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1,4 g Benzoylchlorid wahrend 2 Std. unter .KUckfluss erhitzt. Nach Abdcstillieren des Ltisungs- 
mitt& wird dcr KUckstanrl mit Eiswasscr versetzt und rnit Methylenchlorid ausgcriihrt. Die 
organischc Phase wird nacheinandcr rni t  verd. Salzsiiure, Wasser, Natriumcarbonatlbsung und 
Wasscr gcwaschen. Erhalten werdcn 2,s g cines schwach gelblichen 61s. [ail0 = - 56.9" (c = 1, 
CH,OH). DC. : Essigester. GC. : ST ZOO", IT 220", DT 280'. RT 1.758 (99%ig rein). - IR. : 1741 
(Ester-C=O), 1637 (Amid-C=O), 1601. 1577, 1518, 1494, 1229, 1193, 1261. 1128,1028. 

C,,H,,NO, (383,44) Pier. C68,FI H 6.6 N3,G% Gef. C68,7 H 6,6 N 3.3% 
d ~ u i l i ~ i ~ ~ n g s v e v s u c ~ e .  10 g 5 a werden in 100 ml cincr lproz. Natriumiithylatlosung geltist 

und daa Ganze bei Riickflussternpcratur gehalten. Nach ca. 20 Min. stellt sich nach gas-chrornato- 
graphischen Wntersuchunged (sichc untcr 5a) ein Gleichgewicht 5a: 5d = 65 :35 ein, das bch bcim 
weiteren Erwhnen  nicht mchr vcrandcrt. Nach 1 Sttl. wird das Lijsungsmittel abdestillicrt, dcr 
RibAc.stand mit Wasscr vcrsctzt und das lteaktionsprotlukt in 250 ml Essigester aufgenommcn. 
Die oqanische Phasc wird nacheinannder mit je 20 ml Wasscr, geaattigter Natriumhydrogen- 
carbonatllisung. Wasscr, IN Salzsaure und Wasscr gcwaschen. L)er erhaltene liligc Ruckstand whd 
in 10 ml Athcr gelost. Nach 1 Std. werden dic ausgcfallenen Kristslle abgesaugt, mit wcnig Ather 
gcwaschcn und aus &nzol/ua-Hexan urngeltist (3,0 9). Die Mutterlauge wird ein zweites Ma1 
aquilibriert und. wie oben beschriebcn, aufgcarbeitct. Es werden insgesarnt 3,2 g (lS, 3A)-2- 
Acetyl-6,7-dimethoxy-l-methyl-l, 2,3,4-tctrahydro~sochinolin-3-car~ons~urcathylester (5 d) in 
%'arm fast farbloser Kristalle vom Smp. 109-110'' crhaltcn. 1.)c. : Nitromethan (2ma1 laufcn lasscn). 
GC.: ST 190". I T  260°, DT: 270', RT 789 (100%). - 1 H :  1726 (Ester-C=O), 1627 (Amid-C=O), 
1608, 15J4, 1ZG5, 1214, 1135, 1006. - MS.: u.a. Spitzcn bei m/e 321 (Aft), 306 ( M t  - 15, CH,), 
CH,OH). 

Bei der Aquilibricrung von 5 6  unter denselben Bedingungen stellt sich dassclbc Gleich- 
gcwicht cin. Rei der dquilibricrung von 5b stellt sich das Gleichgewicht 65% 5c, 35% 5b cin. 
Das aus dcm 1KquilibricrungsBmisch isolierte 5c verhiilt sich in allen Tcilcn wic bcrcits bc- 
schrieben. Die Aquilibrierung von 7a und 8a untur dcn obigcn Bcdingungen fuhrt nach gas- 
chromatographischen IJntersuchungcn zu cincm Gcmisch 7a: 7d brw. 8a: 8d im Verhiiltnis von 
CG. 1 : 1. Die= rfimische wurden nicht aufgctrcnnt. 

278 ( M t  - 43, Acctyl), 264, 248, 206, 204, 190. - NMR.: wie 5C. - [a]D = +6,2O (G = 1, 
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92. On the Planarisation of Benzylideneaniline 
by Peter Skrabal, Jurg Steiger and Heinrich Zollinger 

Technisch-Chcmischcs Lalwratorium, Eidgcnossischc Tcchnischc Hochschuic Ztirich 

(27. T. 75) 

Summary. 'L'hc substituted benzylidencdnilines 2-7 and thc rcspcctive 3H-indolcs 9-14 
havc been synthesized. A comparison of their electronic absorption spectra shows it is likely that 
4-nitrobentylidene-4'-dimcthylarninoaniljnc (6) has a planar confcrmation. 

