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1,2-DIHYDROISOQUINOLINE~VII’ 
NEW SYNTHESES OF AVICINE AND NITIDINE DERIVATIVES 
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Abntrwt-Synthetic routes to the benzo[c]phenanthridine ring system have been investigated, and new 
syntheses of oxyavicine (2aj, 2,3-dimethoxy-8,9-methylenedioxy~~o[c]phenanth~dine (SC) and 2,3,8,9- 
tetramethoxyhenzo[cjpphenanthridine (5a) are described. 

Ttre ~~o~clphenanth~dine alkaloids avicine (la) and &dine (lb) were isolated 
and characterized by Arthur ez at.’ who found that they readily dispropo~ionate 
into the oxy-forms (2a and 2h) and the corresponding dihydro derivatives (2c and 2d) 
respectively. Syntheses of oxyavicine (2a13 and dihydronitidine (Zdy have been 
reported by essentially the same method as established by Bailey et ~1.~ in their 
synthesis of chelerythrine (1~). In this method the necessary chalcone (3) was con- 
verted via the 2-aryl-1-tetralone (4) into the fully aromatic benzo[c]phenanthridine 
(S), which was then N-methylated and either oxidized to oxyavicine (2a) or reduced 
to dihydronitidine (2d). Some other oxygenated benzo[c]phenanthridines (5) have 
also been prepared6 by this method. 

la R,, R2 = R,, R, = CH,O,; R, = H. 
lb R, = R, = OMe; R,, R, = CH,O,; R, = H. 
lc R, = R, = OMe; R,, R, = CH,O,; R, = H. 

?a R,. R, = RX, R, = CH,O,;Z = 0. 
2b R, = R, = OMc; R,. R, = CH,O,; Z = 0. 
2~ R,. R, = R,. R, = CH,O,; Z = H1. 
24 R,=R,=OM~;R,,R,=CH,D~;Z=H,. 

1467 



1468 S. F. DYKE, M. SAI~URY and B. J. Moor 

3 /’ 4 
/ 

/’ 
,’ 

Sa R, = R, = R, = R, = OMe. 
Sb R,. R, = R,, R, = CH202. 
!k R, = R, = OMe; R,R, = CH201. 
sd R, = R, = R, = R, = H. 

In Part V of this series’ we described an efficient method for the synthesis of styrenes 
of the type 6, which were required for attempted photochemical ring closure to 
the benzo[c]phenanthridine ring system We had hoped, in view of the high overall 
yield of 2,3,8,9-tetramethoxybenzo[c]phenanthridine (5~) obtained by the photolysis 
of the styrene @a), that this synthetic route might prove to be of general value in 
the preparation of the alkaloids of this group. However, the unsymmetrically 
substituted styrenes (6e and 6d) have so far proved to be very difhcult to cyclise under 
our conditions and so we have sought alternative synthetic routes to the benzo[c]- 
phenanthridine ring system. 

6a R, = R, = R, = R, = OMe; R, = H. 
6b R,, Rt = R,, R, = CH,O,; R, = H. 
6c R, = R, = OMc; R,. R, = CH,OI; R, = H. 
66 R, = R, = R, = R, = OMe; R, = H. 

It is well-known that when a 12dihydroisoquinoline. for example 7, is treated 
with mineral acid the C,-protonated form 8 that results is susceptible to nucleophilic 
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attack at CJ. Examples of such reactions are provided by the formation of N- 
methylpavine” (9), from 7, the rearrangement of 7 to the 3-benzyl-3,4dihydroiso- 
quinohnium salt9 (lo), and the formation of the berbine skeleton, for example 12 
from the N-(&arylethyl)-1,2dihydroisoquinoline (11)” 

H’ 
Me 

MC 

Me 

MC OMe MC 

MC OMe MC MC 

Me 

It seemed to us that an analogous synthesis of the benzo[c]-phenantbridine ring 
system should be possible from a suitably substituted q~~~ethyl~l,2d~ydroiso- 
quinoline (14 + la), and to test this hypothesis we chose the derivative 14 This was 
readily prepared by the catalytic hydrogenation of the styrene 6a to 13, (R = H), 
followed by reduction of the methiodide with LAH. Although the conditions of 
acid treatment were varied over wide limits the only observable reaction of the 
dihydroisoquinoline (14) was disproportionation into 13 (R = Me) and the corre- 
sponding 1.2.3,~tetr~y~oi~u~ol~~ In our experience such a disprop~ionatio~ 
occurs extremely readily with ~substitut~ -1,2dihydroi~u~ol~~. 
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In 1963 Abramovitch and Tertzakian i‘ described a new synthesis of benzo[c]- 
phenanthridine itself (5d) that involved the condensation of 4-isoquinolylacetic acid 
(17~) with o-nitrobenzaldehyde, reduction of the resulting cis-styrene 18d to the 
amino acid IW followed by a Pschorr-type ring-closure to 2Od and final decarboxy- 
lation to 5d. Unfortunately the starting material 17~ was only available in an 8-stage 
sequence from isoquinoline, and hence this otherwise attractive route to the benzo[c]- 
phenanthridines was not further studied. 

