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Abstract: The reaction of chloromethyl ethynyl sulfide with EnH/LDA affords 2,3-dibutyl-2,3-dihydro-
1,3-thiastannole which on reaction with AsBollowed by DBU affords 1,3-thiaarsole in 22% vyield. The
reaction of allyl mercaptan with 2 equiv of BuLi followed by 1 equiv of }8aC} affords an 80% yield of
2,3-dihydro-2,2-dimethyl-1,2-thiastannole which on reaction with A¢&8ltowed by DBU gives 1,2-thiaarsole

in 56% yield. The NMR, UV and mass spectra are consistent with aromaticity of both thiaarsoles. The structure
of 1,2-thiaarsole, measured by electron diffraction, suggests that it is an aromatic compound. The thermal
average bond lengthsy(A) and bond angles{./deg) with estimated®uncertainties arg(C—H) = 1.078(14),
r(Cs—C4) = 1.414(10)r(C4—Cs) = 1.382(9),r(As—C) = 1.829(4) r(S—C) = 1.711(5),0(CCC)= 118.0(12),
O(AsCC) = 117.7(10),0(SCC) = 117.9(9),0(SAsC) = 89.8(5),[J(AsSC)= 96.6(4). Ab initio molecular

orbital calculations at the B3LYP/6-31G* level were performed for both thiaarsoles.
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Simple fully unsaturated heterocycles are of substantial ) /;S s )
intrinsic interest. The discovery of thiopheng) (by Victor

Meyer in 1883 was central to the development of the concept containing heterocycles 1,2-thiaarsa8 nd 1,3-thiaarsoledj

of aromaticity}~3 More recent investigations of arsabenzene might be expected to resemidleand2. We report here on the
(9*"" and related arsenimitrogen heterocyclés'®have been  getails of the synthesis @fwhich was published earliét.We

important for the study of multiple bonding between carbon 4|50 report an efficient synthesis of the new heterocgciehe
and the heavier main group elements. The arsesudfur availability of 3 in gram quantities has allowed us to make an
electron-diffraction determination of its structure which suggests

T University of Michigan.

* Oregon State University.

(1) Meyer, V.Chem. Ber1883 16, 1465;1884 17, 2641.

(2) (@) Gronowitz, S., Ed. Thiophene and lIts Derivatives. The
Chemistry of Heterocyclic CompoundBaylor, E. C., Weissberger, A.,
Eds.: Wiley: New York, 1986, 1987; Vol. 44. (b) Bird, C. W.; Cheesman,
G. W. H. In Comprehensgie Heterocyclic ChemistryKatrintzsky, A. R.,
Rees, C. W., Eds.; Pergamon Press: Oxford, U.K., 1984; Vol. 4881

(3) Gilchrist, T. L.Heterocyclic Chemistry2nd Ed.; Wiley: New York,
1992; pp 735, 214-223.

(4) Jutzi, P.; Deuchert, KAngew. Chem., Int. Ed. Endgl969 8, 991.

(5) Vermeer, H.; Bickelhaupt, Angew. Chem., Int. Ed. Endl969 8,
992.

(6) (@) M&kl, G. Chem. Unserer Zeit982 16, 139. (b) Ashe, A. J., Il
Top. Curr. Chem1982 105 1. (c) Ashe, A. J., Ill. InComprehensie
Heterocyclic Chemistry jIMcKillop, A., Vol. Ed.; Pergamon: Oxford,
1996; Vol. 5, p 669.

(7) Ashe, A. J., llI.J. Am. Chem. Sod 971, 93, 3293.

(8) (a) Heinicke, JZ. Chem 1989 29, 71. (b) Heinicke, J. Tzschach,
A. J. Organomet Chem 1978 154, 1. (c) Heinicke, J.; Petrasch, A,;
Tzschach, AJ. Organomet. Chen1983 258 257. (d) Richter, R.; Sieler,
J.; Richter, A.; Heinicke, J.; Tzschach, A.; Lindgvist, O.Allg. Anorg.
Chem 1983 501, 146. (e) Heinicke, JJ. Organomet. Chenl989 364
C17. () Makl, G.; Pflaum, S.Tetrahedron Lett1987 28, 1511.

