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Aktrnet-The Schmidt reaction with 2,3diphenylindoae, in a mixture of sulphuric and acetic acid, 

affords 3,4diphcnylcarbostyril (A,), 3.4diphenylisocarbostyril (Ax), 5-phenyl-i 1 H-indolo[3.2-cl-iso- 
quinoline (B,) and 3~o-aminophenyl)ephenylisocarbastyril (BJ. The probable mechanism of formation 

of the four products is discussed. The same reaction, if carried out in sulpburic acid, gives 3-(psulpho- 
phenyl)4-phenylcarbostyril as the only reaction product. The Schmidt reaction with 3-methyl-2-phenyl- 

indone and 3-ethyl-t-phenylindone is also described. 

IT WAS reported in a preliminary communication’ that 2,3diphenylindone (I), 
when treated with hydrazoic acid in aceti<;sulphuric acid solution, affords two 
neutral products (A, and AZ) and two bases (B, and Br). Further work permits now 
to define the exact course of the reaction and to discuss its possible mechanism. 

- A, + A, + B1 + B2 

I 

The reaction 
A suspension of 2,3diphenyiindone in acetic acid containing sulphuric acid was 

treated at 70-80” with excess sodium azide. At the end of the reaction, treatment of 
the mixture with water caused formation of a precipitate consisting of Al, AZ, B, 
(as a sulphate) and unreacted 2,3diphenylindone. The base B, was obtained on 
addition of ammonia to the acidic mother liquor from which the previous products 
had been separated. 

Compound A,. Low solubility in all common solvents, high m.p. and CO stretching 
absorption at 608 u in the IR spectrum pointed to a carbostyril or isocarbostyril 
type of structure (in such compounds the NH stretching does not appear when the 
spectrum is determined on Nujol mulls) The presence ,of a lactamic structure was 
proved by easy conversion of the compound into the corresponding 0-benzoate 
(II, Jco 5.77 p). Furthermom, treatment of Ai with phosphorus oxychloride caused 
transformation of the NH--CO group into N=CCl, thus aHording compound III. 
The facile conversion of the latter compound into the anihno derivative IV, clearly 
indicated that the Cl atom was in the a position of a pyridine nucleus. Compound 
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A, was definitely identified as 3,4diphenylcarbostyril through its direct synthesis 
from 2<phenylacetamido)benzophenone (V, Scheme 1). 

SCHEME 1 

Ph Ph 

V III IV 

Compound A,. The IR spectrum of A, is very similar to that of Al. The compound 
was identified as 3,4diphenylisocarbostyriF by comparison of IR and W spectra 
and mixed m.p. with an authentic sample, also prepared by the route indicated in 
Scheme 2. 

ScHacE 2 

VI A, 

Compound Br. This compound affords yellow, water-insoluble salts with strong 
acids. The free base is light yellow and crystallizes from methanol with one mole of 
solvent, which is lost at 120-140”. Elemental analysis pointed to the formula 
C2rH,,NZ, which can be derived as follows: C2rH& (indope) + 2(NH) - (H,O). 
The IR spectrum in solution shows a band at 288 p, typical of indole derivatives,4 
the band is shifted to 3.89 p on treatment of the solution with deutetium oxide ; a 
strong band at 6.18 p may be due to C=N or C=C stretching. The NMR spectrum 
allows formulation of the following deductions: the molecule contains an active H 
atom ; indeed, deuterium exchange causes disappearance of a broad resonance, near 
1 2, associated with the active hydrogen. The very complex phenyl resonance (in 
cmtrast to the corresponding regions in the spectra of I, A, and Ai, which are much 
simpler) points to conjugation of one or both Ph groups with some polar part of 
the molecule; alternatively, a Ph group may either be disubstituted or involved in 
the formation of a new ring The W spectrum, if compared with that of A, (and 
of A,)3 shows the presence in B, of a more extended conjugation. The compound 
could easily be mono-brominated, thus indicating activation of one benzene ring 
towards eleetrophi.lic substitution. On the basis of the aforementioned considerations, 
structures VII, VIII and IX are possible for B,. All three can result from the reaction 
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VII V-111 IX 

of 2,3diphenylindone with HNJ involving: (a} enlargement of the 5-membered ring; 
(b) amination of the 2-Ph group at the urzho position; (c) elimination of a water 
molecule between the amino and the CO group. The 2-Ph group in indones is 
activated towards eleetrophihc substitution (for in~t.ance,~~~ it can be easily sul- 
phonated or nitrated), whereas the 3-Ph is very inert.’ 

