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isomer ((E)-18-F): mp > 200 °C dec: 'H NMR 6 1.0-2.6 (m), 3.1
(bs); '*)F NMR (CF;COOH, 282 MHz)  -60.06. Single crystals
were obtained by slow evaporation of a solution in ethyl ace-
tate-hexane (1:4). A 13C NMR spectrum could not be obtained
for either epimer because of poor solubility.

X-ray Diffraction Studies. For the parent compound 18-H,
a colorless crystal of dimensions 0.33 X 0.25 X 0.23 mm was
mounted on a R3m/u update of a Nicolet P2, diffractometer. Unit
cell dimensions were obtained from a least-squares refinement
of 25 reflections. Crystal data: CoyHg N, M, = 356.48, monoclinic;
P2,/c;a =14.710 (3), b = 10.597 (2), and ¢ = 13,151 (2) &, 8 =
114,63 (1)°; V=1863.4 (6) A% Z =4, D, = 1.270 g cm™3; u = 0.72
em™; F(000) = 760. Intensity data were collected by the w-scan
technique (3 < 20 < 55°) with a variable scan rate (4 to 29.3° min™)
using graphite-monochromated radiation (Mo Ka, A = 0.71073
A). A total of 5733 reflections were collected of which 4290 were
independent (R;;, = 0.008), yielding 3137 with intensities greater
than 3¢(I). Lorentz and polarization corrections and a w-scan
based absorption correction were applied. The structure was
solved by direct methods and refined by a block-cascade least-
squares technique. The structure was refined to R = 0.0561 and
R, = 0.0794 with 341 parameters and 3137 reflections giving S

= 1.597, (A/ 0) nax = 0.022 and the largest peaks in a final difference
map of —0.28 and 0.26 e A%, The function S w(|F,| - |F|)? was
minimized with w = [¢*(F,) + 0.00017F,}!. All programs supplied
by Nicolet Instrument Corp. for Desktop 30 Microeclipse and
Nova 4/C configuration with atomic scattering factors and
anomalous dispersion corrections from International Tables for
X-ray Crystallography.

Similarly, for (E)-18-F (Co3sHygN,F), M, = 374.50, monoclinic;
P2,/c;a = 9.529 (2), b = 16.523 (4), and ¢ = 12.516 (2) A, 8 =
105.81 (1)°; V=1896.0 A% 2 =4,D, = 1.310 g cm™®; o = 0.81 cm™};
F(000) = 792; 2522 reflections R = 0.0520.
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B8-Amino alcohols are an important class of organic
compounds! of considerable use in medicinal chemistry.?
The most practical and widely used route to the synthesis
of these compounds is the direct aminolysis of 1,2-ep-
oxides;! however, these reactions, which are usually carried
out with a large excess of ammonia or amines in protic
solvents at elevated temperatures, often fail when poorly
nucleophilic amines or highly substituted epoxides are
concerned.! Recently, we discovered® a new, mild, and
efficient method for the aminolysis of 1,2-epoxides in
nonprotic solvents through the catalytic assistance of metal
ion salts (Li*, Na*, Mg?*, Ca?*, Zn?*). Besides the nature
of the amine and epoxide, the reaction rate also depends
on the type of the metal ion of the catalyst salt.? For
example, in the alkaline metal ion series, the reactivity
slows down dramatically on passing from lithium- to po-
tassium-based salts.® The efficiency of this simple catalysis
is confirmed by the fact that under appropriate conditions
it is possible to obtain, in fair yield, the reaction of cy-
clohexene oxide with the poorly nucleophilic, sterically
hindered diisopropylamine,® a reaction not previously
accomplished. The stereoselectivity observed in these
reactions? is complete inversion of configuration. Unsym-

(1) (a) Méller, F. Methoden der Organische Chemie (Houben-Weyl),
4th ed.; Miller, E,, Ed,; Thieme Verlag: Stuttgart, 1957; Vol. 11/1, p
2:;;;327%7 (b) Mousseron, M.; Jullien, J.; Jolchine, Y. Bull. Soc. Chim. Fr.

