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--From the reaction mixture of the dehydrobromination of 1 - bromo - 4 - bemyloxyimino - 1,2,3,4 - 
tctrahydrophenanthrene (1) with l&diibicyclo [5.4.0] undec-7ene (DBU) in benzene and in heavy atom solvents 
several products were isolated and their structures elucidated. The o&in of the majority of compounds has been 
considered via the labile O-benzoylbydroxyhnine 12, except product 11. The generation of a nitrenium ion in 
singlet state 13a may be responsible for the formation of 4a,h, Sa,b, 6a,b, 7 and 8 (path a). A Bamberger 
rearrangement of 12 (path b) explains the generation of 9a,b and 10, a hydrolysis of l2 (path c) and following 
reactions may yield 8 while homolytic cleavage and dimerixation of the new radical 21 explains the formation of 
3a,b. - - 

NlROLNJCl’lON 

Carcinogenic aromatic amines and amides when 
metabolically activated to 0-acylhydroxylamines in vim 

at target tissues, generate nitrenium ions.‘03 It is expec- 
ted that these electrophilic species, when initmlly 
generated, are most likely to be in singlet state and can 
undergo intermolecular insertion reactions with tissue 
nucleophiles. But some of the nitrenium ions may 
undergo spin inversion to triplet state and in such state 
they are likely to dehydrogenate or oxidize the tissue 
nucleophiles. For sometime we have been interested to 
attempt to synthesize aromatic 0-acylhydroxylamines 
and to study the property of these reactive intermediates, 
including the generation and properties of nitrenium 
ions.+4 With this aim we now report our results of the 
dehydrobromination of 1 - bromo - 4 - benzoyloxyimino - 
1,2,3,4 - tetrahydrophenanthrene 1 with DBU 2, and the 
effect of heavy atom solvents on this reaction. 

PEwlLTs ANu DIWUSSION 

Dehydrobromination of 1 with DBU (2.5 mole 
equivalents) in benzene under nitrogen atmosphere yiel- 
ded a mixture .of products which were isolated by com- 
bined procedures of cohunn chromatography and pre- 
parative tic. Dehydrobromination of 1 with DBU was also 
carried out in methylene bromide or in benzene bromo- 
form mixve. F compounds igolated and their.struF- 
E;ey grven m Scheme 1, the yields are summanzed m 

cEARA-~oFPRoDucTs 

Compounds 3a and 3h were reddish crystalline 
products. The MS of 3a showed the molecular ion at m/e 
460/462 and fragment ions at m/e 283 (M-CMH~) and m/e 
205 (lM&Br). The analogous data found for 3h are 
m/e 382 @I’), mle 285 (I&C!&J and mle (&Hs). The 
IR of 3b has characteristic C-H-stretching vibrations 
(304Ocm-‘) and in addition to this band 30 shows C-Br- 
bands at 1250 and 65Ocm-‘. On reductive cleavage l- 
bromo&minophenanthrene @a) and 4_aminophenanth- 
ren (6b) were obtained. 4a and 4h were violet products, 
formulae C,H,BrN,O and C,H,N20 could be assigned 
from elemental analysis and MS, as described in the 
experimental part. Intense IR bands at MOcm-’ for 4a 
and 1635cm-’ for 4h indicated the quinone carbonyl 
band. Products 5a, sb, 6a, 6b and 7 were identified as 
reported earlier? 8 was a orange crystalline product, 
whose IR bands at 1735,1622,1250 and 940 cm-’ pointed 
for a = N-O-CO&HS-group. Its structure was proved 
when mild alkaline hydrolysis yielded the known5 N’ - (4 
- hydroxylimino - 1,2,3,4 - tetrahydro - 1 - phenanth- 
ryloxy) - N’ - (4 - phenanthryl) - 1,4 - phenanth- 
renquinonediimine. Thus again was converted to the 
known’ acetoxyimmo derivative by treating it with 
acetanhydride. Product )r was identikd from its ele- 
mental analysis and spectroscopic data. IR indicated a 
secondary amide (1670 cm-‘) and again the presence of a 
benzoyloryimino group, ‘H NMR showed the presence 
of 24 aromatic protons, therefrom S 9.4 and S 9.2 

