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mixture was stirred for 20 h and then refluxed for 4 h. 
The cooled solution was concentrated by flash evaporation and 

chromatographed on a 3 X 11 cm column of alumina with the 
following solvents: hexane (200 mL), CH2C12 (200 mL), i-PrOH 
(200 mL). The last 400 mL of solvents were combined and 
concentrated. Distillation of this residue afforded 600 mg of the 
desired crown (39.0% yield). 
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Several papers have appeared'+ in the literature which 
have dealt with the reaction involving cleavage of eth- 
anediyl S,S-acetals to ethylene and dithiocarbonate. Re- 
cently, Wilson and co-workers have the meta- 
lation of several ethanediyl S,S-acetals with n-butyllithium, 
which resulted in fragmentation to the corresponding 
thiocarbonyl compound and vinyl thiolate anion. The 
former has been further converted to thiols or sulfides via 
a process involving reduction, S-addition, C-addition, or 
double addition with excess n-butyllithium. We now re- 
port the fragmentation of ethanediyl S,S-acetals bearing 
two aromatic substituents a t  C-2 and the behavior of the 
resulting fragments, using the less nucleophilic lithium 
diisopropylamide (LDA) ,9 which avoids nucleophilic bu- 
tylation of the intermediate thiocarbonyl compound by 
n-butyllithium. 

The reaction of the ethanediyl S,S-acetal of benzo- 
phenone or p-methylbenzophenone (la or lb) with LDA 
in tetrahydrofuran proceeds via proton abstraction at C-4 
followed by cycloelimination to afford the corresponding 
thioketone (3a or 3b) and vinyl thiolate anion (4; Scheme 
I). The isolation of 3a or 3b was impossible, presumably 
because they are immediately converted to radical anions 
(5 )  by one-electron transferlo from LDA. 
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However, when the ethanediyl S,S-acetal of aceto- 
phenone" was submitted to similar fragmentation by LDA 
and subsequent protonation, the formation of thioaceto- 
phenone was evident from its characteristic color. 

When the appropriate alkyl halide was added to the 
above reaction mixture containing 4 and 5, the former was 
easily converted to the corresponding alkyl vinyl sulfide 
(11) and the latter to alkyl diarylmethyl sulfide (7). 
Though the exact mechanism is still in doubt, the radical 
anion 5 is thought to be alkylated with the alkyl halide to 
afford a radical species (6), which can produce the final 
product (7) by abstraction of a hydrogen radical from 
tetrahydrofuran. 

Wilson and co-workers previously propo~ed '~~ a very 
similar sequence for the reaction of the ethanediyl S,S- 
acetals of aliphatic ketones with n-butyllithium. 

In this way a series of alkyl benzhydryl sulfides (7a) and 
their methylated compounds (7b) were produced in fairly 
good yields along with compounds 11 as byproducts (Table 
I). 

When the same fragmentation-alkylation sequence was 
applied to the ethanediyl S,S-acetal of 4-benzoylpyridine 
(IC), a sulfide (9c) bearing a tertiary alkyl group was ob- 
tained in moderately good yields. 

The sulfide 9c may be produced in a process involving 
one-electron transferlo between 6c similarly formed and 
LDA to afford an anion @e), which on subsequent trapping 
by the remaining alkyl halide leads to 9c. 

An electron-withdrawing effect of the pyridyl group in 
6c would account for such the behavior of 6c. In the case 

(IO) The electron-donating abilities of triethylamine and 4 are also 
well- known. 

(11) It has been found that the treatment of ethanediyl S,S-acetal of 
acetophenone with LDA under the similar conditions results in the for- 
mation of thioacetophenone and vinyl thiolate anion, and the former is 
deprotonated by LDA Ikehira, H.; Tanimoto, S.; Oida, T.; Okano, M., 
unpublished report. 
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Table I. Reaction Products from the Reaction of the Fragments of 1 with Various Electrophiles 
starting 

substrate electrophile product yield, % 'H NMR,b s 
l a  
l a  

l a  

l a  
l a  
lb 

l b  

l b  

l b  

l b  

l b  
IC 

I C  

I C  

I C  

IC 
I d  

I d  

I d  

I d  

7a  [R = CH,] 
7a [R = C,H,] 

7a [R = CH,(CH,),] 

7a  [R = CH,(CH,),] 
7a [R = C,H,CH,] 
7 b  [ R =  CH,] 

7 b  [R = C,H,] 

7b  [R = CH,(CH,),] 

7 b  [R = (CH,),CH] 

