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Reactions of 1,2-Dehydroe-carborane with Thiophenes. Cycloadditions and an Easy
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Lisa Barnett-Thamattoor,2 Guo-xiu Zheng, Douglas M. Ho, and Maitland Jones, Jr.*

Department of Chemistry, Princeton University, Princeton, New Jersey 08544

James E. Jackson
Department of Chemistry, Michigan State University, East Lansing, Michigan 48824
Receied March 14, 1998

Cycloaddition reactions of 1,2-dehydeeearborane with thiophene, 2,5-dimethylthiophene, 2,5-dimethylfuran,
[8](2,5)thiophenophane, and [8](2,5)furanophane are investigated. In all cases, except the reaction with the
thiophenophane, both # 2 and 2+ 2 cycloadducts are formed, with the#42 product dominating. The 4

2 adducts of the thiophenes are not stable but extrude sulfur under the reaction conditions to giveo*benzo-
carboranes”.

Diels—Alder reactions of simple thiophenes, once thought of the 4+ 2 adduct, generally suspected of being an intermediate
not to occur, are now known to take place with a wide variety in all the other reactions, were isolaté#l.
of dienophiles, usually with concomitant loss of sulfur. For

example, dicyanoacetylene adds to a variety of thiophenes to F & .
produce 1,2-dicyanobenzenes in-Bl% yield® Even less F F
reactive dienophiles have been shown to react with thiophene @ + | — / * CO
or its 2,5-dimethyl derivative at modestly elevated temperatures S F » r F
F ~1%
F F

to give benzenes in-256% vyield* In all of these cases, a 40% F
nonisolable bicyclic intermediate was reasonably postulated.

Highly benzosubstituted thiophenes had been shown to undergo Ph Ph
this reaction as early as 1939. ©
8 = ALy OO
B )
Ph P S Ph

200-280 °C 9% 14%  Ph
/ \ +  Ph—==—Fh R E— 38%

44h
s Ph These early observations have now been extended several

times. Among the important findings was that monocyclic
This cycloaddition-desulfurization reaction is also known thiophenes reacted with benzyne itself and not only with
to proceed photochemically, and very recently it was shown fluorinated aryne§. It was also shown that small amounts of 2

that the regiochemistry of the reaction can be explained through + 2 addition and ene reaction were occurring in addition to the
the usual HOMO/LUMO analys. more prominent 4+ 2 Diels—Alder reaction$d

The o-carboranes are icosahedral clusters of two adjacent
Ph carbons and ten borons, held together in what must be the
@\+ H——  pn hv @( 84% ultimate expression of three-center, two-electron bonding. Each
s NO, vertex of the icosahedron bearssébonded hydrogen. Like
NO, . . - .
their more conventional cousins, the benzenes, the icosahedral
carboranes are thermodynamically very robust and undergo
As early as the 1960s, it was known that very reactive aromatic substitution reactions with many electrophifess
dienophiles such as benzynes underwent the Biklder

reaction with simple thiophenes. In each case, small amounts (7) Callender, D. D.; Coe, P. L.; Tatlow, J. G. Chem. Soc., Chem.
Commun1966 143. See also: Callender, D. D.; Coe, P. L.; Tatlow,
J. C.; Uff, A. J.Tetrahedron1969 25, 25. Coe, P. L.; Pearl, G. M;
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part of our investigation of the reactions of carborane-based signal in the'H NMR spectrum, whereas a mechanism proceed-
reactive intermediates, we found a way to remove the two ing through a dimethy## must give6, a compound with two
hydrogens attached to carbon to generate 1,2-dehydro- different methyl groups. In fact, onlyis formed, in 15% yield
carborane X) and have reported on many of its reactibhs.  after crystallization from aqueous ethanol.

