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Abstract: The mass spectrum of the sesquiterpenol widdrol is dominated by the peak at m/e 151, corresponding 
to the charged species formed by loss of 71 mass units from the molecular ion. The mass spectra of a series of 
deuterium-labeled analogs and the complete high-resolution mass spectrum indicate that most of the M — 71 ions 
arise from a rearranged molecular ion, rather than from that of the original alicyclic alcohol. The presence of 
homoallylic unsaturation allows postulation of extensive rearrangement to a ketonic molecular ion. 

I n spite of their broad occurrence in nature, their 
chemical and biogenetic importance, their volatility, 

and the ample functional variation of basic skeletal 
moieties in this class of natural products, the sesqui-
and also diterpenes have received little attention in the 
mass spectrometry literature thus far. A few complete 
low-resolution mass spectra and comparatively little 
mechanistic work toward their interpretation have been 
reported,4 although the low-resolution mass spectrum 
of widdrol (Figure 1) and a suggestion for the composi­
tion and the origin of the dominating fragment5 are 
among them. 

This situation is clearly a result of the usual difficulties 
experienced in interpreting spectra of alicyclic com­
pounds, even those of quite simple structure, without 
having at hand the necessary high-resolution data and 
supplemental information from labeled analogs. The 
demand for utilization of high-resolution techniques 
plus proper deuterium labeling as minimum require­
ments in the case of monoterpenes has only recently 
been emphasized by several authors.6 Complete high-
resolution mass spectra of the sesquiterpene lactone 
gaillardin and its derivatives have recently been 
presented by this laboratory in support of its structural 
elucidation.7 

The structure and absolute configuration of widdrol 
(I) were established after extensive discussion in 1961.6 
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Subsequently, in 1964, Dauben and Friedrich8 eluci­
dated the mechanism of conversion of thujopsene to 
widdrol in aqueous acidic media, the analogs 6,6-</2-
widdrol (III) (Figure 3) and 8,8-J2-widdrol (IV) (Figure 
4) being of primary importance in that context. The 
availability of these labeled compounds and that of 
widdrol-OD (II) (Figure 2) led to this mass spectral 
examination of the major modes of decomposition for 
this naturally occurring sesquiterpenol. Complete 
high-resolution data were determined for these com­
pounds and presented in the format of heteroatomic 
plots9 for ease of evaluation of labeling data. 

I, R, R', R " = H 
H 1 R 1 R " = H; R ' = D 

I H 1 R = D ; R', R " = H 
IV1R1 R ' = H; R " = D 

The Fragmentation of Widdrol 

If widdrol is viewed as a cyclic alcohol, it would be 
expected to undergo the characteristic fragmentation 
outlined for alicyclic alcohols by Natalis10 and sub­
stantiated by use of deuterium-labeled analogs for 
cyclopentanol11 and cyclohexanol.12 Thus, the molec­
ular ion M0 should suffer allylic bond scission a to the 
hydroxyl group, followed by transfer of an a-hydrogen 
and cleavage of the (3,7 bond. 

That this fragmentation sequence yielding ion a does 
occur to a certain extent is borne out by the high-resolu­
tion mass spectrum of widdrol (Figure 5), which shows 
that virtually all of the peak at m/e 71 arises from ions 
having the composition C4H7O. In the spectrum of 
8,8-J2-widdrol (IV) (Figure 4), most of the peak appears 
at m/e 72,13 the corresponding ion retaining only one 
deuterium atom as expected. Similarly, in the low-
resolution mass spectrum of widdrol-OD (II) (Figure 

(8) W. G. Dauben and L. E. Friedrich, Tetrahedron Letters, 2675 
(1964). 

(9) A. L. Burlingame and D. H. Smith, in preparation. 
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Figure 1. Mass spectrum of widdrol (I). 
Figure 2. Mass spectrum of widdrol-OD (II). 
Figure 3. Mass spectrum of 6,6-c/2-widdrol (III). 
Figure 4. Mass spectrum of 8,8-rf2-widdrol (IV). 

2), at least 70% of the peak at m/e 71 is shifted to m/e 
72 owing to predominant retention of the hydroxyl hy­
drogen atom.13 
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It should be noted, in addition, that some of the 
charge seems to be transferred to the hydrocarbon 
moiety in the final step of this fragmentation sequence, 
leading to ion b. The precursor ion for both modes of 
final cleavage, namely, the rearranged molecular ion 
M2, can be viewed as a "new" enolic molecular ion. 
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Figure 5. High resolution mass spectrum of widdrol (I). 

