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Simple and complex aromatic hydrocarbons are conveniently prepared from aldehydes and ketones by tan-
dem phenylation-reduction. By this procedure benzyl alkoxides, generated in situ by phenylation, are reduced by
lithium-ammonia—ammonium chloride to the corresponding aromatic hydrocarbons. Complex aldehydes and ke-
tones, containing structural features or other functional groups which might not be compatible with the reaction
conditions, were subjected to the phenylation-reduction sequence to explore the limits of this simple synthetic
procedure as an efficient and selective synthesis of rather complex molecular structures. These structural features
or functional groups included steric hindrance, terminal olefins, isolated double bonds, «,3-unsaturated carbonyl
systems, an «,8,7,8-unsaturated ketone system, o,3-unsaturated aldehyde systems containing isolated double
bonds, a cross-conjugated ketone, a cyclopropane ring, aromatic systems, and heterocycles.

This laboratory innovated the concept of tandem alkyla-
tion-reduction of aromatic carbonyl systems as a conve-
nient method of preparing aromatic hydrocarbons by the
lithium—ammonia reduction of benzyl alkoxides generated
in situ by alkylation.! The mechanistic and selective syn-
thetic utility of the procedure was then demonstrated for
the synthesis of aromatic hydrocarbons and alcohols by the
alkylation-reduction of benzylidene ketones and al-
dehydes.?2 Herein we report the extension of this conve-
nient procedure for the selective synthesis of simple and
complex aromatic hydrocarbons in excellent isolated yields
by the phenylation-reduction of appropriate aldehydes and
ketones.

The general procedure, which is carried out in the same
reaction vessel and consumes only a few hours, is to gener-
ate a benzyl alkoxide in a metal-ammonia reaction vessel3
by the addition of the aldehyde or ketone to phenyllithium,
prepared in situ from bromobenzene and excess lithium, in
ether.” Ammonia is subsequently distilled into the vessel,
and then the resulting dark blue mixture is cautiously
quenched with ammonium chloride.4

R _ R,
R, CH,Li 0 Li-NH,
el LN
/K o E%0 R vHo o R

The primary objective of this study, after first demon-
strating the feasibility of the procedure with simple al-
dehydes and ketones, was to test the method using al-
dehydes and ketones containing structural features or
functional groups which may or may not be compatible
with the conditions. By so doing, we would explore the pos-
sible limits of this simple synthetic procedure as a selective
method of preparing complex aromatic hydrocarbons
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which might be difficult to elaborate by conventional
methods. _

Table I contains a listing of the aldehydes and ketones
that were subjected to this procedure. The carbonyl com-
pounds were carefully selected to include the following
structural features or functional groups: steric hindrance,?
terminal olefins,® isolated double bonds, a,8-unsaturated
carbonyl systems, an a,8,v,6-unsaturated ketone system (a
1,3-diene system? after phenylation-reduction), o,3-unsat-
urated aldehyde systems containing isolated double bonds
(one of which is a 1,4-diene system® after phenylation—re-
duction), a cross-conjugated ketone, a cyclopropane ring,®
aromatic systems,!® and heterocycles»1l _features and
groups that might interfere with or be vulnerable to these
metal-ammonia conditions.

Careful inspection of the products listed in Table I re-
veals that almost all of these structural features or func-
tional groups were compatible with the conditions of the
procedure. The only carbonyl compound that resisted re-
duction, after phenylation, was menthone (3), which is
probably due to steric interactions.5!2 An example of over-
cohol,!? a 1,3-diene system still remains which is vulnerable
and reduces, as one would predict,” by 1,2-addition to the
less substituted double bond. The phenylation-reduction
of two «,8-unsaturated ketones, piperitone (7) and 4-cyclo-
hexyl-trans- 3-buten-2-one (8), led to mixtures of the cor-
responding olefin and aromatic hydrocarbon, a result
hexyl-trans-3-buten-2-one (8), led to mixtures of the corre-
sponding olefin and aromatic hydrocarbon, a result which
did not change substantially by varying the amount of lith-
ium used for the reduction step. The only carbonyl com-
pound found to be completely incompatible with the reduc-
tive conditions was methyl 2-thienyl ketone. Phenylation-
reduction of this ketone, which is not included in Table I,
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Tablel
Phenylation-Reduction of Aldehydes and Ketones
— % Yield — r— % Yield—
Phenylation—reduction Analy-  [so= Phenylation—reduction Analy-  Iso=
Carbonyl compd product tical? latedb Comments Carbonyl compd product tical®  lated” Comments
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1 31
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0
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0
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20 40