It has been shown” that benzaldehyde may be condensed with aminoacetals of 
the type 21 (R, = H) to yield Cbenzylisoquinoline derivatives, and we have examined 
a large number of other aldehydes in this reaction. I3 We have now found that glyoxylic 
acid will react with these aminoacetals to yield an easily separable mixture of the 
corresponding 2- and 4-isoquinolylacetic acids in good yield. By using the N-methyl- 
aminoacetals 21 (R, = Me) yields of the Cisoquinolylacetic acids approaching 

17a R,, R, = CH,Oz. 
17b R, = R, = OMe. 
17c R, = R, = H. 

18a R,. R, = R,. R, = CH,O,. 
18b R, = R, = OMe; R,, R, = CH,O, 
18c R,=R,=R,=R,=OMc. 
184 R, = R, = R, = R, = H. 



1,2-Dihydroisoquinolines-Vi! 1471 

19a R,. R, = R,, R. = CH,O,. 2#a R,,R, = R,. R, = CH,O,. 
19b R, = R, = Oh&; R,, R, = CHsO,. 29b R, = Rt = OMe: R,, R1 = CH,Or. 
19~ R, = R1 = R, = R4 = OMe. 29e Rt = R2 = R, = R, = OMe. 

1% R, = R, = R3 = R1 = H. 206 R, = R, = RS = R, = H. 

90% have been realized. We have thus been able to examine further the scope of the 
Abramovitch and Tertzakian route to the benzo[c]phenanthridines and report here 
new syntheses of oxyavicine (Za), 2,3dimethoxy-8,9-methylenedioxybenzo[c]- 
phenanthridine (SC) and 2.3,8,9-tetramethoxybenzo[cJphenanthridine @a). 

CH 

21s R,, Rt = CH,O,; R, = H. 
2lb R, = R, = OMe; R3 = H. 

ci- 

228 R,, R, = CH>O, 

The interaction of the aminoacetal 21a with glyoxylic acid in HCI solution gave 
the bisoquinolylacetic acid (1%~) in 68% yield together with small amounts of the 
N-substitute isoquinolini~ salt (22a). Condensation of 17~1 with ~nitropi~ronal 
produced a 74 % yield of the styrene 18a which was reduced with ammoniacal ferrous 
sulphate to 1R (60%). Ring-closure of 194 essentially as described by Abramovitch 
and Tertzakian” gave #)a, which, without isolation was decarboxylated thermally 
to 2,3.8,9-bismethylenedioxy~nz~~c~phenanthridine (5b). The overall yield of 5b 
from piperonal was 5 y/,. Finzjlly N-methylation of !5b, followed by oxidation yielded 
oxyavicine. identical with au authentic specimen derived’ from the natural product. 

Repetition of the above synthetic sequences with 4-(6,7dimethoxyisoquinolyl)acetic 
acid (lfb) and 6nitropiperonal gave 2,3dimethoxy-8,9-methylenedioxybenzo[c]- 
phenanth~dine (SC) identified by comparison with an authentic sample.’ 

Finally by using ~nitrove~atraldehyde with f’?h, 2~3,8,9-tetramethoxy~~o[c]- 
phenanthridine (5s) was produced, identical with a sample prepared’ by photo- 
chemical ring-closure of the styrene 6a 

EXPERIMENTAL 

Mp ate uncorrected. W spectra were determined in EtOH soln; IR spectra were measured as nujol 
mulls and chemical shifts are measured in ppm downlicld from TMS as an internal standard. 

