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Table 111
Yield of Triphenylphosphine Oxide bv GC
Disulfide Ph3PO formed, PhyP
(mmol) mmol (% theory) recovered, mmol
4 (0.22) 0.15 (88) 0.34
7 (0.28) 0.21 (75) 0.32
10 (0.286) 0.26 (100) 0.22

Ethyl 4-Aminophenyl Disulfide (10). The analytical (and ki-
netic) sample was prepared by preparative layer chromatography
(silica gel-10% ethyl acetate-90% benzene) and Kugelrohr distilla-
tion (oven temperature 114-120°, 0.03 Torr): vmax (film) 3390,
3250, and 823 em~!; 'H NMR (CCly) 7 2.5-8.7 (A2B; pattern, 4 H,
ArH), 6.40 (s, 2 H, NHy), 7.32 (q, J = 7 Hz, 2 H, CHy), 8.7L (t,J =
7 Hz, 3 H, CHjy).

Anal. Caled for CgH;1NSs: C, 51.85; H, 5.98; N, 7.56; S, 34.60.
Found: C, 52.01, H, 5.98; N, 7.69; S, 34.24.

Products. Triphenylphosphine Oxide (PhyPO). A 0.02 M so-
lution of sodium hydroxide in 50% aqueous dioxane, containing 5
X 1074 M disodium ethylenediaminetetraacetic acid, was deoxy-
genated for 1 hr with oxygen-free nitrogen.!? Triphenylphosphine
(0.50 mmol) and disulfide 4, 7, or 10 (0.22-0.28 mmol) were added
and the solution was stirred under a nitrogen atmosphere at 40°
for 2-10 min. After cooling to room temperature 50 ml of ether was
added, the aqueous layer was saturated with sodium chloride, and
the organic layer was separated. The aqueous layer was washed
with 50 ml of ether and the combined organic extracts were
washed with brine, dried (MgSOy), and concentrated in vacuo. A
weighed amount of benzophenone was added as an internal stan-
dard and the product mixture was analyzed by GC.?! Peak areas
were corrected for detector response by standard methods. Tri-
phenylphosphine sulfide could be detected at the 1% level. The re-
sults are summarized in Table III.
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N-Acetyl-B-aminoethyl-2,4-dinitrophenyl ether readily undéergoes a Smiles rearrangement in MezSO in the
presence of tertiary-butanolic KOC{CHg); to give N-3-acetyloxyéthyl- and N-8-hydroxyethyl-2,4-dinitroaniline.
During the reaction, the spiro Janovsky complex is spectrometrically confirmed to exist.

Smiles rearrangements (eq 1) are typical intramolecular
nucleophilic substitution reactions. The two carbon atoms
joining X and Y may be part of an aliphatic or an aromatic
system. It has been well established that aromatic nucleo-

philic substitution reactions proceed via Bunnett’s inter-
mediate.? Therefore, Smiles rearrangements can be as-
sumed to be a good model for studying aromatic nucleo-
philic substitution mechanisms.



Rearrangement of N-Acetyl-G-aminoethyl-2,4-dinitropheny! Ether

HX—C—C—Y

1 2
Z,activating group
Several pathways are possible for the conversion of 1 to
2. As shown in eq 2, in most cases a nucleophilic function
YH may be ionized by a base to give 2 via the intermediate
3. In certain systems, in which aromatic rings are much ac-
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—~C BH*
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tivated with nitro, cyano, or other electron-withdrawing
groups, the intermediates (spiro Meisenheimer or Janovsky
complex, hereafter referred to as anionic o complex), might
possibly be confirmed spectrometrically or isolated. This
field has been recently reviewed in detail 3

Kleb* has reported the rearrangement of 4 to 5, in which
the reaction proceeded very rapidly and, therefore, no cy-
clic intermediate was confirmed by experimental evidence.

O(CH,),NHCH, HO(CH,),NCH,

NO, NO,

4 5
Bernasconi et al.5 have recently reported the kinetics of the
base-catalyzed formation of 8 from 6 shown in eq 4. Aryl
ethers such as 10 or 11 cannot be prepared by ordinary
methods. Therefore, they prepared 11 by rapidly acidifying
the spiro anionic ¢ complex (8) and proposed the reverse
Smiles rearrangement of 6 to 11 as follows.