Such heterolytic cleavage of the 9,9a bond accounts 
for only a minor portion of the total ion current at 
m/e 151. Support for a second process contributing to 
the CnHi9 ions is shown by noting that (a) 15% of the 
original peak intensity remains at m/e 151 in widdrol-
OD, and (b) a comparable fraction of the CnHi9 ions 
shifts to m/e 152 in 8,8-c?2-widdrol (Figure 4). 

As evident from the shift of the major part of the 
peak at m/e 151 to 152 in the spectrum of compound 
II (Figure 2), another and much more important mode 
of fragmentation of the skeleton must be operative in 
addition to that leading to ion b. The sequence of 
processes involved seems to be triggered by the presence 
of the homoallylic bond, since there is no evidence for 
an analogous sequence in the fragmentation of satu­
rated alicyclic alcohols. 

The interpretation presented for the genesis of this 
main component of the CnHi9 ion current includes again 
as the initial step a rearrangement of the original 
molecular ion M0 to an "open" isomeric species M3, 
which represents a "ketonic" ion in contrast to the 
"enolic" ion M2. Several mechanistic pathways may 
be postulated for this rearrangement. One mechanistic 
possibility (M0 -»• M3) would depict transfer of the 
hydroxyl hydrogen to the double bond in M0 via a 
six-membered transition state with rupture of the B ring 
resulting in the generation of a "methyl ketonic" 
molecular ion, M3. 
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Such a hydrogen transfer with double-bond migration 
can be regarded as a cyclic analog of the frequently ob­
served McLafferty rearrangement of open-chain olefins 
or carbonyl compounds containing 7-hydrogen atoms 
attached to carbon. Djerassi, et a/.,14 have suggested 
from their work on McLafferty rearrangements in 
steroidal ketones a 1.8-A maximum allowable distance 

(14) C. Djerassi and L. Tokes, /. Am. Chem. Soc, 88, 536 (1966), and 
references therein. 
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between carbonyl oxygen and the hydrogen atom trans­
ferred. Although the steroid model is not strictly 
analogous, a comfortable conformation of the atoms 
concerned within 1.8 A is easily possible for widdrol, 
as estimated from Dreiding models. 

A mechanistic alternative involves initial a-allylic 
cleavage with subsequent abstraction of the hydroxyl 
hydrogen via a seven- or nine-membered transition 
state. Again, an open ketonic molecular ion, e.g., 
M3 or M4, would result. That a predominant prefer-

S0C+) 
CH2. f k ^yMi*? H 

. (#) 

M3 

ence exists in the case of Mi for the abstraction of the 
hydroxyl hydrogen rather than the activated a-hydro-
gens, as is the dominant process in the alicyclic alcohol 
model,10-12 would not be expected, and the driving 
force is unclear. Of course, generation of an allylically 
stabilized radical leads to a less reactive radical site 
and, as a consequence, higher selectivity rendering pre­
ferred abstraction from conformationally less but 
energetically more favorable sites could result. In con­
trast to the foregoing discussion, conceptual preference 
for the hydroxyl hydrogen over that of C-7 methyl 
hydrogens utilizing a McLafferty-type mechanism is 
reasonable. 

Assuming the formation of such a rearranged molec­
ular ionic species, e.g., M3 or M4, its subsequent modes 
of fragmentation will then be governed by its methyl 
ketonic nature, a Cleavage produces ion c (C2H3O), 
as expected, from a methyl ketone, which accounts 
for nearly all of the abundant peak at m/e 43. The 
corresponding C2H3O ions formed from the three 
labeled derivatives contain no deuterium atoms. A 
minor portion of the charge is carried by the com­
plementary fragment d (m/e 179). This hydrocarbon 
fragment acquires one deuterium atom in the spectrum 
of widdrol-OD (Figure 2), two deuterium atoms in 
6,6-e?2-widdrol (Figure 3), and also two atoms in 8,8-
c?2-widdrol (Figure 4).13 The classical McLafferty 
ketone rearrangement of M3 or M4 is a priori inhibited 
since the position y to the carbonyl function is quater­
nary. A datum from the literature15 reveals that the 
major contribution to the total ionization of a model 
7-quaternary ketone, cf. 2,2,8,8-tetramethylnonan-5-
one (V), is borne by the quaternary hydrocarbon moiety 
upon cleavage of the /3,7 bond. 

