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Abstrac-Mass spectrometry is the best physical method for the coniigurational assignment of E- and 
Z-3,Sdialkylcyclohexylidene acetic acid esters 1 and E- and Z-3-alkyl-2-alkenoates 2. The homoallylic 
cleavage resulting in the loss of the C-3 and C-5 alkyl groups from 1 and of the two 6-alkyls from 2 
is a stereospecific process: the loss of the group which is adjacent to the carbonyl is significantly preferred. 
The stereospecificity of this fragmentation is interpreted in terms of a hidden hydrogen transfer preceding 
the carbon-carbon bond cleavage. 

Many examples of different fragmentation patterns 
of gas phase ions formed from stereoisomeric com- 
pounds have been reported.‘4 These stereochemical 
effects indicate that mass spectrometry may be used 
for the determination of co&uration in various 
systems. However this technique has been used for 
actual configurational assignment in only a limited 
number of casesc7 We present here a system in which 
mass spectrometry seems to be the most effective tool 
for the determination of configuration. 

The Wittig reaction between unsymmetrically sub- 
stituted 3,5dialkylcyclohexanones and methyl di- 
methylphosphonoacetate gave rise to the esters of the 
corresponding Z- and E-cyclohexylidene acetic acids 
1. Gas chromatographic analysis indicated the for- 
mation of only two isomers in a 1: 1 ratio in each of 
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Table I. Abundance of [M-R] l ions in the mass spectra of methyl Z- and E-3,Sdialkylcyclohexylidine 
acetates 1 

Rl R2 [M-R,]+/M+ [ R-R2]/W+’ [M-R~]+/[M-R,]+ Z/E 

Z-la C”3 Cz”5 0.16 4.8 30 
17 

E-la 81 . . 0.11 1.4 1.8 

Z-lb CH3 n-C3H7 0.50 12 24 
5 

E-lb 0. * 0.94 4.4 4.7 

Z-rc CH 
3 

2-C3H7 0.14 29 201 
36 

E-lc CR3 (0 1.03 6.0 5.8 
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the three cases studied. We assume that the two alkyl 
groups at C-3 and C-5 attain the more stable cis- 
configuration, and the difference between the isomers 
lies in the geometry of the double bond. 

A significant difference between the mass spectra of 
the isomers Z-l and E-l was observed in the’abun- 
dance of w-R]+ ions formed by the loss of one of 
the substituents at positions 3 and 5 (Table I). A 
homoallylic cleavage in a$-unsaturated carbonyl 
compounds has been shown to occur by a two-step 
mechanism (Scheme 1) which involves a “hidden 
hydrogen transfer” from an allylic position to the 
carbonyl oxygen atom.8 This fragmentation shows a 
significant specificity to c&configuration of the dou- 
ble bond in the case of cis- and trans-octadec-2- 
enoates.& 
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Scheme 1. 

The different mass spectra of the isomers Z-l and 
E-l indicate that the geometry of the double bond is 
retained to a great extent under electron impact 
ionization. The difference in the abundance of the 
w-R]+ ions can be explained by a similar two-step 
fragmentation initiated by the migration of an allylic 

hydrogen atom adjacent to the carbonyl oxygen in 
the specific stereoisomer (Scheme 2). Thus mass 
spectrometry can be used as a tool in the assignment 
of configuration of 3,Sdialkylcyclohexylidene acetic 
acid esters. Greater relative abundance of an W-R] + 
ion formed by the loss of one of the two alkyl 
substituents indicates the adjacency of that alkyl 
group to the carbonyl group. This relationship has 
been previously used in the determination of 
configuration of Z- and E-3-methyl4ethylcyclopen- 
tylidene acetic acid esters.’ The present results are an 
indication of the generality of the method. 

Mass spectrometry was also applied in the 
configurational assignment of the isomeric methyl E- 
and Z-3-methylcyclohexylidene acetates. Because of 
the lack of a substituent at C-5 the ion abundance 
ratio [M-CHs]‘/[M+.] was used for the assignment 
in this case. This ratio was 2.9 for the Z- and 1.5 for 
the E-isomer. 

