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When a large excess of dimethyl 3,3-dimethylcyclopropene-1,2-dicarboxylate was used in
a reaction with Pd,(dba);-CHCI3, only reduced yields of tetramethyl 3,3,7,7-tetramethyl-5-
pallada-trans-tricyclo[4.1.0.0%>#]heptane-1,2,4,6-tetracarboxylate were obtained. One side
product was the new palladacyle dimethyl 3-(3,4-bis(methoxycarbonyl)-5,5-dimethyl-5H-
furan-2-ylidene)-1,1,4,4-tetramethyl-6-oxodihydro-5-oxa-2-palladacyclopropa[c]pentalene
la,3a-dicarboxylate; its structure was proven by a crystal structure analysis of the bpy
complex. The other side products are the 1,3,5-triene methyl (2)-2-isopropylidene-3,4,5-tris-
(methoxycarbonyl)-6-methylhepta-3,5-dienecarboxylate (14), the allyl alcohol dimethyl (Z)-
2-(1-hydroxy-1-methylethyl)but-2-enedicarboxylate (15), the 1,3-diene dimethyl (Z2)-2-
isopropenylbut-2-enedicarboxylate (16), and the allyl ether dimethyl 2-isopropylidene-3-
methoxysuccinate (17). The formation of most of these side products is interpreted as the

reaction of a vinyl carbenoid species with O-nucleophiles.

Introduction

In reactions of transition metals (TM) with cyclopro-
penes 1 (Chart 1)! often an oxidative insertion of the
metal into the C2—C3 or C1—C3 bond is observed. Thus,
either metallacyclobutenes 22 or the products of a
subsequent ring opening, the vinyl carbenes 3,3 are
formed. The latter compounds have recently received
much attention as catalysts for olefin metathesis.* If
p-hydrogen atoms are present in 2, a g-hydrogen
elimination followed by a reductive elimination leads
to n*-isoprene complexes 4.5

There also exist a number of transition-metal-cata-
lyzed reactions of cyclopropenes where the organic
products suggest the intermediacy of vinyl carbene
complexes.®

Inspired by the earlier work of Binger,'27 we recently
investigated the synthesis of 5-pallada-trans-tricylo-
[4.1.0.0241heptanes (PTHs; 6) by oxidative cyclization
of two molecules of dialkyl 3,3-dimethylcyclopropene-

(1) For reviews see: (a) Binger, P.; Buch, H. M. Top. Curr. Chem.
1987, 135, 77—151. (b) Ohta, T.; Takaya, H. In Comprehensive Organic
Synthesis; Trost, B. M., Fleming, 1., Eds.; Pergamon: Oxford, U.K.,
1991; Vol. 5, pp 1185—1205. (c) Schmidt, T. In Carbocyclic Three- and
Four-Membered Ring Compounds (Houben-Weyl); de Meijere, A., Ed.;
Thieme: Stuttgart, Germany, 1997; Vol. E 17a, pp 213—255.

(2) Egan, J. W.; Hughes, R. P.; Rheingold, A. L. Organometallics
1987, 6, 1578—1581. Hemond, R. C.; Hughes, R. P.; Robinson, D. J.;
Rheingold, A. L. Organometallics 1988, 7, 2239—2241. Hughes, R. P.;
King, M. E.; Robinson, D. J.; Spotts, J. M. J. Am. Chem. Soc. 1989,
111, 8919—-8920. Donovan, B. T.; Egan, J. W.; Hughes, R. P.; Spara,
P. P.; Trujillo, H. A.; Rheingold, A. L. Isr. 3. Chem. 1990, 30, 351—
360. Binger, P.; Muller, P.; Herrmann, A. T.; Philipps, P.; Gabor, B.;
Langhauser, F.; Kruger, C. Chem. Ber. 1991, 124, 2165—2170. Li, R.
T.; Nguyen, S. T.; Grubbs, R. H.; Ziller, 3. W. 3. Am. Chem. Soc. 1994,
116, 10032—10040.
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1,2-dicarboxylate 5 on a Pd(0) center.® This method even
allowed a highly stereoselective synthesis of enantio-

