
MOLECULAR REARRANGEMENT IN DITERPENESt 

AJOY K. BANERJEE 
Centro de Qufmica. Instituto Venexohno de hvestigciines Ciiotf6cas (I.V.I.C.). A-0 1827, Caracas-101, 

V-xl& 

(Received in USA 8 Nowmber 1978) 

In the continuation of our studies on rosane diterpene’3 
the synthesis of 78 - hydroxy - 4b@,lw - dimethyl - l- 
methykne - tmns,antiltm - perhydrophenanthrene 1 
was repormd.‘A Due to the structural and stereochemical 
~tternofthephmantbreael,itwa9plannedtos6udyits 
molecular rearranpement in the presence of acid to 
similar Earmngement of steroids and terpenoids.s The 
acid catalysed rearmqDment of the phenanthtene 1 with 
polyphosphoric acid (PPA) and HISOI is the topic of the 
present commuuication.6 

The phenanthrene 1 was stirred with PPA in an oil 
bath (15W70”) for 30hr. No detectable amount of the 
phenanthrene 1 remained as detected by tic analysis. A 
gummy material was obtained which on chromatogmphic 
puri6cation aKorded four products (A, B, C and D). 

The product A, m.p. 115-l 16’, showed a molecular ion 
m/c 248 in the MS and IR absorption at 3280 (OH) and 
3045 (C!=CH) cm-‘. In the NMR spectrum it exhibited 
three sharp sinplets at 8 1.01, 1.06 and 1.15 with a total 
integration correspondinp to nine bydrogens indicating 
three Me groups. The appearance of a broad signal 

. centered at 6 5.56 ppm which corresponded to a single H 
suggested the presence of ole6nic II. Based on these 
spectroscopic data the structure 2a was assigned to the 
product A and this was con6rmed by direct comparison 
(m.p. and IR) with an authentic specimen. 

ThecompoundBhadapeakatm/c24SintheMSand 
showed IR absorption at 3648 (C=CH) and 3286 (OH) 
cm-‘. In the NMR spectrum it exhibited three Me groups 
at 8 1.01, 1.03 and 1.12 and an olefhtic H at 6 5.54. Thus 
two possible structures 3a and 4, resulting from the 
isomerisation of the ring junctures A and B or B and C, 
could be assigned to the compound B. The compound B 
on oxidation with Crt&-3.5dimethylpyraxok‘ afforded a 
CO compound (IR specbum) which on reduction with 
lithium tri-t-butoxyahrmimum hydride (LiAlH (OBuhl 
atforded two alcohols, one of which had m.p. 132-133’ 
and the other was noncrystalline:The predominant al- 
cohol, m.p. 132-133”, was identilkd as 3c by direct 
comparison (m.p. and IR) with an authentic specimen.9 
Thus the product B and its oxidation product must 
possess the structures k and 3b respectively. The non- 
crystalline alcohol owing to the poor yield, was not 
investigated. 

The compound C, a colorless liquid, had a molecular 
ion at m/e 248 in the MS and showed absorption at 3045 
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(C=CH) and 3280 (OH) cm-’ in the IR spectrum. Com- 
pound C which exhibited three Me groups at d 1.04.1.66 
and 1.12 and one okhnic proton signal centered at 8 5.42, 
upon oxidation with CrO,-3jdimethyl pyraxole’ 
aflorded a CO compound as shown by the sharp CO 
band at 1710 cm-’ in the IR spectrum. The crude ketonic 
compound on treatment with HCI tiorded a low melting 
a,&unsaturaM ketone as evidenced by the appeamnce 
ofamolecularionatm/e246inthehfSandastrong 
a&unWurated CO band at 1650 cm-’ in the IR spec- 
trum.Theresultinga$l-unsaanated ketone was com- 
pletely d&rent from the known a&unsatmnmd ketone 
6(IRandtk en). As in the case of the com- 
pound B, there lies also the poss~&ility of isomer&ion 
oftheringjunctmusofAandBorBandCofthe 
compound C. Thus the compound C and the a&un- 
saturaMketoneobUinedfromCwasas&nedtothe 
structum 5 and 7 respectively. The cortt&rm& at C-8a 
of the compound 5 and 7 also the con&guration at C-tb 



