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Exciplex Isomerization of Dewar Benzenes. Factors 
Controlling Diabatic and Adiabatic Reaction Paths 

Table I. Photochemical and Photophysical Data for HMDB 
(HMB) Quenching and Isomerization" 

Sir: 

There are several photosensitized molecular rearrange
ments1 ~5 which may be referred to as exciplex isomerizations. 
These reactions appear to depend on electron transfer (not 
energy transfer) properties of sensitizer-quencher pairs and 
are most readily understood in terms of singlet exciplex for
mation followed by nonradiative decay to photoisomers. 

The most unusual of these isomerizations is the rearrange
ment of hexamethyl(Dewar benzene) (HMDB) to hexa-

sensitizer 

1,4-dicyanobenzene 
(DCB) 

1 -cyanonaphthalene 
(CN) 

9,10-dicyanoanthra-
cene (DCA) 

9-cyanoanthracene 
(CA) 

ytq(HMDB) 
X 10-9M-1 

s-1 

10.4 

3.2 

7.3 

0.13 

/fcq(HMB) 
X 10-9M-1 

s-' 

13.2 

4.4 

8.7 

2.6 

q̂TfJ, i/s, 
M-i »M~ l c 

84.0 85.6 

112 119 

" Cyclohexane solution, room temperature. b Stern-Volmer con
stants for quenching sensitizer fluorescence. c Intercept/slope ratios 
for plots of reciprocal HMDB isomerization quantum yield vs. 1/ 
[HMDB]. 

Table II. Singlet Sensitizer Properties, HMB Exciplex-Excitation 
Energies, and Preference for Adiabatic HMDB Rearrangement 

sensitizer 

CN 
DCB 
CA 
DCA 

Tf, nsa 

26 
13 
9 

15 

E /j*(n 
V* 

2.1 
2.7 
1.4 
2.1 

d), £no(exc), 
kcal/mol 

77 
73 
64 
57 

P 

20 ± 2 
32 ± 2 

50 ± 3 

" Fluorescence lifetimes in hydrocarbon solvents from the literature: 
M. Yoshida, H. Sakuragi,!. Tanaka, K. Tokumaru, and N. Morikawa, 
Bull. Chem. Soc. Jpn., 48, 2399 (1975); M. E. R. Marcondes, V. G. 
Toscano, and R. G. Weiss, J. Am. Chem. Soc, 97, 4485 (1975); E. 
Vander Donckt, M. R. Barthels, N. Antheunis, and M. Swinnen, MoI. 
Photochem., 8, 121 (1977); ref lb. * £i/2*(red) = £i/2(red) + sen
sitizer singlet energy; sensitizer ground-state reduction potentials (vs. 
SCE, CH3CN) are reported: E. A. Chandross and J. Ferguson, J. 
Chem. Phys., 47, 2557 (1967); D. R. Arnold and A. J. Maroulis, J. 
Am. Chem. Soc, 98, 5901 (1976). 

methylbenzene (HMB). Evans reported4 that the isomeriza
tion which results from quenching the fluorescence of aro-
matics by HMDB in polar solvents has a quantum efficiency 

R 

HMDB 
DHD 

HMB 
DTP 

R = CH3 

IV ™ CU2CH3 

well exceeding unity. A chain reaction involving radical ions 
was proposed. Taylor found,5 on the other hand, that the 
quenching of 1-cyanonaphthalene (CN) emission by HMDB 
in relatively nonpolar solvents resulted in a new emission 
identical with the fluorescence of HMB exciplexes. To our 
knowledge this important observation of sensitized decom
position of HMDB in nonpolar media is the only example of 
adiabatic exciplex isomerization (an exciplex —*• exciplex re
arrangement).6 We report herein a study of Dewar benzene 
excited complexes in which some of the features which control 
exciplex formation and the efficiency of diabatic and adiabatic 
isomerization have been identified. 

Fluorescence quenching efficiencies of HMDB and HMB 
toward four aromatic nitriles were measured in cyclohexane. 
Quenching rate constants (Table I) were computed from 
Stern-Volmer plots using literature data for sensitizer fluo-
rescencejifetimes (Table II). The parallel between quenching 
rate and redox properties (similar oxidation potentials for 
HMDB and HMB 4 and varied reduction potentials for the 
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Figure 1. 1-Cyanonaphthalene fluorescence quenching by HMB and 
HMDB in cyclohexane: (a) CN fluorescence; (b) exciplex emission on 
addition of HMB; (c) exciplex emission on addition of HMB (XlO); and 
(d) exciplex emission on addition of HMDB (XlO). 

sensitizers, Table II) is similar to that found for quenching in 
methanol solution.4 

Efficient HMDB — HMB rearrangement accompanied the 
quenching of aromatic nitrile fluorescence in cyclohexane. 
Plots of reciprocal quantum yield vs. reciprocal HMDB con
centration were linear for CN and DCA.7 Their intercepts 
yielded limiting quantum efficiencies (<t> = 0.98), and inter
cept/slope ratios compared favorably with Stern-Volmer kqT 
values obtained from fluorescence quenching (Table I). These 
results implicate aromatic nitrile singlets as the sensitizing 
species. 