(3) Klimes, J.; Weiss, E. Angew. Chem. 1982, 94, 207—207; Angew.
Chem., Int. Ed. Engl. 1982, 21, 205—206. Valéri, T.; Meier, F.; Weiss,
E. Chem. Ber. 1988, 121, 1093—1100. Binger, P.; Muller, P.; Benn, R;
Mynott, R. Angew. Chem. 1989, 101, 647—648; Angew. Chem., Int. Ed.
Engl. 1989, 28, 610—611. Fischer, H.; Hofmann, J.; Mauz, E. Angew.
Chem. 1991, 103, 1013—1015; Angew. Chem., Int. Ed. Engl. 1991, 30,
998. Johnson, L. K.; Grubbs, R. H.; Ziller, J. W. J. Am. Chem. Soc.
1993, 115, 8130—8145. Nguyen, S. T.; Grubbs, R. H.; Ziller, J. W. J.
Am. Chem. Soc. 1993, 115, 9858—9859. Flatt, B. T.; Grubbs, R. H.;
Blanski, R. L.; Calabrese, J. C.; Feldman, J. Organometallics 1994,
13, 2728-2732. Eisch, J.; Qian, Y.; Singh, M. J. Organomet. Chem.
1996, 512, 207—-217. de la Mata, F. J.; Grubbs, R. H. Organometallics
1996, 15, 577—584.

(4) Nguyen, S. T.; Johnson, L. K.; Grubbs, R. H.; Ziller, 3. W. J.
Am. Chem. Soc. 1992, 114, 3974—3975. Schuster, M.; Blechert, S.
Angew. Chem. 1997, 109, 2124—2144; Angew. Chem., Int. Ed. Engl.
1997, 36, 2037—2056.

(5) Foerstner, J.; Kakoschke, A.; Stellfeldt, D.; Butenschon, H.;
Wartchow, R. Organometallics 1998, 17, 893—896.
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Chart 2

rac-8 (65%)

merically pure 6.° These reactions provided high yields
of 6. Now we have reinvestigated the reaction of 5a with
Pd(0) in order to clarify the question whether any
products derived from an insertion into the ring or a
ring opening of the cyclopropene can be detected.

Results and Discussion

When, instead of the immediate addition of 2 equiv,
an excess (2.5 equiv) of cyclopropene 5a was added
stepwise to Pd.dbasz-CHCI; (dba = dibenzylideneac-
etone) in the PTH synthesis, we observed the formation
of the deep red colored side product 7 (Chart 2). In thin-
layer chromatography on silica gel 7 was less polar than

(6) (a) Stechl, H.-H. Chem. Ber. 1964, 97, 2681—2688. (b) Binger,
P.; Schroth, G.; McMeeking, J. Angew. Chem. 1974, 86, 518—519;
Angew. Chem., Int. Ed. Engl. 1974, 13, 466. (c) Binger, P.; Schuchardt,
U. Angew. Chem. 1975, 87, 715—715; Angew. Chem., Int. Ed. Engl.
1975, 14, 706. (d) Binger, P.; Brinkmann, A. Chem. Ber. 1978, 111,
2689—-2695. (e) Binger, P.; McMeeking, J.; Schuchardt, U. Chem. Ber.
1980, 113, 2372—2382. (f) Tomilov, Y. V.; Bordakov, V. G.; Tsvetkova,
N. M.; Dolgii, I. E.; Nefedov, O. M. Izv. Akad. Nauk SSSR, Ser. Khim.
1982, 2413—2414; Bull. Acad. Sci. SSSR, Div. Chem. Sci. (Engl.
Transl.) 1982, 31, 2129. (g) Tomilov, Y. V.; Bordakov, V. G.; Tsvetkova,
N. M.; Shteinshneider, A. Y.; Dolgii, I. E.; Nefedov, O. M. lzv. Akad.
Nauk SSSR, Ser. Khim. 1983, 336—343; Bull. Acad. Sci. USSR, Div.
Chem. Sci. (Engl. Transl.) 1983, 32, 300. (h) Dolgii, I. E.; Tomilov, Y.
V.; Shteinshneider, A. Y.; Nefedov, O. M. Izv. Akad. Nauk SSSR, Ser.
Khim. 1983, 700—701; Bull. Acad. Sci. USSR, Div. Chem. Sci. (Engl.
Transl.) 1983, 32, 638. (i) Binger, P.; McMeeking, J.; Schafer, H. Chem.
Ber. 1984, 117, 1551—1560. (j) Binger, P.; Biedenbach, B. Chem. Ber.
1987, 120, 601—-605. (k) Baird, M. S.; Hussain, H. H.; Clegg, W. J.
Chem. Soc., Perkin Trans. 1 1987, 1609—1612. (I) Padwa, A.; Xu, S. L.
J. Am. Chem. Soc. 1992, 114, 5881—5882. (m) Gagné, M. R.; Grubbs,
R. H.; Feldman, J.; Ziller, J. W. Organometallics 1992, 11, 3933—3935.
(n) Semmelhack, M. F.; Ho, S.; Cohen, D.; Steigerwald, M.; Lee, M.
C.; Lee, G.; Gilbert, A. M.; Wulff, W. D.; Ball, R. G. 3. Am. Chem. Soc.
1994, 116, 7108—7122.

