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The reaction of the title compound 1 with anthracene hydride
AH™ or anthracenide A™" leads to the formation of the ben-
zylic anion 9 by fragmentation of the first generated substi-
tution intermediate 7 or 8. In the reactions with AH™ the carb-
anion 9 is completely trapped by protonation with dihydroan-
thracene AH, yielding the reduction product 3 (N-benzoyl-

phenethylamine). In reactions with A™" as well as with naph-
thalenide N™" the carbanion 9 either abstracts a proton from
the solvent THF (yielding 3} or adds to the benzoyl group of
unreacted 1 which finally results in B-benzamido-a-phenyl-
propiophenone (6).

Dissociative single electron transfer from aromatic radical
anions to alkyl halides is well known”. The generated alkyl
radical R can undergo various reactions, which may be
divided into alkylating and non-alkylating (products R—R
and RH) ones. While the alkylations with common alkyl
halides play a substantial role [ca. 50% * from the radical
anion N~ of naphthalene (N), ca. 90%® from the radical
anion A™° of anthracene (A)], the analogous benzylation
with benzylic halides is a minor reaction because the overall
yield of the other products is ca. 90% ”. We now demon-

strate by a related example that benzylated dihydroarenes
or rather their anions may be intermediates in the formation
of the carbanion R~ and hence of both R—R and RH.
Our experiments with A~* were prompted by a similar
difficulty to obtain benzylation products in reactions of N-
benzoylaziridines with anthracene hydride AH ™ (carbanion
of 9,10-dihydroanthracene AH,)®. Thus, reactions with
AH™ will be considered first. Reaction of 1 with AH™Li*
(Table 1, run 1) provided benzoyldihydroanthracene 2 and
the open-chain amide 3 (corresponding to RH) but no ami-

Table 1. Reactions of 1 in THF at room temperature® (A = anthracene, N = naphthalene)

Time of % Products®
Run mmol of addn subseq. 2 3 1 or artifacts
1 reagent : reactn. thereof
19 5 6 AH-Lit* 79 20 min 52 14 0 0 16 1
2 5 4 AHTLi* <10 8% 2h9 (15) (10) (10) (39) Oxa’
3 2 0.4 AH Na* 1 min 1h (16)¥ (36) Oxa”,
(8) 5a, (6) 5b
4 2 4 AH-Na* 1 min 1 min 95
5 2 4 AH Nat 2 min 14 d 99
6 249 6 AH-Li* <10 59 5 min 1) (59)
7 1.9 4.7 A~*Na* <10 s9 5s 8) (25) (30)
8 1.9 48 A~"Na* <1059 1 min (30) 13) @7
9 09 5.2 A~*Na+ <1059 1d (29) 0 (49)
10 0.8 48 A~'Na* 12 - (51) 0 (14)
min
11 2 4.1 N~—*Na*t <1059 1 min (13) 67)
12 10 131 N-*Nat 1 min 1 min 19) 63)
13 2 23 N™*Na* <1059 1 min (23) (52)
14 2 2.3 N~*Na* 1h — (44) 12)

® The solution of 1 in 15 ml of THF was added to a stirred solution of the reagent in 50 —70 ml of THF. An excess of AH, was used in
runs 1—6, All reactions were quenched with methanol or with acetic acid. — ® Yields in parentheses are based on !H-NMR analysis. —
© Taken from ref.? Time of addition is not precisely known but may have been about 10—30 min, — 9 Fastest possible flux from a
dropping funnel. — @ Addition of 1 at —65°C followed by warming (1 h) to room temperature. — ” Oxa = 2,5-diphenyloxazoline. —
# Yield based on 1. When based on AH ™, the yield was 80%. — ™ 2.1 mmol of Sc.
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doethylated dihydroanthracene (4). The latter finding is in
contrast to the behaviour of benzoylaziridines lacking a
phenyl group on an aziridine carbon. However, it has re-
cently been reported® that 9-benzyldihydroanthracenes can
easily be cleaved to benzylic anions by an excess of AH™.
We therefore have repeated run 1 under conditions which
should be unfavorable for this fragmentation. Thus, in run
2 we have slowed down the rate of the reaction by using a
low temperature and have avoided the presence of an excess
of AH ™~ by rapid addition of 1 to a small deficit of AH™Li™.
Then, indeed, the elusive 4 could be detected together with
an equal amount of 3 and with the expected ketone 2 re-
sulting from an attack on the carbonyl group of 1. The
formation of ring-opened products should proceed faster®
when Li* is replaced by Na*. With this gegenion effect and
with a huge excess of 1 it was possible to make 4 the only
identifiable reaction product (run 3). The conversion of 4,
or rather its amide anion, into 3 by an excess of AH™ is
demonstrated by runs 4 and 5 and by comparing them with
run 3. Run 5 indicates the stability of the immediate anionic
precursor of 3 under the reaction conditions. Thus, 3 is the
only final product obtained with an excess of AH™ and in
the presence of the free acid AH,. The substitution product
4 in the form of its amide anion 7 is an intermediate on the
reaction path to 3 or at least to a part of 3. Carbanion 9, a
precursor of 3, arises by a base-induced fragmentation of 7
in analogy to reported fragmentations®.

