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HETEROCYCLISCHE 12-n- UND 14-n-SYSTEME, 27. MITTEI-
LUNG. UNTERSUCHUNGEN ZUR SYNTHESE UND ZUM
REAKTIONSVERHALTEN NEUER THIA-PSEUDO-PHENALE-
NON—DERIVATE

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

Zusammenfassung

Die Reaktion von 2-Methyl-benzo(b)thiophen (7) mit a-Chlor-dimethylether
ergibt 2-Methyl-3-chloromethylbenzo(b)thiophen (2), das nach bekannten
Methoden in die Sdure (3), durch Cyclisierung und anschliessender Oxidation
in (4) bzw.- (5) iiberfiihrt werden konnte. Die Alkylierung von (35) 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, 8), mit C-Nukleophilen die Thiap-
seudophenafulvalene (9, 10a-10d); dariiberhinaus ist uns gelungen, die Thia-
pentapseudophenafulvalene (11) sowie (12a-12d) herzustellen, die durch
spektroskopische Methoden identifiziert wurden.

Schliisselworters  Heterocyclische  12-n-Elektronensysteme;  heterocyclische  14-m-
Elektronensysteme; 2-Methyl-benzo(b)thiophen; 2-Methyl-5-oxo-5H-naphtho (1.8-bc) thiophen; 2-
Methyl-5-ethoxy-naphtho(1.8-bc) thiolium-kation; Reaktion der Thia-pseudo-phenalenone mit N-
und C-Nukleophilen; Thia-penta-pseudophenafulvalene;  5-Ethoxy-2-methylennaphtho (1.8-bc)
thiophen. .

Einfiihrung

In Fortfiihrung unserer Untersuchungen iiber Heteropseudophenalenone, -
ihrer  Kationochemie, ihrer Fulvene und ihrer Hetero-penta-
pseudophenafulvalene beschiftigten wir uns auch mit jenen 12-n-
Molekiilsystemen, welche im Tricyclus Schwefel als Hetero-atom?® anstelle
einer Doppelbindung, in a- Stellung jedoch eine CH, -Gruppe und in Position 5
die Garbonylgruppe enthielten. Die Reaktion der 12-n- elektronischen Thia-
pseudophenalenone mit N-Nukleophilen, C-Nukleophilen, sowie die Synthese
der Thia-penta-pseudophenafulvalene fiihrten zu den vorgesehenen Derivaten.
Es konnte gezeigt werden, dass die Thia-pseudophenalenone im elektronischen

* Zur Zeit: Laboratorium- fiir Organische Chemie der naturwnssenschafthchen Fakultdt der
Umversltat Thessaloniki.
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Grundzustand in bedeutendem MaBe die zwitterionische dipolare Grenzstruktur
einnehmen.

Ausgehend von 2-Methyl-benzo(b)thiophen (1)¢ wird mit einer ae-
quimolaren Menge o -Chlor-dimethylether in Eisessig 2-Methyl-3-chlor-
methylbenzo(b)thiophen (3)7 erhalten, welches nach bekannten Methoden in die
3-(2-Methyl-3-benzo(b)thienyl) propionsédure (3) tiberfiihrt werden konnte; nach
Cyclisierung zu (4) und dessen Dehydrierung®%!® konnte 2-Methyl-
thiapseudophenalenon-5 (55) isoliert werden. Das IR-Spektrum von (J5) zeigte
eine niederfrequente Carbonylvalenzschwingung bei 1635 cm™!. Die niederfre-
quente Carbonylbande und die starke Nukleophilie weisen auf eine gegeniiber
einfachen a, B-ungesittigten Ketonen erhhte Beteiligung der zwitterionischen,
dipolaren Grenzstruktur am elektronischen Grundzustand der Carbonylgruppe
hin!»$:%1°, Es war daher auch leicht méglich, das Keton (5) mit Hilfe von
«Meerweinsalz» —dem Triethyloxoniumtetrafluoroborat — an der Car-
bonylgruppe zum 2-Methyl-5-ethoxy-thiapseudophenaleniumtetrafluofoborat (6)
zu- alkylieren; letzteres konnte allerdings aufgrund seiner Instabilitit nicht
isoliert werden und mit Hilfe der «Hiinig-Base» Ethyldiisopropylamin wurde un-
ter Eliminierung eines Protons bet gleichzeitiger Rearomatisierung des
naphthalinoiden Anteils des Tricyclus (6a) erhalten. (5) reagierte mit m-

>- CH,CI (CHLO0H
e, — i/j)'\\ YN A

() 3 g CHy=— [ SeCH, ——
O\/S \Q \S/_ 3 \T%.\ S/ 3 )
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Chlorphenylisocyanat in Gegenwart von AICl, 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)
erhalten. Die entsprechenden Thia-pseudophenafulvene (10a - 10b) waren nach
zwei unterschiedlichen Methoden zugénglich: (10a) sowie (10b) wurden durch
Kondensation von (5) mit Malonsduredinitrii bzw. mit Cyan-
essigsduremethylester, (10c) und (10d) nach der Ketenmethode® aus (5) und
den entsprechenden Ketenen unter Eliminierung von CO, erhalten. Im Falle
von (10d) liegt aufgrund 'H-NMR-spektroskopischer Untersuchungen ein
Isomerengemisch vor, wobei allerdings jenes Isomere mit R' = C(CH,), als
sehr volumindser Gruppe und dadurch bedingter sterischer Hinderung
iiberwiegen diirfte. Beim Isomeren mit R!' = C(CH,), ist H® durch die
Cyanogruppe nach tieferem Feld verschoben; H* zeigt sich dagegen bei relativ
hohem Feld. Beim anderen Isomeren liegt H® im Aromatenbereich; H* ist stark
entschirmt, aufgrund der benachbarten Cyanogruppe.

RN

10& : E; :P :CN .

105 -01-CHOCH3 Ry -CN

]OC : Q]=R2:C6H5

104 Ry =C(CH3)3  R,-CN
R,=CN R, =C(CHy),

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 (71) wurde aus (5) und Fluorenketen, die
Fulvalene (12a) und (12b) nach der Acetanhydridmethode, (12¢) durch Erhit-
zen der Reaktanten in Acetonitril als Losungsmittel und (72d) durch Reaktion
von (5) mit 2,3,4,5-Tetraphenyl-1-diazo-cyclopentadien in Gegenwart
katalytischer Mengen AICI; und in Xylol/Nitrobenzol als L&sungsmittel
erhalten. Zusammenfassend kann gesagt werden, dafl sowohl die Thia-
pseudophenafulvene als auch die Thia-penta-pseudophenafulvalene sich als sehr
stabile Verbindungen erwiesen haben.

X7
\
VcH,
n S
.
' R 12a. R -Cl
RANA 126 R-CN
R ‘ 12 R-CO
| N-CH, OCH,
g ]2&:P:C6H5

Experimenteller Teil

Schmelzpunkte: nicht korrigiert, Schmelzpunktmikroskop der Fa. Reichert, *
Wien. - Massenspektren: Varian MAT 311, dessen inverse Nier-Johnson-
Geometrie die Aufnahme der DADI-Spektren erméglichte. 'H-NMR-Spektren:
Gerite Bruker-HX90 E und teilweise auch T-60-A; TMS als interner Standard.
. IR-Spektren: Gerit Perkin-Elmer 177. UV-Spektren: Gerdt DMR 10 der Fa.
Zeiss, Oberkochen. Die FElementaranalysen wurden mit dem C, H, N-
Analysator der Fa. Heraeus, Hanau, ausgefiihrt. Siulenchromatographische
Trennungen und Reinigungen wurden auf einer mit Kieselgel 60 «Merck»
(0.063-0.20 mm) beschickten Sdule von 80 cm Linge und einem Innen-
durchmesser von 2.5 cm durch-gefiihrt, préparative schichtchromatographische
Untersuchungen auf mit Kieselgel 60 GF,,, «Merck» bestrichenen Glasplatten
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(20x20cm). Die Losungsmittel und Reagenz1en wurden nach den ublichen
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 (1) in
100 ml Eisessig werden 10 g (0.125 mol) Chloromethyl-methyl-ether in 10 ml
Fisessig gegeben und 24 h stehengelassen; das auskristallisierte Rohprodukt
wird aus Pentan umkristallisiert, weille Kristalle. Schmp. 70°C; Ausb. 16.79 g
(85%).

C,sH,CIS (196.70) Ber. C 61.06 H 5.13 Gef."C 60.92 H 5.04.

3(2-Methyl-benzo(b)thienyl)propionséure (3)

16.79 g (0.085 mol) (2) reagieren mit 13.6 g (0.085 mol) Malon-
sdurediethylester in 15 ml wasserfreiem Ethanol zu 2-Methyl-3-(dicarbethoxy)-
ethyl-benzo(b)thiophen, das anschliefend mit 35 ml 1 N- NaOH bei
dreistiindigem Erhitzen unter Riickfluf} verseift worden ist. Der abgesaugte und
getrocknete Niederschlag wird 20 min auf 200°C erhitzt, wobei unter
Entwicklung von CO, die Sdure entsteht; weile Kristalle mit Schmp. 102 -
103°C (aus Petrolether 60-80°C); Ausb. 18.7 g (98%).

C,;,H,,0,S (220.29) Ber. C 6542 H 5.49 Gef. C 65.87 H 5.31.

2-Methyl-4.5-dihydro-5-oxo-5 H-naphtho(1.8-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 Riickflul erhitzt; nach Ab-
destillieren des iiberschiissigen Thionylchlorids und des Losungsmittels wird
das Sdurechlorid in 20 ml 1.2-Dichlorethan gelést und bei 0°C 20 min lang mit
1.3 g Aluminiumchlorid behandelt. Anschlieend wird die Losung 30 min lang
bei 0°C geriihrt, sodann mit 50 ml conc. Salzsdure/Eis (1:1) hydrolysiert. Die
organische Phase wird mit 15 proz. NaHCO,-Losung, danach mit Wasser
gewaschen, das - LOsungsmittel entfernt und der Riickstand aus 1.2-
chhlorethan/n—Hexan umbkristallisiert. Gelbe Kristalle, Schmp. 88 - 89°C;
Ausb. 0.44 g (30%).

C,,H,,0S (202.28) Ber. C 71.26 H 4.98 Gef. C 70.87 H 5.05.

2-Methyl-5-oxo-5 H-naphtho(1.8-bc)thiophen (35)

1. Methode: 2.0 g (10 mmol) (4) werden mit 15.35 g (62 mmol) Chloranil in
200 ml t-Butanol 3 h unter Riickflufl erhitzt, der Riickstand in Chloroform
geldst und mit 15 proz. NatriumhydrogenkarbonatiGsung fiinfmal gewaschen,
anschlieBend mit Wasser und sodann aus Chloroform/n-Hexan umkristallisiert;
gelbe Kristalle. Schmp. 76-77°C; Ausb. 1.0 g (50%).

2. Methode: 045 g (2.25 mmol) (4) und 0.76 g (4.5 mmol)
Triphenylmethylperchlorat in wasserfreiem Eisessig werden 30 min lang bei
30°C geriihrt und dann in 15 ml Wasser gegossen. Der organische Teil wird
aus 30 ml Benzol extrahiert und die vereinigten benzolischen Ausziige mit 10
ml konz. Salzsdure extrahiert. Die Salzsdure-Phase wird auf 50 ml verdiinnt
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und das ausgefallene Produkt aus 1.1-Dichlormethan/n-Hexan umkristallisiert;
gelbe Kristalle. Schmp. 76-77°C; Ausb. 0.34 g (75%).

IR (KBr): 1635 cm™ (C=0). '"H-NMR (90 MHz, CDCl,): & (ppm) = 7.22
(d, H%, I = 10 Hz), 7.05 (d, H% I = 10 Hz), 7.74 (dd, HS, I = 8 Hz), 7.12 (t,
H', I = 8 Hz), 7.38 (d, H?, I = 8 Hz), 2.95 (s, o- 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).

C,Hz0S (200.26) Ber. C 71.97 H 4.02 S 16.01 Gef. C 71.69 H 3.87 S
15.94.

2-Methyl-5-ethoxy-naptho(1.8-bc)thiolium-tetrafluoroborat (6)

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. geriihrt - bis zur Griinfirbung. Das Salz wird mit Ether .gefillt und nach
Entfernung des Ethers sofort in wasserfreiem Acetonitril gelSst; die griine
Losung ist bei Kilte und Dunkelheit etwa 2 Wochen bestéindig, (6) konnte
selbst jedoch nicht isoliert werden. 'H-NMR (90 MHz, D,C-CN): & (ppm) =
8.21 (d, H3, I = 9 Hz), 7.65 (d, H* I = 9 Hz), 7.93 (d, H5, I = 8 Hz), 8.15 {t,
H’, I = 8 Hz), 8.62 (d, H%, I = 8 Hz), 3.26 (s, o -CH,-), 4.32 (g, -OCH,), 1.62
(t, -O-CH,-CH,).

S-Ethoxy-2-methylen-naptho(1.8-b-c) triophen (6a)

Zu einer Lésung 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 («Hiinig-Base») schligt ‘die Farbe in orange um und nach
Entfernen des Losungs mittels sowie angeschlossener
sdulenchromatographischer Reinigung - «Kieselgel 60 Merck» - mit Ethanol als
Elutions-mittel werden gelbe Kristalle' isoliert (aus Ethanol). Ausb. 150 mg
{32%); Schmp. 123°C.

C,sH,,SO (228.36) Ber. C 73.65 H 5.30 S -14.04

Gef. C 73.27 H 539 S 13.87 '

IR (KBr): 1620 cm™ (C=CH,). 'H-NMR (90 MHz, CDCl,): 6 (ppm) =
6.96 (d, a -CH,-), 7.63 - 8.42 (m, H?, HS, H’, H®), 6.48 (s, HY, 4.11 (q, -O-
CH,-), 1.41 (t -CH,)..MS (100 eV, 120°C): m/e (%) = 228 (100, M*), 202
(35), 170 (84), 126 (93).

2-Methyl-naphtho(1.8-bc)thiophen-5-(m-chlor-phenylimin) (7a)

Zu einer Losung von 400 mg (2 mmol) (5), 307 mg (2 mmol) m-
Chlorphenylisocyanat wird eine katalytische Menge von AICI, gegeben, und 24
h unter Riickflu} erhitzt. Nach Entfernen des Lésungs-mittels wird der Riicks- -
tand iiber eine Kieselgelsdule - Kieselgel 60 «Merck» - mit Benzol als
Losungsmittel chromatographiert. Gelbe Kristalle (aus Benzol/Petrolether).
Ausb. 112 mg (18%); Schmp. 167°C. _

C,sH,CINS (309.8) Ber. C 69.78 H 3.90 N 4.52 S 10.35

Gef. C 69.24 H 346 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 -CHj,), 7.14 - 8.45 (m, H3, H’, H?), 6.88 (d, H*) 6.89 (d, H®). MS
(100 eV, 165°C): m/e (%) - 309.5 (74, M*), 274 (84), 199 (100), 172 (31),
171 (97), 157 (38), 146 (25). 132 (29), 114 (11), 113 (18), 100 (20), 87 (8), 63
(10).

2-Methyl-naphtho(1.8-bc) thi when-5-phenylimin ( 7b)

Eine Losung von 400 m3 (2 mmol) (5) in 15 ml Ethaiiol und 100 mg (2
mmol) Anilin wird mit 10 Tropfen 60 proz. Perchlorsdure versetzt und 2 h un-
ter Riickflul zum Sieden erhitzt; es werden einiger Tropfen

- Ethyldiisopropylamin zugegeben, die Farbe der ‘Reaktionsldsung schligt von
rot nach orange um. Nach Entfernen des Losungsmittels wird der Riickstand
liber Kieselgel 60 «Merck» chromatographiert - Benzol als Elutionsmittel;
gelbliche Kristalle (aus Benzol/Petrolether). Ausb. 120 mg (22%); Schmp.
-~ 160°C.
C,3H ;NS (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, CDCl,): 6 (ppm) = 2.61
(s, a- CH;), 7.34 - 7.65 (m, H3, H’, HY, 6.82 (d, H*, 6.54 (d, H?).. MS (100
eV, 145°C): m/e (%) = 275 (64, M*), 199 (78), 172 (23), 171 (100), 158 (69),
157 (24), 146 (73), 132 (45, 114 (6), 113 (34), 100 (18), 87 (9), 63 (14).

2-Methyl-naphtho(1.8-bc)thiophen-5-(p-toluolsulfonylhydrazon) (7c)

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

C,,H,;(N,0,S, (368.5) Ber. C 61.93 H 491 N 7.60 S 17.40

Gef. C 61.08 H 472 N 7.25 S 17.18

IR (KBr): 1580, 1530 cm™ (C=N). *H-NMR (90 MHz, CDCl,): 6 (ppm)
= 2.55 (s, a -CH},), 7.16 - 7.52 (m, H?, H", H?®), 6.46 (d, H*), 6.43 (d, H%). MS
(100 eV, 85°C): m/e (%) = 368 (82, M*), 278 (97), 214 (74), 186 (69), 172
(12), 171 (100), 158 (52), 157 (23), 146 (73), 132 (59), 114 (19), 113 (44), 87
(14), 63 (22).

