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xaoxaeicosane, 56930-39-3; tetraethylene glycol dichloride, 638- 
56-2; tetraethylene glycol dimercaptan, 2781-02-4. 
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Isobutane CI mass spectra are reported for 38 ketones containing zero, one, or two carbon-carbon double bonds 
as the  only addit ional functional groups. An enhanced loss of water in these compounds can be correlated w i t h  the 
structural feature t h a t  a n  al lyl ic hydrogen atom be available and able t o  approach w i th in  2 8, of the carbonyl oxy- 
gen. a$-Unsaturated ketones fai l  t o  show enhanced loss of water, even when this feature is present. Experiments 
w i t h  deuterium-labeled ketones demonstrate t h a t  scrambling o f  hydrogen is rap id  relat ive t o  loss of water. 

examination of the isobutane chemical ionization 
(CI) mass spectra of the bicyclic ketones 1-6 revealed a 
noteworthy variation in the intensity of the (M + 1 - 18)+ 
ions formed on loss of water from the protonated ket0ne.l 
Significant loss of water occurs only from the unsaturated, 
endo-substituted ketones 5 and 6, and we suggested that 
this result reflected the availability in only these two mem- 
bers of the series of a reactive, allylic hydrogen atom which 
is accessible to the carbonyl oxygen atom. Through a six- 
membered (5) or seven-membered (6) transition state this 

1 2 3 

A H 
4 5 6 

allylic hydrogen could approach the protonated oxygen 
atom and be lost subsequently as water. These observa- 
tions encouraged us to examine the CI mass spectra of a va- 
riety of other ketones in order to determine the generality 
of this process and to study the structural factors influenc- 
ing it. The results, which are presented in Table I, are dis- 
cussed below. 

The data in Table I are from the isobutane CI mass spec- 
tra of 38 monoketones containing zero, one, or two carbon- 
carbon double bonds as the only additional functional 
groups. The results indicate that under these conditions 

enhanced loss of water can be correlated with three struc- 
tural requirements. (1) Allylic hydrogens are necessary. 
Table I contains many pairs of ketones in which the only 
structural difference involved is the presence or absence of 
a double bond which provides activation for an appro- 
priately placed (see below) allylic hydrogen. In nearly all 
cases there is a significant increase in intensity of the (M t 
1 - 18)+ ion when allylic hydrogen is present, and many of 
the ketones lacking the activating double bond show no de- 
tectable (M -t l - 18)+ ion a t  all. 

(2) The allylic hydrogen must be geometrically accessible 
to the carbonyl oxygen atom. Loss of water occurs only in 
those ketones of Table I in which allylic hydrogen can ap- 
proach oxygen closer than 2 A, as measured on Dreiding 
modelse2 Thus no (M t 1 - 18)+ ion is seen in 25 or 27, in 
which the distance from oxygen to the /3 allylic hydrogen is 
-2.3 or -2.5 A, respectively. Furthermore, there is a quali- 
tative correlation between the intensity of the (M + 1 - 
18)+ ion and the expected facility with which the two cen- 
ters can be brought together. Loss of water is greatest with 
y allylic hydrogen, which requires a sterically and entropi- 
cally favorable six-membered transition state. A related ef- 
fect is apparent in ketones involving more distant allylic 
hydrogen. In both 22 and 40 a 6 allylic hydrogen is present, 
but the (M + 1 - 18)+ ion is nearly eight times as intense 
in 22, in which the activating double bond is situated be- 
tween the reacting centers rather than beyond the hydro- 
gen atom as it is in 40. This location of the double bond in 
22 presumably facilitates formation of the seven-membered 
transition state by reduction of the available rotational de- 
grees of freedom in the chain. A similar comparison may be 
made between 24 and 42, where the allylic hydrogen is in 
the t position. I t  is also noteworthy that for allylic hydro- 
gen more distant than y there is little effect of increasing 
number of methylene groups between the allylic hydrogen 
and the carbonyl group (compare 40,42,44). 
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(3) The presence of a double bond conjugated with the 
carbonyl group prevents loss of water. This is true whether 
the double bond is involved in or independent of the allylic 
activation. Thus, while 10 shows a substantial (M + 1 - 
18)+ ion, introduction of an a methylene group to form 11 
or 12 effectively suppresses this fragmentation. Mesityl 
oxide (33) and phorone (34) provide examples in which al- 
lylic activation of a favorably situated y hydrogen is due to 
the conjugated double bond, but no significant loss of water 
occurs. 