57 
~1 

-y+ 

O 
V 

Formally, this is the exact mechanistic model which is 
invoked to explain the major contribution to the peak 
at nominal mje 151, which dominates the fragmentation 
pattern of widdrol M3 or M4 -»• e. 

e dc 
O 

M3 or M4 e(nj*151) 

Data from the deuterium-labeled derivatives quanti­
tatively support this discussion, e.g., (a) in widdrol-OD 
(Figure 2), 85 %13 of the peak at m/e 151 shifts to m/e 
152; (b) in 6,6-J2-widdrol (Figure 3), an even more sig­
nificant portion shifts to m/e 153; and (c) in 8,8-G?2-
widdrol (Figure 4), the peak at m/e 151 remains un-
shifted, since C-8 and attached deuterium atoms are 
eliminated in the fragmentation. 

This second phase of the fragmentation of the original 
molecular ion, namely, the final decomposition of the 
rearranged "ketonic" species to the fragment of mass 
151, may, as formulated, proceed via a direct cleavage 
as a one-step process or may comprise a sequence of 
several steps. Considering the latter case, a sequential 
loss of methyl radical, carbon monoxide, and ethylene 
from any of the ketonic intermediates would give ion 
e as well. 

(15) R. Arndt and C. Djerassi, Chem. Commun., 578 (1965). 

(n$£207) 

(^179) 

There are, however, no metastable peaks in the spectrum 
of widdrol permitting a decision between these two 
alternatives. The model ketone V does exhibit a 
metastable peak for the second step, namely, the loss 
of carbon monoxide from the acylium ion.16 The M — 
15 and M — 43 peaks, e.g., mje 207 and 179, respec­
tively, in the spectrum of widdrol could be interpreted 
as being intermediates of such a sequential fragmenta­
tion. 

Several ions of abundance comparable to that of the 
molecular ion can be defined with regard to their struc­
tural origin. The first ion (f) occurring at m/e 164 
(M — 58, Ci2H20) in the natural product shifts un­
expectedly to m/e 165 in widdrol-OD and to m/e 166 in 
6,6-<i2-widdrol and remains unshifted in 8,8-£?2-widdrol. 
Since the hydroxyl hydrogen is retained in the fragment 
under discussion, one is required to postulate the oc­
currence of a "reciprocal" double hydrogen transfer dur­
ing the lifetime of the molecular ion. This behavior is 
analogous to that of ion e and would suggest, therefore, 

(16) Professor C. Djerassi, Stanford University, private communica­
tion. 
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a common mechanistic genesis. The neutral species 
eliminated is of composition C2H6O and would be con­
sistent with loss of a molecule of acetone from ions 
M3 or M4. Positional origin for the hydrogen trans­
ferred back to the carbonyl group cannot be deduced 
from these data, but it is assumed that a five- or seven-
membered transition state is involved. 

Thus, fragmentation can be distinguished in the mass 
spectrum of widdrol from "alcohol" as well as "ketone" 
molecular ions, which both produce daughter ions of 
the same exact mass in their major fragmentation 
modes. In one case, the hydroxyl hydrogen is trans­
ferred, and the charge remains primarily on the hydro­
carbon moiety e. In the other, a ring hydrogen is 
transferred, and most of the charge remains on the 
oxygen-containing fragment a. Such rearrangement of 
molecular ionic species prior to fragmentation is not 
unique to the /3,7-unsaturated alcohol, widdrol.17 

Similar observations and suggestions have been re­
ported in at least six earlier papers, e.g., on 2-phenyl-
ethanol18 and derivatives,19 on derivatives of 3-buten-
l-ol,19'20 on /3-hydroxy esters,21 on several hydroxy 
alkaloids,22 and on 19-hydroxy steroids.23 The thermal 

(17) The high-resolution spectra of isopulegol, terpen-4-ol, and their 
OD analogs obtained in this laboratory indicate that these homoallylic 
alcohols also rearrange to carbonyl ions under electron impact. 

(18) A. Gilpin, J. Chem. Phys., 28, 521 (1957). 
(19) H. E. Audier, H. Felkin, M. Fetizon, and W. Vetter, Bull. Soc. 

Chim. France, 3236 (1964). 
(20) J. W. Cornforth, R. H. Cornforth, G. Popjak, and L. Yengoyan, 

J. Biol. Chem., 3970 (1966). 
(21) A. H. Etemadi, Bull. Soc. Chim. France, 1537 (1964). 
(22) C. Djerassi, H. Budzikiewicz, R. J. Owellen, J. M. Wilson, W. G. 

