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Abstract

Three types of iminyl radical bearing a y—nitrile group have been
investigated as models for the suggested radical-initiated
polymerisation of the nitrile groups in polyacry lonitrile . Tlw
iminyls were generated by oxidation of the corresponding oxime—O--
acetic acids with persuiphate m d  it has been shown that the most
appropriate model iminyls are those derived from keto—nitriles
possessing a t—alkyl nitri ’ . group , an unhindered carbony). and
some degree of molecular ri6~dity . Three important homolytic
reactions are thought to occur during polymerisation of
polyacrylonitrile, viz,intramolecular addition of iminy l to
nitrile, intramolecular hydrogen abstraction by the iininyl ,
and formation of iminyl by intramolecular addition of alkyi r .idici1
to nitrile . The second of these has been shown to occur readily
with some of the above models.
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1. Following our statement of objectives in the Research Proposal we
have concentrated on the preparation of precursors of iuiinyl
radicals bearing y—nitrile groapa (1), (2) and (3), these being

(4 
~~~~~~

.

~~ ~~~~~ ~~~~~~ “s. ~~~~~

(2)

models for the suggested radical—initiated polymerisation of the
nitrile groups in polyacrylonitrile, (i).

~~~ ~~~ ~
Oxidation of oximinoacetic acids is now an established method for
iminyl production,1’2 and hence our synthetic work has been directed
at the ketone precursors of the oximinoacetic acids.

Model (1)

Bromination of the ketons (4; X—H) with N—bromosuccinimide
(2 aol) in boiling carbon tetrachlorids gave the benzylic bromide
(4; X—Br) in 83% yield (by n.m.r.) but conversion to the nitrile
(4; X—CN) by reaction with potassium cyanide in ethanol did not
proceed smoothly . Although the crude produc t showed both carbonyl

1 A.R . Forrester , M. Gill, J.S. Sadd , and R.H. Thomson,
J. Chea, Soc. Ch.m. Coma., 1975, 291.

2 A .R. Forreeter , M. Gill, and R.H. Thomson,
J. Chea. Soc. Chain. Comm ., 1976, 677.
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and nitrile absorption in the infrared region purification gave
mainly l—phenylisobenzofuran (5). While this work was in progress
the spontaneous cyclisation of the ketone (4; X-’Br) to (5) was
reported3 and it appears that the nitrile (4; X—CN) undergoes a
similar change. Benzylic bromination of the oximinoacatic acid
(6) was also efficient (93%) but the subsequent reaction with
potassium cyanide gave a complex mixture of acidic material.

A weakness of the model (1) Ia the possibility of intramolecular
hydrogen abstraction by the radical which could compete with
addition to the nitrile group. To avoid this complication, and
to impede spontaneous cyclisation of the intermediate bromo— or
cyano—ketone to an isobenzofuran , we attempted to synthesise the
homologous keto—nitri].e (7; X—CN) via the “known”~a1coho1 (lob)

c[~ç
(7)

) Q 4’i—. ~~
‘-
~

(~ ) (i~~~I~)

~ R. Faragher and T.L. Gilchrist, J. Chain. Soc. Perkin Trans. I,
1976 , 336.

~ E. De. Barnett, J.W. Cook, and I.G. Nixon, J. Chain. Soc.,
1927 , 504.

L ~~~~~~~~~~~~~~~~ _ _ _ __ _ _  _ _
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by the reaction sequence (8 -- 9 + 10) . The structure of the product
(].Oa or lOb), which had not previously been established ,~ was easily
shown to be the ring tautomer (lOa) (voN 3578 cnf 1, no v~0 

band).
However this tautomer did not react to give ring—opened products.
No reaction occurred with hydroxylamine , sodium cyanide , acetic
anhydride or ~—toluenesu1phony1 chloride, and with methoxyamine in
acidic ethanol solution the corresponding ethyl acecal was formed.

In an alternative approach to the keto—nitrile (7; X—CN) the
lactone (9) was reduced with sodium amalgam to the diol (11) (cf.
ref. 5) but subsequent oxidation with manganese dioxide again gave
the ring tautomer (b a). Attempts to protect the tertiary hydroxyl
group by reaction with p—toluenesulphonyl chloride or acetic
anhydride resulted in formation of the cyclic ether (12) and
monoacetate (13), respectively .

tiI- IbL~ ~
,

—

Hydrogenation of the ~.actona (9) over Raney nickel yielded
the acid6 (14) which was converted into the o—isopropyl ketone
(7; x—H) by known procedures .6 Photolytic brotnination gave the
bromide (7; X.’Br) in good yield but this cyclised readily ,
especially in aqueous—ethanolic solvents, forming the hemiacetal
(lOa) or its ethyl acetal. In non—aqueous solvents (DNF, TLF)
nucleophilic substitution did not occur but cyclisation ensued , as
before, during the aqueous work—up . Spontaneous cyclisatton was
prevented by conversion of the ketone into the oxime methyl ether
but bromination of this ether was a poor reaction and the oxiniino-
ether, although usable, is a less desirable substrate for oxidation

~ F. Seidel, Ber., 1928, 61, 2267.
6 J.G. Smith, Canad. J. Chem ., 1968, 46, 2273.
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than the oximinoacetic acid. Because of this, and the ease
with which intermediate compounds cyclise in this series we
discontinued work on this model.

