HETEROCYCLES, Vol 29, N o 3, 1989

THE REACTION OF 2-CHLORO-10-N-METHYLPHENOTHIAZINE
AND LITHIUM DIALKYLAMIDES I N THF:

WITH AROMATIC NITRILES

SYNTHESIS AND STRUCTURE OF 1-CYANO-

2-(3',4',5'-TRIMETHOXYBENZYL)-lO-N-METHYLPHENOTHlAZlNE

Edward.

R. Biehl'.

Subhash P. Khanapure. Upali Siriwardane, and Man Tschantz

Department of Chemistry. Southern Methodist University.
Dallas, Texas 75275. U.S.A.

- lo-N-Methyl-1.2-didehydraphenothiazine (2). generated &.,&

from lo-N-methyl-2.

chlorophenothiazine (1). reacts y$ the tandem addition-rearrangement aryne (TARA) mechanism with
lilhia-arylacetonitriles yielding rearranged products (3a-c), after proton quench. The X-ray structure
of title compound 3a demonstrates conclusively that the initial nitrile anion addition step in the TARA
reaction occurs at the 2-position of 2. In previous studies of nucieophilic additions to 2, this
regioselsctivity had only been assumed an the basis of the well-documented strong mera-directing
effect of the lo-nitrogen atom.

INTRODUCTION

One of the major aspects of our recent research effort involves the investigation of the synthetic application of the
aryne r e a ~ t i o n l ~One
- ~ . of these studiesle showed that the reaction of 2-chioro-lo-N-methylphenolhiarine (1) wllh
lithium amides derived from primary or secondary amines carried out in the free amine solvent yielded the
corresponding 2-N-alkylamino- or 2-N.N-dialkylamina-lo-N-methylphsnothiazine in good yieids ykI0-N-methyl1.2-didehydrophenothiazine (2). Previous to that investigation.

ones^

demonstrated that 1 could be aminated

2 using sodium amide and various amines; however, the yields were considerably reduced due to extensive

dehalogenation of I to 10-N-methylphenothiazine. W e attempted lo react 2 with nitrile anions in liquid ammonia;
however, 2 war exclusively aminated by the solvent

ammonia yielding 2-amino-l0-~-methylphenothiazine~~.

Apparently, the phenothiazine ring nitrogen atom inductively increases the reactivity of 2 to such an extent that the
more reactive but less abundant nitrile anion cannot successfully compete with the less reactive but more abundant
~ , observed that nitrila anions also did not compete successfully with
ammonia solvent3. In other s t ~ d i e s ~ , we
ammonia solvent far

unsymmetric arynes. Thus, 3,4-dimethoxybenzyne4and 3.4.5-trimethoxybsnzyne5

cerlain

gave predominantly 3.4-dimethoxyaniline and 3.4.5-trimethoxyaniline,

respectively,

and the corresponding nitriie

products in yields less than 6%.

Recently. we6 demonstrated that nitriie anions add to methoxy-substituted aryne intermediates generated by bulky
bases such as lithium diisopropylamide (LDA) and lithium isopropylcyciohexylamide in "on-nucleophiiic solvent such
as tetrahydrafuran (THF).

For example, 4-bromo-1.2-dimethoxybenzene (4-bramoveratrole) reacts with

acetonitrile and LDA in THF via 3.4-dimethoxybenryne to give 3.4-dimethoxyphenylacetonil~in 60% yield, after
proton quench.

Interestingly,

bromoarenes possessing electron-releasing groups treated similarly formed arynes to

which lithio-arylacetonitriies add

to yield rearranged nitrile products7, after proton quench. As an example. 2-

bromo-4-methylanisole reacts with aryl nitriles in the presence of LDA in THF to give the corresponding 3arylmethyl-2-cyano-4~methyIanisoIes. A tandem-addition rearrangement aryne

was proposed to

account for these results. Since 10-N-methylphenothiazine is a n-excessive heteroaromatic compound@ we reasoned
that the aryne generated from 1 might also undergo the tandem-addition rearrangement aryne reaction with lithioarylacetonitriles.The initial results of the reaction of 1 with various aromatic and aliphatic nitrile anions with LDA in
THF are reponed herein.
RESULTS AND DISCUSSION
Initially, the reaction of 1 with 3.4,s-trimethoxyphenylacelonitrile and

LDA in THF was found to give

l-cyano-2-

(3'.4',S-trimethoxybenryl)~1OoN~methylphenothiarine
(3a) in 40% isolated yield. Similarly. 1-cyano-2-(Y.4'-

dime1hoxybenryl)-10-N-methylphenothiazine

(3b)

