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in 2 mL) was added a solution of Br, or C12 in CCll (1.05 mmol 
in 1 mL), causing the immediate formation of a solid. After 1 
h at  room temperature the solid was recovered as a highly hy- 
groscopic, uncrystallizable material. The I3C spectra were taken 
in D20 solution. The respective picrates were obtained by me- 
tathesis with aqueous sodium picrate (see Table 111). 

endo-4-Hydroxy-cis -l-thioniabicyclo[3.3.0]octane (19) was 
obtained as the chloride salt as follows. To  an ethanol solution 
of the bis(pyrany1) derivatives 31 (0.69 g in 10 mL) was added 
aqueous 1 N HCl(11 mL) and the solution heated a t  reflux for 
30 min. After neutralization with 1 N NaOH, the solution was 
concentrated under reduced pressure, and the aqueous residue 
was extracted with CHzC12 to remove any unreacted starting 
material. The aqueous phase was evaporated under reduced 
pressure and the residue extracted with MeOH to remove the 
inorganics. Evaporation of the solvent left 0.25 g (80%) of a 
viscous oil, whose I3C spectrum (reported in Table I) showed it 
to be free of organic impurities. 

exo-4-Hydroxy-cis-ll-thioniabicyclo[3.3.O]octane (20) was 
obtained as the triflate salt by treating trans-4,5-dihydroxy- 
thiocane (27) with trifluoromethanesulfonic acid in a procedure 
similar to  that described for the parent cation 12. The salt is a 
viscous uncrystallizable material; metathesis with hot aqueous 
sodium tetraphenylborate gave, after crystallization from 
H,O/acetone, a crystalline solid (see Table 111). 

Attempted T r a n s a n n u l a r  Cyclization of (2)-4-Methyl- 
thiacyclooct-4-ene (9). Trifluoromethanesulfonic acid treatment 
of the title olefin for various lengths of time failed to produce the 
expected bicyclic 4-methyl derivatives. The material isolated after 
2 h of reaction time was a sulfonium salt whose I3C NMR spectrum 
(acetone-d6) shows in the olefinic carbon region a singlet a t  6 136.5 
and a doublet a t  6 126.7, indicative of the presence of the same 
CCH==C(CH3)C fragment present in the starting material. This 
structural feature finds support in the ‘H NMR spectrum which 
shows a low-field triplet of doublets (6 5.62, 1 H, J = 8.0 and 1.0 
Hz) which can be attributed to a single olefinic proton coupled 
to an allylic CH3 group. The latter shows up as a narrow doublet 
(6 1.81, 3 H, J N 1.0 Hz). Further multiplet resonances are present 

a t  6 3.8 (2 H), 3.4 (4 H), 2.9-2.5 (4 H), 2.2 (6 H), and 1.72 (6 H). 
Finally, and most revealing a CH3 singlet is present a t  6 1.26. The 
spectra are consistent with the dimeric product 32 (see Results 
and Discussion section). With progressively longer contact times, 
materials are produced whose NMR spectra become more and 
more complex and indicative of the presence of higher oligomers. 
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Addition of RMgX to 4-methoxy-1-nitronaphthalene (1) leads to formation of nitronate 1,4 adduct (2) together 
with lesser am~ounts of 1,6 addition product (3). On treatment with aqueous acetateacetic acid buffer, 2 is converted 
into a nitronate anion which undergoes quick protonation at  C-1 to give a mixture of trans- and cis-2- 
methyl-4-mei,hoxy-l-nitro-1,2-dihydronaphthalene, with neat prevalence of the latter isomer. Conversion of 
kinetically favored cis compound into the more stable trans isomer occurs up to equilibrium, on prolonging times 
of the reaction. Prevailing formation of the less stable isomer is interpreted in terms of a sterically controlled 
approach of the proton to the carbon of the nitronate function of a nonplanar cyclohexadienic system in which 
prototropic attack must occur from the less hindered side. Conformational and configurational analyses based 
on interpretation of NMR spectra of reaction products showed the nitro group to exist preferentially “quasi-axial” 
in both cis and trans compounds. The large difference in stability between the two isomers can therefore be 
explained by the fact that the nitro and methyl groups are in an almost eclipsed reciprocal orientation in the 
cis isomer, whereas they are mutually “anti” oriented in the trans one. The influence of the size of the alkyl 
group on aci-nitro tautomerization and on cis-trans isomerization has been investigated: the conformational 
equilibrium of the nitronate anion is submitted to the steric effects of the alkyl substituent, which, moreover, 
strongly affect the isomerization process rate. 