Since pure 4 could not be obtained from 1 and AH™, it
has been prepared from the open-chain chloride Se¢ and
AH™ (run 6). Even then, 3 is obtained as a by-product. A
separate experiment proved that 4 is quantitatively con-
verted into 3 by an excess of AH ™.

We wondered if 4 or rather its dianion 8 might also be a
detectable intermediate in the reaction of 1 with A—", i.e.
when an Sy2 process is very unlikely and when the solvent
THF is the only acid present. This question found an affir-
mative answer under conditions of rapid mixing of the two
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reagents and of a short reaction time (runs 7 and 8). The
amount of 4 decreased with time and was zero in runs 9
and 10. This decrease in 4 was in favour of increased yields
of 3 and of the new B-amidoethyl ketone 6. The change from
the main product 6 in run 9 to the main product 3 in run
10 can be attributed to the slow addition of 1 to the solution
of A~ in run 10. The. first step in these reactions will be
SET from A~ to 1. This step can be expected” to be the
fastest one in the reaction sequence leading to 4. In run 10
each single drop of dissolved 1 is rapidly distributed in an
excess of A~". Under these conditions there cannot be suf-
ficient 1 available for the formation of a carbonyl adduct
which must be a precursor of 6.
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If it obvious that the intermediacy of a benzylated dihy-
droanthracene species as 8 in reactions with A~ may be
relevant for previous results with benzyl halides”. In addi-
tion, the fragmentation of the detectable (by isolation of 4)
intermediate 8 in the absence of 7 shows that the AH™-
induced fragmentation of 7 or 4 (separate experiment and
runs 2—5) as well as of other benzylated dihydro-
anthracenes!! ~'¥ is most probably not a concerted process.

The same two final products 3 and 6 and the same influ-
ence of mixing on their relative amounts has been observed
in the reactions of 1 with N~* (runs 11 —14). We made no
attempts to find an amidoethylated naphthalene or dihy-
dronaphthalene corresponding to 4 since we have had no
authentic samples of the possible products available and
since we have expected the conversion of an intermediate
benzylation product into 3 and 6 to be even faster in reac-
tions with N~* than with A~". The reactions of 1 with N~*
probably resemble those with A~* in mechanism although
a participation of a benzylation process is uncertain. How-
ever, it may well be that a respective fragmentation of an
intermediate 1-benzyldihydronaphthalene anion (a Birch in-
termediate) is responsible for the reported cleavage of 1-
benzylnaphthalene by Na/K alloy in a mixture of glyme and
triglyme!¥. This possibility has not been discussed so far.

We thank for support of this work by the Deutsche Forschungs-
gemeinschayft and by the Fonds der Chemischen Industrie.

Experimental

'"H NMR: CDCl;, Bruker W 250 (250 MHz) spectrometer. — IR:
KBr unless otherwise stated, Perkin-Elmer 283 spectrometer.
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All reactions were performed in dry THF with continuous stirring
under dry nitrogen (see ref.¥). The reactions were quenched with
acetic acid or methanol. Subsequent evaporation provided a residue
which was taken up in dichloromethane. The solution was washed
with water. Evaporation of the organic layer yielded a residue
whose treatment (column chromatography or NMR analysis) is
described below. Column chromatography was performed with
0.063 —0.2 mm silica gel (Merck); column dimensions (thickness x
length, cm) are given for the specific workup.

