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The relative rates Of loas of water or acetic acid from different ions in the 

mass speotmmetervaxythmugh awide range. For example, in the mass spectra 

2 
of aliphatic straight-chain and non-fused six-membered ring alcohols 3 and 

their corresponding acetates' the parent peaks due to molecular ions am 

generally very weak, especially compared with the M-18 or FL60 p&s due to loss 

of rater or acetic acid. Bowever, with ions of fused cyclic alcohols and 

acetates elimination is often, but not alwv, less facile. It has been 

observed4 that with Bow compounds in this latter class mass spectra indicate 

more ready elimination when axial and not equatorial hydmxyl or acetorgl 

groupa are present. we now report results which indicate that these phenomena 

am associated with the oo ourmnce Of i,6 Or 1.3-elimination processes in the 

molecular ions. 
EvdroxV comoounde 

It had already bean ahom5'6 fmmastudyofths ns~ spectraof 

'Part VI. For Part V, see J.S. Shannon, Tetrahedmn Lettem 801 (1963). 

2 
R.A. Medel, J.L. Shultz, and A.G. Sharkey Jr., Anel. Chem. g, 926 (1956). 

3 For example, al!@-substituted oyclohexanols, anthole, etc., and 

~~~~~aponding acebtes (J.S. Shannon, unplblished data). 

%. Biemenn and J. Seibl, J. Amr. them. %Q. $ 3149 (1%9). 

5w.a. khaden, a. LouM~,~ A.L. Uahrhaftig, Canad. J. Chmu. & 990 (1958). 

'B.L. gliel and T.J. Pmmaer, J. Amer. Chem. Sot. & 4045 (1956). 

807 



808 Studies in mass spectrometry - VI No.13 

butan-l.l-d2-l-o1 and butan-2-M-01, that neitlwr hydrogen attaohed to C-l 

nor hydroeenattaohed to C-2was imolvedinths elimination ofraterima 

the mol.ealarionofbutaa-l-01 (I),emd ame&auioaimolrla(ll,~l~ti~ 

"aa proposed5. ti order to distinguishbetwwn 1,4- and 1 ,kl~tion". 

sgnthesimd man-4,4,4-d3 -l-ol,rhich~s ap&ral analyaim showed to 

~0hh 21% a,, 5%-M,, 11&4,4-a2 and 56$-4,4,4+ Using the mI.ativa 

heighta of mass peskz? due to loas of Ii20 orEODfmmtbm moleculariona and 

neglecting seccondargisotop offecte! it NM cnleulntad thatlolm ofrater 

"an due to approxilmte1y aO% I.6 and 2M l.hliDiMtlon prommoa. 

we hEma now studied the m¶aB #pectM of 1oma cyolio aloobola - for 

example, oyolohexanol (II), which, like the aliphatic straightmhaio cm, 

gamarcrrywe&moleoulmbut~tmng~l8 peak. ~18butnotb19 pmkmw,r. 

found in th. spectra of 11-1-d and II-2.2,6,6-d4 but both H-18 and %I9 m 

of rela&.ive iatonsities 1.4 to 1 were found in tha apeotnm of II-1,4,4-d3, 

indioatiagthmsimltauoom opelntion of I& and 1,441imtnation prooecr~ecl. 

With II-1 4 , ,4-d3. since the two pairs of bydm~atom attaohed toC-3 and 

C-5 am equivalent, tba ratio of the rate of abatnsctim of a C-3 hydrom to 

that of aCJhydromis0.7. -her, rincedtb 1% w tin0 w 

isotope effect faToulag 1,3-01imiIlation an them ia with II-1,4,4+ tlm 

=tio of tb =t. of I,F t0 that 0f l,klwtm intb0ionof 114. h0da 

b. appmoiably larer than 0.7 to 18. 

IaTiw of the prevalence of random bydrogwlmigation inson 

7Fro~~pwtra, obtaineduain#low-energg electrona, irrwbioh palm dw to 

?3O 
ions "era elimiMtad. 

8p or diecmmionof 0rderofpsgnitudOOfiW3t0~.ffOOts iaiOIt-ti- - 

F.H. Fiald aml J.C. RmM.in, "isleotxollIrpaetPhmmmnaudtbeRopa*of 

ooua Iolm", p.210. Acadsadc PremJ Ino., Nm To* (1957). 
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aliphatic ions' the following evidence was obtained which, it is suggested, 

shows that the above results were not due to the occurrence of such migration 

before or during the elimination of rater. The strongest peak in the spectrum 

of II, which is at m/e 57, is shlfted to m/e 58 in the spectra of II-C-d, II-i-d, 

II-1.4,~3, and II-2,2,F,6-d 
4 
, and to m/e 59 in the spectra of the 0-deuterated 

derivatives of these latter three compounds. These data indicated that the 

