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Benzo[2,3Inaphtho{5,6,7-i/}1,4]dithiepin was prepared by the condensation of the disodium salt of
1,2-dimercaptobenzene with 1-chloro-8-nitronaphthalene. The structure was established by nmr and mass
spectroscopy. A small quantity of benzo[2,3]naphtho[5,6,7-ijf1,4]dithiepin 1-oxide was also isolated. The
structure was initially established by mass spectrometry. The proton spectrum was totally assigned using a
combination of proton zero quantum coherence (ZQCOSY) and proton-carbon heteronuclear chemical shift
correlation (HC-COSY) techniques, which also allowed the unequivocal assignment of the protonated carbon
resonances. An X-ray crystal structure of the l-oxide irrefutably confirmed the structure. The crystal was
triclinic and the space group was P1, and the data refined to a final R = 0.0353. The molecule was shown to
be folded about the axis passing through the two sulfur atoms with a dihedral angle of 109.00°.
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Introduction.

Recent efforts have led to the synthesis of both possible
monoazathianthrenes [1,2] and the characterization of the
parent l-azathianthrene [3] and 4-nitro-2-azathianthrene
[2] systems by X-ray crystallography. In addition, a num-
ber of di- and polyazathianthrenes have been prepred and
studied crystallographically, including: 1,4-diazathian-
threne [4]; benzo[b}-1,4-diazathianthrene [5]; 1,4,6,9-tetra-
azathianthrene [6]; and dibenzo[b,i}1,4,6,9-tetraazathian-
threne [7]. Interestingly, it appears from this limited group
of compounds for which data are available that the folding
of the azathianthrene analogs relative to the parent thian-
threne system [3] occurs at the expense of the internal
C-C-S bond angle of the 1,4-dithiin ring, the correspond-
ing C-S-C angle remaining relatively constant. Thus, we
were interested in examining the effect of increasing ring
size from a 1,4-dithiin to 1,4-dithiepin. In particular, our
interest was based upon the premise that the increased
ring size would alleviate potential constraints imposed on
the dihedral angle by the C-C-S bond angle, thereby pos-
sibly allowing the 1,4-dithiepin system to fold to an even
greater extent than the parent thianthrene system. To test
this hypothesis, the title compound, benzo[2,3]naphtho-
[5,6,7-ij][1,4}dithiepin and its mono S-oxide were studied.

Results and Discussion.
Synthesis of Benzo[2,3Inaphtho[5,6,7-ij][1,4]dithiepin 4).

The title compound, benzo[2,3]naphthof5,6,7-§][1,4]di-
thiepin (4) was prepared by the condensation of the di-
anion of 1,2-dimercaptobenzene (1) with 1-chloro-8-nitro-
naphthalene (2) in N,N-dimethylformamide as shown in
Scheme I. It is presumed that the reaction proceeds via
the initial displacement of the l-chloro substituent to af-
ford the thiophenolate sulfide intermediate 3 although
this has not been confirmed. Preliminary identification of
the reaction product (mp 142-144°, 45% isolated yield) as
the desired 1,4-dithiepin analog, 4, was provided by mass
spectrometry, the compound exhibiting a molecular ion,
M*, at m/z = 266 (100%) which was the base peak in the
spectrum. Typical fragment ions were observed for the
loss of S (m/z = 234, 60%), the loss of CS (m/z = 222,8%)
and the loss of CHS (m/z = 221, 7%). The proton nmr
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spectrum of 4 was intractable at 300 MHz, consisting of
two complex, overlapped multiplets centered at approxi-
mately 7.20 ppm and 7.70 ppm with and integration ratio
of 2:3, respectively.

Isolation and Identification of benzo[2,3]naphtho[5,6,7-ij]-
[1,4]dithiepin 1-Oxide (3).

During a repeat synthesis, a small sample of material
was isolated which exhibited a mp 194-195°. Mass spectro-
metry showed the molecular ion, M*, to be m/iz = 282
(27%) with a fragment ion corresponding to loss of oxygen
at m/z = 266 (70%) which is consistent with the mass of
the benzo[2,3]naphthol5,6,7-ij][1,4]dithiepin (4) described
above. Lower molecular weight fragment ions correspond-
ed to the fragmentation pathway described for 4. Based on
this evidence, it was apparent that either during prepara-
tion or isolation that 4 had undergone an oxidation to af-
ford the sulfoxide, benzo[2,3]naphtho[5,6,7-i][1,4]dithie-
pin l-oxide (3). Further evidence supportive of the sulfox-
ide structure was found in the 300 MHz proton nmr spec-
trum which showed resonances for ten non-equivalent pro-
tons. The analysis of the proton nmr spectrum is described
in some detail below.