(9) (a) M&kl, G.; Martin, C.Tetrahedron Lett1973 4503. (b) Zabotina,
E. Y.; Litvinov, I. A.; Kuz’mina, L. G.; Korshunov, R. LHeteroatom Chem
1996 7, 123. (c) Makl, G.; Seitz, H.Tetrahedron Lett1986 27, 2957. (d)
Arbuzov, B. A.; Zabotini, E. Y.; Dianova, E. N.; Litvinov, I. A.; Naumov,
V. A; Latypov, S. K,; Il'asov, A. V.Heteroatom Cheni992 3, 151.

(10) (a) Makl, G.; Dietl, S.Tetrahedron Lett1988 29, 535. (b) Avarvari,
N.; Le Floch, P.; Ricard, L.; Mathey, Forganometallics1997, 16, 4089.

that 1,2-thiaarsole is a genuinely aromatic compound.

Syntheses

The original synthesis of arsabenzene, as outlined in Scheme

1, involves the reaction of 1,4-pentadiyr® (ith dibutylstan-
nane to produce 1,1-dibutylstannacyclohexa-2,5-diéhé?(

A0 =0=0)
Sn éls AS
6 7 2

Scheme &

Bu,
5

a(a) BwSnH; (b) AsCk; (c) A or DBU.

On treatment with AsGI6 undergoes facile As/Sn exchange
to give 1-chloroarsacyclohexadien@) (which loses HCI on
heating or on treatment with base to afford arsabenz&iece
our syntheses of thiaarsol8sand4 are analogous, we initially
sought to prepare the corresponding tin heterocytlend16,
respectively (see Schemes 2 and 3).

(11) Ashe, A. J., lll; Fang, XChem. Commuri999 1, ibid. Organo-
metallics1997, 283.
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Scheme 2

Me;Si—=H 2» Me,Si—=

$-CH,Cl L/S\cﬂzai»
2

s . S N SnBu, Br S N S . s
D~ S ( Lo [~0p
SBI\:Z Br,As BE As

AsBr,
10 12 13 11 4
a(a) BuLi, S, BrCH.CI; (b) BwNF; (c) BwSnH/LDA, —78 °C;
A; (d) AsBr; (e) A; (f) DBU, A.

8

SnBu, Br

€
—

Scheme 3

SLi

o

S S< S S
AsBr,
LI E/\SnMeZL | ? |4 E/\AsBr s E/\AS
SnMe, Br /

16 18 17 3

Me>SnCh; (c) AsBrs; (d) A; (e) DBU.

CH,Li

15
a(a) BULi/TMEDA, (b)

The synthesis ofl0'® starts from commercially available
(trimethylsilyl)acetylene, which following a procedure of
Brandsma is lithiated and reacted sequentially with sulfur
followed by bromochloromethane to afford chloromethyl tri-
methylsilylethynyl sulfide 8) in 60% yield. Desilylation of8
with BusNF in methanol gives the labile chloromethyl ethynyl
sulfide ©) in 70% yield. Using an adaption of a ring-closure
procedure pioneered by Jousseaume and co-wolkeérsis
treated with LiSnHBuw at —78 °C followed by gentle warming
and distillation to afford a 39% yield of the desired tin
heterocyclel0. Apparently this reaction takes place via nucleo-
philic displacement of the chloride by the tin anion followed
by intramolecular hydrostannation of the ethynyl group on
heating.

The reaction of AsBy with 10 is complex but can be
monitored by*H NMR spectroscopy. In CDght 25°C excess
AsBr; and 10 quickly give a 3:1 mixture ofL2/13. On heating
to 80 °C for 7 h afine precipitate forms while théH NMR
spectrum of the CDGlsolution shows a 3:1 mixture of Bu
SnBr and11. Apparently this conversion is limited by the prior
E/Z-isomerization ofL.3to 12 which cannot form the ring-closed
11 Preparatively it is most convenient to simply heat a mixture
of 10and AsBg in tetraglyme followed by treatment with DBU.
This allows distillation of4 in 22% yield. 1,3-Thiaarsole is an
air-sensitive liquid which is most conveniently handled in dilute
solution.

