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Abstract-A blomimetic synthesis of the anti-tumor active alkaloid acronycrne (7; R=R’=Me) has been 
obtained bycychsationof 6-(2-methylaminobenroyl)_5.7-dimethoxy-2.2-d~methylchromenc II I : R=R’=McL 
isoacronycine (20; R=R’=Me) was also produced. In an a~4ogous manner the amtnochromene II 1: R=H. 
R’=Me) gave a mixture of dcs-N-methylacronycincf7; R=H. R’=Mr) and des-N-mcthyhsoacronycmc (20: 
R=H, R’=Me). The ammochromenes were best synthesised by condensation of lithlo-5.7-dlmcthoxy-2.2- 
dimethylchromene (22: R=LI) with N-methylisalolc anhydride (26) or with 2-methyl-),I-benroxazin-4-one 

(21). 
The relevance of thrs syntheuc route IO fhe biogencsls of acridone alkaloids is discussed. 

The acridone alkaloids constitute a small group of 
natural products found exclusively in the Rutaceae 
family of higher plants3.“ A sustained interest in this 
field has been due to the reported activity of 
acronycine (7), a constituent of Acron~~.hiu buuuri and 
Vepris amphody. as an anti-tumor agent.’ The first 
series of syntheses of acronycine involved initially the 
preparation of 1,3-dihydroxyacridan-9-one6 with the 
dimethylpyranyl moiety being introduced at a later 
stage.‘.H Recently S-amino-7-methoxychromene has 
been used in a synthesis of acronycine and its 
analogues.’ 

We wish to describe a new synthesis of acronycine 
based on a route which may have analogy IO the 
biosynthetic pathway of this alkaloid. The early 
nrooosals on the biosvnthesis of the acridan-9-one 
nucleus made by Sir Robert Robinson invoked an- 
thranilic acid and acetate.‘” and this suggestion has 
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been experimentally confirmed by the findings of 
Prager and of Grijger and their collaborators who 
found that carboxy labelled anthranilic acid (4).‘1.‘2 
malonate (5).’ ’ and mevaionic acid (6)” were in- 
corporated into certain acridone alkaloids. Based on 
this work Griiger has suggested that acronycine (7) is 
elaborated according to the sequence (4-7) and Lewis 
has suggested that an intermediate in acridone bio- 
synthesis is an aminobenzophcnone14 and has further 
shown that the N-methylaminobenzophenone (8) is 
easily and quantitatively converted into l,3-dimethoxy- 
IO-methyiacridan-9-one (9).“.lb The isolation of 8, 
called recleanone, from Teclea grandi’/ia,’ ’ Diphasia 
klaineuna, Teclea rerdoorniana’* and Oricia suaveo- 
/ens” and of the alkaloid 9 from the latter two plants” 
offered support for the role of aminobenzophenones as 
biosynthetic intermediates. We now see the biosyn- 
thesis of acronycine involving a triketide Intermediate 
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fallowed byintroductionofthechromenyl moiety prior 
tocyclisationandmethylatlonasindicate.dinScheme I. 

N-Methylation may occur at a late stage in the 
sequence since des-N-methylacronycine (7; R=H. 
R’=Me) has been isolated from C/JYIIS~~.S pett- 
taphylb.20 

The key intermedlates for our synthesis were the 
aminobenzophenones (I I ; R=H or Me, R’=Me) which 
in turn can be regarded as the putative precursor to 
des-N-methylacronycine (7; R=H, R’=Me) and acro- 
nycine (7; R=R’=Me) respectively. Two synthetic 
routes were considered; formation of a 2-nitro- 
benzophenone followed by introduction of the 
dimethylpyranyl group in an analogous manner to 
that used for the synthesis of acronycine and other 
chromenyl compounds’.* with subsequent reduction 
to the amino compound or condensation of a 
benzoxazine or N-methylisatoic anhydride with 
lithiated 5.7-dimethoxy-2.2-dimethylchromene to give 
the amines directly. 

In the first route Friedel Crafts condensauon of 2- 
nitrobenzoyl chloride (12) with 3.5-dimethoxyphenol 
(13) gave two products, 4.6-dimethoxy-2-hydroxy-2’- 
nitrobenzophenone (15; R=H) and as the minor 
component 2.6-dimethoxy-4-hydroxy-2’-nitrobenzo- 
phenone (14). Structural assignments for rhese two 
isomers were unambiguously made by examination of 
their NMR spectra; in 14 the two OMe groups at C, 
and C, resonated at ~6.42 ppm while those in 15 (R=H) 
at C, and C, resonated at ~6.06 and 5.43 ppm 
respectively. 

Due to the poor yield of the desired isomer by direct 
Friedel-Crafts reaction it was considered that Fries 
rearrangement of 3.5-dimethoxyphenyl-2’.nitro- 
txnzoate (16: RyNO,) should give the required 

benzophenone (14) since the normal migration 
associated with the Fries rearrangement gives the 
puru-orientated product.” A rapid photochemical 
rearrangement taok place but the sole product was the 
“ortho” isomer (15; R=H) similarly photo Fries 
rearrangement of the amino-ester (16; R=NH,) only 
provided the “orrho” aminobenzophenone. 

Several reports in the literature concerning selectlvc 
demethylation prompted us to Investigate non acidic 
demethylation procedures on the nitrotrimethoxy- 
bcnzophenone (IS; R=Me) since it has been well 
documented that acidic reagents cause selective 
demethylation of methoxy groups pcri to CO groups 
in xanthones. benzophenones and acridones. The use 
oferhanethiol in DMF” gave a complex mixture with 
negligible quantities of the required phenol and 
sodium in liquid ammonia gave little demethylation 
starting material being mostly recoverable. When the 
nitrobenzophcnonc was treated with boihng piper 
idine” cyclisation occurred to give I.3-dlmethoxy 
xanthone (17: R-Me) and 3-hydroxy-I-methoxy 
xanthone (17: R=H) both xanthones bemg produce< 
presumably by prior demethylation followed b; 
elimination of nitrous acid. 

