liquid (14.3 g, 69%): bp 72-74°C (1 mm);
1H NMR (80 MHz, CDCl3) 8 1.20(t,J =7 Hz,3 H), 2.40(q,J =7 Hz, 2
H), 3.95 (s, 3 H).

Methyl 2-cyano-2-nitrobutanoate

The procedure employed for the preparation of the ethyl ester was
followed using methyl 2-bromo-2-cyanobutanoate (27.4 g, 0.133 mol),
sodium nitrite (14.0 g, 0.20 mol) and 150 mL of DMF. After workup,
distillation gave the ester (16.6 g, 72%) as a liquid: bp 73-75°C (1 mm); I
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NMR (80 MHz, CDCl3) 8 1.20(t,J =7 Hz, 3 H), 240 (qd,J=7 and 2

Hz, 2 H), 3.98 (s, 3 H).
Methyl 2-bromo-2-cyanopentanoate

The procedure employed for the preparation of ethyl 2-cyanobutanoate
was followed using methyl cyanoacetate (9.1 mL, 0.10 mol),
propionaldehyde (8.70 g, 0.15 mol), 20 mL of acetic acid, 0.4 mL of
piperidine and 0.5 g of 5% palladium on charcoal. The product, methyl 2-
cyanopentanoate, was obtained as a colorless liquid (11.0 g, 78%): bp 66-
68°C (1 mm); !H NMR (80 MHz, CDCI3) S 1.00(t,J =7 Hz, 3 H), 1.40-
1.75 (m, 2 H), 1.75-2.10 (m, 2 H), 355 ¢, T = 7 Hz, 1 H), 3.83 (s, 3 H).

The bromination procedure for the preparation of ethyl 2-bromo-2-
cyanobutanoate was followed by using methyl 2-cyanopentanoate (110 g,
0.078 mol), bromine (4.4 mL, 0.086 mol), 40 mL of acetic acid and sodium
acetate (10.0 g). After workup, distillation gave a liquid (12.9 g, 75%): bp
78-80°C (1.2 mm); 'H NMR (80 MHz, CDCl3) 8 1.05(t,J=7Hz, 3 H),

1.40-1.90 (m, 2 H), 2.33 (t,J =7 Hz, 2 H), 3.95 (s, 3 H).
Methyl 2-cyano-2-nitropentanoate

The procedure employed for the preparation of ethyl 2-cyano-2-
nitropropanoate was followed using methyl 2-bromo-2-cyanopentanoate (12.9
g, 0.059 mol), 80 mL of DMF and sodium nitrite (6.1 g, 0.088 mol). The
product (10.0 g, 929%) was obtained as a liquid: bp 81-83°C (1 mm); 'H
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NMR (80 MHz, CDCl3) & 1.08 (t,J =7 Hz, 3 H), 1.40-1.90 (m, 2 H),
2.40-2.70 (m, 2 H), 3.98 (s, 3 H).

Ethyl 2-cyano-2-nitropentanoate

The procedure employed for the preparation of the methyl ester was
followed using ethyl cyafioacetate (16 mL, 0.15 mol), propionaldehyde (12.3
mL, 0.17 mol), 30 mL of acetic acid, 0.60 mL of piperidine and 0.5 g of 5%
palladium on charcoal. The product, ethyl 2-cyanopentanoate, was obtained as
a liquid (19.9 g, 82%): bp 54-56°C (0.3 mm); 'H NMR (80 MHz, CDCl3)
6100 (t,J=7Hz 3H), 1.33 (t,J =7 Hz, 3 H), 1.40-1.75 (m, 2 H),
1.75-2.10 (m, 2H), 3.50 (t,J =7 Hz, 1 H), 4.24 (q,J =7 Hz, 2 H).

The bromination of ethyl 2-cyanopentanoate (19.1 g, 0.123 mol) with
bromine (7.0 mL, 0.137 mol) using the procedure for the preparation of the
methyl ester gave ethyl 2-bromo-2-cyanopentanoate (26.5 g, 92%) as a liquid:
bp 62-64°C (0.1 mm); 1H NMR (80 MHz, CDCl3) § 1.02 (t,J=7 Hz, 3
H), 1.38 (t, J = 7 Hz, 3 H), 1.30-1.80 (m, 2 H), 2.30 (t, J = 7 Hz, 2 H),
4.35(q, J =7 Hz, 2 H).

The reaction of ethyl 2-bromo-2-cyanopentanoate (25.8 g, 0.11 mol) with
sodium nitrite (11.4 g, 6.165 mol) in 200 mL of DMF using the procedure for
the preparation of the methyl ester gave a liquid (15.8 g, 72%): bp 58-60°C
(0.1 mm); !H NMR (80 MHz, CDCl3) § 1.06 (t,J=7Hz, 3H), 1.38(t,]J
=7 Hz, 3 H), 1.30-1.80 (m, 2 H), 2.35-2.37 (m, 2 H), 4.43(q,J =7 Hz,
2 H).
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Reaction of methyl 2-cyano-2-nitrobutanoate with sodium nitrite

(A) in DMF-d,

The ester (20 mg) was dissolved in DMF-d; (0.5 mL) containing sodium
nitrite (10 mg). The reaction was monitored by the NMR spectrum. Some
bubbles formed in 10 min. After 30 min. a broad peak at § 8.50-8.75 ppm
appeared and changed position with time. The splitting for the ethyl group
became complex. There were several peaks between d 3.50-4.00 ppm for the
methyl protons of the ester group and the intensity of the peak at § 3.63 ppm
increased with time. After 20 h., all the peaks between 6 3.50-4.00 ppm
disappeared except the peak at & 3.63 ppm.

(B). In DMSO-dg. The ester (43 mg) and sodium nitrite (27 mg) were
mixed in 0.7 mL of DMSO-dg. A large amount of bubbles was observed
during the reaction. The starting material completely disapperaed after 160
min. as observed from the NMR spectrum. Also only the peak at § 3.63 ppm
for the methyl protons of the ester group remained after 3 h. The splitting of

the ethyl group also became complex.
Attempted polymerization of 2-nitrobutanenitrile

A. 2-Nitrobutanenitrile (1.74 g, 0.013 raol) was dissolved in 10 mL of
aqueous solution containing potassium carbonate (1.8 g, 0.013 mol). A small
amount of sodium persulphate was added to the resulting light yellow solution
(3 mL). The reaction was stirred overnight. The starting material was

recovered by acidification.
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Potassium ferricyanide and ferrous sulphate-hydrogen peroxide were also
used for the above reaction, but still no reaction was observed.

B. A small amount of AIBN was added to 15 mL of DMF containing 2-
nitrobutanenitrile (1.47 g) and potassium carbonate (1.30 g). The mixture
was stirred at 60° C for 2 h. and became deep brown gradually. The reaction
was worked up in the usual way, but no identifiable product was obtained.

C. 2-Nitrobutanenitrile (1.14 g) was converted to the potassium salt by
treatment with potassium carbonate (0.70 g) in 10 mL of DMSO. A small
amount of 2-bromo-2-nitrobutanenitrile was added to the resulting light
yellow mixture. No reaction was observed.

In another attempt, 2-bromo-2-nitrobutanenitrile (1.93 g, 10 mmol) was
added. After being stirred overnight, the red reaction mixture was worked up
by pouring into 50 mL of water, acidifying with 1 N HCI, and extracting with

chloroform. 2-Nitrobutanenitrile was recovered.
2,3-Dicyano-2,3-dinitrobutane

2-Nitropropanenitrile (0.72 g, 7.2 mmol) was converted to the potassium
salt by treatment with potassium bicarbonate (1.0 g, 12 mmol) in 20 mL of
water. Potassium ferricyanide (5.0 g) and sodium persulphate (2.0 g) were
added to the aqueous solution. The reaction mixture was stirred for 48 h. The
precipitate was collected and recrystallized from hexane-THF to give the
product (0.30 g, 42%). Sublimation under vacuum (0.5 mm) at 100° C gave a
white solid: mp 144°C (dec.); IH NMR (200 MHz, CDCl3) 8 2.36 (s),



129
2.39 (s). Anal. Caled for CsHgN4O4: C, 36.37; H, 3.05; N, 28.28. Found:
C, 36.38; H, 3.08; N, 28.12.

3,4-Dicyano-3,4-dinitrohexane

2_Nitrobutanenitrile (1.0 g, 8.8 mmol) was converted to the anion with
potassium carbonate (1.21 g) in 50 mL of water. Potassium ferricyanide (7.25
g) and sodium persulphate (2.1 g) were added to the aqueous solution. After
stirring for 3 days, collection by filtration gave the crude product (0.50 g,
45%) as a mixture of dl and meso isomers. The mixture was recrystallized
from ethanol. The crystals were collected and further purified by sublimation
under vacuum (0.5 mm) at 100° C to give a white solid: mp 142°C (dec.);
1H NMR (200 MHz, CDCl3) § 1.26 (t, J =7 Hz, 6 H), 2.25(qd,J =7 and
14 Hz, 2 H), 2.82 (qd,J =7 and 14 Hz, 2 H). Anal. Calcd for CgHjgN4O4:
C, 42.48; H, 4.46; N, 24.77. Found: C, 42.26; H, 4.51; N, 24.78.

The filtrate was concentrated and the residue was recrystallized from
ethanol again. The crystals contained mainly another isomer (over 90%) as
estimated from the integration of the NMR spectrum. Sublimation under
vacuum at 100° C gave the mixture as a white solid: mp 118-120°C; 1H
NMR (200 MHz, CDCl3) & 1.34 (t,J =7 Hz, 6 H), 233 (m,J=7Hz, 2
H), 2.72 (m,J =7 Hz, 2 H). Anal. Calcd for CgH1oN4O4: C, 42.48; H,
4.46; N, 24.77. Found: C, 42.41; H, 4.54; N, 24.90.
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4,5-dicyano-4,5-dinitrooctane

Ethyl 2-cyano-2-nitropentanoate (4.50 g, 0.024) was hydrolyzed by
treatment with sodium hydroxide (5.20 g) in 50 mL of water. When the
homogeneous solution was obtained, the aqueous solution was acidified with
acetic acid and then 1 N HCI at 0°C. The product 2-nitropentanenitrile was
extracted with 3 x 40 mL of dichloromethane. The combined extracts were
rinsed with water and dried (MgSQOy4). After removal of the solvent, the crude
product, 2-nitropentanenitrile, was converted to the potassium salt with
potassium carbonate (3.0 g) in 40 mL of water. Potassium ferricyanide (7.25
g) and sodium persulphate (5.20 g) were added to the aqueous solution. The
reaction mixture was stirred for 2 days. The crude product (0.70 g, 28%) was
obtained by filtration and purified by recrystallization from hexane.
Sublimation under vacuum (0.5 mm) at 100° C gave a white colid: mp 86-
88°C; !H NMR (200 MHz, CDCl3) & 1.06 (t,J =7 Hz,3 H), 1.09 (t,J =
7 Hz, 3 H), 1.24-1.60 (m, 2 H), 1.68-2.00 (m, 2 H), 2.02-2.30 (m, 2 H),
2.54-2.80 (m, 2 H). Anal. Calcd for C1gH14N404: C, 47.24; H, 5.55; N,
22.04. Found: C, 47.09; H, 5.53; N, 22.06.