2.2"-Methyl-naphtho (1.8-bc) thiophen-5.5-azin (8)

Aus 400 mg (2 mmol) (5), 64 mg (2 mmol) Hydrazin (100 proz.) in 59 mi
- wasserfreiem Ethanol und 5 Tropfen konz. Salzsdure analog (7c). Ausb. 634
mg (80%); Schmp. 309°C.
C,H (N,S, (396.5) Ber. C 72.69 H 4.07 N 7.07 S 16.17
Gef. < 72.59 H 3.86 N 6.97 S 16.04
IR (KBr): 1575, 1540 cm! (C=N). 'H-NMR (90 MHz, CDCl,): & (ppm)
= 2.59 (s, « -CH,), 7.41 - 7.9¢ (m, H3, H', H?), 6.42 (d, H*), 6.57 (d, HS). MS
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(100 eV, 450°C): m/e (%) = 396 (44, M*), 199 (73), 172 (23), 171 (100), 158
(74), 157 (27), 149 (69), 132 °(50), 114 (11), 113 (39), 87 (14), 63 (21).

2-Methyl-naphtho(1.8-bc)thiophen-5-(pyrimidin-2',6 ~dion-4 “thion-5 -yliden) (9)

400 mg (2 mmol) (5) und 340 mg (2 mmol) Thiobarbitursiure werden in
einer Mischung aus 8 ml Acetanhydrid und 4 ml Eisessig 10 min unter
RiickfluB zum Sieden erhitzt, nach dem ‘Erkalten der Niederschlag abgesaugt.
Blau-griine Nadeln (aus Essigsdure); Ausb. 460 mg (70%); Schmp. 317°C.

ClusNzO S, (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=C). 'H-NMR (90 MHz, CDCl,): & (ppm)
= 2.45 (s, a -CH,), 7.39 - 7.99 (m, H?, H’, H¥), 8.23 (d, H*), 8.25 (d, H®). MS
(100 eV, 190°C): m/e (%) = 326 (65, M*), 266 (34), 239 (45), 225 (39), 198
{56), 172 (24), 171 (100), 158 (58), 157 (23), 146 (65), 132 (49), 114 (23), 113
(48), 87 (24), 63 (23).

2-Methyl-naphtho(1.8-bc) thiophen-5-dicyanmethylen ’(10a)

« Eine Loésung von 400 mg (2 mmol) (5) und 67 mg (2 mmol) Malon-
sduredinitril in 10 ml Acetanhydrid wird 24 h auf 100°C erhitzt. Das
Losungsmittel wird entfernt, der Riickstand siulenchromatographisch gereinigt
iiber Kieselgel 60 «Merck» — Benzol als Elutionsmittel: dunkelrote Kristalle
(aus Benzol). Ausb. 60 mg (12%); Schmp. 266°C.

C,sHgN,S (248.3) Ber. C 72.55 H 3.24 N 11.28 S 1291
Gef. C 72.21 H 3.32 N 11.07 S 1245
IR (KBr): 2200 (C=N), 1570 cm™ (C=C). 'H-NMR (90 MHz, CDCl,): 6
(ppm) = 270 (s, a« -CH,), 7.68 - 8.01 (m, H3, H’, H®), 8.21 (d, H*). 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(1.8-bc)thiophen-5-methoxycarbonyl-cyanomethylen (10b)

Aus 400 mg (2 mmol) (5), 100 mg (2 mmol) Cyanessigsduremethylester
analog (10a). Rotviolette Kristalle (aus Benzol/Petrolether) Ausb. 150 mg
(27%); Schmp. 200°C.

C,sH,;NO,S (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, CDCl,): 8 (ppm) = 2.80
(s, @ -CH,), 7.44 - 7.84 (m, H?, H’, H®), 7.79 (d, H*), 8.42 (d, H®). MS (100
eV, 160°C): m/e (%) = 281 (63, M*), 267 (42), 250 (52), 225 (23), 223 (33),
198 (56), 172 (19), 171 (100), 158 (65), 157 (15), 146 (56), 132 (54), 114 (10),
113 (42), 87 (24), 63 (15).

2—Metkyl—naptho(].8~bc)thzophen-5—diphehy1iden (10¢)

Zu einer Losung von 400 mg (2 mmol) (5) in 10 ml wasserfreiem Benzol
werden unter' N,-Atmosphire 400 mg (2 mmol) Diphenylketen gegeben, 1 h
unter RiickfluB zum Sieden erhitzt; anschliefend wird das Ldsungsmittel
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entfernt, der Riickstand siulenchromatographisch - Kieselgel 60 «Merck», Ben-
zol als Losungsmittel - gereinigt. Gelbe Nadeln (aus n-Hexan). Ausb. 640 mg
(91%); Schmp. 153°C. .

C,sH;sS (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, CDCl,): & (ppm)
= 2.78 (s, o -CH,), 7.16 - 7.92 (m, H?, H, H®), 6.97 (d, H*), 7.12 (d, H®). MS
(100 eV, 155°C): m/e (%) = 350 (76, M*), 274 (69), 198 (92), 172 (40), 171
(100), 158 (84), 157 (24), 146 (56), 132 (42), 114 (23), 113 (32), 110 (22), 87
(17), 63 (13).

2-Methyl-naphtho(1.8-bc)thiophen-5-(t-butyl-cyanyliden) (10d)

Aus 400 mg (2 mmol) (5) in 10 ml wasserfreiem Benzol, 246 mg (2 mmol)
t-Butyl-cyano-keten unter N,-Atmosphére analog (10c). Ausb. 480 mg (87%);
Schmp. 176°C. _

C,sH;;NS (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 (C=N), 1580 cm™ (C=C). 'H-NMR (90 MHz, CDCl,): §
(ppm) = 2.84 (s, a -CH,), 7.56 - 8.12 (m, H? H’, H®), 6.83, 7.22 (jeweils d,
H*), 7.86, 6.81 (jeweils d, H). MS (100 eV, 74°C): m/e (%) = 279 (81, M*),
223.(37), 198 (94), 172 (23), 171 (100), 158 (70), 157 (23), 146 (53), 145 (41),
132 (40), 114 (21), 113 (24), 87 (13), 63 (9).

2-Methyl-naphtho(1.8-bc) thiopheh—5-ﬂuorenyliden 1)

Aus 400 mg (2 mmol) (5) und 390 mg (2 mmol) Fluorenketen unter N,-
Atmosphire dnalog (10c). Dunkelblaue Kristalle (aus n-Hexan); Ausb. 180 mg
(26%); Schmp. 188°C.

C,:H,S (384.4) Ber. C 86.18 H 4.63 S 9.20

C,sH ¢S (348.4) Gef. C 85.81 H 5.01 S 9.04 v

IR (KBr): 1560, 1510 cm™ (C=C). 'H-NMR (90 MHz, CDCl,): 8 (ppm)
= 2.95 (s, o -CH,), 7.38 - 7.93 (m, H3, H’, H®), 7.26 (d, H%), 7.45 (d, H%). MS
(100 eV, '140°C): m/e'(%) = 348 (88, M*), 198 (94), 172 (16), 171 (100), 158
(39), 157 (35), 146 (68), 132" (67), 114 (28), 113 (49), 87 (21), 63 (17).

2-Methyl-naphtho(1.8-bc)thiophen-5-(2°, 3 4, 5
tetrachlorocyclopentadienyliden) (12a)

Aus 400 mg (2 mmol) (5), 200 mg (2 mmol) 2,3,4,5-
_Tetrachlorocyclopentadien in 10 ml Acetanhydrid analog (9). Violette Kristalle;
Ausb. 140 mg (18%); Schmp. 146°C.
C,;HgCL,S (386.1) Ber. C 52.88 H 2.09 S 8.30
Gef. C 5242 H 2.31 S 8.17
IR (KBr): 1580, 1530 cm™ (C=C). 'H-NMR (90 MHz, CDCl,): & (ppm)
= 2.76 (s, a -CH;), 7.42 - 8.11 (m, H?, H’, H®), 8.13 (d, H*), 8.22 (d, Hf). MS
(100 eV, 160°C): m/e (%) = 386 (63, M*), 351 (46), 315 (45), 280 (60), 244
(55), 198 (82), 172 (17), 171 (100), 158 (25), 157 (21), 146 (73), 132 (55), 114
(16), 113 (53), 87 (9), 63 (9).
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2-Methyl-naphtho(1.8-bc) thiophen-5-(2°, 3 4, 5-
tetracyanocyclopentadienyliden) (12b)

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

C,,HgN,S (348.4) Ber. C 72.4 H 2.31 N 16.08 S 9.20

Gef. C 72.19 H 2.14 N 15.89 S 9.10

IR (KBr): 2210 (C=N), 1575, 1525 cm™ (C=C). 'H-NMR (90. MHz,
CDCl,): 6 (ppm) = 7.17 - 8.17 (m, H3, H’, H®), 8.62 (d, H%), 8.73 (d, Hf),
2.83 (s, a -CH,). MS (100 eV, 270°C): m/e (%) = 348 (75, M*), 322 (45), 296
(68), 270 (59), 244 (85), 198 (92), 172 (36), 171 (100), 146 (70), 132 (64), 114
(21), 113 (47), 87 (20), 63 (13).

2-Methylnaphtho(1.8-bc)thiophen-5-(2°, 3, 4", 5 “tetramethoxy-carbonyl-cyclo-
pentadienyliden) (12c)

Zu einer Losung von 400 mg (2 mmol) (5) in 10 ml Acetonitril werden 470
mg (2 mmol) 2,3,4,5-Tetramethoxycarbonyl-cyclopentadien!! gegeben,
anschlieBend 6 h unter RiickfluB erhitzt, der nach dem Erkalten enstandene
Niederschlag wird sdulenchromatographisch - iiber Kieselgel 60 «Mérck AGb,
Benzol als Elutionsmittel - gereinigt; blauschwarze Kristalle (aus
Methylenchlorid). Aush. 180 mg (19%); Schmp. 194°C.

C,sH,,O05S (480.5) Ber. C 6249 H 4.20 S 6.67

Gef. C 62.65 H 3.89 S 6.45

IR (KBr): 1720 (C=0), 1575, 1530 cm™ (C=C), 'H-NMR (90 MHz
CDCl,): & (ppm) = 7.41 - 8.02 (m, H3, H”, H®), 8.02 (d, H%), 8.12 (d, Hf),
2.67 (s, a -CH,;). 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 (100), 158 (69), 157 (24), 146 (67), 132 (63), 114
(14), 113 (63), 87 (24), 63 (16).

2-Methyl-naphtho(1.8-bc)thiophen-5-(2’, 3 4, 5-
tetraphenylcyclopentadienyliden) (12d)

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 Xylol/Nitrobenzol wird eine katalytische
Menge AICI, gegeben, 6 h unter Riickflu} erhitzt; nach dem Erkalten wird der
Niederschlag siduléenchromatographisch - Kieselgel 60 «Merck AG», Ben-
zol/CCl, als Elutionsmittel - gereinigt; schwarze, glinzende Kristalle (aus n-
Hexan/Benzol). Ausb. 70 mg (6%); Schmp. 239°C. .

C, HyS (552.7) Ber. C 89.09 H 5.11 S 5.80

" Gef. C 89.11 H 532 S 5.66

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

* Heterocyclic 12-n-and 14-m-systems, 27:
Syntheses and reactivities of new thia-pseudophenalenone-derivatives

. The reaction of 2-methyl-benzo(b)thiophene (1) 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 -salt»
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 (10a-10d). 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.

Tepidnyn

Erepoxvriikd 12-n kai 14-7n- cvothuata.
Zovleon Kai iibtnreg véwv Beia-wendo-pavalevovikdy mapaydywy.

*Avtidpaon w00  2-peboro-Bevio(b)lsiapaiviov (1) pé  a-
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yhopodiueduiafépo diver 10 2-pebolo-3-xAwpoueboro-Bevio(b)Beopaivio (2),
10 oOmolo & yvootdg peBddovg petatpémerar dpyikd otd  3(2-uebBuvlro-
Bevio(b)Beievolo)nportiovikd 6E6 (3) xol nepartépw ué€ kvxlormoinon xai
oeidwon otd 4 kai 3.

"AlkvAioon 100 2-usbvlo-5-oto-SH-vapbo(1.8-be)beropaivion (5) ué Glag
MEERWEIN (tetpopBoproPopixo TpLotfvAoEdvio) diver 10
tetpapoproPopikd Grag 108 2-ueBoro-5-atbotu-vagbo(1.8-be)betokiov (6), 4nd
10 6moio ug énavopouatonoinon ué énidpacn Pacng AauPdverar 16 S-abolo-2-
ueBvrevo-vapo(1.8-be)Betopaivio (6a).

“H &voon 5 divel ug mopnvogida dvtidpaotiplo ta napdywya 7a-7c¢, 8. Av-
tidpaon 106 5 ué Evoelg ué Evepyd peBuievikry oudde Siver 1d Bea-yevdo-
pawvopoviPévia 9, 10a-10d. Tapookevdotmkay &niong 16 Oew-mevia-yevdo-
ooivaeovAParévie. 11 xal 12a-12d.

Melethnkav 16 gacsuatokomkd dedopéva IR, NMR «ai pafdv diov tdv
véov &vidoenv. 'EEdyetar 10 ovumépoouo Ot oty Pacikn HAEKTpoOViKT
Kotdotaon T Evaceng 5 ovuustéxel kotd ueydlo mogooto 1 dimoAkt
oplakny doun.
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HETEROCYCLISCHE 12-n- UND 14-n-SYSTEME, 38. MITTEI-
LUNG. UNTERSUCHUNGEN ZUR SYNTHESE UND ZUM
REAKTIONSVERHALTEN NEUER SELENA-PSEUDO-PHENA-
LENON-DERIVATE

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

Zusammenfassung

I3

Die Reaktion von diazotierter Anthranilsdure (1) mit Na,Se, fiihrt zunéchst
~ zur «Diselenosalicylsdure» (2), durch Reduktion derselben zur o-
Carboxyphenyl-seleno-essigsdure (3), aus welcher der Dimethylester=4, unter
den Bedingungen einer Dieckmann - Kondensation der a-Ketocarbonsédureester
(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 2-Methylbenzo (b) selenophen (9). Aus (9)
konnte mit Hilfe -von a-Chlor-dimethylether das Chlormethylderivat (10),
anschlieBend nach bekannten Methoden die Propionsdure (71), durch.
Cyclisierung das Keton (72) und durch Oxidation schlieBlich das Selena-
pseudophenalenon-5 erhalten werden, das leicht mit «Meerweinsalz» zum Ka-
tion (I14) — dem Selenapseudophenaleniumtetrafluoroborat — alkyliert wurde.
Aus (9) und Zimtséurechlorid in Gegenwart von AICl, wurde das isomere
Keton (16), durch Alkylierung desselben das Kation .(17) synthetisiert. Aus
(13) wurden die Imino-selenapseudophenalenon- derivate (18a) - (18¢) sowie
das Azin (19) zugénglich gemacht, aus dem Keton (76) i entsprechender
Weise die Imino-derivate (20a) - (20c), (21) und aus (16) .mit C-Nucleophilen
die Selenapseudophenafulvene (22), (23), (24a) - (24b); dariiberhinaus 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 Selenapseudophenalenon-5 (1.3) mit C-Nucleophilen
zur Reaktion gebracht, so resultierten die Selenapseudophenafulvene (27a) -
(27¢) sowie (28); die Eliminierung jeweils eines Protons aus den Kationen (14)
und (17) fiihrte zu den Verbindungen (31) und (32).

Schliisselworter: Heterocyclishe 12-n-Electronesysteme; heterocyclische 14-n-

Elektronensysteme; 2-Methyl-benzo(b)selenophen; 2-Methyl-5-oxo-5H-naphtho(l .8-bc)selenophen;

2-Methyl-5-ethoxy-naphtho (1.8-bc) selenoniumkation; 2-Methyl—3—oxo—3H7nbphtho (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-phena-, fulvalene 3-bzw. 5-Ethoxy-
2-methylen-naphtho (1.8-bc) selenophen.

* Zur Zeit: Laboratorium fiir Organische Chemie’ der natumlssenschaftllchen Fakultit der
Universitit Thessaloniki. :
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Einfiihrung

In Fortfiilhrung unserer Untersuchungen (2 - 1) iiber Hetero-pseudo-
phenalenone, iiber Hetero-penta-pseudophenafulvalene und iiber die Hetero-
pseudo-phenafulvene beschiftigten 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 o-Stellung eine CHj,-
.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, dal3 die Selena-
pseudophenalenone im elektronischen Grundzustand in bedeutendem Mafle die
zwitterionische dipolare Grenzstruktur einnehmen.