CH,N(CH, )OH CH,N(CH, >,0"
" o 3 NCHJ
NO, NO>
6
1+ 4 CHZ)ZNHQCH,
0. NHCH,
~NO, }r* 0,
g =
NO, NO,
9 10 il

We have more recently carried out the base-catalyzed
Smiles rearrangement of N-acetyl-8-aminoethyl-2,4-dini-

J. Org. Chem., Vol. 40, No. 19, 1975 2783

trophenyl ether (12) in MeoSO, in which the stabilized in-
termediate (or spiro Janovsky complex) could be spectro-
metrically confirmed to exist. The compound 12 was select-
ed for study, because pure 12 can be prepared and the life
of the anionic ¢ complex derived from 12 is comparatively
longer, so that direct information on the reaction path of
the normal Smiles rearrangement can be obtained spectro-
metrically.

This paper reports the reaction mechanism of the base-
catalyzed Smiles rearrangement of 12.

Results and Discussion

Addition of an equivalent amount of tertiary-butanolic
KOC(CHj3); at room temperature to a MeoSO solution of 12
immediately led to a red color, and soon to a dark red one.
After 1 hr treatment of the colored solution with aqueous
HCl solution gave N-B-acetyloxyethyl-2,4-dinitroaniline
(13) in 78% yield, and a small amount of N-3-hydroxy-
ethyl-2.4-dinitroaniline (14), the hydrolysis product of 13,
as shown in eq 5. As discussed in the next paragraph, the

O(CH.),NHCOCH,

NO,
KOC(CH,),
—_—
NO,
12 HN(CH,),0COCH; HN(CH,),OH
NO, NO,
+ (5)
NO, NO.
13 14

color change from red to dark red suggests that the reaction
in eq 5 proceeds via a spiro anionic ¢ complex.

To confirm this mechanism, NMR spectra were observed
at intervals during the reaction. The results are shown in
Figure 1. Immediately after addition of KOC(CHz)s, the
red solution gives the spectrum of Figure 1b; the poor reso-
lution is due to the fast sweep time (500 Hz/50 sec). In Fig-
ure 1b, the resonance peak positions of 12 are shifted to a
higher magnetic field (H; 6 8.72 — 8.57, Hs 4 8.47 — 7.00,
and Hg 6 7.62 — 5.33), while the amide proton resonance
peak (6 8.03) disappeared. Such chemical shifts are charac-
teristic of 1,1-disubstituted anionic ¢ complexes of 2,4-dini-
trobenzene such as 15,3511 Figure lc shows the spectrum
scanned (500 Hz/50 sec) immediately after that in 1b. In
addition to the signals due to 15, the spectrum shows reso-

0
0 N(!CH
H, I ’
BT CH
NO,
15

nance peaks which are the same as those in Figure 1d. Fur-
ther, several minutes after mixing, the Hj signal is shifted
upfield (6 8.57 — 8.37) and Hj and Hg signals are shifted
downfield (Hs 6 7.00 — 7.52, Hg 6 5.33 — 6.37) as shown in
Figure 1d, and from that time on these peak positions do
not change. After the measurement, the solution was al-
ready dark red.

In order to clarify what the spectrum of Figure 1d is at-
tributed to, the reaction of 18 with an equivalent amount of

lKOC(CH3)3 in Me2SO was carried out. Immediately after
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Figure 1. NMR spectra of the reaction of 12 with tertiary-butano-
lic KOC(CHj3)s in MeoSO-dg: (a) before addition of KOC(CHs)s;
(b) immediately after addition of KOC(CHs)s; (¢) immediately
after measurement of Figure 1b; (d) several minutes after addition
of KOC(CH3)s.

addition of KOC(CHsj)a, the dark red solution gives the
same spectrum as that in Figure 1d. The Hj;, H;, and Hg
resonance peaks of 13 are shifted upfield (H; § 8.85 — 8.40,
Hs 6 8.28 — 7.57, and Hg 6 7.28 — 6.38) while the amide
proton resonance peak (6 8.87) disappeared.

From these results it is considered that the following re-
action occurs,512

N(CH,),0COCH,
L NO,

H"'\ Ny
)

H; ) H,
NO,
16

Therefore the final product in the rearrangement is as-
sumed to be 16.

