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HETEROCYCLISCHE 12-TC- UND 14-%-SYSTEME, 27. MITTEI- 
LUNG. UNTERSUCHUNGEN ZUR SYNTHESE UND ZUM 
REAKTIONSVERHALTEN NEUER TMIA-PSEUDO-PHENALE- 
NON-DERIVATE 

RICHARD NEIDLEIN und EVANGELIA A. VARELLA* 
Pharmazeutisch-Chemisches Institut der Universitaten Karlsruhe (TH) und Heidelberg, irn 
Neuenheimer Feld 364, 6900 Heidelberg, B.R. Deutschland 

Zusammenfassung 

Die Reaktion von 2-Methyl-benzo(b)thiophen (1) mit a-Chlor-dimethylether 
ergibt 2-Methyl-3-chloromethylbenzo(b)thiophen (2), das nach bekannten 
Methoden in die Saure (3), durch Cyclisierung und anschliessender Oxidation 
in (4) bzw. (5) uberfuhrt werden konnte. Die Alkylierung von (5) mit 
((Meerweinsalz)) ergibt das Thia-pseudo-phenaleniumtetrafluoroborat (6) und in 
Answesenheit einer Base unter Rearomatisierung (6a). (5) bildet mit N- 
Nukleophilen die Derivate (7a-7c, a), mit C-Nukleophilen die Thiap- 
seudophenafulvalene (9, 1Oa-lOd); daruberhinaus ist uns gelungen, die Thia- 
pentapseudophenafulvalene (11) sowie (12a-12d) herzustellen, die durch 
spektroskopische Methoden identifiziert wurden. 

Schlusselworter: Heterocyclische 12-x-Elektronensysteme; heterocyclische 14-x- 
Elektroneltsysterne; 2-Methyl-benzo(b)thiophen; 2-Methyl-5-0x0-5H-naphtho (1.8-bc) thiophen; 2- 
Methyl-5-ethoxy-naphtho(l.8-bc) thiolium-kation; Reaktion der Thia-pseudo-phenalenone mit N- 
und C-Nukleophilen; Thia-penta-pseudophenafulvalene; 5-Ethoxy-2-methylennaphtho (1.8-bc) 
thiophen. 

EiniUhrung 

In Fortfuhrung unserer Untersuchungen uber Heteropseudophenalenone, . 
ihrer Kationochemie, ihrer Fulvene und ihrer Hetero-penta- 
pseudophenafulvalene beschaftigten wir uns auch mit jenen 12-x- 
Molekulsystemen, welche im Tricyclus Schwefel als He t e ro -a t~m~-~  anstelle 
einer Doppelbindung, in a- Stellung jedoch eine CH, -Gruppe und in Position 5 
die Garbonylgruppe enthielten. Die Reaktion der 12-x- elektronischen Thia- 
pseudophenalenone mit N-Nukleophilen, C-Nukleophilen, sowie die Synthese 
der Thia-penta-pseudophenafulvalene fuhrten zu den vorgesehenen Derivaten. 
Es konnte gezeigt werden, dass die Thia-pseudophenalenone im elektronischen 

* Zur Zeit: Laboratorium fur Organische Chemie der naturwissenschaftlitihen Fakultat der 
Universitat Thessaloniki. 
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~rundzustzhd in bedeutendem Mase die zwitterionische dipolare Grenzstruktur 
einnehmen. 

Ausgehend von 2-Methyl-benzo(b)thiophen ( I ) ~  wird mit einer ae- 
quimolaren Menge a -Chlor-dimethylether in Eisessig 2-Methyl-3-chlor- 
methylbenzo(b)thiophen (3)' erhalten, welches nach bekannten Methoden in die 
3-(2-Methyl-3-benzo(b)thienyl) propionsaure (3) uberfuhrt werden konnte; nach 
Cyclisierung zu (4) und dessen D e h y d r i e r ~ n g ~ y ~ , ~ ~  konnte 2-Methyl- 
thiapseudophenalenon-5 (5) isoliert werden. Das IR-Spektrum von (5) zeigte 
eine niederfrequente Carbonylvalenzschwingung bei 1635 cmdl. Die niederfre- 
quente Carbonylbande und die starke Nukleophilie weisen auf eine gegenuber 
einfachen a ,  P-ungesattigten Ketonen erhohte Beteiligung der zwitterionischen, 
dipolaren Grenzstruktur am elektronischen Grundzustand der Carbonylgruppe 
hin1,6,9,10. Es war daher auch leicht moglich, das Keton (5) mit Hilfe von 
•áMeerweinsalz•â -dem Triethyloxoniumtetrafluoroborat - an der Car- 
bonylgruppe zum 2-Methyl-5-ethoxy-thiapseudophenaleniumtetrafluofoborat (6) 
zu alkylieren; letzteres konnte allerdings aufgrund seiner Instabilitat nicht 
isoliert werden und mit Hilfe der ((Hunig-Base•â Ethyldiisopropylamin wurde un- 
ter Eliminierung eines Protons bei gleichzeitiger Rearomatisierung des 
naphthalinoiden Anteils des Tricyclus (6a) erhalten. (5) reagierte mit m- 

Abb. i 
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Chlorphenylisocyanat in Gegenwart von AlCl, unter Abspatung von CO, zum 
Imino-derivat (7a), mit den entsprechenden N-Nucleophilen wurden aus (5) un- 
ter saurer Katalyse die Imino-thiapseudophenalenone (7b), (7~) und (8) 
erhaltqn. Die entsprechenden Thia-pseudophenafulvene (IOa - 106) waren nach 
zwei unterschiedlichen Methoden zuganglich: (IOa) sowie (lob) wurden durch 
Kondensation von (5) mit Malonsauredinitril bzw. mit Cyan- 
essigsauremethylester, (IOc) und (Iod) nach der Ketenmethode9 aus (5) und 
den entsprechenden Ketenen unter Eliminierung von CO, erhalten. Im Falle 
von (Iod) liegt aufgrund 'H-NMR-spektroskopischer Untersuchungen ein 
Isomerengemisch vor, wobei allerdings jenes Isomere mit R' = C(CH,), als 
sehr voluminoser Gruppe und dadurch bedingter sterischer Hinderung 
uberwiegen durfte. Beim Isomeren mit R1 = C(CH,), ist H6 durch die 
Cyanogruppe nach tieferem Feld verschoben; H4 zeigt sich dagegen bei relativ 
hohem Feld. Beim anderen Isomeren liegt H6 im Aromatenbereich; H4 ist stark 
entschirmt, aufgrund der benachbarten Cyanogruppe. 

Abb. 2 
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Als Vertreter der Thia-penta-pseudophenafulvalene wurden die Fulvalene 
(11) sowie (12a - 12d) synthetisiert und instrumental- analytisch untersucht; 
das intensiv dunkelblau kristalline (11) wurde aus (5) und Fluorenketen, die 
Fulvalene (124  und (12b) nach der Acetanhydridmethode, (124  durch Erhit- 
zen der Reaktanten in Acetonitril als Losungsmittel und (12d) durch Reaktion 
von (5) mit 2,3,4,5-Tetraphenyl-1-diazo-cyclopentadien in Gegenwart 
katalytischer Mengen &Cl, und in Xylol/Nitrobenzol als Losungsmittel 
erhalten. Zusammenfassend kann gesagt werden, das sowohl die Thia- 
pseudophenafulvene als auch die Thia-penta-pseudophenafulvalene sich als sehr 
stabile Verbindungen erwiesen haben. 

Experimenteller Teil 

Schmelzpunkte: nicht korrigiert, Schmelzpunktmikroskop der Fa. Reichert, ' 
Wien. - Massenspektren: Varian MAT 311) dessen inverse Nier-Johnson- 
Geometrie die Aufnahme der DADI-Spektren ermoglichte. lH-NMR-Spektren: 
Gerate Bruker-HX90 E und teilweise auch T-60-A; TMS als interner Standard. 
IR-Spektren: Gerat Perkin-Elmer 177. UV-Spektren: Gerat DMR 10 der Fa. 
Zeiss, Oberkochen. Die Elementaranalysen wurden mit dem C, H, N- 
Analysator der Fa. Heraeus, Hanau, ausgefuhrt. Saulenchromatographische 
Trennungen und Reinigungen wurden auf einer mit Kieselgel 60 •áMerck•â 
(0.063-0.20 mm) beschickten Saule von 80 cm Lange und einem Innen- 
durchmesser von 2.5 cm durch-gefuhrt, praparative schichtchromatographische 
Untersuchungen auf mit Kieselgel 60 •áMerck•â bestrichenen Glasplatten 



(2Ox20cm). Die Losungsmittel und Reagenzien wurden nach den uolichen 
Methoden getrocknet und gereinigt. 

2-Methyl-3-chlormethyl-benzo(b)thiophen (2) 
Zu einer Losung von 14.8 g (0.1 mol) 2-Methyl-benzo(b)-thiophen (I) in 

100 ml Eisessig werden 10 g (0.125 mol) Chloromethyl-methyl-ether in 10 ml 
Eisessig gegeben und 24 h stehengelassen; das auskristallisierte Rohprodukt 
wird aus Pentan umkristallisiert, weise Kristalle. Schmp. 70•‹C; Ausb. 16.79 g 
(85%). 

(196.70) Ber. C 61.06 H 5.13 Gef. C 60.92 H 5.04. 

3(2-Methyl-benzo(b)thienyI)propionsaure (3) 

16.79 g (0.085 mol) (2) reagieren mit 13.6 g (0.085 mol) Malon- 
saurediethylester in 15 nil wasserfreiem Ethanol zu 2-Methyl-3-(dicarbethoxy)- 
ethyl-benzo(b)thiophen, das anschliesend mit 35 ml 1 N NaOH bei 
dreistundigem Erhitzen unter Ruckflus verseift worden ist. Der abgesaugte und 
getrocknete Niederschlag wird 20 min auf 200•‹C erhitzt, wobei unter 
Entwicklung von CO, die Saure entsteht; weise Kristalle mit Schmp. 102 - 
103OC (aus Petrolether 60-80•‹C); Ausb. 18.7 g (98%). 

(220.29) Ber. C 65.42 H 5.49 Gef. C 65.87 H 5.31. 

2-Methyl-4.5-dihydro-5-0~0-5H-naphtho(l.8-bc) thiophen (4) 

Eine Losung von 1.60 g (7.25 mmol) (3) in 20 ml 1.2-Dichlorethan werden 
mit 5.0 ml Thionychlorid 30 min lang unter Ruckflus erhitzt; nach Ab- 
destillieren des uberschussigen Thionylchlorids und des Losungsmittels wird 
das Saurechlorid in 20 ml 1.2-Dichlorethan gelost und bei 0•‹C 20 min lang mit 
1.3 g Aluminiumchlorid behandelt. Anschliesend wird die Losung 30 min lang 
bei 0•‹C geruhrt, sodann mit 50 ml conc. SalzsaureIEis (1:l) hydrolysiert. Die 
organische Phase wird mit 15 proz. NaHC0,-Losung, danach mit Wasser 
gewaschen, das Losungsmittel entfernt und der Ruckstand aus 1.2- 
Dichlorethanln-Hexan umkristallisiert. Gelbe Kristalle, Schmp. 88 - 89•‹C; 
Ausb. 0.44 g (30%). 

(202.28) Ber. C 71.26 H 4.98 Gef. C 70.87 H 5.05. 

1. Methode: .2.0 g (10 mmol) (4) werden mit 15.35 g (62 mmol) Chloranil in 
200 ml t-Butanol 3 h unter Ruckflus erhitzt, der Ruckstand in Chloroform 
gelost und mit 15 proz. Natriumhydrogenkarbonatlosung funfmal gewaschen, 
anschliesend mit Wasser und sodann aus Chloroform/n-Hexan umkristallisiert; 
gelbe Kristalle. Schmp. 76-77•‹C; Ausb. 1.0 g (50%). 
2. Methode: 0.45 g (2.25 mmol) (4) und 0.76 g (4.5 mmol) 
Triphenylmethylperchlorat in wasserfreiem Eisessig werden 30 min lang bei 
30•‹C geruhrt und dann in 15 ml Wasser gegossen. Der organische Teil wird 
aus 30 ml Benzol extrahiert und die vereinigten benzolischen Auszuge mit 10 
ml konz. Salzsaure extrahiert. Die Salzsaure-Phase wird auf 50 ml verdunnt 



und das ausgefallene Produkt aus 1 . 1-Dichlormethan/n-Hexan umkristallisiert; 
gelbe Kristalle. Schmp. 76-77OC; Ausb. 0.34 g (75%). 

IR (KBr): 1635 cm-' (C=O). 'H-NMR (90 MHz, CDCI,): 6 (ppm) = 7.22 
(d, H3, I = 10 HZ), 7.05 (d, H4, I = 10 HZ), 7.74 (dd, H6, I = 8 HZ), 7.12 (t, 
H', I = 8 Hz), 7.38 (d, Hg, I = 8 HZ), 2.95 (s, a- CH,). MS (70 eV): m/e (%) 
= 200 (90, M'), 185 (25), 172 (23), 171 (100), 157 (41), 145 (10), 114 (18), 
113 (20), 100 (16), 87 (8), 63 (9). 

(200.26) Ber. C 71.97 H 4.02 S 16.01 Gef. C 71.69 H 3.87 S 
15.94. 

Eine Losung von 0.4 g (2 mmol) (5) und 0.4 g (2 mmol) Triethyloxonium- 
tetrafluoroborat wird bei 35•‹C in 10 ml wasserfreiem 1.2-Dichlorethan etwa 20 
min. geruhrt - bis zur Grunfarbung. Das Salz wird mit Ether gefallt und nach 
Entfernung des Ethers sofort in wasserfreiem Acetonitril gelost; die grune 
Losung ist bei Kalte und Dunkelheit etwa 2 Wochen bestandig, (6) konnte 
selbst jedoch nicht isoliert werden. 'H-NMR (90 MHz, D,C-CN): 6 (ppm) = 

8.21 (d, H3, I = 9 HZ), 7.65 (d, H4, I = 9  HZ), 7.93 (d, H6,1 = 8 HZ), 8.15 (t, 
H', I = 8 HZ), 8.62 (d, Hg, I = 8 HZ), 3.26 (s, a -CH3-), 4.32 (q, -OCH2), 1.62 
(t, -0-CH2-CH,). 

5-Ethoxy-2-methylen-naptho(1 .8-b-C) triophen (6a) 

Zu einer Losung von 0.46 g (2 mmol) (6) in 5 ml wasserfreiem Acetonitril 
werden 0.22 g (4 mmol) Anilin getropft; bei Zugabe von einigen Tropfen Ethyl- 
diisopropylamin (((Hunig-Basen) schlagt die Farbe in orange um und nach 
Entfernen des Losungs mittels sowie angeschlossener 
saulenchromatographischer Reinigung - ((Kieselgel 60 Merckn - mit Ethanol als 
Elutions-mittel werden gelbe Kristaile' isoliert (aus Ethanol). Ausb. 150 mg 
(32%); Schmp. 123OC. 

(228.36) Ber. C 73.65 H 5.30 S 14.04 
Gef. C 73.27 H 5.39 S 13.87 

IR (KBr): 1620 cm-' (C=CH2). 'H-NMR (90 MHz, CDCI,): 6 (pprn) = 
6.96 (d, a -CH2-), 7.63 - 8.42 (m, H3, H6, H7, Hg), 6.48 (s, H4), 4.11 (q, -0-  
CH2-), 1.41 (t -CH,).,MS (100 eV, 120•‹C): m/e (%) = 228 (100, M'), 202 
(33, 170 (84), 126 (93). 

Zu einer Losung von 400 mg (2 mmol) (3, 307 mg (2 mmol) m- 
Chlorphenylisocyanat wird eine katalytische Menge von AlCl, gegeben, und 24 
h unter Ruckflus erhitzt. Nach Entfernen des Losungs-mittels wird der Rucks- 
tand uber eine Kieselgelsaule - Kieselgel 60 •áMerck•â - mit Benzol als 
Losungsmittel chromatographiert. Gelbe Kristalle (aus Benzol/Petrolether). 
Ausb. 112 mg (18%); Schmp. 167OC. 

(309.8) Ber. C 69.78 H 3.90 N 4.52 S 10.35 
Gef. C 69.24 H 3.46 N 4.59 S 10.14 
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IR (KBr): 1590, 1540 (C=N). 'H-NMR (90 MHz, CDCI,): a (ppm) = 

2.73 (s, a -CH,), 7.14 - 8.4i (m, H3, H7, Ha), 6.88 (d, H4) 6.89 (d, H6). MS 
(100 eV, 165•‹C): m/e (96) 309.5 (74, M'), 274,(84), 199 (100), 172 (31), 
171 (97), 157 (38). 146 (25). 132 (29), 114 ( l l ) ,  113 (18), 100 (20). 87 (8), 63 
(10). 

2-Methyl-naphtho(l.8-bc) thr ~phen-5-phenylimin (76) 

Eine Losung von 400 m: (2 mmol) (5) in 15 ml Ethanol und 100 mg (2 
mmol) Anilin wird mit 10 Tr jpfen 60 proz. Perchlorsaure versetzt und 2 h un- 
ter Ruckflus zum Sieden erhitzt; es werden einige Tropfen 
Ethyldiisopropylamin zugegeben, die Farbe der 'Reaktionslosung schlagt von 
rot nach orange um. Nach Ihtfernen des Losungsmittels wird der Ruckstand 
uber Kieselgel 60 ((Merck)) chromatographiert - Benzol als Elutionsmittel; 
gelbliche Kristalle (aus Benr.ollPetrolether). Ausb. 120 mg (22%); Schmp. 
160•‹C. 

(275.38) Ber. C 78.51 H 4.75 N 5.09 S 11.64 
Gef. C 78.31 H 4.56 N 4.89 S 11.19 

IR (KBr): 1650 cm-' (C= N). 'H-NMR (90 MHz, CDCI,): 6 (ppm) = 2.61 
(s, a- CH,), 7.34 - 7.65 (m, H3, H7, H9), 6.82 (d, H4), 6.54 (d, H6). MS (100 
eV, 145OC): m/e (%) = 275 (64, M'), 199 (78), 172 (23), 171 (100), 158 (69), 
157 (24), 146 (73), 132 (454 114 (6), 113 (34), 100 (18), 87 (9), 63 (14). 

Zu einer Losung von 400 mg ( 2  mmol) (5), 0.19 g (2 mmol) p-Toluol- 
sulfonsaurehydrazid in 20 ml Ethanol wird mit 10 Tropfen konz. Salzsaure 
versetzt und 1 h unter Ruckflus zum Sieden erhitzt. Der abgesaugte 
Niederschlag wird- mit Wasser gewaschen; dunkelgelbe Kristalle (aus Ethanol). 
Ausb. 400 mg (55%); Schmp. 189OC. 

(368.5); Ber. C 61.93 H 4.91 N 7.60 S 17.40 
Gef. C 61.08 H 4.72 N 7.25 S 17.18 

IR (KBr): 1580, 1530 cm-' (C=N). 'H-NMR (90 MHz, CDCI,): 6 (ppm) 
= 2.55 (s, a-CH,), 7.16 - 7.52 (m, H3, H7, Ha), 6.46(d,H4),6.43 (d,H6).MS 
(100 eV, 85•‹C): m/e (%) = 368 (82, M'), 278 (97), 214 (74), 186 (69), 172 
(12), 171 (lOO), 158 (52), 157 (23), 146 (73), 132 (59), 114 (19), 113 (44), 87 

' (14), 63 (22). 

Aus 400 mg (2 mmol) (5), 64 mg (2 mmol) Hydrazin (100 proz.) in 59 ml 
wasserfreiem Ethanol und 5 Tropfen konz. Salzsaure analog (7c). Ausb. 634 
mg (80%); Schmp. 309OC. 

(396.5) Ber. C 72.69 H 4.07 N 7.07 S 16.17 
Gef. C 72.59 H 3.86 N 6.97 S 16.04 

IR (KBr): 1575, 1540 cm ' (C=N). 'H-NMR (90 MHz, CDCI,): 6 (ppm) 
= 2.59 (s, a -CH,), 7.41 - 7.9t' (m, H3, H', HE), 6.42 (d, H4), 6.57 (d, H6). MS 
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400 mg (2 mmol) (5) und 340 mg (2 mmol) Thiobarbitursaure werden in 
einer Mischung aus 8 ml Acetanhydrid und 4 ml Eisessig 10 min unter 
Ruckflus zum Sieden erhitzt, nach dem Erkalten der Niederschlag abgesaugt. 
Blau-grune Nadeln (aus Essigsaure); Ausb. 460 mg (70%); Schmp. 317OC. 

(326.4) Ber. C 66.24 H 3.09 N 8.98 S 19.64 
Gef. C 66.19 H 3.04 N 8.13 S 19.87 

IR (KBr): 1695, 1650 cm-' ( C S ) .  'H-NMR (90 MHz, CDCI,): 6 (ppm) 
= 2.45 (s, a -CH3), 7.39 - 7.99 (m, H3, H', H8), 8.23 (d, H4), 8.25 (d, H6). MS 
(100 eV, 190•‹C): m/e (%) = 326 (65, M'), 266 (34), 239 (45), 225 (39), 198 
(56), 172 (24), 171 (lOO), 158 (58), 157 (23), 146 (65), 132 (49), I14 (23), 113 
(48), 87 (24), 63 (23). 

Eine Losung von 400 mg (2 mmol) (5) und 67 mg (2 mmol) Malon- 
sauredinitxil in 10 ml Acetanhydrid wird 24 h auf 100•‹C erhitzt. Das 
Losungsmittel wird entfernt, der Ruckstand saulenchromatographisch gereinigt 
uber Kieselgel 60 •áMerck•â - Benzol als Elutionsmittel: dunkelrote Kristalle 
(aus Benzol). Ausb. 60 mg (12%); Schmp. 266•‹C. 

