
Tkwah&m1%7.Vol.23.p~.2893u,2909. l’qummPrmLt4. F’rinu4LnNonhanLrrM 

MASS SPECTROMETRY IN STRUCTURAL AND STEREO- 
CHEMICAL PROBLEMS--CXVII* 

ALIPHATIC a&EPOXY KETONES 

W. REUSCH~ and CARL DJEI~AS~I 
Department of Chemistry, Stanford University, Stanford, California 

(Received in USA 25 Aqqut 1966; accepted/or publication 8 Nowmber 1966) 

Abstract-The mass spectra of 11 a&epoxyketones are reported, and a number of characteristic 
fragmentation pathways are documented by a combination of high resolution mass measurements 
and deuterium Iabeiing experiments. The predominant cleavage occurs between the CO group and 
the oxirane ring with charge retention on the former fragment. Cleavage of @Ikyl groups is also 
observed. Electron impact induced reamqements of epoxyketones to dicarbonyl ions are discussed; 
and on the strength of direct comparisons with authentic dicarbonyl compounds, such tnmsformations 
are not considered to be important. McLafferty rearmqements involving the CO group are not 
observed, but hydrogen transfer to the epoxide oxygen is significant. 

INTRODUCTION 

AN EXAMINATION of the mass spectra of a series of simple, aliphatic a$-epoxyketones 
was undertaken primarily for two reasons. First, it provided an extension of recent 
studies by one of us concerning thermal and photochemical reactions of epoxy- 
ketones.P*8 A comparison of these processes with electron impact induced reactions 
seemed particularly worthwhile, inasmuch as similarities between mass spectral 
fragmentation reactions and photochemical transformations have been observed’ for 
several small ring compounds. Second, we hoped to uncover any unique conjugation 
effects by comparing the epoxyketone substrates with simple aliphatic ketones and 
epoxides. The course of electron impact induced fragmentation of ketones is well 
established,$ and recent work from this laboratoryd has illuminated the behavior of 
aliphatic epoxides. 

The molecular ion of an a,&epoxyketone is expected to have sign&ant charge 
localization on oxygen; however in view, of the very close electron impact ionization 
potentials reported for 1,Zpropylene oxide’ and acetones (9.8 to 9-9 eV) a specific 
assignment cannot be made with confidence. 

l Paper CXVI. G. S&roll, IL J. Jakobsen, S.-O. Lawesson, P. Brown and C. Djerassi, Arkiv Kemi, 
26,279 (1966). 

r National Institutes of Health, Special Fellow, 1965-1966. Current address, Department of 
Chemistry, Michigan State University. 

’ C. K. Johnson, B. Dominy and W. Reusch. J. Am. C/rem. Sot. 8!I, 3894 (1963). 
B W. Reusch. C. K. Johnson and J. A. Manner, 1. Am. C/rem. Sec. S8.2803 (1966). 
’ N. J. Turro, D. C. Neckers. P. A. Leermakers. D. Seldner and P. D. Angelo, 1. Am. C&m. Sot. 87, 

4097 (1965). 
‘ IL Budzikiewicz, C. Djerassi and D. H. Williams, Inferpretatfon of Mass Spctra of Organic Com- 

pounds Chap. 1 Holden Day, San Francisco (1964). 
* P. Brown, J. Kossanyi and C. Djerassi, Tetrahedron SpppL 8, part I, 241 (1966). 
t E. J. Gallegos and R. W. Kiser. 1. Am. Ckem. Sot. 83,773 (1961). 
e J. D. Morrison and A. J. C. Nicholson, J. Gem. Phys. XI,1021 (1952). 
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Ro. 1 Mass spectrum of 3,4-epoxy-2- 
pentanone (II), Atlas. 

Fro. 2 Mass spectrum of 2,3-pentane- 
dione (XIV), Atlas. 

Fro. 3 Mass spectrum of 3&epoxy-2- 
o&none (IV), Au. 

Fro. 4 Mass spectrum of 2.3-octana 
dione (XV), Atlas. 
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Fm. 5 Mass spedrum of 4-methyl3.4- 
epoxy-2-ptanone (VT), C.E.C. 

FIO. 6 Mass spectrum of 3,kpoxy-2- 
hexanone (III’), Atlas. 
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V p3o p Fro. 7 Mass tipccmm of 3-ethyl-3,4- 
-25 f epoxy-Zbutanone (V), Atlas. 
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Fro. 8 Mass spectrum of 2-methyl-2.2 
epoxy-4-octmona 0, At&. 



