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Abstract - In an attempt to study possible n-partici- 

pation in ally1 derivatives, 2-(2-methoxyethyl)-3- 

methyl-2-cyclohexenyl p-nitrobenzoate 5 was solvolyzed 

in various solvents including fluorinated alcohols. 

Its solvolysis rate is slower than that of the P-butyl 

analog 3. This rate retardation can be explained by an 

electron-withdrawing inductive effect of methoxy group. 

The secondary a-deuterium isotope effect of ester " is 

normal in all the solvents investigated. These results 

show that the methoxy group does not assist the ioniza- 

tion of ester 4. 

In our previous study' of possible n-participation in ally1 derivatives, 

P-alkenyl-3-methyl-2-cyclohexenyl p-nitrobenzoates 1 and 2 were solvolyzed in 

97% trifluoroethanol and 80% ethanol. These esters show in both solvents a 

solvolysis rate retardation in comparison with the saturated analog 3, and 

normal values of secondary a-deuterium isotope effects (kH/kD ~1.17 to 1.22). 

i,R = CH=C+ 

2,R =CH=CMe2 

2, R =CH2CH3 
4,R =OCH3 

5 

It was concluded that the side-chain double bond in esters A and 2 cannot par- 

ticipate in ionization due to its nucleophilicity which is low even in cornpa- 

rison with that of 97% trifluoroethanol as a solvent. 2 Consequently, these 

esters solvolyze via a stepwise mechanism involving the rate-determining for- 

mation of an allylic cation 5 (R= CIi=CH2 or CH=CFle2) as reaction intermediate. 
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These results prompted us to investigate3 possible n-participation in ester 

2. The nucleophilicity of the methoxy group is significantly higher than that of 

the alkenyl grou~,~ providing the opportunity for methoxy group to participate 

in ionization. The length of the side-chain in ester 5 was chosen in such a way 

that possible n-participation would involve formation of five-membered oxygen- 

-containing ring (MeO-5) which is known 
5-9 

to be very favorable in various sys- 

tems and often superior to the formation of oxonium ions with other ring sizes. 

RESULTS AND DISCUSSION 

The esters 4H and 4D were prepared from the corresponding alcohols 6H and - - 
6D which were synthesized by reduction of ketone 1 with LiAlH,, and LiAlD,,, re- - 
spectively. 

The esters IcH and z, as well as the reference esters s and z, were solvolyzed - 
in various solvents. Clear first-order kinetic behavior was observed in all sol- 

volyses. The kinetic results are preeented in Table 1. 

Our results show that the neighboring methoxy group does not assist the 

ionization of ester 4 _. The solvolysis of this ester is slower than the solvoly- 

sis of reference ester 2 whatever the solvent. This result can be explained by 

electron-withdrawing inductive effect of methoxy group. The extent of rate-re- 

tardation, e.g. the ratio k(r()/k(z), is almost constant in various aqueous mix- 

tures of acetone or ethanol, ranging from 0.716 to 0.897 at 20°C (Table 11. It 

is interesting to note that this ratio remains constant through the wide range 

of ionization power (YOTs ) of these solvents (Figure 1). Esters 2 and 2 pre- 
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Figure 1. Plot of log k values 

for solvolysis of esters 2 (0) 

and 2 (Al in various solvents 

at 20°C against YOTs 10. 
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Table 1. Rates, Secondary a-Deuter$um Kinetic Isotope Effects and Activation 

Paremeter for Solvolysaa of 2-Substituted-3-methyL-2-cycLohexeny1 

p-i?itrobenzoat@s 3 and !+_ 

kH'kD 
AH* 

kJ mol-1 
k<4)fkf3Z 
at WE 

97 H 

97 T 

45 A 

60 A 

60 E 

96 E 

97 H 

97 T 

45 A 

60 A 

80 E 

96 E 

20 

50 
25 
20 

(1.88f0.01)X10-2 b 
W7St0.006)~10-3 

1.23x10-3c 

50 
40 
20 

(3.59f0.01)~10-3 
".":i4;;",$O-" 

. 

