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buffer (pH 11.0) solution at 25 "C. The reciprocal of the difference 
absorbance around 260-280 nm was plotted against the reciprocal 
of the guest concentration. From the slope and the intercept, the 
association constant was obtained. The 1-adamantanecarboxylate 
concentration ranges from 1.0 X lo-' M to 7.5 X M. The 
association constants between P-cyclodextrin derivatives and 
methyl orange (5 X lod M) or sodium p-nitrophenoxide (5 X lod 
M) were also estimated by the difference spectra at 25 "C, where 
substituted P-cyclodextrin concentration range from 1.0 X lo4 
M to 1.0 X M. The association constants in various pH were 
estimated in the same manner at 25 "C in Na2C03-NaHC03 buffer 
(pH 8.0-11.5) solution. These spectral data were treated by the 

Benesi-Hildebrand method as previously r ep~r t ed .~  
Reaction of Chloroacetaldehyde with Adenine Deriva- 

tives. The mixture of chloroacetaldehyde (1 X M) with 
adenine derivatives (1 X M) in phosphate buffer (pH 6.4) 
solution was incubated at 25 O C .  The reaction was followed by 
a fluorescence measurement at 410 nm (at 13-60 h after the start 
of incubation). 
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Irradiation of the sodium salt of the conjugate base of perchloro-o-phenoxyphenol (PreD-Na+) in methanol 
(300 nm) in the presence of sensitizer m-methoxyacetophenone generates ether cleavage products and mono- 
and di-dechlorination with no cyclization to OCDD. In the presence of sensitizer and e x a s  triethylamine, irradiation 
of perchloro-o-phenoxyphenol leads to OCDD aa a major product with ether cleavage and dechlorination products 
representing important reaction pathways. Photodecomposition of the conjugate base of perchloreo-phenoxyphenol 
in methanol reveals a small amount of cyclization, while irradiation in methanol in the presence of a 10-fold excess 
of triethylamine increases the quantum yield for cyclization 17-fold. The photolytic transformations of the conjugate 
base of perchloro-o-phenoxyphenol in the presence of excess triethylamine are dependent upon solvent polarity 
with the quantum yield for cyclization increasing strongly in methanol or waterlacetonitrile (70:30) relative to 
that in dibutyl ether. These results are interpreted in terms of electron transfer to PreD- to form a radical dianion. 

Our interest in the photochemical transformations of 
perchloro-o-, m-, and p-phenoxyphenol (la, 2, and 3) is 
stimulated by the fact that these species are important 
contaminants in commercial pentachlorophenol,' absorb 
in the sunlight spectral range (near 300 nm), and possess 
the  structural potential for conversion to polychlorodi- 
benzodioxins 4, which would include the highly toxic 
2,3,7,8-tetrachlorodibenzo-p-dioxin substrate (TCDD),2 
mimics of TCDD (5 and 6): and closely related analogues. 
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Our earlier s t ~ d i e s ~ * ~  revealed that direct irradiation of 
perchloro-o-phenoxyphenol (la) (300 nm, cyclohexane) 
results in (a) ether cleavage forming polychlorobenzenes, 
phenols and catechol and (b) reductive dechlorination 
generating polychloro-o-phenoxyphenols 1 b, while sensi- 
tized photodecomposition (acetone; m-methoxyaceto- 
phenone in cyclohexane) results in either predominant 
(83.6%) or substantial (32%) cyclization to polychloro- 
dibenzodioxins 4 and hydroxyheptachlorodibenzofuran (7), 

The  cyclization pathway in acetone was enhanced by 
85% in the  presence of an electron-transfer reagent, tri- 
ethylamine. Since the C-C1 bond energy should be about 
95 kcal/mol,6 while the triplet state energy is 72 kcal/mol 

(3) Moore, J. A.; McConnell, E. E.; Dalgard, D. W.; Harris, M. W. Ann. 
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N.Y. Acad. S C ~ .  1979,320, 151-163. 
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Scheme I1 Table I. Sensitized Photolysis of Predioxin Anion in  
Methanol  
sensa sens, Et3Nb 

quantum quantum 
yieldC yieldd X yieldC yieldd X 

product (mol %) io3 (mol %) lo3 
pentachlorophenol 10.7 f 1.5 8.1 f 0.9 14.9 f 0.5 15.0 f 0.5 
2,3,4,5-tetrachlor- 10.3 f 0.8 7.8 f 0.8 8.6 f 0.2 8.7 f 0.2 