.

and l-cyana-2-(4'-fluorobsnryi)-lO-N-methylphenothiazine

(3c) were obtained in yields of 20% and 30% respectively from 1 and the corresponding nitriles. Additionaliy, the
dechlorinated product, 10-N-melhylphenothiarine (10-15%). and the aminated product, 2-N.N-diisopropylamin0~10~
N-methylphenothiazine (15.25%) were obtained in all cases. The yield of 3a was increased to 60.65% by using
lithium cyclohexylisopropylamide as base with only a small amount of the dechlorination product of 1 obtained.
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Light yellow single crystals of 3a suitable for examination by X-ray diffraction procedures were obtained upon
recrystallization of 3a from ethyl acetate, which allowed us to confirm its solid state

structure by X-ray

crystallographic analysis. The identification and location of the atoms in 3a are shown in tho ORTEP~O

drawing in

figure 1 and the bond lengths and band angles are shown in Tables 1 and 2. respectively. The phenothiazine ring is
folded with the central ring in a boat conformation, as shown by the view in Figure 1 and from those torsion angles
listed in Table 3 and the 10-N-methyl group is in the axial position with respect to the central "ng of 4a.
Interestingly, the dihedral angle of 3a (defined as the folding angie of the two benzo rings of the tricyclic system)
149.9(41°,

which is greater than that (143.70j1

E.

of 10-N-methyiphenothiazim itself. The reason for the increased

planarity of 3a as compared lo the parent lo-N-methylphenothiazine most likely is due to resonance interactions
betwaen the 2-cyan0 group and the 10-nitrogen lone-pair electrons as shown in 4.

The shorter N(10)-C(10a) bond length (1.390[5]A) and longer C(l0a)-C(1) bond length (1403[5]A) in 3a as
compared to thoset1 far 10-methyiphenathiazine, 1.402A and 1.386A, respectively are consistent with such
resonance interactions. (For bond lengths and bond angles see Tables 1-3 in Experimental Section.)

The assignment ol structure of the phenothiazine compounds prepared by the aryne reaction prior to this study was
based solely an well-established theoretical grounds12. Thus it was assumed that 1 yielded only the 1.2-didehydroaryne intermediate 2, although in principal 2.3-didehydrophenothiazine could have been formed, because of the
greater acidity of the 1-hydrogen atom as compared to the 3-hydrogen atom of 1. Further, the subsequent
orientation of the nitrile anions to 2 occurred exclusively at the 2-position because of the strong

rn directing

eltact of the lo-nitrogen atom. Thus, the X-ray structure of ?.a repoiled herein is not only the first reported one tor

a phsnothiarine derivative prepared by the aryne reaction, but also confirms the previously assumed
regioselsctivity
Scheme 1 shows the proposed mechanism l o account for the rearranged products.

Thus, aryne 2 undergoes addition

with the lithio nitrile anion in tha usual manner yielding the awns adduct 5 which subsequently cyclizes to 6. Ring
Scheme 1

I

Me

CHLiAr
CN
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opening of 6 yields 3a-c after neutralization of the rearranged nitrile anion 7.
The key synthetic advantage of this tandem-addition rearrangement aryne (TARA) reaction is that it simultaneously
introduces two groups ortho lo each other. These two groups so introduced, after suitable modification, are suitably
coniig~lredfor ring expansion. Far example, we have shown that cis-3.4-diaryiisochroman-l-ones can be obtainedT3
by trapping a-iithia-2-cyanodiarylmefhane intermediates in the T A W reaction with benzaldehydes.

We currently

are investigating this and other electrophiiic trapping reactions with the rearranged lithio adducts 7 the results of
which will be reported in due course.
Interestingly, the reaction of 1 with 3-trifiuoramethylphenylacetonilrile and lithium isopropyleyclohexylamide gave
typical aryne-addition product. 10 in 55% yield, no rearranged product was detected. One possible explanation for
this apparent abnormal behavior. shown in Scheme 2, is that 3-trifluromethylphenylacetonit~ is converted to a .
a - d i l i t h i o - ~ t r i f l u ~ r ~ m ~ t h y l p o h e n y l a ~ e t ~ n i(8)"
t r i l e because of the strong
trifiuoromethyl group.

electron-withdrawing effect of the

Addition of 8 to 2 would give adduct 9a, which upon quenching is convened to the simple

aryne addition product a - ( 3 - t r i f l u o r o m e t h y l p h e n y l ) - 1 0 - N - m e t h y l p h n t h i i - 2 - t i t i l (10). Here, the u.
iithio group presumably decreases the electrophilicily of the cyan0 group by resonance, as shown in 9a and 9 b . thus
decreasing the rate of the cyclization step in the TARA pathway.

