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Abstract-Chemxal mvestlgatlon of an Assamese collection of Mwromelum mmutum gave four known coumarms 
(osthol, mlcromehn, murralongm and murrangatm) and five new coumarms, dlhydromlcromehn A and B, 
acetyldlhydromlcromehn A, the three dlastereomer of murrangatm, the 7,12-ether of 5,7-dlhydroxy-3,6,8,4’- 
tetramethoxytlavone and murrangatm 

INTRODUCTION 

Previous chemical studies of Mlcromelum species (Ruta- 
ceae) have revealed the presence of 6- or 8-prenylated 7- 
methoxycoumarms such as mrcromehn (m~cromelumm, 
1) or mlcrommutm (2) m which the side cham 1s moddied 
m unusual ways [l-5,7,8] Some simpler coumarms and 
a few alkaloids typical of Rutaceae have also been found 
[6-S] We now descrrbe the lsolatlon from Assamese M 
mmutum (Forst f ) Wlght and Am of 1, osthol (3), 
murralongm (4) [9], murrangatm (k) [10-123 and the 
following new coumarms-the hemmcetals dlhychomehn 
A and B as a mixture of C-S eplmers 6a and 6b, the acetate 
6c derived from dlhydromlcromehn A, mmum~crol~n (7a) 
which 1s a dlastereomer of murrangatm, and the unusual 
ether 8a* Isolation of 1 and 3 from a Northern Queens- 
land collection [l] and isolation of 2 and flmdersm from a 
Thai collection of M mmutum [8] have been reported 
earlier7 

RESULTS AND DISCUSSION 

The ‘H NMR spectrum (see Expenmental) of acetyldl- 
hydromicromehn A (6c), Cl ,H1607 (high resolution mass 
spectrum), mp 66-68”, showed that it was a 6-substituted 
‘I-methoxycoumarm The nature of the oxldlzed prenyl 
side chain was at first somewhat obscure as H-l 1 at 65 43 
and H-12 at 63 83 were singlets and not coupled to each 
other, until it was reahzed that a similar sltuatton previuls 
in mlcromehn (1) As the spectrum of the new substance 

*The absolute configuratrons of 1, 5a, 6a, 7a and 8a are 
unknown 

tRefs Cl] and [8] refer to this taxon as M mmufum (Forst f) 
Seem, presumably because It IS so hsted m several floras (see also 
Englert, A and Prantl, Dte Naturhchen Pjanzenfirben, 2nd edn, 
Lelpug, Wdhelm Engehnann Verlag, (1931) Vol 19a, p 318) We 
thmk this IS based on mlsmterpretatlon of an entry m Index 
Kewensrs, (1895) Vol II, p 231, Clarendon Press, Oxford, seeafso 
Supplementary Volume XIV, p 87 (1970) 

also exhlbned methyl singlets at 2 17 (acetate) and 1 51 
(MeC-0) and a low field one proton singlet at 66 38, the 
structure was expanded to 6c This was confirmed by 
hydrolysis (K2C03--MeOH-H20) to a mncture of 6a and 
6b whose spectra differed from each other prmclpally m 
the chemical shifts of H-5 (S 7 46 m 6a vs 6 7 82 m 6b) and 
H-14 (65 41 br m 6a vs 65 52 br m 6b) These two 
substances also occurred m the plant, reacetylatlon of the 
nnxture atforded only &, whereas oxnlatron gave nucro- 
mehn The C-14 stereochemistry assigned to 6a and 6c, on 
the one hand, and 6b, on the other, 1s based on the 
slgmficant paramagnetlc shift of the H-5 slgnal of 6b 
(A60 36) compared with H-5 m 6a and 6c which necessl- 
tates /I-onentatlon of the hydroxyl group m 6b (model) 

Mmumlcrohn (7a), CIsH1605, mp 132-135”, [cx]o 
+ 17 Y, was deceptively similar to murrangatm (5a) mp 
132-133”, [a]o - 17”, which has been previously found m 
Murraya elongata [lo] and Murruya punuxkztu [ll, 121 
and was the nqor coumarin constituent m our collection 
of M mmutum However, that it was not merely the 
enantlomer of 5a was evident from close mspectlon of the 
‘H NMR spectra of 5a and 7a (see Experimental) which 
differed significantly tn the chemical shifts of the vmyhc 

