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The reaction of dimethyl acetylenedicarboxylate with the 2-amino-5-chlorobenzophenone oximes was studied.
It was found that the Z oxime gave (2-benzoyl-4-chloroanilino)fumaric acid dimethy! ester (Z)-oxime (4) and
the E oxime gave 2-carboxy-6-chloro-1,2-dihydro-4-phenyl-2-quinozolineacetic acid dimethyl ester 3-oxide (7).
Each of these compounds (7 and 4) reacted with trlphenylphosphme and carbon tetrachlonde to give products
resulting from Beckmann rearrangements of the respective oximes.

The utility of acetylenedicarboxylic acid esters for the
preparation of a variety of five- and six-membered hetero-
cyclic systems has been amply demonstrated during the
past decade? and at least one example of the formation of
a seven-membered ring system has been reported.? Qur
interest in the preparation of benzodiazepines for poten-
tial use as medicinal agents®-* prompted us to examine
the possibility of condensing a bifunctional molecule such
as 1 with dimethyl acetylenedicarboxylate (2) to produce
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a new benzodiazepine system, Although this objective was
not realized, the chemistry resulting from this study is of
sufficient interest to merit reporting at this time;

The facile condensation of 2 with 2-aminobenzophe-
nones to give 4-phenylquinoline-2,3-dicarboxylates has
been reported.5 Since this reaction must proceed via a nu-
cleophilic addition of the initially formed enamine system
to the benzophenone carbonyl carbon, it occurred to us
that the direction of addition might be reversed by al-
tering the electrophilicity of the carbonyl system. We thus
investigated the addition of 2 to the aminobenzophenone
oximes 3 and 6. It was found that the reaction was depen-
dent on the geometry of the oxime system. Thus reaction
of 2 with the a (Z) oxime (3)% gave the uncyclized adduct
(4), while the analogous reaction with the 8 (E) oxime
(6)¢ gave the quinazoline 3-oxide (7). Assignment of struc-
ture 4 was supported by the vinyl proton signal in the nmr
spectrum at ¢ 5.41 and the NH/OH signals at § 9.66 and
12.23. The thermodynamically more stable fumarate
stereochemistry” has generally been assigned to the reac-
tion products of 2 with anilines in -alcoholic = sol-
vents.8.9:10.13 In this case the fumarate assignment was
supported by the low-frequency ester carbonyl absorption
at 1690 cm~* which has been attributed to intramolecular
hydrogen bonding of the ester carbonyl with the adjacent
NH.® Structure 7 is analogous to the six-membered ring
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adducts (11—13) formed by the reactlon of 2 with the
ortho-substituted benzamides (8-10).11-13 The methylene
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protons of 7 were represented in the nmr spectrum by an
AB quartet centered at 6 3.34 (J = —17 Hz). For com-
pounds 11, 12, and 13 the corresponding protons were rep-
resented by signals at § 3.31 (AB quartet, J = —18 Hz),1
3.35 (8),12 and 3.17 (s),* respectively. The mass spectrum
of 7 was similar to that of 13;13 the major peaks resulted
from fragmentation of the C-2 substituents with loss of
the N-oxide. Thus the parent ion (m/e 388) suffered suc-
cessive losses of COOCH; (m/e 329), CH30H (m/e 297),
and COz (m/e 253). The m/e 329 and 297 fragments are
analogous to those derived from the C-2 substituents of
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13; the m/e 253 ion probably results from fragmentation
of the m/e 297 ion as shown. Each of these transitions was
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supported by a metastable peak. The electronic spectrum
of 7 was similar to that recently reported for 6-chloro-1,2-
dihydro-2,2-dimethyl-4-phenylquinazoline 3-oxide, which
had Amax 234 nm (e 23,140), 252 (sh, 20,610), 294-304
(7390), 390 (3940).15

Saponification of 7 with excess sodium hydroxide and
acidification of the resulting salt gave a crystalline prod-
uct which was insoluble in cold organic solvents. When
this material was warmed in methanol it dissolved with
vigorous gas evolution to give 14, which could be convert-
ed to the methyl ester 15 with diazomethane. In the nmr
the CCHj signals for 14 and 15 appeared at 6 1.95 and
1.97, respectively. The mass spectrum of 14 had no molec-
ular ion; the spectrum was essentially identical with that
of 16,16 which may have been formed by thermolysis of 14
in the inlet port of the instrument. Minor peaks at m/e
270 and 269 suggested that 6-chloro-2-methyl-4-phenylquin-
azoline 3-oxide (17),8:17 resulting from the loss of COq
and H: from 14, may also have been formed during this
process. Thermolysis of 14 occurred almost explosively at
about 160° to give a 49% yield of 16. None of the quinazo-
line 3-oxide (17) was detected in the reaction mixture;
however, we did not exclude the possibility that a small
amount of this material might have been formed in the
reaction.
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The mechanism for the conversion of 7 to 14 is of pass-
ing interest, since, at first, it might appear that the car-
boxymethyl function should not be particularly suscepti-
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ble to decarboxylation. We presume that the dibasic acid
a is the initial solid isolated from the saponification reac-
tion and suggest that decarboxylation of this material
may proceed with ring opening by a 1,4-elimination with
cleavagel® to give b. Alternatively ring opening could pre-
cede decarboxylation (viz. a — ¢ — b). The intermediate
b would be expected to undergo a facile ring closure (via
d) to give the final product (14).

Phosphorus trichloride®:19 effectively cleaved the N-
oxide bond of 7 to give 18 in about 25% yield. It is inter-
esting that dimethyl 6-chloro-4-phenylquinoline-2,3-dicar-
boxylate® (19), obtained in 17% yield, was a major by-
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product of this reaction. Apparently the reaction of phos-
phorus trichloride with the N-oxide was accompanied by
some ring opening (reversal of the original cyclization
reaction). Recyclization of the resulting intermediate then
occurred at the original carbonyl carbon to give 19. This
cyclization is analogous to the formation of 19 by the reac-
tion of 2-amino-5-chlorobenzophenone with 2.5 Catalytic
hydrogenation of 18 with platinum oxide in acetic acid
gave 20 in 41% yield. This same material (20) was ob-
tained as a by-product from the catalytic reduction of 7
under the same conditions. The major product from the
latter reaction was 21A, which was accompanied by a
small amount of lactone 22, Structure 22 was supported

