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a t  6.00-6.01 p (XI-XIII). If the Pauling electro- 
negativities'O of carbon (2.5) and oxygen (3.5) are 
considered, then it appears reasonable that the 
stronger electronegative element, oxygen, will 
"tighten" the C=N link by ita inductive effect to  a 
greater extent than the carbon atom. It has been 
found that for some cases group frequency shifts 
parallel electronegativities of the atoms con- 
cerned." This fact is.borne out herein when the 
1-pyrrolines, dihydro-1,3-thiazines1 and dihydro-1, 
hxazines are compared.12 

In order to exclude the possibility that the 
comparison of the dihydro-1,3-thiazines and dihy- 
dro-l13-oxazines reported herein is not valid because 
of the presence of a 6methyl group in the oxazine 
system, a dihydro-l13-thimine containing a & 
methyl group (V) was compared with one not con- 

(10) L. Pauling, The Nature of the Chemkd Sod, Comell 
Univ. Press, Ithaca, New York, 1948, p. 60. 

(11) Seeref. 7, p. 3%. 
(12) It is considered reasonable here to compare a five- 

membered ring (1-pyrrolinea) containing the *N link 
with the two six-membered ring systems (oxazines and 
thiazines) since i t  has been found that Zthiaeolinea con- 
taining the same %substituents as the dihydm-l,3-thhzinea 
exhibited QN absorptions in exactly the same spectral 
region. Compare data of thiasines given in Table I with 
data of thissolines reported in ref. 2: 

tsining this substituent (IV). The C k N  absorp- 
tion of both these compounds revealed no signifi- 
cant Merences. 

EXPERIMFJTI"T1**" 

All the infrared spectra were performed in a Perkin-Elmer 
21 Recording Spectrophotometer using sodium chloride 
optica. All the eamplee were studied in a &7% eolution in 
chloroform. 

I-Substituted 4,4 ,6-h . imeUryld&ybl l~nt?a .  The 
method'of preparation of thew compounh waa taken from 
the procedure described by Ritter and l".' 

pound was prepared by treating the corresponding dihydro- 
1,3-oxazine with phosphorus pentseulfide and the detaila 
are described in a previow communication;' b.p. 66-67' 
(1.5 mm.), ng 1.4842, picrate, m.p. 113-114'. 

2-Subatduted &4dheihyld&ydra-l,,S-thiazines. The ex- 
perimental details describing the preparation of thes com- 
pounds have recently been reported.' 

Acknololedgment. The author wishes to express 
his gratitude to the National Institutes of Health 
(RG-6248) for funds granted to support a study of 
which the present work is a part. 

~ - ~ ~ ~ ~ 4 , ~ s - t r i m C t h ~ ~ ~ ~ d ~ ~ l 1 ~ ~ ~  (V). This C O ~ -  

NEW ORLE~NS a2, La. 
(13) AU melting points and boiling points are uncorrected. 
(14) Midm performed by Alfred Bernhardt, 

Mulheim (Ruhr), Weut Germany. 
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Absorption Spectra and Positions of Protonation of 2-Arylindoles 

MORTJMER J. KAMLET AND JOSEPH C. DACONS 

Structurespectra correlations are drawn for the Zaryliidolea. It is shown that substitution at the %position causes a 
'%ype 1" steric effect, substitution on the nitrogen a "type 2" steric &e&. At the 4(6> and 5-pOeitiom subetituenta exert 
electromeric effects and shift maxima accordingly. In acid media the spectra are conshtent with the indoleninium salt 
etructure (XXN). 

In order to  lay the groundwork for a proposed 
study of the more complex spectral behavior of in- 
dole alkaloids related to alstoniline and semper- 
verine, it was deemed desirable to determine the 
ultraviolet spectra in neutral and acidic media of a 
number of Zarylindoles and related compounds. 
These spectra were of interest per se, as they il- 
lustrated electronic and steric effects in this series 
and offered evidence regarding the position of 
protonation. In  Table I are listed the positions and 
extinction CoefEicienta of maxima and "a 
determined in the course of the present investiga- 
tion.' 