(7) Binger, P.; Buch, H. M.; Benn, R.; Mynott, R. Angew. Chem.
1982, 94, 66; Angew. Chem., Int. Ed. Engl. 1982, 21, 62.

(8) (@) Hashmi, A. S. K.; Naumann, F.; Probst, R.; Bats, J. W. Angew.
Chem. 1997, 109, 127—130; Angew. Chem., Int. Ed. Engl. 1997, 36,
104—-106. (b) Hashmi, A. S. K.; Naumann, F.; Bats, J. W. Chem. Ber./
Recl. 1997, 130, 1457—1459. (c) Hashmi, A. S. K.; Naumann, F.; Bolte,
M.; Rivas Nass, A. J. Prakt. Chem. 1998, 340, 240—246.

(9) Hashmi, A. S. K.; Naumann, F.; Bolte, M. Organometallics 1998,
17, 2385—2387.
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Figure 1. ORTEP plot of 8.

the PTH 64, indicating that again a palladium—organic
compound had been formed but more than two cyclo-
propenes were involved. This was further supported by
the IH NMR, where in noncoordinating solvents such
as CDCI3 only broad signals were visible, while in
coordinating solvents such as acetonitrile and acetone
well-defined signals were obtained. Nevertheless, the
NMR and MS data obtained from 7 in acetone did not
allow a reliable structural assignment. Thus, we pre-
pared the bpy complex 8. Fortunately, crystals suitable
for a X-ray crystal structure elucidation could be
obtained from acetone (the ORTEP plot of 8 is depicted
in Figure 1).

8 contains an interesting tricyclic palladacycloalkane
substructure that is connected to a dihydrofuran ring
by a C=C double bond. The formation of 8 is highly
stereoselective; the double bond between the two sub-
units is formed in an E configuration only. Furthermore,
forced by the cis fusion of the five-membered lactone
ring and the central palladacyclopentane ring, the
relative configuration of the stereogenic center at C3
and the two stereogenic centers at the ring fusion of
the three- and the central five-membered ring is well
defined, the cyclopropane being cis to the CO,CHj;
group. Due to the rigid structure one ester group on the
dihydrofuran ring suffers severe steric interaction with
the bpy ligand; thus, the square-planar coodination at
Pd(I1) is heavily distorted. The angle between the N1—
Pd—N2 plane and the C1-Pd—C4 plane is 27.7°. For
Pd(11)—bpy complexes this interplanar angle reaches a
record value. Due to the popularity of the bpy ligand in
the Cambridge Crystallographic Database about 80
Pd(I1)—bpy species are registered. While most of these
show a distortion of less than 10°, only 6 complexes
reach values between 10 and 20° (11.0,10 11.3,11 14.3,12
15.2,13 15.6,* and 15.9°1%) and only 4 reach values over

(10) Milani, B.; Vicentini, L.; Sommazzi, A.; Garbassi, F.; Chiarparin,
E.; Zangrando, E.; Mestroni, G. J. Chem. Soc., Dalton Trans. 1996,
3139-3144.

(11) van Belzen, R.; Klein, R. A.; Kooijman, H.; Veldman, N.; Spek,
A. L.; Elsevier, C. J. Organometallics 1998, 17, 1812—1825.

(12) Bartolomé, C.; Espinet, P.; Villafafie, F.; Giesa, S.; Martin, A,;
Orpen, A. G. Organometallics 1996, 15, 2019—2028.

