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Four substituted ¥-benzo[1,2,4]thiadiazinedwere prepared by condensation of the appropriate anilines
and benzonitriles followed by oxidative cyclization. The preparation of three fluorinated derivakives

2d proceeded smoothly, while the synthesis2afwas problematic, presumably due to the relatively
high electron density of the benzene ring. The four-ring derivaeesd2d exhibited liquid crystalline
properties 2c. Cr 95 SmA 158 | and2d: Cr 142 SmA 212 |). #-Benzo[1,2,4]thiadiazineg were
oxidized with AgO to generate the corresponding persistent radidqgis= 2.0057). The stability of the
radicals followed the ordetb ~ 1d > 1¢> 1a, and the two fluorinated radicald and1d were isolated

as crude solids. The lower stability @€ is presumably due to the presence of the reactive benzylic CH
position, andla lacks the stabilizing effect of the three fluorine atoms. ESR spectrhvi@re simulated
using DFT-derived hfcc as the starting point.

Introduction spatial molecular arrangements and hence provide alternative
ypes of intermolecular interactions either in the fluid phase
%dynamic) or in the glass phase (static). Therefore, liquid crystals
are an attractive vehicle to impose partial molecular order and
to control intermolecular spinspin interactions of paramagnetic
mesogen$?® To maximize these interactions, the spin source
should be placed in the rigid core and the unpaired electron
delocalized in ther-electron manifold.

The majority of paramagnetic LCs with permanent spins

* Corresponding author. Phone: (615) 322-3458. Fax: (615) 343-1234.  studied thus far are metallomesogénis) which the spin
T Visiting graduate student from the group of Prof. R. Ostaszewski at Warsaw

Over the past two decades, there has been increasing effor
to combine paramagnetic and liquid crystalline properties to
enhance the effect of a magnetic field on optical properties
(magnetooptics) and to elucidate fundamental aspects of mo-
lecular magnetismLiquid crystals (LCs) are partially oriented
anisotropic fluidd? that exhibit over two dozen distinct phades.
They offer access to a number of thermodynamically controlled

University of Technology, Poland. (4) Goodby, J. W. IrHandbook of Liquid Crystaj©emus, D., Goodby,
(1) Dunmur, D.; Toriyama, K. Itdandbook of Liquid CrystajDemus, J. W., Gray, G. W., Spiess, H.-W., Vill, V., Eds.; Wiley-VCH: New York,
D., Goodby, J. W., Gray, G. W., Spiess, H.-W., Vill, V., Eds.; Wiley-  1998; Vol. 2A, pp +23.
VCH: New York, 1998; Vol. 1, pp 204214. (5) Haase, W.; Borchers, B. Magnetic Molecular MaterialsGatteschi,
(2) Demus, D. InLiquid Crystals. Applications and UseBahadur, B., D., Kahn, O., Miller, J. S., Palacio, F., Eds.; Kluwer Academic Publishers:
Ed.; World Scientific: Singapore, 1990; Vol. 1, pp-36. Dordrecht, The Netherlands, 1991; pp 24%3.
(3) Demus, D. IrHandbook of Liquid CrystajdDemus, D., Goodby, J. (6) Griesar, K.; Athanassopoulou, M. A.; Bustamante, E. A. S.; Tomk-
W., Gray, G. W., Spiess, H.-W., Vill, V. Eds.; Wiley-VCH: New York, iewicz, Z.; Zaleski, A. J.; Haase, WAdv. Mater. 1997, 9, 45—-48.
1998; Vol. 1, pp 133-187. (7) MetallomesogensSerrano, L. J., Ed.; VCH: New York, 1996.
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originates from transition metal centers. Many such compounds
exhibit significant paramagnetic anisotropy due to the spin orbit
coupling especially in the mesogenic complexes of some
lanthanides:® Unfortunately, in metallomesogens, little spin is
transferred from the metal to theframework!%-12 which limits

the extent of intermolecular spirspin magnetic exchange. In

JOC Article

R F
—F N
/
F SN
|

FIGURE 1. Persistent benzo[1,2,4]thiadiazirylArrows indicate the

contrast, properly designed all-organic paramagnetic mesogenssubstitution sites to induce mesogenic behavior.

are expected to provide significant delocalization of the spin,

unfortunately at the expense of paramagnetic anisotropy. Suchatom provides a modest paramagnetic anisotropfy the

all-organic mesogens have been much more difficult to realize
experimentally:3

There are very few LCs containing purely organic electrically
neutral spin sources. To date, only nitroxyl and related nitro-
nylnitroxide groups have been explored as spin sources for liquid
crystalline radicals. Since for stability reasons the nitroxyl group
must be substituted with quaternary centers, placing them in
the rigid core without compromising mesogenic properties was
a challenge for a long tim¥718 Recently, the first such
mesogens were prepar&#° Although this constitutes a
significant milestone in the investigation of all-organic para-
magnetic mesogens, the new defgstill has not addressed
the issue of spin delocalization. The nitroxide group is a
sterically and electronically isolated small spin source capable
of very limited intermolecular spiaspin interactions.

A more effective way to design liquid crystals withiidelo-
calized spins is to use heteroaromatic radicals. In this context,
we have focused on [1,2]thiazinyl as the fundamental structural
element for calamitic and discotic mesogéhs We have

prepared several of its hetera- and fused-ring analogues and

investigated properties of such persistent radi#ai. Many
of these radicals exhibit a chemical stability sufficient for
studying their liquid crystalline derivatives. In addition, the S

(8) Galyametdinov, Y.; Athanassopoulou, M. A.; Griesar, K.; Khari-
tonova, O.; Bustamante, E. A. S.; Tinchurina, L.; Ovchinnikov, I.; Haase,
W. Chem. Mater1996 8, 922—926.

(9) Galyametdinov, Y. G.; Haase, W.; Malykhina, L.; Prosvirin, A,;
Bikchantaev, |.; Rakhmatullin, A.; Binnemans, €hem—Eur. J.2001, 7,
99-105.

(20) Gillon, B.; Journaux, Y.; Kahn, QPhys. B1989 156-157, 373~
375.

(11) Gillon, B.; Cavata, C.; Schweiss, P.; Journaux, Y.; Kahn, O.;
Schneider, DJ. Am. Chem. Sod.989 111, 7124-7132.

(12) Oshio, H.; Ichida, HJ. Phys. Chem1995 99, 3294-3302.

(13) Kaszynski, P. ItMagnetic Properties of Organic Materiglsabhti,

P. M., Ed.; Marcel Dekker: New York, 1999; pp 36324.

(14) Tanaka, H.; Shibahara, Y.; Sato, T.; Ota,Elir. Polym. J.1993
29, 1525-1530.

(15) Greve, S.; Vill, V.; Friedrichsen, WZ. Naturforsch. B2002 57,
677—-684.

(16) Nakatsuji, S.; Mizumoto, M.; Ikemoto, H.; Akutsu, H.; Yamada, J.
Eur. J. Org. Chem2002 1912-1918.

(17) Several compounds containing the nitroxyl or nitronylnitroxide group
in the alkyl chains were found to exhibit liquid crystalline behavior:
Dvolaitzky, M.; Billard, J.; Poldy, FTetrahedron1976 32, 1835-1838.
See also refs 15 and 16.

(18) Shimono, S.; Tamura, R.; lkuma, N.; Takimoto, T.; Kawame, N.;
Tamada, O.; Sakai, N.; Matsuura, H.; YamauchiJ.JOrg. Chem2004
69, 475-481.

(19) Ikuma, N.; Tamura, R.; Shimono, S.; Kawame, N.; Tamada, O.;
Sakai, N.; Yamauchi, J.; Yamamoto, Xngew. Chem., Int. EQ004 43,
3677-3682.

(20) Ikuma, N.; Tamura, R.; Shimono, S.; Uchida, Y.; Masaki, K;
Yamauchi, J.; Aoki, Y.; Nohira, HAdv. Mater. 2006 18, 477—480.

(21) Patel, M. K.; Huang, J.; Kaszynski, Fol. Cryst. Lig. Cryst1995
272, 87-97.

(22) Benin, V.; Kaszynski, PJ. Org. Chem200Q 65, 8086—-8088.

(23) Zienkiewicz, J.; Kaszynski, P.; Young, V. G., Jt.Org. Chem.
2004 69, 7525-7536.

(24) Kaszynski, PMolecules2004 9, 716-724.

radicals?>-27 which is greater than that of nitroxides.

Recently, we developed a methodology for the synthesis of
fused-ring 4-benzo[1,2,4] thiadiaziné%and for the efficient
generation of the corresponding radic&$nvestigation dem-
onstrated that the tetrafluoro derivativ@-igure 1) is moderately
reactive toward oxygen but is sufficiently stable for isolation
in the pure crystalline form and complete characterization. This
prompted us to investigaté as a structural element for
paramagnetic calamitic liquid crystafs.

To induce mesogenic properties, the anisometry of radical
was increased by substitution with a hexyloxy group in position
7 and introduction of a substituent in the para position of the
phenyl ring (Figure 1). Therefore, we focused on a three-ring
derivativelb, a trifluoro analogue oia, and four-ring deriva-
tives1cand1d, which could be available from the correspond-
ing thiadiazine<2.