Two possible scenarios can be invoked to account for
the structure of 5. First, it is possible that the title com-
pound, 4, is susceptible to an extremely facile air oxida-
tion. Alternatively, and perhaps more plausibly, it may be
possible that an intramolecular transfer of oxygen from
the nitro group to the sulfide linkage may occur prior to
the closure of the 1,4-dithiepin ring by the second nucleo-
philic displacement. Support for this contention derives
from the already reported observation of strong intramo-
lecular sulfur-nitro group oxygen interactions by both
BC-nmr spectroscopy [8-11] and X-ray crystallographic
techniques [10,12-15]. Regardless of how it was formed,
the structure of benzo[2,3]naphtho[5,6,7-if][1,4]dithiepin
l-oxide (5) is quite interesting and novel.
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Proton NMR Spectroscopy of Benzo[2,3]naphthol5,6,7-ij}-
[1,4]dithiepin 1-Oxide (5).

Conjested proton nmr spectra of polynuclear aromatics
can, in many cases, be intractable to analysis even by two-

dimensional nmr techniques such as autocorrelated pro-
ton (COSY) nmr. Recently, however, we have demon-
strated the generally superior resolution afforded by pro-
ton zero quantum coherence (ZQCOSY) nmr experiments
with a helicene analog, phenanthro[3’,4":3,4]phenanthro-
[2,1-b]thiophene [16] and benzo[b]triphenyleno[1,2-d]thio-
phene [17]. Furthermore, the ZQCOSY experiment is bet-
ter suited to the establishment of vicinal proton connec-
tivities than the COSY experiment. Thus, the proton
ZQCOSY spectrum of 5 was acquired using the pulse se-
quence and phase cycling initially described by Miiller [18]
and utilized in our previous work [16,17].

The proton zero quantum spectrum of 5 optimized for
an assumed 7 Hz vicinal coupling plotted at a fairly high
contour level is shown in Figure 1. Only vicinal proton-
proton connectivities are shown in the spectrum. Although
the interpretation of ZQCOSY spectra has been treated in
some detail in our earlier work [16], these experiments are
still used rather infrequently and hence a reiteration on
the interpretation of the spectra is in order. To begin, re-
sponses in the second or zero quantum frequency domain
(F1) will appear at the algebraic difference of the offsets of
the coupled spins relative to the transmitter. Referring to
Figure 1, consider the 6/5 connectivity. Here, the doublet
for H6 is observed to resonate approximately 185 Hz
downfield of the position of the transmitter while the H5
resonance is centered about 20 Hz upfield of the trans-
mitter position. Quite simply, the algebraic difference be-
tween the location of the two resonances is about 205 Hz
and indeed, we note in the figure that sets of responses lo-
cated at +205 Hz are correlated by a diagonal line with a
slope of +2 which represents the 6/5 correlation pathway.
Since the Miiller [18] sequence provides quadrature detec-
tion in the second frequency domain via the 45° read
pulse, the pair of responses which would normally be ob-
served at (F, = +185,F, = —205)and (F, = —25,F, =
—205) if a 90° read pulse were employed are totally sup-
pressed. If present, the latter pair of responses would be
correlated by an antidiagonal line with a slope of —2. It
should also be noted for the interested reader that the
splittings in the zero quantum frequency domain have re-
cently been analyzed by Cavanagh and Keeler [19] and are
currently being referred to as ‘‘K-splittings” in a sense
analogous to the scalar coupling constant, J.