The synthesis ol6 is based on Seebach’s observation that
commercially available allyl mercaptan can be easily dilithiated
to 15 with BuLi in THF/TMEDA.1® Reaction of 15 with
dimethyltin dichloride affords the crystalline 2,3-dihydro-2,2-
dimethyl-1,2-thiastannole16) in 79% isolated yield. The
reaction ofL6 with AsBr;in CDCl; can also be monitored using
IH NMR spectroscopyl6is quickly converted td 7 apparently
via the intermediacy 0f8. Again, it is most convenient to heat
16 with AsBr; in tetraglyme followed by treatment with DBU.
1,2-Thiaarsole can be isolated directly by distillation in 56%
yield. The pale yellow liquid is quite air-sensitive. On standing
at room temperature as a neat liquid for several days, it slowly
forms a white, apparently polymeric precipitate.
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(16) Geiss, K.; Seuring, B.; Pieter, R.; SeebachAbgew. Chem., Int.
Ed. Engl 1974 13, 479.

J. Am. Chem. Soc., Vol. 122, No. 29,720

Table 1. NMR Chemical Shifts ComparedtH and3C NMR
(Brackets) for Thiophenel}, Arsabenzene?), 1,2-Thiaarsole3),
and 1,3-Thiaarsole4j°

chemical compound

shift 1 x 3 4d
H(2)[C(2)] 7.35[124.2] 9.68[167.7] 9.91[167.9]
H3)C(3)] 7.13[126.2] 7.83[133.2] 10.6277.7]
H(4)[C(4)] 7.51[128.2] 8.19143.3] 8.94[155.7]
H(5)[C(5)] 8.54[138.5] 8.48[139.5]

aSolvent, CDCJ. » *H NMR (400 MHz) and*C NMR (126 MHz).
cref 11.9ref 8. e\]H(g)H(4), 6.0 HZ;\]H(3)H(5), 0.6 HZ;JH(4)H(5), 5.0 Hz.

In summary, 1,2-thiaarsole and its 1,3-isomer are available
via short syntheses from commercially available starting materi-
als. Unfortunately the four-step synthesisdghas an overall
yield of only 3%. Since the 1,2-thiaarsole is available in two
easy steps in an overall yield of 45%, it is far easier to obtain
in multigram quantities.

Spectra

The first ordertH NMR spectra of3 and4, summarized in
Table 1, are readily assigned since the chemical shift values of
the protons adjacent to arsenic occur at particularly low field.
Similar low field signals are shown by the-protons of
arsabenzerfié” and various arsenienitrogerf—10 heterocycles.

In the case of arsabenzene it has been proposed that this
deshielding is due to a magnetic anisotropy ;seklectrons
centered on arseni¢.The McConnell equation indicates that
protons in the ring plane experience maximum deshielding
which drops off inversely with cube of the distance from
arsenic'® Application of this treatment t8 and4 indicates that
protons adjacent to arsenic should be strongly deshielded as
observed. Although the more remote proton8 ehd4 should

be less strongly effected by the arsenic anisotropy, all protons
should experience an anisotropic effect due to the aromatic ring
current of the heterocycles. Thus, the fact that all of the proton
signals of3 and4 are downfield from those of thiophene argues
for a substantial ring curreftand hence to aromaticity of the
thiaarsoles.

The'3C NMR spectra o8 and4 (Table 1) are easily assigned
by examining the cross-coupling with the proton signals. The
chemical shift values for carbon atomsto arsenic occur in
the ranged 156-178. Generally carbon-bonding to arsenic
results in substantial deshielding relative to compounds with
C—C m-bonds. Thus, nonaromatic compounds with fult&s
double bonds show signals in the rarmg212—1852° The partial
C—As z-bonding of the C(2) of arsabenzene results in a signal
ato 16817 The similar range of signals for thecarbon atoms
of 3 and4 is consistent with that for similar delocalized A€
m-bonding.

