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Abstract-Rate constants for the pyrolysis of l-diazo+t-dimethyl-1,4_dihydronaphthalenes, 4aAe, have 
been measured in methanol: 6% triethylamine. In contrast to non-rigid cases, like diphenyldiazomethane, 
where all para substituents show a rate increase compared lo hydrogen, these rates show a linear Hammett 
correlationforparasubstituentswitho’ = -0.84. This observation is rationalized by a non-linear process for 
loss of nitrogen leading directly to the ground-state singlet of the carbene, 17. This carbene is then trapped to 
give the ether 11 

As is well recognized, diazo compounds serve as useful 
precursors for carbenes by either photochemical or 
thermal decomposition. ‘J Recently we have been 
examining in some detail the kinetics of the thermal 
decomposition of a variety of vinyldiazo compounds3T4 
in an attempt to learn about the electronic structure of 
the carbene generated. Vinyl carbenes, in their planar 
geometry, have four readily accessible electronic 
configurations ; singlets l(2n or o*)~*~ and 2 (4x or p*) 
and both a singlet and a triplet corresponding to 3 (37~ 
or op). Both MO calculations5-’ and ESR results 8*9 
indicate that the triplet 3 is normally the most stable of 
these states but it is not necessarily the first formed 

1 2 3 

intermediate in decomposition reactions of diazo 
compounds. For singlet states, normally 1 is the most 
stable, 3 the next and 2 the least stable. The thermal 
decomposition should be easier to interpret than the 
photochemical process because the starting material, 
transition state and the initially formed carbene will all 
he in the singlet state. The question ofwhich of the three 
singlets is generated is not so easy to answer. 

As indicated in Eq. 1 the loss of nitrogen from a 
vinyldiazo compound in the linear mode (using the 
terminology developed by Woodward and 
HolTmann” for cheletropic reactions) leads directly to 
the carbene 2, the doubly excited singlet. This carbene 
should be converted rapidly and exothermically to the 
more stable 1 but the transition state for the thermal 
process should reflect the development of an electronic 

configuration like 2 if the reaction follows this 
“forbidden” pathway. If the loss of nitrogen from the 
diazo compound occurs in the nonlinear mode, the 
ground state singlet 1 will be generated directly and the 
process will be”allowed”. In fact MO calculations’ ’ for 
the loss of nitrogen from diazomethane indicate that 
the activation barrier for loss of nitrogen disappears if 
the restriction of the linear geometry is removed. To our 
knowledge there are no experimental results that 
address this problem of orbital symmetry. 

The kinetics for the thermal loss of nitrogen from a 
series of ring substituted diphenyldiazomethanes have 
been measured.‘2*13 Substitution in the para position 
gives rate acceleration compared to hydrogen for both 
electron-donating and electron-withdrawing sub- 
stituents. This leads to a parabolic Hammett plot with 
the two arms having slopes of p+ * -0.9 for electron- 
donating substituents and p- 2 0.4 for electron- 
withdrawing ones.” A similar parabolic plot is 
observed for a smaller series of phenylvinyldiazo- 
methanes.4 

Curved Hammett plots have been observed before in 
benzylic system.s16 and usually indicate a change in 
mechanism as the substituent changes. However, in the 
case of the pyrolysis of diazo compounds, a different 
explanation is possible. A late transition state with 
considerable singlet carbene character, i.e. one orbital 
electron-deficient and one orbital electron-rich, is 
proposed; freedom of rotation of the aryl ring then 
allows conjugation with either orbital depending on the 
substituent.4~12*‘3 However, this explanation would be 
applicable for either singlet state, 1 or 2, of the carbenes. 
In fact, the rate data might also be accounted for by 
initial generation ofacarbene with considerable radical 
character like 3. The recent development ofa &scale for 
radical stability” indicates that most parn substituents 
(the exceptions are F, CF, and OCOCH,) are radical 
stabilizing and should be rate accelerating relative to 
hydrogen in reactions involving radical intermediates. 
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4a x=CH1O 

4b X=CH2 
4c X’H 

X 46 X’- Br 
4e X=NOs 

4a-e 

In order to examine these questions concerning the 
connection between substituent effects, carbene 
structure and orbital symmetry for the pyrolysis of 
diazo compounds, we have measured the thermal 
kinetics for the loss of nitrogen from the series of 
compounds, 4aAe. In these rigid examples the 
substituents on the aryl ring are directly conjugated 
with only the p or x type orbital at the carbene center 
and their rate effects should be more easily rationalized. 

RESULTS 

Synthesis of the diazo compounds, 4s+-4e. All of the 
diazo compounds were prepared by pyrolysis of the 
corresponding sodium salts of the tosylhydrazones, 5e- 
Se, in refluxing hexane. Since the diazo compounds 
themselves are thermally unstable, this had to be done 
quite carefully to get reasonable yields. In fact samples 
of the diazo compounds were always contaminated to 
some extent by products of their decomposition (by 
NMR analysis less than 10%). Quite pure samples can 
be obtained at low conversions. Details of this 
procedure and the spectral data for C+le are given 
in the Experimental Section. The tosylhydrazones 
were prepared from the enones. 611-6s~ The unsub- 
stituted enone, SC, is known and was prepared by the 
literature procedure. l8 The enones were prepamd by 
bromination/dehydrobromination of the correspond- 
ing ketones, 7a-le. The procedures are outlined in 

Sa-e 4a-e 

Scheme 1. Synthesis of diazo compounds 4a+. 