Reaction of the lithium salt of 2-nitropropane (a) with 2,3-

dicyano-2,3-dinitrobutane

Under argon, a solution of 2,3-dicyano-2,3-dinitrobutane (50 mg, 0.25
mmol) and the lithium salt of 2-nitropropane (0.20 g, 2.1 mmol) in § mL of

HMPA was stirred overnight. The reaction was worked up by pouring into
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20 mL of water and extracting with 3 X 20 mL of dichloromethane. The
combined extracts were rinsed with water and dried (MgS0Oy4). Evaporation of
the solvent gave a residue. A measured amount of p-dimethoxybenzene was
mixed with the residue. The mixture was dissolved in 0.6 mL of CDCl3. The
yield of the product 2,3-dimethyl-2,3-dinitrobutane (32 mg, 73%) was
estimated from the integration of the NMR spectrum. Only the signals of 2,3-
dimethyl-2,3-dinitrobutane and p-dimethoxybenzene were observed in the
NMR spectrum.

(b) with 3,4-dicyano-3,4-dinitrohexane. In HMPA (5 mL) 50 mg
(0.22 mmol) of the dimer reacted with the lithium salt of 2-nitropropane (0.10
g, 1 mmol) overnight when the procedure of preceeding experiment was
followed. Workup in the usual way gave 34 mg (87% yield) of 2,3-dimethyl-

2,3-dinitrobutane, which was estimated by using the above method.
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2. Syntheses and Reactions of Model Compounds for the
Pol ati

2-Nitro-1-phenyl-1-propene

The procedure employed for the synthesis of 1-O-methoxyphenyl-2-
nitropropene was followed.”” A solution of benzaldehyde (21.2 g, 0.20 mol)
in 100 mL of toluene, nitroethane (41.0 g) and 0.5 mL of n-butylamine was
refluxed for 24 h. and 3.6 mL of water was removed via a Dean-Stark
apparatus. The solvent was evaporated and the residue was recystallized from
methanol to give yellow needles (27.6 g, 85%): mp 63-64°C (lit.762 64-65°
C); IH NMR (80 MHz, CDCl3) 8 2.45 (s, 3 H), 7.43 (s, 5 H), 8.08 (s, 1 H).

2-Nitro-1-phenylpropane

The compound was made in 91% yield by the reaction of 2-nitro-1-
phenylpropene with sodium borohydride in THF.?8 Distillation gave a liquid:
bp 74-76°C (0.5 mm) [lit.111 81.5-82°C (0.8 mm)]; !H NMR (200 MHz,
CDCl3) 8 1.54 (d,J =7 Hz,3 H), 3.00(dd,J=7, 14 Hz, 1 H), 3.30 (dd,
J=7, 14 Hz,1 H), 477 (m,J =7 Hz, 1 H), 7.12-7.18 (m, 2 H), 7.24-
7.38 (m, 3 H).
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2,2-Dinitro-1-phenylpropane

The lithium salt of 2-nitro-1-phenylpropane was made in 98% yield
using the procedure for the preparation of the lithium salt of 2-nitropropane!12
except that lithium methoxide was used, which was generated by the reaction
of lithium with methanol.

The following procedure is based on a general method for the synthesis
of gem-dinitro compounds.!5 Sodium nitrite (15.0 g, 0.22 mol), potassium
ferricyanide (3.1 g) and sodium persulphate (11.3 g) were added to a mixture
of the lithium salt of 2-nitro-1-phenylpropane (8.0 g, 0.047 mol) in 200 mL of
water and 100 mL of dichloromethane. After being stirred overnight, the
dichloromethane layer was separated, rinsed with water and dried (MgSOy).
Removal of the solvent and recrystallization of the residue from hexane gave
white needles (6.8 g, 69%): mp 72-73°C; FT-IR (CHCI; cast) 1559 eml;
1H NMR (200 MHz, CDC13) & 2.02 (s, 3 H,) 3.84 (s, 2 H), 7.12-7.32 (m,
2 H), 7.34-7.40 (m, 3 H). Anal. Calcd for CoH1oN204: C, 51.43; H, 4.80;
N, 13.33. Found: C, 51.34; H, 4.79; N, 13.25.

2,3-Dimethyl-2,3-dinitro-l-phenylbutane

A. Under argon, a solution of 2,2-dinitro-1-phenylpropane (210 mg,
1 mmol) and the lithium salt of 2-nitropropane (0.19 g, 4 mmol) in 10 mL of
DMSO was stirred ovemight. The reaction was worked up by pouring into
100 mL of water. The precipitate (0.22 g, 87%) was collected.
Recrystallization from hexane gave a white crystalline solid: mp 119-120° G
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1H NMR (200 MHz, CDCl3) & 1.40 (s, 3 H), 1.74 (s, 3 H), 1.95 (s, 3 H),
328(d,J=7Hz,1H), 390(d,J =7Hz, 1 H), 7.00-7.10 (m, 2 H),
7.25-7.35 (m, 3 H). Anal. Calcd for Cj5H16N2O4: C, 57.13; H, 6.39; N,
11.11. Found: C, 57.37; H, 6.44 ; N, 11.01.

The reaction was monitored by TLC (1% methanol in chloroform as an
eluant). It is complete in 45 min. as observed from TLC by the disappearance
of 2,2-dinitro-1-phenylpropane.

B. From the tetraethylammonium salt: Under argon, 2-nitropropane
(0.27 g, 3 mmol) was converted to the tetracthylammonium salt in 10 mL of
DMSO with 20% Et4NOH solution (2.20 g, 3 mmol). 2,2-Dinitro-1-
phenylpropane (210 mg, 1 mmol) was added to the resulting light yellow
solution. The reaction was illuminated with a 15 w fluorescent lamp for 20

min. The product (0.22 g, 87%) was isolated by precipitation with water.
2-Iodo-2-nitro-1-phenylpropane

2-Nitro-1-phenylpropane (1.52 g, 9.2 mmol) was converted to the
tetracthylammonium salt with 20% Et4NOH (6.84 g, 9.3 mmol) in 20 mL of
methanol. The solution was added dropwise to 30 mL of methanol containing
iodine (2.34 g, 0.010 mol). When the addition was complete, the solution was
cooled to 0°C for 1 h. in the dark. The precipitate was collected and
recrystallization from methanol gave yellow crystals: mp 84-85°C; 1H NMR
(200 MHz, CDCl3) 8 2.34(s,3 H), 3.66 (d,J =14 Hz,1 H), 400(d,J =
14 Hz, 1 H), 7.08-7.18 (m, 2 H), 7.22-7.32 (m, 3 H). MS exact mass m/z
calcd for CgH,(INO,: 290.9716; found 290.9752.
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2,3-Dimethyl-2,3-dinitro-1,4-diphenylbutane

A. Under argon, a solution of 2,2-dinitro-1-phenylpropane (210 mg, 1
mmol) and the lithium salt of 2-nitro-1-phenylpropane (340 mg, 2 mmol) in
10 mL of HMPA was stirred overnight. The reaction was worked up by
pouring into 100 mL of water. The precipitate was collected. The dimer (0.30
g, 91%) was obtained as a mixture of dl and meso isomers.

The mixture was separated by extraction with benzene. The insoluble
material was removed by filtration. Evaporation of the solvent gave a residue,
which was purified by recrystallization from hexane as white needles: mp
188-190°C; !H NMR (200 MHz, CDC13) 5 1.38 (s, 6 H), 270 (d,T =7
Hz, 2 H), 4.08 (d,J =7 Hz, 2 H), 7.02-7.08 (m, 4 H), 7.28-7.36 (m, 6
H). Anal. Calcd for C1gHoN204: C, 65.83; H, 6.14; N, 8.53. Found: C,
65.62; H, 6.13; N, 8.50.

The benzene insoluble material was collected. It is only slightly soluble
in chloroform. Recrystallization from THF gave a white crystalline solid: mp
230-232°C (dec.); TH NMR (200 MHz, CDCl13) § 1.58 (s, 6 H), 3.08(d,J=
7 Hz, 2 H), 4.04 (d,J =7 Hz, 2 H), 7.04-7.12 (m, 4 H), 7.28-7.36 (m, 6
H). Anal. Calcd for CygH29N204: C, 65.83; H, 6.14; N, 8.53. Found: C,
65.79; H, 6.10; N, 8.47.

The reaction was monitored by TLC (eluant benzene :hexane:methanol =
20:78:2). At 21°C, the reaction is complete in 5 h.; at 50°C, 2.5 h., but only
15 min. is required under illumination.

B._By iodine coupling with the ammonium salt: General procedure:

Under argon, 2-nitro-1-phenylpropane was converted to the
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tetraethylammonium salt by equal equivalents of EtyNOH solution in 15 mL
of solvent. Iodine (1 mmol) was added to the solution and the reaction was
illuminated for 20 min. The product was isolated by precipitation with water
and collected by filtration. The dimer was dried and the yield measured
according to weight. The yield of the dimer obtained in various solvents with
different ratios of iodine and 2-nitro-1-phenylpropane is summarized in

Table L.

Table 1. The yield of the dimer obtained in various solvents with different

ratios of iodine and 2-nitro-1-phenylpropane.

