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Abstract - N-alkoxy-N-ascylnitrenium ions sre generated by treatment of
N-alkoxy-N-chloroamides with silver ions in ethereal solvents. These
intermediates readily cyclise onto aromatic nuclei on alkoxy side-chains
to give benzoxazines and benzoxazepines and on the acyl side-chains to
give y, 85 and ¢ benzolactams. Spirane products are formed by ipso
addition when a 4-methoxy substituent is present on the side-chain
aromatic rings. The yields and regioselectivities of these reactions
have been ascribed to different transition structures for cyclisation
onto the acyl and alkoxy side—-chains which involve respectively an
exocyolic and emdocyclic n-bond. Bvidence for this exeptionally
high n-bond character has been obtained from MNDO calculations which
predict a n-bond order of 0.9 and a rotational barrier of 29.7 kcalmol™

1
INTRODUCTION

Recently we roported that N-chloro-N-alkoxyamides (2) undergo intramolecular and intermolecular
aromatic substitotion through the intermediacy of N-acyl-N-alkoxynitrenium ions which were
generated in benzene by treatment of (2) with silver or mercury salts.l(reaction 1)

A;+ + RO-NC1-COR’' —» AgCl + BO-E—COR' TS |
The facility with which this occurred was demonstrated in the synthesis of two novel fused
heterocycles, the 2,1-benzoxazines (4) and (5) and the 2,1-benzoxazepine (6). Concurrent with
this work, Kikugawa and Kawase reported similar cyclisations onto the acyl side—chain of the N-
chlorohydrozamic esters (2) to give good yields of N-nethoxyl:ctlns.z Their conditions involved
silver carbonate induced heterolysis of the nitrogen-chlorine bond in trifluoroacetic acid. Ve
now report that the same cyclisation can be effected under our milder conditions which, in
addition, we have optimised, Furthermore we have established that when a 4-methoxyaryl
substituent is presont upon the recipient ring on either side-chain, the dominant mode of
cylisation is not Arz—n but rather Atl—n. In these cases spiro-fused bicyclic structures (18)-
(22) are formed. Competition reactions bave been carried out to establish the regioselectivity
of the cyclisations and intermolecular sddition has been observed with both benzene and toluene
as solvent.

RESULTS
Our initial cyolisations involved the use of silver or mercury salts as Lewis acids in benzene
as nolvont.l However table 1 shows that the formation of 2,1-benzoxazines (4) and (5) is best
effected with silver salts in etheresl solvents, Near quantitative conversion was obtained with
A;BF4 in anhydrous T.E.F. or diethyl ether. Under these conditions the 2,1-bonzoxazepine (6)
was formed in an improved yield of 50%. However O-benzyl-N-chlorobenzohydroxamate (2a) could
not be cyclised to (3) under our conditions or in trifluoroacetic acid with A;zcoa2 (table 2).
The yields of N-methoxybenrzolactams (11)-(13) formed from the methyl-N-chloro-w—
phenylalkanohydroxamates (21)-(2n) are given in table 2. The yields of (12) and (13) compare
favourably with those obtained in trifluorocacetic acid by Kikugawa and !lvlse.z Our
ocyclisations were however accompanied by competitive intermolecular aromatic substitutions when
benzene was used as a co—solvent, Only (12) could be analysed as a solid however all three
benzolactams (11), (12) and (13) gave characteristic carbonyl absorptions in their infrared
spectra and a common [l—59]’ fragment in their mass spectra. This could arise by sequential
MoLafferty rearrangement (loss of formaldehyde), deoarbonylation and deprotonation (scheme 1,
R=H). Such fragmentation appears to be characteristic of fused N-alkoxylactams.
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RO-NH-COR’ | RO—NCI—COR
(1) 2
(a) R = -GH,Ph,R'=Ph (G) R = -(CH,)gPh,R"= - (CH,) (Ph
(b) R = -(CH,),Ph,R'=Ph (k) R = Me,R'aPh
() R = -(CHy)Ph,R'=Ph (1) R = Me,R'= CH, Ph
(d) R = -(CHy),Ph,R'=CHz (m) R = Me,R'=(CH,),Ph
(e) R = -(CH,),(4-MeOPh),R'=Ph (M) R = Me,R'=(CH,) Ph
(£) R = -(CH,) - (4-MeOPh),R'=Ph (0) R = Me,R'=CH, - (4-MeOPh)
(8) R = -(CH,),Ph,R'=-(Gi,),Ph (P) R = Me,R'=(CH,),-(4-MeOPh)
() R = -(CH,),Ph,R"=-(CH,) Ph (Q) R = Me,R'=(CH,) .- (4-MeQPh)
(1) R = -(CH,)Ph,R'= - (CH,),Ph
0
@E&@Q o4y
: QL
v ;
(R (l)R
(3) n=1,RePh (11) n = 1,R<Me (CH\Z)n/0 (CH), N-OMe
(4) n = 2,R=Ph (12) n = 2,R=Me N
|
(5) n= Z,R-CM3 (13) n = 3,R=Me COPh 0
2 = = = =2 (20) n=1
(6) n = 3,R=Ph (14) n = 2,R=(CH,),Ph 83% A 1
(1) n = 2,R=(CH,),Ph (15) n = 3,R=(CH,),Ph (22) n=3
(8) n = 2,R=-CH,),Ph (16) n = 2,R=(CH,);Ph
(9) n = 3,R=-(CH,),Ph (17) n = 3,R=(CH,);Ph
(10) n = 3,R=(CH,),Ph MeQ "“
OMe
(23)
Me0
N 0 N 0
I Me0 | Cl
ey OMe (25) Orte N 0
Me0 [
26) OMe
PhCO—N-—0Me PhC0-N—0OMe R— C0—N-0Me
R—0~—C0—R
(29) R=Ph (32) R=FhCH,, R =Ph
(30) R=(CH,),Ph (33) R-Ph(cﬁz)s, R'=(CH,) ;Ph

27 (28) (31) R=(CH,),Ph (34) R=R'=Ph



N-Alkoxy-N-acylnitrenium ions

TABLE 1
Products

Substrate Solvent Lewis acid Benzoxazine($%) Other[%]
2b CeHg AgBF, (4){67} (1b)[30]
2b CeHg AgC10, (8)[81] (1b)[20]
2b Celg Hgo (4)[26] -
2b CgHe Hg(0Ac), (4)[(19] -
2b Cs"a ZnBr2 - (1b) [100]
2b C6H6/A ZnBr2 - (1b)[100]
2d C6H6 AlCl3 - (1d) [100]
2d C6H6 BF3'Et20 - -
2b THF AgBE, (4) [98]
2d THF AgBF (5) (93]
2d EtZO AgBF4 (5)[94]
2d CHLCN AgBF, - (1) [79]
2d CHC1,4 AgBF, (5)[51] (1d)[19]
2b THF AgNO, (4)[17] (34)[18]
2b THF AgOAC (4) (58] (%)[19]

0-[2-(4-mothoxyphenyl)ethyl IN-chlorobenzobydroxamate (2e) cyclised to the A:l—s product, N-
benzoyl-2-oxa-1-azaspiro-[4,5)-deca-6,9-diene-8-one (18) in 26% yield. Similarly (2f) afforded
s good yield of (19). However no products arising from either Arz~6 or Ar2—7 cyclisation could
be detesoted in the respective reaction mixtures.

/! " \
s H
R |

+ +
C —H CH -C0 =8
Hy 2 (=0
N N '

®. \

H H

Scheme 1
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TABLE 2
Products (%]
Substrate Cyclisation Other Reaction Conditions1
(2a) - (33) [67] Et ,0/THF
(2a) - (33) (78] Ag,C05/CF,CO,H
(2b) (4)[98} THF
(2d) (5){94]
(2¢) (6)(s0]
(21) (1) [25]( 8713
(2m) (12) [40] (30)[n.d.]2 Et,0/C Hg
(2m) (12)(55}( 87} 3 Et ,0/THF
(2n) (13) (41} (31)[29] Et,0/CHg
(2n) (13)[58]{ 6033 Et ,0/THF
(2e) (18)[26])
2f) (19) [69] (1£)[6]
(20) (20)[10]; (25){2]; (26) [10}
(2p) (21)(9]; (24)(13) (1p) [28);
(2q) (22) (52}
(28) (7)165]; (14) (5] (1g)[9]
(2h) (8){80]; (15) (7]
1) (16) [26] (1) [17]
23 (17} (3s] (13)[11](33) 18]
(2K) - (29)[49]; (1K) (6] Et ,0/CHg
(2K) - (27)[24); (28)(20] | Et,0/CH,CeH,