Hd ’ 

7a,b,d 

Scheme 2. Synthesis of tctralones 7r, 7b and 7d. 
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Scheme 3. Synthesis of 6- and ‘I-nitrotetralones. 

Scheme 1. The ketones, 7a, 7h and 76 were prepared by 
the sequence outlined in Scheme 2; 7n is a known 
compound. rg The nitro compound, 7e, was prepared 
by separation of the mixture obtained by nitration of 8 
followed by reoxidation as in Scheme 3. That 7e was in 
fact the bnitro isomer was confirmed by independent 
preparation of 9 by nitration of 7c. The position of the 
nitro group as meta or paro to the carbonyl was 
established by the very good comparison of the UV 
spectra with both meta and para nitroacetophenone 
and benzophenone. Full details of these procedures are 
given in the Experimental Section. 

Kinetics of the thermal decomposition of the diazo 
compounds, 4a-de. The thermal decomposition of 
10-3-10-4M solutions of the diazo compounds in 6% 

N2 

4 :I I 

triethylamine in methanol at 61” was monitored 
spectrophotometrically using an ampule technique 
described previously. 3s4 The first order rate constants 
are from In (A-A,) plots and are the average of at least 
two runs from each of two different samples ofthe diazo 
compound. Correlation coefficients were always 
greater than 0.99. The values obtained and the mean 
deviations (s- 1 x 104) are : 4a, 10.4 f 0.7 ; 4b, 3.9 + 0.2 ; 
~2.2*0.1;44$1.70*0.05;4e,0.50+0.02.Detai1sare 
given in the Experimental Section. 

Products of the thermal decomposition of the diazo 
compounds, 4~. Pyrolysis of 4c in hexane gave as the 
principal product (>600/,) the azine, 10. At high 
concentrations (0.2 M) in methanol, 10 was still the 
major product and less than 10% of the ether, 11, was 

4c 10 11 

6c 

q. 2% WOCH2 
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formed. However, at low concentrations (10m3- 
10m4M) in methanol the ether 11 was the only product 
(by NMR). More than 5% of the isomeric ether 13 
would have been easily detected. The structure of 11 
was demonstrated by independent synthesis from 6e as 
shown in Eq. 3. Because we had thought that the 
isomeric ether 13 would also be a product, it was 
synthesized from the known enone, 12,‘O as shown in 
Eq. 4. 

DISCU!GSION 

The main objective of this work was to examine the 
thermal decomposition of diazomethanes by compar- 
ing the kinetics of the rigidly conjugated cases, 4a-4e, 
with those ofthe non-rigid examples reported earlier, in 
particular the diphenyldiazomethanes.‘2.13 As shown 
in the Results, the total range of rate constants for 4a4e 
is only about a factor of 20 as the substituent changes 
from the electron-donating methoxy group to the 
electron-withdrawing nitro group. This is quite 
different from the diphenyldiazomethanes where the 
range is about a factor of 5 but both methoxy and nitro 
are faster than hydrogen. These rate effects are quite 
small for a process involving pma substitution in a 
benzylic system. This is a reflection of the fact that the 
rate determining step involves loss of nitrogen and 
carbene formation; that is, a neutral starting material 
gives two neutral fragments. The substituent effects are 
a result then of changes in charge distribution as the 
reaction proceeds rather than the creation or 
destruction of charged species. 

A Hammett plot of the rate data for &+is shown in 
Fig. 1 versus the e+ substituent constants2i and gives 
p+ = -0.84 (r = 0.998). The correlation is worse if 
other substituent constants are used: o gives p = 
-1.10 (r = 0.93) and Q- gives p- = -0.71 (r = 
0.88).22 The rate data cannot be accounted for by 
radical character in the transition state since all puru 
groups should be rate accelerating by the Q’ scale. The 
linear correlation with u+ again emphasizes the 
difference in substituent effects on the rates for the loss 
of nitrogen in the rigid systems, 4, as compared to the 
diphenyldiazomethanes’2*13 where the electron- 
donating substituents do correlate with u+ @ = -0.9) 
but the electron-withdrawing substituents correlate 
with Q- @ = 0.4) and the final plot is therefore 
parabolic. 

Kinetic differences are, of course, a result of changes 
in ground state to transition state energies. Normally, 
in Hammett type correlations, substitution effects are 
attributed entirely to transition state changes since 
there is the formation ofa charged intermediate. For the 
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Fig. 1. Hammett plot for the thermal decomposition of diazo 
compounds 4a-e. 

lossofnitrogenfromdiazomethanes, thisisnot trueand 
both ground state and transition state effects must be 
assessed carefully. The linear Q+ correlation with a 
negative slope for the rates of decomposition of 4 
indicates that positive charge is increasing in an orbital 
directly conjugated to the substituent. In Eq. 5, the 
diazo compound is shown in its two major resonance 
forms, 14 and 15, and the intermediate carbene in the 
two most probable singlet states, 16 (p2 resulting from 
linear loss of nitrogen) and 17 (a2 resulting from non- 
linear loss of nitrogen). The cp state (see Introduction) 
is excluded based on the very poor correlation of the 
kinetic results with u’. The rigid geometry of all of these 
structures forces the substituent, X, to conjugate only 
with the IF orbital at the diazo and carbene carbon. 