1248 A. K. BANERJEE 

of the compound 7 remained unsettled. In order to 
co&m the structure of the a,/?-unsaturated ketone 7, it 
was brominated with phenyltrimethyl ammonium per- 
bromide (PTAB). The crude bromo compound obtained 
as a brown solid was subjected to dehydrobromination” 
with anhyd CaCOS in refItming N,Ndimethylacetamide 
(DMA). A mixture of products, as observed by UC, was 
obtained. The crude products had a molecular ion m/e 
248 in the MS and showed absorption A, 239 ma in the 
UV spectrum. From the NMR analysis of the crude 
dehydrohalogenated products it was apparent that the 
crude dehydrohalogenated product contained a mixture 
of the dienone 8 and its ketonic tautomer. The crude 
dehydrohalogenated product was subjected to dienone- 
phenol rearrangement conditions by treating with sul- 
phuric acid. The phenol 9a obtained in 72% yield showed 
in the NMK spectrum a singlet at S 5.90 due to phenolic 
OH and a multipiet in the region S 6.41-7.25 correspond- 
ing to three aromatic protons. The phenol 9a on methyl- 
ation with dimethyl sulfate and alkali atforded 9h, m.p. 
82-83” and this was found to be identical by direct 
comparison with an authentic specimen.” 

The compound D, a semi-solid material, lacked an 
olefinic proton signal in the NMR spectrum and in the IR 
spectrum absorption at 1620 cm-’ and the complete 
absence of the absorption in the region 3045-3060 cm-’ 
indicated a tetrasubstihtted olefinic bond in the com- 
pound D. In the MS the compound D had molecular ion 
at m/e 248. Thus two possible structures 104 and lla can 
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be assigned to the compound 1). The compound D on 
oxidation with OS-3,5dimethylpyraxole* atIorded a 
CO compound which on treatment with mineral acid 
afforded an a,&unsaturated ketone as shown by the 
strong absorption at 1650 cm-’ in the IR spectrum. The 
a,@msaturated ketone was identilIed as 6 by com- 
parison (m.p. and IK) with an authentic specimen.‘o Thus 
the compound D and its oxidation product must possess 
the structure 101 and 1Oh respectively. 

Next our attention was turned towards the rear- 
rangement study of the phenanthrene 1 with HSOa. The 
soIn of 1 in acetone and HsSO, was kept at room temp. 
for 6Ohr. A reddish black material was obtained which 
on chromatogaphic puritication atIorded a crystalline 
material in 60% yield and a liquid material in 25% yield. 
The solid material was identi6ed as 2a by direct com- 
parison with an authentic specimen.’ The noncrystalline. 
material showed mole&u ion m/e 248 in MS and in the 
NMR spectrum exhibited three Me peaks at S 1.01, 1.06 
and 1.18 but the olefinic proton siqnal was completely 
absent. The liquid material decolorixed Br2 in carbon 
tetrachloride indicating the presence of double bond. In 
the IR spectrum beside presentinK an OH band at 3275 
cm-’ it showed absorption at 1630 cm-‘. As it was 
completely different from the compound lOa (IR. com- 
parison) the structure lla was assigned to it. The 
con6rmation of the structure lla was obtained as fol- 
lows. It was observed’ that the methylation of the a& 
unsaturated ketone 12 with Me1 in the presence of t- 
BuOK in t-BuOH and benxoylation gave derivative 2b in 
excellent yield when the a,&unsaturated ketone 12 and 
the base were allowed to remain in contact for a short 
time prior to the addition of the MeI. When the a$- 
unsaturated ketone 12 was kept for a longer period in 
contact with the base, a s&&ant amount of the A4a100 
lib was formed as evidenced by the lower integration 
the C-10 proton s$naI in the NMR spectrum. On separa- 
tion, the derivative lib exhibited complete absence of 
olefinic proton in the NMR spectrum and a molecular ion 
m/e 366 in the MS. The compound lib on reduction with 
NaBHa atIorded a mixture of alcohols llc as observed 
by two overlapping spots in tic. The alcohol llc was 
converted to the noncrystalline mesyl derivative lid 
which on reduction’* with NaI/Zn followed by alkaline 
hydrolysis alforded a product which was identical with 
lla (IR and UC). Thus the structure of lla was 
established for the liquid product. The other products 
obtained by the sulphuric acid treatment of phenanthrene 
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1 were impure and produced in negligible quantity. Thus 
the structures of these products could not be determined. 