(248.3) Ber. C 72.55 H 3.24 N 11.28 S 12.91 
Gef. C 72.21 H 3.32 N 11.07 S 12.45 

IR (KBr): 2200 (C-N), 1570 cm-' (C=C). 'H-NMR (90 MHz, CDCI,): 6 
(ppm) = 270 (s, a -CH,), 7.68 - 8.01 (m, H3, H', Ha), 8.21 (d, H4). MS (100 
eV, 160•‹C): m/e (%) = 248 (45, M+), 223 (39), 198 (66), 172 (34), 171 (100), 
158 (69), 157 (26), 146 (64), 132 (48), 114 (8), 113 (37), 87 (14), 63 (18). 

2-Methyl-naphtho(l.8-bc)thiophen-5-methoxycarbonyl-cyanomethylen (I Ob) 

Aus 400 mg (2 mmol) (5), 100 mg (2 mmol) Cyanessigsauremethylester 
analog (IOa). Rotviolette Kristalle (aus BenzolIPetrolether) Ausb. 150 mg 
(27%); Schmp. 200•‹C. 

(281.3) Ber. C 68.31 H 3.95 N 4.98 S 11.40 
Gef. C 68.12 H 3.72 N 5.06 S 10.97 

IR (KBr): 2180 cm-' (C=N). 'H-NMR (90 MHz, CDC1,): 6 (ppm) = 2.80 
(s, a -CH,), 7.44 - 7.84 (m, H3, H', HE), 7.79 (d, H4), 8.42 (d, H6). MS (100 
eV, 160•‹C): m/e (%) = 281 (63, Mt), 267 (42), 250 (52), 225 (23), 223 (33), 
198 (56), 172 (19), 171 (IOO), 158 (65), 157 (15), 146 (56), 132 (54), 114 (lO), 
113 (42), 87 (24), 63 (15). 

Zu einer Losung von 400 mg (2 mmol) (5) in 10 ml wasserfreiem Benzol 
werden unter N,-Atmosphare 400 mg (2 mmol) Diphenylketen gegeben, 1 h 
unter Ruckflus zum Sieden erhitzt; anschliesend wird das Losungsmittel 
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entfernt, der Ruckstand saulenchromatographisch - Kieselgel 60 •áMerck•â, Ben- 
zol als Losungsmittel - gereinigt. Gelbe Nadeln (aus n-Hexan). Ausb. 640 mg 
(9 1%); Schmp. 153OC. 

(350.5) Ber. C 85.68 H 5.18 S 9.15 
Gef. C 85.74 H 5.06 S 8.89 

IR (KBr): 1590, 1540 cm-' (C=C). 'H-NMR (90 MHz, CDCI,): 6 (ppm) 
= 2.78(s,a-CH,), 7.16- 7.92(m,H3, H7, H8), 6.97(d,H4),7.12(d,H6).MS 
(100 eV, 155OC): m/e (%) = 350 (76, M'), 274 (69), 198 (92), 172 (40), 171 - (lOO), 158 (84), 157 (24), 146 (56), 132 (42), 114 (23), 113 (32), 110 (22), 87 
(17), 63 (13). 

Aus 400 mg (2 mmol) (5) in 10 ml wasserfreiem Benzol, 246 mg (2 mmol) 
t-Butyl-cyano-keten unter N2-Atmosphare analog (10c). Ausb. 480 mg (87%); 
Schmp. 176OC. 

(279.4) Ber. C 77.38 H 6.13 N 5.01 S 11.47 
Gef. C 77.29 H 5.89 N 4.86 S 11.23 

IR (KBr): 2120 (CEN), 1580 cm-I (C=C). 'H-NMR (90 MHz, CDCI,): 6 
(ppm) = 2.84 (s, a -GH,), 7.56 - 8.12 (m, H3, H7, HS), 6.83, 7.22 (ieweils d, 
H4), 7.86, 6.81 (jeweils d, H6). MS (100 eV, 74OC): m/e (%) = 279 (81, M'), 
223 (37), 198 (94), 172 (23), 171 (lOO), 158 (70), 157 (23), 146 (53), 145 (41), 
132 (40), 114 (21), 113 (24), 87 (13), 63 (9). 

Aus 400 mg (2 mmol) (5) und 390 mg (2 mmol) Fluorenketen unter N2- 
Atmosphare analog (10c). Dunkelblaue Kristalle (aus n-Hexan); Ausb. 180 mg 
(26%); Schmp. 1 88OC. 

(384.4) Ber. C 86.18 H 4.63 S 9.20 
(348.4) Gef. C 85.81 H 5.01 S 9.04 

IR (KBr): 1560, 1510 cm-I (C=C). 'H-NMR (40 MHz, CDCI,): 6 (ppm) 
= 2.95 (s, a-CH,), 7.38 - 7.93 (m, H3, H7, H8), 7.26(d,H4), 7.45 (d,Hg).MS 
(100 eV, 140T): mle (%) = 348 (88, M'), 198 (94), 172 (16), 171 (100), 158 
(39), 157 (33,  146 (68), 132 (67), 114 (28), 113 (49), 87 (21), 63 (17). 

2-Methyl-naphtho(l.8-bc)thiophen-5-(2 ; 3 ;  4 ;  5 1 
tetrachlorocyclopentadienyliden) (124 

Aus 400 mg (2 mmol) (J), 200 mg (2 mmol) 2,3,4,5- 
Tetrachlorocyclopentadien in 10 ml Acetanhydrid analog (9). Violette Kristalle; 
Ausb. 140 mg (18%); Schmp. 146OC. 

Cl,HgCl,S (386.1) Ber. C 52.88 H 2.09 S 8.30 
Gef. C 52.42 H 2.31 S .8.17 

IR (KBr): 1580, 1530 cm-' (C=C). 'H-NMR (90 MHz, CDCI,): 6 (ppm) 
= 2.76 (s, a -CH,), 7.42 - 8.11 (m, H3, H7, Hg), 8.13 (d, H4), 8.22 (d, H6). MS 
(100 eV, 160•‹C): m/e (%) = 386 (63, M'), 351 (46), 315 (43, 280 (60), 244 
(59,  198 (82), 172 (17), 171 (lOO), 158 (25), 157 (21), 146 (73), 132 (55), 114 
(16), 113 (53), 87 (9), 63 (9). 



2-Methyl-naphtho(1 &bc) thiophen-5-(2 ; 3 : 4 ; 5 L 

tetracyanocyclopentadienyliden) (12b) 

Aus 400 mg (2 mmol) (5), 100 mg (2 mmol) 2.3.4.5- 
Tetracyanocyclopentadien in 10 ml Acetanhydrid analog (9); dunkelblaue 
Kristalle (aus n-Hexan). Ausb. 160 mg (23%); Schmp. 178•‹C. 

(348.4) Ber. C 72.4 H 2.31 N 16.08 S 9.20 
~ e f .  C 72.19 H 2.14 N 15.89 S 9.10 

IR (KBr): 2210 (C-N), 1575, 1525 cm-I (C=C). 'H-NMR (90 MHz, 
CDCl,): 6 (pprn) = 7.17 - 8.17 (m, H3, H7, Hs), 8.62 (d, H4), 8.73 (d, H6), 
2.83 (s, a -CH,). MS (100 eV, 270•‹C): mle (%) = 348 (75, M+), 322 (43, 296 
(68), 270 (59), 244 (85), 198 (92), 172 (36), 171 (lOO), 146 (70), 132 (64), 114 
(21), 113 (47), 87 (20), 63 (13). 

2-Methylnaphtho(l.8-bc)thiophen-5-(2 ; 3 ; 4 ; 5 'tetramethoxy-carbonyl-cyclo- 
pentadienyliden) (1 2c) 

Zu einer Losung von 400 mg (2 mmol) (5) in 10 ml Acetonitril werden 470 
mg (2 mmol) 2,3,4,5-Tetramethoxycarbonyl-cyclopentadienl' gegeben, 
anschliesend 6 h unter Ruckflus erhitzt, der nach dem Erkalten enstandene 
Niederschlag wird saulenchromatographisch - uber Kieselgel 60 •áMerck AG•â, 
Benzol als Elutionsmittel - gereinigt; blauschwarze Kristalle (aus 
Methylenchlorid). Aush. 180 mg (1 9%); Schmp. 194OC. 

(480.5) Ber. C 62.49 H 4.20 S 6.67 
Gef. C 62.65 H 3.89 S 6.45 

IR (KBr): 1720 (C=O), 1575, 1530 cm-I (C=C), 'H-NMR (90 MHz, 
CDCl,): 6 (ppm) = 7.41 - 8.02 (m, H3, H7, Hs), 8.02 (d, H4), 8.12 (d, H6), 
2.67 (s, a -CH3). MS (100 eV, 250•‹C): m/e (%) = 480 (75, M+), 466 (46), 424 
(49), 421 (69), 379 (28), 362 (63), 334 (48), 303 (75), 289 (42), 244 (57), 198 
(51), 198 (85), 172 (15), 171 (lOO), 158 (69), 157 (24), 146 (67), 132 (63), 114 
(14), 113 (63), 87 (24), 63 (16). 

2-Methyl-naphtho(I.8-bc)thiophen-5-(2 ; 3; 4 ;  5 
tetraphenylcyclopentadienyliden) (1 2d) 

Zu einer Losung von 1.0 g (5 mmol) (5) und 1.98 g (5 mmol) 2,3,4,5- 
Tetraphenyl-1-diazo-cyclopentadien in XylolINitrobenzol wird eine katalytische 
Menge AICl, gegeben, 6 h unter Ruckflus erhitzt; nach dem Erkalten wird der 
Niederschlag saulenchromatographisch - Kieselgel 60 •áMerck AG•â, Ben- 
zol/CC14 als Elutionsmittel - gereinigt; schwarze, glanzende Kristalle (aus n- 
HexanIBenzol). Ausb. 70 mg (6%); Schmp. 239•‹C. 

(552.7) Ber. C 89.09 H 5.11 S 5.80 
Gef. C 89.11 H 5.32 S 5.66 

IR (KBr): 1570, 1520 cm-' (C=C). 'H-NMR (90 MHz, CDCl,): 6 (ppm) 
= 7.19 - 8.60 (m, H3, H', He), 8.02 (d, H4), 7.42 (d, H6), 2.78 (s, a -CH3). MS 
(100 eV, 170•‹C): m/e (%) = 552 (78, M+), 475 (70), 398 (68), 321 (73), 244 
(75), 198 (86), 172 (27), 171 (lOO), 158 (74), 157 (16), 146 (52), 132 (47), 114 
(23), 213 (49), 87 (21), 63 (14). 
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Summary 

Heterocyclic 12-TC-and 14-n-systems, 2 7: 
Syntheses and reactivities of new thia-pseudophenalenone-derivatives 

The reaction of 2-methyl-benzo(b)thiophene (I) with a-chloro-dimethyl- 
ether yields 2-methyl-3-chloromethylbenzo(b)thiophene (2). Compound (2) is 
converted according to known methods to the acid (3), which after cyclisation 
and oxidation yields (4) and (5). The alkylation of (5) with ((Meerwein - s a h  
yields the thia-pseudophenaleniumtetrafluoroborate (6), which in the presence 
of base after rearomatisation yields (6a). From the reaction of (5) with the 
corresponding N-nucleophiles we obtained the derivatives (7a-7e) and (8). 
Similarly reaction of (5) with C-nucleophiles yielded the thia- 
pseudophenafulvanes (9) and (IOa-lOd). In addition, it was possible to syn- 
thetise the thia-pseudophenafulvelenes (11) and (12a-12d). The structure of all 
compounds was determined by elementar analysis and spectroscopic methods. 
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~hopo6tp~0uhat0ipa 6 iv~t  zo 2-p&~uho-3-~h~pop&8uho-s&~~0(b)8&t0cpaiv0 (2), 
TO &'CO~O Y V O ~ T E S  p ~ 8 6 6 0 ~ ~  p ~ z a z p ~ x ~ z a t  &p~tK& 0 ~ 6  ~ ( ~ - ~ E O U L O -  
s&v~o(b)~&i&vuho)nponiov~~o 656 (3) ~ a i  x~patzipw pE ~ u ~ h o x o i q o q  Kai 
05~i6woq oza 4 Kai 5. 

'Ah~uhiwoq zoO 2-p~0uho-5-o~o-5H-vacp8o(1.8-bc)8~tocpaivtou (5) pE &Aas 
MEERWEIN (rszpacp0optosopt~~ tptat0uho~hvto) 6 iva  TO 
zsrpa<peoptosopi~o ahac 706 2-p~0ujt0-5-ateo~~-v~<p00(1.8-bc)~~~ojtiou (6), &xi, 
zo h o i o  pE Exavapwpazoxoiqoq pE Exi6paoq soloq~ hapsav~zai TO 5-ateocu-2- 
ps0uhsvo-vacp0o(l. 8-bc)0wocpaivto (64. 

'H Evwoq 5 6iva pE xupqvocptha &v.tdpaozfipta .rfi xapayoya 7a-7c, 8. Av- 
~ i d p a 0 ~  ~ 0 6  5 Evhonq kv&py0 ~ E ~ U ~ E V Z K ~ ~  i)pa6a MVE~ ~a ~ E ~ C ~ - W E U ~ O -  
cpatvocpouhsivia 9, 1Oa-10d. I'iapao~suolozq~av Exioq~ zu 0~ia-xavza-y~u60- 
cpatvacpouhsahivta 11 Kai 12a-12d. 

M ~ h s z ~ j 0 q ~ a v  za cpaopazo~oxt~a 6~6opiva IR, NMR Kai pacujv 6kwv zujv 
viwv Evho~wv. ' E ~ a y ~ z a t  zo oupxipaopa 62t ozfl saoticfl f i h ~ ~ z p o v t ~ f l  
~azaozaoq  zij5 E V W ~ E O S  5 o u p p ~ z i ~ ~ i  ~ a z a  p~yaho  xoooozo fi 6tx03L1~jl 
6p ia~f l  60~71. 
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HETEROCYCLISCHE 12-S- UND 14-tl-SYSTEME, 38. MITTEI- 
LUNG. UNTERSUCHUNGEN ZUR SYNTHESE UND ZUM 
REAKTIONSVERHALTEN NEUER SELENA-PSEUDO-PHENA- 
LENON-DERIVATE 

RICHARD NEIDLEIN und EVANGELIA A. VARELLA* 
Pharmazeutisch-Chemisches Institut der Universitaten Karlsruhe (TH) und Heidelberg, im 
Neuenheimer Feld 364, 6900 Heidelberg, B.R. Deutschland 

Zusammenfassung 
" " 

Die Reaktion von diazotierter Anthranilsaure (I) mit Na,Se, fuhrt zunachst 
zur •áDiselenosalicylsaure•â (2), durch Reduktion derselben zur o- 
Carboxyphenyl-seleno-essigsaure (3), aus welcher der Dimethylester 4, unter 
den Bedingungen einer Dieckmann - Kondensation der a-Ketocarbonsaureester 
(5), nach Methylierung mit CH,I zur Verbindung (6), hieraus nach Verseifung 
und anschliessender Decarboxylierung zu (7), nach Reduktion zum Alkohol 8 
und nach Wasserabspaltung zum ZMethylbenzo (b) selenophen (9). Aus (9) 
konnte mit Hilfe von a-Chlor-dimethylether das Chlormethylderivat (10), 
anschliesend nach bekannten Methoden die Propionsaure (11), durch 
Cyclisierung das Keton (12) und durch Oxidation schlieslich das Selena- 
pseudophenalenon-5 erhalten werden, das leicht mit ((Meerweinsalz)) zum Ka- 
tion (14) - dem Selenapseudophenaleniumtetrafluoroborat - alkyliert wurde. 
Aus (9) und Zimtsaurechlorid in Gegenwart von AlC1, wurde das isomere 
Keton (16), durch Alkylierung desselben das Kation (17) synthetisiert. Aus 
(13) wurden die Imino-selenapseudophenalenon- derivate (18a) - (18c) sowie 
das Azin (19) zuganglich gemacht, aus dem Keton (16) in entsprechender 
Weise die Imino-derivate (20a) - (204, (21) und aus (16) mit C-Nucleophiien 
die ~elena~seudophenafulvene (22), (23), (24a) - (24b); daruberhinaus reagierte 
(16) zu den Selena-penta-pseudophenafulvalenen (25) und (26a) - (26d), in 
analoger Weise das Keton (13) zu den Selenapentapseudophenafulvalenen (29), 
(30a) - (30d). Wurde das Selenapseudophenaienon-5 (13) mit C-Nucleophilen 
zur Reaktion gebracht, so resultierten die Selenapseudophenafulvene (27a) - 
(27c) sowie (28); die Eliminierung jeweils eines Protons aus den Kationen (14) 
und (1 7) fuhrte zu den Verbindungen (31) und (32). 
Schlusselworter: Heterocyclishe 12-x-Electronesysteme; heterocyclische 14-n- . 
Elektronensysteme; 2-Methyl-benzo(b)selenophen; 2-Methyl-5-0~0-5H-naphtho(I.8-6c)selenophen; 
2-Methyl-5-ethoxy-naphtho (1.8-bc) selenoniumkation; 2-Methyl-3-0x0-3H-naphtho (1.8-bc) 
selenophen; 2-Methyl-2-ethoxy-naphtho (1.8-bc) selenoniumkation; Reaktion der Selena-pseudo- 
phenalenone mit N- und C-Nukleophilen; Selena-penta-pseudo-phenalfulvalene~ 3-bzw. 5-Ethoxy- 
2-methylen-naphtho (1.8-bc) selenophen. 

* Zur Zeit: Laboratorium fur Organische Chemie der naturwissenschaftlichen Fakultat der 
Universitat Thessaloniki. 
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In Fortfuhrung unserer Untersuchungen (2 - 11) uber Hetero-pseudo- 
phenalenone, uber Hetero-penta-pseudophenafulvalene und uber die Hetero- 
pseudo-phenafulvene beschaftigten wir uns auch mit den entsprechenden 
Selena-pseudo-phenalen-derivaten, also mit jenen Verbindungen, die sich vom 
Phenalen dadurch ableiten, dass eine Doppelbindung formal durch Selen ersetzt 
worden ist. Die Selena-pseudo-phenalenone enthielten in U-Stellung eine CH,- 
gruppe und in Position 5 bzw. 3 die Carbonylgruppe. Es wurden die Derivate 
der Reaktionen mit N-Nukleophilen, C-Nukleophilen, sowie die Selena-penta- 
pseudophenafulvalene hergestellt. Es konnte gezeigt werden, das die Selena- 
pseudophenalenone im elektronischen Grundzustand in bedeutendem Mase die 
zwitterionische dipolare Grenzstruktur einnehmen. 

Ausgehend von diazotierter Anthranilsaure (I) wurde diese mit Natrium- 
selenid zum Di-natriumsalz der Diphenyl-diselenid-di-o-carbonsaure- 
•áDiselenosalicylsaure•â - umgesetzt und die freie Saure (2) mit Hilfe von 
Salzsaure ausgefallt. Durch Reduktion von (2) mit Zinkstaub und daran 
angeschlossener Reaktion mit Natriumchloracetat wird o-carboxyphenyl- 
seleno-essigsaure (3) erhalten, daraus der Dimethylester (4), unter den 
Bedingungen einer Dieckmann- Kondensation (Natriumethoxylat) der 
bicyclische a-Ketocarbonsaureester (5), der mit einer aquimolaren Menge 
Methyliodid zum (2.3-Dihydro-)-2-ethoxycarbonyl-2-methyl-3-oxobenzo(b) 
selenophen (6) methyliert wirdI4. (6) wird zur Saure hydrolisiert, anschliesend 
diese zu (7) decarboxyliert, das Keton (7) zum Alkohol (8) reduziert und 
daraus H,O unter Bildung von ZMethylbenzo(b) selenophen (9) eliminert. (9) 
wird mit Hilfe von a-Chlor-dimethylether in (10) uberfuhrt15, nach bekannten 
Methoden in die Saure (11)15 und schlieslich das Saurechlorid von (11) zum 
tricyclischen Keton cyclisiert, das seinerseits zum Selenapseudophenalenon (13) 
oxidiert wird16. Im IR-Spektrum von (13) ist eine niederfrequente Car- 

, 

bonylvalenzschwingung bei 1640 cm-I zu beobachten, die sicherlich auf einen 
hohen Anteil der zwitterionischen, dipolaren Grenzstruktur am electronischen 
Grundzustand zuruckzufuhren sein durte. Erwartungsgemas konnte (13) durch 
((Meerweinsalzn - dem Triethyloxoniumtetrafluoroborat - zum 2-Methyl-5- 
ethoxy-selenapseudophenaleniumtrafluoroborat (14) alkyliert werden. 

Das zu (13) in Stellung 3 isomere Selenapseudophenalenon-3 konnte nach 
unseren Erfahrungeng aus (9) und Zimtsaurechlorid in Gegenwart von 
Aluminiumchlorid gewonnen werden, dessen IR-Spektrum ebenfalls eine sehr 
niederfrequente Carbonyl-valenzchwingung bei 16 15 cm-' aufweist und daher 
das 2-Methyl-3-ethoxy-selenapseudophenaleniumtetrafluoroborat (1 7) auch 
leicht durch Alkylierung an der Carbonylgruppe zu synthetisieren ~ a r . ' , ~ , ~ , ~  

Wurde das Keton (13) mit m-Chlorphenylisocyanat in Gegenwart von 
katalytischen Mengen an AICI, behandelt, so bildete sich unter Eliminierung 
von CO, das Imino-selena-pseudophenalenon- derivat (18a). aus (13) und 
Anilin in ~nwesenheit katalytischer Mengen Saure die Verbindung (18b) sowie 
in analoger Weise mit p-Tosylhydrazin das Hydrazonderivat (18c), mit 
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Abb 4 
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, Hydrazin selbst das blauviolette Azin (19). Ein ahnliches Reaktionsverhalten 
zeigte auch das zu (13) isomere Keton (16), welches mit N-Nucleophilen die 3- 
Imino-selena-pseudophenalenon-derivate (20a) - (204 sowie das violette Azin 
(21) lieferte und mit entsprechenden C-Nucleophilen die Selena- 
pseudophenafulvene (22), (23), sowie (24a) - (24b). In der Verbindung (24b) ist 
beim Isomeren mit R1= C(CH3), die a-Methylgruppe durch die Cyanogruppe 
nach tieferem Feld verschoben; H4 zeigt sich dagegen bei relativ hohem Feld. 
Beim anderen Isomeren ist H4 aufgrund der benachbarten Cyanogruppe 
entschirmt, wobei U-CH, 
nach hoherem Feld verschoben ist. 