7 b  [R = CH,(CH,),] 

7 b  [R = CH,(CH,),] 
9c [R = CH,] 

9c [R = C,H,] 

9c [R = CH,(CH,),] 

9c [R = CH,(CH,),] 

9c [R = CH,(CH,),] 
9d [R = CH,] 
10d [ R =  CH,] 
9d [R = C,H,] 

10d [ R =  C,H,] 

9d [R = CH,(CH,),] 

10d [R = CH,(CH,),] 

9d [R = CH,(CH,),] 
10d [R = CH,(CH,),] 

97 
99 

95 

97 
96 
97 

94 

78 

40 

93  

77 
67 

85 

91 

84 

94 
37 
34 
40 

33 

51 

1 3  

75 
0 

1.85 (s, 3 H), 4.92 (s, 1 H), 7.00-7.50 (m, 1 0  H) 
1.17 (t,  3 H , J =  7 Hz), 2.39 (q, 2 H , J =  7 Hz), 

0.45-0.86 (m, 3 H), 0.87-1.55 (m, 4 H), 2.11 
5.06 (s, 1 H), 7.00-7.50 (m, 10  H)  

(t ,  2 H , J =  6 Hz), 4.82 (s, 1 H), 6.80-7.30 
(m, 10 H) 

3.47 (s,  2 H), 4.82 (s, 1 H), 7.05-7.40 (m, 10  H)  
1.85 (s, 3 H), 2.25 (s, 3 H), 4.90 (s, 1 H), 

6.95-7.48 (m, 9 H) 
1.12 (t, 3 H , J =  7 Hz), 2.23 (q, 2 H , J =  7 Hz), 

2.21 (s, 3 H), 4.98 (s, 1 H), 6.71-7.30 (m, 9 H) 
0.90 (t, 3 H , J =  6 Hz), 1.11-1.80 (m, 2 H), 2.21 

(t,  2 H , J =  6 Hz), 2.21 (s, 3 H), 4.91 (s, 1 H), 
6.73-7.32 (m, 9 H) 

(m, 1 H), 5.00 (s, 1 H), 6.81-7.42 (m, 9 H)  

2.13-2.47 (m, 2 H), 2.25 (s, 3 H), 4.49 (s, 1 H), 
6.81-7.48 (m, 9 H) 

8.25-8.55 (m, 2 H) 

1.98 (q, 2 H , J =  7 Hz), 2.23 (4, 2 H, J =  7 Hz), 
6.85-7.50 (m, 7 H), 8.15-8.50 (m, 2 H) 

0.50-1.50 (m, 10 H), 1.78 (t,  2 H , J =  6 Hz), 
1.96 (t ,  2 H , J =  6 Hz), 6.75-7.35 (m, 7 H), 
8.10-8.40 (m, 2 H) 

0.60-1.08 (m, 6 H), 1.08-1.75 (m, 8 H), 1.86- 
2.45 (m, 4 H), 6.97-7.48 (m, 7 H), 8.20-8.50 

1.19 (s, 3 H), 1.68 (s, 3 H), 7.02-7.68 (m, 8 H) 
1.21 (s,  6 H), 6.90-7.48 (m, 1 6  H)  

1.17 (d, 6 H , J =  7 Hz), 2.25 (s, 3 H), 2.15-2.78 

0.67-1.09 (m, 3 H), 1.09-1.78 (m, 4 H), 

1.73 (s, 3 H), 1.93 (s, 3 H), 7.00-7.45 (m, 7 H), 

0.75 (t,  3 H , J =  7 Hz), 0.98 (t,  3 H , J =  7 Hz), 

(m, 2 H) 

0.43 (t, 3 H, J =  7 Hz), 0.71 (t, 3 H , J =  7 Hz), 
1.62 (9, 2 H, J =  7 Hz), 2.16 (4, 2 H , J =  7 Hz), 
7.02-7.70 (m, 8 H) 

0.80 (t, 6 H , J =  7 Hz), 1.51 (9, 4 H, J =  7 Hz), 
6.82-7.43 (m, 1 6  H)  

0.41-1.41 (m, 14  H), 1.41-1.76 (m, 2 H), 
1.91-2.36 (m, 2 H), 7.05-7.78 (m, 8 H) 