-AL. 
M.ps were determined on a Kolkr hot-stage and are uncor- 

rected. Unless otherwise specilied, IR spectra were taken on a 
Perkin-Elmer 337 spectrometer for KBr discs or liquid films and 
UV spectra were measured with a Cary model 15 spectrometer. 
NMR spectra were obtained with a Varian A-60 spectrometer. 
Chemical shifts are reported as 8 units using TMS as an internal 
standard. Mass spectra were recorded on a Hitachi Perkin-Elmer 
RMU 6E at 70eV using a direct inlet system. Merck standard 
alumina activity II-III was used for column chromatography. For 
tic, Merck silica gel G was used and the spots were identified by 
exposure to I2 vapour. All organic extracts were dried over 
anhydrous MgSO, and evaporated under reduced pressure below 
40”. Microanalyses were carried out in Microanalytical Labora- 
tory, 5251 Elbach itber Engelskirchen, West Germany. AU com- 
pounds reported here are racemic. 

PPA calalysed rearrungcmml of 78 - hydtvxy - 4b/3,lOa@ - 
dimelhyl - I - methylene - trans,anti,trans - pethydrophenanlhrene 

1 

A mixture of 1 (0.56~) and PPA [from P205 (12 g) and H,PO, 
(IO ml)] was heated on oil bath (ISO-1700) for 30 hr. The progress 
of the reaction was monitored by tJc (C&:ether 1: 1). The 
mixture was then decomposed with crushed ice and then extrac- 
ted with ether. On removal of the solvent a dense material was 
obtained which on cbromatographic purification over silica gel 
afforded the following fractions: 

(i) Benzene: ether 11: 1) eluted 21 (0.25 g; 44.6%) which on 
crystallisation from MeOH had m.p. 114-116°, m.m.p. 116-117” 
(lit.6 116-118”). 

(ii) Benzene: ether (45: 35) afforded 3a (48 mg; 8.5%), homo- 
geneous in UC. b.o. l60-170”10.5 mmHa (bath), m/e 248 (M’); IR 
(film) 3280 (dHi 3045 (C=CH) and-lb35 &C) cm-‘, NMR 
(CDCI,) 6 1.01 (3H. s), 1.03 (W, s) and 1.12 (3H, s) (l,l-Me and 
4b-Me) and 5.54 (lH, t, H-IO). (Calc. for &HsO: C, 82.20; H, 
11.26. Found: C, 82.09, H, 11.31%). 

(iii) Benzene:ether (35:65) eluted 5 (0.11 g; 19.6%). b.p. l55- 
lSsOlO.3 mmHg (bath), m/e 248 (M+) and 230 (M’-H,O); IR (film) 
3280 (OH), 3045 and 1630 (C=CH) cm-‘; NMR (CDCI~) 6 1.04 
(3H, s), 1.06 (3H, s), 1.16 (3H, s) (I,I-CH, and 4a-CH,) and 5.42 
(lH, m, 10-H). (UC. for t&H&: C, 82.20; H, 11.36. Found: C, 
82.04; H, 11.32%). 

(iv) Benzene: ether (30:70) eluted the 1Oa (55 mg; 9.8%) which 
was a semi-solid material; m/e 248 (M’), IR (film) 3270 (OH) and 
1620 (C=C) cm-‘; NMR (CDCla) 8 1.02 (3H, s), I.08 (3H, s), I.16 
(3H. s) (l,l-Me and 4a-Me). (Calc. for t&H& C, 82.20; H, 
11.36. Found: C, 82.08; H, 11.31%). 

Oxidation of the oh& 3a 

3,5-Dimethylpyrazole (50mg) was added to a suspension of 
CrOX (6Omg) in CH& (1Oml) and the mixture was stirred at 
room temp. under argon for I5 min. To the resulting soln 3a 
(48 mg) in CH&ll (1 ml) was added in one portion and the 
mixture was st@ed at room temp. for 20 min. The solvent was 
removed under reduced pressure and the residue was extracted 
several times with ether. The combined organic extract was 
washed with brine and dried. Gn removal of the solvent followed 
by filtering over a short column of alumina, 3b (42 mg, 85%) was 
obtained as pale yellow oil; m/e 246 (M’); IR (film) 1710 (C=O) 
cm-‘. (Calc. for t&H& C, 82.87: H, 10.64. Found: C, 82.64: H, 
10.60%). 

Reduction of the ketone 3b 
A soln of Ja (40 mg) in THF (25 ml) was slowly added to a 

stirred suspension of LiiH(OBuh (30 mg) in THF (20 ml) cooled 
to 0”. The mixture was stirred for 8hr at 0” and then a soln 
(20 ml) of ammonium sulfate (80%) was added dropwise in IO-15 
min with vigorous stirring and cooling below 00 (vigorous evolu- 
tion of H3. The evaporation of the dried organic extract afforded 
a gummy material which was chromatographed over alumina. 
Elution with benzene:ether (40:60) afforded 3c (28 mg; 58.3%) 

which on crystallisation from etber-hexane melted at 132-133”. 
m.m.0. 132-133” flit.’ 132-1349. Further elution with 
be&ne:ether (38:62) afforded a n&crystalline material (8 mg) 
which was not investigated. 