The comparison of the abundances of ions formed 
by the homoallylic cleavage can be also used for the 
determination of the double-bond geometry in Z- 
and E-3-alkyl-2-alkenoates 2. These pairs of geo- 
metrical isomers were synthesized by a similar route, 
namely Wittig reaction of various aliphatic ketones 
withmethyldimethylphosphonoacetate.Theabundance 
data of the w-R]+ ions obtained by the two com- 
peting homoallylic cleavages are listed in Table 2. 
Here again the loss of the alkyl group adjacent to the 
carbonyl is preferred, though to a smaller extent than 
in 1. These data indicate the occurrence of a partial 
isomerization in Z-2 and E-2 on ionization, but the 
comparison of abundances can undoubtedly be used 
for the configurational assignment. 

E-l a. R, =Cy; R2=C2Ha 

b. R, =CH,; R,=n-C,H, 

c. R, =CH,; R,=2-CJI, 

Ryy - Ry-;-~p2. 
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It should be emphasized that other physical tech- 
niques (IR, UV and nmr spectroscopy) are insensitive 
to configurational differences in these systems, and 
mass spectrometry is the best and simplest technique 
for the determination of configuration. The assign- 
ment may be conveniently achieved on the mixture of 
isomers with the combination of gas chromatography 
and mass spectrometry @C-MS). Here the con- 
figurational assignment can be made by monit- 
oring of the abundance of the two relevant W-RI + 
ions formed by the competing homoallylic cleavage 
processes as a function of time. The result of such an 
analysis is shown in Figs. 1 and 2. 

EXPERIMENTAL 

Mass spectra were measured with a Varian MAT 711 
double focusing spcctromometer. UC-MS measurements 
were performed on a Finnigan 4021 mass spectrometer. The 
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separation was performed on a 30m capillary column 
coated with SE54. 

3,5-Dialkyl-A2cyclohexenones were pqared by the re- 
action of ethyl acetoacetate and the corresponding alde- 
hydes.e” 

3,5Dialkykyclohexanones were obtained by hydro- 
genation of the corresponding 3,5dialkyl-A’cyclohexenones 
on 5% Pd/C in absolute ethanol at 40 psi. 3-Methyl-S-ethyl- 
cyclobexanone: Bpr~ 109-110” (lit.” Bps 2150). EMethyLS- 
isopropykyclohexanone: B~u 118-120” (lit.” BmW 225”). 3- 
Methyl-5-propylcyclohexanotm: Bpu 115-P. 

The alkanones used for the synthesis of 2 were prepared 
by the reaction of acyl chlorides with the corresponding 
organocadmium reagents. I3 CNonanone: prepared from 
butanoyl chloride and di-n-pentykadmium (65%). Bp, 
91-2” (ht. I4 Bp,, 88.8-8.89”). 54Jndecanone: prepared 
from heptanoyl chloride and di-n-butykadmium (55%). 
Bp, 120” (lit.lJ Bp,, 1046”). 6Dodecanone: prepared from 
heptanoyl chloride and di-n-pentylcadmium (WA). Bp,, 
125” (lit.16 Bp, 112”). 5Dodecanone: prepared from cctan- 
oyl chloride and di-n-butylcadmium (60%). Bp,, 126” (lit.” 

Table 2. Abundance of M-RI’ ions in the mass spectra of methyl Z- and E-3-alkyl-2-afkenoates 2 

Rl Rz [M-R,]+/A+ rM-R2]+/~+ [H-R~]+/[K-R, 1’ Z/E 

Z-la Cli3 ll-C4H9 0.13 3 23 
1.3 

E-2a (0 " 0.16 2.8 18 

Z-2b C2H5 n-C4H9 0.74 7.2 Y-7 
5.1 

E-2b .I n 1.6 3.1 1.9 

z-2c C2H5 "-C5"ll 0.6 4.4 7.3 
7.3 

E-2c 0 .I 1.5 1.5 1 

Z-2d n-C3H7 ll-C4H9 0.6 2.5 4.2 
7 

E-2d u 0 1.7 1.1 0.6 

Z-2e n-C3H7 "-C5"ll 0.46 5-R 13 
5.9 

E-Ze u " 1.5 3.3 2.2 
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Fig. I. GC-MS analysis of methyl E- and Z-3-methyl-S+%hylcyclohexylidene acetates (la-E and la-Z). 