Xbb 3 
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Als Vertreter der Selenapenta pseudophenafulvalene wurden die Fulvalene 
(25), (26a) - (26d) synthetisiert, ausgehend von Selenapseudophenalenon (13) 
die entsprechenden Pentapseudo-phenafulvalene (29) und (30a) - (30d); in 
nahezu analoger Weise, wie bei (16), reagierte auch das 
Selenapseudophenalenon-5 mit C-Nucleophilen zu den Selenap- 
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seudophenafulvenen (27a) - (27c) und (28). In der Verbindung (276) ist beim 
Isomeren mit R1 = C(CH,), H6 durch die Cyanogruppe nach tieferem Feld 
verschoben; H4 zeigt sich dagegen bei relativ hohem Feld. Beim anderen 
Isomeren liegt H6 im Aromatenbereich; H4 ist stark entschirmt, aufgrund der 
benachbarten C y anogruppe. 

Aus 2-Methyl-5-ethoxyselenapseudophenaleniumtetrafluoroborat (14) und 
2-Methyl-3-ethoxypseudophenaleniumtetrafluoroborat (1 7) waren in Gegenwart 
einer Base unter Eliminierung von jeweils einem Proton und gleichzeitiger 
Rearomatisierung die Verbindungen (31) und (32) mit exocyclischer Dop- 
pelbindung erhalten worden; die letzteren Verbindungen erwiesen sich als sehr 
stabil. 

Experimenteller Teil 

Schmelzpunkte: nicht korrigiert, Schmelzpunktmikroskop der Fa. Reichert, 
Wien. - Massenspenktren: Varian MAT 31 1 A, dessen inverse Nier-Johnson- 
Geometrie die Aufnahme der DADI-Spektren ermoglichte. - 'H-NMR- 
Spektren: Gerate Bruker HX 90 E und teilweise auch T-60-A; TMS als inter- 
ner Standard. - IR-Spektren: Gerat Perkin-Elmer 177. - UV-Spektren: Gerat 
DMR 10 der Fa. Zeiss, Oberkochen. - Die Elementaranalysen wurden mi t  
d'em C,H,N-Analysator der Fa. Heraeus, Hanau, ausgefuhrt. 
Saulenchromatographische Trennungen und Reinigungen wurden auf einer mit 
Kieselgel 60 •áMerck•â (0.063 - 0.020 mm) beschickten Saule von 80 cm Lange 
und einem Innendurchmesser von 2.5 cm durchgefuhrt, praparative 
schichtchromatographische Untersuchungen auf mit Kieselgel 60 
•áMerck•â bestrichenen Glasplatte (20x20 cm). Die Losungsmittel und Reagen- 
zien wurden nach den ublichen Methoden getrocknet und gereinigt. 
Diphenyl-diselenid-di-o-carbonsaure (2): 

137 g (1 mol) Anthfanilsare in 200 rnl konz. Salzsaure und 130 ml Wasser 
werden unter Ruhren auf 0•‹C gekuhlt; 69 g (1 mol) Natriumnitrit in 200 ml 
Wasser werden tropfenweise unter Ruhren zugegeben und die Temp. auf O•‹C 
gehalten. Bei einer Temp. von S0C werden langsam 140 g diazotierte 
Anthranilsare (I) zur wassrigen Losung von 102 g (0.5 mol) Dinatrium- 
diselenid gegeben, auserdem eine Losung von 60 g NaOH in 120 ml Wasser. 
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Nach Entfernung des abgeschiedenen roten Selens wird die Diselenosalicylsaure 
(2) mit konz. Salzsaure gefallt und aus Eisessig unter Zusatz von Tierkohle 
umkristallisiert; weise Kristalle. Ausb. 121 g (60%); Schmp. 296-297OC. 

(320.9) Ber. C 52.40 H 3.14 Gef. C 52.31 H 3.02. 

Eine Losung von 8 g (20 mmol) Diselenosalicylsaure (2) in 100 ml 20proz. 
NaOH werden 30 min erhitzt, dazu 40 g (1.35 mol) Zinkstaub uber einen 
Zeitraum von etwa 2 h gegeben. Die mit Zink erhitzte Losung wird direkt in 
eine wassrige Losung von 2.33 g (20 mmol) Natrium- a-Chloracetat filtriert. 
Nach dem Erwarmen auf 40•‹C bildet sich das Natriumsalz der Phenyl- 
selenoglycol-o-carbonsaure, das nach Zugabe von 7.3 g konz. Salzsaure in die 
Saure ubergeht. Weise Kristalle (aus Eisessig). - Schmp. 233-234OC; Ausb. 
4.68 g (89%). 

C,H,04Se (259.0) Ber. C 41.73 H 3.11 Gef. 41.36 H 2.97. 

Eine Mischung von 65.1 g (0.25 mol) (3), 48.0 g (1.5 mol) Methanol und 
300 ml 1.2-Dichlorethan wird uber Nacht unter Ruckflus erhitzt; das 
Reaktionsgemisch wird mit 15proz. Natriumbikarbonatlosung gewaschen, die 
organische Phase abgetrennt, das Losungsmittel entfernt und der Ruckstand 
aus n-Hexan-Benzol umkristallisiert. Weise Kristalle. Schmp. 169OC; Ausb. 67 
g (98%). 

(284.1) Ber. C 46.50 H 4.26 Gef. C 46.39 H 3.13. 

Zu einer Losung von 1.36 g (0.2 mol) (4) in 20 ml Ethanol werden unter 
Ruhren und Erwarmen 23.65 g Natriumethylat zugetropft. Nach dreistundigem 
Erhitzen unter Ruckflus wird 10proz. Salzsaure dazugegeben, aus Ether ex- 
trahiert - 3 mal mit je 20 ml Ether-und anschliesend aus n-HexanIBenzol 
umkristallisiert. Weise Kristalle; Schmp. 89 - 90•‹C; Ausb. 43.1 g (88%). - 

(190.2) Ber. C 69.46 H 5.30 Gef. C 69.09 H 5.37 - IR (KBr): 1680 
crn-' (C=O). - 'H-NMR (90 MHz, CDCI,): 6 (ppm) = 1.23, 1.15, 1.08 (t), 
4.27, 4.19, 4.11, 4.04 (q). 

2.3-Dihydro-2-ethoxycarbonyl-2-methyl-3-oxo-benzo) selenophen (6) 

24.5 g (0.1 mol) 2.3-Dihydro-2-methoxy-carbonyl-3-0x0-benzo(b)- 
selenophen (5) und 28.2 g (0.2 mol) Methyliodid in 50 ml Ethanol werden 3 H 
lang unter Ruckflus erhitzt, mit 100 ml Wasser verdunnt und mit jeweils 20 ml 
Ether dreifach extrahiert; gelbe Kristalle (n-HexanIBenzol). Schmp. 79OC; 
Ausb. 16.4 g (63%). 

(283.2) Ber. C 50.88 H 4.24 Gef. C 50.58 H 4.14 - 'H-NMR 
(90 MHz, CDCI,): 6 (ppm) = 1.96 (a-CH,), 4.16 (q, -CH2-), 1.19 (t, -CH,), 
7.02 - 7.86 (aromatische Protonen). 
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2.3-Dihydro-2-methyl-3-oxo-benzo(3) selenophen (7) 

25.4 g (0.1 mol) (6) weiden 6 h zur Verseifung mit 6 g (0.15 mol) 
wassriger NaOH-Losung (5 proz.) erhitzt, nach dem Erkalten angesauert und 
anschliesend decarboxyliert; gelbe Nadeln (aus n-HexadBenzol). Schmp. 
52OC; Ausb. 20.8 g (96%). 

CgH,OSe (211.1) Ber. C 51.20 H 3.82 Gef. C 50.76 H 3.97. 

2.3-Dihydro-2-methyl-3-hydroxy-benzo(3) selenophen (8) 

Eine Losung von 21.1 g (0.1 mol) (7) in 90 ml wasserfreiem Ether wird in 
25.8 g (0.1 1 mol) AIC1, - gelost in 50 ml wasserfreiem Ether - so zugetropft, 
das der Ether masig siedet. Anschliesend wird die Losung 3 h unter Ruckflus 
erhitzt, aufgearbeitet und der Niederschlag umkristallisiert. Schmp. 49OC; 
Ausb. 21.1 g (97%). 

CgH90Se (212.1) Ber. C 51.21 H 4.28 Gef. C 51.36 H 4.23. 

2-Methyl-benzo(3) selenophen (9) 

Eine Losung von 21.1 g (0.1 mol) (8) in 15 m1 wassriger Phosphorsaure 
(85 proz.) wird auf 120 - 160•‹C unter Vakuum erhitzt und anschliesend 
aufgearbeitet. Gelbe Kristalle; Schmp. 51•‹C; Ausb. 19.4 g (98%). 

CgH,Se (195.1) Ber. C 55.40 H 4.13 Gef. C 55.29 H 3.98 - MS (70 eV, 
190•‹ C m/e (%) = 196 (67, M'), 195 (59), 114 (20), 113 (100), 87 (13), 63 
(1 1). 

2-Methyl-3-chlormethyl-benzo(b) selenophen (10) 

Zu einer Losung von 19.5 g (0.1 mol) (9) in 100 ml Eisessig werden 10 g 
(0.125 mol) Chlormethyl-methylether in 10 ml Eisessig tropfenweise zugegeben, 
24 h stehengelassen und nach Entfernung des kristallinen Niederschlags dieser 
aus n-Pentan umkristallisiert. Gelbe Kristalle; Schmp. 70•‹C; Ausb. 17 g (70%). 

(243.3) Ber. C 49.36 H 3.73 Gef. C 48.79 H 3.63. 

3-(2-Methylbenzo(b) selenienyl-)- propionsaure (1 1) 

20.68 g (0.085 mol) (10) Werden mit 13.60 g (0.085 mol) Malon- 
saurediethylester in 15 ml wasserfreiem Ethanol zu 2-Methyl-3- (s-carbethoxy- 
)- ethylbenzo(b) selenophen umgesetzt, dieses durch dreistdg. Erhitzen mit 1 N 
NaOH verseift, der abgetrennte und getrocknete Niederschlag 20 min lang auf 
250•‹C erhitzt. Nach Beendigung der CO, - Entwicklung wird der Ruckstand 
umkristallisiert. Weise Nadeln (aus Petrolether 60-80); Schmp. 195OC; Ausb. 
13.2 g (58%). 

(267.18) Ber. C 53.95 H 4.53 
Gef. C 54.1 1 H 4.62 

2-Methyl-4.5-dihydro-5-0x0-SH-naphtho (1.8-bc) selenophen (12) 

1. Methode: Eine Losung von 1.94 g (7.25 mmol) (11) in 20 ml 1.2- 
Dichlorethan wird mit 5.0 ml Thionylchlorid 30 min lang unter Ruckflus 
erhitzt; nach Entfernung des uberschussigen SOCl, und des Losungsmittels 
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wird der Ruckstand in 20 ml 1.2-Dichlorethan gelost, 20 min bei 0•‹C mit 1.3 g 
AICI, behandelt, dann die Reaktionslosung noch 30 min bei 0•‹C geruhrt, 
schlieslich mit 50 ml konz. Salzsaure/ Eis (1:l) .hydrolysiert. Die organische 
Phase wird mit kleinen Portionen 15 proz. NaHC0,-Losung, danach mit 
Wasser gewaschen, das Losungmittel entfernt und der Ruckstand 
umkristallisiert. Gelbe Kristalle (aus 1.2-Dichlorethanln-Hexan); Schmp. 88OC; 
Ausb. 1.3 g (72%). 

Se (249.2) Ber. C 57.84 H 4.05 Gef. C 57.35 H 3.89 
2. Methode: 19.5 g (0.1 mol) (9) in 100 ml Eisessig und 12.3 g (0.1 mol) s- 

Methoxypropionsaurechlorid in 30 ml Eisessig werden 24 h lang bei 30•‹C 
geruhrt, das Saurechlorid mit 15.9 g (0.12 mol) AICl, in 1.2-Dichlorethan bei 
O•‹C 20 min lang behandelt, mit 100 ml eines Gemisches aus konz. 
Salzsaure/Eis (1:l) hydrolysiert, die organische Phase mit 15pr0z. NaHCO, - 
Losung gewaschen, das Losungsmittel entfernt und der Ruckstand 
umkristallisiert. Gelbe Nadeln (aus 1.2-Dichlorethan/n-Hexan). Ausb. 1 1.9 g 
(48%); Schmp. 88OC. 

2-Methyl-5-0x0-5H-naptho (1.8-bc) selenophen (13) 

0.56 g (2.25 mmol) (12) und 0.76 g (4.5 mmol) Triphenylmethyl-perchlorat 
in wasserfreiem Eisessig werden 30 min lang bei 30•‹C geruhrt und 
anschliesend in 15 ml Wasser gegossen, dann noch 30 ml Benzol dazugegeben, 
die benzolische Phase mehrfach mit jeweils 10 ml konz. Salzsaure extrahiert. 
Nach Abtrennung der Salzsaurephase wird diese auf 50 ml mit Wasser 
verdunnt, das erhaltene Produkt umkristallisiert. Gelbe Nadeln (aus 1.1- 
Dichlormethan, n-Hexan). Schmp. 72OC; Ausb. 11.9 g (48%). 

Se (247.1) Ber. C 58.31 H 3.26 Gef. C 57.84 H 3.67 -.IR (KBr): 
1640 cm-' (C=O); 'H-NMR (90 MHz, CDC1,): 6 (ppm) = 7.17 (d, I = 10 
Hz), 6.89 (d, I = lOHz), 2.52 (s, a-CH,), 7.75 (d, H6, I = 8 HZ), 7.12 (t, 
H', I = 8 Hz), 7.42 (d, Ha, I = 8 HZ). - MS (70 eV, 120•‹C): mle (%) = 248 
(92), 247 (80, M'), 220 ( l l ) ,  219 (71), 167 (100), 141 (26), 139 (85), 114 (22), 
113 (32), 87 (9), 63 (12). 

2-Methyl-5-ethoxy-naphtho (1.8-bc) selenoniumtetrafuoroborat (1 4) 

Eine Losung von 0.49 g (2 mmol) (13) und 0.4 g (2 mmol) Triethyl- 
oxoniumtetrafluoroborat wird bei 35•‹C in 10 ml wasserfreiem 1.2-Dichlorethan 
etwa 20 rnin geruhrt, dann wird das Salz durch langsame Zugabe von Ether 
gefallt und nach Entfernen des Ethers dieses sofort in wasserfreiem Acetonitril 
gelost. Die grune Losung ist bei etwa O•‹C und in der Dunkelheit etwa 10 Tage 
bestandig. 'H-NMR (90 MHz, CD3CN): 6 (ppm) = 8.07 (d, H3, I = 9 HZ), 
7.49(d, H4,L= 9 HZ), 7.86 (d, H6,1  = 8Hz) ,6 .14( t ,H7,1= 8Hz),8.64(d, 
H8, I = 8 Hz), 3.01 (s, a-CH3-), 4.40 (q, -0-CH2-), 1.64 (t, -0-CH2-CH,). 

2-Methyl-3-0x0-3H-naphtho (1.8-bc) selenophen (16) 

Zu einer Losung von 19.5 g (0.1 mol) (9) und 16.6 g (0.1 mol) 
Zimtsaurechlorid in 50 ml Benzol werden in einem Zeitraum von 25 min bei 
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einer Temp. von 5•‹C 36 g (0.27 ml) Aluminiumchlorid gegeben. Anschliesend 
wird die Losung 25 min unter Ruckflus erhitzt, mit 50 ml konz. Salzsaure/ Eis 
(1:l) hydrolysiert und die Losung zweimal mit je 100 ml Benzol extrahiert, die 
vereinigten benzolischen Extrakte getrocknet und das Losungsmittel entfernt; 
der Ruckstand wird umkristallisiert. Gelbe Kristalle (aus n-Hexan/Benzol). 
Schmp. 70•‹C; Ausb. 17 g (60%). 

Se (247.1) Ber. C 58.31 H 3.26 Gef. C 57.92 H 3.66. 
IR (KBr): 1615 cm-' (C=O). 'H-NMR (90 MHz, CDCI,): 6 (ppm) = 6.36 

(d, H4, I = 10 Hz), 7.30 (d, HS, I = 10 Hz), 7.88 (d, H6, I = 8 HZ), 7.38 (t, 
H', I = 8Hz), 7.51 (d, Hg, I = 10 Hz), 3.21 (s, U-CH,). MS (70 eV, 80•‹C): 
mle (%) = 248 (87), 247 (73, M'), 220 (16), 219 (56), 167 (84), 141 (34), 139 
(IOO), 114 (26), 113 (39), 87 (16), 63 (9). 

2-Methyl-3-ethoxy-naphtho (1.8-bc) selenonium-tetrafiuoroborat (1 7) 

Die Losung von 0.49 g (2 mmol) (16) und 0.4 g (2 mmol) Triethylox- 
oniurntetrafluoroborat wird bei 35•‹C in 10 ml wasserfreiem 1.2-Dichlorethan 
25 min lang geruhrt, die Reaktionslosung farbt sich grun und das Salz fallt 
nach Zugabe von Ether aus; das Salz ist jedoch nur etwa drei Tage in Losung 
bestandig. 

'H-NMR (90 MHz, CD,CN): 6 (ppm) = 7.29 (d, H" I = 9 Hz), 8.40 (d, 
H5, I = 9 HZ), 8.22 (d, H6, I = 8 HZ), 7.95 (t, H7, I = HZ), 8.65 (d, H', I = 8 
Hz), 3.05 (s, a-CH,-), 4.78 (q, -0-CH2-), 1.73 (t, -0-CH,-CH,). 

Eine Losung von 0.5 g (2 mmol) (13), 0.31 g (2 mmol) m- 
Chlorphenylisocyan2t und eine katalytische Menge von Aluminiumchlorid wer- 
den 24 h unter Ruckflus erhitzt, danach abkuhlen gelassen, das Losungsmittel 
entfernt und der Ruck stand uber eine Kieselgelsaule - Kieselgel 60 ((Merckr - 
mit Benzol als Elutionsmittel chromatographiert. Gelbe Kristalle (aus 
Benzol/Petrolether). 

Schmp. 146OC; Ausb. 0.1 g (14%). 
N Se (356.7) Ber. C 60.61 H 3.39 N 3.93 

Gef. C 59.98 H 3.12 N 3.49 
'H-NMR (90 MHz, CDCl,): 6 (ppm) = 7.32 - 8.63 (m, H3, H', H8), 6.83 

(d, H4), 6.80'(d, H6), 2.51 (s, a-CH,). MS (100 eV, 155•‹C): m/e (%) = 357 
(69, M'), 322 (84), 247 (94), 246 (37), 166 (68), 139 (IOO), 114 (34) 113 (62), 
87 (9), 63 (23). 

0.5 g (2 mmol) ,(l3) in 15 ml Ethanol und 0.1 g (2 mmol) Anilin in 15 ml 
Ethanol werden mit 10 Tropfen 60 proz. Perchlor saure versetzt und 2 h unter 
Ruckflus zum Sieden erhitzt, und nach dem Erkalten einige Tropfen 
Ethyldiisopropylamin (((Hunig-Base•â) zugegeben. Nach Entfernung des 
Losungsmittels wird der Rukstand uber einer Kieselgelsaule - Kieselgel 60 
•áMerck•â - chromatographiert - Benzol als Elutionsmittel. Gelbe Kristalle (aus 
Benzol/Petrolether). 
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Schmp. 118OC; Ausb. 0.09 g (14%). 
Se (322.3) Ber. C 67.09 H 4.07 N 4.35 

Gef. C 66.45 H 3.87 N 4.29 
'H-NMR (90 MHz CDCI,): 6 (ppm) = 7.12 - 8.22 (m, H3, H', H*), 6.58 

(d, H4), 6.82 (d, H6), 2.59 (s, U-CH,) - MS (100 eV, 145OC): m/e (%) : 323 
(74, M'), 247 (45), 246 (49). 166 (100), 139 (56), 114 (20), 113 (42), 87 (14), 
63 (9). 

2-Methylnaphtho (1.8-bc) selenophen-5@-toluyIsulfonyl) - hydrazon (18 C) 
Aus 0.5 g (2 mmol) (13) in 20 ml Ethanol und 0.2 g (2 mmol) p- 

Toluolsulfonsaurehydrazid analog (18 b). Gelbe Kristalle; Schmp. 167OC; 
Ausb. 0.42 g. (50%). 

Se (415.4) Ber. C 54.94 H 3.88 N 6.74 
Gef. C 54.77 H 3.63 N 7.08 

'H-NMR (90 MHz, CDC1,): 6 (ppm) = 7.32 - 8.31 (m, H3, H7, Hg), 6.25 
(d, H4), 6.03 (d, H6), 2.61 (s, a-CH,). MS (100 eV, 90•‹C): m/e (%) = 416 (76, 
M'), 326 (52), 262 (45), 247 (3 I), 246 (52), 166 (100), 139 (67), 114 (28), 113 
(461, 87 (7), 63 (8). 

Eine Losung von 0.5 g (2 mmol) (13) und 0.064 g (2 mmol) Hydrazin (100 
proz.) in 15 ml wasserfreiem Ethanol wird mit 5 Tropfen konz. Salzsaure ver- 
setzt, 1 h unter Ruckflus zum Sieden erhitzt, der kristalline Niederschlag 
abgetrennt. Blauviolette Kristalle (aus Ethanol); Schmp. 296OC; Ausb. 0.62 g 
(70%). 

C24H16N,Se2 (490.3) Ber. C 58.79 H 3.29 N 5.71 
Gef. C 58.28 H 3.43 N 4.41 

'H-NMR (90 MHz CDCI,): 6 (ppm) = 7.49 - 8.45 (m, H3, H7, HE), 6.12 
(d, H41, 6.42 (d, H6), 2.63 (s, a-CH,). 