X Y R
X N
|
N

CeHi30 S” a,X=H,R=0C4H,g

X b, X =F, R=0C,H,

1,Y=+ ¢ X=F,R=(E)-4-CsHy1-CoHyo-

2,Y=H d,X=F,R=4-(4-C5H;0)CgHy-

Here, we report progress toward such a class of paramagnetic
calamitic liquid crystals and describe the preparation and liquid
crystalline properties of four substitutedH4enzo[1,2,4]-
thiadiazines2. We also report preliminary results on the
generation and characterization of radicals

Results

Synthesis of 4H-Benzo[1,2,4]thiadiazines 2.Our initial
approach to the preparation of thiadiazi@a followed the
method of Gilchrist, which relies on electrophilic cyclization
of N-arylbenzamidines with divalent sulfur electroph#&3hus,
the reaction of amidin® with a bis(4-morpholinyl)chlorosul-
fonium intermediate followed by thermolysis of the resulting
crude ylide4 in chlorobenzene repeatedly gave disappointingly
low yields (~5%) of the desired thiadiazin2a (Scheme 1).
Separation of pura was complicated by the presence of
benzothiazol®, which was formed presumably by thermolysis
of 23, as was demonstrated for other benzo[1,2,4]thiadiaZfhes.

(25) Preston, K. F.; Sandall, J. P. B.; Sutcliffe, L.Magn. Reson. Chem.
1988 26, 755-759.

(26) Preston, K. F.; Sutcliffe, L. HMagn. Reson. Chent99Q 28, 189—
204.

(27) Fairhurst, S. A.; Sutcliffe, L. H.; Preston, K. F.; Banister, A. J.;
Partington, A. S.; Rawson, J. M.; Passmore, J.; Schriver, Magn. Reson.
Chem.1993 31, 1027-1030.

(28) Zienkiewicz, J.; Kaszynski, P.; Young, V. G., Jt.Org. Chem.
2004 69, 2551-2561.

(29) Gilchrist, T. L.; Rees, C. W.; Vaughan, D. Chem. Soc., Perkin
Trans. 11983 49-54.

(30) Bthnisch, V. W.; Gilchrist, T. L.; Rees, C. W. Chem. Soc., Perkin
Trans 11979 2851-2845.
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SCHEME 12 SCHEME 32
: N__Ar X CN
NYA’ i /@ N X NH, i
RO I ] NH, RO S;N— + — 6
3 4 Mor CgH130 SPr
X R
R =CgHi3 \ ii 1%, § :F 1; S z 85‘)3}:1-05H11'CSH10‘
Ar = 4-BuO-CgHg- H 13: R = 4-(4-CgHy;0)CeHg-
N N A aj: for 9, MeSQH for 10, 46—76%
/@[\>—Ar . /@[ WN/ i NaH for9, Me or 10, .
RO S RO s”
5 2a (Scheme 258 In one instance, sulfoxidgc was isolated in 18%
yield, presumably from hydrolysis of the unreacted chlorosul-
2it (1) (4-MorpholinylyS, NCS and (2) 5% NaOHi: PhCI, reflux. fonium intermediate. To increase the conversion, the NCS-
SCHEME 22 assisted cyclization reaction 6€ was first conducted at ambient
temperature for 12 h and then in boiling methylene chloride
X N A X N A for 1 h foIIOW(_ad by the usual worl_<up. Unfortunately, this led
N i N to the formation of a complex mixture of products, and the
RO s N2 x_-r  |Ro s N desired thiadiazin@c was isolated only in about 12% vyield.
6 X Pr , o This presumably resulted from temperature-enhanced reactivity

of NCS toward the benzylic-type position @t and also from

X=H \ iii R = CoHrs ii partial decomposition of the thermally labile ylidéc to
thiadiazine2c and its subsequent reaction with NCS.

: The preparation of the requisite amidiresas accomplished

N A X N__Ar _ ; . : STl
/@ D e by condensatiott of amines9 and 10 with appropriate nitrile
RO ) \NHZ RO sN 11-13either under basid@) or under acidic condition6p—
aa’ 0 X 6d) (Scheme 3). In the latter reaction, typically a 5-fold excess
of nitrile was used to ensure the consumption of anii@erhe
2i: (1) NCS, (2) 5% NaOHii: Toluene, reflux2b 41-46%, 2c 34%, unused nitrile was recovered in about 60% and reused for

2d 30%.iii: NalOs, 68%.iv: PhCI, reflux, 12%. another condensation reaction with amireIn one experiment,

) o ) ) the amount of nitrilel2 was reduced to 2 equiv without

An analogous reactidhof amidine3 with SCin the presence  gignificant compromising of the yield fobc. Experiments
of pyridine resulted in partial chlorination of the ring and was  gemonstrated that isomeric mixtures of amines containing 75
not pursued further. o o 90% of 10 could be used successfully for the condensation

The difficulties with the isolation of pure thiadiazia and reaction. In this case, pure amidinéb and 6¢c were easily
low yields of this process prompted us to develop a more reliable jsplated by chromatography followed by recrystallization.
method involving regiospecific cyclization of amidines substi- The required amine® and 10 were prepared from 2,4-
tuted with an alkylsulfanyl groug? According to this method,  ichioronitrobenzene1é) and pentafiuoronitrobenzend ).
amidine6a was treated with NCS or with Phi(OAgK2CGs;, respectively, in a series of nucleophilic aromatic substitution
but the formation of the expected ylid@a was not confirmed  oqctions (Scheme 4). The order of introduction of the substit-

by NMR analysis (Scheme 2). Itis possible that the oxidants ,onts was dictated by the demonstrated regioselectivity of
preferentially attacked the electron-rich benzene ring rather thanalkylthiolation of 14334 and alkoxylation of 1535 Thus

the amidinyl nitrogen atom. Therefore, the preparation of the
desired thiadiazina was approached through sulfoxi&a
following our success with an analogous synthesis of a pyrazine
derivative?® Thus, thermolysis a8ain refluxing toluene showed
a slow formation of the desired thiadiazi@a along with the
thiazole5 byproduct. The same reaction carried out in boiling
chlorobenzene gave about 50% conversion of the sta8ting
after 16 h, and the produ2ga was isolated in 12% yield along
with 8% of thiazole5. The required sulfoxid8awas smoothly
obtained in 68% isolated yield by periodate oxidatfanf either
amidine6a or its hydrochloridesa-HCI. IH NMR and combus-
tion analyses demonstrated that sulfox&ecrystallizes with
one molecule of water.

Preparation of the fluorinated thiadiazin®is—2d was more 46(3%)5'_*2%50”' H. H.; Handley, F. W. Soc. Chem. Ind., Londdr827,
straightforward. They were obtained in-396% isolated yields (34) Kato, S.; Inada, S.; Aoki, Y.; Wakita, gric. Biol. Chem1975
by oxidative cyclization of amidineS8b—6d in the presence of 39, 1475-1481.

NCS and subsequent electrocyclic elimination of propene ﬁggg?””av L. S.; Furin, G. G.; Yakobson, G. 6.0rg. Chem197Q
’ (36) Kasiynski, P.; Jawdosiuk, MJol. Cryst. Liq. Cryst.1989 174
(31) Levchenko, E. S.; Borovikova, G. S.; Borovik, E. |.; Kalinin, V. N.  21-37.

propylthiolation of 14 under PTC conditions gave the pure
desired isomefd6. Subsequent reaction a6 with n-hexanol

in DMSO in the presence of powdered KOH, according to an
analogous procedufé gave the nitro compounti7, which was
reduced to amin® with iron powder. The overall yield of the
amine for the three steps was 38%.

Reaction of 15 with n-hexanol under PTC conditions,
according to an analogous literature procedViigave 4-hexy-
loxytetrafluoronitrobenzenel8) and its ortho isomer in a 7:1
to 8:1 ratio. The structural assignment for the isomers was made
on the basis of MS and NMR results. The formation of the

J. Org. Chem. USSR984 20, 176-181. (37) Marriott, J. H.; Moreno Barber, A. M.; Hardcastle, I. R.; Rowlands,
(32) Komeshima, N.; Osawa, T.; Nishitoba, T.; Jinno, Y.; KiriuChem. M. G.; Grimshaw, R. M.; Neidle, S.; Jarman, M. Chem. Soc., Perkin
Pharm. Bull.1992 40, 351—356. Trans. 1200Q 4265-4278.
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SCHEME 42

NO, NO,
O O
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F NO, /
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F. NO, )
iv
F F Hex
F 15

F
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X
NO2 X NH,
HexO SPr HexO SPr
X X
17, X=H 9, X=H
19,X=F 10,X=F

ai: PrSH, NaOH, BuN*Br—, benzene, 60%ii: n-HexOH, KOH, DMSO, 67%iii: Fe, AcOH, BO, 9 94%, 10 91%. iv: n-HexOH, BuN*HSO,,

CHCly, 76%.v: PrSH, NaOH, EtOH, 92%.

TABLE 1. Transition Temperatures and Enthalpies for Selected
Compoundst

compound phase transition
2a Cr1331
(36.2
2b Cro3i
(36.2
2c Cr95SmA 158 |
(22.6 (3.79
2d Cr142 SmA 2121
(31.9 (6.0
3 Cr 130 (SmX® 125 SmB 130)° SmA 136 |
(35.9 0.3 3.2 7.3
5 Cr99N 1251
(22 (0.9

aTransition temperature$g) and enthalpies (kJ nidl) were determined
by DSC (5°C min~1) in the heating mode: C crystal; Sm= smectic;
and | = isotropic.? Sml or SmF phase. See text for detafl#lonotropic
transitions.

isomers and their ratio is consistent with other re@8rtm
alkoxylation of 15 and the finding that the ratio of the two
isomers is temperature-dependénitsomerically purel8 was
obtained by repeated fractional distillation. Propylthiolation of
18 gave 19, which upon reduction with iron yielded amii®

in good yield. Less satisfactory results were obtained with zinc/
AcOH or zinc/NH,CI®® as the reducing reagents, and the amine
could not be separated from byproducts. For practical reasons
a large-scale synthesis could be carried out on the isomeric

2c
cooling

Cr SmA Iso
A

Cr SmA Iso

—_—
heating
T | T T T ‘ T T T ‘ T T T T T T [ T 1
80 100 120 140 160
temperature /°C

FIGURE 2. A DSC trace of2c. Heating and cooling rates are°6/
min.

mixture of the nitrobenzenes and the isomers could be separated _ o
on later Stages of the SynthesiS, as was demonstrated forFlGURE 3. Optlcal texture for2d at 190°C. Magnlflcatlon 15k.

amidines6b and6c. Thus, nitro derivative.8, containing about
10% of the ortho isomer, gave amid® as a 9:1 mixture of

for 2c is shown in Figure 2. Optical microscopy for both

two isomers, which was successfully used in the subsequentthiadiazines revealed typical smectic A phases with the char-

condensation reactions.