Table 1 ‘% NMR spectrum of 6c (CDCl,, 
67 89 MHz)* 

c-2 159 30 c-11 77931 

3 113 73d 12 6363d 
4 143 20d 13 6444 
5 126 76d 14 96 89dt 

6 123 34 15 125oq 
7 16081 OMe 5617q 
8 9892d OAc 169 30 
9 155 85 2123q 
10 11203 

l Unmarked signals are smglets 
t Asslgnment by selectwe decouphng 
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Me0 

CHO 

Me0 

7a R,R’=H 

7b R,R’=Ac 

7c R, R’ = C,H,CO 

Me0 

&l R,R’=H 

5b R,R’=Ac 

SC R=C6HSC0,R’=~ 

5d R,R’=C,H&O 
Se R=H,R’=Et 
Sf R=Ac,R’= Et 

6a ~=a-OH 

6b R=P-OH 

6c R=a-OAc 

OMe 

M;* 
OR 0 

Me0 

OR’ 0 

8a R,R’= H 

8b R=H,Rl=Me 
8c R,R’=Ac 

protons m the prenyl side chain, those of 7a appearing 
0 4 ppm downfield from those of Sa The same relatlon- 
ship was found m the NMR spectra of the dlacetates 5b 
(mp 123-124”) and 7b (gum) and the dlbenzoates 5e (mp 

*In the literature [13,14 and numerous references cited 
therem] the signals of protons at C-2’, C-3’, C-S and C-6’ of 4- 
oxygenated &ones and flavonols are generally described as two 
prs of o&o-coupled doublets Thus IS not correct as H-2’ and H- 
3’, or H-S and H-6’, are magnetically ndn-eqmvalent Indeed, 
exanunatlon of 8a-c and 9a+z at high resolution showed the 
complex pattern due to an AA’XX’ system 

9a R=H 
9b R=Me 

9C R=Ac 

-0Me 

lOS102”) and 7c (mp 225-227”) As the erythro conhgur- 
atlon Sa has been deduced for murrangatm [lo], mmu- 
mlcrolm must also be the three isomer 7a 

That 8s, CJ4HJqO12 (high resolution mass spectrum), 
mp 182-186”, had an oxygen bridge hnkmg C-12 of 
murrangatm and C-7 of 5,7_dlhydroxy-3,6&I’-tetra- 
methoxyflavone was deduced as follows The ‘H NMR 
spectrum (Table 2) was a composite of the NMR spectra 
of murrangatm, with the signals of H-11 and H-12 
displaced toward lower field, and of a Shydroxy- 
3,6,7&t’-pentaalkoxyflavone containing four methoxyl 
groups* Methylatlon of 8a to 8b (CH2NI-MeOH) 
resulted m the disappearance of the S-hydroxyl signal, 
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Table 2 ‘H NMR spectra of ga-& (CDCI,, 270 MHz)* 

8n 8b 8c 

H-3 
4 
5 
6 
11 
12 
14a 
14b 
15 
2’,6 
3’,5’ 
OH 
OMet 

OAc 

6 26 (d, 10) 625(d) 
763(d, 10) 762(d) 
7 40 (d, 8) 740(d) 
6 85 (d, 8) 6 83 (d) 
5 77 (d, 9) 5 74(d) 
5 33 (dbr, 9) 5 37 (dbr) 
4 71 (br) 4 74 (br) 
4 64 (qtm, 1 5) 4 63 (quznt) 
169 (br) 1 67 (br) 
8 12 (dm, 9) 8 80 (dm) 
7 03 (dm, 9) 7 01 (dm) 

1244,451 445 
390,390 390,388 
3 85, 3 85 3 88, 3 86 
3 73 3 85,3 75 

- - 

6 27 (d) 
7 61 (d) 

740(d) 
6 81 (d) 
6 49 (m) 
6 49 (m) 
4 99 (br) 
4 71 (quml) 
1 57 (br) 
8 10 (dm) 
7 03 (dm) 

- 

393, 389 
3 89,3 85 
3 78 
246,198 

*Unmarked signals are smglets 
tin C,D6 for Sb 3 95,3 80,3 70,3 743 28 and 3 08, for lk 

401,385,369,331and328 

while formatton of dtacetate 8c was also accompanied by a 
paramagnettc shift of the H-11 signal Hence, the ether 
linkage mvolved the hydroxyl on C-12 of the coumarm 
moiety 