MS (100 eV, 450•‹C): 491 (76, M'), 247 (28), 246 (74), 166 (92), 139 
(lOO), 114 (28), 113 (46), 87 (9), 63 (1 1). 

2-Methyl-naphtho(l.8-bc) selenophen-3-(m-chlorphenylimin) (20a) 

Aus 0.5 g (2 mmol) (16) und 0.3 g (2 mmol) m-Chlor-phenylisocyanat in 
10 ml trockenem Benzol analog (18a). Orangefarbene Kristalle. Schmp. 152•‹C; 
Ausb. 0.04g (9%). 

ClEH12CI N Se (356.7) Ber. C 60.61 H 3.39 N 3.93 
Gef. C 60.29 H 3.14 N 3.49 

'H-NMR (90 MHz, CDCI,): 6 (ppm) = 6.98 (d, H4), 7.08 - 7.99 (m, H5, 
H6, H', Ha), 186 (s, U-CH,). MS (100 eV, 155OC): m/e (%) = 357.5 (62, M+), 
322 (78), 247 (92), 246 (32), 166 (62), 139 (lOO), 114 (23), 113 (65), 87 (14), 
63 (12). 

/ 

2-Methyl-naphtho(l.8-bc) selenophen-3-phenylimin (20 b) 

Aus 0.5 g (2 mmol) (16) und 0.1 g (2 mmol) Anilin in 15 ml Ethanol 
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analog (18 b). Orangefarbene Kristalle; Schmp. 143OC; Ausb. 0.11 g (17%). 
Se (322.3) Ber. C 67.09 H 4.07 N. 4.35 

Gef. C 66.45 H 3.91 N 4.37 
IR (KBr): 1640 cm-l (C=N). 'H-NMR (90 MHz, CDCl,): 6 (ppm) = 6.81 

(d, H4), 7.09 - 8.21 (m, H5, H6, H', Hg), 1.99 (s, a-CH,). 
MS (100 eV, 150•‹C): m/e (%) = 323 (84, M+), 247 (32), 246 (78), 166 

(93), 139 (lOO), 114 (19), 113 (47), 87 (18), 63 (12). 

Aus 0.5 g (2 mmol) (16) in 20 ml Ethanol und 0.2 g (2 mmol) p- 
Toluolsulfonsaurehydrazid analog (18 b). Gelbe Kristalle; Schmp. 163OC; 
Ausb. 0.5 g (58%). 

S Se (415.4) Ber. C 54.94 H 3.88 N 6.74 
Gef. C 54.33 H 3.38 N 6.59. 

IR (KBr): 3120 (N-H), 1590, 1540 (C=N), 1340, 1151 cm-' (SO,). 'H- 
NMR (90 MHz, CDCl,): 6 (ppm) = 6.59 (d, H4), 7.42 - 8.05 (m, H5, H6, H7, 
Ha), 1.86 (s, a - CH,). MS (100 eV, 90•‹C): m/e (%) = 416 (79, M'), 326 (78), 
262 (64), 247 (43), 246 (72), 166 (96), 139 (lOO), 114 (23), 113 (52), 87 (15), 
63 (9). 

Aus 0.5 g (2 mmol) (16) und 0.064 g (2 mmol) Hydrazin (100 proz.) in 15 
ml Ethanol analog (19). Violette Kristalle; Schmp. 310•‹C; Ausb. 0.6 g (68%). 

(490.3) Ber. C 58.79 H 3.29 N 5.71 
Gef. C 58.36 H 3.10 N 5.39 

IR (KBr): 1570, 1540 cm-I (C=N). 'H-NMR (90 MHz, CDCI,): 6 (ppm) 
= 6.43 (d; H4), 7.32 - 8.03 (m, H5, H6, H7, Hg), 1.73 (s, a-CH,). MS (100 eV, 
395•‹C): m/e (%) = 492 (65, M+), 247 (36), 246 (79), 166 (961, 139 (100), 114 
(12), I13 (26), 87 (9), 63 (8). 

2-Methyl-naphtho(l.8-bc)selenophen-3-@yrimidin-2 ; 6 'dion-4 '-thion-5 '-yliden) 
(22) 

0.5 g (2 mmol) (16) und 0.34 g (2 mmol) 2-Thio-barbitursaure werden in 
einer Mischung aus 8 ml Acetanhydrid und 4 ml Eisessig 10 min lang unter 
Ruckflus zum Sieden erhitzt, erkalten gelassen und der Niederschlag 
abgesaugt. Blaugrune Nadeln (aus Eisessig); Schmp. 292•‹C; Ausb. 0.5 g 
(69%). 

Se (373.3) Ber. C 51.48 H 2.70 N 7.50 
Gef. C 51.35 H 2.42 N 7.36 

IR (KBr): 1695, 1655 cm-I (C=O). 'H-NMR (90 MHz, CDCI,): 6 (ppm) = 

8.88 (d, H4), 7.32 - 8.20 (m, H5, H, H7, H8), 2.61 (s, a-CH,). MS (100 eV, 
145•‹C): 374 (62, M+), 314 (48), 287 (39), 273 (42), 246 (65), 245 (23), 165 
(92), 139 (lOO), 114 (23), 113 (39), 87 (9), 63 (8). 
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Eine Losung von 0.5 g (2 mmol) (16) und 0.067 g (z mmol) Malon- 
sauredinitril in 10 ml Acetanhydrid wird 24 h auf 100•‹C erhitzt; der Rucks- 
tand wird saulenchromatographisch (Kieselgel 60 •áMerck•â) gereinigt - mit Ben- 
zol als Elutionsmittel; rotviolette Kristalle (aus Benzol). Schmp. 243OC; Ausb. 
0.11 g (18%). 

(295.2) Ber. C 61.03 H 2.73 N 9.49 
Gef. C 60.46 H 2.49 N 9.22 

IR (KBr): 2200 (C=N), 1570 cm-' (C=C). 'H-NMR (90 MHz, CDCI,): 6 
(ppm) = 8.20 (d, H4), 7.08 - 8.17 (m, H', H6, H7, Ha), 3.28 (s, a- CH,). MS 
(100 eV, 160•‹C): m/e (%) = 296 (39, M+), 271 (47), 246 (52), 245 (26), 165 
(93), 139 (lOO), 114 (15), 113 (85), 87 (6), 63 (13). 

Zu einer Losung von 0.5 g (2 mmol) (16) in 10 ml wasserfreiem Benzol 
werden unter N,-Atmosphare 0.4 g (2 mmol) Diphenylketen gegeben, 
anschliesend 1 h lang unter Ruckflus erhitzt, das Losunsgmittel entfernt und 
der Ruckstand saulenchromatographische - Kieselgel 60 •áMerck•â, Benzol als 
Elutionsmittel - gereinigt; gelborange Kristalle (aus Benzol). Schmp. 134OC; 
Ausb. 0.6 g (78%). 

(397.1) Ber. C 75.62 H 4.57 
Gef. C 75.79 H 4.75 

IR (KBr): 1580, 1540 cm-' (C=C). 'H-NMR (90 MHz, CDCI,): 6 (ppm) 
= 7.03 (d, H4J, 7.21 - 8.54 (m, H5, H6, H7, HE), 2.75 (s, a- CH,). MS (100 eV, 
155OC): m/e (%) = 398 (74, M'), 322 (65), 246 (23), 245 (79), 165 (94), 139 
(lOO), 114 (16), 113 (23), 87 (8), 63 (9), 

0.5 g (2 mmol) (16) in 10 ml wasserfreiem Benzol und 0.25 g (2 m'mol) 
tert. -Butyl-cyano-keten werden unter N,-Atmosphare 1 h unter Ruckflus 
erhitzt, der abgetrennte Niederschlag saulenchromatographisch gereinigt - 
Kieselgel 60 •áMerck•â, Benzol als Elutionsmittel. Grun-gelbliche Kristalle;' 
Schmp. 198OC; Ausb. 0.5 g (80%). 

ClaH17N Se (326.3) Ber. C 66.23 H 5.25 N 4.29 
Gef. C 66.17 H 5.12 N 4.38 

IR (KBr): 2115 (C=N), 1580 cm-' (C=C). 'H-NMR (90 MHz, CDCI,): 6 
(ppm) = 6.95 (d, Isomeres a ,  H4), 7.56 (d, Isomeres P, H4), 7.28 - 8.45 (m, H5, 
H6, H', H8), 2.61 (s, Isomeres a, a- CH,), 1.97 (s, Isomeres P, a -CH,). MS 
(100 eV, 74OC): m/e (%) = 327 (74, M'), 271 (44), 246 (14), 245 (74), 165 
(93), 139 (lOO), 114 (17), 113 (20), 87 (9), 63 (8). 

Aus 0.5 g (2 mmol) (16) in 10 ml wasserfreiem Benzol und 0.4 g (2 mmol) 
Fluorenketen analog (24 a). Blaue Kristalle; Schmp. 167OC; Ausb. 0.64 g 
(16%). 



104 R. NEIDLEIN,  E.A. VARELLA 

(395.3) Ber. C 75.95 H 4.08 Gef. C 75.49 H 3.82. 'H-NMR (90 
MHz, CDCI,): 6 (ppm) = 7.62 (d, H4), 7.22 - 8.29 (m, H5, H6, H7, Hg), 2.02 
(s, a- CH,). MS (100 eV, 144OC): m/e (%) = 396 (76, M'), 246 (62), 245 (27), 
165 (84), 139 (lOO), 114 (32), 113 (64), 87 (8), 63 (11). 

0.5 g (2 mmol) (16) in 10 ml Acetanhydrid sowie 0.2 g (2 mmol) 2,3,4,5- 
Tetrachloro-cyclopentadien werden 6 h unter Ruckflus zum Sieden erhitzt, 
nach dem Erkalten der entstandene Niederschlag saulenchromatographisch - 
Kieselgel 60 •áMerck•â, Benzol als Elutionsmittel - gereinigt; blaue Kristalle. 
Schmp. 116OC; Ausb. 0.2 g (14%). 

(433.04) Ber. C 47.15 H 1.86 
Gef. C 46.83 H 1.64 

IR (KBr): 1575, 1510 cm-' (C=C). 'H-NMR (90 MHz, CDCI,): 6 (ppm) 
= 8.21 (d, H4), 7.35 - 8.13 (m, HS, H6, H7, H8), 2.89 (s, a -CH,). MS (100 eV, 
160•‹C): m/e (%) = 434 (65, M'), 399 (44), 363 (64), 328 (72), 292 (49), 246 
(75), 245 (29), 165 (IOO), 139 (89), 114 (32), 113 (46), 87 (1 l), 63 (14). 

2-Methylnaphtho(rI.8-bc) selenophen-3-(2 ; 3 : 4 3 ' -  
tetracyanocyclopentadienyliden) (26b) 

Aus 0.5 g (2 mmol) (16) und 0.1 g (2 mmol) 2,3,4,5- 
Tetracyanocyclopentadien in 10 ml Acetanhydrid analog (26a). Violette 
Kristalle; Schmp. 132OC; Ausb. 0.2 g (24%). 

(395.3) Ber. C 63.81 H 2.04 N 14.18 
Gef. C 63.25 H 1:88 N 14.38 

IR (KBr): 2200 (CEN), 1570, 1525 cm-I (C=C). 'H-NMR (90 MHz, 
CDCI,): 6 (ppm) = 8.71 (d, H4), 7.14 - 8.02 (m, H5, H6, H', H8), 2.90 (s, a - 

CH,). MS (100 eV, 270•‹C): m/e (%) = 396 (82, M'), 370 (69), 344 (68), 318 
(52), 292 (54), 246 (86), 245 (27), 165 (86), 139 (lOO), 114 (27). 113 (46), 87 
(61, 63 (7). 

2-Methylnaphtho(I.8-bc)selenophen-3(2 ; 3 ; 4  ; 5 2etramethoxy-carbonyl-cyclo- 
pentadienyliden (26 C) 

Zu einer Losung von 0.5 g (2 mmol) (16) in 10 ml Acetonitril werden 0.5 g 
(2 mmol), 2,3,4,5-Tetramethoxy-carbonyl-cyclopentadien17 gegeben. Nach 6 
stdgem Erhitzen unter Ruckflus wird der entstandene Niederschlag 
saulenchromatographisch gereinigt - Kieselgel 60 •áMerck•â, Benzol als 
Elutionsmittel. Schwarzglanzende Kristalle (aus Methylenchlorid); Schmp. 
217OC; Ausb. 0.16 g (15%). 

Se (527.4) Ber. C 56.94 H 3.82 
Gef. C 56.38 H 3.50 

IR (KBr): 1720 (C=O), 1570, 1535 cm-I (C=C). lH-NMR (90 MHz, 
CDCl,): 6 (ppm) = 8.12 (d, H4), 7.25 - 8.28 (m, H5, H6, H7, H8), 2.69 (s, a- 
CH,). MS (100 eV, 2540~) :  m/e (%) = 528 (78, M'), 514 (68), 500 (54), 472 
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2-Methylnaphtho(1 .8-bc) selenophen-3- (2 ; 3 : 4 ; 5 
tetraphenylcyclopentadienyliden) (26 d) 

Zu einer Losung von 1.24 g (5 mmol) (16) und 1.98 g (5 mmol) 2,3,4,5- 
Tetraphenyl-1-diazo-cyclopentadien in 15 ml Xylol/ Nitrobenzol wird eine 
katalytische Menge AlCI, gegeben und 6 h unter Ruckflus zum Sieden erhitzt; 
der entstandene Niederschlag wird saulenchromatographisch - Kieselgel 60 
•áMerckx - mit Benzol/ Tetrachlorkohlenstoff (1 : 1) als Elutions-mittel gereinigt. 
Schwarze glanzende Kristalle ,(aus n-Hexan/ Benzol); Schmp. 208OC; Ausb. 
0.21 g (7%). 

(599.6) Ber. C 82.13 H 4.71 Gef. C 82.67 H 4.65. IR (KBr): 
1570, 1530 cm-I (C=C). 'H-NMR (90 MHz, CDC1,): 6 (pprn) = 7.54 (d, H4), 
7.32 - 8.28 (m, HS, H6, H7, Hg), 2.64 (a -CH,). MS (100 eV, 150•‹C): m/e (%) 
= 600 (72, M+), 523 (67), 446 (70), 369 (56), 292 (53), 246 (81), 245 (23), 
165 (89), 139 (lOO), 114 (34), 113 (52), 87 (17), 63 (14). 

Aus 0.5 g (2 mmol) (13) und 0.4 g (2 mmol) Diphenylketen in 10 ml 
wassefreiem Benzol analog (24a). Gelbliche Kristalle; Schmp. 16 1•‹C ; Ausb. 
0.71 g (89%). 

(397.1) Ber. C 75.62 H 4.57 Gef. C 75.10 H 4.84 - IR (KBr): 
1590, 1550 cm-I (C=C). 'H-NMR (90 MHz, CDCI,): 6 (ppm) = 7.23 - 8.03 
(m, H3, H', Hg), 6.92 (d, H4), 7-01 (d, H6), 2.53 (s, a-CH,). MS (100 eV, 
160'~):  m/e (%) = 398 (89, M'), 322 (73), 246 (34), 245 (86), 165 (100), 139 
(71), 114 (22), I13 (34), 87 (13), 63 (11). 

Aus 0.5 g (2 mmol) (13) und 0.24 g (2 mmol) tert. -Butyl-cyanoketen in 10 
ml wasserfreiem Benzol analog (24 b); es liegt ein Gemisch zweier Isomerer 
vor. Schmp. 156OC; Ausb. 0.52 g (80%) 

Se (326.3) Ber. C 66.23 H 5.25 N 4.29 
Gef. C 65.87 H 5.22 N 4.39 

IR (KBr): 2120 (CrN), 1585 cm-' (C=C). 'H-NMR (90 MHz, CDCI,): 6 
(pprn) = 7.53 - 8.92 (m, H3, H7, Hg), 6.79 (d, H4 von Isomer a), 6.58 (d, H4 
von Isomer s), 2.58 (s, a -CH,), 7.59 (d, H6 von Isomer a), 6.58 (d, H6 von 
Isomer s). MS (100 eV, 80•‹C): m/e (%) = 327 (82, M+), 271 (53), 246 (30), 
245 (78), 165 (lOO), 139 '(64), 114 (20), 113 (25), 87 (13), 63 (9). 

Aus 0.5 g (2 mmol) (13) und 0.067 g (2 mmol) Malonsauredinitril in 10 ml 
Essigsaureanhydrid analog (23). Rote Kristalle; Schmp. 297O C; Ausb. 0.095 g 
(1 6%). 
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Se (295.2) Ber. C 61.03 H 2.73 N 9.49 
Gef. C 60.89 H 2.53 N 9.19 

IR (KBr): 2220 (C-N), 1570 cm-' (C=C). 'H-NMR (90 MHz, CDCI,): 6 
(ppm) = 7.92 - 8.52 (m, H3, H7, Hg), 7.98 (d, H4), 8.09 (d, H6), 2.79 (s, a- 
CH,). MS (100 eV, 160•‹C): m/e (%) = 296 (59, M+), 271 (38), 246 (64), 245 
(23), 165 (lOO), 139 (86), 114 (19), 113 (37), 87 (9), 63 (11). 

Aus 0.5 g (2 mmol) (13) und 0.34 g (2 mmol) 2-Thiobarbitursaure in einer 
Mischung aus 8 ml Acetanhydrid und 4 ml Eisessig analog (22). Grune 
Nadeln; Schmp. 326OC; Ausb. 0.5 g (64%). 

Se (373.3) Ber. C 51.48 H 2.70 N 7.50 
Gef. C 51.85 H 2.47 N 7.19 

IR (KBr): 1695, 1655 cm-' (C=O). 'H-NMR (90 MHz, CDCI,): 6 (ppm) 
= 7.14 - 8.35 (m, H3, H7, Hg), 8.02 (d, H4), 8.14 (d,H6), 2.61 (s,a-CH,). MS 
(100 eV, 145OC): m/e (%) = 374 (64, M+), 314 (37), 287 (29), 273 (47), 246 
(69), 245 (23), 165 (lOO), 139 (94), 114 (27), 113 (56), 87 (ll) ,  63 (15). 

Aus 0.5 g (2 mmol) (13) in 10 ml wasserfreiem Benzol und 0.4 g (2 mmol) 
Fluorenketen analog (25). Blaue Kristalle; Schmp. 145OC; Ausb. 0.96 g (24%). 

(395.3) Ber. C 75.95 H 4.08 
Gef. C 75.76 H 87 

IR (KBr): 1560, 1510 cm-I (C=C). 'H-NMR (90 MHz, CDC1,): 6 (ppm) 
= 7.21 - 8.25 (m, H3, H7, Ha), 7.30 (d, H4), 7-49 (d, H6), 2.92 (s, a -CH,). MS 
(100 eV, 140•‹C): m/e (%) = 396 (7, M'), 246 (78), 245 (34), 165 (1 I), 139 
(69), 114 (16), 113 (37), 87 (23), 63 (12). 

2-Methylnaphtho (1.844 selenophen-5-(2 : 3 ; 4 : 5 1 tetrachlorocyclopen- 
tadienyliden) (30 U) 

Aus 0.5 g (2 mmol) (13) in 10 ml Acetanhydrid und 0.2 g (2 mmol) 2, 3, 
4, 5 - Tetrachlorocyclopentadien analog (26 U). Blaue Kristalle; Schmp. 159OC; 
Ausb. 0.2 g (23%). 

(433.0) Ber. C 47.15 H 1.86 
Gef. C 46.93 H 2.02 

IR (KBr): 1580, 1530 cm-I (C=C). 'H-NMR (90 MHz, CDCI,): 6 (ppm) 
= 7.12 - 8.20 (m, H3, H7, HE), 8.09 (d, H4), 8.69 (d, H6), 2.82 (s, a-CH,). MS 
(100 eV, 136•‹C): m/e (%) = 434 (65, M'), 399 (44), 363 (64), 428 (72), 292 
(49), 246 (75), 245 (29), 165 (lOO), 139 (89), 114 (32), 113 (47), 87 (13), 63 
(18). 

2-Methylnaphtho(l.8-bc) selenophen-5-(2 ', 3 ', 4 ', 5 ' 
tetracyanocyclopentadienyliden) (30 b) 

Aus 0.5 g (2 mmol) (13) in 10 ml Acetanhydrid und 0.1 g (2 mmol) 2, 3, 
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4, 5- Tetracyano-cyclopentadien analog (26 U). Blaue Kristalle. Schmp. 160•‹C; 
Ausb. 0.15 g (19%). 

CZlH,N4Se (395.3) Ber. C 63.81 H 2.04 N 14.1P 
Gef. C 63.59 H 1.96 i4 14.49 

IR (KBr): 2200 (CrN), 1575, 1520 cm-' (C=C). 'H-NMR (90 MHz, 
CDCI,): 6 (pprn) = 7.23 - 8.28 (m, H3, H', He), 8.59 (d, H4), 8.74 (d, H6), 
2.84 (s, a-CH,). MS (100 eV, 264•‹C): m/e (%) = 396 (76), 370 (81), 344 (72), 
318 (65), 292 (65), 246 (79), 245 (28), 165 (luo), 139 (85), 114 (46), 113 (46), 
87 (23), 63 (24). 

2-Methyl-naphtho (1.8-bc) selenophen-5- (2 : 3 ; 4 ; 5' -tetramethoxycarbonyI- 
cyclopentadienyliden) (30 C) 

Aus 0.5 g (2 mmol) (13) in 10 ml Acetonitril und 0.47 g (2 mmol) 2,3,4,5, 
-Tetramethoxy-carbonyl-cyclopentadien" analog (26 C). Blauschwarze Kristalle 
(aus Methylenchlorid); Schmp. 198•‹C; Ausb. 0.3 g (27%). 

