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Abstract. Reactions of the w-(1-naphthyl)-n-alkencs 1a—9a and 1,7-diphenyl-3-heptene (10) (sub-
strates which allow intramolecular competition in any occurring sulfocyclization) with sulfur
trioxide were studied in the temperature range — 60 to 25°C using dichloromethane as solvent and
1.5 mol equiv. of dioxane relative to the amount of SO; as reactivity moderator. 4-(1-Naphthy))-1-
butene reacts with SO, similar to a simple alkene, yielding at low temperature the g-sultone 1b,
which at 25°C in the presence of additional SO is converted into the corresponding carbyl sulfate
1d. Reaction of the w-(1-naphthyD)-n-alkencs 2a-5a, which have a —-(CH,),— linkage between the
I-naphthyl (I-Np) and C=C moictics, with 1.1 equiv. of SO, at —60°C vyiclds very rapidly,
quantitatively and stercospecifically the 1,2,3.4-tetrahydro-1-alkyl-phenanthrene-2-sulfonic acids
2f-5f. Reaction of the 3-(1-naphthyl)-1-phenyl-1-propenes 8a and 9a, having a ~CH-~ linkage
between the 1-Np and C=C moieties, with 1.1 mol equiv. of sulfur trioxide at —60°C quantitatively

yiclds the B-sultones 8¢ and 9¢, which upon increasing the temperature, are converted into
trans-3-phenylbenz[ g lindane-2-sulfonic acid (11). Reaction of 1,7-diphenyl-3-heptene (10) with 1.1
equiv. of SO; leads to exclusive formation of 1.2,3,4-tetrahydro-1-(3-phenylpropy)naphthalene-2-
sulfonic acid (13) Using CISO,SiMe; instead of SO;, the reaction proceeds less selectively and
vields, in addition to 13, 18% of 1,2.3.4- tetrdhydro 1-(3-phenyl-1-sulfopropyDnaphthalene (14).

Mechanisms for the formation of the various products are suggested and the observed sclectivity in

the sulfocyclizations are discussed.

Introduction

Reaction of w-phenyl-n-alkenes with sulfur trioxide leads
to sulfonation of the alkene moiety to yield quantitatively
the corresponding B-sultones and carbyl sulfates (depend-
ing on the amount of SO; used). With substrates such as
5-phenyl-1-pentene, 6-phenyl-2-hexene and S-phenyl-2-
pentene, having a —(CH,);— or —(CH,),— linkage be-
tween the phenyl and thc C=C moietics, sulfonation oc-
curs, followed by a very fast Friedel-Crafts tvpe of sulfo-
cyclization with formation of a 1,2,3,4-tetrahydronaph-
thalene-derived sulfo product?. Further investigations
have been reported on the scope and limitations of the
Friedel-Crafts cyclization of w-phenyl-n-alkenes with
SOx. As an extension, we now report studies on in-
tramolecular competition of sulfocyclization cf a series of
w-(1-naphthyl)-n-alkenes and 1,7-diphenyl-3-heptene. w-
(1-Naphthyl)-n-alkenes containing a —(CH ,),~ bridge be-
tween the l-naphthyl and C=C moieties allow intramolec-
ular competition, as they have two different reactive
naphthyl sites for the Friedel-Crafts cyclization, riz. the
position 2 and 8, which would lead to the formation of
1,2,3,4-tetrahydro-1-alkylphenanthrene-2-sulfonic acid

* Aliphatic sulfonation 12. For part 11, see rel. 1.