1. Introduction. - The X-ray structure analysis of benzylideneaniline (1) [I] 
has demonstrated that 1, in contrast to its isoclcctronic and essentially planar ana- 
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logues trans-azobcnzenc 121 and trans stilbene [3], is twistcd by 55" about the C-N 
bond. Several years ago, the existenae of such distortions was postulated [4-8] to 
explain the electronic spectrum of 1 which differs markedly from the spectra of 
azobenzene and stilbene. That the conformation of bcnzylideneaniline in solution is 
indeed very similar to that in the crystal was shown by a comparison of the electronic 
absorption spectrum with the reflectiDn spcctrum ['9]. A simple model which takes 
into account the dependence of n-electron cnergy and non-bonded interactions on 
molecular conformations has consistently reproduccd the twisted conformation of 1 
and the almost planar conformations of azobenzerie and stilbene [ 1OJ. The calculated 
n-electron energy plus the calculated non-bonded interactions favour the twisted 
benzylideneaniline over tlie planar conformation by ca. 8.4 kJ mol-l (2 kcal moI-I). 
For azobenzene and for stilbene thc non-bonded interactions are relatively small 
and the potential curves are dominated by n-electron energy. However, strain due to 
non-bonded interactions and n-electron energy contri hutr! roughly equal amounts 
to the potential of benzylideneaniline. Obviously the loss of n-electron energy in the 
twisted benzylideneaniline can be compensated partly by delocalisation of the nitro- 
gen lone pair into the aniline ring [BJ. If non-bondcd interactions are neglected, 
n-electron energy is found to favour the planar conformation of 1 over the perpen- 
dicular Conformation by only ca, 0.2 Po [9] [lo]. 

2. Problem. - With regard to this model, we thought it of interest to examine if 
by substitution in 1 by electron donating and/or electron attracting substituents the 
contribution of n-electron cnergy to thc potential curve increases with increasing 
twist angle. Provided the non-bonded interaction energy does not increase to the 
same extent with decreasing twist angle, one would expect this angle to be reduced. 
Such a situation might eventually lead to a planar benzylideneaniline. 

Substituent effects on the conformation of 1 have been discussed previously by 
several authors on tht: basis of electronic spectra. 1111 [J  21, tlie basicity of thc nitrogen 
lone pair [13] , and HMO-calculations [:7J Furthcrmorc, the crystal structures of 
several substituted bcnzylideneanilinefi have becri rcportcd [l] [ 141. These investiga- 
tions appear to indicate the existence of a substituent effect, however, thc results 
are by no mcans conclusive. 

Therefore we decided to synthesize the benzylideneanilines 2-7 and to compare 
their electronic absorptions spectra with those of planar model compounds. The 
obvious planar models1) to choose were the 3W-indoles 9-14. 

1-7 &I4 
1, 8 X = Y = H  5, 12 X = H , Y  = NMel 
2, 9 X = N 4 , Y  = H 6, 13 X = NO,,Y = N M q  
3, 10 X = H, Y =NO, 7, 14 X = NMe,, Y = NO, 
4, 11 X NM%.Y = H 

1) The suitability of 3H-indolc 8 as a planar model for benzylideneaniline (1) has been discussed 
previously.p]. 

51 
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3. HMO-Model. - To test qualitatively the hypotheses that an increase in the 
n-electron energy contribution to the potential curves would occur we calculated, 
on the basis 01 the above HMO-model, the mclcctron energy differences for twist 
angles of 0" and 90" for the benzylideneanilines 1-7. The Colouwab and exchangc 
integrals recornmendcd by Streibieser 1151 were used. As seen from Table 1, the 
increase in the n-electron energy differences is quitc small and therefore will not be 
discussed in detail. However, as expected from simple resonance considerations, the 
highest increase in stability is found for the planar conformation of 4-nitrobenzylidene- 
4'-dimetliylaminoaniline (6). Therefore, if one neglects changes in non-bondcd intcr- 
actions8), we would expect 6 to be the most planar berizylideneaniline in the above 
series. 

AE?r AE, (XY) - AE, (1) 

1 0.207 - 
0.243 
0.222 
0.207 
0.221 
0.284 
0.240 

0.036 
0.015 
0.000 
0,014 
0.077 
0.033 

4. Syntheses. - Belzzyliderteanilines. 'Chc substituted bcnzylideneanilines 2-7 
were prepared by known mcthods [16] from the respective anilines and benzalde- 
hydes. 

3H-Ilzdoles3). 3 H-Indoles can be synthesized by Fischer's indole synthesis via 
thc appropriate arylhydrazones [1.8]. 'l'hc arylhydrazines 15 and the ketones 16 were 
known [29-21] or commercially available with tlw exception of isopropyl-p-nitro- 
phenylketone (16, X - NO,). This could be syntlicsizcd by Grignurd reaction of 
benzaldehyde with (CH&CHBr, acetylation and nitration of the sec. alcohol, hydrol- 
ysis of the resulting ester and final oxidation to the ketone. 

15 
(Y = 1.1, NO,, NMc~) 

16 
(X = 1-1, NMQ, NO,) 

Indolisation of the respective arylhydrazoncs by the method described for 
2-(~-dirnethylaminophenyl) -3,3-dimethyl-3 H-indok (1 1) 1211 led to the 3 H-indoles 

z) However, X-ray analysis data demonstrate clearly thc influence of P-substituents on the 
geometry of thc  C-N=C--C group [l]. 

