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Abstrac-The structure of a new anti-viral antibiotic, julimycin B-II, has &en established as a derivative 
of p$‘-bianthraquinonyl by spectroscopic and degradative experiments. 

THE isolation of a new anti-viral antibiotic, julimycin B-II, from the metabolites 
of Streptomyces shioduemis nov. sp., and its molecular formula, C3sH~~36014 as 
well as the peri-hydroxy quinonoid chromophore. based on preliminary experiments. 
has been reported.’ 

This substance shows interesting biological activities,’ and in this paper are 
outlined the results of spectroscopic and degradative experiments which establish 
the structure of julimycin B-II (I) as a derivative of g,B’-bianthraquinonyl. 

Julimycin B-II forms reddish orange plates which decompose slowly above 150” 
and result in tarry mass at 215-220”. The dimeric structure was based on its mol wt 
determination (about 700*) and the proton-count@ on NMR spectra? of its 
derivatives. In each spectrum, assuming that one Me signal should contain three 
protons, the integration of the total signals is in proportion to one half of the proton 
number required for the mol wt (Fig. 3). Therefore, it was concluded that this anti- 
biotic must have a symmetrical structure (C19H1,0,)2. 

The proposed per-i-hydroxy quinonoid chromophore based upon W and IR 
spectra (1634 cm-’ ; chelated carbonyl and 1665 cm- 1 ; non-chelated carbonyl) as 
well as colour reactions especially with magnesium acetate’ was confirmed by the 

l 700 by Barger-Akiya’s method in dioxan,’ 730 by ebulliometry in acetone’ and 749 by osmometry 
in acetone. 

7 NMR spectra were taken with a Varian A-60 spectrometer in CDCl, solution unless otherwise 
stated. Chemical shifts are expressed in 6 (ppm) from TMS wed as internal reference. 
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following experimarts: The deep blue ccrlour of an alkaline solution of I was de- 
colourized immediately by the addition of sodium ditbicmit~. On catalytic hydrogena- 

c&s of bydrQ~~ to Arnold which is 
~mpo~d by air. Tb of I in dioxan elation 

shows a chelat 
y non-chelated carbonyl 

bands in the quinone region. 
The ~xy~en~n~~~~ groups, other than 

s~tr~~pic res 
acetoxyI groups 

In order to account for the OH groups, acetylation products of I were examined. 

2 

NaHCO, 
H3 

H 

\ 
Ae 

AC,0 

pTsOH 

v 

i 
AC,0 
pToQH 

fulimycin B-II is eakly acetylated with acetic anhydridebpyridine to the diacetate-I 
(IV)’ which hydrolyzes to the origi 
carbonate.’ On the other hand, I gi 

In IV the two phenoli 
presence of phenolic acet 

ce of four OH groups in the julimycin B-11 molecule is 
corroborative. Accordingly, the number of the unknown earbonyl groups must be two. 
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In pyridine solution, I is converted to the bisanhydro derivative VII, (C,,H,,O,),, 
oia a labile monoanhydro derivative.* 

CHART 2 

In the IR spectrum of VII the alcoholic OH band (3445 cm- ‘) and the CO band 
(1704 cm-‘) present in I have disappeared and the W spectrum, as shown in Fig. 1, 
exhibits characters4 similar to the anthraquinone derivatives which have two peri- 
hydroxy groups. These facts suggest that the treatment of I with pyridine results 

I 
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FIG. 1 UV spectra of I ( -) in MeOH and VII (-----) in dioxan. 

not only in the base-catalyzed dehydration of the alcoholic OH groups but also in 
aromatization which converts the CO groups into phenolic pet-i-hydroxyl groups 
Actually, the NMR spectrum of VII shows two peri-hydroxyl signals (12.38 ppm, 2H, 
singlet and 12.25 ppm, 2H, singlet) and new aromatic protons (742 ppm, 2H, singlet). 
Moreover. the methylation of VII produces tetramethyl ether VIII. 