2-Nitro-1-phenylpropane 53 Solvent Yield
(mmol) (mmol) (%)
3 1 HMPA 91
2 1 HMPA 85
3 1 DMSO 91
3 1 CH;CN 91
2 1 CH3;CN 88
3 1 THF 91
2 1 THF 82
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ammonium salt. General procedure: Under argon, the ammonium salt of 2-
nitro-1-phenylpropane was generated using the above method. 2-Todo-2-nitro-
l-phehylpropane (1 mmol) was added to the solution. The reaction was
illuminated for 20 min. The product was isolated by precipitation with water
and dried by air. The yield was measured by weight. The yield of the dimer

obtained with different solvents and reaction times is summarized in Table IL.

TableI.  The yield of the dimer obtained with different solvents and

reaction times.
2-Todo-2-nitro-1- The ammoniun salt Time Solvent
‘phenylpropane (mmol) (mmol) (min.) (%)

1 1 20 HMPA 75

1 1 20 DMSO 75

1 1 10 CH3;CN 91

1 1 5 CH;CN 91
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P wi ithi 1
or the ammonium salt. General procedure: Under argon, the ammonium salt
was generated by using the above method. A mixture of 2,2-dinitro-1-
phenylpropane (0.21 g, 1 mmol) and the lithium salt or the ammonium salt of
2-nitro-1-phenylpropane in 15 mL of solvent was illuminated with stirring for
20 min. The product was isolated isolated using the above method and the
yield measured by weight. The yield of the dimer obtained in different
solvents for the reaction of the lithium salt or the ammonium salt with the

gem-dinitro compound is summarized in Table IIL

Table III.  The yield of the dimer obtained in different solvents for the

reaction of the lithium salt or the ammonium salt with the gem-dinitro

compound.

The lithium salt  The ammonium salt Solvent Yield

(mmol) (mmol) (%)
2 HMPA 91
2 DMSO 91
1 HMPA 75
2 CH;CN (b
2 THF ob

a. Longer illumination (overnight) gave only 79% yield.
b. Only 16% conversion was observed after illumination for 5 h. as determined from
the NMR spectrum. Small amount iodine was added, but only 30% conversion after 8 h.



139

Determination of disproportionation yield

A. From the lithium salt: Under argon, a mixture of 2,2-dinitro-1-
phenylpropane (210 mg, 1 mmol) and the lithium salt of 2-nitro-1-
phenylpropane (0.34 g, 2 mmol) in 10 mL of HMPA was illuminated with
stirring for 20 min. Water (50 mL) was added, and the preéipitate was
removed by filtration. The filtrate was extracted with 3 x 20 mL of
dichloromethane. The combined extracts were rinsed with water and dried
(MgSO4). Removal of the solvent by evaporation left a residue, which was
examined by the NMR spectrum. p-Dimethoxybenzene was used as an internal
standard. The yield of the disproportionation product, 2-nitro-1-
phenylpropane (8.4 mg, 5.1%), was estimated by measuring the ratio of the
area of the methine proton of the product to the methyl protons of p-
dimethoxybenzene from the NMR spectrum.

In the blank test, the lithium salt of 2-nitro-1-phenylpropane (0.34g,2
mmol) was dissolved in 20 mL of water, and extracted with dichloromethane
(3 x 20 mL). The solvent was evaporated. A measured amount of p-
dimethoxybenzene was added into the residue. 2-Nitro-1-phenylpropane was
not detected from the NMR spectrum.

B. From the tetraethylammonium salt (in 1:1 ratio) Under argon, 2-
nitro-1-phenylpropane (0.330 g, 2 mmol) was converted to the
tetraethylammonium salt by 18.4% Ft4NOH (1.76 g, 2.2 mmol) in 10 mL of
HMPA. Todine (279 mg, 1.1 mmol) was added to the resulting light yellow

solution. After being stirred for 20 min. with illumination, the reaction was
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worked up according to the above procedure. The yield of disproportionation

product was estimated to be 2.4%.

C. From the tetraethylammonium salt (in 1:1.5 ratio). The above

procedure B was followed using 2-nitro-1-phenylpropane (0.50 g, 0.003
mol), 18.4% Et4NOH (2.48 g, 0.0031 mol) in 15 mL of HMPA and iodine

(254 mg, 0.001 mol). The yield of the disproportionation product was

estimated to be 0.5%.
In the blank test, 2-nitro-1-phenylpropane (0.50 g, 0.003 mol), 18%
Et4NOH (2.80 g, 0.0034 mol) and 15 mL of HMPA were used. After

workup, no 2-nitro-1-phenylpropane was recovered as determined from the

NMR spectrum.
The potassium salt of 2-nitro-1-phenylpropane

2-Nitro-1-phenylpropane (0.83 g, S mmol) was dissolved in 20 mL of
methanol containing potassium z-butoxide (0.56 g, 5 mmol). The potassium
salt (1.0 g, 100%) was isolated using the same procedure for the lithium salt.
1H NMR (80 MHz, D,0) § 1.74 (s, 3 H), 3.62 (s, 2 H), 7.10-7.30 (m, 5

H).
The tetraethylammonium salt of 2-nitro-1-phenylpropane

A. A solution of 2-nitro-1-phenylpropane (0.83 g, 5 mmol) and 20%
tetracthylammonium hydroxide solution (3.68 g, 5 mmol) in 20 mL of

methanol was stirred for a while. After the solvent was removed by
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evaporation, a light yellow syrup was obtained; !H NMR (200 MHz, D,0) &
1.13(t,J =7 Hz, 12 H), 1.75(s,3 H), 3.08(q,J = 7 Hz, 8 H), 3.78 (s, 2
H), 7.10-7.40 (b, S H).

B. The potassium salt of 2-nitro-1-phenylpropane (0.51 g, 2.5 mmol)
was dissolved in 10 mL of 1-propanol. A little methanol was added until the
potassium salt was dissolved. Anhydrous tetraethylammonium chloride (0.50
g, 3 mmol) was added to the solution and the solution stirred for a while. The
precipitate was removed and the solvent evaporated. The crude product (0.56
g, 716%) was obtained as a yellow solid. A little tetracthylammonium chloride

and 1-propanol were detected from the NMR spectrum.
2,3-Dimethyl-1,4-diphenyl-2-butene

A. The following procedure is based on a general method for the
elimination of vicinal dinitro groups to an alkene.36 A mixture of d! and meso
2,3-dimethy1-2,3-dinitro-1,4-dipheny1butane (0.50 g, 0.15 mmol) and sodium
sulfide (Na,S:10H;0, 1.5 g) in 15 mL of DMF was stirred under illumination
for 24 h. The mixture was worked up by pouring into 50 mL of water and |
extracting with dichloromethane. After the solvent was evaporated, the crude
product (0.30 g, 83%) was obtained as a mixture of trans and cis isomers in a
1:1 ratio. IH NMR (200 MHz, CDCI3) & 1.64 (s, 3 H), 1.72 (5,3 H), 3.46
(s, 2 H), 3.52 (s, 2 H), 7.12-7.36 (m, 10 H).

The mixture was distilled and one of the isomers crystallized in the
distillate, bp 134-138°C (0.5 mm). The crystals were collected by filtration
and rinsed with 10 mL of pentane. Recrystallization from pentane afforded a
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white crystalline solid: mp 48-50°C; 1H NMR (200 MHz, CDCI3) 6 1.72 (s,
6 H), 3.46 (s, 4 H), 7.14-7.36 (m, 10 H). Anal. Calcd for C;gHjq: C,
91.47; H, 8.53. Found: C, 91.70; H, 8.23. MS exact mass m/z calcd for
CigHag: 236.1565; found 236.1562.

The solvent in the filtrate was evaporated. The residue has a strong
hydrogen sulfide smell. The mixture is still a mixture (9:1 ratio) as observed
from the NMR spectrum. No attempt was made to purify the isomer. 1H
NMR (CDCl3) & 1.64 (s, 6 H), 3.52 (s, 4 H), 7.12-7.36 (m, 10 H). MS
exzct mass m/z cacld for CygHzg: 236.1565; found 236.1564.

When the pure dl isomer of the dimer was used for the reaction, the
product was still a mixture of trans and cis isomers in about 1:1 ratio as
observed from the NMR spectrum.

B. A mixture of 2,3-dimethyl-2,3-dinitro-1,4-diphenylbutane (160 mg,
0.5 mmol) and the lithium salt of 2-nitro-1-phenylpropane (0.26 g, 1.5 mmol)
in 5 mL of HMPA was illuminated for 5 h. The reaction was worked up by
pouring into 50 mL of water. After the precipitate was removed, the filtrate
was extracted with chloroform. Evaporation of the solvent gave a residue,
which was examined by the NMR spectrum. It contained trans and cis alkene
in about 1:1 ratio and a little starting material.

C. A mixture of 2,2-dinitro-1-phenylpropane (1 mmol, 0.21 g) and the
lithium salt of 2-nitro-1-phenylpropane (3 mmol, 0.51 g) in 10 mL of HMPA
was stirred under illumination for 5 h. The reaction was worked up according
to the above method. The signals of the trans and cis alkene in about 1:1 ratio
and little dimer were observed from the NMR spectrum. No yield was taken

for the reaction.
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D. A solution of 2,3-dimethyl-2,3-dinitro-1,4-diphenylbutane (0.16 g,
0.5 mmol) and the lithium salt of 2-nitropropane (0.20 g, 2.1 mmol) in S mL
of HMPA was illuminated with stirring for § h. The reaction was worked up
in the usual way. The residue, obtained after removal of the solvent, was
recrystallized from ethanol to give 2,3-dimethyl-2,3-dinitrobutane (50 mg,
57%). The residue left behind after the recrystallization was examined by the
NMR spectrum. It still contained 2,3-dimethyl-2,3-dinitrobutane and a little
alkene. No signals for the cross coupling product 2,3-dimethyl-2,3-dinitro-1-
phenylbutane were observed from the NMR spectrum.

1,4-Bis(2-nitro-1-propenyl)benzene

The compound was made by refluxing a solution of terephthal-
dicarboxyaldehyde (21.44 g, 0.16 mol), nitroethane (64.0 g) and 0.4 mL of
amylamine for 24 h.85 The product was precipitated by addition of 95%
ethanol and purified by recystallization from 95% ethanol to give yellow
crystals (29.5 g, 74%): mp 119-120°C [1it.35 120° C}; 'H NMR (80 MHz,
CDCl3 ) 8 2.50 (s, 6 H), 7.52 (s, 4 H), 8.08 (s, 2 H).