We have also determined the methane CI mass spectra of 
most of these ketones. Under these more energetic condi- 
tions none of the correlations discussed above is applicable. 
With methane as the ionizing gas compounds having only 
saturated hydrogen yield an (M + 1 - 18)+ ion, and a,& 
unsaturated ketones behave just as saturated or nonconju- 
gated ketones. Thus, while both methane and isobutane CI 
mass spectra provide examples of extensive loss of water 
from ketones, only the milder conditions employing isobu- 
tane offer discrimination between saturated and unsatu- 
rated systems. 

The failure of conjugated ketones to show loss of water in 
their isobutane CI spectra may result from the fact that  on 
protonation they yield resonance-stabilized ions that are 
somewhat less reactive. This interpretation can be support- 
ed by mechanistic and thermochemical considerations. We 
suggest that  the reaction in which water is lost from the ke- 
tones may be represented as shown in eq 1 and 2 for 10. In 

+ t-C,H,+ -+ 

10 

& + C A  (1) 

45 

45 
L J 

46 47 
the case of an a,P-pnsaturated ketone the ion produced by 
the reaction analogous to eq 1 may be represented by 46, 
which is protonated 11, and in which the charge is allylical- 
ly stabilized. From tabulated values of heats of formation3 
one can show that a secondary allylic ion such as l-buten- 
3-yl (47) is 19 kcal/mol more stable than a secondary alkyl 
carbonium ion such as 2-butyl. The difference in energies 
of 45 and 46 will be similar, although not identical because 
of the stabilizing effect of the hydroxyl group present in 
these ions. We suggest that the energy of ions such as 46 is 
sufficiently low markedly to inhibit their further decompo- 
sition as represented in eq 2. 

The example used in eq 2 permits the formation of an (M 
+ 1 - 18)+ ion wherein stabilization is afforded by both al- 
lylic and cyclopropylcarbinyl interaction. For ketones in 
which the allylic hydrogen is farther removed from the car- 
bonyl group, the cyclic ion analogous to that initially 

Scheme I 

(CH,O),CH 

CHJOH, H 
CH,COCH2CH2COOH - 

OCH, 
I 
I 1. LiAID, 

CH3CCH2CH2COOCH, - 
2. TsCl I 

OCH, 

OCH, 
I 
I 1. LiCu(CH=CH2),, Bu P 

CH,CCH$H2CDzOTs H+ 

I 
OCHB 

CHjCOCHACHACDiCH=CH- 
8d 

CH,CD:COCD,CH&H2CH=CHi 
10d 

formed in eq 2, will be larger than cyclobutyl, and subse- 
quent reactions of the ions will be different from those rep- 
resented in eq 2. However, simple mechanisms, generally 
involving hydride shifts, are available whereby low energy 
allylic (M + 1 - 18)+ ions may be formed. It  should be 
noted that while these structural requirements suffice to 
account for nearly all of the results of Table I, there are ex- 
ceptions. Ketones 36,37, and 38, all 2-isopropenylcyclohex- 
anones, fail to show significant (M + 1 - 18)+ ions, al- 
though by the above criteria they should do so. This struc- 
tural type appears to involve considerations which are as 
yet undefined, although one possibility is that the cycliza- 
tion step (eq 2) here would lead to a strained l-bicy- 
clo[4.2.O]octyl ion. 

Other mechanisms can be written to account for loss of 
water in the isobutane CI spectra. For example, initial in- 
teraction of the required double bond with the protonated 
carbonyl group is attractive and has plausible analogy in 
the nucleophilic attack of an olefin on a carbonium ion, a 
process well known in solution chemistry. However, adop- 
tion of any mechanism involving specific participation of 
the double bond necessarily implies a different mechanism 
for loss of water in the methane CI spectra of saturated ke- 
tones. In the absence of information distinguishing the iso- 
butane and methane processes mechanistically it seems 
preferable to write a single mechanism applicable to both. 