The failure of all but the Friedcl Crafls reaction tc 
produce the necessary phenol nelqssitated a rc 
examination ofthiscondensation and the best yield fo 
the required product was obtained at O-14 (5 ‘I,). Th 
phenolic benzophcnone (14) was now to be convertel 
into the nitrochromene (19). A number ofmethods ar 
available for the introduction of the dimethylpyra 
ring.” It was decided to use the route mvolving ? 
chloro-3-methylbutyne which gives firstly a proparg! 
ether (e.g. 18) which can subsequently be cyclised t 
the pyran (e.g. 19). Hlubucck PI ~1.” had used ;1 sirnil 
sequence for the synlhcsls or acronycine where th 
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pyran ring was introduced after formation of the 
acridone ring system.8 That condensation of 3-chloro- 
3-methylbutyne with the nitrobenzophenone (14) 
followed by cyclisation had taken place was confirmed 
from the spectral properties of the product 19 and by 
its reduction with zinc dust in ethanol to give the 2- 
aminobenzophenone (II: R=H. R’=Me). Both com- 
pounds showed rypical chemical shift values for two C- 
methyl groups at r ~c 8.5 and two coupled vinyl protons 
at t about 4.50 and 3.50 (.I = 10Hz) corresponding to 
the presence ofa dimethyl chromene ring.‘* Theamine 
(1 I: R=H, R’=Mel also showed the characteristic NH, 
stretching vibrations as a doublet at 3470 and 
334Ocm-‘. Treatment of this amine with NaH in 
DMSO gave two products. des-N-methylacronycine 
(7; R=H, R’=Me) havmg the angular structure 
corresponding to loss of the C-5 methoxy group 
durmg cyclisation and des-N-methylisoacronycine 
(20: R=H. R’=Me) having the linear structure. the ratio 

of the two isomers being -- I:2. The assignment of 
structure to these acridones was accomplished by 
comparison of the chemicai shift value for the 
phloroglucinol ring proton in 7 (RrH, R’=Mek at T 
= 3.80 with that observed for noracronycine (7; 
R=Me,R’=H)atr3.86andacronycme(7;R=R’=Me)at 
3.72”” while the iso-compound 20 (R=H. R’=Me) 
showed a chemical shaft value of r = 3.60 which 
conforms with the lower chemical shift values found 
for linear isomers. Norisoacronycinc (20; R’=H. 
R=Me) has its ring proton ut t = 3.82 compared with 
noracronycine at I 3.X6.?’ Methylatton of 7 (R=H, 
R’=Mc) *ith methyl iodide in acetone m the presence 
ofanhydrous potassium carbonate gave acronycine (7: 
R=R’=!vie). 

An alternative route to the benzophcnone I1 (R=H. 
R’=Me] was based on the observation that 2-methyl- 
3.1-benzoxazin-4-one (21) reacted with Grignard 
rcagcnts to give 2-acetylamino~nzophcnones.~‘. ‘: Ih 
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From a study of the lithiation of 1,3-dimethoxy 
benzene whence the 6-lithio-derivative was pro- 
duced’” it was considered that lithiation of 5,7- 
dimethoxy-2,2-dimethyl chromene (22; R=H) would 

proceed in a similar orientation to give 22 (R=Li). 
This was reatised when the lithiated product from 22 

(R=H) was reacted with the benzoxazin4one (21) and 

from the reaction product 6-(2-acetylaminobenroyll- 
5,7-dimethoxy-2.2-dimethylchromene (11; R=Ac, 
R’=Me) was Isolared. The spectral properties of this 

amide showed typical CO absorption at 1695cm ’ 
corresponding lo the aryl amide function and at 

166Ocm-’ corresponding to the benzophenone CO 
group. Chemical shift values at T 8.53 were assigned to 

the gem dimethyl groups and two pairs ofdoublets at 

5 3.52 and r 4.45 for the vinyl protons of the chromenyl 
ring. Hydrolysis of the amide gave the amine 11 (R=H, 

R’=Me) which was identical with the compound 

prepared from the nitrochromene (19). 
Treatment of the acetylaminobenzophenone (I I: 

R=Ac, R’=Me) with NaH in DMSO caused cyclisarion 

and loss of theacelyl group to givea mixture ofdes-N- 
methylacronycme (7; R=H, R’=Me) and des-N- 

methylisoacronycine (20; R=H. R’=Me) in 43”; and 

469, yield respectively. The cyclisation of N- 

acetylaminobenzophenones to acridan-9-ones has 
been reported to proceed via the N-acetylacridan-9- 

one followed by its rapid hydrolysis to the acridan-9- 

one.” Hydrolysis of II (RzAc. R’=Me) with 5Y:, 
KOH,‘MeOH produced theamine 11 (R=H, R’=Me) in 
excellent yield. The amine 11 (R=H. R’=Me) cyclised 
under similar conditions to give the angular and linear 

acridones in 27 (:0 and 39”,, yield respectively. 

During the early studies on the biogenesis of 
acridone alkaloids it had been established that N- 
methylanthranilic acid (as well as anthranilic acid) was 
a precursor’* and it was relevant to study the mode of 

cyclisation of the N-methylaminochromenylbenzo- 

phenone (11: R=R’=Me) since this amine would be the 
direct precursor ofacronycine. Methylation of the N- 

acetylchromene (11; R;Ac, R’=Me) gave the N-acetyl- 
N-methyl derivative which upon mild alkaline 

0 

(II;R=Ac,R’=Me)- 

hydrolysis gave, in poor yield. the required N- 
methylamine (11; R=R’=Me). Accompanying this 
amine, as the major product, was the quinolone (25) 
formed by intramolecular aldol condensation (23 

-+ 25) utilising the acetyl group in the cyclisation. 
This type of cyclisation of N-acetyl-N-methyl- 

aminobenzophenones had previously been observed 

when orrltu methoxy N-acetyl-N-methylaminobenzo- 
phenones were treated with NaH/DMSO or when N- 
acetylaminobenzophenones lacking an orrho methoxy 

group were similarly treated.lh 

A more ellicienl synthesis of N-methylaminobenzo- 
phenoncs was considered feasible through the use of 

N-melhylisatoic anhydride (26). Previously reported 
reactions of isatolc and N-methylisatoic anhydride 
with nucleophiles2” suggested that the anhydride 

would react with the lithiated chromene (22; R=Li) to 

give the desired N-methylaminobenzophenone (1 I ; 
R=R’=Me). The condensation produced three com- 

pounds two of which being similar in character were 
only separated by repeated chromatography and 

identified as the required N-methylamine (I I; 
R=R’=Me) and its isomer X-(2-melhylaminobenzoyl)- 

S,7-dimethoxy-2,2-dimethylchromene (27). The 
chemical shifts for the proton at C-6 occurred at r 3.95 

and at C-8 at 73.78 identifying each compound 

unambiguously. 

