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Synthesis, geometrical assignment, and solvolysis of 1,6-substituted 3,4-benzobicyclo[4.1.0] hept-3-en-2-yl p-ni- 
trobenzoatee (la-c) are described. In the stereochemical study of the parent alcohols (8a-c), a new comparative 
method has been proposed together with the previous result for 8d. The method involves the comparison of relative 
molar lanthanide-induced shift (RLIS') for certain protons in each alcohol. Anti geometry of the hydroxyl relative 
to the cyclopropane methylene group was assigned for all the substrates. This method will be promising in applica- 
tion to the other systems in which the framework is similar to each other. The kinetic result was also compatible 
with the product distribution, in which homoallylic tertiary and syn-secondary alcohols dominated because of the 
presence of both an aromatic ring and a cyclopropyl group adjacent to the reaction center. The reaction intermedi- 
ate may be a homonaphthalenium ion. 

There is abundant evidence for a stabilization effect of 
the cyclopropyl group in electron-deficient species.' Since a 
phenyl group shows the similar effect, the difference of the 
origin between both grodps has been the subject of recent 
investigations.2 For instance, Traylor et al. suggested that 
there might be vertical stabilization for the transition state 
in the solvolyses of some strained substrates,2asb or Olah, 
Brown, and other investigators discussed the difference of 
their ability in rate acceleration of solvolysis in these two kinds 
of groups.2e,g,h The authors have been investigating the sol- 
volysis of the unique cyclopropylphenylmethyl system (la-d), 
in which both groups could competitively exert influence upon 
the rate as well as upon products. In one example of this sys- 
tem ( ld),3 it was suggested that u participation rather than 
K conjugation might contribute to the rate acceleration, and 
that the intermediate of solvolysis might be a nonclassical 
homonaphthalenium cation in which a positive charge would 
be delocalized not only in the benzene ring but also in the 
cyclopropane ring. 

During our solvolytic study of all of the anti-3,4-benzobi- 
cyclo[4.1.0]hept-3-en-2-yl p-nitrobenzoates (la-d), the au- 
thors have encountered the serious difficulty of assigning 
synlanti geometry between a hydroxyl group and the meth- 
ylene of a cyclopropane ring in the parent alcohols. In this 
paper, we wish to report a useful expedient for the purpose of 
dividing each alcohol into two series of geometric isomers from 
comparison of the lanthanide-induced shifts in the NMR 
spectrum and also to discuss the solvolytic reactivity of these 
esters (la-d), in which the substituent at the C1 or C6 position 
is hydrogen, methyl, or trimethylene group. 

Results and Discussion 
Synthesis. Each p-nitrobenzoate was prepared by the se- 

quence outlined in Scheme I. The p-nitrobenzoate la was 
obtained by esterification of 8a, which was synthesized by 
Julia et al.,4 and the synthesis of Id was previously reported.3 
Here, we report the preparation of lb  and IC in detail. 

The keto acid 2b was obtained by the earlier method.5 In 
the course of preparation of 2b, treatment of unsaturated 
cyano ester 9 with potassium cyanide gave potassium salt 10 

Chart I 

R 1  R2 
l a  H H 

l b  H Me 

IC Me Me 

Id -(CH2)1- 

2 2 - C  3 a - c  4a-c 5a-c  

6%-c  7%-c  Ea-c  la-C 

Scheme I1 

9 10 

l l c  

(Scheme 11), which was quenched by hydrochloric acid to af- 
ford monomethyldicyano ester 11  b. Using methyl iodide in 
place of hydrochloric acid gave rise to dimethyldicyano ester 
1 IC in 73-76% yield without isolation of 1 lb as an interme- 
diate. So 1 IC could be obtained directly from 9. 

Intramolecular cyclization of 1 IC by means of sulfuric acid 
in aqueous acetic acid directly gave rise to the keto acid 2c in 
moderate yield (30%). Esterification with diazomethane 
converted 2b and 212 almost quantitatively into the esters 3b 
and 312, which were reduced by lithium aluminum hydride to 
give a mixture of geometric isomers of diol 4b and 4c. Oxida- 
tion of 4b and 4c with active manganese dioxide gave the keto 
alcohols 5b and 5c. Their tosylates (6b,c) were prepared in the 
general method, then the sulfonic acid was eliminated by 
potassium hydroxide in aqueous dioxane, giving the ketones 
7b and 7c. Spectroscopic analysis supported the assigned 
structure of these cyclopropyl phenyl ketones (7b,c) as shown 
in Table V.19 Reduction of 7a-c with lithium aluminum hy- 
dride in ether gave the alcohols 8a-c in 8446% yield. Al- 
though there are two geometric isomers, syn and anti, in these 
alcohols, only one of the isomers was obtained in each case, 
judging from spectroscopic analysis. The assignment of signals 
in the NMR spectra is tabulated along with those of 8d and 
8e in Table I. The p-nitrobenzoates la-c were then prepared 
from these alcohols by the ordinary m e t h ~ d . ~  
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Figure 1. Variation in the chemical shift for the different protons 
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Figure 2. Relationship between relative induced shifts (RLIS') for 
8a (O), 8b (A) ,  812 (VI, and 8e (0) and the standard value (RLIS'Sd) 
for 8d. 

ilar circumstances with regard to the shift reagents, especially 
to its metal. The definition of the similarity, however, is am- 
biguous. 

