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ABSTRACT
The preparation and pyrolysis of a large number of N-
acylimidates 1s described; The unusual products formed
. can be rationalised by either a six centre [1,5] sigmatropic
rearrangement, or by a four centre transition state:
Though these routes are not mutually exéiusive, the
experimental data points to the latter postulate as the
major pathway for pyrolysis;
The x?ray crystallographic structure of the N¥acylimidates
was determined for the first time, and the geométry about
the carbon - nitrogen double bond also supports the four
centre mechanism, | —
VAlso synthetic work on an N-thioacyl imidate is described,
with particular attention to the attempted synthesis of

dithiobenzamide:
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DISCUSSION

Work was initiated with a goal of diamino—sugar synthesis,
~ from dihydroxy sugars, by application of a thermal re-

arrangement of dithionesters (II)' to their nitrogen

analogues,
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The initial compound (VIa) had been synthesised', and

shown to undergo rearrangement (Scheme 1) .
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However to apply this to the synthesis of amino sugars,
a grouping which was readily hydrogenolisable was required;
as a substituent lon the;‘nitrogen',' Suc:h a moiety is the
| "cumyl" residue, and’ synthesis of the compound (VIb) was

undertaken (Scheme 2)
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Also (Scheme 2) could be monitored by using a benzyl group
substituted on the ﬁitrogen as a " simple model ", ‘
N-cumylbenzamide (VII) was prepared by a novel route,
(Scheme %) as opposed to the literature methodz, from
benzojlation of-the amine (Ie), resulting from nitration
of cumene and reduction of the nitro prodﬁct, or using

the Hofmann reaction, treating 2;pheny1—2-methy1propion¥

emide with sodium hypobromite
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The overall yield in this 4 stage synthesis was rather

low (ca: 9%), and so before further work was carried out,
synthesis of (VII) was attempted by the Ritter reactionz,
involving nucleophilic addition of a nitrile to a carbonium
ion, in the presence of sulphurié acld, subsequent dilution

with water yielding the amide (Scheme 4 .
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. Reactions of this nature all failed, only maﬁerials
corresponding to a~methyl styrene (V) and benzonitrile
being observed (t.1.c.). A review articleA, stated that
the Ritter reaction between a;methyl styrene and acrylon-
itrile was unsuccessful, the a¥methyl styrene being a
stronger nucleophile than the nitrogen of acrylonitrile,

hence resulting in dimer formation? (Scheme 5) .
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These pentenes would have virtually the seme Rf as o-
methyl styrene and thus, this accounts for the observed
apparent lack of reaction between benzonitrile and 2-
phenyl-propan-2-ol (Id) .

Reverting back to (Scheme 2), the chloro compound (IV)
had to be synthesised, and treatment of the amide (VII)
with thionyl chloride6 was carried out; The required
imidoyl halide (IV) was not observed, instead benzonitrile
and a¥methy1 styrene (t;l:c:) were formed: These are

the expected products of the von Braun reaction5’7 on a
secondary amide, which is conducted using excess phosphorus
pentachloride, and is considered to be a nucleophilic
attack at a saturated carbon, giving the imidoyl halide

as an intermediate, with subsequent.breakdown of this via
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an Syl or 8y2 process (Scheme 6); resulting in cleavage
productsl
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The SN4 route is obviously favoured when the Aralkyl
group will yield a stable carbonium ion, as in the case
considered where Aral, is the cumyl group, and thus
leading to ready collapse of the intermediate imidoyl
halide: However another intermediate may be written in
this instance, accounting for the non appearance .of

imidoyl halide,
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Reconsideration of the Ritter reaction5 at this point

bfings further evidence to bear, in that there may be initial
atback by the nitrile, to give the intermediate, as required,
but the thermodynamics of the system are such that sub—

sequent elimination occurs, rather than attack by water:
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The reaction of the Schiff Base (XI), from the condensation
of benzaldehyde and 2—amino424phenyl propane (Ie), with
T-butyl hypochlorite8 cannot be considered in the same

way but whether it was the imidoyl halide (IV) which



collapsed down too readily to permit isolation, or

decomposition of an intermediate; could not be deter—

lmined-,.
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Thus the experimental data would indicate that the .
cumyl residue was giving undue difficulty in the
synthetic work, and so the simpler N-benzyl-benzimino-
‘chloride (VIIT) was investigated, preparing it from N-
benzyl benzamide and phosphorus pentachlorideg’qo:
Initial reactlons were carried out to elucidate the ease
with which (VIII) reacted with methanol, to give the
imidate (IX), but reaction with methanol and triethyl-
amine failed:. Instead the methoxide ion was required,

generating it from lithium and methanol, to yield imidate

13
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(IX), chafacterised by the methylene ( g 4 6) and methoxy

( § 4.0) singlets in the NMR., < >C=N, 1670 cm. ',
and analysis,
MeOH/E N N. R.
Ph—C
Hz\'ﬁ‘
C - :
) LiOMe Ph—
-~CH
PR O z\ﬁ'
(VIII) | /C\
' Ph  OMe
(IX)

This work substantiated the p&eparation of the diimidate
(VIa which required the generation of the snion of
ethylene glycol for reaction with N—phenyl benziminochlorideq:
An analagous synthesis of diimidate (VIc) was undertaken,
but using n-butyl lithium to prepare the dianion of

ethylene glycol, and reacting this with the imidoyl halide
(VIII). However the desired product (VIc), could not be
isolated, instead tetraphenyl pyrazine (X) was found,

mf/e 384, analysis indicating only C,H,N present, and m:pt:
This is easily explained by the dimerisation of a 1,3 dipole,
formed from the imidoyl halide (VIII), the non aromatic

product readily oxidising with air on work upqq,
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This setback in the formation of diimidate (VIc) prompted
an altefnative approach to synthesis, using the Pinner
methodj2’15’q4 which consists of condensing an alcohol
and a nitrile in anhydrous conditions, in the presence of

hydrogen chloride:

NH.C
RC=N + ROH + HO — R
" OR

I

It was thought that incorporation of a diol, instead of
the alcochol might furnish the required diimidate hydro¥
‘chloride (XII:2H01), and that this could be modified
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on the nitrogen subsequently, giving general structure
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Preliminary work did indeed give the diimidate hydro?
chloride (XII:EHCl), from benzonitrile and ethylene
glycol, the product being characterised as the free
imidate (XII). This was carried out by partitioning the
hydrochloride (XII;EHCI) between ether and cold aqueous
bicarbonate: The free imidate (XII), on evaporation of
the ether, and crystallisation, showed the presence of
>o=N-(:g',R'_' V1640 cm.” 1), an ether linkage (I,R',‘ v
1100 em. 1) and analysed correctly. The hydrochloride
(XIIZEHCl) was then acetylated, using acetic anhydride
and pyridine, to give (VId), which was considered to be
a suitable model for the interconversion pyrolysis
(Scheme I). The product was an oil unfortunately, and’

did not permit characterisation, being unstable to moisture,
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but showed the expected methylene singlet for a symmetrical
compound (N:MlR:): This, hopefully could easily be sur;
mounted by benzoylating (XII 2HC1), to yield (VIe), the
extra aromatic residues enhancing the chance of crystallisation:
Repreparation of the hydrochloride (XII,2HC1) failed

though, giving rise to the halfway product (XV HC1)
instead”—.also characterised as the free imidate, which
showed the presence of a broad hydroxyl (V 3240 cm"._q),
masking the normal narrow N-H stretch of free_imidates in
the IlR;. The NLMlR_ showed only 5 aromatic protons, and
two methylene signals (multiplets); Tﬁe required masé ion
of 165 was found for CgH11Nq; and it was analysed correctly;
Repitition of the ;eaction subsequently, using all

possible variations of: conditions, including the employ-

ment of solvents gave solely the hydrochloride (XVlHCl):

| ' NH.C
2PRC=N + HOCHCH.OH -4 Ph~E\H2 + PhC=N
XV HOY

The structure of .the half imidate (xv) was further sub—
stantiated by reaction with E;nitrobenzoyl chloride to
give the di4£—nitrobenzoate (XIIIb), which was fully
characterised, Acetylation of.(XV,HCl) again gave rise
to an oil, which was assumed to be (XIIIa),

0

l

R
hHL CHLOC!  or Ph_E 7
} \ONO—C—R

Ph-C
xv. Hoy 92 ~Cl/Pyr (xIIld) ReCHy

(XIIb) R= OZNQ
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Concurrent with this work on diimidates of type (VI); a
half model (XVI) was synthesised; from benzonitrile and
B¥phenethy1 alcohol, by the Pinner route, and acetylated:
It was hoped that this might undergo a 6-membered re—
arrangement, as outlined, similar to the rearrangement of
the diimidate in (Scheme 1) . This would parallel the
Chugaef Rearrangement15 of xanthate esters, possessing a

B~ hydrogen, and pyrolysis of estersq5a.
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N 2
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There was also a reference in the literature to a very

similar rearrangement, where H;phenyl—ggg—butyl
formimidate, instead of undergoing the Chapmann re-
arrangement47’48 had actually accomplished the required

reaction, and so this was quite feasible,

P

h H. Ph H H. H
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Y 6, A
— - 350°%C
H 0 et H o H et

The N-acetyl imidate (XVI) was also an oil, and so was
not fully characterised; However preliminary-;yrolysis
at 180°C gave no indication of styrene, although new
products were appearing (t.l.c.). Another possibility

17,718

was the Chapmann Rearrangemen which aryl imidates

undergo, but only one product would be expected here,
and also the temperature was rather low,

]
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h's

Chapmann Rearrangement.

Clarification of this pyrolysis was carried out by N-
benzoylation of the imidate hydrochloride (XIVa), to give

a crystalline N-benzoyl benzimidate (XVIIa), which was
1

?

fully characterised, showing I R, v 1660, 1640 cm,~
characteristic of the conjugated :C=N#é=0 group, N;M:R;,

15 aromatic protons, two being deshielded by the anisotropy



of the carbonyl group as expected, and two methylene tri-
plets, the one adjacent to the oxygen being at lower
field, The required mass ion of m*/e %29 for ¢ E NO
was_.fou_nd; with the presence of a benzoyl residue

(m+/e 105) and loss of a 104 unit (styrene) varising from

the McLafferty rearrangement .

1 ' +
Py o™ P M P, H
PJ} Cl)H , /&Q - /lé\-
L Pﬁ o2 ] | Pn 0 H H
Mm% 329 M% 225
(XVIIq)

Pyrolysis of (XVIIa) gave B-—phenethyl benzoate and 2,4,6-
triphenyl-1,3,5~triazine (XVIIIa)
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This pyrolysis can readily be explained by the polorisation,
and cleaVage of the ether link in (XVIIa), and subsequent
attack on the cafbamyi group by the alkoxy group, to
Yyield ester and nitrile,the latter trimerising at the

reaction temperature,

- LGP | s -Ph
GH NN
Ph_c*ﬁ//\\//Ph

Reference to the literature indicated that N-acyl imidates
(XVII) as a class of compounds were known, being first
prepared in the late 19th centur;??égzever subsequent
references are very few, and the chemistry of these
compounds, apart from hydrolysis was virtually unknown,
although the parent imidates (XIV) and derivatives have
been widely studied and reviewed,14 Baccar and Barrasgqx
had studied their reaction with hydraz?nes, to give

various triazoles,
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Bader22 had condenéed N-acyl imidates with amidines, to

give trisubstituted s-triazines, bearing three different

substituents,
i
MC\\B H
S W”T
A “NH
OR - N
‘ R"'
(XVII)

Bearing in mind the formation of triazine (XVIIIa) from
pyrolysis, and the fact that the parent imidates (XIV)
readily trimerise™22% %o yield triazines (XVIII), the
reaction was studied further by pyrolysing the—ﬁfg-nitro
‘benzoyl benzimidate (XVIIb)_, This would-hopefully yield
triazine (XVIIIa) and B;phenethyl-g?nitro benzoate,
substantiating the pr0posed collapse of imidates to esﬁer
and nitrile:‘ Unexpectedly two triazines, and two esters
were obtained on pyrolysis, and a [1,5] sigmatropic re-
-arrangement stage, prior to pyrolysis, waé'suggested to

explain the products, N02

NO,

hll//C\O/'\/Ph

5 C (XVIle)
v @ P 0 )
Ph_c\s_’\ h NOZ ln
(XVIIb) l
o )+ O
C\
PhJ\N/LPh oA J\N/l\ o
v / (XVIIb)

major minor
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This prepyrolysis réarrangement partially accounts for the
formed products, as 2,4,6?tri—£¥nitrophenyl—4,5,5¥triazine
(XVIIId) should be formed rather than triazine (XVIIIb):
As the g—nitrophenyl group might édversely affect the
formation of triazine (XVIII4d), the d-10 imidate (XIX)
was prepared, using conventional Grignard reactions on
d-5-bromobenzene, Lto give d—5—B-;phenethy1 alcohol, and
d-5-benzoic acid, which was converted to the acid

chloride .

PN/ gy
I CE &—? Ph-C "
i) CH,CH, Yo~ FhidS)
i) Hy0" -
(d5)PhBr —> (d5|PHMgBr
i) Co,
.
([d5IPhCOOH ——%> (d5IPhCOC
rﬁlHZCl | N—C—Phids)

Ph-C + {dslPhcogt BTy =
Ny~ Phids) c Pt N )

(XIX)
d5) d5) Ph(dS)
AN
(xIX) = J‘ j’\N W\N _
Ph Ph Ph Ph pras™Y ph Phs) Y Phias)
+ (XVIILq) |
M/e 309 314 319 323
ratio 96 : 166 C 16 : 1
+ Ph-G

N
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The mass spectrél evidence showed that all possible
triazines were produced on pyrolysis, although not in
the statistical distribution required for a complete
equilibrium prior to pyroiysis_ The B—phenethjl
benzoate could not be examined in the mass spectrometer
- as there was no parent peak, dﬁe to a faéile McLafferty

rearrangement, N

Ph _H ~ Ph_ M .
\05\4 0 ,?/ . (ﬁH
[ i _ +
CH f C /C\ : Y
%" “Ph H® H - 0/C “Ph

To substantiate the prepyrolysis interconversion proposal,
E;benzoyl;B—phenethyl;E;nitrobenzimidate (XVIIe), the
product obtained from the [1,5] sigmatropic rearrangeﬁent,
was synthesised from g;nitrobenzonitrile and B-phenethyl
alcohol, by the Pinner method, giving the hydrochloride
(XIVe;HCl), and on benzoylation (XVIIe) was formed,
Pyrolysis of (XVIIe) gave all four products, as with the
pyrolysis of (XVIIb), with the triazine (XVIIIa) and B-
phenethyl-p-nitrobenzoate predominating again, This
result would indicate that, if this prepyrolysis inter—
conversion was true, the imidate (XVIIb) was more labile
to pyrolysis than imidate (XVIIe), and this was borne

out, as the pyrolysis temperature, and time, were greater

for (XVIIe). Also produced in the pyrolysis of (XVIIe)
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was 2,4—di—g—nitrophenyl—6~phenyl—1,B,B—triazine (XVIIIC):
Fl’h Ph

> z
. N@@J ¢ . N@? o ~Ph
SRR
~ N\
2 \O/\/Ph 2 \O
Al

2 (XV1a)
Ph +
oy 0 N@E
Sy I e
] ¢ V" /
0O,5N + Ph-C major
2" (xvim) st TR

v
minor .
Evidence for the interconversion of imidates (XVIIb),

and (XVIIe) was sought by N MR, and I_R, spectroscopy
of the pyrclysate, before isolation of products, but
none was found; This was not surprising, as any imidate
formed on interconversion would only be there in trace
amounts, and this system was not ideal for N,M,R: study:
A better pair of imidates for this interconversion study,
would be the p-tolyl enalogues (XvIiIf), (XVIIg), both
synthesised using the Pinner method, with acylation of
the chlorides, as hopefully any interconversion would

be easily monitored by the shift of the methyl group in the
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N_M_R, Unfortunately all that could be seen on pyrolysing
N-acyl imidates (XVIIf) and (XVIIg) for increasing |
intervals of time was a gradual production of pyrolysis
products; Here again the mass spectral evidence

indicated that all'possible triazines wére formed, con-

firming the deuterium work on imidate (XIX) .

0 0 ,—

| ]

N—C~Ph N-C ‘\/:>——CH
] L

CH, ' phet N7

S
2 @ L

(XVilg) - 58% 42%
(XVIIf) - 83% 17%
hr/xqu plol pﬂbl PTbl
N
SO m X J\ Bet
Ph pTol plol plol
(xvma) o (XVIile)
(XVIIg)- 2 ! 21 : 31 7
(XVIIf):-- 43 : 75 : 1 1

Evidence was also being sought, as to the nature of the
pyrolysis, whether inter or intramolecular, In theory
copyrolysis of imidates (XIX) and (XVIIa), aud mass
spectral analysis of the pB-phenethyl benzoate should
give the required data (Scheme 7).
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. Ph-C [d5IPA-C
: \ Pn +
0/\/
N—g_Ph lintra- ) Pl
Ph-G cour " M0
{ molecular :
(XVIiq) :
, g
d \\Hﬁsgzokxnﬂar ) d
I 0
w—C—PhMS) i
9 "G h(ds)
o~Phs) PhC h N
]
(XIX) o™~ g " PG
| (d5)Ph-C o ~\Fhids)
b ~Ph '
m m+5 ‘ m +1 O
1 2 1

Further consideration shows this to be impracfical on

two accounts

i) The proposed prépyrolysis interconversion would affect
imidate (XIX),

ii) B¥phenethyl benzoate gives no mass ion,

Reconsideration shows a suitable model to be (XVII3).

0
N—C—Ph
el
OCH,Ph
(XVIL))

Here, isolation of Dbenzyl benzoate from the copyrolysis

]

of (XVIIj) and its d-10 analogue, should yield the data
required, The N-acyl imidate (XVIIj) was synthesised and

characterised, but the overall yield in the reaction was
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3 <

very poor, due to formation of p-nitrobenzamide as well

as the imidate hydrochloride (XIVj _HC1) in the Pinner
synthesis, Minor modificabions were made on the Pinner
synthesis, by lowering the reaction temperature, using excess
alcohol, and changing the solvent, but still anitro¥
benzamide was produced, This product caﬁ be rationalised

as arising from a nucleophilic attack on the formed-
hydrochloride, by chloride ion, the driving force being

. the ability of the benzyl group to stabilise a partial

positive dharge;

-

Cl
.  HH ’ )
4 iH,
ON c\(\ —_— OZN-@C\\ + PhCH,CI
O~CH..Ph 0
T2
(XIVj HCl) Tl

Naturally if the E?acyl imidate (XVIIj) is to be used as
a deutero model; a high yield in synthesis is requiregd,
and so another model was sought,

Other aspects of work were also under consideration, a
major one being the conformation of the acyl residue
about the double bond, because only the 'Z' conformation
yields itself to undergo the {1,5] sigmatropic re-

arrangement ,

|
t j
E} fg _ AH \W
A , Ar-C
r \'<0\/R , “OR
'Z‘ ) 'E'

(XVII)
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Two recent publications indicate the predominant con-
figuration of imidoyl halides®® and N-alkyl imidatesZO,
from dipole moment studies, to be as depicted, but this
does not give any firm conclusioﬁs concerning the stereo—

chemistry of N-acyl imidates,

R
) N
C R
R R0
lzl ‘E'

Instead, evidence from variable temperat.ure N,M,R was
sought, using the N-benzoyl-methyl-benzimidate (XVIIc),
Studies on similar compounds have been undertaken27’28’29
and it would seem likely that syn—anti isomerisation should
occur in (XVIIc). The methoxy iminocarbonates (XXXVIII)
isomerise readily at room temperature, a singlet being-
observed for the methoxy groups in N M R,, but cooling Te-
sulted in the formation of a distinct doublet, The

ketimines (XXXIX), however possessed two distinct p-

methoxyl resonances at room temperature, which coalesced

at 70°C
| CHO = X
X 0 « |
, .
CHQ PR C-Ph C=N
=N 0/C=N/ = l/
CH3O CH3 . PANS

(XXXVIII) (XV1Ic) CH3O (XXXIX)



Tmidate (XVIIC> would appear to fit in between these
"two materials for relative ease of isomerisation, and

so variable btemperature studies were undertaken: However,
there was no indication of any line broadening, or
appearance of a second signgl over the temperature

range — 50 to +\1SOOC, This was unexpecfed, and perhaps
the imidates (XVII) are of a fixed configuration, akin

to oxime ethers (XL)27, the two forms of which are known,

and show no interconversion even at 2000027_

_OCH ~ CH.O
3
N - )

C
PH~ Ph/c

Cl | Cl
- (XL) Vo
Z E
To assign the configuration about the double bdnd, in
Efacyl imidates, suitable heavy atom derivatives (XVIIh),
(XVITk) were prepared; but although the parent compounds
possessed good morphology, these materials did not give
sultable crystals,
g 9
'N/’ C
h : !
Ph \ Q/\/Ph \O/\/PhBr
(XVIIh) ON (XVIIK)

The ﬂ?acyl imidates, as a group of compounds, could also

be expected to undergo 1,3 cyclo-addition reactions to
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the carbon-nitrogen double bondao’aq, and maybe act as

a diene or dienophile for the Diels—Alder reaction:

o -
! §
Ph \Nj~Q§2 Ph~">N \N
l[k\ 3N+ — é //
—.N /\\N
P\~ Ph o~
(XVIId
or
9 @
N . N PH’\N/N\
A I
/% CH
4 \ CH Ph \ 2

(XVIIq) 1Ph O_\‘—Ph

This was not found however, the reaction with diazo~
methane yielding starting imidate (XVIIa) and polymethy-
lene, rather tham 1,2,3 or 1,2,4-triazolines, phenyl |
azide also failed to reagt: Likewise, reactions of
(XVIIa) with cycloﬁentadiene and tetracyasnoethylene
failed to show any Diels-Alder adduct,

Another.possible reaction is '0O! ethylatibn, using tri-
ethyloxonium tetrafluoroborate52, where the imidate
(XVIId) can be considered the intermediate in dialkylation
of dibenzamide, which would yield the unknown linear

"gzaallenic system"

+

Et O/Et Ro Ot
| G - : C
L. M ECOBF /c Et'oBF” M, .
P~ . Ph
Co ii)base ("HBFA) Cw /C\
ph 0 PF 0) Ph OEt

+
(xviid) o



Urfo rtunately here again no reaction of‘imidate (XVIIa)
was observed with e thyl Meerwein's salt'in dichloro-
methane , Further work was now carried out on a suitable
model for deuterium studies, to determine whetﬂer the
reaction was inter or intra mdleculaﬁ,' In place of the
benzyl-p-nitrobenzimidate (XVIIj), the methyl derivative
(XVIIr) was synthesised, This material was an oil
unfortunately, and so the 3,5-dinitrobenzimidate (XVIIm)

was prepared instead.