H, H Li Li ] Br
Buli Br, >0°C H,C: CH, H3C
e B — —_— 2+4 < N
4 4E§

1 \BL/
o-carborane. The dots represent
the carbons, and all other vertices / \ dimethyl-3
are borons. There is a hydrogen +
attached to every vertex atom. HaC s CH3 Hs
1

Despite the long carbercarbon bond (the carbertarbon O
distance ino-carborane itself is 1.63 ), intermediatel is a * S MG
reactive but essentially normalsystem, with the same HOMO/
LUMO symmetry as ethylene or benzyke.
In this paper, we report the reactions of 1,2-dehyolro-
carborane 1) with thiophenes. Although we have found the dimathyh-4 6
reactions with thiophene itself and 2,5-dimethylthiophene to
resemble the comparable reactions of benzyne, in other cases, So, the mechanism involving a4 2 Diels—Alder reaction
notably [8](2,5)thiophenophane, the reaction takes a more and an intermediate of structuBds correct. A close examina-
complicated and frustrating path. tion of the 'TH NMR spectrum of the crude reaction mixture
Addition to thiophene gives compourzdn 19% yield. This leading to5 reveals a small amount of another product, whose
exquisite compound was first made in 1968 by Matteson and structure is probably that of the sulfur-containing-2 adduct
his collaborators by a double displacement of 1,2-dilitio-  (vide infra). Nonetheless, by far the major process is a
carborane on 1,4-dibromobut-2-ene, followed by an oxidation straightforward Diels-Alder 4 + 2 cycloaddition that, like the
proceduré? Our reaction constitutes an extremely simple route many reactions carried out by others, was followed by extrusion
to these compounds in which a 1,3-diene is appended to theof sulfur.
icosahedron in a union that might well be regarded as misce- Therefore, it seemed reasonable that addition to [8](2,5)-

genetic. We assumed that an intermediate of stru@umas thiophenophane would lead to an unstable intermediterd
first formed but were unable to isolate it. thus to the [8]cyclophan8.
7 A g . O I\
& O—& X g
; \2% > )
3 2

However, the presumption of the presenc® & premature.

As mentioned earlier, thiophenes are known to undergo2 Such new cyclophanes seemed of interest as potential probes

cycloadditions to give compounds containing the bicyclo[3.2.0] of the aromaticity, or, more likely, lack thereof, of the

framework, and such compounds can rearrange to six-memberedarbocyclic ringt® Accordingly, [8](2,5)thiophenophane, syn-

rings®15 Thus, a mechanism of the following kind, in which  thesized by the method of Helder and Wynb&rgjas allowed

a 2+ 2 adduct/4, is an intermediate, must be considered for to react withl under conditions similar to those used for the

the formation of2; simpler thiophenes. Preparative gas chromatography led to a
single adduct of the proper molecular weight &r However,
theH NMR spectrum gave us pause. In particular, there were

N
i O two separate vinyl hydrogens, and these did not coalesce up to
@ . @ 2+2 . ~ YA . s 85°C. This could be the case 8were the eight-carbon bridge
s /PN A%& : to be locked in an “S"-shaped conformation. However, this is
“19 %
1 ‘}Aqf
4 2

clearly not the situation in the rather closely related [8](1,4)-
naphthalenophane) made some years ago by Wiberg and

Reaction with 2,5-dimethylthiophene settles the issue. A (14) Hota, N. K.; Matteson, D. SJ. Am. Chem. Soc1968 90, 3570.
Matteson, D. S.; Hota, N. KI. Am. Chem. Sod971 93, 2893. See

