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Kin-ya AkiBa,! Yoshio OnARrA, and Naoki INnamoTO*
Department of Chemistry, Faculty of Science, The University of Tokyo,
Hongo, Bunkyo-ku, Tokyo 113
(Received January 26, 1982)

Alkylation of 2-substituted 3-methyl- or 3-ethylbenzothiazolines with Meerwein reagents gave 2-substituted

3,3-dialkylbenzothiazolinium tetrafluoroborates (3).

was assigned by NMR spectra and NOE measurement.

The configuration of two alkyl groups on the nitrogen

In the Stevens rearrangement of 3 with lithium diiso-

propylamide ethyl group showed a much larger migratory aptitude (Et:Me=>20:1) than methyl group irrespec-
tive of the configuration of 3, and cyclic ammonium ylide with planar m-type carbanion was proposed as an in-

termediate.

3 suffered nucleophilic attack at the ring sulfur atom by butyllithium to afford a ring-opened am-

monium ylide, which collapses to a radical pair to give unusual Stevens rearrangement product, where o-alkyl-
thiophenyl group migrated selectively in preference to alkyl group, because of stabilization by participation

of ¢-alkylthio group.

In an alkylation of a compound containing two het-
ero atoms such as sulfur and nitrogen, the position
of alkylation is dependent on the structure of the com-
pound and the kind of alkylating reagent.

For example, dimorpholino sulfide undergoes S-eth-
ylation with tricthyloxonium tetrafluoroborate, while it
gives N,N-dimethylmorpholinium salt with methyl
iodide.l) 1-Pyrrolidinyl p-tolyl sulfoxide undergoes O-
methylation with methyl trifluoromethanesulfonate,?
and S-methyl-S-phenylsulfoximine® and 2-anilino-3-
methylthio-1,4-naphthoquinone? N- and S-methyla-
tions with trimethyloxonium tetrafluoroborate, respec-
tively.

In the benzothiazolines (1), it is also possible in
their alkylation to give thionia (2) or azonia com-
pound (3), but 3 was obtained in alkylation with
Meerwein reagents.”) Independently, Hori et al.9 re-
ported that 1 suffers N-methylation both with trimeth-
yloxonium tetrafluoroborate (4a) and methyl iodide,
but 2,2,3-trimethylbenzothiazoline S-methylation with

methyl iodide.
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Moreover, it is well known that the quaternary am-
monium salts undergo Stevens rearrangement? with
bases via ammonium ylide®) stereospecifically® in in-
tramolecular manner.® Because of observation of
CIDNP,) it is generally accepted that Stevens rear-
rangement involves a radical pair which recombines
in a solvent cage. On the other hand, Dewar'® have
suggested that concerted Syi type mechanism, which
is forbidden according to the Woodward-Hoffmann
rule, is energetically not so unfavorable in gas phase
based on the MINDO/3 calculation.

Therefore, we carried out the Stevens rearrangement
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of 3 (R1=H, R3#Me) of a definite configuration with
lithium diisopropylamide (LDA) or butyllithium in or-
der to investigate the steric course and the migratory
aptitude.®

This paper describes on alkylation of 1, the structure
of the resulting salts (3), and their Stevens rearrange-
ment in detail.

Results and Discussion

Methylation of 3-Methylbenzothiazolines (1).
Methylation of 1 with 4a gave 3,3-dimethylbenzothiazo-
linium salts (3). The results are shown in Table 1.

X, + weyd o QI Ko
N g2 + Me30 BFZ'-—) Kj R2BF4
I /\
Me Me Me
1 4a 3

The structure of 3 was easily determined by NMR.
The salts (3a—e), where the 2-position is asymmetric,
show two methyl signals with an equal intensity at
0 3.1 and 3.7 ppm region. Although these two signals
may be assigned to S- and N-methyl groups of the
thionia compound (2), they should be assigned to the
dimethylammonio group because no spectral change
could be observed by addition of excess trifluoroacetic
acid (TFA) to 3¢ and 3e. The conclusion was con-
firmed by the fact that 3f and 3g which bear the same
two substituents at 2-C show a single methyl peak
and no spectral change could be also observed by ad-
dition of excess TFA.

The chemical shifts of the lower field methyl of 3a—
e are almost constant (6 3.7). On the other hand,
these of the higher field methyl are constant for 3a—
d (6 3.12), but a distinct shift to lower field is observed
for 3e (R®=Me). Hence, it can be concluded that
the lower field methyl is assigned to lie syn to 2-C-H
and the higher field methyl syn to 2-C-R. The as-
signement was supported by NOE mecasurement (vide
infra).

From the filtrate in the recrystallization of 3¢ ob-
tained by the reaction of le with 4a, N-methyl-o-
methylthioaniline (109,) and its hydrotetrafluoroborate
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TaBLeE 1. YIELDS, MP, AND CHEMICAL SHIFTS (IN DMSO-d;) oF 3
3 R R Yield/%, o Mp dopnt Oxonto
m/°C :
3a H $-MeOC,H, 65 165—167 6.94 3.12, 3.65
3b H $-MeC,H, 59 195197 6.94 3.10, 3.66
3c H CeH; 69 178.5—180.5 6.99 3.11, 3.71
3d H $-CIC.H, 58 196—197 7.00 3.17, 3.71
3e H Me 66 117.5—119 5.81 3.35, 3.73
3f H H 77 172—173.5 5.34 3.62
3z Me Me 72 177—178.5 — 3.53
4.59) were isolated. These products are probabl
((iue t/(o)) decomposition of S—meth}ﬁated product,p becaus}e’ @[ H _i) @:S H 4a @:S H
Hori et al.9) have reported isolation of X type salt in N7 “H 49.5% N H 80"/
the methylation of 1g (R!'=R?=Me) with methyl f\'/l e Mg Et ]3]:4
iodide.
1f 6 1i

o (ISX —
Ph_ S OSN=CHPh

|\|,1 e Me BF4 Me B F4
1c X
@:S Me GES Me ..
NHMe NHzMe
Alkylation of 3-Alkylbenzothiazolines. Ethylation

of 2,3-dimethylbenzothiazoline (le) with triethyloxo-
nium tetrafluoroborate (4b) gave a diastercomeric mix-
ture of 5A and 5B (5A/5B=ca. 10) in 619, yield,
and methylation of 3-ethyl-2-methylbenzothiazoline
(1h) with 4a gave a mixture of the same salts (5A/
5B=ca. 2) in 439, yield. The pure isomer 5A could
be isolated by repeated recrystallizations of the reac-
tion mixture from le.