The time-dependent absorption spectral change is shown
in Figure 2, when 50 equiv of KOC(CHj); is added to a
Me,SO solution of 12. The reaction takes place in two dis-
tinct stages, indicated by two spectral changes. The first
change occurs immediately upon addition of KOC(CHs)s to
a MesSO solution of 12 (from curve a to b). Not only the
shape but also the positions and intensities of the spectrum
of curve b [Amax 347 nm (e 14,300), 359 (13,800), and 506
(28,000)] are characteristic of 1,1-disubstituted 2,4-dinitro-
benzene anionic o complexes. 35 Furthermore, Hosoya et
al.13 have stated by MO calculation that the shape of an ab-
sorption spectrum of 1,1-disubstituted 2,4-dinitrobenzene
anionic ¢ complex does not depend on the substituents at
C-1.

KOC(CH ),
3 —

The second spectral change is much slower (from curve b

to ¢ and d). In order to clarify what curve d is attributed to,
abserption spectra were observed immediately after addi-
tion of 50 equiv of KOC(CHgs)s to a MesSO solution of 13.
The spectrum is the same as curve d. Accordingly curve d
represents the spectrum of 16 [Amax 432 nm (e 19,100) and
ca. 490 (sh)].
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Absorbance

Wave length (nm)

Figure 2. Absorption spectra relevant to the reaction of 12 with
KOC(CHs)s in MesSO: (a) before addition of KOC(CHa)g; (b, ¢,
and d), immediately, ca. 12, and 40 hr after addition of
KOC(CHj)s.

The following scheme is, therefore, most consistent with
these results.

I
O(CH,),NHCCH,
H, NO, KOC(CH,),
4.:__—__—"
H5 H&i
NO,
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H, ~NO, NO,
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H, j H,
NO,
5 NO,
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u (7N
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w  He _NO, NO,
13 ==—— P
KOC(CH,),
5 H,
NO. NO
16 :
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In order to elucidate the conversion of 12 to 15 or 15 to
12, absorption spectra were obtained on successive addition
of 50, 100, and 200 equiv of KOC(CHj3)s (1.25 N), HC1 (1.00
N), and KOC(CH3)3, respectively, to a MesSO solution of
12 as shown in Figure 3. The first spectral change (curve a
— b) represents the conversion of 12 to 153¢5 and the sec-
ond one (curve b — c) the conversion of 15 to 12, A de-
crease in optical density at Amax 298 nm is attributable to a
partial rearrangement of 15 to 16, The third spectral
change (curve ¢ — d) shows that on readdition of
KOC(CHzg); the spiro anionic o complex (15) is reproduced.

From a consideration on the acidity of the amide hydro-
gen, the base-catalyzed conversion of 12 to 15 probably
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proceeds via the amide ion (19), which is in equilibrium

with 15 and the equilibrium lies far to 15, as shown in eq 8.

O(CH,),NCOCH,
KOC(CH,), NO,
12 =———= = 15 8)
H*
NO,
19

Furthermore, the other conversion of 12 to 15 is possible
as shown in eq 9. Spectral change of curve a — b in Figures

+
0. NHCOCH,
~NO, KOC(CH,),
12 == Q —_— 15 9
]
NO,
20

2 and 3, however, does not occur in the absence of a base.
Bernasconi et al. show that deprotonation of 9 to 8 is very
easy.? Accordingly, if 20 were spontaneously formed, 20
would change into 15 even in the absence of a base. Accord-
ingly, the conversion in eq 9 is considered to-be unlikely.

In the acid-catalyzed conversion of 15 to 12, there are at
least two possible paths. One is the process in which 15 re-
turns to 19, and, in turn, 19 is protonated to change into 12
as shown in eq 8.

The other is the process in which 15 directly changes to
12 by protonation of the amide group, in which protonation
occurs on the amide nitrogen or the carbonyl oxygen. How-
ever, much available evidence supports the conclusion that
O-protonation on carbonyl oxygen predominates over N-
protonation on amide nitrogen in acidification of amide
groups.l4

Therefore, the other process in the acid-catalyzed con-
version of 15 to 12 is considered to be as follows.

oH*
— |
0_ N—C—CH,
- .NO,
15 — =
21

NO, = 12 (10

NO,
2

It is not clear at present which path (reverse of eq 8, and
eq 10) is predominant.