Nitronate adducts from conjugate addition of RMgX to 
nitroarenic systems arid their reactivity toward reducing1 

(1) G. Bartoli, A. Medici, G. Rosini, and D. Tavernari, Synthesis, 6, 
436 (1978). 

0022-3263/80/1945-2649$01.00/0 

and oxidizing agents2 and toward Lewis acids3 have been 
reported in previous papers. 

~~ 

(2) G. Bartoli, M. Bosco, and G. Baccolini. J .  Org. Chem., 45, 522 
(1980). 
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Scheme I a  
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Table I. Products and Yields (Percent) of Reactions 
between RMgX and CMethoxy-1-nitronaphthalene 

under Various Quenching Conditions 

I I 

1 3a-c 4a-c 
m e  

I 
CMe I w e  

2a-c 5a-c 

OM e I 
3Ale 

7a-c 8a-c 

3M e 
9 & C  

" a, CH,; b ,  PhCH: CH, ; c, PhCH,. 

The overall results are in part a t  variance with well- 
established reactivity patterns reported in the literature 
for such classes of compounds. For instance, treatment 
of these adducts with concentrated hydrochloric acid gives 
aromatic nitroso  compound^,^ whereas nitronates are 
generally known to undergo other decomposition pathways 
in aqueous HC1, i.e., Nef reaction and reduction to oximes." 
Another example is offered by the reactivity toward po- 
tassium permanganate2 in basic medium, where conversion 
into aromatic nitro compounds rather than to carbonyl 
derivatives5 has been found. The above discrepancies 
could be accounted for by the fact that these adducts can 
be easily converted into aromatic derivatives, owing to their 
cyclohexadienic structures. On the other hand, when the 
particular nature of adducts prevents the aromatization 
process, the usual reactivity can be observed.6 

One of the most important reactions of aci compounds 
is the taut~merizat ion~ to nitro derivatives a t  medium 
acidic pH values. It would appear to be of interest, 
therefore, to ascertain whether analogous reaction paths 
might occur in nitronate adducts derived from reactions 
of nitroarenic systems with Grignard reagents; moreover, 
the particular geometry of nitro compounds, which could 
be formed in these cases, should imply interesting stere- 
ochemistry. 
4-Methoxy-1-nitronaphthalene (1) was chosen to start 

these studies, since, from previous results? almost exclusive 

(3) G. Bartoli, R. Leardini, A. Medici, and G. Rosini, J .  Chem. SOC., 
Perkin Trans. I ,  692 (1978). 

(4) W. E. Noland and R. Libers, Tetrahedron Suppl . ,  23 (1963); W. 
E. Noland, M. S. Baker, and H. I. Freeman, J .  Am. Chem. SOC., 78,2233 
(1956). 

( 5 )  H. Shechter and F. T. Williams, J .  Org. Chem., 27, 1699 (1962). 
(6) G. Bartoli, M. Bcssco, and G. Pezzi, J.  Org. Chem., 43, 2932 (1978). 
(7) A. T. Nielsen, "The Chemistry of the Nitro and Nitroso Group", 

H. Feuer, Ed., Interscience, New York, 1969, Part  I, p 349. 

~~ ~ ~ ~~~~ 

R =  

R = CH,,C CH,,d 7b CH,,e 7c 
PhCH,- R = Ph- 

auenchine 7a and 8a and 8b and 8c 

KOAC-HOAC" 7 6  6 8  69 

CH,COOH~ 6 3  53 52 
dilute H,SO, 55 50  45 

After 1 h of reaction. With immediate removal of 
the products. 

all cases. 