8a,b 8.7 f 0.2 5.9 f 0.2 
9a,b 33.9 f 0.2 25.8 f 0.3 
9b,c 32.2 f 0.9 32.5 f 1.0 
10 3.2 f 0.2 2.6 f 0.1 
OCDD 30.6 f 0.5 31.0 f 0.6 

DSodium salt of predioxin anion (PreD-Na+), 0.0073 M; rn- 
PreD-Et3NH+, 0.01 M; m- 

Average 
Quantum yields based on cyclopentanone 

ophenol 

methoxyacetophenone, 0.0375 M. 
methoxyacetophenone, 0.081 M; triethylamine, 0.04 M. 
and range for two runs. 
actinometry. 

Table  11. Direct  Photolysis of Predioxin Anion 
methanola methanol, Et3Nb 

quantum quantum 
yieldC yieldd X yield' yieldd X 

product (mol %) io3 (mol %) 103 
pentachloro- 0.8 f 0.0 0.7 f 0.05 0.5 f 0.1 0.4 f 0.01 

9b,c 1.1 f 0.3 1.1 f 0.3 1.6 f 0.3 1.6 f 0.06 
9a 1.4 * 0.3 1.4 f 0.3 
l l a , b  1.2 f 0.2 1.2 f 0.08 12.5 f 1.5 12.7 f 1.6 
OCDD 3.3 f 0.6 3.3 f 0.06 65.3 f 0.2 66.0 f 0.2 

aPreD-Na+, 0.01 M. bPreD-Et3NH+, 0.01 M triethylamine, 0.1 
M. OAverage and range for two runs. dQuantum yields based on 
cyclopentanone actinometry. 

phenol 

or less, the intermediacy of a radical anion, which would 
undergo C-Cl bond cleavage and then cyclization, is sug- 
g e ~ t e d . ~ - ' ~  Such a charge-transfer process in the absence 
of triethylamine might involve either an intramolecular 
or intermolecular electron transfer.15-21 The sensitized 
(m-methoxyacetophenone) cyclization of phenoxyphenol 
la  exhibits a polar effect increasing from 0.6% cyclization 
in dibutyl ether to 47.9% in acetonitrile and is not in- 
creased with increasing concentration of phenoxyphenol 
la.  Focusing on the predominant cyclization to  octa- 
chlorodibenzodioxin (OCDD) in neutral media, an intra- 

~~ 
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(8) Bunce, N. J.; Pilon, P.; Ruzo, L. 0.; Sturch, D. J. J .  Org. Chem. 
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Table  111. Photolysis of Predioxin Anion i n  t h e  Presence of 
Triethylamine in  Solvents of Differing Polar i ty  

product Bu20b MeOHb H20/CH3CNb 
quantum yieldo X lo3 

pentachlorophenol 0.2 f 0.0 0.4 f 0.05 0.8 f 0.2 
9b,c 0.2 f 0.0 1.6 f 0.3 6.8 f 0.6 
9a 1.4 f 0.3 4.1 f 0.7 
l l a , b  0.1 f 0.0 12.7 f 1.6 3.7 f 0.5 
OCDD 4.7 f 0.9 66.0 f 0.2 33.3 f 2.7 

"Average and range for two runs; quantum yield based on cy- 
clopentanone actinometry. PreDBt3NH+ (0.01 M) and triethyl- 
amine (0.1 M) in dibutyl ether or methanol or H20/CH3CN (70:30 
v/v). 

molecular electron transfer in the triplet followed by 
chloride ion expulsion and cyclization to the conjugate acid 
of OCDD represents our present mechanistic picture 
(Scheme I). There is, however, an intriguing question as 
to the role of the triethylamine. Is the cyclization en- 
hanced solely due to the formation of a phenoxide anion 
or is an intermolecular electron transfer from triethylamine 
to the predioxin anion the key? The purpose of the 
present study is to answer this question. 