N-(2-Chloro-2-phenylethyl )benzamide (5¢): A solution of 690 mg
(3.1 mmol) of 1 in 50 ml of diethyl ether was mixed with a mixture
(1:1) of diethyl ether and concd. aqueous hydrochloric acid. After
15 min 100 ml of water was added. The resulting precipitate was
taken up in dichloromethane and the solution washed three times
with water. Evaporation of the dried organic layer provided 563 mg
(70%) of 5¢: mp 123—124°C. — IR: ¥ = 3320 cm ' (NH), 1640
(amidc ), 1535 (amide 11). — 'HNMR: 3 = 3.77 (m,, 1 H of NCH,),
412 (ddd, J = 13.1/7.0/5.0 Hz, 1 H of NCH,), 5.16 (dd, J = 8.0/5.0
Hz, CICH), 6.58 (s br, NH), 7.31 —7.55 (m, 8 aromatic H), 7.70 —7.81
(m, 2 o-H of benzoyl).

CisH;4,CINO (259.7) Caled. C 69.37 H 543 N 5.39
Found C 69.06 H 5.55 N 542

Authentic N-(2-hydroxy-2-phenylethyl)benzamide (5a)'” was
prepared from 2-amino-1-phenylethanol and benzoyl chloride: mp
146—147°C (ref.'¥ 145°C). — IR: ¥ = 3370 cm~' (OH), 3300 (NH),
1620 (amide I), 1545 (amide II). — '"H NMR: § = 3.32(d, J = 3.3
Hz, OH), 3.52 (ddd, J = 14.1/7.9/4.9 Hz, 1H of NCH,), 3.93 (ddd,
J = 14.1/69/3.3 Hz, 1H of NCH),), 497 (m, NCCH), 6.60 (s br,
NH), 7.28 —7.56 (m, 8 aromatic H), 7.72—7.79 (m, 2 o-H of benzoyl).

Authentic 2-benzamido-1-phenylethyl acetate (Sb)'® was pre-
pared as described in ref.'®: mp 113°C (ref.!® 112—113°C). — IR:
Vv = 3320 cm ™' (NH), 1740 (ester), 1650 (amide I), 1545 (amide
1. — 'H NMR: § = 2.12 (s, CHz), 3.82—3.89 (m, NCH,), 5.99 (dd,

= 7.5/4.8 Hz, NCCH), 6.43 (s br, NH), 7.26 —7.51 (m, 8 aromatic
H), 7.70—7.74 (m, 2 o-H of benzoyl).

Authentic 34-dihydro-2,5-diphenyloxazole (Oxa)'” was prepared
from 1 and AICl; in benzene analogously to the method described
by Heine and Proctor'®: oil. — '"H NMR (better resolution than
in ref.'"): & = 4.01 (dd, J = 14.5/9.8 Hz, 1H of NCH,), 4.50 (dd,
J = 145/7.8 Hz, 1H of NCH,), 5.69 (dd, J = 9.8/7.8 Hz, OCH),
7.29—17.54 (m, 8 aromatic H), 8.00—8.07 (m, 2 o-H of 2-Ph).

Reaction of 1 with 9,10-Dihydro-9-lithioanthracene (Table 1, run
2): The generation of AH™Li* from 900 mg (5.0 mmol) of AH, in
60 ml of THF and 4 mmol of n-butyllithium (hexane solution, ca.
1.5 m) followed by the addition of 5 mmol of 1 dissolved in 10 ml
of THF was performed as described in ref.® and in Table 1. The
reaction was quenched with 2 ml of methanol. Chromatography
(3.5 x 60) with toluene provided a hydrocarbon fraction and then
214 mg (15%) of 2%, Subsequent elution with ethyl acetate gave
749 mg of a mixture consisting (‘'H NMR) of 113 mg (10%) of 3%,
201 mg (10%) of 4, and 434 mg (39%) of Oxa.