1. AgBFA in Et20 unless otherwise specified; 2. Not determined; 3. Yields in reference 2.

When N-chloromethoxyamide (2q) was treated with A;BF‘ in ether, the only detectable product
was consistent spectroscopically with the spiro 8-lactam (22) (table 2). Apart from 8-lactam
and ketone absorptions at 1675 and 1635 cn_l in the infrared spoctrum and a characteristic AB
system in the olefinio region of the 15 n.m.r, spectrum, (22) displayed [H—SO]+ and [M—58]*
mass fragments in the mass spectrum (schemes 1, R=H). The structure analysed correctly for
c11“13"°3' No Ar2-6 product was detected. Similarly (2p) gave s low conversion to spiro y-
lactam (21) (table 2). However a second component, which was isolated in 13% yield, was
1dentified spectroscopically as N-methoxy-6-methoxy-1H-3,4-dihydro-2-quinolone (24). The
position of the methoxy group was established by S00 MH: lﬂ n.m.r. spectroscopy. The aromatic
resonances for (24) formed s well defined ABX system which could however accord with either (23)
or (24). However decoupling experiments indicated appreciable bemzylic coupling between the
benzylic methylene at & 2.65 and the X proton at & 6.71 which is consistent with structure (24)
since it is unlikely that (23) would displey such a long range interaction. Treatment of (20)
with A'BF‘ in ether gave a mixture of three cyclised products. The first, isolated in only 10%
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yisld by preparative t.l.c0., was the spiro B-lactam (20). This oil displayed » P-lactam
oarbonyl sbsorption at 1790 cnﬁl together with a ketonio sbsorption at 1680 cn-l, Apart from &
wesk ﬁ* st m/z 179, the mass spectrum of (20) contained typical [I—Sll+ (loss of methoxy) and
l--sa]+ fragments ia sccordance with other lactam fragwentations {scheme 1 R=H), A 60 MHg ln
n.m.r, displayed singlets at 83,8 (NsO) and 82,95 (Cﬁz) ss well as an AB~system in the olefinic
region similar to that for (21) and (22), Two other At2~5 cyolised products were isolated in
low yield. Although unequivocal sssignment of their structure conld not be made, these were
respectively (23) and an aromstic chlorinated derivative of (28), (26). Both displayed infrared
y~lsotam sbsorptions (1730 and 1720 cn—l) and two methoxy singlets in their 13 n.®.r, spectra,

In competition reactions both 0-(2-phenylethyl)-N-chlero-3~phenylpropanohydroxamate (2g)
and -4-phenylbutyrohydroxamate (2h) gave 2,1-benzoxarines (7) and (8) as major products (table
2). (2g) also gave s low yield (3%) of N-(2-phenylethoxy)-1H-3,4-dihydro-2-quinolone (14) which
displayed a $~lactam carbonyl absorption at 1690 4.:nm1 and, along with a molecular ion of m/x
267, the characteristic £N—149]+ fragment due to loss of phenylacetaldehyde, carbon monoxide and
hydrogen (scheme 1, !-PhCBz). Similarly (21) gave E:e benzazepinone (151 which was
characterised by its carbonyl absorption at 16735 em = in the infrared, N at m/z 281 and the
mass fragment at (K-149]‘. N-4-phenylbutanoyl~3,4-dihydro-1H-2,1-benzoxazine (8) could not be
orystallised but displayed sanslogous i.r. and n,m.r. features to N-benroyl-2,1-benzoxazine (4),
In addition to a molecular lon at wm/z 281, the mess spectrum of (B) contained fragments at m/z
147 and 135 due to cleavage of the amide bond, N-chlorohydroxamates (2i) and (2j) cyclised only
onto the acyl side~chain to give the gquinolone (16) snd benzazapinone {17) in low yields (table
2). Both were characterised by infrared and their cheracteristic fragmentations. Mass spectra
of both (16) and (17) contained | M—163}+ pesks due to loss of 3-phenylpropansl, CO and H
according to scheme 1 (RnPh(C82)2~).

Finally, when O-methyl-N-chlorobenzohydrozamate (2k) was reacted with A;BF4 in 1:1 benzene-
ether mixture, s 49% yield of O-methyl-N-phenyl benzohydroxamste (29) was obtained. In addition
when toluene was used in place of benzene, O-methyl-N-(4-methylphenyl) benzohydroxamate (27) snd
O-mothyl-N-(2-methyl-phenyl)-benzohydrozamate (28) were isolated in similar yields (table 2).

DISCUSSION
The relative yields of cyclisstion with silver tetraflunoroborate in various solvents indicate »
strong solvent effect for the cyclisstions of O-2-phenylethyl hydroxamstes (2b) and (2d4) (tabise
1), The near guantitative yields of benzoxazines in ethereal solvents suports the intermediacy
of discrete nitrenium ions in these reactions {(eguation 1). Solvolysis of these ions in such
solvents would be more effective than dipolar or dispersive intersctions of chloroform or
benzene. The better ylelds of benzolactams (11), (12) and (13) which were reported by Kikugawe
and Kawnse for the cyclisations in CF3C025 sre also explicable on this batisz. The interception
of nitrenium fons by solvent to give modest yields of intermoleculsar addition products {(29),
(27) and (28) from (2k) when benzene and toluens were introduced as co-solvents further supports
this mechaniam,

+ +
HO—N—CHO HO—NH
(35 36)

Wo have sttributed the formation of nitrenium ions primarily to the stabilising effect of
the oxygen lone pairs and support for this has been found from semi-empiricel MNDO moleculsr

orbitsl cslculations. ' A large body of evidence likewise supports the generation of N-aocyl-N-

aryl nitreniom ions from N-hydroxy, N-acetoxy and N—-culpbonyloxy—N—-A:yluidu.4 Hexe
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stabilisation and ease of formation is due to conjugation of the electron deficient nitrogen
with the aryl substituent. MNDO caloulations on the model N-hydroxy-N-formyl nitrenium ion (35)
show substantial delocalisation of charge onto the hydroxy substituent. Table 3 gives computed
charge donsities, n-bond orders and LUMO ocoefficients for the ois— and trans- conformations of
(35), as well as for N-hydroxy nitrenium ion (36). The optimised geometries for (35) and (36)
are given in figure 1. The chbarge deficiency in (35) is in a n-molecular orbital which has
major coefficients for the hydroxy oxygen and nitrogen 21)z orbitals,

TABLE 3 MNDO derived properties of N-hydroxy-N-formyl nitrenium ion (35)
and N-hydroxy nitrenium ion (36)

(35)-cis (35)-trans (36)
AHg  (keal nol'l) 191,542 194,268 224,165
w-bond orders O=—===N 0,9029 0,890 0,911
N=z===C 0,1539 0,153 -
Caz== 0,9559 0,961 -
LUMO coefficients 0 -0,533 0,528 -0,54
%p
z
N2 0,789 -0,796 0,84
P
z
Czp 0,165 -0,151 -
z
ngp -0,257 0,254 -
z
charge densities N1 0,1 0,12 H1 0,22
C, 0,31 0,29 N,| 0,31
04 -0.08 -0,04 05| 0,1
H4 0,20 0,18 Hd 0,351
Og 0,13 0,11
He 0,32 0,33
H _ IlBL 106 + 1530
ll.)
15.7 o ”\+ 157 - /““J) " \ 2N 0gs H
( (2; ‘35‘ "55° u 19 12, 3 a
H 11a ”05’ (3)
®) (c)

FIGURE1. MNDO optimised geometries for (35) cis(a), (35) trans(b) and (36) (c).

Overall charge il looalised mainly on nitrogen and the hydxoxy.subltitnent. Furthermore an
extremely high n-bond order (0.9) exists for the O-N bond and reflects the importance of the
stabilising effect of the oxygen lone pair. Accordingly, s barrier of 29.7 kellnol_l hss been
oalculated for rotation about the N-OH bond in (35). As a comparisom, hydroxy nitrenium ion
(36) has a similar rotational barrier of 31.99 kcalnol_l. MNDO computations predict only a
minor energy change upon rotation about the N-CO bond in (35). These results clearly show that
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the acyl substituent plays little or no role in the stability of alkoxynitrenium -ions.

5
Kikugawa’s assertion that N-alkoxy-N-acyl nitrenium ions, like capto-dative free radicals are
stabilised by the combined donating effect of the alkoxy substitument and the withdrawing effects

2
of the carbonyl eannot be tenable.

—Corh
)y + (g N

0
COPh ~o~"com / (3

; 4 ;N g}wn

N ~ -~
pheo”” 0 phco””

Scheme 2

The intramolecular reactivities upon the alkoxy 4nd acyl side—chains differ markedly in
soveral reospects, Firstly, whereas the A:z—s product, indolone (11) is formed from (21) in
moderate to good yields depending upon the solvent (table 2), no sz—s cyclisation onto the
alkoxy side—chain of (2a) could be observed. Here the ester decomposition product (32) derived
from the N,N’- diaoyl-N,N’'-dialkoxyhydrazine dimers were obtained in high yleldn.l'6 From
deuterium labelling experiments, we have shown conclusively that At2-6 cyclisstion of (2b) and
(2d) to form benroxazines (4) and (5) involves direct substitution of the ortho bydrogens.

Arl-s cyclisation to & spirane intermediate (37) (Scheme 2, n=2) is n;t involved slthough this
route (Schome 2, n=3) is preferred in the formation of benzoxazepines . Thus oxazole ring
formation by cyclisation onto an unactivated aryl ring on the alkoxy side—chain in (2a) or (2b)
is disfavoured, In contrast, the formation of spiro—fused B—lactam (20) from (20) albeit in low
yield, is indicative that even four membered ring formation is possible whenm cyclisation is onto

the acyl sido—chain.