* The isolation of monoarhydro derivative is posaibk under mild condition Tk r&t will be reported 
later. 
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FIG. 3 NMR spectrum of VI. 

to the CO group(s) at Cr (C,,). However, the wave number is comparable to that of 
rubroskyrin (1703 cm- 1).s 

The substituents of the hydroaromatic rings of I were estimated as 

H 
\ / -td) \ / 

H(e) 
\/ 

CH,W 

Y\ ’ AC\ 
and 

/Y 
H - W CH,o_(OCOCH,&)-CH,(,, 1 OH 2 

by the assignment of the NMR spectrum of VI (Fig. 3) referring to the structure of 

\/ 
&d) 

the bisanhydro derivative. Since the geminal methylene protons C 
/\ 

exhibit a 

‘H(d) 

simple AB-type quartet, the carbon atoms adjacent to this methylene group(s) have 

\/ 
CH, 

no proton. Accordingly, the C 
/\ 

groups could only be located at the &position 

OH 
to the CO group(s) at C,(C,,), and the assignment of this position is compatible with 
the easy base;catalyxed elimination of the OH function(s). Regarding the position 
of the methylene group(s), the large geminaf coupling constant (J = 19.0 c/s) of the 
methylene protons suggests the presence of adjacent CO group.‘j This supports the 
locations of the methylene group(s) at C,(C,J and the side chain(s) at C&). This 
was confirmed by the following experiments. 
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In or&s to prepare the oxidatio Ring A (A”), III was 
hich was oxide with 
as the methyl ester XI. 

By common with an authentic 
to be tetramethyl S-methonykknzene 

the degradation product wad proved 
tracarboxplate (XI). T&s result agrees 

the s~~~t~r~ of hydro- 

dete~e the positions at which the two quinonoid moieties are 
coupled. 111 was degraded by permanganate oxidation. Since the oxidation product 
(XVI) should include the biphenyl part (Rings C, C’) of the original corn 
two possible esters were synthesized as shown in Chart 4. 

I CU 

XVIII R = H 

XIX R = CH3 

XXIR=H 

XXI1 R = CH3 
XXIII 

‘3% 

rotation of ~,~d~~t~ylph~oI @WI%) yielded two aaoiodide;s &VIII and 
XXI). Both compounds exhibit the presence of ortho protons in the NMR spectra 
and XVIII, as distinct 
spectrum. Ccn3equent 

I, shows intramolecular hydrogen bonding in its IR 
6- and ~~~~rnpo~ds, ~~t~veiy. 
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This assignment was confirmed by methylation of authentic 3-hydroxy_6_iodoph- 
thalic acid’ to XXIII. From the iodo compounds the biphenyl compounds XVI and 
XXIV were obtained oia a similar pathway. 

The degradation product, therefore, was confirmed to be tetramethyl 2,2’di- 
methoxybiphenyl-3.3’,4,4’-tetracarboxylate (XVI) and the two quinonoid moieties 
are coupled at 7-7’ giving julimycin B-II the structure as shown in formula I. 

Though several a,a’-bianthraquinonyls have been isolated from fungal meta- 
bolites.’ julimycin B-II is the first p,f3’-bianthraquinonyl derivative isolated from 
microbial metabolites.* 

EXPERIMENTAL t 

Cntalytfc hydrogenation of julimycin B-II (I) 
A sofn of 100 mg I iu 40 ml EtOH was hydrogenated over 5 “/d W-C The uptake of Hs was 71 ml. 

which corresponded to two moles equivs for a molecule (theoretically 6.8 ml at 23”). The colour of the 
hydrogenated soln soon changed from yellow to the original red in the air and removal of the solvent 
afforded I. 