1,4-Bis(2-nitropropyl)benzene

The following procedure is based on a general method for the reduction

of o-nitroalkenes.”8 Sodium borohydride (7.13 g) was added portionwise to
the solution of 675 mL of THF and 75 mL of methanol containing 1,4-bis(2-
nitropropyl)benzene (18.6 g, 0.075 mol). The mixture was stirred for 3h
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After 200 mL of water was added, the mixture was stirred for 3 h. more and
then acidified slowly by acetic acid. The solvent was evaporated and the
product collected by filtration. Recrystallization from methanol gave a white
crystalline solid (16.6 g, 88%): mp 112-113°C; lH NMR (200 MHz,
CDCl3) 6 1.54 (d,J =7 Hz, 6 H), 2.98 (dd,J =7, 14 Hz, 2 H), 3.30 (dd,
J=17, 14Hz, 2 H), 476 (m,J =7 Hz, 2 H), 7.10 (s, 4 H). Anal. Calcd
for C1oHN204: C, 57.11; H, 6.39; N, 11.11. Found: C, 57.39; H, 6.54;

N, 11.24.
The dilithium salt of 1,4-bis(2-nitropropyl)benzene

The following procedure is based on a general method for the synthesis
of lithium nitronates.!12 Lithium (0.694 g, 0.10mol) was dissolved in 50 mL
of methanol. 1,4-Bis(2-nitropropyl)benzene (12.6 g, 0.050 mol) was added to
the solution and the mixture stirred until it dissolved. The solvent was
evaporated until precipitate just appeared. A little methanol was added to
redissolve the precipitate. A little acetonitrile (20 mL) was added slowly
followed by addition of 400 mL of diethyl ether. The dilithium salt (12.6 g,
95%) was collected, dried under vacuum, and was obtained as a white
powder: 1H NMR (80 MHz, D;0) & 1.75 (s, 6 H), 3.65 (s, 4 H), 7.12 (s,
4 H).
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The dipotassium salt of 1,4-bis(2-nitropropyl)benzene

1,4-Bis(2-nitropropyl)benzene (1.26 g, 5 mmol) was dissolved in 30
mL of methanol. Potassium z-butoxide (1.20 g, 10.7 mmol) was added to the
solution. The solvent was evaporated until the precipitate just appeared. The
dipotassium salt (1.65 g, 100%) was isolated according to the above method
as a light yellow solid: 1H NMR (80 MHz, D,0) § 1.72 (s, 6 H), 3.60 (s, 4

H), 7.06 (s, 4 H).
1,4-Bis(2,2-dinitropropyl)benzene

The following procedure is based on a general method for the synthesis
of gem-dinitro compounds.1415 The dilithium salt of 1,4-bis(2-nitropropyl)-
benzene (0.66 g, 2.5 mmol) was dissolved in 40 mL of water. Sodium nitrite
(1.40 g, 0.20 mol), potassium ferricyanide (0.33 g) and sodium persulphate
(1.2 g) were added to the solution. The mixture was stirred for 5 h. The crude
product (0.63 g, 73%) was collected by filtration. Recrystallization from
benzene gave a white crystalline solid: mp 175-176°C; H NMR (200 MHz,
DMSO-dg) § 2.04 (s, 6 H), 3.91 (s, 4 H), 7.09 (s, 4 H). Anal. Calcd for
C12H14N40g: C, 42.10; H, 4.12; N, 16.40. Found: C, 42.07; H, 4.13; N,

16.35.
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1,4-Bis(2-bromo-2-nitropropyl)benzene

The dilithium salt of 1,4-bis(2-nitropropyl)benzene (0.66 g, 2.5 mmol)
was dissolved in 30 mL of water and bromine (0.88 g, 5.5 mmol) was added
dropwise to the solution. The reaction mixture was stirred for half an hour.

The crude product (0.98 g, 95%) was collected by filtration. Recrystallization
from ethanol gave needles: mp 187°C (dec.); IH NMR (200 MHz, CDCl3)

8 2.16 (s, 6 H), 3.52(d,J =14 Hz, 2 H), 3.83(d,J =14 Hz, 2 H), 7.14
(s, 4 H). Anal. Calcd for C12H14BroN2O4: C, 35.13; H, 3.44; N, 6.83;
Br, 38.97. Found: C, 35.12; H, 3.45; N, 6.93; Br, 39.13.

1,4-Bis(2,3-dimethyl-2,3-dinitrobutyl)benzene

4-bis(2- -2-nj nzene:
Under argon, a solution of 1,4-bis(2-bromo-2-nitropropyl)benzene (0.41 g, 1
mmol) and the lithium salt of 2-nitropropane (0.40 g, 4.2 mmol) in 20 mL of
DMSO was stirred overnight. The mixture was poured into 100 mL of water
and then acidified with 1 N HCI. The precipitate was collected and examined
by NMR (DMSO-dg). It contained 2,3-dimethyl-2,3-dinitrobutane, 1,4-bis(2-
nitropropyl)benzene and other products.
4-bis(2.2-dini Dbenzene: Under argon, a solution of
1,4-bis(2,2-dinitropropyl)benzene (342 mg, 1 mmol) and the lithium salt of 2-
nitropropane (0.40 g, 4.2 mmol) in 10 mL of HMPA was stirred for 24 h.
The red brown solution was poured into 100 mL of water and the precipitate
was collected to give the crude product (0.32 g, 75%). The crude product is
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insoluble in chloroform or DMSO. Recrystallization from nitroethane gave a
white solid, mp 240°C (dec.). Anal. Calcd for C18H6N40s: C, 50.70; H,
6.15; N, 13.13. Found: C, 50.42; H, 6.06; N, 13.04.

1,4-Bis(2,3-dimethyl-4-phenyl-Z-butenyl)benzene

Under argon, a solution of 1,4-bis(2,2-dinitropropyl)benzene (342 mg,
1 mmol) and the lithium salt of 2-nitro-1-phenylpropane (0.51 g, 3 mmol) in
15 mL of HMPA were stirred for 48 h. The product (0.48 g, 83%) was
isolated by precipitation with water. The product was believed to be 1,4-
bis(2,3-dimethyl-2,3-dinitro-4-pheny1butyl)benzene and was recrystallized
from nitroethane-DMSO at 110°C five times. The analysis for the ratio of
carbon was still low; mp 210° C (dec.). Anal. Calcd for C3gH34N403: C,
62.27: H,-5.92; N, 9.69. Found: C, 61.84; H, 5.96; N, 9.53.

The above reaction was repeated. After stirring for 48 h., sodium
sulfide (Na5S+10H,0, 1.05 g) was added directly to the solution. The reaction
mixture was stirred under illumination for 24 h., and worked up by pouring
into 100 mL of water. One of the products was collected by filtration. The
crude product was obtained (0.11 g, 28%) whose NMR spectrum was that of
the pure compound. Recrystallization from hexane gave white crystals: mp
130-132°C; 1H NMR (200 MHz, CDCl3) & 1.74 (s, 12 H), 3.45 (s, 4 H),
3.48 (s, 4 H), 7.10 (s, 4 H), 7.14-7.36 (m, 10 H). Anal. Calcd for C3gH34:
C, 91.31; H, 8.69. Found: C, 91.33; H, 8.48. MS exact mass m/z calcd for
C3oH34: 394.2662; found 394.2660.
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The filtrate was extracted with 3 x 30 mL of dichloromethane. The
combined extracts were rinsed with water and dried (MgSQ4). After removal
of the solvent, the residue changed color gradually. Attempts to purify the
residue by recrystallization were unsuccessful. IH NMR (CDCl3) 8 1.66(s),
1.74 (s), 1.80 (s), 3.44 (s), 3.46 (s), 3.50 (s), 3.54 (s), 3.68 (s) 3.72 (s).

The tetraethylammonium salt of 1,4-bis(2-nitropropyl)benzene

A. 1,4-Bis(2-nitropropyl)benzene (1.26 g, 0.5 mmol) was dissolved in
40 mL of methanol. Tetraethylammonium hydroxide (7.40 g, 20%) was
added to the solution and the resulting light yellow solution was stirred for a
while. The residue, obtained after evaporation of the solvent, was a light
yellow syrup: TH NMR (200 MHz, D20) & 1.10-1.20 (three triplets, 24 H),
2.74 (s, 6 H), 3.12 (q, ] = 7 Hz, 16 H), 3.62 (s, 4 H), 7.10 (s, 4 H).

The compound is not very stable. It éhanged color gradually. The
ammonium salt was purified by dissolving in acetonitrile and precipitating
with ethyl acetate. This purified ammonium salt changed color very fast in the
presence of oxygen and decomposed overnight. The decomposition product
is insoluble in water.

B. The dipotassium salt of 1,4-bis(2-nitropropyl)benzene (410 mg,
1.25 mmol) was dissolved in 10 mL of 1-propanol and 10 mL of methanol.
Anhydrous tetraecthylammonium chloride (0.50 g) was added and the mixture
stirred at room temperature for 1 h. Benzene (30 mL) was added and the
precipitate was removed by filtration. After removal of the solvent, the residue
was purified according to the above precipitation method to give the product
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(0.45 g, 70%). The product contained some tetraethylammonium chloride as
observed from the NMR spectrum.

C. The following procedure was carried out under argon always. 14-
Bis(2-nitropropyl)benzene (1.26 g, 5 mmol) was converted to the
tetraethylammonium salt by 19.2% Et4NOH (7.66 g, 10 mmol) in 150 mL of
benzene and 50 mL of 98% ethanol. The solution was refluxed and water was
removed via a Dean-Stark apparatus. After the calculated amount of water was
collected, the solvent was distilled to dryness and the residue cooled. Benzene
(20 mL) was added and the product collected by filtration. The product (2.45
g, 96%) was obtained as a light yellow solid. The product is highly
hygroscopic and unstable in the presence of oxygen. The ammonium salt is

insoluble in HMPA.