Model 2

The simplest approach to the ketone precursor of model (2)
is by Michael addition of the appropriate ketone to an o,~ —
unsaturated nitrile. In this way the keto—nitrile (15) was

~~~

(i5~) (“)  (1 7)

LI

produced but only in Low yield .7 The main products, the 2:1
adduc ts (16) and (17), were formed even in the presence of a
barge excess of ketone and were very difficult to separate.
Oxidation of the oxim.tnoac.tic acid (18), derived from (17), with
persu].phate gave mainly (19). This product does not arise by
addition of iminyl to nitrile but by intramolecular hydrogen

I ~~~~~~~~~~~~~ ~~~~ ) 
~~~~~~~~~ ~~

--
~~~\~ 

-

~
4-~

( l v )

~ A .D . Campbell , C.I. Curtis, and S.N. Slatar ,
J. Chem. Soc., 1948, 1741.
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abstraction by the iminyl, followed by intramolecular
cyclisation of the ensuing alkyl radical, as indicated . This
reaction is the iminyl equivalent of the Barton, Hofmann—L8fler—
Freytag, and Yang reactions, and other examples have recently
been reported2 from tI is laboratory . Although the abstractable
y—hy drogen of the ketone (15) (and the acid (18)] could have
been replaced by alkyi.ation, simultaneous a].kylation of the
methylene group ct— to the carbonyl is also possible . Hence ,
we considered it simpler to alkylate the keto—nitrile (20) from
isobutyrophenone and methacrybonitrile. Treatment of (20) with
sodium hydride ~fo1lowed by methyl iodide gave a mixture of products ,

( z s )(z~”)

4 L (

the principal component of which showed nitrile and hydroxyl but
no carbonyl i.r. absorption. Its n.m.r. spectrum showed four
separate singlets but no )CHO resonance. We assign structure
(21) to this product. Using the anion of the hindered base (22)
and methyl iodide at ~~740 the ketone (23) was obtained in moderate
yield together with (24) and (25).

Oximation of ary]. t—alkyl ketones is difficult , and the keto—
nitriles (20) and (23) had to be heated under refiux in aqueous
alcohol with hydroxylamine and godium acetate for 5 h before
significant reaction occurred. The crude products showed nitrile
absorption in the i.r. but treatment with broinoacetic acid gave
crystalline acids which did not. Full identification of these acids
was not made but we surmise that the nitriles in the crude oxime
reaction mixtures are merely unreacted keto—nitriles and that
amidoxinie formation (followed by cyclisation?) competes with
oximation of the hindered carbonyl group .

Therefore the required keto—nitrile precursor of the iminy l—
model must possess a t—alkyl n1tr~le group and an unhindered carbonyl.
Synthesis of such a model (26) was achieved by the Michael addition
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shown and the carbonyl group was transformed into the 1~ninoxy—
acetic acid function in the usual way . Oxidation of this acid
(27) with persulphate gave no cyclised product. Product analysis
indicated that the iminyl (28) dimerises to (30) and abstracts

o C-) (‘~~~I~1<
—

~~ ÷ P~~ cH~~c~ PA ----
~~ 

(~~~~~~ H~~G~~
C L

~ ’J

‘yR
.5

s~o~ -, 1’ M ~~~~~~~~~~~~ 
-

t
’
~~~

-
~~~c-H~~~~

,-J c~/”l~ c”.J _- -—---9 ~~~~~~~~~~~~~~~~~~~~~~ (Z~~) ~

~
_7
, ~~1 ftt( ~~

~27) L~~) 
( ‘k_7~~. ~~~~~~~~~~ ‘-

r-, ‘~t~
hydrogen (yielding (26) after hydrolysis] in preference to adding
to the nitrile group . We attribute this disappointing result to the
flexibility of the chain in (28) the radical centre reacting in other
ways before it can adopt the geometrical and conformational arrangement
necessary for intramolecular addition to occur. Thus, some degree of
molecular rigidity (almost certainly a feature of polyacrylonitrile)
appears to be a further requirement for the model.

Model 3

Accordingly, we have turned our attention to the keto—nitrile
precursor (32) of the iminyl (34). Synthesis of this keto—nitrile
from acenaphthoquinone (31) was achieved by adaption of a recently
described8 preparation of aliphatic keto—nitriles and is shown below .
However , treatment of the keto—nitrile (32) with hydroxylamine-sodium

8 T. Wakamatsu, M. Fukui, and Y. Ban, Synthesis, 1976 , 341.
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acetate in aqueous ethanol did not give the corresponding oxime .
Instead, the cyclic imlno—nitrone (35) (v a 3170; no 

~~~~ 
was

formed. Further attempts to produce thenio*ime in a1kalin~ solution
yielded the ainino—ketone (36) (v 

~ 
3350, 3250, 1635 and 1570 cm~~ ;

no v~ ; &—5.95(1H)] and in aci~~s6lution no reaction occurred .
Forma~~on of the iminoxyacetic acid (33) directly from the keto—nitrile
(32) by reaction with aminoxyacetic acid was also unsuccessful .