H H
| CH.COOCH, | CH,CO0CH,
N{—coocm N\l——COOCHS

N N

a H al SOH
Ph Ph
20 21

|
CHOO0C_ _-C—COOCH,
f |
H
i] co0C 2 .
N—o0 2N

al al S0Ac

Ph Ph
22 23

by ester and lactone bands at 1745 and 1780 cm 1, respec-
tively, in the ir and an AB quartet centered at 6 3.15 (J =
—16.5 Hz) for the methylene protons in the nmr spec-
trum. In addition to the molecular ion (m/e 358), the
mass spectrum of 22 had a minor peak (m/e 314) corre-
sponding to loss of CO; from the molecular ion and major
peaks at m/e 299 and 255 corresponding to successive
losses of COOCHj3 and CO; from the molecular ion. In an
attempt to convert 21A to 22 the former compound was
subjected to refluxing toluene for several hours. Although
a very small amount of 22 was obtained from this reac-
tion, the major product was a second diastereoisomer
(21B) of 21. These two compounds (21A and 21B) were
readily distinguishable by ir and nmr. For example, 21A
had ir bands at 1740 and 1725 cm~? for the ester carbon-
yls while 21B had only one band at 1725 cm~!. In the nmr
the methylene protons of 21A were represented by an AB
quartet centered at 6 3.12 (J = —15.5 Hz) while 21B had
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an AB quartet centered at 6 3.16 (J = —16 Hz). The
methyl ester protons were represented by three-proton
singlets at 6 3.59 and 3.60 for 21A and at 4 3.72 and 3.75 for
21B. The benzyl protons were represented by singlets at §
5.25 and 5.17 for 21A and 21B, respectively. Each com-
pound had two peaks corresponding to the exchangeable
protons. The mass spectra of 21A and 21B were similar but
not identical.

When compound 7 was warmed with acetic anhydride a
ring-opened acetoxy oxime (23) was obtained. Structure
23 was supported by ester carbonyl bands at 1785, 1735,
and 1690 cm~1 in the ir and a singlet for the vinyl hydro-
gen at § 5.49 in the nmr spectrum. An isomeric material,
compound 5, was obtained from the oxime 4 by its reac-
tion with warm acetic anhydride under similar experi-
mental conditions. From the method of synthesis we
must conclude that compounds 23 and 5 are isomeric
about the oxime nitrogen. Thus 5 which was obtained by
acylation of the Z oxime (4) must retain the Z configura-
tion at the oxime nitrogen. On the other hand, simple
fragmentation of the quinazoline C-2-N-3 bond would
be expected to give oxime derivatives with the E configu-
ration. In this regard it is noteworthy that alkaline hy-
drolysis of 6-chloro-4-phenylquinazoline 3-oxide is a useful
method for preparing the 8 (E) oxime (6) in pure form.20
It is probable that the enamine system of 23 has the fu-
marate stereochemistry analogous to that of 4 and, there-
fore, 5 (vide supra). Thus the ir bands and nmr peaks at-
tributable to this system are similar for each of the three
compounds. Compare, for example, the ester carbonyl
bands in the ir and the methyl ester and vinyl proton sig-
nals in the nmr spectra.

We next directed our attention to potential methods for
obtaining heterocyctic systems from compound 4. After
initial abortive attempts to cyeclize 4 under thermal (py-
rolysis at 170-175°) or base-catalyzed (sodium hydride in
refluxing benzene) conditions from which only unchanged
starting material was recovered, we decided to investigate
the possibility of creating an electrophilic center at the
oxime nitrogen which might then undergo a cyclization by
reacting with the adjacent enamine system. A promising
reagent for this purpose appeared to be the triphenylphos-
phine-carbon tetrachloride combination (24), which has
become increasingly useful for removing oxygen (OH or
H»0) from various systems with the concomitant forma-
tion of triphenylphosphine oxide. Thus 24 has been found
to convert alcohols to alkyl halides?! and carboxylic acids
to acid chlorides?? or, in the presence of amines, to am-
ides.?® With added base, 24 is useful for converting pri-
mary amides?* and aldoximes?5 to nitriles and formam-
ides to isonitriles.26

We found that compound 4 reacted rapidly with 2 equiv
of triphenylphosphine in refluxing carbon tetrachloride
solution to give, in addition to triphenylphosphine oxide,
a mixture of two products which have been identified as
25 and 28. The structure of 28, a minor product of the
reaction, was established by direct comparison with an
authentic sample.’®> The major product of the reaction
(25) was obtained in 60% yield. Its functional groups were
limited to two methyl esters, identified by bands at 1745
and 1680 cm~* in the ir and singlets at 6 3.91 and 4.03 in
the nmr, and an NH which was established by the ir ab-
sorption at 3270 cm~* and a DyO-exchangeable peak at &
9.72 in the nmr. The low-frequency ester carbony! absorp-
tion in the ir is undoubtedly due to the vinylogous rela-
tionship of the C-3 ester function with the C-4 nitrogen
substituent. Saponification of 25 with sodium hydroxide
gave the dibasic acid 26, which was decarboxylated by
heating at 259-268° to give 27. This compound was identi-
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cal with an authentic sample which was prepared by the
reaction of 4,6-dichloroquinoline®7?-28 with aniline.2?
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An interpretation of the reaction of 4 with 24 is shown
below. The initial reaction of triphenylphosphine with
carbon tetrachloride is the result of attack by phosphorus
on halogen to give the chlorophosphonium trichloromethy-
lide (e), which is apparently the intermediate responsible
for the reactions of 24 with oxygen-containing sub-
strates.30:31 The reaction of e with the oxime 4 would be
expected to give the quasiphosphonium salt f, which could
undergo a Beckmann rearrangement with elimination of
triphenylphosphine oxide. The resulting intermediate,
which may be formulated as the iminocarbonium ion g,
could accept a pair of electrons from the enamine system
to give h, which is a double-bond tautomer of the ob-
served product (25).32:33 Alternatively the reaction of g
with chloride ion would give the imino chloride. Although
this derivative could also react with the enamine system
to give h, it might survive to be hydrolyzed to the amide
28 during the aqueous work-up.
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It was recently reported that 2-bromoacetophenone
(Z)-oxime reacted with triphenylphosphine to give, after
aqueous work-up, acetanilide. This same reaction, how-
ever, with 2-chloroacetophenone oxime gave (2-phenyl-2-
oximinoethyl)triphenylphosphonium chloride,3* A similar
dichotomy was observed in the reactions of 2-bromo- and
2-chloroacetophenone with triphenylphosphine in the
presence of a proton donor such as methano! or diethyl
malonate.?> The latter phenomenon was attributed to the
propensity of trivalent phosphorus to attack either halo-
gen or carbon of an alky! halide.3%:35 In an aprotic medi-
um the two mechanisms give the same product, the phos-
phonium salt; however, in the presence of an acidic proton
attack by phosphorus on halogen results in the reduction
of the alkyl halide. Thus in the case of 2-bromoacetophe-
none oxime triphenylphosphine undoubtedly attacks bro-
mine to give initially the enolate bromophosphonium ion
pair (i), which proceeds to the quasiphosphonium salt j
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EXPERTMENTAL SECTION