Reactions of 1 with 9,10-Dihydro-9-sodioanthracene (Table 1, runs
3—5): 5.3 mmol (5.0 mmol in run 5) of AH; and 4 mmol (0.4 mmol
in run 3) of NaNH, were refluxed in 70 ml of THF for 2 h. After
cooling to room temp., a solution of 446 mg (2.0 mmol) of 1 in
15 ml of THF was added dropwise (1 min in runs 3 and 4, 2 min
in run 5). The reactions were quenched with 0.5 g of glacial acetic
acid. Chromatography (3 x 22) with toluene removed the hydro-
carbons. Subsequent elution with ethyl acetate yielded the products:
427 mg (95%) of 3 in run 4; 444 mg (99%) of 3 in run 5; 364 mg
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of a mixture consisting ({H NMR) of 162 mg (16%) of 4, 129 mg
(36%) of Oxa, 39 mg (8%) of 5a, and 34 mg (6%) of 5b in run 3.

Reaction of 5¢ with AH™ Li* (Table 1, run 6): A solution of
AH™Li* was prepared from 7.0 mmol of AH,, 100 ml of THF, and
6.0 mmol of n-butyllithium as described above. A solution of
545 mg (2.1 mmol) of 5S¢ in 20 ml of THF was added as fast as
possible (<10s) from a dropping funnel. The reaction was
quenched with 0.3 g of glacial acetic acid. By chromatography (3 x
42) with dichloromethane hydrocarbons were removed. Subsequent
elution with ethyl acetate yielded 598 mg of products. Recrystalli-
zation of the latter from methanol yielded 228 mg (27%) of pure 4.
'H NMR analysis of the evaporated mother liquor indicated
271 mg (32%) of 4 and 99 mg (21%) of 3.

9-(2-Benzamido-1-phenylethyl )-9,10-dihydroanthracene (4): Mp
88—89°C. — IR: ¥ = 3320 cm~' (NH), 1635 (amide I), 1550 (amide
Il). — '"H NMR: & = 3.15 (d, 7/ = 18.6 Hz, 10-H pseudo ax),
3.18—3.27 (m, NCCH), 3.55 (d, J = 18.6 Hz, 10-H pseudo eq), 3.73
(m;, 1H of NCH,), 404 (m,, 1H of NCH,), 426 (d, J = 6.6 Hz,
9-H pseudo eq), 5.75 (s br, NH), 6.63—6.67 (m, 2 o-H of Ph),
6.92—695 (m, 1 aromatic H, probably 1-H), 7.03—7.30 (m,
11 aromatic H), 7.34 —7.42 (m, 4 aromatic H including 2 o-H of
benzoyl).

CpHysNO (4034) Caled. C 86.31 H 6.24 N 3.47

Found C 86.52 H 6.50 N 3.46

Separate Transformation of 4 to 3: A solution of AH Li* was
prepared from 2.0 mmol of AH,, 40 ml of THF, and 1.5 mmol of
n-butyllithium as described above. At room temp. a solution of
101 mg (0.25 mmol) of 4 in 15 ml of THF was rapidly added within
< 10 s. After 24 h the reaction was quenched with 0.3 g of glacial
acetic acid. By chromatography (2 x 20) with dichloromethane the
hydrocarbons were removed. Subsequent elution with ethyl acetate
provided 55 mg (99%) of 3.

Reactions of 1 with A~° (Table 1, runs 7—10) or N~° (runs
11 —14): A solution of 6.0 mmol of A (6.0 mmol of N in run 11; 14
mmol of N in run 12; 3 mmol of N in runs 13 and 14) in 15 ml of
THF was stirred with sodium (amount given in Table 1)for 1 d. A
solution of the respective amount of 1 (Table 1) in 15 ml of THF
was added as stated in Table 1. The reactions were quenched with
1 ml of methanol (0.3 g of glacial acetic acid in run 10). By chro-
matography (3 x 22 for runs 7—10; 2 x 80 for runs 11— 14) with
dichloromethane the hydrocarbons were removed. Subsequent elu-
tion with ethyl acetate provided the mixtures of products derived
from 1. These mixtures were analyzed by weight and '"H NMR. In
run 10 only part (2.09 g) of the total residue (4.01 g) was chroma-
tographed yielding 763 mg of a mixture consisting ({H NMR) of
223 mg (corresponding to 19%) of 3 and 540 mg (corresponding to
63%) of 6. Subjection of 703 mg of this mixture to a second chro-
matography (2 x 45, dichloromethane/ethyl acetate 10: 1) provided
198 mg of 6 and then 492 mg of a mixture of 3 and 6.

