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Influence of a Transition Metal on
the Regiochemistry of Ring Closures.
An Approach to Medium-Ring Compounds

Sir:

A basic tenet of cyclization is the great preference for for-
mation of three-, five-, six-, and seven-membered rings over
four-, eight-, nine-, and ten-membered rings. For example, a
six-membered ring forms > 104 faster than an eight-membered
ring.! We report an unusual effect of palladium? on the rules
for ring closure? and the first examples of the preference for
formation of eight- and nine-membered rings over competing
six- and seven-membered rings. Growing interest in the syn-
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Scheme I. Eight vs. Ten. Synthesis of Phoracantholides

SO,Ph

OAc
2
aPhS0,CH,CO,H, Ph,P, C,H,0,CN=NCO,C,H,, PhCH,, RT.
bNaH, THF, 6 mol % (Ph,P),Pd, 12 mol % diphos, reflux. ¢6% Na
(Hg), Na,HPO,, C,H;OH, -20 °C. 45% Pd/BaCO,, H,, 2 atm,
C,H,OH.

thesis of medium rings and the fact that medium-ring lactones
are generally not accessible by lactonization*® methods
highlight the potential importance of these observations.
Equation | represents the general class of reaction that we
have examined.?? The importance of ten-membered ring
compounds in natural products and the fact that eight- and
ten-membered ring formation occurs with almost equal fa-
cility! led us to compete an eight vs. ten (i.., n = 10) directed
to the phoracantholides as summarized in Scheme I. The hy-
droxyacetates 18 and 2,8 whose olefin stereochemistry is es-
tablished by the mode of synthesis” and the 270-MHz NMR
spectrum (1,6 5.77 (dtt, J = 15.3,6.3, 1 Hz, | H), 5.56 (dtt,
J=153,63,1Hz,1 H);2,6565(dtt,J=11,7.3,1.5Hz, 1
H), 5.53 (dtt,J = 11, 6.8, 1.5 Hz, | H)), were esterified with
benzenesulfonylacetic acid by the reverse activation procedure®
to give the cyclization substrates 3% and 4.8 In both cases,
treatment of the corresponding anions with a Pd(0) catalyst
in the presence of diphos led to an isomeric mixture (F,Z and
R* R* and R*,S*) of cyclization products 5. The absence of
absorptions at § 5-5.5 for a monosubstituted olefin suggested
the absence of eight-membered rings. Desulfonylation gave
a mixture of £ and Z ten-membered-ring lactones 68 and 7,8
which were separated by VPC (20% DC710 on 60/80 Chro-
mosorb W at 170 °C), the latter (phoracantholide J) isolated
from the metasternal gland secretion of Phoracantha syn-
onyma.®10.11 NMR allows assignment of double-bond ste-
reochemistry (6, 6 5.42 (ddd, J = 15,9.5, 4.5 Hz), 5.28 (ddd,
J=15,10.5,4Hz);7,5.46 (tdd,J = 11, 5.5,2 Hz), 5.35 (td,
J =11, 4 Hz)). The ratio of 6:7 was 85:15 from 3 and 65:35
from 4. Thus, in contrast to the 12-membered-ring case, sub-
stantial loss of olefin geometry accompanied this cyclization.
Further confirmation that the isomeric nature of 5 does not
result from regioisomers arose in the catalytic hydrogenation
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Scheme II. Seven vs, Nine, Synthesis of Octan-8-olides
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a(i) BrCH,COBr, CH,N, CH,Cl,, RT; (ii) NaH, PhSO,CH,CO,-
CH,;, DMF, 0 °C. bNaH THF 10 mol % (Ph,P),Pd, 10 mol %
diphos, reflux. € 5% Pd/BaCOa, H,, 2 atm, C,H OH

Scheme III. Six vs. Eight. Synthesis of Heptan-7-olides
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4PhSO,CH,CO,H, Ph,P, C,H,0,CN=NCO,C,H,, PhCH,, 0°C —»
RT. ®NaH, THF, § mol % (Ph,P),Pd, 10 mol % diphos, reflux. (i)
5% Pd/BaCO,, H,, 2 atm, C,H,OH; (ii) 6% Na (Hg), HOAc, C,H,-
OH, -20°C.

of the olefin followed by desulfonylation to give (£)-decan-
9-olide (8, phoracantholide I) whose spectral properties agree
with those of an authentic sample of the natural product.!®

