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PHOTOCHEMISTRY OF 1 and 2-(2-METHYLPHENYL)-1,6-HEPTADIENE. 
Russell D. Barrows*and Joseph M. Hornback, Department of Chemistry, University of 

Denver, Denver, COlorado 80208. 

Ln an attempt to synthesize partially saturated phenanthrene derivatives by an 
intramolecular Diels-Alder reaction between a photochemically produced o-xylylene (diene) 
and a tethered dienophile, it was found that 1 and 2 underwent a photochemically allowed 
[2+2] cycloaddition. Irradiation of~ gav~ 6~(2-methylphenyl)bicyclo[3.2.0]heptane in 
86% yield. Upon irradiation of~, a benzvalene rearrangement of~ first took place, 
producing the meta isomer 2-(3-methylphenyl)-1,6-heptadiene, followed by a [2+2] photo
cycloaddition giving l-(3-methylphenyl)bicyclo[3.2.0]heptane in 15% yield. Direct irradi
ation of 2-(3-methylphenyl)-1,6-heptadiene gave the same bicyclo derivative as·~ in 34% 
yield. Examination of the flourescence spectra of~ and ~ in comparison with 1-(2-
methylphenyl)propene and 2-(2-methylphenyl)-1-butene, respectively, has shown that 1 
may be biased toward [2+2] cycloaddition where·~ is not biased toward [2+2] photocyclo
ization. Attempts to produce 4a-methyl~l,2,3,4,4a,9,10,10a-octahydrophenanthrene by an 
intramolecular Diels-Alder reaction of the o-xylylene produced by irradiation of 3 will 
also be described. 
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Because of their high reactivity as dienes in the Diels-Alder reaction, 

o-xylylenes (or o-quinodimethanes), such as~' are showing considerable 

promise as intermediates in organic synthesis.l Although there are many 

methods for generating o-xylylenes, most of these methods suffer from 
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various limitations. We have become interested in employing the photochem

ical 1,5-hydrogen transfer of o-alkylstyrene derivatives as a method of 

generating o-xylylenes for use in the synthesis of 4a-methyl-octahydrophen

anthrene derivatives (see equation 1.). 

Results & Discussion. Hornback2 and others3 have shown that upon 

irradiation of an o-methylstyr-ene·derivative a trappable o-xylylene inter

mediate is produced. Irradiation of 2-(2-methylphenyl)propene, i' in the 

presence of cyclohexene gave 9,9-dimethyl-1, 2, 3, 4a, 9, 9a, 10 -

octahydroanthracene, ~, in 24% yield while irradiation of 4 in the presence 

of maleic anhydride gave 1,1-dimethyl-1, 2, 3, 4-tetrahydro-2, 3-naphthalene-

dicarboxylic acid anhydride, £, 

-~~" 
~-~> 

in 48% yield. 
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Encouraged by these results, we investigated the photochemical behavior 

o£ 2-(2-methylphenyl)-1,7-octadiene, !_, to determine if the o-xylylene 

could be trapped intramolecularly to give an octahdrophenanthrene derivative. 

Compound !_ was prepared ·_by a Grignard reaction on o-tolunitrile to give 1-

(2-methylphenyl)-6-hepten-1-one, ~followed -by a Wittig reaction.4 Upon 



irradiation of·Z in benzene, three products were formed. The first was 

identified as 7-(2-methylphenyl)-1,6-octadiene, 2 (5%), by comparison of 

its spectral data to an authentic sample synthesized by an independent 

route. (see Experimental Section). The second product was identified as 

2-(3-methylphenyl)-1,7-octadiene, 10 (37%) by comparison of its spectral 

properties to those of an authentic sample synthesized by an alternative 

route. The synthetic route to 10 was the same as that for 7 except m-

Br 
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tolunitrile was used instead of o-tolunitrile. The final product was produced 

in low yield (4%) and identified as trans - 11 by comparison of its gas 

chromatography retention time on thr~e separate columns to that of an authentic 

sample. The authentic sample of 11 was prepared by dehydration of 12 

giving a 1:4 mixture of cis- and trans-11.5 The two isomers were separated 

from each other by preparative gas chromatography and the fractions were 

identified by NMR analysis.6 Other solvents, i.e., acetonitrile, iso

propanol, methanol, water-methanol, ethanol, haxane, cyclohexane, methylene 
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chloride, and bromobenzene did not improve the yield of 11. S~nsitized 

irradiation of 7 gave a 56% yield of 7-(2-methylphenyl)-1,6-octadiene, 

2, (of undefined geometry). 

From the formation of 9 and 11 upon irradiation of 2, one can conclude 

that 13 was forming, but its lifetime was not long enough for the dienophile 

to position itself for cycloaddition with the diene. 

H 
11 

< ) 

The lamp used in the irradiation of 7 was a me.dium pressure, 450-watt, 

mercury lamp which has emissions throughout the UV and visible region. As 

shown by McCullough,lc o-xylylenes are photoliable and irradiation in the 

300-375 nm range increases the rate of the [1,5]-H decay. Therefore, 

eliminating the light in this region, one should increase the lifetime of 

13, giving the dienophile a longer time to properly position itself. 

Irradiation of 2 in refluxing benzene, with a low pressure mercury lamp,7 

which primarily emits at 254 nm, slightly increased the yield of 11 to 

10%. Lowering the temperature to 7°C during the photolys~s of 2 showed 

the thermal [1,5]-H decay of 13,. again increasing the time for the dienophile 

to position itself properly. Irradiation of 7 in benzene with the low 

pressure lamp, at 7°C, afforded 24% of 11 based on 35% conversion 7. 

Although the yield is vastly increased from the first attempt, it is still 

too low to be synthetically useful. If the temperature is lo~ered to -5°C 

to -10°C (solvent 10% acetonitrile and 90% benzene) all of the above photo

chemical processes virtually cease. 

