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NMR integration). The oil was flash chromatographed using silica
gel and 64:35:1 hexane/CH,Cl,/ethanol. A small sample was
purified by HPLC (85:14:1 hexane/CH,Cl,/ethanol). 6a: 'H
NMR (CDCly) 6 1.2-1.8 (m, 14 H), 1.94 (t, 1 H, J = 2.6 Hz) 2.0-2.1
(m,2H) 22 (tofd,2H, J = 26, 7.0 Hz) 2.2-2.4 (m, 1 H) 2.6 (m,
1H) 2.7 (m, 1 H) 4.48 (m, 1 H, J = 5.5, 7.47 Hz) 5.1-5.2 (m, 2
H) 5.7 (m, 1 H); 13C NMR (CDCl,) 5 19.0, 25.9, 29.3, 29.6, 29.89,
29.96, 33.3, 35.5, 36.4, 39.7, 68.8, 79.55, 85.4, 118.5, 135.2, 179.5;
IR (NaCl disks) 3200 (s), 2100 (m), 1770 (s), 1180 (s) cm™., The
cis isomer 6b was also present with key multiplets centered at
64.35and 24. Anal. Caled for C;HyO,: C, 77.82; H, 9.99. Found:
C, 77.68; H, 10.09.

2-(2',3’-Dihydroxypropyl)-4-(dec-9”-ynyl)-y-butyrolactone
(1). A mixture of 33 mg (0.28 mmol) of 4-methylmorpholine
N-oxide monohydrate, 120 mg H;0, and 90 uL of acetone and
18.5 mg of a 1% OsO, solution in tert-butyl alcohol, was prepared.
To this, with ice-bath cooling, was slowly added 60 mg (0.23 mmol)
of the 6a + 6b mixture.** After the solution was stirred 4.5 h at
0 °C, 2.3 mg of NaHSOQj, 28 mg of Florosil, and 0.2 mL of HyO
were added to the mixture. After filtration, the pH was adjusted
to 7 with 0.5 M H,S80, and the acetone was removed by rotary
evaporation. The pH was then adjusted to 3 and the mixture was
saturated with NaCl, extracted twice with ethyl acetate, and dried
(MgS0,). NMR of the product (43 mg (63%)) suggested the
product was almost exclusively the desired diols 1. One of the
trans isomers (relative stereochemistry 2/S,4S,2S), was isolated
by recrystallization from CH,Cly/CCl,, mp 74-76 °C: 'H NMR
(CDC];) & (see Table I) 13C NMR (CDCly) § 18.4, 25.3, 28.4, 28.6,
28.9, 29.2, 29.3, 33.9, 34.3, 35.3, 37.1, 66.7, 68.1, 70.6, 79.5, 84.7,
180.7; IR (NaCl disks) 3587-3337 (br m), 3300 (m), 2114 (w), 1754
(s), 1179 (m) em™; MS (direct probe) m/e (relative intensity) 265
(17), 159 (100, M-(CH,)sC==CH), 116 (56), 95 (61), 81 (78), 67 (94),
55 (72), 41 (89); exact mass (chemical ionization, M + 1) m/e caled
for C;7Hpq0, 297.2066, found 297.2056. This MS was similar to
that of rubrynolide except for the strong peak at 159 amu. The
remaining isomers were characterized after acetylation and
semi-preparative HPLC (see below).

2-(2/,3’-Diacetoxypropyl)-4-(dec-9”’-ynyl)-y-butyrolactone
(9-12). A 15-mg sample of the synthesized isomers of 1 (the
filtrate from the above crystallization) and a few crystals of DMAP
were added to a dry reaction vial. Then 0.5 mL of dry CH,Cl,,
100 uL of Et3N, and 70 uL of acetic anhydride were added, and
the solution was stirred 2 h at room temperature. The solution
was concentrated and run through a 4 X 0.3 cm plug of silica gel
(30:70 ethyl acetate/hexane). The concentrated fraction con-
taining diacetates was separated by HPLC (60:38.75:1.25 hex-
ane/ether/ethanol).