(1) The method used to describe spectra conforma with 
the ~mmendationa of the Editorial Board of O r g z d o  
Electronic Spectral Data, Inc., J. D. Cawley and H. E. 
Ungpade, And C k ,  31, No. 2,42A (1959). 

EXPERIMENTAL 

Motcriala. &Phenylindole (11), I-methyl-%phmylindole 
(111) and z(pbiphenyly1)indole (XII) were kindly supplied 
to u8 by Dr. B. Witkop, National Institutes of Health. They 
had been prepared by the Fiaher indole syntheda Ueing 
polyphoaphoric acid.' Dr. E Schofield, Washington Singer 
Laboratories, Exeter, waa good enough to furnish UB a ample 
of &nib2,34iphenlyindole (XI), prepared by the 
tion of deeoxybenzoin nmi t rophenylhybne .J  The com- 
pound had decomposed eligntly on arrival, but a single 

' ation from ethanol gave a pure sample 88 orange 
x p .  2 2 7 O  (lit.,J m.p. 225-227'). %Phenylindole (I)  
waa commercially available from E and K. Laboratories, 
Long Ialsnd City, N. Y. The material melted at 187.5-188" 
(lit.,; m.p. 187-188') after one "y&dm tion from 
ethanoL 

(2) H. M. Rinnman, D. W. Famaworth, and B. W1thpl 

(3) D. W. Ockenden and E;. Schofield, J .  C h .  k, 
J.  Am. C". Sbe., 74,3948 (1952). 

3176 (1967). 
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The 2,3diarylindoles IV-X were prepared in the labora- 
tories of Dr. E. F. Pratt, University of Maryland, by the 
cyclkation of a-anilino-a-phenylacetophenones (desyl ani- 
lines) in refluxing pcymene.‘ Melting points of the 5methyl 
(VI), 5chloro (VIII), and Smethoxy (X) derivatives agreed 
closely with values reported by Ockenden and Schofield,z 
who prepared these compounds by Fisher indole syntheses 
from the desoxybenzoin pX-phenylhydrazones. As the 
question of whether the a-(m-X-aniline)-a-phenylacete- 
phenones cyclize ortho or pa7a to X is as yet unresolved6V6 
the structures of V, VI1 and I X  cannot be assigned with 
certainty. The weight of evidencee favors the Pmethoxy- 
2,3-diphenylindole structure for IX. Because electronic 
effects of 4 and 6-substituents on spectra would be expected 
to be about the same, further consideration of this problem 
will be deferred to a forthcoming publication by Pratt and 
Kamlet. Details of syntheses and physical properties will 
also be discussed together with the kinetics and mechanism 
of the cyclization reaction. 

Fusion of equimolar pcresol and benzoin with catalytic 
amounts of zinc chloride at  180” for 1.5 hr. gave mainly 
unchanged benzoin together with small amounts of 5 
methyl-2,3-diphenylbenzofuran (XIV), which was separated 
by virtue of its greater solubilit,y in ether. After several re- 
crystallizations from ethanol the product melted a t  114.5’ 
(lit.,’ m.p. 114’). A similar procedure using phenol gave 
2,3-diphenylhenzofuran (XIII), m.p. 123-124’ (lit.,’ m.p. 
123O), also in poor yields. Attempts to prepare these and 
other substituted 2,3-diphenylbenzofurans by refluxing 
cymene solutions of benzoin, the appropriately substituted 
phenol, and ptoluenesulfonic acid, yielded only tetraphenyl- 
furan, m.p. 169-170”, which has been described as arising 
from benzoin by a series of oxidation-reduction and autocon- 
densation reactions.8 

Absorption spectra. The spectra were measured in 1-cm. 
silica cells using either a Cary Model 14 or a Beckman DU 
Spectrophotometer. To check for instrumental errors several 
spectra were determined on both machines and agreed 
within 1% in extinction coe5cients and within one half milli- 
micron in positions of the ”a. Solutions were 4.0 f 0.1 
X 10-6M and previously described precautions9 were taken 
to guard against photochemical transformations which are 
quite common a t  these low concentrations. 