Liquid Crystalline Properties. Phase transition temperatures
and enthalpies for M-benzo[1,2,4]thiadiazineg, amidine3,
and benzothiazol& are collected in Table 1. Phase structures

acteristic fan-shaped textures obtained upon cooling from the
isotropic phase (Figure 3). The three-ring thiadiazires
and 2b showed only melting transitions and, upon cooling,
crystallization at about 15C below the melting point. Interest-

were assigned by comparison of microscopic textures observedngly, fluorination of2aresults in a 40C lower melting point

under polarized light with those published for reference
compoundg%-42

Out of the four thiadiazines, only the four-ring derivatives
2cand2d exhibited liquid crystalline properties. The DSC trace

(38) Castle, M. D.; Plevey, R. Gl. Fluorine Chem.1972 2, 431—
433.
(39) Miller, A. O.; Furin, G. G.J. Fluorine Chem.1987, 36, 247—
272.
(40) Demus, D.; Richter, LTextures of Liquid CrystaJ2nd ed.; VEB:
Leipzig, 1980.
(41) Dierking, |. Textures of Liquid CrystajaViley-VCH: Weinheim,
2003.
(42) Gray, G. W.; Goodby, J. W. Gmectic Liquid CrystatsTextures
and StructuresLeonard Hill: Philadelphia, 1984.

of 2h.

Thermal and optical analysis of amidirg revealed the
formation of a narrow temperature range enantiotropic
SmA phase and two monotropic smectic phases. The first
monotropic phase was identified as a SmB phase (hexatic) on
the basis of a typical broken focal-conic texture and low
viscosity (see Supporting Information). Upon cooling, the
homeotropic regions of the SmB phase displayed a schlieren
texture. This, combined with a very small enthalpy of transition
(0.1 kJ/mal), suggested the formation of a tilted Sml
phase, although a SmF phase cannot be excluded. None of the
amidines6 substituted with the PrS group exhibited mesogenic
behavior.
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SCHEME 52
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X N 3470 3480 3490 3500 3510
field /G
CeHq30 s
x & 20

aj: AgO, KoCOs, MeCN/toluene 1:1ii: O.. 1d

Benzothiazole5 exhibited only an enantiotropic nematic
phase. It is a new member of a homologous series of benzothia-
zoles that exhibit nematic (lower homologues) and also SmA
phased3

Generation of Radicals.Radicalsl were generated from the
corresponding benzo[1,2,4]thiadiazirgassing AgO in a MeCN/
toluene or MeCN/benzene mixture according to an earlier I ' I
established procedie (Scheme 5). The three fluorinated 3470 3480 3490 3500 3510
radicals1b—1d were significantly more stable thdka. Their field /G
solutions were filtered through a Florisil pad to remove the FiGURE 4. ESR spectra foda (top) and1d (bottom) recorded in
inorganic salts, and solvents were removed from solutions of benzene at ambient temperature. The radicals were generated with AgO/
1b and1d under reduced pressure, leaving the black-green solid K2CGs.
of the crude radicals. Radicht appeared to be less stable than
the two other fluorinated derivatives and decomposed in solution

TABLE 2. Experimental Isotropic hfcc (G) for Radicals 12

after filtration. Radicalla persisted in solution for a few hours la 1b 1lc 1d
but largely decomposed during the attempted filtration. aN2 5.82 5.91 5.86 5.83
All three fluorinated radicals were moderately sensitive to a)“(‘go 15;);" 14-87 f-92 I‘r-gf
molecular oxygen, and their solutions were bleached in air over & : 88 20 9
: : axe 0.76 1.42 1.44 1.38
_several hours. In 'Fhe case of r_a_dldaj, the SOX|d_e ZQb was axsp 0.70 1.64 1.63 1.74
isolated as the main decomposition product, which is consistent  aH(Ph¥ ortho 0.41 0.24 0.22 0.13
with the results for the parent radicafs. aH(Phy Teta 0.34 0.23 0.12 0.05
Electron Spin ResonanceThe room temperature benzene aH(CH) 0.76 0.44 040 030
solution spectrum of radicalsa consists of a pseudo-quintet 2 Obtained from simulation of the experimental spectra recorded in

centered at about 3488 G, which arises from the principal coupl- Sglrl‘feerrz‘i Sgglgfl)rgsxf?ts mtl’i:)n;rtgfa%fig?e:gg??-V;Bi fCOOrr:ﬁLamg
ing to the two nltrOg_en atoms and umesow_ed couplings to the hydrogen atoms? Average value for two hydrogengatoms near the ring.
hydrogen atoms (Figure 4, top). The solution spectratof
1d have more features due to the presence of the fluorine atomsthe spectrum ofla (Figure 4, top). Interestingly, the fluorine
They appear similar to each other since the structural differencesatoms decrease the spin density on the N(4) atom, and
are in the remote part of the molecule. Spectrdlofand 1c consequently, thews for the fluorinated radicals is lower by
consist of 17 lines centered at about 3488 G, while the spectrumahout 0.15 G relative to that fdra. In radical 1a, only one
of 1d exhibits several additional shoulder features (Figure 4, hydrogen atom, H(5), has a significant hfcc of 1.6 G, and the
bottom). The measuregl value for all four radicalda—1d is couplings to the remaining eight H atoms at®.55 G. In
2.0057, which is practically the same as for the parent radials. contrast, in radicaldb—1d, there is a significant coupling to
Simulations of the experimental spectra were performed using all three % nuclei, and ther is in the range of 1.42.0 G.
computed and appropriately scaléchfcc values for two  The ar value for F(6) is markedly larger~(1.4 G) than that
nitrogen, hydrogen or fluorine atoms in positions 5, 6, and 8, predicted by theory (0.16 G), which is consistent with our
and also H atoms of the 3-phenyl substituent and the two previous finding€2 The couplings to the remaining six H atoms
hydrogens of the CKD group at the 7 position as the starting in 1b—1d are similar to those observed for radidal (ay <
point (see Supporting Information). The resulting hfcc were 0.6 G), and they contribute to the line broadening.
structurally assigned on the basis of trends in the calculated Computational Analysis. To provide the initial guess for
values (Table 2). the numerical simulation of the experimental ESR spectra,
Results in Table 2 show that all four radicals exhibit two hyperfine coupling constants were calculated for model com-
similar couplingsay of about 6 ad 5 G to thethiadiazinyl pounds21 using the previously developed protoéblFor the
nitrogen atoms N(2) and N(4), which give the basic quintet in purpose of calculations, the alkoxy groupslinvere replaced
with a methoxy group, and the 4-pentylcyclohexyllio was
(43) Zhenrong, L.; Li, Y.Thermochim. Actd.991, 178 305-309. substituted with the isopropyl group. A model fbd was not
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considered. The orientation of the substituent®irwas set in OMe
accordance with solid-state structures of compounds containing
the relevant molecular fragments. Thus, the methoxy group at 6
the 7 position oR21lawas fixed coplanar with the heterocyclic
ring, and in21band21c¢ it was initially set at about 60to the
heterocycle plane, in accordance with over two dozen solid-
state structures featuring the 2,6-difluoroalkoxyphenyl frag- FIGURE 5. Total spin density map calculated @tawith the B3LYP/
ment45 For all three compounds, two conformers were consid- cc-DVZ/IB3LYP/6-31G(d) method and avera_ged for two conformers.
ered with the Me group syn and anti relative to the sulfur atom. "€ numerals show the heterocycle numbering system.

The MeO group on the phenyl substituenibaand21b was

set to be coplanar, while the isopropyl group 2dc was
orthogonal to the benzene ring plane as it was found in the solid-
state structures of simple 4-isopropylphenyl derivatitfeBhe
geometries of syn and anti conformers2ifawere optimized

at theC; point group symmetry and fd21b and 21c without
symmetry constraintsGy symmetry) at the B3LYP/6-31G(d)
level of theory. Results show that the 7-MeO group is oriented
at about 10 for the anti and about 30for the syn conformer

7
MeO

The resulting hfcc values for pairs of conformers were
averaged for each nucleus and appropriately séal€de values
for hydrogen atoms on the 3-phenyl ring were obtained as an
average of four hfcc (two ortho or two meta positions in two
conformers). The averagg values for the 7-MeO group were
calculated using two hydrogen atoms closest to the ring in each
conformer. These results served as starting points for the eight-

relative to the heterocyclic ring in the equilibrium geometry of parameter fitting of experimental spectra, and numerical values

21band21c The 3-phenyl substituent remains coplanar with are “,Sted |n.t.he Supporting Information. o
the thiadiazinyl ring, which is consistent with the solid-state ~ SPin densities calculated fadaare generally similar to those

structure for the parent radicaP3 obtained for the parent radi@al (Figure 5). The largest
differences are observed for the sulfur atom and carbon atoms
R in positions 6, 7, and 8. The introduction of the MeO group to
Nﬁ/©/ the parent radical decreases the spin density on the sulfur and
| a, X =H, R =OMe C(7) atoms by 10 and 21%, respectively. At the same time, the
s N Ig,;:E,E:gme small negative spin density on C(6) becomes positive and that
A= = 2

on C(8) becomes more negative.