The known* structure VII was soon discarded, since its reported physical prop- 
erties did not correspond with those of B,. 

Structure VIII (1 l-phenyi-5H-indolo[23+]quinoline) appeared fairly probable, its 
formation involving insertion of NH between the indone CO group and the con- 
densed benzene nucleus (normal Schmidt reactiong. lo). However, when this com- 
pound was prepared through a GraebeAJllmann reaction (Scheme 3), its properties 
were found to be different from those of B,. 

%HlME 3 

XI 

It was then decided to synthesize structure IX (5-phenyl-llH-indolo[3.2-cl- 
isoquinoline), which could have originated by insertion of NH into the indone 
double bond (a type of reaction already encountered in the treatment of indoaes 
with HNJ lo), nuclear amination and water elimination. 

Robinson and Thomley I1 had failed in the attempt to prepare IX by a Bischler- 
Napieralski cyclization of 34x nzamido-2-phenylindole with PC&. Later, Huang- 
Hsinmin and Manni obtained 5-methyl-liH-indolo[3.2-c]isoquinoline on treat- 
ment of 3-acetaxnido-2-phenylindole with phosphoric anhydride in boiling nitro- 
benzene. We applied this method to 3-benzamido-2-phenylindole (XII, Scheme 4) 
thus obtaining a low yield of a product identical with Bi. It can he safely assumed 
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SCHEME 4 

. a-K;ph “*’ - IX = B, 

H 
X11 

that bromination of Bi should give the 9- or (more probably) the 8-bromo derivative; 
indeed, 5- and/or 6-bromo derivatives have been obtained on treatment of indoles 
with bromine.’ 3 

Compound Bz. This base affords water-soluble salts, and can be crystallized from 
methanol. Elemental analysis gave values corresponding to the formula C2iHi6N20, 
which is equal to C2rHi40 (indone) plus 2(NH). The IR spectrum of the product 
shows NH (2.9, 3-0, 3.1 p) and amide CO (6-08 u) stretching absorption bands. The 
product was recovered unchanged after protracted reflux with potassium hydroxide 
in ethylene glycol: such inertness towards alkali is typical of carbostyrils and iso- 
carbostyrils. The NMR spectrum shows two broad resonances (at 1 and 6.35 t) which 
disappear after treatment with D,O, thus supporting the presence of two different 
types of active hydrogens: these are present in the ratio 1:2. The complex phenyl 
region indicates that one of the two Ph groups, originally bound to the indone Cz 
or C3 can be disubstituted. Treatment of the product with benzoyl chloride gave a 
dibenzoate containing a mono substituted amide (&, 30 u; &o 6-0 p) and an ester 
group (&o 5-75 p). Oxidation of Bz with potassium permanganate afforded 2- 
benzoylbenzoic acid, thus indicating the partial structure : 

Finally, the UV spectrum of the product (A,_ 295.318 (shoulder) mu; log e 4.09, 
3.94) is very similar to the spectrum of 3,4diphenylisocarbostyriL3 

The previously mentioned observations suggest for B2 the structure of an amino 
derivative of 3,4diphenylisocarbostyril, possibly containing the amino group at the 
para (structure XIII) or at the orrho position (structure XIV) of the 3-Ph group. 

XIII XIV 

Compound XIII, prepared from 2-(p-nitrophenyl)3phenylindone (XV) by the 
route indicated in Scheme 5, was different from Bx. 

