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W-The fragmentation patterns on electron impact of 10 derivatives of pentacycio- 
[5.3.0.~S*.w*.tFt] decane and 5 derivatives of pcntacydlo[S.3.0.(r.‘~.‘.~.‘~ were inveati- 
gated. The predominant mode of fragmentation was cleavage of the pentacyclodecane nucki in half 
except for the ketone derivatives. Other major fragmentation routes are d&wed. 

CONS~DERAELP interest has been shown reoently in the synthesis and chemistry of deriv- 
atives of pentacyclo[5.3.0.02.6.~~0.(r.a]demne (I) and pentacyclo[5.3.0.~~~.0f~0.~~~~ 
decant (XI).‘** The purpose of this pape r is to present data on themajor fragmentation 
pathways of some of these compounds when bombarded by 75 eV. ekctrons in the 
gas phase in a mass spectrometer. 

I XI 

EXPERIMENTAL 

Muss Sjxcrru. The maw spectra of all compotuxk cwxpt the hydrocarbon I were obtained with 
a magnetically scanning 90” sector spectrometer with an ekctron ionizing voltage of 75 eV. The ion 
aouru temp WaS wm. The aampks were vapo&d from a $1, or @J 1. glass rwrvoir through a 
mokcular leak into the ion-aounx. The inkt tcmp was 2OtP for compounds IX and XI-XV; 2500 for 
II-VI,VIHandX; and270”forVII. ThemaasapeurumofIwasobtainedatroomtempinaRendix 
Timoof-Flight masa qwromw.’ Evidence that the compounda were thumally atabk under the 
experimental conditions was baaed on the high mps ( >240”) of all the chlorinated derivativea except 
Ix, and the atabhshed thermal stability of I at uK)D,t XI at 4m,’ XII at t50”, and XIII at 42Y.‘ 
Therrktivcion~in~~tinin~emwsptcaaofLXmnthcsame~the~~ 
tempa~#x)“artd250”. CompoundXIgaveidenticalapectraat15@’and2[WP. Thespectraof 
XII were the same at 100” and 200”. 
conrpoUn&. RcferctKxa to the aynthesea and atructurc proofs of all the compounda except the akohol 
XIIaregiveninTabkl. 

P~~acyclo[5.3.0.(P~“.~~o.~~‘~c~l (XII). A solution of the ketone XHI’(14.6 g, QlOO mok) 
in 100 ml dry ether was added dropwise oxr a period of 1.3 hr to a stirred LAH slurry (2.0 g, OG5 

L Part II, Wenckll. L Dillink H. P. Brauxllin and E. T. MC&C. Terrahedioq 23,1211(1%7). Part I, 
E. T. Mdke. Wendell. L. Dilling and H. P. Braatdlin, J. Og. Chum. 27.2704 (1962). 

‘seeakonfercncea dtalinRef.l,PartIT. Altematenamea,uaedinC/&w.Abrrt.,forI and XIare 
octahydro-1,3&metheo o-2Hxyclobutak.+makDe and octahydr&~&n&eno 
kdlpentlkne nsp?ai=ly. 

3H+obuta- 

* G. 0. Schd and R. Steintxett, Ckm. Err. %, 520 (1963). 
h R. C. Cookaon, J. Hudec and R. 0. Williams, Tctrcrhcdton &rrer~, No. 22,29 (l%O). 