N-(2-Benzoyl-2-phenylethyl )benzamide (6): Mp 138 —140°C. —
IR: ¥ = 3340 cm ~ ' (NH), 1685 (ketone), 1645 (amide I), 1540 (amide
T). — '"H NMR: § = 3.86—4.08 (m, NCH,), 5.05 (dd, / = 8.8/5.3
Hz, NCCH), 6.67 (s br, NH), 7.20—7.51 (m, 11 aromatic H),
7.66—7.72 (m, 2 0-H of PhACON), 7.91—7.97 (m 2 ¢-H of PhCOC).

CpHsNO, (329.4) Caled. C 80.22 H 5.82 N 4.25
Found C 7998 H 5.71 N 4.12

CAS Registry Numbers

1: 93638-44-9 / 2: 50688-77-2 / 3: 3278-14-6 / 4: 128600-81-7 / 5a:
34119-82-9 / 5b: 109393-37-5 / Sc: 68342-69-8 / 6: 128600-82-8 /
3.4-dihydro-2,5-diphenyloxazole: 72088-10-9 / 9,10-dihydro-
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anthracene: 613-31-0 / 9,10-dihydro-9-lithioanthracene: 17228-
13-6 / 9,10-dihydro-9-sodioanthracene: 3970-43-2 / sodium an-
thracenide: 12261-48-2 / sodium naphthalenide: 3481-12-7

H. Stamm, R. Falkenstein

% T. Mall, H. Stamm, Chem. Ber, 121 (1988) 1349.
19 The reduction potential of 1 should be close to that of A: D.
Archier-Jay, N. Besbes, A. Laurent, E. Laurent, S. Lesniak, R.

Tardivel, Bull. Soc. Chim. Fr. 1989, 537.

" H, Stamm, T. Mall, R. Falkenstein, J. Werry, D. Speth, J. Org.
Chem. 54 (1989) 1603.

12 Two authors (Stamm, Werry) of ref.'" propose that the reduction
of a radical to a carbanion in reactions with AH™ is better
formulated with AH™ as reductant than with the small amount
of A" generated by a fragmentation process. This proposal
removes the discrepancy existing between ref.!? and ref.? in the
reaction of A~ with a radical.

% Ref.¥ and preceding papers of this series.

4 R. R. Chambers Jr,, C. J. Collins, B. E. Maxwell, J. Org. Chem.
50 (1985) 4960.

13) J. Read, W. G. Reid, J. Chem. Soc. 1928, 1487.

16 C, Mannich, E. Thiele, Arch. Pharm. 253 (1915) 181.

) 1.. N. Pridgen, L. B. Killner, R. L. Webb, J. Org. Chem. 47 (1982)
1985.

'® H. W. Heine, Z. Proctor, J. Org. Chem. 23 (1958) 1554.

[137/90]

) For parts 50— 52 see ref.”.

2 Part 8: J. Werry, H. Stamm, A. Sommer, Chem. Ber. 123 (1990)
1553. For part 7 see ref.?.

33 Part 52: A. Onistschenko, H. Stamm, Chem. Ber. 122 (1989)
2397. — * Part 51: H. Stamm, D. Speth, Chem. Ber. 122 (1989)
1795. — 39 Part 50: H. Stamm, P.-Y. Lin, R. Falkenstein, Tet-
rahedron 45 (1989) 5015.

4 H. Stamm, P.-Y. Lin, A, Sommer, A. Woderer, Tetrahedron 45
(1989) 2571.

3 J. F. Garst, Acc. Chem. Res. 4 (1971) 400; S. Bank, D. A. Juckett,
J. Am. Chem. Soc. 97 (1975) 567.

9 E. Hebert, J.-P. Mazaleyrat, Z. Welvart, L. Nadjo,
J-M. Savéant, Nouv. J. Chim. 9 (1985) 75; M. Malissard, J.-P.
Mazaleyrat, Z. Welvart, J. Am. Chem. Soc. 99 (1977) 6933,

1Y.-1. Lee, W. D. Closson, Tetrahedron Lett. 1974, 1395; H. E.
Zieger, 1. Angres, L. Maresca, J. Am. Chem. Soc. 95 (1973) 8201.