@E ><H Et OBF4

S\H

©:N><Me _4a |
|
Et

1h
g
>,Me + @: >’Me
E{ Me BF, I\{e ”Et BF,
5A 5B

The salt (6) obtained by ethylation of 3-methyl-
benzothiazoline (1f) showed identical NMR spectrum
with that obtained by methylation of 3-ethyl derivative
(1i), confirming the structure 6.

Ethylation of la—d with 4b gave a mixture of
7A and 7B. The results are summarized in Table 2.

©: ><Ar @: >,Ar + @S7Ar

ET Me BF, Me Er BFS
la-d 7A 7B

Since in these cases purification of the salts by re-
crystallization was considerably difficult, the isolated
yields were relatively low. But pure A type of isomers
could be isolated in the cases of 7¢ and 7d by repeated
recrystallizations.

Methylations of 3-ethyl-2-phenyl-(1j), 2,2-diethyl-
3-methyl-(1k), 2,3-dimethyl-2-phenyl-(11), and 2-t-but-
yl-3-phenylbenzothiazolines (1m) with 4a gave only
tarry materials which may be decomposition products via
S-methylation, but further identification was not done.

On the other hand, reaction of 1e with benzyl chlo-
ride in the presence of silver perchlorate gave 3-methyl-
2-phenylbenzothiazolium perchlorate (8), which was
also obtained in the reaction with only silver perchlorate.

Determination of Stereochemisiry by NOE Measurement.
In order to confirm the stereochemistry of 3 and 5,
the NOE measurement was performed. In the NMR
spectra of 3¢, 3e, and 5A, the increase of intensities
of 2-H was observed on irradiation of the alkyl groups
on the nitrogen atom resonating at lower field, while
little change was observed on irradiation of the sub-
stituent resonating at higher field as shown in Table
3, supporting the before-mentioned conclusion.

Reactions of 3a—d and 7 with LDA. Reactions
of 3a—d with LDA in ether or tetrahydrofuran (THF)
at —50°C gave 2-aryl-2,3-dimethylbenzothiazolines
(9a—d) as product due to Stevens rearrangement
through a cyclic ammonium ylide (10). The results
are summarized in Table 4.

S Me
Qar 222 (XL —»@E
/\
Me MeBF4 Me Me
3a-d 10 9a-d
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TasLe 2. Erayration propucts (7A anp 7B) rrom la—d
A Yield/9 7A/TB Mp e
o T\
7 r ield/% / 0,,/°C . B
7a p-MeOCgH, 39 ca. 1 145.5—149.5 3.10 3.53
7b $-MeC,H, 37 ca. 1 158—161 11 3.57
7c C,H, 34 ca. 10 147—148.5 3.57
7d $-CIC,H, 35 ca. 10 139141 3.58
TasLe 3. NOE MEASUREMENTs OF 3c, 3e, aND 5A As was expected, reactions of pure 7cA and 7dA
— Relative 1 - with LDA gave only 11 in 22 (in ether) and 339,
Salt Ifr’;)f‘at(g) v T (in THF) yields, respectively, and no 12 could be
sroup 2 0 detected by NMR and GLC. However, a similar re-
3c 3.71 (N-Me) 1281 action of a 1:1 mixture of 7aA and 7aB or 7bA and
3.11 (N-Me) 99=+1 7bB in THF gave also only the corresponding 11 in
3e 3.73 (N-Me) 1402 54 and 309, yields, respectively, being inconsistent
3.35 (N-Me) 111+2 with concerted Syi type mechanism. These facts in-
1.86 (2-Me) 98+1 dicate that ethyl group migrates exclusively irrespec-
5A 3.8—4.3 (N-CH,) 12042 tive of the stereochemistry of the starting salt.
3.41 (N-Me) 105+1 In order to realize these phenomena, it is necessary
1.78 (2-Me) 97+1 to invoke not only a planar carbanion (13) conjugated

The salts (3) where the 2-substituent is an alkyl
group was mostly recovered under the same condi-
tions, probably because of much lower acidity of the
2-H.

The salts (7A and 7B) should be very suitable models
to study the stereochemical relation between the mi-
gratory group and the carbanion of the ylide, if the
anion retains sp® type. If the migration occurs uvia
concerted Syi type mechanism, 7A and 7B should give
2-aryl-2-ethyl-3-methyl-(11) and 2-aryl-3-ethyl-2-meth-
ylbenzothiazolines (12), respectively.

Sl

with the aryl group as the intermediate, because in-
version of sp? type carbanion is known to be slow
enough to retain its configuration,’® but also a pref-
erential migration of ethyl group than methyl group.

Furthermore, in order to examine the difference of
the migratory aptitudes of ethyl and methyl groups
in general, benzylethylmethylphenylammonium tetra-
fluoroborate (14) was allowed to react with butyl-
lithium to give 15—17 whose yields were estimated
by GLC as shown below.