It was felt that the substituted methyl group on the o-xylylene inter

mediate was preventing the desired [4+2] cycloaddition as a result of not 

obtaining 11 for 2 in a synthetically useful yield. There are basically 

two ways the 0. -methyl group could interfere with the cycloaddition. The 

methyl group could cause the o-xylylene intermediate to assume a non-planar 

conformation. McCulloughlb has shown that the greater the number of 
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substituents on the exo carbon-carbon double bonds of the o-xylylene 

intermediate the greater the "twist" in the intermediate (Figure 1). A 

twisted intermediate could prevent the dienophile from orientating itself 

in the proper position for the desired [4+2] cycloaddition. The other 

possible reason is the methyl group offers an alternative pathway to the 

cycloaddition (e.g., a [1,5]-H shift). 

. lb 
Conformation of o(,cx' ,o<',cl-Tetromethyl-o-xylylene 

Figure I · 

Reduction of 8 with lithium aluminum hydride to give 14 followed by 

dehydration with KHS048 afforded 15 in good yield. Upon direct irradiation 

of 15 in benzene, ·a clean and efficient formation of 16 (86%), occurred 

rather than the desired [4+2] cyclization to produce 17. Compound 16 was 

identified by comparison of its spectral properties with those of a sample 

prepared by an alternative route. (see Experimental Section). 

4 
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Following the above series of reactions, the length of the methylene 

chain was shortened to see if the lack of adducts in the first·two systems 

was due to the conformation of the tether holding the dienophile. 

Compound 18, one methylene group smaller than z, was prepared by adding 

199 to 20 to yield the alcohol 21. Oxidation of.21 with pyridine chloro

chromatelO produced 22 in good yield. Treatment of 22 with methylenetriphenyl

phosphorane4 furnished 18. 
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H3C 
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Upon direct irradiation of 18 in benzene, the three major products 

were identified as 23 (3%), 24 (26%), and 25 (15%). Compound 23 was 

identified by comparing its gas chromatography retention time to that of 

an authentic sample on three separate columns. Irradiation of 18 in the 

presence ·of p-dimethoxybenzene in benzene yielded 23 in 12% isolatable 

yield. Compound 23 was easily identified by NMR. Again~ the key to 23, 

as seen for 2_, was the two strong singlets at 2. 21 o and 1. 92 o , representing 

the o-methyl group and the a-methyl group, respectively, and the multiple 

of peaks between 5. 85 o and 4. 69 o integrating for four protons. The spectrum 
' 

hv Qy + 
) H

3
C ;J + 

CH3 
18 11. 24 12 

of 23 was similar to 9. The second and third compounds 24 and 25 were 

identified by comparing their spectral properties with those of samples 

prepared by alternative routes (see Experimental Section). 

Compound 25 could have arisen from 24 (formed by a benzvalene rearrange

mentll of 18 by a [2+2] cycloaddit-ion or by 26 (formed by a [2+2] cyclo

addition of 18) undergoing the benzvalene rearrangement to 25.11 
CH3 

hv > 
24 

25 --. 

26 25 
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The former mechanism seems more likely as 24 is isolatable in the photo

mixture, and the fluorescence spectra of 18 revealed no photophysical 

association.l2-16 Upon d!rect irradiation of 24 in benzene, 25 was found 

to be the sole product in 34% yield. 

Molecular orbital theory and mechanistic studies relating to organic 

excited states have recently suggested that all [2+2] singlet cycloadditions 

are preceded by a photophysical association state between the addends.l2-16 

From these studies, a qualitative understanding of the structure and reactiv

ity relationships of the [2+2] cycloaddition can be drawn. Briefly, one 

of the chromophores is excited to a higher energy singlet state which then 

forms a loose molecular complex with the other addend (termed an excimer 

if the chromophores are the same, exciplex if they are different). This 

prior association before ring closure to a cyclobutane derivative favors 

the [2+2] cycloaddition in two ways. First, and most important, is the 

prior association of the reacting chromophores which could overcome a 

substantial fraction of the entropy barrier of the bimolecular process. 

·Second, the exciplex formation may bias the system toward cycloaddition 

and away from the other competing chemical paths. 

To determine if 2, 15, or 18 were biased toward [2+2] cycloaddition, 

their emission spectra were examined in degassed, nonpolar solvents. In 

order to measure the degree of quenching of fluorescenel7 of these molecules, 

the absorption and emission spectra of 2-(2-methylphenyl)-1-butene, 27, 

and l-(2-methylphenyl)-l-propene,l8 28, were first examined. The amount 

of quenching for 2 and 18 was determined by comparing their emission spectra 

with 27 and the amount or quenching for 15 was determined by comparison 

with the emission spectrum of 28. 

Three solutions of decreasing concentration of 27, 2, and 18 each in 

heptane were prepared and degassed with a steam of oxygen free nitrogen.l9 

The concentration of any particular solution did not exceed Cmax=0.05/Eb, 

where b represents the length of the cell, E is the molar absorptivity at 

the wavelength of excitation, which in the case for 27, 2, and 18 was 

285 nm. With the concentration of the solutions below Cmax' a linear 

curve can be prepared.20 
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Examination of the fluorescence spectra and plotting the higher 

emission values on a linear curve for 27, !_, and 18 showed no quenching of 

the fluorescence when comparing 27 to 7 and 18. This indicates that 7 and 

18 are not biased tmvard singlet [2+2] cycloaddition. Careful analysis of 

their photoproducts, direct or sensitized, reveals no evidence for the 

existence of a [2t2] adduct. The lack of [2+2] adducts for 7 and 18 does - -
not necessarily exclude the existence of a triplet state complex.l5-17 In 

order to determine if a triplet state exciplex complex existed,.the 

phosphorescence of 27, ?_, and 18 would have to be measured and to date, 

the phosphorescence of well-known triplet [2+2] reactions has not been 

measured.l4 

Examination of the fluorescence spectra of 15 and 28, and plotting 

the higher emission values on a straight line curve showed a marked decrease 

iri the fluorescences of 15 in comparison to 28. This shows the probable 

existence of the exciplex complex for 15 and a potential preference for a 

singlet [2+2] cycloaddition to- give 16.14,15 

To see if the o-methyl group on 15 enhanced or hindered the formation 

of the exciplex, 1-phenyl-1,6-heptadiene, 29, was prepared and studied. 