® H. Stamm, A. Sommer, A. Woderer, W. Wiesert, T. Mall, P.
Assithianakis, J. Org. Chem. 50 (1985) 4946.

Dieses Heft wurde am 2. N ber 1990 b

© VCH Verlagsgesellschaft mbH, D-6940 Weinheim, 1990 — Printed in the Federal Republic of Germany.

Verantwortlich fiir den Inhalt: Prof. Dr. Heinrich Néth, Miinchen (Teil A), Prof, Dr. Henning Hopf, Braunschweig (Teil B). Redaktion: Dr, Robert Temme, Weinheim.
VCH Verlagsgesellschaft mbH (Geschiftsfiihrer: Hans Dirk Kohler), Pappelallee 3, Postfach 101161, D-6940 Weinheim.

Anzeigenleitung: R. J. Roth, Weinheim.

Die Wiedergabe von Gebrauchsnamen, Handelsnamen, Warenbezeichnungen und dgl. in dieser Zeitschrift berechtigt nicht zu der Annahme, dabB solche Namen ohne weiteres von
jedermann benutzt werden diirfen. Vielmehr handelt es sich hiuflig um gesetzlich geschiitzte eingetragene Warenzeichen, auch wenn sie nicht als solche gekennzeichnet sind.

Alle Rechte, insbesondere die der Ubersetzung in andere Sprachen, vorbehalten. Kein Teil dieser Zeitschrift darf ohne schriftliche Genehmigung des Verlages in irgendeiner Form —
durch Photokopie, Mikrofilm oder irgendein anderes Verfahren — reproduziert oder in eine von Maschinen, insbesondere von Datenverarbeitungsmaschinen verwendbare Sprache
iibertragen oder iibersetzt werden. — All rights reserved (including those of translation into other languages). No part of this issue may be reproduced in any form — by photoprint,
microfilm, or any other means — nor transmitted or translated into a machine language without the permission in writing of the publishers. — Von einzelnen Beitrigen oder Teilen
von ihnen diirfen nur einzelne VervielGiltigungsstiicke fiir den persénlichen oder sonstigen eigenen Gebrauch hergestellt werden. Die Weitergabe von Vervielfiltigungen, gleichgiiltig
zu welchem Zweck sie hergestellt werden, ist eine Urheberrechtsverletzung. — Der Inhalt dieses Heftes wurde sorgfiltig erarbeitet. Dennoch ibernehmen Autoren, Herausgeber,
Redaktion und Verlag fiir die Richtigkeit von Angaben, Hinweisen und Ratschligen sowie fiir eventuelle Druckfehler keine Haftung. — This journal was carefully produced in all its
parts. Nevertheless, authors, editors and publisher do not warrant the information contained therein to be free of errors. Readers are advised to keep in mind that statements, data,
illustrations, procedural details or other items may inadvertently be inaccurate.

Valid for users in the USA: The appearance of the code at the bottom of the first page of an article in this journal (serial) indicates the copyright owner’s consent that copies of the
article may be made for personal or internal use, or for the personal or internal use of specific clients. This consent is given on the condition, however, that the copier pay the stated
percopy fee through the Copyright Clearance Center, Inc., for copying beyond that permitted by Sections 107 or 108 of the U.S. Copyright Law. This consent does not extend to
other kinds of copying, such as copying for general distribution, for advertising or promotional purposes, for creating new collective work, or for resale. For copying from back volumes
of this journal see »Permissions to Photo-Copy: Publisher’s Fee List« of the CCC.

In der Zeitschrift werden keine Rezensionen verdffentlicht; zur Besprechung eingehende Biicher werden nicht zuriickgesandt.
Satz und Druck: Krebs-Gehlen Druckerei, Hemsbach/Bergstrafe.
Printed on acid-free paper / Gedruckt auf siurefreiem Papier

Chem. Ber. 123 (1990) 2227 —2230