(2) Triggle, D. J. In Burger's Medicinal Chemistry, 4th ed.; Wolff, M.
E., Ed.; Wiley-Interscience; New York, 1981; p 225.

(3) Chini, M.; Crotti, P.; Macchia, F. Tetrahedron Lett. 1990, 31, 4661.
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metrical epoxides® undergo regioselective addition of the
nucleophile to the less substituted carbon. The exception
is styrene oxide (1) in which an almost equimolar mixture
of the two regioisomeric phenyl-substituted 8-amino al-
cohols 3 and 4, (Scheme I) was obtained (see reaction with
diethylamine in the presence of lithium perchlorate, entry
11, Table I). In view of the particular interest in phe-
nylethanolamines in medicinal chemistry,? we wanted to
study the regiochemical behavior of these new metal salt
catalysts in the aminolysis of 1 in order to verify whether
the regioselectivity could be appreciably modified de-
pending on the amine and/or the catalyst in such a way
as to direct the regiochemistry of these reactions selec-
tively.

Results and Discussion

Table I reports the regioselectivity of the ring-opening
reactions of 1 with several amines using LiClO, as the
catalyst, (entries 1-12) together with the results obtained
in the aminolysis reaction of 1 with a representative amine
(diethylamine), using different metal salts as catalysts
(entries 13-16). For the sake of comparison, the result of
the opening reaction of 1 with diethylamine, carried out
in the classic way without any metal catalyst in a protic
solvent (EtOH)! is also reported (entry 17). The yields of

0022-3263/91/1956-5939%$02.50/0 © 1991 American Chemical Society
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Table I. Regioselectivity of the Aminolysis of Styrene Oxide (1) in the Presence of Metal Salts

entry amine® salt (solvent)® reaction time® (h) yield? (%) 3¢ 4°
1 p-nitroaniline LiClO, (A) 20 (65 °C) 66 95 5
2 aniline LiCl10, (A) 3.5 95 92 8
3 N-methylaniline LiClO, (A) 4 94 90 10
4 p-methoxyaniline LiCl0, (A) 2.5 94 87 13
5 BnNH, LiClO, (A) 1.5 98 58 42
6 piperidine LiClO, (A) 0.5 98 58 42
7 BuNH, LiCl0, (A) 1 96 53 47
8 t-BuNH, LiClO, (A) 1 94 47 53
9 (i-Pr),NH LiC10, (A) 24 93 <1 >99
10 (Cy),NH LiClO, (A) 72 88 <1 >99
11 Et,NH LiCl0, (A) 0.5 96 43 57
12 Et,NH LiClO/ (A) 2.5 92 53 47
13 Et,NH Zn(To), (A) 0.5 92 55 45
14 Et,NH Mg(C10,); (A) 0.5 94 30 70
15 Et,NH CaCl, (A) 4 93 20 80
16 Et,NH NaClO, (A) 6 92 12 88
17 Et,NH (B) 96 (80 °C) 90 5 95
18 Et,NH LiCl0, (B) 2.5 92 20 80
19 Et,NH LiCl0, (C) 2.5 90 52 48
20 Et,NH LiCl0, (D) 2.5 94 43 57

¢Cy = cyclohexyl. ®Entry 17 was carried out without any metal salt being added: Tf = triflate; A, CH,CN; B, EtOH; C, Et,0; D, acetone.
¢With the only exception of entries 1 and 17 all the reactions were carried out at 25 °C (see General Procedure). ¢Yields based on GC
analysis (with the only exception of entries 1, 2, 4, 5, and 10), 'H NMR examination, and weight of the crude isolated reaction product. ¢The
amine used determines the nature of the NR, group in the general structures of regioisomeric amino alcohols 3 and 4; for their identification,

see Experimental Section. /A double amount of salt was employed.

