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Abstrsct-Frmgmrmtation petterus d tlatonirar and their dcriv8tivca under dadron imp@ hw: ban 
invutigrtai by the UT 0&i&1 ruoluticlo maa spectra and a deutaiusn kbdling tahniquc The rehtionship 
between umfortnation of slntonina and tbcir rpw3n is disxwd. 

THE mass spectra of santonins and their derivatives have been investigated in order 
to obtain info~ation on the fra~cntation of fu.& ring lactones. The mass spectra 

z-Tctrahydro- @-Terrahydro- 
santonin santonin 

y-fetrahydro- 
santonm 

z-Desmotropo 
santonin 

3.Dcsmotrop- 
santonm methyl ether 

Hyposantonin 

/ 

0 % ’ 4’ 

/ 
t 0 0 

0 a / v’ 

0 0 

dantonin fXantonm C&ntonin 

l~~hydrolum~- 
santomn 

t~ihydr~luml- 
6-cpl-santonm 

I ld,+Santonm 

4623 

D-Santonm 

lM,a-Santonin 



4624 N. WASADA. T. TSIICHIVA. E. Ymw and E. WATANABE 

of aliphatic lactones have been investigated” 2 and recently. a few peaks of the mass 
spectrum of a-santonin and a proposed fragmentation mechanism of one of the 
main peaks have been reported.’ 

Thirteen santonins. including isomers. derivatives of santonin. and two deuterated 
santonins have now been investigated. 

Table I shows the pattern cocfiicicnt of santonins based on XuO. Table 2 shows the 

247 
246 
231 
21n 
203 
IYI 
1% 
IX7 
175 
174 
173 
172 
163 
162 
I61 
15Y 
I SW 
IS7 
l4Y 
I48 
147 

1 

04 
53 
2-l 
0.7 
IX 
IS 
I9 
04 
27 
I4 
68 
2-4 
I6 

I3 
IX 
I.2 
0 x 
I ’ _ 
I5 
I I 
22 

P <’ 

04 I3 
51 79 
24 IX 
0.6 20 
IS 21 
19 02 
I9 07 
I I I4 
2.3 I -6 
I I I9 
57 65 
22 IX 
19 0 3 
I I 0 7 
I9 I3 
09 2n 
0 5 I I 
Ii) IU 

25 08 
I I I’ _ 
IX I4 

D 

IO 
61 
IQ 
I6 
I3 
01 
06 
27 
I2 
?I 
54 
IX 
04 
0 6 
I.2 
31 
I.2 
I3 
IR 
I2 
I? 

mr 1 

146 I8 
I45 20 
I44 06 
I35 43 
I34 21 
I33 I-2 
I31 I 0 
159 I4 
1% I? 
I?? 23 
121 2.6 
I20 II 
II9 IX 
II7 II 
IIS I ,7 
IOH I* 
IO7 24 
I06 on 
10s 22 
Y3 I? 
92 I? 
91 7.5 

P 

I? 
I9 
04 
55 
23 
I.2 
09 

I2 
OW 
25 
23 
0.9 
I7 
09 
20 
I I 
22 
0 6 
I4 
IO 
IQ 
6-2 

<’ 

I I 
3R 
I2 
35 
3.3 
I? 
I2 
2-3 
I7 
OX 
I2 
IS 
IS 
I3 
20 
3-6 
26 
I4 
26 
07 
01 
56 

D 
- 

I I 
3.6 
I.2 
3.5 
30 
IO 
IS 
23 
I9 
01 
I 0 
I I 
I4 
13 
2.1 
32 
24 
I3 
24 
O-l 
07 
52 

CE<’ 2 I- IOK. wnwne. vollagc. 70 cV 

atomic composition of main peaks of a-santonin determined by high resolution 
spectrum. The last column of Table 2 shows the atoms expelled. Main peaks of mass 
spectra of compounds investigated are reproduced in Figs. l-10. 