Melting points wera iaken in capillary tubee and are corrected. Ultraviolet
spectira were determined on a Cary Medel b spectrophotometer, ir spactra on a

ParkineElmer Nodsl L2l spectrophotometer, mass spectra at 70 eV on an Atlas Model

G-l spectrometer, high-rasolution mass spactra on a Consolidated Electrentics
Model 21-110 spectrometas, 2nd nmr spectra on o Varisw Model A-60A spactromater,
Kmr pedys are vecorded in parts per million downfield from tetramathylailame, 1In
general, only those nmr peaks which are sither mecessary for the structure proof
or are readily assignable to a specific proton or group of protans are reported:
the fntegrated spectra avs, however, {n 4l cases in agreement with the assigned
struzteres, Skellysclve B is a commercial hexane, bp 60-70°, made by Skelly 04l
Go., Kansas City, Mo. Darca G-60 i3 an activated carbon prepared by Atlas Chemi-
cal Industries, Inc,, Wilm{ngron 99, Del. Celite s a Filter atd manufactured by
Johns-tanville, New York, Mew York. The alumina used for chromatography was ob-
tained from M. Woelw, Eschwege, Cevmany, and the silica gal from E. Marck 4G,
Darmatadt, Serwany.

it ]-bn ¢l 41000 fumaric_actd, Dimechyl Sster (2)-Oxime (4)-4 minture
of 3% {2.47 5, 0,01 dimethyl atetylenedicarboxylate (1,42 g, 0,01 mol) and
Y20l (20 m1) was stirred at ambiert :emperature for 1 hr an¢ filtered, The aolid

was recrysnaluzed Erom CHzClz-MeOH to glve 2,59 g, mp 162-163° and 0.25 g, mp
164-165.5° (73,24 yield) of 4. The snalytical sample had: mp 164.5-165.3% wv
{Ec0%) ond ebsovprion, imax 245.5 vm (€ 19,200), 326 (16,200); ir (Nujol) 3230,
3203, 3060 en™d (NW/CH}, 173C, 169C (0=0); amz [(CDg)a$0} ¢ 3.68 (m, 3, OCHa),
3.7t (3, 3, 0GKa), 5,51 (s, 1, C=C8}, 9.66 (s, 1, NE}, 12.23 (s, 1, 0H); mass
spectrum m/e 3550616 (CigHi 0IN0,), 320, 296, 253, 239,
anal, Caled, for Cigiy,CiFz0s: G, 58.69; , b.41; G1, 9,125 N, 7,20, Found:
<, 58,67 W, b.w9, c1, 9.19; ¥, T.15,

& 1 1,5-dinydresb~phi 1 L1 ti¢ Acié, Dimethyl Ester
Z.owide, [v,.A solution af gs {8.79 g, 0,0357 mol) and dimethyl acetylenedicar-
bexylate (5,07 g, 0,0357 mol, {n MeCH (70 ml) was atirsed for 1 hr at ambient

temperature and concentrated in yacuo. The residue was crystallized from StOAc
te give 8.80 g, mp 130-134° and 7.1€ g, mp 128-132° (72,24 yield) of 7. The ana-
lytical sample had: mp 127.128°; cv (ELOH) end sbsorption, hmax 233 om {e 20,350},
2so {18,750}, 308 {7050}, 38 (seso)-, tr {ujo1) 3260 en® (MK}, 1760, 1750,
(c=0}; oms [(CDy)2807 6 2.01, 3,20, 3.38, (3,65) {43 quartet, 2, CHg}, 3.62 (s,

3, 0CHs), 3.76 (s, 3, 0CHg), £.30 (s, 1, WH}; rass spectr\m /g {rel intenairy)
388 (261, 371 (8}, 357 {3}, 35 (100}, 313 (5), 297 (o}, 253 (7} with meza
stable pasks at 260.1 (338 —220), 269 (229 =207}, 216,4 (eg-v_,ess).

COCailaly
ing mixture vas filtsted through Celite, and the filtrate vas concentrated in

uag The residue was mixed wic

uster, neutralized with Yo 05 and extracted

with EtzC. The extrac: was washed with brine, dried (KzC0q) and corcentrated.

Grystallizavion of the restdue

- FtDACv-SxE'.l;«solve B gave 3,56 g {35.4%) of
2.cardoxy-Grchioronl,2,3 . Lx el aphy

1-Z~quinazoii

acid, dimethyl esrer ‘G1A), mp L5, ohe analytical sarple had: mp 157-
157.5%: uv [ExCi) erd abscrption, imax 230 no [e 11,1200, 0. (25k5); ir fNujel)
320 ex"l (NMU/GH), 170, 1725 {S=0); nass spectram mie 350, 373, 331, 317, %13,
) 3408, 3,15, 3,51 iAB quarter, &, CHg), 3.55 (s, 3,
OCH3}, 3.60 {e, 2, GOHz)y 5.25 {s, 1, GH), 5.33 ‘s, 1, NW), 832 {s, 1, OH),
aled, for $oMcClNa0s: €, 58.33; K, 4.83; ©1, 9,07 &, 7.17, Found

P oHOLLTOp Ol ELE N, EU76.

2527 nmr [(CDa)sEC] & £.%:

The motker Liquoc was corcsntrated tc give 7. g of & mixture which wes chroma-

tagraphed on stlica gel (k00 g} @ 25% E:0Ac-T5% cyclohexane, The firs: cem-

pound eiuted from the colum vas ¢
€615 g (6,385} of zbony-&
acexic scid, dimeshyl edcer (20}, mp 151.5-182°. The and
146-187,5%) wv ‘SooH) > 7

vstallized frem Er0ac-Skellysolve B to glve
y henyl-2-quinazald
28l sample had: mp

% 207 nr (s 35,600, 253 (10,800}, 307 (2560} i (Nujol)
1700 {C=C}, mass spectrum mfe irel intensity) 37h {3),
, 281 12}, 255 {4}, 216 (17); nmr (CDCla) 3 2,57, 2,52,
Ezi, 2,55 (s, 1, i, 3.70 {5, %, OCHa}, 3.78 is, 3,
(s, 1, W,

L0, €, 60.8
5,035 N, 7.3,

hioTo-1,2,3,}

e, 1, el 3

5.1k €1, §.4€; N, 7.u7. Foard

The second compoun¢ eluted Zrom the colimn was cryscallized from StOdc-Skelly.

solve B to give G241 g “3.7%H) of Tuchlore.z,3,4,5~tetrarydro-2-oxe.