With an interest in demonstrating directly that allylic 
hydrogen is lost in formation of the (M + 1 - 18)+ ion, we 
prepared labeled 8d from levulinic acid as shown in 
Scheme I ,  as well as a-labeled 1Od (84% dq, 15% d3) by 
treatment of 10 with potassium carbonate in ethanol-0-d 
containing deuterium oxide. Isobutane CI mass spectra of 
8d and 10d showed approximately statistical loss of HOD, 
indicating that hydrogen scrambling is rapid relative to loss 
of water. Such rapid hydrogen scrambling prior to frag- 
mentation precludes use of deuterium-labeled species as 
mechanistic probes. 

Experimental Section 
Materials and Equipment. Spectra were determined on sam- 

ples purified by vapor phase chromatography using a Varian Aero- 
graph Model 700 Autoprep or Model A-90-P3 with one of the fol- 
lowing columns: A, 25% QF-1, 10 ft; B, 25% QF-1, 20 ft; C, 25% SE- 
30, 10 ft; D, 10% SE-30, 15 ft; E, 25% Carbowax 1500, 10 ft; F, 25% 
Carbowax 20M, 10 ft; G, 25% Carbowax 20M, 20 ft; H, 25% DEGS, 
20 ft. All columns were prepared using 60-80 Chromosorb W in 
0.375 in. aluminum tubing. The column oven was operated at  85- 
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Table I 
Loss of Water from Ketones in Isobutane Chemical Ionization ---- 

Re1 intensity0 
-- Other major 

100 x ions (> 0.02) 
(M + 1 - 18)+/ present, 

Structure Mol wt (M + 1)* (M + 1 - 18)+ (M + I)+ (re1 intensity)a 

114 0.92 

112 0.77 

128 0.88 

126 0.75 

138 0.82 

138 0.79 

152 0.60 

116 (0.065) 
7 

L 8 

+L 

+ 0 

tL 

0-T 16 

m 17 

1("" 0 

Y 0 

9 

0 
11 

12 

dl  13 

& 15 

& I8 

ox 19 

d 20 

% 21 

& 22 

0' 
14 

0.174 23 114 (0.040) 

130 (0.066) 

0.13 

0.003 

17 

0.4 

128 (0.057) 

140 (0.094) 
8 1  (0.025) 
71 (0.024) 

140 (0.074) 
111 (0.078) 

0.004 0.7 155 (0.040) 
154 (0.089) 
152 (0.038) 
151 (0.055) 
125 (0.021) 
109 (0.084) 

152 (0.067) 
150 (0.024) 
133 (0.072) 
107 (0.083) 

152 (0.069) 
150 (0.032) 
149 (0.057) 
109 (0.033) 

142 (0.075) 

150 

150 

0.55 

0.73 

0.072 

0.003 

13 

0.4 

140 

138 

0.87 

0.51 0.20 

0.004 

39 153 (0.046) 
140 (0.046) 

8 1  (0.032) 
80 (0.038) 
7 1  (0.027) 

0.4 152 (0.074) 152 0.88 

124 

124 

0.85 

0.79 

126 (0.062) 
124 (0.029) 

126 (0.074) 
124 (0.040) 
8 1  (0.026) 
71 (0.028) 

116 (0.059) 114 

112 

0.88 

0.61 

0.007 

0.23 

0.8 

37 114 (0.039) 

95 (0.23) 
112 (0.020) 
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Table I 
(Continued ) 

Structure 

Re1 intensitya 
_ _ _ ~ - - -  Other major 

100 x ions (> 0.02) 
(M + 1 - 18)+/ present, 

Mol wt (M + 1)' (M + 1 - 18)+ (M + 1)+ (re1 intensity)a 
-____ ~ 

128 0.80 0.05 5.7 130 (0.065) 
111 (0.046) 

85 (0.026j 
7 1  (0.041) 

126 0.64 0.21 33 128 (0.052) 
126 (0.020) 
108 (0.022) 

7 1  (0.020) 
69 (0.022) 