Table 1. Reaction of 1 and DBU (2) in different solvents (yields 46) 

3a 3b 4a 4b Sa 5b 6a 6b 7 8 9a 9b 10 11 Total 

benzene 3.0 3.0 0.9 0.7 6.8 24.7 4.0 6.1 4.0 6.0 16.1 2.7 1.0 - 79.0 

tietbylene- 2.0 2.0 - - - - 5.5 5.1 3.8 - 18.1 6.0 0.5 10.4 53.4 

bromide 
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Scheme 1. 

11 

characteristic for H-5 and H-5’ respectively, and 5 
cycloaliphatic protons. In MS the highest fragment ap- 
peared at m/e 313, which originates from the cleavage of 
the ether-bridge combined with the movement of a pro- 
ton from the isocyclic ring to the oxygen, Thus two 
isomeric ions m/e 313 are formed. The nature of the 
fragment contain& the phenolic hydroxyl is indicated 
by the loss of water (m/e 295) probably due to easy 
cyclixation to a stable oxaxole intermediate. Ions at mle 
208 (313-&H&O) and m/e 192 (313-C&COO) are also 
consistent with the proposed structure. The correlation 
of 9h to 9a was established by benxoylation of 9h to yield 
9a. Compound 10 again was identifled by spectroscopic 
data. As described above the molecular ion at m/e 313 
lost water to form probably an oxaxol fragment m/e 295. 
The UV maxima at 230, 253 and 304nm showed a 
bathochromic shift to 239,260,328 mu in the presence of 

alkali ‘H NMR showed 13 aromatic protons (S -8.78 for 
H-5). The signal at S 8.9 ppm, due to phenolic hydroxyl, 
disappeared after treatment with deuteriumoxid. Product 
11 was assigned formula C&ISNS02 from its elemental 
analysis and MS. Its MS gave hi+ at m/e 379 and other 
characteristic peaks were at m/e 363 (hi+-O), 362 (M+- 
OH), 211, 210, 209 and 169. IR had bands for =NOH 
(3509-3333 broad, 940 cm-‘), -NH (3205 cm-‘) and GO 
of lactam (1650cm-‘). ‘H NMR indicated 6 aromatic 
protons (9.0 for H-5) and 21 aliphatic protons, an oxy- 
imino-H (7.88 intensity l), and the N-H proton buried 
under the aliihatic protons. 

Mechanism 
In analogy to our previous considerationsCd it is 

assumed that dehydrobromination proceeds via the in- 
termediate formation of the labile, unisolated O-ben- 
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Scheme 2. 

zoylhydroxylamine 12. This intermediate is expected to 
undergo various fates: (a) generation of a nitrenium ion, 
(b) rearrangement to a hydroxamic acid, (c) hydrolysis to 
a hydroxylamine and (d) generation of a free radical 
through homolytic cleavage. 

Path a. It is assumed that the nitrenium ion first 
generated is in singlet state (If); nucleophilic attack by 
various species may form new products. Some of the 
nitrenium ions could get converted to the more stable 
triplet state (13h) and this may be used mainly as dehy- 
drogenating agent during the complex reaction (Scheme 
2). Thus the nitrenium singlet 139 yield 6a by nucleo- 
philic attack of a bromide ion. Attack of a hydroxyl 
group forms the p-aminophenol analogue 14. This may be 
dehydrogenated by 13h to yield the corresponding 
quinonimine which is hydrolysed to form the stable 
phenanthrenequinone 7. @I itself as a nucleophile may 
react with the nitrenium singlet 11 to yield l&b which 

on dehydrogenation and hydrolysis of the intermediate 
quinonimine is converted to 5a,b. Now, using the inter- 
mediates l&h as nucleophiles in the same manner as 
above, the isolation of 4a,b in markedly lower yield is 
well understood. 6h is the reaction product of the dehy- 
drogenation reaction using 13h. It is evident from the 
product distribution (Table 1) that some of the reaction 
products (4a,h and Sr,b), the initial step for the formation 
of which is proposed to be through the singlet state 13a, 
were found to be absent, when the reaction was per- 
formed in presence of heavy atom solvents. Heavy atom 
solvents are well known to convert singlet state mole- 
cules to its triplet stateP1 

