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New Olefin and Oxiran Syntheses from Carbonyl Compounds, and Diethyl 
Sodiophosphonate Anions and I -Aminophosphonate Amino-anions 

By Toru Minami,' Department of Industrial Chemistry, Kyushu Institute of Technology, Sensuicho, Tobata, 

Narihide Matsuzaki, Yoshiki Ohshiro, and Toshio Agawa," Department of Petroleum Chemistry, Faculty 
Kitakyushu 804, Japan 

of Engineering, Osaka University, Yamadakami, Suita, Osaka 565, Japan 

Reaction of aromatic aldehydes, and phthalic and thiophthalic anhydrides, with diethyl sodiophosphonate (1 ) 
gives the trans-stilbenes (3), 3,3'-biphthalidylidene (30), and 3,3'-bis- (2-thiophthalidylidene) (33). Similar 
treatment of fluorenone ( 8 )  and xanthone (1 7) with (1) leads to 9,9'-bis(fluororeny1idene) (9) and 9,l O-dihydro- 
9-oxophenanthrene-1 O-spiro-9'-fluorene (1 0), and to 9,9'-bixanthenylidene (1 8 )  and 9,9'-bixanthenyl (1 9), 
respectively, but the reaction using anthrone (1 1 ) as a carbonyl reagent yields only anthraquinone (1 2) and an- 
thracene (1 3). Similar treatment using N-methylisatoic anhydride (34) and N-methylisatin (36) produces "'- 
dimethylisoindigo (35). Reaction of benzaldehyde and p-chlorobenzaldehyde with diethyl 1 - [ (N-sodio)anilino] - 
cyclohexylphosphonate (40) gives mainly corresponding mixtures of trans- (41 a, b) and cis-stilbene epoxides 
(42a, b), while similar treatment of p- nitrobenzaldehyde with (40) produces 4,4'-dinitrostilbene (3e). Reaction 
of ( 8 )  with (40), as well as with ( l ) ,  gives (9) and (10). The mechanism of formation of these products is 
discussed. 

IN the course of our studies of phosphorus chemistry, we 
expected that not only phosphorus-stabilized 1-anions 
such as phosphorus ylides, phosphonate carbanions, and 
phosphoramidate anions, but also l-hydroxyphosphonate 
oxy-anions and l-aminophosphonate amino-anions could 
be used as nucleophiles for organic synthesis. Although 
a large number of reactions of carbonyl compounds with 
dialkyl phosphite in the presence of a catalytic amount of 
base, producing l-hydroxyphosphonic acid esters, are 
well known,l the utilization of the l-hydroxyphosphonate 
oxy-anions generated in situ from diethyl sodiophos- 
phonate (1) and carbonyl compounds has, to our know- 
ledge, been little reported until the recent related studies 
of Hata et In an earlier conimunicatioi~,~ we 
reported a new olefin synthesis from (1) and relatively 
active carbonyl compounds in aprotic solvents. In this 
paper, we report the detailed results and further in- 
vestigations on the reaction of (1) .  In addition, the 
reactions of aldehydes and a ketone with l-aminophos- 
phonate amino-anions are described. 

RESULTS AND DISCUSSION 

Reactions of Dialkjd Sodio9hosphonate (1) .-Treatment 
of aromatic aldehydes (2) with (1) in benzene (or xylene) 
produced on heating under various conditions tram- 
stilbenes (3) in good yields (Table l ) ,  the yields being 
temperature-dependent. As outlined in Scheme 1,  the 
formation of (3) could be explained by the nucleophilic 
reaction of either the l-hydroxyphosphonate oxy- 
anions derived from (1) and (2) (path A) or their re- 
arranged forms, aryl(diethoxyphosphinoy1osy)methyl 
carbanions (path B) with a second molecule of (2) to give 
intermediate stilbene epoxides by the elimination of 
diethyl sodiophosphonate (4), followed by the Horner- 
Emmons reaction between ( 1 )  and the stilbene epoxides. 

In contrast to aldehydes, even under the most drastic 
conditions the reaction of (1) with benzophenone gave no 
corresponding olefin, but only a mixture of products, 

these being lJ1,2,2-tetraphenylethane (5),  benzhydryl 
ethyl ether (6), and benzhydryl alcohol ( 7 ) .  

The formation of (6) is in accordance with the result 
reported in the reaction of benzophenone with diethyl 

heat 
(1) + Ph,C=O -b 

Ph,CH-CHPh, + Ph,CH-OEt + Ph,CH-OH 
(5 )  (6) (7)  

(12%) (42 (2;) (1 1%) 
phosphite in the presence of sodium ethoxide in absolute 
e t h a n ~ l . ~  

Accordingly, the reaction of less hindered aromatic 
ketones with (1) was attempted as follows. Treatment 
of fluorenone (8) with (1) produced 9,Y-bifluorenylidene 
(9) (56% ) as expected, together with a by-product 

TABLE 1 
Olefin synthesis from NaP(0) (OEt), (1 )  and aldehydes (2) 

Reaction conditions 

Temperature Yield 0; 
Ar in ( 2 )  Solvent ("C) T i m 0  (3) (%) 
Ph Benzene 80 14 70 
Ph Benzene 130 7 63 
p -ClC,H, nz -Xylene 139 5 72 
p-RILeC,EI, Benzene 130 b 11.5 85 
o-MeOC,H, Benzene 80 33.5 22 

a 0.03 mol of ( l ) ,  0.03 mol of ( 2 ) ,  and 50 ml of solvent. The 

9,10-dihydro-9-oxophenan threne-lO-spiro-9'-fluorene (10) 
(21 yo). The formation of the spiro-ketone (10) evidently 
supports the oxiran intermediate. 