1,2,3,4,4a$,lO,lOa - Octahydro - 7 - methoxy - l,l&? - ttiethyl- 

phenanrhrrne 7b 
To a suspension of Cr03 (80 mg) in CH2CI, (25 ml) was added 

3Jdimethylpyrazole (80 mg) and the mixture was stirred at room _. 
temp. under argon for 15 min. To the resulting dark red soln. 5 
(90 mg) was added in one portion and the. mixture was stirred at 
room temp. for 25 min. The solvent was removed under reduced 
pressure and the resiiue was extracted several times with ether. 
The combined extract was washed with brine, and dried. Gn 
removal of the solvent, a reddish liquid was obtained which on 
filtering over a short column of alumina aflorded a colourless 
viscous liquid (72 mg): IR (film) 1710 (C=O) cm-‘. To the crude 
product (?2mgj in &tone.(25ml) & ad&d HCI (1096, 1Oml) 
and the mixture was stirred at room temp for 18 hr. The usual 
work-up followed by purification over a column of alumina 
afforded the noncrystalline 7 (7Omg; 97.2%): m/e 246 (I@); IR 
(film) 1660 (C=C-C=D) cm-‘. The ketone 7 was found to be 
unstable as it turned deep yellow and then green in contact with 
au. 

To a soln of 7 (70 mg) in distilled THF (15 ml) cooled to o”, was 
added PTAB (0.11 g; m.p. 114-115”, BDH supplier). After 1 hr , 
stirring, another lot of PTAB (10 mg) was added and the mixture 
was stirred for a further 10 min. The mixture was poured into an 
ice-cold soln of NaHC4 (546, IO ml) followed by the addition of 
Na2!$OJ (0.1 N, 10ml). The soln was extracted with ether, 
washed with brine and then dried. On removal of the solvent a 
viscous liquid was obtained: oil trituration with cold MeGH on a 
pale yellow bromo compound (90 mg), m.p. 78-82” was obtained. 
The bromo compound without putification was dissolved in DMA 
(60 ml) and to it was added CaCOl (5 g). The mixture was heated 
under reflux for 40min. The mixture was cooled and then 
filtered. The filtrate was extracted thoroughly with ether several 
times. The combined extract was washed with a sat NaHCQ aq, 
water and then dried. On removal of the solvent a semi-solid 
material (62mg) was obtained which without purification was 
dissolved in MeOH (IOml) containing water (2ml) and H2S0, 
(1 ml). The mixture was heated under reliux for 4hr, cooled and 
then diluted with water. The mixture was extracted with ether, 
washed with brine and then dried. Removal of the solvent 
followed by purification over alumina afforded the oily 9a 
(45 mg); m/e 244 (M’); IR (film) 3640 (OH) cm-‘, NMR (CDCI~) 6 
1.02 (3H, s), 1.08 (3H, s), 1.12 (3H, s) (l,l-Me and L-Me), 5.90 
(IH. s, phenolic OH) and 6.41-7.25 (3H, m, aromatic). 

The phenol 9a (40 mg) was methylated with Me$O, (2 ml), 
K&03 (0.8 g) and Me$O (25 ml) under reflux for 24 hr. The 
filtrate of the mixture was evaporated and extracted with ether 
after water was added. The extract was washed with brine, dried, 
and then evaporated to obtain 9b (42 mg, 93%) which on crystal- 
lisation with EtOH melted at 84-85”, m&p. 8u14” (lit? 85-86”). 

Oxidorion of IL and isomerisaGon of lob 
3J-Dimethylpyrazole (6Omg) was-added to a suspension of 

CrCh (8Omn) in CHXI, (10ml) and the mixture was stirred at _ _ 
room iemprunder argon for i5min. To the resulting soln 1Oa 
(50 mg) in CHIClz (2 ml) was added in one portion and the 
mixture was stirred at room temp. for 20min. The solvent was 
removed under reduced pressure and the residue was extracted 
several times with ether. The combined organic extract was 
washed with brine and dried. Gn removal of the solvent followed 
by &ring the residue over a short column of alumina was 
obtained the oily Ibb (45 mg; 91%); m/e 246 (M+); IR (film) 1715 
(C=D) cm-‘. 