Pulh b. From aqueous washings of the reaction mix- 
ture 10 was isolated. The formation of this N-benxoyl-o- 
aminophenol analog is easily understood to be the 
product of a Bamberger rearrangement9 of the 
hydroxamic acid 17 which however was not found in the 
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present case. 10 and 17 analogues have already been 
identified in the reaction of 1 (C&CO instead of 
CaHsCO) with DBU.‘> Under the prevailing basic con- 
ditions the anion of 10 may substitute the bromine in 
allylposition of 1 to form )I, which is hydrolized to yield 
9b. 

Path c. The anion 18, formed by hydrolysis of the not 
isolated O-benxoylhydroxylamine 12 may substitute the 
bromine in aliylic position of 1 to yield 19, which by 
electrophilic attack of 12a (+28) and following dehy- 
drogenation wig generate 8. This reaction sequence 
should not be possible in a heavy atom solvent because 

of the involvement of the nitrenium ion singlet 13 as 
explained above; indeed 8 was not found in the reaction 
mixture of 1 and 2 in methylene bromide solution. 

Par/r d. The proposed generation of 21 from 12 is in 
consistence with the homolytic cleavage of O-acyl- 
hydroxylamines.” 21 is expected to be sufhciently stable 
to dimerixe to a hydrazo derivative which on further 
dehydrogenation may give 9h. 21 also could generate 
another radical 22 and from this the formation of 2a can 
be viewed as mentioned above. 

For formation of 11 DBU (2) may substitute bromine 
in allylic position of 1 to form the immonium salt 23 

1+ 2- I Bre 

/ 

+ H20 
-HBr 

11 

Scheme 4. 
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which may further get hydrolyzed to form 11 durhu 
work up procedure of the reaction mixture (Schcmc 4). It 
is probably the lirst observation of this type of cleavage 
of DBU to form an eleven membered cyclic derivative. 

-AL 
Instruments and materials are as given in Part I.’ 
1 - Bromo - 4 - btmwyloxyimino - 1,2,3,4 - tetmhydtv- 

phenanthmne (1). 4 - Benzoyloxyimiio - 123.4 - tetrahydro- 
phenanthrene (16 g, 0.03 mol) -and N-Bromin&kiaimide BBS) 
(10 a) in 400 ml of drv carbon tetrachloride was reiluxed for 2 hr 
togzher with traces of a,a’-azoisobutyronitrile. The reaction 
mixture was cooled and filtered, the solvent was removed under 
vacuum and the residue crvstallized from benzene: lOa (80%). 
m.p. 129-131’. 

_. 

UV (EtOH) A,,nm (4: 247 (65,OW 316 (43,O). IR (KBr) 
1735, 1615, 1200 and 94Ocm-’ (beuzoyloxyimmo). ‘H NMR 
6 = 9.55 (m, lH, H-5), 7.35-8.0 (m, 8H, H-6 to H-10, H-3 to H-5 
of ohenvl). 8.1-8.3 (m. 2H. H-2 & H-6 of ohenvl). 5.55 It. 
J=jHz: iH, H-l), i.li.4 (m, 2H, H-2) 3.3-3.5 (m,‘iH, H-3): 
MS (70eV) m/e: 393/395 (M’), 271/273 (M-C,H+XOH), 105 
(GHrcO). 