(13) Vicente, J.; Abad, J.-A.; Shaw, K. F.; Gil-Rubio, J.; Ramirez de
Arellano, M. C.; Jones, P. G. Organometallics 1997, 16, 4557—4566.

(14) Alonso, E.; Forniés, J.; Fortufio, C.; Martin, A.; Rosair, G. M;
Welch, A. J. Inorg. Chem. 1997, 36, 4426—4431.

(15) Nikol, H.; Burgi, H.-B.; Hardcastle, K. I.; Gray, H. B. Inorg.
Chem. 1995, 34, 6319—-6322.
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Chart 3

rac-7

20° (23.6,16 241,17 24.6,18 and 25.4°19). The last 4
structures contain bis(bipyridyl)palladium or (biphen-
ylene)(bipyridyl)palladium complexes that show repul-
sive C—H---H—C interactions. The nonplanarity in 8 is
required to avoid the following short intramolecular
repulsive interactions: N2:--O10 = 2.89 A, N2---C22 =
3.07 A, C35:::010 = 3.01 A, C26---02 = 3.07 A ,and
H26---02 = 2.42 A. These steric interactions may also
be responsible for the nonplanarity of the C4-C16
double bond; the torsion angle Pd—C4—-C16—C17 is
—23.2(3)°. The bipyridyl group is nonplanar: the angle
between the planes of the two pyridyl groups is 17.5°.
The Pd—C4 bond of 1.999(2) A, involving the planar C
atom, is significantly shorter than the Pd—C1 bond of
2.041(2) A, as one would expect. The Pd—N bond lengths
of 2.118(2) and 2.122(2) A show no significant differ-
ences.

The fused lactone ring labeled C2, C3, C11, O3, and
C10 approximately adopts an envelope conformation
with the atom C3 0.46 A outside the plane through
atoms C2, C10, O3, and C11. The C3—C11 bond of
1.579(3) A is slightly lengthened compared to a single
C—C bond of 1.54 A. The five-membered ring labeled
07, Cl16, C17, C18, and C19 is almost planar; C18 lies
0.06 A outside the plane through O7, C16, C17, and C19.

The molecule is stabilized by a number of very weak,
intramolecular C—H---O interactions, namely H9A---O4
= 2.45 A, H12B:-O7 = 2.43 A, H12C--:06 = 2.45
A, H13B:-O1 = 2,52 A, H20C---08 = 2.55 A, and
H26---02 = 2.42 A. The crystal packing shows a number
of intermolecular C—H-:-O interactions with H---O
distances of about 2.6 A. The acetone molecule in the
lattice shows four intermolecular C—H---O interactions
with the atoms of the main molecule.

An analysis of the structure of 7 strongly suggests
that the latter is formed from 6a (Chart 3); the con-
nectivity of the carbon framework and the relative
configuration at the stereogenic centers of the tricyclic
palladacycle can be traced back to that of 6a. The
differences are the cleavage of one of the cyclopropane
rings that leads to the exocyclic double bond and the
lactone formation, which is accompanied by the loss of
one methoxy group.

We could not find a reasonable mechanistic proposal
for the formation of 7 from a seven-membered metal-

(16) Milani, B.; Anzilutti, A.; Vicentini, L.; Sessanta o Santi, A.;
Zangrando, E.; Geremia, S.; Mestroni, G. Organometallics 1997, 16,
5064—5075.

(17) Chieh, P. C. J. Chem. Soc., Dalton Trans. 1972, 1643—1646.

(18) Stueckl, A. C.; Klement, U.; Range, K.-J. Z. Kristallogr. 1993,
208, 291—-293.

(19) Wehman, P.; Dol, G. C.; Moorman, E. R.; Kamer, P. C. J.; van
Leeuwen, P. W. N. M.; Fraanje, J.; Goubitz, K. Organometallics 1994,
13, 4856—4869.
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Scheme 1

6a MeO,C

MeO,C

7

lacycle (such species have been observed for Rh)2
generated by the insertion of a third cyclopropene into
one C—Pd bond of 6a and a subsequent rearrangement.
Since, as discussed in the Introduction, in the presence
of transition metals cyclopropenes can also form vinyl
carbenoids, we suggest a reaction pathway involving
such species. This is supported by the dihydrofuran ring,
which contains three carbon atoms from a third cyclo-
propene molecule as an open chain, being reminiscent
of a vinyl carbene or carbenoid.