Only trace amounts of 4a in all cases, 
Yield of 4b was 5% in all cases. e Yield of 4c was 5% in 

Table 11. Relative Amounts" of trans- and 
cis-2- Alkyl-4-methoxy-l-nitro-l,2-dihydronaphthalenes 

Nitronate Adducts in Acetate Buffer at 25 a C 
at Various Reaction Times from Decomposition of 

% trans 
R = Ph- 

time, h R = CH, CH,CH, R = PhCH, 
Ob 20 1 6  13 
1 24 26 20 
5 30 34 35 

24  42  55 64 
4 8  50 74 8 6  
m 90 9 4  9 8  

till 9 h 55 24 1 6  
trans/ cisc 9 1 5  49 

a Calculated from relative intensities of H-1 and H-3 
resonances in the  'H NMR spectra of the  product of t h e  
reaction. From quenching of the  THF nitronate solu- 
tion with dilute H,SO,, followed by immediate removal of 
products. At equilibrium. 

attack at  the C2 position by the entering alkyl group of 
RMgX would be expected to take place. 

Results 
After 1 mol of 4-methoxy-1-nitronaphthalene (1) was 

allowed to react with 2 mol of CH,MgX in T H F  at room 
temperature for a few minutes, treatment with aqueous 
acetic acid-potassium acetate buffer for 1 h gave a mixture 
of cis- and trans-4-methoxy-2-methyl-l-nitro-1,2-di- 
hydronaphthalenes (7a and 8a, respectively) and trace 
amounts of 4-methyl-1-nitronaphthalene (Scheme I). 
Yields are listed in Table I. 
'H NMR analysis of the isomer mixture showed the 

presence of larger amounts of the cis compound, the 
cis/trans ratio being 3. The relative yield of trans with 
respect to cis isomer was found to increase with increasing 
reaction times; however, isomerization did not go to com- 
pletion, a constant 9010 ratio of trans to cis isomer being 
observed after 20 days. Extents of isomerization at  various 
times are reported in Table 11. 

Experiments carried out with PhCH2CH2MgBr and 
PhCH2MgBr gave analogous results (see Table 11). How- 
ever, larger amounts of methoxy-substitution products (4) 
were obtained (see Table I). 

Isomerization experiments can be performed in shorter 
time by dissolving a mixture rich in the cis isomer in 
methanol in the presence of trace amounts of triethyl- 
amine. The observed maximum extents of isomerization 
are identical with those from buffer reactions. 

Experiments were carried out in order to obtain a 
mixture as rich as possible in the cis isomer. For this 

(8) G. Bartoli, M. Bosco, A. Melandri, and A. C. Boicelli, J .  Org. 
Chem., 44, 2087 (1979). 
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'H NMR Data of cis. and tmns-2-Alkyl-4-methoxy-l-nitro-1,2-dihydronaphthalenes in CDCl, at 30 a C 
chemical shift ,a ppm 

Table 111. - 

Ph- Ph- 
compd H; H2 H3 OMe CH, CHaCH, CH,CH, PhCHAHB - 

7a 5.44 3.14 4.62 3.74 1.32 
8a 5.32 3.52 4.93 3.71 1.10 
7b 5.46b 3.00 4.70 3.72 2.00 2.90 
8b 5.32 3.38 4.96 3.68 1.64 2.70 

8c 5.20' 3.87 4.93 3.76 2.4 (HA) and 2.76 (HB)' 
7c 5.40b 3.34 4.74 3.71 2.7-3.14 

a In all compounds aromatic hydrogens resonate in the region between 6 7.0 and 7.80. Values at 100 MHz from Me,Si as 
' The PhCHAHB and H, hydrogens form an ABX system, reference. 

which can be approximately analyzed as an AMX system. 
Approximate values from decoupling experiments. 