In general, the molar induced shift, (AEu),, is defined as the 
difference between the chemical shift of a given proton, HI, 
measured without the reagent and the shift with the equimolar 
reagent.8 Also, excellent fits have been reported in various 
rigid systems for the proportionality of (AEu), with (3 cos2 0, 
- l)/r:, where r l  is the distance between the metal and the 
proton (HI) and 8,  is the angle between the rr vector and the 
magnetic axis of the c o m p l e ~ . ~ , ~  Recently, Sullivan suggested 
that extreme caution should be paid in assigning configura- 
tions to nonrigid molecules based on the correlation of ob- 
served lanthanide-induced shifts in NMR spectra with those 
obtained by the McConnel-Robertson equation.lO Since 
( AEu), may be sensitive to the experimental conditions and 
to the character of a given molecule, the suggestion is worthy 
of attention. Instead of indirect comparison of such figures 
as Figure 1 obtained for each compound, the following relative 
ratio, RLISI, may serve as a more useful measure to compare 
molecular structure for one alcohol with that for another, even 
if these conformations might be considerably flexible 

RLJS' = (AEu),/( A E u ) ~  

Here, the alcohol 8d was selected as the reference compound 
which was investigated in detail in our l a b ~ r a t o r y . ~  Thus, 
RLISlsd was calculated for each proton of 8d, using the a 
proton, Ha, as the standard, which showed the biggest shift 
with the exception of the hydroxylic proton. The relative in- 
duced shift, RLIS', was also obtained in the same way for each 
proton in the other secondary alcohols, 8a, 8b, 8c, and 8e, 
based upon the a proton in each compound. Then the relative 
induced shifts, RLIS18a_c,e, of protons H3-8 and Hlo,ll, in 8a-c 
and 8e were plotted against RLIS'sd of the corresponding 
protons in 8d. As shown in Figure 2, a good linearity is clearly 
observed. This does mean that relative magnetic environ- 
ments for each proton bearing on the basic carbon skeleton 
in one of the series of alcohols (8a-e) are quite similar to each 
other, without any assumption for the coordinated position 
of the shift reagent. Consequently, it may be deduced that the 
geometrical structure of these alcohols should be same as far 
as the syn or anti problem is concerned. Since R1 and R2 in the 
above general formulas provide a variety of groups, such as 
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Figure 3. Relationship between relative induced shifts (RLIS') for 
12a (0) and the standard value (RLIS'sd) for 8d. 

H, Me, or -(CH2)3-, the RLISi values for these protons were 
not treated in the first step of this treatment. The plots of HI0 
and H11 (methylene protons of the cyclopropane ring) in 8a 
and 8b are slightly deviated from the good linear line obtained 
by the above treatment. This minute difference might arise 
from the fact that the relative situation of these protons with 
H2 in 8a and 8b would be somewhat dissimilar to the situation 
in the other alcohols, 8c-e. Presumably the carbon skeleton 
of both 8a and 8b may be more easily modified by coordina- 
tion of the shift reagent owing to less substitution of alkyl 
groups at  C1 and Cg. In other words, conformation of coordi- 
nating alcohols might be insignificantly different from each 
other. 

Although we could not isolate a sufficient amount of both 
epimers in all the alcohol pairs in the present experiment, only 
12a, which is the epimer of 8a, was obtained in a satisfactory 
degree of purity from the solvolysis of la. The values of RLISi 
for the corresponding protons of this epimer were also plotted 
against RLISi8d as indicated in Figure 3. In this case the plots 
are markedly scattered and no linear relationship is observed 
contrary to the above. Since 12a was characterized as an iso- 
mer of 8a from the other experimental evidence, the geo- 
metrical series of this compound may be different from that 
of 8d. 

From these results it may be suggested that the relative 
relationship of RLISi is expected to be proportional among 
these geometrically analogous series of alcohols, even though 
the definite conformation is not clear or considerably flexible. 
The structural assignment by this relationship is based on the 
assumption that, in the same syn or anti isomeric series of 
alcohols (8a-e), both the distance, ri ,  and the angle, Oi, might 
be comparably varied with each proton relative to H2 in these 
bicyclic alcohols. In the different epimeric series of alcohols, 
such relationship might be lost, since the relative situation for 
each proton should be dissimilar to the above. These are cri- 
teria of the present proposal to  assign these 3,4-benzobicy- 
clo[4.1.0]hept-3-en-2-01 derivatives to which series of geo- 
metric isomers. 

The next step is determination of syn or anti geometry for 
one of the compounds 8a-e. In order to distinguish the ge- 
ometry for bicyclic secondary a-cyclopropylcarbinol, some of 
the following experimental values can be compared: chemical 
shifts of a-carbinyl proton," coupling constants between CY 

and its adjacent proton,12 or relative reactivity of its esters in 
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Table 11. Chemical Shift of CY Proton and Spin-Spin 
Coupling Constant between a Proton and Its Adjacent 

Proton for 3.4-Benzobicvclol4.1.0lhe~t-3-en-2-ol Svstems 

Registry 
ComDd ComDd no. 6 - a  A66 

8a 5.06 12a 5.05 -0.01 

8b 5.02 12b 64474- 5.00 -0.02 

ac 4.63 
8d 4.83d 12d 58692- 5.04d 0.21d 

a Chemical shifts for CY proton are listed in 6 (ppm) relative to 
A6 = 6, - 6,. This value was observed in a 

( J  = 3 Hz) ( J  = 3 Hz) 

( J  = 4 Hz) 64-2 ( J  = 3 Hz)' 

29-8 

tetramethylsilane. 
mixture of isomeric alcohols. Reference 3. 