Therefore, we propose that first the vinyl carbenoid
9 is formed by insertion of Pd into a single bond of the
cyclopropene ring followed by ring opening (Scheme 1).
Since 5a bears two substituents on the double bond, the
C2—C3 and the C1—C3 bonds are sterically less acces-
sible; thus, with only 2 equiv of cyclopropene the
cyclization to 6a is faster. 9 reacts as an electrophile
and attacks the nucleophilic oxygen atom of the ester
group in 6a o to Pd. Then the ring is closed and the
intermediate 10 is formed. In 10 an internal coordina-
tion of one ester group on the dihydrofuran ring to Pd
should be feasible, and this would nicely explain the
observed double-bond geometry. The formation of the
latter double bond is now initiated by the loss of the

(20) Cetinkaya, B.; Binger, P.; Kruger, C. Chem. Ber. 1982, 115,
3414—-3421.
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methoxy group at the lactal leading to 11. This loss is
supported by the neighboring oxygen atom, double bond,
and cyclopropyl ring. Then the cyclopropyl ring opens
(releasing the ring strain), and so the new double bond
and a tertiary carbenium ion in 12 are formed. This
electrophilic carbon atom now attacks the ester group
located in the direct neighborhood, giving the interme-
diate 13. Finally a reaction with external water (differ-
ent from most of the other investigations in this field,
the synthesis of 6 is possible in the presence of water;
therefore, we used normal reagent-grade acetone) and
loss of a second molecule of methanol delivers 7. Overall,
7 is the product of the reaction of Pd(0) with three
molecules of 5a and one molecule of water accompanied
by the loss of two molecules of methanol—this explains
our difficulties in elucidating the structure from NMR
and MS data.

If this mechanistic proposal is true and a vinyl
carbenoid as key intermediate is formed, this intermedi-
ate should be able to react with other nucleophiles
present in the solution such as water and—as the
reaction leading to 7 proceeds—small amounts of the
more nucleophilic methanol. Thus, we repeated the
reaction and changed the workup, now also focusing on
organic products. After this change we indeed could
isolate the products 14—17 (Chart 4).

1,3,5-Trienes such as 14 have been observed in
transition-metal-catalyzed reactions of cyclopropenes
before and have been interpreted as products of a
dimerization of vinyl carbenoids.62k2! Since we have
observed 14 before,?? the assignment of a Z geometry
is unambiguous. 15 is the product of the addition of
water as a nucleophile, the position of the addition (1,3-
addition of H—OH) corresponding to our mechanistic
proposals for the formation of 7 quite well. The double-
bond geometry was assigned by a NOE difference
spectrum (Figure 2).

(21) Baird, M. S. In Houben-Weyl; de Meijere, A., Ed.; Thieme:
Stuttgart, Germany, 1993; Vol. E 17d, pp 2781—-2817 (specifically
pp 2793—2794). Padwa, A.; Kennedy, G. D. J. Org. Chem. 1984, 49,
4344—4352.

(22) Hashmi, A. S. K.; Naumann, F.; Rivas Nass, A.; Degen, A.;
Bolte, M.; Bats, J. W. Chem. Eur. J. 1999, 5, 2836—2844.
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Figure 2. NOE observed in the NOE difference spectra
of 15.

2.0%

INR

571 ppm H 1.41 ppm

MeO,C CO,Me

16

Figure 3. NOE observed in the NOE difference spectra
of 16.

Similar products of a 1,1-addition of H—OH, not of a
1,3-addition, have also been observed in related reac-
tions before.%2 16 corresponds to the products observed
by Butenschon® and is probably formed by an analogous
mechanism. In our case it is remarkable that only the
isomer with the Z configuration at the trisubstituted
double bond is formed. Again the assignment was
possible by a NOE difference spectrum (Figure 3). 17 is
the product of a 1,1-addition of H—OMe to the vinyl
carbenoid analogue to the previously reported water
adduct mentioned above.52

In the H NMR we also observed traces of another
side product, to which we assigned the structure 18, the
1,3-addition product of H—OMe. Interestingly, we ob-
served no products of an insertion of the vinyl carbenoid
into a Pd—C bond of 6a; no products analogous to the
compounds 19 obtained by Bingertcdei could be isolated.

