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Almhct- me green prte cd Artcmisia 9&w& chim (Aster-) - fouud to 
contain vulgarin. The ‘H and ‘% NMFt spktra of vulgarin and ceptigarin we* 
unambiguously eesigued haned ou COSY and lH-“C correkion expekumte and au 
X-ray imnwtigatiou settled the cou6guration. Mhermorq the compounds barmliu 
and judaiciu were proved to he identkal with vulgarin- 

Illtroductson 

A compound wea isolated from Artemieia r&an, Chid and it wee believed to be identical 
with or cloeely related to vulgarin. Vulgarin (1) wee 5ret reported in 1961 en a constituent 
of come Artetnieia specim. Geimman and E2lestruP coined the name vulgerin efter the source 
Artemkia vulgarie L., while Rybelko and Dolejk inveetigated Artemieia tautica Willd. and k 
lated a compound which they assigned the - structure ee that ofvulgcuin (1) hut named it 
taureminin. Those dinxepancias -&u&d edreedy in the initial reporta.a~s Howzve r, ecreen- 
iug the literature today revede caufueiug information. Thus, inconeietenciee in the spectroscopic 
de&a have led to different n- of the came compound. We initiated an investigation in order 
to clarify the &u&ion. 

The ewential oil obtained by eteam dietillation of Arteniieia rehan, which growe in Ethiopia, 
has recently been invcmtigated.~ In the prwent etudy the green parta of the plant were collected 
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Figure 1. ‘K’H cosy-Bo of vu@in (1) 

and extracted with chloroform to give white cry&ale, mp 178-178.5 OC. lH and 13C NMR data 
of this compound and comparison with an authentic eample of vulgarin (1) shows3 that it wee 
identical with vulgarin(1). The eample wae investigated rrmre thoroughly by taro-dimsneional 
NM&techniques in order to amign the ‘H and ‘$C IWR spectra. The ‘H-‘E correlation 
wee determined by a COSY-90 expeke& (me Figure 1). The tignment of the proton 
shifts ie indicated in the onedimeneiond spectrum shown dong one axie. The ssaignmsnb are 
streightforward except for the protons in the % end Qpcmitione. However, it can clearly be 
ewn km the lH-13C COSyd (eee Figure 2) that the two protons at esch position appear at 
separate shifte with one pair overlapping the other. Further, axid protons are generally more 
shielded than equatorial.’ The ‘H and 13C shift assignments, which ere beeed on thwe kvo 
COSY experiments, are reported in Table 1. 

A eample of Cepivulgarin (2)* has also been investigated, and the reeulb are shown in 
Tnble 1 and Figure 2. The lH-13C shift correlation map shown in Figure 2 dearly ahowe the 

influence of &Me being in the OT or &position. Since the two diestemomere 1 and 2 were 
available, we investigated the configuration at CM by both eteady state and transient nuclear 
Overhaueer effect (NOE) -uremente.eJ” NOE’r were okrved between 14-M?, l&Me end 
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H-6 in vulgarin and only he.twsen 14-Me and H-6 in 4-cpivulgarin (em Fii 3). Them rwulte 
coniirm that the l&Me group is situated @ in vulgarin and o in Cepivulgarin. 

Due to aoma discrepancies in the literature concerning the epectrcecopic data, vulgarin 

eeema to have appeared under a eeriee of different names. Thus, samples of vulgarin (A. relron, 
Chiov,’ A. conarie&, Leeall), barrelin (A. borrdieri, -),I’ judaicin (A. judoico L)ls and 
tauremiein (A. tour&x, Wtid)s wve investigated by ‘H NMR The oamplea were shown to he 
identical when lH NMR epectra were run in the two complementary aolvente chlorofoMI and 
benzene&. 

Table 1. 1H snd ‘%2, NhfR dak (ppm) of tba oxnpot~~~% 1 and 2 in chlorofmd. Multiplicities 
are given within par&he and ccqling WMtauti in Ho.’ 