An examination of 14 reveals that the 7~ system is 
electron rich and that electron-withdrawing sub- 
stituents should stabilize 14 and 15. Since, in fact the 
reaction rate becomes slower for electron-withdrawing 
substitutions, it seemed possible that this ground state 
stabilization effect could be important in determining 
the relative rates. However, if this were true, the 
reaction rates should correlate with o- since it is an 
electron-rich orbital that conjugates with the 
substituent. As stated above the correlation with u- is 
significantly poorer. Moreover, if a two parameter 
correlation is used (log k = P-U- +~+a+) the first 
term should reflect this ground state effect. This does in 
fact lead to a slight improvement in the correlation (r 
= 0.999 compared with r = 0.998 with just a’) but the 
values of p- = -0.07 and p + = -0.91 indicate the 
minor importance of the first term. Shechter12 has, by 
an analysis of 13C chemical shifts of the diazo carbon in 
diphenyldiazomethanes, reached the similar conclu- 
sion that ground state effects are unimportant in 
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accounting for rate changes in the dediazotation 
reaction. 

If ground state effects are unimportant, then the 
kinetic results reflect changes in transition state 
energies as a function of the substituent. The 
explanation for the Q+ correlation is then simply that 
the intermediate formed in the rate-determining step is 
the carbine in its ground singlet state, a’, 17. This state 
has an electron deficient rr orbital in direct conjugation 
with the substituent. The allowed pathway by orbital 
symmetry is therefore a non-linear” loss of nitrogen. 

The contrast between the kinetic behavior of the rigid 
diazo compound, 4, and the non-rigid diphenyldiazo- 
methanes12~13 also demonstrates that the explanation 
for the parabolic Hammett behaviour is likely correct. 
That is, the freedom of rotation of the aryl ring allows 
conjugation with either the electrondeficient or the 
electron-rich orbital at the carbenic C. In fact, if the 
carbene is of the u2 type, conjugation with the electron- 
deficient rr orbital should be more effective than 
conjugation with the electron-rich c orbital because the 
geometry for the overlap is better. In agreement with 
this p value on the u+ side of hydrogen (i.e. electron- 
donating groups) is larger (- 0.9) than on the Q- side of 
hydrogen (-0.4). 

Finally, a briefdiscussion about the products formed 
from the reaction is necessary. At high concentrations 
ofthe diazo compound, 4, in either methanol or hexane, 
pyrolysis gives good yields of the azine, 10 (Eq. 2). This, 
of course., introduces second order terms into the 
kinetics and complicates the determination of the rate 
of carbene formation. However, if the concentration of 
the diazo compound is less than 10m3 M in methanol, 
then the only product observed (by NMR) was the ether 
11 (Eq. 2). More than 5% of the isomeric ether 13 would 
have been easily detected. In fact 13 is the more stable of 
the two isomers since it is formed quantitatively from 12 
by refluxing in methanol. This process is presumably 
catalyzed by trace acid impurities in methanol since 
addition of triethylamine to the methanol stops 
isomerization. 

A variety of pathways have been proposed in the past 
for the reaction of singlet carbenes in alcohol solvents 
including direct insertion into the O-H bond, 
protonation of the carbene by the alcohol to give a 
carbocation,23 attack on the carbene C by the 
nucleophilic oxygen of the alcohol to give a 
zwitterior? and trapping of the carbene by the 
oligomers of the alcoho1.24 Which of these pathways 
occurs is dependent on the structure ofthe carbene. For 
vinyl carbines, allylic cations are known to form in 
some cases2 For the u2 carbine 17 generated from 4 
this would lead to the two ethers 11 and 13, Eq. 6. Since 
13 is the more stable of the two ethers and since. it is not 
formed, it seems unlikely that the cation 18 is present 
unless 18 is simply attacked in the kinetic sense 
preferentially at the less hindered carbon giving 11. The 

other possibility is that the carbene 17 simply reacts by 
direct insertion into the O-H bond of methanol or 
methanol oligomers. 

EXPERIMENTAL 

60 MHz NMR spectra were recorded on a Varian T-60 
spectrometer using TMS ss the internal standard. 80 MHz 
NMR were recorded on a Varian CFT-20 spectrometer. 
Chemical shifts are reported as &values. IR spectra were 
recorded on a Perkin-Elmer 237 B or 238 B grating 
spectrometer using NaCl plates and are reported in 
wavenumbers, calibrated against the 1620 cm- ’ polystyrene 
absorption. Mass spectra (70 eV) were recorded on a Dupont 
CEC-21-104 mass spectrometer and are reported as m/e 
(relative intensity). Other than the molecular ion peak (ifit was 
observed),only peaksgreater in intensity than 10% of the base 
peak are reported. Exact mass determinations were done on a 
DuPont CEC-21-I lOB mass spectrometer. UV spectra, 
recorded as absorbance against wavelength (in nanometers) 
were run on a Varian Cary 219 spectrometer using 1.0 cm 
quartz cuvettes. Melting points (in “) were taken on a Fisher- 
John apparatus or a Thermolyne hot-stage microscope and 
are uncorrected. 

Combustion analysis were performed by Microanalysis 
Laboratory Ltd., Toronto, Ontario. 

Al1 kinetic or constant temperature studies were done in a 
Haake-(FK-1O)thermostated bathcontrolled to within +O.l” 
of the required temperature. Triethylamineused for the kinetic 
studies was freshly distilled over KOH. 