Ausgehend von diazotierter Anthranilsdure (1) wurde diese mit Natrium-
selenid zum Di-natriumsalz der Diphenyl-diselenid-di-o-carbonsiure-
«Diselenosalicylsdure» - umgesetzt und die freie Sdure (2) mit Hilfe von
Salzsdure ausgefillt. Durch Reduktion von (2) mit Zinkstaub und daran
angeschlossener Reaktion mit Natriumchloracetat wird o-Carboxyphenyl-
seleno-essigsdure (3) erhalten, daraus der Dimethylester (4), unter den
Bedingungen einer Dieckmann- Kondensation (Natriumethoxylat) der
bicyclische o-Ketocarbonsdureester (5), der mit einer #quimolaren Menge
Methyliodid zum  (2.3-Dihydro-)-2-ethoxycarbonyl-2-methyl-3-oxobenzo(b)
selenophen (6) methyliert wird'4. (6) wird zur Sdure hydrolisiert, anschlieend
diese zu (7) decarboxyliert, das Keton (7) zum Alkohol (8) reduziert und
daraus H,O unter Bildung von 2-Methylbenzo(b) selenophen (9) eliminert. (9)
wird mit Hilfe von a-Chlor-dimethylether in (10) iiberfiihrt'*, nach bekannten
Methoden in die Sdure (11)*° und schlieflich das Sidurechlorid von (11) zum
tricyclischen Keton cyclisiert, das seinerseits zum Selenapseudophenalenon (13)
oxidiert wird'®. Im IR-Spektrum von (13) ist eine niederfrequente Car-
bonylvalenzschwingung bei 1640 cm™ zu beobachten, die sicherlich auf einen
hohen Anteil der zwitterionischen, dipolaren Grenzstruktur am electronischen
Grundzustand zuruckzufiihren sein diirte. Erwartungsgeméif konnte (13) durch
«Meerweinsalz» - dem Triethyloxoniumtetrafluoroborat - zum 2-Methyl-5-
ethoxy-selenapseudophenaleniumtrafluoroborat (14) alkyliert werden.

. Das zu (13) in Stellung 3 isomere Selenapseudophenalenon-3 konnte nach
unseren Erfahrungen® aus (9) und Zimtsiurechlorid in Gegenwart von
Aluminiumchlorid gewonnen werden, dessen IR-Spektrum ebenfalls eine sehr
niederfrequente Carbonyl-valenzchwingung bei 1615 cm™' aufweist und daher
das 2-Methyl-3-ethoxy-selenapseudophenaleniumtetrafiuoroborat (17) auch
leicht durch Alkylierung an der Carbonylgruppe zu synthetisieren war.'359%

‘Wurde das Keton (73) 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 Anwesenheit katalytischer Mengen Sdure die Verbindung (18b) sowie
in analoger Weise mit p-Tosylhydrazin das Hydrazonderivat (18c), mit
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Hydrazin selbst das blauviolette Azin (79). Ein #hnliches Reaktionsverhalten
zeigte auch das zu (713) isomere Keton (16), welches mit N-Nucleophilen die 3-
Imino-selena-pseudophenalenon-derivate (20a) - (20¢) sowie das violette Azin
(21) lieferte und mit -entsprechenden C-Nucleophilen die Selena-
pseudophenafulvene (22), (23), sowie (24a) - (24b). In der Verbindung (245b) ist
beim Isomeren mit R= C(CH,), die a-Methylgruppe durch die Cyanogruppe
nach tieferem Feld verschoben; H* zeigt sich dagegen bei relativ hohem Feld.
Beim anderen Isomeren ist H* aufgrund der benachbarten Cyanogruppe
entschirmt, wobei a-CH,
nach héherem Feld verschoben ist.

182+ Rz m-Cl-CgH, S

- 185: R: “C6HL—\
18 - R = P_CH3_C6H4~:-('2NL(

24B:P1TC(CH3)3 QzCN
Pq:CN R 2:C(CH3)y

Kbk 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 (I6), reagierte auch das
Selenapseudophenalenon-5 mit C-Nucleophilen zu den Selenap-

Y

| :
«—— 18 — e
© Vi (O yremy

W
\Se 2—6_\/ \Se/ |
25 26a:R:-Cl 26c:R -CN
H
NN SIS

g N\
N &’\. CHj
3 /\ %Se
Se .
27 \ 2
27 : R1:Ry: CgHg : \\ o
27b:R1:C(CH_3)3 RZ:CN \
Ry= (N R,z c{cHg)y l' .
27¢:R1:R9=CN / \
R / b g//\\\
R ,/ / \\{
Vv = B! N
R N [jﬁ/\\
R J\(J B /
=4 A RN
O e O e
//'\ \\\.4/\.\.%(:’
~ Se \
30 42
30a R - Cl
30, R 2 CN
30 R -CO0CH;
30d R =CgHg

Ao 4. -
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seudophenafulvenen (27a) - (27¢) und (28). In der Verbindung (27b) ist beim
Isomeren mit R' = C(CH,;), H® durch die Cyanogruppe nach tieferem Feld
verschoben; H* zeigt sich.dagegen bei relativ hohem Feld. Beim anderen
Isomeren liegt H® im Aromatenbereich; H* ist stark entschirmt, aufgrund der
benachbarten Cyanogruppe.

Aus 2-Methyl-5-ethoxyselenapseudophenaleniumtetrafluoroborat (74) und
2-Methyl-3-ethoxypseudophenaleniumtetrafluoroborat (17) 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.

Abb. 5

Experimenteller Teil

Schmelzpunkte: nicht korrigiert, Schmelzpunktmikroskop der Fa. Reichert,
Wien. — Massenspenktren: Varian MAT 311 A, dessen inverse Nier-Johnson-
Geometrie die Aufnahme der DADI-Spektren ermdéglichte. — 'H-NMR-
Spektren: Geridte Bruker HX 90 E und teilweise auch T-60-A; TMS als inter-
ner Standard. — IR-Spektren: Gerit Perkin-Elmer 177. — UV-Spektren: Geriit
DMR ‘10 der Fa. Zeiss, Oberkochen. — Die Elementaranalysen wurden jmit
dem C,H,N-Analysator der Fa. Heraeus, Hanau, ausgefiihrt.
Sdulenchromatographische Trennungen und Reinigungen wurden auf einer mit
Kieselgel 60 «Merck» (0.063 - 0.020 mm) beschickten S#ule von 80 cm Linge
und einem Innendurchmesser von 2.5 c¢m durchgefiihrt, préparative
schichtchromatographische Untersuchungen auf- mit Kieselgel 60 GF,,,
«Merck» bestrichenen Glasplatte (20x20 cm). Die Losungsmittel und Reagen-
zien wurden nach den iiblichen Methoden getrocknet und gereinigt.
Diphenyl-diselenid-di-o-carbonsdure (2):

137 g (1 mol) Anthtanilsére in 200 ml konz. Salzsdure und 130 ml Wasser
werden unter Riihren auf 0°C gekiihlt; 69 g (1 mol) Natriumnitrit in 200 ml
Wasser werden tropfenweise unter Riihren zugegeben und die Temp. auf 0°C
gehalten. Bei einer Temp. von 5°C werden langsam 140 g diazotierte
Anthranilsdre (1) zur wissrigen Losung von 102 g (0.5 mol) Dinatrium- -
diselenid gegeben, auBerdem eine Losung von 60 g NaOH in 120 ml Wasser.
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Nach Entfernung des abgeschiedenen roten Selens wird die Diselenosalicylsdure

(2) mit konz. Salzsdure gefillt und aus Eisessig unter Zusatz von Tierkohle

umkristallisiert; weifle Kristalle. Ausb. 121 g (60%); Schmp. 296-297°C.
C,,H,,0,Se (320.9) Ber. C 52.40 H 3.14 Gef. C 52.31 H 3.02.

o-Carboxyphenyl-selenoessigsdure (3)

Eine Losung von 8 g (20 mmol) Diselenosalicylsdure (2) in 100 ml 20proz.
NaOH werden 30 min erhitzt, dazu 40 g (1.35 mol) Zinkstaub {iber einen
Zeitraum von etwa 2 h gegeben. Die mit Zink erhitzte Lésung wird direkt in
eine wissrige Losung von 2.33 g (20 mmol) Natrium- a-Chloracetat filtriert.
Nach dem Erwidrmen auf 40°C bildet sich das Natriumsalz der Phenyl-
selenoglycol-o-carbonsdure, das nach Zugabe von 7.3 g konz. Salzsiure in die
Sdure iibergeht. Weille Kristalle (aus Eisessig). — Schmp. 233-234°C; Ausb.
4.68 g (89%).

C,H;0,Se (259.0) Ber. C 41.73 H 3.11 Gef. 41.36 H 2.97.

o—Methoxy-carbonyl—phenyl—seleno-essz'gsiz'uremetkylester )

Eine Mischung von 65.1 g (0.25 mol) (3), 48.0 g (1.5 mol) Methanol und
300 ml 1.2-Dichlorethan wird {iber Nacht unter Rickflul erhitzt; das
Reaktionsgemisch wird mit 15proz. Natriumbikarbonatlésung gewaschen, die
organische Phase abgetrennt, das L&sungsmittel entfernt und der Riickstand
aus n-Hexan-Benzol umkristallisiert. Weifle Kristalle. Schmp. 169°C; Ausb. 67
g (98%).

C,;H,,0,Se (284.1) Ber. C 46.50 H 4.26 Gef. C 46.39 H 3.13.

2.3-Dihydro-2-ethoxycarbonyl-3-oxo-benzo(b)selenophen (5)

Zu einer Losung von 1.36 g (0.2 mol) (¢) in 20 ml Ethanol werden unter
Rijhren und Erwdrmen 23.65 g Natriumethylat zugetropft. Nach dreistiindigem
Erhitzen unter Riickflul wird 10proz. Salzséure dazugegeben, aus Ether ex-
trahiert - 3 mal mit je 20 ml Ether-und anschlieend aus n-Hexan/Benzol
umkristallisiert. Weille Kristalle; Schmp. 89 - 90°C; Ausb. 43.1 g (88%). —
C,;H,,0, (190.2) Ber. C 69.46 H 5.30 Gef. C 69.09 H 5.37 — IR (KBr): 1680
cm™ (C=0). — 'H-NMR (90 MHz, CDCl,): 8 (ppm) = 1.23, 1.15, 1.08 (1),
4.27, 4.19, 4.11, 4.04 (q).

2.3-Dihydro-2-ethoxycarbonyl-2-methyl-3-0xo-benzo(b) selenophen (6)

24.5 g (0.1 mol) 2.3-Dihydro-2-methoxy-carbonyl-3-oxo-benzo(b)-
selenophen (5) und 28.2 g (0.2 mol) Methyliodid in 50 ml Ethanol werden 3 h
lang unter Riickfluf} erhitzt, mit 100 ml Wasser verdiinnt und mit jeweils 20 mi
Ether dreifach extrahiert; gelbe Kristalle (n-Hexan/Benzol). Schmp. 79°C;
Ausb. 16.4 g (63%). :

C,H,,0,Se (283.2) Ber. C 50. 88 H 4.24 Gef. C 50.58 H 4.14 — 'H-NMR
(90 MHz, CDCl,): 6 (ppm) = 1.96 (a-CH,), 4.16 (q, -CH,), 1.19 (t, —CH,),
7.02 - 7.86 .(aromatische Protonen),
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2.3-Dihydro-2-methyl-3-oxo-benzo(b) selenophen (7)

254 g (0.1 mol) (6) werden 6 h zur Verseifung mit 6 g (0.15 mol)
wissriger NaOH-Lésung (5 proz.) erhitzt, nach dem Erkalten angeséuert und
anschlieBend decarboxyliert; gelbe Nadeln (aus n-Hexan/Benzol). Schmp.
52°C; Ausb. 20.8 g (96%).

C,H;0Se (211.1) Ber. C 51.20 H 3.82 Gef. C 50.76 H 3.97.

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

Eine Lésung von 21.1 g (0.1 mol) (7) in 90 ml wasserfreiem Ether Wird in
25.8 g (0.11 mol) AICI, - geldst in 50 ml wasserfreiem Ether - so zugetropft,
dafB3 der Ether méBig siedet. AnschlieBend wird die Lésung 3 h unter Riickfluf3
erhitzt, aufgearbeitet und der Niederschlag umkristallisiert. Schmp. 49°C;
Ausb. 21.1 g (97%).

C,H,0Se (212.1) Ber. C 51.21 H 4.28 Gef. C 51.36 H 4.23.

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

Eine Losung von 21.1 g (0.1 mol) (8) in 15 ml wissriger Phosphorsiure
(85 proz.) wird auf 120 - 160°C unter Vakuum erhitzt und anschlieBend
aufgearbeitet. Gelbe Kristalle; Schmp. 51°C; Ausb. 19.4 g (98%).

C,HgSe (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
(11). .

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%).

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

3-(2-Methylbenzo(b) selenienyl-)- propionsdure (11)

20.68 g (0.085 mol) (10) Werden mit 13.60 g (0.085 mol) Malon-
sdurediethylester in 15 ml wasserfreiem Ethanol zu 2-Methyl-3- (B-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 Riickstand
umkristallisiert. Weille Nadeln (aus Petrolether 60-80); Schmp. 195°C; Ausb.
13.2 g (58%).

C,,H,,0,;8¢ (267.18) Ber. C 53.95 H 4.53

Gef. C 54.11 H 4.62

2-Methyl-4.5-dihydro-5-oxo-5H-naphtho (1.8-bc) selenophen (12)

1. Methode: Eine Losung von 1.94 g (7.25 mmol) (1) in 20 ml 1.2-
Dichlorethan wird mit 5.0 ml Thionylkchlorid 30 min lang unter Riickflul3
_erhitzt; nach Entfernung des iiberschiissigen SOCI, und des Ldsungsmittels
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wird der Riickstand in 20 ml 1.2-Dichlorethan geldst, 20 min bei 0°C mit 1.3 g
AICI, behandelt, dann die Reaktionsldsung noch 30 min bei 0°C -geriihrt,
schlieBlich mit 50 ml konz. Salzsdure/ Eis (1:1) .hydrolysiert. Die organische
Phase wird mit kleinen Portionen 15 proz. NaHCO,-Lésung, danach mit
Wasser gewaschen, das Lésungmittel entfernt und der Riickstand
umkristallisiert. Gelbe Kristalle (aus 1.2-Dichlorethan/n-Hexan); Schmp. 88°C;
Ausb. 1.3 g (72%).

C,,H,,0 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) B-
Methoxypropionsédurechlorid in 30 ml Eisessig werden 24 h lang bei 30°C
geriihrt, das Sdurechlorid mit 15.9 g (0.12 mol) AICl, in 1.2-Dichlorethan bei
0°C 20 min lang behandelt, mit 100 ml eines Gemisches aus konz.
Salzsdure/Eis (1:1) hydrolysiert, die organische Phase mit 15proz. NaHCO, -
Lésung gewaschen, das Lg&sungsmittel entfernt und der Riickstand
umkristallisiert. Gelbe Nadeln (aus 12chhlorethan/n Hexan). Ausb. 119 g
(48%); Schmp. 88°C.

2-Methyl-5-oxo-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 geriihrt und
anschlieflend in 15 ml Wasser gegossen, dann noch 30 ml Benzol dazugegeben,
die benzolische Phase mehrfach mit jeweils 10 ml konz. Salzsdure extrahiert.
Nach Abtrennung der Salzsdurephase wird diese auf 50 ml mit Wasser
verdiinnt, das erhaltene Produkt umkristallisiert. Gelbe Nadeln (aus 1.1-
Dichlormethan, n-Hexan). Schmp. 72°C; Ausb. 11.9 g (48%).

C,,HgO Se (247.1) Ber. C 58.31 H 3.26 Gef. C'57.84 H 3.67 — IR (KBr):
1640 cm™ (C=0); 'H-NMR (90 MHz, CDCl,): 6 (ppm) = 7.17 (d, H;, I = 10
Hz), 6.89 (d, H,, I = 10 Hz), 2.52 (s, a-CH,), 7.75 (d, H5 I = 8 Hz), 7.12 (t,
H’, 1 = 8 Hz), 7.42 (d, H%, 1 = 8 Hz). — MS (70°eV, 120°C): m/e (%) = 248
(92), 247 (80, M"), 220 (11), 219 (71), 167.(100), 141 (26), 139 (85), 114 (22),
113 (32), 87 (9), 63 (12).

2-Methyl-5-ethoxy-naphtho (1.8-bc) selenoniumtetrafluoroborat (14)

Eine Lésung 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 min geriihrt, dann wird das Salz durch langsame Zugabe von Ether
gefillt und nach Entfernen des Ethers dieses sofort in wasserfreiem Acetonitril
" gelost. Die griine Ldsung ist bei etwa 0°C und in der Dunkelheit etwa 10 Tage
bestindig. 'H-NMR (90 MHz, CD,CN): § (ppm) =-8.07 (d, H?, I = 9 Hz),
7.49 (d, H4, L = 9 Hz), 7.86 (d, H% 1 = 8 Hz), 6.14 (t, H’, I = 8 Hz), 8.64 (d,
HS 1 = 8 Hz), 3.01 (s, a-CHj;-), 4.40 (q, -O-CH,-), 1.64 (t, -O-CH,-CH,).