Experimental Section

Melting points are uncorrected. The NMR spectra were record-
ed on a Varian A-80D spectrometer. Elemental analyses were per-
formed at the Microanalytical Center of Gunma University. The
absorption spectra were measured in Me2SO on a Hitachi-124 uv—
visible spectrophotometer. All reagents were purified by recrystal-
lization or by distillation prior to use.
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‘Figure 3. Absorption spectral change in successive addition of

KOC(CH3)s, HCI, and KOC(CH3); to a MesSO solution of 12: (a)
12 before addition of KOC(CHj)s; (b) immediately after addition
of KOC(CHy)s; (¢) immediately after addition of HCl to 15 (anion-
ic o complex); (d) immediately after addition of KOC(CHjs)s to re-
produced 12,

Preparation of N-Acetyl-S-aminoethyl-2,4-dinitrophenyl
Ether (12), N-8-Acetyloxy- (13) and N-g8-Hydroxyethyl-24-
dinitroaniline (14). After 0.69 g (0.030 mol) of metallic sodium
had been added to a stirred solution of 4.6 g (0.045 mol) of N-
acetylethanolamine in 50 ml of dioxane, the mixture was refluxed
for 5 hr so that sodium might be completely dissolved. After a so-
lution of 5.6 g (0.030 mol) of 2,4-dinitrofluorobenzene in 30 ml of
dioxane had been added thereto under stirring, the mixture was
stirred for an additional 4 hr at 30°. Then the mixture was poured
into 200 ml of ice-water and extracted with chloroform. After the
organic layer had been dried over anhydrous Na;SOy, the solvent
was evaporated to produce the crude products, which were sepa-
rated by column chromatography on silica gel with benzene-ace-
tone mixture as a developing solvent. After the solvent had been
distilled off, recrystallization of each crude product from benzene
or benzene-ligroin gave each analytical sample: 12, 14%, mp 105-
105.5°, Amax 298 nm (e 11,300); 13, 9%, mp 131-132°, Ajpax 358 nm
(e 17,400), ca. 410 (sh); 14, 37%, mp 91-92°, Anax 362 nm (e 17,700),
ca. 390 (sh). Anal. Caled for CioH{1N3Og (12): C, 44.61; H, 4.12.
Found: C, 44.33; H, 4.05. Anal. Caled for C;0H11N30s (13): C,
44.61; H, 4.12, Found: C, 44.76; H, 4.40. Anal. Calcd for CsHoN3O05
(14): C, 42.29; H, 3.99. Found: C, 42.20; H, 3.80%.

Reaction of N-Acetyl-§-aminoethyl-2,4-dinitrophenyl
Ether (12) with Tertiary-Butanolic KOC(CHj);. To a stirred
solution of 0.778 g (2.89 X 102 mol) of 12 in 10 ml of Me2SO was
added at room temperature 2.37 ml (2.89 X 1073 mol) of tertiary-
butanolic KOC(CHzs)s (1.22 N). After the mixture had been stirred
for 1 hr and then 2.89 ml of 2.00 N HCI solution added thereto, it
was poured into 100 ml of water, extracted with chloroform, and
dried over anhydrous Nas;SO4. The solvent was evaporated to pro-
duce the crude products, which were separated by column chroma-
tography on silica gel with benzene as a developing solvent and pu-
rified. 13 and 14 were obtained in 78% yield and in a small amount,
respectively.

NMR and Absorption Spectra Measurement. [In NMR mea-
surement a certain amount of a sample (ca. 42 mg) was dissolved in
a small amount of Me2S0-dg (ca. 0.5 ml) in a NMR tube. After an
equivalent amount of KOC(CHjs)s (0.840 N) had been added to the
solution through a microsyringe, shaken vigorously, and filtered if
necessary, the spectra of the mixture were observed.

In absorption spectra measurement of the rearrangement reac-
tion, 3.66 ul of tertiary-butanolic KOC(CHs)s (1.25 N) was added
to 3 ml of a Me2SO solution of 12 (3.05 X 10~ M), and then the
spectra of the mixture were observed (Figure 2). In absorption
spectra measurement on successive addition (Figures 3), at first
3.66 ul (50 equiv) of tertiary-butanolic KOC(CHs)s (1.25 N) was
added to 3 ml of a MesSO solution of 12 (3.05 X 10~% M), the spec-
tra of the mixture were observed, and then 9.15 ul (100 equiv) of
HCI solution (1.00 N) was added to the mixture. Immediately after
the spectrum had been observed, 14.6 ul (200 equiv) of tertiary-
butanolic KOC(CHg); was again added to the mixture, and, the
spectrum was observed.
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The reaction of alkyl chlorosulfinates with tetrahydrofuran (THF) produced predominantly 4-chlorobutylalkyl
ethers, but with ethylene oxide 8-chloroethylalkyl sulfites were the main product. The kinetic study on the forma-
tion of 4-chlorobutylalkyl ethers revealed that the nucleophilic attack of THF on the carbon atom of alkyl chloro-
sulfinates is the rate-determining step, followed by simultaneous fission of C-O and $-Cl bonds of alkyl chloro-

sulfinates.