The synthesis of XIV was carried out through Holfmann degradation of XVlII 
(Scheme 6), thus obtaining a product identical with B,. 
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NH, 

DISCUSSION ON THE POSSIBLE REACTION MECHANISM 

Several points in the reaction appear unusual: e.g. the formation of relatively 
large amounts of 3,4_diphenylcarbostyril does not agree with the Smith rule of steric 
hindrance.‘4 The formation of this product could be explained in a speculative way 
by assuming stabilization of a reaction intermediate in a rigid conformation with 
the plane of the benzene nucleus, bound to indone Cz, in a nearly normal position 
with respect to the plane of the indone system, so as to minimize steric interactions. 

The formation of B1 and B,, which involves amination of the 2-Ph group and, in 
the case of the former compound, also reaction of a very hindered double bond 
with hydrazoic acid, appears quite abnormal. 

It had been assumed that NH or NH: are the aminating agents in strongly acid 
conditions.” 

Two important factors should, however, be pointed out in the present case: the 
reaction medium is not strongly acidic, and no puru aminated products were isolated. 
The first point is not of fundamental importance, since the reaction with 2,3- 
diphenylindone is very slow: indeed, some starting product was always recovered 
even after long reaction times and with a strong excess of HN,. The relative inertness 
of the CO group towards hydrazoic acid and the activation of the 2-Ph group 
towards electrophilic substitution might influence a previous nuclear amination by 
HNJ or its decomposition products. 

2,3-Diphenylindone is known to yield, on sulphonation or nitration, only the &WI 
isomers.5* 6 The absence of para substituted products in the present case is therefore 
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in contrast with the postulated amination mechanism by free NH or NH:, in which 
an attack at the pnra position should be sterically favoured. This may signify that 
the CO groups plays an important role in directing the nuclear amination, possibly 
through an electrophilic intermediate formed by interaction with HN3. 

Two important hypotheses about the mechanism of the Schmidt reaction had 
been formulated: one by Oliveri-Mandalai6** and another by Smith.” Both of 
them assume initial formation of an azidohydrin derivative, originated by nucleo- 
philic attack of hydrogen azide on the carbonyl group. Whereas in Oliveri-Mandala’s 
hypothesis the unprotonated azidohydrin is assumed to lose nitrogen before to 
rearrange, in Smith’s mechanism a dehydration of the protonated azidohydrin to a 
ketiminodiazonium ion is considered to precede the rearrangement. 

In the case of 2,3diphenylindone, whichever mechanism one assumes, the same 
intermediate could possibly be responsible for the formation of all final products; 
this intermediate might be the azidohydrin XX (Scheme 7, one enantiomer indicated). 
Dehydration may afford XXI or XXII (the former in greater amount) which rearrange 
to give A, and A,, respectively. 

SCHEME 7 

xx 

The intermediate XX could also lose N, to give XXIII, which might be the orrho 

Ph 

Ph 

XXII 

aminating agent, responsible for the formation of both B, and B,, as outlined in 
Scheme 8. 

The same intermediate XXIII could also be responsible for the formation of A, 
and A,, since a dehydration step does not seem strictly necessary, at least in the 
present case, for the rearrangement. 

EXPERIMENTAL 

M.ps (Kofler block) are uncorrected. IR spectra on Nujol mulls (Perkin-Elmer lnfracord mod. 137). 
UV spectra (Beckman DU) 95% EtOH solns. NMR spectra, CM=I, solns. 60 MC/~, TMS as internal 
standard (Varian DA&O spectrometer) 

l A modification of Oliveri-Mandalh mecbaniam has been reported by C L. Arcua, M. M. Coombs 
and J. V. Evans [J. Chem. Sot. 1498 (1956)]. These authors postulate a mechanism in which electronic, 

in addition to steric factors, are considcrcd responsibk for the migration of substituents in a ketone. 
This assumption, however, has been criticized by P. A. S. Smith and E P. Aotoniades [Tetrahedron 9, 

