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removal of the solid residue the solvent was evaporated. When
the oily mixture was treated with diethyl ether BI-DI 7Aa was
obtained in 20% yield.
1,2-Diphenyl-3-(tert-butylimino)-2-propen-1-one (13Aa).
A mixture of 1 g of tert-butylhydroxylamine and 2.2 g of 1,2-
diphenylpropane-1,3-dione in 50 mL of CHCl; was stirred in the
presence of MgSO, for 24 h. After filtration and evaporation of
the solvent 13Aa was obtained as an oil in 61% yield: MS (EI),
m/e (relative intensity) 277 (M*, 4); IR (film) » 2080 and 1650
em™; 'H NMR 6 1.2 (s, 9 H, C(CHjy)g), 7.1-7.7 (m, 10 H, Ar); 13C
NMR 30.0 (q, J = 127 Hz, C(CH,)s), 62.5 (s, C(CHy)s), 107.9 (s,
C-2), 126.1-141 (8 C, Ar), 168.0 (s, C-3), 193.0 (s, C-1).
N-tert-Butyl-2,3-diphenyl-3-oxopropanamide (16) was
formed from 13Aa in refluxing aqueous ethanol: mp 178-180 °C;
MS (EI), m/e (relative intensity) 295 (M*, 4). Anal. Calcd for
CyHyNO,: C,77.26; H, 7.17; N, 4.74. Found: C, 76.71; H, 7.41;

N, 4.68.
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The chemoselective catalytic oxidation of aliphatic and aromatic sulfides to sulfoxides (90-95%) using a buffered
potassium peroxymonosulfate (Oxone) generated N-sulfonyloxaziridine is described. This oxidizing system is
rapid and relativily insensitive to the reaction parameters and the structure of the sulfide.

Sulfoxides are widely used synthons in organic synthesis
and are commonly prepared by oxidation of sulfides.? The
number of oxidizing reagents used for this purpose are
many and varied because few, individually, have general
or broad application.2® Many of these oxidizing reagents
are too reactive, resulting in significant overoxidation of
sulfoxides to sulfones, particularly when the reagent is
present in excess.?>® With other reagents the chemose-
lectivity is poor, or they give undesirable side reactions
such as cleavage of C-C and C-S bonds.?*? Additional

(1) Davis, F. A.; Chattopadhyay, S.; Towson, J. C.; Lal, S.; Reddy, T.
J. Org. Chem. 1988, 53, 2087.

(2) For reviews of on the chemistry of sulfoxides, see: (a) Durst, T.
In Comprehensive Organic Chemistry, Jones, D. N., Ed.; Pergamon
Press, Ltd.: Oxford, 1979, Chapter 6. (b) Oae, S. In Organic Chemistry
of Sulfur, Oae, S., Ed.; Plenum Press: New York, 1977; Chapter 8.

(3) For reviews on the oxidation of sulfides to sulfoxides, see: (a)
Drabowicz, J.; Mikolajczyk, M. Org. Prep. Proc. Int. 1982, 14, 45. (b)
Madesclaire, M. Tetrahedron 1986, 42, 5459. (c) Block, E. In The
Chemistry of Ether, Crown Ether, Hydroxyl Groups and Their Sulphur
Analogues; Patai, S., Ed.; Jonn Wiley & Sons: New York, 1980; Sup-
plement E, Part 1, Chapter 13.

(4) Ho, T. L.; Wong, C. M. Synthesis 1972, 561.

(5) Drabowicz, J.; Mikoilajczyk, M. Synthesis 1978, 758.

(6) Ueno, Y.; Inoue, T.; Okawara, M. Tetrahedron Lett. 1977, 2413.
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Commun. 1987, 17, 515.
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Scheme I
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PhSO2N—CHPhNO2-p

R2S KHSO4
Ry S=—0 KHSOs
PhSON==CHPhNOz-p

2

limitations include slow reaction rates, the necessity for
careful control of the reaction parameters, instability, and
expense.