@ Analyzed by glpe (% of volatiles). ® Isolated by column chromatography. € The phenylation step was performed at ca. —78°.4 This result
was not altered by using an enormous excess of lithium (560 mg, 80 mg-atoms). ¢ Using the normal amount of lithium (280 mg, 40 mg-atoms)
or a large excess (560 mg, 80 mg-atoms) yielded an aromatic hydrocarbon fraction (83%) and 3-phenyl-1-p-menthen-3-ol (17%). The
aromatic hydrocarbon fraction was an inseparable mixture (60:40) of 8-phenyl-1-p-methene (27a) and 3-phenyl-p-menthane (27b), Less
lithium (140 meg, 20 mg-atoms) vielded the same aromatic hydrocarbon mixture (30%) and 3-phenyl-1-p-menthen-3-ol {70%).  The use of
various amounts of lithium (140 meg, 20 mg-atoms; 280 mg, 40 mg-atoms; 420 mg, 60 mg-atoms; or 560 mg, 80 mg-atoms) yielded the same
product 28 which was an inseparable mixture (65:35) of 1-cyclohexyl-3-phenyl-trans-1-butene (28a) and 1-cyclohexyl-3-phenylbutane (28b).
€ Using the normal amount of lithium (280 mg, 40 mg-atoms) yielded a mixture (30:70) of 1-(2,6,6—trimethy1—l—cyclohexen-ljyl)-S-phenyl-
trans-1-butene and 29. Less lithium (140 mg, 20 mg-atoms) resulted in the above mixture (60%) as well as the alcohol 41 (40%). Excess
lithium (420 mg, 60 mg-atoms) led to 29 exclusively. » The aldehyde was a commercial sample of citral.

led to a complex mixture which was difficult to purify and
characterize, but the data on the crude product material
did indicate that the thiophene ring was being des-
troyed.11b-e

The yields, analytical (glpc) and isolated (column chro-
matography), listed in Table I are impressive. Generally,
the only side product of the sequence is the benzyl alcohol
which seems to result when the intermediate benzyl alkox-
ide is splattered on the walls of the reaction vessel and is
not in solution during the quench. The contaminant benzyl
alcohol, when present, is efficiently removed by column

chromatography. In a few examples minor products were
detected which stemmed from the phenylation step; these
side reactions were effectively minimized by performing
this operation at low temperaturei* (ca. —78°) and are
noted in Table I.

" Perhaps the most interesting mechanistic implications of
this study are those involving the phenylation-reduction of
the a,8-unsaturated carbonyl compounds. With these sys-
tems the reduction of the intermediate benzyl alkoxide 42
(see Scheme II) must proceed through the anion 43 which
in almost every example protonates exclusively at the ben-
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zylic position, trapping anion 43a, yielding the olefin 44.
The net result is the selective introduction of a double
bond 8 to an aromatic ring, a difficult task using classical
methods. Only in two examples, 7 and 8, does some proton-
ation of anion 43b occur yielding the styrene 45 which
would be rapidly reduced!® to the aromatic hydrocarbon
46.

As a result of this study it appears that phenylation—re-
duction is a uniquely viable procedure for the efficient and
selective synthesis of rather complex aromatic hydrocar-
bons. By the proper selection of the requisite carbonyl sys-
tem, challenging organic structures can be rapidly assem-
bled.
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Experimental Section!$

General Comments. The entire reaction sequence was per-
formed under a static prepurified nitrogen atmosphere which is
connected by a T tube to the assembly and to a soda-lime drying
trap (then on to an oil bubbler). All glassware was oven-dried,
cooled to room temperature in a large box desiccator, and then
quickly assembled. Phenyllithium was generated in situ in the
metal-amimonia reaction vessel® from bromobenzene and lithium
in ether. Anhydrous ether was used directly from freshly opened
containers. Lithium wire (0.125 in., 0.01% Na, Ventron Corp.) was
hammered to a foil, cut into small pieces, and rinsed in petroleum
ether just prior to use. Anhydrous ammonia was distilled into the
reaction vessel. Gas chromatographic analyses (glpc) were per-
formed on a Hewlett-Packard Model 7610A high-efficiency chro-
matograph (flame detector) using a 4 ft X 6 mm (all glass) 4% sili-
cone gum rubber UCC-W-982 (methylvinyl) on 80-100 HP Chro-
mosorb W (AW, DMCS) column. Purification of the product by
column chromatography was accomplished on Woelm neutral alu-
minum oxide (activity grade I or II) by elution with petroleum
ether. Further purification, sometimes necessary for satisfactory
elemental analyses, was accomplished using a Bichi kugelrohr
bulb-to-bulb distillation apparatus at reduced pressure. All boiling
points are uncorrected. The assigned structure of each product is
consistent with the spectral data and composition analysis. The
phenylation-reduction of 3-heptanone (1) is described, in detail, to
illustrate the general procedure.