On the other hand, the reaction with anthrone (11) 
led to the unexpected anthraquinone (12) and anthracene 
(13) in 30 and 3174 yields, respectively, but no olefin 
was obtained. As shown in Scheme 3, the reaction can 
be reasonably explained by nucleophilic at tack of an 
anthron-10-yl carbanion (14) [generated by abstraction of 
a relatively active hydrogen from the 10-position of (11) 
by (l)] on the carbonyl group of (11) to yield a spiro- 

reaction was carried out in a sealed tube. 
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oxiran (15) accompanying elimination of a hydride anion, 
arid ring cleavage of the oxiran (15) to (12) and the 9,lO- 
dihydro-9-anthryl carbanion moiety (16) which eliminates 
a hydride anion to give (13). 

Since i t  has been suggested that reaction of the 
anthrone (11) with (1) did not lead to the expected olefin 
because of the labile 10-hydrogen of (11) as mentioned 
above, the reaction of the xanthone (17), which like (8) 
has no labile hydrogen] was examined. 

0 
II 

NaP(OEtI2 t ArCHO _I, 

( h A  

L .-I 

(2)  path B 1 * 
Ar 

Ar 1 
I 

/CH\ 
Na+ '0 CH-Ar 

I 

0 

- Na 0 P (OE t )2 " \ * (41 
I 

/O\ I 
PrCH -CHAl1  

0 
( 3 )  

SCHEME 1 

Treatment of (17) with (1) led to the anticipated 9,9'- 
bixanthenylidene (18) aiid its hydrogenated product, 
9,Y-bixanthenyl (I  9), albeit in low yields. 

Thus, in the reaction with (l), fused polycyclic aromatic 
ketones having no  active hydrogen can be generally 

stated to provide symmetric olefins, regardless of the ring 
size of the ketones. 

On the other hand, it is well known that the reaction 
of trialkyl phosphites with a-diketones such as benzil 
gives the 1,3,2-dioxapliosphorane d e r i ~ a t i v e , ~  but the 
reaction with dialkyl sodiophosphonate has not been 
reported to date. Therefore, it was of particular in- 
terest to us to investigate whether or not the reaction of 
dialkyl sodiophosphonate with a-diketones produced 
similar results t o  those using aromatic aldehydes and 
ketones. 

The reaction of dimethyl sodiophosphonate (20) with 
benzil (21) gave none of the expected olefin, but yielded 
cis-(22) (a%), trans-l,2-dimethoxy-l,2-diplienylethylene 
(23) (25y0), and benzoin methyl ether (24) (7%).* Tlie 

Aheat  

(9) (10) 
SCHEME 2 

reaction may be considered to proceed by the pathway 
shown in Scheme 4. Thus the ketone-enolate anion (25) 
[derived from nucleophilic attack of (20) on (2 l ) l  under- 
goes intra- or inter-molecular 0-methylation to (26) with 
subsequent decomposition to the hypothetical methyl 
metayhosyhate (28) and to the benzoin methyl ether 
carbanion (27), followed by further 0-methylation and 
protonation to give the observed products, (22)--(24). 

Since the reaction of phthalic anhydride (29) with 
triethyl phosphite has already been reported to give 3,3'- 
biphthalidylidene (30),6 i t  was similarly of intcrest to us 
to compare the reactivity of (1) with that of triethyl phos- 
phite towards acid anhydrides. Treatment of (29) and 
thioplithalic anliydride (32) with (1) in refluxing benzene 
led to (30) (18%) together with its hydrogenated pro- 
duct, 3,3'-biyhthalidyl (31) (lo%), and 3,3'-bis-(2-thio- 
phthalidylidene) (33) (44 Yo), respectively. 

On the other hand, the reaction of N-methylisatoic an- 
hydride (34) with an equivalent amount of (1) in ben;lcine 
under the rather drastic conditions (for 15 h at 140 "C 1;i a 

* Since the reaction of (1)  with (21) gave a mixture of products 
showing several spots on t.1.c. analysis and their purification was 
difficult, the reaction was nt3t studied further. 
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sealed tube) provided NN'-dimethylisoindigo (35) in 
37 yo yield. Similar treatment of N-methylisatin (36) 
also gave (35) in good yield. Therefore, this result sug- 
gests that the reaction of (34) with (1) to yield (35) pro- 
ceeds via (36), which would be formed by deoxygenation 
and ring-contraction of (34) by (1) .  