A number of these limitations can be avoided by using
N-sulfonyloxaziridines 1, aprotic and neutral oxidizing
reagents developed in our laboratories.’®!! These reagents
quantitatively and selectively oxidize most sulfides to

(10) For a review on the oxygen-transfer reactions of oxaziridines, see:
Davis, F. A.; Haque, S. M. “Oxygen Transfer Reactions of Oxaziridines”,
Advances in Oxygenated Process; Baumstark, A. L., Ed; JAL Press:
Greenwich, CT, Vol. 2, in press.

(11) The a-azo hydroperoxides, developed by Baumstark and co-
workers, are also reported to be highly selective reagents for the oxidation
of sulfides to sulfoxides; see: Baumstark, A. L.; Vasquez, P. C. J. Org.
Chem. 1983, 48, 65.
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sulfoxides within a few minutes at room temperature.'?
Even in the presence of a large excess of 1, overoxidation
of suifoxides to sulfones is extremely slow.!? Zani and
co-workers recently described the selective oxidation of
thiones to sulfines using 1 (Ar = Ph).1® N-Sulfonyl-
oxaziridines 1 are highly chemoselective reagents that do
not react with carbonyl groups, alcohols, or alkynes.l°
While these reagents stereoselectivity epoxidize alkenes,
temperatures of 60 °C are generally required.!* Zajac and
co-workers recently reported that 1 (Ar = Ph) oxidizes
sulfides 20 times faster than amines.!®

\ RS
F’hSOgN/—CHPhNOZ-p —2  PhSO;N==CHPhNO,-p + RoS==0 (1)
1 2

N-Sulfonyloxaziridines 1 are stable and readily prepared
by biphasic oxidation of sulfonimines 2 with m-chloro-
perbenzoic acid (m-CPBA) and a phase-transfer catalyst.!®
Clearly, a catalytic oxidizing system, based on the dem-
onstrated chemoselectivity of 1, would be of considerable
value. Not only would such a system enhance the synthetic
utility of these reagents but could result in simple meth-
odology for the selective oxidation of aliphatic and aro-
matic sulfides to sulfoxides, avoiding many of the limita-
tions observed with other oxidizing systems.??

Oxidation of sulfides to sulfoxides by 1 followed by re-
oxidation of the sulfonimine 2 to the oxaziridine 1 would
establish a catalytic system (eq 1). m-CPBA cannot be
used for this purpose because it oxidizes sulfides to sulfones
under the reaction conditions. Furthermore, the rate of
oxidation of 2 to 1 by this peracid is slow, i.e., 1-2 h, and
m-CPBA is an expensive reagent.

Recently we described the application of buffered po-
tassium peroxymonosulfate (Oxone) in the synthesis of
N-sulfonyloxaziridines 1.! Oxidation of 2 to 1 was complete
and quantitative within 15 min and a phase-transfer cat-
alyst was not necessary. Oxone (2KHSO;KHSO0,K,S0,)
is an inexpensive and stable oxidizing reagent that is
commercially available. Although Ozxone is reported to
oxidize sulfides to mixtures of sulfoxides and sulfones,’
we reasoned that in basic media, where the peroxymono-
sulfate anion is largely present, electrophilic oxidation of
sulfides to sulfoxides would not occur (Table I, see entries
1 and 2). On the other hand, the peroxymonosulfate anion
is necessary for the conversion of 2 to 1 (eq 1). The Ox-
one—oxaziridine catalytic system for the selective oxidation
of aliphatic and aromatic sulfides is shown in Scheme 1.