Julimycfn R-II 8.8’~O-dim&y/ ether (II) 
To a soln of 70 mg I in 20 ml acetone, 5 ml Mel and Ag,O (prepared from @85 g AgNO, and 22 ml 

lOoi, NaOH) were added, and the mixture was refluxed for 1 hr under stirring The reaction mixture was 
faltered and the filtrate was condensed to nearly dryness Additicn of MeOH gave 70 mg crude II as yellow 
ftne prisms which were recrystallixed from a hugs amount of MeOH, ap. 255-265” (dec). (Found: C, 
64.76; H 5.23; MeO, 846. C,,H,,O,, requires: C, @68; H, 5.16; MeO, 8.36”/d); lR pdd cm-‘: 3460, 
172Q 1670. W e mp (log e): 232 (4681 380 (3.97). 

8,8’-0-bis(pnirrobenzoyl) julimycin B-II (Ill) 
To a soln of 400 mg I in 15 ml pyridine, IO g crystalline pnitrobenxoyl chloride was added with stirring 

during a period of 5 min at room temp. After 15 min, the mixture was poured into 100 ml water, and the 
ppts were washed with water and then with MeOH Recrystallization from acetonoMeOH gave 470 mg 
Ill as pale brown powder. m.p. 234” (dec) (Found: C, 59.29; H, 4.38; N, 262; H,O, 3.85. C,sH,,OsON,. 
2HsO requires: C, 5954; H, 4.23; N, 2.67; H,O, 344”/d). A dried sample is hygroscopic (Found: C, 61.37; 
H408; N.260. C,2H,,010N,requirw:C61.66; H3.98; N,2.77Oj,); lR~~dcm-l: 3514,1755(shoulder), 
1745, 1713. 1670. 

Diucetate-II (3.3’-Odiocetyljtdfmyciu B-II) (V) 
To a suspension of 1OOmg I in 4ml Ac,O, 2Omg p-toluenesulfonic acid was added and the mixture 

stirred at room temp. Afta 2 hr the soln was poured into 40 ml water to give a crystalline acetate. Re- 
crystallixation from MeOH gave 68 mg ptue V as dark red prisms, m.p 231-235” (dec) (Found: C, 6294; 
H, 4.87. CltH3r,0,6 requires: C 63.15; H, 4%0%); W e” mp (log 8): 233 (4.70), 462 (4.12). Mg(OAc), 
colour reaction : blue. 

Tetraacetate (VI) from diacetare-I (IV) 
To a soln of 110 mg IV (prepared according to Katagiri et al.*) in one ml Ac,O, 10 mg ptoluenesulfonic 

acid was added and the mixture allowed to stand for 3 hr at room temp. The sofn was poured into 30 ml 
water to decompose Ac,O and extracted with CHCI,. The CHCI, lay= was washed 3 times with water, 
dried over MgSO* aud evaporated. The residue was recrystallized from MeOH to give 60 mg Vl as yellow 
plates, m.p. 225.5” (dech whose lB spectrum was identical with that of julimycin B-II acetateIl.’ (Found : 
C, 62.19; H 4.85. C,H,,O,s requires: C 62.58; H, 4.85%). 

Bi.sMhydrojulimycin B-II (VII) 
A soln of 30 mg I in one ml pyridiue was heated at 90” for 2 hr. TM pyridine was distilled off in uactw, 

and the residue was recrystallized from acetone to give 17 mg VII as orange needles, m.p. 252” (dec). 

l Cassiamin a f3,8’-bianthraquinonyl derivative has been isolated from a plant, cu.& rfcm~ Earn. 
(N. L Dutta, A. C. Ghosh P. M Nair and K Venkataraman, Tetrahednm Leners No. 40,3023 (1964). 