Beginning with the doublet resonating furthest down-
field at 8.27 ppm in Figure 1, we may trace a connectivity
network which ultimately comprises three spins (8.27, 7.60
and 7.84 ppm, H6, H5 and H4, respectively) which must
hence be one of the three spin systems of the naphthyl por-
tion of the molecule. Responses are located at the F, fre-
quency as in the normal one-dimensional spectrum and
are displaced from the axis F, = 0 Hz as a function of the
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Figure 1. Proton zero quantum coherence two-dimensional nmr spectrum optimized for a 7 Hz (35.7 msec) vicinal coupling recorded using a sample of
10 mg of 3 recorded in deuteriochloroform at 300.068 MHz at an ambient probe temperature of 17°. The contour level plotted was chosen to show on-
ly vicinal proton-proton connectivities. A conventional high resolution proton spectrum is plotted below the contour plot. Chemical shifts in ppm are
downfield of TMS. The axes flanking the contour plot in Hz are relative to the transmitter. The numbering scheme used in labelling the Figure is that

shown in Table 1.

algebraic difference of the offsets of the coupled spins rel-
ative to the transmitter as described in detail above. Con-
tinuing from a resonance at 7.82 ppm which overlaps the
resonance at 7.84 ppm to afford an apparent doublet of
doublets in the one-dimensional spectrum, a second three
spin system may be traced (7.82, 7.35 and 7.76 ppm, H10,
H9 and H8, respectively) which constitutes the other three
spins system of the naphthyl moiety. Finally, beginning at
7.76 ppm we may trace out the four spin system (7.72, 7.53,

7.37 and 7.84 ppm, H8, H9, H10 and H11, respectively)
from the benzene derived portion of the molecular struc-
ture of 5. In this fashion, the ZQCOSY spectrum shown in
Figure 1 quite readily establishes the vicinal proton-pro-
ton connectivity network despite considerable congestion.

A much ‘“‘deeper’’ contour plot of the ZQCOSY spec-
trum is shown in Figure 2 and establishes longer range in-
traring connectivities for which the experiment was not
specifically optimized.
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Figure 2. Proton zero quantum coherence two-dimensional nmr spectrum of 3 optimized for a 7 Hz vicinal coupling. The countour level plotted was
chosen to show both vicinal proton-proton connectivities and the much weaker responses for longer range connectivities. A conventional high resolu-
tion proton spectrum is plotted below the contour plot. Chemical shifts in ppm are downfield of TMS. The axes flanking the contour plot in Hz are rel-
ative to the transmitter. The numbering scheme used in labeling the Figure is shown in Table 1.

Based upon the location of the two multiplets in the 300
MHz proton nmr spectrum of the parent compound, 4, we
have assigned the resonance furthest downfield as the H6
resonance (8.27 ppm). The assignments for H5 and H4 log-
ically follow as 7.60 and 7.84 ppm, respectively. Since H3
would be expected to exhibit a similar chemical shift to
H4, we have assigned the H3 resonance as 7.82 ppm. Care-
ful examination of the region of the F, = 0 Hz axis in the
region from 7.82-7.84 ppm shows evidence for what may
be a weak peri connectivity between the H3 and H4 reso-
nances although this cannot be ascertained with complete
certainty because of the axial response located at F, = 0
Hz which arises due to longitudinal relaxation during the
evolution period. The H2 and HI resonances are then as-

signed as 7.35 and 7.76 ppm respectively.

With regard to the four spin system arising from the
benzenoid portion of the molecule, we have assigned the
H8 resonance at 7.72 ppm which is slightly downfield of
the H11 resonance at 7.62 ppm. The H8 and H9 reso-
nances are assigned as 7.53 and 7.37 ppm, respectively.
Because of the minimal differences in the chemical shift of
the H8 and H1l resonances, assignments based solely on
proton chemical shift arguments may be considered to be
reversible.

Carbon NMR Spectroscopy of Benzo[2,3]naphtho[5,6,7-if]-
[1,4]dithiepin 1-Oxide (5).

Potential ambiguities in the assignment of the proton
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nmr spectrum of 5 may be resolved by considering the
3C.nmr spectrum of the compound. A proton-carbon het-
eronuclear chemical shift correlation spectrum (HC-
COSY) with broadband homonuclear proton decoupling
was acquired using the method described by Bax [20] and
is shown in Figure 3. Direct heteronuclear correlations are
quite obviously established by this method. Given the
means of assigning one partner of a heteronuclear pair,
the assignment of the other is unequivocally established.
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Figure 3. Proton-carbon heteronuclear chemical shift correlation spec-
trum with broadband homonuclear proton decoupling acquired using the
pulse sequence and phase cycling of Bax [20].

Using chemical shift additivities derived from the work
of Chauhan and Still [21] for the conversion of a thio-ether
into its corresponding sulfoxide, we note that the positions
ortho to a sulfoxide linkage are expected to be shifted up-
field by 6.3 ppm relative to their unsubstituted coun-
terparts. The meta position, in contrast would exhibit only
a minimal downfield shift of about 0.1 ppm. Hence, we
would expect the C6 and C8 resonances of 5 to be shifted
upfield substantially relative to their C1 and C11 counter-
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parts on the basis of additivity effects for the conversion of
the sulfide to the sulfoxide.