R

A

+

\‘\
8

+

A

{a) (H
FIGURE 2. Transition states for cyclisation onto (a) the acyl and (b)
the alkoxy side-chain,

These differences are more clearly understood if the transition structures for cyclisation
onto the alkoxy and scyl side—chain aromatic nuclei are taken into account. The transition
state struoture for cyclisation omto the acyl side—chain incorporates an exooyclic pseudo m-bond
between oxygen and nitrogen (figure 2a). Apparently no major barrier exists to five— or even
four-membered ring formation through such a configuration. However for cyclisation onto the
alkoxy side—chain, the ﬁ-o n-bond would be endocyclic in the transition structure (figure 2b).
Although this would result in a smaller loss of rotational freedom and hence a more favourable
A8 relative to the amalogous reaction onto the acyl side—chain, it must impart more strain to

the tramsition struoture resulting in a less favourable B, and AB#.



2584 S. A. GLOVER et al.

The formation of (18) from (2a) indicates that the strain effects mentioned above can be
overcome in five-membered ring formation i1f the jipso position is strongly activated to
sleotzophilic attack by a methoxy substituent, However, the much better yileld of (19) from (2f)
(table 2) also reflects the expected differences in transition state strain as a result of
endocyclic n-bond incorporation. In these instances, the nitrenium ion is directed to the jpso
position snd the resultant cationic intermediate (38, n=2,3) is stabilised by loss of methyl

carbenium ion which is more favourable than a 1,2-carbon and 1,2~nitrogen migration (Scheme 3).

Me Me Me 0

+

M — — ——
q [0
| —CoPh —COPh

(CH +  (CHp (CHy
N s N ¢/ 2/
(39
Scheme 3

A similar moohanise for benzolactam formation may Iikewise be operative. This mechanism
(schome 4, n=2,) would account for the formation of both y and 8-lactam products (21) and (24)
from N-chloro hydroxamate (2p). Stabilisation of intermediate (39, n=2,) by demethylation would
give (21) while a 1,2-carbon migration to (40, n=2) would result in formation of (24). 1,2-
oarbon migration would be more favourable than s 1,2-nitrogen migrstion since the former process
gonerates a carbenium jon next to nitrogen where it can be stabilised by the nitrogen lome pair.
This scoounts for the sbsence of (24) im the reaction mixture. Although the structure of the
mothoxy substituted N-methoxy-3H-1-indol-2-one (25) which was formed along with B-lactam (20)
from (20), could not be unequivocally assigned, such a mechanism (schems 4, n=1,) would ressclt
in formation of the S-methoxy derivative.

Finally such a mechanism would account for the isolation by Kikugawa and Kawase of 7-
ohloro~ and 7-bromo~N-methoxy-3H-1-indol-2-ones from N-chloro—O-methyl-2-{ 2-
halophenyl]ethanohydroxamates. Their mechanism involving an ipso sttack at the halogen bearing
carbon followed by a 1,2-halogoen migration is in our opinion far less llkely.2

The results of competition reactions are largely explicable in terms of the relative ease
of ring formation reactions as well as the AS for the formation of the respective transition
structures (figure 2a and 2b). In the competition between benzoxazine (7) and 5-lactaa (14)
ring formations from (1g), the incipient N-O n-bond character in the transition structure must
favour benzoxazine formation since this process involves a smaller loss of rotational freedom.
The same factors, combined with the case of generation of the smaller ring favonrs the formationm
from (1) of benzoxazine (8) at the expense of benzazepinone (15), Likewise, the formation of
only N-(3-phenyl propoxy)-3,4-dihydro-1H-quinolin-2-one (16) from (2i) is consistent with the
oasier formation of the smaller ring system. AS for the two cyclisations would be similar in
this case. Cyolisation of (2j) to the benzazepinone (17) is however spurious. The formation of
similar sized rings on either side-chain should favour benzoxazepine formation [more favourable
As#]. The formation of (17) thus suggests that the AH# of benzazepinone formation must be

considerably less than that for benzoxazepine formation.
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Me Me

a)) =4
(CHAn__N (CH) 3 (m;) N—0Me
™ Some e
0 0 B39
OMe Me &7 i
P — H
LHan CHon
N N {CHo)n N—0OMe
Me(}'/ \( Met}/ \\6 2 \(
0 0
{40
Scheme 4
EXPERIMENTAL

Melting points were determined on s Kofler hot stage and are uncorrected. Mass spectrs were rum
on & Variap NAT-212 mass spectrometer egquipped with a Varian SS-188 data system at the
N.C.R,L,/C.8.1.R. laboratories Pretoria, as well as on an AEI MS 30 double beam mass
spoctrometer at Rhodes University., Infra-red spectys were run on & Perkin Eimer Infra-red
Spectrophotometer, Model 297. 60 MHz “H-n.m.r. Igectra were recorded on & Perkin Elmer RI2 A
spectrometer with T.M. S, as internal standard, C-n.m.r. spectrs were recorded on s Broker WH
500 spectrfometer at the N.C.R,L./C,S.I.R. laboratories in Pretoris. Preparative separations
were performed on s Waters Analytical h.p.l,c, (pporasil column) using the model 440 Absorbance
detector linked to s Waters Data Module, MNDO calcglltions were performed on s Burronghs 6800
computer using the QCPE version of MNDO by W. Thiel™,

2-phenylethancl, 3-phenylpropanol, 2-{(p-methoxyphenyilethanol and 3-{p-methoxyphenylpropanol)
were synthesised by LiAlﬂ‘ reduction of the cortecpond;nglsarboxylic acid or cianamic acid and
converted to the alkylbromides by standerd procedures.”’ Potassium salts of hydroxamic acids
wore synthosised fti! methyl esters of the corresponding carboxylic acids and hydroxylamine by s
standard procedure, Potassium benzohydroxamate, cinnsmohydrozamate, p-methoxyphenylaceto-
hydroxamate, p-metboxycinnamohydrozamste and 4-{(p-methoxyphenyl)butyrobydroxamste wers isolated
as so0lids, Potassiom acetohydroxsmats, phenylacetohydroxamete and 4-phenylbutyhydroxamate were
viscons semi-solids which were used 2s such,

s for the » s of O-alkyl hydrogamates
A solution of the sppropriste potassium hydroxamste, an equimolar amonnt of alkyl halide, snd s
10% molar excess of sodlum cxrbonste were stirred overnight at room temperature in & 1:1 mixture
of methanol and water and then refluxed for two hours., After removal of the methanol under
reduced pressure, the residoe was acidified with dilute HCI and extracted with dichloromethane,
Combined extracts were washed with water and aqueons sodium thiosvlphaie (where methyl iodide
was the alkyl halide) and dried (Ne,80,). Concentration under reduced pressure sfforded O-alkyl
hydroxamste which wes purified by crystallisstion or preparative h.p.l.c. on silics gel
(chloroform as wmobile phase). The synthesis of O-(2-phenylethyl) benzobydroxamate (1b}), O~(2-
pbenylethyllncetohydroxu-gtc(ld) and O-(3-pbenylpropyl)benzohydroxamste {1c) have been described
previonsly.

Q-Benzyl benzobydroxamate (l1a)

Benzyl chloride (7,22g; 0,057 mol} and potassium bonzohydrozamate sfforded after
recrystaliisstion from benzene pure O-benzyl bcnzohydrox-nnti (10g) as colourless needles, m.p.
103-104°¢C. Vpey (CHCl3) 3400, 3250, 3000, 1690 and 1610 om *; 8(CDC1,) 5,02 (28, s), 7,35 -
7,58 (8H, m), ’.65 ~ 7,88 (20, »). N 227, ®/_ 121, 105, 91 and 77,  (Fourd: C 74,2; H 5,65;
N 6,25%. Cy H,3N0, requires C 73,99;: E 5,77; “ 6,16%,
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0-[ 2-(p-Methoxyphenyllethyl] bepgohydrozamate (Je)

2-[ p-MNotboxyphenyl]bromoethane (8,63g; 0,040 mol) and potassium benxohydroxamste gave after
chromstography and decolourisation with charcoal an oil which orystallised on standing.
Rocrystallisation from benzene—petroleum ether yielded pure O-[2-(p-methoxyphenyl)etbyll
bengzohydrozamate (3,60g) m.p. 83 - 84,5°C. v z (CRC1,) 3410, 3275, 3000, 2950, 1690 and 1619
om"; 8(CDC14) 2,89 (28, t), 3,70 (38, »), 4,18°2m, ¢J, 6,62 and 7,00 (4B, 204, 7 8,66 HD),
7,20 - 7,52 (3H, =), 7,60 - 7,82 (2H, m). N 271 (trace), -/! 134, 121 and 105. (Found: C
70,9; H 6,1; N 5,2%. C16H17N)3 requires C 70,83; H 6,32; N 5,16%).

0=l 3-(p-Mothoxyphenyl)-1-propyll bengobydroxsmste (1{)

Potassium bonzohydroxamate (10,825; 0,062 mol) and 3-(p—methoxyphenyl)-1-bromopropane afforded
after recrystallisation from ethor—getrolou ethor O~[ 3-(p—methoxyphenyl)-1-propy}]
benzohydroxamate (4,90g) m.p. 79-81°C. x (CHC13) 3410, 3020, 1690 and 1610 om ; 6(C.DC13)
1,88 (2H, =), 2,60 (2H, t), 3,69 (3H, s),-g,93 (2H, t), 6,71 and 7,01 (4H, 2xd, J 7,98 Hz).
7,20 - 7,48 (3H, m), 7,65 - 7,90 (2H, m), N* 285, ®/12 240, 148, 134 and 121. (Found: C 71,34;
H 6,65; N 4,95%). 0171119}03 requires C 71,56; H 6,71; N 4,91%).