Dchydmbmmination of 1 with DBU. To a soln of 1 (5.08g 
12 mMo1) iu dry benzene (200 ml) DBU (S.oOg, 35 mMo1) in dry 
benzene (50 ml) was added dropwise under nitrogene atmosphere 
and the reaction was allowed to stand for 20hr at room tem- 
perature. The crystalline product which separated (DBUHBr) 
was filtered off and the filtrate was washed neutral to litmus with 
distilled water (5 x loOmI). The combined aqueous washings 
were keut for the isolation of 10. The ommic laver was dried and 
the solvent removed under reduced pre&ure. The residue on UC 
analysis gave spots: R, 0.6 @a, 3b), 8.58 #a, 4b), 0.50 @a), 0.48 
(6611. 0.45 (5b). 0.42 (6b). 0.33 17) and 0.12 (8) (solvent : benzene): . , , . , , . , , 
R, 0.65 (3a, 3b), 0.63 #a, 4b); 6.55 (Sa), 8.52‘(6a), 0.50 (Sir, 6ij; 
0.46 (7), 0.35 (8). 0.25 @a) and 0.21 (9b) (solvent : benzene-ethyl 
acetate 9 : 1). 

The residue was dissolved in benzene and chromatographed on 
a silica gel column (35Og) and eluted with a gradient petrol 
ether-benzene, benzene, benzene-ethyl acetate, 65 fractions 
each of 50 ml were collected and the fractions with the same Rt 
were pooled. 

Fractions 3-10. The reddish residue on UC (petrether-benzene 
1 : 1) indicated two spots of Rt 0.65 (3a) and 0.56 (3h). Using this 
solvent system both products were separated by preparative UC. 

1 - Bromo - 4,4’ - azophenanthrcne (31s). 88 mg reddish yellow 
crystals (from petrether-benzene) m.p. 2O5-2oP. UV (diixane) 
A,,, nm (6): 241 (SO,OOO), 271.5 (24,000), 291.5 (2ooo), 367 (SOOO). 

IR (KBr): 1620 (-N=N-) cm-‘, 1250. 520 (C-Br). MS (70eV) 
m/e: 4601462 (M’), 283/285 (M-C,,Hs). Reductive cleavage: a 
small quantity of 3a was suspended in ethanol-water containiug 
sodium hyposulphite and rethtxed until the colour discharged. 
The solvent was removed, the residue treated with sodium 
hydroxide solution and extracted with ether. The organic layer 
ias dried, the solvent was removed and the residue on tic gave 
Ehrlich oositive sDots accordina to the R, value identical with 
those of I-bromo-daminoph&anthrene ’ (6a) and damino- 
phenanthrene (6b). 

4A’-Azouhenanthrene (36). 74rnrr reddish yellow crystalls from 
(peu.ethe&enzene) m.p. l63-165s. UV (di&ane), A, nm (6): 
239 (7080) 270 (34,080), 283 (31,000), 298 (25,OtHI), 363 (7508). fR 
(KBr): 1625 cm-’ (-N=N-), MS (7OeV) m/e : 382 (M’), 205 
(M-6,,H9), 177 (C&). Reductive cleavage, done as with 3a 
gave Caminophenanthrene (6b). 

Fractions 11-18. The violet residue on UC (petrether) indicated 
two spots with Rt 0.53 #a) and 0.49 (4b) which were separated 
by preparative UC. 

N - [l - (1 - Bmmophenanthr - 4 - ylamino)phenanthr - 4 - yl] - 
I ,4 - phenanthrenequtnone - 1 - imine (4a). 26 mg violet crystalls 
(from petr.ether-benzene) m.p. 235-238”. UV (MeOH)A,nm 
(e): 206 (80,000). 233 (70,000), 297 (32,008). 334 (2lJao). IR 
(KBr): 164Ocm-’ (C=O). MS (70eV) m/e: 6521654 (M+), 382 
(M-Cr&BrN). (Pound: C, 77.01, H, 3.91; N, 4.22. CIIHUBrNaCl 
requires: C, 77.18, H, 3.82, N, 4.28%). 