Fia. 9. Mass spectrum of hethyl-3&epoxy-2- 
1. g pentaaone (VI), Atlas. 
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10 3 Fm. 10. Mass spectrum of 3-mctbyK!&entanc- 
f dione (XIII), Atlas. 

Fro. 1.1. Mass spectrum of 4-methyl-3,4epoxy-2- 
pcntanone (Vi), MS-9. 

Fro. 12. Mass spectra of l,l,l-trideuterio-4 
methyl-3,4-epoxy-2-ptntanont (I%), MS-9. 
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RESULTS AND DISCUSSION 

The epoxyketones employed in this study were all prepared from the corresponding 
unsaturated ketones. Characterization was effected by IR and NMR spectroscopy. 
Since tram and cis dypnone oxide (IX and X) gave virtually identical mass spectra, 
the stereochemical purity of II, III and IV was not considered a vital factor. Actually, 
these compounds were assumed to be predominantly the tram isomers on the strength 
of the very small coupling constants observed for the vicinal oxirane hydrogen atoms0 

0 

RI -A-- p- Rl 

R, RI 

I R1 = Me; R,, R., R, = H Via R1 = CD& R,, R, = Me; R, = H 
II R1, R1 = Me; R,, R, = H VII R1, R,, &. R, = Me 
HI R1 = Me; R, = Et; R,R, = H VIII R1 = Bu; R,, R., = Me; R, = H 
IV R1 = Me; R, = Bu; R,, R, I H IX R,, R, = Ph; R, = Me; R, = H(trcurr) 
V RI = Me; R, = Et; RI, R, = H X R1.I&=Ph; R,=Me; R,=H(ck) 
VI R1,RI.R,=Me; R,=H 

o+ ‘0 
0 

XI 

A comparison of the spectra of selected epoxyketones (eg. Figs 5, 9 and 11) 
obtained with a C.E.C. Model 21-103 spectrometer, an A.E.I. MS-9 double focussing 
spectrometer and an Atlas CH-4 spectrometer disclosed only minor variations. In 
general, the Atlas spectra (eg. Figs 1, 3, 6-9) are characterized by smaIl amounts of 
M-2 and M-16 peaks. These ions are usually absent in spectra (see Figs 5 and 11) 
from the other instruments. Most of the spectra reported in this paper are from the 
Atlas spectrometer. 

Although cleavage of bonds leading to the oxirane ring was relatively unimportant 
in simple epoxides,8 such fission with charge retention on the carbonyl oxygen atom is 

’ C. A. Reilly and J. D. Swalen, /. Chem Phys. 32,1378 (1960) have analyzed the NMR spectrum 
of 3,4-epoxy-2-butanone (I) and report the following: 

We have also observed a coupling of 4.0 c/s for the cis oxirane hydrogen atoms in XII. The corre- 
sponding coupling in II, III and IV is less than 2.0 c/s. 

0 

& I-I 0 
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the major fragmentation mode observed in the a&epoxyketones. This, and other 
characteristic fragmentations are summarized in Table 1. The formal structures 
written for certain fragment ions are simply a convenient means of representing 
common types of fission and do not necessarily indicate the actual ion structures. 

TABLB 1. GENERAL FRAQ~ATION PlKCFXWS’ 

Epoxyketone 

0 

mle(%W 

R, --#- 
j, M+ 

/4 

p P 
-1 

RI Rx R, Rs 

C-RI’ R,-CsO + R,-$j R,,$j;, 

I WO) 8X6) 43(51) 43 
11 100(<@3) 85(14) U(Q) s(3.8) 
Ill 114(<@4) 8WO) 43(47) 71(1-O) 
IV 142(<01) 81(19) ~(32) 99(0*8) 
V 114(<0*1) ll3(<0*1) !wO) zl(4) 
VI 114(<0~2) 99(4*5) 43(43) 71(3*5) 
VII 128( <O*l) 1130) 43(34) B(7.5) 
VIII 156@8) 141(2) 82(15) zl<s*s) 
IX’ 238(1*8) 223(@8) 1OKw 133(0*5) 
X’ 238(1.8) 223(0*8) lOS(28) 133(0.8) 
XI 140(1*2) 139(O) 43(24) Z(4.5) 

’ Underlined value are confIrmed by high resolution measurements (Table s). 
’ Obtained by direct admission to a C.E.C. Model 21-103C mass spectrometer. 
’ For preferred representation of this a-t&ion ion see 4. (2) in discussion. 