67-Dimnhoxy-4-(3,4-d~t~xyphenylrthy~~~l~ni~ methiodide (13) The styrenc 6 ia HClaq 
was treated with a molar equiv of NaClO, in water, and the immediate yellow ppt cokcted and crystaked 
from aqueous acetoneas needles, m.p. 241-2424 yield 92%; &mu, (E) 265 (26,900), 3~(~0,~~ v_cm- ‘, 

1645 i>c=l;<k 1610. 1595 i>c==C+ 1110 (c10;). (Found: C, 543; H, 5.3; N, 3.3. C,sHIINO,CI 

requites: C 54.6; H, 5.4; N, 25X)%.) 
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Thk perchlorate (@2 g) was dissolved in acetone (30 ml) containing water (4 ml) and I drop HCIO. 
(60 “/d and hydrogenated at 2 atm press over Adam’s catalyst (002 g) for 6 hr. Afta removal of tk atalyst 
tk acttone was cvaporatal and tk rcaiduc cooled to 09 Collection of tbc solid product and crystallization 
from EtOH yielded very pale yellow prisms (0.16g) mp. 216217”; & mp, (E) 257 (56,200); 318 (11.650); 

v, cm -I, 1655 (>C=I;<, 1635, 1620, 1600 (>C=C<A 1100 (CIO;); NMR (CF,COIH) ppm, 

89 doublet [ 1] J = 5.5 c/s (C, -Ij), 7.85 doubkt [l] J = 5.5 c/s (C,-w 7.5 singlet [ 1J 7.25 singlet [ 11, 
(C,-H) (Cs-_H) -6.60 complex 133. -3.30 compla [4] (ArX_H&H,--). (Found: C, 55.6; H, 54; 
N, 3.2. CI,H,,NO*, ClO* requires: C, 55.5; H, 5.3; N. 3.1x.) 
. Basification of this material with ammoniu gave tk free isoquinoline as a pale yellow gum whidt crystal- 
lizal on trituration with ether and rcc+allixed from EtOH as imperfect cubca m.p. ll8-120°, yield 82%; 

&.. mp,((E) 240 (3245OA 281 (4570), 313 (2500). 328 (2710). v, cm-‘, 1625 (>C=N<) 1615, 1590 

(>C=+ NMR (CD&) ppm, 8-6 single [l] (C,-II), 79 singlet [l] (C,-I$ 29 compla [4] 

(X-H,-_CH,Ar). (Found: C 71.2; H. 645; N, 3% C~,HI,NO, requires: C, 71.4; H, 6.6; N. 40x.) 
Metbiodidc pale yellow prisms, m.p. 220-222” from CHCl,-EtOH; &, mp, (E) 256 (47,550), 317 

(10,850), sh 345 (6795). v_ cm- ‘, 1650 (>C=i<j, 1625. 1600 (>C=C<) (Found: C 53.4; H, 51; 

N, 3.1. C,,H,,NO,I requires: C 53.3; H, 5.3; N, 2.8x.) 
6,7-Dimcthoxy-2-~~hyle(3,4-dlmerhoxyphcnyle~hy~l~dihy&olsoguinolfnc (14). The methiodide (@2 g) 

pnparcd in the previous experiment WEIS carefully dried and pulverized. This material was added in portions 
to a suspension of LAH (@2 g) in THF (100 ml). Afta stirring for 4 hr at room temp tk reaction was 
protected by an atm of N1 and the excess reagent decomposed by tk addition of 33% aqueous sodium 
potassium tartarate soln Etkr (250 ml) was that added and tk combinai solvent laycr decanted quickly 
from the solid rcsiduc. Watu (15 ml) was added to the ethereal layer and tk solvents removed unda a 
rcduczd press of N,. The solid thus produocd was collcctcd and tapidly recrystallized from EtOH, affording 
pale pink colourcd featkry needles (0.11 g), mp. 89-90”; A;, mh (E) ab 250 (10,233), 285 (4467), 335 (7586). 

v, cm-‘. 1635, 1600, 1585 (>c=C<). (F ound: C m9; H, 72; N, 42 CI,H,,NO, requirea: C 710; 

H, 7.1; N, 39 %.) 
6,7-Dimrrhoxp2-methyl~3,4-dimethoxyp~ny~~hy~1~3,4-t~rahydro~soqufnolinc. 6,7-Dimcthoxy4 

(3,4dimethoxyphenylethyl)isoquinoline methiodidc @2a) in EtOH (25 ml) containing water (1 ml) 
was treated with NaBH, (0.2 g) After heating for 1 hr on a water-bath tk solvent was removed and the 
tetrahydro-base extracted into ether. Evaporation of tk ctha gave a colourkas gum, whidt was not 
obtained crystalline even alter chromatography upon alumina, cluting with knzcne. TLC showed one spot 
r.f. @7 (silica gel; solvent: 20% diethylaminc in CHCI,). NMR (CDCI,) ppm, 6.50 singlet [3] (3 aromatic 

protons),6.35singlet [l]and6~2Osinglct [I]&,-&C,-_H).3.25quartct [2]J = 14c/s,(Ar*CH,--NC). 