all the reactions in Table I are quite satisfactory, the re-
action times are limited, and the operating conditions are
not drastic, even when poorly nucleophilic or sterically
hindered amines are used (entries 1-4, 9, and 10). It must
be pointed out that the reaction of 1 with the sterically
hindered dicyclohexylamine carried out in ethanol at the
refluxing temperature for 3 days in the absence of any
metal catalysts led to the recovery of almost 50% of un-
reacted epoxide (see Experimental Section). The results
indicate that it is possible to obtain a reversal of the re-
giochemistry of the opening process on passing from the
reaction with p-nitroaniline (entry 1) to the one with di-
isopropyl- and dicyclohexylamine (entries 9 and 10, re-
spectively), even with the same catalyst (LiClO,). On the
basis of the regiochemistry observed in each case, the
amines can be divided, roughly speaking, into three main
classes: (i) aromatic amines of low nucleophilicity that give
almost exclusively the amino alcohol 3 derived from the
attack on the benzylic oxirane carbon of 1, (entries 1-4),
(ii) benzylamine and other aliphatic unhindered amines
that afford almost equimolar amounts of the two regioi-
somers 3 and 4 (entries 5-8, and 11), and (iii) sterically
hindered amines (e.g., dicyclohexyl- and diisopropylamine)
that afford, in a completely regioselective way, amino al-
cohol 4 formed by the attack on the less substituted non-
benzylic oxirane carbon of 1 (entries 9 and 10). The metal
ion of the salt is also able to modulate the regiochemistry
of the reactions markedly, as shown by the results of the
reaction of 1 with diethylamine in the presence of different
metal salts (entries 11-16). Weaker Lewis acid cations like
Na* promote more Sy2-type nucleophilic attack on the less
substituted carbon (entry 16). Better Lewis acids,? e.g.,
Zn%**, Li*, and Mg?* (entries 11-14), are more effective in
directing the attack of the amine to the benzylic carbon.

The metal-assisted aminolysis of epoxides proceeds
through an A;-type mechanism.* The attack of the amine
on the metal-coordinated epoxide 22 (in this intermediate
the positive charge appears to be better localized on the
benzylic carbon than on the primary one, as shown in
Scheme I) will lead to 8 and/or 4. Due to the presence of

(4) Isaacs, N. 8. Physical Organic Chemistry; Longman Scientific and
Technical: Birmingham, 1987; p 336.
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the phenyl, the transition state leading to 3 should possess
more “carbocationic character” than that leading to 4. The
use of less nucleophilic anilines (entries 1-4) slows down
the attack of the nucleophile and therefore favors the
breaking of the C-O bond in the transition state. As a
consequence, the attack of the amine will take place
preferentially through the more carbocationic transition
state leading to 3, which can better allow the rupture of
the C-O bond. In an analogous way, the use of stronger
Lewis acids can favor the breaking of the C-O bond, thus
leading to more carbocationic transition states. This will
again make the more carbocationic transition state leading
to 3 relatively more favorable. On the other hand, the use
of bulky a-branched secondary amines (entries 9 and 10)
increases the energy content of the more crowded tran-
sition state leading to 3, thus favoring the attack of the
amine at the less substituted carbon. It may be pointed
out that in these aminolysis reactions, the degree of car-
bocationic character, in the transition states, should be
limited. This consideration derives from the chemical
behavior of cycloaliphatic 2-aryloxiranes, such as 1-
phenylcyclohexene oxide (5). Compound 5 is a substrate
that typically shows a very large tendency toward the syn
opening process; that is, it reacts through highly carbo-
cationic structures when A;-type reactions are concerned.’
However, when 5 reacts with dimethylamine in the pres-
ence of LiClO, in the same reaction conditions as used for
1, an almost 1:1 ratio of the two regioisomers 6 and 7 is
obtained, both with complete anti stereoselectivity (see
Scheme II and Experimental Section).