44P5) 
58(2*2) 
72(1*0) 

100(0*1) 
72(2) 

g;% 
72(2*8) 

- 

?!I(2*5) 

From the data in Table 1 it is evident that cleavage of the acyl group (Eq. 1) pie- 
dominates and that loss of a ,!%alkyl subs&em (Eq. 2) can be significant. This latter 
type of a-fission is an unfavored process in aliphatic epoxidess and it is likely that its 
comparative prevalence in epoxyketones (see III and IV in Table 1) is due to some 
stabilizing feature of the carbonyl group as expressed in the alternate representation 
of the fragment ion of I$ (2). 

‘+ 

0 

RP -I+ jR- - 
RI + R-C=0 + 

RJ R. 

*+ 

1, + 

0 
+a 
0 0 

- R#’ + A- P i-R or Q&R&R 

R, R. 

RP ----tR + RCO. 

(1) 

(2) 

(3) 

When the acyl substituent is an acetyl group (eg. compounds I-VII and Xl), the 
most abundant charged fragment is qH,O+ (m/e 43); a parallel cleavage in VIII 
produces the abundant C,H,O ion (m/e 85). The base peak at m/e 57 in the spectrum 
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of VIII (Fig. 8) is largely C,H, (see Table 5), part of which must be formed by da 
carbonylation of the m/e 85 ion (a broad metastable ion is formed at m/e 38-38.6). 
The preferred course of acyl cleavage is that illustrated in Eq. 1; however, the alternate 
charge disposition (Eq. 3) is also observed. The preference for charge retention on 
the carbonyl oxygen atom (Eq. 1) is reasonable in view of the known stability of 
acylium ion fragments” and oxirane raclical~.~~ 

The M-15 ions found in the spectra of compounds II, VI, VII and VIII (Table 1) 
are produced by loss of a 8_Me radical (Eq. 2). Cleavage of the acetyl Me group, as 
an alternate route to these ions, was eliminated in the case of VI by examining the 
trideuterio analog Via; the m/e 99 peak in VI moved completely to m/e 102 in the 
labeled compound (Fig. 12). In this regard it may be noted that loss of the Bu group 
from VIII with consequent formation of an ion of mass 99 (M-57) is a very minor 
process (ca. 0.25 % &,). This is a further indication that the genesis of the abundant 
ion of mass 57 in VIII is primarily by decarbonylation of its m/e 85 precursor. 

The dypnone oxides IX and X showed surprisingly little M-l 5 and, as expected, no 
loss of a Ph group (M-78). Compounds having hydrogen at the &position exhibit 
M-l ions, but these are generally less abundant than the molecular ion. The strong 
M-l 5 ion (9 % C,) in I denotes cleavage of the acetyl Me groups, and together with 
the relatively abundant molecular ion (10 % &,,) implies that only limited decomposi- 
tion modes are available to this simple system. A similar loss of an acetyl Me group 
is probably responsible for the m/e 99 peak in V (Fig. 7), although cleavage of a Me 
group from, the a-side chain cannot be ruled out. Finally, the absence of significant 
a-alkyl group elimination is apparent from a comparison of the mass spectra (Figs. 6 
and 7) of III and V. 

Rearrangement to carbonyl intermediates 

Our earlier study of aliphatic epoxide# and an independent reportU concerning 
aromatic epoxides have disclosed an apparent rearrangement of the epoxide molecular 
ion to an isomeric carbonyl species. A combination of high resolution mass measure- 
ments and deuterium labeling experiments demonstrated that certain fragment ions, 
characteristic of the carbonyl intermediates, were present in the epoxide spectra. 
Consequently, a complete discussion of the epoxyketone data must take into con- 
sideration the possibility of molecular ion rearrangement to isomeric dicarbonyl ions. 
Such a rearrangement could manifest itself in three ways (Eq. 4) all having precedent 
in condensed phase chemistry .1 The rearrangement to C (Eq. 4) corresponds to the 
major photochemical transformation exhibited by a,/?-epoxyketones.8*U 