Thiophenée! arsabenzenél,2-thiaarsole, and 1,3-thiaarsole
show mass spectra (El, 70 eV) which are typical of aromatic
compounds. In all cases the molecular ion is the base peak,
and loss of acetylenave, (M* — 26) is a major fragmentation
pathway. The (CHS) ion is an important daughter ion fdras
it is for 1. On the other hand shows the largest daughter ion
atm/e, 107 for loss of [GH3], while loss of [As] atm/e, 71 is
also important. This difference requires that the ison3easd
4 maintain their identity during fragmentation.

Finally the UV spectrum oB shows peaks at 307 (4300),
272 (2600), and 222 (2700) nm, which are rather close to the

(17) Ashe, A. J., lll; Sharp, R. R.; Tolan, J. \&..Am. Chem. Sod976
98, 5451.
(18) McConnell, H. M.J. Chem. Physl1957, 27, 226.



7014 J. Am. Chem. Soc., Vol. 122, No. 29, 2000

1,2-thiaarsole 1,3-thiaarsole

Figure 1. Diagrams of 1,2-thiaarsole and 1,3-thiaarsole.

Table 2. Bond Distancesr(A) and Bond Angles[{l/deg) in
1,2-Thiaarsole and 1,3-Thiaarsble

1,2-thiaarsole

1,3-thiaarsole

experimerit  theory theory
parameter rg/A rdA;0./deg parameter rdA;0./deg
B(C—H)O 1.078 (14) 1.086 [H(C—H)O 1.085
r(Ci—Cs  1.382(9) 1.357  r(Cs—Cs) 1.360
r(Cs—Cs)  1.414(10) 1.410  r(S-C)) 1.714
r(S—C) 1.711(5) 1.724  r(S—Cs) 1.731
r(As—C) 1.829(4) 1.826 r(As—Cy) 1.821
r(As—S)  2.198(3) 2245  r(As—Cy) 1.888
0(Ccc)  118.0(12) 1181  [(SCAs) 117.9
O(AsCC)  117.7(10) 1189  O(CAsC) 90.1
0(SCC)  117.9(9) 1182  [(ASCC) 117.1
O(AsSC)  96.6(4) 958  [0(CCS) 117.7
0(SAsC)  89.8(5) 89.0  [0(CSC) 97.1
0(C.CaHs)  123.8(61) 120.6  O(SGH,) 116.3
0(CsCiHa)  121.7(82) 121.6  O(AsCH.)  122.4
0(CaCsHs)  123.4(92) 1245  [O(CiCosHsg  126.1

Rd 0.10

aAtom numbering from Figure P.Values in parentheses are
estimated &. ¢ B3LYP/6-31G*. ¢ Goodness-of-fit factorR = [SwA%/
Sisli(obsdf]¥2 where A; = sli(obsd)— sli(calcd).

absorption maxima shown kyat 290, 267, and 225 nm. These
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Figure 2. Radial distribution curves for 1,2-thiaarsole. The positions
of the vertical bars denote interatomic distances and the bar lengths
indicate the weight of the terms. The difference curve is experimental
minus theoretical.

rq, the distance correctiong — r, obtained from the normal
coordinate calculations were applied. It was necessary to use
the method of predicat&sfor the differenceAr(C—C) and the
hydrogen-angle parameters which could not otherwise be
refined. The results for the principle distances and angles are
found in Table 2; more details are found in the Supporting
Information. The radial distribution of distances is shown in
Figure 2.

Discussion

Although truere distances are not identical with, for bonds
in reasonably stiff molecules they are customarily only a few
thousandths of an angstrom smaller. Thdistances calculated

bands are substantially red-shifted from those of thiophene atap initio are dependent on level of theory and basis set, but

215 and 231 nm. This shift to lower energy for the— 7*

their accuracy from our calculation is expected to be good. As

excitations is an expected consequence of replacement of carboRrgples 2 and S1 show, the agreement between experiment and

by the larger arseni#?2.10a29n summary, the various spectra
of 3and4 are consistent with the designation of both thiaarsoles
as aromatic compounds.