The most unusual findings of Taylor5 concerning exciplex 
fluorescence of CN pairs were reproduced in our study for 
other sensitizers. In all cases exciplex emission was observed 
on quenching by HMDB or HMB. The long-wavelength flu
orescence resulting from HMDB quenching was weaker but 
clearly superimposed on the emission obtained with HMB 
(Figure 1 ).9 A buildup of HMB (fluorimeter photolysis) that 
might have been responsible for the similarity of exciplex 
emission spectra was ruled out by careful GLC analysis of 
fluorimeter samples.10 The lifetime of the apparently common 
exciplex fluorescence was estimated from the results of three-
component quenching experiments.11 2,5-Dimethyl-2,4-hex-
adiene (DMH) was an efficient quencher of CN-HMB exci
plex emission (kqT = 59 M - 1) . At low concentrations of 
HMDB,12 a similar value (Ji0T = 49 M - 1) was found for 
CN-HMDB exciplex fluorescence quenching by DMH. 

The similar electron donor properties of HMDB and 
HMB4'5 make possible a coincidence of exciplex characteristics 
(emission wavelength and lifetime). The definitive experiment 
in support of adiabatic photochemistry is the demonstration 
that the fluorescent state produced on HMDB quenching of 
sensitizer emission is not a precursor to HMDB-HMB rear
rangement. Thus the quenching of exciplex fluorescence and 
exciplex isomerization by DMH was compared. For the 
CN-HMDB system, exciplex emission was reduced substan

tially (kqT = 23 M- ' at 0.22 M HMDB12) for DMH con
centrations where exciplex isomerization was hardly dimin
ished (kqT = 5.3M-').13 

The proportion (P) of exciplex isomerization which is the 
adiabatic path (Scheme I) was determined from relative 
emission yields. The ratio of exciplex/monomer emission was 
recorded as a function of % of monomer sensitizer emission 
quenched by HMDB and HMB. At five levels of sensitizer 
quenching, for each of three sensitizers, the fraction P (P = 
W/mon(HMDB)/W/mon(HMB)) was computed (Table 
II). 

Scheme I 
HMDB + S* —*• [HMDB- -S]* 

[HMDB- -S]* -*• [HMB- -S]* —»- HMB + S 

—*• HMB + S 

In summary, the evidence for adiabatic exciplex isomer
ization of HMDB includes the identity of product exciplex 
emission wavelengths and emission lifetimes. In a nonpolar 
solvent the sum of limiting exciplex isomerization quantum 
yield and exciplex fluorescence yield appear to exceed unity.14 

The product (HMB) exciplex emission can be quenched in lieu 
of HMDB exciplex isomerization quenching, snowing that the 
emitting state is reached after HMDB rearrangement. The 
quantum efficiency of exciplex isomerization is not signifi
cantly dependent on an initially strong EDA interaction (large 
quenching constant; i.e., a high limiting yield obtains for a 
weak—CA-HMDB—pair). Most importantly, the adiabatic 
portion of exciplex isomerization of HMDB sensitized by the 
aromatic nitriles is principally a function of product exciplex 
excitation energy (note £0o(exc) and P values in Table II). 

This dependence on product exciplex properties (which is 
a function of the sensitizer in this case) parallels the solvent 
effect on relative emission yield observed by Taylor for 
CN-HMDB.5 Whereas Dewar benzene rearrangements are 
remarkable in preserving excitation energy during isomer
ization,16 HMDB exciplexes are sensitive to storage require
ments of the excited surface, so that adiabatic rearrangement 
is favored when reaction leading to excited product is least 
endothermic. If the excited surface for HMDB exciplex 
isomerization resembles the potential curves for Dewar ben
zene or Dewar naphthalene rearrangement,17 then the ther
modynamics (the energy release) for the adiabatic path are 
probably reflected in the barrier which separates excited 
product from the pericyclic minimum near the rearrangement 
midpoint. 