If the subject of electron impact rearrangement of epoxyketones to a- and p- 
diketones (i.e. A, B and C) is to be intelligently explored, it is necessary to know 
something about the mass spectra of these dicarbonyl compounds. The recently 
reported findings of Bowie et al.,ld supplemented by our measurement of 3-methyl- 
pentane-2, 4-dione (XIII) provide a clear picture of &diketone ion reactions. Thus, 
the most abundant ion from XIII (m/e 43, >95% GH,O, 65% I&) is produced by 

lo C. Walling and P. S. Fredericks J. Am. Gem. Sot.. 84,3327 (1962). 
l1 H. E. Audiezr, J. F. Dupin, M. F&izon and Y. Hoppilliard, Tetrahedron Letters 2077 (1966). 
l* R. Parker and N. Issacs, C&m. Rev. 59,737 (1959). 
I** H. E. Zimmerman, B. R. Crowley, C. Y. Tseng and J. W. Wilson, J. Am. Chem. ,SOC. 86,947 (1~); 

’ 0. Jeger, K. Schaffner and H. Wehrli. Pure and Appl. Chem. 9, 555 (1%). 
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Rp 0 0 
I II II 

Rp-C-C-C-R A 

d I 

0 RpO 

II I II 
-C-C-R ~R-C-C&R, B 

I 
% 

0 R, 0 
II I II 

R-R = 

b 

(4) 

a-cleavage; and a McLafferty rearrangement, ejecting ketene as a neutral fragment, 
yields an ion (a) of mass 72 (12% &J. The latter process is substantiated by a 
characteristic metastable ion at m/e 455. 

a (5) 

XIV xv 

With the exception of biacetyl,‘” no previous mass spectral investigation of a- 

diketones has been reported; consequently, we determined the mass spectra (Figs 2 
and 4) of XIV and XV. The fragmentation of these diketones is very simple, con- 
sisting predominantly of bond cleavage between the carbonyl groups. Both acyl 
groups appear as charged species which decarbonylate to alkyl ions (XV shows a 
metastable ion at m/e 51 for 99 + 71). No ions characteristic of McLafferty type 
rearrangements are observed in either XIV (i.e. m/e 72, Fig. 2) or XV (ie. m/e 72 and 
86, Fig. 4). 

Since rearrangement of epoxyketones II and IV to type A products would yield 
the a-diketones XIV and XV respectively, a comparison of the mass spectra of these 
compounds should be particularly instructive. Although II (Fig. 1) and XIV (Fig. 2) 
both exhibit the same base peak (m/e 43), the strong peaks at m/e 57 (13 % &,) and 
m/e 29 (17% &,) in the latter compound and the abundant M-15 ion of mass 85 
(13 % ZJ in the former represent prominent differences. Assuming thaz the a- 
diketone molecular ion produced by rearrangement of II is indistinguishable from that 

1’ J. H. Eowie, D. H. Williams, S. 0. Lawesson and G. Schroll, J. Org. Chem. 31,1384 (1966). 
X6 Cut&g of Muss Spectral D&u Spectrum No. 782. American Petroleum Institute Research 

Project 44, Carnegie Institute of Technology, Pittsburgh, Pa. 
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TAB= 2. TYPE A CC-DIKEIDNE REARRANQSb4ENT IONS’ 

Epoxyketone 

0 0 

R. ff 
J-R 1 

RI RI 

R, 

I&--C+ 

II 
m/e ( %‘&) 

II 57(3.8) 29(6.0) 
III 71(1-O) 43(2-O) 
IV 99(@8) 71(15) 
V 71(4*0) 43(<@1) 
VI 71(35) a(4.8) 
VII Q(7.5) x(4.8) 
VIII Z(4.5) G(3.5) 
IXandX 133(0*5 to 0.8) 

o Underlined values are contirmed by high resolution measurements 
(Table 5). 

formed by direct ionization of XIV, a simple calculation based on molecular ion 
intensities indicates that a maximum of 7% rearrangement could have occurred. 
Even though the quantitative aspects of these arguments may have doubtful merit, 
a consideration of the extent to which ions characteristic of adiketones appear in the 
mass spectra of epoxyketones (Table 2) suggests that this rearrangement occurs only 
to a limited degree if at all. Furthermore, adiketone intermediates are not uniquely 
required to explain these ions, and a rearrangement subsequent to acyl cleavage (3.6) 
is equally feasible. 