Et Ph Et Me

Ph-N"CH,Ph —— PhNCH;Ph + PhN-CH, + PhNCHPh + PhNCHPh
Me BF,~ Me Et Me Et
14 15 16 17 18
in E,O  34% 6% 209, —
in THF  35% 6% 129 —

ATE:L /21 The compounds, 15 and 16, are products due to
R- R R R decomposition of ylides resulting by deprotonation of
7A: Rl= Me R2-Et 13 :che ethyl and the mefhyl groups, respe:ctive_ly, and 17
o Rz— is the product resulting from the migration of the
7B: R'=Et, R*=Me j{ ethyl group. The product 18 due to methyl migra-
tion could not be detected.
Judged from the sensitivity of glc, the ratio of mi-
@is RZ gratory aptitude of ethyl group to that of methyl group
N7 Ar is estimated to be more than 20. This value is nearly
¥ consistent with that for Wittig rearrangement (Et/
R Me=39)%) which is generally accepted to proceed by
11: R'=Me R2=Et radical pair mechanism as in Stevens rearrangement.
1 P o” Therefore, the remarkable difference between the mi-
12 R'=Et, R"=Me gratory aptitudes of the ethyl and the methyl groups
TABLE 4. YIELDS OF STEVENS REARRANGEMENT PRODUCTS
With LDA With BuLi
3 Ar
9(in Et,0)/%  9(in THF)/% 19/9% 20/, 21/9,
a p-MeOCH, 14 20 33 12 8
b H-MeCgH, 47 27
c CeH; 45 41 38 14 6
d $-CIC,H, 59 62 13
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should be attributed to the radical stability in the
radical pair during Stevens rearrangement.!)
Reactions of 3a—d with Butyllithium. Reactions
of 3a—d with butyllithium in ether at —50 °C fol-
lowed quite different course and gave butyl o-(«-di-
methylaminobenzyl)phenyl sulfide derivatives (19) to-
gether with butyl phenyl sulfide (20) and o-butylthio-
N,N-dimethylaniline (21). The results were shown in
Table 4. The structure of 19 was determined by un-
equivocal synthesis of 19c¢ (see Experimental).

S H .
©:+>< BU Li
N I
7\ BF,”
Me Me 4
3a-d
SBu
@ + PhSBu + @:SB“
%HAr NMe,
NMGZ
19 20 21

In the case of 3a, o-[1-(p-methoxyphenyl)pentyl-
thio]- N, N-dimethylaniline (22) (49%,) was also obtain-
ed, and in the case of 3¢, o-butylthio- N-methylaniline
(23) (6%) and benzyl phenyl ketone (39,) were also
obtained.

A plausible reaction scheme is depicted as shown in
Scheme 1.

> Buli sy2 /Bu
><Ar N SCH
—_— A
Me ‘Me BF, NMe,
3a-d 22
S\ 2(5)
SBu SBu
N CHAr SN-CHA
Me Me MG Me
25 24
z// CArCH:
[ $Bu MezNéHArJ >Bu
NMej
/26 \ 21
@:SBU C\HSB ArCHNMe,
gf5obu |
G HAT ArCHNMe;
NMe o BuLi
19 20 -Me,NH
5 H,0 ArCH=C-Ar
—
ATCH2C Ar NM@Z

Scheme 1.
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The normal product (9) derived from cyclic am-
monium ylide (10) could not be obtained at all in
contrast with the reaction with LDA. Formation of
19 can be rationalized by the formation of a ring-
opened ammonium ylide (25) which then collapses to
a radical pair (26) or decomposes to give 21 and aryl-
carbene. The radical pair (26) recombines to give 19
and also can afford 20 as an escape product. The
starting salt (3a—d) is also attacked by butyllithium
at the 2-position to a small extent to give 22.

The most interesting point is that the product is
not 24 but 19, although an expected Stevens rear-
rangement product is 24, because of higher migratory
aptitude of alkyl groups than that of aryl groups in
Stevens rearrangement.”? However, 19 is the product
due to migration of o-butylthiophenyl group.

The reason for this unusual aryl migration can be
ascribed to participation of the adjacent sulfur atom
in stabilizing the aryl radical as shown in 26. This
possibility was supported by reference reaction of tri-
methyl[o- (methylthio)phenylJammonium  tetrafluoro-
borate (27) to give N,N-dimethyl-o-(methylthio)benz-
ylamine (28) due to aryl migration as a major product
(22%,) under the same conditions, while o-methoxy-
phenyltrimethylammonium salt (29) did not give 30
under the same conditions.

/\/XMC BuLi AN\ XMe
[ BF~ — | |
\/\NMe3 v O CH;NMe,
27: 28: X-=S
29: X:O 30: X=0

A similar attack on the divalent sulfur atom by
butyllithium has been reported in the reactions of 1-
methyl-2-nitrosoimino-1,2-dihydrobenzothiazole!? and
diphenylphosphinodithioate esters.1®)

A similar reaction of 7a gave 31 as a mian product

(11%,).
(:]: >< Buli [:]:SBU
6H4OMG P CIHCSH[’OMG"p
Me T BF, Me —N-Et
7a 31

When there is no aryl group at 2-C, a similar reac-
tion gave a complicated mixture and product such as
19 was not obtained.

Experimental

All the melting and boiling points are not corrected. IR
spectra were measured with a Hitachi EPI-G2 spectrophotom-
eter, *H NMR spectra with Hitachi R-24B and R-20B spec-
trometers using TMS as an internal standard, and MS and
high-resolution MS (HMS) with Hitachi RMU-6L and JEOL
D-300 mass spectrometers at 70 V, respectively.

Materials. Trimethyl-(4a)'® and triethyloxonium te-
trafluoroborates (4b),%? 2,2,3-trimethyl-(1g),2" 2,3-dimethyl-
2-phenyl-(11=9¢),?®» and 2-t-butyl-3-phenylbenzothiazolines
(1m)2) were prepared according to the reported methods.

Syntheses of Benzothiazolines (1) by Grignard Reaction.®®
General Procedure: To a suspension of 3-methyl-(32a),25 3-
ethyl-(32b),2) or 3-methyl-2-methylthiobenzothiazolium io-



2980

dide (32¢)?» (0.1 mmol) in ether (90—120 ml) was added
dropwise an appropriate Grignard reagent (0.11—0.12 mmol)
in ether (90—200 ml), filtered through a tube with glass
wool, under nitrogen at —40 °C. The mixture was stirred
at room temp for several hours and then refluxed for 0.5 h.
The reaction mixture was washed with aq NH,CI and the
ethereal layer was dried (MgSO,). The solvent was evap-
orated in vacuo and the residue was recrystallized from ethanol,
distilled, or purified by column chromatography (CC) (SiO,,
C.Hy).