The sodium salt of predioxin l a  (PreD-Na+) was pre- 
pared in methanol and irradiated (300 nm) in the presence 
of sensitizer m-methoxyacetophenone. Ether cleavage, 
forming pentachlorophenol and tetrachlorophenol, and 
dechlorination, leading to mono- and di-dechlorination 
(9a,b and 8a,b), are the major reaction pathways with no 

Qa.b,c 

10 H a .  b 

detectable cyclization to octachlorodibenzodioxin (OCDD). 
In the presence of sensitizer and excess triethylamine, 
however, cyclization is a major reaction pathway; ether 
cleavage and dechlorination remain as important processes 
(Table I). The presence of excess triethylamine clearly 
plays an important role in the chemistry of the triplet state. 
In order to determine if similar interactions prevail in the 
reactions of the singlet state, the sodium salt of per- 
chlorophenoxyphenol ( la)  was prepared and irradiated 
(300 nm) in methanol. A small amount of cyclization 
forming polychlorodibenzodioxin components (1 la,b and 
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OCDD) is revealed (Table 11). In sharp contrast, the 
quantum yield for cyclization increases more than 17-fold 
when the irradiation of the predioxin anion (0.01 M) is 
carried out in the presence of triethylamine (0.1 M) form- 
ing octachlorodibenzodioxin and daughter products (Table 
11). 

Since it is likely that the predioxin anion is twisted with 
essentially two independent a systems, reminiscent of 
phenyl-P-naphthylamine  derivative^'^ and diphenyl- 
carbene,2z a low-lying a* orbital should existz3 and for- 
mation of the same radical dianion (12) by electron transfer 
to either triplet or singlet predioxin anion seems to be a 
reasonable hypothesis (Scheme 11). If radical dianion 12 
is indeed the key to  facile cyclization, the charge creation 
that is brought about by electron transfer to either triplet 
or singlet should be reflected in a strong dependence upon 
solvent polarity. 

In order to test this anticipated feature, the triethyl- 
ammonium salt of predioxin ( la)  was prepared and irra- 
diated in the presence of a 10-fold excess of triethylamine 
in solvents of differing polarity. While there is some cy- 
clization in a solvent of low polarity, dibutyl ether (ET = 
33 k c a l / m ~ l ) , ~ ~  solvents of high polarity such as methanol 
(ET = 56 kcal/mol) and H20/CH3CN (70:30) (ET = 58 
kcal/mol) clearly enhance the quantum yield for cycliza- 
tion (Table 111), which supports the electron-transfer steps 
suggested in Scheme 11. An intramolecular electron 
transfer in either singlet or triplet from the left side ring 
to the right side ring would involve charge dispersion and 
would be inhibited by an increase in solvent polarity. 
Focusing our attention on the singlet predioxin anion, the 
results of Table I1 allow one to conclude that an external 
electron donor is not required for cyclization. In the 
presence of an external electron donor, there may, in fact, 
be a competition between intramolecular and intermole- 
cular electron transfer that is controlled by the polarity 
of the solvent. In Scheme I11 such a mechanistic picture 
is illustrated. In highly polar solvents electron transfer 
forming radical dianion 12 is dominant. Chloride ion is 
expelled to form radical anion 14, which undergoes cy- 
clization producing OCDD radical anion 16, which can 

(22) Miller, R. J.; Shechter, H. J.  Am. Chem. SOC. 1978, 100, 
7920-7927. 

(23) A MNDO calculation on hexachlorobenzene provides an energy 
level of -1.70 eV for the LUMO a* orbital, while the analogous LUMO 
of benzene lies at 6.74 e V  Stevens, R. M.; Swithes, E.; Laws, E. A.; 
Lipscomb, W. N. J.  Am. Chem. SOC. 1971,93, 2603. 