1,4-Bis(2-iodo-2-nitropropyl)benzene

1,4-Bis(2-nitropropyl)benzene (1.26 g, 5 mmol) was dissolved in 30
mL of methanol and converted to the tetracthylammonium salt by 20%
Et4NOH (7.66 g, 10 mmol). The solution was added to 20 mL of methanol
containing iodine (2.54 g, 10 mmol). The reaction mixture was stirred in the
dark for 2 h. The crude product (2.40 g, 95%) was obtained by filtration as a
yellow solid: 1H NMR (200 MHz, CDCl3) 8 2.30 (s, 6 H) 3.62(d,J=14
Hz,2H) 395(,J=14,1H) 397(@d,J= 14 Hz, 1 H), 7.10 (s, 4 H).
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p-Phenylsulfonylbenzy! bromide

The compound was made according to the method of F.J.
Lotspeich.113 After recrystallization from ethanol, the product still contained
a little dibrominated product and p-phenylsulfonyltoluene as observed from the
NMR spectrum. The impure product was used directly without further
purification. 'H NMR (80 MHz, CDCl3) 8 4.42 (s, 2 H) 7.30-8.10 (m, 9 H).

(p-Phenylsulfonyl)benzyldimethylsulfonium bromide

p-Phenylsulfonylbenzyl bromide (5.0 g) was dissolved in 40 mL of
diethyl ether and 10 mL of dimethyl sulfide. Some crystals formed after a few
minutes. Collection by filtration one week later gave the product (2.20 g,
37%) as white needles: 'H NMR (80 MHz, CDCl3) 8 2.80 (s, 6 H), 4.72 (s,

2 H), 7.30-7.92 (m, 9 H).
(p-Phenylsulfonyl)benzyltrimethylammonium bromide

A solution of p-phenylsulfonylbenzyl bromide (3.73 g, 12 mmol) and
trimethylamine (5 mL, 0.055 mol) in 30 mL of diethyl ether was stirred
overnight. The product was collected by filtration and rinsed with benzene.
The ammonium salt (3.30 g, 71%) was obtained as a white solid: 1H NMR
(80 MHz, CDCl3) & 3.05 (s, 9 H), 4.52 (s, 2 H), 7.40-8.05 (m, 9 H).
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(p-Phenylsulfonyl)benzyltriethylammonium bromide

p-Phenylsulfonylbenzyl bromide (3.0 g, 9.6 mmol) was dissolved in
15 mL of triethylamine. The solution was stirred overnight and 50 mL of
benzene was then added. The product (1.35 g, 34%) was obtained by
filtration. 1H NMR (80 MHz, CDCl3) § 1.30 (t, J = 7 Hz, 9 H), 3.10(q, I=
7 Hz, 6 H), 4.40 (s, 2 H), 7.40-8.02 (m, 9 H).

Attempted syntheses of 1-(p-phenylsulfonyl)phenyl-2-methyl-2-

nitropropane

A. From p-phenylsulfonylbenzyl bromide: Under argon, a solution of
the sulfone (0.50 g, 1.6 mmol) and the lithium salt of 2-nitropropane (0.30 g,

3.2 mmol) in 10 mL of DMSO was stirred overnight. The reaction was
worked up by pouring into 50 mL of water and extracting with ethyl acetate.
After removal of the solvent, little residue was obtained. No substitution
product was observed as determined from the NMR spectrum.
. _From (p-phenylsul 1)benzyltri

Under argon, the ammonium salt (1.0 g, 2.7 mmol) was added to 20 mL of
DMSO containing the lithium salt of 2-nitropropane (0.60 g, 6.3 mmol). The
reaction was stirred overnight and worked up in the usual way, but no
identifiable product was isolated. |

(p-Phenylsulfonyl)benzym'iethylammonium bromide was also used for
the above reaction, but still no identifiable product was obtained.
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C. From (p-phenylsulfonyDbenzyldimethylsulfonium bromide: Under

argon, a solution of the sulfonium salt (0.75 g, 2 mmol) and the lithium salt of
2-nitropropane (0.40 g, 4.2 mmol) in 10 mL of DMSO was stirred overnight.
Some precipitate formed during the reaction. The product was isolated by
pouring into 50 mL of water. The precipitate was collected, but it is insoluble

in any solvent. No attemr<: == made to identify the product.
4,4'-Bis(chloroms*hs = __uyl suifone

The synthesis of 4,4'-bis(chioromethyl)diphenyl sulfide is based on the
procedure for the chloromethylation of methy! phenyl sulfide.!14 AlCl; (31 g)
and dimethoxymethane (9.1 g) were added to the solution of diphenyl sulfide
(8.5 mL, 0.05 mol) in 100 mL of dichloroethane. The reaction mixture was
stirred for 2 h. and worked up by pouring into 200 mL of water. The
dichloroethane layer was separated and dried. After removal of the solvent, the
crude product (11.0 g) was obtained. Recrystallization from acetic acid gave
the sulfide (5.2 g, 37%) as a light yellow solid: mp 94-95° C (lit.114b mp 97-
98° C); !H NMR (80 MHz, CDCl3) 8 4.55 (s, 4 H) 7.30 (s, 8 H).

The sulfone was made in 95% yield according to the method of
Podkoscielny and Rudz.115 The crude product was used without further
purification. 1H NMR (80 MHz, CDCl3) 8§ 4.58 (s,4 H), 7.52(d,J=8

Hz, 4 H), 7.93 (d,J = 8 Hz, 4 H).
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4,4'-Dichlorodiphenyl sulfone

4,4'-Dichlorodiphenyl sulphoxide was made in 81% yield according to
the method of Cumper, Read and Vogel.116 The crude product was used
directly for the next step oxidation. 'H NMR (80 MHz, CDCl3) 57.40(d,J
=8 Hz, 4 H) 7.58 (d,J = 8 Hz, 4 H).

The oxidation procedure employed for 4 4'-bis(chloromethyl)diphenyl
sulfide was followed by using 4,4'-dichlorodiphenyl sulfoxide (30.0 g) and
12 mL of hydrogen peroxide and 150 mL of acetic acid. The product was
isolated by precipitation with water. Recrystallization of the precipitate from
ethanol gave white crystals (30.0 g, 94%): mp 145-146°C (lit.116 mp 148°
C); 'H NMR (80 MHz, CDCI3) 8745 (d,J = 9Hz,4H), 785, J=9

Hz, 4 H).
4,4'-Bis[(l-hydroxy-l-methyl)ethyl]diphenyl sulfone

Diphenylsulfone-4,4'-dicarboxylic acid was made by oxidation of 4,4'-
dimethyldiphenyl sulfone.87:88 Esterfication of the acid (11.8 g) with ethanol
by the Fischer method gave 4,4'-bis(ethoxycarbonyl)diphenyl sulfone (10.9
g, 78%) as a white solid: mp 150-151°C (1it.87 mp 156-157° C); 'H NMR
(80 MHz, CDCl3) 8 1.40 (t,J =7 Hz, 6 H) 4.40 (3,J =7 Hz, 4 H) 7.95-
8.13 (m, 8 H).

The Grignard reagent methyl magnesium iodide (40 mmol) was made
as usual in diethyl ether. 4 ,4'-Bis(ethoxycarbonyl)diphenyl sulfone (3.62 g,

10 mmol) was added portionwise. The reaction was refluxed for 2 h. and
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worked up by pouring into ice-water and extracting with ethyl acetate. After
removal of the solvent, the alcohol (2.90 g, 87%) was obtained as a white
solid: 1H NMR (80 MHz, CDCl3) & 1.52 (s, 12 H), 2.10-2.40 (br, 2 H),

7.52-7.90 (m, 8 H). The crude product was used directly for the next reaction

step.
4,4'-Bis[(1-chloro-1-methyl)ethylldiphenyl sulfone

The following method is based on the procedure employed for the
preparation of ai-chloro-p-nitrocumeme.89 4,4'-Bis[(1-hydroxy-1-methyl)-
ethyl]diphenyl sulfone (3.48 g) was dissolved in 40 mL of dichloromethane.
Then zinc chloride (15.0 g, dried under vacuum at 140°C for 24 h. before use)
and 30 mL of conc. hydrochloric acid were added to the solution. After
stirring for 2 h., the precipitate was removed by filtration. The organic layer in
the filtrate was separated and the solvent was evaporated to give the chloride
(2.58 g). The precipitate was dissolved in 40 mL of water and extracted with
chloroform to give an additional 1.0 g of product; total 3.58 g (93% yield).
Attempts to purify the compound by flash chromatography (chloroform as an
eluant) were unsuccessful. The product is a white solid: mp 108° C (dec.);
1H NMR (80 MHz, CDCl3) § 1.95 (s, 12 H), 7.65-8.00 (m, 8 H). Anal.
calcd for C1gH30ClL03S: C, 58.22; H, 5.43; Cl, 19.10. Found: C, 58.54; H,

5.47; Cl, 17.49.



185

4,4'-Dinitrodiphenyl sulfone

4 4'-Dinitrodiphenyl sulfide was made in 61% yield according to the
method of Price and Stacy;117 mp 158-159°C (lit.1}7 mp 160-161° C).

The sulfide (11.0 g) was dissolved in 200 mL of acetic acid at 80° C.
Hydrogen peroxide (20 mL, 30%) was added slowly and the solution was
refluxed overnight. The solution was cooled to room temperature and the
product (11.2 g, 91%) was collected by filtration. Recrystallization from acetic
acid afforded yellow needles: mp 256-258°C (1it.99 mp 282°C); 'H NMR
(80 MHz, PMSO-dg) & 8.10-8.50 (m).

4,4'-Dibromodiphenyl sulfone

4,4'-Dibromodiphenyl sulfoxide was made in 66% yield according to
the method of Buehler and Masters.!18 The crude product was used for the
next reaction. 1H NMR (80 MHz, CDCl3) § 7.30-7.70 (m).

The su.Xoxide was oxidizéd by using the procedure for the preparation
of 4,4'-bis(chloromethyl)diphenyl sulfone. Recrystallization from ethanol-
acetic acid gave white crystals: mp 167-168°C (tit.118 mp 170-171°C); H
NMR (80 MHz, CDCl3) $7.55-7.95 (m).

4,4'-Bis[(1-methyl-l-nitro)ethyl]diphenyl sulfone

. _Attem nthesi m 4,4 -dibr i 1 : A

mixture of the sulfone (0.75 g, 2 mmol) and the lithium salt of 2-nitropropane
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(0.40 g, 4.2 mmol) in 10 mL of HMPA -was stirred for 24 h. The reaction
was worked up by pouring into 50 mL of water. Most of the starting material
sulfone was recovered. The reaction was also tried under illumination for 24
h., but still no reaction occured.
4,4'-Dichlorodiphenyl sulfone was used, but no reaction occured. The
sulfone was recovered.
Attempted synthesis from 4,4'-bis{(1-chloro-1-methyl)ethyl]-
diphenyl sulfone: A mixture cf the sulfone (0.20 g, 0.54 mmol) and sodium
nitrite (0.40 g, 6 mmol) in 10 mL of DMSO was stirred overnight. The

reaction was worked up by pouring into 50 mL of water. The starting material

was recovered.