The third compound obtained from the conden- 
sation had M.W. 541 and showed in its NMR 

spectrum the presence of three OMe, one N-Me and 
four gem dlMe groups. -l‘hese data could be interpreted 
by having the lithiated chromene condensing with N- 
methylisatoic anhydride to give firstly N-methyl- 
aminochromenylbenzophenone (27) which was sub- 
sequently attacked by a second lithiated chromene 
moiety to give the tertiary alcohol (28) whick 
subsequently cyclised to the acridinol (29). Protor 
NMR signals with chemical shift values al T 3.55 ant 
r 4.05 were assigned to position C-4 in the acridine rini 
and to C-6 in the chromene ring respectively. 

Treatment of N-methylaminochromenylbenzo~ 
phenone (11; R=R’=Me) with NaH in DMSO gave 

(II: R = R’ = Me) 

MeBOMe - MBOMe 
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Table 1. Cyclisation of aminobcnzophenones 

R R’ 
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acronycine (7; R=R’=Me) and isoacronycine (20; 
R=R’=Me) in equal amounts. Table 1summarises the 
results obtained for the cyclisation of the amino- 
chromenylbenzophcnones described. 

The mass spectral fragmentation of substituted 
benzophenones has been found to occur mainly 
through cleavage r to the carbonyl group. OrrIm 
substituents influence this clcavagc and Ballantine has 
discussed the various types of splitting that can 

OCCUT.~~’ Wtth our simple nitrobenzophenoncs (14. 
15; R=Me or H; X=H or 0) z cleavage occurred with 
productlonofions(30;R=MeorH)and31 (X=HorO,) 
with or without hydrogen transfer.30 to give the base 
peak; loss of carbon monoxide followed. 

With the dimethylchromenylbenzophenones the 
main breakdown was loss of a methyl or methylene 
group followed by, in some cases. z-cleavage and 
hydrogen transfer to give ions such as 32, 33 and 34. 
The lossofa single Me group from dimethylchromenes 
has been reported to be, often. the only major 
fragmentation observed.” 

Both methylaminochromenylbenzophenoncs (I I : 
R=R’=Me) and 27 showed no useful antltumor 
aclivlty+. 

EXPEKlMEhTAl 

UV spectra were recorded on a Perkin Elmer 402 
spectrometer. IR spectra on a P.E. 177 instrument, NMR on a 
Varian HA IO0 spectrometer in CDCI, unless otherwise 
stated. Mass spectra were measured on an AEI 30 mslrument 
at 70eV 

Frrc&+C~u/r.r tof~&.rurion hurwuz~t 2-)tirrohctt:o! I c~hloritlr 
(12) UII~ 3.S-dir,lrrhos~pkr,l,,i (13). 2-Njtrobenroyl chloride 
112g) and AICI, (anhyd.. I3g) were dissolved in dry ether 
[SOI) and thts mixture added to a sbln of 3.5- 
dimcthoxyphcnol (5 g) in dry ether 150ml) at 0 and the final 
mixture stirred at 0’ for 3 h. brought IO 20” and stirred for a 
further 3 h Dil HCI and ice were added and the product 
extracted with EtOAc (50ml. 3x). this extract was washed 
with NaHCO, aq. water. drted (M&SO,) liltered and 
e\aporatcd unber reduced pressure to ylcld a dark red oil. 
This 011 was treated with NaOH act (IC0ml. 2M) for 1 h. 
aciditied with dil HCI and re-extracied 141th EtOAc which 
gave. after a stmilar work up. a paled red 011 15.Og) TIC 

showed three components one of which was the phenol 13. 
Column chromatography (ISOp. silica gel) and elutton with 
bcnzcne :petrol ether. 40 60” (I :I I followed by increasing 
polarity of solvents (benzene through chloroform to 
chloroform:ether 4.1) ga~c 59 fraction,. Fractions I I2 
werccombincd IO givca solid which crystallised from benzene 
to jgvc 4.6-c/r~~~rrho\-r-2~/t~~~~~~~~r-2’-~~itr~~~~~~~~~~p~t~~~~~~~t~ (IS. 

R=H: 1.51~). m.o. I98 199. L. (MeOH) 215 (Iopt 4.5!). 
224 (4.51).- 302nm (4.33); 1,;; (KBr) 340@ 32or!l (OH ). 
1625cm.’ tbondcd C=O): rtCDCI,,CD,OD) 6.06 (3H. s. 
OMc). 5.43 0H. s. OMc). 3.08 (I H. d’. J 4 Hz. ?.or 5-H 1. 7.65 
(IH. d. J 4 HL. 3 or 5-H I. 1.4OU.60 (3H. complcx. Ar-H ).0.21 
(IH.dJ lZHz3’-H). -2R3(IH.s.OH, Found.C.S’).h.\f. 
4.4. C,,H, ,NO, requlrcs C. 59.4: H. 4.3”., 11$‘(+ 303 (6”,,). 
271(2). 257(41. 256(8). 255(3). ?2K(31. 2’7(6). 226(31. 
IxIllo). I71 (101. 170(100). 141(25~. 104(13). 

Frdclions 13-21 were discarded. Fracrtons 22 42 were 
combined (0 3 g). crystalllsed from hcnzcnc and the product 
added to that obtained from fractions 43 59 which 

tBoth methylamlnobcnzenophenoncs (I I R=R’=Me) and 
(27) were tested against X5563 myeloma and Cl498 

myclogenous leukemia (dosage 2X mg:kp) and showed less 

than 25”,, tumor mhibil~on. WC thank EII Lilly Labaratorles 
for these measurements, 

crystallised from benrene IO give L.6-dl~~rrrlro~~~-7-h~clros!~ 2’. 
rrrrroh~,rt_onhrrtonr (14: 0.5~) m.p. 175 177’. i..... (MeOH 
213 (logi b.39). 291 nm (3.5%); vi,, (KBr) 34tIMr?200 (OH) 
164Ocm~’ (CO). r~CDCI.,CD.OD~ 6.42 (6H. s. 2 and 6 
OMe). 3.9712H. ;. 3.5-H),%2- 2.b (3H.complex. Ar-H). 2.Ot 
IIH. dd. J8 and 2H/. 3,-H). Found C. 5V.4: H. 4 I 
C,,H,,NO, requires: C. 59.4: H. 4.3”,, accurate masr 
303.0742 required 303.0742: )I):(, 303 (2”,,). IX21 IO). 17) 13) 
170~1001. 166(31. 142(181. 104t61. 

