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after centrifugation wm lyophilized. The residue was redissolved 
in 150 mL of HzO, saturated with NaC1, acidified to pH 2 with 
concentrated HCl, filtered, and extracted continuously with ether 
for 24 h. The extract was evaporated under reduced pressure to 
a viscous oil, 2.34 g, coiisisting mainly of l a  (by NMR analysis). 
The crude product was methylated (CHzNz) and distilled in a 
KugelrBhr apparatus, tip 110 O C  (0.2 mm). The product showed 
only traces of impurities by GC. A portion of the main product 
separated by preparative G€ had NMFt (CDClJ and mass spectra 
identical with the splectra of methyl (f)-2,3-dihydroxy-3- 
methylb~tyrate.~ 

Synthesis of ( E)-[4,4,4-2H3]-3-methylcrotonic Acid and Its 
Incubation wtih Ps. putida. Methyl tetrolate [bp 52-53 "C 
(22 mm)] was prepared by treatment of tetrolic acid with excess 
CHzNz/ether. The product (6.78 g, 0.069 mol) was converted to 
methyl (E)-[4,4,4-2H3]-3-methylcrotonate, 2c, 7.0 g (0.060 mol), 
by treatment with Li(CD3)&u, following a procedure closely 
analogous to that described4%* for the preparation of ethyl 
(z)-[4,4,42H3]-3-menylcrotonate. The NMR spectrum of 2c had 
6 (CDClJ 1.90 (trace, ca. 0.1 H), 2.15 (3 H, d, J = 1.5 Hz), 3.63 
(3 H, s), 5.54 (1 H, 9, J = 1.5 Hz). 

The product (7.0 g) was saponified by treatment with 2 N 
NaOH (50 mL), stirring at 25 O C  for 40 h. Upon acidification 
(HCl), the precipitate was filtered, washed with cold H20, and 
air-dried, giving 2b: 4.48 g; NMR 6 (CDClJ 1.90 (ca. 0.1 H, d, 
J = 1.5 Hz), 2.18 (ca. 2.8 H, d, J = 1.5 Hz), 5.69 (1 H, q, J = 1.5 
Hz), 11.08 (1 H, br 8, DzO exchangeable). An additional 1.15 g 
of 2b was obtained by ether extraction of the aqueous filtrate. 

The product (1.0 g in 10 mL of HzO, adjusted to pH 7.4 with 
KOH) was incubated as previously described by Ps. putida cells 
from two 100-mL cultures, and the crude product (400 mg) was 
isolated as before. After purification by Kugelrahr distillation 
of the methylated product, IC (295 mg) was obtained. After 
removal of trace impurities by preparative GC, the product had 
NMR (CDC13 + DzO) 6 1.22 (ca. 3 H, s), 1.30 (ca. 0.1 H, s), 3.75 
(3 H, s), 4.93 (1 H, s). 

Registry No. la, 63903-90-2; lb, 75347-92-1; IC, 75365-50-3; 2a, 
541-47-9; 2b, 75347-93-2; 2c, 75347-94-3; isovaleric acid, 503-74-2; 
methyl tetrolate, 23326-27-4. 

Communications 
Oxygen Functionalization in Cyclooctatetraene via 
Singlet Oxygenation: Synthesis and 
Transformations of 
an ti-7,8-Dioxatricyclo[4.2.2.0z~~]deca-3,9-diene, the 
Endoperoxide of the Bicyclic Valence Tautomer of 
Cyclooctatetraene 

Summary: The noveil endoperoxide of the bicyclic valence 
tautomer of cyclooctatetraene is prepared, characterized, 
and transformed into a series of new and valuable synthetic 
intermediates derived from the bicyclo[4.2.0]octa-2,4,7- 
triene skeleton via base-catalyzed isomerization and Mn02 
oxidation, thermolysis and mCPBA oxidation, triphenyl- 
phosphine deoxygenation, and exhaustive diimide reduc- 
tion. 

Sir: The fact that cyclooctatetraene (1) is inert toward 
singlet oxygenation, either via photosensitizedl or chem- 
i d 2  generation of singlet oxygen, obliges indirect strategies 
for the synthesis of the desirable endoperoxides 2 (Scheme 
I). In the case of the! synthetically more challenging en- 
doperoxide 2b, derived from bicyclic valence tautomer lb, 
the indirect sequence la - 3 - 4 - 2b (Scheme I) has 
also failed3 since so :far it has not been possible to de- 
brominate the know4 endoperoxide 4 under sufficiently 
mild conditions at which the peroxide linkage is preserved. 
Presently we report the preparation of the endoperoxide 
2b via the sequence la - 3 - lb - 2b (Scheme I) and 
its chemical transformations into a number of useful di- 
functionalized oxygen derivatives of the bicyclo[4.2.0]- 
octa-2,4,7-triene skeleton. 