t All m.pe and bps are uncorrected. 
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(Found: C, 6703; H, 4.49; M.W. ~osmomet~A 6’75. C3zHzQOlz requires: C, 6725; H, 446%; M.W.. 
678.62) ; ~~~Ac)z colour r~~iou : red. 

~~~~~~~yc~ RH l,I’, 8,~-~~~fr~~y~ ether {VIII) 
To a soln of 100 mg VII in 20 ml acetone, AgzO (prepared from O-85 g AgNO,) and 5 ml Me1 were added 

the mixture refluxcd for 1 hr. The inorganic compounds were fittred 0 hed 
bined solns were evaporated and the residue reerystallixed from CH ane 
as yellow powder, m-p. ~315”. (Found: C 68.92; H, 486. C,zH3s01z requires: 

C 68.65; H, 521 p/J; IK pdd cm-” : 1727. 1672; W c flog ~ji: 227 (4.66). 265 14.73), 372 14.18). 

(i) Dehydratiorr of III. A soln of 1.32g III in 45 ml pytidine was heated on a steam bath for 2 hr. The 
extracted with CHCI,. 

The CHCI, taycr was dried with CHC&-MeOH 
gave ia2g of IX as 

(ii) ~~t~y~~~~ of DC A mixture of 1-Og IX, AgzQ (prepared from 5.1 g AgNO& 30 ml Mel and 70 ml 
acetont was refluxcd under st’ for 80 min. After working up as usual the crude dimtthyl ether was 
chromatographed on silica eluted with CHCl+eOH (100: O$ Removal of the solvent and 
purification from acetone-MeOH gave 654 mg X as yellowish green amorphous powder. (Found: C. 
6454; H. 4.21; N, 2.85. C~~H~~~sN~ requires: C 64*54; H, 4a3; N, 2.79%). 

(iii) ~~r~~~~ ~~j~~~~ X A soln of 6~~ X in 10 ml 10% K~H-M~H was on a 
steam bath, for 10 mm After re of the solvent the residue was dissolv in 20 ml water and treated 
with COz. The dark green ppt was collected and washed with water. 

The ppt was oxidized in a soln of 20 ml 5 oL N&H, 10 ml water and 5 ml pyridine at 60” with KMnO, 
until the colour of permanganate persisted for 1 hr. After removal of the pyridine 20 ml water was added 
to the residue and the mixture was reoxidized at il the colour of permanganate was retained 
for 1 hr. MnQ, was astern off and washed with the ~rnbi~~ solu was ~id~~~ with HCi. 

ln sligbt~y acid, addition ICMnO, to the sob at room temp till the ~a~rati~~ 
The. rn~xtu~ was made alkahne with NaOH and MnOz was removed by notation. The 

trate was extracted with EtOAc to remove 52 mg coloured material. The alkaline layer was neutralized 
with HCl and chromatographed on 100 ml Dowex 50 ( x 12 proton type) and elutcd with water The water 
soln was evaporated to dryness in oacuo and the residue was extracted with a small amount of MeOH to 
give 50 mg crude acid which was recrystallized from EtOAc to yield 16 no pale yellow acid. 

Tbe acid was di~lv~ in 1.5 ml M&H and the soln was refluxed with Ag,O (pre 
AgNO~~ 1.5 ml Mef for 2 hr to afford ester as an oil, which was chro 
silica gel &ted with C~~l~-~eOH moval of the solvent and retry 
ether with Norite gave 8 mg pure XI as colourless prisms, m.p. 128-128.5” (sintered at 103”). (m.p, 103- 104” 
on hot stage). (Found: C 53.18; H, 502 CiSH,,Oo requires: C, 52.94; H. 4*74:/J; UV e rnp (log e): 
218 (451). 307 (3.53). 

This ester was identical with t~tramethy! S-methoxybenzcne-I,~3,~t~t~~r~xylate (XI) as mentioned 
below. 

fi) lj(o-Methoxyphenoxy~2,3,4,S_tettMlethylbenzene [XIII) Compound XII was prepared from 1.2.4,5- 