(route 1) and 2,3-dihydro-1-(sulfoalkyl)phenalene (route
2), respectively, as depicted in Scheme 1. Intramolecular
competition of 1,7-diphenyl-3-heptene finds its origin in
the difference in length of the two polymethylenc linkages
between the C=C moiety and the two phenyl groups.
Cycloalkylation with formation of a six-mcmbered ring
product has been observed on reaction of, ¢.g., 4-(1-naph-
thyD-1- and 4-(2-naphthyl)-1-butanols with a strong Lewis
acid, the eventual tetrahydrophenanthrene produus being
formed via the initially produced carbenium ions*. With
4-(1-naphthyl)-1-butanol, the cyclization product is f()rmed
via two distinct pathways, viz., by direct cycloaddition at
the 2-position (for 84%), and by ipso attack at the 1-posi-
tion of the naphthalene skeleton, and subscquent rear-
rangement of the resulting spiro type of o complex to the
same product (for 16%). 4-(2-Naphthyl)-1-butanol cyclizes
exclusively by direct substitution at the 1-position®.

Results and discussion

Reactions of the w-(1-naphthyl)-n-alkenes 1a-9a and 1,7-
diphenyl-3-heptene (10) with (in general 1.0 and 3.0 mol
equiv. of) SO; were studied. The applied standard condi-
tions were: dichloromethane as solvent and 1.5 mol equiv.
of dioxane (relative to the amount of SO;) as rcactivity
moderator® (method A, see Experlmcntd]) In order to
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Scheme 1. Possible product formation of cycloalkylation of (E)-5-(1-naphthyl)-2-pentene (2a) with SO ;.

obtain information on the primary sulfonation products,
the reactions were carried out at low temperatures, and
the reaction mixtures were analyzed by '"H NMR spec-
troscopy. The '"H-NMR and some '*C-NMR assignments
of the w-(1-naphthyl)-n-alkenes and their sulfo products
are compiled in Tables 1-II or in the Experimental sec-
tion.

Reaction of 4-(1-naphthyl)-1-butene (1a) with 1.0 equiv. of
SO, at —60°C leads to quantitative formation of B-sul-
tone 1b, which is stable at room temperature for at least
12 h. Addition of water and leaving the resulting hetero-
geneous mixture as such for 1 day, leads to quantitative
desulfonation with reformation of 4-(1-naphthyl)-1-butene
(1a). Upon using an excess of SO; (= 4.0 equiv.), we
observed at 0°C slow conversion of the initial B-sultone 1b
into the carbyl sulfate 1d. Allowing the reaction mixture
to stand overnight led to subsequent aromatic sulfonation
at the 4-position of the naphthalene ring to give 1d-4-
sulfonic acid. Exclusive sulfonation at the 4-position is in
line with the results of Lammertsma®, who observed that
the sulfonation of 1-methylnaphthalene with SO, yields
1-methylnaphthalene-4-sulfonic acid as the sole product.

n R! R?
1 2 H H
2 2 Me H
3 2 H Me
4 2 Ph H
5 2 H Ph
1] 1 Me H
7 1 H Me d
8 1 Ph H
9 i H Ph

Reaction of a 3: 1 mixture of ( E)- (2a) and (Z)-5-(1-naph-
thyD-2-pentene (3a), which have a —-(CH,),— linkage be-
tween the l-naphthyl and the C=C moieties, with 1.1
equiv. of SO, at low temperature leads to the quantitative
formation of the frans and cis isomers of 1,2,3 4-tetrahy-
dro-1-methylphenanthrene-2-sulfonic acid (2f and 3f), re-
spectively. This Friedel-Crafts type of cyclization is ex-
tremely fast: at —60°C, it is complete within 10 min. We
propose that the formation of these products proceeds as
shown for 2f in Scheme 2. The initial B-sultone formation
is followed by a Sy 2 displacement of the naphthyl C(2) on
the oxygen-carrying carbon of the side chain, similar to
that established for the Friedel-Crafts cyclization of w-
phenyl-n-alkenes®?. The trans to cis isomer ratio of the
cyclization products is the same as the E/Z ratio of the
starting pentenes 2a and 3a, indicating that (/) (not ob-
served) B-sultones are the likely intermediates and (ii)
cyclization proceeds stereospecifically with inversion at
the oxygen-carrying carbon C(2). Thus, the present cy-
clization proceeds similar to that of the corresponding
w-phenyl-n-alkenes. Reaction of a 3:1 mixture of 2a and
3a with an excess of SO; (3.0 equiv.) leads to the rapid
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Scheme 2. Mechanism for cycloalkylation of (E)-5-(1-naphthyl)-2-pentene (2a) with SO ;.