Table IV. J,  ~ aind J ,  3 3  values (Hertz) of cis- and 
trans- 2- Alkyl-4-methoxy -l-nitro- 1,2-dihydr~naphthalenes~ 

compd JL* Ja.3  

7a 6.0 2.2 
8a 4.2 5.6 
7b 5.7 2.2 
8b 2.7 6.0 
7c 5.3 2.0 
8C 2.4 6.0 

a Other J values are as follows: 7a, J,,CH, = 7.2 Hz; 8a, 
J, , cH,  = 7.2 HZ ; 8c, J#,,B = 13.5, JA,, = 9.0, JB,, = 7.0 Hz. 
The PhCH,CH, system in compounds 7a and 8b and the 
PhCH, system in compound 7c give second-order spectra, 
and thus reliable J values cannot be calculated even with 
the aid of computer-assisted procedures. 

purpose, the isomerization rate was decreased by decom- 
posing the nitronate at lower pH's. Decomposition of 2a-c 
with either dilute acetic acid or dilute H2S04 (1%) to a 
bromocresol green end point, followed by immediate re- 
moval of products, gave identical results. Relative cis and 
trans amounts obtained from these reactions are reported 
in Table 11. These values can be assumed to be close to 
the initial cis-trans proportion before the isomerization 
process starts. Under these conditions lower yields of both 
isomers were obtained (see Table I). Since the rate of nitro 
formation decreases with decreasing P H , ~  these findings 
are very likely due to incomplete tautomerization. How- 
ever, our attempts to isolate nitronic acids 5a-c by treating 
T H F  solutions of 2 with sulfuric acidlo at  pH <3 were 
unsuccessful. Under these conditions intractable mixtures 
were always obtained. 

Finally, each of the mixtures of 7a-c and 8a-c can be 
quantitatively converted into the corresponding aromatic 
nitro compounds 9a-c with DDQ in boiling dry benzene. 

Characterization of the Products. 4-Alkyl-l- 
nitronaphthalenes. Compounds 4a-c were identified by 
common analytical procedures. 

Compound 4a was identical with a sample of 4- 
methyl-1-nitronaphthalene prepared by an independent 
route." 

Unknowns 4b and IC showed spectroscopic character- 
istics similar to those of 4a. Particularly in the 'H NMR 
spectra of all three products, hydrogen in position 2 res- 
onates a t  6 8.06 as i l  doublet (part of an AB system with 

cis- and trans-2-Alkyl-4-methoxy-l-nitro-1,2-di- 
hydronaphthalenes. Owing to the impossibility of iso- 
lating pure cis or trans isomers (see Experimental Section), 
spectroscopic investigations were always carried out on 

J A B  = 8 Hz). 

____ - 
(9) H. Feuer and A. 1'. Nielsen, Tetrahedron Suppl., 60 (1963). 
(10) A. Hantzsch and 0. W. Schultze, Chem. Ber., 29,699 (1896); M. 

(11) Lesser, Justus Liebigs Ann.  C h ~ r n . ,  402. 11 (1914). 
I. Konowalcw, ibid., 29, 21!33 (1896). 

Scheme IIa 
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I 

l i  

7B 

a R = CH,; PhCH,CH2; PhCH,. 

8B 

mixtures of the two isomers. IR spectra showed the 
presence of characteristic stretching bands of the aliphatic 
nitro group at  ca. 1560 and 1350 cm-'. 'H NMR spectra 
were consistent with the proposed dihydronaphthalenic 
structures. Chemical shift values for 7a-c and 8a-c are 
reported in Table 111, while J1,2 and J2,3 values are listed 
in Table IV. For all investigated compounds, assignments 
of all protons were made on the basis of their chemical shift 
and with the aid of decoupling techniques, with the ex- 
ception of the H-1 and H-3 hydrogens, determination of 
which required experiments with deuterated reagents. 
Since H-1 is the only proton which arises from the reaction 
medium, nitronate adducts were decomposed with a 
CH3COOK-CH3COOD in D20 buffer. 'H NMR analysis 
of the resulting reaction products showed that the hy- 
drogen at ca. 6 5.4 was replaced by deuterium, thus indi- 
cating that this proton was the H-1 hydrogen. An addi- 
tional feature of the NMR spectrum of the mixture of 7a 
and 8a, in which the presence of an aliphatic methyl group 
was evidenced by signals a t  6 1.32 and 1.10, respectively, 
allowed us to unambiguously assign to these compounds, 
and consequently to 7b,c and 8b,c, a 1,2-dihydro- 
naphthalenic structure. 