Analogous to Vogel et al.,5 the dibromide 3 was debro- 
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minated with n-BuLi in diethyl ether a t  -60 "C. The 
resulting solution of the sufficiently stable bicyclic valence 
tautomer lb was submitted to photosensitized oxygenation 
at -30 "C for 2 h with tetraphenylphorphyrin (TPP) as the 
sensitizer and a 150-W sodium lamp as a light source. The 
endoperoxide 2b was obtained quantitatively (mp 75-76 
"C, recrystallized from a CH2Cl2/n-CsHI4 mixture; 85% 

The chemical transformations of the novel endoperoxide 
2b are summarized in (Scheme 11). For example, via 
pathway 2b - 5 the known dienedione 5 was prepared in 
an overall 85% yield (mp 50-51 "C, after silica gel chro- 
matography; liL4 mp 51-52 "C); however, our sequence la - 3 - lb - 2b - 5 entails considerably less work! On 
the other hand, when a benzene solution of 2b is heatedsb 
at  100 "C for 1 h, the new diepoxide 6 was obtained 
q~ant i ta t ivelf i~ (mp 105-107 "C, recrystallized from a 
CH2Cl2/n-CsHl4 mixture; 85% yield). Treatment with 
m-chloroperbenzoic acid (mCPBA) in CH2C12 led to the 
intriguing trioxide 7 in 70% yield (mp 209-210 "C, re- 
crystallized from a CH2CI2/n-CsHl4 mixture)?l0 repre- 
senting the first of a total of six trioxide isomers of the 
bicyclo[4.2.0]octa-2,4,7-triene valence isomer of cyclo- 
~ c t a t e t r a e n e . ~ ~  An X-ray analysis of 7 (Dr. K. Peters, 
Max-Planck-Institut ftir Festkiirperforschung, Stuttgart, 
for the X-ray determination; complete details will be 
disclosed in a full paper on this subject) reveals that the 
epoxy oxygens on the cyclohexane ring are syn to one 
another, but anti with respect to the cyclobutane ring, and 
that the epoxy oxygen on the cyclobutane ring is syn with 
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" (7) For 2b: 'H NkfR (CDC13, Me,Si) d 3.20 (q, 2 H), 4.59 (q, 2 H), 5.91 
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(10) For 7 'H NMR (CDCla, Me4Si) 6 2.81 (8,2 H), 3.13 (m, 2 H), 3.45 
(m, 2 H), 4.10 (a, 2 H); IR (KBr) 3000, 2980,2940,980,940, 860 cm-'. 
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respect to the cyclohexane ring, as illustrated in Scheme 
11. We designate 7 a9 the syn-anti-syn configuration. This 
stereochemical course of epoxidation of 6 is indeed sur- 
prising since Dreiding models suggest that the syn ap- 
proach of the mCPBA is sterically less encumbered than 
the anti approach. It appears that stereoelectronic factors 
play a role in this unusual epoxidation. On triphenyl- 
phosphine deoxygenation of endoperoxide 2b in CHC13 at  
25 "C the epoxydiene 8 was obtained in 70% yield (mp 
81-82 "C, recrystallized from CH2C12/n-C6H14 mixture 
after silica gel chromatography at  -15 0C).6*12 Finally, on 
diimide reduction1' of endoperoxide 2b the saturated bi- 
cyclic peroxide 9 was obtained in 80% yield (mp 123 "C, 
recrystallized from n-C6Hl4)!J3 Its structure is conf i ied  
by independent synthesis starting from ~yclooctatriene.'~ 

The successful singlet oxygenation of the bicyclic valence 
isomer of cyclooctatetraene opens up new avenues for its 
synthetic manipulation and utilization. Preliminary efforts 
reveal that cyclooctatetraene itself can be oxygen difunc- 
tionalized via indirect routes to the potentially valuable 
endoperoxide 2a.15 
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Palladium-Catalyzed Polyhetero-Claisen 
Rearrangement 

Summary: The S - N allylic rearrangement of S-allyl- 
thioimidates is performed efficiently by the catalysis of 
Pd(I1) salt to give N-allylthioamides (71-100% yields). 

Sir: The thioamide group has increasingly been recognized 
as a useful synthon in organic syntheses.' Although the 
transformation of secondary thioamides to tertiary thio- 
amides is sometimes required in a reaction sequence, a 
general and satisfactory procedure for such transformation 
is presently lacking.2 One apparent possibility is the 
utilization of the rearrangement of S-allylthioimidates to 
N-allylthioamides, but this type of S - N rearrangement 
is one of the least studied polyhetero-Claisen rearrange- 
ments: probably owing to the many possible side reactions 
(e.g., double bond isomerization, deallylation, etc.). 

We have found that Pd(I1) catalyzes nicely the S - N 
allyl group migration of S-allylthioimidates and we report 
the very efficient N-allylation reaction of secondary thio- 
amides. 

S-Allylthioimidate (l), upon heating in tetralin at 150 
"C for 4 h, provided mainly the double bond isomerization 
product, S-propenylthioimidate (3, 93%), together with 
a small amount of the desired rearrangement product, 
N-allyl-N-methylthiobenzamide (2,7%) (Scheme I). On 
the other hand, in the presence of 1 mol% Pd(I1) 1 was 
found to rearrange selectively to give 2 (THF, reflux, 2 h). 

Some preliminary results are summarized in Table I, 
which reveals the efficiency and some interesting features 
of the reaction. The efficiency of the Pd(I1) salt (as PdC12 
or PdC12-(PhCN)2) is evident by a comparison of entries 
1 and 3. Under the same conditions except for the absence 
of Pd(II), no reaction took place and 1 was recovered 
completely. Triphenylphosphine retards the reaction 
(entry 2). Neither Pd(0) (as tetrakis(tripheny1- 
ph0sphine)palladium) nor other metal salts (NiC12, CuC1, 
HgC12)4 effected the S - N rearrangement. Accompanied 
by these observations, the regiospecific rearrangements of 
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