2-Methyl-3-oxo0-3H-naphtho (1.8-bc) se_zlenoph_en (16)

Zu einer Lésung von 19.5 g (0.1 mol) (9) und 16.6 g (0.1 mol)
Zimtsdurechlorid 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. Anschlieflend
wird die Losung 25 min unter Riickfluf} erhitzt, mit 50 ml konz. Salzsiure/ Eis
(1:1) hydrolysiert und die Losung zweimal mit je 100 ml Benzol extrahiert, die
vereinigten benzolischen Extrakte getrocknet und das Losungsmittel entfernt;
der Riickstand wird umkristallisiert. Gelbe Kristalle (aus n-Hexan/Benzol).
Schmp. 70°C; Ausb. 17 g (60%).

C,,H,O Se (247.1) Ber. C 58.31 H 3.26 Gef. C 57.92 H 3.66.

IR (KBr): 1615 cm™ (C=0). 'H-NMR (90 MHz, CDCl,): 6 (ppm) = 6.36
(d, H4, I = 10 Hz), 7.30 (d, H% I = 10 Hz), 7.88 (d, H% I = 8 Hz), 7.38 (t,
H’, I = 8Hz), 7.51 (d, H5 I = 10 Hz), 3.21 (s, a-CH;). MS (70 eV, 80°C):
m/e (%) = 248 (87), 247 (73, M™), 220 (16), 219 (56), 167 (84), 141 (34), 139
(100), 114 (26), 113 (39), 87 (16), 63 (9).

2-Methyl-3-ethoxy-naphtho (1.8-bc) selenonium-tetrafluoroborat (17)

Die Losung von 0.49 g (2 mmol) (16) und 0.4 g (2 mmol) Triethylox-
oniumtetrafluoroborat wird bei 35°C in 10 ml wasserfreiem 1.2-Dichlorethan
25 min lang gertihrt, die Reaktionslosung firbt sich griin und das Salz fillt
nach Zugabe von Ether aus; das Salz ist jedoch nur etwa drei Tage in Losung
bestédndig.

'H-NMR (90 MHz, CD,CN): 3 (ppm) = 7.29 (d, H% I = 9 Hz), 8.40 (d,
H% 1 =9 Hz), 8.22 (d, H% I = 8 Hz), 7.95 (t, H", I = Hz), 8.65 (d, H5, I = 8
Hz), 3.05 (s, a-CHj;-), 4.78 (g, -O-CH,>), 1.73 (t, -O-CH,-CH,).

Z;Methyl-naphtho (1.8-bc) selenophen-5-(m-chlorphenylimin) (18a)

Eine Lésung von 0.5 g (2 mmol) (13), 0.31 g (2 mmol) m-
Chlorphenylisocyarndt und eine katalytische Menge von Aluminiumchlorid wer-
den 24 h unter Riickfluf3 erhitzt, danach abkiihlen gelassen, das Ldsungsmittel
entfernt und der Riick stand iiber eine Kieselgelsiule - Kieselgel 60 «Merck» -
mit Benzol als Elutionsmittel chromatographiert. Gelbe Kristalle (aus
Benzol/Petrolether).

Schmp. 146°C; Ausb. 0.1 g (14%). v

C;sH,Cl N Se (356.7) Ber. C 60.61 H 3.39 N 3.93

Gef. C 5998 H 3.12 N 3.49

'H-NMR' (90 MHz, CDCl,): & (ppm) = 7.32 - 8.63 (m, H3, H?, H?), 6.83
(d, H*, 6.80 (d, H), 2.51 (s, o-CH,). MS (100 eV, 155°C): m/e (%) = 357
(69, M™), 322 (84), 247 (94), 246 (37), 166 (68), 139 (100), 114 (34) 113 (62),
87 (9), 63 (23).

2-Methyl-naptho (1. 8 bc)selenophen S-phenylimin (18 b)

0.5 g (2 mmol) (13) in 15 ml Ethanol und 0.1 g (2 mmol) Amlm in 15 ml
Ethanol werden mit 10 Tropfen 60 proz. Perchlor siure versetzt und 2 h unter
RiickfluB zum Sieden erhitzt, und nach dem Erkalten einige Tropfen
Ethyldiisopropylamin  («Hiinig-Base»), zugegeben. Nach Entfernung des
Losungsmittels  wird der Riikstand iiber einer Kieselgelsdule - Kieselgel 60
«Merck» - chromatographiert - Benzol als Elutionsmittel. Gelbe Krlstalle (aus
Benzol/Petrolether).
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Schmp. 118°C; Ausb. 0.09 g (14%).
C,sH{;N Se (322.3) Ber. C 67.09 H 4.07 N 4.35
- Gef. C 6645 H 3.87 N 4.29 )
'"H-NMR (90 MHz CDCl,): & (ppm) = 7.12 - 8.22 (m, H?, H’, H®), 6.58
(d, H%), 6.82 (d, H®), 2.59 (s, a-CH,) — MS (100 eV, '145°C): 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(p-toluylsulfonyl) — hydrazon (18 c)

Aus 0.5 g (2 mmol) (13) in 20 m! Ethanol und 0.2 g (2 mmol) p-
Toluolsulfonsdurehydrazid analog (18 b). Gelbe Kristalle; Schmp. 167°C;
Ausb. 0.42 g. (50%).

CoH;4sN,0,S 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, CDCL,): 6 (ppm) = 7.32 - 8.31 (m, H?, H’, H’), 6.25
(d, H%), 6.03 (d, HS), 2.61 (s, a-CH,). MS (100 eV, 90°C): m/e (%) = 416 (76,
M*), 326 (52), 262 (45), 247 (31), 246 (52), 166 (100), 139 (67), 114 (28), 113
(46), 87 (7), 63 (8).

2.2 -Methylnaphtho(1.8.bc) selenopheno-3.5 -azin (19)

Eine Ldsung 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. Salzsdure ver-
setzt, 1 h unter Riickflul} zum Sieden erhitzt, der kristalline Niederschlag
abgetrennt. Blauviolette Kristalle (aus Ethanol); Schmp. 296°C; Ausb. 0.62 g
(70%).

C,,H,(N,Se, (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 CDCL,): & (ppm) = 7.49 - 8.45 (m, H?, H’, HS), 6.12
(d, HY), 6.42 (d, H), 2.63 (s, a-CH,).

MS (100 eV, 450°C): 491 (76, M™*), 247 (28), 246 (74), 166 (92), 139
(100), 114 (28), 113 (46), 87 (9), 63 (11).

2-Methyl-naphtho(1.8-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%).

C H;;Cl N Se (356.7) Ber. C 60.61 H 3.39 N 3.93

Gef. C 60.29 H 3.14 N 349

'H-NMR (90 MHz, CDCL,): 6 (ppm) = 6.98 (d, H*), 7.08 - 7.99 (m, H?,
-H¢, H’, H8), 186 (s, a-CH,). MS (100 eV, 155°C): m/e (%) = 357.5 (62, M*),
322 (78), 247 (92), 246 (32), 166 (62), 139 (100), 114 (23), 113 (65), 87 (14),
63 (12).

2-Methyl-naphtho(1.8-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 (I8 b). Orangefarbene Kristalle; Schmp. 143°C; Ausb. 0.11 g (17%).
C;sH ;3N Se (322.3) Ber. C 67.09 H 4.07 N.4.35
Gef. C 6645 H 3.91 N 4.37
IR (KBr): 1640 cm™ (C=N). 'H-NMR (90 MHz, CDCl,): § (ppm) = 6.81
(d, H%, 7.09 — 8.21 (m, H% HS H’, H®), 1.99 (s, a-CH,).
MS (100 eV, 150°C): m/e (%) = 323 (84, M*), 247 (32), 246 (78), 166
(93), 139 (100), 114 (19), 113 (47), 87 (18), 63 (12).

2—Methyl—naphtho(1.8~bc)sélenophen—3- (p-toluylsulfonyl)-hydrazon (20c)

Aus 0.5 g (2 mmol) (16) in 20 ml Ethanol und 0.2 g (2 mmol) p-
Toluolsulfonséiurehydrazid analog (I8 b). Gelbe. Kiristalle; Schmp. 163°C;
Ausb. 0.5 g (58%).

C,,H(N,0, 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, H*), 7.42 - 8.05 (m, H° HS, H',
H?), 1.86 (s, o - CH,). MS (100 eV, 90°C): m/e (%) = 416 (79, M*), 326 (78),
262 (64), 247 (43), 246 (72), 166 (96), 139 (100), 114 (23), 113 (52), 87 (15),
63 (9).

2.2 -Methylnaphtho(1.8-bc) selenophen-3.3-azin (21)

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%).
CaHigNSe, (490.3) Ber. C 58.79 H 329 N 571
Gef. C 58.36 H 3.10 N 5.39
IR (KBr): 1570, 1540 cm™ (C=N). 'H-NMR (90 MHz, CDCl,): 8 (ppm)
= 6.43 (d, HY), 7.32 - 8.03 (m, H’, HS, H’, H®), 1.73 (s, o-CH,). MS (100 eV,
395°C): m/e (%) = 492 (65, M*), 247 (36), 246 (79), 166 (96), 139 (100), 114
(12), 113 (26), 87 (9), 63 (8).

2-Methyl-naphtho(1.8-bc)selenophen-3-(pyrimidin-2', 6 -dion-4 “thion-5 ~yliden)
(22)

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

C,6HoN,0,S 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! (C=0). 'H-NMR (90 MHz, CDCl,): § (ppm) =
8.88 (d, HY, 7.32 - 8.20 (m, H*, H, H’, H?), 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 (100), 114 (23), 113 (39), 87 (9), 63 (8).
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- 2-Methylnaphtho(1.8bc) selenophen-3-dicyanmethylen (23)

Eine Loésung von 0.5 g (2 mmol) (16) und 0.067 g (2 mmol) Malon-
sduredinitril in 10 ml Acetanhydrid wird 24 h auf 100°C erhltzt der Riicks-
tand wird sdulenchromatographisch (Kieselgel 60 «Merck») gereinigt - mit Ben-
zol als Elutionsmittel; rotviolette Kristalle (aus Benzol). Schmp. 243°C; Ausb.
0.11 g (18%).

C,sHgN,Se (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 ¢m™ (C=C). 'H-NMR (90 MHz, CDC13) )
(ppm) = 8.20 (d; H), 7.08 - 8. 17 (m, H? HS, H’, H®), 3.28 (s, a- CH,). MS
(100 eV, 160°C): m/e (%) = 296 (39, M), 271 (47), 246 (52), 245 (26), 165
(93), 139 (100), 114 (15), 113 (85), 87 (6), 63 (13).

2-Methyl-naptho (1.8-bc) selenophen-3-diphenyliden (24 a)

Zu einer Losung von 0.5 g (2 mmol) (16) in 10 ml wasserfreiem Benzol
werden unter N,-Atmosphire 0.4 g (2 mmol) Diphenylketen gegeben,
anschliefend 1 h lang unter Riickflu3 erhitzt, das Losunsgmittel entfernt und
der Riickstand sdulenchromatographische - Kieselgel 60 «Merck», Benzol als
Elutionsmittel - gereinigt; gelborange Kristalle (aus Benzol). Schmp. 134°C;
Ausb. 0.6 g (78%).

C,sHsSe (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, CDCl,): 8 (ppm)
= 7.03 (d, HY), 7.21 - 8.54 (m, H5 H¢, H’, H?), 2.75 (s, a- CH,). MS (100 ¢V,
155°C): m/e (%) = 398 (74, M™*), 322 (65), 246 (23), 245 (79), 165 (94), 139
(100), 114 (16), 113 (23), 87 (8), 63 (9).

2-Methylnaphtho (1.8-bc) selenophen—.?-(tert. -butyl-cyanoketen) (24 b)

0.5 g (2 mmol) (16) in 10 ml wasserfreiem Benzol und 0.25 g (2 mmol)
tert. -Butyl-cyano-keten werden unter N,-Atmosphire 1 h unter ’Riickfluf
erhitzt, der abgetrennte Niederschlag sidulenchromatographisch gereinigt -
Kieselgel 60 «Merck», Benzol als Flutionsmittel. Griin-gelbliche Kcristalle;
Schmp. 198°C; Ausb. 0.5 g (80%).

C,sH;;N 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, CDCL,): &
(ppm) = 6.95 (d, Isomeres a, H?), 7.56 (d, Isomeres B, H*), 7.28 - 8.45 (m, H?,
H®, H’, H®), 2.61 (s, Isomeres a, a- CH,), 1.97 (s, Isomeres B, o -CH,). MS
(100 eV, 74°C): m/e (%) = 327 (74, M*), 271 (44), 246 (14), 245 (74), 165
(93), 139 (100), 114 (17), 113 (20), 87 (9), 63 (8).

2-Methyl~naphtﬁo(1 .8-be) selenop}ien—.?ﬂuorenyliden 25)

Aus 0.5 g (2 mmol) (16) in 10 ml wasserfreiem Benzol und 0.4 g (2 mmdl)
Fluorenketen analog (24 a). Blaue Kristalle; Schmp. 167°C; Ausb. 0.64 g
(16%).
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C,sH,Se (395.3) Ber. C 75.95 H 4.08 Gef. C 75.49 H 3.82. 'H-NMR (90
MHz, CDCL,): & (ppm) = 7.62 (d, H*), 7.22 - 8.29 (m, H®, H°, H’, H¥), 2.02
(s, o- CH,). MS (100 eV, 144°C): m/e (%) = 396 (76, M*), 246 (62), 245 (27),
165 (84), 139 (100), 114 (32), 113 (64), 87 (8), 63 (11).

2-Methylnaphtho(1.8-bc) selenophen-3-(2/, 3 4 5~
tetrachlorocyclopentadienyliden) (26 a)

0.5 g (2 mmotl) (16) in 10 ml Acetanhydrid sowie 0.2 g (2 mmol) 2,3,4,5-
Tetrachloro-cyclopentadien werden 6 h unter RiickfluB zum Sieden erhitzt,
nach dem Erkalten der entstandene Niederschlag siulenchromatographisch -
Kieselgel 60 «Merck», Benzol als Elutionsmittel - gereinigt; blaue Kristalle.
Schmp. 116°C; Ausb. 0.2 g (14%).

C,,H;Cl,Se (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, CDCl,): 3 (ppm)
= 8.21 (d, H, 7.35 - 8.13 (m, H°, HS, H’, H®), 2.89 (s, a -CH,). MS (100 &V,
160°C): m/e (%) = 434 (65, M*), 399 (44), 363 (64), 328 (72), 292 (49), 246
(75), 245 (29), 165 (100), 139 (89), 114 (32), 113 (46), 87 (11), 63 (14).

2-Methylnaphtho(l.8-bc) selenophen-3-(2, 3, 475~
tetracyanocyclopentadienyliden) (26b)

Aus 0.5 g (2 mmol) (76) und 0.1 g (2 mmol) 2,3,4,5
Tetracyanocyclopentadien in 10 ml Acetanhydrid analog (26a). Violette
Kristalle; Schmp. 132°C; Ausb. 0.2 g (24%).

C, HgN,Se (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 (C=N), 1570, 1525 em™! (C=C). 'H-NMR (90 MHz,
CDCL): 8 (ppm) = 8.71 (d, H*), 7.14 - 8.02 (m, H®, H¢, H’, H¥), 2.90 (s, o -
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 (100), 114 (27), 113 (46), 87
(6), 63 (7).

2-Methylnaphtho(1.8-bc)selenophen-3(2°, 3°, 4°, 5 -tetramethoxy-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-cyclopentadien'” gegeben. Nach 6

stdgem Erhitzen unter Riickflul wird der entstandene Niederschlag

sdulenchromatographisch gereinigt - Kieselgel 60 «Merck», Benzol als

Elutionsmittel. Schwarzgldnzende Kristalle (aus Methylenchlorid); Schmp.

217°C; Ausb. 0.16 g (15%).

C,gH,00; Se (527.4) Ber. C 56.94 H 3.82
Gef. C 56.38 H 3.50

IR (KBr): 1720 (C=0), 1570, 1535 c¢cm™ (C=C). 'H-NMR (90 MHz,

CDCl,): & (ppm) = 8.12 (d, H%, 7.25 - 8.28 (m, H?, HS, H, H?), 2.69 (s, a-

CH,). MS (100 eV, 254°C): m/e (%) = 528 (78, M*), 514 (68), 500 (54), 472
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(72), 469 (59), 427 (68), 410 (81), 382 (74), 351 (60), 337 (48), 292 (53), 246
(87), 245 (14), 165 (94), 139 (100), 114 (34), 113 (79), 87 (16), 63 (20).

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 AICl; gegeben und 6 h unter Riickflu} zum Sieden erhitzt;
der entstandene Niederschlag wird s#dulenchromatographisch - Kieselgel 60
«Merck» - mit Benzol/ Tetrachlorkohlenstoff (1:1) als Elutions-mittel gereinigt.
Schwarze glinzende Kristalle (aus n-Hexan/ Benzol); Schmp. 208°C; Ausb.
0.21 g (7%).