O=[ 2-Phenvlethyl] 3-phepvipropspohydroxamate (1g)

Potsssium cinnamohydroxamate (11,47g; 0,057 mol) and 2-phenylbromoethane afforded after
ohromatography an o0il which crystallised on standing. Recrystallisation from benzene-petroloum
other gave O—(2-phenylethyl) cinnamohydroxamate (4,81g), m.p. 83 - 83,5°C. v (GIC13) 3390,
3010, 1670, and 1630 cm —; 6(0)013) 2,97 (2H, t), 4,16 (2H, t), 6,50 and 1.71‘1’!, 2xd, J 16
Hz), 7,20 (5H, s), 7,31 (5H, s). “N' 267, ®/z 163, 131 and 103. (Found: C 76,45; H 6,3; N
5,25%. C 7817N0, requires C 76,38; H 6,41; N 5,24%, Hydrogenation of 0—(2-phenylethyl)
cinnnohyiroxune (4,00g; 0,015 mol) in ethyl acetate (150 ml) over Adam’s catalyst followed
by preparative t.l.c. (silica ul/GICls) of the crude product yielded pure O—(2-~phenylethyl) 3-
phenylpropanohydroxzamate as an oil yhich orystallised on standing, m.p. 60 - 62°C. v y (CHC13)
3410, 3250, 2950, 1680 and 1610 om ~; 83(CDC1,) 2,34 (2H,t), 2,81 (2H, t), 2,88 (2H, t” 3,94
(28, t), 7,13 (108, s). M* 269, ®/2 165, 133 and 105. (Found: C 75,5; B 6,85; N 5,15%,
(117319M)2 roquires C 75,81; H 7,11; N §5,20%).

O-{ 2-Phenylethvl] 4-phonvlbutyrobydrozamste (1h)

Potassium 4-phenylbutyrohydroxamate (11,74g; 0,0504 mol) and 2-phenylbromoothane afforded a
solid (10,72g). Recrystallisation from benzene-petroleum ether gave O—(2-phenylethyl) 4—phenyl-
butyrohydroxamate (5,79g), m.p. 88,5 — 90°C. (CHC14) 3410, 2900, 1690 and 1610 om~ i
8(CDC1,) 1,80 - 2,15 (4H, m), 2,55 (28, t), 2,8’.?1!, t), 4,00 (28, t), 7,18 (10H, s). N
/2 179, 147 and 105. (Found: C 76,35; H 7,5: N 5,0%. CygHyNO, roquires C 76,30; B 7,47;
N 4,94%).

283,

O-[ 3-Phenvl-]-propyl] 3-phenylpsopanchvdsozamste (1i)

Potassium cinmamohydrozamate (7,21g; 0,036 mol) snd 3-phenyl-1-bromopropane gave after
chromatography O-(3-phenyl-1-propyl)cinnamohydrozamate as an oil which orystallised to a low—
melting solid (S5,35g) on standing. v (CHC1,) 3400, 3250, 3010, 2900, 1680 and 1640 cm
8(CDC1,) 1,91 (2H, m), 2,66 (2H, t), ?’;6 (2H, t), 6,69 and 7,73 (2H, 2x4, T 15,3 Hz), 6,99 -
7,45 (10H, m). (Found: C 77,34; H 6,66; N 5,05%. Clsﬂ 9!02 requires C 76,84; H 6,81; N
4,98%), Hydrogenation of O-(3-phenyl-1-propyl) clnnuoiydtoxuato (3,60g; 0,013 mol) in ethyl
acetate (100 ml) over Adam's catalyst followed by preparative t.l.c. (silica go1/CHC13) yielded
pure O-(3-phenyl-l1-propyl) 3-phenylptoplnohidroxnato as & lowmelting solid (3,67g). v
(CHCla) 3410, 3275, 2900, 1690 and 1610 om —; 8(CDC1,) 1,81 (2H, =), 2,49 (2H, t), 2,76 uﬁ.
t), 3,73 (2H, t), 7,13 (10H, s). wt 283, ®/z 150, 149, 133, 118, 117, 106, 105 and 104,
(Found: C 76,5; H 7,25; N 4,7%. cwnnmz requires C 76,30; H 7,47; N 4,94%).

0—(3-Pheny]l-1- —phe 'Y (13

Potassium 4-phenylbutyrohydroxamate (16,37g; 0,075 mol) and 3-phenyl-l1-bromopropane gave after
chromatography and decolourisation with charcoal 0—(3—phony1—1~propyi) 4-phenylbutyrohydroxamate
(10,0g) as an oil. v (CHC1,) 3420, 3010, 2950, 1690 and 1610 om ~; 8(CDC1,) 1,70 - 2,05

(6H, w), 2,41 - 2,82 (48, m), 3.80 (2H, w), 7,15 (10H, m) M* 297, %/z 192, 14%, 118, 117, 105
and 104. (Found: C 76,6; H 7,7; N 4,2%. C,9H,3N0, requires C 76,74; H 7,80; N 4,71%).

O-Mothyl bengohvdrozamate (1k)
Potassium benzohydrozamate (30,00g; 0,171 mol) and methyl iodide gave aftor chromstography, O-

mothyl benzohydrozamate ss s low melting solid (13,72g). v, . (CHCl;) 3410, 3250, 3000‘. 2980,
1680 and 1610 om ; &(@Cls) 3,72 (3H, s), 7,35 - 7,49 (3H, I’. 7,70 - 7,89 (2H, =»). N 151,
®/2 121 and 105. Correot elemental analysis could not be obtained for this material.

O-Methy]l phenylscetohydrozamate (11)

Potassium phenylacetohydroxamate (8,00g; 0,042 mol) and metbyl iodide gave after recrysta}l-
lisation from benzene-petroleum ether O-methyl phenylacetohydroxamate (3,0g) m.p. 69 - 71 C‘
vpax(CHC1,) 3410, 3000 and 1695 om *; 8(CDC1,) 3,39 (2H, s), 3,62 (3H, s); 7,23 (5H, s). N
165, ®/2 134, 118 and 91. (Found: C 65,55; 6,5; N 8,5%. CgH, N0, requires C 65,44; H

6,71; N 8,48%).
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(1m)
Potassium cinmamohydroxamats (20,00g; 0,099 mol) and methyl iodide gave after recrystallisation
from benzene-petrolewm ether colourless needles of O-methyl cimmamohydroxamate (13,0g) m.p. 91 -
92°C. V pgy (CHCl4) 3400, 3225, 3010, 1670 aad 1635 om ; 8(CDC1,) 3,81 (3H, s), 6,62 and 7,73
(2H, 2x4, ¥ 15,3 Hz) 7,20 - 7,95 (SH, m). N' 177/176, ®/z 146, 131, 128 and 103. (Found: C
68,05; H 6,4; N 7,9%. CyB 1N0, requires C 67,78; H 6,26; N 7,90%). Hydrogenation of O-
methyl cinnamohydroxamste (i,oo.; 0,028 mol) over Adam’s catalyst in ethyl soetate afforded O—
me thyl S—yhonylptopnnohxdrexnnto as & colourless oil (5,0g). 5 (CaC1 ) 3410, 3250, 3000‘
2950, 1680 and 1610 om ; 8(CpC14) 2,40 (2H, t), 2,94 (2H,t), 3.” (30, s), 7,19 (5B, s). X
179, ®/z, 149, 133, 131 and 105,” (Found: C 67,3; H 7,5; N 7,8%. Cy10813N0, requires C 67,02;
H 7,31; N 7,82%).

O-Mothyl 4-phexylbutyrohvdrozsmate (1m)

Potasssium 4-phenylbutyrobydroxamate (52,003; 0,239 mol) and metbyl iodide gave after
ochromstography and recrystallisation from ether-petroleum ether fine colourless needles of 0
methyl 4-phenylbutyrohydroxamate (11,0g), m.p. 58,5 - 60,5°C. (CHC14) 3415, 3250, 3010,
2950, 1690 and 1610 om ~; 8(CDCl1,) 2,08 (4H, m), 2,60 (2H, t), 3,%! (38, s), 7,19 (5H, s). ut
193, ®/2 147, 129 and 91. (Found: C 68,6; H 7,95; N 7,25%. C,,H N0, requires C 68,37; H
7.82; N 7,25%).

O-Nethvl (p-methorvphenyl)acetohydgozamste (1o)

Potassium (p-methoxyphenyl)scetohydroxamate (10,00g; 0,046 mol) and methyl iodide gave after
recrystallisation from benzene colourless needles of O-—methyl (p-methoxyphenyl)acetohydroxamate
(3,6g), m.p. 83 - 85°, V peg (CHClg) 3400, 2950, 1690 and 1619 om ; 5(CDC1,) 3,41 (2H, ),
3,65 (3H, s), 3,76 (3H, s), ?,so us 7,17 (4H, 2zd, J 9,33 Hz). N' 195, ®/2 148 and 121.
(Found: C 62,25; H 6,35; N 6,85%. C,;qH,4N0; requires C 61,53; H 6,71; N 7,17%).