This is in accordance with the low tendency of the
Pd—C bonds in 6 to undergo even intramolecular
insertion reactions.?3

Conclusion

We have demonstrated that in the reaction of cyclo-
propenes 5 the formation of 6 is clearly the main
reaction; only with an excess of 5 are products derived
from vinyl carbenoids obtained. In the case of our
electron-poor substrates the addition of different nu-
cleophiles to these vinyl carbenoids was observed. The
reason for the different regioselectivities of these addi-
tions is still unclear. The formation of 7 is an example
of an unprecedented reaction of cyclopropenes.

Experimental Section

Preparative HPLC: programmable pump Waters 590
with Perfusor VI injector, peak-separator 2150, R 401 dif-
ferential refractometer, column 250 x 16 mm internal diam-
eter, Macherey-Nagel Nucleosil 50—10, flow 10 mL/min. 5a%¢
and Pd,dbaz-CHCI;** were prepared as described previously.

(23) Hashmi, A. S. K.; Rivas Nass, A.; Bats, J. W.; Bolte, M. Angew.
Chem. 1999, 111, 3565—3567; Angew. Chem., Int. Ed. 1999, 38,
3370—-3373.
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Abbreviations: hexane (H), acetone (A), ethyl acetate (EA),
methyl acetate (MA), and dichloromethane (DCM). The as-
signments s (Cquat), d (CH), t (CH>), and q (CHs) for the *3C
NMR signals are based on DEPT 135 and DEPT 90 spectra.

Synthesis of 7. A 2.00 g (10.9 mmol) amount of cyclopro-
pene 5a% was added to a suspension of 2.24 g (2.17 mmol) of
Pd,dbas-CHCI; in 100 mL of acetone and the mixture stirred
at room temperature. More 5a was added after 12 h (400 mg,
2.17 mmol), 14 h (400 mg, 2.17 mmol), and 16 h (200 mg, 1.09
mmol). After 18 h the solvent was removed in vacuo and the
remaining deep red residue was worked up by column chro-
matography on silica gel to afford 750 mg (36%) of PTH 6a
and 110 mg (5%) of 7. R((H:A = 3:2) = 0.16. 'H NMR (acetone-
de, 250 MHz): 6 3.89 (s, 3 H), 3.85 (s, 3 H), 3.61 (s, 3 H), 3.41
(s,3H),1.70 (s, 3H), 1.61 (s, 3 H), 1.52 (s, 3 H), 1.45 (s, 6 H),
1.37 (s, 3 H). 13C NMR (acetone-ds, 64.9 MHz): ¢ 18.8 (q), 25.5
(@), 26.9 (q), 27.1 (q9), 28.0 (q), 30.3 (q), 33.8 (s), 44.3 (s), 50.4
(s), 50.8 (), 51.2 (q), 53.0 (q), 55.4 (q), 79.9 (s), 85.3 (s), 90.0
(s), 118.5 (s), 126.9 (s), 146.1 (s), 152.8 (s), 165.1 (s), 168.8 (s),
172.6 (s), 173.2 (s), 174.7 (S).