Phenylation-Reduction of 3-Heptanone (1). 3-Phenylhep-
tane (21). Into a metal-ammonia reaction vessel® containing a
stirred mixture of 280 mg of lithium (40 mg-atoms, ca. 25 pieces
which had been hammered to a foil) in 10 ml of anhydrous ether
was slowly added a solution of 790 mg (5.0 mmol) of bromobenzene
in 7 ml of ether. After 1 hr a solution of 285 mg (2.5 mmol) of 3-
heptancne (1) in 8 ml of ether was slowly added and the mixture
was stirred for an additional 1 hr. Ammonia (ca. 25 ml) was care-
fully, to prevent excessive splattering, distilled into the mixture
and, once the dark blue color of the mixture was established,!? ca.
3 g of ammonium chloride was cautiously added!® (ce. 5 min) to
discharge the blue color and the ammonia was allowed to evapo-
rate. After the residue had been partitioned between aqueous
NaCl and ether, the organic phase was dried (MgSOy), filtered,
concentrated at water aspirator pressure at 40-50°, and then ana-
lyzed (glpc). Following column chromatography 422 mg (96%) of
3-phenylheptane (21) was obtained as a colorless oil: bp 69-71°
(1.2 mm); ir (film) 3030, 2960, 2930, 1450, and 630 cm~; nmr (60
MHz, CCly) 6 7.37-6.84 (5 H, m), 2.61-2.09 (1 H, m), 1.88-1.35 (4
H, m), 1.35-0.99 (4 H, m), and two overlapping perturbed triplets
centered at 0.82 (3 H, t, J = 7 Hz) and 0.73 (3 H, t, J = T Hz);
mass spectrum m/e (relative intensity) 176 (M™, 13), 147 (20), 119
(30), 105 (8), 91 (100), and 77 (5).

Anal. Caled for CigHao: C, 88.57; H, 11.43. Found: C, 88.31; H,
11.37.

2-Phenyloctane (22). Treatment of 2-octanone (2) as described
above yielded 22 (88%) as a colorless oil: ir (film) 3030, 2960, 2930,
1450, and 695 cm™%; nmr (60 MHz, CCly) ¢ 7.18 (5 H, apparent g),
2.66 (1 H, apparent sextet, J = 7 Hz), 1,83-1.38 (2 H, m), a doublet
centered at 1.22 (3 H, d, J = 7 Hz) superimposed on an apparent
broad singlet with fine splitting centered at 1.24 (8 H, broad s),
and a perturbed triplet centered at 0.87 (3 H, t): mass spectrum
m/e (relative intensity) 190 (M, 9), 175 (10), 105 (100), 91 (13), 77
(6), and 43 (6). ‘

Anagl. Caled for C4Hsg C, 88.35; H, 11.65. Found: C, 88.29; H,
11.49.

3-Phenyl-p-menth-3-0l (23). Treatment of menthone (3) as
described above, except that the phenylation step was run at ca.
~78°, yielded 23 (99%) as a colorless oil: bp 97-98° (1.2 mm); ir
(CCly) 3625, 3500, 3035, 2925, 1600, 1490, 1445, and 690 cm~1; nmr
(60 MHz, CDClg) 6 7.58-7.11 (5 H, m), 2.22-1.82 (1 H, m), 1.82—
1.46 (7 H, m) on which is superimposed two broad singlets (which
disappear when D3O is added) centered at 1.60 (0.66 H, -OH) and
1.46 (0.34 H, ~OH) which represent two geometric isomers, an ap-
parent triplet centered at 1.28 (1 H, t, J = 7 Hz), and a complex set
of lines from 0.97 to 0.62 (9 H, m) which appears to be three major
overlapping doublets (J = 7 Hz) and three minor overlapping dou-
blets (J = 7 Hz) representing two geometric isomers present in a
ratio of about 2:1; mass spectrum m/e (relative intensity) 232 (M+,
26), 217 (2), 214 (2), 147 (100), 120 (12), 105 (18), 91 (6), 77 (9), and
41 (9).