Fragmentation of z-santonin 
m/e 231, (M-15). The expelled group is CH,. From the spectra of deuterated 

compounds. the Me group on the lactone ring was found intact. Although this 
result does not indicate the contribution of the Me groups at C4 and at C-IO. 
usually. the contribution from the angular Me group to the peak is considerable. 

m/e 228. (M-l 8). The (M-18) peaks of the measured compounds except artemisin 
were small. McFadden er al.’ reported that aliphatic lactones give a significant 
(M-18) peak as the chain length increases to three or more carbons and suggested 
that this length permits a steric configuration that is favourable to the transfer of a 

’ W H McFadden. F. A. Day and M J Diamond. Analyr (‘hem 37. X9 (1965) 
* L Frwdman and F A Long. I Am Chem Sot 75. 2832 (1953) 
a 1) G, Boocock and E S Walght. (‘hen. Comm. 90 f 19661 
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hydrogen. Santonins have an insignilicant (M-18) peak though they have stcric 
conliguration that is favourabk to the reaction suggested by McFadden er al.’ This 
result may be due to the santonin molecule being less flexible than the chain of 
aliphatic lactones. and the shortening of the C+CH, bond rcxulting from hyper- 
conjugation may decrease the chance of hydrogen transfer to the cthcrcal oxygen 
atom. 

According to the spectra of deutcrated santonins. though the hydrogen atoms 
bonded with the C-13 atom do not contribute to the loss of a water molecule, part 
of the C-1 I hydrogen is lost as HDO. These results arc in keeping with the hydrogen 
atoms in the water molecule lost from decalone.’ It was shown by deuteration that 
the hydrogen atoms of the lost water molecule are randomly picked from every 
position in the decalone molecule. A metastabk peak appears at m/e 212 which 
can be assigned to the transition. 

246 * + 22g+ + 18 

’ t: Lund. !t Hudrlklcwcr J. M Wdson and c’. 0)eras.w 1. Am. Chum Sot 85.941 (19631 
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m;e 218. (M-28). The peak is a doublet composed of (MCIH,)’ and (MCO)’ 
ions. and was revealed to contain C-l I and C-13 from the spectra of deuterated 
compounds. In all four santonins the (M-CO)+ ion is more abundant than the 
(M-C2H,)* ion; in z-santonin. their intensity ratio is 4 to 1 
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(M-CO)‘. C,,H,*O;. The pattern coefficient of this ion of cx- and p-santonins is 
appreciably smaller than that of C- and D-santonins. The expulsion of the CO 
group at C-3 and the carbonyl group in the lactone ring only were considered. as 
these processes involve the cleavage of just two bonds and the (M-CO)’ ion is 
observed even at the lowest ionizing clcctron voltage applied. Therefore the cx- 
pulsion of a CO group containing an ethcrcal oxygen atom in the lactone ring may 
be excluded as this process involves cleavage of three bonds instead of two. The 
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contribution of either one of these two CO groups to the (M-CO)’ peak cannot be 
estimated accurately from the present experimental results. But as desmotropo- 
santonins and hyposantonin. which have no carbonyl group in the A ring. have 
only a minor (M-28)’ peak (Figs 2.3 and 4). and the CO group in benzoquinone and 
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anthraquinone situated at a position in a ring similar to C-3 in santonin is ex- 
pelled5 7, and as there is almost no peak in the spectra of aliphatic lactones.‘.z it is 
inferred that an appreciable part of the peak is due to expulsion of a CO group in 
the A ring. Boocock er al. also postulated that the 3-oxo-group is almost certainly 

’ J H Ikynon. G R I.akzr and A 1: Wtlhams. I Phps Ch 63. 1861 (1959) 

’ J ti Bcynon. Mo*c Spwrromcrry cmd tfs Applrcofims IO Orgair Ckm~sn~ p 271 filscwcr (19601 

_ J H Ikynon and A I: WIlltams. Appl Specrroscop) 14. 156 (1960) 
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the .source of carbon monoxide lost. because the (M-CO) peak is considerably 
greater in the C-. D-santonins having the cis-fused lactone ring than in the z- and 
f)-santonins in which the lactone is ~runs-fused and this fragmentation relieves steric 
strain which from models seems to bc greater when the lactone ring has the cis- 
fusion.3 However. other potential fragmentation pathways. e.g. the possibility of the 
following scheme. should not bc excluded. 