C,HygSe (599.6) Ber. C 82.13 H 4.71 Gef. C 82.67 H 4.65. IR (KBr):
1570, 1530 cm™ (C=C). '"H-NMR (90 MHz, CDCL,): & (ppm) = 7.54 (d, H*),
7.32 - 8.28 (m, H?, H%, H', HY), 2.64 (o -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 (100), 114 (34), 113 (52), 87 (17), 63 (14).

. 2-Methylnaphtho (1.8-b-c) selenophen-5-diphenyliden -(27a)

Aus 0.5 g (2 mmol) (13) und 0.4 g (2 mmol) Diphenylketen in 10 ml
wassefreiem Benzol analog (24a) Gelbliche Krlstalle, Schmp. 161°C Ausb
0.71 g (89%). -

C,sH,.Se (397 1) Ber. C 75.62°'H 4.57 Gef. C 75.10. H 4.84 — IR (KBr):
1590, 1550 cm™ (C=C). 'H-NMR (90 MHz, CDCly): b (ppm) = 7.23 — 8.03
(m, H3, H', H“), 6.92 (d, H%, 7.01 (d, H®), 2.53 (s, 0-CH,). MS (100 eV,
160°C): m/eé (%) = 398 (89, M*), 322 (73), 246 (34), 245 (86), 165 (100), 139
(71), 114 (22)," 113 (34), 87 (13), 63 (11).

2-Methylnaphtho (1.8-bc) selenophen-5-(tert. -butyl-cyanyliden) (27b)

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. 156°C; Ausb. 0.52 g (80%)

C,sH;;N 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 (C=N), 1585 cm™ (C=C). 'H-NMR (90 MHz, CDCl,): &
(pm) = 7.53 - 8.92 (m, H3, H, H%), 6.79 (d, H* von Isomer ), 6.58 (d, H*
von Isomer B), 2.58 (s, o -CH,), 7.59 (d, H® von Isomer a), 6.58 (d, H® von
- Isomer ). MS (100 eV, 80°C): m/e (%) = 327 (82, M*), 271 (53), 246 (30),
245 (78), 165 (100), 139 (64), 114 (20), 113 (25), 87 (13), 63 (9).

2-Methylnaphtho (1.8-bc) selenophen-5-dicyanométhylen 27¢)

Aus 0.5 g (2 mmol) (13) und 0.067 g (2 mmol) Malonsduredinitril in 10 ml
Essigsdureanhydrid analog (23). Rote Krlstalle, Schmp. 297° C; Ausb. 0.095 g
(16%).
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C,H,N, 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, CDCl,): &
(ppm) = 7.92 - 8.52 (m, H?, H’, H®), 7.98 (d, H*), 8.09 (d, H), 2.79 (s, a-
CH,). MS (100 eV, 160°C): m/e (%) = 296 (59, M*), 271 (38), 246 (64), 245
(23), 165 (100), 139 (86), 114 (19), 113 (37), 87 (9), 63 (11).

2-Methylnaphtho (1.8-bc)selenophen-5 (pyrimidin-2', 6 - dion-4 -thion-5 -yliden)
(28)

Aus 0.5.g (2 mmol) (13) und 0.34 g (2 mmol) 2- Thloba:bltursaure in einer
Mischung aus 8 ml Acetanhydrid und 4 ml Eisessig analog (22). Griine
Nadeln; Schmp. 326°C; Ausb. 0.5 g (64%)..

- C¢H,;)N,0,S Se (373.3) Ber. C 5148 H 2.70 N 7.50
~ Gef. C 51.85 H 247 N 7.19

IR (KBr): 1695, 1655 cm™ (C=0). 'H-NMR (90 MHz, CDCl,): 6 (ppm)
= 7.14 - 8.35 (m, H3, H’, H®), 8.02 (d, HY), 8.14 (d, H®), 2.61 (s, o -CH;). MS
(100 eV, 145°C): m/e (%) = 374 (64, M*), 314 (37), 287 (29), 273 (47), 246
(69), 245 (23), 165 (100), 139.(94), 114 (27), 113 (56), 87 (11), 63 (15).

2-Methylnaphtho (1.8-bc) selenophen-5-fluorenyliden (29)

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

C,H,Se (395.3) Ber. C 75.95 H 4.08

Gef. C 75.76 H 87

IR (KBr): 1560, 1510 ¢cm™ (C=C). 'H-NMR (90 MHz, CDCl,):  (ppm)
= 7.21 - 8.25 (m, H3, H, H®), 7.30 (d, H%), 7.49 (d, H), 2.92 (s, o -CH,). MS
(100 eV, 140°C): m/e (%) = 396 (7, M*), 246 (78), 245 (34), 165 (11), 139
(69), 114 (16), 113 (37), 87 (23), 63 (12).

2-Methylnaphtho (1.8-bc) selenophen-5- (2 3, 4, 5- tetrachlorocyclopen-
tadienyliden) (30 a)

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

C,,HyCl,Se (433.0) Ber. C 47.15 H 1.86

Gef. C 4693 H 2.02

IR (KBr): 1580, 1530 cm™! (C=C). 'H-NMR (90 MHz, CDC13) 8 (ppm)
= 7.12 - 8.20 (m, H?, H’, H®), 8.09 (d, H*), 8.69 (d; Hf), 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 (100), 139 (89), 114 (32), 113 (47), 87 (13), 63
(18).

2-Methylnaphtho(1.8-bc) selenophen-5-(2°, 3] 4, 57
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 a). Blaue Kristalle. Schmp. 160°C;
Ausb. 0.15 g (19%).

C,,HgN,Se (395.3) Ber. C 63.81 H 2.04 N 14.18

Gef. C 63.59 H 1.96 ¥ 14.49

. IR (KBr): 2200 (C=N), 1575, 1520 cm™ (C=C). 'H-NMR (90 MHz,
CDCL): 6 (ppm) = 7.23 - 8.28 (m, H3, H’, H®), 8.59 (d, H%), 8.74 (d, Hf),
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 (1V0), 139 (85), 114 (46), 113 (46),
87 (23), 63 (24).

2-Methyl-naphtho (1.8-bc) selenophen-5- (2, 3, 4, 5  -tetramethoxycarbonyl-
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%).

" C,sHyO4 Se (527.4) Ber. C 56.94 H 3.82
Gef, C 56.70 H 4.18

IR (KBr): 1720 (C=0), 1570, 1530 cm™ (C=C). 'H-NMR (90 MHz,
CDCl,): & (ppm) = 7.34 - 8.51 (m, H3, H’, H¥), 8.25 (d, H°), 7.95 (d, H),
2.63 (s, o - 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 (100), 114 (16), 113 (49), 87 (19), 63 (17).

2-Methylnaphtho (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 analog (26 d). Schwarze Kristalle;
‘Schmp. 276°C; Ausb. 0.12 g (4%).

C, H,Se (599.6) Ber. C 82.13 H 471

Gef. C 82.50 H 4.42

IR (KBr) 1575, 1525 cm™ (C=C). 'H-NMR (90 MHz, CDCl,): 8 (ppm)
= 147 - 8.46 (m, H’, H’, H®), 7.95 (d, H*), 7.52 (d, H®), 2.56 (s, a- CH,). MS .
(100 eV, 150°C): m/e (%) = 600 (65, M*), 523 (72), 446 (64), 369 (57), 292
(43), 246 (78), 245 (34), 165 (100), 139 (89), 114 (23), 113 (78), 87 (19), 63
9).

S‘Ethoxy-5¥methylen~naphtho (1.8-bc) selenophen 31D

Zu einer Losung von etwa 0.23 g (2 mmol) (I4) in 5 ml Acetonitril -
wasserfrei - werden 0.22 g (4 mmol) Anilin getropft und anschlieBend noch
einige Tropfen Ethyl-diisopropylamin. Nach Entfernen des Lsungsmittels wird
der Riickstand séiulenchromatographisch gereinigt - iiber Kieselgel 60 «Merck»,
mit Benzol als Elutionsmittel. Gelbe Kristalle (aus Ethanol). Schmp. 116°C;
Ausb. 0.13 g (24%).

C,H,,0 Se (275.2) Ber. C 61.10 H 4.40

Gef. C 60.66 H 4.35
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'H-NMR (90 MHz, CDCL): & (ppm) = 7.59 - 8.63 (m, H?, H®, H7, H?),
6.60 (s, H%), 4.16 (g, -O-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-methylen-naphtho (1.8-bc) selenophen (32)

‘Aus etwa 0.24 g (2 mmol) (17), 0.22 g (4 mmol) Anilin und einigen Trop-
fen Ethyldiisopropylamin analog (31). Orangefarbene Kristalle; Schmp. 134°C;
Ausb. 0.11 g (20%).

C,H,;0 Se (275.1) Ber. C 61.10 H 4.40

Gef. C 61.47 H 4.31

IR (KBr): 1620 cm™ (C=CH,). 'H-NMR (90 MHz, CDCL): & (ppm)
6.51 (s, H%, 7.83 - 8.64 (m, H* H® H’, H?), 6.81 (d, « — CH,), 4.06 (g,
'—0—CH,"), 1.22 (t, -CH,). MS (100 eV, 110°C): m/e (%) = 276 (100, M*),
250 (46), 218 (73), 174 (89).
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Summary

Heterocyclic 12-n- and 14-m- systems, 38: .
Syntheses and Reactivities of new Selenapseudophenalenone-derivatives

The reaction of diazotated anthranilic acid with Na,Se, yielded
«diselenosalicylic 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 alcohdl (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 (11) to the ketone (12) and oxidation we finally obtained the selena-
pseudo-phenalenone-5, which by alkylation with «Meerwein-salt» yielded the se-
lenapseudophenaleniumtetra-fluoroborate (14). Reaction of (9) with cin-
namoylchloride in the presence of AICI, 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
¢) and the azine (19). Similarly from (16) we prepared the imino-derivatives
(20 a - 20 ¢) 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 ¢) and (28). By elimination of a proton

" from the cations (14) and (17) we isolated the compounds (31) and (32).

l'[spil.nwn

Erspoxuxlma 12-n- xai 14-n- ovothuata
Zivbeon kai idi6tnreg véwv cednva-wevdo- (oazvazlevovmwv napaywywy

*And v dvtidpoon dSwlwetwdivrog dvBpavilikod 6Efog (1) ué Na,Se,
AopBaverar dpyucd 16 «dioeEAnvo-calikvAiko SE0» (2), E dvaywyn tod 6moiov
naipvoope 10 - 0-kapPoEv@aivoroceAnvolikd SED (3), mov TEPULTEP®
petatpénetor 610 OugBvAcotépe Tov (4) xoi OTH GLVEXEWD OTOV O-KETO-
kapPololikd éotépa (5) ué ooundxvoon katd Dieckmann. "And 10 (5) Aap-

. Paverar 1) Evoon (6) petd amo pedolioon pé pebvlwdidio xai teAkd ué
canwvonoinon kai drnoxapBoviinon 10 2,3-8wdpo-2-uehoro-3-oko-Pevio(b)
oeAnvogaivio (7). "Avaywoyn Tob (7) divel thv GAkooAn (8), kai pé drndomaon
86atog AapPavetor 10 2-pebBoro-evio(b)osinvoeaivio (9). "And 10 (9) ué
énidpaon o-yAopo-Siuedvroibépa AauPdaveror 10 3-yAwpougdovro-nopdywyo
(10) Kai KQTOML ué yvootf . uébodo - 10 3 (2-
uebvAoBevio(b)osAnvievoro)npomiovikd dEG(11). Kvkhomoinom tod (11) divel

o

™mv  ketovn (12), woi pé Ofeidwon - g AapPdaverar N oceAnva-
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yevdopoivorevovn-5 (13). Avti dilkvadvetor edkoro pé Grog Meerwein
(tetpagBopoPopikd tpraBvrotmdvio) mpog 10 teTpapbopoPopikd drog Tol 2-
uebvro-5-abo&v-vapbo(1.8-bc) ceinvoviov (14). ;
- CAmo tv Evoon (9) xal yropido xivvapopkod 6&Eog mapovsia Tpry-
Awprovyov Gpyilhiov AouPdverar 1 - foouepig  ketdvn  oeAnvo-yevdo-
pawvalevovn-3  (16), - ué¢  dixkvrMoon tfic dmoiag ocvvribetar 1o
tetpapBopofopikd drag 106 2-uebvlo-3-c1Bov-vapbo(l.8-be)oseAnvoviov (17).

Ano 10 (13) houfdavovtar 6 {uvo-ceAnva-ywevdopalvalevovikd napdymya
(18a-18c) xoi N a&livn (19). 'And v ketovn (16) ué dvaroyo tpoémo
naipvooue 1@ {mvo-napdywya (20a-20c). "And 10 (16) pé &vooeig pé &vepyo
ueboievikn oudde Aauppdavoviar td ceAnva-ywevdo-eovagovABaiévia (22, 23,
24a-24b).

Eniong 10 (13) avudpd mpog 1a oelnvo-nevia-yevdo-gavapoviPaiévia
(29, 30a-30d), kai (16) avaroye mnpdg 16 (25, 26a-26d). "H dvridpaon 1éhog
tfig oeAnva-yevdo-pavarevovng-5 (13) ué &vooeg pé &vepyd uebolevik
6uade Edwoe 10 oeAnva-yevdo-gavapovdBivia (27a-27¢, 28).

‘H dndonacn npwtoviov and 10 kamdvie (14) koi (1 7) 6dnynoe otig -
gvooelc 5-aifokv-2-pedorevo-voplo (1.8-bc)oeAnvopoivio (31) xai (32).

Mererhfnkav 10 eaocuatokomika dedouéva IR, NMR «ai paldv Slov 1dHv
véov Evaocwv, Gnd 10 Omolo ovvdystor 6Tt ot Pooikn TAEKTPOVIKT
katdotaon tdv Evooewov (13) kai (16) couperEyel Kot PeYGAo TOGOGTO 1
dumohkn) Opwokny Sopun (mP. 14 xai 17).
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MASS SPECTRA STUDY OF ORGANOSILANES:
A NOVEL 1,4-HYDROXYL MIGRATION FROM CARBON TO
SILICON IN HYDROXY-SILYL-ALKENES

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 processes!™. These intramolecular rearrangements
involve the silyl center and were observed in a number of silyl derivatives of
alcohols™®, carboxylic acids® and other functional groups'®!!. 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 1-phenyl-2-triméthylsilyl-ethane and
trimethylsilylbenzyl ethers®. 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 SlllCOl’l 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 speetra of trans-1-
triethylsilyl-1-alkenes exhibit a low abundance in accordance with the mass
spectra of other tetraalkylsilanes®. The low abundance of the molecular ions
could be explained on the basis of their instability, for they are odd-electron



112 C.A. TSIPIS

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- 1-triethylsilyl- 1-alkenes.

TABLE 1. Most relevant mass spectral peaks of some silvi-alkenes.

trans-CH,(CH,),CH=CHSi(C,Hj,), m/e (RI)* @ 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 (18), 43 (10).
trans-CH,(CH,),CH=CHSi{(C,H,), . 198 (27), 169 (100), 141 (92),
115 (traces), 113 (41), 99 (7),
87 (25), 85 (20), 83 (11), 81 (5),
73 (6), 71 (10), 69 (6), 59 (41),
: 57 (14), 55 (7), 45 (), 43 (11).
trans-CH,(CH,),CH=CHSi(C,H,), 212 (9), 183 (100), 155 (52),
127 (11), 115 (6), 113 (5), 99 (8),
87 (17), 85 (9), 83 (6), 73 (5),
. 71 (6), 59 (25), 57 (8), 43 (6).
-trans-(CH,),CHCH=CHSi(C,H,), : 210 (22), 181 (100), 153 (75),
' 125 (29), 115 (15), 113 (9), 97 (16),
95 (9), 87 (35), 85 (15), 83 (10),
59 (49), 57 (13), 55 (7), 45 (6),
‘ 43 (7).
¢is-CH,CH,C=CHCH,CH, : 198 (21), 169 (100), 141 (74),
© H)éi 115 (19), 113 (24), 111 (5), 99 (9),
zea 87 (36), 85 (9), 83 (6), 73 (9),
71 (5), 59 (40), 45 (6), 43 (7).

*(R.L)= 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'R,Si|* which is formed after the elimina-
tion of an ethyl radical from the triethylsilyl group and the second one |R3Si|+
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-1-triethylsilyl-1-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 =-
electron density between carbon and silicon through the n-back bonding effect.
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In figure 1 is shown the general fragmentation pattern of a representative
trans-1-triethylsilyl-1-alkene, namely the trans-1-triethylsilyl-1-hexene. The
fragmentation of the other trans-1-triethylsilyl-1-alkenes under study occur by
the same pathways. Most of the fragmentation processes were metastable sup-
ported.