Theoretical Calculations

The structures 08 and4 were optimized ab initio with use
of the program G98\A? at the HF and B3LYP levels with the
basis 6-31G*. The results are listed in Table 2 and the

corresponding models diagrammed in Figure 1. The Cartesian

force fields for3 were used in the program ASYM2Z0to

theory for3 is excellent.
Structure is an important aspect of aromatic chardéfdn
particular the lack of appreciable-C bond alternation and

(19) (a) Memory, J. D.; Wilson, N. KNMR of Aromatic Compounds
Wiley: N.Y.1982. (b) Garratt, P. Aromaticity Wiley: New York, 1986.

(20) (a) Klebach, T. C.; van Dongen, H.; Bickelhaup®fgew. Chem.,
Int. Ed. Engl 1979 18, 395. (b) Decken, A.; Carmalt, C. J.; Clyburne, J.
A. C.; Cowley, A. H.Inorg. Chem 1997, 36, 3741.

(21) Meyerson, S.; Fields, E. KOrg. Mass Spectrosd.969 2, 241.

(22) (a) For comparison with arsabenzenes, see: ref 7 andeBcii4;
Schweig, A.; Bickelhaupt, F.; Vermeer, Angew. Chem., Int. Ed. Engl
1972 11, 924. (b) For benzoxaheteroles, see: Heinicke, J.; Tzschach, A.

provide data about unobservable quantities that would be usefulz. chem 198q 20, 342.

in the experimental structure investigation planned for this
molecule.

Electron Diffraction of 1,2-Thiaarsole

The structure 08 was measured by electron diffraction from
the vapor at a nominal temperature of Z4. The refinements
were carried out by least-squargditting theoretical intensity

(23) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr,;
Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A.
D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi,
M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.;
Ochterski, J.; Peterson, G. A.; Ayala, P. Y.; Cui, Q.; morokuma, K.; Malick,
D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.;
Ortiz, J. V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi,
I.; Gomperts, R. L. Martin, D. J.; Fox, T.; Keith, M. A.; Al-Laham, C. Y.;
Peng, A.; Nanayakkara, C.; Gonzalez, R.; Challocombe, M.; Gill, P. M.

curves to the experimental average curves. The methodologyw.; Johnson, B.; Chen, W.; Wong, M. W.; Andres, J. L.; Gonzalez, C.;

was as follows. The structure was definedjrspace (the space
representing the averagpositions of the atoms) by the
parameters (C—H), M(C—C)O= Y,[r(C3—Cy) + r(C4—Cs)],
Ar(C—C) = r(C3—Cy) — r(Cs4—Cs), r(As—C), r(S—0C),
0(C—-C-C), O(As—C—C), O(S—C-C), U(Cs—Cs—H),
0(Cs—C4—H), and 0O(C4—Cs—H); Cs symmetry for the

Head-Gordon, M.; Replogle, E. S.; Pople, J.Gaussian 98revision A.3;
Gaussian, Inc.: Pittsburgh, PA, 1998.

(24) Hedberg, L.; Mills, I. M.J. Mol. Spectrosc1993 160, 117.

(25) For details of procedures see: (a) Gundersen, G.; Hedberd, K.
Chem. Phys1969 51, 2500. (b) Hedberg, L. Abstracts, fifth Austin
Symposium on Gas-Phase Molecular Structure, Austin, TX, 1974; p 37.

(26) Bartell, L. S.; Romenesko, D. J.; and Wong, T. C. In Molecular
Structure by Diffraction Methods; Specialist Periodical Reports, Vol. 3,

molecule was assumed. To obtain the thermal average distanceShapter 4, The Chemical Society, London, 1975.
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the multiple bond character of the ring bonds of heterocycles @ Lo o139 @
such as arsabenzene are associated with their aromaticity. In s : s
this respect the heavy atom structure of 1,2-thiaars@)ds( ! 2

relevant since the ring bond lengths are shorter than “normal”

covalent single bonds. The two carbecarbon bond lengths @\As A
have similar values. They differ by only 0.033(17) A and i 2S3
average to 1.398 A, essentially the same as the carbarbon

distance in benzene and arsabenZérhe As—C bond of3 J”” l”o"
(1.829(4) A) is 0.07-0.09 A shorter than the nominal single [CS 57 ({xs
bonds to the aliphatic heterocycles 2-methyl-1,3,2-dithiaarsolane S) v S>
(19928 and 2-bromo-1,3,2-dithiaarsolan&9p).?° The As-C 4 24