~o lvolys is .~~  In the present case, no decision could be made for 
the geometry of Sa, Sb, Sc, 12a, and 12b from both A6 and J 
in Table 11. As clearly shown in the previous paper, 8d has 
been assigned as the anti epimer from the fact that  the a 
proton of 8d exhibits its signal a t  higher field than that of 12d 
and that its p-nitrobenzoate ( Id)  solvolyzes slower than the 
epimeric isomer.3a Combining this assignment with the above 
linear correlation, the series of alcohols 8a-e could be ascribed 
to the anti isomers. This may be one of the beneficial points 
in the present treatment of RLIS', when other procedures 
could not be employed for determining geometric relation. 
This method will be promising in application to the other 
systems. 

Kinetic Studies. The rates of solvolysis of p-nitrobenzoates 
la-c in 80% aqueous acetone were determined by titration of 
p-nitrobenzoic acid. The titration was carried out by 
employing an automatic titration instrument after quenching 
by anhydrous acetone in an ice bath. The results and the re- 
lated values are summarized in Table 111. 

All four p-nitrobenzoates la-d belong to the same anti se- 
ries of the bicyclo[4.1.0]hept-3-en-2-y1 alcohol, so that direct 
comparison can be made in these solvolyses. As shown from 
the substituent effect on the benzene ring of Id, its absolute 
value ( p  = -2.11) was exceptionally small among many sec- 
ondary benzylic systems.3b The result, together with the other 
evidence, could be interpreted in terms of u participation of 
the l-bicyclo[3.l.0]hexy1 group in Id  rather than a conjuga- 
t i ~ n . ~  Similar interpretation may be adapted to solvolysis of 
the other three esters (la-c). 

There are small differences in rate among these four esters, 

Id  2 IC > l b  > la. The following discussion can be taken into 
account for the explanation. Owing to the steric repulsion of 
the nonbonded methyl groups, the ground state of IC might 
be destabilized compared with the other esters. Such desta- 
bilization decreases in the case of lb, resulting in slower rate. 
Along with a lesser degree of such repulsion, the above u 
participation should be reduced especially in la, since the 
methyl group is lacking a t  the 1 position of the bicyclo[4.1.0]- 
heptyl framework where a positive charge develops in the 
transition state. As a result, the above order or reactivity was 
observed in the present experiment. 

The effect of substitution in the cyclopropyl ring on the rate 
of solvolysis of cyclopropylmethyl 3,5-dinitrobenzoates was 
investigated by Schleyer e t  al. They showed that the intro- 
duction of a methyl group a t  the Cz position or a trimethylene 
group between the C1 and C2 position results in 10 or 300 times 
accelerative effect, respectively, in ~o lvo lys i s .~~  As compared 
with these primary esters, the magnitude of the rate effects 
in the 3,4-benzobicyclo[4.1.0]hept-3-en-2-yl system was 
smaller (three or ten times, respectively). This result indicated 
that the extent of charge distribution to the cyclopropyl ring 
a t  the transition state must be small due to the secondary 
system, in which the positive charge is also spread in the ar- 
omatic ring. However, it is interesting to note that the alkyl 
substituent effect of the present system (la,b,d) runs well 
parallel with the effect of Schleyer's system, although the 
degree decreased one tenth because of partial charge delo- 
calization stated above. 

Products Studies. I t  was confirmed that 8a-c, the parent 
alcohols, are stable under the solvolytic conditions if 2,6-lu- 
tidine is present. The study on the kinetic solvclysis products 
of la-c was carried out in 80% aqueous acetone in the presence 
of 2,6-lutidine. After about 10 half-lives, the prodclcts were 
extracted by usual workup process and analyzed by using 
NMR spectroscopy. Solvolyses of la and IC gave rise to an 
almost pure sample, secondary alcohol 12a and tertiary al- 
cohol 13c, respectively, but solvolysis of l b  produced a mix- 
ture of the secondary and the tertiary alcohols (12b and 13b). 
The pure sample of 13b was obtained by acid-catalyzed 
isomerization of Sb. These alcohols were assigned by com- 
parison of the NMR spectrum with that of the authentic 
samples, except 12b.15 The product distributions were de- 
termined from the ratio of integral intensity for the charac- 
teristic signals ( a  or vinylic protons) in the NMR spectra. The 
results are summarized in Table IV. The primary alcohols 
14a-c could not be detected in any case. 

The product distributions in solvolysis may depend upon 
a number of effects, for instance the charge density and the 

Table 111. Rates of Solvolysis of p-Nitrobenzoates ( la ,  lb, IC, and Id) in 80% Aqueous Acetone 

Registry Temp, H*, 1s * , 
no. -- Compd O c a  105k, s-l kcal/molC eu k re] 

64414-43-3 l a  55.0 28.6 f 1.5 
45.0 8.91 f 0.27 
35.0 2.53 f 0.09 
25.0 0.667e 23.9 -2.0 1.0 

64414-44-4 l b  45.0 22.6 f 0.8 
35.0 7.38 f 0.27 
25.0 2.16 0.12 21.1 -9.1 3.2 

64414-45-5 IC 45.0 89.6 f 5.0 
35.0 27.0 f 1.5 
25.0 6.96 f 0.12 22.7 -1.4 10.4 

58717-77-4 Id 40.0 48.6 f 0.3d 
30.0 15.1 f 0.4d 
25.0 8.60 f 0.5d,f 20.6d -8.0d 12.9 

f0.03 "C. Kinetic plots were linear to 75% conversion (2 half-lives). Calculated from Sf *  = R ( T I T ~ / T ~  - T I )  In (Tlk2/T2kl), 
Reference 3. e Calculated AS*  = R In (k,h/kT,) ,W*/T,: T,, absolute temperature; h ,  Planck's constant; k ,  Boltzmann's constant. 

