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Abetrac-Bond-forming reactions which occur in the decomposition of mne a&unsaturated eaten 
and nit&a upon electron impact are dcacribed. The reactions include bond formation between 
adjacent phenyl and cyanide substitucnts in structurea of type A, and alkoxyl (or hydroxyl) migrations 
(probably by 1,3+hifts) in systems of type B, to give ions rqmxented by C. A previously dwcrii 
cyclization reaction is shown to facilitate the expbion of an ortbsubstituent (at the site of cycli72tion) 
in a phenyl ring relative to the corresponding meta- and pora-substitumts. 

C&CiR+oR’ R(R’G=CKKO,Rn R&-OR” 

A B C 

REACXONS oamring upon electron impact which necessitate bond formation between 
two atoms X and Y, where neither X nor Y is hydrogen, are of both practical and 
mechanistic interest. A recent review ark19 has summarized such reactions which 
have hitherto been reported. The present paper deals with some novel migrations of 
functional groups which are evident from the mass spectra of a variety of a$- 
unsaturated nitriles and esters, represented in general by the structures I-IV. 
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In compounds of the general formula I or II, when R or R’ is phenyl, ions formally 
corresponding to ionized phenyl cyanide are frequently observed in the spectra. 
Such ions vary greatly in relative abundance; also aromatic nuclei other than phenyl 
may participate in the reaction, as may be seen from the data compiled in Table 1. 
Among the compounds studied, the rearrangement is most prevalent in the spectrum 
(Fig. 1) of l,l-dicyano-2-phenylethylene (IX), where the abundance of m/e 103 
(C,H,N+) attains 27 % relative to the base peak molecular ion; an appropriate meta- 
stable peak establishes that m/e 103 is formed in a one-step process from the molecular 
ion. Although the product ion may conveniently be regarded as ionized phenyl 
cyanide, there is no evidence to favour C-C bond formation over C-N bond forma- 
tion in this reaction. These examples appear to be the tkst reported ones in which an 

1 Part XIX, J. Ronayne, D. IX Williams and J. EL Bowie, J. Am. Chem. Sot. 88,498O (1966). 
* P. Brown and C. Djerassi, Angew. C/mm in press. 
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ion is generated with associated bond formation between 1,Zgroups attached to a 
carbon-carbon double bond. The compounds (VI-VIII, X, XI) represented by the 
general formula II are of unknown stereochemistry, and we are therefore unable to 
judge whether a c&relationship of the phenyl and cyanide groups is necessary for the 
rearrangement to occur. However, since cis-truns isomer&&ion of double bonds is 

R C-N 

LC’ 
/ \ --e 

[RCN]+ + HCaCX 
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TALUJZ 1. RELMIVB ABUNDANT OF IOM (a) IN THB SPECI.RA 
OF coMpouNw OF IRB OENERAL FcnuuLA v* 

No. 

VI 
VII 

VIII 

IX 

campod 

R 

Ph 

Ph 

X 

co&t 
CO,H 

CO&Bll 

CN 

composition of 
“a” (m/e) 

C&N (m/e 103) 
C&N (m/e 103) 

C,H,N (m/e 117) 

C&N (m/e 103) 

Rd. Ab. (“A 

2 
2 

3 

27 

co,r-Bu C&NO (m/e 93) 1 

CO&BU CJ&NS (m/e 109) 5 

CN CJ&NCl (m/e 1371139) 12/4 

l The compositions of all ions reported in this paper have been established by high resolution 
mawrcmds. Daromposition proceswi which arc sub&dated by appropriate metaetabk 
peaks am aignifkd in the figurea by an astcrkk (‘). 
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known to be a facile process upon electron-impact,* a &relationship would not seem 
to be a likely prerequisite. The occurrence of this rearrangement process is consistent 
with the generalizations that skeletal rearrangement is frequently facilitated by the 
proximity of highly unsaturated groups, and with the known propensity’-” of nitriles 
to undergo bond-forming reactions on electron impact. 

A second rearrangement process which has been observed involves the migration 
of an alkoxyl or OH group in the mass spectral fragmentation of compounds repre- 
sented by the general formulae II-IV. In the general case the reaction is probably best 
represented as a 1,falkoxyl (or OH) shift (XIII + b), followed by bond fission as 
indicated to give c.? 