dimethyl3 must give the produds, with only a single methyl also: Matteson, D. S.; Davis, R. £hem. Commuril97Q 669 (for
a related “naphthocarborane”). Wu, S.; Jones, M.Jnlirg. Chem.
(11) (a) Gingrich, H. L.; Ghosh, T.; Huang, Q.; Jones, M.JJAm. Chem. 1988 27, 2005 (for a carborboron-bridged “naphthalene”).
Soc 1990 112 4082. (b) Ghosh, T.; Gingrich, H. L.; Kam, C. K.; (15) See, for example: Reinhoudt, D. N.; Trompenaars, W. P.; Geevers,
Mobraaten, E. C.; Jones, M., .Am. Chem. Sod991, 113 1313. J.Tetrahedron Lett1976 4777. Reinhoudt, D. N.; Kouwenhoven, C.
(c) Huang, Q.; Gingrich, H. L.; Jones, M., Jnorg. Chem 1991, 30, G. Tetrahedron1974 30, 2093. Benders, P. H.; Reinhoudt, D. N.;
3254. (d) Gingrich, H. L.; Huang, Q.; Morales, A. L.; Jones, M., Jr. Trompenaars, W. PThiophene and Its Deratives Gronowitz, S.,
J. Org. Chem1992 57, 3803. () Cunningham, R. J.; Bian, N.; Jones, Ed.; Wiley: New York, 1985; Chapter X.
M., Jr.Inorg. Chem 1994 33, 4811. (f) Ho, D. M.; Cunningham, R. (16) Ho, D. M.; Cunningham, R. J.; Brewer, J. A.; Bian, N.; Jones, M., Jr.
J.; Brewer, J. A; Bian, N.; Jones, M., norg. Chem 1995 34, 5274. Inorg. Chem.1995 34, 5274.
(12) ott, J. J.; Gimarc, B. MJ. Comput. Chenil986 7, 673. (17) Helder, R.; Wynberg, Hletrahedrorll975 31, 2551. There are several

(13) Jones, M., Jr.; Levin, R. H.. Am. Chem. Sod 969 91, 6411. routes to this compound, but this one is by far the best.



Reactions of 1,2-Dehydro-carborane with Thiophenes

O’Donnell1® Therefore it was obvious that we had to look
closely at the structure of the putati8e The plot thickened
somewhat when we were able to crystalliz®@ the primary,
sulfur-containing, adduct, from the crude reaction mixture. The
IH NMR spectrum ofLlOwas clearly not that of a 4 2 adduct
but fit well for the much less symmetrical 2 2 adduct. Of
particular significance are vl H signals at 4.25 (tertiary
allylic hydrogen) and 5.2 (vinyl hydrogen). Preparative gas
chromatography of0 led only to the desulfurized compound
11 It now seemed highly likely that addition had taken place
in 2 + 2 fashion to givel0 and then, upon loss of sulfur, not
8 but 11. Clearly, 11 would show the observed pair of one-

1"

hydrogen signals at all temperatures. Recrystallizatiot lof

Inorganic Chemistry, Vol. 35, No. 25, 1996313

Figure 1. The X-ray-derived structure dfl.

Table 1. Crystallographic Data for CompouridL

space group Pn(No. 7) formula GaH2eB1o

a A 7.1086(4) fw 304.46

b, A 9.7055(7) z 2

c, A 13.2338(11)  pcaics 9/CN? 1.108

B, deg 91.784(6) T, K 230(2)

Vv, A3 912.59(11) A(Mo Ka), A 0.71073
R(F)2R,(F?®  0.044,0.085 u, mm? 0.054
AR(F) = YI|IFol — IFll/ZIFol. °Ru(F?) = [YW(F? — F2)4

from isopropyl alcohol led to a sample suitable for analysis 2272

by X-ray diffraction. Figure 1 shows a view of the X-ray-
derived structure along with the numbering fot. Tables 1

Table 2. Atomic Coordinates x10% and Equivalent Isotropic

and 2 give the crystallographic data and the atomic coordinatesPisplacement Parameters{A 10°) for Compoundi1

for 11. A preliminary X-ray determination was also made of
the structure o0, confirming that it is the product of a2 2
addition?®

Despite the dominance of 4 2 addition in the reaction of
1 with 2,5-dimethylthiophene, reaction with the thiophenophane
has taken another course.
evidence for 4+ 2 addition, even in the crude reaction mixture,
which shows an approximately 2:1 mixture ® and 11 as
determined by matching peaks with those of the pure com-

pounds. Perhaps the mechanistic turnabout is not as dramatic

as it seems. For example, in the reaction lofwith 2,5-
dimethylthiophene, the major addu@, formed by 4+ 2
cycloaddition followed by loss of sulfur, was isolated by column
chromatography. Analysis of the other chromatography frac-
tions byH NMR spectroscopy and GC/MS showed very small
amounts of a compound almost certaiti®; the 2+ 2 adduct.