2 - (p- Methoxyphenyl) - 3 - methylbenzothiazoline (Ia): 349,
yicld from 32a, pale yellow crystals, mp 106.5—108.5 °C;
NMR (CDCl,): 6 2.58 (s, 3H), 3.79 (s, 3H), 5.94 (s, 1H),
and 6.25-—7.75 (m, 8H). Found: C, 69.87; H, 5.60; N,
5.52%,. Caled for C;H;;NOS: C, 70.00; H, 5.87; N,
5.44%,.

3-Methyl-2-p-tolylbenzothiazoline (1b): 689, yield from 32a,
pale yellow crystals, mp 86—89 °C; NMR (CDCl;) : §
2.37 (s, 3H), 2.64 (s, 3H), 5.99 (s, 1H), and 6.3—7.6 (m,
8H). Found: C, 74.90; H, 6.11; N, 5.829,. Calcd for
C;H;NS: C, 74.65; H, 6.26; N, 5.80%.

3-Methyl-2-phenylbenzothiazoline (Ic): 729, yield from 32a,
pale yellow crystals, mp 112—114 °C (1it,2® 112—113 °C).

2-(p-Chlorophenyl )-3-methylbenzothiazoline (Id): 559, yield
from 32a, colorless crystals, mp 77—79 °C; NMR (CDCly):
6 2.65 (s, 3H), 5.99 (s, 1H), and 6.35—7.7 (m, 8H). Found:
C, 64.01; H, 4.80; N, 5.259%,. Calcd for C,;H,;,NSCI: C,
64.24; H, 4.62; N, 5.35%,.

2,3-Dimethylbenzothiazoline (1e): 67%, yield from 32a, pale
yellow oil, bp 69 °C/0.2 mmHg (1 mmHg=133.322 Pa) (lit,2V
120—121 °C/10 mmHg).

3-Ethyl-2-methylbenzothiazoline (1k): 27%, yield from 32b,
yellow oil, bp 95°C/0.2 mmHg; NMR (CDCl): 6 1.15
(t, /=6 Hz, 3H), 1.53 (d, J=6 Hz, 3H), 3.21 (br q, J=7
Hz, 2H), 5.23 (q, J=6 Hz, 1H), and 6.2—7.2 (m, 4H).
Found: C, 67.27; H, 7.25; N, 7.71%,. Calcd for C;,H,;NS:
C, 67.00; H, 7.31; N, 7.819%,.

3-Ethyl-2-phenylbenzothiazoline (1j): 339%, yield from 32b,
yellow oil, bp 120 °C/0.25 mmHg; NMR (CDCly): 6 1.02
(t, J=7 Hz, 3H), 3.11 (m, 2H), 6.22 (s, 1H), and 6.3—7.7
(m, 9H). Found: C, 74.50; H, 6.42; N, 5.63%. Calcd
for C;;H;;NS: C, 74.65; H, 6.26; N, 5.80%.

2,2-Diethyl-3-methylbenzothiazoline (1k): 839, yield from
32¢, yellow oil;2® NMR (CDCl,): 6 0.95 (t, /=7 Hz, 6H),
1.82 (br q, J=7 Hz, 4H), 2.65 (s, 3H), and 6.0—7.1 (m,
4H).

3-Methylbenzothiazoline (If). To 32a (3.31g, 11.9
mmol) in THF (80 ml), NaBH, (487 mg, 12.9 mmol) was
added portionwise at —10°C. The solution was stirred
for 2 h at room temp, and usual work-up gave yellow
oil (0.724 g, 40%); bp 90 °C/0.1 mmHg (lit,2» 133 °C/11
mmHg).

3-Ethylbenzothiazoline (1i) was prepared from 32b by a
similar method to that of 1f as pale yellow oil in 659, yield;
bp 81 °C/0.1 mmHg; NMR (CDCl,): 6 1.28 (t, J=7 Hz,
3H), 3.18 (q, J=7 Hz, 2H), 4.65 (s, 2H), and 6.3—7.1

(m, 4H). Found: C, 65.63; H, 6.60; N, 8.34%. Calcd
for CoH,,NS: C, 65.41; H, 6.60; N, 8.349%.
Alkylations of 1 with Meerwein Reagents (4). General

Procedure: To 1 (7 mmol) in CH,Cl, (20—30 ml) was add-
ed a slightly excess of 4a or 4b. After stirring at room temp
for several hours, the reaction was quenched with a few
ml of ethanol. The solvent was evaporated in vacuo, the
residue was washed well with dry cther, and recrystallized
to give colorless crystals unless otherwise noticed. The NMR
spectra were determined in DMSO-d;.

Methylation: 3a: yield 69%, mp 165—167 °C (decomp)

Kin-ya AkiBa, Yoshio OHARrA, and Naoki InamoTo

[Vol. 55, No. 9

(from CH,Cl,-Et,0); NMR: § 3.12 (s, 3H), 3.65 (s, 3H),
3.87 (s, 3H), 6.94 (s, 1H), and 7.0—8.1 (m, 8H). Found:
C, 53.31; H, 5.10; N, 3.73%. Caled for C,(H,;;BF,NOS:
G, 53.50; H, 5.05; N, 3.90%.

3b: pale yellow crystals, yield 59%, mp 195—197 °C
(decomp) (from MeOH-Et,0); NMR: ¢ 2.42 (s, 3H), 3.10
(s, 3H), 3.66 (s, 3H), 6.94 (s, IH), and 7.2—8.1 (m, 8H).
Found: C, 55.38; H, 5.16; N, 3.999%,. Calcd for C,¢H,s-
BF,NS: G, 56.00; H, 5.29; N, 4.089%,.