100 1570 

I63 

223 

20 3 

254 m/z 254 

RIG 

1520 IS40 1560 
27 52 28:14 28:36 

Fi. 2. GC-MS analysis of methyl E- and Z-3-pentyl-2decenoates (2tE and k-Z). 
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Bps I Igo). 6-Tridecanone: prepared from octanoyl chloride lh4. M. Green. Topics in Stereochemistry (Edited by E. L. 
and di-n-oentvlcadmium (65%). BD,, 132” (lit.15 BD, I W-3”). 

The a$-u&aturated CsterS 1 ‘a& 2 were pt&red by 
Eliel and N. L. Allinger), Vol. 9, p. 35. Wiley, New York 
(1976). 

Wittig reaction of the corresponding dialkylcyclohexanones ‘A. Mandelbaum, Stereochemistry (Edited by H. Kagan), 
and alkanones witb methyl dimethylphosphonoacetate.” Vol. I, p. 137. Georg Thieme, Stuttgart (1977). 
The double bond geometrical isomers E- and Z-methyl ‘A. Mandelbaum, Mass Spectrom. Rev. 2,223 (1983). 
3.5dialkylcyclohexylidene aatates 1 were separated by gas Q. Cason and A. J. A. Khodair, 1. Org. Chem. 31, 3618 
chromatography on a 4 m column of ISok Carbowax on (1966). 
Chromosorb Q. Tbe separation of the geometrical isomers 6J. K. MacLeod and R. J. Wells, 1. Am. C/tern. Sot. 95. 
of the 3-alkyl-2-alkenoates 2 was achieved by capihary gas 2387 (1973). 
chromatography using a 30 m SE 54 coated column. I 

Methyl 3-methyl-kthylcyclohexylidene acetate la (E + Z 
‘R. T. Gray and R. J. Pryce, 1. Chem. Sot. Perkin Trans. 2 

tttixturej: 75% yield. Bp.& l&X. Methyl 3-methyl&ropyl- 
955 (1974). 

?S. Meyerson, Int. J. Mass Spectrom. Ion Phys. 1, 309 
cyclohexylidene acetate lb (E + Z mixture): 75% yield. Bm (1968); C. C. Van de Sande, C. De Mayer and A. 
160-T. Methyl 3-methyl-5-isopropylcyclohexylidene acetate Maquestiau, Bull. Sot. Chim. Belg. 85, 79 (1976). 
lc (E + Zmixture): 75% yield. Bpu 158-W’. Methyl 3-meth- %. Knoevenagel, Ann. 288. 321 (1895). 
ylcyclobexylidene acetate ld (E + Z mixture): 70% yield. “0. Wallach. Ibid. 313, 145 (1902). 
Bm 126-N”. Methyl-3-propyC2-nonnoate 2a (E + Z mix- _~~ 
ture): 30% yield. B&s l-. MethyH-butyl-2-nomnoate 2b 

“H. R. Hcnre, R. C. Wilson and R. W. Townley, /. Am. 
C/tern. Sot. 65, 963 (1943). 

(E + Z mixture): 35% vicld. BDZ< M&2”. Methvl-3-butvl-2- 
hecenoate 2c (E’+ Z &ixture):‘~. Bpr 142-S”. MethyC3- 

“E. Knoevenagel, Ann. 297, 172 (1897). 
“M. Stiles and R. P. Mayer, 1. Am. Chem. Sot. 81, 1497 

pentyl-Znonenoate 2d (E + Z mixture): 25%. Bb 142-5”. (1959). 
Methyl-3-pentyl-2decenoate 2e (E + Z mixture): 30%. Bh “K. Gwen, 0. R. Quayle and W. J. Clegg, Ibid. 64, 1294 
148-150”. (1942). 
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