Anal. Caled for CigH240: C, 82.70; H, 10.41. Found: C, 82.77; H,
10.37.
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5-Phenyl-1-hexene (24). Treatment of 5-hexen-2-one (4) as de-
scribed above yielded 24 (94%) as a colorless oil: ir (film) 3070,
3030, 2960, 2930, 1642, 1603, 1492, 1450, 985, 900, 750, and 690
cm™~Y; nmr (60 MHz, CCly) 6 7.20 (5 H, apparent s), 6.18-5.48 (1 H,
m), 5.18-4.97 (1 H, m), 4.92-4.75 (1 H, m), 2.72 (1 H, apparent sex-
tet, J = 7 Hz), 2.20-1.52 (4 H, m), and 1.23 (3 H, d, J = 7 Hz);
mass spectrum m/e (relative intensity) 160 (M*, 7), 145 (5), 118
(58), 105 (100), 91 (31), and 77 (13).

Anal. Caled for CioHyg: C, 89.94; H, 10.06. Found: C, 89.79; H,
10.34.

2-Methyl-6-phenyl-2-heptene (25). Treatment of 6-methyl-
5-hepten-2-one (5) as described above yielded 25 (90%) as a color-
less oil: ir (film) 3080, 2960, 2930, 1600, 1495, 1450, 750, and 690
cm™% nmr (60 MHz, CCly) 6 7.21 (5 H, apparent s), 5.30-4.92 (1 H,
m), 2.69 (1 H, apparent q, J = 7 Hz), a broad singlet at 1.68 (3 H,
s) superimposed on a broad multiplet at 2.15-1.58 (4 H, m), 1.51 (3
H, broad s), and 1.23 (3 H, d, J = 7 Hz); mass spectrum m/e (rela-
tive intensity) 188 (M, 65), 118 (100), 105 (93), 91 (47), 77 (14), 69
(17), 55 (23), and 41 (26).

Anal. Caled for CyqHgo: C, 89.29; H, 10.71. Found: C, 88.98; H,
10.66.

3-Phenyl-4(8)-p-menthene (26). Treatment of (+)-pulegone
(6) as described above yielded 26 (85%) as a colorless oil: ir (film)
3070, 3035, 2925, 1603, 1490, 1450, and 690 cm™—1; nmr (100 MHz,
CDCl;) 6 7.37-6.98 (5 H, m), 4.13-4.00 (0.3 H, m Ph-CH-, equa-
torial proton), 3.84-3.60 (0.7 H, m, Ph-CH-, axial proton), ca.
2.60-2.10 (2 H, complex m), ca. 2.10-1.10 (5 H, complex m) on
which are superimposed three sharp singlets at 1.73, 1.72, and 1.71
(3 H, CH3C=, configurational and conformational isomers), and
three sharp singlets at 1.45, 1.44, and 1.42 (3 H, CH3C=, configu-
rational and conformational isomers), and 0.86 (3 H, d, J = 5.5
Hz); mass spectrum m/e (relative intensity) 214 (M*, 100), 199
(42), 171 (35}, 1567 (16), 148 (47), 129 (29), 115 (14), 91 (30), and 77
(8).

Anal. Caled for CigHos: C, 89.65; H, 10.85. Found: C, 89.39; H,
16.20.

Mixture 27, 3-Phenyl-1-p-menthene (27a) and 3-Phenyl-p-
menthane (27b). Treatment of piperitone (7) as described above,
except that the phenylation step was run at ca. —78°, yielded 27
(78%) as a colorless oil: bp 120-121° (1.2 mm). Careful analysis of
the 100-MHz nmr spectrum of this oil indicated that it was a 60:40
mixture of 3-phenyl-1-p- menthene (27a) and. 3-phenyl-p- men-
thane (27b). The mass spectrum confirmed this conclusion. The
mixture, which indicated one peak by glpc analysis, could not be
separated by column chromatography or distillation. The third
product of this reaction was 3-phenyl-1-p- menthen-3-ol (17%).
The above results were not altered by using an enormous excess of
lithium (560 mg, 80 mg-atoms). Less lithium (140 mg, 20 mg-
atoms) yielded the mixture 27 (30%) and the above alcohol (70%).