98 0.95 

126 0.88 

124 0.81 

114 0.88 

98 0.90 

112 0.88 

124 0.85 

166 0.82 

98 0.79 

138 0.72 

154 0.70 

152 0.73 

166 0.57 

0.012 

0.003 

0.012 

0.026 

0.004 

1.3 

0.3 

1.5 

3.7 

0.5 

100 (0.045) 

128 (0.071) 
126 (0.024) 

126 (0.073) 
124 (0.029) 

81  (0.025) 

116 (0.056) 
7 1  (0.026) 

100 (0.059) 

114 (0.068) 
112 (0.026) 

126 (0.079) 
71  (0.025) 

168 (0.096) 
71  (0.022) 

100 (0.047) 
98 (0.036) 
85 (0.022) 
83 (0.028) 
7 1  (0.027) 

140 (0.053) 
83 (0.20) 

156 (0.078) 
154 (0.027) 
112 (0.033) 
81  (0.020) 

154 (0.077) 
152 (0.041) 

8 1  (0.022) 

181 (0.10) 
169 (0.024) 
168 (0.077) 
166 (0.028) 
139 (0.051) 
83 (0.024) 
8 1  (0.020) 
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Table I 
(Continued) 
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Re1 intensity0 
Other major 

100 x ions (> 0.02) 
present, 

(re1 intensity)a 
(M + 1 - 18)+/ 

-_______ 
Structure Mol wt (M + 1)' (M + 1 - 18)+ (M + l)+ 

n 
38 

L 39 

L 40 

L 41 

L 42 

L 43  

0 

44 

a Average of two scans. 

1 6 6  

1 2 8  

1 2 6  

14 2 

1 4 0  

184 

182 

0.62 

0.93 

0.89 

0.92 

0.87 

0.81 

0.83 

200°, and helium carrier gas flow rate was 100-150 ml/min. Unless 
otherwise noted, ir and NMR spectra were obtained for CCL solu- 
tions, the former on a Perkin-Elmer Model 237B spectrophotome- 
ter and the latter on a Varian HR-200 (220 MHz) spectrometer. 
Solutions were dried over Na2S04; melting points are corrected; 
boiling points are uncorrected. Mass spectra were obtained with a 
Du Pont 21-492 mass spectrometer at  resolution 1000, source tem- 
perature 200°C, and 200 eV ionizing voltage. Samples were intro- 
duced via a glass batch inlet system a t  200OC. Isobutane and meth- 
ane reactants were Matheson Instrument Grade gas. The repellers 
were used to optimize the ion current, and were typically main- 
tained at  zero voltage. The pressure of the source could not be 
measured, but was about 0.5-1.0 Torr based on prior experience. 
The intensities reported have not been corrected for I3C isotope 
contributions. Data were obtained with an AEI DS-30 to which our 
own CI programs have been added. A peak with relative intensity 
of 0.001 would typically be three times stronger than the computer 
threshold level. 

Ketones 7, 9, 16, 19, 21-25, 28-30, 33-35, 39, 41, and 43 were 
available commercially. Ketones 14-15: 17-18: 20: 26: and 274 
were on hand from previous investigations. The preparation of ke- 
tones 10: 31? 32: 36? 37-38,1° 40," 42,12 and 4412 has been pre- 
viously described; the remaining ketones, 8, 11, 12, and 13, were 
synthesized as described below and were obtained as colorless oils. 

6-Hepten-2-one (8). This compound was prepared by the 
method of LeBel and co-workersll and in the following way. A so- 
lution of levulinic acid (7 g) in 30 ml of dry methanol and 60 ml of 
methyl orthoformate was treated under nitrogen with 4 ml of ace- 
tyl chloride and then allowed to stand a t  room temperature for 72 
hr. It was then poured into pentane containing excess solid anhy- 
drous sodium carbonate and then allowed to stand overnight. Re- 
moval of the solid followed by evaporation of the pentane under 
reduced pressure left an oil (crude methyl levulinate dimethyl 
ketal) which was dissolved in 50 ml of ether and added dropwise 
under nitrogen to 2.0 g of lithium aluminum hydride. The reaction 
mixture was worked up with 15% aqueous sodium hydroxide13 and 
the lithium salts were removed by filtration. Concentration of the 
solution under reduced pressure afforded 4,4-dimethoxy-1 -penta- 
no1 in good yield; ir 3600-3200 (br), 2950, 2825, 1375 and 1050 
cm-I. The crude ketal alcohol was taken up in 25 ml of dry pyri- 