3c: yield 69%, mp 178.5—180.5°C (decomp) (from
MeOH-Et,0); NMR: é 3.11 (s, 3H), 3.71 (s, 3H), 6.99
(s, 1H), and 7.4—8.1 (m, 9H). Found: C, 54.50; H, 5.00;
N, 4.11%. Calcd for C;H,BF,NS: C, 54.73; H, 4.90;
N, 4.26%. After collection of 3¢, the filtrate and washings
were evaporated to be subjected to CC (SiO,, CH,CL,).
N-Methyl-o-methylthioaniline®) (IR (neat): 3360 cm~1 (NH);
NMR (CDCly): 8 2.17 (s, 3H), 2.70 (s, 3H), 4.76 (br s, 1H),
6.3—6.8, and 6.95—7.45 (m, 4H)) and its hydrotetrafluoro-
borate (NMR: 6 2.47 (s, 3H), 2.97 (s, 3H), 7.0—7.7 (m,
4H), and 8.01 (br s, 2H)) were obtained in 10 and 4.5%
yields, respectively. The NMR spectrum of the latter was
in agreement with that of authentic sample obtained from
N-methyl-o-methylthioaniline and tetrafluoroboric acid.

3d: yield 709%, mp 196—197 °C (decomp) (from EtOH-
Et,0); NMR: 6 3.17 (s, 3H), 3.71 (s, 3H), 7.00 (s, 1H),
and 7.4—8.1 (m, 8H). Found: C, 49.65; H, 4.05; N, 3.59%,.
Calcd for C,;H,;;BCIF,NS: C, 49.55; H, 4.16; N, 3.85%.

3e: yield 669, mp 117.5—119.0°C (decomp) (from
CH,Cl,-Et,0); NMR: 6 1.86 (d, J=7 Hz, 3H), 3.35 (s,
3H), 3.73 (s, 3H), 5.81 (q, J=7 Hz, 1H), and 7.3—8.0 (m,
4H). Found: C, 45.24; H, 5.42; N, 5.24%. Calcd for
C,0H,,BF,NS: C, 44.97; H, 5.28; N, 5.249%,.

3f: yield 77%, mp 172—173.5 °C (decomp) (from EtOH-
Et,0); NMR: 6 3.62 (s, 6H), 5.34 (s, 2H), and 7.3—8.0
(m, 4H). Found: C, 42.55; H, 4.69; N, 5.71%. Calcd
for G H,,BF,NS: C, 42.72; H, 4.78; N, 5.539%.

3g: yield 71.59%, mp 177—178.5°C (decomp) (from
CH,Cl,); NMR: § 1.95 (s, 6H), 3.55 (s, 6H), and 7.4—8.1
(m, 4H). Found: C, 47.22; H, 5.84; N, 5.27%,. Calcd
for C,;H,(BF,NS: C, 47.00; H, 5.74; N, 4.98%.

5 (from 1h): recryst from EtOH-Et,O, yield 439 (5A/
5B=ca. 2) (see below).

6 (from 1i): recryst from EtOH-Et,O, yield 809, (see
below).

Ethylation: 5 (from 1le): yield 619 (5A/5B=ca. 10);
NMR: 5A: 6 1.24 (t, J=7Hz, 3H), 1.78 (d, J=7.5 Hz,
3H), 3.41 (s, 3H), 3.8—4.3 (m, 2H), 5.81 (q, /=7.5 Hz,
1H), and 7.3—8.0 (m, 4H); 5B: ¢ 1.15 (t, J=7 Hz, 3H),
1.91 (d, Jj=7.5Hz, 3H), 3.65 (s, 3H), 3.8—4.3 (m, 2H),
ca. 5.9 (q, J=7.5Hz, 1H), and 7.3—8.3 (m, 4H). Pure
5A: mp 160—161.5 °C (decomp) (three times from CH,ClI,).
TFound: C, 47.12; H, 6.01; N, 5.259%,. Calcd for C;;H,¢-
BF,NS: C, 47.00; H, 5.74; N, 4.989%,.

6 (from 1If): yield 49.59, mp 93.5—95.0 °C (decomp)
(from EtOH-Et,0); NMR: 6 1.40 (t, /=7 Hz, 3H), 3.62
(s, 3H), 4.02 (dq, J=7 Hz and 2 Hz, 2H), 5.31 (s, 2H),
and 7.2—7.9 (m, 4H). Found: C, 44.98; H, 5.23; N, 5.32%,.
Caled for C,0H,,BF,NS: C, 44.97; H, 5.28; N, 5.249%,.

7aA+7aB: pale yellow crystals, yield 399,, mp 145.5—
149.5 °C (from CH,Cl,-Et,0) (A/B=ca. 1); NMR: 7aA:
§ 1.42 (t, J=7Hz, 3H), 3.10 (s, 3H), 3.5—4.2 (m, 2H),
6.86 (s, 1H), and 6.95—8.0 (m, 8H); 7aB: § 1.09 (t, J=7
Hz, 3H), 3.53 (s, 3H), 3.54.5 (m, 2H), and 6.95—8.0
(m, 9H). Found (mixture): C, 54.65; H, 5.48; N, 3.719%,.
Caled for C,;H,BF,NOS: C, 54.71; H, 5.40; N, 3.75%.

7bA+-7bB: pale yellow crystals, yield 37%, mp 158—161
°C (A/B=ca. 1); NMR: 7bA: ¢ 1.46 (t, /=7 Hz, 3H),
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3.11 (s, 3H), 3.5—4.5 (m, 2H), 6.80 (s, 1H), and 7.2—8.0
(m, 8H); 7bB: § 1.13 (t, /=7 Hz, 3H), 3.57 (s, 3H), 3.5—
4.5 (m, 2H), 7.07 (s, 1H), and 7.2—8.0 (m, 8H). Found
(mixture): C, 57.43; H, 5.86; N, 4.09%. Caled for C,;-
H,,BF,NS: C, 57.16; H, 5.64; N, 3.929%.