formation of 2f and 3f, followed, at 25°C, by slow sulfona-
tion of the naphthyl ring to yield trans- (2g) and cis-
1,2,3,4-tetrahydro-1-methylphenanthrene-2,9-disulfonic
acid (3g) in the same ratio as the starting £/Z ratio of
the 2-pentenes 2a and 3a.

Similarly, reaction of a 1:1 mixturc of (£) (4a) and
(Z)-4-(1-naphthyl)-1-phenyl-1-butene (5a) with 1.0 equiv.
of SO, yields, quantitatively, the respective trans and cis
isomers  of 1,2,3 4-tetrahydro-1-phenylphenanthrene-2-
sulfonic acid (4f and 5f) in the same ratio as the starting
E/Z ratio of the 4-(1-naphthyl)-1-phenyl-1-butenes (4a
and 5a). Upon using an excess of SO; (> 2.0 equiv.) at
25°C, 4f and 5f are subsequently converted into trans- (4g)
and cis-1,2,3,4-tetrahydro-1-phenylphenanthrene-2,9-di-
sulfonic acid (5g), respectively. This slow sulfo-deprotona-
tion at position 9 of the 1,2,3,4-tetrahydrophenanthrene
skeleton is in line with the observations of Lammertsma’,

that reaction of 1,2-dimethylnaphthalene with SO, lcads
exclusively to the 4-sulfonic acid.

Sulfonation of a 2:1 mixture of (E)- (6a) and (Z)-4-(1-
naphthyl)-2-butene (7a) with 1.0 equiv. of SO4 at - 60°C
lcads to formation of the two isomeric 2.3- and 3,2-sul-
tones 6b + 7b and 6c¢ + 7¢ in the same ratio as the starting
material. After raising the temperature to 25°C, both in
the presence and absence of residual SO;, the isomeric
B-sultones are slowly converted into as yct unidentified
products. We propose these additional products to be the
corresponding trans- (6e) and cis-carbyl sulfate (7e), 4-(1-
naphthyl)-3-butene-2-sulfonic acid (17) and 4-(1-naph-
thyl)-2,4-butanesultone (18) (see Scheme 3), resulting from
the zwitter-ionic intermediates 15 and 16. The formation
of 1-(1-sulfoethylacenaphthene (19) can be excluded on
the basis of the '"H-NMR absorption signals (aromatic
region).

0,5 08 ?02
0
cH 0
X N CHl,
CH,
OO = OO = OO
-
-
6c + 7 Ge +7e
I8
0 i ; ;o
~s0, + 505 $0s
.
Cli, CH, i,
6b + b L 15 16 ]
HyC SOH HiC
3 3
S04 o
H,C 0
/
19 17 18

Scheme 3. Reaction of (E)- (6a) and (Z)-4-(1-naphthyl)-2-butene (7a) with SO,.
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Scheme 4. Mechanism for cycloalkylation of (E)- (8a) and (Z)-3-(1-
naphthyl)-1-phenyl-1-propene (9a) with SO;.