bond is also about 0.027 A shorter than that of arsabenzene Figure 3. Enthalpies of hydrogenation (kcal/mol) of the thiaarsoles
but in the same range as those of various aromatic arsenic and related molecules.
nitrogen heterocycles.1° On the other hand, this bond is a bit
longer than that in compour2D which has a congested A€ the calculated structure for the 1,3-thiaarsole is similarly
double boné (As—C, 1.794(11) A). Clearly the AsC bond accurate. Comparison of the theoretical structure8 ahd 4
of 3is intermediate in length between a single and double bond. shows several noteworthy differences. First, the@bond of
The C-S bond of3 is about 0.10 A shorter than thoselab 4 (1.360 A) is a slightly shorter than those &fbut still a bit
(1.805(9) A), but its length is very close to the value of that in above the range characteristic of normatC double bonds.
the thiophene (1.714(1) ®21.717(4) &%) where this bondis ~ Second, the &-As bond of4 has a length (1.789 A) close to
clearly “aromatic”. the C-As double bond oR0, while the As-C, bond (1.883
A) approaches the length of an A€ single bond829The C-S
tBu bonds of4, with lengths of 1.721 and 1.703 A, are in the range
shown by thiophene and substituted thiophefié3verall, the
structure of 1,3-thiaarsole suggests a molecule with more
t-Bu

X
| S
A . i . @N\,As@ localized alternating single and double bonds.
S “" ' H The more localized bonds df relative to3 imply that the
20 1

t-Bu

Aci® aromatic stabilization energy d@f should be lower than foB.
Aromatic stabilization energies have often been derived from
enthalpy of hydrogenation datdand thus it is reasonable to

It is more difficult to draw conclusions about the AS bond ~ expect that the differences between the enthalpies of hydrogena-
(2.198(3) A) in3 from similar comparisons. The bond is slightly ~ tion are a crude measure of the differences in the aromatic
shorter (0.02-0.05 A) than the nominal AsS single bonds of  stabilization energies of our heterocycfésVe have calculated
thiaarsolane2° but there are few compounds which have (B3LYP/6-31G¥) the total energies at 298 K of the optimized
As—S bonds with double-bond character. We note that Burford Structures ofl, 3, and 4 and their (non-aromatic) dihydro
and co-workers have reported on the structure of the 1,3,2-benzoderivatives 22, 23, and 24. From these we obtained the
thiazolium AICl salt 1), which appears to have AS enthalpies of monohydrogenation bf3, and4; the results are
pr-pr bonding3! Although the As-S bond o021 (2.154(4) A) summarized in Figure 3. It is seen that the enthalpy of the
is 0.04 A shorter than that &, the difference in charge type  thiophene reactiot — 22 (—13.86 kcal/mol) is similar to that
makes detailed comparison tenuous. of the 1,3-thiaarsole reactigh— 24 (—15.71 kcal/mol), which

The bond angles & at the carbon atoms are also consistent implies that these two molecules have similar aromatic stabiliza-
with aromaticity. They average 117.@nd differ by no more  tion energies. However, the enthalpy of hydrogenation of 1,2-
than 0.3, which implies similar bond hybridizations, and is a  thiaarsole3 — 23 (=7.04 kcal/mol) is 8.67 kcal/mol less than
likely consequence of the similar bond orders of the links on that of the 1,3 compound, which suggests that the aromatic
either side of each carbon atom. The bond angle at arsenic isStabilization energy o8 is about 9 kcal/mol greater than that
smaller than at sulfur. Both angles are several degrees smalle©©f 4. One also notes from Figure 3 that, taking the enthalpies
than those of acyclic molecules which can be understood as@S @ measure of stabilitg,is 18.7 kcal/mol more stable thain
the result of constraints imposed by the aromatic carbon atomsOn the other hand;3 is only about 10.1 kcal/mol more stable
of the ring coupled with the long sulfurrsenic bond. In  than 24. Thus the greater delocalization energy 8fis
summary the structure of 1,2-thiaarsole is consistent with it being responsible for about half the energy difference betvw&and
a genuinely aromatic ring. 4. The remainder qf the difference must be due to the number

Since the agreement between the experimental and theoreticaf"d type of bonds in the frame of each molecule. For example,
structures for the 1,2-thiaarsole are excellent, it is likely that 3 has one more each of-€&C and As-S bonds thad, while 4
has one more each of A and S-C bonds.