(M-C,H,)‘. C,JH,,O;. Since this ion was found to contain both C-1 I and C-13 
from the spectra of dcuteraterl compounds. the expelled CzH, must come from C-8 
and C-9. It is well established” that steroids lose C-6. 7 and C-8.9 in a similar way. 
An analgous consideration leads to the following fragmentation scheme: 

m:e 203. (,M43). The peak conststs of a doublet composod of C,jH,,O; and 
CIzH,,O;. the intensity ratio being IO to I. C,,H,,O;. (M-C,H,O)‘. This more 
intense ion of the doublet contains C-l I and C-13. Since the ion is observed at 
ionizing electron voltage, V, down to about 9 cV. the ion is probably not produced 
by a rupture of many bonds. and based on the molecular structure of santonin. the 
lost C2H,0 is not considered to be expelled as a fragment. 

rn e 202. (M-44). C-l I and C-13 remain intact in the (M-COJ’ ion. Since the ion 
is producal at low electron energics, a possible fragmentation pathway would be as 
follows : 

:()g& - Jp_ l (‘()j 

m 

The intensity of the t.M-C02)’ ions in santonins is in the following order 

rx<p<C<D, 

in accordance with the suggestion made by Boocock CI al. for the (M-CO)’ ion. 
m:e 191. (M-55). The C12HlrO; ion contains C-11 and C-13. and is observed at 

lower electron energ&. There is no (M-55) peak in the spectrum of hyposantonin. 
which has an aromatic A ring and has no 3-oxo-group. Potentially the rupture of 
bonds I-IO and 34 and an expulsion of a hydrogen atom would result in the ion. 
A simtlar rupture is known in the spectrum of p-benzoquinon.‘.’ though thcrc is no 
hydrogen expulsion presumably because the molecule has no additional fu.sed rings. 

mie 190. (M-56). A triplet consisting of C,~H,J)*. (M-C,O,)’ ; C,,H,,O;. 
* c’ t)JCraSSl. J M Wilson. H Rudakwvw and J W (‘hamkIm. J 4m (‘hem SIN 84. 4ssd I I%?) 
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(MC,H.O)’ ; and C,,H,OO;. (M-C4H,)’ appears at m;‘e 190. The C,JH,gO’ is 
the most intense and the C, ,H l0O; is the weakest. The spectra of deuterated com- 
pounds indicated that the intensity ratio C,,H,&*: C,2H,40; is about 1O:l. 

The C, ,H ,,O ’ contains C-I I and C- I3 and is observed at lower electron energies. 
The peaks in z- and P_santonins are about three times as intense as in C- and D- 
santonins. The C12H,10; does not contain C-l I and C-13. and the fragmentation 
was assumed to bc as follows : 

A comparison of the intensities of m/e I90 and rn’r I91 peaks reveals that the 
intensity ratio of thcsc two peaks depends largely on the apparatus usal for measurc- 
ment. as is shown in Table 3. while intensity ratios of other peaks are about the same 
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Presumably. the material of the sample handling mamfold. i.c. stainless steel in 
CEC 2l-lO3C and glass in Htachi U6-B. could be the main cause of this phenomenon. 

m c 1x7. (M-591.’ In the C,2H,50’, (M-C,H,O,)- ion. C-II and C-13 remain 
intact. From the molecular structure. the fragmentation pathway is infer& to be: 

m:e 175. (M-71 ). z. f3 > C, D+. The peak is revealal to be a doublet consisting of 
C,lHl$O-. fM-C,H,O,)’ and C,,H,,O;. (M-C,H,O)‘. The C-l I or C-13 
content of the m c I75 peak were calculated to be 5:U from C-l I-d,-z-santonin and 
5 ‘9 from C- I3-d,-z-santonin. respectively. Since the intensity of the C I zH, ,O+ ion 

l ‘Ihc mplm that rhc wn IS mom mtcnsc m z- and p-sanlontns than In C- and D-=nronms accordmg 

IO the mcacurcmcnt wrh C‘FC’ ?I IOX mass spcctromcrer 
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is a little larger than that of the Cr,H,,O; ion. it is inferred that the former ion 
contains C-l 1 and C-13 while the latter ion does not contain these atoms assuming 
each ion to consist of a single species. Appearance potential of m:e 175 ion is fairly 
large suggesting rupture of many bonds. 