Q-Nothyl 3-(p-methoxypheavl)pzropanchvdzrozamste (1p)

Potassium p-methoxycinnamodhydroxamate (30,00g; 0,130 mol) and methyl iodide gave after
rocrystasllisation from benzene—petrolewm ether O-methyl p_-othoxyoiniuohydroxunto (10,0g),
m.p. 132 - 135°C. Vpax (CHCl,) 3400, 3000, 1675, 1635, aad 1610 cm ; 5(CDC1,) 3,79 (6H, s),
6.41 and 7,68 (2H, le, 7 16,3 Hz), 6,81 and 7,42 (4H, 2xd, J 9,3 Hz). N 207, ™/z 176, 161 and
133, (Found: C 63,9; H 6,15; N 6,9%. C;1B13N0O; requires C 63,76; H 6,32; N 6,76%).
Hydrogenation of O-methyl r-ethoxyoinnuohyiroxuuto (2,285; 0,011 mol) over Adam’s catalyst
in metbanol and recrystallisation from diethyl other yielded O-metbyl 3-(p-methoxyphenyl)-
propanchydroxamate (1,5g), m.p. 70 - 71° (with sublimation). Vaa (C!!Cl3) 3400, 3000, 1680 and
1620 om —; 8(CDC1,) 2,48 (2H, broad t), 2,89 (2H, t), 3,51 (3H, l’, 3,72 (38, s), 6,77 and 7,10
(4H, 234, 7 8,66 Bz). M* 209, ®/z 178, 135 and 121. (Found: C 63,3; H 7,0; N 6,8%.

C11H,5NO; roquires C 63,14; H 7,23; N 6,69%).

O-Nethy] 4-(p-—methoxyphenyl)butyrohydrozsmste (1q)

Potassium 4-(p-methoxyphenyl)butyrohydrozamate (6,005; 0,024 mol) and methyl iodide gave after
recrystallisation from ether—petroleum ether O—methyl 4—(ﬁothomhonyl)bntyrohyd:oxuito
(3,0g), m.p. 45°C (with sublimation). V (CHC14) 3410, 3250, 2950, 1680 and 1619 m
5(CDC1,) 2,07 (4H, =), 2,55 (2H, t), 3,62.13!!, s), 3,70 (3H, s), 6,78 and 7,08 (4H, 2x4, J 8,91
Hz). 223, ®/1 178, 134 and 121, (Found: C 64,75; H 7,75; N 6,3%. Cy28;7NO3 requires C
64,55; H 7,67; N 6,27%).

rogedure for N-¢h 1benzohydro

Procedure A

A solution of the appropriate amide or hydrozamate in either anhydrous benzene or
dichloromethane w” stirred for tvo hours in the dark with a three molar excess of t~-
butylhypoohlorite'“, Removal of the solvent at 30°C under reduced pressure afforded the N-
chlorobhydroxamate as a yellow oil whose purity was determined by iodometry.

Proceduge B

The above procedure was -odif10d13 in the case of those amides or hydroxamates which were
resistant to N-chlorination, One drop of bromine was added to the reaction mixture after
addition of the t-butylhypochlorite followed by stirring in the light for two hours, Spectral
and analytical dats are reported with the individual compounds.

Synthesis of N-chlorobenzohydroxamates (2b), (2c) and (2d) have been described proviouslyl.

O-PBonzyl N-chlozobenzohvdrozsmste (2a)

0-Benzyl benzohydroxamate (1la) (2,00g; 8,8 mmol) was treated aoogrdin. to Procedure A to yield
O-benzyl N-chlorobenzohydroxamate (2,3g). x (cnc13) 1730 om ™ *; 6((!)C13) 5,01 (2H, s), 7,15
- 17,53 (8H, =), 7,55 - 7,76 (2H, w). [Fonn:? Cl (by iodometry), 12,87%. C14H1,CINO, requires
C1, 13,55%]).
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O-[ 2-(p-Nothogyphepyl)ethyl] N-chlorobenzohydroxsmate (2e)

O0-[ 2(p-Methoxyphenyl)ethyl] benzohydroxamate (le) (1,84g; 6,8 wmol) was treated scoording to
Procedure B to yiold a yellow oil (2,1g). N.m.r. spoctroscopy imdicated a mixture of the N—
chloro adduct and the parent hydroxamate. Iodometry revesled the mixture to contaim 52% of the
N-chloro adduct. Attempts to improve the yield of the N-chlorokydroxamate woere unstocessful and
the mixture decomposed when ohromatographed. Consequently the mixture was used as such., v x
(CHC1,) 1725 om —; 5((:0013) 2,78 (2H, t), 3,65 (3H, s), 4,21 (2H, t), 6,67 and 6,97 (4H, th ¥
8,46 iz). 7,21 - 7,40 (3H, m), 7,55 - 7,72 (2H, m). [ Found: Cl1 (by iodometry), 6,03%.
Cy6H16C1NO3 requires C1, 11,59%].

o[ 3-(p-M = orol hydrox (2£)

O0-[ 3-p-MNethoxyphenyl)-1-propyl] benzohydroxamate (1f) (1,00g; 3,5 mmol) was treated according
to Procedure B to yield O-[ 3-(p-methoxyphenyl)-1-propyl] N-chlorobenzohydrozamate (1,12g).
Veex (CHCl3) 1725 om §(CDC14) 1,83 (2H, m), 2,50 (2H, t), 3,67 (3H, s), 4,01 (2H, t), 6,67
ana 6,94 (i!l. 2x4, J 8,53 Hx), 7,21 - 7,54 (3H, m), 7,61 —~ 7,83 (2H, m). [ Found: C1 (by
iodometry), 10,8%. Cy7H;gCINOg requires C1, 11,09%].

- (2g)

0-(2~Phenylethyl) 3-phenylpropanohyroxsmate (1g) (2,00g,7,4 mmol) was treated socording to
Procedure A, to {iold 0-(2-phenylethyl) N-chloro-3-phenylpropanohydroxamate (2,13g). v
(CﬂCls) 1735 om ~; 8(CDCI, 2,45 - 2,79 (4H, m), 2,88 (2H, t), 4,14 (2H, t) and 6,98 - 7”!
(10H, broad s). [ Found: Cl (by iodometry), 11,7%. Cy7H;gCINO, requires Ci, 11,67%].

- (2h)

0-(2-Phenylethyl) 4-phenylbutyrobydroxamate (1h) (3,00g; 10,5 mmol) was treated according to
Procedurg A to yield O-(2-phenylethyl) N-ohloro-4-phenylbutyrohydroxamate (3,5g). Vaax (CHCly)
1740 om 7; 8(CDC1,) 1,58 ~ 2,05 (2H, m), 2,10 — 2,60 (4H, m), 2,83 (2H, t), 4,12 (2H, t), 6,9
- 7,30 (10H, broad s). [Found: C1 (by iodometry), 10,5%, Cy8H3gCINO, requires C1, 11,16%].

0-(3- - }d 0. (21) .
0-(3-Phenyl-1-propyl) 3-phenylpropanohydroxamate (1i) (3,005; 10,6 mmol) was treated accordiag
to Procedure A tffooidhl 0~ (3-pheayl-1-propyl) N-chloro-3-phenylpropanchydroxamate (3,4g).
Vuax (CHC1, 1750 om ~; 8(CDCl,) 1,79 - 2,15 (2H, m), 2,50 - 2,95 (6H, m), 3,89 (2H, t) and 7,08
- ,,35 (10H, brosd s). [(Found: C1 (by iodometry), 10,2%. C;gH;0CINO requires C1i, 11,15%}.

0-(3-Phenyl-1-propyl) N-ohloro—4-phenvlbutyrohydrozamste (2j)

0-(3-Phenyl-1-propyl) 4-phenylbutyrohydrozamste (1j) (4,00g5; 0,0134 mol) trested according to
Procodure A yielded a mixture of the N-chloro derivative and the parent hydroxamate (i.r.). The
orude mixture was chromatographed tbrough a short silica gel column with carbon tetrachloride as
eluent. Concentration of the eluent at 30°C under vacuum afforded 0-(3~phenyl-1-propyl) N-
chloro—4-pheaylbutyrohydroxamate (1,45g). v x (CHC1,) 1735 om ; 8(CDCl,) 1,91 (2H, m), 2,45
- 2,81 (4H, m), 2,87 (4H, broad s), 3,91 (2!!,‘(), 1,13 (10H, broad s). [iomd: C1 (by
todometry), 9,5%. Cy9HipsNO,C1 requires C1, 10,68%].

O-Nothyl N-chlorobenzobydroxamate (2k)

O-Nothyl benzohydroxamate (1k) (9,00g; 0,054 m0l) was trested according to Procedure A to yield
a mixture of the N-ohloro derivative and the parent hydroxamate (i.r). The mixture was
chromatographed through a short silioa gel column with carbon tetrachloride as oluent.
Concentraion of the eluent at 30°C under reduced pressyre yielded O-mothyl N-

chlorobenzobydroxamate (7,0g8). v _. . (CHC1,) 1730 om ; 8(CDC1,) 3,73 (3H, s), 7,23 - 1,52

(3H, =), 7,60 - 7,82 (2H, m). [Found: C1 (by iodometrey), 16,0%. CoH; (CINO, requires CI,
17,76%].
O-Mothyl N-chloropbenvlagetohvdrozamste (21)

0O-Nethyl phenylacetohydroxamate (11) (1,83g; 11,1 mmol) was treated ucotdin'lto Proocedure A to
yield O-methyl N-chloropheaylacetohydroxamste (2,19g). Vaax (GlCl)a 1735 om™ ; 6((!)013) 3,61
(38, s), 3,81 (2H, s), 7,22 (5H, s). [Found: C1 (by iodometry), 17,8%. CyH,,C1NO, requires
17,76%].