50 (7.79 f 0,03PMt-@ 
40 ~2.5?*0.02~~li?-@ 
20 2.24~10-sc 

~1,49*0,01)x10-3 
(2 94io 01; 10-4b 

* 7.01~10-6~ 

75 

:: 

20 

50 
25 
2c1 

50 
40 
20 

(6.38+ O.O?)xlO-3 

~3.35t0,01Wr3 
(2 38*o~ol~xlo~b 

* 1.33XlO-4~ 

(2.83~0.02)~10-~ 

SO 
40 
20 

65 
50 
20 

75 
60 
20 

ester 3 

i.i9ff * o,oo@ 71.2* 0.2 -58.42 0.6 

81.4tl.O -40.5f 3.2 

9O.BFO.6 -24.02 2.0 

1.19 *0,02b 

ester 4 

1.21 

1.2lS so.009 

1.20 f0.02 

1.21 f 0.01 

1.20 f0.02 

1.20 io.01 

95.7% 0.5 -17,1t1,5 

111.4*1.2 12.7* 3.6 

81.Si0.3 

83.9i0.8 

93.0i1.6 

97.0t0.9 

105.6iO.6 

-39.5*1.0 0.112 

-34.7f2.4 0.716 

-18.7* 5.0 0.766 

-15.1* 2.6 0.732 

-7.7f1.8 0.897 

0.087 

"97 H = 97~3 (w/w) 1,1,1,3,3,3-hexafluoro-2-propanol/water; 
97 T = 97~3 (w/w) 2,2,2-trifluoroethanol/water; 
45 A = 45:55 (v/v) acetone/water; 60 A similarly; 
80 E = 80:20 (v/v> ethanol/water; 96 E similarly. 

bReferenee 3. 

%xtrapolated from higher tsnpereturea. 
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sumably solvolyze in all these solvents via the same mechanism which involves the 

formation of a solvent-separated ion pair (k2 step 10-12 1 as the rate-determining 

step. 

On the other side, in the fluorinated solvents (97% TFE and 97% HFIP) the 

ratio k(ff)/k(z) is considerably lower (0.116 and 0.067, respectively; Table 1). 

This result is peculiar because both fluorinated solvents have low nucleophili- 

city and high ionization power and could be expected to permit marked neighbor- 

ing methoxy participation in the ionization step. 13 Two major effects can ration- 

alize this observation. First, both these fluorinated solvents are notably more 

acidic14*15 than the aqueous mixture of acetone or ethanol, and consequently 

they are extremely strong hydrogen-bonding donors which can form complexes with 

various bases.l4 Such intermolecular hydrogen-bonding of fluorinated alcohols 

with ethers as proton acceptors has been extensively studied by spectro- 

scopic 14,16-22 and calorimetric methods. 
14,23,24 

In our case, TFE and HFIP can 

form strong hydrogen bonds with the side-chain methoxy group of ester 4, result- 

ing in the increased electron-withdrawing inductive effect of methoxy group 25 

and the pronounced solvolysis rate retardation of ester 4 relative to the solvo- 

lysis of ester 2. Second, the difference in solvation of esters 2 and " in the 

fluorinated solvents can be considerably larger than in the aqueous mixtures of 

acetone or ethanol. 26 

The obtained isotope effects are also in full agreement with the proposed 

mechanism of solvolysis. The ester " shows in all solvents a normal value of 

secondary a-deuterium isotope effects 27 (kH/kB = 1.20 to 1.221, proving the 

absence of even low degree of methoxy participation. With the ueak neighboring 

group participation, anchimeric effect could be masked by a strong rate-retar- 

dating inductive effect 26 , but in this case at least slightly reduced secondary 

a-deuterium isotope effects should be observed. 

Finally, the activation parameters (Table 11 also show the similarity in 

solvolysis mechanisms of esters 1 and u. Although the narrow temperature ranges 

in which these solvolyses were studied do not permit the precise calculation of 

these parameters, both AH' and AS* values are almost the same (within the limits 

of experimental error) for the solvolysis of esters 3 and 4. 

In conclusion, the obtained results prove that ester 2 solvolyzes in all 

the solvents considered here via a stepwise mechanism which excludes the n-par- 

ticipation of methoxy group in ionization, but involves allylic cation 2 

(R = OCH3) as reaction intermediate. 

EXPERIMENTAL 

Infrared spectra of neat samples were recorder on a Perkin-Elmer 257 
spectrometer. 1~ NMR sPectra of samples dissolved in tetrachloromethane were re- 
corded on Varian EM-360 or T-60 spectrometers, with tetramethylsilane as inter- 
nal standard. 