C,lH I ,O * A metastable peak at m’e 140 indicates a reaction 

218’ + 175’ + 43 

Presumably tither one of carbonyls at C-3 or in the lactone ring is expelled tirst 
followed by another carbony) and the C-IO methyl group. A potential structure of 
the ion may be as follows: 

l / G?- / / 
H 

C,,H,,O;. As C-11 and C-13 are inferred to be absent in the ion. the following 
reaction is probable: 

m/e 173. (M-73). The peak was a triplet of CllH,,Of. (M-C,HsO,)’ ; CISH17+. 
(M-C,HO,)‘; and C,,H,O;, (M-C,H,O)‘. The C,2H,30’ ion is by far the most 
intense and does not contain C-l I and C-13. A metastable peak at mie 122 suggests 
the reaction : 

246’ + 173’ + 73 

‘The potential structure of the ion would be b or c. 

4 d 

Boocock er al. showed that the hydrogen at C-2 remains intact in the formation of this 
ion and assumed a migration of the ring-junction methyl, postulating structure d 
for this ion.” 
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While the intensity of (M-73)+ peaks in tetrahydrosantonins and lumi-santonins 
is about the same as that in four santonins. the intensity of the ions in hyposantonins 
and desmotroposantonin. which have an aromatic A ring, is very large (Figs l-10). 
Instead of structure h or c, “naphtonium ion” structure e is proposed for these latter 
ions. The (M-73)’ ion in artemisin is weak. A competent dehydration reaction due 
to the presence of hydroxyl group at C-g woukf explain the phenomenon. / “.., 

c w \ ~..,y 

m/e 172, (M-74). A doublet consisting of C,,H;,, (M C2H10J)+ and Ct2HL20’. 
(M-C,H,O*)’ appears. TheC,,H,,O’ is far more intense than theC,,Hf,and does 
not contain C- 11 and C- 13. An expulsion of a hydrogen atom from C, 2H, aO * ion 
would rczult in the ion. 

m’e 159, C,lH,S. (M-C,H,O,)‘. A metastabk pe& at 116.5 suggests the following 
structure for this ion. 

m:e 14X. (M-98). The peak is a triplet consisting of C,OH,,O’. (M-C,ff,O,)‘. 
C,HRO;. (M-C,H,O)’ and C,tHf,. (M-C,H20,)*. The C,,H,20’ is by far 
the most intense and does not contain C-l 1. 

Ii / Q?!l - / 
0 0 

m::e 91. C,H,. (M-&H, to,)‘. The ion does not contain C-l 1 and has the same 
atomic composition as the tropylium ion. The m!e 91 peak is very prominent in four 
santonins. artemisin and two dihydrolumisantonins and is of mafium intensity in 
three tetrahydrosantonins. desmotroposantonin and its methyl ether and is weak in 
hyposantonin. Though we did not scrutinize the structure of the ion. it is interesting 



that the compounds which contain an aromatic A ring and which contain an A ring 
ofa structure similar to santonin show an intense m:e 91 peak as is seen in Figs I-10. 

A comparison of the spectra of dcsmotroposantonin and its methyl ether (Figs. 
2 and 3) reveals that almost all peaks in the higher mass region include the stable A 
ring. Similarly. important peaks in the higher mass region in the spectra of santonins 
contain an A ring which has a highly conjugated structure. 

Intensity of parent ion and stability o/‘moluc-ule 
Intensity of molecular ions in percentage of total ionization. I, is known to be a 

measure of the stability of the ion&d compounds.’ ” In santonins, it is found that 
for KC cis compounds C- and D-santonins, I, values of 7.9”,, and 6.1 ‘I,,. respec- 
tively, arc observed while the trans isomers give I, values of 5.3“” and 5.1 “<,. These 
values are in agreement with the chemical expericncx that the cis compounds arc 
more stable than the tram compounds. and among these cis compounds C-santonin 
is thermodynamically more stabls than D-santonin.‘2 

Stereochemical consideration 

It has already been noted by many authors that certain stereochemlcal features 
can be related to characteristic mass spectrometric fragmentation process4 * ‘I ” 

While most of the peaks in the range of m e > 150 arc more intense in z- and @- 
santonins than those corresponding to each peak in C- and D-santonins. the intensity 
of a few peaks arc in the reverse order. Table 4 shows the pattern coellicient of the 

more prominent peaks in the spectra of santonins in the range of m c > 150. which 
are more intense in C- and D-santonins than in z- and P-santonins. 
’ M. Paht. Z. Nuru Forxh. 9.418 (1954). 