The compounds which have been found to undergo this fragmentation reaction 
upon electron impact are listed in Table 2, which also gives the relative abundances 

TAIU 2. &LATMt ABUFUUN- OF IONS (c) PORMED BY ALKOXYL OR 

HYDROXYL MKiRATXON IN THE SPBCIRA OF SOME Cf&JNWlURA= 

EsTRRsANDAclDsOFlHRmNERAL-XIII 

No. R 
Compound 

R’ R’ timposition of c (m/e) ReL Ab. (“/ 

VI Et 
VII H 
XIV Me 
XV H 
XVI Me 
XVII Et 

XVIII Et 

XIX Et 

XX Et 

XXI Et 

XXII Et 
XXIII Et 

Ph 
Ph 
Ph 
Ph 
Ph 

Cl 
\ 

0 
/ \_ 

- 

Cl / \ a- - 
Me 
Et0 

CN G&O (m/e 135) 
CN GHP (m/e 107) 
CN Cd-W We 121) 
H W-W (m/e 107) 
H C&O (m/e 121) 
CO& C&1G (m/e 135) 

cogt 

CO,Et 

CO,Et 

CN 
co& 

C&&Cl (m/e 1691171) 210.6 

C&&Cl (m/e 169/171) 

cJl&Cl (m/e 169/171) 

C~KO (m/e 73) 
C&L4 (m/e 103) 

5 
9 

12 
3 
2 

28 

5 

1415 

1415 

1 
2 

’ J. H. Bowie, D. I-L Williams, P. Madsen, G. S&roll and S.-G. Lawesson, Tetmhedron 23,305 
(1967). 

‘R Beugelmiw, D. IL WiUiams, H. Budzikiewicz and C Djemssi, 1. Am. Cbn~ &XL 86,1386 
(1964). 

‘ J. I& Bowie, R Grigg, D. H. WilLmu, S.-O. Lawesson and G. Schroll, C%um. Gwnm. 403 (1965). 
‘J.H.Bowie.RGrigkS.-O.Lo~~P.MadscPG.SchrollandD.H.WilliPmr,J.Am.~. 

sue. 8% 1699 (1966). 
’ In the rcprcsezitation of concerted procesw (e.g.. XIIkb). the UC of a lUbook ia not l&nded to 

imply any pnzferenca for a homolytic process over a heterolytic one. 
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and compositions of the product ions. The stereochemistry of compounds VI, VII, 
XIV and XXII is unknown. 

Although high resolution measurements establish all the proposed migrations, 
additional evidence has been forthcoming from deuterium labelling in a number of 
cases. Thus the 9% peak at m/e 107 in the spectrum of the acid VII is shifted to 
m/e 108 (n) in the spectrum of the O-d,-acid VIIa, and the m/e 121 rearrangement ion 
from methyl cinnamate XVI is shifted to m/e 124 (e) in the spectrum of the da-deriva- 
tive XVIa.* Similarly, the m/e 121 ion in the spectrum (Fig. 2) of methyl a-cyanocinna- 
mate (XIV) is shifted to m/e 122 V, in the spectrum of the d,derivative XIVa, while 
the m/e 135 ion from diethyl benzalmalonate (XVII, see Fig. 3) is quantitatively 
shifted to m/e 138 (g) in the spectrum of the &-derivative XVIIa. 
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XVlIa g, m/e 138 

a The product ions are. represented as benzyl cations merely for convenience, and no preference is 
implied for these structures over the ring expanded hydroxy- or alkoxy-tropylium ions.’ 

D For examples of tropylium ion formation in the mass spectrometer, see H. M. Grubb and S. 
Meyemon in (F. W. McLalTerty ed.) Mass S’pectrometry of Opnic Ions Chap. 10. Academic 
Press, New York (1963). 
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A number of aliphatic a&unsaturated ethyl esters which have been examined 
(XXIV-XXVIII) do not give ions corresponding to ethoxyl migrations, and indeed 
the data collected in Table 2 suggest that a /Lphenyl substituent on the double bond 

facilitates the production of the rearrangement ions (attention is drawn to the low 
relative abundance of the rearraqement ions from the aliphatic esters XXII and 
XXIII). This behaviour may be understood in terms of the favourability of the 
appropriate bond cleavage in b when R' is a phenyl substituent, to produce benxyl 
cations or tropylium ions. However, the possibility of a 1,5-alkoxyl or l,S-hydroxyl 
shift (XXIX + h), followed by a 1,3-hydrogen shift (h + i) and subsequent cleavage 
(i +I) cannot be excluded when a phenyl substituent is conjugated with the double 
bond.lO 