The results (entries 11 and 18-20) indicate that aceto-
nitrile, Et,0, or acetone can be utilized with only small

(5) (a) Crotti, P.; Dell'Omodarme, G.; Ferretti, M.; Macchia, F. J. Am.
Chem. Soc. 1987, 109, 1463 and references cited therein. (b) Battistini,
C.; Balsamo, A.; Berti, G.; Crotti, P.; Macchia, B.; Macchia, F. J. Chem.
Soc., Chem. Commun. 1974, 712.
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variations in the regiochemical results. On the contrary,
the use of a protic solvent (EtOH) in the presence of Li-
ClO, (entry 18) drastically shifts the regiochemical outcome
of the opening reaction of 1 toward the anti Markovnikov
adduct, amino alcohol 4. One might expect the high sol-
vating power of the protic solvent (EtOH) to make the
lithium cation less available for coordination with the
oxirane oxygen, giving less carbocationic character as a
consequence. However, a comparison of entry 17 with
entry 18 shows the catalytic effect of the Li* is still op-
erative even in protic solvents.

Finally, doubling the amount of LiClQ, catalyst increases
the yield of amino alcohol 3 slightly (compare entry 12 with
entry 11) so that it is similar to that obtained with the
more efficient, but more expensive, Zn?* catalyst (entry
13).

Conclusions

The results show that the regioselectivity of the metal
salt catalyzed reaction of 1 with amines can be altered by
the amine and the metal ion, thus obtaining a regioalter-
nating selectivity.®

Experimental Section

For general experimental procedures see ref 6b. GC analyses
were performed with a 30 m X 0.53 mm (i.d.) X 1 um (film
thickness) DB-17 fused silica column, at a column temperature
200 ° and a nitrogen flow of 2 mL/min. Preparative and sem-
ipreparative TLC was performed with a 6:4 mixture of petroleum
ether and ether and few drops of 30% aqueous NHj as the eluant.

Identification of compounds 3 and 4 (Table I) was based, where
possible, on a comparison with authentic samples prepared in
accordance with literature procedures (entries 2,7 3,8 5,8 2 ¢ 801011
7,012 813 9 11 and 11-203914) or by an alternative synthetic route
(aminolysis of 1 in EtOH at 90 °C, entries 1 and 4, Table I). When
previously reported (entries 2 and 5-7),72,81012 the !H NMR
parameters of amino alcohols 3 and 4 were perfectly consistent
with literature data. In all caes, the regiochemistry of the amino
alcohols 3 and 4 was firmly established by means of 'TH NMR
spectra of these compounds, on the basis of the signal of the
benzylic proton that resonates consistently at lower field in the
type 4 than in the type 3 regioisomer,!® the only exception being
entry 3. When not previously reported (entries 3, 5-9, and 11),
the relevant 'H NMR parameters of the corresponding known
amino alcohols (free bases), obtained in the reaction of 1 according
to General Procedure, are given. Amino alcohols 6 and 7 were
prepared as previously described.!6

General Procedure of the Aminolysis of 1 in the Presence
of Metal Salts. A solution of 1 (0.60 g, 5 mmol) in the indicated
solvent (2 mL) and the anhydrous metal salt (10 mmol) was stirred

(6) (a) Chini, M,; Crotti, P.; Flippin, L. A.; Macchia, F. Tetrahedron
Lett. 1989, 30, 6563; (b) J. Org. Chem. 1990, 55, 4265.

(7) (a) Barluenga, J.; Alonso-Cires, L.; Asensio, G. Synthesis 1981, 376.
(b) Sasaki, T.; Mori, K.; Ohno, M. Ibid. 1985, 280.

(8) (a) Duhamel, L.; Duhamel, P.; Siret, P. Bull. Soc. Chim. Fr. 1973,
2460. (b) Chapman, N. B.; Triggle, D. J. J. Chem. Soc. 1963, 1385.

(9) (a) Yamada, J.; Yumoto, M.; Yamamoto, Y. Tetrahedron Lett.
1989, 30, 4255. (b) Atkins, R. K.; Frazier, J.; Moore, L. L., Weigel, L. O.
Ibid. 1986, 27, 2451. (c) Jeffs, P. W.; Hansen, J. F., Brine, G. A. J. Org.
Chem. 1978, 40, 2883,

(10) Wang, Z. M.; Zhou, W. S. Tetrahedron 1987, 43, 2935.

(11) Wheathley, W. B.; Fitzgibbon, W. E., Jr.; Minor, W. F.; Smith,
R. R,; Cheney, L. C. J. Org. Chem. 1958, 23, 1360.