DISCUSSION 

2-Phenylindole (I) shows two regions of intense 
absorption above 220 mp in the ultraviolet. A 
secondary R-bandlo with a maxinium a t  240 
(4.23) , probably arising from a styryl “partial,” 
is superimposed on high intensity shorter wave 

(4) M. J. Gmlet ,  Ph.D. thesis, University of Maryland, 

(5) A. H. Orr and M. Tomlinson, J. Chem. SOC., 5097 

(6) H. J. Tauber and K. Schnee, Ber., 91,2089 (1958). 
( 7 )  B. T. Arventi, Bull. SOC. Chim. France, [5] 3 ,  598 

(8) 0. Dischendorfer, Mcmatsh., 74,287 (1943). 
(9) M. J. Kamlet and L. A. Kadan, J. Ora. Chena., 22, 

1954. 

(1951). 

(1936). 

. .  
576 (1957). 

(10) Thtb baud iiomenr.lat,urc~ svstc.ni is that o f  Wr. F’. 
Fohes, Can. J .  Chem., 36, 1350 (i958). The B-band corre- 
sponds to the “primary band” of Doub and Vandenbelt, the 
“Cband” of Klevins and Platt, and the “K-band” of the 
European school. 

(11) The same system of denoting positions and ex- 
t,inction coefficients of maxima is used in the text as in Table 
I ;  wave lengths are given in millimicrons followcd hy log e 
ill pnrcnthcscs. Unless otherwirse statcd spmtra from the 
literature were determined in ethanol. 

length absorption so that the manner in which it 
shifts with substitution in the indole nucleus is 
often obscured. The primary B-band maximum 
a t  309(4.39) , however, is sufficiently remote that 
the variation in its position and intensity is less 
influenced by complications due to band overlap. 
The latter band may derive from the trans-stil- 
bene chromophore (Ia) shifted bathochromically 
due to resonance contributions by structures like 
Ih. trans-Stilbene (XV) exhibits twin maxima a t  
295(4.47) and 306(4.45). 

cjI&Q \ 

f /  % \ ?  -% - 

I. X = N H  

J XVII. X=CH2 
XVI. x = o  

Ia Ib 

2-Phenylbenzofuran (XVI) aiid 2-phenylindene 
(XVII), which incorporate the same chromophore 
with resonance stabilization by structures like 
Ib, have spectra resembling I. For XVI splitting 
of the primary B-band persists with maxima at 
302(4.39) and 315(4.28)12 while XVII, like I, shows 
fusion of the maxima with a single peak a t  305- 
(4.40, dioxane).13 The displacement of the B- 
bands with changing X is as anticipated,“ NH> 
O>CH2. For comparison, 3-phenylindole has a 
spectrum reminiscent of the alkylindoles with 
maxima a t  224(4.56) and 269(4.25) and a weak 
inflection aB 280 (4.2). 

The 3-substituent of 2-arylindoles influences only 
slightly the position of the primary B-band maxi- 
mum, but affects strongly its intensity; the greater 
the bulk of the grouping, the lower is emax. Thus 
the band corresponding to 309(4.39) for I has its 
maximum at 307.5(4.32)15 for 3-methyl-2-phenyl- 
indole (XVIII), at  306(4.21)16 for 2-phenyltrypto- 
phaiie (XIX), and a t  308(4.22) for 2,3-diphenyl- 

I. R1 = H, R2 = H 
IV. R1 = C a s ,  Rs H 

= CH&H(NHn)COOH. R, = H 
XVIII. R1 = CHa, Rz = H 

XIX. Ri 
XX. R; = CH;, R*’= Cl 

XXI. R1 = H, RP C1 

(12) 1’. Yates, -1. .tm. (:hem. Soc., 74, 5876 (1952). 
(13) C. Wiegand and E. Merkel, Med. u. Chem., 4, 5% 

(1942). 
(14) E. A. Braude in E. A. Braude and F. C. Nachod, 

Determindion of Organic Structures by Physical Methods, 
Academic Press, New York, 1955, pp: 153-154. 