-phenyl.3ak-
1soxazolo(2,E-b xitnazoline-3a~carbexylic actd, methyl ester (22}, mp 12k,5-127°

dec. The anel

veical sample wad: mp 125.5-123° dee; uv [EtCH) end sbsorption, imex
247 on {520,800}, 307 {£870); ir Kujel} 3b10 em™ (NK), 1760, 17:3 {C=U); mass
spectum mje ivel intensicy) 358 (10}, 314 {4}, 209 !100), 255 (6k), 21% !33}, 17

230 omr {CCLs) § 2,78 (d, 1, o = -16.5 Wz SHe), 3.53 (4, 1, &=
Haly 3,25 (s 3, OCHa), L.77 (e, 1, WH), 5.57 {s, 1, CH).

. for € gMisClNa04t C, B0,24; H, &.21; C1, 9.38; ¥, T.81, Found;
A, 305 G1, 5,565 B, T.E3.

torowl, 2,3, heny ei 14 tic Acid, Dimethvl
n 0f 13 1C.5 g) In HCAc (2D ml} was ireaced with PrQz

Zater (20). - & solata

satalyst 'C.1 g} ard hycrogenated for 2,5 hr at amhisnt temperstura and én

initiel hydrogen pressure of 1,& kgien®. The resulting minture was filterad

BRI
specteun mje 37C, 338, 339, 232, 28O,
€ £L.3

(585, 755, Poumd:

om Etoac-Skellyaolve B to yield 2,53 g, mp 157-158%. A mixture
melring poirt of this materisl with &n authencic sample vas undepressed,

Aniliro-G-chl Z-cuinoli

searvoxylic Acid

) - 4stirred mixtore

3071 5, 0,01 L), warer (228 mi}, THE (75 ml) and 0,945 N3 26,5 ~1)was kept
under Nz for 22 hr and concentrated i vacuo ar 30° to remove the THE. The result-
ing aqueous sclution was filtered and the f(itrace wos cooled in an fce hach and
acidifled to pH 4 wich dilute HC1. The salld ves collected hy filtratior, washed
g0} snd dried ta give 3.6
insotuile in most organic solvents, The analytical ssmple, obcained by rectys-
tailizing some of :his materisl from MeOH, kad: mp 257,5° dec; uv (EXOH) end abe
38,900), 263 [sh, 16,000}, 325 ‘sh 5040}, 357 (3700} ir
WiCHY, 1595, 164G {C+0); rass spectrom pie (rel intensity)
» 26¢ {100}, 252 {10), 25 (78), 217 (36}, 216 (i3).

S5 H, 3.2-3 €1, 10.3-; N, E.17. Founds

g of 25, mp 235.5-257° dec, This material wes very

sorprion, taax 237 am {

boAniline.i-chloroguinatine (27) - A sarple of 25 {1,5 2) wis warmed under Kp in

an oil hath at 2353.258° for - min. The cooled melt was dissolved in ¥rdic, de.

colorized with Barco COD, Filrered tirough 2 smell pad of silica gel end crystals
tzed to glve C.35 ¢ {50 of 27, mp 1o :

1357, "he analyrical saaple nad:

mp 193-19s.5°, uv ‘E:CH end absorption, imax 215 nm (g 45,400), 249.5 (25,100,
%3 (14,200)
fnal, Cated. for CughuiCl¥z: C, 70,735
6, 70.81; B, &.12; €1, 1,12 N, 11,05,
Lo saliino-6-chlorsquineline (27, - A stirred sclucion of 4 ,6-dichloroquina

Iine 27728 (5,59 g, ¥ wmal), antline [0.28 g, 3 mmol} and 3.71 K KL in ZeOH

¥, 4,35 C1, 13.92¢ N, 11,00, Tound:

(0,8 ml) was kepc st erdlent cemperature for 5 hr and ar reflux for 1 hy, It was
then concentrated {n vacug, and the residue was mixad with water, neutralized
vith NagCOs and extracted with CHgGiz, The extract was washed (Hg0), dried and
concentrated, The vesidue was cryatallized from Exdac Zo give 0.32 3, wp 192«
193.5° and 012 g, mp 191-193° [57.5% yleld) of 27, Tnis material was identical

to thas obtained from 2€ by ir, uv 2a¢ omr comparison. The mixture melting peint

was undepressed,
Zeaction of 7 with Trisheny and Caryon Tetrachloride - 4 stirred rix
ture of I (11,7 g, 0,03 mol}; hyérocarban stabilized CHClg {100 w1} and C€Ol,

triphenylphesphine (9,48 g}, kept at smbient temperature

{30 n1) vas treatad with

For 40 min en¢ et reflwx for 2 br, Tt was then kepr at asblent temperatuse For

anal, Caled. for CagHi-ClugOsi €, 58.69: H, 4.4y C1, 5,125 N, T2l Foun
c, 58.78; #, h.7hi €1, 8,725 W, 7,51,

§-Chlor 1,2~ dihyd 1 4= phenyl inazel i Acid, 3.oxide [W)-
4 stirred mixzure of 7 (11,7 2, 0,03 mol} THF (100 ml) and wacer {675 ml) was

cooled in an fce bath, tzeated with 0,545 N ¥aOH (B0 ml} and kept at ambient tem

perature for 24 hr. It was then filterad, and the filirate was concensrated fn
vacug to romove the THF, The resulting solucion was esoled ir an iee bath and
acidifled to p 22,5 with dilute HOL, The mixture wac traatad with a little
CHOlg and stirred unril crystallization was complete, The solid was collected by
filtration, washed with wacer and CHCly and driec to give 9.47 g of solid, Dis-
solution of this macerial i hot methanol wes accompanied By considerable sffer-
vescence. Ctystallization of the resulting compound from YeOR-EcOc gave S.71 g,
mp 179-180° cec aad 0,698 g, mp 182-163¢ dec (£9.he yield) of 1h. The analytical
sample had: mp 172.5° dec; uv (BeOH) kmax 230 m {¢ 3t,900), 255 (eh 13,600), 280
(sh 7300}, 31b {5430), 380 (1950); fr {Nujol) 3280 em * !NH}, 2320, 1695 (COOK};
amr TDCON(Chalz) & .95 (s, 3, C-Clie), mess spectrum m/e (rel intensity) 270 (7.2,
269 (6.8), £54 (100), 255 (69), 235 (L}, 219 (86) with a meta stable peak at 189
(254 —219). The mass spactrum of Gnchloros2emethyl-dephenylauinazeline 3woxide®
had /e (rel intemsicy) 270 (59), 269 {60}, 254 {53), 253 (£9), 23- (14), 21p (6o},
Anat. Caled, for CaeFasCliz0at C, 60.67; W, h.lby €L, 11.15; ¥, 8.8k, Found:

C, 60.71; H, 5,09; C1, 1L.2T; N, 8.59.