19a X =CH,

19b X =Br 2

(27) (a) Wong, T. C.; Ashe, A. J., lll; Bartell, L. S. Mol. Struct 1975
25, 65. (b) Lattimer, R. P.; Kuczkowski, R. L.; Ashe, A. J., lll; Meinzer,

A. L. J. Mol. Spectroscl975 57, 428. (c) Wong, T. C.. Ashe, A. J., Il conclusions
J. Mol. Struct 1978 48, 219. .
(28) Zaripov, N. M.. Galiakberov, R. M.: Golubinskii, A. V.; Vilkov, We.have prepared the new heterocycles 1,2-thiaarsole and
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are consistent with the aromaticity of both thiaarsoles. The gas-dimethyltin dichloride (5.26 g, 23.4 mmol) was added to the reaction
phase structure of 1,2-thiaarsole was measured by electronmixture dropwise via cannula. After the addition was complete, the

diffraction. The C-C, C-As, and C-S bond lengths are

mixture was allowed to warm to room temperature and stir overnight.

intermediate between those of single and double bonds WhiChVOIatiIes were removed in vacuo, and the residue was extracted twice

is as expected for an aromatic structure. Ab initio MO
calculations were performed on both thiaarsoles, thiophene, an
their dihydroderivatives. Comparison of the calculated energies

with pentane. The combined extracts were filtered, and the solvent was
moved in vacuo. The resulting solid was washed twice with ice cold

e
({)entane and dried under reduced pressure to atieess a light yellow

solid. Yield: 79% (3.6 g); mp (uncorr) 97C. *H NMR (CDCl) ¢

indicates that the aromatic delocalization energy of 1,2-thiaarsoleg 28 (dt,J = 7.7, 2.0 Hz, 1H); 6.22 (diJ = 7.7, 3.6 Hz, 1H); 2.01

is greater than those of 1,3-thiaarsole and thiophene.

Experimental Section

General Remarks. All reactions were carried out under an
atmosphere of nitrogen or argon. Solvents were dried using standar
procedures. The mass spectra were determined using either a VG-70-

spectrometer or a tandem Hewlett-Packard 5890 gas chromatograph/
Finnigan 4023 quadruple mass spectrometer. The NMR spectra were®’

obtained using Bruker AC-200, Bruker AM 300, Varian Inova-300, or
Varian Inova-400 spectrometers. Thé NMR and*C NMR spectra
were calibrated by using signals from solvents referenced tgEMe
The UV spectra were recorded on a Shimadzu UV 160U spectrometer.
The combustion analyses were performed by Analytical Services
Department of the Department of Chemistry (University of Michigan)
using a Perkin-Elmer 240 CHN analyzer. 3,3-Dibutyl-2,3-dihydro-1,3-
thiastannole was prepared by a literature procetfursll other
compounds are commercially available.

3-Bromo-2,3-dihydro-1,3-thiaarsole (11)Excess AsBywas added
to a colorless solution af0in CDCl; in a 5 mm NMRtube at 25°C.
The solution immediately turned yellow. TRE NMR spectrum was
recorded and was consistent with a mixturel8f12:11 in the ratio
22:72:6.13: 'H NMR (300 MHz, CDC}) 6 2.63 (s,2Jsny = 35.4 Hz,
2H); 7.00 (d,J = 9.0 Hz, 1H); 7.35 (dJ = 9.0 Hz, 1H).12: H NMR
(300 MHz, CDC}) 6 2.57 (s,2Jsn-n = 36.4 Hz, 2H); 6.89 (dJ = 9.0
Hz, 1H); 7.31 (dJ = 9.0 Hz, 1H). The reaction mixture was heated to
80°C for 7 h. A fine precipitate formedH NMR spectroscopy of the
solution showed only peaks fdrl and BuSnB& in the ratio of 1:3.
Products were not isolatedl: *H NMR (300 MHz, CDC}) 6 3.63
(s, 2H); 7.06 (dJ = 7.3 Hz, 1H); 7.76 (dJ = 7.3 Hz, 1H).*3C NMR
(90 MHz, CDCE) 6 34.5, 127.0, 152.0. MS (El):n{e, intensity) 228
(M, for C3H,AS®IBIS).