(15) C. E. Blades and A. L. Wilds, J. 079. Chem., 21, 
1013 (1956). 

116) H. M. IGssiiiaii a i d  B. Witkop, J. Ani. Chew. Soc., 
75,1967 (1953). 
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indole (IV) . Similarly Z(pehlorophenyl)-3-methyl- 
indole (XX), 310.5(4.36)i6 shows a slight hypso- 
chromic shift and diminished intensity relative to 
2-(pchlorophenyl)indole (XXI), 313.564.43). 

This corresponds to the steric effect referred to 
by Braude and co-workers as “type 1” behavior,” 
ie., a reduetion in intensity without a significant 
shift in position of A,, due to substitution in a 
vicinal atom by a nonconjugating group. Spectral 
bands exhibiting “type 1” behavior are believed to 
derive from transitions between ground states 
where the energetically preferred conformation 
is nonplanar and excited states where the preferred 
conformation is planar or near planar. In this series 
the 3-sub&ituents, by increasing the angle of devia- 
tion from planarity of the 2-phenyl grouping with 
reference to the indok nucleus in the preferred 
ground state conformation, decrease the transition 
probability with a corresponding decrease in ems=. 
Preferred interplanar angles, e, caIculated from 
Braude’s equation, cos2 e = €/eO where E is the molar 
extinction coefficient of the 3-substituted deriva- 
tive and co that of the parent compound,18 are listed 
in Table 11. 

TABLE I1 
STERIC EFFECTS IN 3-SIJBSTITUTED %ARYLINDOLES 

Indole €/EO e 
2-Phenyl ( I )  1.OOO O 0  

2,3-Diphenyl (IV) ,680 34 
Z(pChloropheny1) (XXI) 1.OOO O 0  

3- Met hyl-2-pheny 1 ( XVIII ) ,846 23 
%Phenyltryptophane (XIX) ,650 36 

%(pChlorophenyl)-3-methyl (XX) ,842 23 

A similar, albeit weaker, effect is noted with the 
benzofurans. The 2,3-diphenyl derivative (XIII) 
shows a maximum at  302(4.36) and an inflection 
at  315(4.25) compared with twin maxima at  302- 
(4.39) and 315(4.28)12 for the parent compound 
XVI. Prom this the iiiterplanar angle is calculated 
to be 15”. 

While substitution at the 1-position has about the 
same effect on intensity aa it does at the 3-position, 
the displacement of Amax is far more pronounced, 
N-methylation resulting in a hypsochromic shift 
of 10 to 15 mp. Thus f-methyl-2-phenylindole 
(111) has its primary maximum at  298(4.26), 
AA = -11 IW, €/eo = 0.73 and %(p-chlorophenyl)- 
1-methylindole shows A,, at  298.5(4.32), Ah = 
-15 mp, €/EO = 0.77. The magnitude of these ef- 
fects is about the same as has been observed with 
the 2-arylbenzhidasles1 I9 whose geometry arid 
conjugated system closely resemble the present 

(17a) E. A. Braude, E. R. H. Jones, H. P. Kwh, R. W. 
Richardson, F. Sondheimer, and J. B. Toogood, J .  Chem. 
SQC., 1890 (1949). (b)  E. A. Braude and F. Sondheimer, 
J. Chem. Soc., 3754 (1955). 

(18) Ref. 14, p. 174. 
( l ! j )  A. Maiigini and F. Montaiinri, Boll. xi. fac. chim. 

ind. univ. Bologna, 14,36 (1956). 

series. The N-methyl-%phenyl, N-methyl-Z(p 
hydrox.ypheny1) , N-methy€-2-(panisyl) , and N- 
methyl-%(paminophenyl) derivatives all showed 
hypsochromic shifts of 13-16 mp relative to the 
parent N-hydrogen compounds with € / E O  values of 
0.7O.76. 