Reaction of a 3: 1 mixture of (E£)- (8a) and (Z)-3-(1-naph-
thyl)-1-phenyl-1-propene (9a) with 1.1 equiv. of SO, at
—60°C leads to the stereospecific formation of trans- and
cis-2,1-sultones 8¢ and 9c, respectively. The cis /trans
ratio of the 2,1-sultones is the same as the E/Z ratio of
the starting w-(1-naphthylDalkenes 8a and 9a. After rais-
ing the temperature to —40°C, only the trans-sultone 8¢ is
rapidly converted into the five-membered ring cyclization
product trans-3-phenylbenz[ g lindane-2-sulfonic acid
(11)%. However, upon raising the temperature to 0°C, the
cis-sultone 9¢ is also slowly converted into the same cy-
clization product 11. Thus, for this type of substrate,
cycloalkylation is not stereospecific, and sulfocyclization
is, therefore, proposed to proceed (see Scheme 4) via the
conjugatively stabilized benzylic sulfonate dipolar inter-
mediate 20, as was suggested for the cyclization of a
mixture of (E)- and (Z)-1,3-diphenyl-1-propenes>”,
Upon using instead 3.0 equiv. of SO3, the formation of
trans-11 at 0°C is followed by relatively slow sulfonation of
its naphthyl ring at the 4-position, providing trans-3-phen-
ylbenz[ g lindane-2,5-disulfonic acid (12) in quantitative
yield.

SOH SO,H
Ph

o

SOH

13 14

Reaction of 1,7-diphenyl-3-heptene'® (10) with 1.1 equiv.
of SO, in the presence of 1.6 mol equiv. of dioxane at
—60°C gave regioselectively and exclusively 1,2,3,4-tetra-
hydro-1-(3-phenylpropyDnaphthalene-2-sulfonic acid
(13)'" in a yield of >97%. Based on the results of
5-phenyl-2-pentene and 6-phenyl-2-hexene, we presume
that the reaction proceeds via the corresponding B-sul-
tones and thus stereospecifically. On using the less reac-
tive sulfonating reagent CISO; SiMe,'? at —20°C, the
cyclization leads to 13 for 82% and to the alternative
cyclization product 1,2,3,4-tetrahydro-1-(3-phenyl-1-
sulfopropylnaphthalene (14) for 18%. The presence of 14
is based on '"H-NMR absorptions of equal intensity at &
3.77 (m) and 3.80 (m)'? for CH(1) and CH-SO;H, respec-
tively. The loss of selectivity is due to the lower sulfonat-
ing reactivity of CISO,SiMe, which, therefore, requires a
higher reaction temperature (—20°C), leading to lower
selectivity in the subsequent sulfocyclization. The quanti-
tative formation of 13 on using SO; at —60°C may be
explained in terms of a lower energy content of 13 as
compared to 14",

Notably, the absence of formation of any 2,3-dihydro-1-
(1-sulfoalkyl)phenalene (see Scheme 1) on reaction of the
w-(1-naphthyl)-n-alkenes 2a-5a with SO, and of any I-
(1-suifoalkylacenaphthene (e.g. 19, see Scheme 3) on
reaction of w-(1-naphthyl)-n-alkenes 6a and 7a with SO;,
illustrates that the cycloalkylation of w-(1-naphthyl)-n-al-

. H (CH,),Phg (CH,),Phg
o <%<( Ho)Phg “/so‘, SO,H
2 —_— P
' 0@ @‘
(CH,),Ph, A
13
SO, |} -60°C \
70,8 __(CHZ),Phy HO3S._ _(CH,),Pha
) - =0
B
14
-60°c 1| so,
(CHy)2Phg