(24) Kamlet, M. J.; Abboud, J. L. M.; Taft, R. W. In Progress in 
Physical Organic Chemistry; Taft, R. W., Ed.; John Wiley: New York. 
1981; Vol. 13, pp 511-516. 

undergo back electron transfer with the triethylamine 
radical cation or transfer an electron to the predioxin anion 
forming in either case OCDD product. If electron transfer 
from 16 to PreD- occurs, the process is an intramolecular 
S,1 mechanism?6 In the past, phenoxide anions have not 
been observed to participate in SRNl  mechanism^:^ so, if 
such a process is operative in this case it is due to  the 
advantage of intramolecularity and the low-lying a* mo- 
lecular orbital available on a polychloroarene substrate. 
While the quantum yields do not provide evidence for a 
chain process, short chains cannot be ruled out. In solvents 
of low polarity or in the absence of an external electron- 
transfer agent, intramolecular electron-transfer-generating 
diradical anion 13 may predominate. Species 13 upon 
chloride ion expulsion forms diradical 15, which leads 
directly to OCDD product. 

Experimental Section 
General Methods. The solvents that were used in the pho- 

tolysis experiments were purified by distillation using standard 
procedures. Cyclopentanone and triethylamine were freshly 
distilled prior to their use. m-Methoxyacetophenone was used 
as obtained (Aldrich Co., 99%). 

The photolysis of perchloro-o-phenoxyphenol (la) was carried 
out in a Rayonet merry-go-round reactor (The Southern New 
England Co.) equipped with eight 3000-A Rull lamps. A con- 
tinuous stream of air was passed into the reactor chamber and 
the measured tehperature of the latter during photolysis was 40 
"C. The photolysis samples were placed in quartz tubes (170 mm 
X 15 mm) attached with Pyrex glass sliding stoppers, degassed 
through 3 or 4 freeze-pump-thaw cycles, sealed in vacuum, and 
irradiated in the photoreactor at 300 nm for 3 h. The product 
quantum yields were measured using cyclopentanone as the ac- 
tinometer. The cyclopentanone solution was prepared in the same 
solvent as the one used in the predioxin photolysis in each case. 
m-Methoxyacetophenone was employed as the sensitizer. 

The photoproducts were identified by comparing their GLC 
retention times with those of known standards and by mass 
spectrometry. GLC analysis of the photolysates was carried out 
on a Varian 3700 gas chromatograph equipped with a flame 
ionization detector. A 60-ft 7% OV-101 on Chromosorb-P (60/80 
mesh) column was employed. Analyses were carried out by using 
a starting temperature of 120 "C (5-min hold, rate of increase 
5"/min, and a maximum temperature of 290 "C), an injection port 
temperature of 250 "C, a detector temperature of 300 "C, and a 
helium flow of 60 mL/min. 

Mass spectral analyses of the photolysis samples were carried 
out at 70 eV on a Finnigan 4023 mass spectrometer equipped with 
a Finnigan 9610 gas chromatograph. Ultraviolet spectral mea- 
surements were made on a Varian Cary 118. Owing tQ the general 
difficulty encountered in the GLC analysis of free hydroxy com- 
pounds, the photolysis mixtures in each case were treated with 
an etherial solution of diazomethane at 0 "C in order to convert 
the free hydroxy compounds to their corresponding methyl ethers; 
thus, the product components were identified as their corre- 
sponding methyl ether derivatives. The yields (mol %) were 
determined on the basis of dodecane as an internal standard. 

Sensitized Photolysis of Predioxin Anion in Absolute 
Methanol. A 25.0-mL solution of predioxin (la) (93.8 mg, 0.189 
mmol) and dodecane (37.5 mg, 0.221 mmol) was prepared in 
methanol. The solution was 0.00756 M with respect to predioxin. 
To a 4.0-mL sample of the predioxin solution placed in a quartz 
tube was added a micro drop of phenolphthalein indicator followed 
by dropwise addition of a methanolic solution of sodium meth- 
oxide (0.213 M) until the solution was neutralized. To this solution 
was now added m-methoxyacetophenone (0.0225 g, 0.15 mmol), 
and the solution was degassed, sealed in vacuum, and irradiated 
for 3 h. The photolysis was carried out in duplicate. Quantum 
yields were determined using cyclopentanone actinometry; two 
4.0-mL samples of 2.0 M cyclopentanone in absolute methanol 
were employed. 