The crude 1Ob (45 mg) in M&O (15 ml) was treated with 3N 
HCI (5 ml) with stirring at room temp. for 10 hr. The soln was 
diluted with water andcxtracted witi-,ether. The organic extract 
was washed with brine and evaporated to give 6 (42 mg; 93%) 
which on crystallisation from pet. ether (6@-tUP) bad m.p. 92-94’. 
m.m.p. 92-93” (lit.9 92.5-93.5”). 
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hrned deep yellow and then red. It was -poured carefully on 
crushed ice. diluted with water aud then extmcted witb ether. 
The ether exhPct was wasbed with brine. dried and concentrated 
toobtainadeepredmaterhlwbicbwaschrolsrbprpbcdover 
silica gel. Elution with benzene : ether (I : I) alTo&d 1(0.31 g; 
6096), m.p. l15-l16°, m.m.p. 115-116’ (lit? 1161180). Further 
elution with benzene : ether iSS :45) rliorded 1 I8 (0.12 g; 2596). a 
dense liauid wbicb failed to crystalthe; m/c 248 (M+) and 230 
(M+-II&); IR (tih) 3275 (OH, mid 1630 (C=C).cm-‘: NMR 
(CDCI,) 8 1.01 (3Ii, s). 1.06 (3H. s) and 1.18 (3H, s) (l,l-Me and 
4bMe). (Calc. for t&H&: C. 82.20; H, 11.36. Found: 82.08; H, 
I I .3296). 

Ifi - Benw)loxy - 12,3,4,4b,5,6,1,8,8a,9,10 - dodecahydtv - 2 - 0x0 - 
IJAb/ - trirnethyiphcnanthmlumc llb 

Asolnof 12(1g)inQybc~ne(40pll)wssdQdtoasdnof 
BuOK(2g)bBuOH(2Oml)audtbemixturewasstirmdatroom 
temp. for 10 min. To this Me1 (4.28) was added very slowly 
(Zbr). The mixture was dikited with water and extracted witb 
ether. The organic extract was wash& dried and evaporated to a 
brown solid (1.03) wbicb without p&cation was dissolved in 
dry pyridine (15 ml) and to it was added benxoyl chloride (3 ml). 
The usual work-up aRorded a yellowish white solid wbicb on 

) elution witb benz&: bexane t&4) over alumina afforded 2b 
(0.62g; 4096) and this on cry&Risation from etber-bexane kad 
m.p. 178-180”. q .m.p. 178-1790 Qit.6 179-1810). Further &ion 
(benzene:bexane 8:2) athrded llb (0.28g: 18.3%). a dense 
hid. bomo~us in tic. m/c 366 (Id’) and 244 (M’C& 
Ctiil): IR &lm) 1705 (u&solved k&n& and ester CO) and 
1275 (benrmte G-C) cm-‘; NMR (CDCU 8 1.82 (3H, s), 1.06 
(3H, s), 1.17 (3H, s) (l,l-Me and 4b-Me), 4.95 (If, ID) (7-H) and 
7.25-8.25 (SH, q ) (benzenoid H). (Calc. for C&&h: C. 78.65; 
H, 8.25. Fouad: C, 78.61: H, 8.36%). 

78 - Hydmxy - 1.2f,4,4bJ,6,7,8$a.9,10 - dodecahydm - U4bB - 
trimetbylpben8ntbrenc 118 

The pbenanthrene lib (0.2 9) diisolved in MeGH (20 ml) was 

treatedwitbNaB&(O.lg)aadstirredfor5brat ltP.Tbeusual 
work-up ah&d llc (0.16s); m.p. 118-125’; m/c 368 (M+), 
wbicb was dissolved in pyridine (12ml) and treated with 
rnetbanesulpbonyl cbioride (0.11 g) at room temp. overnight. The 
usual work-up ~+Rorded noncryshlbne lid (O.llg) which without 
purhtion w& dissolved in gIyme (5ml) and to it was added 
Nd (0.18n) and Za powder (0.141). The mixture was heated 
under r&x for 3 br. The mixture was lUtered to remove excess 
NaI and Zn powder. The liltmte was poured into water and 
extracted with ether. The oqanic extract was wasbed witb brine, 
dried, and concentrated. The residuai semi-solid mat&l dis- 
solved in MeGH (38ml) was treated with a soln of 18% NaOH 
(81~9 and beated under r&ix for 6br. The usual work-up 
followed by purihtion over alumina ahled l la (0.1 I g, 75%). 
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