J 

butan-2-one (37) with an equimolar amount of (1) in 
refluxing benzene for 5 h led to 6-(diethoxyphosphinoy1)- 
5-methylheptan-%one (38) in 92y0 yield but none of the 

( 1 )  + & 
(179 

+ % \ o '  
(18) 

expected olefin was detected. 
using ( 1 )  was found to be inapplicable to diary1 and di- 
alkyl ketones. 

Reactions of l-Anzinop?~osp~~onate A migao-ap$ions.- 
Die thy1 1-1 (N-sndici) anilino] cycl~~hexylphosplionate (40) 

(13) 
SCHEME :I 

Since the reactions of ( 1 )  with aromatic aldehydes, 
fused polycyclic aromatic ketones, and aromatic cyclic 
acid anhydrides mainly resulted in the formation of the 
corresponding olefins as mentioned above, the reaction 
with an alkg.1 ketone was examined. Treatment of 

/ \ 

0' % --. 
(19) 

Thus, olefin synthesis 

-7 

d 

0 OMe 

P h - c - CH --Ph 

(24) 

1 ,  I l l  
H* (H$ I 

SCHEME 4 

1 generated by treating 1 -aiiiliIiocvcloliexylpliospl~~)n a t e 
(39) with an equivalent amount of sodium hydride in 
tetrahydrofuran] reat,tetl with ~-chlorobenzal~ehyde (2b) 
at  130 "C for 7 h in a sealed tube to yield a mixture of 
t r a m -  (41 b) (48 o o )  and cis-d,4'-dichlorostilbene epoxide 
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(1) + @x 
0 

(29); X = O  
(32); X =S L x:s 

SCHEME 5 

(42b) (3574,) together with an unexpected by-product, 
4,4’-dichlorodibenzyl ether (43b) (loo/,) by elimination of 
N-cyclohexylideneaniline (44) and sodium diethyl phos- 
phate. The reaction in refluxing benzene for 5 11 also 
led to low yields of (41b), (42b), and (43b). On the other 

Me 
I 

( 1 )  + 

( 1 )  + 

I-+ (341 

Me 

0 

i 
(36)  

SCHEME 6 

Me 
I 

% N ’  
1 
Me 

(35) 

hand, reaction in refluxing dimetliyl€ormamide €or 7 11 
provided 4,4’-dichlorostilbene (3b) in addition to (41b) , 
(42b), and (43b). 

While similar treatment using benzaldehyde (Za) like- 
wise gave rise to  tmns- (41a) and cis-stilbene epoxide 
(42a), and dibenzyl ether (43a), the reaction with 9- 
nitroberizaldehyde (2e) produccd only trans-4,4’-clinitro- 
stilbene (3e). The results are summarized in Table 2. 

0 
II Me\ /CO-Et 1 2 EtCMc + , ( 1 )  ------c-[~~,C=C 

0 \ H (37) I1 
-HP(OEt), 
-OH- 

0 
ll 

HP(OEt), 
____+ Me 

I 
I 

W E t ) ,  
II 
0 (38) 

Et-C-CHZ-COEt 

As shown in Scheme 7, the reaction can be explained by 
nucleophilic attack of the amino-anion (40) on the alde- 
hyde and successive addition of a second molecule of 
aldehyde to  the resulting anion (45) to yield the 1 : 2 
adduct (46), followed by a Horner-Emmons reaction 
leading to the oxirans (41) and (42), by elimination of 
qyclohexylideneaniline (44) and sodium diethyl phos- 
phate. Although, in the only case using nitrobenzalde- 
hyde (2e) , we were unsuccessful in our attempts to obtain 

Na’ c Ph 

rl 

Ph 
Ar  

( 42a, b 1 (41a a b) 

(46) + 
0 
It 

O N P h  + (EtOIzPONa 

( 4 )  

ArCH-CHAr 
+ ( 4 0 )  + 

‘0’ 

H 
A r \  ’ + ( 4 )  + (44) 
H Ar 

(3b,e)  

Ar 

a ;  Ar  = P h  
b; Ar = C,H&CI-p 
e; Ar = C,H,N02-p 

SCHEME 7 

the corresponding oxirans, the initially formed reactive 
oxirans would easily react with (40) to lead to the olefin 
(3e). Confirmation of this speculation comes from the 
fact that, in the reaction with (2b) under rather vigorous 
conditions, the olefin (3b) [corresponding to (3e)l was 
formed together with the oxirans (41b) and (42b). 

Treatment of fluorenone (8) with (40) for 8 h in reflux- 
ing benzene expectedly led to (9) and (lo), in 25% and 
33% yields, respectively. The reaction using diethyl 
1 -methyl- 1 - [ (N-sodio) anilino] ethylphosphonate (48) in- 
stead of (40), under the same conditions, also gave (9) 
and (10) in 18% and 48% yields. Thus, l-aminophos- 
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phonate amino-anions bearing no hydrogen at  the C-1 
position have been shown to be versatile reagents for the 
synthesis of oxirans and olefins from aromatic aldehydes 
and reactive ketones. 