Se (527.4) Ber. C 56.94 H 3.82 
Gef. C 56.70 H 4.18 

IR (KBr): 1720 (C=O), 1570, 1530 cm-' (C=C). 'H-NMR (90 MHz, 
CDCl,): 6 (ppm) = 7-34 - 8.51 (m, H3, H', Hg), 8.25 (d, H6), 7.95 (d, H4), 
2.63 (s, a - CH,). MS (100 eV, 250•‹C): m/e (%) = 528 (86, M'), 514 (67), 
472 (52), 469 (68), 427 (59), 410 (46), 382 (58), 351 (74), 337 (75), 292 (46), 
246 (59), 245 (24), 165 (93), 139 (lOO), 114 (16), 113 (49), 87 (19), 63 (17). 

2-Merhylnaphtho (1.8-bc) selenophen-5- (2 ; 3 ; 4 ; 5' -tetraphenyl- 
cyclopentadienyliden) (30' d) 

Aus 1.24 g (5 mmol) (13) in 15 ml Xylol/Nitrobenzol und 1.98 g (5 mmol) 
2,3,4,5 -Tetraphenyl-diazo-cyclopentadien anidog (26 d). Schwarze Kristalle; 
Schmp. 276•‹C; Ausb. 0.12 g (4%). 

(599.6) Ber. C 82.13 H 4.71 
Gef. C 82.50 H 4.42 

IR (KBr): 1575, 1525 cm-' (C=C). 'H-NMR (90 MHz, CDCI,): 6 (ppm) 
= 7.47 - 8.46 (m, H3, H', HE), 7.95 (d, H4), 7.52 (d, H6), 2.56 (s, a- CH,). MS 
(100 eV, 150•‹C): m/e (%) = 600 (65, M'), 523 (72), 446 (64), 369 (57), 292 - 

3-Elhoxy-5-methylen-~aphtho (1.8-bc) selenophen (31) 

Zu einer Z;iisung von etwa 0.23 g (2 mmol) (14) in 5 ml Acetonitril - 
wasserfrei - werden 8.22 g (4 mmol) Anilin getropft und anschliesend noch 
einige Tropfen Ethyl-&ls;opropylamin. 'Nach Entfernen des Losungsmittels wird 
der Ruckstand saulenchromatographisch gereinigt - uber Kieselgel 60 •áMerck•â, 
mit Benzol als Elutionsmittel. Gelbe Kristalle (aus Ethanol). Schmp. 116OC; 
Ausb. 0.13 g (24%). 

Se (275.2) Ber. C 61.10 H 4.40 
Gef. C 60.66 H 4.35 



'H-NMR (90 MHz, CDCl,): 6 (ppm) = 7.59 - 8.63 (m, -H" H6, H', Ha), 
6.60 (s, H4), 4.16 (q, -0-CH,), 1,46 (t, -CH,), 6.92 (d, a - CH,). MS (100 eV, 
90•‹C): m/e (%) = 276 (100, M'), 250 (40), 218 (79), 174 (90). 

3-Ethoxy-2-methybn-naphtho (1.8-bc) selenophen (32) 

Aus etwa 0.24 g (2 mmol) (1 7), 0.22 g (4 mmol) Anilin und einigen Trop- 
fen ~th~ldiisopropylamin analog (31). Orangefarbene Kristalle; Schmp. 134OC; 
Ausb. 0.1 1 g (20%). 

Se (275.1) Ber. C 61.10 H 4.40 
Gef. C 61.47 H 4.31 

IR (KBr): 1620 cm-I (C=CH,). 'H-NMR (90 MHz, CDCI,): 6 (ppm) = 
6.51 (s, H4), 7.83 - 8.64 (m, HS, H6, H', Ha), 6.81 (d, a -  CH,), 4.06 (q, 
-0-CH,-), 1.22 (t, -CH,). MS (100 eV, llO•‹C): m/e (%) = 276 (100, M'), 
250 (46), 218 (73), 174 (89). 

Literatur 

1. E.A. Varella, Dissertation Univ. Heidelberg 1977. 
2. R. Neidlein und H. Seel, Angew. Chem. 88, 810 (1976); Angew. Chem. Int. Ed. Engl. 15, 

775 (1976). 
3. H. Seel, Dissertation Univ. HeideIberg 1974. 
4. R. Neidlein und K.F. Cepera, Chem. Ber. 110, 2388 (1977). 
5. R. Neildlein und A.D. Kraemer, Tetrahedron Lett. 1976, 4713. 
6. R. Neidlein und G. Humburg, Liebigs Ann. Chem. 1977, 904. 
7. R. Neidlein und M.H. Salzl, J. Chem. Research (S) 1977. 118; J. Chem. Research (M) 1977, 

1466. 
8. R. Neidlein und H. Seel, J. Heterocyclic Chem. 14, 1379 (1977). 
9. R. Neidlein und K.F. Cepera, Liebigs Ann. Chem. 1978, 627. 

10. R. Neidlein und W. Kramer, J. Chem. Res. (S) 1977, 77, J. Chem. Res. (M) 1977, 885. 
11. R. Neidlein und G. Humburg, Chem. Ber. 112, 349 (1979). 
12. R. Lesser und R. Weis, Ber. Dtsch. Chem. Ges. 45, 1835 (1912). 
13. L.B. Agenas, Acta Chem. Scand. 7, 16 (1962). 
14. T.Q. Minh, L. Christiaens und M. Renson, Tetrahedron 28, 5397 (1972). 
15. L. Laitem, L. Christiaens und G. Llabres, Bull. Soc. Chim. Fr. 3, 681 (1974). 
16. D.G. Hawthorne und Q.N. Porter, Aust. J. Chem. 19, 1909 (1966). 
17. G. Seitz, Angew. Chem. 78, 680 (1966). 

Der BASF Aktiengesellschaft, dem Verband der Chemischen Industrie - 
Fonds der Chemie- sowie der Deutschen Forschungsgemeinschaft danken wir 
fur besondere Unterstutzung unserer Untersuchungen, Herrn Dr. A. Hotzel 
und Herrn F. Beran fur die Massenspektren, den Herren Dipl. -Chem. W. 
Kramer und Dip1.- Chem. G. Schafer fur die 'H-NMR-Spektren, der Bayer 
AG und der Hoechst AG fur die Lieferung von Chemikalien. Besonderer Dank 
gilt der griechischen staatlichen Stipendienstiftung (IKY) fur die Unterstutzung 
von E.A. Varella. 



Summary 

Heterocyclic 12-n- and 14-n- systems, 38: 
Syntheses and ~eactivities of new Selenapseudophenalenone-derivatives 

The reaction of diazotated anthranilic acid with Na2Se2 yielded 
c(diselenosa1icylic acid)) (2). Reduction of (2) and subsequent esterification 
yielded the dimethylester of the o-carboxyphenyl-selenoacetic acid (4), which 
by Dieckmann- condensation gave the a-ketocarboxylic acid-ester (5). From 
methylation of (5) with methyliodide followed by hydrolysis and decarboxyla- 
tion we obtained {7), which after reduction to the alcohol (8) and elimination 
of water yielded 2-methylbenzo(b) selenophene (9). This compound (9) reacted 
with a-chloro-dimethyl-ether to the chloro-methyl-derivative (10), which was 
converted according to known methods to the propionic acid (11). By cyclisa- 
tion of (!l? to the ketone (12) and oxidation we finally obtained the selena- 
pseudo-wenalenone-5, which by alkylation with ((Meerwein-salfa yielded the se- 
len&pseudophenaleniumtetra-fluoroborate (14). Reaction of (9) with cin- 
namoylchloride in the presence of AlCI, yielded the isomeric ketone (16), and 
subsequently the kation (17) by alkylation. In addition, from (13) we obtained 
by known methods the imino-selena-pseudophenalenone-derivatives (18 a - 18 
c) and the azine (19). Similarly from (16) we prepared the imino-derivatives 
(20 a - 20 c) and (21), and from the reaction of (16) with C-nucleophiles the 
selenapseudophenafulvenes (22, 23) and (24 a - 24 b). Reaction of 16 and 13 
with the corresponding N-nucleophiles gave the selenapentapseudo- 
phenafulvalenes (25, 26 a - 26 d) and (29), (30 a - 30d) respectively. The reac- 
tions of the selenapseudophenalenone-5 (13) with C-nucleophiles yielded the 
selena-pseudophenafulvenes (27 a - 27 c) and (28). By elimination of a proton 
from the cations (14) and (17) we isolated the compounds (31) and (32). 

n&pihPl 

R~porcorchcd 12-n- rcai 14-n- ooozljpaza 
Zo'vB~or rcai i & d z ~ ] ~ & ~  vE'~r)v o&~~va-~&~~0-paz~a~&vo~z~(3v napaydpv 

'An6 tqv 8vtiGpaoq Gta~oto0Evto~ &v0pavt?mo0 65So~ (I)  p6 Na2Se2 
happav~tal d p x t ~ a  t o  c(6loshqvo-oaht~uh1~6 656)) (2), p2 &vaywy.?j to6 bnoiou 
naipvoups t 6  o - ~ a p p o 5 u c p a t v u h o o ~ h q v o ~  656 (3), no6 n~pa t t8po  
p&~a tpb&ta t  oto Gtps0uh~ot6pa zou (4) ~ a i  otq o u v l ~ n a  otov a-KETO- 
~ a p p o ~ u h t ~ o  Eot8pa (5) p6 oupmhcvooq ~ a z a  Dieckmann. 'An6 t o  (5) Lap- 
pav&tal fi h:vooq (6) psta hi) p~6~hi00q p8 p~0uhto6i810 Kai ' T E ~ X ~  p6 
oanovonoiqoq ~ a i  8no~appoSuhiooq z6 2,3-i%u6po-2-p~0uho-3-0~0-~~~~0(b) 
oshqvocpaivto (7). 'Avayoyq to0 (7) Givn tqv &h~oohq (8), ~ a i  p i  8noonaoq 
ii6atog hayp&v&tat t 6  2-p~~uho-~&v~o(b)o&hqvocpai~t0 (9). 'An6 t o  (9) p6 
EniGpaoq a-~hopo-Gtps0uhatBBpa happttvmat t o  3-~hpops0uho-napayoyo 
(10) ~ a i  ~ a t o n t  p6 yvwozq .  pi0060 t 6  3 (2- 
p ~ ~ u h o ~ ~ ~ ~ ~ ( b ) o ~ h q v t ~ v u h o ) n p ~ ~ t ~ ~ ~ ~ o  656 (11). Ku~honoiqoq z00 (11) Giv~t 
tqv K E Z O V ~  (12), ~ a i  p6 6 ~ ~ i G o o f i  tqg happavszat fi oshqva- 
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y~u60cpatvahsvovq-5 (13). A6zq Cth~uhthvszat s f i~oha p6 &ha< Meerwein 
(rsrpacp0opopopt~o zptat0uho@~to) npbq 76 razpacp~opo~opt~o &ha< zo6 2- 
~s0uho-5-at00~u-vacp80(1.8-b~) oshqvoviou (1 4). 

'Ano rfiv Evwoq (9) ~ a i  ~hopi6to atvvapwyt~o6 6560s Tcapouoia zptx- 
hwptod~ou Ctpythhiou hayp6vszar 4 looyspfl~ K E Z O V ~  oshqva-ysv60- 
cpatvahsvdvq-3 (16), - yB Cth~uhiooq rii< d n o i a ~  ouvzi0szat T O  

r ~ ~ p a c p ~ o p o ~ o p t ~ o  &ha< ro6 2-y~0uho-3-at0o~u-vacp0o(1.8-bc)o~hqvoviov (1 7). 
'An6 TO (13) Aaypcivovrat zci lytvo-oshqva-y~v6ocpatvah~vovt~ci napciywya 

(18a-18c) ~ a i  4 CtSivq f19). 'And zqv K E T ~ V ~  (16) pi: dlvahoyo zpono 
naipvouys rci iy~vo-napaywya (20a-20c). 'Ano 70 (16) p i  EvOost~ yE Evspyd 
ys0uhsvt~fi 6pa6a h a y ~ a v o v ~ a ~  r& o&hq~a-y~~60-~atvacpovh~a~v ta  (22, 23, 
24a-24b). 

'Enioqq r6 (13) Ctvzt6p6 npoq za oshqva-nsvza-ysv60-cpatvacpouhpahEvtc1 
(29, 30a-30d), ~ a i  (16) kvahoya npdq zci (25, 26a-26d). ' H  Ctvzi6paoq zEhoq 
zijq oshqva-ysu6o-cpatvah~vovqq-5 (13) p8 Evhosy yk &v&pyi, ys0vhsv1~q 
6pa6a EGwos za oshqva-ysuSo-cpatvacpouhpEv~a (27a-27c, 28). 

H Hnoonaoq npwroviov &no za ~aztovza (14) ~ a i  (17) 664yqos o z i ~  
Evhostq 5-ai0o{u-2-~0uhsvo-vacp80 (1.8-bc)oshqvocpaivto (31) ~ a i  (32). 

M&hsz$q~av T B  c p a o y a z o ~ ~ ~ t ~ d  6~6op6va IR, NMR ~ a i  yar&v 6hov T ~ V  

vEwv Evhocwv, h i )  za dnoia ouvciyerat 621 ozfl paot~q T ) ~ E K T P O V ~ K I ~  
Ka~ciozaoq zkv Evhosov (13) ~ a i  (16) ouyysz6~st ~ a z a  ysyaho nooooz6 
6tnoht~fl bpla~fl 6 0 ~ q  (I$. 14 ~ a i  17). 
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MASS SPECTRA STUDY OF ORGANOSILANES: 
A NOVEL 1,4-HYDROXYL MIGRATION FROM CARBON TO 
SILICON IN HYDROXY-SILYL-ALKEhIEB 

CONSTANTINOS A. TSIPIS 
Laboratory of Inorganic Chemistry, University of Thessalloniki, Thessaloniki, Greece. 

Summary 

The mass spectra of some silyl-alkenes and hydroxy-silyl-alkenes are stu- 
died. Fragmentation patterns are given and possible mechanisms are discussed. 
In the case of the hydroxy-silyl-alkenes a novel 1,4-hydroxyl migration from 
carbon to silicon was observed and its mechanism is discussed. In this type of 
rearrangement a y hydroxyl group is transfered to an unsaturated siliconium 
center accompanied by the expulsion of a neutral substituted cyclopropene 
derivative. 
Key words: mass spectra, silyl-alkenes, hydroxy-silyl-alkenes, 1,4-hydroxyl migration, 
cyclopropene derivative. 

Introduction 

A large number of various types of organosilanes have been studied mass 
^ spectrometrically and some novel intramolecular migrations of siliconium ions 

appear in the fragmentation processes1-6. These intramolecular rearrangements 
involve the silyl center and were observed in a number of silyl derivatives of 
 alcohol^^,^, carboxylic acidsy and other functional  group^'^^'^. The charac- 
teristic feature of these rearrangements is the migration of the silyl group from 
the y carbon of the alkyl chain to the positively charged oxygen of the 
functional group with simultaneous elimination of ethylene. Another important 
migration of a phenyl group to the silyl center of a siliconium ion was also ob- 
served in the fragmentation process of l-phenyl-2-trimethylsilyl-ethane and 
trimethylsilylbenzyl ethers3. In the present paper we describe the general 
fragmentation patterns of silyl-alkenes and some hydroxy-silyl-alkenes. In the 
last case a novel 1,4-hydroxyl migration from carbon to silicon was observed, 
which is also discussed. 

Results and discussion 

In Table I are shown the most relevant mass spectral peaks of some silyl- 
alkenes under study. The molecular ions in the mass spectra of trans-l- 
triethylsilyl-l-alkenes exhibit a low abundance in accordance with the mass 
spectra of other tetraalkylsilanes6. The low abundance of the molecular ions 
could be explained on the basis of their instability, for they are odd-electron 
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ions that can eliminate easily a radical to form the stable even-electron 
siliconium (R,Si(+ or (R'R,Si(+ (where R= ethyl group, Et, and R'= alkenyl 
group) ions. The particularly stable even-electron siliconium ions exhibit, as one 
would expect, the highest abundance and their peaks are the base peaks in the 
mass spectra of the trans-I-triethylsilyl-l-alkenes. 

TABLE I .  Most relevant mass spectral peaks of some si!~+alkenes, 

~ ~ ~ ~ S - C H , ( C H , ) , C H = C H S ~ ( C ~ H ~ ) ~  m/e (R.I.)* : 184 (13), 155 (100). 150 (9). 
149 (9), 135 (12), 127 (83), 
115 (5), 110 (12), 99 (29), 87 (15), 
71 (9), 59 (29), 57 (10). 55 (6), 
44 (l@, 43 (10). 

trans-CH,(CH,),CH=CHSi(C,H,), : 198 (27), 169 (loo), 141 (92), 
115 (traces), 113 (41), 99 (7), 
87 (25), 85 (20), 83 (ll), 81 (5). 
73 (6), 71 (lO), 69 (6), 59 (41), 
57 (14), 55 (7), 45 (7), 43 (11). 

trans-CH,(CH,),CH=CHSi(CZH5), : 212 (9), 183 (loo), 155 (52), 
127 (ll), 115 (6),  113 (5), 99 (S), 
87 (171, 85 (91, 83 (61, 73 (5), 
71 (6), 59 (251, 57 (81, 43 (6). 

trans-(CH?),CHCH=CHSi(C,H,), : 210 (22), 181 (loo), 153 (75), 
125 (29), 115 (15), 113 (9), 97 (16), 
95 (9), 87 (35), 85 (15), 83 (lO), 
59 (49), 57 (13), 55 (7), 45 (6), 
43 (7). 

cis-CH,CHZC=CHCH2CH, : 198 (21), 169 (loo), 141 (74), 
I 

(C,H,),Si 
115 (19), 113 (24), 11 1 (5), 99 (9), 
87 (361, 85 (9), 83 (61, 73 (91, 
71 (5), 59 (40), 45 (6), 43 (7). 

*(R.I.)= Relative Intensity. 

Two types of the siliconium ions could be formed from the parent ions af- 
ter the elimination of the alkyl radical. The first type of the siliconium ion 
corresponds to the siliconium ion (R '~ , s i (+  which is formed after the elimina- 
tion of an ethyl radical from the triethylsilyl group and the second one IR,Sil+ 
from the elimination of an alkenyl radical. 

The first type siliconium ions constitute the major peaks (base peaks) in the 
mass spectra of the trans-I-triethylsilyl-I-alkenes, while the second type ap- 
pears in very low abundance. The easier detachment of the ethyl radical than 
the alkenyl radical may be due to the stronger Si-C bond between the alkenyl 
group and silicon than the ethyl group and silicon. In the first case the extra 
stabilization of the Si-C bond may be due to the delocalization of the x- 
electron density between carbon and silicon through the R-back, bonding effect. 
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In figure 1 is shown the general fragmentation pattern of a representative 
trans- l-triethylsilyl- I-alkene, namely the trans- l-triethylsilyl- l-hexene. The 
fragmentation of the othef trans-I-triethylsilyl-l-alkenes under study occur by 
the same pathways. Most of the fragmentation processes were metastable sup- 
ported. 

FIG. 1. Possible fragmentation pattern of the trans-l-triethylsilyI-l-hexene (Numbers in 
parentheses are the relative intensities of the corresponding peaks). 



The salient feature of the general fragmentation pattern is the stepwise 
elimination of ethylene either from the first type or from the second type 
siliconium ions. Stepwise elimination of ethylene was also observed in the case 
of other tetraalkylsilanes studied mass ~pectrometrically~~'~. 

Examination of the mass spectra of the compounds trans- l-tri&hylsilyl-2- 
cyclopentyl-ethylene, trans- (CH,),CHCH=CHSiEt,, and trans-3-hydroxy-3- 
methyl-l-triethysilyl-but-l~ene, trans-Me,C(OH)CH= CHSiEt,, reveals the fact 
that the ethyl radical is eliminated from the triethylsilyl group and not from the 
alkenyl group. In these two compounds there is no possibility for elimination of 
the ethyl group from the alkenyl group. 

The stepwise elimination of ethylene, which is metastable supported, is also 
characteristic in the fragmentation processes of the compounds trans-Me2C 
(OH)CH=CHSiEt,, trans-MeEtC(OH)CH=CHSiEt,, cis-Me,C(OH)C(SiEt,) = 

CHC(OH)Me, and cis-CH,CH,C(SiEt,) = CHCH2CH3. 
The mass spectrum of the compound trans-Me,C(OH)CH=CRSiEt, 

together with the proposed fragmentation pathways are shown in figure 2, Sup- 
port for the fragmentation pathways comes from the presence of metqstable 
peaks. Analogous fragmentation processes appear also in the case of the com- 
pound trans-MeEtC(OH)CH=CHSiEt,. 

FIG. 2. Mass spectrum of the trans-Me,C (OH) CH= CHSiEt,, showing as well as the 
proposed fragmentation pathways. 

The feature to be noted in the mass spectra of the hydroxy-silyl-alkenes is 
the existense of a peak at m/e 103, having very high intensity. No such peak 
appears in the mass spectra of the trans-l-triethylsilyl-l-alkenes. This peak is 
due to the ionic fragment I(CH,CH,),S~OHI' which results from the fragmenta- 



tion of the first type siliconium ions discussed previously. The formation of the 
ion / (CH,CH,), SiOH I +  can be explained according to the following proposed 
mechanism: 

The proposed mechanism involves the isomerisation of the trans-siliconium 
ion to the isomer followed by an intramolecular transfer of the y hydroxyl 
group to the unsaturated siliconium center, which has as a result the expulsion 
of a neutral cyclopropene derivative and the formation of the ion (  (CH,CH,), 
SiOH I + .  This intramolecular rearrangement is analogous to the McLafferty 
rearrangement of methyl esters12, as well as to other silyl 
McLafferty type rearrangements observed in some organosilicon 
c o m p ~ u n d s ' ~ ~ ~ ~ ~ ~ .  The only difference in this type of rearrangement is the for- 
mation of a cyclopropene derivative rather than ethylene. 