Mixture 28. 1-Cyclohexyl-3-phenyl-trans-1-butene (28a)
and 1-Cyclohexyl-3-phenylbutane (28b). Treatment of 4-cyclo-
hexyl-trans- 3-buten-2-orie (8) as described above yielded 28 (94%)
as a colorless oil: bp 85-97° (1.1 mm). Careful analysis of the 60-
MHz nmr spectrum of this oil indicated that it was a 65:35 mixture
of l-cyclohexyl-8-phenyl-trans- 1-butene (28a) and 1-cyclohexyl-
3-phenylbutane (28b), which was confirmed by the mass spec-
trum. The mixture, which indicated one peak by glpc analysis,
could not be separated by column chromatography or distillation.
Various quantities of lithium (140 mg, 20 mg-atoms; 420 mg, 60
mg-atoms; or 560 mg, 80 mg-atoms) did not alter the above result.

1-(2,6,6-Trimethyl-1-cyclohexen-1-yl)-3-phenylbutane
(29). Treatment of 3-ionone (9) as described above, except that ex-
cess lithium (420 mg, 60 mg-atoms) was used to avoid a mixture of
29 and 1.(2,8,6-trimethyl-1.cyclohexen-1.yl).3-phenyl-trans-1-
butene, yielded 29 (98%) as a colorless oil: bp 95-98° (1.2 mm), ir
(film) 3070, 3035, 2930, 1605, 1495, 1450, 755, and 690 cm~1; nmr
(60 MHz, CCly) 6 7.21 (5 H, apparent s), 2.98-2.34 (1 H, apparent
sextet, J = 7 Hz), and two broad multiplets from ca. 2.10 to 1.60
(6 H, m) and from ca. 1.60 to 1.20 (4 H, m) on which are superim-
posed a singlet at 1.48 (3 H, s) and a doublet at 1.27 (3 H, d), and
0.91 (6 H, s); mass spectrum m/e (relative intensity) 256 (M*, 12),
241 (5), 123 (100), 118 (92), 105 (34), 95 (27), 91 (23), 81 (32), and
41 (285).

Anal. Caled for CigHgg: C, 88.99; H, 11.01. Found: C, 88.96; H,
11.07.

2,6-Dimethyl-4-phenyl-2,5-heptadiene (30). Treatment of
phorone (10) as described above yielded 30 (93%) as a colorless oil:
bp 80-84° (1.2 mm), ir (film) 3070, 3080, 2975, 2925, 2730, 1600,
1488, 1445, 870, 730, and 690 cm™!; nmr (60 MHz, CCly) 6 7.09 (5
H, apparent s), 5.21 (2 H, d, J = 9 Hz, with fine splitting of ca. 1.2
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Hz), 4.30 (1 H, t, J = 9 Hz), and four overlapping singlets at 1.73
(3 H, s), 1.72 (3 H, perturbed s), 1.70 (3 H, s), and 1.69 (3 H, per-
turbed s); mass spectrum m/e (relative intensity) 200 (M*, 100),
185 (68), 157 (65), 145 (48}, 143 (68), 129 (34), and 91 (37).

Anal. Caled for CisHyo: C, 89.94; H, 10.06. Found:.C, 89.95; H,
10.01.

1-Cyclopropyl-1-phenylethane (31). Treatment of cyclopro-

‘pyl methyl ketone (11) as described above yielded 31 (91%) as a

colorless oil: bp 119-121° (760 mm); ir (film) 3080, 3035, 3010,
2970, 2930, 2880, 1605, 1490, 1450, 1015, 810, 750, and 690 ecm™1;
nmr (220 MHz, CCly, with and without TMS) § 7.25-7.00 (5 H, m),
1.95 (1 H, quintet, J = 7 Hz), 1.32 (3 H, d, J = 7 Hz), 1.02-0.73 (1
H, m), 0.61-0.30 (2 H, m), and 0.25-0.02 (2 H, m); mass gpectrum
m/fe (relative intensity) 146 (M+, 27), 131 (31), 118 (98), 117 (786),
105 (100), 91 (70), 77 (42), 51 (34}, and 39 (42).