” P. Narahs, Norwe. Land. 197. 284 (lW3). 
” P. Natatir Nacwe. Land. 197. 73 (lW3). 

” .I’ MIMI. Annuul Rrp Tctkdo He\ Irth 21. 157 llY61 I 
” H Wlllhalm. A F ‘Thomas and I- Gaurschl. ‘I’c*rrcrhcJrrm 20. 11x5 I 11)M1 
I4 R I’whcschc. P W&cl and It -W t’chlhabcr. ‘f’rrruhrclron 21 1797 (lY651 

” tt Budakwwcr and <‘ t$cra*sl. J Am (‘hem SOC- 84. 1430 (IV621 

” t’ K Pandlt. W N Spcckamp and tt 0 ttulsman. Tcrrohrdron 21. 1767 (IV651 

‘- I. I) Antronaccw. N A Pcrc~ra. B <;~lbcr~. tt Vorhrucpgcn. Ii Budnkwwcr. J M Wtlwn. J I. 

Durham and <‘ Dtcrassl. J .4m (‘hem Sot 84. ?I61 (lY6?1 

” c BIcmann Mazr Specfrmefrv. Orgunrc C’hrmrol Appkcrionc p I50 McGraw-tldl. N Y (IY62) 
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Of the two components of the m/e 21X doublet. the C,,H,,O;. (MC’O)’ ion 
intensity varies wrth the molecular species Provided that the structures inferred for 
the (M-CO)’ ion and the m:‘e 159 ion are correct and that the influence of the 
difference in configuration in the C ring upon the fragmentation in the A ring is 
slight. the probability of a nvta 218 ion being produced is about the same in all four 

wntonins. Consequently. the intensity difference of wr 21X ion is considered IO be 
due to a difference m stabrlity of the ion. L.C. the extent of further breakdown of 
m e 218 ions into secondary fragments depends on their stability. For instance. 
mctastable peaks observed at mje 115. 1405, 122 77.5, 75.3 and 67.5 suggest that the 
primary m’e 218 ion ruptures further into m!e 159. 175. 163. 130. 128 and I21 ions. 
rcspcctivcly. the intensity of which is more abundant in J- and psantonins than C- 
and D-santonins. These results suggest a lower stability of Ions in the rrurrs fused 
lactone systems than those of the cis structure In any event. in the two pairs of stereo- 
isomeric santonins (z_ 13 and C. D) studied. the overall fragmentation patterns arc 
suflicicntly distinct so that their mass spectra can he used as secure criteria for 
purposes of differentiation. 

f:XPFRIMLlr;‘l’Al 

An analyucal mass spccrromctcr. <‘EC 21 103C. and high rcsnluhan mas spccwograph of the lypc 

Marrauch-tlcrrog JMS-OIS and mass spccrromctcr. IITAC’III 1J6-B were used The former was used 

under a rcsolutron of I parr In 20.000 The 1J6-B. alrachcd wrth an adapter for high rcsolutron. whrch IS 

csscnrrally an cku-rrosrarrc field. gtvcsa rcsolurron of I pan In I Loo0 Samplesand the gas handhngmamfold. 

mcludmg rcscrvorr. of mas\ spccrromcren were hcarcd IO I20 1.30 <’ The manrfold was made of sramlcss 

s~ccl In thcca~of<‘~~<‘?I-lO3C.and uasmadcofglass m Ihccascof HTACIII U6-B In rhccascofJMS~)I. 

the sampks wcrc drrccrly mrrtxlucd mm the romrarron chamber with a glass caprllary The clerfron 

accclcratron vohapc was 70 CY m rhe case of the mass spccrromclcrs and .30 CL’ m the case of rhc mass 

spectrograph z-. lb. C-. and I)-santonms wcrc mcasurul wrrh low clccrron accckrarton \olraga down IO 

ahou~ 9 cV. IOO .A Shrmaru SR-I comparator was used IO measure the scparalron of mass spccrral lmcs 

recorded with the JMS-OI mass spccrrograph ‘The mass of ions was dcrcrmmcd usmg I’KF as an mrcrnal 

srandard. and was calculami wrth a Nrhondcnkr h’EA<’ ?I01 clcc!rornc cvmpurer 

.Varrrlalz Sarural products wcrc used for I-z-santonm. I-b-sanronm and arlcmrsm They were 

purrfiaf rhrough rccrysralhrarron from E10ll 6-cpr-sanronm fsanronm C) and 6-cpi-I 1xlIl)_sanronm 

rsanronm 1)) were ohrarncd by cprmcrrrarron rcacrron of rhe corresrondmg natural samonms accordmg 