tetramethylbenzene ~iu 1.2.3,Qtetramethylbenzeue according to the directions of Smith et a1.,** *’ and in 
each step, the product was purified successfully by preparative gas chromatography. 

With vigorous stirring a mixture of 2-13 g XII, 3.72 g s-methoxyphenol, 6.25 g finely powdered KlC03.i1 
O-95 g Q-powder and 25 ml ~y~d~ was refluxal for 16 hr. ~~~ the lotion peri the bonds 
pyridine was forced to pass those an anbyd silica gel c&mm to mauve the water ~~~~t~ by the 
reaction The reaction rn~tu~ was filtered and wasbed with ~~di~~ The residue from the ~yridioe 
soln was dissolved in ether and the solo was washed with dil HCL then 3 times with dil NaOHaq, dried 

* For the chromatography of such 
according to the directions of Katagiri. 

u3louring matters, Kicsel gel (Merck) was purified to metal free 



1174 N. TSUJI 

over K&O,. chromatographed on 12g alumina and eluted with ether. Removal of the ether and re- 
crystallixation of UK residue from MeOH gave 2.41 g (93ao/o) XIII as colourless prisms, m.p. 67”. (Found: 
C, 79.77; H. 807. C,,H,,O, requires: C, 7965; H, 7.86p/). 

(ii) 2,3.4.5-Tetmmethylpheend (XIV). To a soht of metallic Li in 100 ml liquid ammonia was added slowly 
with stirring a soln of 1.65 g XIII in 35 ml ether at - 50”. Metallic Li was added until tht blue colour of 
the soln persisted for 1 hr. After evaporation of the solvents the residue was acidified with dil HCI and 
extracted with ether. The ether soln was dried over MgSO, and evaporated The crude product was 
chromatographed on silica gel with CHCI, and then recrystallixed from n-hexane to afford 784 mg (81 “/o) 
pure XIV as colourless needles mp. 83.5-84”. (Found: C, 79.82; H, 9.17. C,,H,,O requires: C, 79.95; 
H, 9.39 “4). 

(iii) 2.3.4.5-Tetratnethylaisole (XV). A soln of 300 mg XIV in I5 ml acetone was refluxed with 1.2 g 
K&O, and 1.2ml MexSO, under stirring After removal of the solvent, the residue was treated with 
280/d NH,OH to decompose the excess Me,SO, and extracted with ether. The distillation of the extract 
under diminished pressure gave 31 I mg (95 YJ of XV as colourless prisms, b.p.,, 120-123” (bath temp), 
m.p. 33-34”. (Found: C, 8@58; H. 999. Calc for C,,H,,O: C, 8044; II, 9.83?:); NMR 6: 655 (C,-H, 
IH, singlet). 3.75 (0-CH,, 3H, singlet), 2.27 (&CH, 3H, singlet), 2.18 (&CH,, 3I-I singlet), 2.13 (I$-CH,, 
6H, singlet). 

(iv) Temmethyl5-mefhoxybenzene-1,2,3,4-tetracarboxy&te (XI) A mixture of 750 mg XV, 4 ml 5% NaOH, 
30 ml water and 20 ml pyridine was gently retluxed under stirring and 4.35 g KMnO, was added portions- 
wise. After consumption of KMnO,, MnO, was liltered off and the filtrate was evaporated. The residue 
was acidified with dil HCl and extracted with ether to give 1094 g intermediary crude triauboxylic acid, 
which was dissolved in 10 ml 5 “i, NaOH and 40 ml water and oxidized under rellux with 5a g KMnO, 
during a period of 24 hr.* MnO, was liltered off and the filtrate was neutralixed with 10% HCl, diluted 
with water to about 120 ml, chromatographed on 100 ml Dowex 50 ( x 12 proton type) and eluted with 
water. Evaporation of the soln gave 930 mg crude acid which was recrystallized from water to give two 
crops Elementary analyses and IR spectra suggested that the lets soluble crop (153 mg) was essentially 