2.25 singlet [3] (NCH,). Mcthiodidc, m.p. 103-105” from McOH. (Found: C, 52.8; H, 635; H, 2.5. 
C2,H,IN0,1, CH,OH requires: C. 52.8; H. 6.65; H. 2-6x.) . 

3,4-Merhylmedioxybenzylominooutoldchydcdd (tla). Pipcronal (80 a) and aminoaatalde- 
hydalimcthylacztal(56 @ in benzene (500 ml) were heated unda a Dean Stark head at rcllux until the 
theoretical volume of water had been collected. After removal of tk solvent tk rcaidue was dissolved in 
EtOH (500 ml) and hydrogenated at atm press over Adams’ catalyst until OM md cquiv of H, had been 
taken up. The EtOH was then removal and the residual oil distilled under nducai press to give Zla 
as a colourlp oily liquid (12Og 94% yield) b.p. 13&135/l. mm; v, cm-‘, 3330(NH); NMR (CC&) ppm, 
6.37 complex [3] (aromatic protons), 5.48 singlet [2] (a_H,--O-), 4.13 triplet [l] (--CI+CH,-), 
340 singlet [2] (Ar--C~~--NH-) 307 singlet [q (2 x OMc), 2.47 doublet [2] (XA,-CH-), 140 
singlet, removed on dcutcration [l] (-NH-). 

In a similar experiment, 21b (b.p. 134-135P15 mm) was prepared from vcratraldchyde in 90% yield. 
4_(67-MrlhylmrdioxyrsoquiMlyl)acctic acid hydrochloride (178) 3+MethyknaIioxybcnxylaminoaat- 

aldchydalimethylacetal (2Og) in 6N Ha (4OOml) was stirred at room temp under a N, atm for 2Ohr. 
The soln was then warmed on a water-bath for 10 mitt and glyoxalic acid (8.5 8) in 2N HCY (20 ml) intro- 
duced; after heating for a further hr tk solo was set aside to cool overnight. Tk crystalline product was 
then collectad and recrystallized from 2N HCI to give 6,7-mcthylcncdioxyisoquinolyl4aatic acid hydro- 
chloride (15.2 g; 68% yield) IU yellow needle m.p. 274” (dec); 1, mp, (c) 246 (41,400); v, cm-‘, 1700 
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(-COIH); NMR (CF,COxH)ppm, 875 doublet [l] J = 2c/s (C,--H_), 805 doublet [I] J = 2 c/s 
(C,-_W 730 singlet [I] (Cs-_HX 727 singlet [I] (Cs-H), 610 singlet [2] (-0CHxCL~ 4.20 singlet [23 
(-CEl,-CXD,H). (Found: C 53.7; H, 3.8; N, 54. CIIH,,N04Cl requires: C, 53.8; H, 3.7; N, 5.2x.) 

In a similar experiment, 17b was prepared from 3,6dimcthoxybenzylaminoacrtrldchyd~thyla~~l 
in 67 % yield Y colourleas fioc needled from 2N HCl, m.p. 228-230”. (Found: C, 552; H, 490; N, 4.75; 
Cl, 1215. C,,H,.NOJY requires: c, 550; I.& 5.0; N, 49; Q 12.5x.) 

Transs-[4’-(6’,7’-Mcthylmrdloxy)icocFti acid (Illa). 67-Methyl- 
enedioxyisoquinolyl4a~tic acid hydrochloride (IO g), boitropiperonal (70 g), AcONa (3G g), Ac,O 
(150 ml) and MeNH, (100 ml) were heated under rctlux for 4 hr. The resultant hot soln was poured into 
boiling water (500 ml) and heated with rapid stirring at loo” for a further 10 min On cooling trama-[4’- 
(6’,7’-mcthylcoedioxy)isoquinolyl]2-oitr~,5-~thylen~ioxyc~na~ acid separated and was collected 
(11.3 g; 74% yield). This material as the hydrochloride was crystallized from 2N Ha as pale yellow prisms, 

m.p. > 340” (68%); L_ mp.((C) 247 (39,600), 317 (lO,OOO), 331 (9630); v_ cm-‘, 2650 @AH), 1725 

(-CO,H); NMR (CF,CO,H) ppm, 8.73 multiplet [1] (C,.--H_), 8.47 singlet [l-J&.-& 7.87 multiplct [l] 
(C,-_H). 7.33 singlet [l] (C,-_H, 723 singlet [I] (C,.-I& 713 singlet [I] (C,.-H), 615 singlet [l] 

(+Cl+C<L 607 singlet [23 and 5.77 singlet [2] (2 x aCJ,O---). (Found: C, 53.7; H, 3.2; N, 6.6. 