C. From 4 4'-dinitrodiphenyl sulfone: Under argon, a solution of the
sulfone (0.62 g, 2 mmol) and the lithium salt of 2-nitropropane (0.40 g, 4.2

mmol) in 10 mL of HMPA was stirred for 20 h. The reaction was worked
up by pouring into 100 mL of water and the product (0.65 g, 83%) was
ccliected by filtration. Recrystallization from ethanol gave light yellow
crystals: mp 200°C (dec.); TH NMR (200 MHz, CDCl3) 8 2.00 (s, 6 H,)

7.63 (dd, J = 8 and 2 Hz, 2 H), 8.05 (dd, J = 8 and 2 Hz, 2 H). Anal. Calcd
for C1gH2oN206S: C, 55.01; H, 5.14; N, 7.14. Found: C, 54.84; H, 5.21;
N, 7.28.
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Attempted syntheses of 4,4'-bis[(1,1,2-trimethyl-2-nitro)-
propylldiphenyl sulfone

A. Under argon, a mixiure of 4 ,4'-bis[(1-chloro-1-methyl)ethyl]-
diphenyl sulfene (0.37 g, 1 mmol) and the lithium salt of 2-nitropropane
(0.40 g, 4.2 mmot) in 10 mL of DMSO was stirred for 24 h. The reaction
changed cukor froni yellow to light brown and was worked up by pouring into
50 mL of watei. All the starting material sulfone was recovered.

B. A mixture of 4,4'-bis[(1 -methyl-1-nitro)ethyl]diphenyl sulfone
(0.20 g, 0.5 mmol) and lithium salt of 2-nitropropane (0.20 g, 2.1 mmol) in
10 mL of HMPA was stirred under illumination for 24 h. After workup, all

the starting material was recovered.
The lithium salt of methyl 2-cyanobutanoate

Lithium metal (210 mg, 0.030 mol) was converted to lithium methoxide
in 30 mL of methanol. Methyl 2-cyanobutancate (3.91 g, 0.030 mol) was then
added to the solution. The solvent was evaporated until precipitate just
appeared. The lithium salt (3.60 g, 90%) was obtained by precipitation with
diethyl ether as a white solid: 1H NMR (80 MHz, D,0) 8 1.00 (t,J = 7 Hz, 3
H), 2.05 (g, J =7 Hz, 2 H), 3.30(s,3 H).
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Methyl 2-cyano-2-ethyl-3-methyl-3-nitrobutanoate

A. The lithium salt of 2-nitropropane (0.20 g, 2 mmol) was added t<
the solution of methyl 2-cyano-2-nitrobutanoate (0.17 g, 1 mmol) in 10 mL
of DMSO. The reaction was stirred at room temperature overnight and
worked up by pouring into 50 mL of water. The product was extracted with
dichloromethane. The combined extracts were dried and evaporated. The
crude product (0.20 g, 94%) was obtained as a mixture of diastereoisomers
and was purified by dissolving in diethyl ether and cooling in dry ice to give
white crystals: mp 5¢-51°C; 1H NMR (200 MHz, CDCI3) §1.13 (t,J =7
Hz, 3 H), 1.86 (qd, J =7 and 14 Hz, 1 H), 1.84 (s, 3 H), 1.88 (s, 3 H),
2.16 (qd, J = 7 and 14 Hz, 1 H), 3.86 (s, 3 H). Anal. Calcd for
CgH14N,04: C, 50.46; H, 6.59; N, 13.08. Found: C, 50.36; H, 6.56; N,
13.15.

B. Under argon, the lithium salt of methyl 2-cyanobutanozte was
added to 10 mL of DMSO containing 2,2-dinitropropane (134 mg, 1 mmol).
The reaction was stirred for 24 h. and worked up according to the above
procedure. The crude product (0.16 g, 74%) was obtained.

C. Under argon, 2-nitropropane (0.36 g, 4 mmol) was converted to the
tetracthylammonium salt by 20% Et4NOH (2.90 g, 4 mmol) in 10 mL of
DMSO. Methyl 2-bromo-2-cyanobutanoate (0.41 g, 2 mmol) was added to the
solution. The reaction was illuminated with stirring for 20 min. and worked
up by pouring to 50 mL of water. The product was extracted with
dichloromethane. After removal of the solvent, the residue (0.35 g) contained

the expecied product methyl 2-cyano-2-ethyl-3-methyl-3-nitrobutancate and
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2,3-dimethyl-2,3-dinitrobutane in a ratio of approximately 3:1 as determined
from the NMR spectrum.

Dimethyl 2,3-dicyano-2,3-diethylsuccinate

sis from methyl 2- -2-ni : Under
argon, methyl 2-cyano-2-nitrobutanoate (0.17 g, 1 mmol) and the lithiurn salt
of methyl 2-cyanobutanoate (0.30 g, 2.3 mmol) were dissolved in 5 mL. of
HMPA. The reaction was illuminated with stirring for 5 h., and worked up in
the usual way. No identifiable product was isolated.

B. Under argon, methyl 2-cyanobutanoate (0.25 g, 2 mmol) was
converted to the tetraethylammonium sait by 20% Et4NOH (1.47 g, 2 mmol)
in 10 mL of HMPA. Methyl 2-bromo-2-cyanobutanoate (0.21 g, 1 mmol) was
added to the solution. The reaction was illuminated with stirring for 2 h. and
worked up by pouring into 50 mL of water. The product was collected by
filtration. It is a mixture of d! and meso isomers. Recrystallization from
methanol gave the dimer (0.17 g, 68%) as white crystals: mp 130-136°C; 1H
NMR (200 MHz, CDCl3) 8 1.12 (t, J =7 Hz, 3 H), 1.19 (t, J=7Hz,3 H),
1.88-2.20 (m, 2 H), 2.22-2.48 (m, 2 H), 3.86 (s, 3 H), 3.90 (s, 3 H).
Anal. Calcd for C1oH16N204: C, 57.13; H, 6.39; N, 11.10. Found: C,
56.83; H, 6.23; N, 11.09.

C. Under argon, methyl 2-cyanobutanoate (1.52 g, 0.012 mol) was
converted to the tetraethylammonium salt by 20% Et4NOH ( 8.82 g, 0.012
mol) in 15 mL of DMSO. Iodine (1.02 g, 4 mmol) was added to the solution.
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The reaction was illuminated with stirring for 7 h., and worked up in the

usual way to give the product (0.61 g, 61%).
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Polymerization of the dilithium salt of 1,4-bis(2-nitropropyl)-

benzene with 1,4-bis(2,2-dinitropropyl)benzene

Gemeral procedure: Under argon, the dilithium salt of 1,4-bis(2-
nitropropyl)benzene (0.264 g, 1 mmol) and 1,4-bis(2,2-dinitropropyl)benzene
(0.342 g, 1 mmol) were mixed in 30 mL of HMPA. During the reaction the
dilithium salt dissolved slowly. After being stirred with or without
illumination for a certain time, the reaction was worked up by pouring into
120 mL of water. The yellow precipitate was collected and dried by air. The
yield was measured according to the weight.

The product was purified by dissolvi:z in 20 mL of chloroform and
precipitating with 100 mL of methanol. This precipitate was collectéd by
filtration. After the polymer was dried, the molecular weight was measured by
osmometric method (acetone or benzene as solvents). The molecular weight of
product obtained from different reaction conditions is summarized in Table IV.
The polymer is a light yellow solid: mp 90-100° C; FT-IR (CHCl3 cast) 1550
cm-1; 'H NMR (200 MHz, CDCl3) § 1.1-1.5 (bn), 1.54 (d,J = 7 Ha2),
1.60-2.20 (br), 2.8-3.3 (br), 3.0 (g, J = 7 Hz), 3.3 (g, J = 7 Hz), 3.5-3.9
(br), 4.0-4.5 (br), 4.75 (m, J =17 Hz), 6.7-1.5 (br). The integration ratio of
the signals at § 4.0-4.5 and 4.75 ppm is about 4:1.
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TableIV. Molecular weights of products obtained from different reaction

conditions.

Light Source Time (day) Yield (%) Molecular weight
lab light 1 100 574a

lab light 7 100 : 751b

lab light 30 92 8430
flucroscent light 2 96 834b

a. Benzene was used as a solvent for the molecular weight analysis.
b. Acetone was used as a solvent for the molecular weight analysis.
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Determination of the concentration of Et4NOH

The labelled concentration of commercially available product Et4NOH is
20% by weight. The concentration was determined to be 19.2% by weight by
titration with 1 N HCI (phenolphthalein as an indicator).

The concentration was also measured by the reaction of 2-nitro-1-
phenylpropane with iodine in the presence of various amounts of Et4NOH.
The following general procedure was used. Under argon, 2-nitro-1-
phenylpropane (2 mmol) was converted to the ammonium salt by Ei4NOH in
15 mL of solvent. Iodine (254 mg, 1 mmol) was then added. The reaction
mixture was stirred under illumination for 29 min. and worked up by pouring
into 100 mL of water. The precipitate was collected. After being dried by air,
the yield was measured according to the weight. Table V summarizes the
reaction of 2-nitro-1-phenylpropane with iodine in the presence of various

amounts of Et4NOH.
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Table V. Estimation of the concentration of Et4NOH determined by the

reaction of 2-nitro-1-phenylpropane with iodine in various amounts of

Et4NOH.

solvent Ety4NOH (g) yield (%)

CH3CN 1.60
HMPA 1.53
DMSO 1.63
DMSO 1.68

94
79
85
82

calculated
concentration (%)*

184
19.2
18.0
17.5

*The concentraticn ¢ of E4NOH is calculated by the following equation :

c=2x10"3x 147/w

2 x 1073 is the molarity of 2-nitro-1-phenylpropane (2 mmol) used for the coupling
reaction. 147 is the molecular weight (g/mol) of E4NOH. w is the weight (g) of EuNOH

used for the reaction.
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Polymerization by the reaction of the di-tetraethylammonium sait

of 1,4-bis(2-nitropropyl)benzene with iodine

A. 1,4-Bis(2-nitropropyl)benzene (0.63 g, 2.5 mmol) was converted
to the tetraethylammonium salt in 20 mL of DMSO by 18.4% Et4NOH (3.99
g, 5 mmol). Iodine (0.64 g, 2.5 mmol) was added to the resulting yellow
solution. The reaction was illuminated with a fluorescent light for 24 h. and
worked up by pouring into 100 mL of water. The precipitate was collected
and dried. The polymer is a light yellow solid. It is only slightly soluble in
HMPA at room temperature and slightly soluble in DMSO at 100°C.