3) A detailed discussion of the synthesis of thc 3H-indoles 9-14 and the resulting problems 
may be found in [17J. 

.. . 
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9, 10 and 14. This method, however, tailed for the 3H-indolcs 12 and 13 since p -  
dimet h y laminophcn ylh ydrazine is too unstable. 5-Dimet h ylamino-3,3-d imc t hyl-2- 
phenyl-3H-indole (12) could be obtained by rcduction of the 3H-indole 10 to tlw 
5-aminoderivative 17, permethylation of 17 and rr subsequent demethylation of the 
resulting ammonium salt of 17 with etlianolamine [22]. 5-Dimcthylamino-3,3- 
dimethyl-2-(+-nitrophcnyl)-3 H-indole (13) was synthesized via the arylhydrazonc 
18 and the 3H-indole 19. Perrnethylatlon of 19 and subsequent demethylation of the 
ammonium salt rcsultcd in the format ion of 3H-itidolc 13. 

5 ,  Results and Discussion. Electronic spectra irz cycZolzexane4). In Fig. 2-7 
and Tables 3 .-8 we have compared the electronic absorption behaviour of benzylidene- 
anilines 2-7 and tlie 3H-indoles 9-14. One can see immcdiatcly that the bcnzylidene- 
anilines fall into two groups. In  onc group thc mononitro derivatives exhibit spectra 

Fig. 1. Electronic spectra of 1 and 8 in cyclohexane 
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Fig. 2. Electvonic spectra of 2 and 9 i~ cyclahexaw 
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Table 2. Absdr$tio~t maxima of 1 and 8 irr cydbkxane 

I 1 I 8 

805 

32 300 40 800 42600 43 900 
245 235 228 

E 6 860 l7lOQ 10300 16600 12 500 15800 15300 
42i2 1 309 

38 200 
262 

Table 3. Absorptioa Taxima of 2 and 9 in cydohexane 

I 2 I 9 

Y 28900 34700 26d00 28 000 Z(J400 39500 40800 
288 I 376 357 340 253 245 

10200 1 s 600 9 900 18 900 19900 12200 12700 
R 

Table 4. Absorp#W* ypaxima o f 3  and 10 irs cyclohezavw 
~ ~ ~~ 

I 3 I 10 

(30 800) 33 900 5 500 29 800 (42 700) 43700 

f 1 (325) 295 220 1 335 (2341 229 
t' (15400) 17 700 6 500 24 600 (14200) 14600 

Fig. 4. EIsdronic p.$cl;tra of 4 and 11 in cycbhexana 
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similar to that of benzylideneaniline itself (Fig. 3 and'Tilble 2); the spectra differ 
markedly from the spectra of thc respective 3 H-indoles 9 and 10. In the other group 
the dimethylamino derivctives 4 and 5 and the &substituted henzylideneanilines 6 
and 7 have spectra which are very similar or virtually identical to those of the re- 
spective 3 H-indoles. 

. A h n m  
400 900 250 

- _  20 I R 

a-- 
Fig. 5 .  Ekctronic spectra of 5 and 12 in uyclohexana 

A h  Rn 

3M) 
- 

- 
Pig. 6. EEectroaic spectra af 6 and 13 ilr cyckhexane 
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.., 
V 
I 
6 

Table 5.  Absorfitim maxima of 6 and 11 in cyckhexaw 

29200 42 700 28600 41 700 
342 234 I 350 240 

30800 14800 30 100 12100 

- 
V 

L 
E 

Table 6. Absovfition maxima of 5 and 12 in cyclohexane 

26 700 39700 26900 40 300 
374 252 1 372 248 

18000 20 200 18200 14000 

400 

I 
I ,  

V h c ~ ~ i i . ~ ~  

Pig. 7. Electronic spectra of 7 and 14 in cyclohexane 
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Titblc 7. Absor#tion maxima of 6 and 13 in cydohmane 

I 6 I 13 - 
V 22 800 
I 
8 20 300 

36 500 22400 
274 1 447 20 200 21 200 

36 700 
272 

15200 

Table 8. Absovfitiorr maxima of 7 and 14 in cyclohexa%e 

I 7 I 14 

26200 33 300 40 700 24 500 2s 100 34 000 39 500 f I 382 300 246 1 409 398 294 253 
5 29100 7 660 10400 36 800 34800 6 560 10900 

l'ablc 9. A bsorptiom maxima ojsubsliluted benaaldehydes and anilines in cyclohexans 

v" (34 500) 35 700 (40 200) 41 300 
a (290) 280 (249) 242 
& (1300) 1480 (1 1 400) 14000 

H 

y" (32 600) (33900) 38 600 
Iz  (307) (295) 259 
5 (1470) (2220) 15400 

Y 

V 30600 31 200 (41 700) 42 700 
I 327 320 (240) 234 
e 39 300 37 100 (1 0 '100) 11700 

N o 2  

v" 35 100 42 700 
I 285 234 

1520 6910 
H 

I 

V 31 100 (43 300) 44 200 
I 322 (231) 226 
& 15400 (6900) 7030 

4 24 

N 4  

r" 31 000 38 900 
il 323 257 
e 2500 12 800 

m)2 
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The various interpretations of the electronic spectrum of benzylideneaniline haw 
been discussed in [$I. The present, generally accepted view is based on the assump- 
tion that - depending on the twist angle - transitions in chramophore C are ac- 
companied by additional transitions in chrornophores C, and c b  (Fig. 8) [4:1 [Ill. 