4,4-Dimethyl-6-~hoxpetralone, 7a. The ketone was 
prepared by the procedure of Miller and Gutierrez’9 as 
outlined in Scheme 1 ; m.p. : 3942” (reported previously as an 
oil). NMR (CDCl3: 1.35 (6H. s). 1.852.08 (2H. ml. 2.552.78 
(2H, m), 3.85 (3H,s), 6.6818X17 (3H, m). . ’ ” 

3-(4-h4ethylberuoyI)propanoic acid. In a 2 I 3-neck flask 
equipped with two reflux condensers and a mechanical stirrer 
were placed 68 g(0.75mol)ofsuccinic anhydride, g(l.Omol) 
of toluene and 3 10 ml of benzene. The mixture was stirred and 
200gofanhyd AlCl, wasaddedallat oncefollowed by heating 
at reflux for 0.5 hr. Heating was stopped and the mixture 
cooled by ice. Water (300 ml) was added dropwise to the flask. 
The water and benzene were removed axeotropically and then 
MeGH was added to remove, by axeotrope, the excess of 
toluene. The solution was then transferred to a 2 I beaker to 
which 20 ml of cone HCI was added. The ppt was filtered off 
with a Buchner funnel. The ppt was then added to 134 g of 
Na,CO,, dissolved in 15OOml ofwater and boiled for 1 hr. The 
soln was filtered and acidified with HCI. The acid so obtained 
wasfilteredandwasaddedto lloflOO/ONaOHaq.Themixture 
was boiled for 1 hr, cooled, filtered and acidified. The ppt so 
obtained was filtered and dried in a vacuum desiccator 
overnight. The yield was 90 g (62%); m.p.: 128-129”. NMR 
(CDCl,): 2.4 (3H, s), 2.68-2.88 (2H, m), 3.183.4 (2H, m) 7.18 
(lH, bs), 7.26 (2H, d, J = 8 Hz). 7.88 (2H, d, J = 8 Hz). 

3_(44romobenzoyI)propanoic mid. In a 2 I flask equipped 
with a condenser and a mechanical stirrer were placed 136 g 
(1.5 mol) of succinic anhydride and 650 ml of bromobenzene. 
With stirrina,400~ ofanhyd AICI, was added at once and the _ - _ 
mixture. heated in an oil bath at -%Y’ for 5 hr. The soln was 
cooled and worked-up as above. The yield was 170 g (44%) ; 
m.p. : 115117”; NMR (DMSO): 2.55-2.77 (2H, m), 3.2-3.4 

4 17 18 
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(2H,m), 7.57-8.07(4H, m); IR(CHC1,): 800,1225,17C0,1725, 
2400,3OlWcm-‘. 

4-(4-?&thylpf~$)buanoic acid. A mixture of 158 g of 
amalgamated Zn, 85.6 g (0.48 mol) of the 3-(4- 
methylbenzoyl)propanoic acid and 400 ml cone HCl, was 
placed in a 11 flask with a rellux condenser. The mixture was 
refluxed for I5 hr and then 160ml ofconc HCl was added. The 
mixture was refluxed for an additional 2 hr and then cooled 
and filtered. The filtrate was extracted with 6x 100 ml of 
diethyl ether, dried over MgSO*, filtered and the solvent 
evaporated. Distillation at 124”/3 mm gave 49.5 g (58%) of the 
desired acid which crystallized on standing ; mp. : 4748” ; 
NMR(CDC1,): 1.7-277(6H,m), 1.92(3H,s),7.03(4H,m),9.67 
(lH, bs). 

4+Bromophenyl)butanoic acid. The procedure was similar 
to the one used above, b.n. 185-190”/1.5 mm. The product 
again crystallixed on standing. The solid was used without any 
further mnification : vield 70X : m.n. : 83-86” : NMR (CDC13 : 
1.75283 (6H, m), 6.87-7.12,&H, m), 11.6 (lH, s). . _’ 

Methyl 4-(4-methylphenyl)butanoate. To a 250 ml round- 
bottom flask was added 30 g (0.169 mol) of the acid, 28 ml of 
MeGH, 9Oml of benzene and 0.1 g of ptoluenesulphonic acid. 
The soln was refluxed for 18 hr. cooled, neutralized with 
NaHCO, and extracted with ether. The combined organic 
layers were washed with water until neutral then dried. 
Evaporation in vacua gave an oil which was distilled (84- 
86”/1.5 mm); yield: 23.4 g(6%); NMR (CDCl,): 1.83 (3H, s), 
1.57-233 (6H, m), 3.47 (3H, s), 6.87-6.93 (4H, m). 

Methyl4-(4-bromopheny[)butanoate. By thesamemethod as 
above, 79g(O.33 mol)ofthe acid gave 83.5 g(100”/oftheester 
on distillation (90”/0.05 mm); NMR (CDCl,): 1.67-2.78 (6H, 
m), 3.55 (3H. s), 6.78-7.35 (4H, m). 

2-Methyl-5+-methylphenyt)-2-pentanol. MeMgl was pre- 
~aredusina5.75aofMaand 34.l(0.24mol)ofMeIdissoIvedin 
iO0 ml ofanhyd dieth; ether. ‘Methyl 4-(4_methylphenyl)_ 
butanoate. 22.6 g (0.109 mol) was then added to the Grignard 
reagent dropwise with mechanical stirring After 24 hr of 
stirring at room temp a sat soln of NH&l aq was added 
dropwise. The mixture was extracted with diethyl ether three 
times. The combined organic extracts were washed with water 
until neutral and dried. Evaporation of the solvent gave 20.6 g 
(lW/,) of the desired alcohol which was used without further 
nurification: NMR (CDCL): 1.12 (6H. s). 1.331.93 (4H. mL 
2.18 (3H, s), 2.3-2.67 (2H, mi3.03 ( 1 H, bs, exchangeable), 6.83- 
6.98 (4H, m). 