Synthesis of 8. A 100 mg (170 umol) amount of 7 was
dissolved in 10 mL of dichloromethane, and 28.0 mg (180 umol)
of 2,2'-bipyridyl in 2 mL of dichloromethane was added at room
temperature. The mixture was stirred for 1 h; then the solvent
was removed in vacuo. The remaining oily crude product still
contained traces of DCM that prevented precipitation. There-
fore, with stirring, a few drops of hexane were added which
induced the precipitation of the product. After removal of the
hexane in vacuo the remaining bright red solid was washed
with two 2 mL portions of a cold hexane/ethyl acetate mixture
(1:1) to afford 85 mg (65%) of 8. First crystals of 8 were
obtained by slow evaporation of a solution in DCM, but the
crystals contained DCM and were of low quality and the X-ray
crystal structure investigation gave unsatisfactory results.
Therefore, they were dissolved in acetone and the solution was
evaporated very slowly at 4 °C. Now single crystals of a better
quality were obtained. Mp (from acetone): 152 °C. IR (film,
NaCl; cm™1): 3112, 3058, 2980, 2946, 1739, 1707, 1686, 1602,
1491, 1473, 1458, 1433, 1376, 1368, 1345, 1291, 1245, 1214,
1137, 1099, 1056, 1036, 1004, 982, 964, 895, 821, 768, 734,
702, 652. 1H NMR (CD,Cls, 250 MHz): ¢ 9.03 (d, 2Juy = 4.5
Hz, 1 H), 8.94 (d, 2Jun = 4.7 Hz, 1 H), 8.35 (d, 2Jun = 8.0 Hz,
1 H), 8.10-7.94 (m, 3 H), 7.52—7.51 (m, 2 H), 3.67 (s, 3 H),
3.63 (s, 3 H), 3.40 (s, 3 H), 3.23 (s, 3 H), 1.79 (s, 3 H), 1.67 (s,
3 H),1.62 (s, 3H), 1.53 (s, 3 H), 1.51 (s, 3H), 1.49 (s, 3 H). °C
NMR (CD.Cl;, 64.9 MHz): 6 19.5 (q), 25.0 (q), 26.8 (q), 27.5
(9), 28.0 (q), 29.3 (9), 36.0 (s), 43.6 (s), 51.0 (q), 51.4 (q), 51.9
(s), 52.2 (q), 52.6 (q), 79.3 (s), 86.0 (s), 88.9 (s), 122.7 (d), 122.9
(d), 126.0 (d), 126.2 (d), 132.2 (s), 137.5 (s), 138.1 (s), 138.3
(d), 138.7 (d), 141.4 (s), 150.0 (s), 151.3 (d), 151.6 (d), 155.9
(s), 163.7 (s), 165.9 (s), 172.9 (s), 174.5 (S), 175.7 (s). MS (FAB;
m/z (%)): 769 (4) [M* + H], 753 (1) [MT — CHj3], 737 (4) [M* —
H3CO]. Anal. Calcd for C3sH3sN201:Pd (769.11): C, 54.66; H,
4.98; N, 3.64. Found: C, 54.62; H, 5.37; N, 3.62.

Crystal Structure Analysis of 8: Siemens SMART CCD
three-circle diffractometer, Mo Ka, 0.710 73 A, w-scans, em-
pirical absorption correction with SADABS.?®> The structure
was determined by direct methods?® and refined with SHELXL
9627 by full-matrix least-squares methods against F2. Hydrogen
atoms were taken from a difference Fourier synthesis and
refined with isotropic displacement parameters. Crystal data
are summarized in Table 1. The asymmetric unit contains a
solvent molecule. A total of 77.1% of the solvent sites contain

(24) Ukai, T.; Kawazura, H.; Ishii, Y.; Bonnet, J. J.; Ibers, J. A. J.
Organomet. Chem. 1974, 65, 253—266.

(25) Sheldrick, G. M. Program for Empirical Absorption Correction
of Area Detector Data; Universitat Gottingen, Gottingen, Germany,
1996.

(26) Sheldrick, G. M. Acta Crystallogr., Sect. A 1990, 46, 467—473.

(27) Sheldrick, G. M. Program for the Refinement of Crystal
Structures; Universitat Gottingen, Gottingen, Germany, 1996.
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Table 1. Crystallographic Data for 8

mol formula C35H33N2011Pd'0.77C3H50'
0.23CHCl;

fw 833.33

temp, K 137

cryst syst monoclinic

space group P21/c

a, A 11.520(1)

b, A 22.911(3)

¢, A 14.086(2)

B, deg 101.521(7)

vV, A3 3642.7(7)

Z 4

Dealcd, g M ™3 1.519

u, mm~t 0.610

cryst size, mm 0.10 x 0.15 x 1.04

cryst color, shape yellow, rod
6 range, deg 1.7-32.4
max indices, h, k, | 16, 33, 20
abs cor range 0.744—1.000
no. of rflns measd 43 545

no. of unique rflns 11723

no. of rfins with F2 > 20(F?) 8340

R(Dint 0.061

no. of params 645

R indices (I > 20(1)) R1 =0.043, wR2 = 0.085
R indices (all data) R1 =0.078, wR2 = 0.095
largest diff peak and hole, e A3 1.18 and —1.37

acetone, and 22.9% of the solvent sites contain dichlo-
romethane. The solvent has been refined with a split atom
model. H atoms at the solvent were placed at ideal positions.
Crystallographic data in CIF format (excluding structure
factors) for 8 have been deposited with the Cambridge Crystal-
lographic Data Centre as supplementary publication no.
CCDC-145723. Copies of the data can be obtained free of
charge on application to the CCDC, 12 Union Road, Cambridge
CB2 1EZ, U.K. (fax, (+44)1223—336033; e-mail, deposit@ccdc.
cam.ac.uk). Structure factors can be obtained from the authors.