The catalytic oxidation of sulfides was carried out under
biphasic conditions by placing the sulfide (typically 3
mmol) and sulfonimine 2 catalyst (0.6 mmol) in methylene
chloride (turnover 5). The solution is buffered to ca. pH
8.5 by addition of an aqueous solution of potassium car-
bonate followed by addition of 4.5 equiv of Oxone (13.5

(12) (a) Davis, F. A.; Jenkins, R. H. Jr.; Yocklovich, S. G. Tetrahedron
Lett. 1978, 5171. (b) Davis, F. A.; Awad, S. B.; Jenkins, R. H., Jr.;
Billmers, R. L.; Jenkins, L. A. J. Org. Chem. 1983, 48, 3071. (c) Davis,
F. A.; Jenkins, L. A.; Billmers, R. L. J. Org. Chem. 1986, 51, 1033.

(18) Maccagnani, G.; Innocentia, A.; Zani, P.; Battaglia, A. J. Chem.
Soc., Perkin Trans. 2 1987, 1113.

(14) (a) Davis, F. A.; Abdul-Malik, N. F.; Award, S. B.; Harakal, M.
E. Tetrahedron Lett. 1981, 22, 917. (b) Davis, F. A.; Harakal, M. E.;
Awad, S. B. J. Am. Chem. Soc. 1983, 105, 3123. (c) Davis, F. A.; Chat-
topadhyay, S. Tetrahedron Lett. 1986, 27, 5079. (d) Davis, F. A.; Shep-
pard, A, C. J. Org. Chem. 1987, 52, 954.

(15) Zajac, W. W., Jr.; Walters, T. R.; Darcy, M. G., submitted.

(18) Davis, F. A,; Stringer, O. D. J. Org. Chem. 1982, 47, 1774. Vish-
wakarma, L. C.; Stringer, O. D.; Davis, F. A. Org. Synth. 1987, 66, 203.

(17) (a) Trost, B. M.; Curran, D. P. Tetrahedron Lett. 1981, 22, 1287.
(b) Evans, T. L.; Grade, M. M. Synth. Commun. 1986, 16, 1207. (c¢) Davis,
R. Synth. Commun. 1987, 17, 823.
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Table I. Selective Catalytic Oxidation of Sulfides to
Sulfoxides Using Buffered Oxone and 0.2 Equivalents of
PhSO,N=CHPhNO,-p in CH,C}; at 25 °C

% isolated

yields
i equiv of sulfoxide/
entry sulfide Ozone® T, (h) sulfone ref
1 p-tolylSMe 1.5 4 26/64 8
2 1.5¢ 5 reaction
3 1.5 05 91/5
4 PhSMe 1.5 (CHCL;) 0.5 95/d 12a
5 1.5 (K.COy) 025 95/d
6 PhSCH,Ph 1.5 (CHCl) 18 95/0 12a
7 3.0 (CHCl;) 4 96/0
8 PhSPh 1.5 (CHCl;) 24 92/3 17b
9 45 (CHCl) 8 90/0
10 45 (K,CO3) 05 90/0
11  PhSCH=CH, 1.5 24 90/d 18
12 45 8  88/d
13 45 (K;COz) 0.5  90/d
14 45 (K,COy) 15 176/15
15 PhSCH,CH,0H 1.5 05 0/95 23
16 PhSCH,CH,0H 0.75 1 0/65 (23)¢
17 PhSCH,CH,Cl 15 (K,CO0y 05 92/0 24
18 (n-C.Hy),S 15 05 95/0 12a
19 1.5 (K,COy) 025 92/0
20 (s-C,Hy)sS 15 05 95/0 25
21 (t-CHy),S 15 05 95/0 26
22 [ 1.5 0.5 0/94 27
23 1.5 1 8/63 (23)¢

—s
24 s 1.5 18 90/0f 7
25 C[ ]@ 45 2 91/0
S
26 15 18 30/0 (82 4
27 7.5 8  88/0

s 45 (K,COy) 05  89/0
29 o 45 18 89/0 28

30 é/s\% 45 (KCOp) 2 90/0

¢ Buffer with 7.0 equiv of KHCO; or K;COj; based on Ozone un-
less otherwise noted. ?Buffer and sulfonimine absent. ¢Sulfon-
imine absent. ¢Approximately 3-4% sulfone was detected by
GLC. ¢Recovered starting material. /Only the monosulfoxide was
detected.