2-Methyl-5-(4-bromophenyl)-2-pentanol. The procedure 
wassimilartothatdescribedabove;NMR(CDCl,):l.l5(6H, 
s), 1.55 (4H, m), 2.42-278 (3H, m), 6.87 (4H, bs). 

~Methyl+-dimethyltetralin and &bromo-4,4-dimethyl- 
tetralin. The alcohols (25 g), were placed in a round-bottom 
flask and to this was added 50 g of polyphosphoric acid. 
The resulting mixture was allowed to stand at 50-55” for 9 hr. 
The mixture was then cooled to room temp and then 
poured over ice-water. The soln was then extracted four times 
with diethyl ether. The combined organic layers were washed 
with water until neutral and then dried. Evaporation of the 
solvent gave a brown oil which was chromatographed on a 
silica ael column usina n-hexane as eluent. Yields were in the 
rangeof 8085%. For-6-methyl; NMR (CDCI,): 1.27 (6H, s), 
1.57-1.9 (4H, m), 2.28 (3H, s), 2.57-287 (2H, m), 6.87-7.2 (3H, 
m). For dbromo; NMR(CDCI,): 1.25(6H.s), 1.62.0(4H.m), 
2.57-2.9 (2H, m), 6.93-7.4 (3H, m). 

4.4-Dimethvl-bmethvl-1-tetralone, 7b. In a 100 ml 3-necked 
round-bottom flask equipped with amechanical stirrer and a 
dropping funnel are placed 6.6 g (0.038 mol) of the 6- 
methyltetralin in 80 ml of glacial AcOH. The soln was cooled 
to 10”. A soln ofCrO,, 6.06 g (0.061 mol), in minimum amount 
of warm water (8.6 ml) and 35 ml of glacial AcGH, was 
introduced into the dropping funnel and two drops of this soln 
were added to the mixture. At this time the mixture was cooled 
to0”andtherestoftheCrG,solnaddeddropwisemaintaining 
the temp at &5”. After the addition was complete, the mixture 
was stirred at 0” for 24 hr. The mixture was then diluted with 
100 ml of ice.-water and then extracted with ether, five times. 

The combined organic layers were then washed with 5% 
NaOH aq until the aqueous layers were alkaline. The organic 
layer was then washed with water until neutral and then dried. 
Removal of the solvent gave a heavy oil which was 
chromatographed on silica gel using CH,CI, as eluent ; yield 
6.Og(840/.); NMR (CDCI,): 1.4(6H, s), 1.9-2.13 (2H, m), 242 
(3H, s), 2.6-2.87 (2H, m), 7.0-8.0 (3H, m); IR (CHCl,): 1330, 
1345,1365,1390,1610,1685,3000cm-’;highresolutionmass 
spectrum talc (m/e) for C,,H,,O, 188.1201; found 
188.1195. 

Preparation of 4.4-dimethyL6-bromo-I-tetralone, 7d. The 
tetralone was prepared by a similar method as described 
above; yield 70”/,; NMR (CDCI,): 1.37 (6H, s), 1.87-2.17 (2H, 
m), 262.87 (2H, m), 7.13-8.1 (3H. m); IR (neat): 760, 1280, 
1325,1360,1382,1425,1595,1685,2960cm-’;highresolution 
mass spectrum talc (m/e) for C,,H,,OBr, 252.0150; found 
252.0146. 

4,4-Dimethyl-7-nitrotetralone, 9. In a 250 ml 3-necked 
round-bottom flask quipped with a mechanical stirrer and an 
ice-salt bath are placed 36 ml ofconc H,SOI. When the temp 
cooled to 0”. 20 g (0.115 mol) of 4&dimethyltetralone was 
added dropwise maintaining the temp of the soln below 5”. 
After the addition was complete the soln was cooled to -7” 
and ice-cold mixture of cone HNO, (9.2 ml) and cone H,SO, 
(14 ml) added dropwise keeping the temp between -5” and 
0”. After the addition was complete, the soln was stirred for 
another 10 min at 0”. Then the soln was poured over a mixture 
of2OOgoficeand 200ml ofwater. Appt appeared.Theppt was 
collected on a Buchner funnel, dissolved in a minimum 
amount ofhot EtOH and then poured into an equal volume of 
water. The ppt thus obtained was once again filtered and 
recrystallized in EtOH to give 13 g (52%) of the desired 
nitrotetralone: m.p.: l&161”; NMR (CDCl,): 1.47 (6H, s), 
1.952.2(2H,m),267-3.05(2H,m),7.58(IH.d,J = 8Hzk8.28 
(lH, dd, J = 8 Hq 3 Hz), 8.7 (lH, d, J = 3 Hz); IR (CHCl,): 
1340, 1525, 1610, 1690,296O cm-‘; UV (MeOH): L_ 231 
(14W3). 

l,l-Dimefhylfetralin, 8. 4.4Dimethyltetralone, 7c (20 g, 
0.115 mol), was placed in a 250 ml round-bottom flask and 38 g 
of amalgamated Zn was added. The mixture was refluxed for 
16 hr, cooled and filtered. The filtrate was extracted four times 
with ether. The combined ether extracts were washed with 
water and then with sat NaHCO, aq; dried, and the solvent 
evaporated. The residual oil was chromatographed over silica 
gel using n-hexane as eluent : yield 14 g (76%) ; NMR (CDCl,) : 
1.22 (6H, s), 1.58-1.88 (4H, m), 2.42-2.78 (2H. m), 6.78-7.25 
(4H, m). 