Scheme 2

Alternatively, 9a could be formed by deprotonation of the initially farmed adduct between 2 and the mono iithialed
3-trifluoraphenyla~etonitriie'~.We presently do not have sufficient data to distinguish between these two

possibilities.
Finally, the reaction of 1 with alkyl nilriles and LDA in THF was found to yield the simple aryne addition products. Fol
exampie. 10-N-methylphenothiarinyi-2-acetonitrile ( l l a ) and a-(10-N-methylphenothiarinyl)-2-propiononitrile

I l l b ) were obtained in 40% and 55% yields, respectively. The introduction of a cyanoalkyl side chain is

1 1 a , R = H (40%)
1 1 b, R = Me (55%)
particularly significant since this moiety serves as a valuable precursor to the pysiologically active

p-

phenethylamino group or a-substituted propionic acidsI6. The inability of aliphatic acetonitriles to undergo the
TARA reaction with 2 is in accord with its behavior toward methoxybenzynes7, and most iikeiy reflelts the
decreased electrophiiicity of the cyana group toward the 2-lithiatad aromatic carbon atom by the electron-releasing
aikyi groups in the inilialkpformed aryne adduct 1 2 .

R = alkyl
1 2
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Crvstal Data and Data Collectlor! and Procssslng.

Yellow cubic shaped crystal (0.5 x 0.4 x 0.3 mm) was

mounted on Nicalet R3mN diffractometer unit cell parameters by least-squares lit of 25 reflections in the range
15<20c23°, a = 17.673(3), b

.

16.971(5), c = 7.607(2)A,

was confirmed by satisfactory refinement.

8 = 111.83(2).

Space group cc (hkl, h+k odd; ho~,I odd)

Graphite monochromaled MoKa radiation (1= 0.71073A1, 2818 scan

mode, scan speed 3.0-15.0 deg min-l. 2179 measured reflection 2075 independent reflections in the range
3<20c509, hkl range h -21--s19. k 0-->20, 1 0-->9, 1693 absetved reflections with F>Go(F). Three standard
reflections measured after every 100 reflections showed crystal and electronic stabiiily.

Lorentz-polarization,

absorption correction based on psi-scans, and no extinction correction were applied.

Structure Analvsls and Reflnsmsnt.

Direct methods.

Full-matrix least-squares refinements with all non

hydrogen atoms anisotropic. Hydrogen atom in calculated positions and riding model with fixed isotropic parameters.
Find R = 0.034 and wR = 0.048, w

=

[&F)]

+ 0.0022

~ 2 1 -Zw(lFol-lIFc/)2
l~
minimized.

SHELXTL-PIUS 8817 on

microvax II was used. Final positional parameters and thermal parameters and their estimated standard deviations
are available on request as supplementary material.

Preparation of 2-Chloro-10-N-mathylphanofhl~zlne (1):

2-Chlora-10-N-methylphenothiazine

(1) was

prepared by successively treating a THF solution of 2-chlarophenathiarine with 1.1 equivalents of sodium hydride and
1.3 equivalents of methyl iodide then stirring the mixture for 24 h at room temperature.

After quenching the

mixture with 1.4 equivalents of methanol, the solvent was removed (rotatory evaporator) and pure 1 was obtained
by chromatographing the crude product on silica gel using hexane as an eluant. White solid (from hexane) mp 8182°C: 'H nmr (CDCI,)
for Cq3HIZCINS:

6 3.37 1s. 3H. N-Me). 6.78-7.2 (m. 7H. Ar-HI; ms. W z 249 (M*) 251 (M

C. 62.51; H, 4.84; N. 5.6.

Found: C. 62.35; H. 4.87;

+ 2).