0 )
2 “oMe “OMe
ON
(XVIIr) , (XVIIm)

Pyrolyéis of this imidate>(XVIIm), (Scheme8 ) gave
unexpectedly virtually no methylvbenzoate, insteéd the
predominant products were methy1¥5,5—dinitrobenzoate,
and the triphenyl triazine'(XVIIIa); There was however

a band which corresponded to a mixture of benzonitrile,

methyl benzoate and 2,4-diphenyl-6-(3',5' -dinitrophenyl)-

1,3,5-triazine (XVIIIf), and although the triazine
portion was easily removed, the benzonitrile and methyl
benzoate were never successfully separated, even by use

of silver nitrate impregnated silica gel t,l;c; plates;'

32



' lgh . IIDh
NN ON '}”C\O—CHB
C\O(CH3 A C\O
O_N : 0 2N
(XVIIm) ' (XVIIn)

- ’

@C\O-CH + PRGN

major-

“Ph Ph

XVIIIq) .

| (XVIIIf)

. Ph—é])\ ' SCHEME 8

CP%3H3

The predominance of methyl-3,5-dinitrobenzoate in the

- pyrolysis immediately indicates that this system is
émenable to study for prepyrolysis interconversion to
imidate (XVIIn), and also that this latter compound
(XVIIn) could be the ideal model for deuterium studies,
Synthesis of imidate (XVIIn), and pyrolysis, indicated
the same products as for the pyrolysis of (XVIIm),
(Scheme 8), in very similar yields,

Consequently imidate (XVIIm) was studied for prepyrolysis
interconversion to (XVIIn), by heating samples, in
sealed tubes, for increasing lengths of time, but here
again N;M;R; only indicated the gradual production of

pyrolysis products, The study was even undertsken in a

flow apparatus (see experimental), with the hope of

53
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flushing out the imidate (XVITn) before it could
pyrolyse, but there was no trace of imidate‘(XVIIn)l

The deubero analogue of imidate (XVIIn), (XX), was
prepared and the copyrolysis of (XXVIIn) and (XX) carried
out in the flow apparatus, isolating the methyl-5,54
dinitrobenzoate from the cold part of the'apparatus:

This would hopefully eliminate any possible exchange of
alkoxy groups in the esters, although this is unknown

in the literature35: The mass épectrum,of this ester
showed m; (m+3), (w+6) in a 1:2:1 ratio, clearly

indicative of an intermolecular rearrangement

0 1 | 02N 0
C C m
N | | \OCH3
Ph- 0, O,N
OMe / -
, NO2 L . OZN 9 OZN DR
(XVIIn) — Lt . (m+3)
o By__NO, oN 0CD, { OCH,
M 5 2 .OZN D
Ph-c';l\II 2= Q
\ D NO D ( (m+6)
0CD 2 o
3 ) ) Co,

However the possibility of alkoxy exchange in the imidates
themselves must not be precluded, as it would theoretically
yield an identical result, and the pyrolysis itself could

be intramolecular,

0 NO, , MNO, 0 NO,,
, -
= L L e OCDS_ N-C
Ph%(hj A Ph i A S— Ph &
] NO - NO
\BCH3 NO, ocH, 2 oco, 2
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Consideration of the aromatic substituents, coupled with
the pyrolysis products of EQacyl imidates (XVII), led
to the preparation of a further imidate, with the hope |
of seeing the prepyrolysis interconversion; It would
seem that the more electron ﬁithdrawing the substituent
is on Ar, the greater is the proportion of ester arising
'from the pyrolysis of the interconversion imidate,
Consequently if this electron flow is aided by electron
donating substituents in Ax‘, the ease of interconversion
should be eﬁhanced;

Y Y

| | .

L€
: ll\lljo\c(}) facile . | N
\%PCH3 : Qb

To test this hypothesis,_EQB,4;dimethoxybenzolemethyl;

Efnitrobenzimidate (XVIIo) was synthesised and pyrolysed:

OMe
—&— : Me

N/
1]
0 N@C —
2 \OMe € (XV1Io)

This did indeed give methyl;g;nitrobenzoate on pyrolysis,
along with veratronitrile, as the main products, This
was the first time a major amount of any nitrilé had
been isolated, and raises the question whether the
triazines are formed by "acid catalysed' trimerisation
of free nitriles produced on pyrolysis? No methyl-3,4-

- dimethoxy-benzoate was detected, but running concurrently



wi’ch the two major bands were small amounts of triazines.,'
The mass spectrum showed ions corresponding to 474, 459,
man, 429 (459,429 W 474.444) for the fraction of

higher Rf,, and ions 489, 474, 450, 444 (474, ann ) 489,
459) for the lower Ri‘ triazine', The possible triaz.ine
structures are depicted below:— |

NO2 NO2

Z

| N N
_ :kN/IL@N _ \ -\©10Me
02N . 0 O.N OMe

2 72
(Xvid (XVIIIh
W2 YTV Me 459
NO, ' OMe

~ OMe

C ]

NZ N ' N 'N
Me O ~ l OMe MeO:@J\ML@OMe
MeO OMe MeO OMe

(XVIIIj) | (XVIITK

+
mye 471, M/ 489
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Uﬁfortunately it is impossible to say unequivocally

whether all four triazines are present, as both anisole ™t

and aromatic nitro compounds34

show loss of a fragment
measuring 30 mass units in the mass spectrum: The
latter fact was shown in dependantly from the mass
spectrum of authentic tri;g—nitrophenyl ﬁriazine (XVIIId)

(m*/e 444, 414)

07CH

[:i:]@HZ | ‘ ' NO2 o
=0 Qw%Q
—CHZO _ . -NO

The proposed [1,5] sigmatropic rearrangement prior to
pyrolysis should occur with retention of configuration

543: This should be easily

at the migrating carbon
demonstrated by isolation of the requisite ester from
pyrolysis of an imidate prepared from an optically

active alcohol, and showing it to have the same rotation
as the authentic ester:

Suitable secondary alcohols are octan—-2-0l or cholestanol:
Early on, the Pinner synthesis of the appropriate imidate
hydrochlorides had been attempted, but with 1little
success: Also the alternative mode of preparation from
N-benzoyl-phenylimino chloride (XXI) and cholestanol was
tried, but without success, although reaction of (XXI)
with B;phenethyl alcohol, in the presence of triethy1¥
"amine, gave the imidate (XVIIa), identical in gll respects

to that prepared from benzoylation of the imidate hydro—

chloride (XIVa),



0 @
1]
~C-Ph Et.N N-C—Ph
N ~_OH 3 )
Ph-C +  Ph — 7 Ph-
Cl 2 |
(XX1) | | . (XVIiq)

However the facile exchange between ethoxy andlmethoxy
groups, which occurred on crystallisation of imidate
(XVIIm) from chloroform containing ethanol, (ca, 1%
used as stabiliser) offers a potential new route to
the synthesis of imidates from sterically hindered,

or highly insoluble alcohols,

0
, [
0N _L—ph 0N C~Ph
5?‘ ROH g
— + MeOH
oMe  benzene “OR
0N oN |
27 [XVIIm) 2

Initially the exchange was carried out between imidate
(XVIIn) and octan;2;ol, by codistillation of benzene
and methanol, and the crystalline imidate (XVIIp) was

fully characterised;

38

OH
/C @
L0 CHLHCH,ICH, N { .
h=G ¥ PhC 0
“OMe NO, benzene \ NO, + MeCH
OCHCH.) CH
273

(XVIin)
- (XVIIp)
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Unfortunately pyrolysié o (XVIIp) gave little isolable
2400ty1 benzoate, instead the 24octyl;§g5'—dinitrobenzoate
was isolated [although the material had an Rf. (benzene/
petrol 1:1, Siq;) comparable to methyl benzoate] |
Consequently the alcchol exchange was undertaken using
imidate (XVIIm) and octan-2-ol, to yield the imidate
(XVIIg), by continual extraction of methanol using a
Soxhlet thimble filled with calcium hydride,

. I H '
O P CHACHICH,)CH, all + MeOH
C\OMe benzene 'OCHICH.,).CH
. | ON G, 07
, 2 3
(XVIIn) o (XVIlg)

This imidate (XVIIq) could not be obtained crystalline,
and due to purification problems, had to be used as
prepared. The imidate (XVIIQ) showed m'/e 427, as
required, virtually no methoxyl protons (N;M_R,), and
the characteristic conjugated IC=N¥¢=O stretches, Vv
1660, 1640 cm;_ql

The pyrolysis of (XVIIg) was carried cut, to give the
required 2—octy1?5§5.;dinitrobenzoate, arising from

apparent migration of the 2;octyl unit, but only in very
poor yield, due to extensive charring on pyrolysis,
Naturally other secondary alcchols, menthol and cholestanol,
were used for the exchange, to hopefully yield a crystalline

derivative, but none were forthcoming, although evidence

for the required exchange was obtained by mass spectrometry:
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This ingbility to crystallise these imidates was a
hindrance, but the work using d-octan—2-ol was still
carried out, and the imidate (XVIIq*.), characterised

by its mass ion, pyrol?sed; The B,B;dinitro ester pro-
duced had [ap] +'26,'8o (m;pﬁ, 45:5?5000 constant), as

_ compared with the authentic d~2-octyl-3',5' -dinitro-
benzoate [ay] + 32° (m.pt. 50,5 - 53°C) . This is not
unequivocal evidence for the prepyrolysis interconversion
as the [1,5] sigmatropic rearrangement does involve oxygen
exchange, the acyl oxygen in the imidate becoming the
ether oxygen in the ester produced on pyrolysis, This
latter point could easily be demonstrated by the use of

an oxygen — 18 label on the carbonyl, and subsequent
determination of its position in the pyrolysis ester, and
is discussed later;

Early on, work had been carried out to see whether the
pyrolysis of the imidate (XVIIa) was enhanced, or

retarded by acid or basé, and other additives? However
monitoring reactions containing B¥phenethy1 alcohol or
diisopropyl ethylamine at 190°¢ (using boiling decalin

in a kinetic flask) failed to show enhancement of reaction
rate, when compared with a blank (t,1.c, and product
isolation), Also acetic acid, boron trifluoride and
triethylamine (1 5—20mg) were pyrolysed with imidate (XVIIa),
(200mg), but only at 10Q°C in a sealed tube. In every
case tlllc; showed no pyrolysis and the starting imidate
(XVIIa) was recovered; .

Subsequently, ''catalysis'" by E}nitrobenzoic acid was

attempted on imidate (XVIIa), and enhanced reaction rate
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. was‘obVious (t:l:c:), and also the production of two new

pioducts: Other "acid caﬁalySts" were employed, and

all showed enhancement in the rate of production of

triazine (XVIIIa) and'Béphenethyl benzoate, as well as

being incorporated in the reaction, to give new products

summarised below,

JA

" '.. Time (Temp.| '
Catalyst hre. OC, New Products
210

q .
OzN@C\OH

=T A
~ 2 o-~-h | \N)\Ph

0N (XVIIIb)
Me Ph
0 o NF
210 |Me— €
: \0/\/Ph \N/IL
Me ' Ph
Me Me
| (XVIIg)
oo s oy
N ; %
| 0, O_H. 172 210 OzN@O Ph
NO, | 0,
' h
OZNQ'OH 11145 | ON .
| XXXVI
NO, NO, (XXXVI)

These results are difficult to explain with Jjust one

mode of attack. In "catalysis” reaction (1) the ester

- formation may be looked on simply as addition, followed

by a rearrangementl
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0

n Q
rﬁl/C—Ph . @ . H\[?I/&—Ph |
'_Dh”c\o/\/Ph l C “OH Ph‘(,?g P 7
(XVIIq) D\ 7
] - 5
WO
Ph—C%O 2 NN NO,

But the triazine formation is inexplicable unless

replacement of the acyl function on nitrogen is envisaged;

9 3
_C—Ph 0 ;—@—Noz
P I OZN@&OH P—E
" > TR h
(Xv1Id) (XVIIb)

A sterically hindered acid, such as mesitoic acid, might
be thought not to undergd this "catalysis", but although
a slightly greater reacfion time was required, the |
analagous products resulted:

The ''catalysis'" with Q;nitrophenol was unexpected, butb
must be explained as arising from attack at the carbonyl

group of the acyl residue:

H @—Ph 0
F/ ~— NO, —>_ M .0 N‘@O/C_Ph
Ph—C 2 PH-C 2

(XVIg) | (XIva)



43

However the facility of pyrolysis in the presence of
picfic acid remains a complete mystery, as pyrolysis

of the imidate (XVIIa) alone is only truely evident
after 24 hours at 145°C,

Unexpectedly, the picryl ether (XZXVI) was unknown in
the literature, and so an authentic sampie was prepared;
This was not qui%e so simple as may be thought, and
several syntheses were attempted, -eventually (XXXVI)

was obtained using the initial synthesis (1) on a larger
écale, and sepérating the product, in poor yield,by

preparative t_l_c;'

O-5N

2
i) P~ TS + HO@—
0N | ON (XXxV1)
' 0N Et_N
— 0 : \
it p~0H | ¢ W NO. —3 rpy)r Meisenheimer = __
2 benzene Complex
OZN
| | Na* 02N
m)ph//\v/Ok{ NaH s Ph_/?\/O~ Cl _NOZ y as above
benzene (ii
0N i)
2
N
O2 |
V)P ~OTs Nl oo~ T, H 0 — NR.
acetone '
) N
O2
OZN thanol 02N
ethano
v)Ph//\\//I'* Ag0 02 0°C P NOZ
0N 0

N
2 2 (XXXVI)



Only the reactions (i) and (v) showed the required product:
reactions (ii) and (iii) gave immediate bright red
colourations, which were attributed to Meisenheimer
complexesBS, wvhich on the addition of acid Jjust regenérated
starting material . In reaction (iv) a precipitate was
noticed, indicating that the 1-iodo-2-phenyl— ethame

had probably formed, but the subsequent addition of

picric acid gave none of the desired ether: This however
prompted the authentic synthesis of the iodide, and
reaction with silver picrate (v);

At this Juncture, a reference to the reaction of phenyl

56 was thought to

isocyanate with imidate hydrochlorides
be worth inVeétigation, as the products might undergo

pyrolysis to yield styrene;

H i
NH,CL EL.0 Ph-N-C_ H

| /
Ph-N=C=0 + Ph-C —2 N - XH
\ Et_N

Ph

7
(X IVa, HCU) | Ph o 2
_ a | % (XXTT)
Ph
|
~ P Ph—Hﬁ)
R ) C\N/H Ph_H
Ph Ph o (l; o
XV1Ila /3 /"
( ) P Y0 H H

+ a quinazoline (m.pt. 240'5-242+5C)

This did not occur, but instead, 2,4,6-triphenyl-1,3,5~
triazine (XVIITIa) and B;phenethyl—ﬂ—phenyl urethane were
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formed, paralleling the pyrolysis of imidates: Also
present was an unidentified product; which, after

analysis was consgidered to be a quinazoline57, and 1,2;
dihydr0;44pheny1—2;oxoquinazoliﬁe (XXIII) could conceivably
be produced. '

"2 D

C Lt M | A
Saand T -
M G |

PRy, 2 TR
h h (XX.III)

(XXI]) |
NH § 0
2 r\@z A

=0 * ,(I?O =

' NH, Ph

(XX TII)

The 1iterafure melting point for (XXIII) was 250—2540057,
which was rather high, and synthesis of (XXIII) from 2-
aminobenzophenone and ureaal7 showed it was not the
pyrolysis product.

The other possible alternative structure, from‘a consider—
ation of melting point was 2;pheny1—4—oxoquinazoline
(XXIV)BB, and synthesis of this from anthranilic acid

and thiobenzamide proved it to be identical to the

quinazoline from pyrolysis of (XXII);

0

(U: 0
N : H
NH2 g’ \Ph Ph

(XXIV)
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This is more difficult to explain mechanistically, as
any mechanism involving the production of aniline, and
subsequent recombination is unlikely: A suitable
rationale is forthcoming if an initial'Fries type

rearrangement59 occurs, with subsequent ring closure,

=0

-~

l
l

Ph—C\O/\/ph Ph~C

H
(XX1I) OIP
0 | 0 i
_ H ' B
l =
"
Ph | Ph

H (XXIV)

No further work on this topic was undertaken, instead

O

further evidence for the [1,5] sigmatropic rearrangement
of H;acyl imidates (XVII), prior to pyrolysis was sought,
using the sulphur analogue (XTI) .