O-Methy]- N-chloro—3-phepvipropspohvdrogamste (2m)

O-Methyl 3-phenylpropanchydroxamate (1m), (1,00g; 5,6 mmol) was treated according to Pfooodnxe
A to yield O—methyl N-chloro—3-phenylpropanohydroxamate (1,2g). v g (CHC13) 1740 cm
8(CDC1,) 2,75 - 2,98 (4H, m) 3,73 (3H, s) and 7,15 (SH, s). [Fonn:? C1 (by iodometry), 16,6%.
°1o"12%1"°2 requires C1, 16,59%].

O-Mothyl N-chloro—4-phenvlbutysohydroxamate (2n)

O-Nethyl 4-phenylbutyrohydroxamate (1an) (2,00g; 10,3 mmol) was troated socording to Procedure A
to yield O-methyl N-ohloro—4-phenylbutyrohydroxamste (2,35g). V max (CIlCla) 1740 o™ ; 6(@013)
1,94 (2H, =), 2,48 (2H, t), 2,69 (2H, t), 3,68 (3H, s), 7,10 (5H, s). [Found: Cl1 (by
iodometry), 15,6%. C,;H,, CINO, requires C1, 15,57%].

O-Nethy] N-cbloro—(p-methoxyphenyl)acotohvdrozamate (20)

O-Methyl (p—methoxyphenyl)acetohydroxamate (10) (1,003; 5,1 mmol) was trested according to
Proceduzre A, to yield O-methyl N-chloro—(p—methoxyphenyl)acetohydroxamate (1,2g). V guag (CHC13)
1738 om —; 8(CDC1,) 3,68 (3H, s), 3,71 (3H, s), 3,79 (2H, s), 6,85 and 7,16 (4H, 2zd, } 8,66
Hz). [ Found: C1 ?by iodometry), 14,1%. C,,H,,CINO; requires C1, 15,43%].
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O-Mothyl N-ghjoro—3-(p-methoxyphenvl)propepohvdrozamste (2p)

O-Methyl 3-(p-methoxyphenyl)propanohydroxamste (1p) (1,00g; 4,8 mmol) was treated using
Procedure A to ylold the O-methyl N-chloro-3-(p-methoxyphenyl)-propanchydroxamate (1,2g). v aax
(CHC14) 1740 om 8(CDC1,) 2,87 (4B, broad s), 3,73 (6H, s), 6,33 and 7,16 (4H, 2x4, J 8,20
Bz). [PFound: C1 (by iodometzy), 13,0%. C,,H,,CINO; requires Cl, 14,55%].

O-Methv] N-chloro—4-(p-methoxypheavl)butyrohydroxamste (2q)

O-Mothyl 4-(p-methoxyphenyl)butyrohydroxamate (1q) (2,00g; 9,0 mmol) was treated according to
Procedure B to yjeld O-methyl N-chloro-4-(p-methoxyphenyl)butyrohydroxamate (2,3g). v,
(CHC1,) 1740 om "; 8(CDC13) 1,99 (2H, =), 2,35 - 2,75 (4H, »), 3,68 (38, s), 3,71 (38, J, 6,78
and 7,07 (4H, 2xd, J 8,33'Hz). (Found: C1 (by iodomstry), 12,9%. C;,H,,CINO; requires Cl,
13,76%.

e [y ocedures for the reaction of O- 1-N-¢ rohydro tes with
wis i

N-a 1-and N-b -3,4- -1H-2,1- ine

The formation of N-benroyl-3,4-dihydro—-1H-2,1-benzoxazine (4) from O-(2~phenylethyl)-N-ohloro-
benzobydroxsmate (2b) in benzene with AgBF,, AgCl0,, HgO and Hg(OAC), ss well as the formation
of N-acetyl-3,4-dihydro—1H-2,1- bemzoxazine (5) from 0-(2—phonylothyi)-N—chloro—nootohydroxnnnte
(2d) in benzene with AgBF, have been described elsewhere, The yields and produots from the
reactions of (2b) and/or (2d) in THF, diethyl ether, acetonitrile and chloroform with various
silver salts are given in Table 1. The formstion of N-scetyl-3,4-dihydro-1H-2,1-benzoxazine (5)
from (2d) in diethylether with AgBF, is exemplary:

0-(2-phenylethyl) N-chloroacetohydroxamate (2d) (1,07g; 5 mmol) in diethylether (30 ml) was
stirred for six hours in the dark with silver tetrafluoroborate (0,97g; 5,0 mmol) whon an
aliquot, tested with aqueous potassium iodide/scetic acid was negative in positive halogen. The
reaction mixture was filterod and the precipitate was washed with ohloroform. The combined
chloroform washings and ether filtrate were washed with water, dried (Na ), and concentrated
under reduced pressure to & brown oil (0,83g) which orystallised as N—tcotyt—3 4-dihydro-1H-2,1-
benzoxazine (5) (94%) and was identical (n.m.r.,m.p.) to suthentic material.l

N-benzoyl-1,3,4,5-tetrahydro-2,1-benyoxazepipe (6)

0~ (3-phenyl-1-propyl) N-chlorobenzohydroxamate (2c) (1,36g; 4,7 mmol) in diethyl ether (100 ml)
was stirred overnight with silver tetraflvoroborate (0,91g; 4,7 mmol). Work—up by the general
procedure gave a mixture from which N-benzoyl-1,3,4,5-tetrahydro-2,1-benzoxazepine (61 was
isolated, in 50% yield by preparative t.l.c. and was identical to authentic material.

Reagtion of O-benzyl N-chlorobenzohydroxamate (2a)

(1) with silver tetrafluoroborate in dietbyl ether-tetrahydrofuran.

0-Benzyl N-chlorobenzohydroxamate (2a) (1,155; 4,4 mmol) in a 1:1 diethyl ether-tetrahydrofuran
mixture (50 ml) was stirred in the dark for one hour with silver tetrafluoroborate (0,86g; 4.4
mmol). Work-up yielded a brown oil (4,28 g) which after column chromatography (silica
go1/CHCl3) afforded benzyl benzoate (32) (0,63g; 67,5%) which was identical to authentic
material (n.m,r., i,r., t.l.0.).

(1i) with silver carbonate in diethyl ether—trifluoroacetic acid.

0-Benzyl N-chlorobenzohydroxamate (2a) (2,2g; 8,4 mmol) in diethyl ether (50 ml) was added to a
cooled, stirred suspension of silver carbonate (1,24g; 4,5 mmol) in a mixture of diethyl ether
(50 m1) and trifluoroacetic acid (10 ml), Stirring was continued overnight at room temperature.
The reaction mixture was filtered and the filtrate washed successively with aqueous sodium
carbonate and water, dried (Nn S0,) and concentrated to a pale yellow oil (1,63g). Analysis by
n.m.r, spectroscopy revealed lainiy benzyl benzoate (32) (78%).

No cyclic products nor parent hydroxamate (la) were detected in these reaction mixtures.

Reaction of O—[ 2-(p-methoxyphenyl)ethyl] N-chlorobenzohydroxamste (2e)

0-[ 2-(p-Methoxyphenyl)ethyl] N-chlorobenzohydroxamate (2e) (1,035; 3,4 mmol) contaminated with
its parent hydroxamate (le) (0,8g; 2,95 mmol) in diethyl ether (50 ml) was stirred overnight
with silver tetrafluoroborate (0,683; 3,5 mmol). Work—up and preparative t.l.c. yielded N-
benzoyl-2-oxa-1-szaspiro[ 4,5]doca-6,9-diene—8-one (18) as a solid (0,22g; 26,12%). gnre
compound was obtained after recrystallisation from benzine—pot:oleun other m.p. 154 - 156

255, ®/z 225, 105 and 77; v (CRCl ) 1675 and 1640 cm —; 8(CD013) 2,54 (2H, t), 4,21 (2R, t),
6,24 and 7,88 (4H, 224, J 10,3 nz). 33,26 - 7,51 (3H, m) and 7,67°- 7,85 (2B, m). (Found: C
70,6; B 5,15; N 5,5%. requires C 70,57; H 5,13; N 5,49%). Also isolated was the
parent O-[ 2—(z—nethoxyp%enyi)ethyl] benzohydroxamate (le) (0,80g), identical to authentic
material (n.m.r., i.r.).