The four acetylation products 9-12 gave two pairs of over-
lapping peaks at 33.6-, 34.8-, 42.4-, and 45.2-mL retention volumes,
respectively, in a 2:3:4:1 ratio.2? Heart cuts of each compound
were collected and analyzed. The first and last compounds were
cis lactones and the second and third were trans lactones as shown
by NMR in Table III. A 50:50 mixture of rubrenolide and ru-
brynolide was acetylated similarly. Acetylated rubrynolide eluted
at a 33.6-mL retention volume. In addition to identical HPLC
retention times, acetylated rubrynolide and the first-eluting
synthetic derivative gave superimposable mass, IR, 'H and 3C
NMR spectra, and capillary GC column retention times (some
decomposition occurred on the column). The synthetic and the
natural compounds were mixed in a 3:2 ratio, and this mixture
gave no new NMR peaks relative to the two separate products:
'H NMR (CDCly) see Table III; **C NMR (CDCly) 5 (lactone
carbonyl too weak to observe) 19.0, 21.3, 21.5, 25.8, 25.9, 29.0, 29.3,
29.5, 29.9, 30.3, 32.7, 36.1, 36.3, 38.4, 65.7, 68.7, 69.9, 79.7, 171.16,
171.22; IR (NaCl disks) 3291 (m), 2117 (w), 1770 (s), 1743 (s), 1462
(m), 1372 (m), 1223 (s), 1043 cm™'; MS m/e (relative intensity)
307 (9, M-CH,), 201 (18), 67 (16), 55 (21), 42 (100).1
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Sulfur-containing aromatic ketones, e.g., 4-mercapto-
acetophenone? (1), 4-(methylthio)acetophenone?® (2a), and
4’-(methylthio)-2-methylpropiophenone (2b), are potential
intermediates for the synthesis of industrially useful com-
pounds. 4-Mercaptoacetophenone has been used as an
intermediate for the synthesis of 4-mercaptostyrene ace-
tate* (4) and its polymers.® On the other hand, 2b is an
intermediate for the synthesis of a new UV cure photoin-
itiator.f Furthermore, 6,2-substituted naphthalenes, es-
pecially with a carbonyl substituent at the 2-position, have
been found to be extremely useful in the pharmaceutical,’
polymer,” and dye® industry.

4-Mercaptoacetophenone has been prepared from 4-
hydroxyacetophenone involving Newman-Kwart rear-
rangement.? An alternate synthesis of 1 from 4-amino-
acetophenone is also reported.® Commercially, 2b is pro-
duced via AlCls-catalyzed Friedel-Crafts reaction of
thioanisole with isobutyryl chloride.® Friedel-Crafts acy-
lations for the synthesis of aromatic ketones are most
commonly achieved by the use of AICl; as a catalyst.?
These acylations sometimes require 2 equiv of AlCl; to
generate 1 mol of product. Aluminum chloride is not a
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recyclable catalyst and poses enormous disposal and en-
vironmental problems in an industrial process. Anhydrous
hydrogen fluoride (HF) has been shown to be a recyclable
catalyst for Friedel-Crafts and Fries rearrangement. In-
dustrial processes have been developed where anhydrous
HF is used as a recyclable catalyst for the commercial
production of 4-hydroxyacetophenone, an intermediate for
N-acetyl-4-aminophenol (acetaminophen) from phenol.1%?
A commercial process for the production 4’-isobutyl-
acetophenone, an intermediate in ibuprofen production,
has been developed via the acylation of isobutylbenzene
using anhydrous HF-catalyzed acylation technology.!®
Unlike AICl,, anhydrous HF or BF; has been shown to be
very effective in the regioselective acylation of 2-substi-
tuted naphthalenes to the corresponding 6,2-acylation
products.!!

We have been seeking to extend the scope of this useful
technology for the production of other commercially useful
aromatic ketones. In this paper, we would like to com-
municate the details of our investigation for the acylation
of aromatic thiols and sulfides using anhydrous HF.

Anhydrous HF-catalyzed acylation of phenol for the
production of 4-hydroxyacetophenone is normally achieved
at 40-80 °C in liquid HF in a Hastelloy-C autoclave.®
Under similar conditions, phenyl acetate undergoes Fries
rearrangement to afford 4-hydroxyacetophenone in high
yield. HF-catalyzed acylation of thiophenol (5) with acetic
anhydride for the synthesis of 1 was attempted at 50 and
80 °C. Under these conditions, we did not observe acy-
lation of the aromatic ring. There were two major products
formed in this reaction. The minor product (10-15%) was
characterized as the phenyl thioacetate (6) based on GC
retention times and mass spectral fragmentation pattern
as compared to an authentic sample of 6. On the basis of
the NMR analysis and the melting point, the major
product of this reaction (~74%) was characterized as
1,1,1-tris(phenylthio)ethane (7). We believe 7 is formed
via HF-catalyzed condensation of 5 with 6 (Scheme I). In
a separate experiment, HF-catalyzed Fries rearrangement
of thiophenyl acetate was also unsuccessful; the major