R
NWQ/ Discussion
|
_N

Analysis of synthetic results reveals some limitations of the
methods previously used for the 3-phenyl substituted parent
heterocycled® The NCS-assisted ring closure worked well for

Single-point calculations at the B3LYP/cc-pVDZ level of fluorinated thiadiazines2b and 2d, but it proved to be
theory gave the spin densities and Fermi contacts for eachProblematic for2c and failed for2a The difficulties with
conformer. Inspection of the calculated coupling constants Oxidative ring closure iréc to form 2c presumably originate
demonstrated that the orientation of the MeO group in the 7 from the presence of the benzylic-type position, which is
position has an effect on all nuclei in the ring, but as expected, relatively reactive in free radical processes. Thus, higher
the most profound effect is on the methylene group and the temperature and pr_esumably light may promote chlorination of
atoms (H in21aand F in21b and21¢) in the ortho positions. ~ the tertiary carbon in the phenylcyclohexane fragment by NCS
In the syn conformers, the two H atoms of the OMe group have andN-chloro intermediates. The failure of the formationaaf
approximately twice as larg@y values than in the anti Was at first surprising since the parent amidine, which lacks
conformers. This results from a balance of through bond and alkoxy substituents, was smoothly converted to the correspond-
through space spin polarization induced by atoms X(6) and X(8) ing 3-phenyl-4-benzo[1,2 4]thiadiazin®. Apparently, the pres-
with spin densities of opposite signs. The X(6) and X(8) atoms €Nce of the hexyloxy substituent &allncreases the reactivity
are little affected £0.7 MHz) by the orientation of the OMe  ©Of the benzene ring toward electrophiles, and the oxidant attacks
group. In contrast, theys value varies significantly between it preferentially to the amidine Niigroup.
the two conformers, and fd21a, the difference between the The high electron density of the benzene ring may also
syn and the anti form is 1.3 MHz, while f@1b, it is 2.5 MHz. explain the low yield oRa obtained from sulfoxid&a. In this
The ay; value is also affected by conformational differences reaction, the formation dfais slow and apparently comparable
but to a smaller extent. Thay value is smaller in the syn  to the rate of its decomposition to benzothiazbleA similar
conformer by 0.8 MHz for2la and by 0.5 MHz for the reaction of a pyrazine analogue & proceeded significantly

S
21-syn

X

X

[e)

H
H)fH X 21-anti

X

X

HH
onﬁl

X

fluorinated radicals. faster and at lower temperatures, and no thiazole formation was
observed. This difference in reactivity can be attributed to the
(44) Kaszynski, PJ. Phys. Chem. 2001, 105, 7615-7625. dissimilarity in the electron density of the benzene and pyrazine

c (C‘;15)CFOIT_ exafgpl(e:i %m,iﬂe C-SE-;ttS/Titth E- S, Lhosma;' tR- L; R/gbigsy rings in the two compounds. According to our postufdtthe
. G, Collings, J. C.; Dal, C.; Scott, A. J.; BOrwick, S.; batsanov, A. S.; . _ P . . .
Watt, S. W.; Clark, S. J.; Viney, C.; Howard, J. A. K : Clegg, W.; Marder, first and also the rate-determining step in this process is the
T. B. J. Mater. Chem2004 14, 413-420. elimination of propene from the sulfoxide and the formation of
(46) (a) For example: Kravers, M. A.; Antipin, M. Y.; Struchkov, Y. T.  sulfenic acid, which subsequently undergoes intramolecular

Cryst. Struct. Commurl979 8, 455-456. (b) Wqcik, G.; Holband, J. ; ; idi
Acta Crystallogr., Sect. R002 B58 684—689. (c) Emsley, J.; Ma, L. Y. condensation with the amidinyl NHgroup to close the

Y.; Batés, P. A.; Motevalli, M.; Hursthouse, M. B. Chem. Soc., Perkin  thiadiazine ring (Scheme 6). Thus, it appears @atforms
Trans 21989 527-533. sulfenic acid22a at a slower rate than the pyrazine analogue
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SCHEME 62 TABLE 3. Homolytic Bond Dissociation Enthalpy for Selected
Ar Compounds
N:< R-H — Re+H-

/@[ NH, Compound HBDE [keal/mol]
CgH130 ?/w Caled” oxp
8a 0o

88.4 88.0+2"

| -

CeH1g0 SOH FQN’ 722 _
22a E S_N/>_©

I-H

aj: Heat, -GHe. ii: -H20.

H 84.1 83.5+0.3°

does. This is consistent with results of previous studies for a
series of para substituted phenyl propyl sulfoxitfesyhich PhOCH(Me)-H 926 .
demonstrated higher activation energies for the formation of
sulfe_nic acid from _substrates hgving elgctron do_nating groups aCalculated asAH for the reaction at the B3LYP/6-3#1G(2d,2p)//
relative to those with electron wnhd_rawmg ;ubstltuents. Thus, B3LYP/6-31G(d) level of theory with B3LYP/6-31G(d) thermo&ynamic
for 4-methoxyphenyl propyl sulfoxideAH* is 2.4 kcal/mol corrections? Ref 52.¢ Ref 53.
higher than for the 4-nitro analogue, which translates to a nearly
4-fold difference in reaction rates. o )
Overall, the present methods appear to be too harsh for thethe presence of a very long alkyl chain induces a monotropic
formation of electron-rich benzo[1,2,4]thiadiazines (sucBas mesophase
and careful control of reaction conditions must be used for

substrates with groups susceptible to free radical processes (such c 4H904<i>_ XOOCSH .
as 2¢). The strongly basic or acidic conditions used for the

formation of amidine® impose further restrictions on the type 3, X = -C(NH,)=N-

and variety of functional groups that can be introduced with X = -CH=N-

this synthetic protocol. X =-COO-

The three-ring thiadiazine2a and 2b do not form meso-
phases, although it is possible that longer alkyl chains may The qualitative stability of the radicals follows the orddy
induce liquid crystalline behavior. In contrast, relatively wide- ~ 1d > 1c > 1a The observed difference in stability af
range enantiotropic SmA phases were observed for the four-yersus its fluorinated analogaé is consistent with our previous
ring derivatives2c and 2d above 90°C. As expected from  findings for the parent radicals and demonstrates again the
general trends in mesogenic compoutffte transition tem-  sjgnificant stabilization effect of the fluorine ator¥s.
peratures for the biphenyl derivati2e are significantly higher The initial choice of the cyclohexyl substitutent it was
(by ~50°C) than those for the less rigid cyclohexyl derivative driven by a desire to obtain low transition temperatures and
2c. Similarly, high transition temperatures can be expected for was based on general structsgroperty relationships in liquid
radicalslc and1d, which is unfavorable for their stability and crystals®® While this was accomplished, the presence of the

future magnetic investigation. Therefore, other substituents cvelohexvl aroup apoears to compromise the radical stabilit
should be considered to induce a mesophase with the cIearinng y! group app P . Y-
or examplelc decays faster than the two other fluorinated

temperature below 118C. . . .
The finding that amiding exhibits liquid crystalline behavior ~ "adicalslb and1d, presumably via hydrogen abstraction from
the benzylic position. To assess the H donor abilitylof

was unexpected and deserves comment. A comparis@, of ; . . .

the first mesogenic benzamidiffeto its Schiff base and ester homolytic bond dissociation enthalpies (HBDE) were calculated
analogues demonstrates the importance of intermolecular hy-for model compou.nds.. Results pollgcted in Table 3 show that
drogen bonding between the amidinyl groups in the stabilization the benzo[1,2,4]thiadiazinyl radicalis more stable by about

of lamellar phases. The Schiff base and ester show only nematicL2 kcal/mol than the 1-phenylcyclohexyl relative to their R-H
phases witfTy, of 119* and 91.5°C 59 respectively. In contrast, ~ Precursors, and consequently, the H donation by the benzyl
the amidine exhibits three smectic polymorphs with a clearing 9roup to the thiadiazinyl is not favorable. It is, however, more
temperatureTs, of 136 °C. Interestingly, the analogous- favorable by 8.5 kcal/mol than the H donation by the alkoxy

phenylbenzamides appear to be much less mesogenic, and onigroup. In both cases, the abstraction leads to irreversible
transformations, which result in slow decay of the thiadiazinyl.

(47) Emerson, D. W.; Korniski, T. Jl. Org. Chem1969 34, 4115~ The calculations reproduced well the experimental energies
4118. iline2 -

(48) Vill, V. LiqCryst 4.6 LCI Gmbh: Hamburg, 2004 and references for aniline? and phenleyCthexaﬁé’lendmg credance to the
therein. results for the parent 5,6,7,8-tetrafluoro-3-pheniHdenzo-

(49) van der Veen, J.; Grobben, A. Mol. Cryst. Lig. Cryst1971, 15, [1,2,4]thiadiazine I(—H). Aniline is a close model for benzo-
239-245.

(50) Steinstraser, RZ. Naturforsch. B1972 27, 774-779.

(51) (a) Mori, A.; Uno, K.; Kubo, K.; Kato, N.; Takeshita, H.; Hirayama, (52) McMillen, D. F.; Golden, D. MANnn. Re. Phys. Chem1982 33,
K.; Ujiie, S. Lig. Cryst.2004 31, 285-294. (b) Mori, A.; Hirayama, K.; 493-532.
Kato, N.; Takeshita, H.; Ujiie, SChem. Lett1997 509-510. (53) Denisov, E. TRuss. J. Phys. Cheri993 67, 2178-2183.
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[1,2,4]thiadiazines since both compounds form N-centered
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added at-20 °C. The mixture was stirred at ambient temperature

radicals with significant delocalization onto the adjacent benzene for 1 h, washed with 5% aqueous NaOH, and dried,@). The
ring. Previously reported values for radicals were based on asolvent was evaporated, and the semicrystalline residue (525 mg)

reaction with Me®, but this model was inadequate. The results
in Table 3 suggest that the previously reported HBDE va&fues
for I —H and other radicals are overestimated by about 7.5 kcal/
mol, and the recalculated values are listed in the Supporting
Information.