To overcome these difficulties we attempted to generate the
iminyl in situ from the known9 dinitrile (37) by reaction with methyl
radicals. An authentic specimen of the expected product from such a
reaction was considered desirable and hence we first treated the

~ A.J. Boulton and S.S. Mathur , J. Or&. Chem ., 1973, 38, 1054.

-
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dinitrile with methyl—lithium. Surprisingly, the dinitrile was
reluctant to react and even with an excess of th. reagent gave only
small amounts of the cyclised products (38) and (39). D.composition
of acetyl peroxide (4 mob) in the solutIon of the dinitrile (37)

- ~~ ~~~~~~~~1 ~i c

(~~‘I )

(1 mol) in hot benzene did not yield (38) nor the correspond i ..g m ine .
Little reaction of the dinitrile occurred and the methyl ram..Icals
were apparently consumed by the solvent. Phenyl/beazoy boxy
radicals from benzoyl peroxide in benze na did react with the din itri le
but we could obtain no evidence for the formation of (40). Fusion .~t
a mixture of benzoyl peroxide and the dinitrile at 160° gay, an
intractable mixture and thermolysis of a solution of tIs din itril e
in di—t—butyl. peroxide at 140° gave a similar rescit .

-~r~

-

~ 
( l-i O) 
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Discussion

Colour ing ot polyacrylonitrile is geasraily attribu i~~ tc  the
production o-f a poly imtne by cyclisatton ~‘t adjacent rtit r ile
groups.10~~ ’- Both a~~onic (Ii) and radical (iii) mechanisn~ have
been suggested ror this L y . ’lsacion. Th. forme r LS t h o ug ht  to
operate at low temperatures sad is initia~~d by st uc tu ra l  d e f e c t &
in the polymer and/or ~y .~~te :nal nu c leophiles . ~he l a t t e r  proce.~ s
at high temperatures and is considered to involve iminyl r ad~~ a1
addition tc nitrile . Experimental evidence for the nucleophilic
process is convincing but the rsdic~i1 process is not we1).-underst~~d

~~~~~~ I \  - ) ) ~

-
‘ - N. - - 

— - - ‘~~~ -~ _-

I 9 ~ ) ~~
, ,I )

~ 
,. - -5- — - 

N

although it is the moL- important co~~srcia11y since it is i~.&p1icuted
in carbon fibre prod ~ction .

In a recent and par~ Lcu1ar1y c5~~.ful study by Grassie and
McGuchan13 using thermogr.svimstric ~rtd differential therm .~1 analysis
techniques the fol lowing radical mechanism (iv) was proposed. i h i s
satisfies most of the experimental observations of the therma l process .

10 R.T. Conley in “Thermal Stability of Polymers”, ed. R.T. Con l.ey,
Marcel Dekker, New York , 1970, Vol. 1, Chapter 8, p.223 .

~ N. Grassie in “Polymer Science”, ed. A.D. Jenkins, North Holland
Pub. Co., London, Vol. 2, Chapter 22, p.1443.

12 C. David in “Comprehensive Chemical Kinstics”, eds. C.H. Bamford
and C.F.H. Tipper , Elsevier , Oxford , 1975 , Vol. 14, Chapter 1, p .1.

13 N. Grassie and R. McGuchan , Eur. Poiy~m . J., 1971, 7, 1357, 1503;
Eur. Polym. J., 1972, 8, 243.

_
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including short kinetic chain length and marked chain transfer .
Three distinct radical reactions are involved in this scheme, viz.
(a) addition of iminyl to nitrile, (b) intramolecular hydrogen
abstraction by the iminyl, (c) addition of alkyl radical to nitrile .
Our work during the grant period has been concerned with the synthesis
of model compounds to demonstrate the feasibility of this scheme and
particularly the addition of iminyl to nitrile.

Reaction (a). Preparation of suitable precursors of model iminyls
has been more difficult than was envisaged at the outset and we cannot
yet claim to have obta ined a satisfactory model which illustrates the
iminyl addition to a nitrile. All of our proposed iminyls have been
derived from keto—iminoxyac.tic acids which are formed from keto-
nitriles by nucleophilic addition. A competing intramolecular
addition to nitrile has been the main complicating factor, exemplified
particularly well by the reactions of the keto—nitrile (32) with
hydroxylamine and alkali. Significantly these reactions provide :1

‘I supporting evidence for the low temperature cyclisation of nitriles
O r-f

4- ‘C ‘.-,i .J~~~
’

~~~~ S 1-4

~~J COcH~ >

~~~~~~~~ ~~~‘•‘
~ I

_ _ 

~~~~~~ 

‘-q~1 I
> --->

I
- -  - -“—- -~~~~~~ ------ .5-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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under the influence of an added nucleophile .

Reaction (b). Our work has clearly established the feasibility of
this reaction. The example given below, and others reported from

-_____ 
_ _ _ _  

(0)

C C,.)

this laboratory,~~ inditate that such reactions are likely events
in the degradation of po].yacrylonitrile at high temperature.