(12) Ahlbrecht, H.; Kornetzky, D. Synthesis 1988, 775.

(13) Deyrup, J. A.; Moyer, C. L. J. Org. Chem. 1969, 34, 175,

(14) (a) Papini, A,; Ricci, A.; Taddei, M.; Seconi, G.; Dembech, P. J.
Chem. Soc., Perkin Trans. 1 1984, 2261. (b) Fujiwara, M.; Imada, M.;
Baba, A.; Matsuda, H. Tetrahedron Lett. 1989, 30, 739.

(15) Jackman, L. M.; Sternhell, S. Applications of Nuclear Magnetic
Resonance Spectroscopy in Organic Chemistry, 2nd ed.; Pergamon Press:
London, 1969; p 181-183.

205516) Anselmi, C.; Catelani, G.; Monti, L. Gazz. Chim. Ital. 1984, 114,
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until complete solution of the salt. The resulting solution was
stirred at rt as the required amount of the amine (10 mmol) was
added (see Table I). The reaction mixture was stirred for the
time and temperature indicated in Table I. Evaporation of the
washed (water) and dried ether extracts yielded a mixture of amino
alcohols 3 and 4, which was analyzed by means of 'H NMR (entries
1-20) and GC (entries 3, 6-9, and 11-20). Recrystallization of
the crude reaction product (entries 1 and 10) or preparative TLC
(entries 2-9 and 11) afforded pure amino alcohols 3 and/or 4.

Entry 1, Table I. The crude solid reaction product was re-
crystallized from a 2:1 hexane/CHCI; mixture to give pure 3 (NR,
= p-O,NCeH,NH) as a solid: mp 100-101 °C; 'H NMR 6 7.95
and 6.46 (2d, 2 H each, AA’XX’ system, J = 9.2 Hz, ArH),
7.38-7.27 (m, 5 H, ArH), 4.57 (dd, 1 H, J,, = 4.1 Hz, J,, = 6.2
Hz, H,), 400 (dd, 1 H, J},, = 114 Hz, J,,, = 4.1 Hz, Hy), 3.81 (dd,
1 H, Jb,c =114 HZ, Ja’c =6.2 HZ, H(’)' Anal. Caled for CuHuNan:
C, 65.10; H, 5.46; N, 10.84. Found: C, 65.35; H, 5.24; N, 10.46.

4 (NR; = p-O,NC;H,NH). A solution of 1 ( 5 mmol) in
anhydrous EtOH (3 mL) was treated with p-nitroaniline (4.5
mmol), and the resulting reaction mixture was kept under stirring
at 90 °C for 72 h. Cooling, dilution with water, extraction with
ether, and evaporation of the dried ether extracts afforded a
semisolid residue consisting of a 26:9:65 mixture of the corre-
sponding amino alcohols 3 and 4 (ratio 74:26) and unreacted
epoxide 1. An analytical sample of this mixture (0.50 g) was
subjected to preparative TLC. Extraction of the two most intense
bands afforded 3 (R = 0.48, 0.050 g) and 4 (NR, = p-O,NC;H,NH,
R; = 0.55, 0.025 g), as a solid: mp 102-103 °C; 'H NMR 4 8.08
and 6.56 (2d, 2 H each, AA’XX’, J = 9.6 Hz, ArH), 7.43-7.36 (m,
5 H, ArH), 5.01-4.94 (m, 1 H, H,), 3.50-3.38 (m, 2 H, H; and H,).
Anal. Calced for C,H\N,O4: C, 65.10; H, 5.46; N, 10.84. Found:
C, 65.15; H, 5.60; N, 11.02.

Entry 3, Table I. The crude reaction product was subjected
to preparative TLC. Extraction of the two most intense bands
afforded 3 and 4 (NR, = NHMePh).

3 (NR, = NMePh):® liquid; 'H NMR § 7.39-6.81 (m, 10 H,
ArH), 5.12 (unresolved t, J = 6.2 Hz, H,), 4.13 (unresolved d, 2
H, J = 6.2 Hz, Hy and H,), 2.74 (s, 3 H, CHjy).