The synthesis of 29 was the same as 15 except benzonitrile was used in 

place of o-tolunitrile. Reduction and dehydration were carried out in a 

similar manner as described for the preparation of 15. Upon ex~~ination 

of the fluorescence spectrum and plotting the higher emission values on a 

linear curve, 29 showed an even greater decrease in fluorescence than 

occurred with 15, reve.aling more exciplex quenching than found for 15. 

Therefore, the o-methyl group on 15 decreases the stability of exciplex. 

The above measurements lend credence to the theory that singlet [2+2} 

cycloaddition reactions are preceded by the formation of a polar complex 

or exciplex. 21 

Experimental Section 

General. Boiling points are uncorrected; melting points are corrected. 

Nuclear magnetic resonance spectra were obtained on a Varian EM-360 or a 

Varian HA-100 spectrometer. Lnfrared spectra were obtained with a Perkin

Elmer 337 or 710A spectrophotometer. Ultra-violet spectra were obtained 
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on a Beckman Acta V spectrophotometer. Fluorescence spectra were obtained 

on a Perkin-Elmer MPF-36 spectrophotometer. Elemental analyses were obtained 

from Atlantic Microlab, Inc., Atlanta, Georgia. 

Analytical GC was performed with a Hewlett-Packard 5750 chromatograph 

coupled to a Columbia Scientific Industries SCI 38 digital integrator. The 

following columns were used: column~' 1.8 m x 3.2 mm, 10% Silicone Gum 

Rubber UCW-982 on 60/80 Chromsorb W; column£, 1.8 m x 3.2 mm, 10% SE-30 

on 80/100 Chromsorb P; column~' 1.8 m x 3.2 mm, 3% OV-17 on 100/120 Chromsorb 

W; column~' 1.3 m x 3.2 mm, 15% FFAP on 60/80 Chromsorb W; column~' 2.2 m 

x 3.2 mm, 10% Carbowax 20M on 60/80 Chromsorb P. Preparative GC employed 

an Aeriograph A-700 chromatograph. The following columns were used: column 

f, 3.65 m x 6.35 mm, 17% Silicone Gum Rubber UCW-982 on 30/60 chromsorb P; 

column ~' 3.65 m x 6.35 mm, 5% SE-30 on 30/60 chromsorb P; column~' 3.65 m 

x 6.35 mm, 10% OV-17 on 30/60 Chromsorb W. 

Photochemical Apparatus. Preparative irradiations were conducted with 

a water cooled quartz immersion well and a Hanovia 450-W medium pressure 

mercury-vapor lamp. A pyrex filter, which fit inside the immersion well, 

was used for sensitized runs. The outer vessels were either 250 or 500 mL 

in size and were t-tater-cooled. The photolysis solutions were continuously 

purged with a stream of oxygen-free nitrogen.l9 

Analytical irradiations were conducted with the same light source and 

immersion well, mated with a "merry-go-round" type apparatus containing 

eight positions for quartz or pyrex tubes. The tubes used in the above 

apparatus were either 10-15 mL capacity or 5-10 mL capacity. Each tube was 

degassed for 5 min prior to irradiation by a steam of oxygen-free nitrogen.l9 

Analysis was carried out by GC, using internal standards. 

Low pressure irradiations were conducted with a Pen-Ray model SCT-4 

photochemical immersion lamp, with a 24/40 neck which was put directly into 

the solutions. This lamp primarily irradiates at 254 nm. The photolysis 

.so.lut.ions were continuously purged with a steam of oxygen-free nitrogen .1 9 

1-( 2-Methylphenyl )-6-hepten-1-one ( 8). A three-neck flask, equipped 

with a reflux condensor and additional funnel, was charged with 22.3 g 

(0.92 mol) of magnesium turnings and 250 mL of freshly dried THF. To this 
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was added 10 mL (19.6 g, 0.063 mol) of 1,2,6-tribromohexane22 and the 

mixture was heated slightly to initiate the reaction. After the reaction 

had begun, an additional 93.0 g (0.30 mol) of 1,2,6-tribromohexane was 

added dropwise. The resulting solution was heated to reflux for 3.5 hr and 

. then stirred overnight at room temperature. The solution was poured into 

500 mL of ice-cold 20% HCl solution and stirred for 5 hr at room temperature._ 

The solution was extracted with 3 x 200 mL portions of diethyl ether, and 

the extracts were combined and washed with 3 x 100 mL portions of 10% HCl 

solution, sat. NaHC03, H20 and dried over MgS04. Distillation yielded 

--· 33.8 g (67%) of 8, bp 103-105°C at 0. 7 mm; NNR (CDC1 3 ) o 7.65 - 6.95 (m, 4H, 

aromatics), 6.00- 4.75 (m, 3H, vinyls), 2.77 (distorted t, 2H, met.hylene 

a to the carbonyl), 2. 43 ( s, 3H, ortho-methyl), 2. 2 - 1. 9. (m, 6H, remaining ·

methylenes); IR (neat) cm-1 1685, 732. 

Anal. Calcd for C14H18o; c, 83.12; H, 8.97. 

Found: C, 83.08; H, 9.01. 

2--(2-Methylohenyl)-1,7-octadiene (7). Compound?_ was prepared from 

11.7 g (0.058 mol) of~, 21.4 g (0.060 mol) of methyltriphenylphosphonium. 

bromide4 and 3.3 g (0.076 mol) of a 55% dispersion of sodium hydride in 

mineral oil as described for the preparation of 27, with the exception that 

the reaction mixture was stirred overnight at 55°C. Distillation gave 8.3 

g {71%} of 8, bp 89°C at 1.1 mm; NMR (CDCl3) o 7.07 (m, 4H, aromatics), 

6.00- 4.7 (m, 5H, vinyls), 2.50- 1.82 (m, with a singlet superimposed at 

2.67, 7H, ortho-methyl and CH2 a to C=C's; 1.78- 1.13 (m, 4H, remaining 

methylenes); IR (neat) cm-1 1630, 760, 738; )..heptane < 210 nm. 
max 

Anal. calcd tor c15H20 : c, 89.94; H, 10.06. 