B=Chloye.1,2-dth Pyl 1 1 Lo Acld, Methyl
Ester. 3:Oxide (35}~ srirred suspension of 14 {2.83 ) n CHgCla (150 m1} was
treazed during 5 hr with an excess of an ether soluzior of diazemethene. When

nost of the golid had dissolved the mixture was filtered, and the filtraze was
washed with ¢iluta VaHCOg and Hgd, dried (NapS0,) and concentrated, The residue
was crystallized from EtCac-Skellysolve B to give 1,26 g, mp 163-165° and 0,316
8 mp 162-163.5° {53.4% yteld) of 15, 1The analytical sample had: mp 1€3,5-165°,
uvo{EEOR) end absorption, imex 233 nm {x 22,550), 20§ (sh 23,050}, 251 (19,750},
308 (7700), 383 (3800); ir (Nujol) 3180, 3160 cw * (¥H}, 1745 (2=0); nmr (3DC1a)
§1.57 {s, 3, C-Cla}, 3.75 (s, 3, O-CH), 5.65 (s, 1, B0,

anal, Galed. for CipHysGINgDa: C, 61,73 M, ¥,57; Ci, 10.72; N, 8.4T. Found:
¢, 61,407 ¥, 4,615 €1, f0.69; N, 8,50,

§-Chioro-2-methyl-b-phenyiqsinazolsne (15'-A sample of 1& (1.5 g) was warmed

under Ng in 8n ofl Sath from 137-160° durimg § min, The nateris] decomdased

vigorously uith much evolution of gas. The coaled melt was chromacographed on
siitca gel {75 g) with 20% ErOAc-80F cyclchexena. The product thus obiained was

crystallized from EtOAc~Skellysolve B to give: 0.31T g, mp 104-107.3° and 0.2T8° g,

FORAT
theough Celits, and the filtrate was concentraced in vacuo. The residue wea mixed
with dilute aqueous NaHCOg ard extractad with CHCls. The extract was washed (HzD),
dried {KzCOs} mad concentrated, The residus was crystallized from EtCAc-Skelly B
to give 0,20« g {40,58) of 20, mp 163.16-" dec. The anelyrical sample had mp

64167 des. 1t vas te same &3 the sample obtained from 7 by ir, uv and nmr

comparison.

Caled, for CyghyaCligdqt C, 50.8¢;
€1 60,831 1 5018 CLu 510 By AT
Resction of 214 vith Refluxirg Toluene - A stirved rixture of 214 (0.783 g,

0.002 mol) and tolueme (50 mi) was reflrxed urder Nz for & hr 35 rin, During

747, Found:

tals time the solvent was siowly distilled from the reaction mixture tirough &
small glasa-helew-packed colum, The resultring solution was concenirated and the
residue was chroratographed on silica gel {50 g) with 20% EtCAc~80% cyclohexane.
The first compoand eluced from the cclum was cryscallized fram EtoAn-Skelhsal\'e
b1.7%) o y-G=chlors-1,2, 3, betecrahy vd
pheryl-Z-quinasolineacetic scid, dimothyl ester {213}, mp 152-154°. The anals-
tical sample had: mp 153.5-155%; uv 'EcoH) hmax 207 am i 34,000), 2:2 fah 7900},
258 '9930), 307 12790}, ir {Nuiol) 336D, 3850 ow™* (NE/OR), 1785 {C=0}; nmr
16DC1a) § 2,75, 3.68, 3.30, 3.57 (AB querter, 2, CHz), 3.72 ls, 3, OCHa), 3.75
‘s, 3i COHia), 5.17 {3, 2, CL ané OE/FR), 5.€1 (s, 1, Wi/on): mess spectrum mfe
frel intensity) 390 (3), 321 {100}, 317 [k}, 313 (3), 233 (£), 237 (19}, The
mixtore meliing point with A was 127.5-108°,

Anel, Caled, for CugHigCINGO0s: C, 58351 H, £.90; C1,, 4,07 7.17,  Found:

S, 58555 B, b.gbi 1, 9,051 N, T.05

5 to give 0,327 g

The second cempaund elure¢ from the colura was cryscallizec fram BrOfc-Skellys
sclve B to give 3 mg of 22, rp 126-122° dec whion was identical to the surhen-
elc sample by ir comparison.

‘z-5enzoylt chioroaniline)turaric 46 Dimechyl Ester, (b Lok

g3} - A mixture of 7 (2,03, 5.2 mnol} and Acg0 {10 ml} wae warmed urnder Np on
che steam 5ath for 15 min, cooled and paured into ice wacer. The resulting mix-
ture was stivred for 45 min, neutralized with ¥aCOs and extracted wich CHaCla,

“he extract was washed {Hz0), dried (NapSO4) and comcentrated. The residua was
rvscallized fron EtzC.Skellysolve B to give 1,42 g (63,8%) of 23, mp 113.5-
360, and had mp 1235

121°, The aralytical semple wss crystallized from CHCYp
122.5%; uv (ELOR) end eosorption, smax 335 nm [ 3500), 235 {st 14,500), 245

fsh 12,000); ir 'Sujol) 2290 em"d MW}, 1785, 1735, if9C ‘e=C); omr [{C03)280]
\2L (s, 3, C-CHp), 3.65 (s, 3, OCHy), .71 (s, 5 xHs), 559 {8 1 CeG-t )

7 05, 1, M)

i
.57

12 hr, poursc ints ice water and neutralfzed with NeHCO3, The layers were separa
ated and the zcusous layer was extracted with GHGlz, The combined organic solu

tion was weshed with trire, driec {NapS0y} end concentreted. The residue wes

carefully chromatographec on silica gel (1 kg with 15% ExChc - 83% cyclohexane,
The Zirst compound stuted from cthe column vas crystailized from Etdje-Skellysolve
B o glve 0,501 g (4,34} of {5-chloves3ephenyl.l-indazolyl} fumaric acid, cimethyl

ester {25}, mp 112,5-115%, Tae analytical sample hadi mp 113-11h,5°%5 uv {Eeon)

max 203 mm (¢ 57,000), 236 (81,200}, 2b& (en 20,650}, 277 (1-,560), 337 {27,000};
i {Majel) 1730, 1705, sh 1895 (C=0)i emx chlg) 5.82 {s, 3, 0CHa), b.07 1s, 3,
OCHa), 6,51 (3, 1, =2H7, mass speerrvm mfe {vel latensity) 370 {100}, 33g (9], 3il
(g}, 281 (h), 252 (4}, 251 (L}, 228 (6,