N . [l - (Phenaxthr - 4 . y/ - amtno)phaiankhr - 4 - II - 1,4 - 
phenanthmnquinonc - 1 - rininc (4b). The viokt residue (16 tug) 
could not be crystall&. IR (KBr); 1635 cm-’ (GO). MS (70 cV) 
m/e 594 @I+), 382 (MX,,H,,,N), 367. (Found: C, 87.68, H, 4.50, 
N, 4.71. &H&O requhes: C, 87.80, H, 4.53, N, 4.87%). 

Fmctions 1Fu: 1 i Brvmo - N - (4 - phenenthryl) - I,4 - 
phenanthmnequinone - 1 - imhe. @a. 200 14 and 1 - bmmo - 4 - 
kinopbenanthene @a, 14Omg) were sep&ed by preparative 
tic (petroleumehter-txzzene 1: 1) and identflkd as described? 

Fractions 25-33~ N - (4 - phenanthryl) - 1,s - phenanth- 
renequinone - 1 - imine. (Sa, 6Wmg) and 4 - amtnophenanthrene 
(6b, 150mg) were separated by preparative UC (petrokumether- 
benzene 1: 1) and identified as described? 

Fractions 35-38: Phenanthrenequinone - I,4 (7). 106mg was 
isolated and identified as described earlier.’ 

Fmctbns lc15: N’ - [4 - (Bcnzoyloxyimiuo) - 1,2,3,4 - 
tetrahydro - 1 - phenanthrytoxyl) - N' - (4 - phenanthryl) - 1,4 - 
vhenanthreneuuinone - ditmine (8). 180 mg orange crystalls (from 
benzene-petr.ether) m.p. 168-170”. UV &OI$A~ nm (cj: 224 
(105,ooO), 245 (77,ooO), 30 (39,500). fR (KBr): 1735, 1622, 1250 
and 940 cm-’ (benzoyloxyimiuo). Alkaline hydrolysis: 2Omg 8 
was allowed to stand iii alcoholic potassium hydroxide for two 
hours at room temperature. Ethanol was removed, the aqueous 
suspension was neutralized with diluted HCI and extracted with 
ether. The organic layer was dried, the residue on crystallisation 
from benzene gave reddish crystals, m.p. 208”-210” and was 
identified by mixture melting point, Rt and JR as N4 - [4 - 
hydmxyimino - 1,2,3,4 - tetrahydro - 1 - phenanthryloxyl - N’ - (4 
- phenanthryl)] - 1,4 - phenanthrene quinone - diimine.’ 

Fractions 47-56: 1 - (4 - Benzamido - 3 - phenanthryloxy) - 4 - 
benzyloxyimino - 1,2,3,4 - tetmhydrvphenanthrene (9a). The 
residue on crystallization from benzene gave 64Omg colourless 
crystalline product, m.p. 193-W. UV (MeOH) A-run (E): 209 
(95,008), 228 (76,080), 249 (84,000), 254 (87,600), 304 (25,000). IR 
(KBr) 3280 (NH), 1720, 1620, 1268,940 (benzyloxyimino), 1670 
and I510 cm-’ (amide). ‘H NMR (CD&) 6 = 7.3-7.8 (m, 22H, 
aromatic H). 9.4 (m, lH, H-5), 9.2 (m, lH, H-5); 5.64 (broad lH, 
H-l), 3.3 (m, ZH, H-3) 2.2-2.4 (m, 2H, H-2) MS (7OeV) m/e: 313, 
295 (313-HaO), 208 (313CsHsCO), 192 (313C&COa). (Found: 
CN, :0:.3,“, 4.80; N, 4.38. f&H&O, reqmres: C, 80.51, H, 4.79, 

‘F;actious 57-63: I - (4 - Benzam&io - 3 - phenanthrytoxy) - 4 - 
hydmxyimino - 13,3,4 - tetmhtimvhenanthrene (9b). The resi- 
due (96mg) was crystalhi f;om~benzene, m.p: 264-205”. fR 
(KBr) 3400 (-OH). 3300 (-NH). 1670 (amide U and 1510 (amide 
il) cm-‘. Benzoate derivative of Ib: 2o‘mg of 9b was shaken with 
benzoyl chloride iu 10% NaOH (aq.). The crude product was 
filtered, dried and crystallized from benzene. m.o. 193-W and 
was id&tied as 9; by UC iu different solvent systems, by 
mixture melting point aud by superimposable IR. 