Found: C, 89.70; H, 10.13. 

7-(2-Methylphenyl)-1,6-octadiene (9). A three-necked flask, equipped 

with a reflux condensor and addition funnel, was charged with 1.1 g (0.045 

mol) of magnesium turnings and 150 mL of freshly dried THF. To this mixture, 

under a nitrogen atmosphere, was added a small portion of 5.0 g (0.016 mol) 

of 1,2,6~tribromohexane22 in 10 mL of THF. After the reaction had started, 

the remaining tribomide was added dropwise. The solution was heated to 

reflux for 1 hr. To this Grignard reagent was added 1.6 g (0.01 mol) of 
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o-methylacetophenone23 and the solution was _heated to reflux for 3.5 hr and 

then allowed to stir overnight at room temperature. The solution was poured 

into 250 mL of ice-cold 20% HCl solution and stirred for 2 hr at room temp

erature. The solution was extracted with 3 x 100 mL portions of pentane. 

The combined extracts were washed with 10% HCl solution, sat. NaHC03 solution, 

water and dried over MgS04. The solvent was removed in vacuo. 

The remaining amber oil was added to 40 mL of hexamethylphosphoramide 

and heated to reflux for 1.5 hr. After the reaction mixture had cooled, it 

. -·· was poured into 200 mL of water and extracted with 3 x 50 mL portions of 

.. pentane. The combined extracts were washed with water, with aqueous NaHS03 

solution and again with water, then dried over MgS04. The solvent was 

.removed in vacuo to leave a mixture of 7 and 9. 

Preparative GC (column f, 130°C) afforded 0.83 g of 9 in the second 

fraction: NMR (CDCl3) cS 7.10 (broad s, 4H, aromatics) 5.97 - 4. 73 (m, 4H, 

vinyls), 2.43 - 1.10 (m, 12H, with singlets superimposed at 1.92 and 2.14, 

a-methyl, o-methyl, methylenes); IR (neat) cm-1 1635, 895, 739, 710; 

. ~heptane = 240 mm ( £ = 950Q). -
max ......... . 

Anal. Calcd for C15H20 : c, 89.94; H, 10.06. 

Found: C, 89.97; H, 9.98. 

2-(3-Methylphenyl)-1,7-octadiene (10) and 1-(3-Methylphenyl)-6-hepten-

1-one (30). The precursor to 10, 1-(3-methylphenyl)-6-hepten-1-one, 

30, was prepared from 9.1 g (0.37 mol) of magnesium turnings, 41.2 g (.0.14 

mol) of 1,2.6-tribromohexane22 and 11.5 mL (0.095 mol) of m-tolunitrile by 

.the same method as described for the preparation of Z· Distillation yielded 

R.O g (42%) of 30, bp ll0°C at 0. 75 mm; NMR (CDClJ) cS. 7. 77 - 7.45 (m, 2H, 

·aromatics), 7.40- 7.10 (m, 2H, aromatics), 6.00- 4.7 (m, 3H, vinyls), 

2.97 (distorted t, 2H, methylene a to the carbonyl), 2.28 (s, 3H, m-methyl), 

2.14 - 1.10 (m, 6H, remaining methylenes); IR (neat) cm-1 1785, 780, 721. 

Anal. Calcd for C14H1 8o: c, 83.12; H, 8.97. 

Found: C, 82.93; H, 8.77. 

Compound 10 was prepared from 5.0 g (0.025 mol) of 30, 10.3 g (0.030 

mol) of methyltriphenylphosphonium bromide and 1.6 g (0.037 mol) of a 55% 
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. 
dispersion of sodium hydride in mineral oil in a procedure similar to that 

described for the preparation of 7. After dry-column chromatography on 

silica gel (60/200 mesh) with hexane as eluant, distillation afforded 2.0 g 

(40%} of 10, bp 96-97°c at 0.77 mm; NMR (CDC1 3 ) 67.3-6.9 (m, 4H, aromatics), 

6.07- 4.67 (m, 5H, vinyls), 2.9 - 1.2 (m, with a singlet superimposed at 

2.35, llH, m-methyl and methylenes); IR (neat) cm-1 1785, 785, 718. 

Anal. Calcd for C15H20: C, 89.94; H, 10.06. 

Found: C, 89.91; H, 10.18. 

Direct Irradiation of 2-(2-Methylphenyl)-1,7-octadiene (7). ~solution 

of 5.0 g (0.025 mol) of Z in 500 mL of benzene was irradiated through quartz 

in the preparative photochemical apparatus for 66 hr. After the solvent 

had been removed in vacuo, the residue was distilled and 10 was isolated 

-from the fraction boiling at 87-90°C at 1.1 mm by preparative GC (column f, 
130°C). The sample of 10 obtained had the same spectral data as those of 

an authentic sample. 

An analytical photolysis of 10 mL of 0.053 M Z in benzene, after 28 hr 

of irradiation through quartz, showed by GC analysis (column ~, temperature 

programmed from 160-200°C) using naphthalene as an internal standard, a 62% 

conversion of z, a 37% yield of 10, a 5% yield of 2 and a 2-4% yield of 11. 

Compounds 2 and 11 were identified by comparison of their GC retention 

times with those of authentic samples, independently synthesized by alternative 

routes, on three different columns (column ~, temperature programmed from 

160-_200°C; column !!_, temperature programmed from 105-200°C; and column ~, 

temperature programmed from 150-200°C). 

An analytical photolysis, using a low pressure lamp,7 immersed in 365 

mL of 0.0026 M 7 in benzene at reflux after 100 hr of irradiation, showed 

by GC analysis (column ~, temperature programmed from 160-200°C) using 

naphthalene as an internal standard, a 47% conversion of 7 to 10 (19%) and 

11 ( 7%). 