In conclusion, 1 -hydroxyphosphonate oxy-anions and 

aldehyde (0.03 mol) and (1)  (0.03 mol) [prepared from di- 
ethyl phosphite and oil-free NaH (1.44 g of 50% NaH in oil 
washed with 10 X 3 m1 of dry hexanell in 50 ml of dry 
benzene (or m-xylene) was refluxed with stirring, or heated 
at 130 "C in a sealed tube. After removal of depositing 
diethyl sodiophosphate (4) by filtration, the filtrate was 

+ 
R Na* 

'C-i-Ph 
R' I 

I I  
P(OE t l2 

0 

+ R\C,N-Ph / + 
R 

washed with water and dried over sodium sulphate. The 
organic layer was concentrated in vacuo and the residue was 
chromatographed on silica gel or recrystallized to give the 
pure stilbenes (3). The results are summarized in Table 1.  
Identification of the product (3) was made on the basis of 
elemental analysis, and by comparison of their melting 
points with those of authentic samples. trans-Stilbene (3a) 
had m.p. 124-126 "C (lit.,' m.p. 124 "C) (Found: C, 93.15; 
H, 6.9.  Calc. for Cl4H12: C, 93.29; H, 6.71%): trans-4,4'- 
dichlorostilbene (3b) had m.p. 173-175 "C (lit.,* m.p. 175- 
176 "C) (Found: C ,  67.45; H, 3.9. Calc. for C,,H,,Cl,: C, 
67.49; H, 4.04%) : tran~-4,4'-dimethylstilbene (3c) had m.p. 
180-181 "C (lit.,Q m.p. 179-180 "C) (Found: C, 92.55; H, 
7.9. Calc. for C16H16: C, 92.26; H, 7.74%): trans-2,Z'- 
dimethoxystilbene (3d) had m.p. 138-139 "C (lit.,lo m.p. 
140 "C) (Found: C, 79.8; H, 6.6. Calc. for C16H1602: C, 
79.97; H, 6.710/,). 

Reaction of Diethyl Sodiophosphonate (1) with Benzo- 
phenone.-A solution of benzophenone (10.94 g, 0.06 mol) 
and (1) (0.06 mol) in dry benzene (100 ml) was heated in a 
sealed tube under nitrogen for 8 h a t  180 "C. The reaction 
mixture was extracted with ether, and the ether extract was 
washed with water and dried over Na,SO,. The organic 
layer was concentrated in vacwo to give a mixture of white 
crystals and oily products. Filtration and recrystallization 
from benzene-n-hexane provided 1,1,2,2-tetraphenylethane 

(10) 

R 
Na'O; P(OEt), 

l-aminophosphonate amino-anions, as well as phosphorus- 
stabilized 1-anions such as phosphorus ylides and phos- 
phonate anions, could be useful reagents in organic 
synthesis. 

EXPERIMENTAL 

M.p.s were determined with a Yanagimoto micro- 
apparatus or a Yamato melting apparatus. lH N.m.r. 
spectra were recorded with a JNM-PMX-60 instrument for 

(5) (1.17 g, 12%), m.p. 210-211" (1it.,l1 m.p. 209 "C); vnmZ 
1070, l  015, 735, and 685 cm-l; 6 4.70 (s, 2 H,  CH) and 7.0- 
7.40 (m, 20 H, Ph); vn/e 334 (M+)  (Found: C, 93.1; H, 6.35. 
Calc. for C,,H,,: C, 93.37; H ,  6.63%). The filtrate was 
chromatographed on alumina using hexane and benzene- 
hexane as eluants. The first fraction gave 3.53 g (42%) of 
benzhydryl ethyl ether (6),  which was distilled to afford a 
pure sample, b.p. 112-114 "C a t  1.0 mmHg (1it.,l2 b.p. 
147 "C a t  9.0 mmHg); vmax. (neat) 1 4 9 0  and 1 095 cm-l; 
8 (CC1,) 1.20 (t, 3 H, Me), 3.45 (9, 2 H, CH,), 5.29 (s, 1 H, 
CH), and 7.10-7.45 (ni, 10 H, 2 x Ph); m / e  212 (M+) .  