Kump, D. J. LeCount, A. R. Battersby, and H. Schmid, HeIv. Chim. 
Acta, 46, 742 (1963); M. Pinar, W. V. Philipsborn, W. Vetter, and H. 
Schmid, ibid., 45, 2260 (1962). 

Kopsingine, kopsaporine, and kopsingarine have 
been reported to occur as the major alkaloidal 

constituents of Kopsia singapurensis.2 These alkaloids 
account for 3 % of the dried leaves of this Malayan 
species, with kopsingine being obtained in 2.2% yield. 
It will be shown that these compounds are structurally 
related to several Kopsia alkaloids, but their presence 

(1) (a) Massachusetts Institute of Technology, Cambridge, Mass. (b) 
University of Singapore, Singapore. 

(2) (a) A. K. Kiang and R. D. Amarasingham, Proc. Symp. Phyto-
chem., Kuala Lumpur, 165 (1957); Chem. Abstr., 53, 14131 (1959); (b) 
R. D. Amarasingham, M.S. Thesis, University of Malaya, 1961. 

equivalent of such a rearrangement is known as well, 
e.g., in /3-hydroxy olefins24 and /3-hydroxy esters.21 

Experimental Section 
Widdrol-OD (II) was obtained by exchanging a sample of 

widdrol on a D20-treated vpc column26 and co-inserting it into the 
mass spectrometer with a microliter of heavy water. Its isotopic 
purity was calculated from the spectrum to be 83% di and 17% do. 
The isotopic purity of 6,6-^-widdrol was determined as 93% d2 
and 7 % du and that of 8,8-rf2-widdrol as 43 % di and 43 % Af1. 

The low-resolution mass spectra of widdrol, widdrol-OD, 6,6-d2-
widdrol, and 8,8-rf2-widdrol were obtained on a modified26 CEC 
21-103C mass spectrometer (inlet system 100°, ion source 180°, 
ionizing energy 70 ev). The high-resolution mass spectrum of 
widdrol was obtained on a CEC 21-11OB mass spectrometer operat­
ing with the inlet system at 180° and the ion source at 200°. In the 
spectra presented (Figure 5), the masses are plotted in methylene 
units.9 On the abscissa, each major division marker corresponds 
to the saturated ion, e.g., CnH2m+i, with the number of carbon atoms 
given in the top row of figures and the number of hydrogen atoms 
indicated in the bottom row. There are 14 units between each 
major division, and the number of hydrogen atoms of an unsatu­
rated or cyclic ion is obtained simply by determining the difference 
from the position of the next higher saturated ion. 
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(24) R. T. Arnold and G. Smolinsky, /. Am. Chem. Soc, 82, 4918 

(1960); R. T. Arnold and G. Smolinsky, ibid., 81, 6443 (1959). 
(25) M. Senn, W. J. Richter, and A. L. Burlingame, ibid., 87, 680 

(1965). 
(26) F. C. Walls and A. L. Burlingame, Abstracts of Papers Presented 

at the 4th Annual Meeting of the Society for Applied Spectroscopy, 
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has not been detected in other Kopsia species. 
Earlier work2 on the structure of kopsingine estab­

lished a molecular composition of C24H2SN2O7, which 
has now been confirmed by an accurate mass determina­
tion (calcd 456.1896, found 456.1860). The ultraviolet 
spectrum of kopsingine [X^°H 217 m^ (log e 4.56), 253 
(4.04), 282 (3.38), 288 (3.36)] is similar to reported 
N-carbomethoxyindoline spectra [pleiocarpine (I)8,4 

Xmax 207 mn (log e 4.49), 246 (4.20), 283 (3.51), 290 

(3) W. G. Kump and H. Schmid, HeIv. Chim. Acta, 44, 1503 (1961). 
(4) W. G. Kump, D. J. LeCount, A. R. Battersby, and H. Schmid, 

ibid., 45, 854 (1962). 

Structures of the Indole Alkaloids Kopsingine and Kopsaporine 
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Abstract: Structures 4 and 5, respectively, were assigned to kopsingine and kopsaporine, the two major alkaloids of 
Kopsia singapurensis. The carbon skeleton of kopsingine was confirmed by conversion to 17-methoxy-N-methyl-
aspidofractinine, and the assignment of functional groups was based on the mass spectra of kopsingine and numer­
ous derivatives. Kopsaporine was shown to be demethoxykopsingine by a comparison of its mass and nmr spectra 
with data from kopsingine. 
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