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keeping with the generally faster deuteration of the free
phenol relative to the ether,’ followed by acid-catalyzed
exchange of the free enol ether function, which has many
precedents.*!* In summary we have observed rapid
exchange reactions of various naphthols and their ethers
which may be of use for the preparation of polyalkoxy-
naphthalenes by a process of aryl oxygen fission.

Experimental Section!4

Melting points were measured on a Kofier hot stage and are
uncorrected. Ultraviolet spectra were recorded in MeOH on a
Coleman-Hitachi 124 double-beam spectrophotometer. Infrared
spectra were recorded on a Perkin-Elmer 257 spectrophotometer.
Nmr spectra were recorded on a Varian A-60 spectrometer with
tetramethylsilane as internal reference. Mass spectra were
measured on an AEI MS 9 mass spectrometer.

Alcoholic hydrogen chloride solutions were prepared by absorb-
ing dry HC] gas (1.0 g) in 9.0 g of the respective alcohol. The
three naphthols 2, 3, and 8 were characterized as the colorless
crystalline acetate derivatives 11, 12, and 13, respectively. The
acetates 11, 12, 13, and 14 were readily formed by heating the
parent naphthol in Ac,O in the presence of 2 equiv of NaOAc
for 10 min at 80°.

2,4-Dimethoxy-1-naphthol (2).—1 (0.5 g) was dissolved in 10 ml
of methanolic HCl. The solution was heated to 60° for 1 min and
then evaporated to yield pinkish crystals. This product was
then redissolved in 10 ml of MeOH and evaporated down again
in order to remove any remaining HCl gas. Another aliquot of
MeOH was added to the product and then again evaporated off
to yield a colorless crystalline compound 2: mp 77-82°; uv max
242 mu (e 27,400), 313 (4080); ir (CHCl;) 3560 (OH), 2940,
2840 (OMe), 1640, 1600, 1590 cm™; nmr (CDCl;) & 3.85 (s, 3),
3.90 (s, 3), 5.10 (bs, 1), 6.60 (s, 1), 7.40 (m, 2), 8.15 (m, 2);
mass spectrum (70 eV) m/e (relative intensity) 204 (25), 189 (17),
174 (2), 161 (5).

2,4-Dimethoxy-1-naphthol acetate (11) had mp 90.5-91.5°%;
uv max 253 mu (¢ 40,200), 301 (4680); ir (CHCl;) 2940, 2840
(OMe), 1760 (ester C=0), 1640, 1600, 1560 cm~!; nmr (CDCl;)
32.34 (s, 3), 3.76 (s, 3), 3.80 (s, 3), 6.47 (s, 1), 7.35 (m, 2), 7.56
(m, 1), 8.08 (m, 1); mass spectrum (70 eV) m/e (relative inten-
sity) 246 (5), 204 (22), 189 (12).

Anal. Caled for C,H1sO4: C, 68.28; H, 5.73. Found: C,
68.36; H, 5.85.

2,4-Diethoxy-1-naphthol (3).—Ethanolic HCl was substituted
for methanolic HCI] and the preparation proceeded as that for 2:
nmr (CDClL) 5 1.40 (t, 3), 1.46 (¢, 3), 4.10 (q, 2), 4.12 (q, 2),
5.20 (bs, 1), 6.64 (s, 1), 7.35 (m, 2), 8.12 (m, 2).

2,4-Diethoxy-1-naphthol acetate (12) had mp 110.5-111.5°;
uv max 236 mu (e 35,400), 301 (4130); ir (CHCl;) 2980-2900 (m),
1760 (ester C=0), 1640, 1600, 1570 cm™!; nmr (CDCL) §
1.37 (¢, 3), 1.48 (t, 3), 2.40 (s, 3), 4.14 (q, 4), 6.64 (s, 1), 7.36
(m, 2), 7.66 (m, 1), 8.20 (m, 1); mass spectrum (70 eV), m/e
(relative intensity) 274 (3), 231 (11), 175 (16).

Anal. Caled for CisHisOy: C, 70.05; H, 6.61. Found: C,
69.96; H, 6.84.

2-Chloro-4-methoxy-1-naphthol (8).—1,4-Naphthoquinone (0.5
g) was substituted for 1 and the preparation proceeded as that
for 2: nmr (CDCl;) & 3.90 (s, 3), 5.55 (bs, 1), 6.67 (s, 1), 7.50
(m, 2), 8.16 (m, 2).

2-Chloro-4-methoxy-1-naphthol acetate (13) had mp 74-75.5°;
uv max 235 mu (e 43,000), 295 (9200); ir (CCl,) 3180-2950 (m),
2850 (OMe), 1790 (ester C=0), 1630, 1590; nmr (CDCl;) &
2.36 (s, 3), 3.82 (s, 3), 6.67 (s, 1), 7.40 (m, 2), 7.58 (m, 1), 8.14
(m, 1); mass spectrum (70 eV) m/e (relative intensity) 252 (3),
250 (10), 210 (30), 208 (50), 195 (20), 193 (55), 157 (10).

Anal. Caled for CsHuClOs: C, 62.28; H, 4.42; Cl, 14.14.
Found: C, 62.57; H, 4.37; Cl, 14.00.