3.5.Dinrc,rlto\j /&r/t\ I-2’-11,1rohrr,;ootr, (16: R=NO,). 2. 
Nitrobcn7oylchloride (4g) and 3.Sdtmethoryphcnol (6.8g 
were dlhsolved in dry dc‘ctnne (lOOmI) containing anhyc 
K,CO, and the mixture rclluxed for I.5 h. After cooling 
liltcrtng and evaporating the acetone under reduced pressurr 
the residual 011 was dissolved In EtOAc (lOOmI) and workec 
up in the usual way IO give an oil whtch solldificd (6.2g). The 
~\rcr’ 16. R:NO?) crystallised from EtOH as needles. m.p 
I04 I05 (5.4g): i,,, (MeOH) 213 (logr: 4.3X). 26Oshnrr 

(3.78). I,,,~, tKBr) 1738 (ester. CO). lb2Ocm ’ (bonder 
C=O\: 16.20 (6H, s. 2xOMe). 3.511 (3H. s. 2.4.6H1. 2.40-1.1 
(4H. complex. Ar-H). Found: C. 59.2: H. 4.1. C, ,H ,,NO, 
requires’ C. 59.4: H. 4.3”.,: )I, (’ 303(9”,,). 25612). 213(l) 
lS9(31. 144(13). 141(S), 140(100~. 137t31. 125(40). 119(S) 

f 1‘,<‘5 )‘YuI’I’ulIgt?~ll~tll 01 3,5-d,,trrr/l0\, ~llrc~rl~/-2’-rlrrr~o 
hr~rwr (16: RzNO~) The ester (4.5g) was dissolved it 
ANALAR bcnrcne (500ml) and photolyscd in a quart; 
reactor with a medium pressure U.V. lamp for 1.54. The solr 
was evaporated to dryness under reduced pressure and the 
product (4.5g) crjstatlised from benzene as IS (R:HI m.p 
and m. m.p. I95 I98 

!.S-Dtn,c~rlrcl~,p~t[,~~~~~-2’-u,,lrr,t~)ur(~ (16: R:NH,). Thl 
nttrobenzoate (3.Og1 was dlsrolvcd In A&H (9ml 
contaming water (6 ml) and Zn moss ( IOgl added slowly ove 
I5 mm at r.t. Stirring was continued for a further 0.5 h whet 
the reactlon was diluted with water and worked up in the 
usual way to give an 011 (I 69s) which crystallised fron 
McOH as the ~UVU)C I6 (R=NH,). m.p. 70.71”.; .,,,,. (McOH 
206(log1:4 54).221 (4.56).249 (3.96).276(3.30).345nm (3 77) 
I ,,,,. (KBr) 3495. 338O(NH,). 1695 (ester CO). 1615cm 
(bonded CO); r 6.43 (6H. s. 3 and 5-OMc). 4.24 I?H. broad L 
NH,). 3.64 (3H. s. 2.4.6-H). 2.50-3.50 (3H. complex. ArH 
2.b.I ( I H. dd. J 2 and X Hz. 3,-H 1. I 95 I I H. dd. J 2 and X H7.6’ 
H): Found: Accurate mass 273 1001. C,,H,,NO, rcqutres 
273.1001). 

~‘-rl,nirrm-4.6-dintcrlrc).~!,-2-ll!,dror) hu,r_opltrf~o,~c. Th 
nitrobenzophcnone (04gl was dlssolvcd in EIOH (30ml 
containing water (5ml)dnd NH,CI (I g)and Zn moss (1.5g 
added as described earlier. The mixture was worked up in th 
usual way IO give an oil (0 38 p) which crystallised fror 
McOH-benzene. m.p. 7 I 75 for 2’-trmi~tr~-4.6-flrr~~~,r/~~~~\~-; 
II! clr-~t~~.hz,t-op/rct~~~~t~, (0.22 g I. A,,,,, (MeOH I 2 I3 (log I: 4 36 

230 (4 25). 259 (3.931.265sh (3.90). 376nm (3.60): I‘,~,,~ tKB 
3470.3350 (NH,), 16lOcm ’ (C=O). ~6.48 (3 H. s. 4-OMe 

6.t8(3H.s.6-OMe).4.63(2H,broadsNH,).4.04(IH.d. 
2Hr. 3 or 5H). 3.84 (LH. d. J 2H1 3 or SHi 2.60. 3.56 (4i 
comulex.ArHI.Found:A~~uratcmass273.1004.C,.H,,NC 
requ:lrcs:273.I(X)l.r~r~~273(22”,1.272(2).257(11).~‘~6i~1.2~ 
(4). IHI (IHI. I80 (6). 154 (13). 121 (4). I20 (100). II9 (8). 

f,~c\ I’C[II’I’U~IKCI~IP)I~ o>/ ~r,tii,~ohur~~orrrr (16: R=N H 2 j. TI 
amlnocster (0.49g1 was dissolved in Analar knzene (250~ 
and irradiated with d medium prrssure UV lamp in a quar 
reactor for 12.5 h The soln was cxtractcd repeatedly ~VI 
haOH aq (50 ml. 4M ) and the alkallnc extracts acldtlied :~l 
extracted with EtOAc (5Oml. 3x) which. after the usual wo 
up. ylclded a solid (0.22 p) which crystallisrd from McOl 
benzene as 2’-amino-4.6-dimethoxy-2.hydroxybcnz 
phenone. was not detected m the original reaction mixtL 
nor in the mother liquors obtained. 