It follows then from the tentative assignment of H6 as
the resonance observed at 8.27 ppm, that C6 may be as-
signed as the carbon peak at 122.82 ppm. The C1 position,
in contrast to C6, would be insulated from the chemical
shift changes induced by sulfoxidation since it is in the
other ring of the naphthyl portion of the molecule. Hence
C1 would be expected to resonate downfield of C6 in the
vicinity of approximately 129.1 ppm. From the proton ten-
tatively assigned as H1 above (7.76 ppm) we note that the
directly bonded carbon associated with the proton reso-
nates at 129.96 ppm which is entirely consistent with the
argument being developed. Finally, in close proximity to
the now assigned chemical shift of C6, the carbon which
may be assigned as C8 on the basis of the proton chemical
shift of H8 suggested tentatively above is observed at
123.20 ppm.

The balance of the protonated carbon chemical shifts of
5 are collected in Table 1. An attempt was made to assign
the quaternary carbon resonances of 5 using long range
heteronuclear proton-carbon chemical shift corelation [22]
but unequivocal assignments could not be made with the
amount of material available for reasons of sensitivity. It is
reasonably certain, however, on the basis of chemical shift
considerations that the two quaternary carbons resonating
furthest downfield (140.23 and 136.01 ppm) are attribut-
able to the quaternary carbons bearing the sulfoxide sub-

Table 1

Proton and Protonated Carbon Chemical Shift Assignments of
Benzo[2,3]naphtho[5,6,7-ij]1,4]dithiepin 1-Oxide (3) in Deuteriochloro-
form at 300.068 and 75.459 MHz for 'H and "*C, Respectively. [a]

1 2
11 12

S
10 3
11a
12b

o 6 5
5
Position &% (ppm) &€ (ppm)
1 7.76 129.96
2 7.35 126.09
3 7.82 132.33
4 7.84 131.83
5 7.60 126.09
6 8.27 122.82
7 _ —
8 7.72 123.20
9 7.53 130.58
10 7.37 130.91
11 7.62 133.46

{a] The numbering scheme for chemical shift data is that shown below.
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stituent which are expected to be shifted downfield 9.9
ppm relative to their sulfide bearing counterparts [21]. For
the four remaining quaternary carbon sites in the mole-
cule, only three quaternary carbons were observed and
these are unassigned. The missing carbon resonance is
calculated to be accidentally overlapped by one of the pro-
tontaed carbon resonances.

X-Ray Crystallography of Benzo[2,3]naphtho[5,6,7-i1,4)
dithiepin 1-Oxide.

A crystal of 5 suitable for X-ray crystallography was
grown from chloroform. The atom labelling scheme used
in the crystallographic study is shown in Figure 4 accom-
panied by bond distances; bond angles are shown in Fig-
ure 5. A view of the packing in the unit cell is shown in
Figure 6 which clearly illustrates the non-planarity of 5.
Indeed, using the planes defined by the benzene ring and
the naphthalene moiety, the dihedral angle about the sul-
fur/sulfoxide bond axis was 111.2%{4)°. Including the sul-
fur atoms in the computation of the dihedral angle gives
109.00(2)°. Compound 3 is therefore substantially more
folded than any of the thianthrene systems yet studied
[2-7]. The C-C-S bond angles on the ‘‘benzene side’’ of the
molecule are also smaller than in any of the thianthrene
systems studied.

1.7910013) C12A

1391(2) 7
Sl2 1815712

Figure 4. Atom labeling scheme for the x-ray crystallographic study of 5
which also shows bond distances.

A summary of the crystallographic data is given in the
experimental section below. Positional and thermal para-
meters are contained in Table 2; torsional angles for the
non-hydrogen atoms of 5 are given in Table 3. Least
squares planes and dihedral angles for 5 are contained in
Table 4. The S---S intramolecular distance was 3.0594A,
and is slightly smaller than the 3.1926 A distance found in
the case of thianthrene [3] which may impose some con-
straint on the central ring.

Figure 5. View of the structure of 5 showing bond angles for the non-hy-
drogen atoms.