Cb 

U 
Ca 

Since benzylidenemethylamine (26) and benealdchydc (20) have very similar clec- 
tronic spectra 1.61 [ll], we have collected the absorption maxima ol bcnzaldehydes 
20-22 for chromophore Cb and of anilines 23-25 for chromophore C, in Tablc 9. 

4-Nitrobenzylideneanilide (2) and benzylidene-4'-nItroadUne (3). - k I n -  
parison of the electronic spectra of 2 and 3 with the absorption maxima of the re- 
spective benzaldehydes 21 and 20 and the anilines 23 and 24 suggests that both 
spectra can be interpreted in terms of the supcrpositions of transitions in chrorno- 
phores C, Cs and Cb. The character of the spectra (low intensity of the band at 
lowest wave number and high intensity of the second band) indicates torsion angles 
for 2 and 3 which lie in the range of the torsion angle of benzylidcneaniline itself. 

4-Dimethylaminober1zylideneaniline (4) and benzylidene-4'- dimethylamino- 
aniline (5). - The similarity of the spectra of 4 and 3H-indole 11 would indicate 
a more or less planar conformation of 4. However, since the spectrum of 
4-dimethylaminobenzaldehyde (22) (Table 9) is similar, the spectrum of 4 could ~ S ( J  

consist of a superposition of transitions in cliromoyllores C, C, and cb. Therefore no 
conclusion can be drawn regarding the conformation of 4. In contrast to this the 
spectra of 5 and the 3H-indole 12 exhibit very similar absorption bands at 26700 
and 26900 cm-l which have bathochromic shifts of ca, 4200 and 8200 cm-*1 from 
the long wavelength absorptions of the aniline 25 and benzaldehydc. Thercfore the 
absorption of 5 at 26 700 cm-1 is obviously a transition in chromophore C indicating 
a planar conformation. However, the higher intensity of the second band at  39 700 
cm-' of 5 and in the region of the minimum at cu. 34000 cm-l might comc from ad- 
ditional transitions in chromophores C, and c1, (sce Table 9). From this we conclude 
that beazylidene-4'-dimethylaminoanjline (5) has only a small torsion angle. 
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4 - Nitrobenzylidene - 4’- dimethylaminoaniIine (6) and 4 - dimethylamino- 
benzylidene-4’-nitroaniline (7). - The spectra of 4-nitrobenzylidene-4’-dirnethyl- 
aminoanilinc (6) and the respcctive 3H-indole 13 (Fig. 6) show - apart from those in 
Fig. 4 - the closcst similarity of the whole series. We can conclude that 6 is a planar 
or nearly planar bcnzylideneaniline. A comparison with the absorption maxima of 
the aldehyde 21 and the aniline 25 indicates that the higher extjnction coefficient of 
the second band at 36500 cm-l might be due to transitions of low intensity in 
chrornophores C, arid Cb. 

For the alternative substitution yattcrn in benzylidencaniline 7 we find that the 
character of the elcctronic spectrum is thc same as that of the 3H-indole 14. How- 
ever, the main absorption hand shows a hypsocliromic shirt of ca. 1700 cm-l. A com- 
parison wi th  the absorption maxima of thc aldehyde 22 and anilinc 24 again suggests 
a superposition of transitions in chromophores C, Cb and c b .  Therefore 7 is obviously 
not planar, but the twist angle secms to be redumd to some extent. 

Electronic .$ectru in conc. sulfwic acid. Protonation of bcnxylideneaniline (1) on thc nitrogen 
lonc pair leads to plsnarjsation. This was shown Ly comparison of the spectra of 1 and 8 in ctinc. 
sulfuric acid [RJ. In accordancc with this observation wc have also found planarisation of the 
substitutcd bcnzyliclencanihcs 2-7 [I 71. Thc respcctive diltn are sumnmixed in Table 10. 