Anal. Caled for Cy;Hyy: C, 90.35; H, 9.65. Found: C, 90.26; H,
9.71.

1-Phenylundecane (32). Treatment of 1-undecanal (12) ag de-
scribed above yielded 32 (91%) as a colorless oil: bp 92-94° (1.1
mm); ir (film) 3085, 2970, 2930, 2860, 1455, and 690 cm~!; nmr (60
MHz, CCly) 6 7.08 (5 H, apparent s), 2.55 (2 H, perturbed t, J = 7
Hz), 1.9-1.4 (2 H, m), 1.27 (16 H, broad s), and 0.89 (3 H, per-
turbed t); mass spectrum m/e (relative intensity) 232 (M+, 8), 92
(50), 91 (100), 69 (62), 55 (34), 43 (42), and 41 (53).

Anal. Caled for Ci7Has: C, 87.86; H, 12.14. Found: C, 87.86; H,
12.07.

1-Phenyl-2-methylpentane (33)., Treatment of 2-methyl-1-
pentanal (13) as described above yielded 83 (83%) as a colorless oil:
bp 60-62° (1.2 mm); ir (film) 3035, 2960, 2930, 2880, 1604, 1495,
1450, 720, and 690 ¢cm™1; nmr (60 MHz, CCly) 6 7.09 (5 H, apparent
$),264 (1H,dofd,J =13 and 6 Hz), 2.27 (1 H,d of d, J = 13 and
7 Hz), a broad multiplet from ca. 2.0 to 1.4 (1 H, m), 1.4-1.05 (4 H,
m), and a doublet at 0.82 (3 H, d, J = 6.5 Hz) superimposed on a
perturbed triplet at 0.88 (3 H, t); mass spectrum m/e (relative in-
tensity) 162 (M+, 24), 119 (2), 92 (100), 91 (48), and 43 (44).

Anal. Caled for CypHyg: C, 88.82; H, 11.18. Found: C, 88.78; H,
11.08. -

11-Phenyl-1-undecene (34). Treatment of 10-undecen-1-al
(14} as described above yielded 34 (99%) as a colorless oil: ir (film)
3075, 3040, 2920, 2865, 1640, 1605, 1495, 1450, 900, and 690 cm~1;
nmr (220 MHz, CCly) 6 7.23-6.91 (5 H, m), 5.82-5.59 (1 H, m),
5.00-4.77 (2H, m), 2.55 (2 H, t, J = 7 Hz), 2.00 (2 H, apparent q, J
= 7 Hz), 1.68-1.48 (2 H, m), and 1.45-1.14 (12 H, broad s); mass
spectrum m/e (relative intensity) 230 (M+*, 11), 131 (16), 117 (186),
104 (63), 105 (18}, 92 (48), 91 (100), 69 (37}, 55 (19), and 41 (27).

Anal. Caled for C17Hze: C, 88.63; H, 11.37. Found: C, 88.36; H,
11.63. .
«-(2,6,6-Trimethyl-1-cyclohexen-1-yl)toluene (35)., Treat-
ment of 8-cyclocitral (15) as described above yielded 35 (99%) as a
colorless oil: ir (film) 3070, 3035, 2965, 2935, 2870, 1605, 1495, 1450,
and 690 em~1; nmr (60 MHz, CCly) 8 7.17 (5 H, broad s), 3.49 (2 H,
broad s), 2.30-1.92 (2 H, broad m), a complex multiplet at 1.91—
1.60 (2 H, m), 1.53 (3 H, broad s), 1.28 (3 H, t, J = 7 Hz), and 0.92
(6 H, s); mass spectrum m/e (relative intensity) 214 (M*, 75), 199
(100), 143 (14), 123 (43), 105 (15), and 91 (46).

Anal. Caled for CigHag: C, 89.65; H, 10.35. Found: C, 89.35; H,
10.34.

1-Phenyl-3,7-dimethyl-2,6-octadiene (36). Treatment of ci-
tral (16), which is a mixture of neral and geranial, as described
above yielded 36 (90%) as & colorless oil: ir (film) 3070, 3035, 2970,
2025, 1445, 715, and 6856 cm™1; nmr (60 MHz, CCly) 6 7.19 (5 H,
broad s), 5.67-4.97 (2 H, complex m), 3.33 (2 H, broad d, J = 7.4
Hz), 2.23-1.98 (4 H, m), 1.69 (6 H, broad s), and 1.60 (3 H, broad
§); mass spectrum m/e (relative intensity) 214 (M, 91), 199 (4),
145 (98), 129 (49), 123 (83), 91 (89), 69 (100), and 41 (49).