N +
CH3CH2Cd2CH2 H N
N4
c=cC

T \ s '
H Si (CHZCH3) 3
m/e 198(27) .
oy
Ty ~
AR < Gy,
99 S4oJ
. L - +
CH,CH.CH,CH. H CH H
K b b 3
N4 N 7
c=cC C=C
o Naicncn 9 TN,
H S1i(CH,CH4), > H Si(CH,CH,) 4
m /e 169(100) m/e 156(4)
3
117,86 ~CH,
41
+
CH4CH,CH,CH, H o
< /
/C:C "
NS ‘ .
H SiH (CH,CH,) S1(CH,CH,) 4
m fe 141(92) : o m/e 115(7)
4
92,6 -C,H, <
~CoHy
+ +
CH,CH.,CH.CH i CH H
kit b hey] 3
\. 7/ N
C=C C=C . .
/ N 7 Nas ; T
H SiH, H SiH (CH,CH,) HS1 (CH,CH,) ,
m/e 113(4l) m /e 99(7) m /e 87(25)
By -CH, -C,H,
—Colly
CH.CH o cH |
32 3
AN / \ /
C=C C=cC
/ ) n’ N i el
H SiH, SiH, H,Si (CH,CH,)
m/e 85(20) m/e 71(10) m/e S95(4l)

FIG. 1. Possible fragmentation pattern of the trans-1-triethylsilyl-1-hexene (Numbers in
Darentheses are the relative intensities of the corresponding peaks).
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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 spectrometrically®'2.

Examination of the mass spectra of the compounds trans-1 -triéthylsilyl-2-
cyclopentyl-ethylene, trans- (CH,),CHCH=CHSiEt;, and trans-3-hydroxy-3-
methyl-1-triethysilyl-but-1=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-Me,C
(OH)CH=CHSiEt,, trans-MeEtC(OH)CH=CHSiEt,, cis-Me,C(OH)C(SiEt;) =
CHC(OH)Me, and cis-CH,CH,C(SiEt,) = CHCH,CH,.

The mass spectrum of the compound trans- MeZC(OH)CH CHS1Et3
together with the proposed fragmentatlon pathways are shown in figure 2. Sup-
port for the fragmentation pathways comes from the presence of metastable
peaks. Analogous fragmentation processes appear also in the case of the com-
pound trans-MeEtC(OH)CH=CHSIEt,.

u-201"
— 100
~C5Hg N
“CoHy, ’ :
I m=54,6 ] “CH, L
I w=110,6 N
Gty : -
¢ -H 0 — N
-CH . ’ —s50
] = Gy & r—_" - — N
-C2H‘* N -H20 -C2HH ] =
R A N i T B I o
|||' | C

. 1l
[TTPT Ty
0

20 40 60 ~ 80 100 120 140 160 180 200

FIG. 2. Mass spectrum of the trans-Me,C (OH) CH= CHSIEY,, 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-1-alkenes. This peak is

due to the ionic fragment |(CH,CH,),SiOH|* which results from the fragmenta-
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tion of the first type siliconium ions discussed previously. The formation of the
ion |'(CH3CH2)2 SiOH [|* can be explained according to the following proposed
mechanism: '

H OH
3C\C/ u3c\ ot H Bc\ o1
o H c H C Si (CH,CH,) .
AN SN S _ S FrCCHE)
HyC  C=( —— 1, cEc == u.,c ‘¢c—cC
2N . / N\ 3T \
H 1 (CH,CH,) H Si(CH,CH,) , H H
m/e 171
H.C. CH H.C OH
odi (cH R IN /T3 IN At
i(cC 2CH3)2 /C\ e /CQ\_/SL(CHZC}H) 2
mie 103 f==C H4C =C
H H il H

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 |*. This intramolecular rearrangement is analogous to the McLafferty
rearrangement of methyl esters!?, as well as to other silyl
McLafferty type rearrangements observed in some organosilicon
compounds’»®¢, The only difference in this type of rearrangement is the for-
mation of a cyclopropene derivative rather than ethylene.

The formation of the | R,SiOH |* 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 II are given the most relevant mass spectral peaks of some hydroxy-silyl-
alkenes under study. Also in Table II 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 | Et,Si |* (m/e 115) and | Me,PhSi [* (m/e 135).
These peaks are also the base peaks in the mass spectra of the dehydration
produets 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 [M-15|* and [M-18|* ions. The easy formation of
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TABLE I1. Most characteristic mass spectral peaks of some hydroxy-silyl-alkenes and
silyl derivatives of dihvdrofurane.

trans-Me,C(OH)CH=CHSEt, m/e(R.L)* ;171 (100), 161 (4), 157 (9),
153 (7), 143 (60), 129 (13),
125 (12), 115 (21), 103 (72),
97 (10), 89 (24), 87 (22),
.15 (67), 67 (7), 61 (14), 59 (24),
47 (16), 45 (10), 43 (8).
trans-MeEtC(OH)CH=CHSIEt, : 196 (3), 185 (88), 139 (16),
129 (23), 115.(40), 103 (100),
87 (43), 75 (89), 59 (35), 47 (20).
45 (12), 43 (14).
cis-HOMe,CC=CHCMe,0H : 263 (34), 260 (43), 245 (97),
| 202, (52), 187 (31), 183 (47),

Me,PhSi 143 (61), 137 (99), 135 (100);
109 (58), 107 (23), 105 (19),
91 (26), 83 (19), 77 (20), 75 (73),
68 (52), 67 (41), 59 (70), 45 (17),
43 (47).
cis-HOMe,CC=CHCMe,0H ;243 (3), 240 (5), 225 (52), 211 (26),
Bt Si ' 182 (8), 154 (27), 153 (21),
? 115 (100), 109 (45), 103 (66),
‘ 87 (74), 75 (54), 67 (24), 59 (41),
47 (16), 43 (15).
H  SiMe,Ph : 260 (11), 245 (100), 202 (4),
=4 187 (7), 183 (11), 135 (99), 107
(cnz)z(f\ /\C(Cng : (37), 91 (19), 75 (31), 59 (11), 43 (32)
0
H  S§ikt, : 240 (traces), 225 (94), 211 (9),
e=d . © 196 (2), 183 (@), 167 (3), 153 (2),
CHY,C_ /\C(CH3)2 139 (3), 125 (5), 115 (100), 87 (72),
0 75 (14), 59 (22), 43 (7).

*(R.I.) = Relative Intensity.

the dehydrofurane derivatives explains also the lower abundance of the ions -
|Et,SiOH|* and |[MePhSiOH|* or |Me,SiOH|* in the mass spectra. of the
dihydroxy-silyl-alkenes than that in the hydroxy-silyl-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) diplatinum, |(Cy,P) (Me,BzSi) (u-H) Pt|, as catalyst. The
catalyst was prepared as described in the literature’s.

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-u-hydrido-bis(tricyclohexylphosphine)bis(silyl)diplatinum
complexes will be published elsewhere!.

A glass tube (c.a 80 cm®) fitted with a Westef high-vacuum greaselles stop-
cock and standard tapered joint was charged with 3.2 cm® (20.0 mmol) freshly
distilled Et,SiH, 1.0cm® (10.0 mmol) freshly distilled 2-methyl-butyn-3-ol-2 and
2.0 mg of the catalyst [(Cy,P) (Me,BzSi) (u-H) Pt|,, under argon atmosphere.
After 6 hrs at 60°C a 'H-NMR spectrum revealed complete consumption of
the alkyne. "H-NMR, C-NMR and G.L.C. studies showed that the distilled
product (1,9 g, 95%) consisted only of trans- Me,C(OH) CH=CHSiEt,.
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 elsewhere!4,

The dihydrofurane derivatives were prepared according to the followmg
method.

A Schlenk tube was charged, under nitrogen atmosphere, with 1.39 g (5.0
mmol) .of 2,5-dimethyl-2,5-dihydroxy-3-dimethylphenylsilyl-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- dlhydrofurane
(colorless liquid, b.p. 275°C at 760 Torr). Yield ~92%. .

Caled for C,H,,0Si C.= 73.79%
Found - C = 73.711%

9.29%
9.32%

H
H

I

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

Caled for C,,H,4OSi C = 69.93% H = 11.74%
Found C = 69.87% H = 11.88%

fh

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 ~100°C. The
used ion source is a T-2p model.

Mepidnyn
Melétn tdv. paopdrov pald@v opyavorvpltik®dv Evdoewv. Mie véa 14-
petabeon Ldpoluhiov dno dvBpaka of mupitio otd Ldpotu-cihvko-arkévia.
Ztv Epyacia avtn peAetodviol td @dopata poldv Opiopévev cllvro-
oAkeviov kai 03pofv-cilvlo-oikeviov. Alvovtor of mibavoi -Tpomot
dwondoewg 1OV poplakdv iovtwv kal mpoteivovtor mbavol unyavicuol. Of
TMEPIGCOTEPOL  GMO  TOVG TPOTELVOULEVOLG UNYAVICLOVG OlOoNECEDS -
¢mPBePardvoviar dnd tv mepovsio petoctaddv KopLE®dV.
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Ttd @dopato potdv t@v olthvro-ahkeviov i Kopuen mov dvTiotolyel 610
poplakd i6v Exer moAd wikph oyxetikn Eviaon, yeyovog mov dnodidetar oty
dotdfeia TV poplokdv idviov, Good adrtd givar 6vta mepirtod Gpdpod
fAektpovimv, 10 Orola drofdiiovv ebxoda pio dAvko-pila xoi petonintovv
otd aptiov @pluod MAAextpoviov oikikovidvta, |R'R,Sif (8mov R'=
GAkevodo kai R= dAxdAo). “H pifa rod dnoomdtor edkorotepo GvTioTOUYED
ot GAkvlo-pita kai Syl o dAkevoro-pile. Ta ochkevidvra [R'R,Si|F divoov
kopvpéc mod drotedolv, katd xavova, kal tic faocikés KOpLPEG 6TA PaouaTa
uat@v tdv' stlvko-orkevimv.

T1e edopato pofdv tdv BSpoLuv-ctivio-aikeviov idwitepo Evdiapépov
nopovoldlel pio kopvefn nod &navid of Twh m/e 103. ‘H xopven adti
avtiotoyel 610 SLMK®OVIOV |(C2H5)ZSiOH|+. ‘0O oynuoaniopdg tod idvrog adtod
Sikaroloyeitar pé Eva eldog 1,4-petabéceng 03poviiov, mod AapPdver xdpo
610 GLMK®OVIOV |XR28i|+ (6mov X= 0dpotu-alkevoiio kai R= aiforio) xai yid
v 6moia mpoteivetar mbovog unyoviopds. Tougove Pé 10 unyavioud adtd
Eyovue épyka toouepeiwon tod trans-cikixevioviog 610 cis-icopepég Tov, 010
Omoio yivetol otf) cuvéyela petaviotevst 100 0dpoEvAiov tfig v Bécewg o1
dxOpecTO KEVIPO TOD GlMkmVIOVTOg pE TOLTOXPOVN GrOGTACN napayu)*you
100 KvKAomponeviov.

Tta @dopato paldy tdv Swdpofu-ctlvio-aikeviov dmovid Emiong 1
xopvofy m/e 103 GAAG pé pkpdtepn Evioon. 'Emiong yopaktnpiotiko
yvipiopo v Qacudtov poldv tHv Swdpov-otlvko-arkeviov eivar 1
dmovoia tod poplokod 16vtog yeyovdg nobd dnodidetal otnv EbkoAn drnéonacn
gvog popiov Bdatog pé oynuatiopd ctlvronapaydyov t0d dwdpogovpaviov.

TENog Y0.poKTNPLOTIKO YVAPLOUA THV Paoudtev naldv tdv peretovpévev
évhoemv eivan f| otadioki Gmdonacn popimv oifvreviov 4rd thH GLAvio-
ouada.
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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-1, 4-glucan: 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[*C]-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: Phosphorylase a and B;' Allosteric transitions; Molecular symmetry; Disulfide in-
terchange; Sulfhydry! groups; Diagonal electrophoresis.

Abbreviations:

AMP, Adenosine5-monophosphate; DANS amino acids-, 1I-
dimethylaminonaphthalene-5-sulphonyl amino acids; EDTA, Ethylene-
diaminetetra-acetate; TPCK, 1-tosylamino-2 phenylethyl chloromethyl ketone;
Cya, Cysteic acid; Glucose-1-P, o-D-glucose-1-phosphate; Diethanol disulfide
(2-hydroxyethyl disulfide; or 2,2°dithiodiethanol).

Enzymes

Rabbit sketetal musclé glycogen phosphorylase o or b (a-1, 4-glucan:
ortho-phosphate’ glycosyl- transferase, EC 2.4.1.1.); trypsin (EC 3.4.21.4); o-
chymotrypsin (EC 2.4.21.1); o-lytic protease (EC 3.4.4.1). : ’
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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 enzymes™. Phosphorylase a and b-have previously been
shown to consist of four and two subunits respectively, each having a
molecular weight of approximately 100,000°'°. In a previous communication!
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
phosphorylase'*'S. :

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 phosphate!” and
originating from the COOH-terminal polypeptide (mol. wt. 70,000) chain®, and
a unique [*?P]-labelled phosphoserine tetradecapeptide!® that was derived from
the NH,- terminal (mol. wt. 30,000) end® of the enzyme. The isolation of a uni-
que peptide involved in the binding of AMP has also been reported®.

The present paper extends the work reported in an earlier communication!?
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 previously’3 except
that prior to use, the crystals were collected by centrifugation (20,000Xg.), dis-
solved in 20mM sodium pB-glycerophosphate, 1.5mM 2-mercaptoethanol and
1.5mM EDTA buffer pH 6.8 at 38°C. 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 El*%, of 13.2%°, Enzyme
activity was determined as previously described?s.

Rabbit liver glycogen, .purchased from Sigma Chemical Company, St.
Louis, Mo. was routinely purified through a Dowex 1-X2 chloride column.
Glucose-1-phosphate and AMP were also purchased from Sigma. DL-['*C]-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 (b.p. 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 activity?!, and procine pepsin were purchased from Worthington
Biochemical Corporation, Freehold, New Jersey. An a-lytic protease prepara-
tion from Mpyxobacter 495?* 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 Disulfide Derivatives:

(a) Digestion of Protein with Pepsin. Freshly prepared phosphorylase b (1.0 to
1.5g) dissolved in 1.5mM 2-mercaptoethanol and 1.5mM EDTA solution (pH
6.8, 20.0ml) was rapidly diluted to a concentration of 10mg/ml with sufficient
water and 9% (V/F) formic acid and was digested with pepsin (ratio of pepsin
to protein, 1:10) 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) Disulfide Interchange Reactions. The protein digest in 5% (V/V) formic
acid was then adjusted to pH 8.0 with concentrated NH,OH, and exposed to
an excess (50-fold) of either DL-[!C]-3-cystine or diethanol disulfide to
promote disulfide interchange. In a typical example to illustrate the method,
DL-[*C}-3-cystine in 0.2mCi (17mCi/mmole; IM HC1) quantities was suf-
ficiently diluted with L-cystine to give a radioactivity of 1.6uCi/mmole (26.3
ml. IM HC1) 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
sulphydryl groups was converted to a mixed disulfide. The reaction was ter-
minated by adjusting the pH to 2.0 with 99% (¥/¥) 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 Purification 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 25ml (250mg) of the same solvent. The flow was maintained
at 180ml/h and the effluent was collected in 15.0ml fractions. The fractionation
was monitored as before’? by absorbancy measurements of the effluent 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 Purification Procedure. Each of the five pooled fractions so
obtained was then submitted to the diagonal electrophoretic procedure of
Brown and Hartley. Peptide samples in 5% formic acid were applied as a
band (2mg/cm, 0.03 umole/cm) on Whatman No. 3MM 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
reagent®. 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 ml of 98% (w/w) formic acid and 1.0
ml 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 reagent?* and by radioactivity counting on a
Nuyclear-Chicago Actigraph III strip scanner with 4II geometry. Tryptophan-
containing peptides were located either with Erlich’s reagent? 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-['*C]-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 qf Peptides:

Some of the peptic peptides were submitted to further digestion with
TPCK-treated trypsin or o-lytic protease. Usually, 0.20 to 0.50 pmol/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 a-lytic protease 1:50
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or 1:100) at 37°C for 5 h. The degree of digestion was judged by separating
the products by paper electrophoresis at pH 6.5 or by :.mino 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 6.5%6. 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 compared?s:

- Amino Acid Analysis:

Peptide samples were hydrolyzed under vacuum in constant boiling HC1 at
110° for 22 h in sealed evacuated tubes (10 x 75 mm) with the usual precau-
tions described by Moore and Stein?®. 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-
described”®*, 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 Wang3!. For the confirmation of some sequences, the
subtractive Edman degradations were also carried out under conditions similar
to those employed by Dopheide et al.?’.

Peptide  Nomenclature:

The sequence of purification steps for the isolation of half-cystine peptic
peptides was the following.

(a) Gelfiltration was carried out on Sephadex G-25; five fractions were
designated I to V.