‘HNMR 1% NMR 

1 2 1 2 

1 ‘ml.0 303.1 
2 &91(d), .I = 10.6 SW(d), J = 10.1 126.7 125.3 
3 &02(d), J = 10.6 0.51(d), J = 10.1 151.6 150.2 
4 m.1 88.2 
5 2.45(d), J = 11.4 ?&Xi(d), J = 11.0 54.6 61.0 
0 4.18(dd), J = 11.8,10.3 a.%(t), J = 10.5 79.6 79.2 
7 1.70(m) 1.62-1.76(m) 52.4 62.3 
8 e9 (a) 2.0(m) cq (a) 1.98(m) 22.7 22.8 

02 (p) 1.49(m) as(B) 1.50-1.57(m) 
9 eq v) 2.04(ddd), J = 12.3,2.9 e9 (B) l.Q8(4 34.2 32.5 

02 (a) 1.57(m) a.!c (a) 1.50-1.57(m) 
10 46.2 45.9 
11 2.37(d.q), J = 12.5,&E 2.34(dq), J = 12.3,6.6 40.6 40.8 
12 178.2 179.0 
13 M’(d), J = 6.6 1.26(d), J = 6.59 12.5 12.5 
14 l.!qLl) l.ss(O) 19.8 20.6 
15 1.57(n) 1.61(m) 23.8 31.7 

OH 2.88(r) 1.67(n) 

WLGARIN (CDCI,) 

1‘ II 

4- EPIVUlCARIN (CDCL,) 

I 1 

An X-ray study was deo carried out on a sample d vulgarin from Artemioio conorion& 
Leea. The etructuret wae solved hy direct msthodo (MUL’JXN 11/82)l’ and refined hy full- 
matrix leaat squares methodo using the SHEXX76’s program to a find R value of 0.086. 
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A summary of data collection parametera, atomic coordinates, temperature factors, bond 
distances, bond angles and selected torsion angles are given in ?hblw 2-7. The mean distances, 
of the bonds (CC: 1.517(32); C-0: 1.416(53); and C=O: 1.226(10) A) am within the accepted 
vsluee. 

Ring A shows a flattened boat conformation, where C(1) to C(4) and C(l0) define a pseudo 
planar region (equation of the mean plane: ~21~~~+0.~-0.7~73~ = -7.2521; r.m.s.d.: 0.648) 
and C(5) is puckered 0.57(l) A below it. On the other hand, ring B shows a regular chair 
conformation, wheress the +&one ring adopts an envelope conformation. 

The coordinates of the hydrogen atoms located in the difference Fourier synthesis confirm 
the expected relative positions deduced from the molecule conformation and egree with the 
reported configuration’e 

The overall shape of ths skeleton can be described by the torsion angles around the ring 
junction bonds, namely C(l)-C(lO)-C(S)-C(6) (178.3’) and C(B)~(lO)-C(5)-C(4) (171.8’) for 

t Calculated md &served &uctun, facton us depc&ed with tba Cambric& Crystallqraphic Eata C&m, 

Lensfield Road, Cambridga CBZ NW, U.K. 

Table 2. Grystai data aud summary d data c&&ion. 

Ge%o% =z?84 
csystal dinlem~m: 0.20 x 0.20 x 0.50 mm 
Orthorhombic, F&2121 

Z=4 
a = ?.826(?) li 

b = 9.01?(4) h 

c = 19.845(T) A 
v = 1350.7 As 
Dz = 1.388 g cm-’ 

p=o.Q88cm-’ 

I&& (X =o.?!Wo n) 
T=!JSsK 
Scan width 1.0 + 0.35 tan9 

stiu&rd mastIon (113) 

Dsay of standard 0.9 % 

IMKtioM mMlmed 280.3 (2e ran@ 2-600) 

Indepalldent maectiow 1339 
Obwved m!bctkma 1067 with IX&(I) 

hk1 range: -9-&<S,O<k<lO, OU<U 

Table S. Wacticnal atcmic coo&ins&e with anisotropic thermal parametem (x Iti) end theii 
standard deviations for non-bydrogar atoms. 