210 (1960)-J. 
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Schmidt reaction with 2,3-diphenykbte in AcOH-H,SO,. Finely ground 2,3diphenylindoneta (3 g) 
was suspended in AcOH-96% H,SO, (300 ml. 4:l v/v). The stirred mixture was heated to ‘B-80” and 
NaN, (2.5 g) was added during 1 hr; stirring was continued for i hr at ‘75” and at room temp rot 2 hr. 
Tbe homogeneous sotn was then treated with icowattr and the pp~ was washed with NH,OH and dried 
at 100”. Extraction of the solid (27 g) with 300 mi boiling Et@ left a residue, consisting of a mixture of 
A, and A, (0.8 g). The ethereal soln was treated with saturated HCI-Et,O: BI-HCI precipitated as a 
yellow-green solid (Q5 g); the soln was evaporated to dryness to give impure unmatted indonc (1 g). The 
aqueous acidic mother liquor from which the previous products were separated, was treated, with cooling, 
with NH,OH until basic: a brown ppt [R,, 0.3 g) was obtained. 

Separation $A, from A,. The mixture of the two products (3.5 g) was nfluxed 1 hr with benzene 
(70 ml), then allowed to stand 6 br at room temp. Undissolved A, (2.75 g) was collected and crystallized 
from MeOH to give prisms, m.p, 310-31 l”, {Found: C, 84-52: H, SZI; N, 4.82 C,,H,xNO requires: 
C, 84.82; H, X)9; N, 4-71 x); UV, k,_ 2&285,335 mp, log E 460,3*94,3~%. Concentration of the benzene 
filtrate to 10 ml caused crystali~tioo, after 12 hr. of a mixture of prisms and aeedfes. These were mech- 
arkally separated into 0.2 g prisms (A,) and 0.15 g needles (A,). Further concentration of the mother 
liquor gave 0.1 g A> Pure A,, m.p. 25@-252, was obtained after repeated crystallixations from MeOH: 
iR and WV spectra wen identical with those of an authentic sample.’ (Found: N, 4.78. Calc. for 
C1,H,,NO: N. 4.71%). 

2-Benzoyloxy-3,4-diphenylquinaline (II). A soln of A, (0.5 g) and benzoyl chloride f&5 ml) in pyridine 
(5 ml) was refluxed for @5 hr. Dilution of the mixture with water gave an oily ppt which, on treatment 
with hot MeOH, horde blades(@f g).m.p. 178-180”. (Found: N, 3.56. Cr,H,,NOa requires: N, 3.49%). 

2_Chloro3,4_diphenyiquino6ne (III). A mixture of A, (1 g) and FOCI, (2 ml) was heated on a steam 
bath for I hr. Water was addad and the ppt. after solidj~~tion, was crystallized from hexane to afford 
needles (I gX m.p. 169171’. (Found: N, 451. Cx,H,,CIN requires: N. 4.43 %). 

2-AniZino_3,4diphenyIquinsline (Iv). A mixture of III (O-5 g), Cu bronxe(OQ5 g). K&O, {O 1 g) and aniline 
(3 ml) was boiled under rcflux for l-5 hr. then poured into 2N HCl(30 ml). The solid (O-35 8) was crystaf- 
limd from benzene-hexane to give blades, m.p. 207-209”. (Found: N, 7.45. C,,H,,Na requires: N, 7.52x$. 

3,4-~ipheny~cur&o~ryri~ (A,). To a stirred soln of o~rnino~~op~none’~ @S g) in benzene (8 ml) was 
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added phcnyl~tyl chloride f&8 ml). The mixture was refiuxed for 1 hr. then poured into water. The 
separated organic layer was washed successively with 2N H,SO, and 2N Na,C03, then was dried 
(MgS0,) and evaporated to afford 1.2 g oily residue. This was refluxed for 1 br with a mixture of KOH 
(@4 g), water (24 ml) and EtOH (8 ml). The solid ppt was crystallized from McOH to give prisms (@6 g), 
m.p. 31&311”. The product showed an IR spectrum superimposable on that of A,. 