4 (NR; = NMePh):® liquid; 'H NMR 5 7.46-7.22 (m, 7 H,
ArH), 6.89-6.74 (m, 3 H, ArH), 5.00 (dd, 1 H, J,, = 4.9 Hz, J,
= 8.1 Hz, H,), 3.52 (dd, 1 H, J,, = 8.1 Hz, J;,, = 14.8 Hz, H),
3.39 (dd, L H, J,,, = 49 Hz, J, = 14.8 Hz, Hy), 2.94 (s, 3 H, CH,).

Entry 4, Table I. The crude oily reaction product was subjected
to preparative TLC. Extraction of the most intense band afforded
pure 3 (NR, = p-CH;0C,H,NH) as a liquid:”? 'H NMR 3
7.34-7.17 (m, 5 H, ArH), 6.64 and 6.46 (2d, 2 H each, AA’BB’,
J =89 Hg, ArH), 4.30 (dd, 1 H, J,, = 4.1 He, J, . = 7.8 Hz, H,),
3.62 (s, 3 H, OCHj), 3.81-3.42 (m, 2 H, H, and H,). Anal. Caled
for C;sH7NOg: C, 74.05; H, 7.04; N, 5.75. Found: C, 74.20; H,
7.35; N, 5.80. Oxalate: mp 149-150 °C. Anal. Calcd for
CsHgNOg: C, 61.25; H, 5.74; N, 4.19. Found: C, 61.40; H, 5.55;
N, 4.43,

4 (NR; = p-CH,0C;H,NH). Reaction of 1 (5 mmol) in an-
hydrous EtOH (3 mL) with p-anisidine (4.5 mmol) at 90 °C as
described above for the corresponding reaction with p-nitroaniline
afforded an oily residue consisting of a 68:32 mixture of the
corresponding amino alcohols 3 and 4. A sample (0.50 g) of this
crude product was subjected to preparative TLC. Extraction of
the fastest moving band afforded pure 4 (NR, = p-CH;OCgH ,NH)
as a liquid: 'H NMR 4 7.45-6.52 (m, 9 H, ArH), 4.87 (dd, 1 H,
Jop = 32 Hz, J,, = 9.2 Hz, H,), 3.73 (s, 3 H, OCH,), 3.49 (dd,
1H, J, = 140 Hz, J,;, = 3.2 Hz, Hy), 3.30 (dd, 1 H, J;, = 14.0
Hz,J,. = 9.2 Hz, H). Anal. Calcd for C;sH;;NO,: C, 74.05; H,
7.04; N, 5.75. Found: C, 74.35; H, 7.15; N, 7.45. Oxalate: mp
136~138 °C. Anal. Calcd for CnHmNOs: C, 61.25; H, 5.74; N,
4.19. Found: C, 61.01; H, 7.36; N, 3.95.

(17) Several attempts to repeat the reaction of 1 with p-anisidine in
acetonitrile in the presence of CoCl, as a catalyst for 24 h at room tem-
perature in accordance with the methodology previously described by
other authors'® afforded an 80:20 mixture of the amino alcohols 3 and 4
(NR; = p-CH;0C.H NH) still containing 50% of the starting epoxide 1,
contrary to expectations.’® The authors!® reported that compound 4 was
the only reaction product. On the basis of our data, it appears to us that
the regiochemistry assigned by them to the compound (4) they obtained
should be reversed to 3 (NR, = p-CH;0C,H,NH).

(18) Igbal, J.; Pandey, A. Tetrahedron Lett. 1990, 31, 575.
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Entry 5, Table I. The crude solid reaction product was sub-
jected to preparative TLC. Extraction of the two most intense
bands afforded 4 (NR, = NHBn),®? as a solid, mp 99-101 °C
(lit.> mp 100-102 °C) and 8 (NR, = NHBn),™ as a solid, mp 73-75
°C: 1H NMR 5 7.42-7.22 (m, 10 H, ArH), 3.82 (dd, 1 H, J,, =
4.3 Hz, J,, = 8.7 Hz, H,), 3.77 (d, 1 H, J = 13.0 Hz, PhACH HgN),
3.71 (dd, 1 H, J, ), = 4.3 Hz, J,,. = 10.6 Hz, Hy), 3.59 (dd, 1 H,
J = 13.0 Hz, PhCH,HgN), 3.55 (dd, 1 H, J,, = 8.7 Hz, J,, = 10.6
Hz, H,). Anal. Caled for CpyHy;NO: C,79.26; H, 7.53; N, 6.15.
Found: C, 79.35; H, 7.84; N, 6.25.