Figure 6. View of the unit cell of 5 showing the packing of the molecules
in the crystal lattice and the folding of the molecule about the S7--S12
axis.

Conclusions.

Based on the observations just presented, it is logical to
conclude that the increase in ring size afforded by the
1,4-dithiepin nucleus accomodates an increasing folding
of the molecule about the S---S axis thereby accounting for
the dihedral angle of 109.0° for 5, which is in sharp con-
trast to the 127.14° dihedral angle observed for the parent
thianthrene [3].

The mechanism responsible for the formation of 5 re-
mains to be confirmed. It is quite possigle, however, that
the formation of 5 occurs during the synthesis of 4 as a
competing reaction, with intramolecular transfer of the
oxygen atom from the nitro group to the sulfur as shown in

Equation 1.
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Table 2 c2 c3 C3a cs 178.61(14)
Positional and Thermal Parameters for Benzo[2,3]naphtho[5,6,7-i/]1,4} C3b C3a C4 G5 - .8(2)
dithiepin 1-Oxide (5) {a] C4 C3a C3b Céa 2.7(2)
Ca C3a C3b Cl2a - 178.41(12)
Atom x y z u C3 C3a C3b Céa —178.19(12)

Cl 24852  .52742)  .0907412)  .0231(4) C3 & =19 St @)

C2 29562 70632  .06579(12)  .0253(4) cs =1 o € LRRELRY
C3 47932  79652)  .0032012)  .0240(4) x &1 Gl = LT
C3a  .62342)  .T136Q@)  .14675(11)  .0205(4) e C3b Sl — !
C3b  5785(2)  .53262)  .17437(11)  .0187(3) Qb 610 2 & LS )
C4  81242)  B1242)  .1708%13)  .0256(4) k) L e </ ey
C5  94572)  I357(2)  .2226414)  .0297(4) 20 (9 S 2 L
C6 91402  56062)  .25431(13)  .0269(4) L Ll e = )
Céa  .73182)  4601(2)  .23173(11)  .0216(4) e S Gk & -1Q)

S7 705525 .23787(4)  27122(3)  .02642(12) ot &1 e 812 175.89(10)
Cla  .5627(2)  .2376(2)  .37246(12)  .0242(4) oL ) & %9 -13@)

C8  .63432)  .24292)  .49808(13)  .0313(5) & & %9 C6a L)

CO  51493)  23822)  5722104)  .03700) = 2 8 &1 3@)
Cl0  3271(3)  .226%2)  .52222(15)  .0368(5) A (8.2 A 177.28(12)
Cll  2535(2)  .21982)  .39622(14)  .0306(5) Sy e e ] ~59.3012)
Clla  .3745(2)  .22600)  .32286(12)  .0234(4) g = = WY —162.34(7)
S12 .28932(4)  .200384)  .15991(3)  .02361(11) & L 1 S ESELL
Cl2a  .3840Q) 44272 1437111  .0191(3) 8 e e UL AL
013  .08452)  .1848Q2)  .1322111)  .0323(4) UED & S = ()
013 8612  .2122) 355312)  .050(3) kD e (&1 S L)
HI 1183  4570) 0712) 05%7) g2 e = &) S el
H2 1993  .7720) 028(2) 036(5) e =i e G U )
H3 5173  915Q3) 0792) 047(6) = S s & 22)
s i i c8 C7a Clla s12 ~177.19(11)
HS 10833  .806(3) 2392) 044(5) e S & o9 -2
H6  1.016(3) 499(3) 292(2) 045(5) 57 & c8 & R
H8  .76203) 234(3) 531(2) 035(5) i e e &0 178.11(11)
HO  5583)  .244(3) 658(2) 042(5) = S e oL 76(14)
HIO  .2400) 2313) 581(2) 056(6) o0 & & e 6(2)
HIl  .1380) 223(3) 368(2) 049(6) ce & e &0} o)

co C10 cil Clia ~52)