Another analytical photolysis, using a lotv pressure lamp, 7 immersed in 

365 mL of 0.003 M 7 in benzene at 8°C, after 200 hr of irradiation, showed 

by GC analysis (column ~, temperature programmed from 160-2000c) using 

naphthalene as an internal standard, a 35% conversion to 10 (24%) and 11 (24%). 

12 
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Sensitized Irradiation of 2-(2-Methylphenyl)-1,7-octadiene (7). A 

solution of 2.0 g (0.01 mol) of Z and 5.0 g (0.03 mol) of xanthone in 500 

mL of benzene was irradiated through pyrex in the preparative photochemical 

apparatus for 43 hr. After the solvent had been removed in vacuo, the 

residue was distilled and 9 was isolated from the fraction boiling at 84-

870C at 1.1 mm by preparative GC (column !, 130°C). The sample of 9 obtained 

had the same spectral data as an authentic sample. 

An analytical photolysis of 10 mL of 0.052 M 7 and 0.15 M xanthone in 

benzene, after 33 hr of irradiation through pyrex, showed by GC analysis 

(column ~, temperature programmed from 160-200°C), using naphthalene as an 

internal standard, a 71% conversion of Z to give 34~ yield of 2· 
1-(2-Methylphenyl)-6-hepten-1-ol (14). To a cold (0°C) etheral LiAlH4 

slurry, prepared.by stirring 3.5 g (0.093 mol) of LiAlH4 and 200 mL of 

anhydrous ether for 45 min, was added 1.5 g (0.074 mol) of~ dissolved in 

50 mL of anhydrous diethyl ether over a 1 hr period. The resulting solution 

was stirred for 2.5 hr while warming to room temperature, followed by a 

slow addition of 8 mL of water to the recooled solution (0°C). This solution 

was stirred for another 2.5 hr, filtered and the filtrate was dried over 

Mgso4 .. Distillation afforded 13.5 g (90%) of 14, bp 115-116°C at 0.8 mm; 

NMR (CDC1 3 ) cS 7.21 (m, 4H, aromatics), 6.00- 5.57 (m, 3H, vinyls), 2.42 (s, 

lH, -OH), 2.32 - 1.12 (m, with a singlet superimposed at 2.21, 12H, a

methyl, methylenes and methime); IR (neat) cm-1 3400, 900 and 735. 

Anal. Calcd for C14H2oo: c, 82.30; H, 9.71. 

Found: C, 82.28; H, 9.90. 

1-(2-Methylphenyl)-1,6-heptadiene (15). To a 50 mL flask fitted with 

a short path, mini-distillation head, containing 13.3 g (0.063 mol) of 14, 

was added 0.7 g (0.005 mol) of potassium hydrogen sulfate. The mixture was 

heated for 2 hr at 120-125°C (20-23.mm) after which the vacuum was lowered 

and 10.4 g (86%) of 15 distilled, bp 90-91°C at .1.0 mm; NMR (CDCl3) o 7.10 

(m, 4H, aromatics), 6.45 - 4. 75 (m, 5H, vinyls) 2.4 - 1.2 (m, with a singlet 

superimposed at 2.21, 9H, a-methyl, methylenes); IR (neat) cm-1 960, 900, 

735; 'A heptane < 250 mm. 
max 
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Anal. Calcd for C14H18: C, 90.26; H, 9.74. 

Found: 89.95; H, 10.00. 

Direct Irradiation of 1-(2-Methylphenyl)-1,6-heptadiene (15). A solution 

of 1.0 g (5.4 mmol) of 15 in 275 mL of dry acetonitrile was irradiated 

through quartz in the preparative photochemical apparatus for 4.8 hr. The 

solvent was removed in vacuo and the residue was distilled to remove the 

high boiling fractions. The distillate, boiling at 82-86°C at 0.65 mm, was 

chromatographed on activated alumina {80-325 mesh) using hexane as eluent . 

. : Distillation of the first band eluted gave 90% of 16, bp 82-$3°C at 0. 65 

mm; NMR (CDCLJ) o 7.03 (m, 4H, aromatics), 3.19- 2.55 (m~ 2H, C-1 and c-5 

bridge protons),30 2.48 - 1.27 (m, with a singlet superimposed at 2.14, 

12H, a-methyl, methylenes); 13c NMR (CDCl3) ppm 144.55, 135.39, 129.90, 

125.81, 125.29, 124.93, 45.06, 39.28, 34.09, 33.62, 33.21, 31.28, 25.45, 

. 20.13; IR (neat) cm-1 748 and 719. 

Anal. Calcd for C14H18: C, 90.26; H, 9.74. 

found: C, 89.89; H, 10.04. 

·· An analytical photolysis of 10 mL of 0,03 M 15 in CH3CN, after 5.3 hr 

of irradiation through quartz, showed by GC analysis (column£, temperature 

programmed from 100-130°C) using naphthalene as an internal standard, a 

>99% conversion of 15, with a 86% yield of 16. 

6-(2-Methylphenyl)bicyclo[3.2.0]heptane (16). A solution of 1.0 g 

(0.012 mol) of cyclopent-2-enone23 and 7.2 g (0.061 mol) of (2-methylphenyl)

ethene24 in 200 mL of benzene was irradiated through quartz in the preparative 

photochemical apparatus ·for 3.2 hr. After the· solvent had been removed in 

vacuo, .the residue was distilled affording 1. 4 g (67%) of 6-( 2-methylphenyl )

bicyclo[3.2.0]-2 or 4-heptanone, 31, bp 116-117°C at 0.2 mm; NMR (CDC1 3 

67.39 - 6.80 (m, 4H, aromatics), 2.83 - 1.52 (m, 12H, with a singlet super-

_ imposed at 2.09 representing the a-methyl group, a-methyl, methylenes and 

methine protons); IR (neat) cm-1 1728, 751, 720; GC (column~, 130°C) showed 

two peaks of approximately equal area. 

The tosylhydrazone derivative of 31 was prepared from 1.4 g (7.0 mmol) 

of 200 and 1.5 g (8.4 mmol) of p-toluenesulfonylhydrazine according to the 
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procedure of R. 0. Hutchins et al_25 Removal of the ethanol afforded 2.4 g 

(90%) of the tosylhydrazone derivative of 31, mp 178-18loc. 