I#

Reaction of O-[ 3-(p-methoxyphepyl)-1-propyl] N-chlorobenzobydrozamste (2f)

A solution of 0-[ 3-(p—methoxyphenyl)-1-propyl] N-chlorobenzohydroxamate (2f) (1,60g 5,0 mmol)
in diethyl ether (50 ml) was stirred overnight with silver tetrafluoroborate (0,97 g; 5,0 mmol)
under the general conditions. Work-up yielded a brown gum (1,48g) which upon preparative t.l.c.
gave two major components. The more polar of these was identified by n.m.r. spectroscopy and
t.1.c. as the paront hydroxamate (1f) (0,08g; 5,61%). The second component (0,93g)
recrystallised from bonzene-petroleum ether as N-benzoyl-2-oxa-1-szaspirol 5,5]undeca-7,10-
diene-9-one (19) (69,1%) m.p. 134,5 - 135,5°C. u* 269, ®/z 239, 164, 105 and 77, v (CHC1,)
1670 and 1630 cx™1; 8(CDC1,) 1,88 (4H, m), 4,13 (2H, =), 6,21 and 7,21 (4H, 2xd, J 10,66 Hz
and 7,2 - 7,75 (SH, m). (Found: C 71,4; B 5,55; N 5,25%. C,.H,;4NO; requires C 71, 3; H

5,61; N 5,20%).
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Reaction of O-(2-phenyjethy]) N-chjoro-3-phenylpropsnchydroxamate (2g)

An other solution (50 ml) of O—(2-phenylethyl) N-chloro-3-phenylpropsno-hydroxamate (2g)
(2,13g; 7,0 mmol) ocontaining silver tetrafluorchorste (1,36g; 7,0 mmol) was stirred overnight
in the dark. Work—up and preparative t.l.c. gave N-(3~phenylpropanoyl)-3, 4-«!115;&:0‘-&—2 o1
benzoxezine (7) (1,22g; 65,20%) m.p, 67 - §9°C from benzeme—petroleum sther. M 267, ®/z 138,

105 and 91; (CHC1,) 1675 and 1390 om *; 8(CDCI ) 2,70 (2H, t), 2,75 - 3,01 (4H, =), 3,92
(2R, t), 6 89 - 7 0S5 (38 e}, 7,15 (5B, s) and 7, 85 - 8,19 (18, =}, (Foond: C 76,35; H §,35;
N §,25%., HyyNO, requires C 76,38; H 6,41; N 5,24%).

Secondly, N—}z-@honylothoxy)«-s.4—dihydro—u—quinol1n-2-ono (14) was isolated_as & visoous otl
(0,105 5,3%). N' 267, ®/z 163, 147, 118 and 106/105; v, (CHCl;) 1690 om 1; 8(CDC1y) 2,61
- 2,90 (4H, w)}, 3,09 (2H, t), 4,29 (26, t), 6,50 -~ 7,19 ﬁﬁ ®) .nd 7,28 (SH, s).

Thirdly, the parent hydroxamate (1g) (0,17g; 9,0%) identical with anthentiv material (a.m.r.,
i.r., t.1.0.) was also obtained.

oth N- ~4-phenylbu £ ate (2h)
0~-(2-Phenylethyl) N-ohloro-4-phenylbutyrohydroxamate (2h) (3,35g; 0,0105 mol) silver
tetrafluoroborste (2,145; 0,011 mol) in diethyl ether (100 m1) wers stirred together oversight,
nffordln; a dark brown oil (2,73g) wpom work-up. Preparative t 1.0, :nvo N-(4-phenylbutanoyl )~
3,4-dihydro-10~2,1-bonzozazine (8) (2,35g; 79,54%) a & gum. N* 281, ®/5 147, 135 and 105;
(CHEC1,) 1675 and 1395 om —; 8{(CDC1,) 1,80 - 2,26 (2B, =), 2,41 - 2,78 (48, =), 2,90 (28,
t’ 4,17 (2H, t), 6,85 ~ 7,30 (3H, m»), ; 19 (5H, s) and 7,86 - 8,05 (1H, =) lnd N-(2-
phenylothoxy)-1,3,4,5~totrahydro-2B~benzazepin-2-oze (15) (0,21g; 7,06%). u* 281, ®/z 176,
161, 132 and 105; v (CHC1,) 167S and 1390 om ~; 5(CDC1,) 2,10 - 2,31 (4H, m) 2,58 - 2,79
(28, »), 2,98 (28, €0, 4,17 (20, t), 7,05 - 7,25 (4H, ») and 7,18 (3H, s).

Roactiop of O-(3-phenyl-1-propyl) N-chloro-3-phegyylpropsnohydroxamste (24)
0~(3-Phenyl-1-propyl) N-ochloro~-3-phenylpropsnchydrozamste (2i) (3,233,0,0102 mol) and silver
tetrafluoroborate (1,98g 0,0102 mol) in diethyl etber (100 ml), were stirred overnight
affording a dark brown oil (2,36g). Preparative t.1.0. gave N-(3-phenylpropoxy)-3,4~-dihydro-1H-
quisclin—2-one (iG} (0,75 ;. 26,1%, as a viscous oil. N 281, ®/z 163, 147 and 119/118; "
(CHC1,) 1690 om 1; 8(CDCI,) 1,80 - 2,30 (28, m), 2,49 - 2,93 (6H, m), 4,03 (2H, t), 6,99 - 1,13
(4H, m) and 7,18 (5H, l). The parent hydroxamate (1i) (0,5s; 17,3%) identiocal with authentic
material (n.m.r., i.r,, t.1.0.), was also isolated.

Resotjop of O-(3~pheny]l-l-propyl) N-chlogo-4-pheaylbutyrodhydroxsmate (2j)

An ether solution (100 ml) of 0-{3-phenyl-1-propyl) N-chloro-4-phenylbutyro-

hydroxamate (2j) (1,39g5; 4.2 mmol) was stirred overnight with silver tetrafluoroborste (0,823;

4,2 mmol), giving a brown oil (1,09g) upon work~up. Preparative t.1.,c. gave 3'-phenyl-1'-propyl

4-phenylbutyrate (33) (0,10g; 8,4%) by comparison with suthentic material (n.m.r., i.r.,

snalytical B.p.1.0.), N—(S—phonﬁ-l-gropoxy)-l 3.4, S-totnhydtc—g_lg—benu:opin-z-ono an

(0 133. 34,66%), as 2 gum, wt 295, ®/z 191, 177, 161, 149, 132 and 106; (CHC1,) 1678
8(CDC1,) 1,70 - 2,90 (68, m), 2,51 ~ 2,90 (4H, m), 3,96 (2H, t), 7, 10 - ’ 40 (4H, m) and

? 15 {5H, s) and parent hydroxamate (1j) (0,14g; 11,21%) identical with suthentic nctericl

(a.m.r., i.r., t.l.0.).

n_of O-met N-chjogophsnvyls rox {21)
An ether solution {100 ml) of O-methyl N-chlorophenylacetohydrozamate (21} (2,03; 10,0 mmol)
containing silver tetrafluoroborate (2,15 11,0 mmol) was stirred overnight affording a dark
brown gom (1,2g) after work-up, Preparative t.l.c0. and recrystallisation fron b!nzono-—pittolem
ether gave N-mothoxy—2,3-dibydro-1-indol-2-ome (11) (0,40g; 24,51%) m.p. 84°C Q1ig. m.p.
86°C). N' 163, ®/z 148, 132, 120, 104, 92 and 77; v (CHC1,) 1730 and 1375 cm *; 8(CDC1 )
3.43 (20, 3), 3,99 (3, ) and 6,58 - 7.39 (4, m>. “tousd: & 66,0; B 5,5 N 8,68, CoHND
requires C 66,25; H 5,56; N 8,58%),

Reaction of O-mothyl N-¢hloxo-3-phenylpropapohydroxsmate (2m)
(1) in diethyl ether—benzene solutiom
A solution of O-methyl N-chloro-3-phenylpropsnohydroxsmate (2m)} (2,39g; 11,2 mmol) in s mixture
of diethyl ether and benzene (1:1; 50 ml) was stirred overnight with silver tetrafluoroborate)
{(2,18g; 11,2 mmol). V¥ork-up and preparative t.l.c. afforded after recrystallisstion from .
benzene-petrolevm ether, O-mothyl N—phonyl-3-phonylptopanohydroxuttc (30) m.p. 64 - 66°C. W
255, ®/2 123, 108, 91 and 77; v (CHC1,) 1680, 1500 snd 1380 om *; 3(CDC1,) 2,78 - 3,03 (4H,
-) 3 55 (3H, ») 7,21 (58, ) 8,20 - .48 (SH, m). (Fouad: © 75.4; B 6,8; N'5,4%.