[l‘l‘ii];:ll: :.umbering scheme for the crystallographic data is that shown in C10 Cil Clla CTa 42)
C10 ci1 Clla si2 177.70(12)
Table 3 CTa Clla s12 Cl2a —75.50011)
Torsion Angles for the Non-hydrogen Atoms of Benzo[2,3]naphtho- Ca Clla S12 013 175.68(10)
(5,674 A dithicpin 1-Oxide (5) [a] c1 Clla s12 Cl2a 107.05(12)
cil Clla si2 013 —1.68(13)
! 2 3 4 1-2:34 013 S12 Cl2a cl -10.79(12)

c2 c1 C12a C3b ~@) 013 s12 Cl12a C3b 17291011)

c2 c1 Cl2a s12 ~177.20(11) Clla S12 Cl2a cl ~119.89(11)
Cl2a cl c2 c3 92 Clla s12 Cl2a C3b 63.81(13)

c c2 c3 C3a ~ 32

[a] Atoms are labeled for the crystallographic study using the numbering
C2 C3 C3a C3b —6(2) scheme shown in Figure 4.
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Table 4

Least Squares Planes and Dihedral Angles for Benzo[2,3]naphtho-
[5,6,7-ij][1,4]dithiepin 1-Oxide (5) [a}

Equation for Plane 1
—3.13253x + 2.60376y + 12.32026z — 1.71888 = 0

Cl  .0062) c2  -.0052) 3 -.0022)

C3a  .006(2) C3b  —.00402) ClZa —.002(2)

S12*  .1099(7)  CA* 043(2) c5* 0512

6 —.011Q2) C6a*  —.042(2) ST*  —.0319(8)
X* = A7.68

Equation for Plane 2
3.06983x — 2.78701y — 12.20012z + 1.85264 = 0

C3a —.013(2) C3b .017(2) C4  —.0022)
C5 017(2) Cc6 —.006(2) C6a —.010(2)
Cc1* .039%(2) c2* —-.0112) C3* -.033(2)
S7* .0466(8) Cl2a* 044(2) Si2* .2064(8)
x* = 349.66
Equation for Plane 3
3.10572x — 2.69723y — 12.25954z + 1.78056 = 0

Cl  -.018(2) Cc2 013(2) C3 .022(2)
C3a .007(2) C3b —.003(2) C4 -—.018(2)
G5  —-.032(2) Cé6 .010(2) Céa .029(2)

Cl2a -.017(2) S7* —.0051(7) S12*  —.1540(6)

x? s 1295.83
Equation for Plane 4
3.36781x — 2.57919y — 12.28609z + 1.55068 = 0
Cl .087(2) C2 .084(2) Cc3 .035(2)
C3a —.007(2) C3b .017(1) C4  —.0922)
C5 -—.133(2) Ccé —.05%2) Céa .019(2)
Cl2a .064(1) S7 .190(5) S12  —.0204(4)
x? = 44209.61
Equation for Plane 5
0.42573x — 7.56080y + 0.123617z + 1.50880 = 0
C7a .002(1) Cc8 —.004(2) Cc9 .002(2)
Cl0 .003(2) C1 —.004(2) Clla .001(1)
S7*  —.0442(7) S12* —.0687(7)
x: = 19.89
Equation for Plane 6
—0.42144x + 7.57064y — 0.35194z — 1.40840 = 0
C7a .022(1) cs —.012(2) C9 -.0232)
Cl0 -.0132) C1l 010(2) Clla .031(1)
ST —.0004(4) S12 —.0015(3)

x* = 9734.30

Dihedral Angles Between Selected Planes

1 2 1.60(4)°
3 5 111.294)°
4 6 109.00(2)°

[a] All distances are given in angstroms from the plane. Atoms denoted
by * were not used in the plane calculation. The numbering scheme used
in this table is shown in Figure 4.

EXPERIMENTAL

Melting points were determined in open capillary tubes in a Thomas-
Hoover apparatus and are reported uncorrected. Elemental analyses
were performed by Atlantic Microlabs, Atlanta, GA. All infrared spectra
were obtained using a Perkin Elmer model 283 spectrophotometer as 1%
potassium bromide pellets.

Synthesis of Benzo[2,3]naphtho[5,6,7-i7]1,4]dithiepin (4).