(10) (a) Devenport, K. G.; Fruchey, O. S; Hilton, C. B.; Horlenko, T.
Abstracts of Papers, 199th National Meeting of the American Chemical
Society, Chicago, IL, Sept. 1975; American Chemical Society: Washing-
ton, DC, 1975; ORGN 300. (b) Murphy, C. D.; Keene, D. L.; Lindley, D.
D. U.S. Pat. 4,663,485, 1987. (c) Elango, V.; Murphy, M. A.; Smith, B.
L.; Davenport, K. G.; Mott, G. N,; Zey, E. G.; Moss, G. L. U.S. Pat.
4,981,995, 1991,

(11) (a) Davenport, K. G.; Linstid, H. C,, III U.S. Pat. 4,593,125, 1986.
(b) Hyatt, J. A.; Raynolds, P. W. J. Org. Chem., 1984, 49, 384. (c)
Steinbach, R.; Ruppert, L.; Schlich, K. Germ. Offen. 3,519,009, 1986. (d)
Germ. Offen. 3,518,668, 1986. (e) Fujiyama, S.; Matsumoto, S.; Yanagawa,
T. Eur. Pat. Appl. 215,351, 1987,

(12) Tarbell, D, S.; Herz, A. H. J. Am. Chem. Soc. 1953, 75, 1668.
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product of this reaction was also characterized as 7. We
postulate, under the reaction conditions, 6 reacts with
anhydrous HF to afford 5 and acetyl fluoride (most
probably a reversible reaction). Reaction of § with un-
reacted 6 affords 7 as shown in Scheme I. Boron trifluoride
catalyzed condensation of 5 with 6 for the synthesis of 7
has been reported in the literature.!? During the GC
analysis of the reaction mixture, we also observed the
presence of 1,1-bis(phenylthio)ethylene (8) (~50%) and
thiophenol (22-23%). Some of the thiophenol may have
been unconverted thiophenol; most of the thiophenol is
probably formed via the pyrolysis of 7 in the GC’s injection
port. Pyrolysis of the orthothioesters, e.g., 7 to ketene
thioacetal, e.g., 8 and 5, is known!® (Scheme II). Analysis
of the product via HPLC revealed the presence of traces
of thiophenol (<1%).

Anhydrous HF-catalyzed Friedel-Crafts reactions of
thioanisole (9) with acetic and isobutyric anhydride were
also evaluated. Reaction of thioanisole with acetic anhy-
dride afforded 2a in >30% yield. Anhydrous HF catalyzed
acylation of thioanisole with isobutyric anhydride afforded
4’-(methylthio)-2-methylpropiophenone (2b) in ~68%
yield. These reactions proceed with high regioselectivity
to the 1,4-isomers (Scheme III).

The reaction of 2-thionaphthol (10a) with acetic anhy-
dride in anhydrous HF at 50 and 80 °C for the synthesis
of 6-acetyl-2-mercaptonaphthalene (11) was unsuccessful.
GC analysis of the crude reaction product suggested the
presence of unreacted 10a (43-49%) and 2-thionaphthyl
acetate 12; (28-43%) (Scheme IV). The GC retention time
and mass spectral fragmentation pattern of 12 was dif-
ferent from an authentic sample of 11, prepared via the
hydrolysis of 6’-aceto-2’-naphthyl-N,N-dimethylthio-
carbamate.!* The presence of the ketene thioacetal as

(13) El-Khawaga, A. M.; El-Zohry, M. F. Phosphorus Sulfur Relat.
Elem. 1987, 33, 179.
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Scheme V
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observed in the thiophenol experiment was not detected.