122s 



1226 W.LDIumoandM.LDrLLmo 

mole) in 100 ml ether under N, at room temp. After stirring for cu. 20 hr the mixture was hydrol@ 
with 10 ml of cont. HSO, in 200 ml. water. The ether layer was separated and combti witi two 
ether extracta of the aqueous layer. Afkcr washing with water and drying, the soIvtnt wax cnpontad 
leaving 8.4 g (57 %) of nearly pure XII. Recrystallization from luptanc and sublimation at loo” 
(40 mm) gave white aystallirB XII, m.p. 173-1740; vF;t. 3630, -3330, 2970, 2860, 14S0, 1078, 
1045 cm-l; mntially no Uv absorption, l ,,mpp -1s; NMR spectrum (Cad: a aingkt at -4.21 
ppm (from internal Me,Si) (rrlativc lvta 0.2). a singkt at - 3.92 (1.8). a multiple at -3.1 S to - 2.15 
(7.9) for the tcrtiaq protons, and two unsymmetrical doublets antcrul at -1.65 and -1.39 (2.1) 
(J cu 11-S c/s.) for the methylene protons. Shaking the NMR sample with D,O &cr~& the relative 
intensity of the peak al -3.92 lo 08 and producazd a peak a1 - -4.6 for HOD. The two singlets at 
-4.21 and -3.92 probably represent the protons on the hydroxyl-bearing carbon atOm for I& two 
stereoisomers of Xn. Goj chromatographic analysis on 17 diRerent columns showed only one +. 
(Found: C, 81.07; H, 7.82 Calc. for C&,0: C. 81.04; H, 8.16x.) 

RESULTS AND DISCUSSION 

The data presented in Table 1 show that in most cases the predominant mode of 
fragmentation was cleavage of the pentacyclodecane nucleus in half, unaccompanied 
by major amounts of the random fragmentation and rearrangements often observed 
with hydrocarbons and halocarbons. For symmetrical molecules, e.g. VII, these two 
fragments were the same, C&L+, while an unsymmetrical molecule such as V gave 

s Cl,2 - c,c1; 

mx 

Cl 

ti 

H 

CL4 
- CpClj l c&l: 

P 

two different fragments, GHC16+ and C&l,+. Usually the assignment of the empirical 
formulas of the ions was unambiguous due to the observation of distinct CP/CF 
ratioti and the m/e values. Typical spectra are shown in Figs. 1-4.O 

In the fragmentation patterns of IV, VIII, IX and X the most abundant ions were 
not those formed solely from cleavage of the pentacyclodecane nucleus in half 
(Table 1). However, the majority of the other more abundant ions arose from this 
type of cleavage accompanied by the loss of a chlorine atom. For example the four 
most abundant fragments from VIII (Fig. 2) were CJl,HOH+, C&HOH+, C&b+ 
and C&l,+. 

Other exceptions to the predominant mode of cleavage noted above are readily 
explained as being due to the nature of a functional group. The acetate IX fragmented 
preferentially to give CH&O+ (m/e 43) as the most abundant ion.’ However, 
cleavage of the pentacyclodecane nucleus in half was still a major fragmentation 
route. The ketone XIII gave none or very little CIH,O+ while the chlorinated ketones 
X and XV gave only small amounts of C&1,0+. These oxygenated ions may be 

6 J. H. Beynon, Mass Spccrromcrry a& its Appk~~bns IO Organic Chemistry p. 299. Ebevitt, New 
York (1960). 

~Them/evaluuliatalinFii. 1Md2uecalculatadusingon)ytheCIYisotope. 
v For the mus 5pwtm1 of acetates, cf. Ref. 5, p. 383. 
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cyclopeotadienones which arise as outlined below. The low relative abundance of 
these ions may reflect the known instability of these cyclopentadieoooes.M 

We are suggesting that a likely fragmentation route for the ready formation of 
the C, ions is cleavage of two cyclobutane and two cyclopcotane rings to give a 
cyclopcotadiene ion and neutral molecule. The cleavage of four-membered rings 
into two two-carbon containing moieties 00 electron impact is 8 common occurr~nce~~ 
and would explain reaction (1). 00 the other hand, reaction (2) involves a slightly 
different mode of electron rearrangement. The relief of strain in these molecules 
would provide a driving force for the observed cleavage. 

I0 For a rcvkw of cyclopentadknoncs cf. M. A. Ogliaruso. M. G. Roman&i. and E. I. Bbcker Chem. 
Revz 65,261 (l%S). 