To a 100 ml three neck flask was added 0.13 g (0.0054 mole) of sodium
hydride in 50 ml of dry, freshly distilled N,N-dimethylformamide (DMF)
and 0.35 g (0.0024 mole) of 1,2-dimercaptobenzene (Fluka) under an inert
argon atmosphere. The suspension was stirred until hydrogen evolution
ceased (about 2 hours) after which the flask was cooled in an ice bath.
Next, 0.35 g (0.00168 mole) of 1-chloro-8-nitronaphthalene was added
and the flask stirred for a further 2 hours prior to the initiation of reflux,
which was continued for 8 hours. After cooling, the reaction mixture was
poured into 250 ml of ice cold distilled water which was extracted with 4
X 100 ml portions of ethyl acetate. The combined ethyl acetate extracts
were then back extracted with 2 X 100 ml of distilied water after which
the ethyl acetate solution was dried over anhydrous sodium sulfate. On
concentration, 0.25 g (45% yield) of a white crystalline material (mp
142-144°) was isolated by filtration. The infrared spectrum of the iso-
lated material gave: A = (cm™") 1750, 1625, 1535, 1350, 870, 830. The
electron impact low resolution mass spectrum of 4 gave: m/z (% relative
intensity) 266 (M*, 100), 268 (M* + 2, 9), 234 (M* —S, 60), 222 (M* —CS,
8) 221 (M* —CHS, 7). The 300 MHz 'H-nmr spectrum is discussed in the
text. The **C resonances observed at 75 MHz in deuteriochloroform: pro-
tonated carbon resonances - 125.72, 129.45, 130.31, 132.23, 132.85 §;
quaternary carbon resonances - 133.14, 136.61, 142.37 é.

Anal. Caled. for C,(H,S,: C, 72.18; H, 3.75; S, 24.06. Found: C, 71.95;
H, 3.81; S, 23.91.

Isolation of Benzo[2,3]naphtho[5,6,7-i/][1,4]dithiepin 1-Oxide (5).

During a subsequent preparation of the parent dithiepin, 4, a small
quantity of a light brown compound (23 mg) mp 194-195° was isolated.
The low resolution electron impact mass spectrum of the compound gave
a molecular ion, M*, at m/z = 282 (27%). An intense fragment ion was
observed at m/z = 266 (70%) corresponding to 4. Lower mass fragment
ions were consistent with the fragmentation described for 4 above. On
this basis, the compound was tentatively identified as benzo[2,3]naphtho-
[5,6,7-i}{1,4]dithiepin 1-oxide (3). The structure of the molecule was con-
firmed by two-dimensional nmr methods using 10 mg of material recrys-
tallized from chloroform. Slow evaporation of the deuteriochloroform
from the tightly capped nmr tube gave a crystal suitable for X-ray crys-
tallography. Losses during purification precluded elemental analysis.

NMR Spectroscopy.

All nmr spectra were recorded using a Nicolet NT-300 wide bore spec-
trometer operating at frequencies of 300.068 and 75.459 MHz for 'H and
'3C observation, respectively. The instrument was controlled by a model
293-C pulse programmer and was equipped with a 5§ mm *H/**C dual
tuned probe. Typical instrument parameters were: 60° tip for one dimen-
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sional experiments = 10.0 psec for 'H and 11.6 usec for °C; 1 sec inter-
pulse delay; sweep widths were +2 KHz for 'H and +9.6 KHz for *C;
proton spectra were digitized with 16K complex points, *°C spectra were
digitized with 32K complex points; all data were taken using quadrature
phase detection. Chemical shifts are reported in ppm downfield from
TMS. All spectra were acquired at an ambient probe temperature of 17°.

The two-dimensional proton zero quantum coherence experiment
(ZQCOSY performed on 5 employed a sample of 10 mg of 5 in 0.4 ml of
deuteriochloroform and used the pulse sequence described by Miiller
[18] with a 64 step phase cycle as reported in our previous work [16]. The
data was acquired as 470 X 2K complex points overnight with a sweep
width in F, = +243 Hz. The incremented evolution time in F, was set to
0.5*dwell in F; = 1 msec. A 45° reconversion pulse was employed to con-
vert the evolved zero quantum coherence back into observable single
quantum coherence prior to acquisition. The data was processed using
sinusoidal multiplication prior to both Fourier transformations with zero
filling to 512 points prior to the second. Data is shown in Figures 1 and 2.

The proton-carbon heteronuclear two-dimensional chemical shift cor-
relation spectrum with broadband homonuclear proton decoupling
shown in Figure 3 was recorded using the pulse sequence and phase cy-
cling described by Bax [20]. The experiment was performed using the
same sample as for the proton zero quantum experiment described
above. Data was acquired overnight as 90 x 1K complex points using a 1
sec interpulse delay. Spectral widths were F, = +243 Hz and F, =
+2100 Hz. The data was processed using a 2 Hz exponentional broaden-
ing prior to the first Fourier transformation and a double exponential
apodization and zero filling to 256 points prior to the second Fourier
transformation. The data is shown in Figure 3.