Owing to the nonplanarity of dihydronaphthalenic 
systems and to the consequent possibility of substituents 
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at  positions 1 and 2 assuming pseudoaxial or pseudoe- 
quatorial orientation (:see Scheme 11) a configurational and 
conformational analysis of structures 7a-c and 8a-c was 
necessary. Assignments of cis and trans configurations 
were made on the basis of measured values of J1,2 and J2,3 
and confirmed by comparison with the following coupling 
constant values reported by Katritzky12 for a series of 
1,2-dihydronaphthaleries: Jle,Pe = 2 Hz, Jla,% = 16 Hz, Jlaze 

In compounds 7a-o, values of Jl,z fell within the range 
of 5-6 Hz, in good agreement with axial-equatorial or 
equatorial-axial coupling, while J2,3 was in the range of 
2.2-2 Hz, consistent with the coupling of the ethylenic 
proton to a vicinal axial proton. 

Therefore, a cis structure was to be assigned to these 
compounds, in which the nitro group is almost exclusively 
in the axial position and the alkyl group in the equatorial 
position (7B). This assertion is supported by conclusions 
reported by Katritzky12 on the preferentially pseudoaxial 
position assumed by bulky substituents at the I-position 
of 1,2-dihydronaphtlhalenes. 

Furthermore, a linear decrease of Jl,z is observed in going 
from 7a to 7c, according to the expected greater distortion 
of the molecule, resulting from increasing steric hindrance 
between the axial nitro group and the equatorial substit- 
uents, as the bulkinass of the alkyl group increases. 

Trans structure 81B was assigned to compounds 8a-c, 
in which the nitro group and the alkyl substituent are each 
preferentially in the axial position: in fact, measured 
values of coupling constants Jl,z and J2,3 are in good 
agreeinent with values estimated by Katritzky for a Jle,2e 
and a J2e,3, respectively. 

A small discrepancy is observed in the case of compound 
8a for which a Jl,z  of 4.2 Hz and a J2,3 of 5.6 Hz were 
measured, and it can be explained in terms of some im- 
portance assumed in the conformational equilibrium of the 
molecule by a conformer in which the nitro and alkyl group 
exist in an equatorial position (8A), when the substituent 
a t  C-2 is moderate in size (methyl group). 

2-Alkyl-4-methoxy-1-nitronaphthalenes. Com- 
pounds 7a-c and 8a-c were converted into 9a-c in order 
to  have further confirmation of the 2-alkyl-l,:!-dihydro- 
naphthalenic structures of 7 and 8. Compouiid 9a was 
identified by comparison with an authentic sample pre- 
pared from an independent route.2 Compounds 9b and 
9c showed spectroscopic characteristics quite identical with 
9a. Particularly in the 'H NMR spectra of all three 
products, the hydrogen at position 3 resonates a t  ca. 6 6.5 
as a singlet. 

Discussion 

= Jle,Z3 = 6.4-7.2 Hz, J2a,3 = 2-3 Hz, J2e,3 = 6.6 H z . ~ ~ " ~  

All reaction products arise from conjugate addition of 
RMgX to nitroareriic systems. From a comparison be- 
tween the overall yields of ortho and para alkylation 
compounds, 1,4 addjition appears to be largely favored over 
1,6 addition. These findings confirm our previous state- 
ments8 that attacks at unsubstituted positions are strongly 
privileged. 

A small increase 'in para alkylation product is observed 
on going from methyl to PhCH2CH2 and PhCH2 groups; 
this trend can be attributed to some weak steric hin- 
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drance15J6 of the ortho nitro group toward the entering 
alkyl group. Analogous weak effects have been observed 
in previous instances.'j 

The overall results strongly support the reaction mech- 
anism outlined in Scheme I. 

Interaction between RMgX and 1 gives nitronate ad- 
ducts 2 and 3. Addition of buffer decomposes 3 to 4 and 
2 to nitronic acid 5. In such a feebly acidic medium, 5 can 
be considered extensively i ~ n i z e d . ~  Thus a complete and 
rapid" tautomerization occurs via C-protonation at  the 
nitronate function to give larger amounts of kinetically 
favored cis isomer. Slow reequilibration of cis into the 
more stable trans compound takes place subsequently. 
The fact that  isomerization rates decrease at  lower pH's 
confirms that this process occurs substantially via nitronate 
6. 