0.042 

0.040 

0.056 

4.7 

4.6 

6.8 

168 (0.063) 
166  (0.029) 
1 5 3  (0.070) 
1 3 9  (0.033) 
83 (0.020) 

130 (0.059) 

1 2 8  (0.059)  

144 (0.070) 

1 4 2  (0.064) 
1 2 3  (0.040) 
81 (0.022) 

186 (0.097) 
8 5  (0.026) 
7 1  (0.020)  

184 (0.078) 

dine, 20 g of tosyl chloride in 10 ml of pyridine was added, and the 
mixture was then allowed to stand at  4O for 6 hr at  which time 
crystals of pyridine hydrochloride were present. The mixture was 
poured into water and extracted three times with ether. The com- 
bined ether layers were washed with saturated sodium bicarbon- 
ate, 10% hydrochloric acid, and brine, then dried and evaporated 
to afford the tosylate: ir 3070, 2990, 2975, 2825, 1580, 1440, 1375, 
1190,1180 and 700 cm-l. 

Following the procedure of Johnson14 a solution of 3 g (0.011 
mol) of the tosylate in 5 ml of dry tetrahydrofuran was added to a 
stirred solution of lithium divinylcuprate tributylphosphine com- 
plex (0.020 mol).15 The mixture was stirred at  0' for 2 hr, poured 
into saturated ammonium chloride, and then extracted with ether. 
The ether was dried and the solvent was removed through a Vi- 
greux column. The oily residue was distilled to afford ketone 8 
which was identical with an authentic sample:" ir 2990, 2980, 
1715, 1640, 1380, 1180, 995, and 905 ern-', NMR 6 1.63 (m, 2 H), 
2.01 (m, partially obscured by singlet, 2 H), 2.05 (s, 3 H), 2.36 (t ,  J 
= 6 Hz, 2 H), 4.95 (m, 2 H), and 5.71 (m, 1 H). 

6-Hepten-2-one-5,5-& (8d). The labeled ketone was prepared 
from levulinic acid exactly as ketone 8 except that lithium alumi- 
num deuteride was used: ir 2965,1715,1640, 1405, 1360, 1160,995, 
and 905 cm-I; NMR 6 1.62 (t, J = 7 Hz, 2 H), 2.05 (s, 3 H), 2.34 (t, 
J = 7 Hz, 2 H), 4.93 (m, 2 H), 5.68 (dd, J = 15 and 10 Hz, 1 H); 
mass spectrum mle 114.1019 (M+, calcd for C ~ H ~ O D Z O ,  114.1014). 

7-0cten-3-one-2,2,4,4-d4 (loa). Ketone 106J6 (-175 mg) was 
treated with a mixture of EtOD (6 ml), D20 (2  ml), and K&O:{ 
(300 mg) under nitrogen for 24 hr. The mixture was extracted with 
pentane, dried, and evaporated to an oil. VPC purification on col- 
umn D afforded ketone 10d ir 3080, 2980, 2940, 1720, 1640, 1450, 
1400, and 900 cm-'; NMR 6 0.98 (6 ,  3 H), 1.60 (t, J = 7 Hz, 2 H), 
1.98 (m, 2 H), 4.90 (m, 2 H) and 5.67 (m, 1 H); mass spectrum m/e 
130.1308 (M+, calcd for C8H10D40,130.1315). 
2-Methylene-7-octen-3-one (1 1) and 4-Methylene-7-octen- 