2-C2-HethoxyethylJ-3-methyl-2-cyclohexenone (11 

CaZ?ba:;lZf 
ibed in the literature 1,29,30 ethyl 2-methyl-4-keto-2-cyclohexene- 
(7.26 g, 40 mmol) was alkyla;ed by 1-bromo-2-methoxyethane (6.39 g, 

46 mm011 in N,N-dimethylformamide (35 mL) with NaH (0.97 g, 40 mmol) as base. lhe 
ketoester obtained was hydrolyzed and decarboxylated with KOH (3.96 g, 71 mm011 
in anhydrous ethanol (25 mL). The resulting crude product was purified on a si- 
lica gel column with benzene-ether (4:l) mixture as eluent to give ketone 1 
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(2.18 g, 32.4%) as a pale yellor oil: bp 54.f~56~C (0.070 mm Hg); IR 1665 (GO), 
1630 (C=C). 1110 cm-l (C-O-C): H NHR 6 3.19 (2A,t,J=6.6 Hz, OCH,). 3.18 (3H, 
s, 0CH3), 1.92 (3H, 8, C=C-CH;), 1.60-2.55 t8H): - 

I 

~TI;~ Calcd. for ClOHl6C2: C, 71.39; H, 9.58. 
: C, 71.45; H, 9.49. 

2-(2-Hethoxyethyl)-3-methyl-2-cyclohexenol (6H) - 
Ketone 7 (400 mg, 2.4 mmol) was reduced by LiA1H4 (800 mg, 21 mm011 in an- 

hydrous ethe (20 mL) according to the previously described procedurelr2g 
ive alcohol 6H (380 mg, 948) as a colorless oil: IR 3400 (O-H), 1110 Cm-l 

to 

9 C-O-C); 1H m 6 3.78 (lH, broad 8, O-C-H), 3.32 (2H, t, J = 7.5 Hz, 0CH2; 
3.30 (3H, 8, OCH31, 3.05 (lH, s, OH), 1.60 (3H, 8, C=C-CH3), 1.30-2.15 (8H). 

l-Deuterio-2-(2-methoxyethyl)-3-methyl-2-cyclohexenol (g) 

Reduction of ketone 7 (400 mg, 2.4 mm011 with LiAlD4 (800 mg2 19 mm011 in 
anhydrous ether (20 mL), sy the same procedure as for the synthesis of the un- 
deuterated analog, gave alcohol 61) (380 mg, 93%) as a colorless oil: IR 3390 
(O-H), 2120 (C-D), 1115 cm-l tC-D=C); 1H NMR 6 3.36 (2H, t, J = 7.5 Hz, OCH2), 
3.32 (3H, 6, OCH31, 3.20 (lH, 8, OH), 1.60 (3H, 8, C=C-CH31, 1.30-2.25 (8H); 
deuterium content >98% dl (by 1~ NHR). 

2-(2-Methoxyethyl)-3-methyl-2-cyclohexenyl p-Nitrobenzoate (El 

Alcohol 6H (300 mg, 1.76 mrnol) was esterified with p-nitrobenzoyl chloride 
(800 mp, 4.31-1) in dry pyridine (20 mL), according to our literature pro- 
cedure . The crude product was purified on a silica gel column with pentane as 
eluent to 

f 
ive pure (as indicated by TLC) p-nitrobenzoate CH (545 mg, 97%): IR 

3045 (Ar-H 1718 (CO-O- 1, 1607 (C=C), 1530 and 1345 (NO2r1116 and 1105 
(C-O), 722 dm-1 
3.37 (2H, t, J 
1.45-2.45 t8H). 

= 7.0 H~,~~C~,",";:"c:~~~s~~D~~~~~-~~~~'~3~;5~,'~~~-~~3~~c-H'~ 
(Ax'-H). 

l-~uterio-2-~2-methoxyethyl~-3-methyl-2-cyclohoxenyl p-Nitrohenzoate (z) 

Esterification of alcohol 6D (300 mg, 1.75 mm011 with p-nitrohenzoyl cNo- 
ride (800 mz. 4.31 mmol) in dryTyridine (20 raL) hy the same procedure as for 
the synthesi; of undeuterated hnaiog, gave p-nitrobenzoate 4D-(540 mg, 96%): 
IR 3045 (Ar-H) 
(C-0) 723 cm-i 

1718 (CO-O-C), 1608 (C=C), 1630 and 1350 (-1, 1120 and 1106 

Hz, OtH 1 3.18 
(Ar-H). lH NMR 6 8.17 (4H, 8, p-0 N-C6H4), 3.32 

C=C-C&3), 1.45-2.45 
(2H, t, J = 7.0 

content2>i8% 
1.77 (3H, 8, (8H); deuterium 

dl 
(3H 8' OCH3), 
(by'lH'NhR). 

KINETIC HEASUREPIENTS 

Reaction rates were measured by continuous automatic potentiometric ti- 
tration of the released D-nitrobenzoic acid hv means of a DH-stat (Radiometer. 
Copenhagen). In each measurement, ca. 0.03 mm&l of the p-nltrobenzoate was die- 
solved In 15 mL of solvent and the released acid titrated with 0.025 M NaOH 
solution in the same solvent. 
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