It seems likely that these shifts derive from 
steric rather than electronic causesm and conform 
with the effect described by Braude“ 8s “type 2” 
behavior, i.e., reduction in intensity coupled with 
a pronounced hypsochromic displacement. Such 
behavior is a consequence of the vicinal substituent 
completely inhibiting adoption of the uniplanar 
conformation required for maximal electronic in- 
teraction between the rings. The energy of the 
noncoplanar electronic excited state is raised rela- 
tive to that of the noncoplanar graund state with 
a consequent inerease in transition energy and 
lowering of Amax. We cannot with certainty ex- 
plain why a methyl group should cause a “type 1” 
effect on a vicinal carbon atom but a ‘(type 2” 
effect on a vicinal nitrogen. The problem may relate 
to the geometry a t  the 1- and 3-positiona. The 
angle between the carbon atoms of the 3-methyl 
and the 2- and 3-positions is probably greater than 
120” and within the plane of the indole nucleus. 
On the other hand, the angle formed by the carbon 
of the 1-methyl group, the nitrogen, and the carbon 
at  the2-position may be less than 120” and out of 
the plane. 

To determine effects of substitution in the in- 
dole nucleus the spectra of a number of 4(6)- 
and &substituted 2,3diphenylin&les were de- 
termined. For these compounds in methawlic 
solution the order of increasing hmsx was H (IV), 
308(4.22)<5-C1 (VIII), 309(4.28)<4(6)-C1 (VII) 
313(4.27) F 5-CH3 (VI), 313(4.29)<4(6)-CHa 
(V), 314(4.24) <5-0CH3 (X), 317(4.34)<4(6)-OCHs 
(IX), 325(4.23).21 The order and the magnitudes 
of the shifts were as might have been predicted. 
Substituerits in the 4(6)-position, conjugated 
with the stilbene chromophore, caused greater 
bathochromic displacements than like substituents 
in the &position which is out of conjugation. For 
the 4(6)-substituted compounds the order of 
increasing A,, corresponds with increasing elec- 
tromeric polarizability of the substituent group; 
for the 5-substituted derivatives the order cor- 
responds to the increase in the combined effects 

(20) On the latter basis it would be anticipated that the 
methyl group would by induction increase the availability 
of thr free pair of electrons on nitrogvn with a eonsequent 
bathochromie effect due to inrreased remnanre stabilkatioii 
by structures like Ib. Such an electronic effect is observed in 
comparing aniline, methylaniline, and dimethylaniline with 
maxima at 230, 244, and 250 mp, respectively, F. G. Bord- 
well and P. J. Bouton, J .  Am. Chem. Soc., 78,87 (1956). 

(21) 5-Amino-%phenylindole absorbs maximally at 316.5 
f4.36), R. Adams and W. P. Samuels, Jr., J .  Am. Chem. Soc., 
77, 5,375 (1955). For comparison with the above seriw thr 
2,3-diphenyl derivative may Ix! coilsidered t49 absorb nt 
about the same position. 
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of secondary resonance structures and induction.22 
The 17 mp displacement of IX relative to IV 
compares with shifts of 13 mp each for the maxima 
of pmethoxystilbene a t  308(4.44) and 319(4.46) 
relative to the twin maxima of stilbene.23 The in- 
creased extinction coefficients of V--X relative 
to IV reflect the greater tendency of the 2-phenyl 
group to retain the coplanar conformation as a 
result of resonance stabilization. 24  

&Kitro-2,3diphenylindole (XI) was an in- 
teresting member of the above series which did not, 
display the expected spectrum. By comparison 
with pnitrostilbene, Amax 350(4.42),23 it was an- 
ticipated that the longest wave length band of XI 
would have its maximum 3 5 4 0  mp lower than the 
observed position of 396(4.12). The problem was 
resolved on comparing the overall spectrum with 
that of 3-ethyl-2-methyl-6-nitroindole (XXII) , 

(3.97).25 From the overall similarity between the 
two it is apparent that the transition to the first 
electronic excited state in X I  does not encompass 
the stilbene chromophore but more probably the 
&nitroindole chromophore represented by XIa. 