from AH*. f The rate, which was measured by using an automatic titrating apparatus, was k = (8.81 f 0.11) X s-l at 25.0 O C .  
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Table IV. Product  Distributions of Solvolysis of la -d  in  t h e  
Presence of 2,6-Lut idine 

Product ,  % a  

1 a-d da-d 1B~d 13a-d 1 4 s - d  

l a  ( R ,  = H; 0 - 100 0 0 

l b  (R,  = H; 0 4 2  58 0 

IC ( R ,  = M e ;  0 0 - 100 0 

l d b  ( R l ,  R, = 13 4 2  4 5  0 
-(CH, 1 3 - 1  

R,  = H) 

R, = Me) 

R, = Me) 

a T h e  product  dis t r ibut ion was determined by the  NMR 
spec t rum a n d  its integral intensi ty  for the  a hydrogen of 
8a-d and  12a-d or vinyl hydrogen of  13a-d. b Reference 3. 

circumstances of the carbon a toms attacked nucleophilically 
b y  solvent. The anti-3,4-benzobicyclo[4.l.0]heptenyl system 
(la) was solvolyzed not to afford stereoelectronically favorable 
pr imary alcohols 14d (backside participation of the u bond i n  
the cyclopropane ring), but to produce secondary (8d and 12d) 
and te r t ia ry  alcohols (13d). Solvolysis of la and lb predomi-  
nantly gave rise to syn-alcohols  12a and 12b in cont ras t  with 
the products obtained f rom Id. 

These results might  be explained on the basis of the for- 
mat ion  of a considerably stable (long lifetime) in te rmedia te  
in  which the positive charge would be highly delocalized not 
only on the aromat ic  p a r t  b u t  also on the cyclopropane ring, 
as in the homonaphtha len ium cation (15a-c). I n  aqueous 
media,  this intermediate  carbocation (15a-c) might  undergo 
discharge of water  f rom sides a and b in t h e  formula (15a-c) 
to be converted in to  the f inal  products .  

I n  the bicyclo[3.1.0]hex-2-y1 or bicyclo[4.1.0]hept-2-yl 
sys tems in  the absence of an aromatic  ring adjacent  to the 
reaction center, each solvolysis of these p -nitrobenzoates gave 
rise to  a mixture  of syn and a n t i  isomer along with the o ther  
alcohol.16 These resul ts  indicate  that there  should be little 
difference, both electrical a n d  steric, between exo and endo 
attack of a nucleophile t o  the cationic intermediate. Since the 
solvolysis products  of la and lb contained secondary cyclo- 
propylphenylmethyl  alcohol with only syn- type  geometry,  it 
is evident  that the in te rmedia te  m a y  be descr ibed as a ho- 
monaphtha len ium ion i n  which nucleophilic attack f rom the 
exo side (c)  is !severely hindered b y  the highly delocalized 
electrons. However in ld, the positive charge might be fur ther  
delocalized in to  the pr imary  carbon (C;) in  the in te rmedia te  
ion 15d because of t h e  scissors effect  b y  the t r imethylene  
group or the lower stability of bridgehead cation. Furthermore,  
15d would m a k e  i t  possible for the solvent  to attack f rom the 
side c in the  formula to afford the an t i  secondary alcohol 8d.3 
The kinetic resul t  was also compatible  with the product dis-  
t r ibut ion.  

15a-c  15d 

Experimental Section 
All the melting points are uncorrected. Infrared spectra were re- 

corded with a Hitachi 215 grating IR spectrophotometer. NMR 

measurements were carried out on a Varian T-60 instrument using 
tetramethylsilane as an internal reference. 

3,4-Benzobicyclo[4.1.0]hept-3-en-2-one (7a) was prepared by the 
modified method of the l i t e r a t ~ r e . ~  The details of the synthesis of the 
3,4-benzotricy~lo[4.3.1.0~~~]hept-3-en-2-y1 series ( Id ,  8d, 8e) were 
previously reported.3 The synthesis of the 6-methyl- and 1,6-di- 
methyl-3,4-benzobicyclo~4.l.0~hept-3-en-2-y1 series is reported in . .  . .  

detaii in this paper. 
2-Benzvl-2-methvlsuccinic Acid. To  the solution of 27.5 e (0.12 

mol) of ethyl l-meth;l-2-phenylethylidenecyanoacetate (9)lT in 60 
mL of methanol was added an aqueous solution (35 mL) of potassium 
cyanide (9.0 g, 0.14 mol) with stirring and cooling by water for several 
minutes; then the mixture was acidified with diluted hydrochloric 
acid. The dicyano ester llb was obtained by ether extraction. Without 
further purification a mixture of 1 lb ,  concentrated hydrochloric acid 
(300 mL), and glacial acetic acid (150 mL) was heated under reflux 
with vigorous stirring for 20 h. The crude 2-benzyl-2-methylsuccinic 
acid separated as crystals when the reaction mixture was cooled. The 
pure sample (15.0 g) was recrystallized from ethanol, mp 143-145 "C 
(lit. 144 'C),lS in 57% yield. 

3-Carboxy-3-methyl-1-tetralone (2b). A solution of 14.0 g (0.063 
mol) of the above dicarboxylic acid dissolved in 140 mL of concen- 
trated sulfuric acid was stirred for 1 day a t  room temperature. After 
being poured onto 1.4 kg of crushed ice, the crude keto acid 2b was 
obtained by filtration. The product was recrystallized from ethanol 
to give a pure sample: mp 166-169 "C (lit. 168-170 "C);j 10.5 g (82% 
yield); IR (Nujol) 1720 (COzH), 1665 (CO), 1185,900,755 cm-'. 