Reaction (c). Intermolecular addition of alkyl and ary l r adicals  to
nitriles is rare and only a few examples are known .’5 We have
observed only one reaction of this type in the present work and this

R~ ~~~~~~~ —

proceeded in low yield .16 Hence our inability to find conditions
under which methyl and phenyl would add to 1,8—dicyanonaphthale ne is

,‘iT~\__j ’ ~\ ~~~~ U \\ -- 1/ \\\~ / \ — ---
~~
‘ \ — -/

l’t A .R. Forrester M . Gill and R.H. Thomson, Chem. Comm ., 1976 , 677.
15 D.D. Tanner , N.J. Bunce , JACS , 1969, 91, 3028; W.E. Hanby and

W .A. Wa ters , J. Chem. Soc ., 1939, 1792.
16 R.H. Thomson, 2nd Quar terly Status Repor t 1974 — Contrac t No.

DA.JA37—74—C—1531.
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not surprising . Indeed , the reverse process , fragmentation of
iminyls to nitriles Is more frequentl y encountered .17

However, intramolecular add ’tion of alkjl radicals to nitriles ,
given favourable geometry, appea~s to proceed more ea~~l) and
examples of intramolecular addition of alkyl and aryl radicals to
steroidal18 and aromatic nitriles19 are known. We have not yet
attempted to generate models which would test the likelihood of such
a reaction occurring during polyacrybonitrile t~ermolysis but intend
to do so.

Experimental

Model (1) Experiments

Attempted preparation of o— (cyanomethyl)benzophenone oxime—O—acetic acid

(I) A solution of crude o— (bromoinethyl)benzophenone3 (1.045 g,
0.0038 mob) and sodium cyanide (1.0 g, 0.019 mob) ~n dloxan (30 m~)
and water (6 mi) was heated under ref lux for 2 h and then diluted with
water. Extraction of the reaction mixture with ether followed by
evaporation of the solvent and chromatography (t.1.c.) of the residue
on silica with chloroform—petrol (1:1) gave (a) o—methy lbenzophertone
(24%) (b) l-phenylisobenzofuran3 (5) and (c) o-(cyanomethyl)benzo-
phenone, v 2250 and 1669 cm .1 , 6 (CDCi 3) 3.95 (CH~). Product
(c) gave (~~ on standing.

(ii) A solution of benzophenone oxime 0-acetic acid (538 mg, 0.002 mol),
N—bromosuccinimide (783 tug, 0.0042 mob) and benzoy l peroxide (catalytic
amount) in carbon tetrachboride was heated under ref lux for 15 h .  The
acidic product o—bromome thylbenzophenone oxime 0—acetic acid had
M~ 347 and 6 (CDC L 3) 4.48 (CH 2 ) .

A solution of the above acid (624 mg) and sodium cyanide (441 tug)
in dioxan—water (10:1) (110 nit) was heated under reflux for 1 h. The
acidic product was a dark yellow oil (300 tug ),  V 2250 and 1673 cm~~.

17 M.L. Poutsma and P.A. Ibarbia , J. Org. Chem ., 1969 , 34 , 2848.
18 K. Heusler and J. Kalvoda, ~~gew._Chem., 1964, 3, 525.
19 P.M. Brown, J. Russell, R.H. Thomson, and A.G. Wylie , J. Chest. Soc. ,

1968, 842.
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Attempted preparation of o— (cyanoisopropvl)benzophetione ox!me—O-
acetic acid

(I) l—Hydroxy—3 ,3—dim~thy1—1—pheny lphthalan (1.5 g) in ethano l
(100 ml.) was stirred with sodium amalgam [from sodium (3.4 g) and
mercury (114 g)]under reflux for 38 h. The reaction mixture was
poured into water and the solid which precip itated , collected.
Extraction of the filtrate with ether and evaporation of the extracts
gave ~~(hydroxy isopropyl)benzhydry alcohol (11) (1.66 g, 100%) as an
oil (Found: M~—l8 = 224.1201. Caic. for C 16 H1802 requires 14—18,
224.1201), v 3390 cm~~, 6 (CDCl.3) 1.66 (6H, s, 2Me), 3.05—3.20
(211, s, 2oH)~9:58 (1H , s CHOH), and 7.15—7.35 (9H, m , ArH), tn/e
M~—18 (63%), 209(100), 194(25), 165(16).

Reactions of o—(l—hydroxyisopropyl)benzhydryl alcohol

(a) With mang~~ase dioxide. Treatment of the alcohol in ether at
room temperature with an excess of manganese dioxide gave 1—hydroxy-
3, 3—dimethyl—l—phenylphthalan (bOa) (100%).

(b) With p—toluenesulphonyl chloride. The alcohol (181 tug) and ~~
—

toluenesuiphonyl chloride (186 tug) in pyridine (2 ml.) was lef t for
2 weeks and then poured into water . The reaction mixture was worked
up in the usual way to give 3,3—d imethyl—l—pheny lph thalan 20 5 (CDC2..