Anal. calcd

N. 5.55.

1-Cyano-2-(3',4',5'-trlmefhoxybenzyl)-lO-N-methylphenothlazlns

(3a):

Light yellow crystals (from

EtOAc); mp 133-135'C; 'H nmr (CDC13) 6 3.79 (s. 3H. 4'-Me0). 3.84 Is, 9H. Y.5'-Me0 and lo-N-Me). 4.06 (s, pH,
benzylic-CH2), 6.49 (s, 2H, C2. and Cg. Ar-H), 6.47 Id, J = 8 HZ, lH, C3Ar-H). 6.79-7.16 (m, 5H. Ar-H); ir v,,,
(CHCI,)

cm-' 2220 (nitrile): I 3 C nmr (CDC13) S 40.28. 40.76. 55.98 (2 x MeO). 60.62, 101.40. 106.12, 117.06.

117.35, 123.33, 124.69, 126.45, 127.06. 127.54, 130.33, 134.16, 136.31, 145.04, 145.79, 148.58, 153.16;
rns, rnlz 396 (M*.). Anal. calcd for C2,H2,NZO3S:
The

H nmr and

C, 66.64; H, 6.1; N, 7.06.

Found: C, 66.37; H, 6.18; N, 7.12.

nmr spectra of 3-a were consistent with the proposed structures. The l H nmr spectrum of 3a

is worthy of note. The chemical shift of the N-methyl protons coincides with those of Y.5'-methoxy protons. The
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Tzblr

3.

Torsion - n g l c s l o l

decoupled '3C nmr spectrum of 3a showed two peaks at chemical shifts 40.28 and 40.76 ppm, respectively. for the
N-methyl carbon and the benrylic carbon. From the decoupled spectrum it was not possible to assign the chemical
shifts for each of these two carbons. However, with the aid of a coupled spectrum it was possible to assign the
chemicai shift 40.28 ppm for the benzylic carbon and 40.76 ppm for the N-methyl carbon.

It is noteworthy that the

chemical shift of N-methyl protons in the 'H nmr spectrum of 3s was resolved in presence of europium shift reagent
Eu(F OD)~, N-Methyl protons were shifted considerably to lower fields with respect to the 3' and 5' melhaxy protons,
indicating 1ha1 the camplexing site for the shift reagent is the nitrogen lone pair of electrons. Methoxy, benzylic.
and CI

and Cg. aromatic protons were also shifted to lower fields. A study of chemical shifts of these protons in the

presence of various concentrations of shift reagents was carried out and the results are shown below.

Nmr S h l f l Reagent Studies' of 3a

'H
Shift Reagent
Eu(FOD)~
(mmol)

Chemical Shilt
C4-Me0

no shift reagent

3.79

3.84

3.84

4.06

6.47

0.020

3.88

4.28

5.35

4.42

7.28

CJ. and Cs M e 0

N-Me

benzylic-CH,

CZ. and CS Ar-H

a, 0.2 molar solution (0.5 mL) of 3a in CDC$ wasused.
l-Cyano-2-(3',4'-Dlmethoxybenryl)-lO-N-methylphenothlazIne
(5,

3H, N-Me), 3.91 (s,3H, MeO), 3.93 (s,3H, MeO), 4.11

(CHCI,)

(5,

Thick oil; ' H nmr (CDCI3) 8 3.82

2H, bsnzylic-CH2), 6.79-7.16 (m, 9H, Ar-H); ir v,.,

cm-' 2220 (nitrile); ms, mlz 382 ( M * )

l-Cyano-2-(4'-fluorobsn2yl)-1O-N-methylphenlhizlne
3.78

(3b):

(s,3H, N-Me), 4.1

(s, 2H, benzylic-CH,).

(3c):

Colorless thick oil; ' H nmr (CDCI,)

6.74-7.26 (m, 10H, Ar-H); ir v,

(CHCI~)cm-1 2220 (,,itrije); ms,

o ~ ( m ~ T r i f l u a r a m s t h y l p h s n y l ) - l O - N - M s l h y l p h e n o t h i a l I n y l ~ Z - a c ~ t o n l(10):
l~
(CDC13) 6 3.79

(5.

s

3H. N-Me), 5.12 (s. 1H. U - C N ) , 6.70-7.61 (m, 11H. Ar-H); ir v,.

Yellow ail; ' H

(CHCI,)

nmr

cm-' 2240 (nitrile);

ms, mlz 393 (M*.)

N-Methylphenolhlazlnyi-2-acetonitrile
(CDC131 6 3.39

(5,

3H, N-Me), 3.70

(5,

(lla):

White solid (from CHICl.lhexane);

mp. 91-93°C; 'H nmr

2H, benrylic-CH2), 6.74 (s, 1H, C,Ar-H), 6.85 (m, l H , C,Ar-H),

6.91 (d, J =

5_2, 2819.
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