7cA-+7cB: yicld 349, (A/B=ca. 10); NMR: 7cA: 6 1.43
(t, J=7Hz, 3H), 3.12 (s, 3H), 3.5—4.5 (m, 2H), 6.93 (s,
IH), and 7.4—8.0 (m, 9H); 7¢B: § 1.08 (t, J=7 Hz, 3H),
3.57 (s, 3H), 3.5—4.5 (m, 2H), 7.17 (s, 1H), and 7.4—8.0
(m, 9H). Pure 7cA: mp 144—145 °C (decomp) (three times
from EtOH-Et,0). Found: C, 55.76; H, 5.42; N, 3.919,.
Caled for C,,H,BF,NS: C, 56.00; H, 5.29; N, 4.08%,.

7dA+7dB: pale yellow crystals (from CH,Cl,~Et,O) (A/
B=ca. 10), yield 35%; NMR: 7dA: § 1.42 (t, J="7 Hz,
3H), 3.17 (s, 3H), 3.7—4.6 (m, 2H), 6.89 (s, 1H), and 7.3—
8.0 (m, 8H); 7dB: & 1.09 (t, J=7 Hz, 3H), 3.58 (s, 3H),
3.7—4.6 (m, 2H), 7.17 (s, 1H), and 7.3—8.0 (m, 8H). Pure
7dA: mp 139—141°C (three times from CH,Cl,-Et,0).
Found: C, 51.00; H, 4.38; N, 4.00%. Calcd for C,;H,,-
BCIF,NS: C, 50.89; H, 4.54; N, 3.71%,.

Reaction of Ic with Silver Perchlorate. 3-Methyl-2-phen-
ylbenzothiazoline (1c) (1.1 g, 4.87 mmol) was subjected to
the reaction with AgClO, (1.01g, 4.89 mmol) in CH,CI,
(20 ml) and MeNO, (10 ml). After usual work-up, recrys-
tallization from MeOH gave 8 quantitatively, mp 219—223
°C (lit,2» 219—220 °C).

Reactions of 3a—d and 7 with LDA. General Procedure:
To a suspension of the salt (3a—d and 7) (1 mmol) in THF
(5 ml) or ether (20 ml) at —40 °C was added LDA (1.1—
2mmol) in THF (5ml) or ether (5ml) under nitrogen.
The mixture was stirred for 0.5 h at this temp, for 1.5 h at
room temp, and then slightly heated. After removal of
the solvent in vacuo and addition of water, the reaction mix-
ture was extracted with ether. The ethereal layer was dried
(MgSO,) and evaporated to be subjected to dry column
chromatography (DCC) (9a: SiO,, CCl,—~CH,Cl, (4:1); 9b:
Si0,, CCl,~CH,CI, (10:1); 9¢: SiQ,, CCl,; 9d: SiO,, CCl,~
CH,(CI, (3:1); 11a and 11b: SiO,, hexane-Et,O (3:1); 11c:
SiO,, hexane-Et,O (10:1); 11d: SiO,, CCl,). The results
were shown in Table 4 and in the text. These products
were identified by a comparison of NMR spectra with au-
thentic samples prepared independently (see below).

Independent Syntheses of 9,11, and 12, General Procedure:
To a suspension of 2-aryl-3-ethyl- or -3-methylbenzothiazo-
lium perchlorate?” (5 mmol) in ether (25—70 ml) at —40
°C was added an ethereal solution of Grignard reagent
(8.5—10 mmol) under nitrogen. The mixture was stirred
for several hours at room temp. After usual work-up, the
residue was subjected to DCC (SiO,, CsH,) to give 9 (as
colorless crystals), 11 (as yellow viscous oil), and 12.

9a: yield 68%, mp 58.5—59.5 °C (from EtOH); NMR
(CDCL): 6 1.90 (s, 3H), 2.49 (s, 3H), 3.68 (s, 3H), and
6.1—7.6 (m, 8H). Found: G, 70.58; H, 6.47; N, 5.229,.
Caled for C;¢H;NOS: C, 70.81; H, 6.31; N, 5.169%,.

9b: yield 61%, mp 104—105°C (from EtOH); NMR
(CDCly): 6 1.92 (s, 3H), 2.30 (s, 3H), 2.54 (s, 3H), and
6.1—7.6 (m, 8H). Found: C, 75.04; H, 6.65; N, 5.389,.
Caled for C;gH;,NS: C, 75.25; H, 6.71; N, 5.48%,.

9d: yield 849, mp 95.5—96.5 °C (from EtOH-hexane);
NMR (CDCl,): 6 1.95 (s, 3H), 2.55 (s, 3H), and 6.15—
7.65 (m, 8H). Found: C, 65.27; H, 5.03; N, 5.25%,. Calcd
for C;H,,CINS: C, 65.32; H, 5.12; N, 5.08%.

11a: yield 68% ; NMR (CDCl,): ¢ 1.05 (t, J=7 Hz, 3H),
2.29 (q, J=7 Hz, 2H), 2.57 (s, 3H), 3.73 (s, 3H), and 6.1—
7.6 (m, 8H); HMS: Found: m/e 285.1187. Calcd for C,,-
H,(NOS: 285.1187.

11b: yield 97%; NMR (CDCly): § 1.08 (t, J=7 Hz,
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3H), 2.32 (s, 3H), 2.33 (q, J=7 Hz, 2H), 2.62 (s, 3H), and
6.15—7.55 (m, 8H). Found: C, 75.73; H, 7.11; N, 5.28%.
Caled for C,H{(NS: G, 75.79; H, 7.11; N, 5.20%.

11c: yield 77.59%; NMR (CDClL): § 1.10 (t, J=7 Hz,
3H), 2.33 (q, J=7 Hz, 2H), 2.61 (s, 3H), and 6.1—7.65
(m, 9H). HMS: m/e 255.1109. Caled for C,¢H;;NS:
255.1082.