TABLE 2 
Reactions of an 1-anilinocyclohexylphosphonate amino-anion (40) with aldehydes (2)a 

Products (yo yield) 

Reaction conditions 

Te m p er a ture 
r A 

\ 

Ar in (2) Solvent ( "C) Time/h 
C6H5 Benzene 130 10 
CtiH, Benzene 80 10 
P-C1C6H, THF 130 7 
P-C1C6H4 Benzene 80 5 
P-ClC,H, DMF 153 7 
P-NO,C,H, Benzene 80 2 

0 
/ \  

ArCH- CHAr 
(trans : cis) ArCH,OCH,Ar ArCHZCHAr 
52 (1.3 : 1) 15 
36 (1.2 : 1) 12 
83 ( 1 . 4 :  1) 10 
37 ( 2 . 7 :  1) 10 
18 (1 : 1) 19 16 (32) 

48 (96) 

a A twofold excess of (2) over (40). Based on (2). The values in parentheses show the  yields based on (40). C Based on n.m.r. 
The reaction was carried out  in a sealed tube. 

solutions in deuteriochloroform unless stated otherwise, i.r. The second fraction yielded 1.21 g (1  1%) of benzhydryl 
spectra with a Jasco IR-1 instrument for Nujol mulls, and alcohol (7 ) ,  m.p. 69.5-70.5" (lit.,13 m.p. 68 "C); vmrtX. 
mass spectra with a Hitachi RMU-6E instrument. 3 100-3 550 (OH); 6 2.40 (s, 1 H, OH), 5.70 (s, 1 H, CH), 

Stilbenes (3) from Diethyl Sodiophosphonate (1)  and Aryl 
General Procedure.-A solution of the aryl 

and 7.10-7.50 (br s, 10 H, 2 x Ph). 
Aldehydes (2). Reaction of Diethyl Sodiophosphonate (1) with Fluorenone 
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(8) -A solution of (1) (28 mmol) and (8) (5.0 g, 28 mmol) in 
dry benzene (100 ml) was heated in a sealed tube under 
nitrogen for 5 h a t  145 "C. After a similar work-up to that 
above, the residue was chromatographed on alumina using 
hexane and hesane-benzene as eluants. The first fraction 
gave 2.75 g (560/) of 9,9'-bifluorenylidene (9) as red needles, 
m.p. 194-196 "C (lit.,14 m.p. 188-189 "C); 6 7.0-8.4 (m, 
aromatic H); rn/e 328 (Mi-) (Found: C, 95.05; H, 4.75. 
Calc. for Cz6Hl6: C, 95.09; H,  4.91%). The second fraction 
yielded 0.99 g (21 yo) of 9,1O-dihydro-9-oxophenanthrene- 
lO-spiro-9'-fluorene (10) as colourless crystals, m.p. 254- 
255 "C (1it.,l6 m.p. 255 "C) ; vmaX. 1 670 (GO)  ; 6 6.6-8.4 (m, 
aromatic H); rnle 334 (Mt) (Found: C, 91.0; H, 4.60. 
Calc. for CZ6Hl60: C, 90.67; H,  4.68%). 

Reaction of Diethyl Sodiophosphonate ( 1) with Anthrone 
(ll).-The reaction was carried out at 130 "C for 7 h using 
the procedure described above with (1) (30 mmol) and (1 1) 
(5.83 g, 30 mmol) in dry benzene (100 ml). After similar 
treatment to that above, the residue was chromatographed 
on alumina to give anthraquinone (12) (1.87 g, 300/,) and 
anthracene (1 3) (1.66 g, 31 yo), whose structural assignments 
were made by comparison of their m.p.s and i.r spectra with 
commercially available samples. 

Reaction of Diethyl Sodiophosphonate ( 1) with Xanthone 
(17).-The reaction was carried out at 130 "C for 8 h using 
the procedure described above with (1) (30 mmol) and (17) 
(5.88 g, 30 mmol) in dry benzene (100 ml). After a similar 
work-up, the residue was recrystallized from hexane- 
benzene to give unreacted starting material (2.30 g) and the 
filtrate was chromatographed on silica gel using hexane and 
hexane-benzene as eluants. The first fraction provided 9,9'- 
bixanthenyl (19) (0.22 g, 4%) as colourless crystals, m.p. 
204 "C (1it.,l6 m.p. 201 "C); v,,, 1 590, 1 250, 760, and 735 
cm-l; 6 4.15 (s ,  2 H) and 6.55-7.35 (m, 16 H) ; m/e 362 (M+)  
(Found: C, 85.85; H, 4.8. Calc. for C,,H1,02: C, 86.16; 
H, 5.01 yo). The second fraction afforded unreacted starting 
material (1.20 g) and 9,9'-bixanthenylidene (18) (0.70 g, 
12y0), n1.p. 310-314 "C (decomp.) (lit.,17 m.p. 312-313 "C) ; 
vmX. 1600, 1575, 1255, and 750 cm-l; m/e 360 (M+)  
(Found: C, 86.85; H, 4.25. Calc. for CZ6H1,O2: C, 86.65; 
H, 4.48%). The yield of combined recovered (17) was 
3.50 g (60%). 