Kinetic Preference for the Cis Compound. Prefer- 
ential formation of the less stable isomer has been generally 
observed in in which an electrophilic reagent 
attacks the nucleophilic center of an exocyclic double bond 
having a bulky vicinal group. In aci-nitro tautomerization 
reactions, examples of this behavior have been reported 
for the cyclohexane systemz1 and for certain steroidsaZ2 In 
all cases, kinetically favored formation of the cis compound 
was attributed to the steric control of prototropic attack 
in a transition state which closely resembles the reactant 
compound. 

In nonplanar cyclohexadienic nitronate 6, the alkyl 
group may assume a quasi-axial (6A) or quasi-equatorial 
(6B) orientation (Scheme 11). C-Protonation at  the ni- 
tronate function of 6 A  is expected to preferentially occur 
from the less hindered axial direction,z3 leading to cis 
compound 7B via its less stable conformer 7A. On the 
other hand, in conformer 6B, the steric hindrance exerted 
by the C-2 axial hydrogen toward an equatorial approach 
is too little to direct the proton to enter preferentially from 
the axial side and hence to lead to trans compound 8B via 
its less stable conformer 8A: very likely, the proton cannot 
discriminate between an axial and an equatorial direction 
of attack, and the protonation pathway at  this conformer 
must be such as to lead to both cis and trans compounds 
(7B and 8B) with only a slight prevalence of the latter. 

Kinetic preference for the cis compound formation, 
therefore, must essentially depend on the extent of the 
shift to the left of equilibrium between 6A and 6B. Even 
with a moderately sized alkyl substituent such as a methyl 
group, a preference of the C-2 substituent for axial orien- 
tation must be expected, so as to minimize its interaction 
with the oxygen of the nitronate function (A('!3) strain).24 
Moreover, the relative stability of the 6A conformer must 

(12) M. J. Cook, A. H. Katritzky, F. C. Pennington, and H. M. Semple, 

(13) The reliability of this comparison lies in the fact i.hat the nitro 
J .  Chem. Soc. B ,  523 (1'369). 

group has been found not to exert an appreciable lowering effect on 
vicinal coupling constants in cyclohexanic systems, in spite of i ts  strong 
electron-withdrawing power.14 

(14) A. C. Huitric, J. B. Carr. W. J .  Trager, and B. J .  Nist, Tetrahe- 
dron, 19, 2145 (1963). 

(15) C. F.  Bernasconi, M T P  Int .  Rec.  .Sei.: Orp.  ('hem.. Ser .  One. 3, 
33 (1973). 

(16) G. Bartoli, P. E. Todesco, F. Ciminale, and M. Fiorentino, J .  Org,  

(17) See ref 7, p 354. 
(18) H. E. Zimmerman, J .  Am. Chem. Soc.. 78, 1168 (1956): Gol'mov. 

Chem., 40, 3777 (1975); T. De Boer and I. P. Dirkx. ref 7. p 540. 

Zh. Obshch. Khim., 23, 1162 (1953). 
(19) W. G. Dauben, R. C. Tweit, and C. Mannerskants, J .  Am. Chem. 

Soc.. 76, 4420 (1954); T. L. Jacobs and W. H. Forsheim, ibid., 72. 256 
(1950). 

(20) H. E. Zimmerman and T. W. Cutshall, J .  Am. Chem. Soc., 81, 
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increase with increasing size of alkyl subst i tuent .  In fact 
a constantly increasing kinetic preference for the cis com- 
pound on going from a methyl  to a benzyl group is evi- 
denced by  the percentages reported i n  Table 11. 

Cis-Trans Isome!rization. T h o u g h  isomerization of 
cis into the more stable trans compounds generally requires 
basic conditions, in  tlhe present system this  process occurs 
in  an acetate  buffer medium, owing to the strongly acidic 
na ture  of H-1. Even with the moderately sized methyl  
group, a large difference in stability (1.3 kcal/mol) between 
the cis and trans isomers is observed. 