The crude product was mixed with 15 mL of HMPA containing
NazS-10H20 (2.0 g). The mixture was stirred and illuminated for 24 h. The
product was isolated by pouring into 100 mL of water (several drops of acetic
acid may be added if a colloidal solution forms). Collection of the precipitate
gave the elimination polymer as a light yellow solid (0.56 g). This polymer
was purified by dissolving in 20 mL of chloroform and precipitating with
methanol. The precipitate was collected and dried. The purified sample
contained sulfur (Sg) as indicated from the mass spectrum. After being dried
at 80° C under vacuum overnight, the polymer became an insoluble material.

B. 1,4-Bis(2-nitropropyl)benzene (0.63 g, 2.5 mmol) was converted
to the tetraethylammonium salt in 20 mL of DMSO using the above method.
Todine (335, 202 and 72 mg) was added portionwise in every 20 min. After
being stirred for 24 h. under illumination, the reaction was worked up

according to the 5 ove procedure. The crude product was also reduced by
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Na32S:-10H20 (2.0 g) in 15 mL of HMPA. After workup, the crude
elimination product (0.56 g) was obtained. The polymer also contained sulfur
as indicated from the mass spectrum. After being heated at 80° C under
vacuum overnight, the polymer became an insoluble material.

C. The polymerizaton using the method A was repeated in DMSO. The
crude product (0.56 g) was obtained by precipitation with water. After being
dried by air, the crude product reacted with the lithium salt of 2-nitropropane
(1.5 g) in 15 mL of HMPA under illumination under argon. The solid
dissoived in 7 days. The elimination polymer was isdlated by precipitation
with water. The crude product (0.48 g) was obtained as a yellow solid. It is a
mixture of the elimination polymer and 2,3-dimethyl-2,3-dinitrobit2ng 25
indicated from the NMR spectrum. 2,3-Dimethyl-2,3-dinitrobutane was
removed by extraction with boiling methanol (3 X 20 mL). The polymer (0.12
g) was obtained after the extraction. It is a light yellow solid and decomposes
at 230° C. It is soluble in CHCl3, CH2Br2 and pyridine, but insoluble in
benzene and acetone. The sample was further purified by mixing with 5 mL of
ethyl acetate. The solvent was decanted after being stood ovemight. The
precipitate was collected and dried. !H NMR (200 MHz, CDCl3) § 1.68 (s, 3
H), 1.74 (s, 3 H), 3.26 (s, 2 H), 3.32 (s, 2 H), 7.16 (s, 4 H). FT-IR
(CHCI3 cast) 1547, 1508 cm-1. MS (FAB) the following peaks above
1000 (intensity) were observed: 1429 (0.06), 1427 (0.06), 1346 (0.07), 1218
(0.11), 1128 (0.08), 1044 (0.08), 1041 (0.03). Anal. Calcd for Ci2H14
(Polymer structure in equation 95): C, 91.08; H, 8.92. Found: C, 77.56; H,
7.75; N, 3.84.
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Determination of molecular weight of the elimination polymer by

osomometric method

4._in pyridine: The polymer is soluble in pyridine to form a yellow
solution. However, during the molecular weight analysis in the osomometer,
the osomotic pressure increases in the beginning and then dropped gradually.
It could not give a staﬁle reading. Thus an alternative solvent was used for
the molecular weight analysis.

B. in dibromomethane: The polymer is soluble in dibromomethane to

form a colorless solution. The average molecular weight i 4888.
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{ F hi t Reacti
Methyl 2-cyanobutanoate

A. Methyl 2-bromobutanoate (0.45 g, 2.5 mmol) was added to 10 mL
of DMSO containing glacial acetic acid (0.30 g, 5 mmol) and sodium cyanide
(0.49 g, 10 mmol). After being stirred for 4 h, the reaction was worked up by
pouring into 50 mL of water and acidifying with 1 N HCI. The product was
extracted with 3 X 20 mL of dichloromethane. The combined extracts were
rinsed with water and dried (MgSOy4). The product (0.21 g, 66%) was
obtained after removal of the solvent. It was quite pure as determined by the
“4{MR spectrum.

B. Methyl 2-bromobutanoate (0.91 g, 5 mmol) was added to 10 mL of
DMSO containing p-toluenesulfonic acid monohydrate (1.90 g, 10 mmol),
triethylamine (1.52 g, 15 mmol) and sodium cyanide (0.49 g, 10 mmol). The
reaction was stirred for 12 h. and worked up in the usual way. Removal of
the solvent gave the product (0.48 g, 75%) whose NMR spectrum was that of
the pure compound.

C. Acetic acid (2.40 g, 0.040 mol) and sodium cyanide (3.92 g, 0.080
mol) were added to 30 mL of methanol containing methy!l 2-broniobutanoate
(1.80 g, 0.010 mol). The reaction was stirred for 18 h. and worked up in the
usual way. The reaction was only 60% complete as determined from the NMR
spectrum. Even after 52 h., the reaction was still only 80% complete.
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D. Methyl 2-bromobutanoate (0.91 g, 5 mmol) was added to a
mixture of 10 mL of DMSO containing p-toluenesulfonic acid monohydrate
(2.85 g, 15 mmol), dimethylbenzylamine (3.40 g, 25 mmol) and sodium
cyanide (0.75 g, 15 mmol). The reaction was stitred for 24 h. and worked up
in the usual way to give the crude product (0.60 g). The reaction was only
84% complete.

E. Methyl 2-bromobutanoate (0.91 g, 5 mmol) was added to 20 mL of
DMSO containing p-toluenesulfonic acid monohydrate (2.85 g, 15 mmol) and
sodium cyanide ( 0.74g, 15 mmol). The reaction was stirred for 24 h. and
worked up in the usual way. The starting material was recovered.

F. Methyl 2-bromobutanoate (0.91 g, 5 mmol) was added to 20 mL of
DMSO containing p-toluenesulfonic acid monohydrate (1.90 g. 10 mmol),
N,N-dimethylaniline (1.21 g, 10 mmol) and sodium cyanide (0.49 g, 10
mmol). The reaction was stirred 2t 50°C for 24 h. Only starting material was
recovered.

When acetic acid was used instead of p-toluenesulfonic acid, a mixture
of methyl 2-cyanobutanoate (60%) and 2-acetoxybutanoate (40%) was
obtained as determined from the NMR spectrum.

G. Acetic acid (1.5 mL, 25 mmol) and sodium cyanide (0.74 g, 15
mmol) were added to 10 mL of DMSO containing methyl 2-bromobutanoate
(0.91 g, 5 mmol). The reaction was stirred overnight and worked up in the
usual way. Two products methyl 2-cyanobutanoate and methyl 2-
acetoxybutanoate in 1:1 ratio were obtained as determined from the NMR

spectrum. No attempt was made to separate the mixture. 1H NMR (80 MHz,
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CDCl3) for methyl 2-acetoxybutanoate & 4.98 (t, ¥ =6 Hz, 1 H), 3.78 (s, 3
H), 2.15 (s, 3 H), 1.00 (t,J = 7 Hz, 3 H). The signal of the methylene

protons is overlapped with that of methyl 2-cyanobutanoate.
Methyl a-bromophenylacetate

Phenylacetic acid (8.2 g, 0.060 mol) was refluxed with thionyl chloride
(10 mL) for 4 h. The excess thionyl chleride was removed by distillation.
Bromine (3.4 mL, 0.066 mol) was then & ied and the reaction was warmed
to 70°C overnight. The acetyl chloride was esterified by addition of methanol
(10 mL) and then poured into 100 mL of water. Extrac ~:n with
dichloromethane and evaporation of the solvent left the residue, wiiick was
distilled to give the product (11.5 g, 84%) as a liquid: bp 72-74°C (0.5 mm)
[1it.120 1720C (53 mm)}; 'H NMK (80 MHz, CDCl3) 8 3.75 (s, 3 H), 5.33

(s, 1 H), 7.20-7.62 (m, 5§ H).
Methyl a-cyanophenylacetate

A. Scdium cyanide (0.49 g, 0.010 mol) was added to 10 mL of
DMSO containing methyl c-bromophenylacetate (1.15 g, S mmol). The
reaction was stirred for 3 hours and worked up in the usual way. The product
contained the cyanoester (30%) and the dimer dimethyl 2-cyano-2,3-
diphenyisuccinate (70%) as estimated from the NMR spectrum.
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B. Methyl o-bromophenylacetate (1.15 g.5 mmol) was mixed wita 20
ml of DMSO co-'.+~ .7 acetic acid (1.20 g, 0.020 mol) and sodium cyanide
(1.5 g, 0.022 moyy. ™ reaction mixture was stirred overnight and werked
up in the usual way to give a mixture of dimethyl 2-cyano-2,3-
diphenylsucc.: -2 and methyl a-acetoxyphenylacetate (in about 1:3 ratio) as
determined from the NMR spectrum.

C. Acetic acid (1.20 g, 0.020 mol) and socium cyanide (0.49 g, 0.010
mol) were added to 20 mL of DMSO containing methy! a-bromophenylacetate
(1.20 g, 5 mmol). The reaction was stirred overnight ai:d worked up in the
usual way. Only methyl o-acetoxyphenylacetate was obtained as observed
from the NMR spectrum. No attempts were made to purify the product and
measure the yield. IH NMR (80 MHz, CDCl3) & 2.18 (s,3H), 3.70 (s, 3
H) 5.93 (s, | H), 7.25-7.26 (m, 5 H).