4,CDimethyl&nitrotetralone, 7e. To a soln of 4.0 g (0.025 
mol) of the 1,l dimethyltetralin dissolved in 200 ml of Ac,O 
held at O”, was added 4.3 g of powdered cupric nitrate 
trihydrate. The soln was stirred magnetically at 0” for 1 hr and 
then for 3 hr at room temp. The mixture was then poured over 
ice in a 11 beaker and allowed to stand overnight to hydrolyse 
all the Ac,O. The soln was stirred occasionally and more ice 
was added when the soln temp went above room temp. The 
mixture was then extracted twice with CHCl,. The combined 
organic extracts were then washed several times with water 
and finally with NaHCO, aq. The organic extract was then 
filtered and the solvent evaporated to give a yellow oil. 
Chromatography of the oil on silica gel using 3: 1 hexane- 
CHzCll gave a mixture of nitrotetralins; yield : 3.0 g (58%). 

In a 250 ml 3-necked round-bottom Bask equipped with a 
mechanical stirrer and a dropping funnel was placed 7.0 g 
(0.034mol)ofthe mixtureofnitrotetralinsdissolved in 5Omlof 
glacial AcOH and 6 ml of water. The soln was cooled to 10”. A 
solnofCrO,, 15.0g(0.15mol)dissolvedin 1Omlofwarm water 
(5060”) and 40 ml of glacial AcGH was introduced into the 
dropping funnel and then added dropwise. After the addition 
was complete, the mixture was stirred at 10” for 36 hr. The 
mixture was then poured into ice-water and extracted with 
CHCI,. The combined organic extracts were washed with 
water and then with NaHCO, aq and again with water. The 
soln was dried over MgSO,. Removal of the solvent in uacue 
gave an oil which solidified on standing. Chromatography on 
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silica gel using benzene as eluent gave the unoxidized tetrahns 
(3.2 g overall) followed by 7e (0.7 g) and 9 (1.1 g). For 7e, m.p.: 
170-171”;NMR(CDCl,): 1.43(6H.s), 1.92-2.2(2H,m),263- 
2.9 (2H, m), 7.9-8.17 (3H, m); IR (CHCI,): 1345, 1530, 1700 
cm-’ : UV (MeOH): L.. 265 (11.600): hiah resolution mass . 
spectrum talc (m;e) ‘fzr C,;H, ,I&-219.0895; found 
219.0894. 

Enones, 6a-6e. Enone, 6c. is a known compound.“’ The 
other enones were made by a similar procedure from the 
tetralones. Since the nitrotetralone was insoluble in carbon 
tetrachloride the bromination was carried out in CHCI,. No 
attempts were made to purify the x-bromotetralones. Reflux of 
the bromotetralones in y-collidine gave the enones. Overall 
yield from the tetralones to enones were in the range of 40- 
50%. The enones were purified over alumina (basic, activity I) 
using hexane: CHCI, as eluent. The enones were identified 
only by NMR spectrum and were used without further 
purification. 6a; NMR (CDCl,): 1.48 (6H, s), 3.9 (3H, s), 6.33 
(lH,d,J= lOHz),6.85(1H,d,J= lOHz),6.90(2H,m),8.12 
(lH,m);6b;NMR(CCI,): 1.43(6H,s),237(3H,s),6.15(lH.d, 
J = lOHz),6.67(1H,d.J = lOHz),6.88-7.23(2H,m),7.8-7.93 
(lH,m);6e;NMR(CDCl,): 1.48(6H,s),6.4(1H,d.J = lOHz), 
6.94 (lH, d, J = 10 Hz), 7.38-7.63 (2H, m), 8.2 (IH, m); 66; 
NMR(CDC1,): 1.47(6H,s),6.3(lH,d.J = lOHz),684(1H,d. 
J = 10Hz),7.2-7.57(2H,m),8.12(1H,m);6e;m.p.:184-186”; 
NMR(CDC1,): 1.55(6H,s),6.33(lH,d.J = lOHz),6.92(1H.d, 
J = 10 Hz), 8.08-8.33 (3H. m). 

Tosylhydrazones, Sa-5d. Equimolar amounts of the enone 
and tosylhydrazine were reIIuxed in MeOH (15-20 ml per 
gram of the enone) for 34 hr. The mixture was cooled and 
evaporation of the solvent gave an oil which was 
chromatographed using CHCI, as eluent. The gums obtained 
were crystallized in a suitable solvent to give pure 
tosylhydrazones: Sa (25x), from MeOH; m.p.: 187-190” ; 
NMR(CDCl,): 1.37(6H,s),2.42(3H,s),3.85(3H,s),6.36(1H, 
d, J = 10 Hz), 6.57 (lH, d, J = 10 Hz), 6.9-8.18 (8H, m); IR 
(CHCI,): 914 990, 1034 1060, 1075, 1150, 1230, 1245, 1320, 
1375,1605,2920,3225cm-‘;massspectrum: 370(7),211(12), 
210(81), 182(20), 181 (lOO), 167(18), 166(36), 151(15), 138(35), 
123(35),91(17),90(31).(Found:C,65.11;H,5.89;N,7.32;S, 
8.61. Calc for Cr0H2sN2SOJ: C, 64.84; H, 5.99; N, 7.56; S, 
8.65x.) 

Compound 5b (37%). from EtOH; m.p.: 184186”; NMR 
(CDCI,): 1.35 (6H, s), 2.35 (3H, s), 239 (3H, s), 6.28 (lH, d, J 
= 10 Hz), 6.46 (lH, d, J = 10 Hz), 6.96-7.98 (8H, m); IR 
(CHCI,): 920, 1010,1080, 1160, 1320,1375,1600,2940,3190 
ctt~‘;massspectrum:354(12), 199(69), 171(43), 170(100), 
169(12),156(43),155(61),92(13),91(37).(Found:C,67.62;H, 
6.22; N, 7.83; S, 9.11. Calc for CscH,,NzSO,: C, 67.77; H, 
6.26; N, 7.90; S, 9.05x.) 