1H- NMR. S#ectva. Rcccntly, 1H- NMK. spectroscopic invcstigations of the conformation of 
sevcral ~icn~ylid~ncanilin~s haw been publishcd r23J. We have inwstigatcd the chemical shifts 
of .the ortho-protons of the aniline ring in 2-7 and of Chc rcspective proton in the 3H-indohs 

Table 10. Absorfition lrtaximu of belzzylidenanilinees 2-7 und 3ii-is~dodes 9-14 in conc. H&O, 

I Y (A, 8 )  

2 27400 (365,19800) 36500 (274,10300) 
9 I 27000 (370, 14000) 37100 (270,10700) 

10 I 27800 (359,26800) 
3 ZRWO (350,3ifi00) p m o o  (zI~,~z~(K))J 

45000 (222,12000) 

4 2’3800 (345.18300) 38200 (262, 9720) 

5 30000 (333,26000) 

11 I 28.500 (352,12400) 133300 (300, 4Y50)] 39400 (254,9000) 40200 (249,7960) 

12 I 29200 (343,20000) C39800 (251, 3620)] 41200 (243,4160) 

13 I 28900 (346,17800) 36200 (276, 9070) 
6 29700 (336,24600) r37oou (270, G ~ O O ) ~  

7 30000 (333,29100) L3S500 (260, 4blO)l 
14 I 28900 (346, 21.500) L3G800 (272, 5290)l 

9-14 as well as the chcmical shifts o f  the azomcthinc protons. :The results arc in agrccment with 
the conclusions which wc h a w  clrawn from thc electronic atmorptic>n spectra. As indicated in 
Tablc 11 for thc arnrnatic protons, however, the obscrved chcmical shift differences are too small 
to 11c discussed here in detail [17]. 

Conclusions. - Summarizing our results we can conclude that 4-nitrobenzylidene- 
4’-dimethylaminoaniline (6) has a planxr or nearly planar conformation. In ben- 
cylidene-4‘dimethytaminoaniline (5) thc twist angle is reduced to quite an extent. 
This is to he expctcd if it is assumed that dclocalisation of the nitrogen lone pair 



HELVETKA CHIMICA ACTA - Vol. 58,  liasc. 3 (197.5) - Nr. 92 81 1. 

Table 11. Chemical shi@ oJprotons H B .  H J ~  in  bemylidemunilintcs 2-7 and ~Jpro ton  Hj in 3li-indi~les 
9-14 in C/)Ci, (ppm, B ~ M S  = 0) 

B T 

1 7.21-7.31 a) 

3 7.19 
4 7.15-7.25a) 
5 7.24 
6 7.30 
7 7.17 

2 725-7.378) 
8 7.70 
9 7.75 

10 7.73 
11 7.63 
12 7.57 
13 7.60 
14 7.63 

0.30-0.49 
0.38-0.50 
0.54 
0.38-0.48 
0.33 
0.30 
0.46 

8) Complex multiplels lor tho aniline protons. 

into the aniline ring partly compensates the loss of x-electron encrgy in the twisted 
benzylideneaniline : the dimethylamino group in the anilim ring has thc major effect 
since the delocalisation of the nitrogen h i e  pair is impeded. Whcn the nitro group 
is also present as substituent, obviously an additional increase in the slope of n- 
electron energy with increasing twist angle occurs and the minimum of the potential 
curve is further shifted to a smaller twist anglc. As seen from the electroriic spcctra 
of 4-nitrobenzylideneaniline (2) and benzylidene-4'-nitroaniline (3) substitution by 
the nitro group alone has only a minor effect. However, when the dimcthylamino 
group is also prcscnt (7), partial planarisation is observed. 

A comparison of electronic absorption spectra with rcflcction spectra and X-ray 
structure analysis data of the above hcnzylideneanilines should provide furthcr in- 
formation. 

This work was supported by thc Schw&evischfir Sationalfonb zur Fvrderung der Wissenscku{l/lli- 
c L n  Forschwng. projcct No. 4430.2. We acknowlcdgc contributions from St. Aeschbach, A .  Oschwald, 
P.  lbnco and U. Widmer during the coursc of thcir diploma work. 

Experimental Part 
General. - Melting points arc uncorrccted. IR. spectra were run on it Uechman 11t-33 

(intensities: s = strong, m = medium. UI i- weak), 'H-NMIE. spectra at 60 MHz (Vorian A-60, 
T-60) in CDCl,; chcrnical shifts arc given in pprti (d, TMS = U), coupling constants in 112; s - 
singlet, d = doublct. sext = sextet, oct = octet, m = multiplct. Mass spectra were run on a 
Hikchi  Perkin Elmer RMU-6 (Organ.-chem. I.nboratoriiim I%'I.'HZ) and electronic spcctra on 
Bsckman Acta I1 and Acta 111. Silica gel platcs wcrc uscd for thin and thick laycr chromatography 
(F 254, PF 254), and for column chromatography silica gel (0.05-0.2 mm) froin Merck AG. Uarni- 
stadt, was used. 