Cl 

c2 
C3 

a 

C5 

c8 

c? 

a 
# 

Cl0 

Cl1 
Cl2 

Cl3 

CM 
Cl6 

01 
04 

08 

012 

2545(8) 

230603) 
m(Q) 
5461(7) 

S437(8) 

::;:I;; 

5125(9) 
4321(8) 

4388(8) 

9153(7) 

9870(7) 
9682(11) 

5019(S) 
8892(9) 

S301(S) 

S882(6) 
SsS4(6) 

1095?(B) 

1131(E) +X3(3) 3.81 

Z85(8) 841213) 4.24 
2X5(8) 8?‘Ki(3) 5.98 

2333(7) 8798(3) Z.QtJ 

781(8) 8507(3) 2.66 

11?(T) 8359(S) 2.84 

-1510(8) 8224(3) 2.81 

-133Q(8) 66X$3) 3.81 
-1llIf7) 68?0(3) S.80 

63q7) MO(S) 3.07 

-1Q33(7) 6281(3) 2.90 

-9lS(?) 8837(S) 3.28 

-551?(g) 8421(r) 4.43 

1412(9) 6210(3) 4.04 
3470(e) M?(4) 3.78 

838(8) 6822(3) 4.23 

2288(6) 749Q(2) 3.91 
238(6) 6915(Z) 3.01 

-Q30(5) 7204(2) 4.50 

3=w =aw 
250(31) 832(U) 
38Q(33) aq39) 

1eq22) 528(3l) 

124(21) 488(2Q) 

22Q(28) 48O(aa) 

222(28) 391(28) 

402&J) S@MQI 
315(2?) 644(34) 

Q+) 843P) 
142(U) 452(30) 

219(25) 492(31) 

390(37) 808(43) 

3?3(33) ?Q3(49) 
328(33) 430(34) 

245(19) 808(2?) 

336(22) 833(2?) 
212(18) 4?1(21) 

381(24) 813(23) 

491(2s) 

881(35) 
533(31) 

441(25) 

330@) 

370w 
455(28) 

460(31) 
E@w) 
428(2?) 

=+3) 
628(30) 

887(42) 

370(2Q) 
8wQ) 

??6@) 

489P) 
4?1(21) 

?18(2?) 

175(28) 

122(34) 
47(31) 

-24128) 

E$:; 

-25(25) 
-113(29) 

-@x29) 
21(27) 

19(24) 

8(n) 
-11(3?) 

?4(32) 

-23(32) 
!39(23) 

-Si(24) 

-KO(18) 

-68(23) 

-28(28) 
-12(2?) 

2w8) 
32(21) 

l(21) 
-30(21) 

4(22) 
-61(2?) 
-?6(28) 

-?3(21) 

42w 
-?8(24) 

-98(35) 

-w24) 
83(30 

-191(19) 

l (w 
-QQ( 18) 

-211(21) 

-57w 

3(32) 
43(30) 

-34(25) 

-36(22) 
-2Q(23) 

-(8(23) 

-se@) 
-Q?@?) 

-113(26) 

-14(m) 
48(25) 

8(34) 
-83(31) 

-1eq27) 

-133(2o) 

-3(24) 
-27(X8) 

?8(21) 

the two cyctohexaue rings, and C(S)-C(6)-C(7)-C(ll) (--188.W’) and 0(6)-C(6)-C(7)C(8) 
(-171.2’) for the Tlactone to ring B junction. 

The shortest intermolecular contacts are C(lO)...O(l)i = 3.273(8) A (i = .Cf=, S--y, 1. -+), 
C(15)...0(12~= 3X22(8) A and 0(4)...0(12)” = 2.930(8) A (ii = 2. -s, .6 + ft, 1.5 -2). 

Di#CU~sfOSl 

The NMR and X-ray data presented in this paper conclusively settle the configuration of 
vulgerin (l), which is in accordance with earlier reported res~1ta.e~~ Thus, the 14 and l&methyl 
groupe are situated in &xxitions while the 11-nmthyi group is situated in an a-pceition. 

Furthermore, barrehn, judaicin and taurennm ’ ‘II were shown to be identicd with vutgarin 

since their *H mnr spectra in chloroform-d and bensene-4, respectively, were superimposable. 
The compounds were isolated from different Artetiu species. Ohno et ef.” reported the rsC 
shift 6 22.7 for the E&fe ofvulgsrin ieofated from A. ludoeiciuns. Since all the other “C ahif& 
are identical with those of vulgarin, the reported value is in error or the shifts repremnt another 
compound. 
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Table 4. Fractional atomic comdina~ 
(x 19) with their standard deviations 
with the equivalent temperature factors 
for hydrogen atoms. 