Conclusion

The facile preparation of three substituted 5,6,8-trifluorb-4
benzo[1,2,4]thiadiazine2b—2d indicates straightforward access
to other such derivatives from amii8, the common precursor,
in an acid-promoted condensation with benzonitriles, followed
by oxidative cyclization. Results of thermal analysiaf-2d
provide the starting point for further manipulation with the
substituents ir2 to control the transition temperatures and the
phase structure. The availability of theH4benzo[1,2,4]-
thiadiazines2 opened access to potentially liquid crystalline
radicals 1. Preliminary experiments demonstrated that some
radicalsl can be efficiently generated frothand presumably
purified in a strictly anerobic atmosphere. Future studies will
focus onld, which appears to be particularly stable and likely
mesogenic sincd exhibits a liquid crystalline phase. It is
desirable, however, to lower transition temperatures through
manipulation with the alkoxy substituents.

Experimental Section

4-(E-4-Pentylcyclohexyl)benzonitrité (12) and 4-pentyloxy-4-
biphenylcarbonitrile® (13) were obtained commercially. 4-Butoxy-
benzonitrilé® (11) was prepared by alkylation of 4-hydroxyben-
zonitrile in the presence of Oz in MeCN.

Generation of Radicals 1Benzo[1,2,4]thiadiazin (0.1 mmol)
was dissolved in dry toluene (3 mL), and dry MeCN (3 mL) was
added. Solid Ag® (125 mg, 1 mmol) and ¥CO; (138 mg, 1
mmol) were added, and the mixture was vigorously stirred at
ambient temperature for 90 s under Ar. The resulting black-green
reaction mixture was diluted with toluene and filtered through a
short jacketed column (5 cm of Florisil and 0.5 cm of silica) at
0 °C. Solvents were removed under reduced pressuteT(orr) at
temperatures below TC, leaving a black-green solid of the crude
radical.

3-(4-Butoxyphenyl)-7-hexyloxy4H-benzo[1,2 4]thiadiazine (2a).
Method A. A solution of NCS (134 mg, 1.0 mmol) in dry GBI,

(2 mL) was added to a solution of dimorpholine sulfiég204 mg,
1.0 mmol) in dry CHCI; (4 mL) at—20 °C. After 1 h, a solution
of amidine3 (368 mg, 1.0 mmol) in CkCl, (6 mL) was slowly

(54) 4-E-4-Pentylcyclohexyl)benzonitrilel@): *H NMR ¢ 0.89 (t,J
= 6.9 Hz, 3H), 0.99-1.12 (m, 2H), 1.26-:1.37 (m, 9H), 1.381.50 (m,
2H), 1.88 (brdJ = 11.3 Hz, 4H), 2.52 (tt), = 12.2 Hz,J, = 3.0 Hz, 1H),
7.29 (d,J = 8.3 Hz, 2H), 7.57 (dJ = 8.1 Hz, 2H).

(55) 4-Pentyloxy-4-biphenylcarbonitrilel@): 'H NMR 6 0.93 (t,J =
7.1 Hz, 3H), 1.351.50 (m, 4H), 1.78 (quint) = 7.0 Hz, 2H), 3.98 (tJ
= 6.6 Hz, 2H), 6.98 (dJ = 8.7 Hz, 2H), 7.53 (dJ = 8.7 Hz, 2H), 7.64
(d, J = 8.4 Hz, 2H), 7.67 (dJ = 8.4 Hz, 2H).

(56) 4-Butoxybenzonitrile (1): 'H NMR 6 0.97 (t,J = 7.4 Hz, 3H),
1.48 (sextet) = 7.6 Hz, 2H), 1.78 (quintet] = 7.0 Hz, 2H), 3.99 (tJ =
6.5 Hz, 2H), 6.92 (d, & 8.9 Hz, 2H), 7.56 (dJ = 8.8 Hz, 2H). (a) Marquet,
J.; Caym, E.; Martin, X.; Casado, F.; Gallardo, I.; Moreno, M.; Lluch, J.
M. J. Org. Chem 1995 60, 3814-3825. (b) Partridge, M. WJ. Chem.
Soc.1949 3043-3046.

(57) Hammer, R. N.; Kleinberg, J.; Holtzclaw, H. F., Jr.; Johnson, K.
W. R. Inorg. Synth.1953 4, 12—14.

(58) The sulfide was prepared in 77% vyield according to a literature
procedure:H NMR ¢ 3.28 (t,J = 4.7 Hz, 8H), 3.64 (tJ = 4.7 Hz, 8H);
13C NMR ¢ 57.7, 67.8. Blake, E. SI. Am. Chem. S0d 943 65, 1267
1269.

was crystallized (EtOH;-5 °C) to give 140 mg of starting amidine
3. The filtrate was concentrated and dried under vacuum to give
380 mg of a brown oil, which was dissolved in dry PhCI (5 mL).
The solution was gently refluxedrfd h under N, and the solvent
was removed. The viscous residue was dissolved inGHand
passed through a silica gel plug. The resulting yellow solution was
evaporated, and the solid was separated by column chromatography
(SiO,, hexane/CHCl,, 1:1). The crude product was recrystallized
(hexanes) to give 20 mg (5% yield) of thiadiaziga as yellow
crystals. The second fraction contained benzothiagole
Method B. A solution of sulfoxide8a (166 mg, 0.362 mmol) in
dry PhCl was refluxed for 16 h, and the solvent was evaporated.
The resulting brown residue was separated by column chromatog-
raphy (SiQ, hexane/CHCl,, 1:1), and a yellow fraction containing
2aand benzothiazolg was collected. Unreacted sulfoxi8a (81
mg, 48% yield) was eluted with AcOEt and recrystallized from
AcOEt/hexane. Produ@a was purified by PTLC (hexane/GH
Cl,, 3:2, multiple times reversed to separate the fluorescent benzo-
thiazole5) and recrystallized (EO/heptane) to give 17 mg (12%
yield or 24% yield based on consum&d) of thiadiazine2a as
fine yellow crystals: mp 131132°C;*H NMR 6 0.90 (t,J= 6.7
Hz, 3H), 0.98 (tJ = 7.4 Hz, 3H), 1.26-1.42 (m, 6H), 1.49 (sextet,
J = 7.5 Hz, 2H), 1.651.82 (m, 4H), 3.84 (tJ = 6.6 Hz, 2H),
3.97 (t,J = 6.5 Hz, 2H), 6.33 (dJ = 2.5 Hz, 1H), 6.36 (dJ = 8.5
Hz, 1H), 6.47 (ddJ; = 8.5 Hz,J, = 2.5 Hz, 1H), 6.6 (bs, 1H),
6.87 (d,J = 8.8 Hz, 2H), 7.56 (dJ = 8.8 Hz, 2H);13C NMR &
13.8, 14.0, 19.2, 22.6, 25.6, 29.1, 31.1, 31.5, 67.8, 68.5, 109.3,
112.7,114.4,114.7,122.6, 126.3, 127.5, 129.6, 156.9, 157.0, 161.2;
IR (KBr) vmax 3362, 1607, 1513, 1467; FAB-HRMS: Calcd for
CoaH30N20,S vz 398.2028; found: 398.2029. Anal. Calcd. for
CogH3oN20,S: C, 69.31; H, 7.59; N, 7.03. Found: C, 69.09; H,
7.63; N, 7.02.
3-(4-Butoxyphenyl)-5,6,8-trifluoro-7-hexyloxy-4-benzo[1,2,4]-
thiadiazine (2b). A solution of NCS (326 mg, 2.4 mmol) in GH
Cl, (5 mL) was added dropwise to a stirred solution of amidibe
(1.190 g, 2.4 mmol) in CkCl, (10 mL) at—78 °C. The mixture
was slowly warmed up and stirred for 12 h at ambient temperature.
The mixture was washed with 5% aqueous NaOH; the organic layer
was separated, washed with water, and dried (MgSénd the
solvent was evaporated. The resulting crude ylitd€1.04 g) was
dissolved in dry toluene, and the solution was stirred at reflux for
24 h. The solvent was removed under reduced pressure. The
resulting residue was dissolved in g8, and passed through a
silica gel plug. The crude product was purified by column
chromatography (Si© hexane/CHCI,, 1:1) followed by recrys-
tallization (hexane) to give 462 mg (43% yield) of pure thiadiazine
2b as a yellow solid: mp 95C; IH NMR 6 0.90 (t,J = 6.7 Hz,
3H), 0.98 (t,J = 7.4 Hz, 3H), 1.29-1.36 (m, 4H), 1.441.56 (m,
4H), 1.70-1.81 (m, 4H), 4.00 () = 6.6 Hz, 2H), 4.04 (t) = 6.7
Hz, 2H), 6.6 (brs, 1H), 6.91 (d} = 8.8 Hz, 2H), 7.57 (dJ) = 8.8
Hz, 2H); % NMR 6 —163.8 (dd,J; = 20.9 Hz,J, = 9.9 Hz, 1F),
—153.4 (ddJ; = 20.9 Hz,J, = 2.2 Hz, 1F),—134.1 (dd,J; = 9.9
Hz, J, = 2.2 Hz, 1F); IR (KBr)vmax 3198, 1590, 1437 cmi. Anal.
Calcd. for GaH»7F3N,0,S: C, 61.04; H, 6.01; N, 6.19. Found: C,
60.77; H, 5.93; N, 6.10.
5,6,8-Trifluoro-7-hexyloxy-3-(4-(E-4-pentylcyclohexylphenyl)-
4H-benzo[1,2,4]thiadiazine (2c)Benzo[1,2,4]thiadiazin@c was
prepared as described fab. The crude product was purified by
flash chromatography (Sigdhexane/CHCl,, 4:1) and crystallization
(hexanes) to give yellow crystals 8t in 34% yield: mp 98°C;
IH NMR 6 0.89 (t,J = 7.0 Hz, 3H), 0.90 (tJ = 7.0 Hz, 3H),
0.98-1.12 (m, 2H), 1.151.39 (m, 13H), 1.461.52 (m, 4H), 1.72
(quintet,J = 7.0 Hz, 2H), 1.87 (brdJ = 11.3 Hz, 4H), 2.51 (bt,
J=12.0 Hz, 1H), 4.04 (1) = 6.6 Hz, 2H), 6.6 (brs, 1H), 7.27 (d,
J = 8.3 Hz, 2H), 7.55 (dJ = 8.3 Hz, 2H);1°F NMR 6 —163.8
(dd, J; = 20.6 Hz,J, = 10.2 Hz, 1F),—153.4 (dd,J; = 20.6 Hz,
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J, = 2.5 Hz, 1F),—134.2 (dd,J, = 9.9 Hz,J, = 2.5 Hz, 1F); IR
(KBr) vmax 3335, 3133, 1443 cm. Anal. Calcd. for GoHsgF3N2-
OS: C, 67.64; H, 7.38; N, 5.26. Found: C, 67.26; H, 7.30; N,
5.26.