3,3-Dlmethyl-2-(p-nitrophenyl)-3H-indole (9). - 2-MethyZ-l-~he~yy2~ro~anul. 171 .G g 
(1.39 mol) isopropyl bromide in 200 ml abs. ether were added dropwisc with stirring to 33.2 g 
(1.37 mol) Mg filings in 200 mI abs. cthcr at  such it rat(: that the solution was kcpt boiling. The 
mixture was refluxed for 30 min. A solution of Irreshly distillcd bcnzaldehyde (120 g, 1.13 mol) 
in a h .  ether (100 ml) was addecl and the mixture reIluxed for an additional 60 min. The solution 
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was allowed to cool and poured onto icc (140 g). Thc rcsulting prccipitatc was ciissolvcd with IlCl 
(19%) and the aqucous layer separatcd and extractcd with ether. Thc combined ethcr cxtracts 
werc washed with a saturated solution o€ NaHSO,. 2M NaHCO,, and water, and dricd ovcr 
Na,S04. After removal of the solvent thc crude product (138 g) was distilled to give 129.7 g 
(77%) of the alcohol. R.p. 110-113"/17 Torr (112-113"/15 'l'orr [24]); = 1.5186 (1.5193 [24]). 

2-Met~yl-7-~~nyZpvopyl  acetate. 45.0 g (0.300 mol) 2-methyl-1-phenylpropanol, 30.6 g (0.300 
mol) acctic anhydride and 28.4 g (0.360 mol) pyridine wen: rcfluxed for 3 h. Thc reaction mixturc 
was allowed to cool, poured into ice watcr (100 ml) and thc aqueous laycr was extracted with 
cthcr. The combincd organic layers wcrc washed with 2M 1IC;l ant1 H,O, dried and distilled to 
give 4.0 g (80%) cstcr. B.p. 104-109"/8 Yorr (122-125°/20 Torr [24]) ; n g  = 1.4930. - lH-NMR.: _ _  
0.79 (3H, d, J = 7); 0.96 (3H, d ,  J = 7); 2.06 (3H, s); 2.10 (lH,-aG, .I = 7); 5.48 (lH, d, J = 7); 
7.30 (5H, s). 

2-Melhyl-l-(.P-ni#rophenyZ)propunol. 50 ml fuming HNO, were added slowly with stirring at 
-50" to 42.30 g (0.22 mol) 2-mcthyl-1-phenylpropyl acetate in 100 g acetic anhydride. The 
mixture was stirrcd for 12 h at - 40", poured into icc watcr (300 ml) and cxtracted with ether. 
The ether extracts wcrc neutralized with 2 M KHCO,, washcd with H,O, dried ovcr N+SO, and 
distilled (lZS°C/0.6 Tom) to give 37.9 g of a mixture of the a- and p-isomer. 

28.4 g of this mixture wcrc hydrolized at room tcmperdure with 330 ml of methanolic I M  
KOH. Hydrolysis is completc immcdiately after addition of KOH. The mixturc 'was neutralized 
with dry icc, filtered from the precipitated K&O, and cvaporated to dryncss. The residue was 
taken up into water and extractcd with ether. Thc ethcr laycr was washed with l~ HCl and water 
and dried over Na,SC),. Evaporation of the ethor gavc 15.9 g crude product. Thc separation and 
purification of the p-isomcr was achieved by chromatography in two batchcs on a column [l in x 
4 cm, 450 g silica gel, eluent: ethyl acetatc/pctroleum ether (80-110) 15: 851. 5.96 g (19%) of thc 
p-isomer wcrc obtained. - IH-NMR. : 0.89 (3 li, d,  J = 7) ; 0.96 (3 H, d,  J = 7) ; 2.02 (lH, act, 

I s o ~ r o p ~ l - p - n i t r o p h e ~ ~ ~ ~ e ~ ~ ~ ~ .  2.88 g (14.8 mmol) 2-methyl-1-(p-nitropheny1)propanol in 
30 ml AcOH werc mixed at room temp. with il solution of 2.07 g (20.7 mmol) CrOa in 15 ml HzO 
and 52 ml AcOH. Aftcr addition, the mixture was stirrcd €or 1 h. diluted with 50 ml H,O and 
extracted with cthcr. The extracts were washed with 2m KHCO,, saturated NaHSO, solution, 
H,O and dried over Na.$04, Icvaporation of the ether gave 2.28 g (80%) ketone which cristallized 
on standing. M.p. 51'. - 1H-NMR.: 1.25 (G H, d, J = 7);  3.57 (1H. sext, J = 7);  8.08 (2 H, d,  
J = 9 ) ;  8.28 (2 H, d, J = 9). 

3H-Indole 9. 2.28 g (11.8 mmol) isnpropyl +-nitrophcnyl ketone and 1.28 g (11.8 rnmol) 
phenylhydrazinc were heated to 110" for 2 h, On addition of 10 ml C,H,OH the hydrazone cristal- 
lized in orangc nccdles. It was refluxed with 15 ml C,H,OH and 15 ml ethanolic HCI for 1 h. After 
cooling, tbc precipitate was washed with H,O and ncutralimd with cold 2~ NaOH. Extraction 
with cthcr gave 0.862 g of a yellow powder which was rccrystallized Irom C,II,OH (0.809 g, 26%). 

qeH14N,0, (266.3) Calc. C 72.16 H 5.30 N 10.520/, Found C 72.18 .H 5.33 N 10.52% 
IR. (KDr) : 3000 w, 29.50 (u, 2880 w, 1600 m, 1530 s, 1500 m, 1475 m, 1455 m. 1350 s, 1320 m. 