If a type B rearrangement makes a significant contribution to the mass spectra of 
epoxyketones bearing an a-hydrogen (ie. R,, = H), the a-formylketone thus generated 
should give a strong CHO ion (m/e 29). This ion is found in every compound of this 
kind studied, but is usually rather weak (Table 3). Furthermore, the a-formylketone 
(XVI) derived from III and IV should exhibit a McLalIerty rearrangement to an ion 
of mass 86 (Eq. 7). Such an ion is not observed in either compound. A similar 

TABLE 3. FORMYL IoN9 FROM TYPE B &DlKlXONS m 

Epoxyketone 

II 
IV 
VI 
VIII 
Ix 
X 

CHo %&o 

Atlas CM-4 A.E.I. MS-9 

5.0 - 
1.2 @6 
1.8 02 
0.8 O-2 
- 0.2 

0.1 

rearrangement of V to the pdiketone XVII is consistenP with the m/e 57 
5 % &,,) and 29 (GH,, 4-5 % l&J peaks observed in the mass spectrum (Fig. 
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former; but again the m/e 58 peak expected from a McLafFerty rearrangement (Eq. 8) 
is not present. 

k 

R-H: III XVI m/e86 
R=Et: IV 

V m/e58 

The third mode of epoxyketone rearrangement could generate a @iicarbonyl 
species C (Eq. 4) the mass spectrum of which would be expected14 to display peaks 
corresponding to fragment ions R&O+ and Rg+. Ions of this kind are indeed 
present in the mass spectra of epoxyketones (Table 4); however, considerable am- 
biguity is attached to interpretations of such data. For example, III and IV both 
exhibit met&able ions at m/e 38.2 and 14.7, which indicate the folIowing transitions: 
m/e 85 -t 57 -+ 29 (Eq. 9). High resolution measurements (Table 5) with IV demon- 
strate that the ion of mass 85 is >95 % C,H,OS and that of mass 57 is 90 % GH,O, 
as required by the ~sfo~ations proposed in Eq. 9. A parallel situation is found 
in compound Via, where other routes to the ion of mass 43 (Eqs 10 and 11) are sug- 
gested by met&able ions at m/e 18.1 (43*~102) and 25.3 (43a/73)-these correspond 
to equivalent ions at m/e 18.7 (43a~99) and 257 (432/72) in VI. Analogous ion trans- 
formations in VIII (ie. 141 -+ 43 and 72 + 43) are indicated by metastable ions at 
m/e 13.2 and 25.7. If, despite these alternatives, we assume that Bdiketone inter- 
mediates (C) generate the characteristic fragment ions listed in Table 4, certain 
charged species unique to McLalTerty rearrangement of these intermediates1 should 
appear in the mass spectra of the epoxyketones. For example, diketones XVIII and 

TABIJ 4. TYPE c &DnaONe REARRAN GEJ#ENT IONS’ 

RP -PI- 
L - 

Rg Ra 

III 57(7-O) 29(3*6) 
IV 8.$~~1~ Z(<l) 
Via 4_?(6*5) 
VIII SW*5) 

IXandX Q(2.0) 

0 Underlined values are. wnfk~ed by high resolution measurements 
(Table V). 
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TABU 5. HIOH RJSOLUTION m 