/

HaC S CH,4

12

Indeed, in this case there is no

X y z Ueqy
c(1) 2543(3) 1275(3) 2468(2) 35(1)
c(2) 2934(4) 248(3) 3446(2) 44(1)
B(3) 854(5) 54(3) 2750(3) 50(1)
B(4) 1500(5) 352(4) 1497(3) 52(1)
B(5) 3932(5) 757(4) 1485(3) 48(1)
B(6) 4834(5) 713(4) 2739(3) 45(1)
B(7) 2142(6)  —1387(4) 3203(3) 63(1)
B(8) 1264(6)  —1367(4) 1957(3) 63(1)
B(9) 3147(6) —912(4) 1158(3) 60(1)
B(10) 5199(5) —697(4) 1941(3) 56(1)
B(11) 4596(5) —980(4) 3204(3) 52(1)
B(12) 3551(5)  —1998(4) 2228(3) 59(1)
(1) 2135(3) 2756(2) 2700(2) 34(1)
c(2) 2027(4) 3166(3) 3675(2) 42(1)
Cc(3) 2347(4) 2218(3) 4520(2) 51(1)
c(4) 2788(4) 907(3) 4424(2) 57(1)
C(5) 2004(4) 3738(3) 1810(2) 46(1)
c(6) 175(5) 3754(3) 1153(2) 58(1)
c(7) —1621(4) 3747(4) 1745(2) 56(1)
c(8) —1986(5) 5112(4) 2316(3) 67(1)
c(9) —3011(6) 4953(4) 3292(3) 74(1)
C(10) —1993(5) 4123(3) 4104(3) 60(1)
Cc(11) —229(5) 4738(4) 4595(3) 59(1)
c(12) 1586(5) 4627(3) 4005(3) 54(1)

aU(eq) is defined as one-third of the trace of the orthogonalized

This judgment is based on the appearance of peaks for thetensor.

tertiary and vinylic hydrogens df2 in almost exactly the same
positions as the known related hydrogend@{10, 6 5.2, 4.25;
12,6 5.16, 4.20). In 2,5-dimethylthiophene, botht42 and 2

+ 2 cycloadditions occur, with the 4 2 reaction dominating
by no more than a few kilocalories per mole. In [8](2,5)-
thiophenophane, the situation changes, ard2cycloaddition

(18) Wiberg, K. B.; O’Donnell, M. 3JJ. Am. Chem. So0d979 101, 6660.

(19) Crystal data fofl0: monoclinic,P2;/c (No. 14),a = 12.773(2) Ab
=12.837(2) Ac = 11.925(2) Ap = 94.46(1), V = 1949.3(6) &,
Z = 4. Because of disorder and unsatisfactory refinement, connectivity
and conformation were confirmed but final crystallographic results
are not being reported at this time.

becomes dominant. Although this may seem strange, it would
take only the change of a few kilocalories per mole in the two
processes to effect such a turnabout.

Indeed, the dominant reaction changes yet again when [8]-
(2,5)furanophane is used in place of [8](2,5)thiophenophane.
We showed earlier thdt reacts with 2,5-dimethylfuran mainly
by 4 + 2 reaction, although very small amounts of the-2
adduct could be isolated® Unlike the sulfur case, this time
the cyclophane mimicks the unbridged compound. Addition
of 1 to [8](2,5)furanophane gives a greater than 4:1 ratio of 4
+ 2 (13) and 2+ 2 (14) adducts. These compounds are difficult
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Table 3. Enthalpy of Reaction for the Addition of Acetylene to Table 4. Strain Energies of Starting Cyclophanes and Their
Cyclic Dienes Addition Product3
substrate 42 2+2 diff cor diff [8](2,5)cyclophane 4 2 adduct 2+ 2 adduct
Acetylene Series Acetylene Series
2,5-dimethylfuran —-6.1 -9.9 -4 ~0 S 19.7 30.4 12.1
2,5-dimethylthiophene —4.4 -12.8 -8 -4 (0] 13.1 14.8 10.3
[8](2,5)furanophane —38 —17 +2 +6 1,2-Dehydroe-carborane Series
[8](2,5)thiophenophane  +6.9 -9.9 -17 -13 s 19’.7 Y 23.3 14.0
1,2-Dehydroe-carborane Series (6] 13.1 13.0 10.1