molecular ion of II was cleaved as follows to form a stabilized allvlic ion - 

for example, with II-D,2,2.6,6-d5 (C = orggen). 

02 
H, $0 “, c P” 

t II 

H2 
- ED--v0 + 

C"2 +CH, 

702 

C'-'2 
\ 

CH,* 

H2 

rn”,; 25” 

m/e 59 

Since the ion m/e 59 was formed without the accompaniment of an 

ion m/e 58 it followed that there was no significant amount of random hydrogen 

rswt prior to or during this reaction. Further. since by measurement 

it was detelmined that the appearance potential of the peak at m/e 57 In the 

spectxvm of II was significantly higher (by approximately 0.5 eV) than that of 

the peak at kl-lC followed that the molecular ion of II had to be slightly 

more activated to produce the allylic thaa the H-E20 ion. Thus, since excess 

energgdidnotcause randomhydmwre arrangement in the former ion, it seemsd 

him improbable that kt would produce it in the latter. 

'For an excellent review of random mn migration In aliphatic ions sw 

?.Y. &Lafferty, "Determination of Organic Structures by F+hyaic.al Bethods", 

vcl. 2, chap.2. Academic FTess Inc., Aer York (1962). 

10 
The errtxS, npresonts ths shift of one electronand the arrow 3 the shift 

of two. 
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For IA- or1,3-eliminationt.o ocmrwithoutinitiel ring opening 

it was apparent that the molecular ion of II had to LLBBUW) a boat form; for 

example, the process could be visualized thus: 

I m/e 100 m/a 82” 

If the elimination from the ione of 4- substituted cyclohexenols wee eleo 

1,4- in type, the above mechanism would require that the &gy should 

eliminate more readily then the ~ieomer. This hypothesis w(u) confirmd 

with cyolohexane-l+diol (II+1,4-d2, where the loss of HOD from the molecular 

ion wan clearly due to 

with the K-HOD peak in 

(%/0.9 , eee Table 1) 

l+elindnation, the proportion of ion yield aasooi.st.d 

the apectrm of a- III-1,442 being eight timw 

greater then the corresponding pportion from the 

Table 1. Pmportion (%) of Ion Yield 
due to M-HOD end M-E~O peaka 

spectrum of *III-l,4-d2. Further, comparieon of the epeotnu of *III 

with that of a-III-0,0'-d2 showed that the proportion (0.M of im Jield 

due to lose of 820 from the mDleoularion of &-III-l+d2xaa minlydue tc 

interaction of the two ~lgpups,which 8ay occur an follas orby an 

11 
The poceibili4g of bond foldption between C-l 8nd C-4 to yield a more stable 

-1 'bicyoln (2.2.0) hexana ion is not excluded. 
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h-Ill -0, O'- d, 

m/e 118 
m/e 98 

Further, the spectrum of &&II-O,O'-d2 showed no M-D20 peak; thus the 

ionization to.&, Table 1) wad probably mainly associated with 1.3-elimination. 

!l'b. ~8 speotra of dkenth-2,2,3-d3-ol 
12 
, and of the fused-riq 

compcunde friedelarA,2,4-d3-3-cl 
12 
, friedely-x-o1 

12,13 
, all showed that 

Hz0 and not HOD was mainly lost from the respective molecular ioim due to 

elimination processes which were not 1,2- in tzTpe. Thus, since in tied-ring 

ooaqmnds mcdels show that axial would be more favourably situated than 

equatorial bpdroxyl group3 for participation in I+ or 1,3_pmxmes, it 

followed that the former should be preferentially eliminated, aa has already 

beennoted fmmcertainmaae spactra4. 

Acetoxvcomunmde 

The me* spectra of n-butyl acetate (IV) and cyclohexyl acetate (V) 

haveweak parentbutatmngIG0 peaks, the latter due to loss of acetic acid 

from the mleculm ions. The spectnlmofPbutyl-4,4,4-d3 acetate elac hae en 

M-60 peak, whemti in that of cyclohexyl-2,2,4,4-d4 acetate the cormspondine 

peakma shifted to MA1 owing to lose ofC$C02E byaaactionpmbably 

12 
Theee M l pimeric ndx~s,vhichoontainoo~rithboth~rutoridl 

and axial l@rozyl (oracetoxyl) mm. 

13 xn 21 or22 and the deuterimis substituted on the two lui&hb~carbon 

atom (eee J.L. Courtney and J.S. Sbennon, Tetrahedmn let- At 13 (1963). 