m requires C 75,27; H 6,71; N 5,49%). A second component isolated as & viscous oil
(6 -{ was distilled to give N-methoxy-3,4-dihydro-1E-quinolin-2-one (12} (40%) b.p. 140°C at
0.75 nm Hg. M* 177, ®/z 162, 147, 118 and 77; v,,, (CHC1;) 1690 cw }; 8 (CDCl3) 2,43 - 3,04
{48, =), 3,87 (3H, s) and 7,05 — 7,35 (4K, =m).
(i1) in diethyl ether~tetrahydrofursn solution
In a similar reaction, s solution of O-methyl N-chloro-3-phenylpropanohydrox-
smate (2m) (0,625; 2,9 mmol) in & 1:1 mizture of disthyl ether-tetrahydrofursn (50 ml) was
stirred for three hours with silver tetrafluoroborate (0,683;: 3,4 mmol). Work—up sfforded a
browa oil (0,76g) which upon preparative t.1.c. gave N-methoxy-3,4—dihydro—-1H-quinolin-2-one
{12) (0,29g5; 55,14%). N.m.r. spectra of the remaining components revealed trace amounts of the
parent hydrozamate {(1m) and other unidentified minor components,
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t N-¢hlo rohydro e (2n)
(1)  in diethyl ether—bonzene solution
A solution of O—methyl N-chloro—4—phenylbutyrohydroxzamate (2n) (1,77g; 7,8 mmol) in 1:1 diethyl
ether—benzene mixture (50 ml) was stirred overnmight with silver tetrafluoroborate (1,513; 7,8
mmol). Work-up and proparative t.l.c. gave O-methyl N-phenyl-4-phenylbutyrohydroxamate (31)
(0,61g5; 29%), b.p, 170°C at 0,3 mm Hg. N 269, ®/z 239, 147, 129, 123 and 77; vmay (CHCl3)
1675 and 1385 om *; 6(@013) 1,79 - 2,24 (2H, =), 2,36 - 2,83 (4H, =), 3,59 (38, J, 7,22 (5H,
s) and 7,25 - 7,55 (5H, m)., (Found: C 75,5; H 7,1; N 5,25%. C,,H,oNO, requires C 75,81; H
7,11; N 5,20%.)
A second oomponent was isolated as s viscous oil (0,61g), which upon distillation afforded N-
methoxy-1,3,4,5-tetrahydro—2H-benzazepin-2—one (li) (41%) b.p. 145°C at 0,5 == Hg. Nt 191, B/:
160, 147, 132, 123 and 91; v (CHCI,) 1671 om ; 8(CDC1,) 2,10 — 2,35 (4H, m), 2,60 — 2,91
(2H, t), 3,74 (3H, s), 7,14 —-’.41 (4H, m). (Found: C 68,6; H 6,7; N 7,25%. C;,H,,N0,
requires C 69,09; H 6,85; N 7,32%).
(ii) in diethyl ether—tetrahydrofuran solution
In a similar reaction conducted in a 1:1 mixture of diethyl ether and tetrahydrofuran and
stirred for three hours, the N-methoxy-1,3,4,5-tetrahydro-2B-benzazepin-2-one (13) (n.m.r.,
i.r., t.1.c.) was produced in 58,4% yield together with minor unidentifiable products.

Rogction of O-methyl N-chjloro-(p-methoyvphenvyl)acetohydroxamste (20)

A solution of O-methyl N-chloro-(p-methoxyphenyl)acetohydroxamate (20) (1,03g; 4,5 mmol) in
diethyl ether (50 ml) was stirred overnight with silver tetrafluoroborate (1,0g; 5,1 mmol).
Work-up and preparative t.l.c. gnvo N-methoxy-1-azaspirol 3,5)-nona-5,8-diene-2,7-dione (20)
(0,08g; 9,9%). u* 179 (weak), ¥/z 148, 137, 121 end 106; Vv 5 (CHC13) 1790 and 1680 om ;8
(CdCi4) 2,95 (2H, s), 3,80 (3H, s), 6,48 and 6,95 (4H, 2:6.‘3 9,33 Hz), N-methoxy methoxy-2,3-
dihydro-1-indol-2-one (25) (0,02g; 2,3%) isolated as a viscous oil. w* 193, ®/2 162, 150, 122
and 91; v, . (CHCl3) 1720 end 1390 ol s (CpC1,) 3,49 (28, s), 3,79 (3H, s) 4,01 (3H, s) and
6,83 (3H, J and, after recrystallisstion from benzene-petroleum ether, chloro-N-methoxy
methoxy-2,3-dihydro-1-indo1-2-one (26) io.u.; 10.74%), m.p. 176 - 178°C, N* 227, ™/z 196, 184
and 169; vy, . (CHC13) 1730 and 1635 ocm ; 3(60 MHz; CDC13) 3,40 (2H, s), 3,87 (3H, s), 3,97
(3B, s), 6.“ (1H, broad s) and 7,20 (1H, broad s). A number of minor unidentifiable components
wore also obtained.

React O—met N—g¢h}joro-3- ho £ODA. te (2p)

A mixture of O-methyl N-chloro-3-(p—methoxyphenyl)propanchydroxamate (2p) (3,07g; 0,0126 mol)
and siler tetrafluoroborate (2,45g; 0,0126 mol) in diethyl ether (100 ml) was stirred overmight
to yield after work-up and preparstive t.l.c. the N-methoxy—6-methoxy-3,4-dihydro-1H-quinolin-2-
one (24) (0,33g; 12,64%) as a viscous oil, u* 207, ®/2 176, 149, 133 and 104; V (CHC14)
1680 and 1380 cm —; 8(500 MHz: DC14) 2.65 (28,t), 2.86 (2H, t), 3.78 (3H, s) 3”5 (38, ),
6,71 (1H, 4, J=2,6Hz), 6.78 (1B, dd, J=8,7 and 2,7Hz) and 7,11 (1H, d, J=8.8Hz), after
recrystallisation from benzene-petroleum ether, N-methoxy-l-azaspiro [4,5]deoca-6,9-diene-2,8~
dione (21) (9,04%) m.p. 125 - 127°C. M’ 193, ®/z 163, 135, 106 and 91; Y,  (CHC1;) 1725 and
1680 cm ~; 8(CDCly) 2,10 - 2,71 (4H, =), 3,77 (3H, s), 6,33 and 6,82 (4H, ixd, J 10,33 Hz).
(Found: C 61,65; 5,8, N 7,1%, Clgﬂum reqoires C 62,17; H $,74; N 7,25%) and parent O-
methyl 3-(p—methoxyphenyl)propanohydrozamate (1p) (0,74g; 28,07%) identical with authentic
material (a.m.r,, i.r., t.l.c.).

Reactjon of O-methy] N-chloro—4—(p—methoxvyphenyl)butvrohydrozsmate (2q)

An ether solution (100 ml) of O-methyl N-chloro-4-(p-methoxyphenyl)butyro-

hydroxamate (2q) (2,10g; 8,1 mmol) was stirred overnight with silver tetrafluoroborate (1,75g;
9,0 mmol) to give a dark brown gum (1,83g) whioch upon preparative t.1.c. and recrystallisation
from benzene-petroleum ether afforded N-methoxy—1-azaspiro[ 5,5]undeca-7,10-diene-2,9-dione (22)
(51,83%) m.p. 104,5 - 106°C. N' 207, ®/z 177, 149, 133, 91 and 7T8; g (CHC13) 1675, 1635 and
1340 cm —; 5(CDC1,) 1,83 - 2,14 (4H, =), 2,40 - 2,69 (28, t), 3,71 (3H, s), 6,32 and 7,04 (48,
2xd, ¥ 9,33 Hz). (Found: C 63,75; H 6,2; N 6,75%. Cy1H13N0O;3 requires C 63,76; H 6,32; N
6,76%). No other identifiable products could be isolutea from the reaction mixture.

Roactiop of O-methy] N-chlorobenzohydrozamaste (2k)

(1) in the presence of benzene

O-Methyl N-chlorobenzohydroxamate (2k) (1,22g; 6,6 mmol) in a mixture of diethyl ether (40 ml)
and benzene (30 ml) was stirred overnight with silver tetrafluoroborate (1,28g; 7,0 mmol).
Work-up and preparative t.1.c. gave O—methyl N-phenylbenzohydroxamate (29) (0,74g; 49,34%) as a
low-melting solid, which was distilled, b.p, 164°C at 0,7 mm Hg. N' 227, ®/z 197, 122 (trace),
105 and 1775 v, . (CECl3) 1665 and 1360 cm ; 8(CDCl,) 3,64 (3H, s) and 7.15 - 7,74 (10H, m).
(Found: C 74,2; 5.75; N 6,1%, Cy14H13N0, requires 3 73,99; H 5,77; N 6,16%). Parent
hydroxamate (1k) (0,07g; 6,4%) was also isolated,

(i1) in the presence of toluene

In a similar reaction to the sbove, O-methyl N-chlorobenzohydroxamate (2k) (2,0g; 0,0107 mol)
in diethyl ether (100 ml) containing toluene (10 ml1) was stirred overnight with silver
tetrafluoroborate (2,0g; 0,0103 mol). Work-up and preparative t.1.c. gave O-methyl N-(p-
tolyl)benzohydrozamate (21) (0,63g; 24,40%) as a visoous oil, N* 241, ®/2 105, 77 and 51.V
(CHC13) 1660 and 1360 om °; 8(60 MHz; CDCl,y), 2,25 (3H, s), 3,58 (3H, s), 7,0 — 7,38 (7H, w)
and 7,40 - 7,65 (2H, m). (Found: C 74,4; 6,4; N 5,85%. Cy5H14NO, requires C 74,67; H
6,27; N 5,81%), O-methyl N-(9-tolyl)benzohydroxamate (28) was uiso isolated gs a viscous oil
(0.52g; 20,15%). N* 241, ®/z 105, 77 and 51. v g (CHC13) 1660 and 1360 cm —; 8(60 MHz;
(DC1,) 2,24 (3H, s), 3,58 (3H, s), 7,05 ~ 7,35 (JH, m) and 7,40 - 7,65 (2H, m). (Found: C
74.8; H 6,3; N 5,8%. clsnlsmz requires C 74,67; H 6,27; N 5,81%).
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