IO Ishrkawa” >a Desmolroposanlonin~‘. hyposanronm**. and rctrahydrosanronms2’ wcrc prepared by 

well known mcrhtalc Phorochcmrcal prcparalron of lumrsarnonms from ranronms was prcvrously rc- 

porrcd by one of rhc prcscnt authors (1: Y f2’ and orhcrs” 

rut-I Id,-x-Sunronm Lkurcrrum cxchangc of ror-I I-carboxy-santonm I I-cprmersr’ was carrrcd 0111 by 

rhcrr rcpcarcd prmprrarron from a solurron of I 1 mrxmrc of heavy waler fp9 75”,, df and ‘TIIF The 

product was rhcn dccarhoxylarcd a! I90 NO C‘ under 1 mm Hg The yellow rcsmous drsullarc cas~ly 

crysralhrrd on rrrrurarron wrrh crhcr and was rccrysralhrul from benrrne Isopropyl crhcr IO grvecolourlas 

pIales. m p IX I C. whrch hy mass spectral analysis conramcd 49 “_ d 

f)1,13d,~-.Sonron~n Tins compound was prcparal accurdmg IO a rourc reported” for the total 

cynrhcsrs of x-sanronm Ihc yrcld of each s~cp was comparahk wrth that of rhc orrgmal report ‘Ihe 

‘” H Ishrkawa. J Phurm Sot Jopun 76. SW (19561 

‘I’ I Sattda and E Yoshrr. f Phurm SW Japan 83. 574 (1963) 

:’ r\ Andrcoccr and I’ Bcrrolo. Ikr Dtsch Chrm hrs. 31. 3131 (IR9R) 

z2 X4 Sumr. W G Daubcn and W K Hayes. J Am (‘hem Sot 80. 5704 (19%) 

I’ J (’ BanerJr. II II R Barton and R C Cookson. J Chcm Sot SO41 (lYS7) 

I’ 1) Arrgom. II Bosshard. H Brudcrer. G Buchr. 0 Jcgcr and L. J Krebaum. flrlr (‘him Artu 40. 

1732 (1957). W Cocker. K <‘rawIcy. J T Edward. .I’ B H McMurry and I!.. R Stuart. J Chem SIJC 

WI6 (19571. II II R Barron. P de Mayo sod M ShaIiq. /bid 3314 f19Sg). 

” Y Ahc. I’ Ilarukawa. It Ishrkawa. T Mike. M Sumi and T Toga. 1. Am. c’htm Sot 78. 1422 11956) 
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srarlmg dwhyl d,-methyl malonate was obramcd by dcureromerhylauon of dlcthyl malonare w1h d, 

methyl iodide *’ acmrdmg IO Fuzser*‘ 

rat-13d,-z-Sanrontn was rccrys1alhzai from McOtl Isopropyl ether IO g~vc colourlcss plaia. m.p 

IX I ,5 (’ Mass spectral analysis mdlcawd the prescnc~ of 73 “_ d,. 24”, d,. and 1.8”” d, spccxs The tR 

spa-lrum showed rhc bands a~ 2245 (<’ DL 1775 (y-lacronct. 16X) (contugawd ketone). 1625 and 1610 

cm ’ (conjugarcd douhle bonds) 

A&wAvIgrmc.nrs The authors would like IO express slnccrc thanks IO Dr. ‘1’ 1) H McMurry of Tnm1y 

College. Duhlm who gave us artemlsm. IO Mr Yasuhldc tllsamoio who measured our sampla wrh an 

H1achj U&B. and 10 Mr Ryu;~, Shtota for hn kind dtscusslons and survey of lhe maau=rrpl. 
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*’ L F Fxser and F C Kovello. J Am (‘he-m SM 62. IRS6 (1940) 