Compound !k (58x), from benzene: hexane; m.p. : 150- 
151’;NMR(CDCI,): 1.28(6H,s),2.33(3H,s),6.28(1H,d.J 
= lOHz),6.63(1H,d.J = lOHz),7.158.2(8H,m),8.5(1H,bs, 
exchangeable);IR(CHCl,):910,lOOO, 1085,1160,1325,1375, 
1605, 1650,2970,3220 cm-‘; mass spectrum: 340 (25), 185 
(100) 157 (42), 156(88). 155 (23). 142 (55), 141(78). (Found: C, 
66.85; H, 6.10; N, 8.10; S, 9.31. Calcfor C,,HI,N,SOI: C, 
67.03; H, 5.92; N, 8.23; S, 9.42x.) 

Compound Sd (57x), from benzene: hexane; m.p. : 15% 
161”; NMR (CD&): 1.33 (6H, s), 2.33 (3H, s), 6.22 (lH, d, J 
= 10 Hz), 7.07-8.1 (8H, m); IR (KBr): 670, 770, 930, 1010, 
1040, 1085, 1170, 1335, 1355, 1400, 1600, 1650, 2970, 3220 
cm-‘;massspcctrum:339(19),185(11),184(78),158(28),157 
(100X 156(17), 142(35), 141 (66). 115(18),91 (23).(Found:C, 
54.61; H, 4.39; N, 6.32; S, 7.61; Br, 19.11. Calc for 
C,sH,,N,SO,Br: C, 54.42; H, 4.57; N, 6.68; S, 7.65; Br. 
19.06%.) 

Tosylhydrazone, Se. To 0.2 g (0.92 mmol) of the enone 
dissolvedin 1 mlofhot CHCI, wasadded0.17 g(0.92mmol)of 
tosylhydrazine dissolved in 2 ml of MeOH. The soln was 
allowed torefluxwithmagneticstirringfor 5.5 hr.Thesoln was 
cooled and the solvent was evaporated. To the residual gum 1 
ml of MeOH was added and the soln was cooled to 0”. A ppt 
was obtained which was filtered on a Buchner funnel and 

washed twice with MeOH and then recrystallized from 
CHCI,:hexane; yield 60-7PA; m.p.: 182-184”; NMR 
(acetone-d,) : 1.47 (6H. s), 2.35 (3H, s), 6.35 (lH, d, J = 10 Hz), 
6.73(1H,d, J = 10 Hz), 7.05-8.18(8H,m); lR(CHCl,): 1170, 
1350, 1530,3020,3220 cm-i; mass spectrum: 385 (12), 325 
(28),277(24),230(28),203(67),202(100),201(16), 186(42), 172 
(31), 171(14), 170(21X 157(15X 156(81), 155(86), 154(47), 153 
(69). 152(49), 151 (IS), 143(53). 142(12), 141(36), 140(36), 139 
(75j; 129(34j, 128 (65), 127 (4Oj, 123 (14j, 115(42j, 108 (26). 107 
(31~.92(55191(69).89(24~77(281.(Found:C.59.5O:H.4.92: 
N,i0.7j;~,8.5i.~~cf~r~,,H’,,N;SO,:C,5~.21;H;4.~7;N~ 
10.90; S, 8.32%.) 

Diazo compounds, 4a-A. The tosylhydrazone (0.5 g) was 
dissolved in anhyd THF in a 100 ml round-bottom flask and 
NaOMe (soO/, excess) was quickly added. The soln was stirred 
magnetically for 15 min. The solvent was then evaporated in 
oacuo and to the tosylhydrazonesalt so obtained wasadded 75 
ml of n-hexane. The flask was then equipped with a water 
condenser and then the flask was plunged into an oil-bath 
maintained at 90-100” for 4-5 min. The flask was then taken 
out of the oil-bath and immediately placed in an ice-cold water 
bath. When the temp of the soln fell below room temp the 
supematant liquid was filtered off into a round-bottom flask 
immersed in ice-cold water. The solvent was evaporated on a 
rotary evaporator at room temp. The whole process was 
repeated once again with the left over tosylhydrazone salt. The 
combined samples of the diazo compound were taken up in 10 
ml of n-pentane and filtered to remove any solid particles: 
yield 15-200/,. The diazo compounds were identified by their 
color,IR(202@2O4Ocn~‘)andNMRspectraonly:4a;NMR 
(CCl,):1.38(6H,s),3.82(3H,s),5.12(1H,d,J = lOHz).6.1(1H, 
d,J = lOHz),6.73-7.25(3H,m);4h;NMR(CDCl,):1.28(6H, 
s),2.23(3H.s),509(1H,d,J= lOHz),5.98(1H,d.J = lOHz), 
6.65-7.2(3H.m);4c; NMR(CCl+): 1.37(6H.s), 5.15(lH.d, J 
= lOHz),6.02(1H,d.J = lOHz),6.767.4(4H,m);&I;NMR 
(CDCI,): 1.38 (6H, s), 5.17 (lH, d, J = 10 Hz), 6.04 (lH, d, J 
= 10 Hz), 7.06-7.42 (3H, m); 4e; NMR (C,D,): 1.39 (6H, s), 
4.72(1H,d.J = lOHz),5.3(1H,d.J = lOHz),6.08(1H,d.J= 
9 Hz), 7.63 (lH, dd, J = 9 Hz, 2 Hz), 8.03 (lH, d, J = 2 Hz). 