11d: yield 95%, bp 164 °C/0.1 mmHg; NMR (CDCl,):
8 1.05 (t, J=7 Hz, 3H), 2.26 (q, J=7 Hz, 2H), and 6.1—
7.6 (m, 8H). Found: C, 66.05; H, 5.42; N, 5.03%. Calcd
for C;;H,,CINS: C, 66.31; H, 5.56; N, 4.83%,.

12a: colorless crystals, yield 929,, mp 78—79 °C (from
EtOH-hexane); NMR (CDCL): § 1.05 (t, J=7 Hz, 3H),
1.96 (s, 3H), 2.94 (q, J=7 Hz, 2H), 3.68 (s, 3H), and 6.1—
7.7 (m, 8H). Found: C, 71.61; H, 7.00; N, 5.009,. Calcd
for C;H,,NOS: C, 71.54; H, 6.71; N, 4.91%.

12b: yellow viscous oil, yield 78%; NMR (CDCl): 6
1.11 (t, J=7 Hz, 3H), 2.04 (s, 3H), 3.04 (q, J="7 Hz, 2H),
and 6.25—7.75 (m, 9H). Found: C, 75.12; H, 6.72; N,
5.46%,. Calcd for C,(H,;NS: C, 75.25; H, 6.71; N, 5.48%.

Reactions of 3a—d and 7 with Butyllithium. General
Procedure: To a suspension of the salt (3a—d and 7) (2
mmol) in ether (20 ml) under nitrogen at —60 °C was added
butyllithium (2.2—2.4 mmol) and the mixture was stirred
for 5h at room temp. After usual work-up, the residue
was subjected to DCC and/or TLC.

Reaction of 3a: DCC (SiO,, CH,Cl,) afforded two frac-
tions, Ry 0.1—0.2 and 0.5—0.9. TLC (SiO,, Et,0) of the
former gave pale yellow viscous oil (18a) in 329, yield.
TLC (SiO,, hexane-CgHg (1:1)) of the latter fraction gave
20 (12%), 21 (89%,), and 22 (4%, as pale yellow oils. 19a:
NMR (CDCL): ¢ 091 (br t, J=7 Hz, 3H), 1.2—1.8 (m,
4H), 2.19 (s, 6H), 2.65—3.0 (br t, J=7 Hz, 2H), 3.70 (s,
3H), 4.72 (s, 1H), and 6.65—7.9 (m, 8H); MS: m/e 329
(M+, 409%,), 314 (M+—Me, 100), 285 (M*+—NMe,, 37),

272 (M*—Bu, 49), and 164 (Mc,NCH-C,H,0OMe, 77).
20: NMR (CDCL): 6 0.90 (br t, J=7 Hz, 3H), 1.1—1.9
(m, 4H), 2.90 (br t, J=7 Hz, 2H), and 7.0—7.5 (m, 5H).
21: NMR (CDCL): 8 0.91 (br t, J=7 Hz, 3H), 1.2—1.9
(m, 4H), 2.7—3.1 (br t, J=7 Hz, 2H), 2.76 (s, 6H), and
6.8—7.4 (m, 4H); MS: mje 200 (M*, 629), 153 (M*t—
Bu+H, 100), 152 (M+—Bu, 46), 137 (56), 136 (54), and
120 (M*—SBu, 32). 22: NMR (CDCl): ¢ 0.83 (br t,
J=7Hz, 3H), 1.1-15 (m, 4H), 1.7—2.2 (m, 2H), 2.7
(s, 6H), 3.76 (s, 3H), 4.33 (t, J—7.5 Hz, 1H), and 6.7—7.4
(m, 8H); MS: m/e 329 (M+, 49%), 209 (M+—Me,NC¢H,,

58), 177 (MeOCsH4éHBu, 23), and 153 (Me,NC;H,SH+,
100).

Reaction of 3b: DCC (SiO,, CH,Cl,) gave pale yellow
viscous oil (19b) (27%); NMR (CDCl,): 6 0.90 (br t, J=7
Hz, 3H), 1.1—1.9 (m, 4H), 2.18 (s, 6H), 2.23 (s, 3H), 2.7—
3.0 (br t, J=7 Hz, 2H), 4.73 (s, 1H), and 6.9—7.9 (m, 8H).

Reaction of 3c¢: DCC (SiO,, CClI-CH,Cl, (2:1)) gave
19¢ (389%,), benzyl phenyl ketone (3%) (by IR and NMR),
and a fraction of R; 0.8—0.9, the latter of which was sub-
jected again to TLC (SiO,, CgHghexane (2:1)) to give
20 (14%), 21 (6%), and 23 (6%). 19c: mp 42—43 °C;
NMR (CDCly): 6 0.91 (br t, J=7 Hz, 3H), 1.2—1.9 (m,
4H), 2.22 (s, 6H), 2.86 (br t, J=7 Hz, 2H), 4.87 (s, 1H),
and 7.0—8.0 (m, 9H); MS: mfe 299 (M, 74%,), 284 (M*+—
Me, 100), 242 (M+—Bu, 54), and 211 (M+—SBu-|H, 55).
Found: C, 76.49; H, 847; N, 4.65; S, 10.67%. Calcd
for C,Hy,;NS: C, 76.20; H, 8.41; N, 4.68; S, 10.719%,. 23:
NMR (CDCly): ¢ 0.88 (br t, J=7 Hz, 3H), 1.1—1.8 (m,
4H), 2.6—3.0 (m, 2H), 2.89 (s, 3H), 5.1 (br s, 1H), and
6.5—7.6 (m, 4H); IR (neat): 3370 cm~! (NH).
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Reaction of 3d: DCC (SiO,, CH,CIl,) gave 19d (139
as pale yellow viscous oil; NMR (CDCly): 6 0.75—1.1 (m,
3H), 1.2—1.8 (m, 4H), 2.19 (s, 6H), 2.7—3.0 (m, 2H),
4.79 (s, 1H), and 7.0—7.9 (m, 8H).