R CN Me CO,Et 
\ / \ / 

Me-CH=CH-CO,Et CH-CH=C 

’ ‘CO Et 
/ \ 

R’ I Me C!O,Et 

XXIV.R=R’-Me XXVIII 
XXV,R--‘-Et 

XXVI,R=H,R’=iso-Pr 
(or R - iso-Pr, R’ = H) 

lo In rrenr-cinnamates, the operation of a l,S-shift (XXIX + II) would of course require -on 
about the double bond prior to rearrangement. 
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The effect of varying the energy of the electron beam (down to a nominal 11 eV) 
on both the cyanide (V + a) and ethoxyl (XIII --t b + c) migrations has been deter- 
mined. In the compounds examined at low energies (IX, XXI, XXII), the total ion 
current carried by the rearrangement fragments was sensibly constant. 

The close proximity of cyanide and carboethoxy groups, when attached to the 
same sp”-hybridized carbon atom (see II), may on occasions lead to abundant 
M-C,H,-CO rearrangement ions. This behaviour is illustrated by reference to 
the spectrum (Fig. 4) of ethyl isopropylidenecyanoacetate (XXIV), in which appropriate 
metastable peaks establish the origin of the base peak (m/e 97, C,H,NO+) from the 
molecular ion via successive losses of ethylene (to m/e 125, GH,NO,+) and carbon 
monoxide. Similarly, in the spectrum of the ethylidene derivative XXII, m/e 83 
(C,H,NO+, 16 % of the M-OCsHs base peak) arises via the successive losses of CsH, 
and CO from the molecular ion; the spectrum of the d,derivative XXIIa establishes 
that the ethylene is expelled from the ethyl group of the ester. These processes 
demand the migration of an oxygen atom, presumably as an OEt or OH group. 
Since a neighbouring cyanide group bound to the @-hybridized carbon atom seems 
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to be necessary for this reaction to occur, one possible representation of the process 
may be illustrated by the sequence XXX * k -+ 2 --t m (m/e 97). The loss of ethylene 
from XXIV after ionization to give the acid, followed by a OH migration to the nitrile 
function might also be entertained since no loss of carbon monoxide is found to precede 
the expulsion of ethylene. 

Me CN CN CN 
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k 
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In some systems represented by the general formula MMI it has recently been 
shown’ that abundant M-l ions arise via loss of an aromatic hydrogen atom, probably 
with the production of an aromatic oxonium ion n. Waightu has demonstrated that 
such cyclization reactions can lead to the facile loss of an ottho-substituent (xrour + 
0). Since deuterium labelling has established that hydrogen is not lost specifically from 
the ortho-position in the reaction typtied by XXXI -+ rr,l it was of interest to deter- 
mine whether chlorine was preferentially eliminated from the ortho-isomer XIX 
relative to the meta- andpuru-isomers XX and XXI. Whereas the spectra of the m- 
and p-isomers are virtually identical (see, for example, Fig. !T), that of the o-isomer 
XlX (Fig. 6) contains no molecular ion, but exhibits a relatively abundant M-Cl ion, 
the further decomposition of which provides (at least in part) both m/e 219 and the 
base peak (m/e 173). These observations strongly indicate a facile chlorine radical 
elimination via cyclization @IX +p) only in the 04somer. 

CH=CH-COR 

XXXI &M-l 

11 E. S. Waight, Symposium on Newer Physical hfethodr In Structural Chemistry, Oxford (1966). 
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While the elimination upon electron impact of stable neutral species (e.g., CO) 
from organic molecules with bond-formation between the terminal portions can no 
longer be regarded as very unusual,” the possible migration of groups in concerted 
electrocyclic reactions (e.g., XIII + b or XXIX + h) appears to be a rarer phenom- 
enon, examples of which are of great mechanistic interest. However, it is emphasized 
that if the ionization process is regarded as occurring by removal of a +electron from 
the olefinic double bond of XIII, then the alkoxyl (or hydroxyl) migration may be 
visualized to occur to a benxylic carbonium ion centre, in analogy to other cases.‘1° 

AcktwwIec(eement-A grant from Statens almindelige videnskabsfond (to S.-O. L.) is gratefully 
acknowledged. 