Anal, Caicd. for CigHieCl¥ale: ©, £1.55; #, 4.08; G1, 9.%6; ¥, 7.55, Found:

T, 61.36; K, 4191 C1, 9.72; ¥, T.TE.
The sazond compound eluted from the column was an oil which was obtainad in low
vield and cauld not be shtatned pure,
The third compouné eluted from the column was crystallized from Etac-Skelly B to

glve 2,25 ¢ {20,2%) of (5-chioro-2-phenyl-l-benzimidazolyl}maleic az{d, dimethyl

ester (30}, mp 130~135°, The analytical sample ned: wp 131.5-134.3%5 uv {EuoK]
amax 204 mm (g 29,100}, 252 Ish 19,000, 268 [2k,000}, 313 (sh 10,000), 350

{ah 5660}; iv (¥ujol) 1735, 1715 em™ > (CeD); amr £DCLs) € 3.28 {s, 3, GClgl,
3,98 (s, 2, OCkg}, 6.69 (s, 1, =Gk mass spscerum =/e {rsl intensity} 370 (100),
339020, 311 {95}, 31c (56}, 27y (23}, 267 (30), 252 (28}, &5 (3%,

Aral, €aled, for CapHisCiNz04: C, 51,55; H, .08 €, §.56; ¥, T.55,

Found: €, €3.50; R, k,Cé; C1, 3.€5; .87,

The fourth corpound eluted frem the ¢olumn was eryetallized from ItOac.Skeily 3
o give 0,855 g, mp 145,5.147°; 0.558 g, mp 145,5-16.5%, 0,377 g, mp 1k5,5-147°
© yleld) of !5-chlarc-2-pheaylnl-benzimidazolyl) fumaric actd, dimerhyl
ester (31}, Tre snalyzical sample had: mp 45,5-147°1 uv (EtOH) jmax 206 nm

{2 55,500}, 220 sk 31,900), 281 (12,300, 294 (15,300); tr {Nujol} 1730 em®
45 (ceCls maw (CX01s) £ 3.56 (s, 3, COHal, 3.84 (s, 3, OCHsl, 8.94 to
7.86 {m, 9, =CH and Av¥}: mass spectzum nfe (rel intemaicy) 37c {100),339 4},
311 (62), 310 {b7), 279 [19), 267 l20}, 252 (23], 251 (=),

Anal. Caled, for CaghygGiNz0e: C, 61.55; W, 4.0 C1, 9.5¢; N, 7,55, Found:
c, 61.84; B, L.09s Cl, 5,68; N, T.67.

The FLEth compourd was eluted from the column with the trailing povtien of com-
pound 31, After 31 had been removed by cryetallization, the mother liquor was’
sctdifisc with a NeOH solution of H3t,
HeOk-EtOAc o give 1,07 g {7,362 of 1§ «HBr, mp 18--185° dec, This materfal was

The resulting sait was crystaliized from

he same as the authentic sample by tr, uv ard nrr comparisen,

Hester

PR
mp 105-106° {+¢.3% yield) of 15. The analyticsl sample had: mp 196.107.5°, 113.
mp 105-106°", 105-107°°%, 10 _10&'“1; rass spectrum nfe {ral tatensity) 254 (72}
253 {100) 235 0.8) 215 (g3},

Angi. Caled, far CioHyiCl¥e: €, 7C.73; H, .35; Cl, 13.92;
€, 70,31 W, k355 €1, 16135 N, 10.83.

11,00, Four:

This meterial was ‘dentiesl te en authentic sample of 1§ by direct lir, v, umr
and mass spectral comparison.

Reaction of T with Phosphorus Trichlovide » A stivved mixtcre of ? /1.0 g, 2,57
mrol) and hydrocarbon-stabilized GEClg (25 al) wes treated with BCly (1,0 ml}, re-

fluked under N for 30 min and poured on:c crushed fce, This mixture wes neutrals
fzed with NaHC0z 8nd exkracted with CHiClp, The extract was washed (Hp0), dried
£iltered through

€ email pad of silice gel and cryatallised frov Stbae-Siellysolve 0 o give

0,152 g (16.5%) h Sequinolinedfrach
ester (1), m 164,5-185° [1ie” mp 162,5-163°

{KzC03) and concentvated. The residue vas dissolved in EtQac,

ylic acid éimethyl

A mixture melting poinc of this
matarial wich an authentfc sample of 13 Imp 184-157,5°) wes not depressed. The
mother liquar was concentrated and chromatographed o1 allics gel {150 g} with

15% EtOAc.85% cyclohexare, The product thus obtained was dctdifiac with a aolu-
tion of HBr $n MeOH and crystallized from MeOH-EtOAc to give 0.253 g (25,1%) of

Z-carbory.-ehloro-1,2edthydro-hph

1.2-quinazolt tic scid, dimechyl ester

hydrosromide (13 HBr), mp 185-158° dec, The analytical sample had mp 182.5.
183° dec,
Anal, Celed, for CyglyBrCiNpC,: C, 50,20, K, L,00; Br, 17.61; €1, 7.82, N, 4,16,

Found: €, S0.2; W, £.39; Br, 17.5-; Cl, 7,32; K, 3,75,

& sample of (15 -HBv) wes suspended in dilute NaECOs and excrdcted with CHClg,
The extract was dried (XpCC5) and copcencrated. Cryacallization of :he residue

from ErOAc-Skellvsolve 3 zave Z £-chi 1,z ~dhydro-buph 1-2 i
linzacetic acid dimethyl eseer (12', mp 118-121.5°) uv (EtOH) end absorption,
smax 237 ne fe 31,100), 391 (1950%; fr (Nujel) 3360 en™ (NR), 175C, 1715 (C=0);
oo (CC1g) 52,86, 3.13, 2.38, .53 (AB quarcet, £, CHz), 3.71 {s, 3, OCHs),
3079 {5, 3, 0CHgl, 5.50 (s, 1, MH]; mass spectrum pfe !rel incensity) 372 (0.b),

313 (100}, 299 (8}, 281 (11}, 253 (€5}, 239 {10}, 218 (1),
A Calcd, €ax Cyghy-CINgO,: C, BL,21; H, b.5C; €1, 9,51; ¥, 7.51, Found:
€, £0.93; H, 4.50; C1, 2.55; H, .56

Catalytic Hyérogenation of 7 witk Platinum and Acetic Acid - A rixcure of 7

(20 g, 0,0257 mol), HOAc (100 ml} ané P:Cp cataiys: (1,0 g) wae hydrogenared at
ambienc temperature for 3 hr at an initial preseurs of 2,1 kg/om®. The results

SO0y
Found:

Caled, for CaKyeCl¥ale: C, 58,5
¢, 55.73; H, €Ly €1, 8,25 ¥, £.78.