tricarboxylic acid, while the more soluble crop (702 mg) was tetracarboxylic acid. 

Methylation of the former crop and recrystalli.xation from MeOH afforded trimethyl tricarboxylate, 
m.p. 108-109”. (Found: C, 56.78; H, 5.56 Ci,H,,O, requires: C, 5675; I-I, 5.447;). 

The crude tetracarboxylic acid (370 mgl was methylated with 10 ml Me1 and Ag,O (prepared from 1.77g 
AgNOJ in MeOH under reflux for 1 hr. Working up as usual gave 334 mg crude ester, which showed the 
presence of a small amount of trimethyl tricarboxylate in the gas chromatogram RecrystaIlixation from 
MeOH and then from ether gave 170 mg pure XI as colourless prisms, m.p. 128-128.5” (sintered at IOS”), 
(m.p. 103-104” on hot stage) (Found: C, 53.20; II, 474; MeO, 45.27. C,,H,,O, requires: C, 5294; H, 
4.74; MeO, 4560~/0); UV e” mu (log E): 218 (4.51), 307 (3.53); NMR 6: 7.57 (C&I, IH, singletk 393, 
3.92 3.89 and 3.85 (Cs-OCH, and 4-COOCHI 15H). 

The mixed m.p. determination, gas chromatography and the comparison of IR spectra showed that 
this product was identical with XI derived from the natural product. 

Oxidatiw degradation of II 
To a soln of 760 mg II in 20 ml pyridine and 10 ml 10% NaOH, 6 “4, KMnO,aq was added slowly on a 

steam bath until the colour of permanganate persisted for 1 hr; 72 ml of KMnO*aq was added during a 
period of 6 hr. After decomposition of excess KMnO, with HCHOaq, MnO, was fiitered off, and washed 
with water. The combined soht was evaporated to nearly dryness in vactw, acidified with dil HCl and 
evaporated completely in vacua. The residue was extracted with acetone to give 600mg crude acid as a 
brown syrup, which was refluxed with 3ml AcsO for 15min After removal of AcsO the residue was 
chromatographed on 15 g silica gel with EtOAc The crude anhydride (160 mgl was hydrolymd with 10% 
NaOH and the soln was acidified with 10% HCl and extracted 4 times with ether. The ether extract was 
treated with excess ethereal diaxomethane to afford an oily ester (13 mg) which was crystallized by the 
addition of MeOH. Recrystallization from MeOH gave 6 mg pure XVI as colourless prisms m.p. 163-164 
(on hot stage). (Found: C, 59.26; H, 467; MeO, 41.82 C,,H,,O,, requires: C, 59.19; I-I, 4.97; MeO, 
41.71 “i,); UV Ly mu (log E): 209.5 (4663, 268 (4.23). 

* In this oxidation, it did not give a permanent colour with KMnO, presumably due to the further 
decomposition of the product. 
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This product was identical with synthetic tetramethyl 2,2’dimethoxybiphenyl-3,3’4,4’-tetracarboxylate 
(XVI) as described below. 

The synthesis of XVI and XXIV 
(i) J&nation of 2,3dimethylphend (XVII) TO a soln of 3.6 g XVII in 600 ml 5 y0 KOH, a SO~I of %25 g 

I, and 19.5g KI in 6ooml water at -05-0~5” was added dropwise with vigorous stirring. After the 
addition was complete, the stirring was continued for 20 min and the soln was acidified with 150 ml 10 Y/D 
HCI to separate a white ppt, which was extracted with ether. The ether soln was dried over MgSO* and 
evaporated to give 764g of an oily product, which was chromatographed on 130g silica gel and eluted 
with benzene and thcn with CHCI,. The benzene eluate was distilled under diminished press to aNord 