Kineticsojthe thermaldecompositionofthediazocompounds, 
Q-4e. Solns (10-3-10-4M) of a fresh samule of the diazo 
compound were made in 6% EtsN in MeOH-and the samples 
were sealed in 5 ml ampoules (l&12 per kinetic run). Since 
diazo compounds decompose in visible light, these were 
wrapped in aluminum foil. The ampoules were then placed in a 
constant temp bath at 61” for the kinetic run and taken out at 
the appropriate times and immediately quenched in ice-cold 
water. The absorbance of the solns was then measured. The 
wavelength used for monitoring the rate of disappearance of 
diazo compounds 4a-4d was 280 nm and 415 nm for 4e. 

Products ajthe thermal decomposition of diazo compound, 4c. 
Pyrolysis of 4c (0.35 g, 1.9 mmol) in 100 ml of n-hexane after 
chromatography over alumina (neutral, activity I) gave 0.21 g 
(60%) of azine, 10.0.04 g (loo/,) of the enone, 4c, and several 
otherunidentifiedproducts(inal1,12”/,).Thediazocompound, 
4c (90 mg, 0.49 mmol), was allowed to react in 2 ml of CH,OD 
(0.25 molar in diazo sample) at room temp for 30 hr. From the 
NMR WA of the product was azine and less than loo/, was a 
methoxy derivative. A 10e3M soln of the diazo compound 
after regux in MeOH-Et,N gave a quantitative conversion 
to the ether, 11. The diazo compound, 4e (5 x 1O-3 molar in 
CDsOD), was degassed in an NMR tube by three freeze-thaw- 
pump cycles. The tube was then sealed and the NMR spectra 
were recorded before and after the pyrolysis (61”). The 
concentration of the azine, 10, was found to be identical before 
and after the pyrolysis. No enone, 4c, was detected. Spectral 
properties of azine, 10: m.p.: 177-179”; NMR (CD&): 1.42 
(12H, s), 6.15-7.4 (12H, m); IR (CHCI,): 1300, 1350, 1365, 
1385,1460,1550,1640,2950cn~‘;massspectrum:340(12), 
325 (12), 127 (100) ; high resolution mass spectrum talc (m/e) 
forC H N 340.194O;found 340.1932. 24 2. 2r 

Preparationoftheether, 13.To I g(5.8mmol)oftheenone 12 
dissolved in benzene was added 3.6 g (25 mmol) of 
diisobutylaluminum hydride (25% soln in toluene). The soln 
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was stirred for 2 hr and then cautiously added to cold MeGH 
and then filtered. The filtrate, on evaporation of solvent, gave 
the desired vinyl alcohol: NMR (C&l,): 1.17 (3H, ski.32 
(3H,s),2.22(1H.bs.exchanneable).3.9IlH.bs)ABsvstem.with 
first-order coupling of on;protdn to‘the.prbton at 3.9 i 5.95 
(lH, dd, J = 10 Hz, 4 Hz), 6.42 (lH, d, J = 10 Hz), 7.0-7.38 
(4H. m). 

The alcohol so obtained was dissolved in anhyd THF and 
then 20 g of NaH (57% oil dispersion) was added followed by 
11 gofMeI.Themixturewasstirredatroomtempfor 16hrand 
then poured over MeGH. Evaporation of the solvent followed 
by quick filtration over alumina (basic, activity I) using 
hexane:benz.ene gave 0.45 g (41%) of the ether: NMR 
(CD&): 1.27(3H,s),1.30(3H,s),3.33(3H,s),3.63(1H,d,J = 4 
Hz),6.0(1H,dd,J = 4Hz,lOHz),6.47(1H,d,J = lOHz),6.93- 
7.3 (4H, m). 

Prepararionqftheether11.Theenone,6c(lg,5.8mmol)was 
dissolved in 15 ml of benzene and 4 ml of diisobutylaluminium 
hydride (25% soln in toluene) was added dropwise with 
magnetic stirring. After the addition was complete, the soln 
was stirred for 2 hr and then poured over MeOH with caution. 
Hot filtration followed by evaporation ofthe solvent gave a 
heavy oil which had a satisfactory NMR for the desired 
alcohol: (CDCI,), 1.27 (3H, s), 1.37 (3H, s), (lH, 2.18 d, 
exchanaeablek 4.93 (IH. ml. 5.78 (2H. ml. 6.98-7.47 (4H. m). 

The &ohof (0.8 g) so obtained was dissolved in i0 ml of 
anhyd THF. NaH (57% oil dispersion, 2 g) was placed over a 
Buchner funnel and washed with n-hexane to get rid of the 
mineral oil. The NaH was then quickly poured into the alcohol 
soln. The soln was stirred for 10 min and then 4.5 g of Mel was 
added. The soln was then stirred overnight, poured into ice 
slowly and then extracted with CHzCll twice. The organic 
layer was dried over MgSO,. Filtration followed by 
evaporation of the solvent gave the desired ether: yield 0.45 g 
(41%); NMR (Ccl,): 1.25 (3H, s), 1.33 (3H, s), 2.93 (3H, s), 4.9 
(lH, m), 5.72 (2H, m), 6.93-7.3 (4H, m). Attempts at further 
purificationoftheetherbycolumnchromatography(ahunina, 
basic) using benzene: hexane as eluent led to isomerization to 
the ether 13. 
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