2,5-dimethylfuran —67.9 —76.0 -8 . .
2,5-dimethylthiophene ~ —49.6  —67.0 —17 @These numbers are calculated as differences from a strainless
[é](2 5)furanophane 672 —-791 —12 reference. For example, for [8](2,5)thiophenophane (AMH; = —3.6
[8](2:5)thiophenophane —460 -727 —-27 kcal/mol), a strainless energy is calculated from that of 2,5-dipentyl-

thiophene (AM1AH; = —40.7 kcal/mol) minus that of ethane (AM1
to separate, but the compositel NMR spectrum is easily ~ AHr=—17.4 kcal/mol. Thus we calculate3.6 — (—40.7+ 17.4)=

dissected by use of the signals for the hydrogens attached tot2-7 kcal/mol.

the double bonds. to 2,5-dimethylthiophene is about 40 kcal/mol exotherfAigo,
the poor 4+ 2 vs 2+ 2 discrimination seen experimentally is
easily understood, despite the large product energy differences
calculated. These highly exothermic reactions should have early
transition states and therefore little selectivity. Nonetheless,
some of the large energy differences must be manifested in the
transition states leading to the products and thus affect the rates
13 of the possible reactions.
Why does the introduction of an octamethylene bridge affect

Of course, the question now arises as to why the reaction the cycloadditions of the thiophenophane and the furanophane
with [8](2,5)furanophane takes place mainly int42 fashion, so differently? The answer lies in the strain energy changes
whereas addition to the seemingly closely related [8](2,5)- that accompany the cycloadditions and especially in the
thiophenophane is dominated by 2 2 cycloaddition. We  exceptional strain of the 4 2 adducts of the thiophenophane.
modeled this reaction by using the AM1 metAdtb examine  Table 4 gives the calculated strain energies of the two cyclo-
computationally the cycloadditions of acetylene and 1,2- phanes and their 4 2 and 2+ 2 addition products. For the
dehydroe-carborane with four dienes, 2,5-dimethylfuran, 2,5- furanophane, formation of either4 2 or 2+ 2 adduct results
dimethylthiophene, and the two [8](2,5)cyclophanes. In Table in little change in strain. By contrast, for the thiophenophane,
3, columns 2 and 3 list reaction enthalpies for th¢ 2 and 2 2 + 2 cycloaddition actually relieves strain whereast42
+ 2 cycloadditions, column 4 tabulates the enthalpy differences cycloaddition increases strain by a significant amount. This
between the products of the two reactions, and column 5 givesdifference can be ultimately traced to geometrical differences
the differences for the acetylene series corrected by thein the products because of the longer€vs G-O bonds and
approximately 4 kcal/mol by which AM1 underestimates the the larger size of S vs O. These findings hold for both acetylene
energy difference between norbornadiene and bicyclo[3.2.0]- and dehydrocarborane cycloadditions.
hepta-2,6-diené! No analogous thermochemical calibration
points are available for the carborane-containing compounds. Experimental Section