In related studies we have found that quenching of biacetyl 
fluorescence and phosphorescence and of CN phosphorescence 
by HMDB does not lead to rearrangement. Also, readily 
oxidizable aromatics sensitize the rearrangement of a Dewar 
pththalate derivative (DHD —* DTP), but no exciplex emission 
is observed in parallel with sensitized isomerizaton.18 We are 
currently studying further the meaning of these limitations. 
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Isodehydroabietenolide 

Sir: 

In synthetic approaches to the promising anti-leukemic 
agent triptolide (1), as well as other natural products with the 
novel 18(4—^afeoabietane skeleton,la such as stemolide,lb 

lactone 2 (or a close relative thereof) is anticipated to be a 

pivotal intermediate, pathways to which can be rocky because 
of the greater thermodynamic stability of the A/B cis ar
rangement in this system.2 Herewith we describe two, distinctly 
dissimilar routes to this A/B trans tetracyclic prototype 
("isodehydroabietenolide"): one features an electrocyclic re
action involving transformation of an allylic sulfonium 
methylide to a butenyl sulfide, and the other depends on a 
polyene cyclization initiated by a /3-keto ester unit, a new 
version of this reaction type. 

In the first approach, which requires isolation and purifi
cation of only three intermediates, the known dehydroabietene 
3 serves as the starting material, accessible by a totally syn
thetic route terminating with cyclization of a polyene ketone,3 

or better by a previously described pathway starting from 
dehydroabietic acid.6 On treatment with /-Pr2NAlEt2

7 in 
benzene-petroleum ether at 50 0C for 2 days, the known8 

a-epoxide of 3 was converted into the allylic alcohol 4: 60-MHz 

4 X = OH 

p ^ j v A 5 x = ci f ^ T " 
^•sXissJJ 6 X = SC6H6 ^lj<^ 

LJj^Jf 7 X = (CH3SC6Hs)+ .-C^XJj 
Jb 8 X = CH2=SC6H5 ^ <£\H 

12 
NMR (CCl4), inter alia, 8 3.98 (dd, J=U Hz, 2 H, 19-CH2), 
5.63 (s, 1 H, 3-CH). The Lees reagent (n-Bu3P-CCl4) was 
used for formation of allylic chloride 5, which was transformed 
by means of LiSCgHs in THF at room temperature to 
thioether 6 (78% from 3, without isolation of intermediates). 
The product of S-methylation (Me3O+BF4

- in CH3CN at 0 
0C), sulfonium salt 7, was deprotonated (BuLi in THF, —78 
-* 0 0C) to give the corresponding methylide (8) which, via 
a [2,3]-sigmatropic shift,9 isomerized to the butenylic thioether 
9 (86% from 6). After monochlorination of the S-methylene 
moiety (./V-chlorosuccinamide in CCl4), exposure to methanol 
at 0 0C followed by I2/NaHC03 in dioxane-water resulted 
in formation of aldehyde 10 (63% from 9). 

The synthesis can be completed without further isolation of 
intermediates. After oxidation of 10 to acid 11 (NaClO2/ 
NH2SO3H in dioxane-water at room temperature)10 (NMR 
(CCl4), inter alia, /3 3-CH, 8 3.30 (wA/2 = 7 Hz)), 3,5-dini-
troperbenzoic acid" in methylene dichloride at room tem
perature was employed for conversion into epoxy acid 12. The 
corresponding methyl ester, through the action of lithium di-
isopropylamide (THF, —78 0C - • room temperature), suffered 
/3-elimination and lactonization, providing (50% from 10) 
lactone 2 as a viscous oil: M+ 296; IRNaCI 1748 (C=O), 1669 
cm -1 (conjugated C=C); NMR (CCl4), inter alia, 8 1.02 (s, 
3 H, 20-CH3), 1.20 (d, J = 6.5 Hz, 6 H, 16-CH3 and 17-CH3), 
4.65 (m, 2 H, 19-CH2), 6.80-7.30 (m, 3 H, aromatic); 13C 
NMR (CDCl3) 8 70.1 (C-19), 124.4 (C-3), 162.6 (C-4), 173.5 
(C-18); UV Xmax 216 nm (EtOH, e 19 900). In respect to the 
lactone and A-ring moieties, the IR, UV, and 1H NMR spectra 
of 2 thus compare favorably with those of triptolide itself:13 

IRKBr j 773 (C=O), 1686 cm"1 (C=C); NMR (CDCl3) 8 
4.78 (m, 2 H, 19-CH2); Xmax 218 nm (EtOH, t 14 000). 
Similarly, the 13C NMR correlates impressively with that of 
stemolide:lb 8 70.2 (C-19), 124.3 (C-3), 162.0 (C-4), 173.5 
(C-18). Isodehydroabietenolide obtained as described above 
was identical in all respects with A/B trans material and dis
similar to the A/B cis isomer, both obtained from dehydro
abietic acid by entirely independent means currently being 
developed and improved in this laboratory. 

In preliminary studies involving a fundamentally different 
synthetic approach, the substituted acetoacetic ester 13 was 
constructed and subjected to carbocyclization conditions. 
Reaction of the Grignard reagent (Mg/THF) of w-isopro-
pyl-/3-phenethyl bromide12 with a-methylcyclopropane car-

0002-7863/79/1501-7423S01.00/0 © 1979 American Chemical Society 