D2y (CH)Phg

(CHa),Phy

H
X, e D
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Scheme 5. Mechanism for the cycloalkylation of 1,7-diphenyl-3-heptene (10) with SO; and CISO;SiMe;.
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kenes occurs specifically at the adjacent naphthyl C(2)
and not at the peri carbon. Lammertsma et al.” reported
however that the peri position has a lower localization
energy and is, therefore, more reactive. The exclusive
sulfocyclization at the 2-position which gave the 1,2,3,4-te-
trahydrophenanthrene derivative 2f instead of the 2,3-di-
hydrophenalene (see Scheme 1) or acenaphthene deriva-
tive 19 may be explained in terms of the lower degree of
strain in the resulting six-membered ring upon forming
the 1,2,3,4-tetrahydrophenanthrene skeleton, compared to
the newly formed six- and five-membered rings upon
forming the 2,3-dihydrophenalene and the acenaphthene
skeletons, respectively. In fact, this is clearly apparent
from a study with space-filling Catalin Stuart molecular
models. The formation of the five-membered ring cycliza-
tion product with 3-(1-naphthyl)-1-phenyl-1-propenes (8a
and 9a) differs from those of the non-phenyl-containing
w-(1-naphthyl)-n-alkenes 2a—5a in that there is now only
one B-sultone formed, iz. the 2,1-sultone, and that the
positive charge of the corresponding dipolar intermediate
20 is conjugatively stabilized by the adjacent phenyl group
(see Scheme 4). From molecular model studies, it appears
that cyclization at the peri position, which would give rise
to a six-membered ring product, is sterically very unfavor-
able, rendering more attractive the sterically less hindered
cyclization at C(2) with formation of the five-membered
ring product 11.

Both the exclusive formation of 13 on reaction of 1,7-di-
phenyl-3-heptene (10) with SO5, and of a 4:1 mixture of
13 and 14, on using CISO;SiMe; as sulfonating reagent,
as well as the exclusive formation of 1,2,3 4-tetrahydro-1-
alkylphenanthrene-2-sulfonic acids (2f—5f) from the w-(1-
naphthyl)-n-alkenes (2a-5a), indicate that a very rapid
equilibrium must exist between the initially formed iso-
meric m,n- and n,m-sultones, as was proposed to explain
the highly regioselectivity in the sulfocyclization of simple
w-phenyl-n-alkenes® and simple alkenoic acids'®.

Experimental

The 'H and *C-NMR spectra were recorded on Bruker WM-250
and AC-200 instruments; mass spectra were recorded on Varian
MAT-711 and ZAB-2HF double-focussing mass spzctrometers and
the IR spectra on a Perkin-Elmer 1310 instrument.

Matcerials

The w-(1-naphthyl)alkenes 1a—5a were prepared in three steps from
I-naphthalenecarbaldehyde, which on reaction with cyanoacetic acid
was converted into (E)-3-(1-naphthylpropenenitrile, as reported by
Stokker et al.'®. Subsequent hydrogenation of the propenenitrile
using 109 Pd/C as catalyst gave the corresponding naphthylpropa-
nenitrile. Reduction of this nitrile by diisobutylaluminum hydride
then gave the corresponding 4-naphthylbutanal. Wittig reaction of
this butanal'’, using the appropriate alkyltriphenylphiosphonium bro-
mide as reagent'®, finally yielded the required w-(1-naphthyl)alkene
substrates la—5a. The w-(1-naphthyl)alkenes 6a—9a were prepared
in two steps from 2-(1-naphthylethanol, starting by oxidation, as
reported by Swern et al.’®, followed by Wittig reaction of the resuit-
ing aldehyde, using the appropriate alkyltriphenylphosphonium bro-
mide as reagent'®. 1,7-Diphenyl-3-heptene (10) was prepared in two
steps from 4-phenyl-1-butanol, starting by oxidation. as reported by
Corey and Suggs™, followed by Wittig reaction of the resulting
aldehyde, using (3-phenylpropyDtriphenylphosphonium bromide!”.
The "H-NMR and *C-NMR data of the substrates are listed in
Table I or later.

Sulfonation procedures and analysis

Method A (standard procedure). Liquid sulfur trioxide (10 pl, 0.24
mmol) was injected into a stirred solution of 32 ul of dioxane-d,
(0.36 mmol) in 0.5 ml of CD,Cl,, cooled at —70°C ander an Ar
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atmosphere. 45 ul of, e.g.. 4-(1-naphthyl)-2-butene (.24 mmol) was
then injected into the stirred solution. The reaction mixture was
transferred under Ar into a cooled NMR tube and '"H-NMR spectra
were taken at chosen temperatures, ranging from —60°C up to room
temperature, after appropriate time intervals in which the NMR
tube was kept at — 70°C. The complete procedure took (in total) 4-6
h unless stated otherwise.