3.4~~iphenytisocarbosty~~ (AZ). 2.3.~ph~ylindone (3 g) was dissolved at 60” in AcOH-96 % H,SO, 
(100 ml, 5: I VW; to the soln 33 % H#,aq (12 mI) was slowly added. When the coiour of the soln had 
faded from deep brown to pink rose (- 30 min) water was added and the ppt (2.5 g) was crystallivri from 
MeOH to give VI as blades, m.p. 167-169” (lit. I0 16%171”). A mixture ol VI (1 g), cone NH&OH (3 ml) 
and EtOH (3 ml) was heated at 1OD” for 20 hr in a scaled tube. After cooling to room tcmp the undissolved 
solid (O-9 g) was crystallized from MeOH to give needles, m.p. 249-252”. The product showed an IR 
spectrum superimposable on that of A,. 

Purification ORB,. From a solo containing B,* HCI (@5 g) in the minimum amount boiling MeOH, the 
base was precipitated by adding excess cone NH,OH. Recrystallization of the product from MeOH 
gave needles or prisms (@35 g) m.p. 12&125” with gas evolution, resolid~~tion and new melting at 23% 
236”. [Found (product dried in uacuo at room temp): C, 8085; H. 5.24; N, 8.83. C,,H,,NI-CHSOH 
requires: C, 8@95 ; H, 556; N, X.58 %]. Heating fn ullc~lo over boiling xylcne caused the substance to lose 
9.91% of its weight (C1,H,,N1-CH$OH requires: 9-82x). [Found (product hot-dried): C, 8558; H. 489; 
N, 9.85. C2,H1,NZ requires: C, 85.69; H, 4.79; N, 9.52x]; main IR bands: large absorption in the CH 
stretching regjon, 616,6*63,7-28, 7.42, 7-94, 814, S-64,9*70, l&33, l&92, 12+%, 13-12, 13-45, 14-20, 1490 p. 
The IR spectrum in soln (CDCI,, saturated, cell path I m, Perkin-Elmer model 257 grating spectro- 
photometer) shows a band at 3470 cm-’ which is shifted to 2570 cm-’ on treatment of the soln with 
D,O; UV, d_ 236,288,307,372 mp; log e 460,4~55,4+20,4G9. 

Bro~j~rio~ c$ B,. A soln containing El, (0.4 g) in CHC& (I5 ml} was trcatcd with 10% Br*-CHCl, 
(6 ml). The mixture was reiluxed for 2 min. and the yellow-green ppt was collected after addition of hexaue 
(IS ml). The solid was triturated with MeOH containing cone NH,OH and crystallized from MeOH to 
give prisms, m.p. 150’ with gas evolution, resolidification and new melting at 252-254”. [Found (product 
dried at room temp): N, 7.16. C2,H,,BrNz*CH,0H requires: N. 6*89x]. [Found (product hot-dried): 
N, 7-64. C,,H,,BrN, requires: N. %51%]. 

241 -Benzotriazolyl)4-phenylqrrinoliw fxl). A mixture of 2cbloro-Gphenylquinolinc’ (I.2 g), o-phenylenc- 
diamine (@6 g) and Cu bronze (05 g) was heated at ls0°/20 mm for 20 min. The cooled residue was 
triturated with a mixture of EtOH (10 ml) and 36% HCiaq (12 ml) and the filtered liquid was slowly 
poured into 10 % NaNO, aq (20 ml), while stirring and cooliag at 0”. The ppt was crystallized from MeOH 
to allord needles (@8 g), m.p. 148-150”. (Found: N, 17-35. C,,H,,N, requires: N, 17,38x}. 

1 I-PhenyldH-indolo[2.3-blquinoline (VIII). A mixture of XI (O-5 g) and polyphosphoric acid (10 ml) was 
heated to 150” until evolution of N, aascd. Addition of water caused formation of a yellow ppt which 
was crystallized from MeOH to afford needles (SO mg) m,p. 269-271’. (Found: C, 85%; H, 4.88; N, 9.43. 
t&H,,N, requires: C, 85-69; H, 4.79; N, 952%). 