0.41-0.90 (m, 6 H), 0.90-1.32 (m, 8 H), 1.32- 
1.65 (m, 4 H), 6.85-7.36 (m, 1 6  H)  

a 7a, 7b ,  9d, and 10d were isolated by column chromatography (silica gel, 10% ethyl acetate/hexane). 9c was isolated by 
column chromatography (silica gel, 25% ethyl acetate/chloroform). Only 10d (R = CH,) and 10d (R = C,H,) were solid 
substances (mp 238 "C and 225 "C, respectively), all others were oily substances. The formation of 11 by the reaction of 4 
with the applied alkyl halide was recognized in all runs. For example, an 84% yield of benzyl vinyl sulfide (11, R = C,H,CH,) 
was produced in the fragmentation-alkylation sequence by using l a  and benzyl bromide. However, the isolation of 11 was 
not put into practice except in this case, because of its minor importance. Measured in CCI, at 60 MHz. All products 
listed in the table were characterized by elemental analysis and mass spectrum in addition to 'H NMR. 

of the ethanediyl S,S-acetal of 9-fluorenone ( ld) ,  dimer- 
ization of the intermediary 9-(alkylthio)-9-fluorenyl radical 
(6d) occurred in addition to its conversion to 9-(alkyl- 
thio)-9-fluorenyl anion (Sd), presumably due to a radi- 
cal-stabilizing ability of the 9-fluorenyl group in 6d. In 
a series of experiments shown in Table I, a larger and more 
bulky group than methylthio group in 6d will impede the 
formation of the dimer (lo), and with 9-(butylthio)-9- 
fluorenyl radical [6d, R = CH3(CH2),], which is produced 
in the sequence by using Id and n-butyl bromide, it was 
incapable of yielding the corresponding 10d [R = CH3- 
(CH2)3]. This may be understandable in view of the steric 
congestion expected in 6d. 

Experimental Section 
All ethanediyl S,S-acetals 1 were prepared by the AlCI,-cata- 

lyzed reaction of carbonyl compounds with ethanedithiol.12 

Tetrahydrofuran was dried over lithium aluminium hydride and 
then distilled. The other reagents were commercially available 
and were used without further purification. 

The general procedure was as follows. To a stirred, cooled (-78 
"C) solution of diisopropylamine (0.35 g, 3.5 mmol) in tetra- 
hydrofuran (7 mL) was added during about 2-3 min a 1.56 M 
solution (2.12 mL, 3.3 mmol) of n-butyllithium in hexane under 
nitrogen, followed by stirring at  the same temperature for 30 min 
and further stirring at  -15 "C for 10 min. The solution of LDA 
thus prepared was cooled again to -78 "C, and a solution of 1 (1.3 
mmol) in tetrahydrofuran (4 mL) was added. After an additional 
1 h at  -15 OC, the solution was cooled once again to -78 "C, and 
3.3 mmol of an alkyl halide was added with stirring. The reaction 
mixture was stirred for 1 h at  -5 to -10 "C, warmed to ambient 
temperature, and stirred an additional 24 h. The reaction mixture 
was quenched with 100 mL of HzO and 20 mL of a saturated 

(12) Ong, B. S. Tetrahedron Lett. 1980,21, 4225. 
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aqueous solution of NH4Cl. The reaction mixture was extracted 
with ether (3 X 60 mL). The combined ethereal extracts were 
dried over MgS04, filtered, and concentrated in vacuo to give a 
pale yellow residue, which was subjected to column chromatog- 
raphy. 
Registry No. la, 6317-10-8; lb, 76312-48-6; IC, 84811-68-7; 

Id, 7049-31-2; 7a [R = CH,], 15733-08-1; 7a [R = CzH5], 38793- 
64-5; 7a [R = CH3(CH2),], 35088-70-1; 7a [R = C6H5CH2], 
6622-09-9; 7b [R = CH,], 84811-69-8; 7b [R = CzHs], 84811-70-1; 
7b [R = CH,(CH,)Z], 84811-71-2; 7b [R= (CH3)2CH], 84811-72-3; 
7b [R = CH,(CH,),], 84811-73-4; 9~ [R = CHJ, 84811-74-5; 9~ 
[R = CzHs], 84811-75-6; SC [R = CH3(CH,)z], 84811-76-7; 9~ [R 
= CH,(CH,),], 84811-77-8; 9d [R = CH31, 84811-78-9; 9d [R = 
CzHs], 84811-79-0; 9d [R = CH,(CHZ),], 84811-80-3; 10d [R = 
CHJ, 84811-81-4; 10d [R = CzHs], 84811-82-5; 10d [R = CH3- 
(CH2)3], 84811-83-6; 11 [R = C&CHz], 1822-76-0; CH31, 74-884; 
CzH51, 75-03-6; CH3(CHZ)31, 542-69-8; C6H5CH2Br, 100-39-0; 
CH3(CH2)2Br, 106-94-5; (CH3)&HBr, 75-26-3; CH3(CH2),Br, 
109-65-9; CH3(CH2)2I, 107-08-4. 
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Phthalimidonitrene (1) generated by the oxidation of 
N-aminophthalimide with lead tetraacetate undergoes 
facile cycloaddition with a variety of substrates.' The 
reaction of 1 with acetylene has been shown to yield 2H- 
azirine which was assumed to arise by the rearrangement 
of the initially formed 1H-azirine.2 This unique rear- 
rangement has been attributed to the unfavorable elec- 
tronic delocalization due to antiaromaticity existing in 
1H-azirine. Such a rearrangement will be energeticaly 
expensive in naphth[2,34]azirine 2. The ideal route to 2 
would involve the addition of phthalimidonitrene either 
to 1,4-dihydronaphthalene 1,4-endo-oxide followed by 
treatment with Pa5 or to 1,4dihydronaphthalene followed 
by oxidation with lead tetraacetate (or DDQ). 