5,6,8-Trifluoro-7-hexyloxy-3-(4-penyloxybiphenyl-4-yl)-4H-
benzo[1,2,4]thiadiazine (2d). Benzo[1,2,4]thiadiazine2d was
prepared as described fab. The crude product was purified by
flash chromatography (SKOCH,Cl,) and crystallization (MeCN/
toluene) to give yellow-orange crystals 2 in 30% vyield: mp
143-144°C; 'H NMR 6 0.90 (t,J = 6.9 Hz, 3H), 0.94 (t) = 6.9
Hz, 3H), 1.29-1.50 (m, 10H), 1.73 (quintef, = 7.1 Hz, 2H), 1.82
(quintet,J = 7.1 Hz, 2H), 4.00 (tJ = 6.7 Hz, 2H), 4.05 (tJ =
6.7 Hz, 2H), 6.6 (brs, 1H), 6.98 (d,= 8.8 Hz, 2H), 7.54 (dJ =
8.8 Hz, 2H), 7.61 (dJ = 8.6 Hz, 2H), 7.68 (dJ = 8.6 Hz, 2H);
1% NMR 6 —164.2 (dd,J; = 20.5 Hz,J, = 10.2 Hz, 1F),—153.8
(d, J = 20.6 Hz, 1F),—134.6 (d,J = 9.6 Hz,1F); IR (film) vmax
3335, 1442 cm!. Anal. Calcd. for GoHs3F3N»O,S: C, 66.40; H,
6.13; N, 5.16. Found: C, 66.33; H, 6.18; N, 5.11.

4-Butoxy-N-(4-hexyloxyphenyl)benzamidine (3)A mixture of
4-hexyloxyaniline (3.68 g, 20 mmol), nitrite1%6 (3.50 g, 20 mmol),
dry benzene (20 mL), and 60% NaH (0.90 g, 22 mmol) was refluxed
for 2 days. The resulting viscous mixture was poured into diluted
HCI, and organic products were extracted ¢CH). The organic
layer was washed with sat. NaH@@nd dried (NgSQy). The

Zienkiewicz et al.

in 43% yield after crystallization from an AcOEt/hexane mixture:
mp 150-152°C; *H NMR 6 0.91 (t,J = 7.3 Hz, 3H), 0.96 (tJ =
7.3 Hz, 3H), 1.01 (t) = 7.3 Hz, 3H), 1.2+1.41 (m, 4H), 1.42
1.86 (m, 10H), 2.85 (1) = 7.2 Hz, 2H), 3.86-3.94 (m, 4H), 6.66-
7.10 (m, 6H), 7.36-7.78 (m, 2H), 8.3 (bs, 1H).
4-Butoxy-N-(2,3,5-trifluoro-4-hexyloxy-6-(propylsulfanyl)phe-
nyl)benzamidine (6b).Methanesulfonic acid (550 mg, 5.71 mmol)
was added in one portion to a stirred solution of anilire(355
mg, 1.11 mmol, 83% isomerically pure) and nitrild (970 mg,
5.50 mmol) at 150C. The stirring was continued for 30 min. The
mixture was cooled and neutralized with sat. NaHG8&0 mL),
and organic materials were extracted with@®(3x). The combined
extracts were washed with water, dried {8@,), and passed
through a silica gel plug. Crude product was recrystallized (hexane)
to give 271 mg (50% vyield) of isomerically pure amidife as
white crystals: mp 9393 °C; 'H NMR ¢ 0.91 (t,J = 7.0 Hz,
3H), 0.95 (t,J = 7.3 Hz, 3H), 0.99 (t) = 7.3 Hz, 3H), 1.29-1.36
(m, 4H), 1.44-1.55 (m, 6H), 1.741.83 (m, 4H), 2.80 (tJ = 7.2
Hz, 2H), 4.02 (tJ = 6.4 Hz, 2H), 4.12 (tJ = 6.5 Hz, 2H), 4.75
(brs, 2H), 6.96 (tJ = 8.7 Hz, 2H), 7.87 (t] = 8.6 Hz, 2H);%F
NMR 6 —150.9 (ddJ; = 21.9 Hz,J, = 10.9 Hz, 1F),—149.9 (dd,
J1 = 21.9 Hz,J, = 5.5 Hz, 1F),—124.9 (dd,J; = 10.9 Hz,J, =
5.5 Hz, 1F); IR (KBr)vmax 3444 and 3123 (N}J, 1640, 1601, 1446,
1403, 1253 cml. Anal. Calcd. for GgH3sF3N-O,S: C, 62.88; H,

solvent was evaporated, and the residue was recrystallized (isooc-7.10; N, 5.64. Found: C, 63.00; H, 7.23; N, 5.60.

tane/toluene) to give 6.00 g (82% yield) of amidiBeas an off-
white solid: mp 132-133°C; 'H NMR 6 0.91 (t,J = 7.0 Hz,
3H), 0.98 (t,J = 7.4 Hz, 3H), 1.36-1.39 (m, 4H), 1.42-1.57 (m,
4H), 1.78 (quintetJ = 7.0 Hz, 2H), 1.79 (quintet) = 7.0 Hz,
2H), 3.94 (t,J = 6.6 Hz, 2H), 4.00 (tJ = 6.5 Hz, 2H), 4.8 (bs,
2H), 6.80-6.95 (m, 6H), 7.80 (dJ = 7.9 Hz, 2H);3C NMR ¢

N-(2,3,5-Trifluoro-4-hexyloxy-6-(propylsulfanyl)phenyl)-4-
(4E-pentylcyclohexyl)benzamidine (6¢).Benzamidine6c was
obtained in 66% yield from amin&0 and nitrile 1254 according to
the procedure described fosb. Chromatographic separation
recovered excess nitrile in 60% (SiChexane/CHCl,, 4:1) and
gave amidinesc (hexane/CHCI,, 3:2). Using 2 equiv ofl2 and

13.8, 14.0, 19.2, 22.6, 25.8, 29.4, 31.2, 31.6, 67.8, 68.3, 114.2-2.5 equiv of MeSGH, amidine 6¢c was isolated in 76% yield.
(2C), 115.5, 122.5, 128.1, 142.8, 154.6, 155.0, 161.0; IR (KBr) Analytical sample of isomerically puréc was obtained by
vmax 1636, 1607, 1565, 1514, 1466, 1388, 1253, 1209. Anal. Calcd recrystallization from isooctane: mp 13C; *H NMR ¢ 0.90 (t,J

for Co3H3oN-O0; C, 74.96; H, 8.75; N, 7.60. Found: C, 74.85; H,
8.74; N, 7.57.
3-(4-Butoxyphenyl)-7-hexyloxybenzothiazole (5)Compound

= 6.9 Hz, 3H), 0.92 (tJ = 7.2 Hz, 3H), 0.95 (tJ = 7.3 Hz, 3H),
1.00-1.12 (m, 2H), 1.18-1.39 (m, 11H), 1.461.65 (m, 8H), 1.77
(quintet,J = 7.0 Hz, 2H), 1.89 (brdJ = 9.9 Hz, 4H), 2.53 (bt

5 was isolated as a less polar fraction (blue fluorescence on TLC) = 12.0 Hz, 1H), 2.81 (1) = 7.2 Hz, 2H), 4.11 () = 7.2 Hz, 2H),

in chromatographic separation @& Colorless crystals (isooc-
tane): mp 98-99°C; H NMR 6 0.92 (t,J = 6.6 Hz, 3H), 0.99 {(t,
J= 7.4 Hz, 3H), 1.36-1.42 (m, 4H), 1.451.57 (m, 4H), 1.76
1.87 (m, 4H), 4.02 (tJ = 6.6 Hz, 2H), 4.03 (tJ = 6.5 Hz, 2H),
6.97 (d,J = 8.9 Hz, 2H), 7.06 (ddJ; = 8.9 Hz,J, = 2.5 Hz, 1H),
7.32 (d,J = 2.5 Hz, 1H), 7.89 (dJ = 8.1 Hz, 1H), 7.95 (dJ =
8.8 Hz, 2H);13C NMR (CgDg) 0 14.4, 14.7, 19.9, 23.4, 26.5, 30.0,

4.8 (brs, 2H), 7.29 (d) = 8.1 Hz, 2H), 7.84 (dJ = 8.1 Hz, 2H)°F
NMR 6 —150.9 (ddJ; = 21.9 Hz,J, = 10.8 Hz, 1F),—149.8 (dd,
J; = 21.9 Hz,J, = 5.5 Hz, 1F),—124.9 (dd,J; = 10.9 Hz,J, =
5.5 Hz, 1F); IR (KBr)vmax 3413 and 3174 (NgJ, 1642, 1398 cmt;
FAB-MS m/z 577 (M + H]*, 68%), 257 (100%); FAB-HRMS:
Calcd for GzHagFN20OS (M + H]*) m/z 577.3439; Found:
577.3439. Anal. Calcd for £gH47F3N-OS: C, 68.72; H, 8.21; N,

31.9, 32.4, 68.2, 69.0, 105.7, 115.6, 116.7, 124.5, 129.6, 137.3,4.86. Found: C, 68.05; H, 8.15; N, 4.78.