While palladium induced cyclization to give the ten-mem-
bered ring exclusively, in simple cyclizations such a competition
does not lead to a great preference. On the other hand, a rate
factor of 103 exists in favor of formation of a seven-membered
compared with a nine-membered ring. Thus, the substrate 108
(see Scheme II), whose ease of synthesis as outlined illustrates
one of the advantages of this method, was subjected to the usual
cyclization conditions. Much to our surprise (and delight!) only
nine-membered ring products 118 and 128 (E:Z, 8:92) were
isolated and separated by TLC (25% C;HsOAc in hexane; E,
R;=0.35;Z, Ry=0.28, mp 125-126°C). That the two com-
pounds represent double-bond isomers was shown by their
catalytic hydrogenation to give the same compound 13.2 Olefin
geometry is established by 270-MHz NMR: 11 (CgDg) 6 5.63
(dt,J =11, 8.6), 5.38 (dtt,J = 11, 8.3, 1 Hz); 12 (CDCl;) &
5.48 (ddd, J = 15.8, 10, 5.9 Hz), 5.41 (ddd, J = 15.8, 10.4,
05.3),5.23 (ddd, J = 15.8, 10.3, 4.5 Hz), 5.12 (ddd, J = 15.8,
11.2,3.5 Hz).

Scheme III illustrates a more severe test for cyclization
preferences since a six-membered ring is favored kinetically
by >10# over an eight-membered ring. Treatment of 148 under
the usual cyclization conditions gave as the vastly major
product the hepten-7-olide 15,2 mp 87.5-89°C, with only a

trace of the six-membered ring 16, the latter being detected
in the crude reaction mixture by NMR signals for the mono-
substituted olefin at 6 5.21 and 5.18. The shocking preference
for formation of the eight-membered ring was confirmed by
correlating 15 with the parent heptan-7-olide 17, an authentic
sample of which was independently synthesized.'2 The lability
of the eight-membered ring lactone made desulfonylation
rather tricky until we discovered that buffering the 6% Na
(Hg) reaction medium with acetic acid solved the problem.
The preference for the larger ring in each case might be
thought to reflect preferential reaction at a primary (site a in
eq 1) vs. a secondary (site bin eq 1) carbon. This rationale was
eliminated by cyclizing the all-carbon analogue 188 or 198 (X
= CO,CH3) which gave a mixture of the nine- and seven-
membered-ring compounds in which the latter predominated
(for X = CO,CH3, 30:70 20:21 from 18 (X = CO,CH3) and
37:63 from 19 (X = CO,CH3) in the presence of diphos and
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7:93 in the absence of diphos). On the other hand, when 19 (X
= PhSO,) is cyclized, the ratio of 20:21 (X = PhSO;) is
~73:27, i.e., the nine-membered ring predominates. The
structure of 20 was confirmed by converting it into the known
anilide 22 (mp 138.5-140 °C).

The results show that chain conformation, as well as the
nature of the cyclization initiator (i.e., the allylpalladium
cationic moiety), are combining to overwhelm the normal
preferences for ring closure. Synthetically, the results clearly
point to the unique role that the transition metal catalyst can
play in changing the usual rules in organic reactivity and make
this type of approach particularly attractive to the difficult
class of medium-ring compounds. Furthermore, by manipu-
lating the substitution of the chain, the nucleophile, and the
ligands, either cyclization mode appears feasible.
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Competitive Radiative Decay and Metal-Metal
Bond Cleavage from the Lowest Excited State of
Triphenyltin- and Triphenylgermanium-
Tricarbonyl(1,10-phenanthroline)rhenium

Sir:

The rate constants associated with dissociative excited-state
processes in organometallic complexes have generally not been
evaluated, despite the need for such measurements in directly
assessing excited-state reactivity. There are new a number of
reports of bimolecular excited-state reaction rate constants for
electron and energy transfer.!-7 In this communication we
report the synthesis and electronic spectral and photochemical
characterization of a set of complexes Ph;ERe(CO);L (E =
Ge, Sn; L = 1,10-phenanthroline, 2,2’-bipyridine) where it is
possible to evaluate k* ;5. associated with the excited-state
dissociation (eq 1). This represents the first such determination
for any metal-carbonyl complex, and, in particular, these re-
sults bear significantly on the now well-studied metal-metal
bonded complexes.8-13

k*gissoc

[E-Re]* —3 E. + Re- (1)