The mass spectra of 8a-c exhibited only weak peaks 
correspondmg to [Ml+, the main feature being cleavage, 
with hydrogen transfer, to an ion of m/z 258 (~llHHIO~) 
which emanated from the murrangatm half and ions of 
m/z 374,388 or 416 whichcorresponded to &ones 9a, 9b 
or 9c, respectively Further fragmentation of the latter 
gave rise, m all cases, to a significant peak at m/z 135 (Bz), 
indicating that C-4’ of 8a carried a methoxyl group [ 131 
This was confirmed by the following observation In the 
NMR spectra of 8a-q large benzene-induced upfield 
shifts were observed for two methoxyl signals of which 
one could be attributed to the methoxyl at C-7 of the 
coumarm moiety The other could only be assigned to a 
methoxyl on C-4’ of the flavonol half since a C-3 methoxyl 
does not show a large benzene-induced solvent shift [ 131 

Hydrolysis of 8s (KOH-EtOH-HzO) gave a 2 1 
mixture of coumarm 5e and flavone 9a by the path shown 
m Scheme 1 which mvolves a double inversion at C-12 of 
the coumarm half Separation of the hydrolysis mixture 
was accomplished by way of the acetates 5f and 9c The 
chemical shifts of the vmyhc protons of 5e and 5f showed 
that these compounds, hke 8a-q belonged to the mur- 

rangatm senes The NMR spectra of 9a and 9c coincided 
with the spectra of authentic 
methoxy!Iavone its The has 
isolated Ambrose [ Mass of and 

authentic were identical 
the linkage 8a the on of 
flavone 

EXPERIMENTAL 

Isolatton ofconstuuents Above ground parts of M mtnutum 
(Forst f) Wlght and Am (1 5 kg) collected m the Dlphu area of 
the Karbl Anglong Dlstnct, Assam, India (voucher on deposit m 
herbanum of the RRL, Jorhat) were extracted with CHCI, m a 
Soxhlet apparatus until the extract was colorless After removal 
of solvent at red pres the residue (60 g) was dissolved m 400 ml of 
MeOH contammg 10% H,O, allowed to stand overnight and 
filtered The filtrate was washed with petrol (60-8tY, 6 x 300 ml), 
the MeOH portlon was conui at red pres and the residue 
thoroughly extracted with CHCI, (8 x 200 ml) Evapn of the 
washed and dned extract fumlshed 26g of a gummy residue 
which was chromatographed over 550g of s~hca gel (60-120 
mesh, BDH), 200 ml fractions bemg collected as follows Frs 1-12 
(C,H,), 13-52 (C,H,-EtOAc, 4 i), 53103 (C,H,-EtOAc, 4 l), 
104-142 (C,Hs-EtOAc, 2 l), 143-191 (C,H6-EtOAc, 1 l), 
192-204 (EtOAc), 205-216 (EtOAc-MeOH, 19 l), 217-224 
(EtOAc-MeOH, 9 I), 225-238 (EtOAc-MeOH, 4 l), 239-247 
(EtOAc-MeOH, 2 1) 

Fr 19-26 (600 mg) were combmed Purd%atlon by prep TLC 
(C,H,-EtOAc, 14 1, two developments)gave 80 mg ofosthol(3) 
Fr 5@56 (400 mg) on purdicatlon by prep TLC (C,Hs-EtOAc, 
4 1, thickness of plates 0 75 mm) gave 60 mg of mlcromehn (1) 
mp 216-218” (Et,O), ht [7] mp 218-219” (EtOH) IR and 
‘H NMR data were m agreement with pubhshed values [l, 2,5] 

Fr 57-74 (07g), whtch exluhted one maJor spot, were com- 
bmed and punfied by prep TLC (C,Hs-EtOAc, 9 1, two 
developments) to yield 0 5 g of 6c, mp 66-68” (EtOAc-C,H,), 
IR vgXa3 cn-’ 1730 (br), 1625, 1275, 1130, 1085, 1065, 1000, 
975, 940, 890, 850 and 825, ‘H NMR (CDCl& 6629 (d, 
J = lOI%, H-3), 760 (d, J = lOHz, H-4), 750 (H-5), 684 
(H-8), 5 43 (H-11), 3 83 (H-12), 6 38 (H-14), 151 (H-15), 3 96 
(OMe) and 217 (AC) [Calc for C,,H,607 MW, 3320895 
Found MW (MS), 332 08861 Other slgmficant Ions m the HR- 
MS were at m/z (composmon, %) 273 (C1sH,305r 19), 229 
G3H904, 100) and 213 (C,3H1903r 71) 

