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We recently described the efficient Heck reactions of pyridyl- variantd?! is not straightforward, so new synthetic approaches to
based biaryl halideda—c, which lead to the formation of the  such systems merit investigation.
expected adducBas well as the more unusual isomeric “crossover” We focused initially on the 4-nitrophenyl derivative, given
products 4 (Scheme 1}:2 This “crossover Heck” process is that this substrate showed the highest propensity to underge C

mechanistically significant, involving as it does a8 cleavage insertion (as judged by the level of crossover addaobbserved).
step, with palladacyclg as a plausible intermediate. A role fayr Using conditions similar to those employed in Scheme 1 with 1
however, raises a number of issues. For exantdgX = NO,) equiv of biphenylené, the desired tetracycl@a was observed in
leads to a higher proportion of crossover adduct than(X = addition to 4-(4nitrophenyl)pyridine9, the product of G Br

OMe): 3ada= 3:1 versus3c.4c= 10:1. These substituent effects  reduction. This reaction was slow (which may account for formation
are not consistent with palladacycle formation via electrophilic of significant amounts d®), so this process was subjected to further
aromatic substitution (EAS), that is, more crossover is observed optimizationt220ur current conditions5((1000 mol %), Pd(OAG)
with the more electron-deficient substraté. (10 mol %), p-Tol)sP (20 mol %), NEf (1000 mol %), MeCN,
sealed tube, at either 12%& for 20 h or 110°C for 3 days) gave
the target tetraphenylera in 36% isolated yield after chroma-

tography (Scheme 2).
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Scheme 1. “Crossover Heck” Reaction
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The mechanisfassociated with the formation and reaction of | (°'T°M')gENNEt3' X NN | O
the postulated palladacyctis still under study, but to date, we 125 °C, 20h or N 8a (36%)
have been unable to isolate or observe directly this intermetliate. 1o°c,3d | 23¢ - 8b (16%)
An alternative approach is to gain indirect support for the 8¢ (13%)

involvement of2, and this paper focuses on methods aimed at ) )

intercepting this palladacycle. This would provide a mechanistic Given the novel nature of this process, the structure of tetraphe-
insight into the process outlined in Scheme 1, but also offers an Nylene 8a was also established by single-crystal X-ray crystal-
unusual synthetic entry to novel polyarene variants. lographic analysis (Figure 1). _

Of particular relevance to this objective is the elegant work of  Interestingly, we did not observe formation of tetraphenyféne
Jones, who showed that Pd(0) or Pt(0) will catalyze the dimerization in any appreciable amounts under these conditions, but dimerization
of biphenylene5 to give tetraphenylend.” This occurs via of 5to give7 is reported to be slowA number of important control
sequential G-C insertion reactions, and the intermediacy of a €XPeriments were carried out, with a major mechanistic issue

metallacycleé (M = Pt or Pd) was demonstrated. concerning the timing of the individual steps. Daks undergo
oxidative addition faster than biphenyle®e that is, does the
formation of 8a involve 2a or 6? Also, is evidence available for
Q O O O the second step being the formation of palladacyadollowed
| P1(0) ML, —— . by reaction of this species with biphenyle&2 First, the process
O Pg(fo) O O O shown in Scheme 2 does require palladium, and tetraphengkene
was not observed in the absence of catalyst. Second, and in order
5 6 (M=Pt, Pd) 7 to identify which componentl@ vs 5) was undergoing oxidative