Ar Ar' Ar!
P &
7 W2 S — N Ner
Ar—(!\o ArC. Ar—Cy
R O*R Yo

(XVII) (XLI)
If (XLI) could be synthesised, a consideration of the b&nd
energies indicates that the [1,5] sigmatropic rearrangement
would be very labile, and hopefully this would facilitate

the isolation of the prepyrolysis interconversion isomer,
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The obvious synthesis of the model (XLI) employs the

reaction of the imidate hydrochloride (XIVa HC1) with

thiobenzoyl chlorideqol This reaction was very complex

(t.1.c.) only benzamide being isolated and characterised.,

S
Il
: L—Ph
Ph—?';lHZCl " Ph ES': = i
\O/A\V/Ph el Ph_cko//\v/Ph
(XIVa,HCl) (XLIa)

In case the pyridine was decomposing the thiobenzoyl
chloride, the reaction was repeated on the free imidate
(XIVc), under nitrogen, using triethylamine as base,

but again no evidence of the required product was found:

Il

NH S EtN N
Ph—C + Ph-C — Ph—C
Ny, N\ \O
(XIvc) OMe Cl Me (x| 1b)
Also treatment of the N-acyl imidate (XVIIa) with
4

phosphorus pentasulphide should result in thionation,

but this also failed, starting material being present;

0 S
E—pn &-
Il\ll/ P f S,] 0 R hl/ Ph
Ph— - . Ph-
RNPN:. Py PN
(XVIlq) . (XLIa)
The possibility of thioacylating a free imidate with
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phenyl thioglycolic aci was next investigated;



1
N - l/c:—Ph
Ph-C_ + PheC ' T Ph-C_
OMe \SCHZCOZH ether OMe
(XIVe) ~(XLIb)

The anion of the imidate (XIVe) was formed using sodium
hydride, and reacfed with phenyl thioglycolic-acid, The
resultant products, after removal of the sodium salt, were
methyl thionbenzoate and benzonitrile, which were explained
by collapse of the anion of (XIVC) to benzonitrile and

attack by methoxide on the thioglycollic acid,

S
\*5\' Pr—C | - "
—3 PhC=N + Ph-C
Ph—C_/ SCH.CO,H “OMe
(XIVc)

As this direct route to synthesis had failed, a synthesis

using dithiobenzamide (XLII) was atbttempted,

S
Il i
H,C~Ph i) Me08F, A—Ph -
r|\ll > hl ‘ M_)
Ph—C\\ ii) dll. base Ph-—C\
S | ~ SMe
(XLII)
/HI—Ph
I
Ph—C
\OMe

(XLIb)
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However a literature search showed that dithiobenzamide
(XLII) was itself unknown, although monothiodibenzamide
(XXVITI) was known't? . |

Initially thiobenzamide was reacted with sodium hydride,
to give the anion, and this was subéequently reacted
with phenyl thioglycolic acid, The t,l,c; was very
complex, showing 6 spots active to palladous chloride,
and considering the electron distribution of the anion,
it is obvious that attack can occur through' sulphur as

well as nitrogen,

ih- S
~ ST Ph-C.
Ph—'sé — Ph : oM o
— \ECHZCOZH W 'PhC=N
Ph—G
> 1 NH
PR NaH ||
CNHN : % ;g
Ph-C_ PhsCy, - —%= Ph-C_ G-Ph
N SCH,CO,H N
(XLII)

The thionation of dibenzamide, using phosphorus penta-
sulphide was also attempted, without success, although

some reaction had occurred,

2 f P,S o
I 4L 10 l l
Ph-C_ C—Ph  ———> Ph-C_ C—
W dioxan C\N’ Ph
H H

(XLII)
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A less direct synthetic route, using N-thiobenzoyl
bénzylamine (XXV), synthesised from benzylamine and
sulpher 44 45, was now undertaken, This involved
tosylation on the.sulphur; subsequent elimination by

forming the anion, and final treatment with a sulphurising

agent , .
S’/Tos Sffos
TosCl NaH
Ph-— c\ /CH Ph ——— Ph- =N——CH Ph ——— Ph—C—N—CHPh—_’
i
(XXV)

it . 0
Ph—C—N=CHPh —>—> Ph—C\N/C—Ph
' H

(XLII)

Initial reactions with tosyl chloride failed cbmpletely,

but there was a reference to benzoylation on the sulphur,46
by formation of the anion of (XXV) with sodium, and subsequent
reaction of the sodium salt with benzoyl chloride, This

also failed, using tosyl chloride, and so the literature
preparation was undertaken, The product was. shown -to be the

amide (XLIII) rather than the structure (XLIV), given in

the literature,

i
o C-Ph
i)NaH | S 0
Ph—C (ChPh | Ph—~C=N— — -t
ilphcoct L CTNTCHoPY Ph (LJ\N/C Ph

H i
: -~ CH,

Xxv) CXLIV) L

(XLIII)



The evidence for this was twofold, firstly there was no

infrared absorption attributable to the carbon—-nitrogen

double bond, and secondly from quantitative U:VZ'studies47,

these showed a weak absorption ?\ma)i(WO m (log € 2-,'297),
which was attributed to the n— T  +transition of :C=S:
This was substantiated by the orange colouration of the .
product (XLIII),

Naturally the.reaction of (XXV) with excess sulphur, and
the preparation of (XLII) from benzylamine with excess
sulphur, were attempted, but only N-thiobenzoyl benzylamine
(XXV) was iéolated, although t.1.c, did show the presence

of one other material,

Next reactions on N-thiobenzoyl benzamidine (XXVI),

by

prepared from thiobenzamide and benzonitrile in the presénce

of HC1l, and liberation of the free base from the hydro-
chloride, and monothiodibenzamide (XXVIII), obtained by
acid hydrolysis of (XXVI) were studied

g NE i
HCl |
Ph-¢  + PhC=N —=—> Ppht_ Lpy oK B,
\ N/’
NH, S
PO Ho ﬁ 0
Ph-C_ S T P \I/d—Ph
(xxvi) H H
“ (XXVIII)
S NH
o |2
.

(XXVIa)
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Tnitially the reaction of excess H%S on amidine (XXVI)
was studied in various solvents, but no new sulphur
contalining products appeared (t:l:c:), instead sulphur

precilpitated out of the reaction:

|? NH 7 'NH SI I
Ph-C, L= —2—> Pr-C, AH, —35 pne \N/C—-Ph \
- N=C-Ph

; H Sy
(XXV) (XLII)

When the reaction was conducted in acetic anhydride, a’
new spot (t.l.c.) appeared, but this was attributed to
the acetylation product (XXVII), and was subsequently

prepared;‘
7
—CH
2 NH CH,Cocl T ',\,‘/C 3
Ph—C.. C—Ph ¥  Ph-C_ G—Ph
ﬁ PYF. N
(XXVI) ) H (XXVII)
' 1L l
S NH, H, C—CHy
Ph-CC—Ph W
N Ph-C_ _C—Ph
(XxVla) (XXV1Ia)

The structure (XXVII) for the product was proposed, as
the N MR, of (¥XXVI) showed two distinct “NH protons,
tending to rule out structure (XXVIa), although the
position of the hydrogens is of minor importance;
Acylation on sulphur has been disproved, and the compound

possessed a weak n—7t*  transition of 0=S anyway (U,V.)l
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Although two separate protons can be seen for (XXVI), a
structure (XXVIIa) would be possible after acetylation;
and this latbter structure fits the I.R. data for the
carbonyl ( V 1720 cm,—q) and carbon-nitrogen double bond
( V1645 cml—q); which seem unconjugated, when compared
with N-acyl imidates (XVII), I.R. V1660, 1640 cm, ',
However its reaction with.EéS is more easily explained

by the conjugated structure (XXVII), discussed subsequently:
The amidine (XXVI) was next treated with phosphorus
pentasulphide in dioxan, to yield two sulphur‘containing
new compounds,-however isolation of the major component
showed it to be thiobenzamide, which would arise by

cleavage of the carbon-nitrogen single bond concomittantly

with attack by phosphorus pentasulphide,

S NH s NH |
] [
Ph-C o C—Pn  —— Ph-C_ Ph~Cy
H &\ﬁ NhZ #+
(XXVI) I LR
: /N

Finally reaction of N—acetyl-N-thiobenzoyl-benzamidine
(XXVII) with_H;S was investigated, using pyridine as
solvent, This again produced thio-benzamide, preéumably
in an analagous fashion to the reaction of I:S1° with

the parent amidine (XXVI),

0 0
~C—CH HA,S _C—CH
\% N 3 ~—£;——%- I I 3
Ph—C\ﬁqu-Ph pyr. Ph-C, + Ph—C\



Mﬁnothiodibenzamide (XXVIII) was also treated with
phosphorus pentasulphide, but although a reaction was
apparent, no new sulphur containing spots could be detected
(t.1.c /PACL ) |

A last attempt at the synthesis of dithiobenzamide (XLII)
was made, by reacting the anion of thiobénzamide with

methyl dithiobenzoate (XLV), However the attack apparently
proceeded through the sulphur (Scheme 9), as on acid work

up only dithiobenzoyl disulphide, along with other

oxidation products (or mass spectral fragmentation products)

was detected;

S | -
I gPh—)Ph@H | Ph(SIZ
_ _ . _
Ph—C_ Me’S” “SMe %
(XLV) |He Iucuair
: -soluble S Tcl’
hydrochloride Ph'l(l? C—Ph
N
-S
% S
+ Ph-C_
SH etc.
Tl—lci/air
.y : 3
i — —_ % -
NH H
(XLV)

not detected

S
Il + I - Il | '
Ph-G __ PnsC —>  PhC_ C—Ph + MeSH
NH  (SMe | N
H
(XLV) (XLI) neither detected

SCHEME S
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Consideration of the stereochemistry of imidates (XVII)
at the carbon~—nitrogen double bond, led to the attempted
synthesis of models with a fixed configuration, for

comparison of the methoxyl shift in N;M'R”

9 ?Me

¢ iMe” OBF,
w2
v n)H30
i
0
(XXIX) (XXXIIIO)

Me
||)H3O \/LO

( OMe

\ @O
~
H

cromatlc

(XXXa)

Both phthalimide (XXIX) and homophthalimide (XXXa) were
treated with trimethyldxonium tetrafluoroborate in
dichloromethane,lhopefully to give the '0' alkylated
products, paralleling the reaction with amides, The
reaction was inhomogeneous, and unreacted starting
mnaterial was recovered in both cases; On further con-
sideration of the homophthalimide reaction, it was
obvious that this was a poor choice, for although pre-
ferential attack on one carbonyl could be hoped for, it
is probable that either of the products would rearrange

spontaneously to the aromatic tautomer; A much better
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model would have been the dimethyl derivative (XXXb),

where rearrangement to the preferred aromatic system was

impossible:

Me Me
0
A (XXXb)
9

Monothiophthalimide (XXXII) was next studied, with the
idea that methylation on sulphur would be facilitated,
and then subsequent attack by methoxide would yield the
model of known stereochemistry (XXXIIIa);

7 ? 2
iMeJOBF~ C -
374 ~ OMe N
y N /=

T 7 @i}’

1 |

S - ' SMe OMe

(XXXII)

(XXXIIla)

The preparatioh of (XXXII) was now underbtaken, but the

initial literature citation>, for the cyclisabtion of

benzoyl isothiocyanate was found not to occur when the
original literature was referred to49, The presence of
electron donating substituents being necessary to afford cycl-

isation, the reaction only being generally applicable to

synthesis of six membered rings,

il
ALCI
g I BN 8

=z

n=0
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L ACl, ~ D
—
N H
e

S/

Instead the conventional route, involving the acid
hydrolysis of 4-imino-3-thioisoindoline (XXXI)SO, was
used to synthesise (XXXIT),

0* i
N ———)
@C =N EtOH @\ i (;)H

(XXXI) (XXXIT)

The methylation of (XXXII) with methyl Meerwein's salt

was monitored by the disappearance of the red colburation,
but unfortunately on work up phthalimide was dbtained;

Due to the obvious instability of the methylated inter—
mediate, the reaction was repeated, and immediately treated
with excess methoxide, The resultant solid, from evaporation
of solvent éhowed 4 spots on t,1,c,, but the mass spectrum
was unusual, in the fact that the expected ions were not

found, instead, ions of mass one unit greater were observed,

i iMe OBF ? )
C— M5 AN ~C ~
— K4 _N =+ N
‘s ii) "OMe ¢~ c
S SMe 6_Me
(XXXII) (XXX1a)
CgHoNOS CgH7N02
expected m/e 177 161

found e 178 162



From the presence of -OH or>NH stretch (I.R.) and methoxyl
protons ( § 3 .35 N;M;R_), integrating to show the possible
presence of the dimethylated product (XLIII), it was

decided to leave the study of this reaction;

q

N (X LII)

>

, . m*
MeO \OMe C‘IOH NO3 requires e 193

Instead a literature referenceB%o the preparation of (XXXIIIb)
from silver phthalimide and ethyl iodide was iﬁvestigated:
However the practical detalls were vague, and although the
silver salt was dried to constant weight, the main product
isolated on removal of the silver ilodide was phthaiimide:
Although with methyl iodide small quanéities of an oil were

found, which could possible have been the required product,

T 0
—~ o RI G
0

(XXXIIIa) R = Me

(XXXIIIb) R= [t
These attempted syntheses of a model with known stereo—

chemistry, for N;MLRL comparison with imidate (XVIIc) were
now abandoned, instead further approaches to the synthesis

of a sulphur analogue (XLI) were tried (Scheme 10):
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- SCHEME 10

’ /Ph
'F’_'% TosCl
Ph—C N base
“OMe “OH
P
HZS IITI/C--Ph
base Ph-C_
: OMe
(XLIb)
BE
H—\Ni_fc/ Ph i) base
_— 1l I - + ~
Ph-C N i) Et *OBF
\ 3774
OMe Et
(XXXV HBF))
T
H,S C—Ph
2 N7
Ph—C\
OMe
(XLIb)
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This involved the preparation of an intermediate; which
would be labile to attack by'HQS, and the first idea

(Scheme 10; (i) ) involved the reaction of free imidate

60

with a nitrile oxide; The reaction of benzo-hydroxamoyl - -

chloride with methyl benzimidate (XIVc), in the presence
of triethylamine, proceeded ihstantaneously to give a
crystalline product: 'Uhfortunately this was %,5~diphenyl-
1,2,4-oxadiazole (XXXIV), resulting from 1,3 dipolar
addition of the nitrile oxide to the carbon-nitrogen
double bond, with elimination of methanol, rather than

the straight addition product required,

i Ph
Ho D T we i N—¢~
N A C N—C L
PrCe® T Phetl N | T R
6;;\\6 I\t{ 6]
e
o | -OMe | (XXXIV)
(XIVc)

This was characterised by the m;pt;, with reference to

52

the literature”, and the mass spectrum, The other
possible product (XLIV), resulting from dimerisation of
benzonitrile oxide, was present in trace quantities
(n*/e 238), but this does not fragment by loss of oxygen
55

in the mass spectrometer

0™\ O }
AV 0w 0
\ \ N N N
oA —
L] PNC PN
Ph  Ph

(XLIV)
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Further confirmation was gained from fhe work of two
Belgians54, who had carried out an identical reaction

to give (XXXIV):

The ability of the free imidates (XIV), to undergo 1,3
dipolar reactions, whilst the E;ac§l substituted

compounds (XVII) appear not to, is interésting, and

would warrant further research, From preliminary
considerations it.would seem likely that the carbonyl
group has a certain polarising effect on the electrous

of the nitrogen, and this may be the reason for the

non- reactivity of (XVII),

The reaction of imidate (XVIIc) with N-ethyl benzonitrilium
salt (Scheme 10, (ii)) was now.investigated, there being
no-possibility of 1,3 dipolar addition, and indeed the
required fluoroborate salt (XXXV,HBQ’) was obtained
However due to difficulties of purification, it was decided
to work on the crude product [(XXxv;HEEL) and (XIVC,HEE’X
The mixture of free bases was liberated and treated with
ethyl Meerwein's salt, and this in turn treated with %25;
No reaction was immediately apparent, but the addition of
pyridine yielded one non polar product, This was methyl
thionbenzoate, and its production could be rationalised

from both components of the mixture (Scheme 11) .
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SCHEME 11
BF~
Ph
Hﬁ}?—‘iq/ NHHBE
Ph~G r'\x\ + PhC
OMe Et . OMe
(XXXV HBF) (xIVe HBF)
\LNcho3
_Ph
Wy N
Ph-C N + Ph=C
LN \
OMe Et OMe
(XXXV) (XIVC) B
,LEtBOBFA
- BF,”
| B} A
Et_BF, Ph HSY) ph £t H
e i N
—_ Pn— + —
e LI R
e OMe Et' OMe | HS |
HZSl pPyr,
HES
Et - Ph . Ft M
le———%/ N——C~Ph tr}l §
Ph—/C\ N Ph—c\' ;x'l} +  Ph-C-OMe
Cs OMe Et OMeEt Et (s
H | H/\L
l ¥
Et  _Ph _C—Ph
: 1 H/N—% IITI I
Ph C_~ N,  Ph-C » HNEt. Ph-C_ + EtNH
‘OoMe  Et “OMe 2 “oMe 2
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The imidate fluoroborate (XIVG:HBF“) was independantly
shown to yield methyl thionbenzoate, as in (Scheme 11);
and as the position of ethylation in (XXXV) could not

be specified, no furtherhwork was andertaken;

The final work carried out was an oxygen—18 labelling
study on the N-acyl imidate (XVIIm), as this would give
conclusive evidence concerning the proposed prepyrolysis
interconversion, on isolation of the methyl-3,5-dinitro-
benzoate and mass spectral determination of the position

of the labelled oxygen;

| Ph - gh
0
’ AL , 2 LY ;
. CQ?\ { C§ e A
| 0—Me 0
OZN {(XVIIm) OZN (XVIIn]
02N 9
\.18
‘ 0—Me
O2

After overcoming difficulties in the synthesis of labelled
benzoyl chloride from benzotrichloride and 018 —water (40%) ,
the labelled imidate was obtained and pyrolysed,., The
required ester was isolated by preparative t,l,c; and
analysed by mass spectrometry, Methyl esters undergo
o~cleavage in the mass SPectrometer55, and so the 018

label would be expected to fragment to leave a common

breakdown peak of m'/e=195,



e § NN
-Q, —> C + ‘OCH
OCH, 3
02N ) 02 N
M7 226 M/e 195
. ’ +
OZN g- 02N R o
5 —— C + 'O-CH,
\O—CH3
O N 02N
/e 228 Mo 185

This was not realised, instead, both peaks at m+/e 197
and 195 were present, ratio ca, 1:4, but'withignly a
total 0" comtent of 30%. This meant that £ of the total
O,|8 label was ﬁfesent on the carbonyl grouping, and
whilst the imidates (XVII) might undergo, to some extent,
a [1,5] sigmatfopic rearrangement, the main reaction
route is different; '

A four centred transition state was thus proposed to

explain the reaction products, and occurrence of the O/B

label on the carbonyl of the methyl—},5—dinitrobenzoate;

Ph Ph
\C\'- \C\ i
/f : 7N
184 W) —_— B _
02N O OMe
NOZ 02N l N O2
Ph Ph ¥~ OMe
C=N , OMe “C—N
ST N =
O—C\QNOZ 0 C@/ 2
A Al
l Noz NOZ
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- 1 - 18
PhC=N  + Co Ph-C_  + C=
OMe “OMe
ON | ON
8

This also explains the loss of L of the total O activity
on pyrolysis, as if theimethyl benzoate had been examined,
the missing 10% of 018 label would hopefully have been
1ocatedl

This four centre reaction does not involve the alkoxy unit
of the imidate in any inversion at the carbon, and con-
sequently the experiment with imidate (XVII{), prepared
from d-octan-2-o0l, though still valid, is obviously
rendered superfluous;

Also the four centre mechanism produces ester and.nitrile
direct, the latter presumably trimerising to give a
triazine, accounting for the isolation of veratronitrile
on pyrolyéis of imidate (XVIIo),

The deuterium labelling experiments,'involving copyrolysis
.of imidate (XVIIQ) and its d-6 analogue (XX) are still
accountable (page 34 D, buf obviously the postulation of the
alkoxy exchange 1s occurring, and thus the intramolecular
4. centre rearraﬁgement-would appear intermolecular, due to
prior exéhange/loss of methoxyl and trideuteromethoxyl
groupings, This is also backed up by the observation that
one alkoxy unit can be exchanged for another, as in the:
preparation of the 2-octyl imidate (XVIIq) from methoxy
imidate (XVIIn),
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The above statements are made with a slight reservation,
as it is known?® that methyl benzoate (labelled 0'° on
the ether oxygen) will rearrange at 40000, although

there was no trace of rearrangement at 25000;.

_Me
Ph_g L00% o 8
olme T '8

Consequently it cannot be said that no rearrangement of

fhe O/|8 ester would occur at EBOOC,though this is unlikely?
Methyl benzoate (carbon31018) was preparedAindependantly,
and shown to undergo a—cleavage without rearrgygement in
the mass spectrometer,

Naturally the mass spectral evidence alone was not con-—
sidered sufficient, and the methyl-3,5-dinitrobenzoate

was converted to the amide, This showed a virtually
identical amount of O/]8 to be stlill present on the

carbonyl (20% overall, % total 018 1abel in the ester),

confirming the mass spectral study on the ester;

0N 918 850 N, 0, 0
c. —> —C.
“OMe ' NH,
02N 02N
The amide derivative was chosen, as acid or base hydro-—
lysis of the ester, to the acid, would lead to O/|8

exchange with water57;
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18 '8 018
_ | _
R..@ L OH = R—f%—or—;t — R-G + OF
N\ _ N\
| lno -
(131—8H 18
R-(OF! R—C{-~ + HOEt
OH 0
no
0'8 TOLH
| : -
rc L 08 = R-C—OEt = R—ﬁ/ + ORt
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0 8 08 oy
NN |
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rCUE Lo = = R-G} = 142018—‘R—Cl—05t R" + HOERt
A 3 HO  OH OH OH
' _ '[LHZO
7/ i +
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3 OH

acid hydrolysis -



The reduction of the methyl-3,5-dinitrobenzoate, to the
corresponding alcohol, with lithium aluminium hydride

or sodium bo:cohydride58’59 was attempted, but'the expected
alcohol was not obtained, instead there was a deep blue

or red colouration (depending on the temperature) in the
reaction, This was attributed to a Mei senheimer complexas,
and subsequent treatment with acid regenerated the

starting materials (t.1.c.).

0
2 018 Liain . ON
N ‘ —CH 01—8H
0 2
Me NaBH, ~
ON ON

The final evidence in opposition to the proposed [,5]
sigmétroPic rearrangement of N—-acyl imidates came from the
x-ray crystallographic structure of imidate (XVIIa), which
showed conclusively that the carbonyl group was on the
opposite side of the carbon-nitrogen double bond to the

ether link,

Ph

\C\

o N L
| E
/C\
Ph 0 (XVIIa)

h

The full x-ray structure is depicted on the next page,
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{

Perspective view of N-acyl imidate (XVIIa) .