The formation of the I R,SiOH I +  ion is also characteristic in the mass 
spectra of the compounds cis-2,5-dihydroxy-2,5- dimethyl-3-triethylsilyl-hex-3- 
ene, cis-HOMe,CC(SiEt,)=CHCMe,OH, and cis-2,5-dihydroxy-2,5- dimethyl- 
3-dimethylphenylsilyl-hex-3-ene, cis-HOMe,CC(SiMe,Ph) = CHCMe,OH. In 
Table I1 are given the most relevant mass spectral peaks of some hydroxy-silyl- 
alkenes under study. Also in Table I1 are shown the mass spectral peaks of the 
compounds 2, 2, 5, 5,-tetramethyl-3-triethylsilyl- dihydrofurane and 2, 2, 5, 5- 
tetramethyl-3- dimethylphenylsilyl- dihydrofurane. The last two compounds are 
the dehydration products of the two dihydroxy- silyl-alkenes under study. 

The base peak in the mass spectra of the dihydroxy- silyl-alkenes corres- 
ponds to the siliconium ions I Et,Si l+  (m/e 115) and I Me,PhSi (m/e 135). 
These peaks are also the base peaks in the mass spectra of the dehydration 
products of the dihydroxy-silyl-alkenes studied. The absense of the molecular 
ion in the mass spectra of the dihydroxy-silyl-alkenes studied, is indicative of 
their easy dehydration, because of their cis-structure. The dehydration products 
are silyl derivatives of the dehydrofurane. The fragment ions with the higher 
m/e values correspond to the 1~-151+ and \M-181' ions. The easy formation of 



TABLE 11. Most characieristic mass spectral peaks of some hydroxy-silyl-alkenes and 
sild derisarii~es of dihvdrofurane. 

: 240 (traces), 225 (94), 211 (g), 
196 (2), 183 (4), 167 (3), 153 (2), 
139 (3), 125 ( 3 ,  115 (loo), 87 (72), 
75 (14), 59 (22), 43 (7). 

*(R.I.) = Relative Intensity. 

the dehydrofurane derivatives explains also the lower abundance of the ions 
I E ~ , s ~ o H \ +  and I M ~ P ~ s ~ o H ~ '  or I M ~ , s ~ o H ~ +  in the mass spectra of the 
dihydroxy-silyl-alkenes than that in the hydroxy-siiyl-alkenes. Of course there 
are no peaks corresponding to the above ions in the mass spectra of the silyl 
derivatives of the dehydrofurane studied. 

Experimental 

The compounds studied were prepared by hydrosilylation of the 
corresponding alkynes using trans-di-p-hydrido-bis (tricyclohexylphosphine) bis 
(dimethylbenzylsilyl) dipiatinum, I(Cy,P) (Me,BzSi) (p-H) Ptl, as catalyst. The 
catalyst was prepared as described in the literature13. 

The description of hydrosilylation experiments will be limited to only one 
representative case, as the full results on the hydrosilylation of alkynes 
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catalysed by trans-di-y-hydrido-bis(tricyclohexylphosphine)bis(silyl)diplatinum 
complexes will be published elsewhere14. 

A glass tube (c.a 80 cm3) fitted with a Westef high-vacuum greaselles stop- 
cock and standard tapered joint was charged with 3.2 cm3 (20.0 mmol) freshly 
distilled Et3SiH, l.0cm3 (10.0 mmol) freshly distilled 2-methyl-butyn-3-01-2 and 
2.0 mg of the catalyst I(Cy3P) (Me2BzSi) (pH)  P(,, under argon atmosphere. 
After 6 hrs at 60•‹C a 'H-NMR spectrum revealed complete consumption of 
the alkyne. 'H-NMR, 13C-NMR and G.L.C. studies showed that the distilled 
product (1,9 g, 95%) consisted only of trans- Me2C(OH) CH=CHSiEt3. 
Analogous hydrosilylation reactions of appropriate alkynes were used for the 
preparation of the other silyl-alkenes and hydroxy-silyl-alkenes under study. 
Analytical data for the new compounds were given elsewhere14. 

The dihydrofurane derivatives were prepared according to the following 
method. 

A Schlenk tube was charged, under nitrogen atmosphere, with 1.39 g (5.0 
mmol) .of 2,5-dimethyl-2,5-dihydroxy-3-dimethylphenysiyl-3-hexene, 1.36 g 
(10.0 mmol) KHSO, and 0.4 g of hydroquinone (as antioxidant). The mixture 
was heated at c.a. 100•‹C for 1 hr. After this period the mixture was cooled at 
room temperature and then was exctracted with -15 cm3 of n-hexane. The 
hexane solution was filtered and the filtrate by fractional distillation gave 1.2 g 
(-4.6 mmol) of 2,2,5,5-tetramethyl-3- dimethylphenylsilyl- dihydrofurane 
(colorless liquid, b.p. 275OC at 760 Torr). Yield ~ 9 2 % .  

Calcd for C,,H,,OSi C = 73.79% H = 9.29% 
Found .C = 73'71% H = 9.32% 

An analogous procedure was followed for the preparation of the 2,2,5,5- 
tetramethyl-3-triethylsilyl-dihydrofurane (colorless liquid, b.p. 245-246OC at 760 
Torr, lit.'$ 74-77OC at 2 Torr). Yield = 98%. 

Calcd for C,,H,,OSi C = 69.93% H = 11.74% 
Found C = 69.87% H = 11.88% 

The mass spectra were. performed on a RMU-6L Hitachi-Perkin Elmer 
single focusing mass spectrometer. The operating conditions were, 70 eV elec- 
tron energy, using the direct probe insertion of the samples at -lOO•‹C. The 
used ion source is a T-2p model. 

M&tq &v cpaapa~ov pa&v 6pyavonupm~Gv ivhamv. Mta via 1,4- 
~ E T U ~ E O ~  li6po@hioo &no div0paua a i  nupir~o ara 66poSu-athu~o-ah~Cvla. 

Cnjv Epyaoia a h j  y~h~zoijvzat z a  cpaoyaza ya@h 6ptoyEvov othuho- 
~ ~ K E V ~ W V  ~ a i  OGpo@othuho-ah~~viov. Aivovzat oi ntoavoi ~ p o n o t  
6taon6osoq 7iSv yopta~6v iov~ov  ~ a i  npo~~ivovrat  nteavoi yq~avtopoi. Of 
nsptooo~spot o T O ~ S  xporavbyevou~ yq~avtopoC$ Gtaonkosoq 
Extp~pathvovza~ 13x6 r i p  xapouoia y s ~ a o ~ a e 6 v  ~opucp&v. 
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Czu cphopaza pac6v z6v othuho-ah~sviwv fl ~opucpq no6 &vztozot~&T ozo 
poptalc0 iov EXEI  nohi, pt~pq ~ X E Z L K ~  Evzaoq, ysyov6~ no6 hno6iGszat 
hoz60sta z6v poptaK6~ iovzwv, &v06 a h a  &hat iovra nsptzzo6 hptepoii 
qhs~cpoviwv, T B  6nok hnopahhouv sfi~oha pia hhu~o-pica ~ a i  yszanixzouv 
ozB dpziou GptBpoB ?ihs~zpoviov cnht~wvtovza, (R'R,S~~+ (6nou R'= 
&h~svljh~o ~ a i  R= 133L~ljho). 'H piLa R O ~  hnoonbzat ~6~0ho 'C~pa  (I1vztozot~~T 
ok hh~uho-pica ~ a i  i ip  oE &h~svuho-pica. TB o t h t ~ ~ v d v ~ a  IR'R,Sil+ Givouv 
~opucpi~ xoi, &nozshoiiv, ~ a z a  ~avova,  ~ a i  ziq p a o t ~ i ~  ~opucpEq ozu cpaoyaza 
ya56v s6v' otkuho-ah~sviov. 

CzB cpkoyaza pa@v t 6 v  66poSu-othuho-ah~eviov i6taizspo 3vGtacpEpov 
napouotaca pia ~opucpq nod hnavzb oE ztyq m/e 103. ' H  ~opucpq adzq 
&vnorot~si ozd otht~wvtdv I(C,H,),S~OHI+. '0 o~qpanopb5 zo6 ibvzo~ aho6 
Gt~alohoys~at FE Eva ~1605 1,4-pezaOko~wq i)GpoSuhiou, no6 haypavst pbpa 
ozo othtcwvdv IxR,S~~+ (6nou X= OGpo@ah~v6hto ~ a i  R= ai0bhto) ~ a i  yta 
zqv 6noia npoz~iv~zat nt0avo~ pq~avtcrp65. C6ycpwva p2 TO pqxavtoyo at% 
E~oup,  & p ~ t ~ &  Zoop~p~iwoq zoii tram-o&~mvtovzo~ of6 cis impspiq ZOU, 0 2 0  

6noTo yivszat ozq o u v t ~ n a  pszavaozsuoq 703 66pokuhiou 245 y 0Eoso~ ozo 
& K ~ ~ E O T O  ~Evzpo zoB otht~ovt6vzo~ p i  rauzo~povq dx6onaoq napayuiyou 
zoii ~u~honpon~v iou .  

Czu cpbsyaza pa@v z6v 6tuGpoSu-othuho-ah~sviov hnavzb Enioq~ fl 
K 0 p ~ c p q  m/e 103 &hhd p6 ~ ~ K P ~ T E P ~  Evzaoq. 'Enioqq ~apaK'TTlpto~kK6 
yvwptoya z6v cpaopazwv y a c 6 ~  &v 6tu6poCu-othu~o-ah~eviov &ha1 fl 
8nouoia 706 popta~oii i6vzos ysyov65 no6 lrnoGi6soa1 ozqv ~ f i ~ o h q  (I1n6onaoq 
Evoq yopiou 86aroq pk oxqyaztopi, othuhonapayhyov zob GtuGpocpoupaviou. 

Tthog xapa~zqpton~o yvhptoya z6v cpaoyazwv pac6v z6v ysh~zoupivwv 
Evhoswv dvat fl oza6ta~i) Bn6onaoq popiov at0uhsviou &no zq othuho- 
6puGa. 
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THE THIOL SEQUENCES AND SUBUNIT STRUCTURE OF 
MUSCLE PHOSPHORYLASE 

CONSTANTINOS G. ZARKADAS, LARRY B. SMILLIE and NEIL B. MADSEN 
Department of Biochemistry, University of Alberta, Edmonton Alberta, Canada. 

Summary 

Phosphorylase a and b (a-l, 4-gluca~i: orthophosphase glycosyltransferase, 
EC 2.4.1.1) have previously been shown to consist of four and two subnits, 
respectively, each having a molecular weight of 97,412. Our previous studies 
have indicated that of the nine sulfhydryl groups per monomer of the enzyme, 
two are alkylated rapidly without loss of enzymic activity and a further two 
are alkylated concomitantly with loss of activity and dissociation of the pro- 
tein. Digestion of phosphorylase with pepsin in 5% formic acid and incubation 
of the digest with DL[l4C1-3-cystine or diethanol disulfide at pH 8.0 and 37•‹C 
promoted disulfide interchange and stabilized the thiol groups. The digest was 
fractionated on Sephadex G-25 with 0.05M acetic acid and each of the five 
gross fractions was submitted to the diagonal electrophoretic procedure. The 
results indicated that there is a minimum of 8 and a maximum of 9 unique 
half-cystine sequences in phosphorylase, which provides additional evidence 
that the subunits are identical or alternatively are identical subunits composed 
of non-identical polypeptide chains of molecular weight of less than 100,000. 
However, there is no reliable evidence for such a possibility. 

Key words: Phospho-rylase a and P; Allosteric transitions; Molecular symmetry; Disulfide in- 
terchange; Sulfhydryl groups; Diagonal electrophoresis. 

Abbreviations: 

AMP, Adenosine5'-monophosphate; DANS amino acids-, 1- 
dimethylaminonaphthalene-5-sulphonyl amino acids; EDTA, Ethylene- 
diaminetetra-acetate; TPCK, l-tosylamino-2 phenylethyl chloromethyl ketone; 
C ya, C ysteic acid; Glucose- l-P, a-D-glucose- l -phosphate; Diethanol disulfide 
(2-hydroxyethyl disulfide; or 2,2'dithiodiethanol). 

Enzymes 

Rabbit sketetal muscle glycogen phosphorylase a or b (a-l, 4-glucan: 
ortho-phosphate glycosyl- transferase, EC 2.4.1.1 .); trypsin (EC 3.4.2 1.4); a- 
chymotrypsin (EC 2.4.21.1); a-lytic protease (EC 3.4.4.1). 



120 C . G  ZAKKADAS. L.R. SMILLIE, N.R. MADSEN 

Introduction 

Glycogen phosphorylase is involved in the regulatory mechanism of 
glycogen metabolism in muscle, and has been used extensively as a model 
system of studying allosteric transitions"* and the structure- function 
relationship of muscle enzymes334. Phosphorylase a and b have previously been 
shown to consist of four and two aubunits respectively, each having a 
molecular weight of approximately 100 ,000~~ '~ .  In a previous comm~nicat ion~~ 
it was shown that there is a minimum of eight and a maximum of nine unique 
half-cystine sequences in each of the apparently identical subunits of 
phosphorylase. The sulphydryl groups have frequently been considered inter 
alia as constributing appreciably to the maintenance of protein structure. Ac- 
cordingly, previous work from this laboratory has presented evidence indicating 
that two of these thiols was very reactive and can be alkylated without loss of 
activity. Another two thiol groups contribute to the stability and maintenance 
of the quanternary structure as well as to the enzymic activity of 
phosphorylase12~16. 

Additional evidence is support of the concept that the subunits of 
phosphorylase may be chemically identical has come from several lines of in- 
vestigation including the elucidation of tHe structure of a unique octatriacon- 
tapeptide sequence involved in the binding of puridoxal-5 phosphate1' and 
originating from the COOH-terminal polypeptide (mol. wt. 70,000) chain9, and 
a unique [32Pl-labelled phosphoserine tetradecapeptideI8 that was derived from 
the NH,- terminal (mol. wt. 30,000) endg of the enzyme. The isolation of a uni- 
que peptide involved in the binding of AMP has also been reportedI9. 

The present paper extends the work reported in an earlier communication1' 
and describes the methodology developed for the isolation and characterization 
of all thiol sequences from peptic digests of phosphorylase in order to establish 
the total number of unique thiol groups. It also documents the complete se- 
quence of these unique half-cystine peptides. The rationale was that, in the e- 
vent that a total of 9 unique half-cystine sequences were found, it would in- 
dicate that the molecule consists of identical subunits of molecular weight of 
97,412. In the event that the subunits are nonidentical, the value would be ex- 
pected to exceed 9. Thus, the number actually found should provide an ex- 
perimetal chemical basis for preferring one of these two hypotheses. 

Materials and Methods 

Materials 

Crystalline phosphorylase b was prepared as described previ~usly'~ except 
that prior to use, the crystals were collected by centrifugation (20,00OXg.), dis- 
solved in 20mM sodium P-glycerophosphate, 1.5mM 2-mercaptoethanol and 
1.5mM EDTA buffer pH 6.8 at 38OC. The protein was then passed through a 
Sephadex G-25 column (40 X 2.5 cm.) previously equilibrated with 1.5mM 2- 
mercaptoethanol and 1.5mM EDTA, pH 6.8. Protein concentration was deter- 
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mined from the absorbance at 280 nm with a value for E:?, of 13.220. Enzyme 
activity was determined as previously described13. 

Rabbit liver glycogen, purchased from Sigma Chemical Company, St. 
Louis, MO. was routinely purified through a Dowex 1-X2 chloride column. 
Glucose-l-phosphate and AMP were also purchased from Sigma. DL-[l4C1-3- 
cystine (17mCi/mmole), a product of Service Molecules Marquees, Fabrique 
per CEA-France, L-cystine and DANS-amino acids were purchased from 
Calbiochem, La Jolla, California. Diethanol disulfide was obtained from 
Aldrich Chemical Company, Inc., Milwaukee, Wisconsin. N-Ethylmorpholine 
(practical) purchased from Eastman Organic Chemicals, Rochester, New York, 
was redistilled (bg .  134.0•‹C) prior to use. Sephadex G-25, fine bead type, and 
Blue Destran 2000 were obtained from Pharmacia (Canada) Ltd., Dorval, 
Quebec. Bovine pancreatic trypsin treated with TPCK to inhibit contaminant 
chymotryptic activity2', and procine pepsin were purchased from Worthington 
Biochemical Corporation, Freehold, New Jersey. An a-lytic protease prepara- 
tion from Myxobacter 49P2 used in these stydies was kindly provided by Dr. 
D.R. Whitaker (Department of Biochemistry, University of Ottawa, Ottawa, 
Ontario). All other chemicals were reagent grade and were used without futher 
purification. 

Methods 

Preparation of Disuflde Derivatives: 

(a) Digestion of Protein with Pepsin. Freshly prepared phosphorylase b (1.0 to 
1.5g) dissolved in 1.5mM Zmercaptoethanol and 1.5mM EDTA solution (pH 
6.8, 20.0ml) was rapidly diluted to a concentration of lOmg/ml with sufficient 
water and 9% (VIP') formic acid and was digested with pepsin (ratio of pepsin 
to protein, 1:lO) in 5% formic acid at 37•‹C for 24h. Control experiments 
carried out with pepsin alone gave no indication of peptides that derived from 
its autolysis. 
(b) DisuIJde Interchange Reactions. The protein digest in 5% (V/V) formic 
acid was then adjusted to pH 8.0 with concentrated NH40H, and exposed to 
an excess (50-fold) of either DL-[14C]-3-cystine or diethanol disulfide to 
promote disulfide interchange. In a typical example to illustrate the method, 
DL-['4Cl-3-cystine in 0.2mCi (I7mCi/mmole; IM HCI) quantities was suf- 
ficiently diluted with L-cystine to give a radioactivity of 1.6pCi/mmole (26.3 
ml. 1M HCl) and then was added to 0.79g of the peptic digest (79.0ml). The 
solution was incubated for 17h at 30•‹C and as a result, each of the available 
suiphydryl groups was converted to a mixed disulfide. The reaction was ter- 
minated by adjusting the pH to 2.0 with 99% (VIV) formic acid, and the floc- 
culant precipitate attributed mainly to denatured pepsin and excess cystine was 
removed by centrifugation. The peptic digest was then concentrated by 
lyophilization. Diethanol disulfide was used in a similar way. 
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Peptide Purzjkation Procedures: 

(a) Group Separation of Peptides on Sephadex G-25. In each case initial frac- 
tionation of the peptic digests was carried out by gel filtration on Sephadex G- 
25 columns (195cm X 5.0cm) equilibrated with 0.05M acetic acid, the samples 
being applied in 25mI (250mg) of the same solvent. The flow was maintained 
at 180ml/h and the emuent was collected in 15.0ml fractions. The fractionation 
was monitored as before12 by absorbancy measurements of the emuent frac- 
tions at 280 nm and 260 nm and by radioactivity counting. The effluent frac- 
tions were pooled as shown in Fig. 1-2 and concentrated by lyophilization. 

(b) The Diagonal Pur@cation Procedure. Each of the five pooled fractions so 
obtained was then submitted to the diagonal electrophoretic procedure of 
Brown and HartleyZ3. Peptide samples in 5% formic acid were applied as a 
band (2mg/cm, 0.03 ymole/cm) on Whatman No. 3 6 5 ~  paper and submitted 
to electrophoresis at pH 6.5 (pyridine-acetic acid-water, 25:1:224 by vol.). 
Voltages of 80 V/cm were maintained for 40-50 min. After electrophoresis, 
peptides were localized on guide strips by dipping in cadmium-ninhydrin 
reagent24. A 3 cm band from the preparative sheet containing the separated 
components was cut parallel to the direction of electrophoresis at pH 6.5, and 
exposed to performic acid vapours (19.0 m1 of 98% (w/w) formic acid and 1.0 
m1 30% hydrogen peroxide) in a dessicator for 2 h. When dry, the oxidized 
strip was stitched on a sheet of Whatman No. 3MM paper and resubmitted to 
electrophoresis (pH 6.5) at right angles to the original direction. After elec- 
-trophoresis, the position of each of the cysteic acid peptides was revealed by 
staining with cadmium-ninhydrin reagent24 and by radioactivity counting on a 
Nyclear-Chicago Actigraph I11 strip scanner with 411 geometry. Tryptophan- 
containing peptides were located either with Erlich's reagent25 on separate 
guide strips before oxidation or by their strong fluorescence on paper following 
oxidation. On such a diagonal peptide ((map)), each half-cystine peptide was 
found off the diagonal as a cysteic peptide. In the case where DL-Il4C1-3- 
cystine was used in the original disulfide interchange reaction, each cysteic acid 
peptide was associated with a radioactive cysteic acid vertically in line with it. 
(c) Isolation of Cysteic Acid Peptides. After location of the cysteic acid pep- 
tides on such a diagonal peptide ((map)) the corresponding bands from the 
original electrophoregram were cut and oxidized and the strip stitched to a new 
sheet of paper for electrophoresis at pH 6.5. Further purification of the bands 
of cysteic acid peptides was frequently necessary and this was accomplished by 
electrophoresis at pH 1.8, 3.5 and 6.5. The peptides were normally eluted from 
the paper with water. 

Further Proteolytic Digestion ~f Peptides: 
Some of the peptic peptides were submitted to further digestion with 

TPCK-treated trypsin or a-lytic protease. Usually, 0.20 to 0.50 ymol/ml of 
peptide dissolved in 0.05M N-ethylmorpholine-acetic acid buffer, pH 8.0, was 
incubated with the proteolytic enzyme (ratio of trypsin or m-lytic protease 1 5 0  



THE THIOL SEQUENCES AND SUBUNIT STRUCTURE OF MUSCLE PHOSPHORYLASE 123 

or l :loo) at 37OC for 5 h. The degree of digestion was judged by separating 
the products by paper electrophoresis at pH 6.5 or by ,.mina acid analysis of 
the isolated peptide fragments. 

Determination of Amides of Aspartic and Glutamic Acids: 
In most cases, the assignment of amides was based on behaviour of the 

parent peptides of paper electrophoresis at pII 6Sz6. However, if more than 
one possible amide occurred in a given peptide, the mobilities relative to aspar- 
tic acid of the peptides obtained before and after successive removal of residues 
by Edman degradation were comparedz6. 