Anhydrous HF-catalyzed condensation of 2-(methyl-
thio)naphthalene (10b) with acetic anhydride at 50 or 80
°C proceeded in >95% conversion and 6-acetyl-2-(meth-
ylthio)naphthalene (18) was isolated in high yield. This
reaction proceeded with high regioselectivity. The pres-
ence of 1-acetyl-2-(methylthio)naphthalene was not de-
tected. Highly regioselective acylation of 2-methoxy-
naphthalene to 6-methoxy-2-acetylnaphthalene has been
observed to take place in anhydrous HF.!1a

We have also made some unsuccessful attempts for the
acylation of phenyl disulfide (14) to afford 4,4’-bis(acyl-
phenyl) disulfide (15). HF-catalyzed acylation of 14 with
acetic anhydride at 50 °C for 3 h afforded essentially no
reaction products, only starting material was recovered.
At 80 °C, however, we observed ~35% conversion of 14
to unwanted products, namely 6 (12%), 7 (10%), and 5
(8%) (Scheme V). Thiophenyl acetate (6) has been re-
ported as the major product during the AlBr;-catalyzed
Friedel-Crafts acylation of 14 with acetyl chloride.!

In summary, anhydrous HF has been found to be an
effective Friedel-Crafts catalyst for the acylation of (al-
kylthio)aromatics to the corresponding acylation products.
Unlike acylation of phenol to 4-hydroxyacetophenone,eb
acylation of thiophenol did not afford 4-mercaptoaceto-
phenone but another product characterized as 1,1,1-tris-
(thiophenyl)ethane. Attempted acylation of phenyl di-
sulfide in anhydrous HF led to the cleavage of the disulfide
linkage.

Experimental Section

Melting points were determined on a Mel-Temp melting point
apparatus. 'H and 3C NMR spectra were recorded on an IBM
AF-200 spectrometer. The chemical shifts are reported in parts
per million (8) from internal tetramethylsilane, and the coupling
constant (J) are given in Hz. IR spectra were recorded on a Nicolet
20SXB FT-IR Spectrometer. GC analyses were carried out with
the use of a Hewlett-Packard 5890 gas chromatograph using a
30-m DB-1, 1.0-um column with 0.32 i.d. GC/MS spectra were
obtained on a Hewlett-Packard bench-top instrument equipped
with a 5970 mass selective detector. Anhydrous HF was purchased
from Matheson Gas Products Co. 2-Thionaphthol, thiophenol,
and pheny! disulfide were purchased from Aldrich Chemical Co.
2-(Methylthio)naphthalene was prepared via methylation of 2-
thionaphthol with dimethyl sulfate. Anhydrous HF is an ex-
tremely toxic substance; both acute and/or chronic toxicity can
occur. Anhydrous HF is a highly corrosive acid that can severely
burn skin and eyes. Before using anhydrous HF, it is important
to first learn all the safety procedures involved in handling an-
hydrous HF.!¢ All reactions should be carried out in efficient
hoods equipped with HF monitors. Personal protective equipment
must be worn when handling anhydrous HF.

(14) Aslam, M.; Davenport, K. G. Synth, Commun. 1987, 17, 1761.

(15) Herz, A. H.; Tarbell, D. S. J. Am. Chem, Soc. 1953, 75, 4657.

(16) (a) Hydrofluoric Acid Properties, Uses, Storage and Handling.
Product Bulletin E-46175, E. 1. du Pont De Nemours & Co. (Inc.), Wil-
mington, DE, 1982. (b) Hydrofluoric Acid. Product Bulletin, Allied
Chemical Corporation, Morristown, NJ, 1978.
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General Procedure for Anhydrous HF-Catalyzed Acyla-
tions of Thicaromatics. A 300 cm® Hastelloy-C reactor equipped
with a stirrer, HF cylinder, and a KOH scrubber was charged with
0.1 mol of the thioaromatic compound and 0.15 mol of acetic
anhydride or isobutyric anhydride. The reactor was chilled to
-40 °C and evacuated with a water aspirator, and anhydrous HF
(4.0 mol) was transferred to the reactor. The reactor was gradually
warmed to room temperature and heated to the desired reaction
temperature for the desired reaction time. After the heating period
was over, the reactor was cooled to room temperature and the
HF was vented to a KOH scrubber. The reactor was purged with
nitrogen for an additional 0.5 h and chilled in ice. The contents
of the reactor were diluted with ethyl acetate (500 mL) and
transferred to a flask containing ice-water (500 mL). The reaction
mixture was neutralized to pH 6.0 with 45% aqueous KOH. The
ethyl acetate layer was separated, washed with water, dried over
anhydrous magnesium sulfate, and concentrated on a rotary
evaporator. The following experiments were conducted following
this general procedure.