C,,H,,N,O,Cl requires: C 540; H, 2.9; N, 63Y.) 
IO similar cxperimeots, 18b was prepared in 64% yield from 6.7dimethoxyisoquinolyl4ac&c acid 

hydrochloride and 2-nitropiperonal as yellow needles, m.p. > 340” from 2N HCl. Compound 18c was 
obtained in 62% yield from 4-(6,7dimethoxy)isoquinolylacetic acid hydrochloride and 2-oitrovcratralde- 
hydc. 

(Unique NMR spectra and satisfactory analytical figures were obtained for @h of these compounds.) 
Traos-a-[4’~6’,7’-Mcthykncdioxy)isoquinoic acid. Ferrous sul- 

phatc (24 g) in hot water (80 ml) was added to a hot soln of trans-a-[4’+‘,7’-mcthyleoedioxy)isoquinolyl]- 
2-•itro-4.5-methylcoedioxycinnamic acid hydrochloride (40 g) in 0880 ammooia (100 ml) with vigorous 
stirring, The mixture was heated for 10 min on the water-bath and then filtered and the filtrate neutmlized 
@H 8) with glacial AcOH. After 24 hr, solid trons-a-[4’+Y7-methyleoedioxy)isoquinolyl]-2-amino-t,5- 
methyleoedioxyciooamic acid was collected (2.2 g, W/.). Rec@allixatioo of this material or its hydrochlor- 
ide salt was not achieved; v, cm-‘, 3430.3330 (-NH,). 1675 (&CO,H); NMR (CF,CO,H) ppm, 8.37 
multiplct [I] (C,.-_H), 8.13 multiplct [I] (C,.---H_X 727 singlet [l] (C,.-_H), 7.17 broad singlet [2] 

(C,-_H and C ,-I$ 6.95 singlet [l] (C,--H_), 6.72 singlet [I] (-CH_=C<), 5.97 singlet [2] aud 5.77 

singlet [2] (2 x -OCH,O-). 
IO analogous experiments the reductions d ~rans-a-[4’-(6’.7’dimcthoxy)isoquioolyl]2-oitro-4,5- 

methylcncdioxycinnamic acid and ~ronr-a-[4’~6’,7’-dimcthoxy)isoquinolyl]2-aitro~,~imethoxy~ona~c 
acid hydrochloride were achieved. The yields of crude amine were 71 and 65 % respectively, these amorphous 
solids were exceptionally difftcult to recrystallizt and were used unpurified in the subsequent reactions. 

2,3.8.9-Bisnelhyloledioxy-benzo[c]pheMnt (5b). lrans-a-[4’+‘,7’-Methylenedioxy)isoquinolyl]- 
2-amioo4,5-methylcoedioxycinoamic acid (20 g) in 2N HCl (I20 ml) was treated with a soln of NaNO, 
(0.55 g) in water (40 ml). Excess HNO, was decomposed by the addition of urea and Cu powder (2a g) 
then added. After stirring at room temp for 5hr the mixture was filtered. The solid product was dried 
and then suspended in quinoline (10 ml) and heated at 230” for 20 min, water was then added and most of 
the quiooline was removed by steam distillation The solid residue from the steam distillation was cootinu- 
ously extracted with chloroform for 24 hr. the extracts were then combined and evaporated to give the 
crude bcnzol[c]phenanthridine. Th,is material wax sublimed at 250°/oi35 nun press to yield 04g of the 
pure benxo[c]pheoaothridine which was finally recrystallized from pyridine as cream coloured oeedles, 
m.p. 328” da: (lit.’ 325” dec), yield 18%; L,_ mp, (E) 230 (25,120), 274 (60,260) 352 (4460, 369 (3020). 