Method B. 1.0 or 0.5 mmol of, e.g., 5-(1-naphthyl)-2-pentene was
injected to a stirred solution of 1.0 mmo! of SO;, 1.5 mmol of
dioxane and 10 ml of dichloromethane, cooled at — 30°C under Ar
atmosphere, and the mixture stirred for 1 h. The reaction mixture
was warmed to 0°C and poured into 10 ml of water and then
neutralized to pH 7 with an aqueous solution of KOH.
Dichloromethane was removed by rotary evaporation and then the
remaining water and dioxane were removed by freeze drying. The
remaining potassium sulfonates were dissolved in D,0 and subjected
to NMR analysis.

NMR analysis

The structural assignments of the products were made from the
"H-NMR spectra of the reaction mixture solutions, using deuterated
solvents or from the isolated potassium sulfonates in D,O as solvent
on the basis of the observed chemical shifts, absorption area ratios
and coupling constants in combination with substituent shielding
parameters’’. The 'H- and '*C-NMR spectral data of the various
products, which were obtained with the special aid of NOE and APT
techniques if required, are compiled in Tables I and II. and in this
section. The compositions of the reaction mixtures, as well as the
{E1/[Z] ratios of the starting compounds, were determined by
multicomponent 'H NMR analysis on the basis of specific absorp-
tions of the assigned components??.

Starting materials

4-(1-Naphthyl)-1-butene (1a). 3C NMR (CDCl,, &, ppm): 32.5
(CH,CH=CH ), 34.9 (CH,C,,H), 115.0 (CH=CH ), 123.8 (Np C7),
125.4, 1256, 125.8, 126.0, 126.7 (Np C2, C3, C4, C5, Co), 128.8 (Np
C8), 131.9 (Np C8a), 134.0 (Np C4a), 138.0 (Np C1), 138.3 (CH=CH1,).
IR (CHCl, cm™"): 3060 (s), 3000 (m), 2930 (s), 2860 (m), 1630 (m),
1590 (m), 1510 (m), 1460 (m), 1430 (m), 1390 (m), 960 (s), 910 (s). MS
(ED) m /z: 182 (M, 32), 141 (100), 115 (12). Accurate mass calculated
for C,H ,: 182.1095; found: 12.1083.

(E)-5-(1-Naphthyl)-2-pentene (2a). '*C NMR (CDCl,, 8. ppm): 12.7
(CH,;), 28.1 (CH,CH=C), 33.2 (CH,-Np), 123.7, 124.5, 125.3, 125.7,
1259, 126.6, 128.7, 129.8 (Np C2, C3, C4, C5, C6, C7, C8, CH=CH),
131.9 (Np C8a), 133.9 (Np C4a), 138.1 (Np C1). MS (ED) m /z: 196
(M, 25), 141 (100), 115 (14). Accurate mass calculated for CsH
196.1252; found: 196.1261.

(Z)-5-(1-Naphthyl)-2-pentene (3a). '*C NMR (CDCl;, 6. ppm): 17.9
(CH,), 32.9 (CH,CH=0), 33.7 (CH,-Np), 123.8, 124.5, 125.5, 125.6,
125.8, 126.4, 128.7, 129.8, 130.8 (Np C2, C3, C4, C5, C6, C7, C8,
CH=CH), 131.9 (Np C8a), 133.9 (Np C4a), 138.2 (Np Cl1). MS (ED)
m /z: 196 (M, 25), 141 (100), 115 (14). Accurate mass calculated for
CsHye: 169.1252; found: 169.1261.