Thiophenol with Acetic Anhydride: 1,1,1-Tris(phenyl-
thio)ethane (7). The reaction of thiophenol and acetic anhydride
at 50 and 80 °C afforded oily solids, 8.5 g and 9.8 g, respectively.
HPLC analysis of the solid revealed the presence of 7 (74%) and
6 (11%); <1% thiophenol was also present in the product mixture.
Recrystallization of a 2.0-g sample from the 80 °C run (hexane-
:CHCly = 9:1) afforded 7 as a white crystalline solid (1.2 g): mp
145-46 °C (lit.!2 mp for 7 145-46 °C); 'H NMR (CDCl,) 4 7.71-7.27
(m, 15 H), 1.43 (s, 3 H); 13C NMR (CDCl,) 6 136.79, 132.48, 129.36,
128.51, 70.67 and 29.36.

4-(Methylthio)acetophenone (2a). The reaction of thio-
anisole (9) with acetic anhydride at 50 and 80 °C for 3 h and
workup afforded 2a in 95 and 93% yield, respectively. GC and
NMR analysis of the crude product confirmed the presence of
only 2a and no other isomer or impurity: mp (unrecrystallized
sample from 80 °C run) 80-82 °C (lit.!” mp 80 °C); 'H NMR §
(CDClg) 7.86-7.21 (AA’BB’ quartet, 4 H), 2.54 (s, 3 H), 2.49 (s,
3 H); °C NMR (CDCl,) 6 196.88, 145.75, 133.48, 128.59, 124.93,
26.22 and 14.67; IR (KBr) 1661 (vs), 1590 (s), 1260 (s) em™,

4'-(Methylthio)-2-methylpropiophenone (2b). The reaction
of 9 (24.8 g, 0.2 mol) with isobutyric anhydride (34.8 g, 0.22 mol)
in HF (120 g, 6.0 mol) at 60 °C for 3 h and workup afforded the
crude product as a dark brown liquid (37.7 g). GC analysis of
the crude product revealed the presence of 2b (87% pure).
Distillation of the crude product under reduced pressure afforded
2b as a colorless liquid (solidified upon cooling) 29.2 g (91% pure
by GC), bp 102-104 °C (0.5 mmHg), mp 38-40 °C. Recrystal-
lization of the distilled product (20.0 g) with 50 mL ethanol/water
(8:2) afforded white crystals (15.4 g): mp 44-45 °C (lit.’¥ mp 4041
°C); 'H NMR (CDCl;) é 7.87-7.19 (AA’BB’ quartet J = 10.9, 4
H), 3.47 (m, 1 H), 2.46 (s, 3, H), 1.17 (d, J = 6.8, 6 H); 1*C NMR
(CDCly) 4 203.15, 145.27, 132.25, 128.53, 124.91, 34.90, 19.01, 14.55;
IR (KBr) 1665 (vs), 1580 (vs), 1095 (s) cm™.

6-Acetyl-2-(methylthio)naphthalene (13). The reaction of
2-(methylthio)naphthalene with acetic anhydride at 50 °C for 3
h and workup afforded a brown solid (19.7 g). The reaction at
80 °C afforded a gray solid (18.0 g). GC analysis of both the crude
products indicated the presence of mainly one isomer. The crude
product from the 50 °C run (7.0 g) was distilled on a Kugelrohr

(17) Burton, H.; Hu, P. F. J. Chem. Soc. 1948, 601.
(18) Daruwala, A. B.; Gearien, J. E.; Dunn, J. W., III; Benoit, P. S;
Bauer, L. J. Med. Chem. 1974, 17, 819,
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apparatus to afford a yellow solid (4.1 g). GC analysis of the
distilled product showed only one isomer. The crude product from
the 80 °C run (5.0 g) was distilled to afford a yellow solid (2.75
g). Recrystallization of the solid from absolute alcohol afforded
a white crystalline solid, mp 120-121 °C (lit.?* mp 120 °C for
6-acetyl-2-(methylthio)naphthalene: 'H NMR (CDCl,) 4 8.37-7.37
(m, 6 H), 2.70 (s, 3 H) and 2.59 (s, 3 H); 3C NMR (CDCly) 6 197.71,
140.1, 135.93, 133.61, 129.93, 129.49, 127.02, 125.93, 124.72, 121.86,
26.53 anld 15.08; IR (KBR) 1668 (vs), 1612 (s), 1280 (s), 1270 (s),
865 cm™.