VY, cm -I, 1635 (>C=N-_); NMR (CF,COIH) ppm, 8.83 multiplct [I] (C,-HJ, 7.97 doublet [I] 

J = lOc/s (C,,-El). 7.75 singlet [l] (C,-El), 7.70 doublet [I] J = IOc/s (C,,-HJ 7.62 singlet [I] 
(C,,-I-J, 7.37 singlet [I] (C.--H), 7a sioglet [l] (C,-_H), 622 singlet [Z] and 6Q5 singlet [2] (2 x 
aCJ,C&). (Fouod: C 71.9; H, 3.4; N, 46 Calc. for CIPH,,O*N: C 71.9; H, 3.5; N, 44x.) 

2.3,8,9-Terramelhoxybenzo[c]pheMnlhridinr @a). In an exactly analogous experiment tranta-[4’- 
(6’,7’dimethoxy)koquinolyl]2-amioo-4,5dimethoxycinnamic acid was converted into 2,3,8,9-tctra- 
mcthoxybenxo[cJphenaothridine. Sublimation of the crude product at 220”/@1 mm and recrystallixatioo 

3A 
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from pyridine-EtOH gave colourless plates m.p. 305-307” (lit.’ u)2-304) (Found: C, 72.4; N, 5.5; N, 40. 
Calc for CI,H,,NOI: C, 72.2; N, 5.5; N, 4.0x.) 

2,3-Merhylenedioxy-8,9~i~r~xybenzo[c]p~~~~r~i~ (5c) rranr-a-[4’_(6’.7’-Dimethoxy)isoquinolyl] 
2-amind.metblencdioxycinnamic acid gave a 15% yield of the corresponding Se when diaxotiztd 
and rcactcd under tbc conditions described above. Recrystallization from pyridinoEtOH gave colourlcss 
needles, m.p. 277-279” (lit: 277-287”); &_, mp, (c) 230 (36,300), 275 (63.100), 315 (24,000), 370 (2100). 
(Found: C, 72.1; H, 46; II, 4.7. Calc. for C,,H,,NO,: C, 72.1; II, 45; II, 4.2x.) 

Acknowledgements-We are grateful to Professor Arthur for a sample of oxyavicinc, and to Professor 

Govindachari for a sample of 2,3dimethoxy-8,9-methylencdioxybenzo~c~phenanth~dine. We thank the 
S.R.C. for a studentship (to B. J. M.), and wish to thank Masrs R. C. Kinsman and J. H. Bugler for some 
experimental assistance. 

REFERENCES 

’ Part VI. M. Sainsbury, S. F. Dykc, D. W. Brown and W. G. D. Lugton, Tetrahedron 24,427 (1968). 
* H. R. Arthur. W. H. Hui and Y. L. Ng, J. Chem. Sot. 1840.4007 (1959). 
’ K. W. Gopinath. T. R. Govindachari and N. Viswanathan, Tetrahedron 14. 322 (1961). 
’ H. R. Arthur and Y. L. Ng, J. Chem Sot. 4010 (1959). 
’ A. S. Bailey and C. R. Worthing, J. Chem. Sot. 4535 (1956) and Refs therein. 
6 K. W. Gopinath. T. R. Govindachari, K. Nagarajan and N. Viswanathan, J. C/tern. Sot. 4760 (1957). 
’ S. F. Dyke and M. Sainsbury, Tetrahedron 23.3161 (1967). 
* A. R. Battersby and R. Binks, J. Chem. Sot. 2888 (1955). 
’ J. Knabc and J. Kubitz Angew. Chem (Int. Ed.) Z 689 (1963); Arch Pharm 297, 129 (1964); J. Knabc 

and N. Ruppcnthal. Ibid. 297, 141,268 (1964); Natwwiss. 482 (1964); J. Knabc and K. Deter& Chem. 
Ber. 99. 2873 (1966). S. F. Dyke and M. Sainsbury, Tetrahedron Letters 1545 (1964); Terrahedron 21, 
1907 (1965). 

” J. W. Huffman and E. G. Miller, J. Org. Chem. U, 90 (1960); A. R. Battersby, D. J. Lc Count, S. Garratt 
and R. 1. Thrift, Tetrahedron 14.46 (1961); D. W. Brown and S. F. Dyke, Tetrahedron 22,2429 (1966). 

‘I R. A. Abramovitch and G. Tertzakian, Coned. J. C/tern 41, 2265 (1963). 
” J. M. Bobbitt. D. P. Winter and J. M. Kiely, J. Org. Chem 30, 2459 (1965). 
” Unpublished work from this laboratory. 
I4 K. W. Gopinath, T. R. Govindachart. P. C. Pathasarathy and N. Viswanathan J. C/rem Sot. 4012 (1959). 