Ethyl  2,3-Dicyano-2,3-dimethyl-4-phenylbutyrate (1 IC). To 
the solution of 9 (25.6 g, 0.11 mol) in 80 mL of 95% ethanol was added 
an aqueous solution (39 mL) of potassium cyanide (12.8 g, 0.2 rnol) 
with stirring. After several minutes the solution of methyl iodide (31.2 
g, 0.22 mol) in 60 mL of 95% ethanol was added to the above mixture 
and the stirring was continued for 16 h a t  room temperature. The 
distillation of extract gave 22.8 g of dicyano ester 1 I C  in 76% yield, bp 
180-182 "C (3 mm), and then the oil was gradually solidified at  room 
temperature: mp 61-74 "C; IR (Nujol) 2240 (CN), 1745 (C02Et) cm-'; 
NMR (CDC13) 6 7.36 (s, 5 H,  aromatic), 4.36 (4, J = 7.5 Hz, 2 H, 
methylene), 3.15 and 2.81 (ABq, J = 13.5 Hz, 2 H, benzyl), 1.92 (s, 3 
H? methyl), 1.40 (s, 3 H, methyl), 1.35 (t, J = 7.5 Hz, 3 H,  methyl). 
3-Carboxy-2,3-dimethyl-l-tetralone (212). A mixture of 1 IC (10 

g, 0.037 mol), concentrated sulfuric acid (50 g), glacial acetic acid (20 
g), and water (9 mL) was heated a t  90 "C for 3 hand  a t  110 "C for 17 
h. After the reaction mixture was poured onto crushed ice, 2.3 g of a 
mixture of geometric isomers (2c) was obtained by ordinary workup 
process in 30% yield. Recrystallization from benzene gave rise to a pure 
sample: mp 141-143 "C (main product); IR (Nujol) 1700 (COPHI, 1690 
(CO) cm-l; NMR (CDC13) 6 10.68 (s, 1 H, carboxylic), 7.1-7.7 (m, 3 
H, aromatic), 7.9-8.2 (m, 1 H, aromatic), 2.96 and 3.52 (ABq, J = 16.5 
Hz, 2 H, benzyl), 3.10 (q,  J = 7.5 Hz, methine), 1.20 (d ,  J = 7.5 Hz, 3 
H? methyl), 1.19 (s, 3 H, methyl). 

Anal. Calcd for C13H1403: C, 71.54; H. 6.47. Found: C, 71.16; H, 
6.36. 

l-Hydroxy-3-hydroxymethyl-3-methyltetraline (4b). The keto 
ester 3b (mp 62-63 "C from benzene) was prepared from 13.7 g (0.067 
mol) of 2b and diazomethane in ether in good yield. Spectral data for 
3b: IR (Nujol) 1715 (COZMe), 1680 (CO), 1215,1110,770 cm-l; NMR 
iCDC13) 6 8.2-7.2 (m, 4 H,  aromatic), 3.65 (s, 3 H, methyl), 2.93 and 
3.33 (ABq, J = 11 Hz, 2 H, methylene), 2.60 and 3.10 (ABq, J = 17 Hz, 
2 H, benzyl), 1.40 (s. 3 H, methyl). 

Reduction of 6.5 g (0.03 rnol) of 3b with 3.9 g of LiAIH4 in 100 mL 
of dry ether was carried out by the ordinary method. Recrystallization 
from chloroform gave a colorless solid, mp 132-133 O C .  4b (2.5 g, 430/0) 
and oily residue (2.8 g, 46%) which seemed to be an epimeric mixture 
of 4b judging from spectral data. Spectral data for 4b IR (Nujol) 3220 
(OH), 1045,1020,745 cm-l; NMR (CsHsN) 6 5.33 (d d,  J = 6, lO Hz, 
1 H, CY hydrogen), 3.70 (s, 3 H, methyl), 2.93 and 2.63 (ABq, J = 16 Hz, 
2 H, benzyl), 2.77 (d, ABq, J = 13,6 Hz. 1 H, methylene), 1.87 id, ABq, 
J = 13, 10 Hz, 1 H, methylene), 1.60 (s, 3 H,  methyl) and other signals 
for aromatic and hydroxy hydrogens: mass mle 192 (C12H1602). 

l-Hydroxy-2,3-dimethyl-3-hydroxyrnethyltetraline (4c). The 
keto ester 3c was prepared from 9.0 g (0.041 mol) of 2c and diazo- 
methane in ether in 98% yield. Spectral data for 3c: IR (neat) 1730 
(COZMe), 1690 (CO), 1600, 1220, 1100, 740 cm-'; NMR (CDC13) 6 
8.1-7.9 (m, 1 H,  aromatic), 7.5-7.1 (m, 3 H, aromatic), 3.68 is, 3 H, 
methyl), 3.47 and 2.93 (ABq, J = 16.5 Hz, 2 H, benzyl), 2.7 (q,J = 7.5 
Hz, methine), 1.20 (s, 3 H, methyl), 1.17 (d. J = 7.5 Hz, 3 H, meth- 
yl). 

Reduction of 3c (5.9 g, 0.07 mol) with LiAlH4 (4.0 g) yieldgd 4c (1.4 
g, 25% yield) and an oily product (3.3 g, 59% yield) which seemed to 
be a mixture of 4c and its epimeric isomer. The crude 4c purified by 
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recrystallization from chloroform: mp 149-151 "C; IR (Nujol) 3300 
(OH), 1030,1010,740 cm-'; NMR (C5H5N) 6 5.31 (d, J = 6 Hz, 1 H, 
CY hydrogen), 3.70 (s, 2 H, oxymethyl), 2.89 and 2.75 (ABq, J = 16.5 
Hz, 2 H, benzyl), 2.50 (m, 1 H, methine), 1.28 (s, 3 H, methyl), 1.27 (d, 
J = 7 Hz, 3 H, methyl) and other signals; mass spectrum mle 206 
(Ci3HisOz). 