It is noteworthy that the 2+ 2 adducts are calculated to be Reagents were used as obtained from commercial sources without
the thermodynamically preferred products in all but one of these fyrther purification unless otherwise indicated. THF, cyclohexane, and
additions. That the 4- 2 products compete at all is presumably  diethyl ether were distilled from sodium benzophenone ketyl. Melting
a result of lower reaction barriers for the orbital symmetry points were determined on a Thomas-Hoover Uni-melt capillary melting
allowed 4+ 2 than for the forbidden 2- 2 processes. Among  point appartus and are uncorrectetd NMR spectra were obtained
the acety|ene reactions, the last one, Cyc|oaddi’[ion to [8](2’5)- on a General Electric QE 300 spectrometer at 300 MHz, a JEOL-270
thiophenophane, shows by far the strongest preference for the\MR spectrometer at 270 MHz, or a Bruker WM 250 spectrometer at
2+ 2 product, as a result of the sharp strain energy (SE) increas 50 MHz. ®C NMR spectra were obtained on a General Electric QE

e _ 300 spectrometer at 75.0 MHz. Gas chromatographic/mass spectro-
brought on by 4+ 2 addition ASE= +10.7 kcal/mol) and the ; )
. I f Hewlett Pack 71
2 + 2 product's relaxed bridge geometrs&E = —7.6 keall metric analyses were performed on a Hewlett Packard 5890/5971 Series

o AR . Il gas chromatograph/mass spectrometer with either a 25 m, 0.2 mm

mol), reminiscent of the h'yperst.abl'e olefin bicyclo[7.2.2]tridec- ; 4 0.33um film thickness HP-1 capillary column or a 50 m, 0.2 mm

9-ene?? These computational findings for acetylene match the ., 0.33um film thickness HP-1 capillary column. Preparative gas

dehydrocarborane experimental results reasonably well; the firstchromatography was performed on a Gow-Mac 580 gas chromatograph

three reactions produce both adducts, whereas the fourth proceswith an aluminum column (6 f 1/4 in.) packed with 10% OV-101

is dominated by 2+ 2 addition. on Chromosorb WHP. Precise masses were measured on a KRATOS
Though the relative trends are sensible, acetylene is a poorMS50 RFA high-resolution mass spectrometer.

model for the highly reactive dehydmearborane because the Computatiorjal Details. Ca_lculation_s using the AM1 ser_niempi_rical

cycloaddition exothermicities are greatly underestimated, as seerflecular orbital and density functional methods available in the

in Table 4. Preliminary analysis of dehydeecarborane using SPARTAN 3.0 program were run on a Silicon Graphics Indigo2. All

. . S ; " geometries were fully optimized with no symmetry constraints. For
density functional methods indicates that its £ cycloaddition the cyclophanes and derivatives in which several chain conformations

- were possible, molecular mechanics conformation searches, augmented

(20) gﬁ;"rﬁrs"fm‘ig% Zlg‘;bgsggz E.G.; Healy, E. F.; Stewart, J. J. Rm. by intuition-driven manual manipulations, were carried out, and the
(21) Roth, W, R Adamcz’ak, O.;' Breuchmann, R.: Lennartz, H.-W.: Boese, few lowest energy conformations so obtained were then used as starting
R. Chem. Ber1991, 124, 2499.

(22) Li, Z.-H.; Jones, M., JrTetrahedron Lett1987 28, 753. See also: (23) Labandowski, J., Andzelm, J., Ed3ensity Functional Methods in
Maier, W. H.; Schleyer, P. v. R.. Am. Chem. Sod 981, 103 1891. Chemistry Springer: Berlin, 1991.
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geometries for the quantum chemical calculations. “Cyclophane strain” (20 mL) was added dropwise to a solution of butyllithium (2.0 M in
energies were calculated relative to a strainless [8]cyclophane standarctyclohexane, 14.0 mL, 28.0 mmol) and ether (20 mL) &COunder
obtained by computing the energies of 2,5-dipentylthiophene and 2,5- an argon atmosphere. The resulting white precipitate was stirred in
dipentylfuran and then subtracting the calculated energy of ethane. Thissolution fa 1 h atroom temperature. The system was then cooled to
procedure effectively removes the terminal methyl groups. The energy 0 °C, bromine (2.24 g, 0.72 mL, 14.0 mmol) was added dropwise, and
changes relative to the dimethyl systems were identical3.4 kcal/ stirring was continued at @C for another 1 h. After this period, the
mol, so further “strainless [8]cyclophane” energies were simply obtained resulting solution was added dropwise to a solution of [8](2,5)-
by subtracting this quantity from the energies of compounds in the thiophenophane (1.36 g, 7.00 mmol) in ether (10 mL). The reaction