Entry 6, Table I. The crude reaction product was subjected
to preparative TLC. Extraction of the two most intense bands
afforded 4 (NR, = piperidine),®1%!! as a solid, mp 69-71 °C (lit.!
mp 71-72.5 °C), and 3 (NR, = piperidine), as a liquid: *H NMR
4 7.36-7.14 (m, 5 H, ArH), 3.98 (m, 1 H, H,), 3.64 (m, 2 H, H,
and H)), 2.62-2.24 (m, 4 H, CH,NCH,), 1.65-1.30 (m, 8 H, aliphatic
H). Anal. Caled for Cy;HgNO: C, 76.05; H, 9.32; N, 6.82. Found:
C, 76.15; H, 9.41; N, 6.91,

Entry 7, Table I. The crude semisolid reaction product was
subjected to preparative TLC; extraction of the fastest moving
band afforded pure 3 (NR, = NHBu) as a liquid: 'H NMR
7.38-7.26 (m, 5 H, ArH), 3.80-3.49 (unresolved, 3 H, H,, H;, and
H,), 2.57-2.44 (m, 2 H, NHCH,), 1.50-1.25 (m, 4 H, (CH,),), 0.87
(t,3H,J = 7.1 Hz, CH;). Anal. Caled for C;3H;pNO: C, 74.57;
H, 9.90; N, 7.24. Found: C, 74.37; H, 9.75; N, 7.31. Oxalate: mp
140-141 °C. Anal. Caled for C“H21N05: C, 59.77; H, 7.52; N,
4.94. Found: C, 59.85; H, 7.63; N, 4.80.

The slower moving band contained 4 (NR; = NHBu).5>12

Entry 8, Table I. The crude reaction product was subjected
to preparative TLC. Extraction of the two most intense bands
afforded 3 and 4 (NR; = NH-¢-Bu).

3 (NR; = NH-¢t-Bu),' a5 a solid: mp 60-61 °C (lit.!* mp 61-62
°C); 'H NMR 6 7.39-7.21 (m, 5 H, ArH), 3.85 (dd, 1 H, J 5, = 4.9
Hz, J,,=9.6 Hz, H,), 3.53 (dd, 1 H, J}, = 10.4 Hz, J,;, = 4.9 Hz,
H,),3.28 (dd,1 H, J}, . = 10.4 Hz, J,, = 9.6 Hz, H,), 1.01 (5, 9 H,
t-Bu).

4 (NR, = NH-¢-Bu),® as a solid: mp 85-87 °C (lit.!* mp 86-87
°C); 'H NMR 4 7.36-7.22 (m, 5 H, ArH), 4.66 (dd, 1 H, J, ), = 3.6
Hz, J,. = 9.0 Hz, H,), 2.81 (dd, 1 H, J;,, = 11.7 Hz, J,;, = 3.6 Hz,
H,), 2.63 (dd, 1 H, J;,. = 11.7 Hz, J, . = 9.0 Hz, H)), 1.07 (s, 9 H,
t-Bu).

Entry 9, Table I. 4 (NR, = N(i-Pr),),!! as a liquid; 'H NMR
57.40-7.23 (m, 5 H, ArH), 454 (dd, 1 H, J,;, = 3.9 Hz, J,, = 105
Hz, H,), 3.09 (septet, 2 H, J = 6.6 Hz, 2CHMe,), 2.71 (dd, 1 H,
Jb.c =134 HZ, J.'b =39 HZ, Hb)! 2.32 (dd, 1 H, Jb,c =134 HZ,
J,. = 10.5 Hz, H,), 1.10 and 0.99 (2d, 6 H each, J = 6.6 Hz, 4 Me).
Hydrochloride: mp 130-131 ®C. Anal. Caled for C,,HyCINO:
C, 65.22; H, 9.38; N, 5.43. Found: C 65.10; H, 9.45; N, 5.65.