6-Phenyl-11 H+ufolo[3.2-c]&quinoline (IX = 8,). A mixture of 3-benzamido-Z-phenylindolc” (I.5 g). 
P,O, (5 g) and nitrohenzene (10 ml) was refluxed in a metal bath for 2 hr. After cooling, the liquid phase 
was discarded and the black residue was washed with benzene. Et,O. and boiling 36 % HCI aq. It was then 
collected, washed with water, triturated with cone NH+OH and extracted several times with boiling Et,O. 
Thecombined ethereal extracts yielded on evaporation a brown oily residue which solidified on trituration 
with hexane. Sublimation of this material at 300n/20 mm followed by crystallization of the sublimate 
(30 mg) from MeOH-H,O and from benzene-hexane afforded a product whose m.p., UV and IR spectra 
were identical with those of B,. 

P~j~car~n ofB* The product was crystallized from MeOH to afford light yellow needles, m.p. 235-237”. 
(Found: C,8@89; H, 5.24; N, 8.77. C,,H,,N‘,O requires: C, 8@75; H, 916; N, %97x)%); main IR bands: 
2.91, 3.00, 3.11, 609, 6-18, 6-24, 672, 686, 6.91, 7-30, 7.50, 765, S-09, 8.70, 9.74, 10-32, 1168, 12.76, 13% 
13.22, 13.80. 14a3 & UV, .J_, 295,318 (sh) mp., log E 409.394. 

Oxidation. A mixture of B, (@I g). KMnO, (Df5 g) and @25N NaOH [IO ml) was refluxed for 1 hr. 
The excess KMnO, was destroyed by addition of MeOH, the MnOz was filtered oNand the filtrate, after 
acidification with 2N H,SO, was extracted with EtO,. The oily residue obtained on evaporation of the 
ethereal extract was dissolved in boiling benzene. Addition of hexane caused formation of a ppt which 
was crystallized from water to afford 10 mg of o-bcnzoylbenxoic acid monohydrate, m.p. 9G93”. The 
product was identified by comparison of IR spectra and mixed m.p. with an authentic sample. 
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7Y~istmenr dfB2 with benzoyl chIo&fe‘ A mixfun: of B1 (01 & bertzoyI chloride (Q3 ml) and pyridine 
(3 ml) was nfluxed for 1 hr. Dilution with water caused separation of an oily product, which rolidifibd on 
treatment with M&H. This material (B, dibenzoate, *I 9, was crystallimd from benmne-hcxane to 
afford na?d& m.p. 244-2~47~. (Found : N. 5.28. C,,H2,N,0, requires: N, S-38 %) 

3-(p_Nitrophenyl)4_pturnylisocounoorin (XVI), Finely ground Z~njtrop~nyI)3-p~ny~adone’8 (i g) wss 
dissolved at 6&70” in A&H-H,SO. (IO0 ml, 3 : 1 v/v); to the soln 33 % HZO, aq (4 ml) was slowly added. 
Working up of the mixture after 2Q min as desczibed for tbe synthesis of Al, and ~stall~tion of the ppt 
from MeOH afforded yelfow prisms (67 @, m.p. t73175O. (Fonnd: C, 7369: H.4Qf ; N, 404. C,,H,,NOI 
requires: C, 7346; H, 3.82; N, 4.08%). 

3~p_NitrophPny~-phen~I~c~r~~~r~I (XVIl). A mixtun: of XVI (@25 gk EtOH (2.5 ml) and COLIC 
NH,OH (25 ml) was heated at loo” for 15 hr in a se&d tube. From the wooled reaction mixtun separated 
a product (@2 g) which wss crystallized from benzene to aBord ydlow prisms, m.p. 295-298”. (Found : 
N, 844. C2tHL4NZ03 requires: N, 818Q. 