Reaction of Dimethyl Sodiophosphonate (20) with B e n d  
(21).-The reaction was carried out a t  130 "C for 10 h using 
the procedure described above with (20) (0.03 mol) and (21) 
(6.31 g, 0.03 mol) in dry benzene (100 ml). After similar 
work-up, the organic layer was evaporated in  vacuo to give 
white crystals and a viscous liquid. Filtration afforded a 
mixture of cis- (22) and trans-1,2-dimethoxy-1,2-diphenyl- 
ethylene (23). Pure samples of (22) (0.29 g, 4%) and (23) 
(1.81 g, 25%) were isolated by repeated recrystallization of 
the mixture from hexane-benzene. Compound (22) had 
m.p. 105-106 "C; vmx. 1610 cm-l (C=C); 6 3.25 ( s ,  6 H, 
OMe) and 7.0-8.0 (ni, 12 H, Ph);  m/e 240 (Mt) (,Found: 
C, 79.85; H, 6.7. Calc.forC16Hl,02: C, 79.97; H ,  6.71%): 
compound (23) had m.p. 125-126 "C; vmx. 1 610 cm-l (C=C); 
6 3.55 (s, 6 H, OMe) and 7.20 ( s ,  12 H, Ph);  m/e 240 ( M + )  
(Found: C, 79.7; H, 6.6. Calc. for C,,H1,02: C, 79.97; H, 
6.7 1 yo). The filtrate was crystallized from hexane-ether 
t o  give benzoin methyl ether (24) (0.48 g, 7%), m.p. 46- 
47 OC, which was identified by comparison with the cam- 
mercially available sample. 

Reaction of Diethyl Sodiophosphonate (1) with Phthalic 
Anhydride (29).-To a stirred solution of (1) (0.03 mol) in 
dry benzene (50 ml) was added powdered (29) 4.44 g, 0.03 

mol) in small portions a t  room temperature under a nitrogen 
atmosphere. An immediate exothermic reaction occurred, 
and the colour changed to red. The reaction mixture was 
then refluxed for 14 h, and the resulting sodium diethyl 
phosphate was removed by washing with water. The 
organic layer was dried over Na,SO, and concentrated in 
Ztacuo to one-third of its original volume. The residue was 
allowed to stand at room temperature to yield 0.71 g (18%) 
of 3,3'-biphthaZidylidene (30) as pale yellow crystals, map. 
348-350 "C (from xylene) (lit.,, n1.p. 352 "C); vmx. 1 780 
( G O ) ;  m/e 264 (Mt) (Found: C, 72.92; H, 3.05. Calc. for 
C1,H,04: C, 72.73; H, 3.05%). The filtrate was concen- 
trated to give 2.75 g of a viscous liquid, from which unreacted 
(29) (0.55 g) was isolated by trituration with a small amount 
of ethanol. The residual viscous liquid was dissolved in 
ethanol (50 ml) containing aqueous hydrochloric acid (10 
nil, 10%) and then refluxed for 7 h.  After the reaction 
mixture was concentrated in vacuo to one-quarter of its 
original volume, i t  was allowed to stand a t  ambient tem- 
perature to afford 0.40 g (lo?;) of biphthalidyl (31), m.p, 
245-246 "C (from benzene-ethanol) ; vmax. 1 780 and 1 720 
cm-l; 6 ([2H6]DMSO) 7.03 (s, 2 H, CH) and 7.30-8.33 (m, 
8 €3, aromatic H); wale 266 (Mt)  (Found: C, 72.15; H, 
3.65. Calc. for C1,H,,O,: C, 72.18; H, 3.79%). 

Reaction of Diethyl Sodiophosphonate ( 1) with Thiophthalic 
Anhydride (32) .-The reaction was carried out under reflux 
for 18 h using the procedure described above with (1) (0.02 
rnol) and (32) (3.28 g, 0.02 mol) in dry benzene (60 ml). 
After similar work-up the organic layer was concentrated 
in vacuo to yield 2.61 g (44%) of 3,3'-bis-(2-thiophthalid- 
ylidene) (33) as red crystals, m.p. 330-331 "C (lit.,l* m.p. 
332-333 "C); v,,, 1 775 and 1 685 cm-l; rnle 296 (Aft) 
Found: C, 65.15; H, 2.G. Calc. for C,,H,02S2: C, 64.87; 
H,  2.72%). 

Reaction of Diethyl Sodiophosphonate ( 1) with N-Methyl- 
isatoic Anhydride (34).-The reaction of (1 )  (0.02 mol) with 
(34) (3.54 g, 0.02 mol) in dry benzene (50 ml) was similarly 
carried out for 15 h at 140°C in a sealed tube. After a 
similar work-up, the organic layer gave viscous liquids con- 
taining a reddish brown powder. Filtration and recrystalliz- 
ation from ethanol provided 0.70 g of pure "'-&methyl- 
isoindigo (35) as reddish purple needles, m.p. 277 "C; vmx. 
1 680 cni-l ( G O ) ;  6 3.20 (s, 6 H, NMe), 6.70-7.42 (m, 6H),  
and 9.20 (d, 2 H);  m/e 290 (Mt) (Found: C, 74.3; H,  4.8. 
Calc. for C,,H,,N,O,: C, 74.47; H, 4.86). The filtrate was 
chromatographed on silica gel using benzene as eluant to 
give 0.39 g of (35). The combined yield of (35) was 1.09 g 

The aqueous layer was acidified with hydrochloric acid 
(10%) and extracted with ether. The ether extract was 
dried over Na,SO, and evaporated to yield 1.10 g (36%) of 
N-methylanthranilic acid. 