(b) Each fraction was then submitted to the diagonal procedure?* 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 o-lytic protease {22] were
designated by the letters a-LP. An Arabic number was assigned to éach 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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TABLE il Amino acid composition of trvptic and a-Ivtic protease peptides originating from tryptic or a-ivtic protease digestion of peptic peptides of
phosphoryiase b

Amino acid composition tlectrophoretic N terminal Mplecular
(Values are expressed as Mole ratios) mobility weight
at pH 6.5 (m)
Cyaa Lys His Arg Asp Thr Ser Gilu Gly Ala Val Ile Leu Tyr

A2 092 092 092 119 1.19 1.84 0.79 H0.25 Tyr 1074.2.
I A2TI 1.00 10.96 Arg 174.2

I A2T2 1.00 1.00 0.59 HOLRR Tyr 467.6

1 A2T2T4 1.00 0.50 10.59 « Tyr 3024

1 A2TII 1.09 1.03 0.86 2.10 . 0.49 Gln 627.6
1A3 0.99 097 0.89 1.07  0.96 0.00 Val 556.6
1A 2TI 1.05 0.95 10,70 Val 245.3
1A3T2 1.02 0.95 1.02 0.69 Thr 329.2
1A 4 1.02 0.85 1.72 1.53  1.88 0.00 Val 756.8
[ A-4T2 1.00 0.90 2.10 1 0.44 Val 545.6

I A 4T6 1.02 0.95 1.02 0.67 Thr 329.2
IB2 1.00 092 097 1.00  2.00 0.95 0.14 Asn 754.8
[-B 2T1 0.96 0.96 1.07 B 10,47 Asn 388.5
1B 2T2 0.99 2.07 0.94 0.57 lie 266.3
IB3 0.97 0.97 0.97 1.06 2,10 2.02 089 106 0.25 Cya 954.9
1B 3uLPl 1.04 0.88 1.04 104 10.20 Ser 4125
1-B-3uLP2 0.75 1.23  1.04 .07 His 325.4
1-B- 3ul.P4 0.99 1.01 0. 18 Asn 189.2

I B 3ul.P3 1.09 1.09 1.09 0.73 0.67 Cva 398.3
1B 3ul.P6 0.98 098 1.07 0.98 0.70 Cva 398.3
I-B 3uLP7 0.73 0.41 0.76  1.54 1.28 0.74 Cva 481.4
1C3 095 100 2.20 1.20 0.75 0.36 Tyr 804.8
1 C-2T1 1.04 1.30 0.65 0.50 Tyvr 442.0

I C3TS 0.93 2.06 1.03 Cya 412.3
1C4 099 1.01 1.98 1.03 0.40 Val 641.6
[C4T1 - 1.00 1.00 +0.69 Val 245.3

1 C-4T5 0.96 2',04 1.03 Cva 4123

ACya. represents cysteic acid.
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TABLE 1V. Summary of the number and amino acid sequence of half-cystine peptides from rabbit muscle phosphoryiase b.

w

No. of .
Unique Sequence Yield
Sequence
1 1A3 Vnl-Thr-Val~LysIThr-Cya-Ala 276
I-A-4 —_—— o355 5 =
— Spite—y —y —
2 I-B-2, 11-B-3 Asn Gln Lys‘lle Cya-Gly- Gly(‘l‘rp Gln) 14.0
HI-B-2 = S oD D
3 1-C-3, 1.C-4 Tyr-Val-Lys *Cya Gin-Glu 329
i1, C-5 .
— i — —
ey - — —
. — = ~iI— > —>
4 1-C-7, II-E-2 Ala-Cya-Ala 364
1-C-7 O
'I-C-6. II-C-7 Gly-Cya-Arg-Asp 16.8
11-C-8 iy
6 I-G-1. I-1-3 Asn-Ala-Cya-Asp-Glu 9.5
=
1LF-3 o G G N
. T
7 A2 Tyr Lys*Arg’ *Gln-Leu-Asn- Cya 6.3
-_— —7n—~u— -
— — ey —— — —
8 1-B-3, I.C-2 a-LPa-LP a-LP
8 1-B-3-. 1-C-2 Cya-lle-Ala-Gly¥ (Ser*His-Ala-Val) d(Asn-Gly) 123
—_—remy— — ——— — - —
. —_———— —r——— —
, o d | e dyund
9 I-D-1. 1I-D-1 Cya-Asp-Pro-Gly-Leu 24.7

—_—— — - —>

Definition of symbols:

Cya. represents cysteic acid.
—2 indicates quantitative amino acid analysis.

s Tepresents N-terminal analyses by the dansyl-Edman method
___,-resxdues marked with an arrow were determined by the substractive Edman method.

T and a-LPO represent points for enzymic cleavage of the cysteic acid peptides by trypsin and a-lytic protease respectively.
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excess of either DL-[!*C]-3-cystine or diethanol disulfide for 17h. As a result,
each of the available sulphydry! residues was converted to a mixed disulfide.
After adjustment to pH 2.0, the digest from the DL-[**C]-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 III 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 III, 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 6.5/6.5 diagonal peptide «map» of Fraction I from the DL-[“‘C] 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 «map» of fraction I that originated from the
diethanol disulfide interchanged 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 II and III 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 by
paper electrophoresis at pH 6.5, 1.8 and 3.5, in which case very pure peptides.
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 pepti¢ peptides of phosphorylase b
so isolated from fractions I to V are summarized in Tables T and I. 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 1 to 9 unique sequences'! and they were then sequenced in parallel by the
dansyl-Edman method® ‘as follows:
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Sequence No 1. As may be seen in Fig. 3A, the peptides designated 1-A-3 and
1-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-I-3 in that it con-
" tained one additional residue of valine and threonine. These peptides were
digested with trypsin (ratio of trypsin to peptide, 1:50) 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 III and the
amino acid sequences, determined by the dansyl-Edman method?®, are shown
in Table IV. These results clearly establish that peptide [-A-4 is the same as A-
I-3, except that it is a larger variety of number 1 unique half-cystine sequence.

Sequence No. 2. Similarly peptides II-B-3 and III-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 II, indicating that asparagine and
not agpartic 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 III 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-
-municatien'! due-to a typographicat error.

The amino acid composition of peptides II-B-3 and III-B-2 (Table 2) was
consistent with previous studies'? 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 extended'? and confirmed by others's.

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 III 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 IID relative to
glutamic acid after subtractive removal of residues by the dansyl-Edman
method?." In summary peptides I-C-3 and II-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 sgown in Table IV.
Although peptides 1I-E-2 and III-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 1-C-6 purified by electrophoresis at pH 6.5 (Fig. 3) -
had the composition, electrophoretic mobility and N-terminal summarized in
Table 1. 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 method?”. As shown in Table IV, peptides 1-C-6, II-C-7 and II-C-8 are
1dent1cal in sequence.by all criteria (Tables I and 10).

Sequence No. 6. The peptides 1-G-1, I-1-3 and II-F-3 shown in Fig. 3 and 4
were oxidized and finally purified by paper electrophoresis at pH 6.5. Peptide
I-G-1 had N-terminal asparagine as determined by the electrophoretic mobility
of the peptide after one Edman degradation cycle. This information, and the
amine-acid cemposition -suggested that all-three of these peptides were identical
except that peptide I-1-3 was a larger variety of I-G-1 and was shown to con-
tain an additional glutamic acid (Tables I and II). Their amino acid sequence
was determined by the substractive dansyl-Edman procedure?’ 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-
2T11) 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 III. 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-2T11 it was concluded that both acidic amino acids were
. amitated. =

Sequence No. 8. The decapeptide I-B-3, isolated from band I-B by elec-
trophoresis 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
pr.ocedilre were possible, its sequence was also studied by digestion with a-lytic
protease (ratio of enzyme to I-B-3, 1:50). The peptides produced, shown in
Table III, were purified by electrophoresis at pH 6.5 and their sequences deter-
mined. The low positive mobility of I-B-30LP2 compared to I-B-3aLP1 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
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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-
3aLP1 and I-B-30LP4 in order. The partial sequence of I-B-3 is therefore
shown in Table IV.

Sequence No 9. The peptide I-D-1 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 1. Its sequence determined by
the dansyl-Edman method showed that this pentapeptide had the structure
shown in Table 4. Peptide II-D-1 (Table 1II) is clearly identical to I-D-1 of frac-
tion 1.

The remaining minor peptides summarized in Table II 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 III-H-2, III-1-2, IV-C-2 and V-C-1. These may be
varieties of either I-B-3 or I-D-1 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-
[*C1-3-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-[**C]-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 II). 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 specificity 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 6.5/6.5 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-Thr-Val-Lys-Thr-Cya-Ala;

No. 2 Asn-Gln-Lys-Ile-Cya-Gly-Gly, (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-Cya-Asp-Glu;

No. 7 Tyr-Lys-Arg-Gin-Leu-Leu-Asn-Cya;-

No. 8 Cya-lle-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 uitimate elucidation of
the primary, tertinary and quaternary structure of this protein now in progress
elsewhere®***
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Mepiinyn

AAAnAovyiar Gsioddv kai douni Umopovddwy
¢ PWOPOpLAAONS TAV podY

Ei¢ v napoboav épyociav meptypapetol 1 dvantuglg uebddov dxt wovov
S tov daywpiopov kai 1oV kabapoudv tdv HO cvvraby nentdiny KvoTel-
g, GAAG kol S thHv ofuavowy kel tpostacicv adTdv dno OEelddoelg 1660V
ka1d TV H3poAvcty adtdy Soov kol kotd TOV Sluymploudv Tav St xpouato-
ypaoiag. Thg dvaivoewg doufic tdv nentdiov kvotelvng nponynbnoav B8po-
Aboelg tod &viouov dnd mewivng eig dvaroyiov 10:1 kU €ig Srodlduata popun-
kikoD 6Egog (5%, pH 2.0) Bepuokpaoiog 35°C kol Swepxeiag 18 dpdv, Endooig
10D mentikod SweAduatog uete podievepyod DL-[1*Cl-3-xvoreivng, GAAG xai
did tAv ofupevow kol mpostociav adt®dv And 6EeddGelg TOGOV Kot TRV
HOpOAvoLY adTdY Soov Kol Katd TOV Suymplonov Tmv did xpouUatoypaeiog.
Tfi¢ dvelboeng dopfic Tdv nentidiov kvoteivng nponyhtnoav Géporvoelg Tod
&viopov no meyivng gig dvaroyiav 10:1 ki glg daAdpato wopunkikod d&fog
(5%, pH 2.0) Beppokpaociag 35°C koi dwpkeiag 18 dpdv, Endoolg Tod nentt-
ko0 SwAdpotog petd padievepyod DL-[CI-3-kvotivng i SwiBvlodicovder-
iov katd THYV 6noiay T8 GOLAPLSPLAKE TENTIOWL UETOTPETOVTOL TIPOG. SIGOVA-
orpika towadta glg nepBaliov pH 8,0 koi eig tovg 30°C & ypovixov dbotn-
ua 17 dpdv, koi tEAog duympiopds koi kabapiopdg adtdv did covévaouod
xpouotoypapiag S othing (200x5 cm) Sephadex G-25 [ZyfAuota 1 xoi 2]
kai 8 émaxolovBovong Sidwstdtov deymviov AAexkTpoeopTiceng HYMATG
1dogng &g pH 6,5/6,5 1,8 kol 3,5 per’ évdiapéoov o€elddoemg TV TENTL-
diwv kxvoteivng & dTudv dmepuvpunkikod 6&Ewg katd Brown kai Hartley 23.
Obto &nfiA0e 1éhelog duywpiopog T@v podievepydv mentdiov, tfg TaEemg
108 kvoteikod 0EEog [Zyfuate 3 kai 41, &n° dAARAoV, kol énetevyln 7 éEa-
kpiBaoig 1fig cvotdosng adtdv [Iivakeg I xai II]. Télog O dvarvdoewv @V
TEMKGV duvoléav Shav T@V drnopovobiviov kuotelk@®v nentdiov katd Tnv
uéBodov Gray [29-30], yvwoth &g «Dansyl-Edman Procedure», kol kApaxo-
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o

™MV 03poAvoy adT@dV Eretedydn & Tpocdloptopds Tfig oelpic, kad’ fiv 1d dui-
vo&éa 1dV anopovediviov nentdiov svat fveuéva mpdg EAANAa. Koté tov
dvotépo tpomov kai i Tiic HepIkTig xpficews kai Tfig Evivuikiic bdpoAvoEwg
avtdv dné TPCK-tpunsivng 7 a-Avtikfig mpotedong [ITivat IIT] gnetevydn 7
Pfina mpog Phipa Eaxpifwoic Mg ovviagewg BAwv TdV Yo UEAETNV memTL-
dlov xvoteivng Tiic 0wcpopvrdong b [ITiver 1V].

"Eni f) Bdoer tdvavotépe XNUIKOV PEAETRV Kol TEpaPOTIKDY dedouévov
ovunepaiveral, 6t | pwcseopvidon b Evéxer elg 10 uopov adtiic kat’ EAGyL-
otov 8pov 8 kal katd péystov 9 povadikég GAANAovyie Yertoviag dutvo-
Eov Evtomopévav éxatépnbev EKaotNg &k TdV &vvéa povadik@dv popiev
xooteivng [Tlivag 1V], kai 811 éxdot tdv povadik®v GAAnAovyidv KvoTeivng
dpopd -kai td dvo fuicv tijg POOPOPVAGOTS b. Agdouévou TEPULTEPW, BTL TO-
ooV 1| QwoPOpVLAGST o Soov Kkai f b elvon OMyouepii dAhootepika, Evlopa
drotelodueva &k tecohGpeV Kai 860 Hovouepi] dvtistoiywg, tfig tdleng @V
97.412 dalton, xatéot Pavepdv 611 10 povouepd| elvon Tavtéonua, koi &t
cLvdéovial ToloVTPOTHG HOTE Vil Katéyovv icoduvapovg Biceig eig TNV poplo-
KMV ovpuetpiav 108 &vihuov. Fevikde did TG xpnowonombeiong ynuikiic pe-
8600v mpoceyyicewng Tod TpoPAfuatog émBefatodror pi dxpipeav 1 Ekneppa-
OUEVN TavTdTG Kol cuppeTpia el v dounyv tfig pwopopvrdons ¢ fi b xard
TV Onébesiv 1@v Jacob, Monod xai Changeux 4, ta 68 TEpaNOTIKG Oedopéva
droxAeiovv v Brap&v pm TOVTOCTIULOV WLOVOUEPBYV MIKPOTEPOL poptakod
Bapovuc.

" Eni 1f] Pdoet TdV dvetépo nepauaTIK@®Y dedopuévarv 11 dievkptvicdn katd
TPATOV 1) TAVTOTNC Ko dTopIKoTNG TOV dpacTikdV GOLAPULOPVLAIK®Y Suddmv
KVOTElVNG Tfig pwopopvldong b, #8n dg br’ ap1Buodv 2 xai 5 GAAnlovyiag ne-
nudiov kvoteivng [ITivag IV), kai ai omolm edpiokopevar mhnoiov § eig v
Empdvelay tod dviduov Embpodyv gxdexTikdg éni Tijg dlapoppdoeng kai GAAo-
OTEPIKOV BroxTiTov 100 &viduov 12-16, kai devtepov mpowbitn 7 oOvTagLg
105 popiov 9, 17, 32-33, 35], kai | 8 dktivov X Epevva &ni i évdouopia-
kfig dpyrtekTovikiic OLOH0PPHCEWS TAY KPLGTAAL @Y g mpwteivng ¢ Ev 6v-
volov 34, 36-49.
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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 4°C
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 - convectign. <

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 aging!. However, results of several studies*® 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
myoproteins*’. 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

1

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

N
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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 MgCl,, 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 KCI (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 0°C until
used. Tropomyosin B was prepared by the method of Bailey’.

Protein Determination

Nitrogen content of the extra protein preparations was determined by the
AOAC: micro-Kjeldahl method and ‘biuret procedure!®. Ultraviolet absorption
measurements at 280 and 260 nm were used to estimate protein and nucleic
acid!®. Protein content of samples used for electrophoresis was determined by
the micro-Kjeldahl method.

Polyacrylamzde-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 all 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 HCI running buffer (pH 9.0). The electrode
buffer consisted of 0.01 M Tris-39 mM glycine (pH 8.6). A «sample mixture»
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
mg/ml.

Elution Convection Procedure

The elution convection technique'>"® was employed to recover proteins

separated by polyacrylamide gel electrophoresis. This.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 ml fractions collected from the
elution grid. )

Viscosity Determinations
Viscosity measurements of a series of samples were carried out at 25°C in
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0.01 M Tris buffer (pH 7.6) with Ostwald viscometers'®. 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 poss1ble 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 protein/ml with T buffer, to
check again for a possible increase of v1scos1ty Wthh would indicate the .
presence of troponin in };hese fractions.

The relative viscosity (n;) of the tropomyosin samples was calculated from
the formula n, = n/n, = (d/d) * (t/t,) where t and.t, 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 dy/d = & remained cons-
tant. In calculating the spectific viscosity!® of the elution convection samples
(ngp = (dy/d) - (t/t) — 1), it was again assumed that d/d ~ 1 over the range of
protein concentrations employed in these expe;iments.