(E)- and (Z)-5-(1-Naphthyl)-2-pentene (2a and 3a). IR (CHCl,;,
cm 1) 3010 (m), 2940 (m), 1590 (m), 1510 (m), 1390 (m), 790 (s), 770
(s).

(E)- and (Z)-4-(1-Naphthyl)-1-phenyl-1-butene (d4a and 5a). IR
(CHCI;. cm™'): 3050 (m), 3000 (m), 2930 (s), 2860 (m), 1630 (m),
1590 {(m), 1510 (m), 1460 (m), 1430 {m), 1390 (m), 990 (m), S10 (s).
MS (ED m /z: 258 (M, 22), 167 (7), 141 (100), 115 (14), 91 (8).
Accurate mass calculated for C, H 5: 258.1409; found: 258.1431.

1,7-Diphenyl-3-heptene (10)%. '"H NMR (CDCl;, 8, ppm): 1.64 (m,
CH,), 2.04 (m, CH,), 2.35 (m, CH,,), 2.60 (t, J 7.7 Hz, Cl,Ph), 2.68
{t, J 7.1 Hz, CH,Ph), 5.45 (m, CH=CH), 7.28 (m, 10H, 2 X Ph).

Sulfo products

4-(1-Naphthyl)-1,2-butanesultone (1b). 'H NMR (CD,Cl,, &, ppm):
2.2-2.5(m, CH,CHO), 3.14 (m, CH*H" ~Np), 3.34 (m, CH*H"-Np),
4.14 (dd, J 16.0, 8.8 Hz, CHH"S0,), 4.59 (m, CH‘HYSO,, CHO),
7.2-7.7 {m, Np H2, H3, H6, H7), 7.8 (d, J 7.6 Hz. Np H4), 7.88 (dd,
J 75, 1.9 Hz, Np H5), 8.00 (d, J 7.9 Hz, Np H8).
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6-[2-(1-Naphthyl)ethyl]-1,3,2,4-dioxadithiane 2,2,4,4-tetraoxide (carbyl
sulfate 1d). '"H NMR (CD,Cl,. 8. ppm): 2.34 (m, CH, ,CHO), 3.25
{m, CH*HP-Np), 3.46 (m, CH*H"-Np), 160 (dd. Ji1.7, 7.8 Hz,
CH* H_dSO ), 3.78 (dd, J 11.9, 2.0 Hz, CH* H SO,). 5.16 (m, CHO),
7.2-7.7 (m, NpHZ H3, H6, H7). 7.79 (d, J 7.6 Hz. Np H4). 7.87 (dd.
J 7.5. 1.9 Hz, Np HS), 8.00 (d. J 7.9 Hz, Np HR).

1d-4-sulfonic acid. '"H NMR (CD,Cl,, 8, ppm): 2.34 (m, CH -CHO),
3.25 (m. CH*H"-Np). 3.46 (m, CH HP-Np), 3.60 (dd J 117,78
Hz, CHHS80,), 3.78 (dd, J 11.9, 2.0 Hz, CH*H"SO,). 5.16 (m,
CHOY, 7.30-8.00 (m, Np H2, H6, H7, HR), 8.18 (d, 7 7.6 Hz, Np H3),
8.70 (dd, J 7.8, 2.1 Hz, Np H5).

trans-1,2,3,4-Tetrahydro- 1-methylphenanthrene-2-sulfonic acid (2f). e
NMR (CD,Cl,, 8, ppm): 189 (CH3), 19.0 (CH,CHS), 25.8 (CH, -
Np), 34.8 ((HCH ), 61.0 (CHS), 1214 {CH(5). 125.8. 126.6. 127.1.
127.7, 128.8 (Cé6, C7 C8, C9, ClL), 129.3, 132.1, 1324, 137.9 (C4a,
CSa, C8a, Cla).