6-Methyl-3,4- benzobicyclo[4.1.0]hept-3-en-2-one (7b). A sus- 
pension of 4.03 g (0.021 mol) of solid diol 4b and 12 g of active MnOz 
in 450 mL of dry benzene was stirred a t  room temperature for 30 h. 
The product 5b (3.72 g) was obtained by filtration of the reagent and 
evaporation of the solvent. Spectral data for crude 5 b  IR (neat) 3450 
(OH), 1680 (CO), 1600,1290,1040,760 cm-l; NMR (CDC13) 6 8.2-7.1 
(m, 4 H, aromatic), 3.48 (s, 2 H,  oxymethyl), 3.13 and 2.77 (ABq,J  = 
17 Hz, 2 H, benzyl), 2.46 and 2.69 (ABq, J = 17 Hz, 2 H,  methylene), 
2.03 (br s, 1 H, hydroxyl), 1.03 (s, 3 H,  methyl). 

The pyridine solution (80 mL) of the crude keto alcohol 5b (4.0 g) 
was added into the same solution (30 mL) of p-toluenesulfonyl 
chloride (12.0 g) under cooling in an ice-water bath. The mixture was 
then stirred a t  room temperature for 24 h. Ordinary extraction gave 
crude tosylate 6b (7.2 g): IR (Nujol) 1685 (CO), 1600,1350 (Son) ,  1170 
( S O z ) ,  980, 960 cm-I; bJMR (CDC13) 6 8.2-7.7 (m, 1 H,  aromatic), 
7.5-7.2 (m, 3 H,  aromatic), 7.77 and 7.30 (ABq, J = 8 Hz, 4 H, aro- 
matic), 3.83 (s, 2 H, oxymethyl), 3.10 and 2.70 (ABq, J = 16 Hz, 2 H, 
benzyl), 2.63 and 2.30 IABq, J = 16 Hz, 2 H,  methylene), 2.47 (s, 3 H,  
methyl), 1.03 i s ,  3 H, methyl). 

The above tosylate (6b) solution dissolved in dioxane (200 mL) was 
added to methanolic potassium hydroxide (10 g of KOH in 100 mL 
of MeOH) solution. The mixture was stirred at  room temperature for 
5 h and ordinary workup gave rise to a colorless oil (7b, 2.4 g) in 66% 
yield from 4c. Mass spectrum for 7b: m/e 172 (C12H120), 157 (M+ - 
15), 129 (M+ - 43). NMR and IR data are shown in Table V.I9 
1,6-Dimethy1-3,4-benzobicycIo[4.1.0]hept-3-en-2-one (7c). By 

a method similar to that used in the preparation of 7b, 7c (oil, 417 mg) 
was obtained from 4c (1.43 g). Spectral data for keto alcohol 5c: IR 
(neat) 3450 (OH), 1675 (lCO), 1030,740 cm-'; NMR (CDC13) 6 8.1-7.9 
(1 H, m, aromatic), 7.7-7.1 (m, 3 H,  aromatic), 3.61 and 3.43 (ABq, J 
= 10.5 Hz, 2 H, oxymethyl), 3.31 and 2.71 (ABq, J = 16 Hz, 2 H,  
benzyl), 2.81 (4, J = 5 Hi!, 1 H, methine), 2.1 (br s, 1 H, hydroxyl), 1.20 
(d, J = 7 Hz, 3 1.1, methyl). 0.83 (s, 3 H,  methyl). Spectral data for 
tosylate 6c: mp 129-131 "C; IR (Nujol) 1675 (CO), 1350 (Son), 1165 
( S o n ) ,  960, 840 cm-I; NMR (CDC13) 6 8.2-7.8 (m, 1 H, aromatic), 
7.5-7.1 (m, 3 H,  aromatic). 7.87 and 7.37 (ABq, J = 8 Hz, 4 H, aro- 
matic), 3.43 and 3.61 (ABq, J = 10.5 Hz, 2 H, oxymethyl), 3.31 and 
2.71 IABq, J = 15.8 Hz, 2 H: benzyl), 2.45 (s, 3 H, methyl), 2.81 (q, J 
= 7.0 Hz, 1 H, methine), 1.20 (d, J = 7.0 Hz, 3 H,  methyl), 0.83 (s, 3 
H, methyl). Mass spectrum for 7c: mle 186 (C13H140), 171 (M+ - 15), 
143 (M+ - 43). NMR and IR data are shown in Table V.19 

Reduction of the 3,4-Benzobicyclo[4.1.0]hept-3-en-2-one de- 
rivatives (7a). 5,4-Benzobicyclo[4.1.0]hept-3-en-2-ol (sa). To a 
stirred suspension of 420 mg (11 mmol) of LiAlH4 in 30 mL of dry 
ether was added a solution of 338 mg (2.1 mmol) of 7a4 in 40 mL of 
ether. The mixture was stirred for 1 h at  0 "C and for 20 h at  room 
temperature before the excess hydride was carefully decomposed with 
0.5 mL of water. The ether layer was decanted and the precipitate was 
washed several times with ether. The combined organic layer was 
dried over anhydrous Kz"203. The solvent was removed under reduced 
pressure to yield 305 mi: of a colorless solid. Recrystallization from 
q-pentane gave a pure product (8a; 284 mg, 84%): mp 81.582 "C (lit.4 
nip 85-86 "C); IF1 (Nujol) 3300 (OH), 1030,730 cm-l; NMR data are 
compiled in Table I. 