1.38 g XVIII as a colourless oil, b.p, 85”. (Found: C, 3899; H, 3.75; L 51.34. C,H,OI requires: C, 38.73; 
H, 3.66; L 51.16Q; NMR 6: 733 (C,H, lH, doublet, J = 8Oc/s), 648 (C,-H, lH, doublet, J = Sac/s), 
5.18 (+-OH, IH, singlet), 2.20 (I+CH, 6H, singlet); IR vz in 20 mm cell: 3503 cm-’ (H-bonded OH). 

The residue of this distillation was recrystallized from n-hexane to give 0.95 g 4,Gdiiodc+2,3dimethyl- 
phenol as nearly colourless needles, m.p. 84-w5”. (Found: C, 25-97; H, 2.29; L 6766. C,H,OI, requires: 
C 25.69; H, 2.16; L 67.88yJ; IR vz in 20mm cell: 3503cm-‘. 

The CHCI, eluate was evaporated and the recrystallization of tbe residue from n-hexane gave 4.12g 
XXI as colourless needles, m.p. 82-83”. (Found: C, 38.84; H, 3.83; I, 51.01. C,H,OI requires: C, 38.73; 
H, 366; L 51.16:&; NMR 6: 750 (C,-I-I, lH, doublet J = 8.5 c/s), 6.37 (C,-H, IH, doublet J = 8.5 c/s), 
4.70 (&OH, 1H. singlet), 2.40 (C,-CH,, 3& singlet), 2.21 (C&H,, 3H singlet); IR vz in 20mm cell: 
3613 cn-’ (free OH). 

(ii) blodo-2.3-dimethylanisole (XIX). To a soln of 207 g XVIII in 4 ml 10% NaOH and 4 ml water, 1.4 ml 
Me,SO, was added and the mixture stirred at room temp for 2 hr. During the reaction period the mixture 
was kept alkaline by the addition of lOoi, NaOH. The excess Me,SO, was decomposed with 28”j, NH,OH 
and the mixture extracted with ether to give 1.93 g of XIX as pale yellow oil, which showed no OH band 
in IR spectrum and one spot in TLC. This product was used for the next step without further purification. 

(iii) 4-lcdo-2.3-dimethylisole (XXII). A soln of 2.48g XXI in 5 ml 100/o NaOH and 2.5 ml watt was 
treated with 1.41 ml Me,SO, as described above. Chromatography on alumina gave 2.49 g of XXII as a 
colourless oil. A small sample was crystallized from MeOH to aNord colourless plates m.p. 32-33”. 
(Found : C.41.34; H, 4.25. C,H, ,Ol requires: C, 41.24; H, 4.23 pi,). 

(iv) Dimethyl 4-iodo-3-methoxyphthate (XX) A mixture of 1.93 g XIX, IO ml pyridine, OM ml 10% 
NaOH and 35 ml water was gently refluxed and to the mixture was added 7.95 g KMnO, in 10 portions 
during a period of 6 hr. The mixture was acidified with 10% H,SO, treated with NaHSO, to dissolve 
MnO, and extracted 3 times with ether. Evaporation of tbc ether soln gave 2.2Og of a mixture of mono- 
and dicarboxylic acid as a pale yellow solid. The acid mixture was dissolved in 8 ml 100/o NaOH and 20 ml 
water and gently relluxed While stirring, 250 g KMnO, was added to the soln in 5 portiom during 3 hr. 
After acidification with lop/, H,SO, dissolution of MnOl with NaHSO, and saturation with NaCl, the 
reaction mixture was extracted with ether. Removal of the ether and recrystallization of the residue from 
ether-n-hexane gave 1.56g 4-iodo-Zmethoxyphthalic acid as colourless line powder, m.p. 168-170” 
(dec). (Found: C. 33.73; H, 2.21; I, 39.46. C,H,O$I requires: C, 33.56; H, 2.19; I, 39.41 YJ. 

The acid (1.45 g) was esterified with ethereal diazomethane to yield 1.31 g of XX as a colourless oil. 
b.p.,.,, 15&160” (bath temp). (Found: C, 37.86; H, 3.36; I, 36.32; MeO; 26.59. C,,H,,Oll requires: C, 
37.73; H, 3.17; I, 3625; MeO, 2629%); NMR b 7.93 (C,-H, lH, doublet J = 8G c/s), 7.51 (CI-H, lH, 