Of the various classes of organic reactions, nucleophilic
substitution reactions on carbon have, to date, been stud-
ied most intensively. On the formation of alkyl chlorides
from the reactions of the corresponding alcohols with
thionyl chloride, Hughes and Ingold! proposed a mecha-
nism involving the formation of intermediate alkyl chloro-
sulfinates, followed by the loss of sulfur dioxide, and simul-
taneously with it formed the carbon-chlorine bond, pre-
sumably by way of a cyclic transition state due to their ste-
reochemical reasons. They called this reaction the SNi
mechanism. Since then, Boozer and Lewis? showed by the
study dealing with the decomposition of alkyl chlorosulfi-
ndtes that intermediates in the formation of alkyl chlorides
must have much ionic character. Cram3 concluded that the
SNi reaction proposed by Hughes and Ingold for the de-
composition of alkyl chlorosulfinates differs from the SN1
reaction only in the sense that the leaving group is com-
plex, and that the anion of the first ion pair can decompose
internally under some conditions faster than a potential
anion can react at the carbon undergoing.substitution.
However, the study on the reactions employing the alkyl
chlorosulfinates as the substrate is lacking compared with
those of the alkyl chloroformates* except for the studies on
the interactions of alkyl chlorosulfinates and pyridine by
Gerrard.5® We will report the cleavage reaction of cyclic
ethers by alkyl chlorosulfinates.

Results

The reaction of ethylene oxide with methyl chlorosulfi-
nate in benzene at 0° gave 70.8% of B-chioroethylmethyl
sulfite’ for 20 min. The results obtained from a variety of
epoxides are shown in Table I; the preferential attack of
the sulfinyl sulfur of methyl chlorosulfinate by epoxides
seems to be predictable from the fact that methanesulfinyl
chloride is known to react with ethylene oxide yielding the

corresponding sulfinate ester.® However, from the five-
membered ether, tetrahydrofuran (THF), 4-chlorobutyl-
methyl ether is obtained as the main reaction product. As
shown in Figure 1 this reaction proceeded with an exceed-
ingly slow rate at 30°. At this temperature, the yield of
methy! chloride formed by a side reaction is less than about
5% of that of 4-chlorobutylmethyl ether.

These interesting results by the use of THF caused us to
elucidate the mechanism of the reaction of THF with alkyl
chlorosulfinates yielding 4-chlorobutylalkyl ethers. As
shown in Scheme I it is possible to consider two mecha-
nisms containing different modes of attack: (1) THF as the
nucleophilic reagent attacks the carbon atom of alkyl chlo-
rosulfinates (C-attack) forming both O-alkyl tetrahydrofu-
ranium ion and chlorosulfinate anion (I), followed by the.
loss of SOq to produce the chloride anion. On the other
hand, (2) the nucleophilic attack of THF on the sulfur
atom of alkyl chlorosulfinates (S-attack) may lead to the
formation of an intermediate O-alkoxysulfinyl tetrahydro-
furanium ion (II), followed by the formation of O-alkyl te-
trahydrofuranium ion® by way of a cyclic transition state.

It is conceivable that the intramolecular reaction of an
intermediate (II) may proceed more rapidly than the at-
tack of the chloride ion on an intermediate oxonium ion
(IT) because of the high stability of such an oxonium ion
compared with that of the three-membered oxonium ions.
Thus, we elucidate at first the distinction between the C-
attack and S-attack of THF and then the feature of this re-
action. The reaction rate of methyl chlorosulfinate with
THF was followed by gas—liquid partition chromatography
(GLC) determining the concentration of methyl 4-chloro-
butyl ether formed by the use of p-cymene as an internal
reference. The reactions were carried out at the tempera-
tures below 50° in order to avoid the side reactions proba-
bly due to thermal instability of alkyl chlorosulfinates.