addition more rapidly, we ran a competition betwderand5 under

This observation raises the possibility that palladac2d¢erived Heck conditiond?® Only Heck adducts derived frorha (i.e., 3a
from biaryls1, Scheme 1) could also be intercepted by biphenylene and4a) were observed, and no Heck adddatsrived from5 were
5.8 This would not only provide valuable evidence and support for detected?¢ This demonstrates clearly that aryl bromiteunder-
the intermediacy o, but should generate a novel synthetic entry goes selective (faster) oxidative addition in preference to biphe-
to “mixed” (i.e., unsymmetrical) tetraphenylene derivatives. Sub- nylene5. Third, we observed no reaction between 3-bromopyridine
stituted tetraphenylenes are of significant interest given the unusualand biphenylen& under the conditions shown in Scheme 2. This
electronic properties associated with these systefhblowever, indicates that formation of tetraphenyleBarequires an aryl ring
access to either unsymmetrical or heterocyclic tetraphenylene ortho to the site of oxidative addition (i.e., a role for palladacycle
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Figure 1. Structure of tetraphenyleréa.

2a) and excludes the direct interaction of the oxidative additibn
complex (i.e., ArPdBrbk) with biphenyleneb.

Taken together with these control experiments, the formation of
tetraphenylenea indicates the selective formation of a reactive

palladacycleafrom 1a, which arises via €Br oxidative addition

followed by C-H insertion into the adjacent aryl ring prior to

reaction with biphenyleng.2d

To extend the scope of tetraphenylenes available, two other
4-aryl-3-bromopyridinedb® and 1ct have been examined. Using

similar conditions, tetraphenylen8b and8c were isolated in 16
and 13% vyields, respectively.Our earlier work had indicated a
similar trend, that is, botib and 1c were less effective thaha
with respect to the formation of crossover Heck adduttand

this moderated level of reactivity is apparent in their reactions with

with 5. This observatiorran effect associated with the'-4

substituent-taken together with the control experiments mentioned
earlier provides additional support for the intermediacy of a

palladacycle? in both Schemes 1 and 2.

In summary, we have provided new evidence to support the
conclusion that palladacyc®is implicated in the process illustrated
in Scheme 1. This assertion is based on an ability to inter2ept
with biphenylenes, which, in turn, demonstrates a novel strategy

for the construction of heterocyclic tetraphenylene derivatBes

The latter are preliminary synthetic results but importantly serve
to validate the basic concept involved, and improved mechanistic
understanding will be a factor in making this an effective synthetic

process. The mechanism associated with conversidri®® (and

14327. For other, related Pd-mediated migration processes, see: (b)
Campo, M. A,; Huang, Q. H.; Yao, T. L.; Tian, Q. P.; Larock, R.X.
Am. Chem. So003 125 11506-11507. (c) Huang, Q. H.; Campo, M.
A.;Yao, T.L.; Tian, Q. P.; Larock, R. G. Org. Chem2004 69, 8251~
8257. (d) Huang, Q. H.; Fazio, A.; Dai, G. X.; Campo, M. A,; Larock, R.
C.J. Am. Chem. So@004 126, 7460-7461. For an earlier example of
products derived by a formal Pd migration within a biaryl system, see:
(e) Rice, J. E.; Cai, Z. WJ. Org. Chem1993 58, 1415-1424.

Reviews: (aHandbook of CH Transformation®yker, G., Ed.; Wiley-
VCH: Weinheim, Germany, 2005. (b) Jia, C. G.; Kitamura, T.; Fujiwara,
Y. Acc. Chem. Re2001, 34, 633-639. (c) Dyker, G.Angew. Chem.,
Int. Ed. 1999 38, 1699-1712. (d) Ryabov, A. DChem. Re. 199Q 90,
403—-424.

For other studies involving intramolecular palladium-catalyzed arylations
other than with biaryls, see: (a) Campeau, L.-C.; Parisien, M.; Leblanc,
M.; Fagnou, K.J. Am. Chem. So2004 126, 9186-9187. (b) Gmnez-

Lor, B.; GonZ&ez-Cantalapiedra, E.; Ruiz, M.; de Frutos, Gadenas,

D. J.; Santos, A.; Echavarren, A. NChem. Eur. J2004 10, 2601—
2608.

For studies relating to EAS versus other mechanistic options associated
with palladacycle formation, see: (a) Gotea J. J.; Gara, N.; Ganez-

Lor, B.; Echavarren, A. MJ. Org. Chem.1997 62, 1286-1291. (b)
Martin-Matute, B.; Mateo, C.; Gdenas, D. J.; Echavarren, A. i@hem.