The tosylhydrazone derivative was cleanly reduced by adding 746 ~1 

(6.91 mmol) of catecholborane23 to a cooled solution of 2.4 g (6.24 mmol) 

of the tosylhydrazone derivative of 31 in chloroform according to the pro

cedure outlined by G. W. Kabalka and J. D. Baker, Jr.26 Their procedure 

afforded 0.80 g (68%) of 16 whose spectral data were the same as those of 

the sample obtained from the photolysis of 15. 

1-(2-Nethylphenyl)-5-hexen-1-ol (21). A three-necked flask, equipped 

with a relfux condensor and addition funnel, was charged with 1.6 g (0.066 

mol) of magnesium turnings and 100 mL of a 50:50 mixture of anhydrous ether 

·and dry benzene. The solution was heated to 55°C under a nitrogen atmosphere. 

To this warm solution was added 8.1 mL (0.06 mol) of o-bromotoluene over a 

30 min period. Once the addition was complete the resulting solution was 

heated to reflux for 1 hr and cooled to 0°C. To the resulting Grignard 

reagent was added 4.5 g (0.04 mol) of 19 over a 5 min period and the resulting 

mixture was heated to reflux for 6 hr and then stirred overnight at room 

temperature. Hydrolysis was carried out by a slow addition of 7 mL of 

saturated ammonium chloride solution. The reaction mixture was filtered 

and the precipitate was washed with 150 mL of ether. The organic layers 

were combined, washed with 3 x 50 mL portions of water and dried over Mgso4 . 

Distillation afforded 6.7 g (88%) of 21, bp 106-108°C at 0.8 mm; NNR (CDC1 3 ) 

87.10 (m, 4H, aromatics), 6.01 - 4.55 (m, 3H, vinyls), 2.41 (s, lH, -OH), 

2.32- 1.23 (m, with a singlet superimposed at 2.22, lOH, o-methyl, methylenes 

and methine); IR (meat) cm-1 3300, 740. 

Anal. calcd for C13H180: C, 82.06; H, 9.53. 

Found: C, 82.01; H, 9.55. 

2-(2-Methylphenyl)-1,6-heptadiene (18). To a solution of 5.0 g (0.024 

mol) of pyridine chlorochromatelO in 30 mL of dry dichloromethane at 0°C, 

was added, in one portion, 3.0 g (0.016 mol) of 21 in 30 mL of dry dichloro

methane. The resulting mixture was allowed to stir overnight at room temp

erature. Ether (300 mL) was added and the solvent was decanted. To the 

remaining black tar was added 200 mL of ether and this was stirred with a 
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glass rod un~il ~he residue became granular. The organic layers were com

bined and fil~ered ~hrough Florisil. Dis~illa~ion yielded 2.7 g (90%), 97% 

pure by GC analysis, of 22, bp 98-99°C a~ 1.1 mm; NMR (CDC1 3 ) tS 7.68 (m, lH, 

aroma~ics), 7.08 (narrow m, 3H; aroma~ics), 6.19- 4.70 (m, 3H, vinyls), 

2.85 (~, J = 6.5Hz, 2H, methylene a ~o ~he carbonyl), 2.45 (s, 3H, o-me~hyl), 

2.20 - 1.60 (m, 4H, remaining methylenes); IR (neat) cm-1 1680 and 740. 

Compound 18 was prepared from 2.0 g (0.011 mol) of 22, 7.6 g (0.022 

mol) of me~hyl~riphenylphosphonium bromide and 1.0 g (0.023 mol) of a 55% 

mineral oil dispersion of sodium hydride in ~he same manner as described 

for ~he prepara~ion of Z· Dis~illa~ion yielded 1.3 g (66%) of 18, bp 67-

680C at 0.85 mm; NMR (CDCl3) tS 7.05 (narrow m, 4H, aroma~ics), 6.05- 4.20 

(m, 5H, vinyls), 2.61 - 1.12 (m, wi~h a single~ superimposed a~ 2.21, 9H, 

a-methyl, me~hylenes); IR (nea~) cm-1 780, 740. 

Ana). Calcd for C14H18: c, 90.26; H, 9.74. 

Found: C, 90.36; H, 9.61. 

6-(2 Me~hylphenyl)-1,5-hep~adiene (23). A solu~ion of 0.5 g (2.7 

mmol) of 18 and 1.0 g (7.2 mmol) of p-dime~hoxybenzene in 275 mL of benzene 

was irradia~ed ~hrough quar~z in the preparat'ive pho~ochemical appara~us 

for 7 hr. Removal of ~he solvent in vacuo left an approxima~e 50:50 mixture 

of 18 and 23 which was separa~ed by prepara~ive GC (column ~, 150°C). 

Collec~ion of ~he firs~ peak, followed by column chroma~ography on 

silica gel (60/200 mesh) wi~h hexane as eluen~, ~o remove ~he las~ ~races 

of p-dime~hoxybenzene, yielded'0.06 g (12%) of 23; NMR (CDCl3) tS 7.12 (m, 

4H, aromatics), 5.85 - 4.69 (m, 4H, vinyl protons), 2.42 - 1.49 (m, lOH, 

with two singlets superimposed a~ 2.21 and 1.92, representing ~he o-me~hyl 

and a -me~hyl groups, respec~ively, o-me~hyl, a -me~hyl and me~hylenes); IR 

(nea~) cm-1 755, 720. 

Anal. calcd for c 14H1 8: c, 90.26; H, 9.89. 

Found: C, 90.07; H, 9.89. 