D. Methyl a-bromophenylacetate (1.15 g, 5 mmol) was added to 20
mL of DMSO containing p-toluenesulfonic acid monohydrate (1.90 g, 10
mmol) and sodium cyanide (0.49 g, 10 mmol). The reaction was stirred for
24 h. and worked up in the usual way. The product contained 40% methyl o.-
bromophenylacetate and 60% methyl a-hydroxyphenylacetate as estimated
from the NMR spectrum. After stirring for 4 days, only methyl a-
hydroxyphenylacetats was obtained. 1H NMR (80 MHz, CDCI3) 83.58 (d,]
=6 Hz, 1 H) 3.70 (s, 3H) 5.15(d, J =6 Hz, 1 H) 7.33 (s, 5 H). After
D,0 exchange, the peak at 3 3.58 ppm disappears and the peak at 8 5.15 ppm
changes to a singlet. The chemical shift is identical to that in the literature. 12!
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E. Methyl o-bromophenylacetate (1.15 g, 5 mmol) was added to 30
mL of DMSO containing N,N-dimethylaniline (2.42 g, 20 mmol), p-toluee-
sulfonic acid monohydrate (3.80 g, 20 mmol) and sodium cyanide (0./4 g, 15
mmol). The reacticn was stirred for 18 h. and worked up in the usual way. A
mixture of 45% starting matzrial methy! ¢:-bromophenylacetate, 40% methyl
a-hydroxyphenylacetate and 15% methyl a-cyanophenylacetate was obtained
as esiimated from the NMR spectrum.

F. Methyl a-bromophenylacetate (0.57 2, 2.5 mmol) in 10 mL of
DMSO was «ropped to 5 mL of DMSO containing ictraethylammonium
cyanide123 (1.95 g, 12.5 mmol). The reaction was stirred for 1 h. and worked
up in the usual way. The crude product methyl o-cyancphenylacetate (0.44 g,
100%) was obtained as a liquid: 1H NMR (80 MHz, CDCi3) § 3.75 (s, 3
H), 4.70 (s, 1 H), 7.35 (s, 5 H). The chemical shift is identical to that in the

literature. 122
Attempted -:theses of diethyl 2,5-dicyanoadipate

A. Sodium cyanide (2.0 g, 0.41 mol) was added to 20 mL of DMSO
containing diethyl 2,5-dibromoadipate124 (3.36 g, 9.3 mmol). The reaction
was stirred for 24 h. and worked up in the usual way. After distillation, a
mixture of frans and cis diethyl 1-cyanocyclobutane-1,2-dicarboxylate (1.62 g,
72%) was obtained as a liquid: bp 104-106°C (0.5 mm) [lit.922 152-154°C
(9 mm)}; TH NMR (200 MHz, CDCl3) & 1.10-1.25 (m, 6 H), 2.25-2.75 (m,
4 H), 3.65-3.95 (m, 1 H), 4.05-4.50 (m, 4 H).
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B. The reaction of diethyi 2,5-dibromeadipate with NaCN in 40%
DMSO at 80°C was reported to give dictny, 2,5-dicyanoadipate.?6 The
reaction was repeated three times, but only the cyclized product was obtained.

Attempted syntheses of dimethyl 2,5-dicyanoadipate

A. Sodium cyanide (3.0 g, 0.061 mol) was added to 30 mL of DMSO
containing dimethyl 2,5-dibromoadipate 93b (5.0 g, 15 mmol). The mixture
was stirred for 24 h. and worked up by pouzing into 100 mL of water and
acidifying with 1 N HCL. The product was extracted with 3 X 30 mL of
benzene. After removal of the solvent, the residue was distilied to give a
mixture of cis and trans dimethyl 1-cyanocyclobutane-1,2-dicarboxylate (2.20
g, 73%:) bp 90-96°C (0.5 mm) [1it.93b bp 119-120°C (2 mm)]. One of the
isomers crystallized in the distillate. 'I"he crystals were collected and
recrystallized from methanol, mp 87-88°C [1it.93b mp 89.5-90°C]. IH NMR
(200 MHz, CDCl3) for the solid isomer & 2.30-2.46 (m, 1 H), 2.56-2.84
(m, 3 H), 3.72 (s, 3 H), 3.85(s, 3 H), 3.74-3.84 (m, 1 H); For the liquid
isomer & 2.26-2.38 (m, 1 H), 2.52-2.72 (m, 3 H), 3.80 (s, 3 H), 3.89 (s,
3 H), 3.52-3.86 (m, 1 H). |

B. Dimethyl 2,5-dibromeadipate (3.32 g, 0.010 mol) was added to 20
mL of DMSO containing acetic acid (2.0 mL, 0.033 mol) and sc dium cyanide
(4.4 g, 0.09 mol). The reaction was stirred for 24 h. and worked up in the
usual way. After distillation, the cyclized product (1.46 g, 65%), dimethyl 1-
cyanocyclobutane-l,2—dicaxboxylate, was obtained.
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C. Acetic acid (3.6 mL, 0.060 mol) and sodium cyanide (4.90 g,
0.010 mol) were added to 30 mL of methanol containing dimethyl 2,5-
dibromoadipate (0.50 g, 1.5 mmol). The reaction was stirred overnight and
worked up in the usual way. Only the cyclized product was obtained. No
attempts were made to measure the yield.

D. isimethyl 2,5-dibromoadipate (1.0 g, 3 mmol) was added to 20 mL
of DMSO containing p-toluenesulfonic acid monohydrate (2.30 g, 12 mmol),
N,N-dimethylaniline (1.45 g, 12 mmol) and sodium cyanide (0.59 g, 12
mmol). The reaction was stirred for 4 days and worked up in the usual way.
The starting material dimethyl 2,5-dibromoadipate was recovered.

When the above rea-tion wa~ sttempted using triethylamine (1.21 g,
12 mmol), only the cyclized product dirzethyl 1-cyanocyclobutane-1,2-
dicarboxylate was obtained.

E. Tetraethylammonium cyanide (1.5 g, 0.010 mel) was dissolved in
15 mL of DMSO. Acetic acid (0.12 g, 2 mmol) and dimethyl 2,5-
dibromoadipate ( 0.33 g, 1 mmol) were added to the solution. The reaction
was stirred for 20 min. and worked up in the usual way. Only the cyclized
product was observed from the NMR spectrum.

F. Dimethyl 2,5-dibromoadipate (0.66 g, 2 mmol) in 10 mL of DMF
was dropped into the mixture of tetraethylammonium cyanide (3.1 g, 0.020
mol) in 20 mL of DMF cooled to -30°C. The reaction was stirred at -30°C for
10 h. and 2 mL of acetic acid was added. The reaction was worked up in the

usual way. Only the cyclized product was obtained.
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The above reaction was tried by using acetic acid (0.60 g, 10 mmol) as
a buffer. Besides the cyclobutane, an unknown compound was obtained. 1H
NMR (200 MHz, CDCl3) 8 4.95-5.12 (m, 1 H), 3.76 (s, 3 H), 3.77 (5. 3
H), 2.14 (s, 3 H), 215, 3 H). It is probably dimethyl 2,5-
diacetoxyadipate. No attempts were made to separate and idetnify the

unknown compound.
2-Cyano-2-methuxycarbonylcyclobutanecarboxylic acid

A. Tetracthylammonium cyanide (2.1 g, 32 mmol) was dissolved in 10
mL of DMSO at 5(°C. Dimethyl 2,5-dibromoadipate (0.66 g, 2 mmol) was

up by pouring into 50 mL of water and acidifying with 1 N HCL The product
was extracted with ethyl acetate. The combined extracts were dried and
evaporated. The residue, obtained after evaporation of the solvent, was a deep
brown oil. The product is probably trans and cis-2-cyano-2-
methoxycarbonylcyclobutane-carboxylic acid. 1H NMR (200 MHz, CDCl3) §
2.28-2.42 (m, 2 H), 2.58-2.78 (m, 6 H), 3.75 (s, 3 H), 3.83 (s, 3 H),
3.74-3.90 (m, 2 H), 7.06-7.24 (b, 2 H). FT-IR (CHCI3 cast) 2700-3400
(broad), 1731 cmr-l.

B. The above reaction was tried using tetracthylammonium cyanide
(1.25 g, 16 mmol). A mixture was oh:sined when the reaction was stirred at

500C for 20 h. The signals for the methyl groups were located at § 3.73,
375, 3.80, 3.83, 3.86, 3.89 ppm respectively.
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C. Tetraethylammonium cyanide (1.50 g, 9.6 mmol) was dissolved in
5 mL off DMSO containing p-toluenesulfonic acid monohydrate (0.20 g, 1
mmol). Dimethyl 2,5-dibromoadipate (0.50 g, 1.5 mmol) was added. The
reaction was stirred at 50° C for 5 min. and worked up in the usual way. The

mixture also showed six singlets for the metky! protons at & 3.73, 3.75, 3.80,

3.83, 3.86 and 3.89 ppm.
2-Cyano-2-methoxycarbonylcyclohexanecarboxylic acid

Tetraethylammonium cyanide (6.2 g, 0.040 mol) was dissolved in 20
mL of DMSO containing p-toluenesulfonic acid monoliydrate (0.80 g, 4
mmol). The solution was warmed to 50°C. Dimethyl 2,7-dibromosuberate125
(1.44 g, 4 mmol) was then added. The reaction was stirred at this temperature
ovemnight and worked up by pouring into 100 mL of water. After acidification
with 1 N HCI, the product was extracted with chloroform. The combined
extracts were washed with water and dried. Removal of the solvent gave a
residue, which was recrystallized from benzene to give a white solid (0.40 g,
48%): mp 140-142° C (dec.); 'H NMR (200 MHz, CDCl3) 8 1.26-2.00 (m,
6 H), 2.22-2.40 (m, 2 H), 298 {dd,J = 4, 13 Hz, 1 H), 3.76 (s, 3 H),
7.08 (br, 2 H) (the broad peak at 7.08 ppm is exchangeable with D,0); FI-
IR (CHCI3 cast) 3200-2800, 2240, 1733, 1713, 1211 cm’l; 13C NMR

(CDCl13) 173.88, 172.03, 117.19, 52.65, 48.05, 47.30, 34.65, 25.30,
24.65, 21.81; CIMS (ammonia), m/z 229 (M* + 18, base). Anal. Calcd for
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C oM sNO;(Hy0)1p: C, 54.54; H, 6.41; N, 6.36. Found: C, 54.79; H, 6.36;
N, 6.30.
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