1,3-Thiaarsole (4).A solution of AsBg (1.0 g, 3.27 mmol) in 2
mL of tetraglyme was added to 4 mL of solution B® (1.03 g, 3.27
mmol) at—30°C. A red suspension formed immediately. The mixture
was heated to 85C for 15 h. Analysis by GC/MS indicated the
coexistence ol1 and4. Excess DBU (1.0 mL, 6.7 mmol) was added,
and the reaction mixture was allowed to stand at’8@5for 3 h. On
cooling to 25°C the product (0.10 g, 22%) was distilled as a yellow
liquid. MS(EI): nVe (intensity): 146 (100), 120 (51), 75 (13), 45 (19).
UV (hexane): nm 225 (14,000), 267 (6200), 290 (9800).

2,3-Dihydro-2,2-dimethyl-1,2-thiastannole (16).A solution of
butyllithium in hexane (18.2 mL, 45.6 mmol) was added dropwise to
a solution of allyl mercaptan (1.61 g, 21.7 mmol) and TMEDA (3.30
mL, 21.7 mmol) in 40 mL of THF at OC. The reaction mixture was
stirred 4 h at 0°C and then was cooled t678 °C. A THF solution of

(dd, J = 3.5, 2.1 Hz, 2H); 0.63 (s, 6H}3C NMR (CDCk) 6 126.0,
125.9, 19.0, 3.6. HRMS (CI, N§)i calcd for M + H) CsH11S'%°Sn:
222.9603; Found: 222.9612. MS (ClI, NH 223 (100), 207 (4), 120
(36). Analytically pure sample was obtained by vacuum sublimination.

dAnal. Calcd for GH10SSn: C, 27.14; H, 4.40. Found: C, 27.14; H,

2-Bromo-2,3-dihydro-1,2-thiaarsole (17).A solution of 16 (0.74
g, 3.35 mmol) in 15 mL of methylene chloride was added dropwise to
a solution of AsBs (1.11 g, 3.35 mmol) in 10 mL of methylene chloride.
Volatiles were removed in vacuo leaving a 1:1 mixture of,SeBr,
and17 as a waxy mixture which was difficult to separate. Total weight
of the mixture was 1.78 g, NMR yield df7 estimated to be 98%H
NMR (CDCl) ¢ 6.52 (dt,J = 6.1, 2.1 Hz, 1H); 6.43 (dt) = 6.1,
3.2 Hz, 1H); 3.75 (ddJ = 3.2, 2.1 Hz, 2H).13C NMR (CDCk)
0 126.9, 126.8, 50.1. MS(Ehve (intensity): 228 (25, M calcd for
CsHAASPBIS), 147 (100). HRMS(EI) calcd for8,As™BrS: 225.8433.
Found 225.8437.

1,2-Thiaarsole (3).A solution of AsBg (4.37 g, 13.9 mmol) in 40
mL of tetraglyme was added dropwise to a suspensiorbd3105 g,
13.8 mmol) in 30 mL of tetraglyme at 28C. The reaction mixture
was then heated to 50 °C and stirred overnight. The solution was
cooled to 0°C, and DBU (2.0 mL, 13.4 mmol) was added dropwise
by syringe, causing a precipitate to form. After the addition the reaction
mixture was allowed to warm to room temperature and stir for 3 h.
The mixture was distilled, givin@ as a yellow liquid (bp 65C at
0.03 Torr). Yield: 56% (1.32 g). UV (hexanes) nm (E): 222 (2700),
272 (2600), 307 (4300). HRMS (El) calcd forl:SAs: 146.9171;
Found: 146.9178. MS (El) Me (intensity): 146 (100), 120 (9), 107
(36), 71 (11). Anal. Calcd for §13SAs: C, 24.67; H, 2.07. Found: C,
24.12; H, 2.06.
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