' Bond Lengths (°4)
=0 1.,209(6)

CN= 1.394(7)
L=N- 1.,272(5)

“N=C=0-  1,343(6)
=C-0-CZ  1,459(5)

Ref , C K _Johnson (1965) ORTEP, ORNI~3794,0zk Ridge

National Laboratory, Tennessee,
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CONCLUSIONS

The initial proposition of a [1,5] sigmatropic rearrangement
of imidates (XVII), prior to pyrolysis, was shown by
oxygen —~ 18 labelling studies not to occur to any great
extent: This was borne out by the configuration at the
carbon-nitrogen double bond, found by x~ray crystallo-
graphic studies, which showed the carbonyl and ether
oxygens to be on opposite sides, thus making approach
impossible, The possibility of the acyl group "flipping
over'" on heating was unlikely as there was Jjust one
methoxyl résonance for the imidate (XVIIc) over the
temperature range -50 to +160°C

Instead the products produced on pyrolysis can be explainéd
by a 4 centre transition stéte, This latter mechanism

is in agreement with the inability to observe an inversion
at the carbon of imidate (XVIIq® ), prepared from d-octan-
2-0l, and also necessitateé the oxygen - 18 label.to be

on the carbonyl of the ester produced, as found experi-
mentally, »

The four centred mechanism of rearrangement does require

a highly strained transition state, and a bimolecular
process would be equally acceptable and also account for

the products, as the order of reaction was not measured,

18 Ph R
HIPNIIYN
+,—C ;kL‘O\ AT
-’N/E—Ph C[i\ll §O18 Ar hj + l(l;
2l — C ¢ — N =—
Ar-C Ar e, ch AR \6-—:C<
OMe 18737 * e
| .
Ph
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. I | —2 2% Ar—C
AF Npt-cd
189 N |
Ph -
l(JMe
products

The work on the sulphur analogue (XLI), which would
hopefullj have substantiated the [1,5] sigmatropic
rearrangement postulate was thus not required, However
the failure to prepare the model (¥LI) and dithio-
benzamide (XTLII), by numerous pathways, leaves scope for

further investigation,

71
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EXPER TMENTAL

Unless otheiwise stated the following data apply to
experiments described 1n this section, Melting points were
determined oﬁ a Kofler block and are uncorrected, I_R;
spectra were recorded on a Unicam SP200 as nujol mullé;
N.M. R, spectra were recorded with a Varian T;60_, using
deuteriochloroform with tetramethylsilane as an

internal reference, and the following sbbreviations were
used to describe the data:— s = singlet; d = doublet,

t = triplet, q = quartet; m = multiplet, Mass spectra
were recorded with a Perkin Elmer 270 low resolution
(routipe spectra) or an A;E;I, M89 high resolution spectro—
meter, and all composition data were obtained gy measuring
the mean peak heights; Ultra violet spectra were recorded
on a Unicam SP 800 spectrophotometer in ethanol? Rotations
were measured on a Perkin Elmer 141 polarimeter, and are
for chloroform solutions,

Petroleun ether refers to the fraction b.pt, 60—8000;
Benzene and ether were dried over sodium wire; Pyridine -
was distilled from, and stored over potassium hydroxide
pellets; Chloroform was shaken with wéter and distilled
from phosphorus pentoxide to remove the ethanol?

Thin layer (t_l_c:) and prepérative t.,1.c, (1 mm) plates

were prepared from Merck Silica Gel GF 254,
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EXPERIMENTAL

(%4)
Preparation of o - bromocumene (Ia)

Equimolar quantities of cumene and N-bromosuccinimide
were refluxed in carbon tetrachloride for 4 hours. After
cooling, the succinimide was filtered off and the product
used without further purification as the material de-
composed on columm chromatography, using silica gel/pet.
ether,

Preparation of K -azidocumene (Ic)

To a solution of sodium azide (4g, in water/acetone) at
room temperature, crude o{-bromo-cumene (4g) in acetone,
was slowly added, with vigorous stirring. The reaction
was worked up by pouring onto ice/HZO and extracting with
ether, washing with water.) This crude extract was shown
to contain azide (IR V 21600m.-l) but almost certainly the
alcohol (Id) and styrene (V) were present. Here again
purification was impossible due to decomposition on t.l.c.

Preparation of ol -aminocumene (Ie)

A solution of the crude azide (Ic) (-7g in anhydrous ether)
was added dropwise to L.A.H. (+7g, » in 25ml dry ether)
with vigorous stirring. Excess L.A.H. was decomposed by
the dropwise addition of ethyl acetate. After addition of
aqueous sodium hydroxide the ether. layer was retained and

extracted with dil. HCl. The amine (-2g, 33% theor. )
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was then reliberated by mneutralisation with sodium hydroxide
“and extraction with ether,

Preparation of N-cumylbenzamide (VII)

To the amine (Ie) (+2g) in ether, benzoyl chloride (-2m1,
excess) was added with stirring followed by triethylamine
(+16ml), and the whole left overnight. The hydrochloride
was filtered off and partitioned between water/dichloro-
methane., The dichloromethane was combined with the ether
filtrate and this was stirred with sodium hydroxide until
the excess benzoyl chloride was destroyed. After washing
the organic layer with water the amide (VII) (-<lg, 28%)
was obtaimed. M.Pt. 158-159°C Lit. 159°C ~ (ethanol)
m+/e 239 found for C,,H,-NO.

16717

Attempted preparation of the amide (VII) from S -Bromocumene

(Ib) and benzonitrile using a Friedel Crafts Catalet.G'

To a mixture of benzonitrile (1.5g) and anhydrous aluminium
chloride (3.3g) in anhydrous ether (20ml), dry HCl gas was
vigorously passed for 1 hour. To this mixture, under reflux,
(Ib) (1.9g) in ether was added dropwise while still passing
HC1 slowly.' After 8 hours refluxing, the whole was allowed
to stand overnight, before pouring onto ice. The dichloro-

methane extract showed no amide (VII) by t.l.c.
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Preparation of dimethyl phenyl carbinol (Id) Grignard
reaction. | |

Bromobenzene (1l.56g) was added dropwise, to a stirred sus-
pension of Magnesium (.24g) in ether (20ml), so that the
reaction refluxed steadily. To the Grignard, acetone
(1l.16g, twice theoretical) was added with cooling, and
the whole refluxed for a few minutes. The product (.5g
37%) was obtained by pouring onto ice and extracting with
ether. T.l.c. showed two spots, but this was to be
expected as the carbinol (Id) would readily dehydrate to
give ol-methylstyrene (v). (Scaléd up reactions gave 65%
yield).

3,4,62

Attempted Ritter Reaction on the carbinol (Id), with

benzonitrile.

i) The crude alcohol (Id) (.4g) was added dropwise to a

mixture of glacial acetic acid (5 ml) containing benzonitrile
(.34g) and conc. sulphuric acid (.6ml). The whole was
allowed to stir overnight before pouring onto ice, and

neutralising with sodium carbonate. The ether extract

showed no amide (VII) t.l.c., only a spot corresponding to
™®-methylstyrene (V).

ii) A mixture of the alcohol (Id) (1.32g) and benzonitrile
(1.03g) was treated dropwise with 1.0ml conc. sulphuric acid,

keeping the temperature at 20-30°C. The whole was then stirred
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vigorously on an oil bath for 1 hour at 65°C before pouring
onto water. Thélcrystals formed.were filtefed off, but
recryétallisation from water showed them to be benzamide
M.Pt. 132°C Lit. M.Pt. 128-129.5°C and I.R. of authentic

sample.

Preparation of N-benzyl-benziminochloride 2 (VIII)

To a stirred suspension of phosphorus pentachloride (16.2g)
in dry benzene (50ml) N-benzyl benzamide (16g) was added
portionwise. The whole was then stirred for 2 hours at

room temperature, before heating briefly on a steam bath,

to obtain a homogeneous solution. The whole was then

distilled to give the imino chloride (13.9g, 80% theory)

B.Pt. 130°C.0.5mm Hg Lit. B.Pt.120°C.3mm.'°

1460, 900 em. L,

IR. V 1670,

(Ref.9 quotes B.Pt. 104° 60mm. but the later ref.10 is in
better agreement).

Attempted preparation of N-benzyl-methyl benzimidate (IX)

To a solution of the iminochloride (VIII) (.46g) in dry
methanol (2.5ml) triethylamine (.2g) was added, and the
whole allowed to stir for five hours. T.l.c. showed several
spots, but on work up by pouring onto ice and extracting
with benzene the N.M.R. showed no major methoxy peak.

Preparation of N-benzyl-methyl benzimidate (IX)

The imino chloride (VIII) (.5g) was added to a large excess

of lithium methoxide in methanol, and the whole allowed-to



sfir overnight,?.l.c. (A1203/CH2012) showed one major spot

of slightly higher Rf than starting materiai, and this was

obtained as an oil by pouring the reaction onto ice and

extracting with benzene. '

N.m.r. § 7.5, 10H (2s); & 4.6, 2Hs; O 4.0, 3HS. IR.
91670, 1600, 1460, 1280, 1130 cm .

Found C 80.24%; H 6.69%; N 6.20%, ClSHlSNO requires C

79.97%; H 6.71% N 6.27%.

Reaction of the iminochloride (VIII) with the dianion of

ethylene glycol.

i) To ethane diol (.056ml, .062g), lithium (.0l4g) was
added and the whole stirred. To this dianion the imino
chloride (.46g) was added and the whole stirred at room
temperature. T.l.c. showed only the presence of N-benzyl
benzamide.

As the formation of the dianion was not very practicable

7

by this method, n-butyl lithium was used for its generation.

ii) To ethane diol (1.12ml) in dry dimethyl acetamide
(20m1), n-butyl lithium (30ml of 13.14% sol'mn, .7l1g/ml)

was added dropwise with stirring. To this the imino

chloride (7g, slightly less than theory) was added dropwise.

The addition proceeded with the production of a deep red

colouration, and after two hours the reaction was poured onto

ice. Extraction with benzene gave a red oil ( VvV 1620-1660

cm'—l broad) which, with methanol precipitated a yellow solid.
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IR ¥ 1470, 1400, 790, 710cm. > m'/e 384. Recrystallisation
from dichloromethane gave colourless crystals. M.Pt. 252-

o o, o/ o o,
253°C Found. C 87.22%; H 7.20%; N 5.46% C28H20N2

Requires G 87.47%; H 7.29%; N 5.24%. N.m.r. & 7.2-7.8,
indicated that all protons were aromatic, and thus the
material was tetraphenyl pyrazine (X) lit. m.pt. 246°C. 1

Reaction of N-Cumyl-benzamide (VII) with thionyl chloride

To the amide (VII) (0.48g) in benzene (Iml) thionyl chloride ~1‘

(.32m1) was added, and the whole heated on a water bath with
stirring for l% hours, whereupon the reactidn appeared
homogeneous. The excess thionyl chloride was—élushed off
with benzene under vacuum, to yield an oil which showed two
spots on t.l.c. (CH2 C12/Si02). These had identical Rf's

to benzonitrile and &K -methyl styrene, confirmed by IR

( V 2270, 1500, 1460cm™1).

The reaction of the ketimine (XI) with t-butylhypochlorite.8

A solution of 2-amino-2-phenyl—pr6pane (VI) (0.5g) and
benzaldehyde (0.4g) was refluxed in ethanol for 30mins.

All solvent was removed by rotary evaporation, and then high
vacuum to yield an oil (.8g) IR.\91650(:m_l which was assumed
to be the required Schiff Base. To the Schiff Base (O.Q8g)
in ether (Sml) t-butyl hypochlorite (.4g, excess) was added,
. and the whole refluxed. T.l.c. showed the presence of

benzonitrile, benzaldehyde and unreacted starting m terial,
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confirmed by I.R. ( VvV, 2270, 1700, l650cm-1), as this
reaction was not progressing smoothly further work was not

attempted.

Preparation of ethane diol dibenzimidate hydrochloride

12,13

(XII.2HC1)

To a mixture of benzonitrile (10.3g, 0.lmole) aﬁd ethylene

glycol (Q.OS mole) at OOC, dry HCl gas was passed until the
weight increase was 3.65g (.1 mole). This was refrigerated
overnight before triturating with anhydrous ether, to yieldl
a solid hydrochloride, unstable to moist air. (Yield <:10%

- leave at 0°C longer).

Acetylation of the imidate hydrochloride (XII.2HC1).

To the crude hydrochloride (.58g) in dry pyridine (2ml) at

0°C acetic anhydride (.18g) was added, and the whole allowed

to stir overnight, warming up to room temperature. The

crude product as an o0il was obtained by pouring onto ice

and extracting with ether, removing the last traces of

pyridine under vacuum. Preliminary spectral evidence would
indicate that the product was the N-acetyl benzimidate of ethylene
glycol monoacetate (XIII).

Repeat preparation of the diimidate hydrochloride (XII, 2HC1)

and acetylation.

+ The hydrochloride was prepared as before and characterised
as the free imine (XII) by partiioning the hydrochloride between
ice cold sodium bicarbonate and ether. Evaporation of the

* ether gave a colourless o0il, which crystallised from ether m.pt.
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97-98°c. I.R. ¥V 1620, 1355, 1080, 760, 690 cm. T.

Found C 71.88%; H 6.08%; N 10.48%; C,gH N0, requires
C 71.68%; H 6.01%; N 10.44%.

Acetylation as before gave an unstable oil (3 spots t.l.c.
CH,Cl,/A1,0,) with the desired spectral data. I.R. v
1740, 1670, 1280-1240 1130 cm.-l. N.m.r. S 7.1-7.8,

10Hm; g b4, GH g 2.1, 6Hs., as expected for a
symmetrical molecule.

Repetition of Fhe reaction with ethylene glycol subsequently
failed, giving the mono imidate hydrochloride (XV.HCl), as
experienced when the reaction was first carriea—out.

The free imine (XV) was liberated as above and crystallised
from CH2012/ether to give colourless crystals m.pt. 75-950Q,
m'/e 165  I.R. Y 3220, 1630, 1460, 1070, 700cm.”". Found
C 65.19%; H 6.87%; N 8.28%. CnglNO2 requires C 65.447%;

H 6.71%; N 8.48%.

Preparation of Ethyleneglycol mono-p-nitrobenzoate-N-p-

nitrobenzoyl-benzimidate (XIIIb)

To the imidate hydrochloride (XV.HC1l) in dry pyridine (10ml)
at 0°¢ p-nitrobenzoyl chloride (1.11g) was added and the
whole stirred for 36 hours, allowing to warm to room
temperature. ‘The reaction was then poured onto ice/water,

. and the solid precipitate taken into dichloromethane.

Evaporation of solvent yielded a yellow solid, recrystallisation
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(benzene) gave M.Pt. 166-168°C. m+/e 463. TI.R. v 1725,
1670, 1650, 1530, 1325 1280 cm.” . N.m.r. O 8.3, 8H;

§ 7.5, sH; & 4.9, 4Hs. Found C 59.72%; H 3.79%;

N 8.91%. C23 17N308 requires C59.61%; H 3.?04; N 9.07%.
Preparation of B -phenethylbenzimidatehydrochloride (XIVa.
HC1)12’13

To a mixture of P;-phenethyl alcohol (12.2g) and benzonitrile
(10.3g) at 0°C, dry HCl gas was passed, until there was a
weight increase of 3.65g (just over). The whole was
refrigerated (OOC) for 48 hours whereupon trituration with
anhydrous ether gave colourless crystals (l6g,‘38%) of the
hydrochloride.

I.R. V) 1640, 1465, 1390, 880, 740, 700 cm. L.

Preparation of N-acetyl-p -phenethylbenzimidate (XVI).

To the hydrochloride (XIVa.HCl) (8.72g) in pyridine (30ml)
at 0°C, acetic anhydride (3.4g) was added, and the whole
allowed to stir for 24 hours at room temperature. The
imidate (XIV) was obtained as an o0il, by pouring onto ice,
extracting with ether, and removing all solvent. I.R. ¥
1720, 1640, cm.” . Nomr. § 7.4-7.6, 10H m; & 4.5, 2Ht;

g 3.2, 2Ht. m+/e 267. The material was too unstable to
purify and analyse.

Preparation of N-benzoyl- B-phenethyl benzimidate (XVIIa)lg’21

To the hydrochloride (XIVa.HCl) (2.6g) in pyridine (10ml) at
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0°¢c benzoyl chloride (l.4g) was added, and the whole
allowed to stir overnight at room temperature. The product
was obtained as an oil after pouring into ice/water and
extracting with ether. This crystallised from ether
(yield, 60% pure) M.Pt. 79-80°C I.R. vV 1665,'1645, 128Ocm-1.,
N.M.R. & 8.0-8.2, 2Hm; O 7.2-7.6, 13Hm; O 4.6, 2Ht;

S 3.2, 2Ht. m'/e 329 Found C80.33%; H 5.71%; N 4.19%.

C NO, requires C 80.22%; H 5.81%; N 4.25%.

2219
Pyrolysis of N-benzoyl- {5 -phenethyl benzoate (XVII a)

From preliminary experiments in a sealed capillary tube,
under Nitrogen, the starting material had compIétely dis-
appeared in ca. 24 hours at 196°¢C. 435mg of (XVIIa) in a
sealed tube under Nitrogen, were pyrolysed for 44 hours at
196°C and the products sepérated by preparative t.l.c.
(benzene/petrol lzl)SiOZ) showing three major components.

Band 1 (22mg) + 20mg solid partially insoluble in CH,CL, ,
the solvent used for applicatién of material to prep.plate.
This recrystallised from dichloromethane to give colourless
plates M.Pt., 238°C m+/e 309 énd was shown to be 2,4,6-tri-
phenyl—l,B,S—triazine64 (XVIla) by preparation of an authentic
sample®™ M.pt. 238°C M.M.Pt. 238°C Lit M.Pt. 232°C I.R. V

1538 e L.

Band 2 (Rf ca. 0.4) 206mg.
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This was ﬁ -phenetﬁyl benzoate, from comparison with an

authentic sample prepared from equimolar amounts of P -

phenethyl alcohol and benzoyl chloride in pyridine. 1I.R.
v 1720, 1280 cm™! N.M.R. & 7.9-8.1, 2Hm; O 7.2-7.6,

8Hm; & 4.5, 2Ht; © 3.05, 2Ht.

Band 3 (origin) 109mg.

This contained some unreacted starting material as well as

dibenzamide, which probably came from hydrolysislh. :The“

presence of dibenzamide was also confirmed b& synthesis of

an authentic sample63 from benzoyl chloride and benzamide.

®3 144°. 1.R. match. ¥ 3250, 1700,

M.Pt. 145°C., Lit. m.pt.
1510, 1470, 1230, 1120, 720 cm™ Y. Thus overall recovery

from plate was 81%.

Preparation of N-p-nitrobenzoyl-p -phenethyl benzimidate (XVIIb)

From reaction of p-nitrobenzoyl chloride with the hydro-
chloride (XIVa.HCl) as for (XVIIa) but using CH,C1, to
extract the product on workup, to yield yellow crystals
from benzene (55% theory, pure) M.Pt. 126-128°C m%/e 374.
I.R. v 1660, 1640, 1540, 1350, 1280, 850, 730, 710 cm .
N.M.R. § 8.3-7.9, 4Hm; S 7.2-7.4, 10Hm; O 4.65, 2HE; O |
3.15, 2Ht. Found C 70.46%; H 4.95%; N 7.31% 022}1,181\120'4
requires C 70.58%; H 4.85%; N 7.48%.

Pyrolysis of N-p-nitrobenzoyl—jB—pheﬂethyl benzimidate (XVIIb)

472mg of (XVIIb) were pyrolysed for 23 hours in a sealed tube

under nitrogen to yield five bands on preparative t.l.c.
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(benzene/petrol 1:1)8102).

Band 1 Rf. 0.65 (1.0mg)

This was 2,4,6-triphenyl-1l.3.5-triazine m+/e 309, comparative
t.l.c. and I.R.

Band 2 Rf. 0.43 (4.5mg)

This recrystallised from dichloromethane to give pale yellow
plates, M.Pt. 226-7°¢C. m%/e 354, I.R. ¥ 1540, 1460, 1420,
1380, 1340 cm-l. From this evidence it~was deduced that the
material was 2,A-diphenyl-6-E—nitrophenyl-1,3,5-triazine65

65 ,18%%.

(XVIIIb) Lit M.Pt.

Band 3 1llmg.

This was ﬁ -phenethyl benzoate. Comparison of I.R. and

N.M.R. with authentic sample.

Bénd 4  (42mg) |

This was a yellow solid, which crystallised from alcohol

m.pt. 60-61°C. I.R. vV 1725, 1530, 1350, 1280 cm-l. N.M.R.
$ 8.2, 4Hd; & 7.3, SHs; © 4.6, 2Ht; © 3.1, 2HE. This

proved to be f3-phenethyl-E—nitrobenzoate, identical with

an authentic sample, prepared from P -phenethyl alcohol and

p-nitrobenzoyl chloride in pyridine, M.Pt. 61.5-62.5°C.