2903 

Compound Ion (m/e) Composition 

II 58 

II 57 

II 43 

II 42 

II 41 

II 29 

III 43 

III 29 

Iv 100 

Iv 85 

IV s7 

IV 55 

IV 43 

IV 29 

V 71 

V 69 

V 57 

V 55 

V 43 

V 41 

VI 74 

VI 72 

Vl 57 

VI 43 

VI 29 

VII 86 

VII 85 

VTI 59 

VII 57 

VII 55 

VII 43 

VII 41 

VIII 85 

WI 83 

VIII 71 

VIII 57 

VIII 55 

VIII 43 
VIII 41 

VIII 29 

XI 112 
XI 109 
xl 98 
XI 97 
xl 81 

XI 70 

XI 69 
XI 55 

C,KO 
W-LO 
(2-W 
W-W 
75 %C& 25 %CsHO 
55 %C,Hb, 45 %CHO 

95 %C&O, 5 %CsH, 

ao%wL 4o%CHO 

> 90 %C,H.O., < 10 %GH,O 

> 95 %C.&Or, < 5 %C,H#O 

~%Cs&O, lO%C,H, 

75 %C,H,. 25 %C.H,O 

88 %CaH,O, 12 %C& 
80 %GH,, 20 %Cl-IO 
C,H,O 

CJ-LO 

C&O 

85%C,H,, 15%&w 

ClH,O 

Cal-k 

C*HdO* 

CJW 
>9o%C&O, > lO%C& 

~%C¶HaO, lO%C& 
50 %HCO, 50 %C,H, 

cd-w 

cd&o 

C,H,O 

CIHS 

85 %CJW, 15 %C,H, 
>95%C&O, <5%C& 

CA 

GHeO 

>95%Cd&O, <5%CeHn 

GH,O 

9o%CJL lO%C&O 

65 %C& 35 %C,HsO 

65 %GHaO. 35 %C,H, 

GH, 
<9O%,C,l&, tlO%CHO 

60 %C&,O, 40 %GH,O, 
Cl-LO 
C.Hs,O 

>95%C.H,0, <5%C,I-I.O, 
8o%CdL 2O%C&HsO 
CJW 

75 %CdL 25 %C,l-IsO 
70 %CaH.O, 30 %C,H, 
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XIX from epoxyketones III and IV respectively would rearrange to an ion of mass 
58 (Eq. 12); however, this fragment is not present in the spectrum (Fig. 6) of III and 
is of very low abundance (05% &,,) in IV (Fig. 3). Corresponding rearrangement 
ions from VIII (Fig. 8) and IX (or X) appear at mass 114 (ca. 0-I % &) and 196 
(O-2% &J respectively. 

IIIR=Et 
IVR=Bu 

Cd& + 

0’ 

9 0 

m/e 85 

(9) 

m/e 57 

+ 

-&- 
O G+ 

0 0 A -+ 
C 0+ 

--Me A$ (10) 

CD. CDs CJA Le 
Via m/e 102 m/e 43 

D 

b 
+ 

--P 

C,Hs 0’ 
VJa + . , or 

CA-J,’ 

m/e 73 

H\ 
0; 

R-C=C=O + A 
H’ 

CH, Me 

01) 

(12) 

XVIIIR=H 
XIX R=Et 

H 
‘0; 

__t CH,=C=O + (13) 

.XIII R=H m/e72 R-H 

XIIIaR=D m/e 75 R = D 

Since @diketone XIII would be the product of a type C rearrangement (Eq. 4) of 
4-methyl-3,4-epoxy-2-pentanone (VI), a comparison of the mass spectra of these 
compounds and the deuterium labeled analog Via should be particularly meaningful. 
The m/e 72 ion from XIII is produced by the degenerate McLaEerty rearrangement 
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illustrated in Eq. 13 and has an abundance of 10 % &,,. This same ion is found in the 
spectrum (Fig. 9) of VI, and proved to be C,H,O (75% &,) by high resolution 
analysis (Table 5). In the labeled compound Via the m/e 72 peak shifts (Fig. 12) 
predominantly to m/e 73 (6 % X:90); and the extent to which a @liketone intermediate 
XIIIa serves as its progenitor may be determined by measuring the m/e 75 peak that 
must be formed along with m/e 73 in the McLaSerty rearrangement (Eq. 13). The 
very small amount of m/e 75 (0.2% &,, corrected for m/e 74 isotope contribution) 
observed in the spectrum of Via limits the /.I-diketone rearrangement to 4% or less. 
Thus, more than half the c;H,O+ ion formed from Via must be generated in some 
manner (eg. Eq. 10 and 11) that does not involve a @-diketone intermediate. 

Hydrogen trmisfr reactions 

In the epoxyketone substrates reported here the only hydrogen transfer consistently 
observed is that described in Eq. 14. Although several structures can be envisaged for 
the resuhing ion (e.g. b), the essential features of the process are indicated by high 
resolution analysis (Table 5) of the m/e 58,72,86 and 98 peaks in II, VI, VII and XI 
respectively (see the last column in Table 1) and the shift of m/e 72 to 73 in Via. It is 
instructive to compare this process with other five and 6membered cyclic hydrogen 
transfers to electron deficient oxygen species. For example, the molecular ion from 

H 

A+ 
H 

H 
\ d-A-- 

*CR* *+ 
CR, - 

/ 
R P c\ 04) 

Rp Ra o 

b 

m/e 86 

H-O; 

V m/e 86 

V can conceivably display several kinds of hydrogen transfer (eg. Eqs 14,15 and 16). 
However, the M-28 ions (mass 86) produced by the latter two processes are of very low 
abundance (to.5 % &, see Fig. 7), indicating a preference for the loss of ketene 
rather than ethylene. A similar preference is seen in the decomposition of 3cthyl- 
pentane-2,4-dione. lp The inefficiency of the McLatTerty transfer (Eq. 16) is perhaps 
due to the unfavourable location of the enolic double bond in d. 
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The n-Bu group of VIII is a potential source for several hydrogen transfer reactions 
(Eqs. 14, 17 and 18); however, only the former (yielding an ion of mass 72) makes a 
significant contribution (2.8% &) to the mass spectrum (Fig. 8) of this compound. 
The analogous six membered cyclic transfer (Eq. 17) generates an ion of mass 100, 
which is only weakly observed (<O-3 % &,). Loss of a Me group from e would give 
the abundant m/e 85 species; however, high resolution measurement of the latter peak 
shows that no C,HsO,+ is present (Table 5). These results are in striking contrast with 