3-@-AmiMphenyr)4-pkenyI~~~~~tyrjI (XIII). A soln of XVII (@IS 8) in AcOH (IS ml) was stirred in 
an atmosphere of Hz in the presena of 5% Pd-AIsOs @I g) until absorption ceamd (5 hr). The mixture 
was heated on a steam bath in order to dissoive a white ppt, the catalyst was BItered ofI and the filtrate 
was diluted with an equal volume H,O. A brown ppt (20 mgj which separated was filtered off. Neutraliza- 
tion of the filtrate with cone NH‘OH caused formation ofa ppt {@I g) which was ~staIIiz~ from MeOH 
to give blades, m.p. 298-m. (Found: C, S&42; H. 5.19; N, 8.82. CltHLBNIO requims: C, 8075; H, P16; 
N, 8.97 %). 

3~o-Arninop~e~y~pnyIi~~~r~st~r~I (XlV = 3,). A sus~~sjon of XVIII” (635 9) in 2N NaOH 
(5 ml) was poured into a stirred soln of NaOBr (prepared at 0” from Q15 g N&H and 0.05 ml Bra in 
IO ml H@). After 15 min at room temp the mixture was treated with EtOH (@5 ml), boiled far IO min, 
then heated 1 hr on a steam bath. The product which separated (30 mg), collected and crystalliied from 
MeOH, resulted identical (mp., UV and IR) with B,. Further heating (I hr) of the mother liquor led to 
separation of more impure B, (20 mg). Acidirication of the filtrate with AcOW ailorded the acid XIX 
(@IS g) m.p. 230-235’ (dec). (Found: N, 4.33. C,,H,,NOs requires: N, 4*10%). 

Schmidt reuction wirh 23~jp~e~y~~~~ in cone H&Q. A stirred soln of ~3-diphenylind~~e (1 g) in 
96% H,SO, (30 ml) was treated at 35-40” with NaN, (08 g), Stirring of the soln, which changed its colour 
from deep green to red-brown, was contjnu~ for 1 hr at 35-40” and for l-5 hr at room temp. ne reaction 
mixture was poured into ice : from the resulting dear soln, on addition of excess cone NH&H, fine blades 
separated out (XXIV, O-5 8). Crystalhzation from MeOH afforded prisms, m.p. 3Mp (de@. (Found : N, 7-M. 
Cx,H,aN20$ requires: N, 7-x); main IR bands: 290,302 6-10. ti30.644, f$Sfl, 694,7@6, 7.29,742, 
8~20-850 (large), 890,9~05,9~32,960.969,9~81,993, 1153, 12Q3. 13*)5. 13-30, 13.71, 14.19, 14.82 p 

SuIp~o~t~u~ of3,4tiipllenyrcarboflyril. A soln of 3,4diphenyl~~r~sty~l (@l 8) in %x H$O, (15 ml) 
was kept at 4@50” for 2 hr. Addition of ia and excess NH,OH led to separation of a ppt {So mg) identiGtI 
(m.p. and IR) with XXIV. 

Schmidt reaction with the sodium salt af2-fp-nrl~p~y~3-p~~y~i~a~. A soln of Z-t‘p-suIphophenyl)- 
3-phenyiindone-Na-salts, ‘s (0~5 g) in 96 % H,SO, (15 ml) was treated at 35-40” with NaN, (0.3 g). Working 
up of the reaction mixture in the usual way led to isolation of a produa (025 g) identical (m.p. and IR) 
with XXIV. 

Schmidt renction with 3-metlryf-2-pheny~i~~~_ A S&I of 3-ethyl-2.phenyl;ndone2~ {CtS g) in AcOH- 
96 % H2S04 (30 ml, 4: 1 v/v) was tnated at 60-70” with NaN, (05 gk After 1 hr the soIn was diluted with 
ice-water and extracted with Et,O. The ethereal extract, washed snccessively witb HzO, 2N Na$O, aad 
H,O, afforded on evaporation a residue, which was crystallized from MeOH to give needles (XXIX, 
90 mg). m.p. 264-266”. (Found : N. 5.97. C, *Hr ,NO requires: N, 59.5 %). The acidic mother liquors were 
treated with excess cone NH,OH and again extracted with EtxO. The solid (XXVII, 30 mg) obtained 
after evaporation of the ethereal extract, was crystallized from MeQH to give a product, m.p. 243-245’, 
which resulted identicai with an authentic sample of 6-methyl-11 ~-ind~lo[3.2~]is~uinoline;’ main IR 
bands: 6.17, 662, 688, 7.34, 7-85, 895, 93Ci.9~75, 1092, 13-35 p; NMR: signals at I flH, large: NH), 2-3 
(complex, 8H : aromatic), and 6.9 r (3H, singlet : CHs). 