In a cyclohexadienic system like 6, owing to the small 
distortionz5 of the ring, the quasi-axial n i t ro  and the 
quasi-equatorial alkyl groups are almost eclipsed, so that 
they sterically interact. T h e  increase in  the trans/cis ratio 
at equi l ibr ium on going from a methyl  to a benzyl group 
supports th i s  interpretation. In addition, the half-time of 
isomerization, approximatively calculated f rom semi- 
quant i ta t ive s tudies  and reported i n  Table 11, follows the 
order PhCHz > PhCH2CH2 > CH,, as expected from sta- 
bility differences through the series of alkyl groups 

Experimental Section 
IR and mass spectra were recorded with a Perkin-Elmer 257 

and a JEOL-100 instrument, respectively. 
'H NMR spectra were recorded with a Varian 100-MHz 

spectrophotometer (tetramethylsilane as internal standard). 
T H F  was purified as previously d e ~ c r i b e d ; ~  4-methoxy-l- 

nitronaphthalene was a commercial product (EGA Chemie). 
Preparat ion of T H F  Nitronate Solution. A 6.6-mL sample 

of a 3 N solution of RMgX in T H F  was added dropwise to a 
solution in the same scdvent (30 mL) of 2 g of 1 (9.8 X lW3 mol) 
a t  20 "C under nitrogen. After few minutes the reaction goes to 
completion. This solution must be immediately used. 

Decomposition of Nitronates with Aqueous Acetate Acetic 
Acid Buffer .  The above-prepared T H F  solution of nitronate 
was poured into a buffer mixture, prepared by dissolving 20 g of 
potassium acetate and 5 mL of glacial acetic acid in 50 mL of water 
a t  room temperature under nitrogen. The reaction was stirred 
for 1 h and then extracted with CH2C12. The organic layer was 
washed once with a saturated aqueous solution of NaHC03 and 
several times with water, dried, and evaporated a t  reduced 
pressure. The residue was submitted to chromatographic sepa- 
ration on a silica gel column (cyclohexane-ethyl acetate, 19:1, as 
eluent) to give 4 and a mixture of 7 and 8. Yields are reported 
in Table I. Our attempts to separate 7 and 8 through various 
chromatographic methods were unsuccessful. The relative 
amounts of 7 and 8 in their mixtures were detected by quantitative 
'H NMR analysis. IR iipectra (film) of these mixtures (oils) show 
uNO2 at  ca. 1560 and ca. 1350 cm-'. The elemental analyses are 
as follows. 

Mixture of 7a and 8ia: calcd for C12H13N03: C, 65.74; H, 5.98; 
N, 6.39. Found: C, 6i5.51; H. 5.88; N, 6.43. 

7b and 8b: calcd for Cl9HlgNO3: C, 73.76; H, 6.19; N, 4.53. 
Found: C, 73.81; H, 6.15; N,  4.53. 

7c and 8c: calcd for C18HliN03: C, 73.20; H, 5.80; N, 4.74. 
Found: C, 73.23; H, 5.81; N, 4.80. The 'H NMR data for these 
compounds are reported in Tables I and 11. The data for com- 
pounds 4a-c are as follows. 

(25) S. S. Butcher, J .  Chem. Phys., 42, 1830 (1965); K. Mislow, M. A. 
W. Glass, H. B. Hopps, E. Simon, and G. H. Wahl, J .  Am. Chem. Soc., 
86, 1710 (1964). 

4a: mp 69-70 "C (lit." mp 7 0 4 1  "C); mass spectrum, m / e  187 

4b: mp 86-88 "C (from ethanol); 'H NMR (CDCl,) 6 2.98-3.58 
(4 H, AzBz system, CH2CH2), 7.0-7.4 (6 H, m, P h  and H-31, 
7.5-7.73, 8.16 and 8.6 (2 H, 1 H a n d  1 H, m, H-5, H-6, H-7, and 
H-8), 8.06 (1 H, d, H-2, Ju = 8 Hz); mass spectrum, m / e  277 (M'.). 
Anal. Calcd for ClRHIsNO2: C, 77.96; H,  5.45; N, 5.05. Found: 

(M'.). 