dimethyl series. mixture was maintained at T during the addition, after which it was
Reaction of 1,2-Dehydroe-carborane (1) with Thiophene. Isola- stirred at room temperaturerfd h and then heated to reflux. The
tion of Benzo-o-carborane (2). A solution of o-carborane (1.97 g, progress of the reaction was monitored by periodically analyzing

13.7 mmol) in cyclohexane (45 mL) was added dropwise to a solution aliquots by GC/MS. After completion of the reactiorrq{2h), the
of butyllithium (2.0 M in cyclohexane, 14.0 mL, 28.0 mmol) and mixture was cooled to room temperature, water (20 mL) was added,
cyclohexane (20 mL) at 8C under an argon atmosphere. The resulting and the layers were separated. The aqueous layer was extracted with

white precipitate was stirred in solutionrf@ h atroom temperature. ether (5x 10 mL), and the ether extracts were combined with the
The system was then cooled tdG, bromine (2.24 g, 0.72 mL, 14.0  organic layer. The combined extracts, after being washed with water
mmol) was added dropwise, and stirring was continued &t Gor (10 mL) and then saturated brine solution (10 mL), were dried over

another 1 h. Freshly distilled thiophene (11.8 g, 11.2 mL, 140 mmol) MgSQ,. Removal of the solvent at the rotary evaporator gave a brown
in cyclohexane (10.0 mL) was then added dropwise to the reaction semisolid, which was chromatographed (8ikexanes) to yield0 (320
mixture. The suspension was maintained 4€0during the addition, mg, 14%). A small portion of this compound was subjected to
after which the mixture was stirred at room temperaturelfd and preparative GC. A fraction was obtained which contained only new
then heated to reflux. The progress of the reaction was monitored by compoundll

periodically analyzing aliquots by GC/MS. After completion of the 10: 'H NMR (CDCl;, 250 MHz) 6 0.80-3.30 (br m, 10 H, B ),
reaction 20 h), the mixture was cooled to room temperature, water 1.30 (m, 4 H), 1.45 (m, 4 H), 1.65 (m, 2 H), 1.80 (m, 2 H), 2.45 (m,
(20 mL) was added, and the layers were separated. The aqueous layep H), 2.80 (m, 2 H), 4.25 (dJ = 6 Hz, 1H), 5.20 (dJ = 6 Hz, 1H)
was extracted with ether (% 10 mL), and the ether extracts were  Crystals of10 suitable for X-ray analysis were obtained by the slow
combined with the organic layer. The combined extracts, after being evaporation of a solution af0 in 2-propanol.

washed with water (10 mL) and then saturated brine solution (10 mL),  11: *H NMR (CDCls, 300 MHz) 6 0.80-3.30 (br m, 10 H, B ),
were dried over MgS® Removal of the solvent at the rotary  1.30 (m, 4 H), 1.45 (m, 4 H), 1.65 (m, 2 H), 1.80 (m, 2 H), 2.45 (m,
evaporator gave a yellow semisolid, which was then chromatographed? H), 2.80 (m, 2 H), 6.10 (d) = 15 Hz, 1 H), 6.35 (dJ = 15 Hz, 1
(SiO/hexanes) to yield a white solid. After recrystallization from  H): precise mass for calculated;£Bg!%B;Hzs 304.3194, found

agueous ethanol, colorless needles of bemzarborane Z) were 304.3158. Crystals df1 suitable for X-ray analysis were obtained by

obtained (0.51 g, 19%): mp 1#112 °C (lit.** 110 °C); *H NMR slow evaporation of a solution dfl in 2-propanol.