Anal. Calcd for CllH120: C, 82.46; H, 7.55. Found: C, 82.22; H, 
7.49. 

6-Methyl-3,4-benzobicyclo[ 4.1.0]hept-3-en-2-01(8b). Reduction 
of 7b (475 mg) with LiAlH4 (550 mg) yielded 8b (go%), which was 
recrystallized from n-pentane to give a pure sample: mp 88-90 "C; 
IR (Nujol) 3350 (OH), 1020,740 cm-'. 

Anal. Calcd for C12H140: C, 82.72; H, 8.10. Found: C, 82.43; H, 
8.07. 
3,4-Benzo-1,6-dimethylbicyclo[4.l.O]hept-3-en-2-01 (8c). Re- 

duction of 7c (205 mg, 1. t mmol) with LiAlH4 (210 mg) yielded 8c (mp 
94-95 "C from n-pentane, 133 mg, 65%): IR (Nujol) 3350 (OH), 1030, 
740 cm-'. 

Anal. Calcd for C13H160: C, 82.94; H, 8.57. Found: C, 82.57; H, 
8.48. 

Europium Shift Reagents Studies. A sample of 30-60 mg of the 
alcohol (8a-e and 12a) was dissolved in 0.4-0.6 mL of deuteriochlo- 
roform and the spectrum was recorded at  1500-Hz sweep width. A 
weighed sample of commercially available Eu(dpm)a (from the Wako 
Co.) was successively dissolved in a deuteriochloroform solution of 
the alcohol and then the NMR spectrum was measured immediately. 

Shifts were plotted against the molarity of Eu(dpm)3 (see Figure 1 
for the plots in the case of 8d as one example). The calculation of each 
(AEu)i value: which is defined as the difference between the chemical 
shift of a given proton, Hi, measured without the reagent and the shifts 
with the equimolar reagent, was carried out for definite protons and 
the relative induced shifts, RLIS' = (AEu)i/(AEu)z, were thus ob- 
tained. These values were shown in Table I. 
3,4-Benzobicyclo[4,1.O]hept-3-en-2-yl p-Nitrobenzoate ( la) .  

The p-nitrobenzoate la was prepared by allowing 367 mg (2.3 mmol) 
of 8a to react with 630 mg (3.4 mmol) of p-nitrobenzoyl chloride in 
10 mL of dry pyridine at  5 "C for 1 day. The product was extracted 
with ether and the organic layer was washed with water, 1 M hydro- 
chloric acid, 5% aqueous sodium hydrogen carbonate, and water. The 
ether layer was dried over anhydrous sodium sulfate and concentrated 
under reduced pressure. A light yellow solid was recrystallized from 
n-hexane to give la (150 mg, 50%): mp 110-111 "C. NMR and IR data 
of la-c are summarized in Table V.I9 

Anal. Calcd for C18H15N04: C, 69.89; H,  4.89; N, 4.53. Found: C, 
69.70; H,  4.99; N, 4.07. 
3,4-Benzo-6-methylbicyclo[4.l.0]hept-3-en-2-yl p-Nitro- 

benzoate ( lb )  and 3,4-Benzo-1,6-dimethylbicyclo[4.l.0]hept- 
3-en-2-yl p-Nitrobenzoate (IC).  By a method similar to that used 
in the preparation of la, lb (mp 106.5-107.5 "C, 67%) and I C  (mp 
109.5-110 "C, 72%) were obtained. 

Anal. Calcd for C19Hli04N ( lb) :  C, 70.57; H,  5.30; N, 4.33. Found: 
C, 70.28; H,  5.30; N, 4.41. 

Anal. Calcd for CzoH1904N ( IC):  C, 71.20; H, 5.68; N,  4.15. Found: 
C, 70.90; H,  5.76; N, 4.16. 

General Kinetic Procedures. For each run approximately 100 
mg of p-nitrobenzoate was weighed into a 100-mL volumetric flask 
and dissolved in 80% aqueous acetone; the 80% aqueous acetone 
mixture was prepared by mixing 80 mL of dry acetone with 20 mL of 
distilled water. Rates a t  25.0 f 0.03 "C were measured by quenching 
S.00-mL aliquots in 25 mL of dry acetone and immediately titrating 
with a standard aqueous sodium hydroxide (0.01 M) using an auto- 
matic titrating apparatus (Hitachi-Horiba automatic titrator using 
glass electrode). Rates a t  the other temperatures (35.0,45.0,55.0 "C 
in accuracy, f0.03 OC) were measured by means of ampules. In each 
case, 100 mL of -0.003 M 80% aqueous acetone solution of the p -  
nitrobenzoate was prepared, and 11-mL portions were sealed into 
ampules. A set of ampules was immersed in a water bath a t  the ap- 
propriate temperature. After allowing 5-10 min for temperature 
equilibration, the zero point was taken. The ampules were removed 
from the bath and immersed into ice-water to stop the solvolyses. 
After cooling to 0 "C, a 5.00-mL portion of the solution was removed 
and titrated with aqueous sodium hydroxide in the same method as 
described above. Kinetic plots were linear to 75% conversion and re- 
ported values are the average of two separate runs (Table 111). In all 
cases infinite titers were measured after -10 half-lives and 95-105Oh 
of theoretical p-nitrobenzoic acid was removed. 