Anal. Caled for CigHge: C, 89.65; H, 10.35. Found: C, 89.30; H,
10.27.

4-(2,6,6-Trimethyl-1-cyclohexen-1-yl)-2-methyl-1-phenyl-
trans-2-butene (37). Treatment of Cis-aldehyde (17) as de-
scribed above yielded 37 (93%) as a colorless oil: bp 95-97° (1.1
mm); ir (film) 3035, 2965, 2920, 2860, 1601, 1492, 1450, 720, and
690 cm™1; nmr (220 MHz, CCly) 6 7.25-6.98 (56 H, m), 5.09 (1 H, t, J
= 12 Hz), 3.21 (2 H, s), 2.69 (2 H, d, J = 12 Hz), 2.00-1.86 (2 H,
m), 1.68-1,.36 (4 H, m) on which are superimposed two singlets at
1.53 (3 H, s) and 1.51 (3 H, s), and 0.95 (6 H, s); mass spectrum m/e
(relative intensity) 268 (M™*, 100), 253 (17), 225 (8), 198 (4), 177
(92), 123 (46), 121 (38), 107 (35), and 91 (60).

Anal. Caled for CogHog: C, 89.49; H, 10.51. Found: C, 89.31; H,
10.49.

1-(4-tert-Butylphenyl)-3-phenyl-2-methylpropane (38).



Synthesis of Aromatic Hydrocarbons

Treatment of 3-(4-tert-butylphenyl)-2-methyl-1-propanol (18) as
described above yielded 38 (99%) as a colorless oil: ir (film) 3090,
3070, 3035, 2975, 2925, 2860, 1601, 1490, 1450, 1260, 722, and 689
cm™%; nmr (60 MHz, CCly) ¢ 7.18 (6 H, broad s) superimposed on
an AB pattern with the first doublet centered at 7.31 (2 H, d,J =
8.5 Hz) and the second at 7.06 (2 H, d, J = 8.5 Hz), 2.92-2.54 (1 H,
m), 244 (2 H, d, J = 7.5 Hz), 2.26-1.78 (2 H, m), 1.29 (9 H, s), and
0.82 (3 H, d, J = 6.2 Hz); mass spectrum m/e (relative intensity)
266 (M, 58), 251 (67), 175 (34), 162 (13), 147 (48), 132 (13), 119
(28), 105 (12), 92 (47), 91 (100), 57 (5), and 41 (25).

Anal. Caled for CogHgg: C; 90.17; H, 9.84. Found: C, 89.89; H,
9.75.

p-Methoxydiphenylmethane (39). Treatment of p-anisal-
dehyde (19) as described above yielded 39 (96%) as a colorless oil:
ir (film) 1610, 1586, 1510, 1495, 1240, 1172, 1030, 830, 790, 760, 718,
and 690 cm~s nmr (60 MHz, CCly) 6 7.19 (5 H, s), an AB pattern
with the first doublet centered at 7.07 (2 H, d, J = 9 Hz) and the
second at 6.76 (2 H, d, J = 9 Hz), 3.86 (2 H, s), and 3.65 (3 H, s);
mass spectrum m/e (relative intensity) 198 (M™, 100), 197 (40),
183 (12), 167 (30), 121 (28), and 91 (12).

Anal. Caled for C14H140: C, 84.81; H, 7.12. Found: C, 84.83; H,
7.10.

2-Benzylfuran (40). Treatment of furfural (20) as described
above, except that the phenylation step was run at ca. —78°, yield-
ed 40 (93%) as a colorless oil: ir (film) 1595, 1505, 1492, 1450, 1065,
1001, 710, and 690 ecm~1; nmr (60 MHz, CCly) a multiplet at &
7.22-6.97 (1 H, m) on which is superimposed a singlet at 7.14 (5 H,
$), 6.22-6.05 (1 H, m), 5.92-5.77 (1 H, m), and 3.86 (2 H, s); mass

spectrum m/e (relative intensity) 158 (M*, 100), 129 (65), 115 (23),"

103 (4), 91 (9), and 81 (19).
Anal. Caled for C;1H100: C, 83.52; H, 6.37. Found: C, 83.76; H,
6.51.
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