mmol of potassium peroxymonosulfate). Oxidation of
sulfides to sulfoxides is generally complete within 10-30
min as determined by TLC. The reaction is quenched
immediately on completion by addition of sodium meta-
bisulfite which has the added advantage of removing the
sulfonimine 2 catalyst. However, with larger scale oxida-
tions it is necessary to separate the sulfoxides from the
catalyst by distillation, extraction into n-pentane, or
chromatography. The sulfoxides were isolated by prepa-
rative TLC on silica gel and identified by comparison of
their spectral properties with values recorded in the lit-
erature (Table I).

A typical example is illustrated by the catalytic oxidation
of phenyl vinyl sulfide to phenyl vinyl sulfoxide in greater
than 90% isolated yield within 30 min (entry 13). Less
than 3-4% of the corresponding sulfone was detected by
GLC. A larger scale oxidation of phenyl vinyl sulfide (26.8
mmol) gave this sulfoxide, after distillation, in 81-2%
vield. Phenyl vinyl sulfoxide has previously been prepared
in 68-70% yield by m-CPBA oxidation at —78 °C.!®

The results summarized in the table illustrate that the
N-sulfonyloxaziridine-based catalytic system (Scheme I)
selectively oxidizes a variety of sulfides to sulfoxides in high
chemical yield. The catalytic system is remarkably che-
moselective, tolerating functionalities such as alkenes

(18) Paquette, L. A,; Carr, R. V. C. Org. Synth. 1985, 64, 157.



5006 J. Org. Chem., Vol. 53, No. 21, 1988

(entry 11-14), halides (entry 17), and carbonyl groups
(entries 29-30). For the more nucleophilic sulfides oxi-
dation was complete within 10-30 min, while the less nu-
cleophilic diaryl sulfides required several hours.

Since the oxidation of sulfides to sulfoxides by 1 is
usually complete within a few minutes, the rate-limiting
reaction must be oxidation of the sulfonimine 2 to the
oxaziridine 1; i.e. k; < kg (Scheme I). As previously de-
scribed, increasing the pH of the buffer to 8.5 using K,CO4
increases the rate of formation of 1 which in turn increases
the rate of sulfoxide production (entries 5, 10, 13~14, 17,
19, 28 and 30).

Significantly, with only a few exceptions, overoxidation
of sulfides to sulfones was not detected. This is true even
for the diaryl sulfides (entries 8-10, 24-28), where over-
oxidation to sulfones is often difficult to stop with other
oxidizing systems. Buffered Oxone does not oxidize sul-
fides to sulfoxides in the absence of 2, the oxaziridine
precursor {entry 2), and the rate of sulfoxide to sulfone
oxidation by 1 is extremely slow. Therefore, sulfone for-
mation (entries 3-5, 11-14, 15-16, and 22-23) must result
from nucleophilic oxidation of the polar sulfoxide by the
peroxymonosulfate anion after sulfoxide formation by 1
(eq 2). Nucleophilic oxidation of sulfoxides to sulfones

R . R

N 00505 — >sog + S04 (2)
R’/*\O' R’

has been described.!® Both 2-hydroxyethyl phenyl sulfide
and thiacyclobutane afford sulfoxides soluble in the
aqueous phase, where nucleophilic oxidation is presumed
to take place. Note that as the time of oxidation of phenyl
vinyl sulfide is increased from 30 to 90 min, the yield of
phenyl vinyl sulfone increases from 4% to 15%, respec-
tively (entry 14).