A,, = 261(3.96), 272(3.79) 340-350~(3.85), 397- 

The protonated indoles. It was considered that if 
the primary B-bands in this series did indeed de- 
rive from the stilbene chromophore with transi- 
tion energies lowered by contributions from addi- 
tional resonance structures like Ib, shifts to shorter 
wave lengths would result if the free electrons on 
nitrogen were tied up by protonation to the in- 
dolium salts (XXIII). By analogy with the anilin- 
ium ion which has its B-band maximum a t  ex- 
actly the same position as does benzene (203 
mpj, we anticipated that the positions of the bands 
of I and IV in acidic media would approximate that 

(22) The nature and magnitudes of these effects are dis- 
cussed by M. J. Kamlet and D. J. Glover, J .  Am. Chem. 
Soc., 77,5696 (1955). 

(23) M. Calvin and H. W. Alter, J .  Chem. Phys., 19, 
765( 1951). 

(24) The relative extinction coefficients of the 5- and the 
4(6jsubstituted compounds may provide evidence regard- 
ing the positions of the substituents in the latter series. 
For each pair the &substituted derivative showed greater 
longer wavelength absorption intensity than the 4(6)- 
compound. In an extended search we were able to find no 
example of a class of compounds where substituents metu 
to a chromophoric system caused hyperchromic effects 
relative to the same substituents pura to that chromophore 
(as would be the case here if the substituents were in the 
6-position). If in the present series the substituents were 
in the Cposition, the diminution of intensity could be 
ascribed to a “type 1” steric effect resulting from buttressing 
of the 4-substituent against the 3-phenyl grouping. 

(25) E. Shaw and D. W. Wooley, J. Am. Chem. SOC., 
75,1877 (1953). 

for stilbene itself. When the spectra were measured 
in 85% phosphoric acid, there were observed 
instead bathochromic displacements to 343 (4.34) 
and 344(4.20) mp, respectively. To confirm that 
these spectra were not of mixtures of protonated 
and unprotonated material, the spectrum of IV 
was also determined in concentrated hydrochloric 
acid and in concentrated sulfuric acid. In both 
solvents the positions and intensities of Amax were 
about the same, 342-344(4.194.20). 

Although difficult to explain on the basis of 
structures XXIIIa and b, these shifts can readily 
be rationalized by assuming that the salts had the 
indoleninium structures XXIVa and b as a result 
of protonation at the 3-position. Witkop, Patrick, 
and KissmanZ6 have shown that the primary B-band 
maximuri. of 3,3dimethyl-2-phenylindolenine a t  
306(4.18) I, shifted to 332(4.13) by protonation 
to the indoLeninium salt XXV in alcoholic hy- 
drochloric or p-toluenesulfonic acid. Both XXIV 
and XXV incorporate the protonated benzylidene- 
aniline chromophore and the 10-12 mp hypso- 
chromic displacement and lowered absorption 
intensity of X X V  relative to XXIVa or b are of such 
magnitudes as would be expected to result from a 
“type 2” steric effect caused by two neighboring 
methyl groups. 

H 
XXV 

With 1-methyl-2-phenylindole (111) the same 
sort of bathochromic displacement was observed. 
In  85% phosphoric acid, I11 showed A,,, a t  322- 
(4.18), a red shift of 24 mb relative to the unproto- 
nated compound. 

Further evidence regarding the position of pro- 
tonation may be derived from the spectra of the 
2,Miphenylindoles V-X. In 85% phosphoric 
acid A,, for this series increased in the order 
4(6)-C1 (VII), 324(4.18)<4(6)-OCH3 (IX), 328- 
(4.18)<5-C1 (VIII), 339(4.20)<H (IV), 344- 
(4.20)<4(6)-CHa (V), 345(4.14)<5-CH~ (VI), 365- 
(4.14)<5-OCHa (X), 381(4.18). The spectra of 
V, VI, IX, and X were also determined in con- 
centrated hydrochloric acid and showed about the 
same locations and intensities of maximal longer 
wave-length absorption. 