150.2, 153.2, 158.1, 162.0, 165.6; IR (KBf)ax 1606, 1453, 1254
cmL. Anal. Calcd. for G3H,gNO,S: C, 72.02; H, 7.62; N, 3.65.
Found: C, 71.95; H, 7.70; N, 3.65.
4-Butoxy-N-(4-hexyloxy-2-(propylsulfanyl)phenyl)benzami-
dine (6a). Amidine 6awas obtained in 5660% yield from amine
9 and nitrile 1156 as described foB using either benzene or THF

N-(2,3,5-Trifluoro-4-hexyloxy-6-(propylsulfanyl)phenyl)-4-(4-
pentyloxyphenyl)benzamidine (6d)Benzamidinesd was obtained
in 46% vyield from aminel0 (0.79 g, 2.45 mmol) and nitril& 3>
(1.30 g, 4.9 mmol) in the presence of Me${0.47 g, 4.9 mmol)
as described fob6b. Chromatographic separation on a silica gel
plug recovered excess nitril8 (3.2 mmol; SiQ, hexane/CHCl,,

as the solvent. The oily crude product was crystallized (hexanes) 2:1 eluent) as the first fraction, followed by amidi6d (0.78 g;

and recrystallized (isooctane) to give amidBeeas a white solid:
mp 76-77 °C; 'H NMR ¢ 0.91 (t,J = 6.8 Hz, 3H), 0.98 (tJ) =

7.4 Hz, 3H), 1.02 (tJ) = 7.3 Hz, 3H), 1.28-1.45 (m, 4H), 1.46
1.56 (m, 4H), 1.651.82 (m, 6H), 2.85 (tJ = 7.4 Hz, 2H), 3.94

(t, J = 6.6 Hz, 2H), 4.00 (tJ = 6.5 Hz, 2H), 4.7 (bs, 2H), 6.68
(dd,J; = 8.4 Hz,J, = 2.1 Hz, 1H), 6.80 (dJ = 8.4 Hz, 1H), 6.85
(d,J=2.2 Hz, 1H), 6.92 (dJ = 8.8 Hz, 2H), 7.86 (dJ = 8.4 Hz,
2H); 13C NMR ¢ 13.7, 13.8, 14.0, 19.2, 22.2, 22.6, 25.7, 29.3, 31.2,

CH,Cl, eluent). The product was crystallized (hexane/toluene) and
recrystallized (isooctane) to give 0.66 g (46% yield)6af as a
grayish solid: mp 115116 °C; 'H NMR 6 0.91 (t,J = 6.9 Hz,
3H), 0.95 (t,J = 7.2 Hz, 3H), 0.97 (t) = 7.2 Hz, 3H), 1.39-1.55
(m, 12H), 1.78 (quintet) = 7.3 Hz, 2H), 1.82 (quintet) = 7.0
Hz, 2H), 2.82 (tJ = 7.2 Hz, 2H), 4.01 (tJ = 6.6 Hz, 2H), 4.12
(t, J= 6.6 Hz, 2H), 4.8 (brs, 2H), 6.99 (d,= 8.6 Hz, 2H), 7.57
(d,J=8.1Hz, 2H), 7.66 (dJ = 8.3 Hz, 2H), 7.98 (dJ = 8.3 Hz,

31.6, 33.8, 67.8, 68.3, 111.4, 114.2, 121.8, 127.8, 128.3, 129.2,2H); IR (film) vmax 3480 and 3396 (N}J, 1633, 1605, 1450 crm.

129.9, 140.5, 154.6, 155.3, 161.0; IR (KB)ax 3500, 3436, and
3349 (NH), 1636, 1607, 1466, 1253. Anal. Calcd. foig83sN.05S;
C, 70.55; H, 8.65; N, 6.33. Found: C, 70.37; H, 8.64; N, 6.30.
4-Butoxy-N-(4-hexyloxy-2-(propylsulfanyl)phenyl)benzami-
dine Hydrochloride (6a-HCI). Acidic workup of a condensation
reaction of amin@® with nitrile 11 with dil HCI and without washing
with sat. NaHCQ solution gave hydrochloride of benzamidiéa
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Anal. Calcd for GsHa1FNO.S: C, 67.55; H, 7.04; N, 4.77.
Found: C, 67.63; H, 7.02; N, 4.73.

4-Butoxy-N-(4-hexyloxy-2-(propylsulfinyl)phenyl)benzami-
dine (8a).Sodium periodate (290 mg, 1.36 mmol) was added to a
solution of amidinesa (298 mg, 0.674 mmol) in MeOH (25 mL)
and water (0.5 mL) at OC. The mixture was stirred overnight at
rt, diluted with water, extracted with G&l,, and washed with sat.
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NaHCG; solution. Combined organic layers were dried (MgEO  mmol), and BuNBr (1.0 g, 3.0 mmol) was vigorously stirred at
and the solvent was evaporated to give the crude product as a lightambient temperature for 45 min. The organic layer was separated,
brown solid (100%). Crystallization (AcOEt/hexane) followed by and the aqueous phase was extracted with hexanes. Combined
recrystallization (MeCN) gave 210 mg (68% yield) of sulfoxide organic layers were dried (MgSQPand the solvent was evaporated.
8aas white crystals: mp 163164°C; 'H NMR 6 0.91 (t,J = 6.8 The residue (25.0 g) was recrystallized (EtOH) to give 13.3 g of

Hz, 3H), 0.99 (tJ = 7.4 Hz, 3H), 1.00 (tJ = 7.4 Hz, 3H), 1.3+ product16 (60% vyield) as yellow crystals: mp #&7 °C (lit.34
1.36 (m, 4H), 1.4+1.55 (m, 4H), 1.57 (s, 2H), 1.741.95 (m, 74.5-75°C); '"H NMR 6 1.11 (t,J = 7.4 Hz, 3H), 1.78 (sextef
6H), 2.79 (ddd,J; = 13.1 Hz,J, = 8.9 Hz,J; = 5.1 Hz, 1H), 3.08 = 7.3 Hz, 2H), 2.92 (tJ = 7.1 Hz, 2H), 7.17 (ddJ), = 8.8 Hz,J,
(ddd,J; = 13.1 Hz,J, = 9.1 Hz,J3 = 7.1 Hz, 1H), 4.02 (tJ = 6.5 = 2.1 Hz, 1H), 7.32 (dJ = 2.1 Hz, 1H), 8.15 (dJ = 8.9 Hz, 1H);

Hz, 4H), 5.0 (bs, 2H), 6.88 (d] = 8.5 Hz, 1H), 6.95 (dJ = 8.8 13C NMR ¢ 13.7, 21.0, 34.4, 124.3, 125.9, 127.4, 140.3, 140.8,
Hz, 2H), 6.99 (ddJ; = 8.6 Hz,J, = 2.8 Hz, 1H), 7.44 (dJ = 2.8 144.0; IR (KBr)vmax 1592, 1555, 1507, 1335, 1302, 1121; M

Hz, 1H), 7.77 (dJ = 8.8 Hz, 2H);3C NMR ¢ 13.2, 13.8, 14.0, 231 (M*, 20), 125 (100). Anal. Calcd. fordel;cCINO,S; C, 46.65;
15.8, 19.2, 22.6, 25.7, 29.2, 31.2, 31.6, 55.6, 67.9, 68.6, 109.4,H, 4.35; N, 6.05. Found C, 46.94; H, 4.38; N, 5.96.
114.4,118.9,122.5,126.9, 128.1, 136.5, 138.7, 154.8, 156.1, 161.5; 4-Hexyloxy-1-nitro-2-(propylsulfanyl)benzene (17)Nitro com-

IR (KBr) vmax3418 and 3220 (N}J, 1630, 1610, 1251 cm. Anal. pound 16 (2.02 g, 8.7 mmol) was added to a suspension of
Calcd. for GgHzgN,OsS: C, 68.09; H, 8.35; N, 6.11. Calcd. for powdered KOH (0.85 g, 15.1 mmol) in DMSO (3 mL) and
CoeH3aN,03S-H,0: C, 65.51; H, 8.46; N, 5.88. Found: C, 65.59; n-hexanol (0.92 g, 9.0 mmol). The mixture was stirred at°Z5

H, 8.12; N, 5.92. for 30 min, c_ooled, and poured into water. Organic products were
N-(2,3,5-Trifluoro-4-hexyloxy-6-(propylsulfinyl)phenyl)-4- extracted with BO (2x), and combined extracts were dried
(4E-pentylcyclohexyl)benzamidine (8c)Compound8c was ob- ~ (MgSQs) and passed through a silica gel plug. The solvent was

tained as the second, more polar fraction in chromatographic €vaporated, and the oily residue was crystallized (EtOH) to give

separation of thiadiazin2c. Recrystallization from hexanes gave 1.72 9 (67% yield) ofl7 as yellow crystals: mp 53C; *H NMR