The similarity and utility of N-sulfonyloxaziridines 1 as
models for the oxygen-transfer reactions of the metal
peroxides are further emphasized by the results presented
here.® Many transition-metal-catalyzed oxidizing systems
of synthetic and industrial importance are thought to in-
volve the transient formation of metal peroxides which,
like 1, have their active-site oxygen as part of a three-
membered ring. % Our results provide additional support
for a mechanism of oxygen-transfer from the metal per-
oxides involving an “external” Sy2-type mechanism rather
than an “internal” coordinated pseudocyclic mechanism
as advocated by Mimoun.?2 N-Sulfonyloxaziridines 1

(19) Curci, R.; Modena, G. Tetrahedron 1966, 22, 1227. Curci, R.;
Giovine, A.; Modena, G. Tetrahedron 1966, 22, 1235,

(20) Davis, F. A,; Billmers, J. M.; Gosciniak, D. J.; Towson, J. C.; Bach,
R. D. J. Org. Chem. 1986, 51, 4240.

(21) (a) Sheldon, R. A.; Kochi, J. K. Metal-Catalyzed Oxidations of
Organic Compounds, Academic Press: New York, 1981. (b) Di Furia,
F.; Modena, G. Pure Appl. Chem. 1982, 54, 1853. (¢) Mimoun, H. The
Chemistry of Functional Groups, Peroxides; Patai, S., Ed.; Wiley: New
York, 1982; pp 463482, (d) Sheldon, R. A. The Chemistry of Functional
Groups, Peroxides; Patali, S., Ed.; Wiley: New York, 1982; pp 161-200.

(22) Mimoun, H. Angew. Chem., Int. Ed. Engl. 1982, 21, 734.

(23) Kazuhiko, T.; Kazuhiko, O.; Nubuo, T.; Arithsune, K. Chem. Lett.
1983, 633.

(24) Dieter, V.; Eberhard, J.; Dieter, A. K. JJ. Chem. Soc. Perkin Trans.
2 1980, 146.

(25) Hammick, D. L.; Williams, R. B. J. Chem. Soc. 1938, 211.

(26) Liy, K.; Tong, Y. C. J. Org. Chem. 1978, 43, 2717.

(27) Dittmer, D. C.; Bhalchandra, P. H.; Bartholomew, J. T. Org.
Magn. Reson. 1982, 18, 82.

(28) (a) Ozbal, H.; Zajac, W. W., Jr. Tetrahedron Lett. 1979, 4821. (b)
Trost, B. M.; Sulzmann, T. N. Hiroi, K. J. Am. Chem. Soc. 1976, 98, 4887.
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transfer oxygen by a typical Sy2-type substitution mech-
anism.?

In summary, efficient new methodology for the chemo-
selective catalytic oxidation of aliphatic and aromatic
sulfides to sulfoxides has been developed. This metho-
dology avoids many of the limitations of other oxidizing
systems in that it is selective, fast, and relatively insensitive
to the reaction parameters and the structure of the sulfide.
The only limitation appears to occur with less lipophilic
sulfides which afford water-soluble sulfoxides that are
oxidized to the sulfones. Studies are currently in progress
aimed at increasing the catalytic efficiency of this system.

Experimental Section

Melting points were determined on a Mel-Temp apparatus and
were uncorrected. 'H and ®C NMR spectra were measured on
a JOEL FX 90Q (90 MHz) NMR spectrometer and on a Bruker
250 (250 MHz) NMR spectrometer. Chemical shifts are reported
relative to tetramethylsilane. IR spectra were recorded on a
Perkin-Elmer 467 grating spectrometer. Analytical gas chro-
matographs were performed on a Varian 3700 gas chromatograph
equipped with an FID detector and electronic integrators using
a Supelco 30 M, 0.75-mm L.D., 1.0-um film SBP-35 wide bore
capillary column, Sulfides were purchased from Aldrich and
Parish Chemical Companies. «-(Phenylthio)cyclohexanone was
repared according to the procedure of Trost and co-workers.28

Samples of Oxone exposed to moisture for extended periods
of time give reduced reactivity in these oxidations. Oxone that
titrates to 4.6-4.7% active oxygen (KI-NayS,0;) is recommended.