Eur. 32001, 7, 2341-2348. (c) Gonez-Lor, B.; Echavarren, A. MOrg.

Lett. 2004 6, 2993-2996. For recent computational studies of i€
insertions that favor an agostic-& complex and do not invoke EAS or
Pd(lV), see: (d) Mota, A. J.; Dedieu, A.; Bour, C.; Suffert,JJ.Am.
Chem. Soc2005 127, 7171-7182. (e) Davies, L. D.; Donald, S. M. A.;
Macgregor, S. AJ. Am. Chem. So@005 127, 13754-13755.

We have characterized the related platinacycle generated using §i(PPh
This metallacycle undergoes the Heck reaction (as Scheme 1) leading to
both 3a and 4a but decomposes under conditions required for tetraphe-
nylene formation.

(7) (a) Edelbach, B. L.; Lachicotte, R. J.; Jones, W.JDAm. Chem. Soc.
1998 120, 2843-2853. Jones has shown that palladacylendergoes
Heck and Suzuki couplings: (b) Satoh, T.; Jones, WOByanometallics
2001, 20, 2916-2919.

Palladacycles based on a biaryl scaffold @cthave been characterized
by X-ray crystallography: (a) Retbgll, M.; Edwards, A. J.; Rae, A. D.;
Willis, A. C.; Bennett, M. A.; Wenger, EJ. Am. Chem. So2002 124,
8348-8360. Similar metallacycles have been implicated in the Pd(0)-
mediated cyclotrimerization of benzynes: (b)"Rel.; Escudero, S.;
Peaez, D.; Guitia, E.; Castedo, LAngew. Chem., Int. EA998 37, 2659~
2661.

(9) (a) Wuckert, E.; Dix, M.; Laschat, S.; Baro, A.; Schulte, J. L. gHle,
C.; Giesselmann, H.ig. Cryst.2004 31, 1305-1309. (b) Marsella, M.
J.Acc. Chem. Re2002 35, 944-951. (c) Mak, T. C. W.; Wong, H. N.
C. Comprehensie Supramolecular ChemistriMacNicol, D. D., Toda,
F., Bishop, P., Eds.; Pergamon: Oxford, 1996; Vol. 6, pp-35d9.
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(10) For more recent approaches to substituted tetraphenylenes, see: (a) Peng,

H. Y.; Lam, C. K.; Mak, T. C. W.; Cai, Z. W.; Ma, W. T.; Li, Y. X,;
Wong, H. N. C.J. Am. Chem. So@005 127, 9603-9611. (b) Wen, J.
F.; Hong, W.; Yuan, K.; Mak, T. C. W.; Wong, H. N. @. Org. Chem.
2003 68, 8918-8931. (c) Lai, C. W.; Lam, C. K,; Lee, H. K;; Mak, T.
C. W.; Wong, H. N. COrg. Lett.2003 5, 823-826. (d) Kabir, S. M. H,;
Hasegawa, M.; Kuwatani, Y.; Yoshida, M.; Matsuyama, H.; lyoda,JM.
Chem. Soc., Perkin Trans.20D01, 159-165.

3/4) does remain open to debate, but our results show that a Pd(ll) (11) Heterocyclic tetraphenylenes incorporating furan, thiophene, pyrazine,

species needs to be considered in the catalytic cycle. A Pd(IV)
hydride intermediate or EAS both appear less plausible, and the
electronic effects observed wifla—c endorse recent computational

studies® Further, given the role a2 and the feasibility of a Heck
reaction involving this species, ring openingfor migration of

palladium) is not required to explain the formation of crossover

adducts4.
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