~)
1.56 (31!, s, Me), 1.69 (311 , s, Me ),  6.15 (1H , s, CI!) ,  7.0—7.4 (98, m ,
ArH).

(c) With acetic anhydride. The alcohol (150 mg) and acetic anhydride
(1 ml.) in pyridine (0.5 ml.) was left at room temperature for 16 h.
Work up gave o—(l—hydroxyisopropyl)benzhydryl acetate (120 mg 68%) ,
v 3460, 1710 cn1 1, 6 (CDCt 3) 1.54 (3H, s, Me), 1.70 (38, a , Mc),
2’~~~~(3H , s COMe) ,  2.67 (1H , s, OH), 7.2—7.6 (9H, rn ArH) and 7.98
(lH , s, CHPh OAc).

(ii) A solution of o—isopropy lbenzophenone (672 mg) in carbon tetra—
chloride (30 ml.) was heated under reflux and irradiated with a 250 w
sun—lamp while bromine (720 tug) in carbon tetrachioride (50 n~~) wa~
added during 15 m m .  The solution was allowed to cool and the  o-
(l—bromoisopropyl)benzop henone separated as a red oil. The crude
product (700 tug, 98%) showed 6 (CDCL 3) 2.12 (68, a , 2Me), and
7.88—8.90 (98, is, ArH).

20 A. Fabrycy, Chem._Abs., 1959 , 33 , 1307.

— —- —— --- - - -- -- • —-~~~~~~~~~~~~~~~ —- ~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _



- -.5 — 

~~~~~

- - - - , - - - - - -— — - - - ----- -- - -
~~~~~~~~~

— 14—

In separate experiments o—(1—bromoisopropyl)benzophenone was
treated with (a) sodium cyanide in ethanol—water , (b) potassium
cyanide in THF and (c) aqueous sodium bicarbonate—chloroform. In
each case the main product was l—ethoxy—3 , 3—dime th y l—l— phen yl —
phthalan (a , 25%), (b , 30%), (c , 100%), 6 (CDCl.3) 1.2 (3H , t , J 8Hz ,
OCH2CH3), 1.67—1 .70 (6H , d , 2Me) , 3.42 and 3.61 (21-1, each 18 , q
J 8Hz , 0C1j 2C83) .  7 .20 — 7.77  (9H , rn ArH) .

Model (2) Experiments -

3—Benzoyl—1—methylbutyronitrile (15). To a stirred mixture of
acetophenone (120 g, 1 mol) and potassium me thoxide (from potassium
(1.17 g) and methanol (25 ml.)] methacrybonitrile (67.0 g, 1 mol) in
dry benzene (100 ml.) containing quinol (100 mg) was added dropwise
with stirring . The reaction mixture was heated for 30 mm and
then left at room temperature overnight. Hydrochloric acid was added
and the neutralj~sed solution was extracted with ether. The etherial
extracts were evaporated and the residual oil distilled to give
acetophenone (44 g, 33%) , b.p. 40—48°/O.35 mm Hg and a yellow oil
(85 g), b.p. 176—l84°/0.35 mis Hg. The latter was redistilled to give
two fractions 160—167°/0.25 mm Hg (8.5 g) and 167—180°/O.25 mm Hg
(72 g). The lower boiling fraction was chromatographed (column)
on silica using petrol—chloroform as irrigant to give (a) 3-benzoy l-
l—methylbutyronitrile (2.5 g, 1.3%), m.p. 48° (from chloroform—benzene)
(Found: C , 77.3; H, 7.2; N, 7.7. C12H13N0 requires C, 77.0;
H, 7.0; N, 7.5%), v 2240 and 1685 cm~~, 6 (CDCl. 3) 1.39 ( 314, d , J
7.0Hz; cH2c~j3), 1.8~9:2l (2H, ~~, cH2), 2.56—3.02 (18 , is , CH), 3.22
(211, t J 8.0Hz , CHCH 3) ,  7 .48—7.59  (38 , rn ArH), 7.92—8.10 (28, m , Art!),
and (b) an oil from which 3—benzoyl-l ,5—dime thybopimelonitrile (17)
crystallised , m.p. 35—40°, v 2215 (C~N) and 1640 cm~~, 6 (CDC~~)
1.32 (311, d , J 7Hz , Me), ~~~~~~~~ d , J 7.0Hz, Me), 1.60—2.84 (68, tu,
2CH2CH) , 3.16—4.18 (111, is, CH ) ,  7.54—7.60 (3H, m , ArH), 8.01—8.12 (211 ,
m. ArH) .