Collec.;tion uf ~he second peak, followed by column chromatography on 

silica gel (60/200 mesh) wi~h hexane as eluent, ~o remove ~he las~ ~races 

of p-dimethoxybenzene, yielded 0.07 g (14%) of 18. The sample of 18 ob~ained 

had ~he same spectl:al cla~a as ~hose of an authen~ic sample. 
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1-(3-Methylphenyl)-5-hexene-1-ol (32). Compound 32 was prepared from 

8.1 mL (0.06 mol) of m-bormotoluene, 1.6 g (0.066 mol) of magnesium turnings 

and 4.1 g (0.042 mol) of 199 according to the procedure outlined for the 

preparation of 21. Distillation gave 5.1 g (92%) of 32, bp 106-108°C at 

0.9 mm; NNR (CDCl3) o 7.07 (m, 4H, aromatics), 6.01 - 4.31 (m, 3H, vinyls), 

2.82 (s, lH, -OH), 2.31 - 1.09 (m, lOH, with a singlet superimposed at 

2.28, lOH, m-methyl, methylenes, methine); IR (neat) cm-1 3340, 785, 700. 

Anal. Calcd for C13H1 8oJ: c, 82.06; H, 9.53. 

Found: C, 82.04; H, 9.54. 

1-(3-Nethylphenyl)-5-lu=xtm-1-one (33). Compound 33 was prepared from 

7.8 g (0.036 .mol) of pyridine chlorochromatell4 and 4.5 g (0.024 mol) of 32 

in the same manner as described for the preparation of 22. Distillation 

afforded.3.2 g (47%), 98% pure, by GC analysis of 33, bp 114-115°C at 1.4 

mm; NNR (CDCl3) o 7.63 (m, lH, aromatic), 7.21 narrow m, 3H, aromatics), 

6.00-4.78 (m, 3H, vinyls), 2.87 (broad t, J = 6.75Hz, 2H, methyleneato 

the carbonyl), 2.42 - 1.59 (m, with a singlet superimposed at 2.34, 7H, m-

. methyl and r_emaining methylene$);- IR (neat) cm-1 1680, 779 and 696. 

2-(3-Nethylphenyl)-1,6-heptadiene (24). Compound 24 was prepared from 

3.0 g (0.016 mol) of 33, 11.5 g (0.032 mol) of methyltriphenylphosphonium 

bromide and 1.39 g (0.032 mol) of a 55% mineral oil dispersion of sodium 

hydride according to the procedure outlined for the preparation of 18. The 

crude oil contained a small amount of 33 which was removed by chromatography 

on silica gel (60/200 mesh) with hexane as eluant. Distillation yielded 

1.5 g (50%) of 24, bp 86-87°C at 1.0 mm; NNR (CDC1 3 ) o 7.10 (m, 4H, aromatics), 

6.05 - 4.47 (m, 5H, vinyls), 2. 71 - 0.90 (m, with a singlet superimposed at 

2.31, 9H, m-methyl, methylenes); IR (neat) cm-1 790, 708. 

Anal. Calcd for C14H18: C, 90.26; H, 9.74. 

Found: C, 90.24; H, 9.75. 

l-(3-Nethylphenyl)bicyclo[3.2.0]heptane (25). Compound 34 (1.1 g, 

0.006 mol) was hydrogenated (Parr apparatus) over 0.026 g of 10% Pd/C catalyst 

in 50 mL of ethanol at 32 psi.27 The reaction mixture was filtered through 

Celite and the ethanol was removed. Chromatography on silica gel (60/200 

mesh) with hexane as eluant, and distillation yielded 0.85 g (77%) of 25, bp 
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85-86°c at 1.0 mm; NMR (CDC1 3 ) o 7.02 (m, 4H, aromatics), 2.89 (m, lH, c-5 

bridge proton), 2.30 (s, 3H, m-methyl superimposed on the methylene region), 

2.54 - 1.15 (m, lOH, methylenes); IR (neat) cm-1 778 and 698; C-13 NMR 

(CDCl3) ppm 150.86, 137.43, 127.97, 125.93, 125.75, 122.19, 52.36, 44.54, 

43.43, 34.32, 31.34, 26.20, 21.65, 21.42. 

Anal. Calcd for C14H1 8 : C, 90.26; H, 9,74. 

Found: C, 89.92; H, 10.05. 

l-(3-Nethylphenyl)bicyclo[3.2.0]hept-6-ene (34). A three-necked 

-··flask, equipped with a condensor and addition funnel was charged with 2. 6 g 

. (0.11 mol) of magnesium turnings and 100 mL of anhydrous ether, under a 

nitrogen atmosphere. To this solution was added 13.2 mL (0.108 mol) of m

bromotoluene over a 10 min period and the entire mixture was refluxed over-

_, night. After cooling to 0°C, 4. 0 g (0. 036 mol) of cyclohept-2-enone23 

was added over a 5 min period. The resulting mixture was stirred at 0°C 

for 30 min. The solution was cooled to -10°C and 13.5 mL of saturated 

ammonium chloride solution was slowly added. After filtration, the combined 

organic layers were extracted with 3 X 25 mL portions of water and dried 

over MgS04. Removal of the solvent left 7.8 g of 1-(3-methylphenyl)cyclohept-

2-en-1-ol as an amber oil. Dehydration of this alcohol was accomplished by 

heating the alcohol over 50 mg of potassium hydrogen sulfate at 100°c at 

22-25 mm for 60 min as previously described for the preparation of 15. 

Lowering the vacuum afforded 3.2 g (48%) of 1-(3-methylphenyl)-1,3-cycloheptadiene, 

35, 112-113°Cat 1.3mm; NMR (CDC13)o7.02 (m, 4H, aromatics), 6.00-5.75 

(m, 3H, vinyls), 2.28 (s, 3H, m-methyl superimposed on the methylene region), 

·· 2.73-1.80 (m, 4H, methylenes); IR (neat) cm-1 777, 698. Compound 35 

shor,.1ed noticeable changes in the NMR after standing 7 days in a refrigerator.· 

A solution of 2.0 g (0.01 mol) of 35 in 275 mL of dry pentane was 

irradiated through quartz in the preparative photochemical apparatus for 

1.1 hr. Distillation yielded 1.4 g (70%) of 34, bp 88-89°C at 1.0 mm; NNR 

(CDCl3) o·7.05 (narrow m, 4H, aromatics), 6.12 (d, J = 2.4Hz, lH, vinyl), 

5.91 (d, J = 2.4Hz, lH, vinyl), 3.08 (m, lH, C-5 bridge proton), 2.28 (s, 

3H, m-methyl superimposed on the methylene region), 2.30- 1.15 (m, 6H, 

methylenes); IR (neat) cm-1 778, 740 and 698. 
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Anal. Calcd for c14H16: C, 91.25; H, 8.75. 