(26) B. Witkop, J. B. Patrick, and M. Kissman, Ber., 85, 
953 (1952). 
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It has been pointed out that in neutral media 
compounds substituted a t  the 4(6)-position ab- 
sorbed a t  longer wave lengths than the correspond- 
ingly substituted 5-derivatives because the former 
position was conjugated with the stilbene chromo- 
phore, the latter unconjugated. With protonation 
a t  the 3-position the chromophoric system changes 
and the 5- becomes the conjugated and the 4(6b 
the unconjugated site with respect to the new 
benzylideneaniline chromophore. The spectra in 
acid media reflect this change. For each pair the 
5-substituted compound now absorbed a t  longer 
wave lengths than the 4(6)- derivative, an in- 
version of their former relative positions. 

This seems strong evidence that there was a t  
least some protonation a t  the 3-position but does 
not necessarily imply that all seven compounds 
were converted exclusively to  the indoleninium 
salts (XXIV, I t a  = C6H5), for on the latter basis 
it would be dificult to explain the hypsochromic 
positions of the maxima of VI1 and IX relative to 
IV.n It seems mnre likely that with I, 111, IV, 
V, VI, VIII, and X the products were predomi- 
nantly the indoleninium salts but that VI1 and 
IX were converted to mivtures of the latter with 
the indolium salts (XXIII)? RB = CsHa).2s The 
fact that the spectra of VI1 and IX were more dif- 
fuse than those of the others and a broad shoulder 
for IX at 360-390, which might be the manifesta- 

(27) The positions of the maxima of both VI1 and VI11 
were strongly influenced by overlap with very high intensity 
bands showing maxima below 260 mp so that the hypso- 
chromic poGtion for VI11 relative to I V  causes no concern. 
With VI1  the shift 'was too great to be ascribed to band 
overlap alone. 

(28) Partial protonation at tiif, imino position by VI1  and 
IX might be ascribed to stabilization of the stilbene chromo- 
phore by the substituent causing w tendency to keep that 
substituent in the conjugated position. 

tion of a bathochromic band, supports this sug- 
gestion. 

To determine whether a rate versus equilibrium 
phenomenon was involved, the spectra of all com- 
pounds were redetermined after three days' 
standing in 85% phosphoric acid. The results were 
inconclusive. The maxima of I, 111, IV, V, VIII, and 
IX remained a t  about the same place while that of 
VI1 shifted toward the red, that of VI shifted 
toward the blue and that of IX disappeared com- 
pletely, probably because of decomposition. De- 
tails are given in the footnotes to Table I. 

Indoles undergo Mannich" and MichaelB re- 
actions a t  the 3-position and it is the preferred 
site for alkylations, acylations, and other substi- 
tution reactions, 3O indicating a high electron 
density a t  this position. Protonation a t  the 3- 
position thus is consistent with the general ten- 
dency for electrophilic reactions. Indeed, the con- 
version of IV to XXIVb is exactly analogous with 
the reaction of 2,3-disubstituted indoles with 
methyl iodide. The products are the 2,3,3-tri- 
substituted indolenines and the indoleninium 
salts corresponding to XXIV (H = R) are inter- 
mediates. 
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Organic Fluorine Compounds. XXVI.'" Acetoacetyl Fluoridelb 
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Acetoacetyl fluoride was prepared from diketene and anhydrous hydrogen fluoride. Its properties and chemical reactivity 
as an acetoacetylating agent were investigated. 

Acyl fluorides have been reported to be stable in 
cases where the corresponding chlorides or bromides 
are nonexistent or unstable. Formyl fluoride2 and 
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perchloryl fluoride3 are representative of the high 
stability of acyl fluorides. 

Acetoacetyl chloride has been prepared by Hurd 
and Kelso4 but was found to be unstable above 
-20'. It could not be distilled or stored without 

(3) A. Engelbrecht and H. Atzwanger, Monatshefl., 83, 
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