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involrlng a six-membered ring transition state, which we suggest must be planar 
14 . 

D 
"2 

+ CH,CO, D 

Hz Hz 

me spectra of cis- and trans_cyclohexane-1,4-dial (III) diacetate, unlike - 

the spectra of the corresponding dials, had no marked distinguishing features. 

They both had strong M-120 peaks due to double elimination and very week MAO 

peaks due to single elimination of acetic acid. Tkom the spectra of a- and 

&a&-III-1.4-d2diacetate it was seen that the single elimination occurred by 

8 1,4-pmcess, but this was not true of the more favoured double elimination, 

which was therefore probably 1,2- in type, like the elimination from the ion 

of cyclohexyl acetate (V). Models showed that a- and m-diacatates 

could both assume boat conformations in which C-l and C-4 oxygen atoms were 

eclipsed by C-2 and C-5 hydrogen atoms, so that bi-six-membered ring transition 

states in which both six-membered rings were planar could be formed in each 

case. The 1,4_elimination, which accounted for only 0.d of the ion yield 

in the spectrum of &-III-l,4-d2diacetate, and 0.54b in the spectrum of the 

corresponding m- compound, may proceed by a mechanism analogous to that 

14 k, ~Aogoue transition state is well kuoun in the uaimoleoular psrolyais of 

esters; eee P. de Kayo, in "The Chemistry of Natural Products", ~01.2. p.78 

(K.V. Bentley ed.). Interscience Publishers, New York (1959). For discussion 

of idmU.ar txanaltion states in ions formed in the -8 spectxwmeter eee 

F.W. McLaffeicy9. 
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suggested above for 1,4-elimination of water, for em+plL 

Further evidence that the 1,Z-elimination prooeeded via a planar 

cyclic transition stak was obtained by comparing the proportion of ionkation 

due to 1,2- with that due to 1,4- (and/or 1 ,F) elimination from ions derived 

from coqounds of different structur8l rigidity. For example, with cyclohexyl 

acetate iona on.4 1.2-aliaination o~.cUrred where- with 3-b@roxyfrledelan- 

2,2,4-$ acehte’2 and x-lqd.mxyfkiedelan+ 8oetate’2”3 there “aa no 

1,2-e1imlnation. with an ion derived from a compound of intermediate rigidity, 

namely dlanthy1a 2 
’ +% aoeht.12, both 1,2- and 1,4- (and/or 1.5) processen 

occurred in the ratio of 4 to 1 rea~ctlrely. Since with the above lone of 

rigid non-planar stnactu~ there NM no 1,2_eliminatiOn 15 
, ths Pfemtial 

-+Jiol) of axial acetate gmupa ia x-wedelan acetate and other fused- 

ring knu4 y k due to the greater ease demonstrated by models with which 

thee.6 groupa partiaipate in 1,4- (and/or 1,3-l elimination. 

B&a-4+-1-01 WM obtained by mlonic ester synthesis from 

CD3CFf21 follow by mdnction dth llthin8 aluminium b&Id% Cy’clohaaac 

1,4,4-901 M qynthwlzed irol cyclohexan+l +dione by 1itNum alwinium 
---___ 

‘*The recent pmpLxJ.J3 that the greater ease of elimination from the ion of 

the oqtlatoAal corpapad tith the uial epimer of x-kvdmqfiedela-F 

wet&e - due to the OperatiOn Of (L re&MiSaa invO1~ 1,2-Olimi~tio& 

-t non be considered invalid. Further, the ion of the axial epimar of tha 

olos.ly mlaw x-mrledelan acetate eliminates acetic acid 2.4 faster 

than that of the equatorial l pimer. 
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deuteride reduction. partial esterification with tony1 chloride, and reaction 

with KS I followed by reduction with zinc and acetic mid-d. All mxy cw 

acetoq compounds which were dsuterated in the cpositiom were obt&ned by 

treatment of the corresponding keto-derivativea with NaOD, D20 (and dioxan if 

necesasrg) followed by reduction with lithium alwdnium b.@ride, The 

C-deuterated derivatives were made by exchange with D20withintheion source 

of the ma%3 spectrometer. 
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