8c (18% yield) as white crystals: mp 13836 °C; *H NMR ¢ 00.91 (t,J= 6.8 Hz, 3H), 1.12 (tJ = 7.4 Hz, 3H), 1.36-1.43

0.90 (t,J = 7.0 Hz, 3H), 0.91 (t) = 6.9 Hz, 3H), 1.06 () = 7.4 (m, 6H), 1.44-1.54 (m, 2H), 1.89 (sexte§ = 7.3 Hz, 2H), 2.90

Hz, 3H), 1.15-1.42 (m, 13H), 1.461.52 (m, 4H), 1.76 (sextef, (L J=7.3 Hz, 2H), 4.04 (tJ = 6.5 Hz, 2H), 6.68 (ddJ), = 9.2

= 7.0 Hz, 2H), 1.88 (dJ = 11.0 Hz, 8H), 2.52 (bt) = 11.0 Hz, Hz, J, = 2.5 Hz, 1H), 6.79 (dJ = 2.4 Hz, 1H), 8.26 (dJ = 9.2

1H), 3.15-3.29 (m, 1H), 3.46 (ddd}, = 14.7 Hz,J, = 8.6 Hz,Js Hz, 1H);3C NMR ¢ 13.8, 14.0, 21.1, 22.5, 25.6, 28.9, 31.5, 34.2,

= 6.3 Hz, 1H), 4.13 (tJ = 6.5 Hz, 2H), 5.05 (s, 2H), 7.29 (d, 68.8,109.6, 111.6, 128.7, 139.0, 141.4, 163.0; IR (KB 1597,

= 8.1 Hz, 2H), 7.76 (dJ = 7.6 Hz, 2H): IR (KBr) vma 3423, 1562, 1497, 1307, 1284, 1252 chMS m/z 297 (M*, 16), 149

3341, 3227, 1676, 1643, 1598, 1559, 1480, 1456%EAB-MSs ~ (100). Anal. Calcd. for &HxsNOsS; C, 60.58; H, 7.79; N, 4.71.

miz. 593 (M + H]*, 68%), 163 (100%). FAB-HRMS: Calcd for ~ Found: C, 60.95; H, 7.75; N, 4.73.

CasHagFsNL,0,S miz: 593.3389; found: 593.3370. 2,3,5,6-Tetraf|uoro-4-hixyloxynltrobenzene (1811 M aqueous
4-Hexyloxy-2-propylsulfanylaniline (9). Amine 9 was obtained tNoaaOg'ogtljggnmol?) aenn(:a?lﬁ\é rgnsit?gbg ’ zlegr]ﬂég(ll 3m(r)no|) eviecgen?n(:g?)d

in 94% vyield by reduction ofL7 with Fe dust according to the andn-hexanol (szo 60.8 mmol) in GBI (iOOg}nL).at 0°C

procedure described for amird® (reaction time 1 h). Short-path The mixt ) i g’d ; v at'e f 2 15h Th ’

distillation (175°C/0.3 Torr) gave amin® as a colorless oil of | € mixture was stirred vigorously & or Loh. The organic

purity >95% (by GCMS): 1H NMR 6 0.90 (t,J = 6.9 Hz, 3H), ayer was separatgd, and thg aqueous layer was ext_racted with

0.99 (t,J = 7.3 Hz, 3H), 1.28-1.38 (m, 4H), 1.39-1.52 (m, 2H) CI_—|2CI2. The combined organic layers were _Washed with water,

1.60 (sextet) = 7.0 Hz, 2H), 1.74 (quintet] = 7.0 Hz, 2H), 2.74  dried (MgSQ), and passed through a silica gel plug. The

(t.J= 7.3 Hz, 2H), 3.87 (tJ = 6.6 Hz, 2H), 4.0 (bs, 2H), 6.66 (d solvent was evaporated, and.the I’ESl',IltI.ng crude product (18.0 g,

J ’: 8.7 Hz 1i_|) 6’72 (ddJy = 8.7 Hz’J =’2 7 Hz ’1H) ’6 96 (d " 82% pure by GCMS) was fractionally distilled (999 °C/0.3 Torr)
A ! N 15 o . 2 ; . — ' to give 12.70 g (76% vyield) of 91% pure (by GCMS) prodaét

J = 2.7 Hz, 1H);C NMR 6 13.3, 14.0, 22.6, 22.9, 25.7, 29.4,

31.6, 36.7, 68.8, 115.9, 116.4, 119.5, 120.7, 141.7, 151.7; IR (neat)g‘ztgi%’eegogf’s Zq#fetgﬂebgfﬁ’f;iggf/& %d#-sct)'rllfcfha,\rlﬂgmfa”gg
vmax 3436 and 3345 (Nb), 1590, 1492, 1472, 1268, 1229 cin (t, J = 6.8 Hz, 3H), 1.3+-1.38 (m 4H).1 421' 51 (m, 2H) i81
MS m/z 267 (M, 71), 141 (100). Anal. Calcd. for{€H»sNOS; C, (ciuintet,.J =70 Hz’, éH), 4.39 (tt,‘ll —6.4 Hz,j2 =13 Hz,12l;|);
67.37, H, 9.42/ N, 5.24. Found: C, 67.46; H, 9.43; N, 5.24. 13C NMR 6 13.9, 22.4, 25.1, 29.8, 31.3, 75.8]t= 4.1 Hz), 124.5
1,2,5-Trifluoro-4-hexyloxy-6-(propylsulfanyl)aniline (10). To (m), 140.5 (dm,), = 251 Hz), 141.6 (dmJ, = 262 Hz), 141.7 (it,
a vigorously stirred suspension of Fe dust (2.41 g, 43 mmol) in J. = 11 Hz,J, = 3 Hz); %F NMR 6 AA'XX' —155.4 (d,J = 16.2
water (4 mL), acetic acid (0.25 mL) was added. The mixture was pz 2F),—147.6 (d,J = 16.2 Hz, 2F); IR (neatymax 1550, 1498
warmed up to 100C and nitro derivativel9 (1.427 g, 4.1 mmol) cmL; MS vz 295 (M, 3), 85 (100). Anal. Calcd. for GH1aF4-
was added portionwise within 10 min. The mixture was stirred at NOs C, 48.82; H, 4.44; N, 4.74. Found: C, 49.29: H, 4.38;
100°C for 30 min and then cooled and poured to sat. Nak(30 N, 4.76.
mL). Qrganic products. were extracted with,@t(5x). Combined 3,5,6-Trifluoro-4-hexyloxy-1-nitro-2-(propylsulfanyl)ben-
organic layers were dried (MgSthe solvent was removed, and  zene (19).A solution of 1-propanethiol (1.50 g, 19.7 mmol) and
the resulting liquid residue was short-path distillated (1600.3 NaOH (0.786 g, 19.7 mmol) in EtOH (25 mL) was added dropwise
Torr) to give 1.19 g (91% yield) of amink0 as a colorless liquid: within 15 min to a solution of nitro compount8 (5.80 g, 19.7
'H NMR 6 0.90 (t,J = 6.7 Hz, 3H), 0.98 (tJ = 7.3 Hz, 3H), mmol) in EtOH (20 mL) at °C. The mixture was stirred for 45

1.27-1.35 (m, 4H), 1.46:1.47 (m, 2H), 1.53 (sexted, = 7.3 Hz, min, the solvent was evaporated, and the oily residue was treated
2H), 1.73 (quintet] = 7.2 Hz, 2H), 92-67 (t)=7.3Hz, 2H), 400  wjth water. Organic material was extracted with@{(2x), dried
(t, J = 6.5 Hz, 2H), 4.45 (brs, 2H}'F NMR ¢ —161.7 (dd,J, = (MgSQy), and passed through a silica gel plug. The solvent was

20.5 Hz,J, = 10.5 Hz, 1F),~150.70 (ddJ; = 20.5 Hz,J, = 5.9 removed, and the crude mixture (6.82 g) was fractionally distilled

Hz, 1F), —126.6 (dd,J; = 10.5 Hz,J, = 5.9 Hz, 1F); IR (neat)  collecting a fraction (148C/0.3 Torr) to give 6.36 g (92% yield)

Vmax 3480 and 3370 (N, 1478 cnl; MS nve (relative intensity) of pure19as a yellow liquid: IH NMR 6 0.90 (t,J = 6.9 Hz, 3H),

321 (M, 17), 195 (100). Anal. Calcd. for £H,,FsNOS: 56.05; 0.97 (t,J = 7.3 Hz, 3H), 1.3+1.37 (m, 4H), 1.42-1.50 (m, 2H),

H, 6.90; N, 4.36. Found: C, 56.31; H, 6.75; N, 4.48. 1.52-1.60 (m, 2H), 1.79 (quintet] = 7.0 Hz, 2H), 2.86 (tJ =
4-Chloro-1-nitro-2-(propylsulfanyl)benzene (16)3* A mixture 7.3 Hz, 2H), 4.27 (ttJ); = 6.5 Hz,J, = 0.9 Hz, 2H);°F NMR &

of 15% aqueous NaOH (20 mL), benzene (30 mL), 1-propanethiol —148.5 (dd,J; = 21.3 Hz,J, = 10.5 Hz, 1F),—146.4 (dd,J; =

(7.60 g, 100 mmol), 2,4-dichloronitrobenzeni4,(19.2 g, 100 21.3 Hz,J, =8.7 Hz, 1F),—122.1 (ddJ; = 10.5 Hz,J, = 8.7 Hz,
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