2’-:Vtrro-2.4.6-rrrm~r/t~~,~~b~ll~~~p/~~~~u~~~ (IS; R=Me). %[I 

NlrrophenylI-(2.4.htrlmethoxyphenyl)methylene] aniline 
(l.Og) was refluxed tn cone HCI (50ml) and MeOH (2Or 
for 5 days. The mixture was then poured into water a 
neutralis& with NaHC‘O,, b&ore extraction with EIO, 
Work un ofthr organic layer in the usual way pave a yell4 
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solid which crystallised from methanol as 2’-nitro-2,4,6- 
rrirn~rhox~henzopherto,2e (IS; R=Me. 391 mg), m.p. 148-149 ; 
i,,, (MeOH 1213 flogc4.47). 233sh (4.20). 289 nm (3.98). t’_, 
(KBr) 1675cm. ’ (non-bonded aryl GO). ~2.1-2.6 (4l$ 
complex. ArH). 3.94 (ZH, s, 3 and 5-H). 6.18 (3H, s,4-OMe), 
6.37 (6H. s. 2 and 6-OMel. Found: C. 60.8: H. 4.5. 
C,,H,,NO,requires:C.60.6:H.4.8’~,.m~r317(4~195(13). 
184(81,183(100~.155(131.152121.140(21.13?14~.13412~.125 
(2). 123 (2): 104 (5). ~tr~~~t~~~ ~~fucti~.r‘dem~~h~l~,tio;r if IS 
(R=.Mrl. 
it tt[,t~~pt~,f/ sclrrrire ~~~~~~~t~r~~uri~~~i of 15 (R=Mc) 

(i L EthutwfliioL Compound I5 (R=Me, 0.5 8) was dissolved 
in dried DMF (tOmI) and ethane thiol (O&g) dissolved in 
DMF (IOml) containing NaH (0.5g. 60‘:<,) added and the 
mixture rctluxed for 3 h. The mixturewas poured into water. 
acidified with dil HCI and extracted with EtOAc. from the 
organic layer a phenolic fraction was obtained by repeated 
extraction with IO’:, NaOH aq but this extract, after 
acidification, showed that none of the desired phenol was 
present. The neutral fraction was also shown to be a mixture 
(tic) with some starting material present but no phenol. 