3—Benzoyl—l,3—dimethylvaleronitrlle (20). Methacry lonitrile (14.40 g,
0.216 mob) was added dropwise with stirring to a solution of isobutvro-
phenone (25.0 g, 0.17 mol) in dioxan (100 ml.) and 30~. me~hano1ic-
potassium hydroxide (10 ml.). The reaction mixtu r e was heated at 70°
for 5 1-i and then stirred at room temperature for 16 h. It was then
poured into water and the oil which separated was extracted into

——--5--.-—- ---.5---- . —---- -~~~~ - - . —----- .5 ---- -. -~~~~~~~ -- - . -~~~~~~~~~~~~
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chloroform. Evaporation of solvent and distillation of thc r t~s i du c
gave starting material (12.0 g) and a f rac t ion  of b . p .  120—130 °!
0.35 mm Hg which was crystallised :rom chloroform—petrol  to give the
lactam of 4—amino—4—hydroxy—4—methylamine-l ,3,3—trime thy1~entanoic
acid (1.0 g, 24%) , m.p. 165° (Found: C , 72.8; H, 8.8; N , 6.0.
C15H21N02 requires C, 72.5; H, 8.5; N, 5.7%), v 3200 , 1670 cm~~,
6 (CDCL 3) 0.78 (311, s, Me) , O.95 (311, a, Me), 1 2~a~314, d , J 6Hz ,
CHCH3), 1.28—2.71 (3H, m, CH 2CH) , 3.1 (3H, s , N M e ) ,  6 .42  (1H , s,
OH), 7.4 (511, s, ArH), nile 247(2)(M).

Evaporation of the mother liquor and distillation of the
residue gave 3—benzoyl—l ,3—dime t~~~valeronitrile (11.0 g, 30%) as
an oil , b.p. 126—l28°/O.35  mm Hg (Found : C, 78.0; 8, 8.0; N , 6.8.
C11,H17N0 requires C, 78.1; H, 7.9;  N , 6.5% ) , v 2220 , 1672 cm 1 ,
6 (CDCt3) 1.32 (311, d , J 7Hz, CliCk!3), 1.42 (3H, ~~~

XltIe) , 1.46 (3H, s ,
Me),  1.99—2.12 (211, m , CH) , 2.36—2.83 (18, m , CH), 7 . 3 7 — 7 . 7 3  (511, tu ,
ArM ) ,  m/e 215(M).

2~4—Dicyano—2,4,6,6—tetrame thyl—1—pheny1cycbohexano1 (21). 3—Benzcvl-
1,3—dimethylvaleronitrile (1.0 g) in DMF (5 ml.) was added dropwise to
a stirred solution of sodium hydride (720 mg, in mineral oil) in DMF
(3 ml.) and benzene (2 ml.) under nitrogen. After 15 mm , methyl iOdldL
(2.0 g) was added slowly and the reaction mixture was warmed to 40°
for 3 h. It was then poured into water and worked up in the usual
way to give 2,4—dicyano—2 ,4,6,6--tetrarnethyl-l—phenylcyclohexanol (130 i~~-.,

13%), m .p. 243—250° (from chloroform—petrol) , v 3520, 2240 cm~~,
6 (CDCt3) 0.76 (3H, a, Me) ,  1.19 (3H, a , Me), 19*~(3H, s, Me) ,  1.68
(311, a, Me), 1.86 and 2.14 (each 114, d J 4Hz, CH2), 2.09 (18, s , OH) ,
7.36 (511, m , ArH), ni/e 282(M)(2Z).

3—Benzoyl— 111,3—trimethylvaleronitrile (23) . A s t i r red  solut ion ol
N—cyclohexylisopropylamine (5.7 g, 0.0394 mol) in THF (10 ml.) was
treat ed with n—butyl—li thium (0.040 mol; 40 ml.), in hexane at -74°
under nitrogen. After 20 mm , 3—benzoyl—1 ,3—dimethylvaleronitrilc
(7.5 g, 0.0386 mob) in THF (12 ml.) was added dropwise and the re.i~ tIon
mixture was stirred for 20 mm after which methyl iodide (7.95 g,
0.0562 mol) in THF (6 ml.) was added. S t i r r ing  was continued f o r  I I
at ~ 740 and a further 3 h at room temperature before the mixture ~ .ts
poured into water . Work up gave a neutral oil which was distilled
and the fraction of b.p. 142—151° 0.7 unit Hg was chromatographed on
silica (column) with chloroform—petrol to give (a) 3—ben~oyj~~L1,!--
trimethj~lva1eronitrile (Found: C, 76.8; H, 8.0; N, 5.9. C 1~ 11 19N0
requires C, 78.6; H, 8.3; N, 6.1%), 

~
‘m 2240, 1675 cm~~, ~ ((‘I)(

1.33 (6k!, a, 2Me), 1.48 (6H, s, 2Me), 2.?~~ (2H , s , Cl!2), 7.23—7.68
(50, is , ArH); (b) the lactone of ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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pentanc’ic acid (25) (30 tug, 0.4~’), m.p . 138—139° (from chloroform—
petrol) (Found: C, 77.0; Ii, 8.2; C16H1802 requtrea C, 77.0; H,
8.3%), v 1740 cm~~, 6 (CDC & 3) 0.88 (3H , a , Me ),  0.9 (3H , a , Me) ,
1.35 (3H~~~~J 6Hz , CliCk!3), 1.65—1.98 (21-1 , m, CM2), 2.65—2.92 (1k!, is,