Readion of Diethyl Sodiophosphonate ( 1) with N-Methyl- 
isatin (36).-A solution of (1)  (0.02 mol) and (36) (3.22 g, 
0.02 mol) in 50 ml of dry benzene was treated under the same 
conditions as (34). After similar work-up, the product (35) 
was obtained, yield 2.29 g (79%): 

Reaction of Diethyl Sodiophosphonate (1) with Butan-2-one 
(37).-To a cooled solution of (1) (0.05 mol) in dry benzene 
(50 ml) a t  5 "C was added dropwise compound (37) (3.60 g, 
0.05 mol). After the addition of (37), the reaction mixture 
was gradually heated to 80 "C under nitrogen and stirred for 
5 h at this temperature. The reaction mixture was then 
poured into a saturated aqueous NH4CI solution (100 ml) 
containing ether (50 ml). The organic layer was separated, 

(37%). 
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dried over Na,SO,, and concentrated in vacuo to give a pale 
yellow oil. Distillation of the oil afforded 6.07 g (92%) of 
5-(diethoxyphosphinoyl) -5-methylheptan-3-one (38), b.p. 88- 
90 "C a t  0.5 mmHg; vmx. (neat) 1 710 (GO) ,  1 230 (P=O), 
and 1060-1 020 cm-l (P-0-C); 6 * 0.80-1.50 (m, 15 H, 
Me), 1.40-2.00 (m, 2 H ,  Ha), 2.45 (q, 2 H,  Hr), 2.57 (d, 2 H, 
Hb), and 4.07 (quintet, 4 H, Hd); m/e 264 (M+)  (Found: C, 
54.5; H, 9.7. Calc. for C,,H,,O,P: 54.55; H, 9.47%). 

Preparation of Diethyl 1-Anilinocyclohexylphosphonate (39). 
-To a stirred solution containing diethyl phosphite (9.57 
g, 0.07 mol) and a catalytic amount of sodium ethoxide in 
dry ethanol (20 ml) was added N-cyclohexylideneaniline 
(10.0 g, 58 mmol) at room temperature, and the reaction 
mixture was then heated at 75 "C for 3 h. It was then cooled 
to 0 "C to give crude brown crystals, recrystallization of 
which from ethanol gave a quantitative yield of diethyl 
1-anilinocyclohexylphosphonate as white needles, m.p. 1 14- 
116 "C; 6 1.23 (t, 6 H, Me), 1.40-2.50 (m, 10 H, cyclo- 
hexyl-H), 3.10 (br, 1 H ,  NH), 4.03 (quintet, 4 H, OCH,), and 
6.57-7.53 (m, 5 H,  Ph). 

Prepavation of Diethyl 1-Anilino-1-methylethylphosphonate 
(47) .-To a solution of a diethyl N-phenylphosphoraniidate 
anion (0.01 mol) in dry benzene (50 ml) was added dry 
acetone (7.0 g, 0.12 mol) and the reaction mixture was then 
heated in a sealed tube a t  90 "C for 3 h. After removal of 
diethyl sodiophosphate by filtration, the filtrate was con- 
centrated in vacuo to give N-isopropylideneaniline (12.5 g, 
90%) as a viscous liquid, v,,,. (neat) 1 660 cm-l (C=N); 6 
1.80 (s, 3 H, Me), 2.17 (s ,  3 H, Me), and 6.60-7.50 (m, 5 H, 
Ph). The phosphonate (47) was prepared in the same way 
as (39), from diethyl phosphite (12.42 g, 0.09 mol) and the 
isopropylideneaniline (12.50 g, 0.09 mol) obtained above. 
The yield of (47) was 19.50 g (80%) (after recrystallization 
from ethanol), m.p. 81-82 "C; vmax. 3 320 cm-l (NH); 6 
1.30 (t, 6 H,  Me), 1.47 (d, 6 H ,  Me), 3.57 (br, 1 H, NH), 4.10 
(quintet, 4 H, CH,), and 6.80-7.40 (m, 5 H, Ph). 

Preparation of an l-Anilinocyclohexylphosphonate A mino- 
anion (40).-To dispersed sodium hydride (0.02 mol) in dry 
benzene (or T H F  or DMF) (40 ml) was added dropwise the 
phosphonate (39) (6.22 g, 0.02 mol) in benzene (40 ml) (or 
THF or DMF). The mixture was gradually heated to 65 "C, 
stirred for 0.5 h a t  this temperature and cooled to room 
temperature. 