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 estlmated by ultraviolet absorption
are about 40% less than those obtained w1th the above methods. Tropomyosm
has been reported to be a component of the extra protein complex™'®. This pro-
tein does not contain tryptophan'’ which is the amino acid accounting for most
of the ultraviolet absorption's. 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 tropomyosm 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 resolution'®. Thus, dialysis
against 6.7 mM potassium phosphate 40 mM KCI 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
(mg/g) (%N) (mg/g) (mg/g)

0O-day 120.0 17.82 111.4 65.1

12-day 105.9 16.80 105.0 62.0

* Means of five determinations (n=5). Differences between O-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 mg/ml.
These solutions were dialyzed against the above buffer for 24 hr at 4°C and
lyophilized once again. These samples were diluted with 3 volumes of «sample
mixture» to obtain a protein concentration of 5 mg/ml 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. T}ys problem involving pro-
tein aggregation has been encountered in experiments involving other structural
proteins by several investigators®?’, who avoided the difficulty by adding urea
to buffer systems. Dithiothreitol was used as a sulfhydryl protecting agent®.
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 O 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 O- and 12-day samples is that
band 4 is clearly visible at O-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 reported* that the amount of a-actinin from
conditioned muscle which could be bound to F-actin was reduced during aging.
Other studies® on extra protein infer that not all of the sarcoplasmic proteins
were removed during washmg of myofibrils prior to extraction of the extra pro-
tein. Although identical procedures 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 suggested®? 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 proteins.
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 durmg
elution convection.

Significant amounts of tropomyosin have been reported® 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 (b) post-mortem. Electrophoretic conditions: discontinuous buffer and gel systems con-
taining 5 M urea and 1 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 micromethod! 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 0-
and 12-day samples. This indicates the presence of tropomyosin in band 7, the
fastest moving major band in Figure 1. An earlier report!® 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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F IG ‘ir:_th;tfon convection patte:r;is\ of extra protein preparations at 0- (a) and 12-days (b) post-
mortem. The numbers of the peaks refer 10 the corresponding bands of the electrophoretic pat-
terns of Figure 1. 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
Zydowo® 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 A,z/A, 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 electrophorlc
properties occurred in myofibrillar proteins with time. The appearance of band
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.extras protein- was degraded or
more possibly, its ability to bind to other proteins had ‘been altered. This ap-
pears to be a significant finding when consuiermg that changes in the bmdmg
and anchoring of myofibrillar proteins’to: the‘ “have been suggested™?

a partial explanation of the post-morter ‘_rlzatlon of muscle or meat

Results of this study can serve as a B, is for further investigations in which
band 4 could be characterized - with’the iise 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.

TlepiAnyig
MeAéty 1@y dAlaydv dpiouévwv TpwTeivdy 100 Uvikol ovoThuarod.

Eic v épyaciav adth pelstdvior ol ynuikég kol npwTeoAvtikis GAANYES
ol 6moieg AouPdavovv ympav &g Tic mpwtelveg tol pvikod cvothuatog koTd
v Swthpnoty tdv detypdtwv elg tovg 4°C éni 12 Auépes. "Ex g pedvng
adtiig mposkvyav &vdsilelg 6TL MPLopéveg TPWTEIVEG XapakTNPLOUEVES BG «ex-
tra proteins» doictaviar GAAoyég xatd thv detynatoAnmuknv nepiodov 12
fiuepdv. Asiypota 0 Huepdv 8EetacBévia pé xdbetov MAektpopdpnov
polyacrylamide gel Edeitav thv Omoap&v picg éni mAfov MAektpogopetikiig
Covng &v oxfoel ug 10 Selyuato tdv 12 fuepdv. MHepopotikd dedouéve Amod
Tig petpnoelg amoppopricews VREPLDOOVS PwTOg kol dno Ewdopetpucég
avoloosig pep®dv TV «extra proteins» Siaywpiobiviav HAEKTpOPOpeTIK®G Kol
ocVMeyEVTOV pd THV teyviciv elution - convection &mPBeBaidvovv THv
TOPOLGIOY TPOTOULOGIVIG KOl VOUKAEOTPWOTEIVAV.
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THE POLARISABILITY AND THE NUCLEAR SCREENING
CONSTANT ANISOTROPIES FOR '*C AND “F IN CH,, 1, 3, 5-
CH,F, AND CF,

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 *C and
BE in CiH,, 1, 3, 5 - CH,F; and C(F,.

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-theory! with its well known “economy of
thinking™? attained by using density matrices, has been used for the calculation
. of the polarisability, a, and the nuclear screening constant, o, for *C and “F
in CgHg, 1, 3, 5-CH,F, and C(F,.

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 structure.

" The emphasis is on the anisotropies of ¢ 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
values.*

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 ‘Giffdrd, Oxon %X'® 8BR
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In the area’ of YF Ac there is a great deal of confusing -and conflicting
data.? This work reexameines some of the existing data and hypotheses. In ad-
dition a comparative study of *F and *C is attempted since the factors which
are important in determining the o of 'F are likely to be significant in the BC
o}

Theory

The Hamiltonian of a molecule, containing a nuclear moment ji, , in a uni-
form magnetic field B and an electric field F is given (in a.u.) by:

HG, B, F) = HOO 4 HUO 4 HOWB 4

H©UF, + HO®), B By + HMQ, By +... )
with
"H’(IO(Ra"Z o ij: (- XV j )a /rJA
10 _i~ .
HO) =——N (1 XV j)q
2 7
H®Y =X
J
1 >020 1 %
H( &B = 8_2" (rj 8ap — TjaTjp)
]
B
H(“(X‘IBZ 2CT‘J (TJ r_jA af rJAB)/rJA

where 645 is the Kronecker delta and a, B 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 by®:

A 1 1
E(G B, F)=E® — P, F, ~ 2_aaBFaFB_ 2_'XGBBaBﬁ+GaB”AﬂBﬁ(2)

where Py, 045, Xop and o, denote components of the permanent dipole mo-
ment, the polarisability, the magnetic susceptibility and the nuclear screening
constant respectively.
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So
. PE PE
a3 = — (————) andog={( —— 3
op ( &F ,0Fp )y andous =( Oltne aBB)o : 3
The subscript 0 implies that the derivatines are evaluated at F, = Fg = p,,
= Bg = 0.

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

E = 2T + «RG®) | @

where: ]

R: the density matrix,

T: the framework Hamiltonian and

G(R): the matrix which describes the electronic interactions.
Taking into account(l) T can be expended as follows®:

T —_ T(OOO) . H‘(IOO) H'Aa + ﬁ‘({ﬂlo) B(l + Téool) FCI.
= T4 B, By + Ty p,, By )
A similar expansion holds for R.

On substituting the expanded T and R into (4) and differentiating with
respect of F,, Fg and i,,, Bp the aap and o,g result respectively:

Ogp = — 2tr Rgoon Tgoov (6)
and ,
0(1[3 = 2ir [faéIIO) R(OOO) + 'félOO) Réow)]’ (7)

where R %V is the first order correction to the density matrix when it is pertur-
bed by F, and R§'® by Bp."

Calculation of the matrices T§%, T,d"'® and T{!°® presents of course no
problem. For the calculation of R{®) — and similarly R{"” — we will make
use of the identity!:

R({O‘“) = Ro Réom) Ro + Ro Ré““l) R'o
+ RyRgov R, + R; R R,

= Rutfo™ + Rarf + Rgff) + Ryofp®
where R, + Ry = 1

and Ry = Y G G, R, = e
0 i(@ ! ! 0 Jjlunoce ! !

namely C; and C; are the coefficients of the unperturbed occupied and unoc-
cupied M.O.’s respectively.
On the other hand!

Raa ) = Bef = 0
and Réom) —= Radoon + Ry 4000t
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So for the calculation of R (%Y we only need R;4°°" which is iteratively found
from:

Raliom) —_ Z *Aa_iio_o_l)_~ Ci C.t
i(oce) Ei - EJ ]

j(unocc)

with  Ag® = & E0 + & ®RE™)] T

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

1 .
<q> = S_‘qaa . (8.1
1 .
Aq = 92z — '2_"(qxx + qyy) . (8.2)

where q 44 are the principal components of the property. For molecules” with
threefold or higher symmetry

Ag = oy — o (8.3)

where «,, is the polarisability along the axis of highest symmetry and ¢ {pe

polarisability perpendicular to this axis.
The nuclear screening constant can be resolved into diamagnetic and
paramagnetic contributions, denoted by d and p respectively.

Oap = O'gf, + ch (8.4)

Results and Discussion

For the calculation of a,g and o,g 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
Stewart” and the Slater exponents from Hehre et al.® The geometries of CHy
1, 3, 5-CH,F, and CF, were taken from the literature.’” The origin of the
coordinate system was taken at the centre of mass of the molecule. The AT-
MOL programme'® as implemented on the Cambridge IMB 370/165 computer
was used for the galculation of the SCF integrals, eigenvectors and eigenvalues.

a. The Polarisability

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



THE POLARISABILITY AND THE NUCLEAR SCREENING 153

TABLE 1

o, x 10%, cm?® oy x. 10%, cm? Aa x 10%, cm?
Molecule calc. calc. calc. exp.'?
C.H, 6.79 | 0.87 591  —5.59 + 0.01

6.148]

I. 3. 5-C H,F, 7.18 0.84 —6.33  —5.94 + 0.05
C.F, 7.64 0.88. —6.76 —6.37+0.05
lem' > 1112650 « 10710 j-lcope

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 1) have been measured using the Cotton-Mouton effect!? 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 molecules."

2 2

mC 135 Nin + KT - AuAyl (9)
where:
m C€: Cotton-Mouton constant,
N: Avogadro’s number,
n: describes the effect of the magnetic field on the polarisability, and
Ay: 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 Ax+#0 the first term in Eq. 9 is small and it can be neglected. Therefore
from , C and Aa one can calculate Ay which can be used to estimate the part
of the NMR solvent shift which is due to the magnetic anisotropy of the sol-
vent molecules!?.

From Table I one observes that o, uniformely increases from C,H¢ to C,F,
but a,, presents a minimum at 1, 3, 5§ - C;H,F,. In addition C,H, and CGFs
have approximately equal a,, . It is noteworthy that IAa{ slowly increases wh11e
|Ax| rapidly decreases.!* On the whole, it is seen from Table I, that the ex-
perimental and calculated polarisability anisotropies agree quite well. Finally
from Ao and <o> (see Egs. 8 and Table I) one can calculate the depolariza-
tion ratio, p,, of Rayleigh light scattered from the vapours of the examined
compounds.!?
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3d Aa
= where d= ———;)2
4d + 5 3 <o

So P, is 0.088, 0:0922 and 0.092 for C;H,, 1, 3, 5-C¢H;F; and C,F, respec-
tively.

0

b. The nuclear screening constant

The present calculations show that (Table II), in agreement with -well
known experimental findings,'* the F nuclear screening constant is greatly in-
fluenced by a substituent at the ortho position. Both experiment and theory
show that <o> and Ao of F increase from 1, 3, 5-C(H;F; to CFe5 <o>
and Ac of ¥C increase from C.Hg to C,F (Table III). As one could expect
the Ao of 13C is larger when 3C is bonded to F than to !'H. In addition the
results of Table II support the assumption of Nehring and Saupe'® that the

" diamagnetic part does not contribute significantly to fluorine Ac. It is
noteworthy that Ac 9 contributes considerably to Ac of *C.

Snyder and Anderson!’ have: found that the fluorine nuclei of C,F4 are
"most diamagnetically shielded when the applied field is perpendicular to the
molecular plane. This was contrary to the conlusion of Andrew and Tunstall'®
based on their implementation of the semi-empirical theory of Karplus: and
Das.!” The present calculations confirm the thesis of Snyder and Anderson
(Table II). In I, 3, 5-C4H,F, also, the most shielded component of F 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
plane.?® Further, according to the calculations which. are in agreement with the
experiment? 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.

Hepidnyn

“H Avigotponia thc modwawdtntoc kal t¢ otalfepdc mupnviKic EmKalbyews
00 BC kai 100 PF tawv CgHg, 1,3, 5-C,HF; kai CoFy.

‘H Oewpio tdv Swtapaxdv tod McWeeny ypnotponomfnke yud tov
dnoloyioud tfic nolwowydtnrog kai tiig ortabepds mupnvikic Emikaidyemg
tod BC kai 100 F tdv CH,, 1, 3, 5-C{H,F; xai CFe. "H Oewpio 10D
McWeeny &xet 10 mieovéxktnua Ot Sitapdoost TNV UATPO. TOKVOTNTOG ME
Grotédeopa ol dmoloyiopoi o) va. yivovtor oxetikd edkoAa koi B) va divoov
anoteAéoUTO. TOV VA uropodv vd Epunvevbodv katd tpomo ypRoluo yid tov
XTMIKO. _ .

Ol dnoloyopoi dnédwoav {kavoromtikd TG KOPLO. YOPOKTNPLOTIKG TOV
TOAOGIHOTATOV 1oL EEETAoTNKAV.

Ol napamounéc 1 koi 3 elvor {Sraitepa xprioipues YU’ adtovg mov énibopodv
TEPLOGOTEPES AETTOUEPELES.



165

THE POLARISABILITY AND THE NUCLEAR SCREENING

udgospAy ) popuoq uogie) ‘g
auLIon[y 01 papuog. uogir) ‘v

v'TL 6PIS 9908 "'D

OvLE 670t €16 9tz 09LS  819T  FP8T  €9vI— 0EST . TTCT
887C 6807  9L6  €E€Il 6LYE  €HTL €6l L'Lyl— €1bT— TeYT-  LSIS  ¥'S9E SEpp
(q
9T6C  L'SYT  TL6  S8SH L'€Yy €lvl §TLT €Lyl TLLT- $UIT- 0119 v0TE  9b8p ATHDS e
. ' (v
6 +081 ) :
8 eyl 8Ll 6911 0'8S $'90T  ¥901  9vY  8EVI— €I8C— 00T  £YOr  8L8E  L'POE "H’D
<o> oy 4oV pov 22 Ahgy XXy “o z%c XXo ch . ch ch ANV
wdd up sjupisuod Suiuaadas onaudouw Dy, ‘111 AT19V.L
L9y 9vIT 8061 8'€T 8509 O¥SF  ¥8TE S99 HTHI— 901  £6ES  $96S  SbEp %D
'y 6160 0€€T I'I—  L'S9s  008¢ 9L8T  S8L TESI— TSSI— TL8Y TLES  ¥evy ATHYDS e
<o> ov FEAY 2z, £Ry XXg 2o x%c o ch \A_\Mc xwt AINO2JON

wdd up SJUDISU0I ZUiUa4IS dNdudour f,, ‘[ AT9V.L



M. PAPADOPOULOS. B. DAY

156
References
1. McWeeny, R.: Phys. Rev. 126, 1028 (1962); McWeeny, R. and Sutcliffe, B.L.: “Methods of

now

\O 00~ O\ L

10.

11.
12.
13.

14.
15.
16.
17.
18.
19.
20.

Melecular Quantum Mechanics”, Academic Press, London (1969).

. Lazzeretti, P.: Mol. Phys. 28, 1389 (1974). )
. Appleman, B.R. and Dailey, B.P.: Adv. Magn. Res., Wang, J.S., Ed., 7, 231 (1974).
. Emsley, J.W., Feeney, J. and Sutcliffe, L.H.: “High Resolution Nuclear Magnetic Resonance

Spectroscopy”, 2, Pergamon Press, London (1966).

. Day, B. and Buckingham, A.D.: Mol. Phys. 32, 343 (1976).

. Diercksen, G. and McWeeny, R.: J. Chem. Phys. 44, 3554 (1966).

. Stewart, R.F.: J. Chem. Phys. 52, 431 (1970).

. Hehre, W.J., Stewart, R.F. and Pople, J.A.: J. Chem. Phys. 51, 2657 (1969).

. Tables of interatomic distances and configuration in molecules and lOnS, The Chemical

Society, London (1965).

ATMOL: For details contact ATLAS Computer Laboratory, Chilton, Didcot, Oxon,
England.

Cummins, P.G., Dunmur, D.A. and Munn, R.W.: Chem. Phys. Lett. 36, 199 (1975).
Buckingham, A.D. and Pople, J.A.: Proc. Phys. Soc. (Lond.) B69, 1133 (1956).
Boggard, M.P., Buckingham A.D., Corfield, M.G., Dunmur, D.A. and White, A.H.: Chem.
Phys. Lett. 12, 558 (1972).

Buckingham, A.D., Pitcher, E. and Stone, F.G.A.: J. Chem. Phys. 36, 124 (1962)
Raber, H. and Mehring, M.: Chem. Phys. 26, 123 (1977).

Nehring, J. and Saupe, A.: J. Chem. Phys. 52, 1307 (1970).

Snyder, L.C. and Anderson, E.-W.: J. Chem. Phys. 42, 3336 (1965).

Andrew, E.R. and Tunstall, D.R.: Proc. Phys. Soc. ‘(Lond.) 81, 986 (1963).

Karplus, M. and Das T.P.: J. Chem. Phys. 34, 1683 (1961)

Mehring, M., Griffin, R.G. and Waugh, J1.S.: J. Chem. Phys. 55, 764 (1971).

Acknowledgement

The authors would like to thank Professor C.A. Nicolaides for reading the

manuscript and making many helpful comments.

Running title

Anisotropies of electric and magnetic properties.