Registry No.—2, 20352-27-6;
20352-29-8; 11, 20352-30-1;
20352-36-7.
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We recently reported that the hydrogenation of
1,2-diphenyleyclobutene with cobalt hydrocarbonyl,
HCo(CO),, is primarily a cis process.! The stereochem-
istry of the stoichiometric hydroformylation of olefins
has never been established, although two previous
studies of the high-pressure catalytic oxo reaction indi-
cated a cleanly ¢zs hydroformylation of unsaturated car-
bohydrates possessing a vinyl ether structure.?? We
now wish to report that the stoichiometric hydrofor-
mylation of an olefin, norbornene, is largely, if not
entirely, a cis process.

When a hexane solution of DCo(CO), was added to
norbornene under an atmosphere of carbon monoxide at
room temperature, slow absorption of carbon monoxide
oceurred and deuterated norbornane-2-carboxaldehyde*
was isolated in about 209, yield. The product was
oxidized with potassium permanganate to give exo-nor-
bornane-2-carboxylic acid which, were the hydrofor-
mylation czs, would have structure 1, and were it trans,
would have structure 2. The nmr of the acid from the
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hydroformylated produect was essentially identical with
that of an authentic sample® of 1 (Figure 1). We con-
sider it quite unlikely that 2 would give a spectrum
identical with 1, since the coupling constant Jy, g, be-
tween two endo hydrogens in norbornyl systems is about
8 cps and that between an endo,exo pair is about 2 eps.t

Experimental Section

Melting points were taken on a Fisher-Johns block and are un-
corrected. Nmr spectra were obtained with a Varian A-60
spectrometer and infrared spectra were determined with a Per-
kin-Elmer Infracord 337. Norbornene was purchased from
Aldrich Chemicals.
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Figure 1.—(a) 60-Mc¢ nmr spectrum of ezo-norbornane-
2-carboxylic acid from deuterioformylated norbornene. (b) 60-
Me nmr spectrum of authentic sample of 1, 309, by weight in
DCCly; TMS reference.

Stoichiometric Reaction of DCo(CO), with Norbornene.—Nor-
bornene (2.42 g, 24.8 mmol) was dissolved in 50 ml of hexane
and a small amount of some insoluble impurity was removed by
filtration. About 75 ml of a hexane solution’ of DCo(CO),
was injected in 10-ml portions over a period of 6 hr into the hexane
solution of norbornene. The reaction was carried out in a serum
stoppered flask connected to a gas buret, under an atmosphere
of carbon monoxide and at room temperature. A total of 57.1
mmol of DCo(CO), was used, and about 13 mmol of carbon mon-
oxide was absorbed slowly. The reaction mixture was stirred for
24 hr, and 25 ml of dimethylformamide was added to destroy
the dicobaltooctacarbonyl. About 50 ml of water was then added
and the mixture was extracted with ether. The ether solution
was dried with magnesium sulfate and evaporated to dryness
on a rotary evaporator. The light pink viscous oil was vacuum
distilled at 3 mm to give 0.65 g of clear distillate: bp 42-52°,
209, yield. The infrared spectrum of the distillate showed C-D
stretching bands at 2163 and 2048 cm™! and the C==0 stretching
band at 1713 em~!. The nmr (DCCI; solution, TMS reference)
showed a multiplet from r 7.23-7.83 (2.9 H) assigned to protons at
positions 1, 2, and 4 and a multiplet from 8.08-8.97 (7.1 H)
assigned to the protons at positions 3, 5, 6, and 7. An unsym-
metrical doublet (J = 1 cps) at 7 0.36 due to the aldehydic pro-
ton indicated that about 79, of the product had no deuterium
on the carbonyl carbon.

The aldehyde was oxidized with potassium permanganate to
yield 0.13 g of the acid 1 (mp 52.0-53.5°, mmp with authentic
sample, 53~54°). The nmr spectrum of the acid was taken in
DCCl; (~30% by weight) and is shown in Figure 1. The car-
boxyl proton absorbed at + —1.5; the carboxyl to norbornyl
proton ratio was 1.0:10.0.

Registry No.—Norbornene, 498-66-8; deuterated
exo-norbornane-2-carboxaldehyde, 20238-57-7.
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The original synthesis of thiete (thiacyclobutene) in-
volved a long, multistep sequence starting with epi-
chlorohydrin, and the over-all yield was relatively low.?
Because large quantities of thiete were desired in order
to study its chemical and physical properties, a new
synthesis was devised utilizing the addition of “sulfene”
to N,N-dimethylvinylamine, which was obtained con-
veniently and in high yield by dehydrohalogenation of
N,N-dimethyl-N-8-chloroethylamine.? The addition
of sulfenes to enamines is an efficient method of prepara-
tion of B-aminothietane sulfones.*

Both N,N-dimethyl- and N,N-diethylvinylamines
were obtained by the dehydrohalogenation procedure in
84-87Y9, yields as colorless liquids, stable below —20°.
They are sensitive to air and become brown and resinous
at room temperature. The nmr spectrum shows clearly
the vinyl protons at 7 6.35-6.65 (CHy=) and 3.95-4.10
(>C=C—H). The infrared spectrum shows absorp-
tion at 1630-1640 cm ! attributed to the carbon-carbon
double bond.

A chemical proof of the structure of N,N-dimethyl-
vinylamine consists of its addition to sulfene to give
3-(N,N-dimethylamino)thietane 1,1-dioxide in 869,
yield. The adduct can be converted either to thiete by

(CH,),NCH,CH,c1 KoM, (CH),NCH=CH, ?:?z?
[ 8102 LiAlH, [ S, cHi I——Sl
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