Found: c, 91.27; H, 8.73. 

Direct Irradiation of 2-(2-Nethylphenyl)-1,6-heptadiene (18). A 

solution of 0.7 g (3.8 mmol) of 18 in 275 mL of benzene was irradiated 

through quartz in_ the preparative photochemical .apparatus for 6.2 hr. 

Removal of the solvent in vacuo left a mixture of 18, 23, 24 and 25. 

Compounds 18 and 23 were identified by comparison of their GC retention 

times with those of authentic samples on three separate columns (column ~, 

120°C; column !:_, 130°C; column E:., nooc;. 

Compounds 24 and 25 were separated by preparative GC (column!, 16SOC). 

Collection of the second peak afforded 0.23 g (32%) of 24. The sample of 

24 obtained had the same spectral data as those of an authentic sample. 

Collection of the third peak afforded 0.098 g (14% of 25. The sample of 

25 obtained had the same spectral data as tbose of an authentic sample. 

An analytical photolysis :_;f ~0 mL of 0. 021 M solution of 18 in benzene 

after 11.5 hr of irradiation through quartz, showed by GC analysis (column 

!:_, 120°C) using naphthalene as an internai standard, a 58% conversion of 

18, yielding 23 (3%), 24 (26%) and 25 (15%), based on reacted starting 

material. 

Direct Irradiation of 2-(3-Nethylphenyl)-1,6-heptadiene (24). A 

solution of 0.6 g (32 mmol) of 24 in 275 mL of benzene was irradiated through 

quartz in the preparative photochemical apparatus for 1.9 hr. Removal of 

the solvent in vacuo left a mixture of 24 and 25. 

Compounds 24 and 25 were separated by preparative GC (column !, 155°C). 

Collection of the second peak afforded 0.11 g (19%) of 25 whose spectral 

data were identical to those of an authentic sample. 

An analytical sample of 10 mL of 0.015 M of 24 in benzene after 7.7 hr 

of irradiation through quartz, showed by GC analysis (column !:_, 120°C) using 

naphthalene as an internal standard, a 65% conversion of 24, yielding 25 

(34%). 

2-(2-Methylphenyl)-1-butene (27). A solution of 55.0 g (0.15 mol) of 

methyltriphenylphosphonium bromide in 60 mL of dry DNSO was added by a 
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syringe to a solution of methyl sulfinyl carbonion (prepared4 from 8.4 g 

(0.19 mol) of a 55% dispersion of sodium hydride in mineral oil in 75 mL 

of dry DMSO under a nitrogen atmosphere). The resulting solution was 

allowed to stir for 10 min at room temperature, then 20.0 g (0.14 mol) of 

l-(2-methylphenyl)-l-propanone2B was added via a syringe and the solution 

was stirred at room temperature for 16 hr. The solution was poured into 

200 mL of H20 and extracted with pentane. The combined extracts were 

filtered and washed with 3 x 100 mL portions of H20, ~hen with 3 x 100 mL 

portions of 1:1 DMSO-H20 and dried over MgS04. To remove any remaining 

__ triphenylphosphine oxide, the dry organic solution was filtered through 3 

g of neutral alumina (activity I) and the alumina was eluted with an 

additional 500 mL of pentane. Disti~lation yielded 18.0 g (93%) of 27, bp 

35°C at 1.5 mm; NMR (CDCl3) o 6.98 (broads, 4H, aromatics), 5.06 (narrow 

_ m, lH, vinyl), 4. 75 (narrow m, lH vinyl), 2. 7 - 2. 0 (m with singlet super

imposed at 2.17, 5H, ortho-methyl, and CH2J, 0.93 (t, 3H, CH3); IR (neat) 

cm-1 887 750 and 710· Aheptane <210 nm. 
' ' max 

Anal. Calcd for CnH14 : -c, ·90.35; H, 9.65. 

Found: C, 90.25; H, 9.71. 

1-(2-Methylphenyl)-1-propene (28). Compound 28 was prepared- from 4.0 

g (0.03 mol) of o-methylbenzaldehyde, 16.0 g (0.043 mol) of ethyltriphenyl

phosphonium bromide and 2.1 g (0.047 mol) of a 55% mineral oil dispersion 

of NaH in the same manner described earlier for 27. Distillation afforded 

3.1 g (79%) of 28, bp 46-48°C at 1.5 mm, whose spectral data were identical 

to those reported in the literature by U. Braun and N. Newman (lit.lB bp 

47-50°c at 1.5 mm;.lB 

1-Phenyl-1 ,6-heptadiene ( 29). Compound 29 tvas synthesized by dehydration 

of 10.0 g (0.05 mol) of 1-phenyl-6-hexen-1-ol, 36 (details given below), 

with 0.68 g (0.006 mol) of potassium hydrogen sulfateS according to the 

procedure outlined for 15. Distillation afforded 6.4 g (74%) of 29, bp 74-

760c at 0.5 mm; NMR (CDC1 3 ) o 7.35 - 7.0 (m, 5H, aromatics), 6.29 -. 4. 70 (m, 

5H, vinyl protons), 2.72- 0.89 (m, 6H, methylene protons); IR (neqt;) cm-1 

742, 690. 
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Anal. Calcd for C13H16: .c, 90.63; H, 9.36. 

Found: C, 90.43; H, 9.55. 

1-Phenyl-6-hexen-1-ol (36). Compound 36 was synthesized according to 

the procedure outlined by J. F. Garst and C. D. Smith29 except 1,2,6-

tribomohedane22 was used instead of 5-hexenylbromide. Distillation yielded 

(73%) of 36, bp 104-106°C at 1.7. mm (lit.29 bp lll-113°c at 1.5-2.0 mm). 
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