Reactions of the Anion (40) with Aldehydes (2) .-Reaction 
with 4-chlorobenzaldehyde (2b). To a solution of the anion 
(40) (0.02 mol) in T H F  in a sealed tube was added (2b) 
(5.62 g, 0.04 mol), and the mixture was heated for 7 h a t  
130 "C under nitrogen. The reaction mixture was con- 
centrated in vacuo to one-third of its original volume, poured 
into ether (200 ml), washed with a saturated aqueous NH,C1 
solution, and dried over Na,SO,. After evaporation of the 
solvent, the residue was chromatographed on silica gel using 
hexane and hexane-benzene as eluants. The first fraction 
gave a mixture of trans- (41b) and cis-4,4'-dichlorostilbene 
epoxide (42b). Pure samples of individual (41b) (2.55 g, 
48%) and (42b) (1.86 g, 35%) were isolated by repeated 
fractional recrystallizations of the mixture from hexane- 
ethanol. Compound (41b) had m.p. 120-122 "C (lit.,8 m.p. 
123-124 "C); 6 3.80 (s, 2 H, CH) and 7.28 ( s ,  8 H, aromatic- 

* The protons are labelled as follows: 
Me 0 

Me-CHa2-C-CHb2-C,-CHc2-Me 

O=P(OCHd,-Me) a 

I II 

I 

H ) ;  m/e 264 (M+)  (Found: C, 63.61; H, 3.79. Calc. for 
C,,H,,OCl,: C, G3.42; H, 3.80). Compound (42b) had 
m.p. 93-95 "C; 6 4.32 ( s ,  2 H,  CH) and 7.10 (s, 8 H ) ;  m/e 
264 (M+)  (Found: C, 63.52; H, 3.62%). The second 
fraction yielded N-cyclohexylideneaniline (44) (2.80 g, 81 yo) 
and 4,4'-dichlorodibenzyl ether (43b) (0.53 g, lo%), m.p. 
50-51 "C; 6 4.50 (s, 4 H ,  OCH,) and 7.32 (s, 8 H, aromatic- 
H); m/e 266 ( A f t ) .  The reaction was investigated under 
various conditions and the results are shown in Table 2. 

The reaction was carried 
out in a similar manner. After a similar work-up, the stil- 
bene epoxides (41a and 42a) and the dibenzyl ethers (43a) 
and (44) were obtained by chromatography of the residue 
(Table 2). Although isolation of pure samples of individual 
(41a) and (42a) was not attempted, their structural assign- 
ments were made by coniparison of the n.m.r. spectrum of 
the mixture with those l 9  of authentic (41a) and (42a). 
Compound (43a) had b.p. 103-105 "C at 1 ininHg (lit.,20, 
b.p. 295 "C a t  760 mmHg); 6 4.51 ( s ,  4 H) and 7.30 (s, 10 H) ;  
m/e 198 ( A f t ) .  

The reaction was 
carried out similarly for 2 h at 80 "C using (2e) (3.02 g, 
0.02 mol) and the anion (40) (0.01 mol) in benzene. After a 
similar work-up, the residue was recrystallized from ethanol- 
acetonitrile to give 1.30 g (48%) of 4,4'-dinitrostilbene (3e), 
n1.p. 285-288 "C (lit.,21 m.p. 285-288 "C) ; v,,,. 1 600, 
1 595, 1 510, and 1505 cm-l; 6 ([2H,]DMSO) 7.70 (s, 2 H,  
=CH) and 7.83-8.35 (9, 8 FI, aromatic H ) ;  m/e 270 (M+) 
(Found: C, 61.97; H, 3.53; N, 10.10. Calc. for C,,Hl,N,- 
0,: C, 62.22; H, 3.70; N, 10.37%). The aqueous layer 
was acidified with dilute hydrochloric acid and extracted 
with chloroform. The organic layer was dried over Na,- 
SO, and concentrated in vacuo to yield 1.64 g (43%) of 
4-nitrobenzoic acid. 

Reaction of Fluorenone (8) with (40).-To a solution of the 
anion (40) (15 mniol) in benzene (70 ml) was added (8) 
(5.40 g, 30 mmol) and the mixture was heated for 8 h a t  80 "C 
under nitrogen. After a similar work-up, the residue was 
recrystallized from benzene-ethanol to give 1.60 g of (lo), 
which was the same as with the product (10) obtained from 
the reaction of (8) with (1). The filtrate was chromato- 
graphed on silica gel using hexane and hexane-benzene as 
eluants. The first fraction provided 1.23 g (25%) of 9,9'- 
bifluorenylidene (9). The second fraction gave a mixture 
of (10) (0.28 g) and recovered (8) (1.24 g, 240/,). The com- 
bined yield of (10) was 1.88 g (33%). 

Reaction of Fluorenone (8) with a 1-Anilino- l-methylethyl- 
phosphonate A mino-anion (48) .-The amino-anion (48) was 
prepared in the same way as (40), from (47) and an equiva- 
lent amount of NaH. The reaction of (8) (5.40 g, 30 mmol) 
with (48) (15 mmol) was carried out under the same condi- 
tions as above. After similar treatment, (9) and (10) were 
obtained in 0.89 g (18%) and 1.79 g (48%) yields, together 
with recovered starting material (1.07 g, 20%). 

Reaction with benzaldehyde (2a). 

Reaction with 4-nitvobenzaldehyde (2e). 
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