VIII 

o/” 
I 

CG--C-CH~/ + C,H, 

6-H isc + CIHI 

CH, 

f m/e114 

(17) 

(18) 

the relatively favorable “inside” McLafferty rearrangement reported6 for I-hexene 
oxide. The absence of a McLalTerty rearrangement involving the CO group of VIII 
(Eq. 18) is particularly surprising in view of the important role which this process 
plays in saturated ketones. LW Competition from other more facile decomposition 
modes (e.g. a-cleavage as in Table 1) is apparently responsible for the altered reactivity 
of conjugated CO and epoxide groups. 

Hydrogen transfer from a B-alkyl substituent to the epoxide oxygen can proceed by 
either an “outside” (Eq. 19) or an “inside” (Eq. 20) mechanism.6 The former would 
generate an m/e 86 peak from compounds III and IV, but the small amount of this ion 

+ RCH=CHs (1% 
H 

III R = H 
IV R = Et 

m/e 86 

l@ The unlikely possibility that the McLafTerty rearrangement ion f decomposes rapidly and 
quantitatively to an ion of mass 43 was eliminated by the obsuvation that m/e 45 is an iosignifi- 
cant peak (0.6% I;& in the spectnrm of VIIIa. 

i.e. 

R,C=C=&H 

RZ 
VIII R-H 
VIIIaR=D 

CR, 

f m/e43 R=H 
m/e45 R=D 
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found in the corresponding mass spectra (Figs. 6 and 3) is in both cases an isotope 
satellite of the abundant m/e 85 species. The weak signal at m/e 100 (1~8 % T&J in the 
mass spectrum (Fig. 3) of IV could arise from either an “inside*’ epoxide rearrange- 
ment (Eq. 20) or the ubiquitous ketone ejection (Eq. 14). High resolution measure- 
ments reveal that this ion is SO% C5Hs0, as required by the former rearrangement 

(2% 

H 
\.+ 

H 
0 

0% 
%elde" 

JI 
Cf-fa + 

* 
0 m 

+ WI* 
I-I 

H 

IV m/e 100 

Hydrogen transfer from a Balky1 substituent to the carbonyl oxygen does not 
necessarily cause fragmentation of the molecular ion; consequently, only indirect 
evidence for such a transfer can be cited. A rearrangement ion of mass 74 in the mass 
spectrum of VI provides an example of such evidence. This ion is relatively weak in 
the Atlas spectrum (Fig. 9,1-5 % Z&J, but is quite sign&ant in the C.E.C. (Fig. 5) and 
MS-9 (Fig. 11) spectra (3.5 and 5.8% C, respectively). A composition of qH*O% 
was determined for the mass 74 ion by high resolution analysis. In Via some of this 
peak remains at m/e 74 but the major portion shifts to m/e 77 (77174 = 2.8). This 
species can be formed by transfer of two hydrogen atoms from the left hand part to 
the right hand part of the molecule (path a in Eq. 21), or by transfer of the acyl 
oxygen atom to the left hand part (path b in Eq. 21). Both processes appear to take 
place although the former is preferred according to the labeling results. In the mass 
spectrum of VII a homologous ion is observed at mass 88 (1.2% Z;,), but m/e 74 is 
absent. The only other substrates that exhibit this rearrangement are the dypnone 

0 

ti 

_I* 

1 
yHa 0 

CR1 

H>' 

VI R=H 
WaR=D 

b 

\ 

(21) 

H 

A 
Ill 

t c 
I 
CR. 
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oxides (IX and X) which show a weak ion of mass 136 (ca. l-2 % &,,). A corresponding 
hydrogen transfer is known to occur photochemically in IX.- 

Miscellaneous ions 

The mass spectrum of 3,4-epoxy-2-butanone (I) contains a moderately abundant 
ion of mass 55 (8% Z&J, which can only be QH,O. This ion and its homologs are 
found at m/e 55 (2% &,) and 69 (2% &) in II (Fig. l), m/e 55 (1.7% Zsa) and 83 
(0.4 % Zr& in III (Fig. 6) and m/e 55 (GHsO is 2-3 % Z) and 111 (1% &,J in IV (Fig. 
3). A rationale for the genesis of these ions is given in Eq. 22. Also metastable ions 
at m/e 24*4,36-4 and ca. 62 in II, III and IV respectively, suggest that carbon monoxide 
is easily lost from the m/e 69,83 and 111 ions. A similar series of reactions (Eq. 23) 
would account for the ions of mass 109 (I.8 % &, C&O) and 81 (2.4% &,,, CeHk) 
observed in XI. 