Treatment of 8a-c with p-Nitrobenzoic Acid. A solution of 200 
mg (1.15 mmol) of 8b and 196 mg (1.15 mmol) of p-nitrobenzoic acid 
dissolved in 100 mL of 80% aqueous acetone was warmed at  45 "C for 
2 days. Into the solution was added 190 mg (2.2 mmol) of NaHC03 
and most of the acetone was removed under reduced pressure followed 
by extraction with ether, washing the ether layer with water, and 
drying it over anhydrous K2C03. The solvent was removed at reduced 
pressure to give 165 mg (82%) of a yellow oil. Spectral data showed 
that the oil was l-methyl-3,4-benzohepta-3,5-dien-l-ol(13b). Spectral 
data for 13b: IR (cC14) 3450 (OH), 1100 cm-l; NMR (CDC13) 6 7.12 
is, 4 H, aromatic), 6.51 (d, J = 11 Hz, 1 H,  vinyl), 5.86 (dt, J = 11 and 
5.5 Hz, 1 H, vinyl), 2.79 (s, 2 H, benzyl). 2.32 (d,  J = 5.5 Hz, 2 H,  
methylene), 2.22 (s, 1 H, hydroxyl), 1.27 is, 3 H,  methyl); mass m/e 
174 (C12H140), 131 (M+ - 43). 

By the method similar to that used in the reaction of 8b, 1,6-di- 
methyl-3,4-henzohept-3,5-dien-l-ol(13~, an oily product, 35 mg) was 
obtained from 8c (40 mg). Spectral data for 13c: IR (CC14) 3400 (OH), 
1100 cm-'; NMR (CDC13) 6 7.23 (s, 4H, aromatic), 6.47 (br s, l H ,  
vinyl), 2.79 (s, 2H, benzyl), 2.15 (s, 2H, methylene), 2.04 (s, 3H, 
methyl), 1.70 (s, lH, hydroxyl), 1.37 (s, 3 H, methyl); mass m/e 188 
(C13H160), 145 (M+ - 43). 

Under the same condltlons, 8a was not isomerized appreciably after 
1 month. 

Preparative Solvolysis of la-c. A solution of 87 mg (0.28 mmol) 
of l a  and 0.15 mL (-1.4 mmol) of 2,6-lutidine in 100 mL of 80% 
aqueous acetone was heated a t  35 "C for 80 h (-10 half-lives). The 
solution was concentrated under reduced pressure, 200 mL of water 
was added, and the resulting suspension was extracted with ether. The 
combined ether extracts were washed with water and dried over an- 
hydrous KzC03. Removing the solvent under reduced pressure gave 
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39 mg (85%) of a light yellow oil. It was found from its NMR spectrum 
that the oily residue consisted almost entirely of one component, the 
epimer of 8a, syn-3,4-benzobicyclo[4.1.0]hept-3-en-2-o1 (12a): IR 
(neat) 3350 (OH), 1030,980,740 cm-'; NMR is shown in Table I. 

The other esters ( lb  and I C )  were solvolyzed by the method similar 
to that used in solvolysis of l a  and the product distribution was de- 
termined by the NMR spectrum and its integral intensity for (Y hy- 
drogen or vinyl hydrogen. The results was shown in Table IV. The 
NMR spectrum of the epimer of 8b was assumed from that of prod- 
ucts 12b and 13b. NMR spectrum for 12b (CDC13): 6 7.12 (s, 4 H,  ar- 
omatic), 5.00 (d, J = 3 H q  1 H,  CY hydrogen), 3.20 and 2.88 (ABq, J = 
16 Hz, 2 H, benzyl), 1.30 (s, 3 H,  methyl), 1.48-0 (m, 3 H, cyclopropyl), 
and the other signals. 

A mixture containing 1.00 mg of 8b (0.58 mmol), 300 mg (2.9 mmol) 
of 2.6-lutidine, and 100 mg (0.6 mmol) of p-nitrobenzoic acid in 100 
mL of 80% aqueous acetone was heated at  45 "C for 1 day. After usual 
workup, 93 mg of' colorless solid was obtained. A comparison of the 
NMR spectrum before and after heating showed that 8b was stable 
to the reaction conditions. Similar treatment of Sa and 8c gave the 
same results. 
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Carbon-13 NMR chemical shifts for various substituted 4-X-2,6-dinitroanisoles 1 (X  = S02CF3, KO2, CN, 
SO:!CH3, C'OCsH5, CF3, C1, HI and related gem-dimethoxyl adducts 2 (X = S02CF3, NOz, CN, SOzCHs, COC6H5, 
CF:J are reported. In the case of anisoles 1 the deviations from additivity of substituent effects observed for C2,6 
and C1 together with the absence of a deshielding of C4 indicate an inhibition of resonance of the o-nitro groups. 
Good linear correlations with the Swain and Lupton reactivity parameters are observed for 6c,, 'J13C,H, in 
these tetrasuhstituted benzenes. I3C chemical shifts measured for adducts 2 reveal an increase in the negative 
charge located a t  C2,6 and C4, but a decrease a t  C3,5, in agreement with SCFMO calculations. However, no relation 
exists between these shifts and the known thermodynamic stability of adducts 2. 

The reaction of methoxide ions with substituted 4-X-2,6- 
dinitroanisoles 1 usually gives the gem-dimethoxyl 1,l-com- 
plexes 2 as the stable products.2 From thermodynamic and 
kinetic studies on the one hand2-6 and crystallographic and 
'H NMR studies on the other it appears that the 
electron-withdrawing ability of the ring substituents and the 

0022-3263/78/1943-0855$01.00/0 

release of steric compression which exists between the 
methoxyl group and the adjacent nitro groups in the parent 
ethers 1 are two major factors responsible for the stability of 
complexes 2. Since they are known to depend on steric and 
charge distribution effects, 13C chemical shifts could be rea- 
sonably expected to yield further information on both of these 
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