I4 l Amaican hrokum Institute Research Project 44, Carofog of Moss Spectral Dare. National 
Bureau of Standards. Washington. D.C., 1949. serial No. 416; b G. W. GritXn and L. I. Peterson. 
J. Amer. Chem. Sot. 84.3398 (1%2); e J. J. Bccrcboom and M. S. von Wittcnau. 1. Org. Chcm. 30, 
1231 (l%S). 
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At this point it is of interest to contrast the major type of fragmentation found 
for these pcntacyclodccanc derivatives with the mass spectra reported for the caged 

[~I 
. 

1 1 Kc7’ d 
4 - Lc= ’ [PI 

(1) 

compounds adamantane (XVI)” and congressane (XVII).‘s The latter two hydro- 
carbons have no easy mode of skeletal fragmentation; consequently the moiccular 
ion peak is the most intense in the mass spectrum of each compound.U+lo An ion of 
m/e 91 was the second most abundant ion formed from congrcssane. It was suggested 
that this ion resulted from a symmetrical cleavage of the molecular ion in haIf, 
followed by skeletal rearrangement and loss of three hydrogen atoms to give the 

tropylium ionl* In contrast the spectra reported in this paper show that the penta- 
cyclodecane derivatives have a relatively low energy path for cleavage in half. As a 
result the molecular ions have low stabilities, and intense peaks arc observed for the 
Cs fragments. The fused cyclohexane derivatives XVI and XVII are unstrained, a 
factor also contributing to their lack of fragmentation. The mechanisms shown 
above for the pcntacyclodccancs have not been proven, but appear reasonable from 
the data presented. 

In the spectra of IV-VI, VIII and IX, percent total ionization measurements 
showed the molecular ion decomposed more often to fragments in which the positive 
change resided with the Cs portion of the molecule containing hydrogen and/or 
oxygen, and decomposed less often to C&L’_. This is presumably due to the 
destabilizing inductive effect of the six chlorine atoms in C&l,+. 

Of the compounds studied only the acetate IX and the diol XIV did not fragment 
to give numerous doubly charged ions. The peaks for some doubly charged ions were 
more intense than those for their corresponding singly charged analogs. For example 
the hexachloride III gave a larger peak for C,,H,Cl,*+ than for C&H&$+. In general 
these compounds gave more abundant doubly charged ions than are normally 

a. R. C. Fort, Jr. and P. v. R. Schkycr, Chem. &US. 64,286 (1964). 
” C. Cup, P. v. R. Schkyct and D. J. Trrrkcr. 1. Amw. Chewr. SM. 87.917 (1965). 
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observed in the mass spectra of organic compounds.17 Bcynon has discussed the 
formation of doubly charged ions from strongly bonded ring compounds.18 

The most numerous ions formed from fragmentation of the chlorinated derivatives 
were those containing five and ten carbon atoms. C,_, and C,_, ions were of low 
abundance or not detected at all. For example III fragmented to give C,,H&+, 
C,,H,CI,+, and various other combinations of C,,H,CL, with lesser amounts of ions 
containing C # 5 or 10. Of the non-C, and C,, ions, the Co ions wcrc generally 
detected to a greater extent than G_, and C,, ions, e.g.. the alcohol VIII gave 
significant ion-currents due to C,HCl,*, C&I,+ and CoHCld+. Probably these C, 
ions arise from expulsion of one of the methylenc bridges since only two carbon- 
carbon bonds would have to be broken while loss of any of the other eight carbon 
atoms would require the breaking of three carbon-carbon bonds. 

In the spectrum of the pcrchlorocarbon VII (Fig. 1) it is interesting to note the 
prcscncc of peaks for C&I,;, Cl,,Clllc, C&lo+. C&Is+. C&I,‘-, C&b+, C&l~+, 
C&l;-, C&la+ and C&I,‘., and the absence of peaks for C&I,,+. Although the 
predominant mode of fragmentation of VII was cleavage to give the half-molecular 
ion, the majority of other peaks arose from ions formed by successive losses of 
chlorine atoms from the molecular ion. The ten-carbon atom framework was retained 
although not necessarily in the same arrangement. The data show that if the molecular 
ion does not fragment in half, the next most likely decomposition route is the loss of 
chlorine atoms without loss of carbon atoms to give both abundant C&I, and 
C&I+*+. At present we have no explanation for the absence of C&llO+. The only 
other appreciable number of ions from VII were those containing nine carbon atoms 
which likely arose from expulsion of one of the methylene bridges. 