(ii) Fi~rj~~i~te. The ~nzophenone 15 (R=Me, 1.56gI was 
rclluxcd in piperidine (20 ml) and water (15.5 ml) for 65 h. Tic 
indicated two blue fluorescent subsrdnces to be present and 
the product was taken up in EtOAc and the organic layer was 
washed with dil HCI, IO”,, NaOH aq, water. dried and 
evaporated to give a neutral fraction (166mg) which 
crystalliscd from MeOH. m.n. l65-168: it showed similar 
spectral properties to those dbtained from 17 (R=Me). m.p. 
168. 169 .3’ The phenolic fraction isolated from the alkaline 
extract (189mg)crystallised from acetone, m.p. 293-296‘ and 
it showedsimilarspectral properties tothoseobtained from 17 
(R=H) m.p. and m. m.p. 318’.34 

~~~~t~~~n.~~~j~~f~ of 3-chk~~m-3-mrthylhur~~~~~ wifh hetrxb 

plrtw~w (141, A soln of I he bcnzophenone (14: 2g) andexcess 
3-chloro-3-methylbutync” (4.5g) in dry DMF (@ml) 
containinganhydK,CO,(4g)anddryK1(2g)wasstirredand 
heated at 65” for 14 h (under N,). The mixture was cooled. 
diluted with water. acidified. extracted with chloroform (50 ml 
3x)andtheextract wasworkedupin theusualway(includinga 
NaOH wash) to give an oil which was redissolved in DMF 
(2Oml)and heatedat 130”, under N, for7 h whencemostofthe 
starting material had disappeared. The solvent was removed 
under reduced pressure to give a product (0.62 g) which was 
puriftcd by preparative layer chromatography on silica gel to 
give 6-(2-nir~ohm~u~f)-5,7-dimrfhox~-2.2-~imef/t~~~~rome,w 
(19; 0.22g) which crystallised from EtOH, m.p. 92-93”; i.,,, 
(MeOH) 213 (log E 4.27), 234 (4.38). 263 (4.24). 298sh (3.90), 
342nm(3.74);v,,,,(KBr)1660(C01,1630cm“:~8.50(6H.s, .._.. 
C(Me),). 6.30 (6H. s. 2xO.~e),4.SO(lH.d, J IOHz, 3-H, 3.72 
f 1 H,s. 8-H ~,3.50(1 H.d.J IO Hz+4-H ).3.25--3.50(2H.comolex. 
Ar-H), 2.02-Z.XO‘(ZG. complex. A&\. Found: &c&atc &ass 
369.121 I. C,,H,,NO, requires: 369.1212. m/e 369 (6”;,). 355 
(IO). 354 (100). 277 (4), 235 (2). 149 (2). 

6-(2-d~?linohzrlzf~~/)-5.7-dimeiho.~~-2,2-c~imrr~t ~~~hru~~z~Jf~ 
(11: R=H. R’=Mc). Compound 19 (0.2g) was dissolved in 
EtOH (30mI) txmtaining water (5ml) and ammonium 
chloride (1 g) and 20 moss (IS@ was added in portions and 
the mixture stirred at r.t. for 5 days. The soln was filtered, 
evaporated to dryness under reduced pressure and the residue 
dissolved in EtOAc (25 ml) and worked up in the usual way to 
give a solid (0.19g). Compound 11 (RiH, R’=Me: O.lbg) 
crystallised from EtOH with m.p. 123- 126 ,i ,“,, I (MeOH) 218 
(log): 4.51). 23Ot4.51). 237sh (4.45). 26614.00). 283sh (3.84). 
300(X65). 372 nm (3.68); v,_,.- (KBr) 347tl. 334O(NH,l 
1632cm. ’ (CO bonded); ~8.56 (6H. s. C(Me,)),6.35 (6H.s. 
2xOMe). 4.48 (IH. d, J IOHz, vinyl CH), 3.76 (IH, s, 8-H). 
3.50 (I H. d, J IO Hz, vinyl CH J. 3.26-3.45 (2H, complex, Ar- 
Ii ). 2.56 2.86 (ZH, complex, Ar H ). Found: Accurate mass 
339.1475.C,,H,,N0,requires:339.1470.n~jv339(18~~;,),325 
~13).324(tlo~.308(11.2Y2(2),~78(5),205(5),162(3).12016). 

C~cGsurhct <$ tile utnirlc)dinlcrk~/chromoi~lburr:ophcnotle 

Ill: R=H. R’=!vle). Compound Ii fR=H, R’=Me.O.l2g) was 

dissolved in DMSO (8ml) and NaH (OX&g) added, the 
mixture wasstirred for fidaysat r.t.A furtheraddition ofNaH 
(O&g) was made and the soln heated to 50 for 0.5 h whence 
it was poured into water, extracted with EtOAc and worked 
up in the usual way to give a crude mixture (0.11 g; 3 
components). Separation of this mixture on pit (silica gel. 
benzene:EtOAc, lO:4) gave Bu& I (RE0.45: 38mg) 
identified as starting material, m.p. and m.m.p. 12(> 123 

Bond2 (R, 0.32: 42 ma; 43 ‘!,) which crvstallised from ethyl 
acetate as tlr~s-N-,rlctb!l,~~,~,~~~,~~j,,~~ (ZO_ R=H, R’=Mc) m.b. 
293-295 : i.,,. 1MeOH) 218 11ovz: 3.10). 343sh 13.06). 264sh . ..“_ 
(3.36). 27613.55). 286(3.62), 298i3.58). j2412.641. 3X4(2.76). 
4OOnm(2.76)~~~,,,(KBr)3420(NH). 1630cm I (CO):rH.52 
(6H. s, C(Me),). 6.06 (3H. s, OMe), 4.34 (IH. d. J IOHz. 
-CH=), 3.57 (IH. s, 4-H). 3.21 (IH, d, J lOH7, -CH=). 
2.30-3.00 (4H. complex, Ar-H), 1.75 (ZH, broad s. NH): 
Found: C. 74.3; H. 5.8. C,,H,yNO, requires C, 74.25: Ii. 
5.6”,,; accurate mass 307.1207. C,,,H, :NO,, requires 
307.1208. *n{’ 307 (63’!,,), 293( 111. 292 1 IOO), 2XY (5). 27X l4). 
274(61,264(8). 263(111. 262(9). 167116). 150(6). 149(X41. 

Band 3 (R,O.lO; 29mg. 29”,,) crystallised ‘from ‘ethyl 
acetate as tfe,-N-nlrrh~lrrc.rflj~~~j~~~, (7: R=H, R’=Me), m.p. 
237-240 d; i,,, (MeOH) (logr: 3.31 I. 220sh (3.25). 25Osh 
(3.42). 258 (3.53). 266(3.59). 281 (3.37). 292 (3.39). 318 (2.791. 
378 (2.76). 3%nm (2.76): I’,,, (KBr) 3430 [NH). 1630cm 1 
(COI;r8.54(6H.s.C(Me),).6.l2t3H.s.OMc~.4.48fIH.d J 
10Hjl,-CH=t,3.82(1ii.s,-2-H).3.~4(1H,d,J IOHL;-CH=), 
2.40 2.90 (4H. complex. Ar HI, 1.60 1 IH. d. J 8 Hz. NH): 
Found: accurate mass 307.1207. C,,,H, ,NO,, requires: 307. 
1208. rttje 307(45?,,), 293(11 I. 2Y2(1001. ‘7X(X1. 277(S). 
263(S), 262(10), 249(3), 24833). 220(2), 146(51. 

Ac~rortpk (7; R;R’=Me). Compound 7 (R=H. R’=Mc: 
14mg) was dissolved in dry acetone ( IOml), anhyd K&O, 
(I g), and Mel (2 ml) added and the mixture rcfiuxcd for I I h. 
The soln was filtered. and the solvents evaporated. the residue 
EtOAc and worked to give a solid (12mg). which after 
purification on tic, gave acronycine which crystallised from 
aqueous MeOH, m.p. 171 173”. m.m.p. 169 173” (our sample 
orauthenticacronycinehadm.p. i65-168”lit.m.p. 175-l 76”“). 
This product showed identical U.V. and R, charactcrisation 
when compared with acronycine and had an accurate mass 
m~suremcnt of 321.1368. C,,,H,.NO, required: 321.1364. 

5,7-Dir~i~rltt~r~-2.2-(~i1?~~~f~t~~~~tr(~t~~~~~1~, (22: R= H I. A mixture 
of 3.5-dimethoxyphenol (0.03 m) and 3-chloro-3-mcthyl- 
butyne(0.06m)dried K,CO,(Sg)and KI (8g)indryacetone 
(50ml) was stirred and refluxed for 20 h. The product was 
isolated as described by Hlubucek er ~1.‘” to give 22: (R=H; 
2.1 I g) b.p. 88-89 i0.2mm. 

(a) ~i~h~(l~~rurn~~~ (22; R=Li). Li (240mg. 0.03 m) was 
suspended in dry ether (30ml) and n-hromobutanc (3.22g. 
0.025m) in dry ether t30ml) added and the mixture was 
stirred under N, until the reaction was complete (2.5 h) The 
chromene 22 (R=H; 2.29: 0.01 m) dissolved in ether (30ml) 
was added and the mixture refiuxed for 20h benzoxarine-3- 
one (21; 1.62 8: WI ml dissolved in ether 120mli was added 
and the reflux continued for a further 3 h when it was cooled 
and treated with iced dil Hfl. The organic layer was washed 
with water, 2N NaOH, water, dried, filtered and evaporated 
to give an oil (3&g). Separation of this mixture by 
preparative layer chromatography using silica and deveiop- 
ment with benzene:EtOAc (IO:41 gave a mixture of two 
compounds (827mg; R, 0.65) which were further separated 
on tic (under similar conditions of development) into tvio 
bands, the faster running band on isolation yielded 6-(2-N- 
at.rt~fuminohrr~zoyl)-5,7-dimcrho.~~-2,2-Jirn~rf~~lchromrrrr 
(I I : R=Ac, R’=Me: 455 mg) which crystallised from aqueous 
acetone, m.p. I&-I61 ; i,,, (MeOH) 213sh (logr: 3.80), 233 
t4.601. 265 (4.27). 271 j4.29). 310 (4.07). 335nm (3.80): s*,,,,, 
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3240 (NH). 1695 ICONH,). 1630cm ’ (ArCO): ~8.53 (6H, 
s,C(Mc),1.7.72(3H.s,COAcl.6.35(6H,s,2xOMe),4.45(lH, 