Formation of 14—17. A 160 mg (870 umol) amount of
cyclopropene 5a was added to a suspension of 150 mg (145
umol) of Pd.dbas-CHCI3 in 7 mL of acetone and stirred at room
temperature. More 5a was added after 17 h (27.0 mg, 147
umol), after 19 h (27.0 mg, 147 umol), and after 21 h (14.0
mg, 73.1 umol). After 23 h the solvent was removed in vacuo
and the remaining deep red residue worked up by column
chromatography on silica gel. Then the fractions containing
the organic products were purified by HPLC (H/MA/DCM =
10/4/7). Thus, 38.4 mg (24%) of 14,%2 70.3 mg (40%) of 15, 3.5
mg (2%) of 16, and 3.8 mg (2%) of 17 were obtained. A few
fractions of 16 contained small amounts of an impurity,
according to the 'H NMR probably 18.

15: Rf(H:A=5:1)=0.13. IR (film, NaCl; cm™): 3492, 2982,
2955, 1728, 1649, 1437, 1347, 1260, 1195, 1170, 1046, 1020,
970, 908, 889, 856, 823, 739, 714, 696. *H NMR (CDCls;, 250
MHz): 6 6.04 (s, 1 H), 3.78 (s, 3 H), 3.66 (s, 3 H), 2.46 (brs, 1
H), 1.39 (s, 6H). **C NMR (CDCls, 64.9 MHz): 6 28.9 (q, 2 C),
51.8 (q), 52.3 (q), 71.6 (s), 116.8 (d), 157.6 (s), 165.4 (s), 168.3
(s). Anal. Calcd for CoH140s (202.21): C, 53.46; H, 6.98.
Found: C, 53.25; H, 7.05.

16: Rf (H:EA = 10:1) = 0.11. IR (film, NaCl; cm™1): 2954,
1741, 1724, 1654, 1610, 1560, 1437, 1387, 1364, 1304, 1247,
1197, 1171, 1075, 1026, 872. *H NMR (C¢Ds, 250 MHz): 6 5.71
(s,1H),5.29 (s, 1H),5.01(s,1H),3.61 (s, 3H),3.27 (s, 3 H),
1.41 (s, 3 H). 13C NMR (CDCls, 64.9 MHz): ¢ 19.3 (q), 51.8 (q),
52.4(q), 116.3 (d), 122.7 (t), 137.7 (s), 149.8 (s), 165.5 (s), 168.2
(s). MS (70 eV; miz (%)): 184 (100), 169 (55), 153 (50), 125
(49). HRMS (80 eV): calcd for CoH1,04, 184.072 34; found,
184.073 56.

17: R (H:A=5:1)=0.22. IR (film, NaCl; cm™1): 2996, 2953,
2830, 1759, 1724, 1654, 1637, 1436, 1376, 1311, 1282, 1226,
1195, 1106, 1092, 1015, 913. *H NMR (CDCl3, 250 MHz): &
4.76 (s, 1 H), 3.77 (s, 3 H), 3.74 (s, 3 H), 3.43 (s, 3 H), 2.08 (s,
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3 H), 1.97 (s, 3 H). 13C NMR (CDCls, 64.9 MHz): 6 22.4 (q),
23.4 (q), 51.7 (q), 52.3 (9), 57.6 (q), 77.5 (d), 125.0 (s), 150.0
(s), 167.6 (s), 171.0 (s). MS (70 eV; m/z (%)): 216 (2), 157 (100),
125 (42), 75 (30). HRMS (80 eV): calcd for CgH1303 (M —
C,H30,), 157.087 82; found, 157.086 47.

18 (from mixture with 15): *H NMR (CDCls, 250 MHz): 6
5.93 (s, 1 H), 3.78 (s, 3 H), 3.67 (s, 3 H), 3.14 (s, 3 H), 1.33 (s,
6 H).
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