Entry 10, Table I. The crude solid reaction product was
recrystallized from hexane/ether to give pure 4 (NR, = N(Cy),)
as a solid: mp 59-60 °C; 'H NMR 6 7.36~7.20 (m, 5 H, ArH), 4.52
(dd, 1 H, J,p = 3.8 Hz, J,, = 10.5 Hz, H,), 2.87 (dd, 1 H, J}, =
13.3 Hz, J,p = 3.8 Hz, H,), 2.36 (dd, 1 H, J,,, = 13.2 Hz, J, . =
10.5 Hz, H,). Anal. Caled for C;Hg;NO: C, 55.77; H, 10.36; N,
4.64. Found: C, 55.85; H, 10.21; N, 4.55.

Reaction of 1 with Dicyclohexylamine in EtOH. A solution
of epoxide 1 (0.60 g, 5.0 mmol) in EtOH (3 mL) was treated with
dicyclohexylamine (2.0 mL, 10.0 mmol), and the reaction mixture
was stirred and heated at 80 °C for 3 days. Evaporation of the
solvent afforded a crude liquid residue consisting of an 1:1 mixture
of the opening product 4 (NR, = N(Cy),) and of the starting
unreacted epoxide 1 !H NMR).

Entry 11, Table I. The crude reaction product was subjected
to preparative TLC. Extraction of the two most intense bands
afforded 3 and 4 (NR, = NEt,).

3 (NR; = NEt,),” as a liquid; *H NMR 5 7.36-7.17 (m, 5 H,
ArH), 4.00-3.85 (m, 2 H, H, and H,), 3.69-3.60 (m, 1 H, H,),
2.81-2.63 (m, 2 H, CH;,;N), 2.33-2.16 (m, 2 H, CH,N), 1.08 (un-
resolved t, 6 H, J = 7.1 Hz, 2 CHy). Anal. Caled for C;;H;gNO:
C, 74.57; H, 9.90; N, 7.24. Found: C, 74.43; H, 9.70; N, 7.42.

4 (NR, = NEt,) 1 g3 g liquid: 'H NMR § 7.40~7.17 (m,
5 H, ArH), 4.63 (dd, 1 H, J,),, = 3.7 Hz, J,. = 10.5 Hz, H,),
g.’(7:8l_—12j20 (m, 6 H, 3 CH,;N), 1.06 (unresolved t, 6 H, J = 7.2 Hz,

3 .

Reaction of Epoxide 5 with Dimethylamine in the Pres-

ence of LiClO,. A solution of epoxide 5 (0.177 g, 1 mmol) and

0022-3263/91/1956-5942802.50/0

anhydrous LiClO, (0.214 g, 2 mmol) in anhydrous acetonitrile (0.2
mL) was cooled at 0 °C then treated with dimethylamine (0.13
mL, 1.96 mmol). The reaction mixture was stirred at rt for 40
h and then diluted with water and extracted with ether. Evap-
oration of the washed (water) ether extracts afforded a crude
product (0.23 g) consisting of a 46:54 mixture of 6 and 7 (‘H NMR
and GC).1¢
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The application of laser flash photolysis (LFP) to the
area of carbene chemistry has been extremely popular in
recent years.! While there are numerous absolute rate
constants and Arrhenius parameters for intermolecular
carbene reactions, less is known about intramolecular
1,2-hydrogen shifts for carbene reactions. Only recently,
the 1,2-hydrogen shifts of benzylchlorocarbene,>® me-
thylchlorocarbene,*® and alkylchlorocarbenes® have been
determined.

As well, theoretical predictions’ of activation energies
for 1,2-hydrogen shifts in singlet carbenes have been ad-
vanced, but there are only few experimental values
available for comparison. We now report the Arrhenius
parameters for a 1,2-H shift in (phenoxymethyl)chloro-
carbene (PMCC).
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