4 - Benzamido - 3 - phenanthml(10). The aqueous washings of 
the reaction mixture were acidified in presence of ice and ether. 
The etheral organic layer was washed with 0.5% aqueous sodium 
carbonate and water, dried, the solvent was evaporated and the 
residue crystallized from benzene to give 4Omg, m.p. 207-208“. 
UV (MeOH) A,nm (c): 206 (26,500), 230 (44,000), 253 (SLOOO), 
304 (11,508), 343 (1800), 362 (2300). UV (MeOH t 0.1 N NaOH) 
A,nm: 239, 260, 328nm. IR @Br): 3608-3300 (broad, OH), 
3250 (-NH), 1640 and 1530 (amide). ‘H NMR (CJICL) 6 = 8.78 
(m, lH, H-5), 8.07 (m, 2H, H-2 and H-2 of phenyl), 73-7.9 (m, 
lOH, H-6 to H-10, H-l and H-2 of Phenanthryl- H-3 to H-5 of 
phenyl), 8.91 (s, lH, phenol-OH, exchangeable with deuterium 
oxide). MS (70 eV) m/e 313 (M+), 295 (m-HaO), 208 (M-C&CO), 
105 (Ca,CO). 

1 - (15 - LXuza - I 1 - oxocyctoundecan - 1 - Y/J - 4 - oxyimino - 
1,2,3,4 - tetrahydrophenanthrene (11). 11 was-isolated fmm the 
last six fractions (D-6g) from the silica nel column bv elution 
with cbforoform~ethauol (9.1). The residue gave 500 utg white 
crystalhue product (from benzene) m.p. 16&161”. UV (MeOH) 
A-MI (Q): 236 (54,WJ) 304 (15$X)). IR (KBr): 3500-3308 
(broad, OH), 3150 (NH), 1650 (GO), 1200,940 (-N-O) cm-‘. ‘H 
NMR (CDCis): d = 9.0 (m. lH, H-5), 7.W.9 (m, SH, H-6 to H-lo), 
21 ahihatic H, therefrom 4.03 (t. J=SHz, IH, H-l equatorial), 
1.43.5 (m, 2OH, cycloahihatic H). MS (70 eV) m/e 379 (M+), 363 
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(M-O), 362 (M-OH), 225, 209, 195, 180, 169, 140. (Found: C, “T. R. Jmja, H. Dmmberg and P. D. Sbma, J’mc. Symp. UA 
72.71; H, 7.67; N, 11.02. C&i&& requires: C, 72.82, H, 7.64; Mmtagmicity, Carcinog*licit) and Tenatogaicity of Chemicals, 
N, 11.08%). 

‘A. G. etassiou, J. Am. C+ SOE. t&2322 (1966). 
pp. 228-238. Baroda (1975). 

*F;%sD;,Dt&raaf and G. J. Hoqtmk, Terdudrun (Suppl. 2), 179 
‘H. Bartsch, M. Dworkin, J. A. Miier and E. C. Miller, Biochim. 
Biophys. Acta 286,272 (1972). Q. E. ‘Heller, E. D. Hughes and C. K. Ingold, Nutum 168,909 

*H. Bartsch, M. Dworkin, E. C. Miller and J. A. Miier, Biochim. (1951). 
Blophys. Acru m, 42 (1973). ‘@W. P. Jerks, J. Am. Chem Sot. l&4585 (1958). 

‘K. Shudo, J. Syn. Om. Chem. Jupan 31,395 (1973). “M. Araki, Y. Kawame and C. Na@a, Chem Phumi. Bad/. 17, 
9. R. Juneja and H. Dame&erg, Tetruhdun 31,695 (1975). 1344 (1%9). 
5T. R. Juneja and H. Dame&erg, Tetruhedmn 31,701(1975). 