‘Pable 6. Non-hydrogen 
bond diotmca (ii A) with 
their standard deviations. 

H2 
H3 
H4 

H5 
HB 
RI 

All 

H81 

H882 

Ii91 

H91 
H131 

H132 

H133 
H141 

H141 

Hl43 
Hl.51 
HlSZ 

HI53 

1240(107) 

3385(m) 
5913(118) 

482O(Lxl) 
7915p3) 
3%55(108) 

9780(m) 

6952(97) 
6621(107) 

3718(103) 

3892(107) 

9203(101) 

10617(114) 

9326( 102) 
4788(93) 
4541(103) 

esls(lo4) 

a83(=) 
eMO(100) 
7959(108) 

~QVQ) 
382Q(82) 
1717(M) 

381(7Q) 

545(77) 
3049(83) 

-1659(R) 

-2948(84) 
-1441(80) 

-1439(81) 

-1520(82) 
3812(79) 

-=@a 
-4047(83) 

270(F) 
1213(76) 
104q76) 
4405(78) 

3574(81) 

3152(81) 

6344(32) 

7176(31) 
7589(U) 

f=O(35) 
5948(34) 

84@w) 
5m7(34) 

54w31) 
5245(38) 

mO(34) 

=w4) 
6853(37) 

W(31) 

@w33) 
5222(32) 

4810(33) 

SllO(32) 

@=QW 

5Q77(33) 

W(34) 

3.96 

3.96 

3.96 

3.96 
3.98 
3.96 

3.98 

3.88 
3.96 

3.98 

3.98 
3.79 

3.79 

3.79 
3.79 

3.79 
3.79 
3.79 

3.79 

3.79 

Cl -cl0 1.523(8) 

a -cl0 1.572(7) 

03 Cl0 1.526(9) 

Cl4 -cl0 l&m(8) 

02 -cl l&4(10) 
01 -cl 1.233(7) 

(3-a 1.3?4(10) 

c4-a 1.523(E) 
c5-04 1.614(E) 

Cl6 x4 laQ(8) 

04-a 1.418(7) 
c8-a l.m5(7) 

cl-a 1.492(8) 

00-a l&38(6) 
can lSll(8) 

Cl1 -c7 1.5&J(7) 

CQ-ca 1.529(9) 
Cl2 Cl1 1.480(Q) 

Cl3 Cl1 1.4eo(lO) 

06 Cl2 1.362(7) 
012 Cl2 1.219(7) 

The ~epivulgarin ahawed very similar ‘H and ‘W NMft data compared with thcee of vul- 

garin except for the methyl group in the 16pceition. The large downfield shift of the &methyl 

group in the ‘sC NMR ape&rum (cf. Table l), when compared with vulgarin, is consistent with 

a methyl group in the a-pcaition. The NOE - urementa (cf. Rgure 3) unambiguously settle 

the @/a-relationabipe of the l&methyl group ofvulgarin (1) and Cepivulgarin (2), mpectively. 

The shift data presented in Table 1 are unequivocally assigned based on ‘H-‘H and ‘H-W 

COSY experiments. Thus, a few NMR assignments of 1 and 2 reported by Metwally et aLI* 

must be corrected. The shifts for the protons H-88 and H-9a of 1 have been revised and the 

shift of the 13-a in 2 should be 6 1.25 and not 6 1.58. Furthermore, the Cl1 shift of 2 is 

reported to be at 6 40.1 while it should be at 6 40.8. 

Ekperlmental 

NMR The NMRspectra were measured on Bruker wp200 and Varian XL200 and XL300 

spectrometers. Unless otherwise tited the ‘H and lsC NMR+ectra were recorded in deuteriw 

chloroform with tetramethylailane as an internd standard. COSY 90: 16 tramienb of 512 

complex points each were measured for each of 512 tl increments. Spectrd widths were 1200 

Hz in both dimensions. ‘HJ3C COW The employed p&e sequence was reported eL9ewhere.O 

The delays & and A2 were set to 3.5 and 2 ms, xwpectively. 1024 transients of 1024 complex 

points each were measured for each of 84 tl incrementa. Spectral widths were 5830 Hz in 

the fa and 1200 Hz in the f, dimension. NOE: The samples for the NOEmeaaurements were 

treated aeverd timea by the fr-pumgthaw cycle before vacuum-sealing the tubes. The NOE 

difference technique was used as described by Hall et al.: and the spectra were recorded with 

the decoupler turned off during puhm and acquisition preceded by 5 s of irradiation. 