Fr 80-85 (2 7g), which exhIbited one maJor spot, were 
combined and purified by prep TLC (C,H,-EtOAc, 9 1, two 
developments) to gwe 0 4 g of murralongm (4) as a gum, MS m/z 
258 ([Ml ‘), 243,229,215 and 199 IR and ‘H NMR data were m 
agreement with pubhshed values [9] 

Fr 86120 (163g), which exhlblted two nqor spots, were 
combmed and purlfied by prep TLC (C,H,-EtOAc, 4 1, three 

+-OR 

Scheme 1 Hydrolysis products of tJa 
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dried soln was evapd, traces of pyrldme bemg removed by co- 
dlstdlatlon with toluene, and put&d by prep TLC 
(C,H,-EtOAc, 4 1) to yield mlcromehn (l), mp 216218” 
(CH&l,), Identical m all respects with materral Isolated from the 
plant 

Ifydrolysls of8a A soln of 20 mg of & m 3 ml of EtOH and 5 
drops of 10% KOH was stnred at room temp m an N2 
atmosphere for 2 hr at which time startmg matenal had 
drsappeared Ddutlon with 1OOml of H20, actddicatlon with 
HOAc, extractlon with CH&I, (5 x 50 ml), evapn of the washed 
and dried CH&I, extracts at red pres , removal of excess HOAc 
by co-dlstdlatlon with toluene and punficatlon of the residue by 
prep TLC (C,H,-EtOAc, 2 1) gave 10 mg of a product which 
NMR analysis (270 MHz, CDQ) showed to be a 2 1 mrxture of 
5,7&hydroxy-6,7,8,4’-tetramethoxyflavone (9a) [lS] and 5a, 
NMR signals of 9a at 6 12 67 (OH), 8 15 (dm, J = 9 Hz, H-2’, H- 
6’), 7 05 (dm, J = 9 Hz, H-3’, H-5’), 6 42 (OH) Signals of Se at 
66 26 (d, J = 10 Hz, H-3), 7 63 (d, J = 10 Hz, H-4), 7 40 (d, J 

=8Hz,H-5),686(d,J=8HzH-6),515(d,J=9Hz,,H-l1), 
490(d,J=9Hz,H-12),470(br)and465(br,H-i4a,b),171(br, 
H-15), 3 48 (2H, AB part of ABXo system, -UCH2Me) and 120 
(3H, t, J = 7 Hz, -OCH,Me) OMe signals of both compounds 
were at 64 06,4 00,3 95,3 93 and 3 88 Acetylatlon of the rmxture 
(5 mg) followed by usual work-up gave a gummy residue (6 mg) 
exhlbltmg two spots which were separated by prep TLC 
(C,H,-EtOAc, 9 1) mto 9eand 8f which were ldentlfied by NMR 
spectrometry Flavone 9e had NMR signals (CDCI,) at S8 12 
(dm, J = 9 Hz, H-2’, H-6’), 7 06 (d, J = 9 Hz, H-3’, H-5’), 4 02, 
3 92,3 88,3 81 (OMe), 2 52 and 2 44 (AC), m C6D6 at 68 00 (dm, 

H-2’, H-6’), 6 76 (dm, H-3’, H-5’), 3 76,3 75,3 62,3 25 (OMe), 2 34 
and 1 89 (AC) Coumarm 8f exhIbited NMR signals (CDCI,) at 
66 26 (d, J = 10 Hz, H-3), 7 65 (d, J = 10 Hz, H-4), 7 41 (d, J 

= 8 Hz, H-5), 6 86 (d, J = 8 Hz, H-6), 6 09 (d, J = 9 Hz, H-l l), 
5 38 (d, J = 9 Hz, H-12), 4 91 (br) and 4 68 (qumt, H-14a, b), 1 58 
(br, H-15), 3 50 (2H, AB part of ABXa system, --GCH,Me), 1 16 

(3H, I, J = 7 Hz, -GC&Me), 3 98 (OMe) and 2 14 MS 
(rel mt ) 346 (06), 233 (75) and 205 *) 

(AC), m/z 
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