1300 m, 1110 m, 990 m, 860 s, 850 s, 750 s, 700 s. - IH-NMH.: 1.55 (6 H, s); -7.5 (3 13, m);  

117 (39), 103 (32). 91 (ZO), 77 (30). 

3,3-Dimethyl-5-nLtro-Z-phenyl-3H-indole (10). - 5.92 g (40.0 mmol) isopropyl 
phenyl ketone [ZO] and 6.12 g (40.0 mmol) p-nitrophcnylhydrazine were heated to 110' for 3 h. 
Addition of 15 rnl C,H,OH and cooling resultcd in precipitation of 9.40 g of a yellow product 
which was rcfluxcd for 1 h with 25 ml C,H,OH and 1s ml ethanolic HCI. After cooling, the 
solution was filtered from the precipitated NH4Cl and evaporated to dryness. The residue was 
taken up into ice water which was madt? alkaline with 2 M NaOH and then cxtractcd with ethcr. 
After drying ovcr K&O, and cvaporation thc rcsiduc was crystallized by addition of 5 rnl C,I-I,OII 
and rccrystallircd twice from C,lT,OH (1.17 g, 11%). M.p. 147-149". 
Cl,H14N,0, (266.3) Calc. C 72,16 H 5.30 N 10.52% Found C 72.69 H 5.30 N 10.71% 

J * 7): 2.29 (113. s); 4.62 (lH, d,  J = 7); 7.60 (2 H, d, J 7.:: 9); 8.31 (2 14, d, J = 9). 

M.P. 143-144'. 

-7.7 (111, m); 8.22 (4 H, s). - MS. (SO'): 266 (M+,  loo), 251 (25), 220 (ZO), 205 (25), 144 (18), 
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IR. (CHCIJ: 2980 m, 2940 m. 2880 m, 1625 m. 1605 m, 1515 m, 1500 m, 1460 m, 1345 s, 
1320 m, 1310 m, 1125 m, 910 m, 850 w.  - IH-NMR.: 1.60 (6 11, s); -7.5 (3 H, m); 7.73 (114, d ,  
J = 9); -8.2 (4 11. m). - MS. (60"): 266 ( M + ,  loo), 251 (32), 220 (Zl), 205 (24), 115 (30), 91 (17). 

5 - Dimethylamino-3,3-dimethyl-2-phenyl-3H- indole (12). .. 5-Amino-3, bdimethyl- 
2-plrenyl.JH-induoL (17). To a suspension of 1.77 g (6.6.5 mmol) 10 in 9 ml95% C,H,OH a solution 
of 2 . N  g (40.0 mmol) NaHS H,O in 9 ml H,O was atldcd and thc mixture heated to 110" for 
30 min. After evaporation of thc solvcnt, thc residue was takcn 111) into II@. Extraction with 
CHCl, and cvaporation of the dry extract gave an oily, dark yellow rcsiduc which solidified on 
dissolution in pctroleum ether (80-110) (10 rnl) and cooling (1.13 g, 72y0). M.p. 110" (from 
petroleum ether). 

1H-NMR.: 1.54 (G H, s); 3.76 (2 H, s); 6.6 6.8 (2 H, nz); 7.4-7.7 (4 11, m);  8.2 (2 H, m). 
MS. (SO"): 236 ( M f  loo), 221 (48). 

3H-Indole 12. 1.12 g (4.75 mmol) of 17 were suspcndccl together with 1.2 g NaIlCO, in 11 rnl 
H,O and over a period of 90 min 2.70 g (21.60 mmol) (ClI,O),~O, were addcd dropwisc. AfteT 
5 h reaction time addition of 2.0 g (13.0 mmol) NaJ. in 14 tnl H,O resultcd in precipitation o f  
1.37 g of a yellow salt which was treatcd for 90 min at 100" with HzN(CII,),OH. After cooling 
the mixture was dilutcd with H,O and cxtracted with petroleurn ethcr (80.-100). Thc organic 
layer was dricd over Na,S04 and conccntrated to 5 ml. On cooling the solution thc 3 H-indole 12 
crystallized in orange needles (0.281 g, 22%). M.p. 117". 

C1,H,N, (264.4) Cdk. C 81.78 I3 7.63 N 10.60% Vound C 81.77 H 7.67 N 10.59% 
IR. (CHCl,) : 2970 m, 2940 m, 2870 m, 2820 w, 1620 s, 160.5 m, I595 m, 1500 5,1470 m, 1440 m. 

1365 s. - 1H-NMR.: 1.53 (6 H. s); 2.95 (6 11, s); 4 . 7  (2 H, m): -7.4 (3 II, m); 7.57 (1 11, d ) ;  
-8.1 (2 H, m). .-. MS. (200'): 264 (Mf, 100). 249 (30). 