(25) Bunnett, J. F. Acc. Chem. Res. 1978, 11, 413-420. 
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Sensitized Photolysis of Predioxin Anion in Methanol in 
the Presence of Excess Triethylamine. A 10.0-mL methanolic 
solution of predioxin (0.0496 g, 0.10 mmol), m-methoxyaceto- 
phenone (0.122 g, 0.81 mmol), and dodecane (26.2 mg, 0.154 mmol) 
was prepared. To two 4.0-mL samples of the solution was added 
1 equiv of triethylamine in order to convert predioxin to its anion. 
Then, to each sample was added 16.0 mg (0.16 mmol) of tri- 
ethylamine. The mole ratio of predioxin anion to triethylamine 
was 1:4. The samples were degassed and irradiated according to 
the general procedure. Quantum yields were measured using 
cyclopentanone actinometry. A 10.0-mL methanolic solution of 
cyclopentanone (2.121 g, 25.2 mmol) and dodecane (0.138 g, 0.809 
mmol) was prepared. Two 4.0-mL samples were degassed and 
irradiated simultaneously with the predioxin samples. 

Direct Photolysis of Predioxin Anion in Absolute Meth- 
anol. A 10.0-mL solution of predioxin (0.0495 g, 0.998 mmol) and 
dodecane (0.0749 g, 0.4397 mmol) was prepared in methanol, 
providing a 0.01 M solution of predioxin. Two 4.0-mL samples 
were placed in two separate quartz tubes, and to each a micro 
drop of phenolphthalein indicator was added and the solution 
neutralized with methoxide (1.0 M). The solutions were then 
degassed, sealed in vacuum, and irradiated for 3 h. Quantum 
yields were determined using cyclopentanone actinometry; two 
4.0-mL samples of 2.0 M cyclopentanone in absolute methanol 
were used. 

Photolysis of Predioxin Anion in Solvents of Different 
Polarity in the Presence of Excess Triethylamine. Stock 

solutions (10.0 mL) containing 0.01 M predioxin were prepared 
in absolute methanol, dibutyl ether (distilled from calcium hydride 
just before use), and HzO/CH3CN (7030). Two 4.0-mL samples 
of each of the stock solutions were transferred into separate quartz 
tubes and 1 microdrop of phenolphthalein indicator was added 
to each tube. Triethylamine was added drop by drop with a micro 
syringe until neutralization was achieved. At this point tri- 
ethylamine (0.041 g, 0.40 mmol) and dodecane (50 wL, 0.22 mmol) 
were added, and the samples were degassed, sealed in vacuum, 
and irradiated for 3 h. Cyclopentanone actinometry was employed, 
using 2.0 M solutions of cyclopentanone in dibutyl ether to 
measure quantum yields in the dibutyl ether runs and 2.0 M 
solutions of cyclopentanone in methanol to measure quantum 
yields in the methanol and HzO/CH3CN runs. Methanol solvent 
was used in the latter two solvent systems due to a solubility 
problem with cyclopentanone in HzO/CH3CN; however, the re- 
fractive index for these two solvent systems is very close (methanol 
n20D 1.329, H20/CH3CN nZoD 1.336). 
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The structures of two novel potentiators of &lactam antibiotics, namely, SQ 28504 (1) and SQ 28546 (2), are 
presented. The structure elucidations of these 0-sulfated glycopeptides are based on NMR and FAB mass spectral 
data. Thermospray mass and MS/MS spectra were obtained of hydrolysates formed by treatment with car- 
boxypeptidases and aided in the deduction of structures 1 and 2. 

The isolation and biological properties of two novel 
0-sulfated glycopeptides SQ 28504 (1) and SQ 28546 (2) 
have been reported.’ These bacterial metabolites are 
found in the culture broth of Chromobacterium violaceum 
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and are coproduced with the monobactam2 SQ 26180 (3). 
SQ 28504 and SQ 28546 potentiate the activity of p-lactam 
antibiotics against gram-negative organisms, inducing 
morphological changes. Bulge formation in the elongated 
cells is observed and culture growth is inhibited. These 
changes are similar to  those reported for the b~lgecins,3*~ 
0-sulfated glycopeptides coproduced with the monobactam 
sulface~in.~ In the present paper, the structure elucidation 
of SQ 28504 and SQ 28546 based upon NMR and mass 
spectral data is discussed in detail. The unique assembly 
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