(CDCl;, 300 MHz) 6 1.10-3.40 (br m, 10 H, BH), 6.27 (m, 2 H), Reaction of 1,2-Dehydroe-carborane (1) with [8](2,5)Fura-

6.48 (m, 2 H). _ ) _ nophane?* The bromo anion was prepared as above, and the solution
Reaction of 1,2-Dehydro-o-carborane (1) with 2,5-Dimethylthio- 55 then added dropwise to a solution of [8](2,5)furanophane (1.35g,

phene. Isolation of 2,5-Dimethylbenzae-carborane (5). To the 7.57 mmol) in ether (10 mL). The reaction mixture was maintained at

suspension of the bromo anion in cyclohexane was added a solutiong °c guring the addition, after which it was stirred at room temperature
of 2,5-dimethylthiophene (15.71 g, 15.95 mL, 140 mmol) in cyclo- for 1 h and then heated to reflux. The progress of the reaction was
hexane (10.0 mL). The suspension was maintainec*@ @uring the monitored by periodically analyzing aliquots by GC/MS. After
addition, after which the mixture was stirred at room temperature for completion of the reactiorr{72 h), the mixture was cooled, water (20

1 h and then heated to reflux. The progress of the reaction was mL) was added, and the layers were separated. The aqueous layer
monitored by periodically analyzing aliquots by GC/MS. After as extracted with ether (5 10 mL), and the ether extracts were
completion of the reactior~20 h), the mixture was cooled to room  ¢ombined with the organic layer. The combined extracts, after being
temperature, water (20 mL) was added, and the layers were separatedyashed with water (10 mL) and then saturated brine solution (10 mL),
The aqueous layer was extracted with ethex (50 mL), and the ether were dried over MgS® Removal of the solvent at the rotary
extracts were combined with the organic layer. The combined extracts, evaporator gave a brown semisolid. This crude product was analyzed
after being washed with water (10 mL) and then saturated brine solution by IH NMR spectroscopy and then was chromatographed #SiO
(10 mL), were dried over MgSp© Removal of the solvent at the rotary hexanes) to yield a mixture (803 mg, 33%)1&and14in a 2:1 ratio.

evaporator gave a yellow semisolid, which was then chromatographed g ther attempts to purify these two compounds by preparative GC
(SiOs/hexanes). First to elute wds which was recrystallized from and HPLC were unsuccessful.

aqueous ethanol to afford 2,5-dimethylberoarborane as colorless 13 'H NMR (CDCl;, 270 MHz) & 0.80-3.40 (br m), 1.15 (m),
needles (461 mg, 15%). The subsequent column fractions containing | 5 (m), 1.85 (m), 2.00 (M), 6.40 (s).
a mixture of5 and another adduct were freed of solvent at the rotary 14 1H NMR (by subtracting the peaks fa) & 0.80-3.40 (br m)
evaporator and subjected to preparative GC. A fraction was obtained 1.15 '(m) 1.50 (m), 1.85 (m), 4.20 (M), 4.70 (M) '
that contained a mixture &and another compound?2) in a 3:1 ratio ' T T o T '
as determined bjH NMR spectroscopy. Supporting Information Available: Text presenting X-ray ex-

5. mp 112-112.5°C; 'H NMR (CDCl;, 300 MHz)6 1.1-3.4 (br perimental details and tables giving structure solution and refinement
m 10 H, BH), 2.20 (s 6 H), 6.00 (s, 2 H}*C NMR (CDCk, 75.0 parameters, bond lengths, bond angles, and anisotropic thermal

MHz) 6 22.0, 120.0, 134.5; precise mass calculated 85'B,Hus parameters fol 1 (9 pages). Ordering information is given on any
222.2412, found 222.2419. current masthead page.

12 *H NMR (CDCls, 300 MHz, by subtracting peaks f6J ¢ 4.20
(m), 5.16 (m). IC960284H

Reaction of 1,2-Dehydroe-carborane (1) with [8](2,5)Thiophe-
nophane!” A solution of o-carborane (2.00 g, 14.0 mmol) in ether  (24) Nozaki, H.; Koyama, T.; Mori, TTetrahedron1969 25, 5357.