M.M.Pt. 60-61°C. Lit.M.Pt. 62-63°c °°.

Band 5 (origin) 380mg.

This contained basically starting material, and amides from
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hydrolysis. Further preparative t.l.c. (benzene/ethyl -
acétate 2:1)5102) showed 3 bands, the middlé of which was
shown to be E-nitrobenzoyl benzamide I.R. comparison with
authentic sam.ple67 prepared from benzamidine hydrochloride68
and p-nitro benzoyl chloride, hydrolysing thé intermediate
N-acyl benzamidine with dilute HCl. M.Pt. 175-177%C. Lit
1740C67 (Methanol}. |

It was obvious that pyrolysis of the imidate (XVIIb) was
incomplete in this case and so the experiment was repeated,
but in a kinetic flask, using decalin (B.Pt. 191°C) in the
outer flask, and keeping the reaction melt (47% mg) under
a balloon of nitrogen for 130 hours, this gave products -
idenﬁicallto the five bands ahove.

{

i) 20mg ii) S54mg iii) 30mg iv) 300mg V) 50mg.

Preparation of N-d5-benzoyl-f -d5-phenethyl benzimidate (XIX)

a) d5-benzoyl chloride 69 70

To the Grignard from Magnesium (120mg) and d5-bromobenzene
(810mg) in ether (5ml), benzene (5ml) was added and the whole .
stirred at 0°C whilst CO2 was passed onto the surface for

2 hours. The d5-benzoic acid was obtained by normal acid/
alkali work up, and refluxed with thionyl chloride (5 fold
~ excess) with traces of D.M.F. in benzene (5ml) for 1 hour,
to yield d5-benzoyl chloride (210mg 30%).

b) d5-p -phenethyl alcohol 1
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Onto the Grignard, from Magnesium (120mg) and d-5-bromo-
benzene’(SlOmg) in T.H.F. (5ml), at 0°C, a large excess

of ethylene oxide (dried by passage over soda-lime) was
passed. The whole was allowed to stir for 1 hour, raising
to room temperature, and then boiling brieflf. The jellied
mass was poured onto ice/dil HCl, and after extraction with
dichloromethane, ﬁreparaﬁive t.l.c. (benzene/ethyl acetate
2:1, SiOz) afforded the alcohol (224mg 35%).

c¢) Pinner synthesis to form imidate hydrochloride (XIVa.

HC1-d5).

Prepared from benzonitrile (182mg) and‘d—S-alc;hol (224mg)
as for preparation of (XIVa), except that due to the small
wgight of HCl required excess was usea. Yield 460mg (100%).

.d) d-5-Benzoylation of d-5-imidate hydrochloride to give

the imidate (XIX).

As for (XVIIa), from 460mg d-5-hydrochloride, and 210mg d-5-
beﬁzoyl chloride (less than theofy).

The pyridine was removed by washing with dilute acid at 0°¢c
during work up, to give (XIX) 80mg (17%) M.Pt. 78-79.5°C.
Authentic m.pt. 79-80°C. m+/e 339, as required for C22H9D10NO2
(No 334, 329 ioms).

e) Pyrolysis of N-d5-benzoyl-d5-f-phenethyl benzimidate (XIX)

80mg of (XIX).were pyrolysed for 87 hours at 192°C in a
sealed tube under nitrogen, and the products separated by

preparative t.l.c., as for the pyrolysis of non-deuterated
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sample (XVIIa).

Band 1. 13.6mg Qas 2,4,6~triphenyl~1,3,5~triazine showihg
w' /e, 309,314,319,324, ratio 96:166:16:1 -from peak height
measﬁrement.

Band 2. ca. 60mg. —;3-phenethyl benzoate. This showed no
mass ion, due to a ready MclLafferty rearrangement c f.
authentic sample.

Attempted reaction of N-benzoyl-f -phenethyl benzimidate

(XVIIa) with diazomethane.

To the imidate (100mg) in ether (2.5ml) at OOdeiazomethane72
(5ml of ether sol'm) was added and theﬁwhole allowed to stir
in a stoppered flask. After 24 hours there was no change

in t.l.c., and the starting imidate was recovered (.I.R. of
crystals). Even after 2 weeks only the imidate and poly-
methyiene could be detected.

Preparation of N-benzoyl-methyl benzimidate20 (XV1iIc).

The hydrochloride (XIVc.HC1) (15;5g 90% theory) was obtained
from benzonitrile (10.3g) and methanol (3.2g) and benzoylated
in the usual way. To give an oil (80% theory) used without
further purification I.R. v 1680-1640 broad, 1460, 1280,
870, 710 em " N.M.R. & 7.9-8.1, 2Hm; & 7.2-7.7, 8Hm;

$ 4.0, 3us.

Preparation of N-benzoyl-ethyl benzimidatezo (XV1I1d)

The hydrochloride (XIVd.HCl) (13.2g., 70% theory) was obtained

from benzonitrile (10.3g) and ethanol (4.6g) and benzoylated
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in the usual manner to'give an oil_, This eventually
crystallised from ethanol m,pt, 60—6500 lit, m_ pt. 20 6500.
IR V1680, 1670, 1280, 1070, 880 cm™ ', NMR. & 7.9-8.1,
oHm: § 7.2-7.7, 8Hn: & 4.5 2Hq: & 4.5y 3Hb,
Reaction of N-benzoyl—ethylbenzimidate (XVIId) with triethyl-

oxonium tetra—fluoroborate,

The Meerwein salt was prepared according to the literature

32

procedure”~, and its activity confirmed by ethylation of
N-benzyl benzamide, [collapse of CH2 doublet S 4 6 to
singletat S 5.2, with introduction of ethyl group g 4.3
(CHy), a, & 1.35 (CHy), t. |

Reaction of equimolar quantities of Meerwein salt and
imidate (XVII4) in dichloromethane at fbom temperature,

gave no crystalline fluoroborate salt, unchanged starting

material being recovered (I R.).

Prébaration of N-benzoyl—=B =phenethyl-p-nitro benzimidate
QXVIIez_'
To a éolution of .1_)~nitrobe1:Lzonitrile'?5 (ﬁrepared by dehydration
of the amide with P0015) (148mg) and B-phenethyl alcohol

in dry ethanol free chloroform (ﬁOml) at OOC, dry HCl was
slowly passed for 30mins, The whole was refrigerated
overnight, and the hydrochloride (190mg)62%) was obtained
by removal of the chloroform and trituration with'ether_
(Longer refrigeration,ca, 4 days gave yields of 90%),
Benzoylation in the usual manner afforded the imidate (XVIIe),
yellow crystals from CH2012/%ther-(4O%) M_pt, 124-126°C

n'/e 374 IR, Y 1660, 1600, 1535, 1350, 1270 cm_ | N M R,

§ 345, 2Ht: S 465, 2Ht: & 7.2-8.2 14Hm, Found

C 70.55%: H 4.89%: N 7.,23% 022H18N2 O;, requires C 70 58%:
. H 4 85% N 7.48%,
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Pyrolysis of N—-benzoyl—B-phenethyl-p-nitrobenzimidate

(XVIIe).

400mg of imidate (XVIIe) were pyrolysed under nitrogen in

a sealed tube at 220°C for 20 hours, to give three bands

on preparative t . 1.c. (benzeng/betrol 3;1)Siqz) as well

as a small amount of insoluble material,

Band 1. 1less than 10ng

This was.2,4—dipheny1—6—£—nitro—phenyl—1,B,B—triazine

(XVIIIb) mt/e 354, same Rf. as previous sample,

Band 2, (110mg)-

This was a mixbture, but trituration with ether washed out

B-phenethyl benzoate, (NM R, IR, t.1.c.) to leave a solid

identical with the insoluble material from preparative t,1.c,

application, This showed mﬁ/e 399, as the base peak (M,Pt,.
,>230°C) and was assigned the structure 2,4—~di-p-nitrophenyl-

6-phenyl-1,3,5~triazine (XVIIIc) rather than 2,4,6 tri-p-nitro-

phenyl-1,3,5~triazine (XVIIId) which was synthesised independ-

antly‘and shown to haye mt/e AVIVANg

Band 3. (140mg)

This was B—phenethyl—g—nitrobenzbate (IR, t.1.c. m,m@t,).

after recrystallisation from ethanol,

Preparation of 2,4.6=btri-p—nitrophenyl—1.,3%,5—-triazine (XVIIId)25

The hydrochloride (XIVb JHC1l) (85%) was obtained by passage
of HC1l into p-nitro-henzonitrile and methanol, in chloroform
in the usual manner, The free imidate was liberated by
partitioning between ice cold sodium bicarbonate and chloro-
form, and crystallised from CHCl}/Et2 O to give pale yellow
needles m.pt, 95-95.5°C. 1lit, 93°%* NMR. 8 8.4-7.7,
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4 Fim; S 3.95, 3Hs, Trimerisation of the imidate (1100mg)
was accomplished by heating on a steam bath with glacial
acetic acid (60mg) for 4 hours, The resultant solid (40mg)
was washed with hot water and methanol and dried in waccuo,
I.R. V1540, 1350, 1110, 895, 840, 755 cm | u*/e 444 for

N O . m.pt, > 230°,

H
21 12 6
Preparation of N-p—~toluoyl—f-phenethylbenzimidate (XVIIF)

This was prepared as usual from the imidate hydrochloride
(XIva HC1l) (7.85g) and toluoyl chloride (4 ,65g), to give

colourless crystals (7.5g, 70%) from ethe;,m,pt, 100~101°C |
/l

IR, ¢ 1660, 1640, 1280, 1155, 1080 cu |, N.MR, § 8.0-
7.6, 2Hd; § 7.6-7.0, 12Hm; © 4.65, 2Hb; 9 3.2, 2Ht;

S 2.4, 3Hs, Found C 80.3%%; H 6.20%; N 4 06%. o, H MO
requires C 80 .44%: H 6.16%; N 4 ,08%.

Pyrolysis of N-p—toluoyl—B—phenethyl benzimidate (XVIIf)

400mg of (XVIIf) were pyrolysed ab 222°C in a sealed tube
under Nitrogen for 4184 hours, to yield 3 fractions on
preparative t.1.c, (benzene/petrol 1:1, Siqz).

Band 1. 51mg, A mixfure of all possible triazines,

m*/e 309, 323, 337, 351 ratio 43:75:11:1 (from peak heights)
Band 2, 260mg, A mixbture of B-phenethyl benzoate (17%)

and p-phenethyl-p-methyl benzoate (83%) (from N.MR,) IR,
shows a trace of nitrile ( v 2250 cm—q),

Band 3., 34mg at origin - amide nature,

Total recovery of material was 87%,

Preparation of N-benzoyl—-B-phenethyl-p-toluoimidate (XVIIg)

To a solution of p-tolunitrile (11,7g) and B-phenethyl alcohol
(11 .2g) in dry ether (ca, 30ml) at OOC,dry HC1 gas was
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passed until the weight increase was % _65g., The stoppered
flask was stored at 0°C overnight to yield the hydrochloride
(XIVg HC1) (7g, 26%) on filtration (obviously longer

storage at 0% is required), Benzoylation in the usual
manner gave the imidate (XVIIg) as colourless crystals

from ether/petrol M Pt, 67.5-60°C., IR. v 1660, 1640,
1460, 1280 cm !,

NMR, § 7.7-8.0, 2Hn; & 7.5-6.8, 12Hm; & 4.5, 2Ht;
$3.15, 2Bt; & 2.3 3Hs. Found C 80.36%; H 6.22%; N
5.95%. C _E NO requires C 80 44%; H 6.16%; N 4 08%,
Pyrolysis of N-benzoyl-B-phenethyl-p—toluoimidate (XVIIg)

This was done as for (XVIIf),
Band 1. (44mg)

A mixture of all possible triazines m'/e 309, 323, 337, 351
‘ ratio 2:21:3%33:7,

Band 2. (296mg)

This was a mixture of B-phenethyl benzoaté (41%) and B~
phenefhyl—gfmethyl benzoate (59%) from N .M, R, I ,R, shows
a trace of nitrile ( ¥ 2250 cm. 1) also present _

Band 3, (34mg) - érigin amide in natbure,

/
The total recovery of material from preparative t.,1.,c, was

92%.
Preparation of 2,4,6=bri-p=tolyl—1,3.5=triazine (XVITe)’*

From the chlorosulphonic acid catalysed trimerisation of
p-tolunitrile Yield 80%, M Pt, 286-288°C Lit. 278-279°C
(toluene)65, n' /e 351 as expected for CZEHé1N% fragmenting
solely to m*/e 117, NM.R.& 2.5 for Methyl, IR. v 1610,
1585, 1520, 1415, 1380, 865, 810, 780 cm.”

Preparation of N-p—-bromobenzoyl-B-phenethyl-benzimidate (XVIIh)
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From gfbromobenzoyl chlofide (2 .5g) and the imidate hydro—
chloride (XIVa,HC1l) as normal, Crystals from CHCl3 /Ether
(2.5g, 50%). M,Pt. 93%.5-94 5° m*/e 408 IR, Vv 1660,
1645, 1280, 1080 cm.”1, NMR.§ 7.9-7.2, 14Hm; & 4.4,
oHt; & 315, 2Ht, Found C 64.66%; H 4 .48% Br 19 88%;
N 3.449%. 022H18Br NO, requires C 64.73%; H 4.41%; Br
19.61%; N 3 43%. -

freparation of N-benzoyl-benzyl-p—nitrobenzimidate (XVIIj)

Preparation of the imidabte hydrochloride (XIVj . HC1l) by
passage of HC1l gas into ethanol free chloroform, at 0%

and refrigeration, as usual, gave a precipitate, which on
filtering dff proved to be p-nitrobenzamide, Evaporation

of the chloroform filtrate and trituration with ether, did
"however afford the hydrochloride (13% theory), Benzoylation
of this hydrochloride gave the imidate M_Pt, 98 .5-100°C
‘(CHCIB /ether) M*/e 360 I,R,‘ vV 1680, 1660, 1535, 1350, 1280
em,”! NMR.S 8.2-7.3, 14Hn; § 5.5, 2Hs, Found C 69 .78%;
H 4 51%; N 7.50%; C21H1 61\12 04 requires C 69 _.99%; H 4 48%;
N 7.77%. ” |
Preparation of N-p—-bromobenzoyl—-B8-phenethyl-p—nitrobenzimidate

(XVIIK) .

From p-bromobenzoylation of the imidate hydrochloride

(XIVe HC1l) as normai, Crystals from CHCl'z'ﬁt2 0,M_Pt.

1102-103°C. IR, V 1680-1640, 1530, 1350 cm. . N.M.R.
$8.3-7.2, 13Hm; S 4.7, 2Ht; O 3.2, 2Ht. Found C 58 ,30%;
H 3.91%; N 5.98%, C22H17BrNa O;, requires C 58 .28%; H 3 _75%;
N 6 .18%.

Preparation of N-benzoyl—-methyl-3,5-dinitrobenzimidate (XVIIm) .

3,5~dinitrobenzonitrile was prepared by dehydration of the

amide’? (80%) m.pt. 129-131°C, 1it, m_pt. 129-130°C (ethanol)’”
" Benzoylation of the imidate hydrochloride (XIVm HC1)
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(87%, crystalline from CHCl.3 after 5 days)-prepared as

for hydrochlorideV(XIVe_HCl))afforded a yellow oil which
crystallisgd'on addition of ether, The crude spectral
data showed the reqﬁired material to be present, However
crystallisation, CHCls/EﬁZO>for analysis gave a material

m pt, 140—15200 which analysed incorrectly, The mass
spectrum of this material showed m'/e 329 and 343 which
was attributed to an ethoxy residue, arising due to facile
replacement of methoxy by ethoxy by the ethanol present

in chloroform, Crystallisation of a new sample from
ethanol free CHCls/ether gave yellow crystals (50%4) M_Pt,
165-166.5°C., I.R, V 3200, 1680, 1660, 1550, 1350, cm |
rest v, complex NMR. $ 9.2-8.7, %Hm; S 8.2-8.0, 2Hm;
S 9.7=7.4, 3Em; O 4.15, 3Hs, Found C 54.85% H 3 .42%
N 12,77%,015H;1N506 requires C 54 72%; H 3 .37%; N 12,76%.
Pyrolysis of N-benzyl-methyl—3,5~dinitrobenzimidate (XVIIm)

1400mg of (XVIIm) were pyrolysed at 210°C for 40 hours in

a seaied tube under Nitrogen to give 4 bands on preparative
t.1.c. (benzene/petrol 1:1, Siqz)andkasmall amount of
insoluble material,

Band 1. (Rf 0.,6) émg,was 2,4,6-triphenyl-1,%,5-triazine

m m, pb. 256-25700, m+/e 309,

Band 2, (Rf_ 0.,36) S6mg, a mixture of benzonitrile and
methyl benzoate (IR, and N .M R,) along with some solid
material, which was separated by washing with petroleum .
ether, This solid was identical to insoluble material

m*/e %299, M.Pt, ca, 270°C (sublimed) 4CH, C1 /petrol,
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Hence probably 2,4-diphenyl-6-dinitrophenyl-1,3,5-triazine
(XVIIf) (Insufficient sample for microanalysis), The
separation of benzonitrile, and methyl benzoate was attemﬁted
on silver nitrate impregnated plates, but unfortunately
failed,

Band 3. (172mg) BRf 0,41 This was methyl-3,5-dinitro-
benzoate m,pt, 408—108,500, by comparison with an authentic
sample, m. pt, 107-107 .5°C m.m_pb. 107 .5-108°C (benzene/
petrol) 1it,. m.pt, 107.8°¢75 |

Band 4, (65mg) - origin - not investigated,

Pyrolysis of (XVIIm) was also carried out under nitrogen
flow, and in vacuum, in the apparatus depictediwbut no proposed

pyrolysis intermediates were detected at 205°C_
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Preparation of N-=3,5-dinitrobenzoyl-methyl~benzimidate

(XVIIn) .

From the imidate hydrochloride (XIVe¢ HC1) (580mg) and 3,5-
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dinitrobenzoyl chloride (850mg) as usual, to give white
fluffy crystals from ether, M.Pt, 112-114°C (550mg,

50%) m' /e 329, I.R, Vv 3200, 1645, (br,) 1550, 1350, 1300,
1100, 940, 715 em,”!, NMR. & 9.2, 3Us; o 7.8-7.2,
SHm; & 4.2, 3Hg. Found C 54.69%; & 3.40%; N 12.7%.

o H N O requires G 54,729 T 3.37%; N 12,76%.

15 11
Pyrolysis of N-3,5-dinitrobenzoyl-methyl-benzimidate (XVIIn)

400mg were pyrokyéed at 203°C for 11hours in a sealed tube
under nitrogen to givebbands on preparative t.1.c, (benzene/
petrol 1:1, Siqz), “

Band 1. (8mg) triazine (XVIITa) m_pt, 236.5-237°C m m_ pt,
237-228°C ,

Band 2. (10mg) triazine (XVIIf) m'/e 399 m .pt, 270°
(sublimed), Found C 63,10%; H 3 ,50%; N 17.36%, Cz1H%3N%04
requires C 63 ,16%; H 3,28%; N.17 .54%,

Band 3, (3%6mg) mainly benzonitrile (I.R,), some ester,

Band 4., (1%mg) mainly methyl benzoate (L. R.), some

nitrile,

Band 5. (18%mg) methyl—B,5—dinitrobenzoate n . pt, 106-107 5°
mm,pt, 107-107,5°%C,

Preparation of N-d3-3%,5—-dinitrobenzoyl—-d3—methyl-benzimidate
X .

i) d-5-benzoic acid (718mg, 57%) was prepared as in the

preparation of deutero imidate (XIX) on a millimolar scale,
ii) Nitration.’/ To d-5-benzoic acid (635mg) and conc,

H 80, (Bml),bfmvning nitric acid (Mml, S.G 1.54) was added
dropwise, keeping the temperature between 7O~9OOC After

standing overnight, the whole was heated for 4 hours on a
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stéam bath, This mono nitrated product was treated again
with fuming nitric acid (.75ml) and heated for 3 hours on

a steam bath, and 3 hours on an oil bath (140°C) . The
cooled product was poured onto ice and the product filtered
off, washing with water, Yield 502mg (50%, as 1it')77,
M,Pt, 203-207°C m*/e 215, for CHD N O

iii) Acid chloride

The deutero acid (EOOmg) was refluxed with thionyl-chloride
(900mg) in benzene (5ml) with a trace of D M.F, as normal
to-give the acid chloride (267mg, 50%) from petrol,

iv) The deutero imidate hydrochloride (XIVe HC1l) (1.734g,
999%) was prepared from benzonitrile (1 ,03g) an@4déutero
methanol (400mg 1.1 equiv,) as normal, and acylation with
the prepared acid chloride afforded the d-6-imidate (XX)
M.Pt, 108.5-111°C u'/e 335 for C JAD N O,

Copyrolysis of N-3,5-dinitrobenzoyl-methyl—-benzimidate

(XVIIn) and deutero analogue (XX) .