cis-1,2,3,4-Tetrahydro- 1-methylphenanthrene-2-sulfonic acid (3f). '*C
NMR (CD,Cl,. 8, ppm): 25.0 (CH,), 21.2 (CH.CHS), 22.7 (CH, -
Np), 34.2 (gH(H») 62.7 (CHS), l234 (C5), 1257 126.6, 126.8,
127.6, 128.7 (C6, C7, C8, C9, C10), 130.4, 132.0, 132.2, 135.8 (C4a,
C5a, C8a, Cla).

trans-1,2,3,4-Tetrahydro-1-phenylphenanthrene-2-sulfonic acid (4f). '*C
NMR (CD,Cl,, 8, ppm): 21.1 (CH,CHS), 23.0 (CH,-Np), 45.4
(CH-Ph), 66.7 (CHS), 123.6-145.1 (aromatic C).

cis-1,2,3,4-Tetrahydro- 1-phenylphenanthrene-2-sulfonic  acid (5f). B3¢
NMR (CD,Cl,, &, ppm): 19.1 (CH,CHS), 25.6 (CH,-Np), 45.8
(CH-Ph), 64.1 (CHS). 123.6-145.1 (aromatic C).

trans-3-(1-Naphthyl)-1-phenyl-2, l-propanesult(me (8¢). 'H NMR
(CD,Cl,, &, ppm): 3.82 (m, CH*H"-Np), 3.98 (m, CH*H"-Np).
5.15 (q J 6.4 Hz, CHSO,). 536 (d, J 6.4 Hz, CHO), 7.0-8.0 (m,
12H, Np + Ph).

cis-3-(1-Naphthyl)-1-phenyl-2, 1-propanesultone  (9¢). 'H NMR
(CD,Cl,, 8, ppm): 3.11 (dd, J 15.5, 4.8 Hz, CH*H"-Np), 3.33 (dd, J
154, 10.7 Hz, CH*H"-Np), 5.60 (m, CHSO,), 5.79 (d, J 8.5 Hz,
CHO), 7.0-8.0 (m, 12H, Np+ Ph).

trans-3-Phenylbenz{g]indane-2-sulfonic acid (trans-11). 'H NMR
(CD,Cl,, 8, ppm): 3.56 (m, CH ), 3.92 (m, CHSO H), 5.10(d, J 3.1
Hz, CH-Ph), 6.9-8.0 (m, llH Np+ Ph). 3C NMR (CD, ,Cl,, 8,
ppm): 28.0 (CH, »), 46.7 (CH-Ph), 62.4 (CHS), 123-145 (dromduc Q).

trans-3-Phenylbenz[g]indane-2,5-disulfonic acid (trans-12). "H NMR
(CD,Cl,. 8, ppm): 3.56 (m, CH,), 3.92 (m, CHSO H), 510 (d. J 3.1
Hz, Cﬂ Ph), 6.9-8.7 (m, 10H. Np + Ph). 3C NMR (CD,Cl,. 8,
ppm): 27.7 (CH,), 46.3 (CH-Ph), 62.4 (CHS), 123-145 (aromatic C).

1.2.3,4-Tetrahydro-1-(3-phenylpropyl)naphthalene-2-sulfonic acid (13).
'H NMR (CD,Cl,, 8. ppm): 1.66 [m, 4H, (CH,),CH, Ph] 2.12 (m,
IH, CH*H®), 234(m 2H, CH,), 2.66 (m, 3H, CH® H CH,), 2.98
(m, 2H, CH>), 3.32 (m, 1H, CHSO H), 3.50 (m, 1H, CHCHSO H),
7.25 (m, 10H, 2x Ph). *C NMR (CD Cl,, 6, ppm): 196(CH ), 27.4
(CH>), 30.1 (CH,), 30.9 (CH,), 36.5 (CH_) 40.0 (CHCHSO; H) 62.5
(CHSO;H), 125-130 f9 x CH(uromalic)], 134.7, 139.0, 1429
[Claromatic)].
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