The mass spectra of the Cl,,Hle isomers I and XI were quite similar, and although 
both showed molecular ion peaks at m/e 132, the intensities of the M&--H peaks 
were greater. In addition peaks corresponding to the loss of up to six hydrogen 
atoms from the parent ion were detectable. Peaks for C, through C,, ions were 
observed, and C,H,+ at m/e 91 may be the tropylium ion. A possible mode of its 
formation from I is outlined in reaction sequence (3). A similar mechanism can 
be drawn in the case of XI with only a slight modification in the first step. Ion a is 
the same as that proposed for the first step of the rearrangement of the toluene 
molecular ion to give the tropylium ion. *O There arc a limited number of references 
in which it is postulated that tropylium ions are formed from non-benzcnoid molecules 
on fragmentation under electron impact.la*m 

The alcohol XII gave a measurable molecular ion with M--H being more 
abundant than hIA as was observed with the hydrocarbons I and XI. Expected 
molecular ion decompositions occurred to give M+-2H, 3H, CH,, OH, H,O, H,O, 
CO and CH,_,O. M/e 91 could again arise from tropylium ion formation as outlined 
above. 

The ketone XIII gave a more intense molecular ion peak than an M+-H peak 

I’ F. H. Fold and J. L. Franklin, Electron @act Phenomena and the Properties of Gaseous Ions p. 184. 
Academic Press, New York (1957). 

1a Beynon, Ref. 5, p. 282. 
I* F. Meyer and A. G. Harrison, J. Anur. Chem. Sot. 86.4757 (1964). 
” H. Budikicwk C. Djcrassi and D. Williams, Interpretdon of Mass S)wcfru of Organic Compourdr 

p. 155. Hot&n-Day. San Fran&co (1%). 
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indicating that the first hydrogen atom lost from XII was a part of the >CHOH 
group. Losses of CO and CHO appeared to be the favored types of fragmentation, 
and m/e 91, C+H,+, was also significant (Fig. 4). The CO loss is again an example 
of the expulsion of one of the methyienc bridges from these caged structures. 

Of 

(3) 

Most of the spectrum of XIV appeared to arise from C;, C, and C, ions, a 
similarity noted above with the other compounds of this series. M+-CI,CO in 
the spectrum of XV gave rise to a large ion contribution for C&CO+; elimination 
of one and two neutral CO molecules may provide a driving force for the formation 
of significant amounts of other C, ions as well as C, and C, ions. Again abundant 
doubly charged ions were produced. 

The loss of CO from the ketones X, XIII and XV under electron impact is similar 
to that observed for other cyclic ketones. *I The similarity between the cracking 
pattern under electron impact and the photochemical breakdown of cyclic ketoneP 
seems to be borne out to some extent with these compoundsP 

In conchtsion we would Iike to point out the novel mode of cleavage of the 
pentacyclodecane nucleus in half and the similarity of the fragments from the isomeric 
structures. These compounds do not in general undergo the random fragmentation 
and rearrangement often observed with hydrocarbons and halocarbons. A knowledge 
of the major fragmentation route for these compounds will be of aid in assigning 
structures of unknown derivatives of these systems such as compound III (Table 1). 
We intend to study other derivatives of these series to determine if f~~en~tion 
occurs in the same manner as shown above, and also to extend the study to related 
caged structures. 
l ’ N. J. Turro, D. C. Ncckim, P. A. hermakers, D. Seldncr, and P. D. Angelo. J. Amer. Chem. Sk. 

87,4097 (1965). 
m G. W. GriiEn and A. SC. Pria, private communication. 