100mg of a 1:1 mixture of imidates was pyrolysed under
Nitrogen flow, in the apparatus previously expiaiﬁed, for
2 hours abt 200-300°C . Preparative t.1.c. of material in
the cold trap,(benzene/petrol)ﬂ:ﬂ Sig) gave two main
bands, as required,

Ester band, (25mg) methyl—-3,5-dinitrobenzoate m pt, 107-

107 .5°C m.m.pt, 106-107 .5°C m*/e 226, 229, 232 ratio 1:2:1
demonstrating that the pyrolysis was intermolecular,

Preparation of N—=3_4—-dimethoxybenzoyvl-methyl-p—-nitrobenzimidate

(XVITo) .

Veratroyl chloride was prepared as normal from the acid,

obtained by oxidation of veratraldehyde with potassium

78

permanganate’ ™ |
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The imidate hydrochloride (XIVb HCl) (216 ,5mg), was
treated with veratroyl chloride (200 _.5mg) for 1 hour
(overnight_reaction gave the required product, but

it was contaminated withan amide (I ,R,)) in pyridine,

to give yellow crystals (210mg, 61% theory) M. Pt, 133 5= |
135°C (benzene/petrol) m'/e 344, I R, vV 1680, 1660,

1540, 1360 cm,_q, rest very complex)., N.M.R, g 8.3=7.5,
cHm; © 6.8-7.2, 1Hd; & 4.1, 3Hs; 9 3.95, GHs,

Found C 59 .,66%; H 4 ,68%; | N 7 .94% _C17HL1 5N2 O6 rquires

© 59.50%; H4.68% N 8.a4%.

Pyrolysis of N-3,4-dimethoxybenzoyl-methyl-p—nitrobenzimidate

(XVIIo),
AOOmg of imidate (XVIIo) were pyrolysed(for 72 hours at

210°C in a sealed tube, under nitrogen and preparative t.1.c,
(benzene/ethyl acetate 2:1, Siq;) gave two main bands,

Band 1. (135mg). Treabment of the oil with ethanol gave

a smail amount of precipitate showing, m'/e 474, 459, 444,
429,

The remainder was methyl—-p-nitrobenzoate, M,Pt; 91-93°C
m.m_pt. 90-92°C. 1it. m.pt, 96°C72 (ethanol) .

Band 2, Again some ethanol insoluble material, showing

m+/e 489, 474, 459, 444, The remainder was veratronitrile
(I.R.) m.pt, 62-63°C m.m pt, 62-64°C. Compared with an

80 080

authentic sample®" m pt, 63-64°C 1lit 66-67°C°" .

Attempted preparation of cholestanyl benzimidate hydro-—

chloride,

Cholestan ~5B—0181) (388mg) and benzonitrile (103mg) in

ether (40ml) were treated with HCl gas, in the usual manner,
but after storage at 0°C for 3 days, no imidate hydrochloride
could be detected, The reaction was repeated using chloroform

(ethanol free) and dioxan as solvents, and even storage
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of up to 4 weeks gave no product, cholestanol being
obtained (I .R., t.1.c,) on removal of solvent and tri-

turation with ether,

Reactions of cholestane—}ﬁ—oluwith N—benzoyl—benziminochloride
(XD ; |
The iminochloride (XXI) was prepareds2 by treatment of
dibenzamide with phosphorus pentachloride to give colourless
crystals m,pt, 85.5-86,5°C 1it, m_pt,82 87°c (petrol),

i) Cholestanol (195mg) in glyme (5ml) was refluked with

oumg NaH (washed with hexane to remove paraffin oil) for

2 hours, After cooling, the imino chloride (122mg) was

added and after stirring for 15 minutes, the excess

Sodium Hydride was destroyed with E—buténol, A&ter
filtration, a solid was obtained on evaporation m_pt,

>250C showing m* /e 388, 105 but apart from this it did not
seem to be the required maferial, .

ii) Cholestane—BB—ol (190mg) and N-benzoyl benziminochloride
(122mg) with triethylamine (50mg) were refluxed overnight,
after filtration snd removal of solvent trituration with
ether gave more triethylamine hydrochloride (I R.) but the
only material to be characterised was cholestanol, although
there was indication (t.1.c.) that a new product was
partially formed,

Reaction of B~phenethyl alcohol and N-benzoyl benziminochloride

A solution of iminochloride (XXI) (243mg), PB-phenethyl
alcohol (122mg) and triethylamine (101mg) in glyme (5ml)
was refluxed overnight, Removal of solvent, and trituration

with ether gave triethylamine hydrochloride,the filtrate was
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Concentrated to give the imidate (XVIIa) m*/e 329, I R.
and N M R, match. m.pt, 73-76° m_.m_pt. 74~77°. but in very
poor yieid:

Reaction of N—-3.5-dinitrobenzoyl-methyl-benzimidate (XVITIn)

with octan—2-ol.

The imidate (329mg) and octan—2-o1 (130mg) in benzene
(80ml) was heabted so that the benzene slowly distilled

(ca: 3 hours); The residual oil was crystallised by
addition of ether, to show the reduired crude product;
This product was freed of amide contamination by taking up
into cold‘chloroform (ethanol free) and filtering,
Crystallisation (CHClz/ether) gave the pure material
(XVIIp) m.pt, 103-107°C m*/e 427, I R.v 3200, 1670, 1650,
1555 cm;_q (rest very complex)., N.M.R,§ 9.2, 3Hs;

§ 7.6~7 4, SHm; § 5.6-5.1, 1Hm; $§ 2.0-0.8, ca, 16H,
Found C 61.74%; H 5.87%; N 10.01%. ¢ H N

3O6 requires
C 61-82%; H 5.90%; N 9O .8%%,

Pyrolysis-of N¥g,5Ldinitro benzoyl—2—octyl-benzimidate
XVIIp). |

400mg of (XVIIp) were pyrolysed for 41 hour at 210°C in a
sealed tube under nitrogen to give twomajor bands on
pieparative t.1.c, (benzene/petrol 1:1, SiCL).

Band 1. Triazine (XVIIIé) (by comparative t.1.c.) ﬁ;m;pt:
Band 2. (72mg) 2—octyl—5',‘5’—dinitrobenzoate, by comparison
with authentic sample, distilled using a Kugelrohr appargtus,
to remove unreacted octan-2-0l, IR, v 3200, 1725, 1560,
1360, 1290, 1180, 730 cm,” | NMR_ § 9.2, 3Hm; § 5.6~

5.0, 4Hm; § 2.2-0.,6, 16Hm, Yields were very low due

to charring on pyrolysis,

Reaction of N-benzoyl-methyl=—3,5-dinitrobenzimidate (XVIIm)

with octan-2-0l .,
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Slow distillation df benzene, from the reaction mixture,
as in the preparation of imidate (XVIIp) gave unchanged
starting material, To overcome this the benzéne was
continually distilled off, using a Soxhlet apparatus
containing calcium hydride to remove the methanol which
codistils,

Overnight reflux of imidate (XVIIm) (260mg) with octan—2-
ol (130mg, 1.2 equivalents) gave a yeilow oil on removal
of benzene, IR, V 3150, 1660, 1640, 1540, 1320 920 cm,mlI
NMR, & 7.9-8.2, 2Hn; & 7.4-7.7, 3Hm; § 5.5 (br.),
1Hu; & 0.6-2.0, ca. 16H. m'/e 427. This material

however did not crystallise,

Pyrolysis of NFbenzoy1~2-octy1-5‘,5’—dinitrobenzimidate
(XVIiq) . |

291mg of crude imidate were pyroly sed for 16 hours at 176°C

- under nitrogen, The reaction showed extensive charring,

but iower femperature or less time, showed incomplete
reactioq, Preparative t.1.c, (benzene/petrol 1:1, Siqz)

gave 3 main bands, .

Band 1, 4.0mg, - 2,4,6-triphenyl-1,3,5 triazine, comparative
t.l.c. m,pt, 236°-238°C; m.m.pt, 236-237°C,

Band 2, (84mg) 2-octyl-3',5' -dinitro benzoate (N.M.R_,

IR, comparison),

Band 3. (22mg) methyl-3,5~dinitrobenzoate , m.pt, 106-106 .5°C
m m_ pt, 106-107°C. (IR, and NM.R.). This arose due

.fo the presence of the methyl imidate (XVIIm),

Reaction of imidate (XVIIm) with d—octan—2-ol .

Soxhlet exchange, as for imidate (XVIIg), overnight gave
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, * |
the required imidate (XVIIq ) as an oil, I ,R,, NMR

identical to (XVNIIq).

Pyrolysis of N-benzoyl—-d—2-octyl-2%" ,5' ~dinitro benzoate
(xvIIds . |

The crude imidate (XVIIq*B (5.15g) was pyrolysed in a
sealed tube under nitrogen at 176°C for 16 hours, To

give 2—octyl-3' 5! =dinitro benzoate (220mg) after prep
t.1,c. (benzene/petrol 1:1)Siq2) m_pb. 43 .5-50°C (constant)
[ap] = + 26.8°,

Authentic d—2—octyl—5;5t—dinitro benzoate'm]pt, 50 .5-53°C
(ethanol) gave [@D:]+ 229 .

- L a i - . - - .
Experiments on catalysis of imidate pyrolysis — see discussion

These were done -in a sealed tube, using ca, 10% (by weight)
of the so called catalyst, in the -normal manner, examiﬁing
the pyrolysis by t.,1l,c, for enhancement of reaction rate,
and new products, with reference to pyrolysis of the

imidate alone,

Pyrolysis of N-benzoyl—-B-phenethyl-benzimidate (XVIIa) and

p-nitro benzoic acid,

180mgs of the mixture (10:1) were pyrolysed at 210°C for

4 hours, in a sealed tube, under nitrogen)giving rise to

the normal pyrolysis products and two other materials,

which were separated by preparative t,1.c, (benzene/petrol
1:1, 810 ) .

Triazine fraction, (1.5mg) this was 2,4-diphenyl-6-p-nitro- -
phenyl-1,3,5~triazine (XVIIIE) m' /e 354, comparafive t.1l.c.
Ester fraction (28mg) this was B-phenethyl-p-nitro benzoate
m.pt, 59.5-60°C m m_pt, 59.5-60.5°C (ethenol) and I R,
match

. Pyrolysis of N-benzoyl-fB—phenethyl-bengimidate (XVIIa) and
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Mesitoic acid,

190mg of the mixture (10:1) were pyrolysed atb 21000 in

a sealed tube under nitrogen for 20 hours, Again twd new
materials were produced, and these were separated by
preparative t.1.c. (benzene/petrol 1:1,Siq?),

Triazine fraction ( { 1mg), This showed m*/e 351, and
from the breskdown pattern (247, 145) the material was
assumed to be 2,4—dipheny1—6—(2' ,4' ,6' —=trimethyl-phenyl)
-1,%,5=triazine (XVIIIg). '

Ester fraction (101_5mg); This was a mixture of B-
phenethyl benzoate (80%) and B—phenethyl—mesitoate (20%)
IR, V1720, 1285 N MR, § %.0,+8 4,55, 2 triplets;

S 2.4-2 4 methyl; ‘

An authentic sample of PB-phenethyl-mesit oate83 was
prepared from mesitoyl chloride and B-phenethyl alcohol,
and’ purified by distillation using the Kugelrohr apparatus:
NMR. © 2.4-2.4, OHm; & 3.0, 2Hb; & 455, 2Ht;

S 68, 2Hbr.s.; o 7.25, SEHS. IR.V 4725, 1280 om, .
The N;M,R; of an authentic mixture of B-phenethyl-benzoatbte
(80%) and B-phenethyl mesitoabte matched exactly with the

pyrolysis: fraction,

Pyrolysis of N;benzoy1¥BQDhenethyl~beﬁzimidate (XVIIa) and

p— nitrophenol .

200mg of a (10:1) mixbure were pyrolysed at 210°C in a
sealed tube under nitrogen for 17% hours, one new product
was apparent, and this was separated by preparative t,l;c,
(benzene/petrol , 1:1, 8i0 )

The new product ran virtually concurrent with B-—phenethyl

benzoate, but treatment of this fraction with petrol
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enabled the ester to be washed out, The product was

recrystallised m_pt, 142-142 .5°C (benzene/petrol) I R.
J 1740, 1600, 4530, 1350, 1270, 1215, 1070 cm. .

This proved to be p—nitrophenyl benzoate 1lit m,pt,84
142°C m m pt. 142 .5-14%°C with an authentic sample from
benzoyl chloride and p—nitrophenol,

" Pyrolysis of N-benzoyl—-f—phenethyl-benzimidate (XVIIa)

with picric acid,

190mg of the mixture (10:1) were pyrolysed for 41 hour at
145°C_and the one new product isolated by preparatory

-tlllc; (benzene petrol 1:1)Siqz), This again came out

mixed with B—phenethyl benzoate, and was thought to be

an ether (IR, ¥ 1100 cm,

) after re-separation

by t.1.c. Pyrolysis on a larger scale, (imidate (250mg)

and picric acid (175mg) (molar equivalents» for 2 hours

at 140°C afforded a much greater yield of ester and ether
by preparative t,l.c, (ethyl acetate, Siqz).; The ether
was a yellow oil, which on treatment with ether solidified:

Recrystallisation gave crystals, m pb, 72,5—74°C, mf/e

335, NMR.O 8.8, 2Hs; & 7.2, SHs; O 44, 2Ht;
.

§ 3.4, 206, IR, O 1610, 1540, 1350, 1100, 970, 720 cm,
Found C 50 .71%; H 3.45%; N 12_.54%, ¢, H N O requires
C 50.46%; H 3.,23%; N 12.,61%, proving it to be B-phenethyl-
picryl ether (XXXVI),

Attempted preparations of BQDhenethzl—picryl ether (XXXVI)

i) B-Phemthyl tosylate (276mg) and picric acid (229mg)dried)
were refluxed in benzene (10ml) with triethyl amine
(10Mmg), overnight, T,1.,c, (benzene, Siq!) indicated a

trace of the required product, but this did not irtcrease
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with time,
ii) Picryl chloride was prepared according to the 1iterature85
from pyridine_picrate and phosphorus oxychloride m pt.
79-81°C 1it. m.pt 2% 79-819C. IR,V 3100, 1610, 1560,
1%60, 1070, 950, 940, 740, 735 cm,” -

To picryl chloride (62mg) and p-phenethyl alcohol (30 .5mg)

in benzene (5ml), pyridine (20mg) was added, there was an
immediate red colouration, After stirring overnight,

dil; HC1l was added and the reaction extracted with benzene,
but t.1.c. showed no reaction (benzene/Siqz)_ Similarly
the reaction using triethylamine,. in place of pyridine
failed, B

iii) To sodium hydride (48mg of 50% suspension), in
benzene (5ml), P-phenethyl alcohol was added, To ﬁhis,
after 5 minutes,.picryl chloride (124mg) in benzene (ca,
%ml) was added dropwise, There was an immediate red
colouration, which persisted overnight, and work up, as

for (ii) above, showed no reaction, t.1l.c. (benzene)Siq;)
and IR,

iv) 1?iodo—2-pheny1—ethane Was prepared from B-phenethyl
alcohol, potassium iodide, and orthophosphoric acid86,
purifying the product by column chromatography (benzene,
510 ). I.R. 01600, 1500, 1460, 1220, 1175, 760, 710 cm.
NMR.S 7.2, SHg; o 3.4-30 4H, (2 triplets superimposed).
To 1-iodo-2-phenyl-ethene (222mg) in ethamol (4ml) at 0°C,
87

silver picrate was added and the whole stirred overnight,
T 1.c, (benzene)Siqz) again indicated the formation of B-
phenethlePicryl ether; ‘

The ether was eventually prepared according to route (1),
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using preparative t,lic; to separate it, M;ptl 72:5—

9% 5°C m.m_pt, with semple from pyrolysis 73-74°C
36

Preparation of N’fphenyl;carboxamido—B—phenethyl—benzimidate
XXIT) . - |
To the imidate hydrochloride (XIVa) (261:5mg) and
triethylamine (101mg) in glyme (5ml), phenyl isocyanate
(119mg) was added and the whole stirred overnight. The
reaétion was then poured onto ice/water, and extracted
with chloroform, to yield a crystalline product (181mg,
52%) from ether m,pt, 102-104°C I_R_ V 3250, 1665, 1650,
1600, 1540, 1250, 1130, 700 ecm.” ', N.MR.O 7 8-6.8,

16Hm, (1D, 0 exch.); & 4.5, 2Mt; & 3.1, 2Wb,

‘Found
C 76.59%; H 5.854; N 8.22%. ¢, B N O requires O 76 72%:
H 5.85%; NB8.1%%. n'/e 344, |

Pyrolysis of N'—phenyl—carboxamidoQB—phenethyl—benzimidate

XXII) .
400mg of (XXII) were pyrolysed in a sealed tube under
nitrogen at 218°Cc for 1% hours to give six bands on
preparative t.1.c. (benzene/petrol 1:1, Siq!);

Band 1. Amg,was 2,4,6-triphenyl-1,3,5-triazine m*/e 309,
m,pt, 257°C m.m.pt. 238°C, |

Bands 2 + 3: (minor) 26mg: Not investigated:

Band 4. (170mg). This proved to be B—phenethy1¥ﬁ;phenyl
urethane, m_pt. 79.5-80.5°C m.m.pt. 78.5-79.5°C, by
‘comparison with an authentic sample, (m, pt. 6 .5-78 ,5°C

1it | 79—800088 (ethanol) ) prepared88’89 by briefly heating
equimolar amounts of phenyl isocyanate and B-phenethylv
alcohol on a steam bath, and crystallising the solid mass
from ethanol, I_R. v 3370, 1700, 1600 cm. |, N.MR,

S 82, m (br), D 0 exchenge; 8 7.6-7.0, 10H m; S 4 4,
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2Ht; O 3.0,2Ht.

Band 5: (47mg) ~ not investigateq:

Bend 6. (145mg) this showed m*/e 222 m pt . 241-242°C
(CH013)] Found C 75.78%; H & .72%; N 12_.81% c,E NO
requires C 75,66%; H 4 .54%; N 12.6%. This data would
indicate the materiai_to be a quinazoline57: .

Preparation of 1,2¥dihydro;4;pheny1-2¥oxoquinazoline57 (XXIIT)

A mixture of 2-amino benzophenone (2g) and urea (1g) were
heated with vigorous stirring at ca? 19500 on an oil bath,
until the maberial solidified (ca. 40mins.). The cake
wag, crystallised from ethanol m:pt: 261-262°¢C (sqﬁe change
250-260°C) 1it.57 250°C m*/e 222, IR, 9 3100-2800 br.

Preparation of 2épgegy1;4;oxoquinazoline (XXIV)?8

Anthranilic acid (1,37g) and thiobenzamide?© (1 .37g) were
heated on an o0il bath (135-160°C) for 2 hours with sbirring.
The cooled product was diséolved in cyclohexane, and the
crystals recrystallised from ebhanol m_pt, 240-242°C Tit 20
235°C, M'/e 222 This was identical with fraction 6 from
pyrolysis, mfﬁ;pt} 239-241°C . IR. V 3200, 3140, 3070,
1660, 1605, 1100, 950, 780, 700 cm. ', UV, X 217, (log €
434); % 236, (log € 4.42); X 290, (log € 4.15); % 317
in £1.97 -

Preparation of thiobenzoyl chloride

To the Grignard (from Magnesium (2:4g) and bromobenzene
(15.7g) in ether (50ml) ) prepared under nitrogen, benzene
(50m1) was added, and the .whole cooled to 0°C (ice/salt
bath), To this Carbon Disulphide (9.1g, 8ml, O.12 mole)

was added dropwise, and the whole stirred overnight;
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The dithio acid was liberated by pouring onto ice/HCl?

and extractedeith benzene, this was extracted with

sodium hydroxide to give the sodium salt, from which

the acid was liberated on neutralisation, and extracted
with benzene: The acid was then added dropwise to
refluxing thionyl chloride (36g, :5 mole) in benzene (50mi)
with a trace of D:M:F, After removing the benzene the
acid chloride (2g) was distilled as a purple oil B .pb.
80°C, 0.7mu. Iit, 60-65°C,0 2mm*"

Reaction: of thiobenzoyl chloride with B-phenethyl-benzimidate

hydrochloride (XIVa HC1)'.