5-Dimethylamino-3,3-dimethyl-2-(p-nitrophenyl)-3H-indole (13). - 0.805 g (4.17 
mmol) isopropyl 8-nitrophenyl ketonc in 65 ml 35% C,H,C)H were mixed with a solution 
of 1.013 g (5.03 mmol) p-acetylaminophcnylhydrazine hydrochloride [25] in 15 ml H,O and 
18 m l O . 5 ~  NaOAc. The mixture was hcated to 60' and N, was bubbled slowly through. After 
20 h 1.17 g of a rcd powder werc filtered off and refluxcd with 20 in1 CzH,OH and 25 ml ethanolic 
HC1 for 45 min. The mixture was cooled, filtered from NII,Cl and evaporated. The residuc was 
taken up into ice water. madc alkaline with ZM NaOlI anrl extrwtod with ether. Thc ether layers 
werc dricd over K,COS and cvaporated to dryncss. The resulting cruclc product of 19 (0.800 g) was 
suspcndcd in a solution of 0.72 g NaHCO, in 10 ml H,O. OVCT a pcriod of 1 h 1.40 g (11 mIriol) 
(CHIO)*SO, were addctl dropwise with stirring. The rnixturc was then stirred for an additional 
4 h at room temperature and 1. h at 80". 2.0 g (13 mmol) NaI in 9 ml iI,O were addcd and the 
mixture cooled. The resulting precipitate was scparated and heated to 100'' for 1 h with 5 rnl 
H,N(CH,),OH. After cooling, 50 ml H,O were addcd and the niixturc cxtracted with CIICI,. The 
organic layer was dricd over K&O, and cvaporated. 'I'hc residue (0.643 g) was chromatograplied 
on silica gcl plates (petrolcum ether (80-110)/cthyl acetate 1 : 3). :~11c tilain orangc band was eluted 
with CHCI, and again chromatographed (petrolcum ether (SO-'l.lO) /ethyl acetate 85 : 15). This 
gave 0.218 g i f  a dark red product which was rccrystallized twice from GH,OH. Thc red-violet 
crystah (0.147 g) wcrc rechromatographed on silica gcl plates (CHCI,) and recrystallized (C,H,OH) 
to give 0.102 g (8%) pure 3H-indolc 13. M.p. 217'. 
C18H,,N,0, (309.4) Calc. C 69.88 H 6.19 N 13.58% T:ound C 69.61 H 6.15 N 13.37% 

IR. (CHCl,) : 2940 fi~2915 m, 2855 m, 2805 w, 1605 m. 1585 s, 1490 m, 1460 ni, 1430 m, 1340 s, 
1130 m, 1110 m, 1075 m, 1015 m. 855 m. -lH-NMH.: 1.53 (6 11, s); 3.00 (6 H, s); -6.7 (2 H, m); 

2-(p-DimeUrylaminoph~nyl)-3,3-dimethyl-5-nitro-3H-indole (14). - 1.014 g (5.31 
mmol) p-dimethylaminophenyl isopropyl kctonc [211 and 0.822 g (5.37 rnmot) p-nitro- 
phenylhydrazine were hcatcd at 110" for 3 h. Then 10 ml GH,OH and 20 ml ethanolic IlCl wcre 
added to the mixture and the whole rcfluxed for 1 h. After cooling, the precipitated NH&I was 
filtered off and the filtrate evaporated to dryness. Thc residue was takcn up into ice water and 
2u NaOH. and extracted with ethcr. The organic layers werc dried over K&O, and evapxated. 
Addition of 3 mI %HEOH to the oily residue (1.47 g) resultcd in formation of an orange rcd pre- 

7.60 (1 H, d, J = 9) ; 8.28 (4 H, s). - MS. (100') : 309 ( M f  IOU),  294 (29), 279 (18), 263 (15). 248 (15). 
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cipitate (0.58 g) which was chromatographed in two batches on a column (40 x 1 .3  cm,. 40 g 
silica gel, CHCI,). .A rcd product was collected (0.292 g) ant1 recrystallized from CH,O1€ (0.3.74 g, 

CI,H,,N,(I~ (309.4) Calc. C 09.88 f I  6.19 N 13.58% Found C 69.74 H 6.16 N 13.35% 
IR. (KUr): 2940 w, 2880 rer, 2820 w, 1610 s, 1515 m, 1495 s, 1435 m, 1420 m, 1400 m, 1370 m, 

11 Yo). M.p. 195O. 

1 3 2 5 ~ . - . . ~ I I - t V M ~ . : 1 . 6 0 ( 6 H , ' ~ ) ; 3 . 0 6 ( 6 H , . ~ ) ; 6 . 7 6 ( 2 H , d ,  J = 9 ) ; 7 . 6 3 ( l H , d ,  J-9) ;8 .16 
(2 H, d, -1 - 9); -8.2 (2 H, W Z ) .  MS. (1 10'): 309 (Aft, loo), 294 (30). 263 (12). 248 (17). 147 (12), 
115 (14). 
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