N-(p-Nitrobenzylidene)benzenesulfonamide (2).1¢ Ina
1-L, single-necked, round-bottom flask equipped with a Dean-
Stark separator, condenser, and argon inlet were placed 15.7 g
(0.1 mol) of benzenesulfonamide, 15.1 g (0.1 mol) of 4-nitro-
benzaldehyde, 25 g of 5-A powdered molecular sieves, and 0.2 g
of Amberlyst 15 ion-exchange resin in 500 mL of toluene. The
reaction mixture was heated at reflux until all of the water has
separated (typically 24 h), diluted with 200 mL of methylene
chloride, and filtered. The residue was washed with an addition
200 mL of methylene chloride and the filtrates were combined.
The solvent was removed on the rotatory evaporator to give a
yellow solid which was washed with 200 mL of n-pentane to give
20.9 g (72%) of 2; mp 155-60 °C. Crystallization from ethyl
acetate gave 17.4 g (60%) of yellow crystals of 2; mp 162-4 °C;
NMR (CDCl,) 6 7.2-7.35 {m, 1 H), 7.83-7.40 (m, 2 H), 7.83~8.23
(m, 4 H), 8.23-8.55 (m, 2 H), 9.10 (s, 1 H, N=CH).

General Procedure for the Catalytic Oxidation of Sulfides
to Sulfoxides. In a 500-mL three-necked Morton flask equipped
with an efficient mechanical stirrer and a 25-mL dropping funnel
was placed 3 mmol of the appropriate sulfide and 0.18 g (0.6 mmol)
of N-(p-nitrobenzylidene)benzenesulfonamide (2),'¢ in 50 mL of
methylene chloride. The solution was buffered to pH ca. 8.5 by
addition of 4.8 or 14.49 g (34.5 or 103.5 mmol) of K,CO; in 5 or
15 mL of water. To the rapidly stirring reaction mixture was
added dropwise, over 10 min, 2.7 or 8.3 g (1.5 or 13.5 mmol, 3 or
9 equiv, of potassium peroxymonosulfate) of Oxone in 10 or 30
mL of water (see table). After the oxidation was complete, as
determined by silica gel TLC, the reaction was immediately
quenched by addition of 15 or 50 mL of a saturated solution of
sodium metabisulfite in order to minimize overoxidation of some
sulfoxides to sulfones. The reaction mixture was extracted with
methylene chloride (2 X 50 mL) and the organic phase dried over
anhydrous MgSQ,. After removal of the solvent with a rotary
evaporator the sulfoxides were isolated by preparative TLC on
silica gel, generally eluting with ethyl ether. With larger scale
oxidations the sulfoxide was separated from the polar sulfonimine
2 by extraction into n-pentane and isolated by distillation,
crystallization, or flash chromatography.
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Tetracyanoquinodimethane Derivative
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A soluble tetracyanopentacenequinone was prepared. This quinone was converted to a TCNQ derivative by
base-catalyzed reaction with malononitrile at high temperature. Variable-temperature NMR spectroscopy revealed
a slow conformation change for the TCNQ derivative. Electrochemical reductions of the quinone and its TCNQ
derivative were studied and UV-vis-NIR spectra of the neutrals, anion radicals, and dianions were recorded.
The ions from the tetracyanopentacenequinone show very long wavelength NIR bands ascribed to strong per-

turbation of the quinone®” by the cyano groups.

Tetracyanoquinodimethane (TCNQ) and its analogues
have attracted continuing attention. Most fundamentally,
this attention has resulted because these compounds are
excellent electron acceptors. As such they form anion
radicals, e.g.,, TCNQ', at very positive potentials and form
charge-transfer complexes with many donors. The most
famous of these is TTF-TCNQ, which was the first organic
solid to show metallic conductivity. A number of deriva-
tives have been synthesized in order to explore the con-
ductivity. Of particular interest in the present context are
several anthracene derivatives like 3-CN,3 which were
prepared and studied to provide a TCNQ with an extended
w-gystem.