CH 2CHCH 3), 5.08 (10, a , OCR) , 7.3 (51-1, s, Ark!), ni/e 219(3%),
218(22)(M) and (c) 4—hydroxy—4—pheny1—l,3—dimetj~ylvaleronitri1e (24)
as a viscous oil (1.12 g, 1~%) (Found: C, 77.1; H, 8.7; N, 6.6.
C11H 19N0 requires C, 77.38; H, 8.81; N, 6.45%), v 3470 , 2240 cm~~,
6 (CDCL 3) 0.97 (3M , s, Me) ,  1.0 (3M , s, Me), 1.35 (~fl~~d J 8Hz, CHCH 3),
1.3—1.75 (2k!, is, CII ), 2.08 (10, s , OH) , 2.52—3.00 (1k!, m , CHCN) ,
4.48 (111, a , PhCHOH) ,  7.31 (SM , a, Ark!).

3—Benzoyl—l ,1—dimethy l—2—phenylbutyronltril e (26) . n—Bu ty l-lithium
(0.032 mol, 35.45 ml.) in hexane was added to a stirred solution of
isobutyronitrile (2.42 g, 0.035 mob) in THF (12 ml.) at —74° under
nitrogen. The temperature was allowed to rise to 0° and then recooled
to —74° before 2—benzoylstyrene (6.24, 0.03 mob) in THF (12 ml.) was
added and the temperature allowed to rise to room temperature. The
reaction mixture was poured into water and the oil which separated
was chromatographed on silica (column) using petrol—chloroform (1:1)
as irrigant to give the starting ketone (1.8 g, 29%) and 3—benzoy l—
1,1—dime thy1—2—p~tenylbutyronitrile (950 mg, 17%), m.p.  109—110 ° ( f rom
petrol—chloroform) (Found : C , 82.5; H , 6.9; N , 5.0. C19H 19NO
requires C , 82.3; H , 6.9; N , 5.1%) , v (KBr) 2251, 1688 cm ’,
6 1.19 (3M , a, Me), 1.46 (311, s, Me),  3~~2~~ 7 (3H , m , CliCk!2), 7.31—
7.50 (811, m, Ark!) ,  7.83—8.00 (2H, is, ArH).

Preparation of oxime 0—acetic acids

3—Benzoyl—1—methylbutyronitrile oxime 0—acetic acid. A solution of
3—benzoyl—l—methylbutyronitri le (374 tug, 0.002 mol) , hydroxylamine
hydrochloride (160 mg, 0.0024 mob) and sodium acetate (200 tug) in
aqueous—alcohol was heated under reflux for 30 m m .  The p roduct
mixture was separated by chromatography to give the oxime (240 tug,

as a viscous oil (Found : C, 71.6; H, 7.1; an-1 1-, 13.7%;
M , 202.1102. C12H1~,N20 requires C , 71.3; H , 6 .9 ;  N , 13.9%.
M, 202.1106), vma 3370, 2220 cm~~.

The oxinie (404 nig) , br omoacetic acid (556 tug) and sodium hy droxide
(300 mg) in aqueous—ethanol was heated , under reflux for 1 h. Work-
up gave 3—benz.~y 1—1—methylbutyronitri 1e oxime-0-acetic acid (400 tug,
772) as an oil (Found : C , 64.4; H , 6.2; N, 10.7. C1~ H16N203
require. C, 64.6; H, 6.2; N , 10 .8%),  v 3450—3150 , 2220 , and 1760—
1720 cm 1, 6 (CDCL3), 1.33 (3H, d , J 7.O ~ 2~~ Me) ,  1.72 — 2.08  (2k!, in,

CRj~CH) , 2.56—3.16 (311, is , CII and CM 2), 4.78 (211, a , 0CM 2 ) ,  7 . 2 8 — 7 . 7 6
(511, ni, Ark!), 9.18 (1k!, a, OH). 
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3—Benzoyl—1, l—dimethyl—2—phenylbutyronitrile oxinie— O—acetic acid
was similarly prepared as a viscous oil (Found: M~, 350.1628 .
C21H22N203 requires H, 350.1630), v 3200 , 2237 , 1730 cni~~ ,
6 (CDC L3) 1.16 (311, s, Me), 1.50 (3I?~’~, Me),  2.98-3.00 (3M, is ,
CH2CH) , 4.70 (2k!, s, OCR2), 7.16—7.38 (10k!— in, ArH) ,  8.26 (111, a, OH).

Oxidations with Persuiphate. These were carried out by thernmolysis
as described previously.”

3—Benzoyl—l—methylbutyronitrile oxime-O—acetic acid gave ~~~yano-4-
methyltetralone (19) (145 mg, 66%) , m .p. 63° (Found: C, 77.5; H,
5.9; N, 7.4. C12H~ NO requires C, 77.8; H, 5.9; N, 7.6%), v
2219, 1690 cm~~, 6 (CDCL 3) 1.85 (311, a, Me), 2.28—2.60 (2H, is,
2.78—2.99 (211, ni, CH2CO) , 7.38—7.68 (311, is , ArM), 8.02—8.13 (1H , d ,
J 7Hz , ArM) , nile 185(32)(M), 151(100), 129(10) .