doublet J = 80 c/s), 3.97 (C,-OCH, 3H, singlet), 3.88 (2-COOCH,, 6H, singlet). 

(v) Dimethyl 6-iod+3-methoxyphthdate (XXIII). A mixture of 1.41 g XXII, 6 ml 5% NaOH, 8 ml pyridine 
and 10 ml water was gently relluxed and to the mixture 3.40 g KMnO, was added in 4 portions during a 
period of 140 min. The pyridine was removed by distillation and to the residue was added 10 ml water. 
The mixture was relluxed and reoxidizcd with additional 205 g KMnO, in 4 portions during 80 min.*’ 
The mixture was filtered and the Cltrate was acidified with lOv/0 HCI and extracted with ether to afford 
1.15 g crude acid. The acid was dissolved in 30 ml acetom and methylated with 3 g K&O3 and 3 ml 
Me,SO, by reflux for 3 hr. The mixture was filtered and the filtrate was distilled to remove the solvent 
and excess Me,SO, The residue (750 mg) was chromatographed on 40g silica gel and eluted with benzene 
and then with CHCI,. 

The benzene fraction gave about 200 mg colourless oil, b.p, 160” (bath temp) The analytical data were 

* See footnote * on page 1774. 
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in accord with the methyl ether of monoearboxy|ic acid. (Found: C, 39-35; H, 3.90; L 41.54; MeO, 20-27. 
C~oH,IO3 requires" C~ 39-24; H, 3-62; L 4i.46; MeO, 20.28%). 

The CHCI~ fraction save 450 mg dimetby| ester, which was reorystallized from ether-n-hexane to 
yield 425mg of XXIII as colour[~ prisms, re.ix 80.5-81 °. (Found: C, 37.85; H~ 3.32; L 35-95; MeO, 
26.23. Cl lHl tOs t  requires: C 37.73; H, Y17; 1, 36-25; MeO, 26-59 9~); NMR ~: 7.83 (Cs-H, IH, doublet 
J ~ 9~c/sg 6-75 (C4-PL i l l  doublet J ,,, 9.0 c/s), 3-88 (C3-OCH~ 3FL sin$1et), 3-83 (2-COOCH3, 6H, 
sine, let). 

(vi) Tetramethyl 2,2'-dimethoxybiphenyl-3,3"4,4'-tetracarboxylate (XVI). A ~ t u r e  of t.30g ~ ~ 1,30 8 
Cu-bronz¢ I~ was heated on an oil bath and the tcmp kept at 220-25,'~ for 30 rain TI~ ooo|ed rt~gw,.ion 
mixture was extracted with CHCI 3 and the extract was chromatographed on alumina -Mth CHCI 3. Re- 
moval of the solvent and r~rysta l l~t ioa from MeOH gav~ 778 m8 of XVI as colourless platea, m,p. 
165-1660 (m~p, 165 ° on hot stageg (Found: C, 59.39; FL 5.14; M¢O, 41.80. C22H2aOto requires: C, 59,19; 
I-L 4,97; M¢O, 41.71 ~); UV ~ a  n~  0og 8): 209-5 (4.64), 268 (4.24); NMR 6:7"83 (Cs,s,-~ 2H, doublet 
J = 8-0c/s), 7.58 (C6.v*H~ 2H, doublet J---8.0c/s), 3-96, 3-90 (4-COOCH~, each 6H. single|), 3"48 
C2,2,-OCH~ 6H, singtet). 

The mixed m.p. and the comparison of the IR spectra showed that this ester is identical with XVI 
obtained from IH 

(vii) Tetramethyt 4,4'-dimethoxybiphenyl.2,2~,3,3'.tetracea, boxylau (XX1V~ A mixture of 380 mg XXIII 
and 380 rr~ Cu=bron~ was treated as described for XVI. Recrystallization from M¢OH save 136 mg of 
XXIV as colour[ess plates, m.lx 18~184.5 ° (m.p. 183-184-5 ° on hot stage). (Found: C, 59.36; H, 5-03; 
MeO, 41.66. C22H~O10 requires: C, 59-19; H, 4.97; MeO. 41.71 9~}; ~ ~ ~ (log e): 214 (4.64), 
305 (3,83); NMR 5:7.23 (C~.v-FL 2FL doublet J = 9,0c/s), 7.03 (Cs,s,-IL 2I'L doublet J ~= 9.0c/s), 3.87, 
3'83 (4-COOCH~, each 61"t, singlet), 3"53 (C,,,v-OCH3, 6H, Single|). 
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