Amino Acid Analysis: 
Peptide samples were hydrolyzed under vacuum in constant boiling HC I at 

110" for 22 h in sealed evacuated tubes (10 X 75 mm) with the usual precau- 
tions described by Moore and Steinzs. Amino acid analyses were done on a 
Beckman Spinco Model 120C or 120B amino acid analyzer. 
N-terminal and Sequence Analyses of Peptides: 

N-terminal and sequence analyses were performed by methods previously 
d e s ~ r i b e d ~ ~ . ~ ~ .  DANS amino acids were identified by electrophoresis at pH 
4.38 combined with the thin-layer chromatography or polyamide layers ac- 
cording to Woods and Wang31. For the confirmation of some sequences, the 
subtractive Edman degradations were also carried out under conditions similar 
to those employed by Dopheide 

Peptide Nomenclature: 
The sequence of purification 

peptides was the following. 
(a) Gel-filtration was carried 

designated I to V. 

steps for the isolation of half-cystine peptic 

out on Sephadex G-25; five fractions were 

(b) Each fraction was then submitted to the diagonal procedurez3 and was 
assigned a capital letter from A to J in alphabetical order to indicate the 
relative mobility of the peptide on first dimension electrophoresis at pH 6.5. 
The most basic peptides of the digests had designations I-A and I-B, those 
from band I-C were neutral, and the acidic peptides were designated I-D to I-J. 

(c) Finally electrophoresis was carried out at pH 6.5 or 1.8 after performic 
acid oxidation. Each cysteic acid peptide was assigned an Arabic number in 
consecutive order, the most basic peptide of the digest having the lowest num- 
ber. The products of peptides subsequently digested with trypsin were 
designated by the letter T, or those degraded by a-lytic protease (221 were 
designated by the letters a-LP. An Arabic number was assigned to each of the 
products to indicate the relative mobility of the peptide on electrophoresis at 
pH 6.5, the most basic peptide of the digest having the lowest number. 

Results 

Isolation of the Unique Cysteic Acid Peptides 

To stabilize the thiol groups during isolation, the digest was exposed to an 
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EFFLUENT VOLUME (1.) 

FIG. 1.  Preparative fractionation of DL-['4C]-3-cystine interchanged peptic digest (0.25 mg) of 
phosphorylase b on Sephadex G-25. The column ( 1 9 5 ~ 0 . 5  cm) was equilibrated with 0.05M 
acetic acid at 180 ml/h. The ef'fluent was monitored for radio-activity (W) and absorbancy 
measurements at 280 nm (W) and at 260 nm (W). Fractions I to V were pooled as in- 
dicated by the vertical bars and arrows. 
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EFFLUENT VOLUME (1.) 

FIG. 2. Preparative fractionalion of diethano1 disu&de interchanged peptic digest (0.25 mg) oJ 
phosphorylase 6 by get filtration on Sephadex G-25. The column (195x5cm) was operated at 
180 ml/h with 0.05M acetic acid. The effluent was monitored for absorbancy at 280 nm (-) 
and at 260 nm -). Fractions I to V were taken as indicated by the arrows. 
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ELECTROPHORETIC MOBILITY 

FIG. 4. Diagonal peptide ((maps)) of diethanol disulfide peptic digest of phosphorylase b of frac- 
tions II  (A) and III (B). Electrophoresis was at pH 6.5 in both dimensions. The cysteic acid pep- 
tides are hatched. The conditions and system of nomeclature of the peptides is described in the 
text. 
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TABLE I [l.  Amino acid comnposition of rryptic and a-h?ic protease peprides origi~tatirtgfrorn rryptic or a-iytic prorease cfigestio~i ofpeptic peptides of 
phospho~?~lase h 

Amino acid composition 1:lccttuphoretic N lerminal Molecular 
(Values are expressed a s  Mole ratios) ~ i i o l i l i ~  weight 

:it 111 l (1.5 (111) 

c y a a  Lys His Arg Asp Thr  Ser Clu Gly Ala Val Ile Leu Tyr  

Tyr  
Ar g 
Tyr  

C Tyr 
Gln 
Val 
Val 
Thr 
Val 
Vel 
Thr 
Asn 
Asn 
llc 

C ya 
Scr 
His 
Asn 
C !.a 
cy: i  
cy:i 
Tyr  
Tyr  
c y a  
V:d 
Val 
Cya  

" ~ y a .  represent? cysteic acid. 
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TABLE IV. Summar?. of the number and amino acid sequence of half-cvstine peptides from rabbit muscle phosphog~iase b 

NO of 
Unique Sequence Y~eld 
Sequewe 

l I A 3  
T Val Thr Val Lys Thr Cya Ala ------- 27 6 

I A 4  7 - ++m-+ - - - -S,--, --7 - 
T 

2 1 B 2 .  I I B 3  As0 G l n - ~ y s h  Cya Gly Gly(Trp. Gln) 
111 B 2  

+ - - - - - - - 
+++"-.++-- - 

T 
3 1 C 3 .  I C 4  Tyr Val L ~ S ' C ~ ~  Gln Glu 

11. C 5 
- - - -_  
-7 - 7 

9 I-D-I. 11-D-l 

- - - v - -  - -i. -?.#,- 7 - 
Ala-Cya-Ala 
7-77 

Gly-Cya-Arg-Asp 
--L- 

--+4 

Asn-Ala-Cya-Asp-Glu 
---++e 
-++++ 

Definition of symbols: 

Cya. represents cysteic acid. 
-2indicates quantitative amino acid analysis. . represents N-terminal analyses by the dansyl-Edman method. 
,.residues marked with an arrow were determined by the substractive Edman method. 
T and a-LP0 represent points for enzymic cleavage of tne cysteic acid peptides by try'psin and a-lytic protease respectively. 
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excess of either DL-[14Cj-3-cystine or diethanol disulfide for 17h. As a result, 
each of the available sulphydryl residues was converted to a mixed disulfi 
After adjustment to pH 2.0, the digest from the DL-1'4C1-3-cystine disulfide in- 
terchange experiment was fractionated on a column of Sephadex G-25. The 
elution profile obtained and the five pooled fractions, labelled I to V, are shown 
in Fig. 1. The recoveries from the gel-filtration column of the radioactive pep- 
tide were quantitative as judged by radioactive measurements. Although most 
of the sequence work reported in this paper was done from cysteic acid pep- 
tides isolated from fraction I, it was found that fractions II and I11 were con- 
taminated with excess labelled cystine (Fig. 1) which interfered with subsequent 
purification attempts by paper electrophoresis. For this reason, additional pep- 
tic digests of phosphorylase b were disulfide interchanged with diethanol dis- 
ulfide and fractionated on Sephadex G-25 shown in Fig. 2. In this case Frac- - 
tion I yielded many of the same cysteic acid peptides which were found in 
similar positions in both diagonals (Fig. 3), and the results which are presented 
in Tables I to 111, have been combined for simplicity of presentation. A disad- 
vantage in the unlabelled diethanol disulfide reaction was that the final yields of 
purified peptides were low. 

The pH 6.516.5 diagonal peptide ((map)) of Fraction I from the DL-1'4Cl-3- 
cystine experiment is shown in Fig. 3A, and it was used as a guide for the sub- 
sequent .selective purification of cysteic acid peptides by high voltage elec- 
trophoresis at pH 6.5, 1.8 and 3.5 (see Methods). (see Methods). As may be 
seen in Fig. 3A, each of the half-cystine peptides (hatched) was found off the 
diagonal and was associated with a radioactive cysteic acid residue vertically in 
line with it. The diagonal peptide ((maps of fraction I that originated from the 
diethanol disulfide intekhanged peptic digest of phosphorylase b is shown in 
Fig. 3B. Although some differences were noted, the cysteic acid peptides were 
found in similar positions in both diagonals (Fig. 3). The pH 6.5/6.5 diagonals 
of fractions I1 and I11 originating from the diethanol disulfide interchange ex- 
periments are shown in Fig. 4. Each cysteic acid peptide thus located was 
isolated from the preparative sheets after performic acid oxidation followed 
paper electrophoresis at pH 6.5, 1.8 and 3.5, in which case very pure pepti 
were obtained. 

Amino. Acid Sequence .of Half-cystine Peptides 

The amino acid composition, N-terminal determination, mobilities at pH 
6.5 and percentage yields of the half-cystine peptic peptides of phosphorylase b 
so isolated from fractions I to V are summarized in Tables I and 11. From 
their amino acid composition and N-terminal determinations (Tables 1 and 2) 
it became apparent that, several peptides were larger varieties of the same se- 
quence. Those peptides isolated in sufficient yields were grouped and labelled 
from l to 9 unique sequencesl1 and they were then sequenced in parallel by the 
dansyl-Edman methodz9 as follows: 
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Sequence No I .  As may be seen in Fig. 3 8 ,  the peptides designated 1-A-3 and 
l-A-4 were cross contaminated, and upon further purification by elec- 
trophoresis at pH 1.8 and 3.5 had the composition shown in Table I. Both 
peptides had N-terminal valine. This information, and the amino acid analysis 
data suggested that peptide A-1-4 was a larger variety of A-1-3 in that it con- 
tained one additional residue of valine and threonine. These peptides were 
digested with trypsin (ratio of trypsin to peptide, 150) and the reaction 
products were separated by electrophoresis at pH 6.5 as two major bands. The 
amino acid composition of the tryptic peptides are shown in Table 111 and the 
amino acid sequences, determined by the dansyl-Edman methodz9, are shown 
in Table IV. These results clearly establish that peptide I-A-4 is the same as A- 
1-3, except that it is a larger variety of number 1 unique half-cystine sequence. 

Sequence No. 2. Similarly peptides 11-B-3 and 111-B-2 (Fig. 4) were found to be 
larger varieties of peptide I-B-2 (Fig. 3) arising from multiple pepsin cleavages 
of the same half-cystine sequence. After purification by electrophoresis at pH 
1.8, the resulting recoveries, amino acid composition, mobilities and N-terminus 
of these peptides are shown in Tables I and 11, indicating that asparagine and 
not aspartic acid must be the N-terminal residue and the additional glutamic 
acid must also be amidated. Peptide I-B-2 was digested with trypsin and the 
amino acid composistion and sequence of the two tryptic peptides (I-B-2TI and 
I-B-2T2) so obtained are given in Tables I11 and IV respectively. These results 
are consistent with the No. 2 unique half-cystine sequence previously repor- 
ted", except that the presence of isoleucine which was found to be in the se- 
quence of peptide I-B-2T2, was unintentionally omitted from the previous com- 
munication" due to a typographical error. 

The amino acid composition of peptides 11-B-3 and 111-B-2 (Table 2) was 
consistent with previous s tud ie~ '~  showing an additional glutamine and tryp- 
tophan located at the C-terminus end, although this could not be considered 
conclusive, since the presence of tryptophan here was inferred by its strong 
fluroescence on paper after performic acid oxidation. This sequence has now 
been extended1= and confirmed by others15. 

Sequence No. 3. The neutral peptides I-C-3 and I-C-4 were purified by elec- 
trophoresis at pH 6.5 after oxidation and were found to have similar amino 
acid compositions (Table I) except that peptide I-C-3 had an additional 
tyrosine as its N-terminal residue. Their low mobility suggested that one of the 
two glutamic acid residues must be amidated. Tryptic digestion of these two 
peptides provided additional evidence for their amino acid sequences shown in 
Tables I11 and IV. The assignment of glutamine and glutamic acid was based 
on the mobilities of the peptides I-C-3T5 and I-C-4T5 (Table 111) relative to 
glutamic acid after subtractive removal of residues by the dansyl-Edman 

In summary peptides I-C-3 and 11-C-5 are larger varieties of peptic 
peptide I-C-4 whose sequence is shown in Table IV. 

Sequence No. 4. Peptide I-C-7 was isolated in high purity and good yield 
because of its size and position in the diagonal (Fig. 3) and gave the results 
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shown in Table I. The sequence of this tripeptide is %wn in Table IV. 
Although peptides 11-E-2 and 111-C-7 also shown in Fig. 4 are clearly identical 
by all criteria, their separation in three distinct peaks (Fig. 1 and 2) may be 
due to absorption or other unexplained effects. 

Sequence No. 5. Peptide I-C-6 purified by electrophoresis at pH 6.5 (Fig. 3) 
had the composition, electrophoretic mobility and N-terminal summarized in 
Table I. This peptide was not attacked by trypsin and its sequence was deter- 
mined by the dansyl-Edman procedure and confirmed by the substractive Ed- 
man method2'. As shown in Table IV, peptides I-C-6, 11-C-7 and 11-C-8 are 
identical in sequence by all criteria (Tables I and 11). 

Sequence No. 6. The peptides I-G-1, 1-1-3 and 11-F-3 shown in Fig. 3 and 4 
were oxidized and finally purified by paper electrophoresis at pH 6.5. Peptide 
I-G-I had N-terminal asparagine as determined by the electrophoretic mobility 
of the peptide after one Edman degradation cycle. This information, and the 
amino. acid composition +suggested that allcthree of these peptides were identical 
except that peptide 1-1-3 was a larger variety of I-G-1 and was shown to con- 
tain an additional glutamic acid (Tables I and 11). Their amino acid sequence 
was determined by the substractive dansyl-Edman procedure2' and the results 
are presented in Table IV. 

Sequence No. 7. The peptide I-A-2 was isolated by electrophoresis at pH 1.8 
and was pure as judged by its amino acid analysis data shown in Table I. Its 
electrophoretic mobility at pH 6.5 indicated that both acidic amino acids must 
be amidated, and it had an N-terminal tyrosine. Additional evidence for the N- 
terminus tyrosine and for the sequence of this peptide was obtained from tryp- 
tic digestion. The four product peptides (I-A-2T1, I-A-2T2, I-A-2T4 and I-A-' 
2Tll)  were separated by paper electrophoresis at pH 6.5 and the amino acid 
composition, N-terminal analysis and mobilities of these tryptic peptides are 
shown in Table 111. Their sequence was determined by the dansyl-Edman 
method, whown in Table IV, and from the electrophoretic mobilities of peptides 
I-A-2 and I-A-2Tll it was concluded that both acidic amino acids were 
amitafed. 

Sequence No. 8. The decapeptide I-B-3, isolated from band I-B by elec- 
trophdresis at pH 6.5 and 1.8, gave a distinct yellow to orange colour with 
cadmium-ninhydrin stain, which is consistent with cysteic acid as the N- 
terminal residue, also found by the dansyl-Edman method. From its low 
mobility and amino acid composition it was concluded that asparagine rather 
than aspartic acid was present. Since only four steps of the dansyl-Edman 
procedure were possible, its sequence was also studied by digestion with a-lytic 
protease (ratio of enzyme to I-B-3, 150). The peptides produced, shown in 
Table 111, were purified by electrophoresis at pH 6.5 and their sequences deter- 
mined. The low positive mobility of I-B-3aLP2 compared to I-B-3aLPl is at- 
tributable to a lower pK for imidazole when histidine is in the N-terminal posi- 
tion of a peptide, and the low positive mobility of I-B-3aLP4 can be attributed 



to an abnormally low pK for the a-amino group of this peptide, an observation 
which is common with peptides containing N-terminal asparagine. Since it was 
not possible to obtain the overlapping peptide I-B-3aLP7 in sufficient quantity 
for sequence determination and because its amino acid composition was e- 
quivocal, it was difficult to determine the C-terminus peptide and to align I-B- 
3aLPl and I-B-3aLP4 in order. The partial sequence of I-B-3 is therefore 
shown in Table IV. 

Sequence No 9. The peptide I-D-l purified by electrophoresis at pH 6.5 had 
N-terminal cysteic acid. Its position in the first dimension electrophoresis at pH 
6.5, and mobility after oxidation (Fig. 3) together with the amino acid composi- 
tion indicated that there were two negative charges, consistent with one aspar- 
tic acid and one cysteic acid described in Table I. Its sequence determined by 
the dansyl-Edman method showed that this pentapeptide had the structure 
shown in Table 4. Peptide 11-D-1 (Table 11) is clearly identical to I-D-l of frac- 
tion 1. 

The remaining minor peptides summarized in Table I1 were found to 
correspond to varieties of the sequences reported in Table IV. The only minor 
peptides isolated in any digest whose composition was incompatible with the 
known sequences were 111-H-2, 111-1-2, IV-C-2 and V-C-l. These may be 
varieties of either I-B-3 or I-D-I or they may arise from peptic clevages of pro- 
tein contaminating certain phosphorylase preparations. 

Discussion 

The experiments described in this paper for the isolation and determination 
of the numbers and sequences of the unique half-cystine peptides in 
phosphorylase were designed to derive information on the basic structural sub- 
unit of the enzyme. For the isolation of these peptides the diagonal elec- 
trophoretic procedure was originally employed. However, this method was not 
directly applicable to the elucidation of sufhydryl sequences of phosphorylase 
because of the high molecular weight of the enzyme and the instability of its 
thiol groups during the electrophoretic separation procedure. It was therefore 
decided to disulfide interchange the peptic digest of phosphorylase b with DL- 
P4C1-3-cystine. This method had the advantages that the thiol groups were 
protected from oxidation during the isolation procedures and that these 
diagonal techniques were greatly simplified. The disulfide diethanol reagent had 
the advantage over DL-["T1-3-cystine in that it was completely solube and did 
not interfere with subsequent purification procedures. 

Peptic digestions of phosphorylase performed in this work were found to 
produce families of peptides arising from the same sequence. This complicated 
somewhat the diagonal procedure for the isolation of all cysteic acid peptides 
in good yields (Tables I and 11). For example, the low recoveries of the unique 
half-cystine sequences, ranging from 6.0 to 36.0 per cent of the theoretical are 
accounted for by the low speeificity of peptic cleavage, the large number of 
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purification steps by paper electrophoresis and the adsorption to and elution 
from paper. It may also be noted that in the unique half-cystine sequences, 
numbers 7 to 9, cysteic acid is situated either in the N-terminal of C-terminal 
position. These results are consistent with the broad specificity of pepsin and 
the susceptibility of peptide bonds formed by the amino or carboxyl groups of 
cysteine. Further complications were encountered in situations where pepsin 
cleaved the susceptible peptide bond formed by trytophan at the a-amino 
group. Such peptides upon oxidation acquired one or two negative charges. 
These fluorescent tryptophan peptides found off the pH 6.516.5 diagonals (see 
Fig. 3 and 4) tended to contaminate the cysteic acid peptides to a considerable 
extent. These complications did not hinder the purification procedures, but 
because of these difficulties approximately 140 minor peptides were isolated 
and analyzed so that no cysteic acid containing peptide would be overlooked. 

From the experimental evidence described and the results presented in 
Table IV, it can be concluded that there is a minimum of 8 and a maximum of 
9 unique half-cystine sequences per monomer of phosphorylase b, and these 
may be written as: 

No. 1 Val-Ths-Val-Lys-Thr-Cya-Ala; 
No. 2 Asn-Gln-Lys-Ile-Cya-Gly-GIy, (Trp, Gln); 
No. 3 Tyr-Val-Lys-Cya-Gln-Glu; 
No. 4 Ala-Cya-Ala; 
No 5. Gly-Cya-Arg-Asp; 
No. 6 Asn-Ala-C ya-Asp-Glu; 
No. 7 Tys-Lys-Arg-Gln-Leu-Leu-Asn-Cya; 
No. 8 Cya-Ile-Ala-Gly, (Ser-His-Ala-Val), (Asn-Gly); 
and No. 9 Cya-Asp-Pro-Gly-Leu. 
These results provide additional evidence that the subunits of 

phosphorylase are identical. The possibility remains that minor differences may 
exist in the subunits which do not involve residues in the immediate vicinity of 
the half-cystines, . the E-N-pyridoxylphosphatelysine moiety or the 
phosphorylated serine and AMP binding site. Nor to the present results ex- 
clude the existence of identical subunits composed of non-identical polypeptide 
chains of molecular weight of less than 97,412. However, there is no reliable 
evidence for such a possibility. 

In addition to giving information concerning the subunit structure, such se- 
quence analyses contributed significantly to the identification of those thiol 
residues which are reactive and those thiols associated with the maintenance of 
the quaternary structure and enzymic activity of phosphorylase. The evidence 
presented in this paper should also be valuable to the ultimate elucidation of 
the primary, tertinary and quaternary structure of this protein now in progress 
e l ~ e w h e r e ~ ' ~ . ~ ~ - ~ ~  
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CHANGES IN THE EXTRA PROTEIN FRACTION OF 
MYOFIBRILLAR PROTEINS 

HERACLES J. PETROPAKIS and ALLEN F. ENGLEMIER 
Dept. of FST, Oregon State Uniyersity, Corvallis, ORE., USA. 

Summary 

Chemical and proteolytic changes occuring in the extra protein fraction of 
myofibrillar proteins .of excised bovine skeletal muscle held 12 days at 4OC 
were studied. Evidence was obtained indicating that the extra protein was 
altered during the 12-day sampling period. Polyacrylamide-gel elec- 
trophoretograms of the 0-day extra protein samples showed one more band 
than those for the 12-day samples. Verification of the presence of tropomyosin 
and nucleoproteins in the extra protein fraction was obtained by ultraviolet ab- 
sorbance data and viscometric analysis of fractions of extra protein separated 
by polyacrylamide-gel- electrophoresis and collected by the elution convection 
procedure. 

Key words: Extra protein fraction, elution - convection. 

Introduction 

Numerous studies have been concerned with the post-mortem properties 
and characteristics of the major muscle structural proteins (actin, myosin and 
tropomyosin) and with actomyosin, the rigid protein complex formed during 
rigor mortis. Very little data have been collected to indicate dissociation of ac- 
tomyosin or the proteolytic degradation of the main structural proteins during 
normal aging1. However, results of several ~ t u d i e s ~ ' ~  suggest that the Z-line 
may disintegrate or deteriorate during aging. 

To gain further knowledge about the biochemical changes occurring in 
post-mortem muscle, research has been conducted on other lesser known 
myoproteins4,5. The purpose of this study was to obtain information about the 
extra protein fraction and to investigate the possibility that it undergoes post- 
mortem hydrolysis. 