An attempt was made to record the long range heteronuclear chemical
shift correlation spectrum of 5 using the pulse sequnce modified to pro-
vide one bond modulation decoupling recently described by Zektzer,
John and Martin [22). Although some responses were observed after pro-
cessing of the data from a 40 hour accumulation, the signal to noise ratio
in the spectrum was insufficient to allow the unequivocal assignment of
any of the quaternary carbon resonances.

X-Ray Crystallography.

A nearly colorless block measuring .40 mm X .33 mm X .37 mm was
obtained from the slow evaporation of deuteriochloroform from a tightly
capped 5 mm nmr tube. A Syntex P2, diffractometer was used for the
X-ray crystallographic study and was equipped with a graphite mono-
chromator, Mo Ko radiation (\ = 0.71069 A) and a Syntex LT-1 low tem-
perature delivery system (163°K). Lattice parameters were determined
from least squares refinement of 60 reflections with 25.1° <26<30.9°.
The crystal system is triclinic, space group is P1. Lattice constants: a =
7.642(2), b = 7.7092), c = 11.395(2)A, a = 92.77(1), B = 104.84(1), ¥
= 103.24(1)°, V = 627.6(3)A% Z = 2, d, = 1.49 g-cm™, F(000) = 292.
The omega scan technique (3649 reflections) was used; 26 range 4-60°, 1°
w scan at 3-6° min™". (h = —10—-10, k = —10—10, £ = —15~16).
Four reflections (0,0,4; — 3,0,0; 0,5,0; 1,2,2) were remeasured every 96 re-
flections to monitor instrument and crystal stability. No evidence of crys-
tal decay was noted. Data corrected for Lp effects and absorption (based
on crystal shape, p = 3.93 cm™; transmission factor range 0.866-0.890).
Data reduction was performed as described by Riley and Davis [23]. Re-
flections have F, < 40(F,) were considered unobserved (303 reflections).
The structure was solved by MULTAN78 [24] and was refined by full-ma-
trix least squares procedures [25] with anisotropic thermal parameters
for non-hydrogen atoms. Hydrogen atoms were located from a Fourier
difference map and were refined with isotropic thermal parameters; 216
parameters were refined. The function Zw(|F,| - {F.|)* was minimized
where w = 1/(o(F.))* and oF,) = .5kI ~13(o(I)}* + (.041)*]V2 Intensity, I,
given by (Ly.ax -Lpackzrouna) X (scan rate), .04 is a factor to downweight in-
tense reflections and to account for instrument stability and k is the cor-
rection due to Lp effects and absorption. Sigma(l) estimated from count-
ing statistics; o(I) =[(Lyeox — Issckgrowna)!? X (scan rate)]. Final R = .0353
for 3346 reflections, wR = .0532 (R., = .0384, wR,, = .0552) and a
goodness of fit = 2.12. Maximum |Alg| < 0.1 in the final refinement cy-
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cle and the minimum and maximum peaks in the AF map were —0.20
and 0.57 e/ A?, respectively. After several cycles of refinement with all H
atoms input, a large peak (1.2 e/ A persisted 1.42A from S7, close to
the expected S-O bond length in a sulfoxide. The electron density associ-
ated with this peak could not account for an oxygen atom at full occu-
pancy and it was therefore concluded that the oxygen atom was disor-
dered about two positions near S12. The occupancy factors for the oxy-
gen atom were refined to 89.6(3)% for 013 and 10.4(3)% for O13a. O13a
was refined isotropically. The disorder of the oxygen atom required that
the sulfur atoms also be disordered since the geometry around a sulfide
sulfur atom is different from that around a sulfoxide sulfur atom. How-
ever attempts to split the sulfur atoms into two separate atoms repre-
senting a sulfoxide sulfur and a sulfide sulfur resulted in the merging of
the two peaks into a single peak on refinement. No evidence of disorder
was observed in the carbon atom positions. Scattering factors for the
non-hydrogen atoms were taken from Cromer and Mann [26), while scat-
tering factors for the hydrogen atoms were from Stewart, Davidson and
Simpson [27]; linear absorption coefficients were taken from the Interna-
tional Tables for X-ray Crystallography [28]. The least squares planes
program was supplied by Cordes [29]; other computer programs are cited
in reference 11 of Gadol and Davis [30].
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