%-one (12). These ketones were prepared from 10 using piperidine 
hydrochloride and 37% formalin according to a procedure pre- 
viously described5 for closely related compounds. Purification on 
column G yielded analytically pure samples of 12 and 11 in that 
order. Characterization data for 11: ir 3075, 2975, 2920, 1685 (s), 
1645, 1635, 1450, 1360, 1070, 980, 920. 905 cm-'; NMR 6 1.69 (tt, 
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J1 = J2 = 7.5 Hz, 2 H), 1.83 (br s, 3 H), 2.06 (m, 2 H), 2.61 (t ,  J = 
7.5 Hz, 2 H), 4.89-5.03 (m, 2 H), 5.65-5.83 (m, 1 H), 5.68 (m, 1 H), 
5.85 (m, 1 H); mass spectrum m l e  138.1072 (M+, calcd for  CgHi40, 
138.1044). Characterization data for 12: ir 3080, 2980, 2940, 1685 
(s), 1645, 1630, 1445, 1415, 1375, 1110, 985, 920, 905 cm-'; mass 
spectrum mle  138.1056 (M+, calcd for CgH140, 138.1044).16 
Methyl trans-5-Propyl-2-cyclopenten-l-yl Ketone (13). A 

solut ion o f  43 m g  of the  al lyl-substi tuted ketone 144 was hydroge- 
nated (7 ml of hydrogen) a t  l a t m  in 2 ml of methanol  containing a 
few mil l igrams of PdlBaS04. Usual  work-up and separation o n  col- 
umn E afforded 13 as the  major  product: ir 1710 cm-'; NMR 6 0.92 
(t, J = 6 Hz, 3 H), 1.66 (m, 4 H), 1.68 (m, 1 H), 1.77 (m, 1 H), 2.05 
(m, 4 H), 2.52 (m, 1 H), and 5.51 (m, 2 H); mass spectrum m l e  
152.1201 (M+, calcd for C10H160,152.1201). 
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Although considerable work on the hydroxide ion and 
hydronium ion catalyzed hydrolyses of diary1 sulfites, in- 
cluding diphenyl sulfite ( l ) ,  has been described,' to date 
there is a dearth of quantitative information on the suscep- 
tibility o f  the sulfinyl centers in these compounds to reac- 
tion with nucleophiles in general. Knowledge of the transi- 
tion-state properties in the reactions of 1 with nucleophiles 
is fundamental to an understanding of the large enhance- 
ment seen in tho value of ~ H O -  (but not k ~ + )  when the hy- 
drolysis of catechol cyclic sulfite is compared to that of 1. 
In  addition, the mechanistic aspects of the sulfitase activity 
of pepsin attend clarification. In connection with the latter, 

some studies of the reactions of a series of carboxylate ion 
with 1 have been made but only over a limited pK range of 
catalyst§. We now wish to report a study of the reactivity of 
1 in water containing 9.1% (v/v) of CH&N at 25°C over a 
wide pH span and for a broad range of buffer species. The 
observed rate constants, k o b s d ,  for the hydrolysis of 1 cata- 
lyzed by the more basic buffers (e.g., carbonate) show con- 
tributions from first-order terms in hydroxide ion and the 
free base form of the buffer, but no catalysis by acidic buff- 
er species. Thus, k g  (the second-order rate constant for at-  
tack by the free base form of the buffer) i s  obtained readily 
as the slope of a plot of the values of h&sd vb. the concen- 
tration of buffer present as t he  free base. The intercept of 
this plot is the solvolytic rate constant (k,,lv),for that pH. 
Less basic buffers (e.g., formate) show contributions to 
hobsd not only from ksolv and k g  but also from catalysis by 
the acidic forms of the buffer ( k A ) .  In these cases, the 
values of hsoiv were obtained as the inteicepts iit zero buffer 
concentration of plots of k & s d  vs. total buffer concentra- 
tion. The slopes of such graphs were replotted a t  a constant 
total buffer concentration against the mole fraction of buff- 
er present in the free base state to give k A  and k B 9  as illus- 
trated in Figure 1 for formate buffer. Similar plots for more 
basic species such as carbonate showed ha negligible com- 
pared to k g .  Values of h~ and hg for the nucleophiles stud- 
ied, along with additional data from the literature, are col- 
lected in Table I. 

By plotting the values of ks01\ calculated at  zero buffer 
concentration vs. pH, the pH profile of Figure 2 was con- 
structed for the hydrolysis of 1. From a comparison with 