Phthalimidonitrene adds smoothly to 1,Cdihydro- 
naphthalene 1,4-endo-oxide3 (3) to give the adduct 4. Its 
IR spectrum showed the presence of phthalimido carbonyls 
(1745,1720 cm-') and C - 0 4  stretching (1150 cm-9. The 
structure was further supported by the presence of a 
molecular ion peak at mle 304 (M'.) in the mass spectrum. 
The exo stereochemistry is assigned on the basis of the 
NMR spectrum which contained singlets at 6 3.3 (H2, H3) 
and 6.7 (Hl, H4). Dreiding models indicate a dihedral angle 
close to 90° for the exo adduct, while the endo adduct 
should show appreciable coupling. Similar exo specificity 
has been observed in the addition of dibromocarbene to 
3.4 

The adduct was treated with PzS2 in anticipation of 
formation of naphth[2,3-b]azirine 2. The reaction mixture 

(1) Anderson, D. J.; Gilchrist, T. L.; Horwell, D. C.; Rees, C. W. J.  

(2) Anderson, D. J.; Gilchrist, T. L.; Rees, C. W. Chem. Commun. 1969, 

(3) Fieser, Louis F.; Haddadin, Makhluf J. Can. J. Chem. 1965, 1599. 
(4) Wittig, Von George; Reuther, Wolfgaug Justus Liebigs Ann. Chem. 

(5,) Cava, M. P.; Scheel, F. M. J.  Org. Chem. 1967, 32, 1304. 

Chem. SOC. 1970, 576. 
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when subjected to column chromatography on neutral 
alumina gave a stable compound (40%) which showed no 
upshield shift in the NMFt for the aromatic protons. The 
mass spectrum showed the molecular ion peak at mle 288. 
Structure 2 could be ruled out on the basis of these data. 
The product was found to be different from the known 
N-phthalimido-@-naphthylamine.6 The UV absorption 
at A,, (EtOH) 225 nm (e 24170) 290 (1036), and 340 
(186.7) is characteristic of a benzazepine ring system7 and 
hence enabled the assignment of the azepine structure 5 
to the compound. 

Another attempted approach to N-phthalimidonaphth- 
[2,3-b]azirine involves the cycloaddition of 1 to 1,4-di- 
hydronaphthalene (6), which gave an adduct in 70% yield. 
On the basis of the spectral data, structure 7 has been 
proposed for the adduct. The aziridine 7 when subjected 
to dehydrogenation with either lead tetraacetate or di- 
chlorodicyano-p-benzoquinone (DDQ) gave N-phthal- 
imido-3-benzazepine (5). The reaction sequence is rep- 
resented in Scheme I. 
N-Phthalimido-3-benzazepine was independently syn- 

thesized by the route shown in Scheme I1 to confirm the 
structure 5. The product obtained from o-phenylenedi- 
acetyl chloride and N-aminophthalimide, without purifi- 
cation, was treated with LiAlH4 and dehydrated to give 
5 in 20% overall yield. 

Experimental Section 
All melting points are uncorrected. Infrared (IR) spectra were 

recorded on a Beckman IR-20 spectrometer, and nuclear magnetic 
resonance (NMR) spectra were obtained by using a Perkin-Elmer 

(6) Baloniak, Sylwester Rocz. Chem. 1964, 38, 1295. 
(7) Paquette, L. A.; Kuhla, D. E. Tetrahedron Lett. 1967, 4517. 
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