To the hydrochloride (521mg) in pyridine (ca, 1ml) at 0°C,
thiobenzoyl chloride (313mg) was added dropwise, and the
whole stirred overnight, The reaction was poured onto ice
and extracted with chloroform, removing solvent and pyridine
ugder vacuum, after drying over N%;SQ*: The only material
isolated was benzamide (I:R:), tlllc; benzene/petrol showed

a complex reaction,

Reaction of thiobenzoyl chloride with methyl benzimidate
XIVe) |
To a mixture of imidate (135mg), and triethylamine (101mg)
in dry ether (5ml) at OOC, under nitrogen, thiobenzoyl
chloride was added; After stirring overmight, the réaction
was filtered, evaporation gave a red oil, which was

' basically unreacted imidate (IR.). kT,l;c: was again
complex;

Treatment of N-benzoyl-B-phenethyl-benzimidate (XVIIa) with

phosphorus pentasulphide:

To the imidate (329mg) in dry pyridine (4ml) at 0°C phosphorus
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pentasulphide (222mg,45 equiv;) was added, and the whole

stirred ove:night, the reaction was then poured onto

vigorously stirred petrol, and filtered, After evaporation

of solvent the crude 611 was shown to be mainly starting material,
crystallisation (ether) gave dibenzamide (I.R.) a minor
hydrolysis product:

Reaction of methyl benzimidate (XIVc) with phenyl

thioglycdszacid,z

The free imidate was prepared from the imidate hydro-
chloride (XIVc ,HC1) as normal, To methyl benzimidate
(135mg) in ether (5ml) sodium hydride (200mg, 50% dispersion,
4 equivalents) was added and the whole stirredi_hydrogen
being evolved briskly; After ca, 1 minﬁte, phenylthio-
glycolic acid (212mg) was added and the whole stirred
overnight: Filtration, gave a yellow oil which on
evaporation proved'tq be methyl thionbenzoate with some
nitrile (v 2260 cm.”') m*/e 152, IR,V 1600, 1460,
1280, 1240, 770, 700 cm,”. NM.R.O 8.0-8_3 2Hm; § 7.3-
7‘,‘7)5Hm (due to nitrile aromatics); 54;25, ZHs .

. Reaction of thiobenzamide with phenyl thioglycolic acid:

To thiobenzamide (137mg) in fresh dry T .H.F, (5ml) at

room temperature, Sodium Hydride (70mg, ca, 50% dispersion,
1% equiv,) was added, and the whole stirred, When
effervescence had ceased, phenyl thioglycolic acid (212mg)
was added and the whole stirred overnight, before pouring
onto petroleum ether: Ttl;ct showed 6 spots, all active~

to palladous chloride, and a nitrile stretch ( ¥ 2260cm;_q)

was evident from I;R:
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Attempted preparation of dithiobenzamide from dibenzamide,
using B S . | .

A mixture of Eiss (1M1Ing ., 1+ equiv.) and dibenzamide (225mg)
was stirred in refluxing dry dioxan?® (2ml) for 1 hour
before pouring onto petroleunm ether; The filtrate gave

a viscous 0il, no trace m+/e 257, instead m+/e 313, 225:

Preparation of N;thiobenzoyl benzylamin644’45 (XXV)

A mixture of benzylamine (5:55g, .05 mole) and sulphur
(2g, .065 mole) was heated at reflux (180°C) for 45 mins,
on a Wood's metal bath, after cooling the whole was triturated

with pet. ether (804100) and filtered, The so0lid was
10

recrystallised from petrol (80-100) m.pt, 81,0-83.5°C,lit"
84-85°C (yield 3.7g, 67%). I.R. ¥ 3300, 1530, 1500, 1400,
1%35, 1200, 1075, 950 cm_ ',

7.2, 8Hm; O 4,95 2HA, cannot see>N-H, but on D O exchange,

NMR, § 7.8-7.5, 2Hm; O 7.4

methylene doublet collapses to a Singlet;

Reaction of benzylamine with excess Sulphur;

Benzylamine (5:55g) was refluxed with Sulphur (4g, 2% equiv?),
as abéve: T.1.c. showed one extra spot (active to palladous
chloride) but continued heating did not increase this; and
work up of the reaction as above gave solely N-thiobenzoyl
benzylamine:

Preparation of N—thiobenzoyl benzamidinega’gchXVI)

A solution of thiobenzamide (1 .03g) and benzonitrile (;775g)
in ether (35ml), at 0°C, was saturated with dry HC1 gas, -
and kept at room temperature for five days. The initial
yellow solution quickly turned red; and deposited an oil,
which eventually crystallised, This crude hydrochloride

was partitioned between ethep/KHCQs, liberating the free
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imiﬁe, and thiobenzamide contaminant: The reéuired
hydrochloride (orange crystals) was acquired by addition
of ethanolic HCl to the dried ether solution, After
filtration the free base was liberated, as before, and the
red oil crystallised from benzene m pt, 75.5-76°C,1it 2%
73-74°C. IR,V 3350, 1600 (br), 1420-1360, 1220, 1060,

800, 780, 720, 700 cm. .

NMR.S 8.58.3, 2Hu; O 8.2-
n8, 2Hmy & 7.6-7.2, 6HmJ $6.7 br,+d 8.5-10, ca. 2N-H
which disappeared on Q;O exchange | |

Reaction of N?thiobenzoyl;benzamidine (XXVI) With.E;ﬁl

To the amidine hydrochloride (XXVI _2HC1) (50mg) in
formamide (1ml) HQS was slowly passed, and the reaction
stoppereq: After 12hours the orange colour disappeared,
" to give a mew spot (t.l.c. benzene/EtOAc, 2:1) unactive
to palladous chloride, and a precipitate (3 days) which
was charactéristic of sulphur:

Reaction of N;thiobenzoyl;benzamidine (XXVI) with Q:S, in

acetic anhydride .,

Passage of %28, as above (50mg (XXVI) in 2ml AcéO) gave
no colour change, but t.1.c, (benzene/EtOAc 2:1 Sng)
showed complete reaction, Preparative t_l;c; indicated

that this could be acetylation,

Reaction of N—thiobenzoyiébenzamidine (XXVI) with I;ﬁsu
A mixture of emidine (XXVI) (120mg) and P 5, (111mg, 2%
eqdiv;) in dioxan (2ml) was stirred at room temperature,
for 48 hours, t.1.c. (benzene/ethyl acetate 2:1,SiO, )

showed two new spots active to palladous chloride: The

reaction was then poured into pet: ether and the filtrate
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purified by preparative tlllc:: The more polar material
was proved to be thiobenzamide IR, v 3360, 1600, 1330,

11%0 cm .|

matches authentic, m+/e
157; comparative tlllc: '

Preparation of N-acetyl-I' —thiobenzoyl-benzamidine (XXVIT)

To the amidine (XXVI) (240mg) in pyridine (2 .5ml) at OOCL,
acetyl chloride (78.5mg, .071ml) was added, and the whole
stirﬁed overnight, before pouring‘ontd ice/dil, HC1l, and
extracting with dichloro-methene, This was dried with

Na 80 end evaporated, to yield a red/brown oil, which,

on treatment with anhydrous ether afforded a red solid

(60% theor, crude), Recrystallisation, CHCL /ether gave
two crystal forms — orange and red; These showed identical
Rf (benzene/ethyl acetate 2:1), IR, solution spectra
(cEeL ) V 1720, 1645, 1450, 1380 cm. | (CHOL ) end qual-
itative U.V. ethanol . M*‘/é 282,m,pt, 142-146°C .  Found

C 67.92% T 4.99% N O.74%. © H N SO requires G 63,08%;
H 5,00%; N 9,92%, |

Reaction of N-acetyl-N —thiocbenzoyl-benzamidine (XXVIT)

with H §. |

To the amidine (XXVII) (30mg) in pyridine ‘ml, H%S was
slowly passed, for 2 hours: Overnight, this gave an orange
solution, which showed 2 new spots t_l,c; (benzene/ethyl
acetate 2:1). This seemed identical to the reaction of

Pz S5 on the amidine (XXVI) and preparative t','l,c,' gave
thiobenzamide, comparative tll,c_, IR, (CHC13); The less
polar material was also obtained, m+/e 147 /148 m:pt: 2%0-

240°C | subl, This does not correspond to acetamide, or
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N-acetyl benzamide, which are possible produqts:

Preparation N-thiobenzoyl-benzamide (XXVITI)"3

To the amidine hydrochloride (XXVI_2HC1) (690mg) in
acetone/water (1:1) dilute hydrochloric acid (5ml,2N)

was added and the whole left unstoppered overnight, This
should have given deep red prisms, but instead, an oii
was presént, which was extracted with CC%* to give the
required product: M.pt. 105—10600,Lit; 117°C*3 penzene/
petrol (150mg pure, 28% theory)., I.R.V 1725, 1695,
1600, 1525 - 1460 (br) 1240, 725 cm, ' ,

Reaction of N;thiobenzolebenzamide (XXVITII) with phosphorus

penta—sulphide:

The amide (XXVIII) (50mg) and gass (9mg:, 1 equiv:) were
stirred overnight in dioxan (1ml), Dioxan itself appeared
to slowly decompose (XXVIIT) but none of the reaction
'products were active to palladous chloride spray (t;llc;
benzene/petrol 1:1,Siq?); V

Preparation of methyl;dithio—benzoate<CXXIX)95

Dithiobenzoic acid was prepared and purified, as in the
preparation of thiobenzoyl chloride, from Bromobenzene
(15.7g) . To the sodium salt of dithiobenzoic acid in
neutral water, dimethyl sulphate (12;6g, 1 equiv,) was

added, and the whole stirred for % hours at room temperature:
The precipitated red oil was extracted with ether and
distilled, to give dithio eéter (2g, ca 13% theor:) B;pt,
115-118°C, 3mm Hg, IR, D 1450, 1240, 1055, 995, 775, 700 cm.”
NMR.S 8.2-7.9, 2Hn; § 7.6-7.2, PHm; S 2.7, 3Hs.

1
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Reaction of thiobenzamide with methyl dithiobenzoate (XXIX)

To thiobenzamide (137mg) in dry xylene (2ml), sodium
hydride (50mg, 60% disp'n,, slight excess) was added,

and the whole warmed to ca: 75°C on an oil Bath with
stirring, effervescence was observed, and the white
sodium salt precipitated out. After cooling, the

dithio ester (XXIX) (168mg) was added, and the whole
stirred overnight: No reaction (t,1.c. benzene/petrol
4:4)Siqa): The whole was ‘then warmed to ca, 100°C on an
oil bath, whereupon the white precipitate turned red; This
product was filtered off, and partitioned between ether/
dill HCl, to give a deep red oil, N;MLR; showeq”no methyl
protons: However the mass spectrum showed m'/e 306, 242,
154 ,, indicative of Ph-%—is—sé?c;‘-rh and other oxidation or
breakdown products, The filtrate was unreacted dithio
ester (90mg) by N.M.R. and I.R,

Attempted S~Tosylation of N—thiobenzoyl—benzylamine46(XXV)

To the amine (XXV) (227mg) in dry xylene (1ml), sodium
hydride (50mg of 57% dispersion) was added, and the whole
heated to reflux, with stirring; The precipitated sodium
salt was quickly filtered off and washed with benzene and
then stirred with Tosyl chloride (190mg) in xylene (1 .2ml) .
T.l;c, showed no new sulphur containing spot aftef % days,
and so the temperature was raised to ca; 70001 The reaction
was then filtered,evaporation of the filtrate gave a white
crystalline solid I R. V) 3300, 1640, 1145 cm. |, N MR,
4;65, methylene doublet, This was indicative of E&benzoylé

benzylamine 1it; m,pt;'105;1060096, recrystallised sample
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m pt. 103-105°C, arising by simple oxidation.

S-Benzoylation of NFthiobenzgyl;benZylamine46

Reaction of the sodium salt of the amine (XXV), prepared
from sodium hydride as above, rather than sodium metal46,
with Benzoyl chloride (140mg, 1 equiv?) in dry xylene
(4:2m1).gave an instantaneous orange colour, with the
evolution of heat: After 41 hour the mixture was filtered,
and the filtrate evaporated to give orange crystals
(aleohol) m,pt, 103-105°C,1it ,*® 106°C, IR, v 1675,
1600, 1340-1200 (complex) 980, 780, 740, 705 xm. | N.M.R.
$5.7,2Hs; © 6.8-7.8,15H.m, UV, M 226nm (log € 4 .276);
240 5om (log € 4.132); X 307.5nm (log € 3,997); » 324mm
(shoulder) (log € 3.,975); A 470nm (log € 2.297). This
material was ﬁ;benzoyl4ﬂithiobenzoyl benzylamine, and not

the required §?benzoylated product: - See discussion:

Reaction of Phthalimide (XXIX) with trimethyl oxonium

tetrg fluoroboratel

An inhc mogeneous mixture of Meerwein salt97 (260mg) and
phthalimide (259mg) was stirred in dichloromethane (10m1):
VAfter 2 days the precipitate was filtered off, and shown
to be unreacted phthalimide (I R.).

Reaction of Homophthalimide (XXXg) with trimethyl oxonium

tetrafluoroborate;

Homophthalimide was prepared as the literature route98’99,‘
by chromic acid oxidation of indene, to give homophthalic
acid, dehydration to give the anhydride, and reaction of
this with ammonia;

Homophthalimide (161mg) and Meerwein salt (148mg) were
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stirred in dichloromethane (5ml) for 2 days, filtration
yielded unreacted homophthalimide_
Preparation of monothiophthalimide5o (XXXTT)

A suspension of phthalonitrile (5g) in ethanol (40ml)

was stirred for nine hours with a solution of sodium
sulphide (10g) in water (10ml), previously saturated with
E;Sl Addition of water precipitated the orange —imino-
3—thioisoindoline (XXXI) which was filtered off. (XXXI)
(200mg) was-then heated with dil: HC1 (5ml, 2N) on a

steam bath for 10 minutes, precipitating the imide (XXXII),
filtration and crystallisation from benzene, gave red
needles (18% theory, litso 22% overall) m:pt: 1754176:5007
1it. m.pt. 177°¢°0, I R.V 3220, 1740, 1720, 4560, 1125,
990, 790, 705 em.” . |
Attempted S-methylation of monothiophthalimide (XXXII)

To (XXXII) (81.5mg) in dry dichloromethane (2ml) methyl
Meerwein salt (74mg, 1 equiv:) was added and the whole
stirred at room temperature for 3 hours, until the red
colouration had virtually disappeared: The whole was
poured onto ice/NaHCQ5 and extracted with dichloromethane,‘
to give phthalimide (I.R.).

Abttempted preparation of‘§4methoxy'isoindoline (XXXIIIa)

Reaction of monothiophthalimide (XXXII) with Meerwein salt,
was carried out as above, until the solution had decolourised:
The solvent was then removed under vacuum, and the white/
orange solid treated with sodium methoxide in methanol

(23mg Na; in 2:5ml'dry methanol, 2 equiv;): The resulting

yellow solution showed 1 major spot, unreactive to palladous
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chloride, and 4 ninor spots t.1 .c. (benzene/EtOAc 2:1 Siqz):
Spectral data after removing methanol showed the presence

of OMe (O 3 .35, NM.R.), but also DNH or —OH stretch
(IR.). The Mass Spectrum showed m™/e 178, 162

Attempted O-Alkylation of silver phthalimide~ |» 190

Silver phthalimide, prepared from potassium phthalimide

101, was dried to constant weight (70°C

and silver nitrate
in Vacu0~): To silver phthalimide (4:278) in chloroform
(5m1), eth&l iodide (.78g) was added and the whole sbirred

in the dark for 4 weeks; The precipitated silver iodide

was filtered off, end washed with dry chloroform.

Evaporation gave mainly phthalimide; Attempted Qémethylation
also failed, again giving phthalimide, althoug£ a small
amount of oil (ca, 50mg) showed m"/e 163, 161, 146 (loss

Me), 130, loss (OMe) . I.R. V) 1560 em.” (as literaturqu
for XXXITIb) NMR.S 3.9 (0Mel),

The work was repeated in chloroform,and benzene, but no
significant yield of the isoindoline (XXXIII) could be
obtained o

Reaction of benzonitrile oxide with methyl benzimidate(XIVc)

102 (155mg) and methyl
benzimidate (1%5mg) in dry ether (Bml), triethylaminé (101mg)

To benzohydroxamoyl chloride

was added, and the whole stirred at room.témperature:

There was an immediate precipitation (Et}NHCl) bub

the reaction was stirred for 2 hours before filtration

and crystallisation of the product from ether: Recrystall—-
isation (petrol) gave colourless crystals, m.pt . 106-10900
n*/e 222, IR, V 1610, 1560, 1130, '40710, 793, 725, 690
en " NMR.S 8481, 4Hm; S 7.7-7.4, GHm. This evidence
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indicated that the product was 3,5-diphenyl—1,2,4-—

oxadiazole (XXXIV) 1it m.pt. 102 108°C

Reaction of N%ethyl;benzonitrilium salt, with methvl .

benzimidate (XIVe)

Benzgnitrile (490mg) and ethyl Meerweiﬁ salt (900mg) were
refluxed in dry dichloromethane (10ml), to give the
nitriiium salt, which was used in situ,

To the imidate (XIVc), (135mg, 41m mole), the nitril ium
salt (1 equiv:, ca, 2ml of CHéClé solfn,) was added, and
the whole sfoppered: Standing overnight, precipitated
fine needles, but filtration of these indicated them to

be the fluoroborate salt of-(XIVc), TheAfiltrate, however
on removal of the dichloromethane, and trituration with
ether, gave a precipitate (ca, 150mg) . This was obviously
a mixture (N.MR. § 4 .32, S 4 4 ‘two OMe peaks) but
repeated crystallisation (CHéClz/Etzéj afforded pure
aaduct (XXXV ., HEF) . M.pb. 161.5-166.5°C, I.R. v 3270,
1670, 1620, 1460, 1320, 1090 (br), 710 cm, '. Found C
57 46%; H 5.40%; N 7 .83% ¢ H BF N O requires C 57 .66%:;
H5.5%%; N 7.9%.

Reaction of Hydrogen Sulphide on impure (XXXV),

Due to the difficulty of purifying the imidate adduct
(XXXV), work was carried out on the crude product . 500mg

of the crude fluoroborate salt, was partitioned between
dichloromethane and ice cold sodium bicarbonate, iiberating‘
the free imines (XXXV) and (XIVe), To this mixture (373mg)
in dry dichloromethane (5ml), ethyl Meerwein (373mg) was

added, to further ethylate the imines, After stirring
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overnight, HéS was ﬁassed through the reaction mixture

for two hours, and again left overnight: Tﬁllc: showed
all polar material (i:e; fluoroborate salts still present),
addition of pyridine (1ml) caused an immediate yellow
colouration, showing one non polér spot (yellow) (t;l:c:
benzene/ethyl acetate 2:1, Siq;): Isolation of this

by preparative t;l;c, showed it to be methyl thion-benzoate:
I.R. ¢ 1600, 1460, 1%20, 1280, 1240, 1065, 785, 700 cm. V.
NMR.S 8,380, 2Hn; O 7.6-7.2, Hm; O 4.25, 3Hs,
as obtained in earlier reactions:

Reaction of methyl benzimidate (XIVe) alone, with ethyl
Meerwein, and subsequent treatment With.H;S, i? the
?resence of pyridine also gave methyl thionbenzoate, and
so the reaction sequence was abandoned:

Preparation of N;benzoyl;methxlﬁ5&5 dinitro benzoate (XXVITm)
18 ’

0'° 1gbelled.

103
018

i) Preparation of benzoyl chloride --
Benzotrichloride (390me) andAHé 018 CBQul;) (u29 018) were
sealed, under vacuum, in a Carius tube, This tube was

placed in an aubtoclave containing some ethanol, and the

whole heated to ca: 200°C for 24 hours, giving a positive
pressure to offset to some extent the pressure generated

in the Carius‘tube; After cooling the benzoyl chloride

was used without purification; Some difficulty was
experienced here, with Carius tubes breaking, and it is imper—
ative to get a good seal, at a reasonable distance from

the cold-end, so as not %o create too large a temperature

gradient, and introduce striatiocs in the glass; The ratio
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of liquid volume to air was ca: 40:4:

thermometer L < solenoid
pdcket 7 : stirrer
6"
U

<

ethanol
auioclave

ii) Reaction of benzoyl chloride — 01° with imidate

hydrochloride (XIVm HC1).