3—Benzoyj~—l, 1—dimethyl—2—phenylbutyronitrile oxime-0--acetic acid
gave the keto nitrile (26) (31%) and the azi ne of 3—benzoyl—1 ,1—
dimethyl—2—phenylbutyronitrile (30) (7%), yellow needles , In.p.
185—188° (from petrol—chlorofonn)(Found : M~+2, 496.3129.
C38H~0N~ requires M+2, 496.3129), v 2240 cm_ i , 6 (CDC2. 3) 1.08
(611, a, 2Me), 1.36 (611, bs, 2Me) ,  2~~~~3.44 (6k!, is , 2CH 2 CH) , 7.08—
7.51 (2011, ni, Ark!).

Model (3) Experiments

2—Hydroxy—2—methylaceaaphthene—l-one. A solution of methyl magnesium
iodide [prepared from methyl iodide (10.4 g) and magnesium (1.5 g) in
ether (100 n i t ) ]  was added dropwise to a stirred solution of acenaphthent~-
l,2—dione (7.28 g, 0.04 mob) in THF (600 niL) at 4°. The reaction
mixture was heated under ref lux for 30 mm and then allowed to cool
to room temperature during 3 h before it was hy drolys ed with aqueous
ainnionium chloride solution. After removal of THF the solution was
extracted with ether and the etherial extrac ts were concentrated .
The starting material (1.2 g) which precipitated was collected and
the filtrate gave 2—hydroxy—2—methylacenaphthene—l—one (2.45 g, 31%),
m.p. 120_1250 (from petrol—ethyl acetate) (Found: M~, 198.0680.
C13H1002 require II, 198.0680), 6 (CDCL3) 1.67 (30, a, Me) ,  3.11.
(1H, a, OH), 7.6—8.11 (6k!, ni , ArM).

21 Final Technical Report October 1972
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1—Acetyl—8—cyanonaphthalene (cf ref. 8). A solution of the
oxime of 2—hy droxy— 2— me th ylacenaphth en—l—one (210 mg, 0.96 mmcl)
(prepared in the usual way from the corresponding ketone but not
purified) and methane suiphonyl chloride (120 tug, 1.05 mmol) in
pyridine was heated under reflux for 1 h . Wate r and 214 hydro—
chlor ic acid were added and the resultant solution was ~xtracted
with chloroform. Evaporation of solvent gave a dark red oil
crystalliaation of which from petrol—benzene gave l—acatyl—8—
cyanonaphthalene (100 tug, 53% ) ,  m.p . 98—100° (Found: M~, 195.0686.
C13H9N0 require M, 195.0684), v~~ 2220, 1680 cm ’, ~ (CDCl.3)
2.81 ( 31-1, s , Me) , 7 .48—7 .64  (3M , ~; 2,4,5— ArH), 7.95— 8.15 (3H , in ,
3,6,7—Ark!), is/e l95(20%)(M).

Treatment of this ketone (100 mg, 0.47 nimol) wi th  hydroxylamine
hydrochloride (40 tug, 0. 56 mmol) and sodium acetate (100 mg) gave
3—methyl—lH—benz [de]isoguinolmne—N—oxide (28 tug, 25%) as green
crystals, m.p. 165—169° (from chloroform—petrol) (Found : M+,
210.0791 . C13H 10N 20 requires M , 210.0793) , v 1585 , 1575 and
1525 cm~~, 6 (CDC L 3) 2.66 (3M, s, Me), 7.46—7~~~~(6H , in , NU ,ArH)
8.36 (1R , d, J 8Hz , Ark!), ni/e 210(45%)(M). •1

In aqueous—ethanol 214 sodium hydroxide solution the keto—
nitrile gave 3—atninophenaTen—1—one, as orange crystals , m.p. 131—134°
(Found : M~ , 195.0686. C13H19NO requires M, 195.0684), ‘~ ax 3320 ,
3170, 1632 cm~~, ~ (CDCl.3) 5.94 (1k!, a, 2—H), 7.66—7.76 (2I~, in , ArH),
8.10—8.46 (4H, in , Ark!), is/e l95(l0OZ)(M+).

Reactions of 1, 8—Dicyanonaphthalene

(i) 1,8—Dicyanonaphthalene (60 tug, 0.36 nimol) and methyl—lithium
(1 nunol) in THF at room temperature gave (a) starting material (40%)
(b) 3—methyl—1H—benz [de]isoguinol—l—one (1 rig), is/e 195(M) and (c)
3—amino—l ,l—dime thyl—1k!—benz[de]isoguinoline (12 tug) 2.70 (6k!, s, 2Me)
ni/e 210(M). With methyl magnesium bromide starting material (30%)
was recovered.

(ii) Treatment of l,8—dicyanonaphthalene (1 mob) with (a) an excess
of acetylperoxide in hot benzene (b) an excess of benzoyl peroxide in
benzene under reflux, (c) solid benzoylperoxide (2 mob) at 200° for
5 miii and (d) di—t—butyl peroxide (30 mob) at 126° for 20 h, gave
either starting material (a) and (b) or starting material and
intractable gums (c) and (d).
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