EXPERIMENTAL 

All mass spectra were determined using an AEI MS 9 mass spectrometer operating at 70 eV and a 
source pressure of approximately 1 x lO_’ mm Hg. Samples were introduced through a heated inlet 
system (at approximately 1500) or by the direct insertion technique. 

Compound XV was obtained commercially. We have previously** reported the preparation of 
VIII. X and XI. 

Diethyl m-chlorobenzalmalonate (XX) was prepared by condensation of m-chlorobenzaldehyde 
with diethylmalonate, yield 28 %, b.p. 135”/05 mm, nn ss 15380. (Found: C, 59.33; I-I, 5.38; Cl, 
1250. Calc. for C1,H,IO,CI: C, 59.49; I-I, 5.36; Cl, 12.71%) 

The following Knoevenagel products wem prepared by reported methods (compound and Ref. 
given), VI,*‘ VII,r‘ IX,r‘ XII,i6 XIV,“ XVI,r’ XVIL” XVII&t@ mm XXL*r XXl&** XXIILn 
XXIV,” XXV,” XXVI,* m,l’ XXVIII.‘8 

The isotopicaliy labelled ester XIVa was prepared by condensation of benzaldehyde with mono- 
deuterated methyl cyanoacetate, which was obtained from the acid by e&ri5cation with diazomethane 
in a dioxanedeuterium oxide mixtute.” Yield 89 %, m.p. 87-88”. 

Ethyl d,-ethylidenecyanoacetate (7UClIa) was prepared by condensation of d,-acetaldehyde with 
ethyl cyanoacetate, yield 69”/, b.p. 99”/11 mm., ng 14456. 

The spectrum of the deuterated acid VIIa was obtained by introducing the acid VII into the 
spectrometer in the preeence of D,O.10 

Methyl 2,4,6d&~ama te ma) was prepared by a previously described’ procedure. Diethyl 
2,4,6d,knz&nalonate (XVIIa) was available from the condensation of 2,4,6-d,-benzaldehydti 
with diethyl malonate. 

1u R. G. Cooks and D. H. Williams, C/tern. Comm. 51 (1967). 
r* S.-G. Lawesson, E. IL Larsen and II. J. Jacobsen, Arkiv. Kemi 23,453 (1965). 
I* W. Baker and A. Lapworth, J. C/rem. Sot. 127,563 (1925). 
1’ A. Lapworth and J. A. l&Rae, J. Ckem. Sot. l21,1700 (1922). 
I8 B. B. Carson and R W. Stoughton, J. Am. Chem. Sot. !I&2828 (1928). 
la B. B. Corson and R. W. Stoughton, J. Am. Chem. Sot. So, 2835 (1928). 
lr P. Pfeitfer, I. Engelhardt and W. Alfuss, U&‘s Ann. 467,178 (1928). 
rB R. Anschntz, Lieb&‘s Ann. 354,124 (1907). 
lg E. Kncevenagel, Ckem. Ber. 31,25!M (1898). 
Lo P. E. Gagnon and L. Gravel, Cumxf. J. Researck, 8,600 (1933). 
al E. E. Pratt and E. Werble, J Am. C/tern. Sot. 72.4638 (1950). 
*I IL V. Auwers, Ckem. Ber. S6,1182 (1923). 
ga L. Claisen, C/rem. Ber. 26,273l (1893). 
U G. Komppa, C/tern. Eer. 33,3532 (1900). 
*& K. V. Auwers, C/rem. Ber. S&l184 (1923). 
” F. D. Popp and A. Catala, J. Org Gem. 26.2738 (1961). 
*’ F. R. Goss, C. K. Ingold and J. F. Thorpe, J. Ckem. Sot. l23,3352 (1923). 
** S. B. Schryver. L Chem. Sot. 63, 1344 (1893). 
*’ K. J. van de Menve, P. S. Steyn, and S. H. Eggers. Tetrakedron Letters 3923 (1964). 
DD J. S. Shannon, Austd. J. Chem. 15,265 (1962). 