d.J lOHz,3-H).3.76(1H,s,8-H),3.52(1H,d.J lOHz,QH), 
2.2-3.2 (3H,complex, ArH), I.25 (lH,dd. J 9and 2 Hz, 6,-H), 
- 1.74 (1 H. broad s. NH). Found: C, 69.0: H. 6.0. 

Cz2Hz1NO’, requires: C. 69.3; H. 6.1”;,. nt:r 381 (ll), 

367(10),366(100), 29213). l76(3), 172(3), 120(3:,,). 
Cwlisariwr of N-wet yluminohenzophenone (I I ; R=Ac, 

R’=Me). The benrophendne 11 (R=Ac,-R’=Me; 126mg) was 
dissolved in DMSO (25 ml). NaH (200 ma. 60 Xl added and 
the mixture stirred at r.t. for’20 h, After po&ng into water the 
products were isolated by extraction with EtOAc and 
separated on tic (as described for the cyclisation of the amino- 
benzophenone) to give at Booed 2 (46mg, 46:‘;) des-N- 
methylisoacronycine m.p. 306-308 (from aqueous acetone), 
m.m.p. 293-308”. Bum/ 3 (33mg 43”/,) des-N-methyl- 

acronycine, m.p. 253-255 d (from aqueous acetone) m.m.p. 
240 25.5 

If~~rlro~~\i.\ of N-c/c~r!ltrnrillo~~~~~~~p/i~~i~~~~ (1 I : R=Ac, 
R’=Mc). Compound I1 (R=Ac. R’=Me: l9mg) was relluxed 
with methanolic KOH t IOml. 5M) for I h. On pouring the 
mixture into iced dil HCI and working up in the usual way a 
yellow oil Has obtained which upon tic purification gave I1 
(R=H. R’=Me: l5mg;94”,,).m.p. 136-138 identical with the 
amine produced previously. 

6-l2-N.U-.4~~~~tl~/rrrc~r/fl~/tr,~ri/l~J~~~ft~~~~/l-5.7-~~~fl?~~~/~f~.~,‘- 
2.2-dirt2erlr~f~hrcttltr,,r (23). Compound 11 (R=Ac, R’=Me: 
1.54g) was dissolved in DMSO (30ml) and stirred with 

iodomethanc (IOmlfand NaH (275mg, 60’:;) at r.t. for 2Oh. 
After working up the mixture in the usual way the residue 
( 1.61 g) was purified on plc (R f 0.15, silica, benzene: EtOAc 

6-Acet~ln~erlt~iami~~be~~~~~~)-S.6-dimeritox~-2,2- 
~irn~f~~~~~Ir~)rne~e (23; 958 mg) which crystalised 
from aqueous acetone, m.p. 136-138” i,,,, (MeOH) 220 

(logc4.46).235(4.51 I.251 (4.45),272(4.14).313nm(3.63):r,,, 
1670(COAc), 1655cm- (ArCO);r8.56(6H,s,C(Me),),8.21 
(3H, s, COAc), 7.00 (3H. s, NMe), 6.37 (6f-1, s, ZxOMe), 4.49 
(1H,d,J10Hz,3-H).3.78(lH,s,g-H),3.57(1H,d,Jl0Hz,~ 
H). 2.2..2.9 (4H, complex. ArH). Found: C, 69.5; H, 6.4. 
C,,HZ,NO, requires: C, 69.8; H, 6.4’):;. m/e 395 (14~;), 381 

(I I). 3gOtlOO).362 (4). 3X(3), 205 (5). 176 (IO). 170(2). 149 
(18). 134 (14). I32 (7). 

Ilrt/rol,t ,> I.\ (J/ 6-(2-N.N-u~rr!/mc,rh!,/u~n;~t~~~~,jI- 
:u~/)-5.7-dir~~c~rhos~-2,2-r/in~efk~/~/~ro~nr~v (23); I -tnell~.& 
4-(5,7-cii/??erfio~~-2,2-tlitn~llt~fc~hroin~f1~l1-yuinol-2-c~?ie 
125) and 6-(2-meth~lu~~linohe~?~o~l)-5,7-di~Jretho.u!~-2,2- 
tli~rir~rh~ti*l~ronrc,i~c, (I 1 : R=R’=Mel. Compound 23 (322 mgt 
was rcfluxed with methanolic KOH (30ml. 5M) for I h, 
and the mixture poured into iced dil HCI and worked up to 
give a brown od {31? mg). Plc separation {silica, 
benrcne:EtOAc IO:41 gave two products: 

Utrrul I. (R, 0.33) yielded, on work up, a white solid 
(150mg) which crystallised from aqueous M-eOH as I-merh$ 
4-(5.7-dCn~~rho.~~-2.2-dinirt~~~l~12i~f~~e~~~~~-yfritto/-2-ot~e (25). 
m.p. 1X7-190”: i.,,, (MeOH)213sh(logc3.61).235(4.6Y),27Y 
(4.lgl.317(3.9?).331 (3.91),349shnm(3.69);~~~~~ 164Scm-’ 
(CO): r8.53 13H. s. CIMe). 8.50 (3H. s. CXlel, 6.53 (3H. s. 
NMe). 6.38 l3H. s. OMc). 6.23 (3H. s. OMe), 4.47 (IH. d. J 
IOH~.3’-H~.3.?O~1H.s.~‘-Hl.3.49llH.d.J lOHz.4’-Hk3.31 
( 1 H. s. 3-H I. 2.3 3:O (4H. complex. Ar H ). Found: C. 72.6: H. 
6.1. C2,H.,,,N0., requires: C. 73.2; H, 6.1”;,. m/e 377 (22). 
364t4). 363(45). 362(100), 361 (3). 346(2). 332(2), 319(2). 
.304(‘). 28X(2). 276151, I81 (28). 152(3‘:,,). 

BwINI 2 (R, 0.X) yielded a yellow product (23 mg) which was 
subsequently identified as the 6-(2-N-nlcrh~lu~tninohelt,~~~~~ 
5.7-t/i,tlerho.~~~-2.2-rlimerh)./~/ironler~e (I I: R=R’=Me), m.p. 
136-137 (ex aqueous MeOH): i,,, (MeOH) 213 (loge 3.71), 
233 (4.62). 270 (4.22). 285sh ~4.00), 300sh (3.79). 396 nm (3.94). 
I’ ,.,,. 3300 (NH) 164Ocm ’ (ArCO); 78.54 (hH, s. CtMe),), ..“_ 
7.03(3H.d.JSHz,N-Mvtct.6.34(6t-I,s.2xO~Mel,4.50(lH,d:J 
IOHz. 3-H). 3.78 (IH. s. 8-H). 3.51 (IH. d. J IOHz. 4-H). 
2.5 4.45~4H.~om~lex,Ar-H~.l.O6llH.broadq.J5H~N~l. 
Found: C. 71.2: H, 6.6. CI,HL,,NO, requires: C, 71.35: H 
6X)“,,. ttz,e 353(32). 339114). 338(1(x)). 332113). 306(3). 
29216). 277(6). 204(40). 169(7). 149(45”,,). 

Alternative hydrolyses were attempted using methanolic 
aq 2M Na,CO, and with methanolic KOH aq (S’:/,) but with 
minimal success. 

N-,~e~/?~~jsar~j~ u~~l~~~i~e (26). N-Methyl an~hranilic acid 
(20~. prepared most conveniently from anthranilic acid and 
dimethylsulphate~~l in water (6Omll containing K,CO, 
(9.14g) was treated with ethyl chloroformate 117.2g) and the 
mixture heated on a steam bath for IO min. The mixture 
deposited a solid on cooling which on crystallisation from 
water gave N-carbethoxy-N-methylanthranilic acid (22.7g). 
m.p. I IS I I6 (lit. m.p. I I8 ), The acid (22.7g) was heated in 
an oil bath at 220 for 0.5 h and cooled to give crude 26 which 
crystallised from EtOH (8.5 g), m.p. 178. 179 (lit. m.p. 177 I. 

(bnd~~,satb,t of N-nu&~f~~~-uroit u~~~~~ri~~f~ (26) ~itk 
~ir~j~~b~fff~~~~~~ (22: R=Li): 6-(2-;nerh?lartlitrohen~o~~~5,7- 

tlirJtPrlto~~-2.2-tfin~erh~/~~~~~~~?te~?e (I I : R=R ‘= Me) Compound 
22 (R=Li. 0.01 m) was prepared as described earlier and 26 
(I .8 g. 0.01 m) dissolved in dry dioxan (60 ml) and powdered 
NaOH (0.1 glwereaddedand themixturerefluxed for 2 h (the 
temp rosegradually to 100 as thediethyl ether wasexpelled). 
The mixture was poured into iced S’>,, NaOH aq and 
extracted with EtOAc. after drying and evaporation a brown 
oil remained (2.99~) which contained three maior 
components (tlc). Separation of this mixture on plc (silica. 
bcnzene:EtOAc IO:1 I gave: 

Bum/ I (R, 0.66) yielded a pale yellow solid (660 mg) which 
crystallised from aqueous MeOH as the N-~~z~r~~~urnino- 
hen,-c~pphenone (II; R=R’=Me), m.p. and m.m.p. 136-137 

Eumt 2 (R,.0.65) yielded a yellow solid (187mg). the 
cwridirml (29) crystallised from aqueous MeOH to give m.p. 
210-212 ;;.,,,213(l0~i:4.01).223(4.71),238(4.72),269(4.36l. 
3OY (4.06). 398nm $3.95): rm_ 3305cm-‘(OH);r8.65(3H.s. 
C-Me). 8.63 (3H. s. CMei. 8.60 (3H. s. CMe). 8.53 (3H. s. C- 

MC) 7.22 (3H, d, J 5H.z N-Me), 6.77 (3H, s, OMe), 6.49 
(3H, s, OMe), 6.34 (3H, s. OMe), 4.60 (ZH, d, J 1OHz. 
ZxCH=C). 4.11 (IH, s, 3,-H), 4.03 (IH, d, J IOH& CH=). 
3.56 (IH. s. 4-H). 3.59 (IH. d, J IOHz, CH=). 2.4-3.0 and 
3.60 3.80 (4H. complex, Ar-H I, 1.60 (IH, broad q. OH). 
Found: C. 73.1; H. 6.5. C,,H,,NO, reauires: C. 73.2: H. “” .._ 
6.5”,. Accurate mass 541.2464. C,,H,,NO, 541.2468: m/r 
541(25), 529131, 528(32), 527(100), Sl1(3), 510(g). 480(2). 
392 (2), 256 (9) I34 (6). 132 (5 ‘:;,). 

Bond 3 (R,0.56) yielded a white solid (227mg) which 
crystallised from aqueous acetone as 8-(2-N-methyl- 
ctarii~cthetr-_olIl-S.7-f/~~3ief~~~~.~~-2.2-~/~~~zefh~~~/~~~~~~e~Je (27) m.p. 
172.-173 ,i,,,(Me0H)214(1ogc3.66),236~4.52),269(4.17). 
280sh (4.10). 3YXnm (3.991; r,,__ 3315 (NH) 164Ocm-’ 
(A&O); T 8.76 (6H, s, C(Mc)), 7.03 (3H, s. NMe). 6.39 (3H. s, 
OMe). 6.14 (3H, s. OMe), 4.59 (IH, d, J IOHz. 3-H). 3.95 
(IH, s, 6-H). 3.55 (IH, d. J IOHz. 4-HI, 2.40-3.70 (4H. 
complex.Ar HI, l.lO(lH, broads. NH). Found:C.71.3S;C. 
6.6. C,,H,,NO, requires: C, 71.35: H, 6.6”,,. m/r 353 (35). 
339(9),338(56),321 (14),222(16),205(16), 169(7),134(71). 