C, 78.01; H, 5.49; N, 5110. ~ 

4c: mp 54-55 "C (from hexane); 'H NMR (CDC1,) 6 4.42 (2 
H, s, CH,), 7.C-7.4 (6 H, m, P h  and H-3), 7.45-7.66,8.10, and 8.56 
(2 H, 1 H and 1 H, m, H-5, H-6, H-7, and H-8), 8.06 (1 H, d, H-2, 
J2,3 = 8 Hz); mass spectrum, m / e  263 (M'.). Anal. Calcd for 
C1,H13N02: C, 77.35; H, 4.98; N, 5.32. Found: C, 77.42; H, 5.01; 
N, 5.36. 

Semiquantitative studies of Table I1 were performed by drawing 
samples from energically stirred mixtures at appropriate times. 
The samples were diluted with water and extracted with CHZCl2. 
The organic layers were washed with aqueous NaHC03 and several 
times with water, dried, and evaporated at reduced pressure. The 
residues were dissolved in the minimum amount of CDCl,. These 
solutions were submitted to quantitative 'H NMR analysis. Cis 
and trans percentages were calculated from the relative intensities 
of the H-1 and H-3 hydrogens. The presence of compound 4 and 
trace amounts of byproducts do not interfere with these mea- 
surements. It has been found that washing with aqueous NaHC03 
does not appreciably change the isomerization proportions. 

Decomposition of Nitronates at Lower p H  Values. The 
above-prepared solution of nitronate was poured into a solution 
of 10 mL of glacial acetic acid in 50 mL of water. The reaction 
mixture was immediately extracted with CH2ClZ. The above- 
described workup gave a residue, which was submitted to quan- 
titative 'H NMR analysis. 

Identical results were obtained when dilute H2SO4 (1 %) was 
used to decompose the nitronate solution to a bromocresol green 
end point. In some experiments, the residue was chromatographed 
on a silica gel column by using an appropriate hexaneethyl acetate 
eluent mixture. The yields obtained are reported in Table I. 

Isomerization of Cis a n d  Trans Mixtures  w i t h  T r i -  
ethylamine. The mixtures of 7 and 8 from the acetic acid ex- 
periments were dissolved at  room temperature in methanol 
containing trace amounts of triethylamine. Isomerizations to the 
equilibrium values of Table I1 are complete after ca. 4 days for 
R = CH3, ca. 3 days for R = PhCH,CH,, and ca. 2 days for R = 

Reactions of Mixtures of 7 and  8 with  DDQ. Any mixture 
of 7a-c and 8a-c was quantitatively converted into the corre- 
sponding aromatic nitro compounds 9a-c by treatment with a 
slight excess of DDQ in refluxing dry benzene for 8 h. 

9b: mp 122 "C; 'H NMR (CDC13) 6 3.06 (4 H, s, CH2CHz), 3.92 
(3 H, s, OMe), 6.38 (1 H, s, H-3), 7.1&7.40 ( 5  H, m, Ph), 7.48-7.84 
and 8.26 (4 H,  m, H-5, H-6, H-7, and H-8). Anal. Calcd for 
CI9Hi7NO3: C, 74.25; H,  5.58; N, 4.56. Found: C. 74.34; H,  5.61; 
N, 4.59. 

9c: mp 108-110 "C; 'H NMR (CDCl,) 6 3.98 (3 H,  s, OMe), 

7.46-7.90 and 8.28 (4 H, m, H-5, H-6. H-7, and H-8). Anal. Calcd 
for C18H15N03: C, 73.70; H ,  5.15; N, 4.78. Found: C, 73.80; H,  
5.18; N, 4.80. 

Data for compound 9a have been previously described.' 

PhCH2. 

4.16 (2 H,  S, CHZ), 6.52 (1 H,  S, H-3), 7.16-7.40 (5 H, S, Ph), 

Registry No. 1, 4900-63-4; 4a, 880-93-3; 4b, 73323-52-1; 4c, 
73323-53-2; 7a, 73323-54-3; 7b, 73323-55-4; 7c, 73323-56-5; 8a, 
73323-57-6; 8b, 73323-58-7; 8c, 73323-59-8; Sa, 72207-00-2; Sb, 
73323-60-1; SC, 73323-61-2; 2-bromo-l-phenylethane, 103-63-9; phe- 
nylmethyl bromide, 100-39-0. 