To the hydrochloride (XIVmiHCl) (840mg) in pyridine (4m1):
The acid chloride~048 (450mg - estimated) was added, and
the whole stirred overnight, Work up in the usual manner
gave the 018 imidate (XVITm) m.pt. 163-165.5°C authentic
m . pt. 165166 .5°C m m.pt. 163-166°C m*/e 329, 331 ratio
ca; 60:40 (39% 018 incorporation) |

Pyrolysis of N~(Oq8¥benzoyl)Qmethyléﬁ,5—dinitrobenzoate
XXV ITn)

126mg of O/18

~imidate (XVIIm) were pyrolysed in a sealed
tube under nitrogen at 250°C for 16 hours and the products
separated by preparative t;l;c: (benzene petrol 1:1, Siq;)
to give methyl-3,5-dinitrobenzoate (62.5mg) m'/e 228, 226
ratio ca, 3:7 (32% 018 incorporation) and m* /e 197, 195

ratio ca. 1:4 (21% 018 incorporation in this fragment ie.
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% retained) m_pt, of esber = 406,5—10800 m_m,pt, 406-107_500
authentic m pt. 107 .5-108 .5°C
Repitition of the reaction, starting from benzotrichloride
and H 018 gave 0'C-imidate (XXVIIm) (43% 07%) m_pt. 160-
465:500 and pyrolysis of 50mg as above gave'methyl-B,SQ

dinitrobenzoate (24mg) m,pt, 104 5-106,5°C (benzene/petrol)

018

m*/e 228, 226 ratio ca, 1:2 (34,5% incorporation) and

018

m*/e 197, 195 ratio ca, 1:4 (23,5% incorporation in

this fragment); Thus showing very good agreement of results;

Attempted reduction of methyl=-3,5-dinitrobenzoate with Lithium
104.

<

Aluminium Hydride

To a solution of ester (113mg) in T H.F, (5ml) at - 70°C
(cardice/ether)bath a suspension of L;A;H;A(Béﬁg)'in

T;H;F; (5ml) was added dropwise, There was an immediate

blue colour, and after 3 hours the reaction mixture was poured
onto ice/HC1l and extracted‘with dichloromethane; T.l.c,
(benzene/ethyl acetate 2:1, Siq!) sﬂowed mainly unreacted
ester, confirmed 5y I;R_

7

Attempted reduction of methyl-3.5-dinitrobenzoate with

Sodium Boro-hydride59;

To a mixture of sodium borohydride (9;4mg) and ester

(90mg) in diglyme (2;5ml): (The reaction solution went
blue immediately) anhydrous aluminium chloride (11 .2mg)

was added portionwise, keeping at room temperature, After .
3 hours stirring the blue colour persisted, and work up

by pouring onto ice/HCl and extraction with CHzCl2
indicated that the ester was still largely present (t.l.c.
benzene/ethyl acetate 2:1,VSiq2) although 3 new spots
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appeared:

PreparationAof B;S—dipitrd-benzamidej from methyl~5,5¥

dinitrobenzoate - O/]8

The Oqa-ester (10mg) was stirred at room temperature with
:880 ammonia (O:5m1) for 2% hours, before neutralising

with HCl, and extracting with ethylacetate, This extract
was séparated on thin t,l:c, plates (benzene/ethyl acetate
1:2 810 ) showing 1 major band Rf 0,5, The 3,5-dinitro-
benzamide m pt, 182-185°C . 1it.m.pt. 18500106(H20) gave
mf/e 213, 211 ratio ca, 1:4, showing 20% 018 incorporation:'
‘Preparation of methyl benzoate, carbonyl—018 labelled56’1o5

L2;oxapropiophenone~1 - 018)

Benzoyl chloride (018) (281mg) was added to sodium methoxide
in methanol (1%8mg in 10ml methanol, 3 equivalents) and

tﬁe whole stirred at room temperature for 4 hour; The

whole was poured onto ice and extracted with dichloro-~

methane, washing with water, The product was purified by prep:
t.1.c. (benzene/petrol 1:/1,5;102‘)',' I.R. V 1720, 1690, 1285,
1110, 720 cm. 1, |

O/]8 incorporation:

Mass ions 138, 1%6 ratio ca, 4:6 showed 43%
fragments 107, 105 ratio ca; 4:6 showed 42% O/]8 incorporation

in this fragment;
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X-ray crystallographic structure determination on N-benzoyl-=-

B-phenethyl benzimidate (XVIIa) .

The crystals of N-acyl imidate are clear triclinic rhombs,
P71, a=11.%3958(6), b = 9.1297(5), ¢ = 11.,0422(7) °A
116 .864(5), B = 118.014(5), = 68.670(5) ,

04

2 mols/ cell, Intensities of 3,380 reflections were measured
on a Siemans diffractometer with Cu-—KOL radiation

and of these 136 were reckoned unobserved, The structure

was solved by the symbolic - addition procedure and refined
to a current R =0,074 | A perspective view of the
molecule, along with the atomic dimensions is shown in

the discussion,
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. N-Acyl imidates prepared, general structure:- Ar-C

Appendix 1.

123
0

N/&“Arl

“OR
(XVII)

Ar

XVIT Ar R m. pt.CC) yield (%).
a Ph . Ph CH,CH,Fh 79-80 60
b Ph ‘©—N02 CH,CH,Ph 126-128 55
c Fh - Ph Me oil 80(crude)
a Th © Tn Et 60-6%
e 021\1-@- Ph CH,CH,Ph 124126 10
£ Ph @-0H5 CH,CH,Fh 100-101 70
& CH3-© Th CH,CH,,Ph 67 .5-69
h B | )Br | CHCHPn | 93.5-94.5
i oo O Ph CH,Ph 98 .5-100
k|0, O @Br CH,CH,Ph  |102-103
O, S .
n D | Me 165-166.5 50
0, | |
| N0, |
n Ph Q Me 112-114 50
NO,, |
o 02N© OlMe Me 133 .5-135 61
=
| , o, |-
jo) Ph Q 2—octyl 103-107
| , NO,, ~ .
0, ‘
o] @ Ph 2-octyl oil
0N |
T ! 021\@ Ph Me oil
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Appendices 2 and 3 (fold out).



124

N Appendix 2.
i : zcl
Im1noether hydrochlorides, general structure: —Ar—&\
OR
_ (XIV)
(o - N
XIV Ar R - solvent |{yield (%)
a Pnh CH CH2Ph< none 38
b 021\1@ Me CHO1, 85
c Ph Me none 90
d ~Ph Et none 70
e 02‘1\1—@ CH,CH,Fh oHC1, 62 (up to 909 with
, longer time)
g |om( ) | CH0EPn ether | 26 (need longer at
: , | | . B 0 C)
3 021\1—@ CH,Fh CHO1 1% (amide impurity)
0N '
m @ Me CHCIL3 87 (5 .days)
02N .
Appendix 3. /A(
Triazines of general structure:- Z N
. f | (XVIO)
X4 L
XVIII Ar AT Ar m, pt.(C)| comments
Ph * Fh Ph 238 1it, 232°co%
b Ph Ph @—NOZ 206 1it, 218°¢02
: ‘ 7 _
o o | )0, | PO, | 220 e 399
m/ .
a @-N02 @—NOZ @NO2 2%0 e 4un
e |40 | O {)cny | se-288 f1it. 278-9°%C%7
' ’ /NOE
T Fh Fh Qmo ca.270 | sublimed
Me 2 m+
g Ph Ph QMe /e 351
: M
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Carbon-nitrogen double bond isomerisations:

In the discussion it is assumed that N-acyl imidates (XVII)
are stable to inversion at the carbon-nitrogen double bond,
there being no observation of two methoxyl signals for |

(XVIIc) in fhe N.M.R,, and hence only the one (E) form
| present;

There is however the theoretical possibility that inter-
conversion takes place, but that it is too rapid to be
~observed, even at -50 C. This would necessitate a large
conbribution from the 1,44dipolar structure (ii) of the
conjugated —8—NfG: system (i), which is unfortunately

ruled out when the X4ray structure is looked at,

0 0
- E—N=Ci —_ —C=N Q’é: rotation
1{i) L - L)

Instead the molecule appears tTo be orientated to minimise

interactions of the aryl rings, with the net result that
system (1) is non-planar, making'ﬂ'overlap impossible
The reason for the préference of this.appareﬁtly
unfavoured structure is unkﬁown,as 1s the reason for lack
of observation of isomerisatién, Thus as previously stated
the imidates (XVII) must be more akin to oximes etc .,
where there is a hetero-atom adjacent to the nitrogen, and
no isomerisation at the carbon-nitrogen double bond is
observéd:

N;M,R; studies on wvarious carbon-nitrogen double bond
systems have been undertaken27, and Table 1 shows calculated

energies of activation for the isomerisatlons,



Structure

E o keal/mole

F
H
PhC=NPh

p"XCSHL\C“NC HY-
A P
p—XCGHA

(CH3)2C=NPh

p-XC.H
6 4

/C———NCH 3

p —X06H A

valCGHL-
C=NX

Ph
X=Br,Cl, OH,OMe.

13

16-17

17-20

- 2]

25-27

no interconversion

Table 1

126

It is postulatedg? that the mode of inversion for N-aryl

or N-alkyl imines is by a lateral shift mechanism, which

entails the substituent on one side of the nitrogen atom

changing to the other, and it is akin to the umbrella

inversions of amines,

4

R« R
R

lateral shift

R I
C=N" — F£B=N—R-—-a

R
“C=N._,
R R



()

’1:.‘7
Homolytic cleavage of the carbon— nitrogen bond (iii)

is unfeasible,'an energy of ca, 50 kcal/mole being requiredﬂo7
and heterolytic cleavage(iv), coupled with rotation,

though explaining the isomerisations is considered unlikely.

PRt ety
(i) - (iv)
This was from a consideration of Hammett plots, where

the para substituents on the nitrogen ring had a far

greater effect than substituents on the carbon aryl ringsg

R\ R _
R



128

References

1. D_HR. Barton, 5. Prabhakar, unpublished results,

2. M. Brander, Rec, Trav, chim., 1918, 37, 77.

3. J.J. Ritter, PP, Minieri, J__ Amer, Chem, Soc., 1948,
70, 4045 ‘
4. L.I, Krimen, D,J, Coba, Organic Reactions, 17, 213,
5; C:W; Roberts, N _F, Nuenke, J, Org_ Chem,, 1959, 24,
1907 .
6: S. Patai (editor), "The Chemistry of the carbon-

nitrogen double bond', Interscience, 1970, Chab,ﬂB;
73 J. Zabicky (editor), 'The Chemistry of Amides",
Interscience, 1970, p.809,
8. H. Paul, A, Weise, R, Dettmer, Chem, Ber., 1965, 98,
1450, |

9. H.V, Peéhmann, B. Heinze, Chem, Ber,, 1897, 30, 1788 .

10, W.R, Vaughan, R D, Carlson, J, Amer Chem, Soc,,
1962, 84, 769, |

11. E H, Rodd, (editor), 'Chemistry of Carbon Compounds',
Elsevier, 1959, Vol, IVb, pp. 1322, 1333,

12: SlM, McElvain, C L, Stevens, J, Amer, Chem, Soc,,

1986, €8, 1917,
1%, S.M, McElvein, J, Welter Nelson, J, Amer, Chem, Soc.,

1942, 64, 1825,
14_ R, Roger, D, Neilson, Chem, Rev., 1961, 61, 204,

15. H R Nace, Org, Reactions, 12, 57.

15a. S, Patai (editor), "The Chemistry of Alkenes" Inter-—
science, 1964, Vol 1 p.232,

16:-P:A; Smith, '"The Chemistry of Open—-Chain Organic
Nitrogen Compounds', W, A, Benjamin, Inc,_,, 1965, Vol?ﬂ,
p.170.



17.
18
19,
20.
29 .

22

23,

on
25,

26 .

27.

29,

30,
.

32,
33,

3,

See Ref?6, p:459:

J;W: Schulenberg, S: Archer, Orgl.Réactiohs, i&, 1:

H.L_ Wheeler, P.T, Walden, Amer, Chem, I 1897, 19,
136, |

H.L, Wheeler et al,, Amer, Chem, J., 1895, 17, 397
1898, 20, 69,

B.G, Baccar, J, Barras, Comptes Rendus, 1964, 259,

1340,
H; Badar, dJ, Org; Chem,, 1965, 30, 707,

F.C. Schaefer, G,A, Peters, J, Org, Chem;, 4961,
26, 2778,
F.C, Schaefer, J_ Org, Chem., 1962, 27, 3608 .

A, Dondoni, O, Exner, J, Chem, Soc,, Perkin II, 1972,
1908 .
O, Exner, 0, Schindler, Helv, Chim_ Acta, 1972, 55,

1921,
D.Y. Curtin, E.J, Grubbs, C.G, McCarty, J, Amer. Chem.

Soc,, 1966, 88, 2775,

_ See Ref .6, pp.380, 404,

N:P: Marullo, E H, Wagener, J, Amer, Chem; Soc,, 1966,

88, 5034,

See Ref .6, Chap.?.

R, Huisgen, Angew, Chem, Int_ Edn,, 1963, 2, pp 565,
633,

H, Meerwein, Org., Synth,, 1966, 46, 113,

S. Patai, (editor), "The Chemistry of Carboxylic acids
and esters", Interscience, 1969, p.106,

H, Budzikiewicz, C, Djerassi, D;H_ Williams, 'Mass
Spectrometry of Organic Compounds', Holden-Day Inc;,
1967, pp. 238, 515,

%4a. R.B. Woodward, R, Hoffmann, "The Conservation of

129



1%0

Orbital Symmetry' Academic Press Inc:;71970, Chap??l
35: Rl Foster, C:Al Fyfe, Rev: Pure Appi: Chem:

(Australia), 1965, 16, 61.

56: HlL; Wheeler, W;M. Saunders, J, Amer: Chem _ Soc:,

1900, 22, 365,
57: w:L:F; Armarego, 'Heterocyclic Compounds, Fused

pyrimidines—-Quinazolines", Interscience, 1967,

]
Chapter 4,
38, MM, Endicott, E, Wick, ML, Mercury, M.L, Sherrill,

J, Amer, Chem_ Soc., 1946, 68, 1299,

39, H.J, Shine, "Aromatic Rearrangements", Elsevier, 1967,
p.81.

40: H, Standinger, J, Siegwart; Helv; Chim: Aé%a., 1920,
3, 829,

41, See Ref;7, ChapS ,

42, RN, Hurd, G, De Lemater, Chem, Rev., 1961, 61, 55.

J. Goerdeler, H, Pormann, Chem Ber;, 1965, 98,
3401; 1962, 95, 627; 1961, 94, 2856,
ny . F H, McMillan, J, Amer, Chem, Soc., 1948, 70, 868,

-

45, See Ref 42, p.52.
16 .

R, Boudet, Bull, Soc, chim, France, 1951, 377,

47 . E.5, Stern, C,J, Timmons, "Gilliam + Stern's
Introduction to Electronic Absorption Spectroscopy in
Organic Chemistry', Edward Arnold, 1970, 3rd, edition,

p.55.
48 C;A, Buehler, D;E, Pearson, '"Survey of Organic

Synthesis', Wiley -~ Interscience, 1970, p.920;
49, P_A. Smith, R,0, Ken, J, Org_ Chem., 1964, 29, 2261.




121

50, M_E. Baguley, J.A. Elvidge, J, Chem, Soc., 1957, 709

51: T:H: Koch, K:H: Howard, Tetrahedron Léttéfg; 1972;
4035,
52, F, Arndt, J.D, Rose, J, Chem_  Soc., 1935, 6

-

53. See Ref. 34, pp. 329, 640,

54, F, Eloy, R. Lenaers, Bull, Soc, chim, belges, 1963,
22, 719.

55. See Ref, 34, p.200,

56. K.B. Wiberg, J, Amer  Chem, Soc., 1953, 75, 2665.

57: R;T. Morrison, R, N, Boyd, 'Organic Chemistry', Allyn
+ Bacon, Inc,, 2nd, edition, 1966, p.677.
58, M.S, Brown, H, Rapoport, J. Org, Chem., 1963, 28,

3261 , | ‘
59: H‘C; Brown, B,C, Subba Rao, J, Amer, Chem, Soc., 1955,
77, 3164, |
Belgian Patent 645, 807, Chem, Abs., 1965, 6%, P9863d.

60 .

J Org Chem;, 1953,

Poniiirag

61. G.W, Cannon, K K, Grebber, Y, Hsu,

18, 516.

62. M, Mousseron, H, Christol, A, Laurant, Comptes Rendus,

1959, 248, 1904,
63. A, Titherly, J, Chem, Soc., 1904, 1684,

64; E,H: Rodd, '"Chemistry of Carbon Compounds', Elsevier,
1960, Vol, IVc, p.1569. ‘

‘65, E.M, Smolin, L, Rapoport, "s-Triazines and Derivatives",

Interscience, 1959, Chapter 2,

66, W,F, Kirner, J, Amér4 Chem Soc,, 1926, 48, 1112,

67: A,H; Lamberton, A E, Standage, J, Chem, Soc,, 1960,
2957.




9.
70 ,
7.
72
73,

74,
75.
76.
77.
78,
79.

80
81

82
83%.

84
85.

A:W? Dox, Org: Synth,, Coll, Vol, 1, p,6;

C.FH. Allen, S. Converse, Org. Synth., Coll Vol 1,

p.226,
H. Gilmen, N.B, St,.John, F, Schulze, Org, Synth.,

Coll, Vol. 2, p.425.
E E, Dreger, Org, Synth,, Coll, Vol, 1, p.306.

F. Arndt, Org, Synth., Coll, Vol, 2, p.165.

R, Delaby, G, Tsatsas, X, Lusinchi, Comptes Rendus,

1956, 242, 2644,
A_H_ Cook, D.G, Jones, J, Chem, Soc., 1941, 278,

AV, Kirsenov, R,G, Makitra, Zhur,k Obschei Khim.,

1956, 26, 907, Chem, Abs,, 1956, 50, 14633f .

G:B: Malone, E; Emmet Reid, J, Amer Cheﬁ: Soc;, 1929,
51, 3426,

R.Q. Brewster, B, Williams, Org, Synth., Coll, Vol. 3,
p.337. B -
G;A; Edwards, W;H. Perkin, F W,k Style, Q; Chem‘gsoc:,
1925, 195. | |

H. Henstock, J_ Chem_ Soc., 1933, 216,

J.S. Buck, W.S. Ide, Org, Synth., Coll, Vol, 2, p.622.

122

L,F: Fieser, M; Fieser, 'Reagents for Organic Synthesis',

John Wiley + Sons, Inc, 1967, Vol .1, p.799.

A, Titherly, J, Chem, Soc., 1910, 840,

CLR; Hauser, J;C, Shivers, P,5, Skell, J; Amer; Chem;
Soc., 1945, 67, 409,

Bielstein, 9, 119.

R. Boyer, E.Y. Spencer, G.F, Wright, Canad, J  Res.,

1946, 24B, 200, ghem, Abs., 1947, 41, 108c.




86 .
87,
88
89,
90,
.,
92,
93,
on
95,
9.
o7.
98,

99,

100 .

101 .
102,

105

H: Stone, H: Schechter, Q; Org;'Chemt;'19SC;'1§,
491, |

G:E: Philbrook, D,J: Massey, Q; Amer;>Chem: Soc:,
1951, 23, 3454,

H, Walbaum, Chem, Ber., 1900, 33, 2300, .

P. Adems, P A, Baron, Chem, Rev,, 1965, 65, 567.

S: Gabriel, P: Heyman, Chem Ber;, 1890, 23, 458:

W;E, Noyland; DA, Jones, J, Ore . Chem,., 1962, 27,
34,

See Ref 81, D.333.

K;A; Petrov, I.N, Andreev, Russ; Chem Rey;, 1969,

28, 21, (English)
DA, Peak, J, Chem Soc,, 1952, 215,

R: Mayer, S; Scheithauer, D; Kunz, Chem Ber;, 1066,

99, 1393, o ‘
E; Beckmann, Chem Ber ., 1890, 23, 3334,

T.J. Curphey, Org. Synth., 1971, 51, 142,

O. Grummitt, R, Fgan, A, Buck, Org, Synth,, Coll,

Vol,3, p.449,

W;A: Noyes, PFK; Porter, Org; Synth;, Coll, Vol 4,
p.457,

S;J, Comstock,.H,L; Wheeler; Amer; Chem: J,, 18914

13, 522,

British Patent 847, 256, Chem, Abs,, 1962, 57, p.981a,

A; Werner, H; Buss, Chem Ber;, 1894, 27, 2197;

A; Abkin, S, Medvedev, J, Chem? Ind . (Moscow), 1934,
No.1, 30. Chem, Abs., 1934, 28, 3051a.




104 . See Ref 81, p.584. |

105, A Murray (III), D.L, Williams, "Orgemic Synthesis
with Isotopes', part 2, Interscience, 1958, p:1876:

106, C. Voit, Annalen, 1856, 99, 105.

107, BSee Ref 6,Chap 9.



! ' 135

SUPPLEMENT

/l

Consideration of the chemistry of isothiocyanates', and

their reaction with Grignard reagents, yielding thioamidés,
2

gives rise to the postulate that thionacyl isothiocyanates®,

might undergo a parallel reaction,
Hence if R = R! = Ph, dithiobenzamide (XLII) would be

the product,

R
| 0 S ,
RMgBr + R-N=C=S —> R-(C-SMgBr —— R=C_ ~ , + MgOHBr
N—R
H
; P §
Ee‘—c_\ +RMgBr — — R-C_ C—R
N=C=S N
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