..+pH 
0 

R 
4 

0 
I R-H 
II R=Mo 
IIIR=Et 
IV R=Bu 

--RCHOH 

H 
0 

-4 

/-’ 
R CH. 

?/ 

/ or 4 
CHI 

0 

H A 02) 
+ 

m/e 55 

&To - j+ + 
H 

m/e 55 R = H 
69 Me 
83 Et 

111 Bu 

XI m/e 109 m/e 81 

Loss of a B-substituent from the hydrogen transfer ion b is indicated by charac- 
teristic met&able ions in the mass spectra of II, III, VI, VII and VIII. Thus, a 
metastable ion at m/e 45.2 in the spectra (Figs. 9 and 8) of VI and VIII requires that an 
ion of mass 72 decompose to an m/e 57 species, as shown in Eq. 24. Isotopically 

H H 
6 CH,-R 

I+ 

-Pt 

0 

% d 

Rp R, lo 
- R & da * -4 

0+ 

A 
(24 

R,, Rp 

m/e 72 m/e57 
VI R=&-H,Rp=Me b VI C&O, 5.5% I; 
VIIIR=Pr,&=H,&=Me VIII C&O, 2.6% Z 
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labeled derivatives (i.e. Via and VIIIa) show the expected shifts (i.e. m/e 72 -+ 73 and 
m/e 57 --c 58). The m/e 57 ion (5 % &,,, GI-I,O) present in the spectrum of V (Fig. 7) 
may be formed in a similar manner (Eq. 25). 

-cti,=c=o --Me 

‘I - 

(25) 

CH,- Me 

V 

EXPERIMENTAL 

Low resolution mass spectra were obtakd by Drs. Alan DutEeld and John MacLeod, using an 
Atlas CH-4 spectrometer; by Mr. R G. Ross, u&g an A&I. MS-9 double focussing spcctrom&r; 
and by Mr. N. S. Garcia, using a C.E.C. Model 21403C mass spectrometer. High resolution 
measurements with the A.E.I. MS-9 inst rumentweresecuredbyMr.Ross. ~e~~~~~~e 
Atlas and MS-P instruments wcrc heated to ca 150”, and the ah glass inlet of the C.E.C. spectrometer 
was held at 200”. Source temp varied from below 200” in the Atlas and MS-9 to ca. 250” in the C.E.C. 
spectrometer. 

The unsaturated ketone precursors of the a,&epoxyketones are all known compounds and were 
obtained either from commerieai sources or by well detined synthetic routes. Epoxidation was 
generaBy etIected by alkaline peroxide mixtures. In most cases a procedure similar to that described 
by Paynet’ was used; however, I, II and V were prepared according to the method of Yang and 
FiMeg8n.~6 Since 3,4-diiethyl-3-pcntenaZdne was inert to the alkaline epoxidation mixtures, 
m-chloroperbenxoic acid was used in the synthesis of VII. The purity of the epoxyketone samples 
used in the mass spectral measurements was checked by VPC and TLC. In most cases IR and NMR 
spectra con6rmed the structure. The a- and &diketones were puritied from commerical samples. 

Isotopic labeling of VI was accompliihed by allowing a homogeneous mixture of the epoxyketone 
and K,CC$aq in D*O to remain at room temp for 2 days. 
with anhyd ether and the crude extract purified by VPC!. 

The resulting orange soln was extracted 

Via to be 6% d,, 81% dt and 12% d,. 
The low resolution mass spectrum showed 

A NMR spectrum of Via revealed complete deuteration of the 
acetyl Me group. 

Deuterium labeling of VIII was effected in a similar manner, but required the addition of methanol- 
dr to achieve a homogeneous reaction mixture. Analysis of the product was complicated because 
the molecular ion is very weak; however, a consideration of the m/e 87 peak indicated the com- 
position to be 165% d,, 80% d, and 3% dt. 
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