Reaction of 7a: TLC (SiO,, CH,Cl,) gave 31 (11%) as
pale yellow oil; NMR (CDCl,): 6 0.96 (br t, /=7 Hz, 3H),
1.03 (t, J=7 Hz, 3H), 1.3—1.8 (m, 4H), 2.16 (s, 3H), 2.47
(¢, J=7Hz, 2H), 2.7—3.0 (m, 2H), 3.74 (s, 3H), 4.98
(s, 1H), and 6.7—7.9 (m, 8H). HMS: Found: m/e 343.1962.
Calcd for C,,H,,NOS: 343.1968.

Reaction of 14 with Butyllithium. N-Benzyl-N-ethylan-
iline (5.70 g, 27.0 mmol) was methylated with 4a (4.38 g,
29.6 mmol) in CH,Cl, (30 ml). After addition of ether,
the resulting precipitates were recrystallized from CH,Cl,-
Et,O to give 14 (5.82 g, 69%); NMR (DMSO-dg): 6 1.09
(t, /=7 Hz, 3H), 3.37 (s, 3H), 4.08 (m, 2H), 5.00 (br d,
J=2.5Hz, 2H), and 6.8—7.8 (m, 10H). To 14 (1.06 g,
3.39 mmol) in THF (25ml) was added BuLi (3.8 mmol)
under nitrogen at —50 °C. The products extracted with
ether was a mixture of 15 (35%), 16 (6%), and 17 (12%,)
by glc (column, OV-1, 170 °C). In ether (15 ml), the prod-
ucts were a mixture of 15 (349%), 16 (6%), and 17 (20%,).

Preparation of N-(o-Ethylbenzyl)-N-methylaniline (17).
N-Benzylideneaniline (5.31 g, 29.3 mmol) in ether (15 ml)
was added to EtMglI (31.3 mmol) in ether (50 ml). The
mixture was refluxed for 1.5 h and poured into ice and concd
HCl1 (100 ml). After usual work-up, DCC (8iO,, hexane-
CH,Cl, (1.7:1)) of the residue gave N-(a-cthylbenzyl)aniline
(2.15 g, 35%). The product (2.05 g, 9.70 mmol) was methyl-
ated by 4a (2.10g, 14.2 mmol) in CH,Cl, (20 ml) under
reflux for 1 h. After addition of ether, the resulting pre-
cipitates were dissolved in CH,Cl, followed by deprotonation
with Et,N (4.1 ml, 29 mmol). Usual work-up gave 17, 1.76
g, 80.5% vyield, bp 118 °C/0.05 mmHg; NMR (CDCl;): ¢
0.97 (t, J=7Hz, 3H), 1.96 (m, 2H), 2.62 (s, 3H), 4.79
(br t, J—7 Hz, 1H), and 6.5—7.3 (m, 10H). Found: C,
85.20; H, 8.61; N, 6.319%,. Calcd for C;¢H,,N: C, 85.28;
H, 8.50; N, 6.22%,.

Preparation of N-Ethyl-N-(a-methylbenzyl)aniline (18).
N-(a-Methylbenzyl)aniline (429, yield) was prepared from
N-benzylideneaniline and MeMglI and ethylated with 4b
in a similar manner to that of 17 to afford 18 in 889, yield,
bp 115°C/0.07 mmHg; NMR (CDCl,): 6 1.04 (t, J=7
Hz, 3H), 1.54 (d, j—7 Hz, 3H), 3.19 (q, J=7 Hz, 2H),
5.04 (br q, J=7 Hz, 1H), and 6.5—7.4 (m, 10H). Found:
C, 85.17; H, 8.76; N, 6.03%. Calcd for C;H,,N: C, 85.28;
H, 8.50; N, 6.229%,.

Reaction of 27 with Butyllithium. To trimethyl[o-(meth-
ylthio)phenyl]ammonium tetrafluoroborate (27)2® (298 mg,
1.11 mmol) in ether (15 ml) was added BuLi (1.40 mmol).
A similar treatment to that of 7 and submission to TLC
(SiO,, hexane-Et,O (5:1)) gave 28, 44.7 mg, 229 vyield;
NMR (CDCl,): 6 2.25 (s, 6H), 2.42 (s, 3H), 3.45 (s, 2H),
and 6.8—7.3 (m, 4H).

Independent Synthesis of 19c. o-Butylthioaniline was pre-
pared from sodium o-aminobenzenethiolate and BuBr in
82.59%, vyield, bp 87 °C/0.4 mmHg. The aniline was con-
verted into o-bromophenyl butyl sulfide by Sandmeyer re-
action in 409, yield. The sulfide (1.30 g, 5.32 mmol) was
treated with BuLi (5.25 mmol) in ether (10 ml). Benzal-
dehyde (0.537 g, 5.06 mmol) in ether (10 ml) was added
to this solution at —15 °C and the mixture was stirred for
14 h at room temp. After usual work-up, submission to
DCC (SiO,, CCl,) gave a-(o-butylphenyl)benzyl alcohol, 1.26
g, 929, yield. This alcohol (1.17 g, 4.29 mmol) was treated
with SOCI, (0.36 ml) in pyridine (0.39 ml) and ether (15
ml) by a similar method to that described in the literature.?
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Distillation gave butyl o-(a-chlorobenzyl)phenyl sulfide, 1.06
g, 85% yield; NMR (CDCL): 6 0.7—1.0 (m, 3H), 1.2—1.8
(m, 4H), 2.82 (br t, /=7 Hz, 2H), 6.78 (s, 1H), and 7.0—
7.6 (m, 9H); MS: m/e 290 (M*). Butyl o-(x-chlorobenzyl)-
pheny! sulfide (0.85 g, 2.92 mmol) in ether (10 ml) was add-
ed at —60°C to Me,NLi (6.16 mmol) in ether (15 ml).
After stirring for 2 h at room temp and then washing with
water, the ethereal layer was subjected to DCC (SiO,, CCl~
CH,Cl, (3:1)) to afford 19¢ (671 mg, 779%); bp ca. 120
°C/0.1 mmHg. The spectral data were in agreement with
those of reaction product.
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