Wik 1, 8.23;

-Benzaylb-chl

1ino)furartc Acid Dimetnyl Ester
(3.8 g, 0,01 mol} and Acyl {2t

v tatn for 20 min,

2}-0-Acetyloxime (S} -
0 ml) wes warmed under Np on

A gtirved mixwuve of U

the st

he rescleing yellow solutfan uas cooled and poured
into ica water. This mixture was srirred until the excess Acgd had hydrolyzed
and the resul

n3 yellow solid was colleczed by fileratior, washed 'Hz0} ard
dried. It was racrystalifzed from EtSAc o give 2.21 3, mp (57-155°, 0.881 g,
mp 158-159° and Q.53 g, mp 157.5.150° '35.2% yield} of 5. The mnalycical sam-
ple hads mp 157.5-160°; uv (EtOH) end &bsorprion, hmex 247 nm (o 19,350), 326
14,850} 1r iNujel) 32h0 cr™ {4}, 1765, 1740, 1665 [Ca0); nmr ‘CDCls)  2.23
8, 3, C-CHg)y 3.67 {3, 3, OCHa)s 3.69 (s, 3, OCHs', 5.33 {5, 1, CeC-E), 9.53
(e, 1, W),

Anal. Caled, for CaMysClials! C, 58.545 K, bo:bi €1, 8.23; X,
¢, 56841 H, b.bg; o1, 8.26; W, 6,55,

150, Found;

Reastion of b with Zriphenylohasplire ane CCL, - A stirved mixture of b {3.89 g,
9,01 mole} triphenylakosphine {5.24 3, 9,02 rol) ane dry €21, (10 ml) was re.

flured under ¥» for 2 hr 15 min, Additlonal CCl, {10 mi) wes added and the mixe
tuce wae refiuted for an additional 25 min, caoled and poured into water, Tnls
nixture was extracted with Etg0, The exzract was weaned with brine, dried (¥gS0,)
and cencenzrated, The restdae was checmatographed on Ailica gel (200 g) with 20%
EtOAc-80% zyclohexane, The first compound eluted From the column was crystal-

lized irom EtdAc~Skellysolve B zo give 0.32h g (5.24%) of [ku.chloro.2-(phenyl-

carbamoylaniline Jfumatic acid dmmvl ester {E3), mp lbs.lh7*,
sample hadi mp lala131.5°; “lit,"% ;p 143.145°J; uv EcOH) end absorption, ymax

The analyrical

22l mm [ 29,600), 255 (sh 11,450}, 3b3 50); ir (Nujol) 3370, 3140 em™ (NM),
1743, 1710, 1680, 1565, 1650 {Cw0); wmr (CDC1y) & 3.7% {8, 3, OCRal. 3.76 (s, 3,
OHg), 5.65 (8, 1, =cu), £,57 {s, 1, M), 10.58 (s, 1, ¥H); mass spectram mje
85, 328, 297, 265,
by ir, uv and mnr corparison. The mixture melting polnt was undepressed.
Apall Caled. f£o1 C.gife-CligOs: C, 58.69; H, 8.515 C1, 9.12; B, 7.20. Found:
C, 56315 H, L.611 C1, 8.16; N, 7.4€,

This matertal vas identical o an authentic sanple of 25‘

tbe second compourd eluted from the columm was crystallized from EtOAc-Skelly
solve 3 to giva 2.1€ g, mp Lo8,5-154° and 0,073 g, mp 147.5-18.5° (60.1% yield)
of heanilino-fmchlore-2,3~quinolinedicarboxylic acit, dimethyl ester (25), The
analytical sample had: mp 14€-153%; wv (EtOH) end absorption, max 236 am (¢
43,400), 270 {sh 15,500), 359 {10,250}; ir (Nujol) 3270 cm™d [NH), 1745, 1880
[=0%; nme (€DCL5) 5 3.91 (s, 3, OCHa), b.03 (s, 3, OO

P G572 (8 1, NH)| mass

S-Chioro-Z.phenvlindazole - 4 scirre¢ minture of 2-amino-5-chlerobenzophenone

{23.2 g, 0,1 mol), water (200 ml} ard core WG (51,7 mi}

wag cooled in a sele-
1c8 bath and treated dropwise with a solutfon of NaNOg (2,3 g} in water (30 mi),
The mixturs wae scirved at -5 to 0° for 20 min and then treated duting 45 min
with a solution cf §0Cla+24z0 /55,0 g, 0.2k nol) in cone ¥CL (85 ml), Tha vesule-
ing mixcurs was kept in the lce bath for 1 hr and allcwsd to warm slowly to am-
bient tamperature during 3 hr, The solld was coilested by filtration, washed
with vazar and diseolved in CECls, This solution was washad with brine, dried
{NapS0,) amd concartrated, The residue was chromatogrephed on silica gel {1 kg)
with 15% HtOAc-85% cyclohexans, The praduct thus obtained was crystallized from
B:04c- Skellysolve 3 to give 3,75 g, mp 137137.5° aed 4.51 g, mp A37-139° of 5-
ohloro-3~phenylindzzole, -lit mp 135-136°4%, xas-w'“j.

inal. Caled, for CygHgCliazt C, 68,28; W, 3.57; Cl, 15,53 ¥, 12,25, Tound:
C, 63.33; B, =.03; C, 15.b3; v, 12,77,

5.ah1l henyl-l-indazolyl; fumaric Acid, Dimethvl Egter (29) - & stirred

solutior of 5-chloro-3-phenyiindazole (.1t g, 0.003 mal} in dry benzene (40 ml)
was treated with dimethyl scetylenedicarboxylate (0,782 g, 0.0055 mol} and re

fluxed under Ng for 9 hz.
due wes chrematograghed on silica gel (100 g) with 15% EtOac.85% cyelohexane.

e solution was concentrated in yacue and the resi-

‘The first produck 2lured from the column was crystaliized from EcOdc- Skelly=
solve B to pive 89 mg (4.8%) of 25, mp 117,3-113.5°.
as that obtained from T hy ir, uv, nmr an¢ masa speatral comparison. The mit-

This materisl wns the same

ture melting point was no depressed.