Spectral properties for complexes studied are given in Table
1; they. are prepared by slow addition of a THF solution of
Ph3SnCl or Ph3GeBr to a THF solution of the appropriate
[Re(CO)sL]~ under Ar. [Re(CO);L]~ is prepared by the 1%
Na/Hg reduction of CIRe(CO);L in THF solvent. The highly
colored E-Re bonded complexes are formed in good yield
(~50%) and can be purified by precipitation from concentrated
CH)Cl; solution by addition of isooctane. The complexes
which have received detailed study to date are for E = Ge and
Snand L = [,10-phenanthroline and these two substances have
satisfactory elemental analyses (Alfred Bernhardt, West
Germany). Anal. Caled for C33H,3N,0;3ReSn (found): C,
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Figure 1. Absorption and emission of Ph3GeRe(CO);(1,10-phenanthro-
line). The emission spectra are corrected for variation in detector sensitivity
and are excited at 480 nm. The sensitivity for the 298 and 77 K emission
is not the same, and the absorption spectral change from 298 to 77 K is
not corrected for solvent contraction.

Table 1. Spectral and Photochemical Properties of
Ph3;ERe(CO);(1,10-phenanthroline) at 25 °C

(E-Re)op, —  emission

IR bands, T*L, max, $ + 10%
E cm~! ()4 nm (¢)? nm (7, us)€ (A, nm)“
Ge 2004 (4870) 450 (4940)  765(2.6) 0.25 (313)
1900 (3730) 0.30 (366)
0.27 (436)
0.26 (488)

av 0.27
Sn 2004 (4700) 465 (4610)  750(1.8) 0.26 (313)
1903 (3840) 0.25 (366)
0.22 (436)
0.20 (488)

av 0.23

a In CH,Cl; with 0.5 M CCly at 298 K measured with a PE 180
with matched path cells.  In CH;Cl, with 0.5 M CCl, at 298 K
measured using a Cary 17 ultraviolet-visible-near-infrared spectro-
photometer. ¢ Corrected emission maximum in CH>Cl; with 0.5 M
CCl, using a PE Model MPF44 exciting at 480 nm. The lifetime was
measured using either a rhodamine dye laser (560 nm, ~5-ns pulse
width) or a Xenon Corporation Model 437 nanopulser excitation
source filtered to pass 436-nm light and the detection optics of a TRW
decay time fluormeter with output to an oscilloscope. ¢ Reaction
quantum yield for disappearance of E-Re species is equal to the for-
mation quantum yield for CIRe(CO);(1,10-phenanthroline) which
exhibits IR absorptions, cm~! (¢), in CH,Cl,-0.5 M CCl, at 2024
(4600), 1922 (3015), and 1898 (2600). All ® values are in degassed
CH,C1;-0.5 M CCl, solutions at ~2 X 10~3 M E-Re species. Light
intensities are ~3 X 10~7 einstein/min.

49.52 (49.34); H, 2.90 (2.92); N, 3.50 (3.26). Calcd for
C33H23N20;3ReGe (found): C, 52.54 (52.66); H, 3.07 (3.12);
N, 3.71 (3.84).

The UV -vis absorption spectra of the complexes (Figure |
and Table 1) are similar to those previously found® for
(OC)sRe-Re(CO);L, except for the differences in the ener-
getic position of the bands. We attribute the first absorption
band to a metal-metal oy, to La* CT transition as in the pre-
viously studied Re-Re system. As usual,60:8d.16-18 for such
metal carbonyl complexes the CT absorption depends mark-
edly on the solvent; for example the first absorption maximum
is at ~432 nm in CH3CN and ~465 nm in benzene for E = Sn,
L = 1,10-phenanthroline. Ph3ERe(CO)s complexes absorb
only at wavelengths <350 nm, ruling out a a, — ¢* type
transition in the visible; ¢, — o* transitions are generally not
too solvent sensitive.® The 2,2’-biquinoline complex has been
prepared and, compared with the others, and the first band is
at substantially lower energy in accord with the (E-Re)ay, —
La* CT assignment;®®8d \ .. 560 nm for E = Sn, L = 2,2’-
biquinoline in CH,Cl,.

What is novel is that some of the Ph;ERe(CO);L complexes
exhibit detectable emission upon photoexcitation in fluid so-
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