~~~~~suri~~~ ~$6-(2-N-merkykrmitrohrtr,-u?‘t)-5.7-di 
2,2-dimerh~l~hromrclc, (1 I : R=R’=Me) ro crcror?.W~ (7; 
R=R’=Me) artd js(~u~~~~n~~i~i~ (20; R=R’=Me). The N- 

methylaminobenzophenone (100 mg) was treated in dry 
DMSO (20ml with NaH (2Omg, 60”,,) and the mixture 
stirred at r.t for 2Oh whence the mixture was poured into dil 
iced HCI and extracted with EtOAc. Isolation of the product 
and chromatographic separation on plc (silica: 
benzene:EtOAc lO:4) gave three components: 

Bond I (R, 0.8) produced starting material (11: R=R’=Me, 
2Smg) which crystalliscd from aqueous MeOH, m.p. and 
m.m.p. 136-137. 

Rd 2 (R,0.4) produced 20 (R=R’=Me. 33mg. 38”;) 
which crystalliscd from aqueous McOH. m.p. 306-308 dec. 
its spectral properties were similar to those reported by Oh et 
‘Jl.Zh 

Bowl 3 (R,0.17) produced (7 (R=R’=Me, 33mg. 38’b) 
which crystallised from aqueous MeOH. m.p. and m.m.p. 
I69 173. 
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