Phenyl Disulfide with Acetic Anhydride. The reaction of
phenyl disulfide at 80 °C for 3 h and workup afforded an oil (22.9
g). CG analysis of the product indicated the presence of 5 (8%),
6 (12%), 7 (10%), and 14 (65%).
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Introduction

The effects of cationic micelles on the SyAr reactions
of hydroxide ions with DNFB, one of the classic substrates
for this type of reaction, have been widely studied. For
example, micelles of CTAB significantly catalyze the hy-
droxydefluorination of this substrate! and a 60-fold op-
timum catalysis was observed at 20 mM CTAB.

Monohydroxy-functionalized micelles, e.g., CHEDAB
and 2-OH-CTAB also catalyze the reaction, in this case
by a nucleophilic mechanism in which an aryl micellar
ether is formed during the reaction. This aryl micellar
ether is subsequently converted, by a second SyAr reaction,
into 2,4-dinitrophenol, the normal product of the hy-
droxydefluorination reaction.?

B-Cyclodextrin also catalyzes the reaction by a similar
mechanism,? although in this case an arylcyclodextryl ether
is formed and subsequently decomposed during the reac-
tion.

Reaction in the presence of dihydroxy micelles of
CDHPDAB resulted in the transient formation of a mi-
cellar-bound spiro-Meisenheimer complex from the in-
termediate aryl micellar ether.?

We now report the results of a study of the reaction of
DFDNB and related compounds, with hydroxide ions, in
the presence of the above micelles. This substrate is of
interest because it contains two potential nucleofuges

(1) Bunton, C. A,; Robinson, L.; Schaak, J.; Stam, M. F. J. Org. Chem.
1971, 36, 2346.

(2) Broxton, T. J.; Christie, J. R.; Chung, R. P.-T. J. Phys. Org. Chem.
1989, 2, 519.

(3) Broxton, T. J.; Chung, R. P.-T. J. Org. Chem. 1990, 55, 3886.
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(fluoride), both of which are activated by nitro groups at
ortho and para positions.

%M = micelle.

Results and Discussion

(a) Reactions with Hydroxide Ions in CTAB. The
reaction of DFDNB with hydroxide ions, in the presence
of migelles of CTAB, occurs in two distinct phases. At 30
°C, in the presence of 0.01 M NaOH, an instantaneous
reaction leads to the production of 5-fluoro-2,4-dinitro-
phenol (2), Ay, 345 (A = 0.8) and 395 nm (4 = 0.95). The
UV-vis spectrum of this product was identical with that
of an authentic sample prepared in water. This product
was stable at 30 °C, but on heating the reaction mixture
to 66 °C a slow reaction leading to 4,6-dinitroresorcinol
(3), Amax 335 (A = 1.3) and 424 nm (A = 0.97), was ob-
served.

4,6-Dinitroresorcinol had previously been reported* as
the product of a slow reaction of 1,5-diiodo-2,4-dinitro-
benzene with a boiling aqueous solution of dilute hydroxide
ions, although there was no report of an intermediate
product in that case.

The difference in the rates of these two stages of reaction
can be rationalized after a consideration of the substituent
effects operational on each reaction. The first stage of
reaction is rapid because of the presence of a good nu-
cleofuge (fluoride) and nitro groups at the ortho and para
positions relative to the nucleofuge. The corresponding
reaction of 2,4-dinitrofluorobenzene, with hydroxide ions
in CTAB, is also rapid! for the same reasons, with a
first-order rate constant, k; = 7.2 X 10257, and a half-life
of 10 s. In the second stage of reaction a good nucleofuge
(fluoride) is still present, but the accelerating effect of the
two nitro groups is now opposed by the strong electron-
releasing effect of the ionized phenolic hydroxyl group at
the meta position (6,o- = —0.71).° On the other hand,
the extra fluorine present in DFDNB has only a small
electronic effect on the reaction center (o, = 0.06) during
the first stage of reaction.’

The corresponding reaction of (BrDNFB) also occurred
in two distinct phases, a very fast reaction at 30 °C in
which the fluoride was displaced and a very slow reaction
at 66 °C in which the bromide was displaced. The dif-
ference in rates of the slow reactions of these two sub-
strates at 66 °C is typical of the large F/Br rate ratios

(4) Hodgson, H. H.; Moore, F. H. J. Chem. Soc. 1927, 630.
19 6(g) ng';e, J. Physical Organic Chemistry; Mc Graw Hill: New York,
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