Table 6. Non-hydrogen bond 
angles (in degrees) with their 
standard deviations. 

B. ABEGAZ et 01. 

Table 7. Selected torsion an&a (in degrees). 

cs Cl0 -cl 106.7(S) 
03 4x0 -cl 110.4(S) 

c9 Cl0 -a 10x9(5) 
Cl4 -cl0 -Cl 102.7(S) 

Cl4 Cl0 -c5 115.3(4) 

Cl4 Cl0 -09 109.7(S) 
c2 -cl -cl0 116.6(S) 

01 -cl Cl0 lzJ.3(6) 

01 -cl -c2 120.7(6) 
c3 -c2 -cl 123.4(6) 

u-u-02 123.6(7) 

a -a-cm 110.1(S) 

Cl‘5 -a -a los.4(5) 

Cl5 -a -a 116.4(S) 

04-u-Q 104.2(S) 

o4-u-c5 109.4(S) 

04 -u Cl5 107.7(S) 

ct -a -cl0 116.0(S) 
c8 -a -cl0 105.0(4) 

06 -a -a 117.0(4) 

m -ce -c5 111.6(S) 

oB-c6xs 114.9(4) 

cMeac7 103.5(4) 

a-m-c% 111.2(S) 
Cl1 CT -a lcO.6(5) 
Cl1 67 -a 121.6(S) 

c9-c6-c7 106.0(6) 
c5 -c9 Cl 113.9(S) 

Cl2 -cl1 -cz v&l(S) 
Cl3 -cl1 -cx 117.4(S) 

Cl3 Cl1 -Cl2 113.6(S) 

06 -cl2 -Cl1 112.6(4) 

012 -cl2 -cl1 126.3(6) 

012 -cl2 -06 116.6(5) 

Cl2 -03 -03 1@3.3(4) 

Cl0 Cl 

Cl c2 

c2 c3 

Cl Cl0 

c.5 Cl0 

c9 Cl0 
c5 Cl0 

Cl0 c5 

a a 
arc?7 

CI ca 

c2c3 

csu 
UC5 

c5u 

OBca 

cs a 
Cl c2 

ac7 

CICB 
a09 

c9 Cl0 

-4.26 
4.41 

-15.37 

-5a.69 

-56.76 

57.43 
30.06 

-62.34 

63.66 
-54.96 

53.88 

cs c4 c.5 Cl0 43.47 

cn? 08 cl Cl1 41.00 

ce cl Cl1 Cl2 36.23 
cl Cl1 Cl2 06 -20.01 

m a 06 Cl2 29.61 
Cl1 cl2 06 ce -5.23 
Cl Cl0 05 ca 17630 

09 Cl0 c5 u -171.76 

c5 cx cr Cl1 -165.63 
06 a c7 ca -171.25 

Flgum 4. Perspective view of vulgarin (1). 

X-ray. Cell parameka and inteneitiea were -wed on an Enraf-Noniue CAD 4 diffrac- 
tometer using a crystal of 0.20 x 0.20 x 0.50 mm. The unit cell waa -wed by centering au- 
tomaticdly 25 high angle independent reflections end refining the orientation matrix and unit 
cell pareme- by leaet-equares. The intensities were corrected for Lore&z. and polarization 
but not for absorption. The laet cycle of anieotropic refinement for non-hydrogen atame with 
dl independent observed reflections converged to the 6nd R = 0.0136 and Ru, = 0.089 with 
Rw = [~w(AF)‘/~wKj]‘” where u) = 2.1765/[$(&) + 0.003666(~)]. The scattering factors 
were taken from International Tables for X-ray Cryetdlography.lo The nmolecular structure ae 
depicted in Figure 4 wee obtained with the PLUTO drawing programa 
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