Experimetal 

Procedures of Perry and Zydowo6 and Petropakis et. al.' were used to ex- 
tract myofibrils from beef psoas major muscle held at 4OC for 0 and 12 days. 
All extraction procedures were completed at 4OC. The extracts were dialyzed 
against deionized water for 24 hr prior to lyophilization. 
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Protein Extraction 

Lyophilized myofibrils were mixed with 4-5 volumes of Hasselbach- 
Schneider solution (0.1 M potassium phosphate buffer (pH 6.5), 0.47 M KCI, 1 
mM MgCI,, 0.01 M sodium pyrophosphate). The mixture was gently stirred 30 
min and centrifuged at 600 X g for 30 min. The turbid supernatant was 
dialyzed against 6.7 mM potassium phosphate buffer (pH 7.2) containing 40 
mM KC1 (Perry and Zydowo, 1959) for 48 hr with several changes of dialysis 
medium. After dialysis and ultracentrifugation (40,000 X g for 20 min), the 
clear supernatant containing the extra protein was lyophilized. 

Troponin was extracted from myofibrils by the procedure of Schaub and 
Perry 8 with subsequent suspensions being lyophilized and stored at O•‹C until 
used. Tropomyosin B was prepared by the method of Baileyg. 

Protein Determination 

Nitrogen content of the extra protein preparations was determined by the 
AOAC micro-Kjeldahl method and biuret procedureI0. Ultraviolet absorption 
measurements at 280 and 260 nm were used to estimate protein and nucleic 
acid1@. Protein content of samples used for electrophoresis was determined by 
the micro-Kjeldahl method. 

Polyacrylamide-Gel Electrophoresis 

An EC470 vertical gel electrophoresis assembly (E-C Apparatus) was used 
to fractionate extra protein preparations by the discontinuous technique 
described by Petropakis et. al." except for the following modifications. Urea (5 
M) and 1 mM dithiothreitol were added to a1 gel buffers prior to preparation 
of gels and to electrode buffer. Spacer buffer (62 mM Tris-48 mM HCI (pH 
6.7) was used to prepare 4% spacer gels. Plug and running gels (8%) were 
prepared with 0.38 M Tris-48 mM HCl running buffer (pH 9.0). The electrode 
buffer consisted of 0.01 M Tris-39 mM glycine (pH 8.6). A ((sample mixturea 
of 15% sucrose plus 5 M urea and a small amount of marker dye 
(bromophenol blue) was used to dilute samples to a protein concentration of 5 
mglml. 

Elution Convection Procedure 

The elution convection t e ~ h n i ~ u e ' ~ " ~  was employed to recover proteins 
separated by polyacrylamide gel electrophoresis. Th'is ,procedure was performed 
immediately after completion of electrophoresis with an EC760 elution convec- 
tion cell (E-C Apparatus) using 0.01 M Tris-39 mM glycine (pH 8.6) contain- 
ing 4 M urea and 1 mM dithiothreitol as the eluting buffer. A constant poten- 
tial of 20 volts (100 mA) was applied for 8-10 hr. Microcuvettes were used to 
measure absorbance at 280 and 260 nm of 1.5 m1 fractions collected from the 
elution grid. 

Viscosity Determinations 

Viscosity measurements of a series of samples were carried out at 25OC in 
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0.01 M Tris buffer (pH 7.6) with Ostwald viscometers14. Viscosity of fractions 
obtained by elution convection was measured after these fractions were 
dialyzed against 0.01 M Tris buffer (pH 7.6) (T buffer) for 24 hr. To dialyzed 
fractions, denoted by their tube number, increasing quantities of troponin 
preparation (TN) were added to check for a possible increase in viscosity 
which would indicate the presence of tropomyosin in these fractions. 

Dialyzed fractions were also lyophilized and the dried samples were added 
to tropomyosin preparations diluted to 0.025 mg proteinlml with T buffer, to 
check again for a possible increase of viscosity which would indicate the 
presence of troponin in fhese fractions, 

The relative viscosity (n,) of the tropomyosin samples was calculated from 
the formula n, = n/no = (dJd) (t/to) where t and to are the flow times of the 
sample and water, respectively, while d, d,, refer to densities of the sample and 
water. For these measurements it was assumed that dJd = 6 remained cons- 
tant. In calculating the spectific viscosity15 of the elution convection samples 
(n,, = (ddd) . (tit,) - l), it was again assumed that ddd II 1 over the range of 
protein concentrations employed in these experiments. 

Results and Discussion 

Protein contents of lyophilized extra protein samples are given in Table I. 
The estimation of protein by the biuret method agrees relatively well with the 
micro-Kjeldahl results. Protein contents as estimated by ultraviolet absorption 
are about 40% less than those obtained with the above methods. Tropomyosin 
has been reported to be a component of the extra protein ~ o m ~ l e x ~ " ~ .  This pro- 
tein does not contain tryptophanl7 which is the amino acid accounting for most 
of the ultraviolet absorption18. Thus, differences between the protein contents 
determined by the biuret or micro-Kjeldahl methods and ultraviolet absorption 
support the reported data about the presence of tropomyosin in the extra pro- 
tein. 

Salt contents of sample solutions must be reduced to an ionic strength of 
0.03 - 0.05 to achieve maximum electrophoretic re~olution'~. Thus, dialysis 
against 6.7 m M  potassium phosphate 40 mM KC1 buffer (pH 7.2) proved to 
be a critical step in the preparation of the extra protein samples for elec- 

TABLE I: Protein contents of lyophilized extra protein samples. 

Sample Biuret* Micro-Kjeldahl* UV Absorption 
(mgld (%N) (mgld . (mglg) 

* Means of five determinations (n=5). Differences between 0-day and '12-day samples were 
significant at 0.05 level of probability. 
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trophoresis. After determination of the protein content, lyophilized extra pro- 
tein was diluted with deionized water to a protein concentration of 15 mglml. 
These solutions were dialyzed against the above buffer for 24 hr at 4OC and 
lyophilized once again. These samples were diluted with 3 volumes of ((sample 
mixture)) to obtain a protein concentration of 5 mglml which was suitable for 
electrophoretic analysis. Dialyses were necessary to obtain better resolution 
and to avoid excessive ohmic heating of gels. 

In preliminary studies, electrophoretic runs of several hours duration were 
performed in which most of the extra protein did not penetrate the 4% spacer 
gel but remained at the site of sample application. TQis problem involving pro- 
tein aggregation has been encountered in experiments involving other structural 
proteins by several in~es t i~a tors~ .*~ ,  who avoided the difficulty by adding urea 
to buffer systems. Dithiothreitol was used as a sulfhydryl protecting agents. 
The inclusion of 5 M urea and 1 mM dithiothreitol and the use of electrode 
buffer with adequate buffering capacity greatly improved electrophoretic resolu- 
tion. 

Results of polyacrylamide-gel electrophoresis of the extra protein samples 
held 0 and 12 days are presented in Figure 1. Stained bands, corresponding to 
proteins having different electrophoretic properties, are designated by numbers 
on pattern margins. In these patterns, 9-10 different bands can be dis- 
tinguished. Two faintly visible areas (labeled?) might also be interpreted as pro- 
tein bands. The major difference between the 0- and 12-day samples is that 
band 4 is clearly visible at 0-day but not in the 12-day pattern. Also, the pro- 
tein content of the extra protein preparations decreased with aging (Table I), 
which might be related with the disapperance of band 4 in electrophoretograms 
of the 12-day sample. It has been reported4 that the amount of a-actinin from 
conditioned muscle which could be bound to F-actin was reduced during aging. 
Other studies6 on extra protein infer that not all of the sarcoplasmic proteins 
were removed during washing of myofibrils prior to extraction of the extra pro- 
tein. Although identical ijrocedures were used for preparation of both 0- and 
12-day samples in this study, some proteins may have remained with the 0-day 
myofibrils during several washings but were removed from myofibrils of the 
12-day sample. It was suggested22 that aging may result in an alteration of 
binding of some proteins to each other in the myofibril but no evidence of pro- 
tein degradation was detected. Studies on the soluble proteins released from 
myofibrils indicated the presence of a-actinin and of smaller molecular weight 
products that could not be identified with the known myofibrillar proteins2'. 
Characterization of band 4 was beyond the scope of this paper. 

Fig. 2 shows the UV measurements of elution convection fractions plotted 
against collection tube number. Generally, peaks of elution convection patterns 
correspond to bands of the electrophoretograms in Figure 1. However, carry- 
over of some proteins from one fraction to another may have occured during 
elution convection. 

Significant amounts of tropomyosin have been reported6 to occur in certain 
fractions obtained by DEAE-cellulose chromatography of extra protein. Con- 
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FIG. 1 : Polyacrylamide-gel electrophoretic patterns of extra protein preparations at 0- (a) and 
12-days (6) post-mortem. Electrophoretic conditions: discontinuous bufler and gel systems con- 
taining 5 M urea and I mM dithiothreitol; 1.5 hr prerun at 200 V; and 3 hr main run at 400 
v .  

current electrophoretic runs of extra protein, troponin and tropomyosin were 
completed to determine whether the latter two components would correspond 
with any of the electrophoretic bands of extra protein. These results were not 
conclusive although they did indicate the possible presence of tropomyosin in 
bands 5, 6 and 7, of the electrophoretograms in Figure 1. Presence of troponin 
in the extra protein electrophoretic patterns was not evident. 

Further information on the above aspects was obtained by viscometric 
analysis of fractions separated by electrophoresis and collected by the elution 
convection procedure. A micromethod14 for detecting tropomyosin utilizing the 
viscosity increasing action of troponin on tropomyosin was employed. An in- 
crease in viscosity was noted only in fractions of tubes 21 and 22 for both O- 
and 12-day samples. This indicates the presence of tropomyosin in band 7, the 
fastest moving major band in Figure 1. An earlier report16 indicated that the 
fastest moving main component during electrophoresis of extra protein was 
tropomyosin. 

Using the same procedure, eluted fractions were lyophilized and added in 
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- 260 h m  
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FIG. 2 :  Elution cor~~'ection patteriis of estra protein preparations at 0- (a) and 12-days (6) post- 
mortem. The nurnhers of the peaks refer to the corresponding bands of the electrophoretic pat- 
terns of Figure I. Ultraviolet absorbance data at 260 and 280 nm. 
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increasing amounts to troponin preparations. In this case, an increase in 
viscosity would be indicative of troponin in the eluted fractions. No increase in 
viscosity was noted with any of these fractions. 

The presence of nucleoproteins in extra protein was reported by Perry and 
Zydowo6 in their DEAE-cellulose chromatography study of extra protein. On 
the basis of the ratio absorbance of 280 nm to 260 nm, elution convection pat- 
terns (Figure 2) also indicate the presence of nucleoproteins. For example, the 
main peaks had A2,,/A2,, ratios of 0.66 and 0.68 for the 0- and 12-day sam- 
ples. The very low ratios of peaks 7, 8 and 9 can be attributed partly to eluted 
impurities which absorb more strongly at 260 nm. 

Evidence obtained in this study shows that a change in electrophoric 
properties occurred in myofibrillar proteins with time. The appearance of bana 
4 in the electrophoretogram of the 0-day sample but not in the 12-day pattern 
can be interpreted that either this part of the.extra.p~otein WAS degraded or 
more possibly, its ability to bind to other proteins had been altered. This ap- 
pears to be a significant finding when conside~ing~hat changes in the binding 
and anchoring of myofibrillar proteins to theqZ-lihe have been suggested3322 as 
a partial explanation of the post-mortem tenderization of muscle or meat. 

Results of this study can serve as a basis for further investigations in which 
band 4 could be characterized with-the use of SDS electrophoresis. The latter 
has been used with significant successs in recent studies on myoproteins. Data 
from the suggested studies would undoubtedly help to advance findings repor- 
ted herein on certain changes occuring during the aging of meat. 
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THE POLARISABILITY A N D  THE NUCLEAR SCREENING 

CONSTANT ANISOTROPIES F O R  13C A N D  19F IN C6H6, 1, 3, 5- 
C6H,F3 A N D  C,F6 

M. PAPADOPOULOS* and BRIAN DAY** 
Department of Theoretical Chemistry University Chemical Laboratory, Lensfield Road Cam- 
bridge, CB2 1EW 

Summary 

MC Weeny's SCF perturbation theory has been applied to the calculation 
of the polarisability and the nuclear screening constant anisotropies for 13C and 
19F in C6H6, 1, 3, 5 - C6H,F3 and C6F6. 

The calculations were succesful in reproducing qualitatively - and in the 
polarisability anisotropy quantitatively - the essential features of the examined 
anisotropies. 

Key Words: SCF perturbation theory, polarisability and nuclear screening constant. 

Introduction 

MC Weeny's SCF perturbation theory1 with its well known "economy of 
thinkingB2 attained by using density matrices, has been used for the calculation 
of the polarisability, a,  and the nuclear screening constant, o, for 13C and 19F 
in C6H,, 1, 3, 5-C6H3F3 and C6F,. 

The polarisability is a property of the molecule as a whole. All electrons 
contribute to it. The nuclear screening constant is mainly a property of the 
molecular point where the nucleus is situated, and local terms make usually 
predominant contributions to it. So these properties complement each other in 
the study of the electronic ~tructure.~ 

The emphasis is on the anisotropies of a and o, Aa and Ao respectively, 
rather than on the average values. <a> and <o> , since the anisotropies 
provide a more detailed probe into the molecular structure than the average 
values4 

Aa is a property of considerable interest because of its use for the deter- 
mination of molecular quadrupole moments and magnetic susceptibility 
anisotropies. 

* Present address: Theoretical and Physical Chemistry Institute, The National Hellenic Research 
Foundation (N.H.R.F.), 48, Vassileos Constantinou Avenue, Athens 501/1-Greece 

** Present address: Institute of Hydrology, Crowmarch Gifford, Oxon OXJ0 
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In the area of 19F Ao there is a great deal of confusing and conflicting 
data.3 This work reexameines some of the existing data and hypotheses. In ad- 
dition a comparative study of I9F and 13C is attempted since the factors which 
are important in determining the o of 19F are likely to be significant in the 13C 
CL4 

Theory 

The Hamiltonian of a molecule, containing a nuclear moment CIA , in a uni- 
form magnetic field 8 and an electric field f: is given (in a.u.) by': 

H (P, B, F) = H (OO0) + H(lOOAa PAR + H (O1?Ba + 
H (Oe1)F a a + H (02%p Ba Bp + 13 ("Lp pAa Bp + . . . (1) 

with 

where 6,p is the Kronecker delta and a, P are either X, y or z. A repeated 
Greek subscript indicates a summation over the three Cartesian Components. 

In general the energy of a molecule in the above fields is given by5: 

where P,, aap , Xap and cap denote components of the permanent dipole mo- 
ment, the polarisability, the magnetic susceptibility and the nuclear screening 
constant respectively. 



The subscript 0 implies that the derivatines are evaluated at Fa = FP = pAa 
= Bp = 0. 

For a closed shell molecule described by a single determinant wave func- 
tion the energy is given by : 

where: 
a: the density matrix, 
T: the framework Hamiltonian and 
G@): the matrix which describes the electronic interactions. 

Taking into account(1) T can be expended as follows5: 

A similar expansion holds for R. 
On substituting the expanded T and a into (4) and differentiating with 

respect of F,, FP and p*, , Bp the aap and Gap result respectively: 

asp = - 2tr Rdool) T # 001) (6) 
and 

oap = 2tr I T , # f l O )  R(000) + T(100) a a # 010) 1, (7) 

where &Ool) is the first order correction to the density matrix when it is pertur- 
bed by Fa and ail0) by 
Calculation of the matrices ?p1),  Talfllo) and T i l O O )  presents of course no 
problem. For the calculation of adoo') - and similarly ado1') - we will make 
use of the identity1: 

where a0 + R',, = ? 
and l& = \' Ci C i ,  8, = $ Cj Cj i(okj j(unocc 

namely ei and Cj are the coefficients of the unperturbed occupied and unoc- 
cupied M.O.'s respectively. 
On the other hand' 
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So for the calculation of &Ool) we only need &jool) which is iteratively found 
from: 

where Ek is the kth unperturbed eigenvalue. 
The average value, <q> , and the anisotropy, Aq, of a property q are deter- 
mined by: 

where qaa  are the principal components of the property. For molecules with 
threefold or higher symmetry 

A a  = a,, - q (8.3) 

where a, ,  is the polarisability along the axis of highest symmetry and aj the 

polarisability perpendicular to this axis. 
The nuclear screening constant can be resolved into diamagnetic and 

paramagnetic contributions, denoted by d and p respectively. 

Results and Discussion 

For the calculation of aap and o,p a minimal basis set has been used in 
which each STO (Slater type orbital) was simulated by 3 GTOs (Gaussian type 
orbitals). The exponents and the coefficients for this expansion were taken from 
Stewart7 and the Slater exponents from Hehre et al.= The geometries of C6H6 
1, 3, 5-C,H,F, and C$, were taken from the li terat~re.~ The origin of the 
coordinate system was taken at the centre of mass of the molecule. The AT- 
MOL programme1•‹ as implemented on the Cambridge IMB 3701165 computer 
was used for the c+,4culation of the SCF integrals, eigenvectors and eigenvalues. 

a. The Polarisability 

It is known that for all aromatic hydrocarbons Aa<Ol1. This trend is 
followed by 1, 3, 5 - C,H,F, and C,F, as well (Table I). This means that the 
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TABLE I 

a ,  X 1024, cm3 a,, X. 1024, cm3 Aa X 1024, cm3 
Molecule calc. calc. calc. exp.I3 

electric field has the largest effect on the molecule when it is perpendicular to 
the highest axis of molecular symmetry. 

The experimental polarisability .anisotropies which are quoted in this work 
(Table I) have been measured using the Cotton-Mouton effect12 according to 
which fluids show magnetic birefringence when a plane polarised light passes 
through them in a direction perpendicular to a strong magnetic field. In the 
vapour phase for axially symmetric  molecule^.'^ 

where: 
, C : Cotton-Mouton constant, 
N: Avogadro's number, 
q: describes the effect of the magnetic field on the polarisability, and 
Ax: the magnetic susceptibility anisotropy. Since the experiment was conducted 
in the vapour phase it is suitable for comparison with the present calculations 
performed on isolated molecules. 

If AxfO the first term in Eq. 9 is small and it can be neglected. Therefore 
from , C and Aa one can calculate AX which can be used to estimate the part 
of the NMR solvent shift which is due to the magnetic anisotropy of the sol- 
vent  molecule^'^. 

From Table I one observes that a ,  uniformely increases from C6H6 to C,F6 
but a , ,  presents a minimum at 1, 3, 5 - C6H,F3. In addition C6H6 and C6F6 
have approximately equal a, ,  . It is noteworthy that IAal slowly increases while 
IAxI rapidly decreases.I3 On the whole, it is seen from Table I, that the ex- 
perimental and calculated polarisability anisotropies agree quite well. Finally 
from Aa and <a> (see Eqs. 8 and Table I) one can calculate the depolariza- 
tion ratio, p,, of Rayleigh light scattered from the vapours of the examined 
compounds.I2 
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So P, is 0.088, 0.0922 and 0.092 for C6H6, 1, 3, 5-C6H3F, and C6F6 respec- 
tively. 

b. The nuclear screening constant 

The present calculations show that (Table 11), in agreement with well 
known experimental findings,14 the 19F nuclear screening constant is greatly in- 
fluenced by a substituent at the ortho position. Both experiment and theory 
show that <o> and Ao of 19F increase from 1, 3, 5-C6H3F3 to C6F6.I5 <o> 
and Ao of 13C increase from C6H6 to C6F6 (Table 111). As one could expect 
the Ao of I3C is larger when I3C is bonded to I9F than to 'H. In addition the 
results of Table I1 support the assumption of Nehring and Saupe16 that the 
diamagnetic part does not contribute significantly to fluorine Ao. It is 
noteworthy that Aod contributes considerably to Ao of I3C. 

Snyder and Anderson" have found that the fluorine nuclei of C,F6 are 
most diamagnetically shielded when the applied field is perpendicular to the 
molecular plane. This was contrary to the conlusion of Andrew and TunstallI8 
based on their implementation of the semi-empirical theory of Karplus and 
Das.19 The present calculations confirm the thesis of Snyder and Anderson 
(Table 11). In 1 ,  3, 5-C6H3F3 also, the most shielded component of I9F is that 
along the axis perpendicular to the molecular plane. Apparently the most 
shielded element in a lot of fluorobenzenes is perpendicular to the molecular 
~ lane .~Vur ther ,  according to the calculations which are in agreement with the 
experiment3 in the aromatic carbons the most shielded component is that along 
the Z direction. The in plane shielding for the examined compounds is smaller 
suggesting that the planar ring effectively prevents the induction of a substan- 
tial secondary field at the corners of the ring. 

n~pihqwq 

'H esopia ~ 6 v  61a~apax6v  TO^ McWeeny ~pqotponotileq~s ytk TOV 

finohoyto~o T ~ S  nohoo~pozqro~ ~ a i  z q ~  o~clespd~ n u p q v t ~ f i ~  E n t ~ a h 6 y ~ o ~  
TOO I3C ~ a i  zo6 19F z6v C6H6, 1, 3, 5-C,H3F3 ~ a i  C6F6. 'H esopia .to6 
McWeeny EXEL TO nh~ovk~zqpa  8 ~ 1  G~a.tap&oon zqv p j ~ p a  n u ~ v o z q z o ~  p i  
&norkhsoya oi imohoytopoi a) va yivovzat O X E T ~ K ~ ~  s i j~oha  ~ a i  P) va 6ivouv 
8nozshkopaza no6 v& ynopoih va Eppqv~ueo6v ~ a ~ a  rpono ~ p j o t p o  yla TOV 
xqp1~6. 

Oi dnohoytoyoi &nk6ooav i~avono tq t t~& ~a ~ v p t a  ~ a p a ~ ~ q p t o z t ~ c i !  ~ 6 v  
nohoo~po~~ izov  no6 E&xao~q~av. 

01 napanopni~ 1 ~ a i  3 slvat t&ai.tspa ~ p i o t p s ~  yt' aholj< no6 Enteup06v 
~ E ~ ~ G ~ T E ~ E S  kn'Topkp~1~5. 
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