The major product was eluted from tho column next. It was an oil which had: wy
500K kmex 206 nm {e 26,500}, 217 {25,008}, 250 (sh 13,700}, 247 (sh 12,650),
270 (eh 770c), 296 (sh 7550), 306 (sh 3500, 3tp (10,500}, 334 {10,100}, 33
{B250); ir [film) 1750 en”® {Ce0); mass spectrum m/e (ral tncemsity] 370 (€3),
239 {7), 311 (33), 279 (22}, 251 (19}, 252 (30); rmr (CDGXa) % 2.62 (s, 3, oCKa),

3.76 {8, 3, oCHa), 5,43 (s, 1, . This maverial was not pure and was not

further characterized,
{5.Chl senyle 1
red mixture of S-chloro--phenylbenzimidazotet” (1.6 3, 0,007 mol), dimethyl
acesylenedicarboxytats {1.1 g, C.00T7 mole) and benzene {60 ml) was refluxed
under Np for § hr and concentrated ir vecuo, The residue was carefully ehrema-
tographed on silica gel (130 g} with 0,5% MeDH-99,5% CHCla, Little sepavation
of the mixture was cbtained, but several of the firs: fractions eluted from the

1y.) fumar fc _Acid, Dimeghyl Ester {317 - A stir

eslumn soystallized from EtOAc-Skellysolve 3 to glve 0.244 g, mp 145-1567,
0,085 g, mp 15 146° and €,158 g, mp 131-142,5° (18,73 yield) of 31, This
material was icentical to that obcataed from 7 by ir, uv and nmr camparizon,

The mixture melting yeint with the authentis sample was not depressed,



Heterocyclic Syntheses

and thence to the Beckmann products. This sequence is
analogous to that proposed above for the reaction of 4

Ph—C—CH,” === Ph—C—CH,"

1H: % Ph,PBr —
1O~ SoH
! Ph—C—CH,
1U1
+
“SOPPh,
Br~

]
with 24. The reaction of triphenylphosphine dibromide
and triethylamine with acetophenone (E)-oxime to give
Beckmann products®* is an additional example of this
reaction.

Having thus demonstrated that 24 was able to achieve a
Beckmann rearrangement, it was of interest to find a sec-
ond example of this reaction. Since the quinazoline 3-
oxide (7) was known to behave as an oxime under some
circumstances (viz. 7 — 23), we next investigated the
reaction of this compound with 24, When this reaction
was carried out a mixture of four compounds was ob-
tained. The mixture was separated by chromatography
and the compounds were identified as 29, 31, 30, and 18.

H COOCH,

CH3000\C /C\ CH,00C /C\

| COOCH, (':/
N. N
/<Lk /@E />_Ph
cl N
29 30

N
a Ph
H
|

H

CH,00C.___,C
¢ coocH,

|
N
QL
Cl N
31

Compound 18 was identical with the imine obtained by
the reaction of 7 with phosphorus trichloride.36

Structure 31 was suggested by the spectral data. The ir
had bands at 1730 and 1645 cm~1 for the esters and car-
bon-carbon double bond, respectively, and the nmr had
singlets at 6 3.56 and 3.64 for the methyl ester protons.
The vinyl proton signal for this molecule fell within the
aromatic multiplet at § 6.94-7.86. An independent synthe-
sis of 31 was achieved by the reaction of 5-chloro-2-phen-
ylbenzimidazole3” with 2 in refluxing benzene. Although
the yield of 31 from this reaction was low (19%), it was
the only crystalline product that could be isolated. Since
2 can react with 5-chloro-2-phenylbenzimidazole at either
N-1 or N-3, this synthesis of 31 is ambiguous with re-
gard to the exact nature of attachment of the vinyl side
chain to the benzimidazole nucleus. We will infer, however,
that the side chain. is attached at N-1 based on our
mechanistic interpretation of the reaction of 7 with 24
which is discussed below. Compound 30 had ester carbon-
yl bands at 1735 and 1715 ¢cm—? in the ir and peaks at §
3.28, 3.98, and 6.69 in the nmr for the methy! ester and
vinyl protons, respectively. The mass spectrum of 30 was
essentially identical with that of 31, which suggests that
the two compounds are closely related. Since double-bond
isomers often behave in this manner, we propose that

J. Org. Chem., Vol. 39, No. 15, 1974 2141

compounds 30 and 31 are in fact isomeric about the side-
chain double bond.

Acheson and coworkers have studied the reaction of 2
with a variety of heterocyclic systems. In general the Mi-
chael adducts obtained from these reactions have been
assigned the fumarate stereochemistry.3® Of particular in-
terest for this discussion, the reaction of 2-benzylimidazol
with 2 gave a normal Michael adduct which was also as-
sumed to be a fumaric acid derivative.3® It has been found
that the vinyl proton of fumarate ester derivatives experi-
ences a greater deshielding by the diamagnetic anisotropy
of the adjacent ester carbonyls than does the vinyl proton
of the corresponding maleate ester derivative.*® This ef-
fect is useful for assigning stereochemistry when both iso-
mers of a particular system are available.#! In the case at
hand the vinyl proton absorption for compound 31 was at
least 0.57 ppm downfield from that of compound 30. This
is consistent with the stereochemical assignment for these
compounds and supports Acheson’s conclusions with re-
gard to the stereochemistry of the Michael adducts (see
above).

Compound 29 was isolated in low yield (4.5%). It was
an isomer of compounds 30 and 31 which had ester car-
bonyl bands at 1730 and 1715 cm~? in the ir and singlets
at ¢ 3.82, 4,07, and 6.51 in the nmr for the methyl ester
and vinyl protons, respectively. The mass spectrum was
similar to but not identical with that of 30 and 31. The
structure of 29 was established by an independent synthe-
sis. Thus the reaction of 5-chloro-3-phenylindazole with 2
in refluxing benzene gave the Michael adduct 29 in 5%
yield. Assignment of the fumarate stereochemistry to the
side chain was based on analogy with similar reactions in
the literature.*2

The reaction of 7 with 24 must proceed in a manner
somewhat analogous to that already discussed for the
reaction of 4 with 24, The chlorophosphonium salt e ap-
parently reacts with 7 to give the quasiphosphonium salt
of the E oxime (k). In this intermediate the electron-defi-
cient center which is being created on the oxime nitrogen
by the departure of triphenylphosphine oxide may be sat-
isfied in either of two ways. On the one hand, aryl migra-
tion leads to the Beckmann intermediate m, which can
react with the anilino nitrogen to give 30 and 31. On the
other hand, the anilino nitrogen apparently can react with
the oxime nitrogen of k prior to aryl migration, with the
result being the formation of 29.

CH,00C CHCOOCH,
H TN *
| COOCH, |

N
N\l——,\CEICOOCHa R RV
A HA SN L O
a Q" ¢, @ (0 PPy,
Ph %% Ph
Cl—PPh,
e k
7 2
: !
29
CH0OC____,CHCOOCH,
|
NH
N,
a N=C—Ph
or
m
30 + 31
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These results would suggest that the triphenylphos-
phine-carbon tetrachloride combination may have some
potential for carrying out Beckmann rearrangements
under mild and essentially neutral conditions. This specu-
lation must, however, await the results of future research
in this area.
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