4-Methyl-3-phenylcarboscyril (XXIX). A soIn of o-aminoacetophenone~HCle (I g) and phenylacetyl 
chloride (1 ml) in pyridine (5 ml) was heated on a steam bath for 1 hr. The cooled reaction mixtun was 
poured into Hz0 and extracted with EtzO. Tbc orgame layer was washed with 2N HzSO, 2N Na&O.,, 
H20, then was evaporated to afford an oily residue (a85 g) which was retluxad for 30 min in a mixture 
of NaOH (06 g), HZ0 (20 ml) and EtOH (IO ml). After cooling to room tetnp a product (O-5 g) was obtained, 
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which was identical (m.p. and IR) with the neutral substance (XXIX) isolated in the Schmidt reaction with 
3-methyl-2-phenylindone. 

Schmidt reaction with 3-ethyl-2-phenylindone. ss The reaction was carried out as described for the methyl 
analogue, using the same amounts of reagents. The neutral product (XXX, 70 mg) had m.p. 22e230 
(from MeOH). (Found: N, 570. C,,H,,NO requires: N, 562%). The basic product (XXVIII, 40 mg) had 
m.p. 276278” (from benzene-hexane). (Found: C, 8301; H, 592. C,,H,,N2 requires: C, 8290; H, 573%); 
main IR bands: 615,6-626.89. 7.37, 7.76, 7.81,8@1,8.14,8.76, 9.18, 10-46, 10-95, 13-09, 1341 JA. 

4-Ethyl-3-phenylcarbostyril (XXX). This preparation was carried out as previously described for the 
methyl analogue. By wing the same amounts of o-aminopropiophenone’3 and other reagents a product 
was obtained (@6 g). identical (m.p. and IR) with the neutral substance (XXX) isolated in the Schmidt 
reaction with 3-ethyl-2-phenylindone. 
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APPENDIX 

1. Schmidt reaction with 2.3-diphenylindone in concentrated sulphuric acid. The Schmidt reaction was 
also carried out in concentrated sulphuric acid. In this case. after dilution of the reaction mixture with 
water, a clear solution was obtained. This solution, on tratment with ammonia, yielded a single product, 
which was identified as the ammonium sulphonate XXIV (Scheme 9) Indeed, the same product was 
obtainod on sulphonation of 3,4diphenylcarbostyril, and on treatment of the sodium salt of 2+ 
sulphophenyl)3-phenylindone in sulphuric acid with hydrazoic acid. 
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XXIV 

2 Schmidt reuctim with 3-methyl-2-phmylindone and 3-ethyl-2-phenyfindone. The reaction with these 
compounds (XXV and XXVI, Scheme 10) was carried out in acetic-sulphuric acid solution as previously 
described for 2,3diphenylindone. From both compounds only two products were isolated: the indolo- 
isoquinoline derivatives XXVII and XXVIII, and the carlxstyrils XXIX and XXX. Compound XXVII 
is known I2 direct comparison with a sample of S-methyl-l lH-indolo[3.2-c]isoquiooline, prepared accord- . 
ing to Mann’s method, proved its identity. We have attributed to XXVIII an analogous structure on the 
basis of similarity of chemical properties and IR spectra The structures of products XXIX and XXX 
were established through direct synthesis. 

SCHEME IO 

XXV: R = CH, XXIX: R = CH, 

XXVI: R = C2H, XXX:R =C,H, 

XXVII: R = CH, 
XXVIII : R = CZH, 

R = CH, or C,H, 