Recent work from this laboratory has been directed
toward the preparation of quinones with extended =-sys-
tems and also linear arrays of such polyacenequinones.*5
One point of particular interest has been the unusual
near-infrared (NIR) absorption bands exhibited by the
anion radicals of these compounds.® It was of interest to
extend the scope of this work by preparing TCNQ deriv-
atives of our unusual quinones. We report here on a
five-ringed tetracyano quinone (5-0) and its TCNQ de-
rivative (5-CN). This structure was selected as a synthetic
goal out of considerations of solubility, synthetic acces-
sibility, and redox potential. Thus, the aryl groups provide
solubility and the four aromatic cyano groups keep the
quinone reduction potential from being too negative. Qur
findings include unusual 'H NMR results showing a con-
formational change in 5-CN and UV-vis—NIR results on

(1) Kine, A. M,; Cowan, D. O.; Gerson, F.; Mockel, R. J. Am. Chem.
Soc. 1985, 107, 556.

(2) Aumuller, A.; Hunig, S. Liebigs Ann. Chem. 1984, 618.

(3) Mitsuhashi, T.; Goto, M.; Honda, K.; Maruyama, K.; Sugawara, T;
Inabe, T.; Watanabe, T. J. Chem. Soc., Chem. Commun. 1987, 810.

(4) Christopfel, W. C.; Miller, L. L. J. Org. Chem. 1986, 51, 4169.

(5) Chiba, T.; Kenny, P. W.; Miller, L. L. J. Org. Chem. 1987, 52, 4328.
Kenny, P. W.; Miller, L. L. J. Chem. Soc., Chem. Commun. 1987, 84.

(6) Jozefiak, T. H.; Miller, L. L. J. Am. Chem. Soc. 1987, 109, 6561.

5-0, 5-0*", 5-0%", 5-CN, and 5-CN?". It is shown that the
strong interaction of the aromatic cyano groups with the
quinone on 5-0°" leads to NIR bands not observed for
pentacenequinone, 6°7, which lacks the aromatic cyano
groups.

Synthesis. Previous studies have demonstrated the
utility of Diels—Alder addition to the bis diene 4.4 This
precursor is of special utility because the p-tert-butyl-
phenyl groups provide solubility even to rigid polyacene-
quinone derivatives 75 A long.® In the present study,
addition of fumaronitrile to 4 followed by aromatization
gave 5-O, which was identified spectrally.

The quinone 5-O could not be converted to 5-CN by
using the published conditions? (TiCl,, pyridine in chlo-
roform), but a modicum of success was achieved by using
1,8-bis(dimethylamino)naphthalene as the base in the
higher boiling solvent 1,1,2,2-tetrachloroethane. The
product 5-CN was purified by flash chromatography and
gave satisfactory IR, NMR, UV, and high resolution mass
spectra.

!H NMR of 5-CN. This NMR spectrum is interesting
because it reveals a slow conformational change. Com-
parison of the spectrum of 5-CN with that of 5-O and other
derivatives allows a firm assignment of the peaks. Of
interest are the aryl hydrogens of the attached p-tert-bu-
tylphenyl groups. The spectra of 5-O and other derivatives
show a pair of A-B doublets for the ortho and meta hy-
drogens. In contrast, 5-CN in CDCl; shows four pairs of
doublets.

This complexity is due to a slow conformational change,
as shown by a variable-temperature 'H NMR study.
Toluene-dg was used as solvent to get a more suitable liquid
range. This change in solvent changed the chemical shifts
and coupling constants, but the spectrum at 0 °C was
recognizably similar to that obtained at room temperature
in CDCl;. There were four sets of slightly broadened
doublets in the range of 7.5-8.0 ppm. When the temper-
ature was raised to 35 °C these peaks broadened further
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