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Treatment of triphenylphosphineacetylmethylene (3) with 1.2 equiv of n-butyllithium in THF-hexane at -78' 
resulted in abstraction of a methyl proton to form the ylide anion, lithiotriphenylphosphineacetylmethylene (4, M 
= Li). Reactions of 4 with several alkyl halides, aldehydes, saturated and a,@-unsaturated ketones, and benzoate 
esters occurred at the terminal carbanion site to afford @-ketophosphonium ylides 9, 6-hydroxy-@-keto ylides 14, 
and the @,&diketo ylide 17, respectively. Sequential treatment of 4 with n-butyl iodide and benzaldehyde or with 
ally1 bromide and 3,4-dichlorobenzaldehyde gave 1-phenyl-1-octen-3-one (13a) and 1-(3,4-dichloropheny1)-1,6- 
heptadien-3-one (13b), respectively, Reaction of 4 with o-phthaldehyde afforded 4,5-benzotropone (16). Triphen- 
ylphosphine(3-phenylpropanoy1)methylene (9a) was converted into ylide anion 10 by means of n-butyllithium as 
shown by alkylation with benzyl chloride and allyl bromide to give triphenylphosphine(2-benzyl-3-phenylpropa- 
noy1)methylene ( 1  la) and triphenylphosphine(2-allyl-3-phenylpropanoyl)methylene ( 1  lb).  Attempted formation 
of 4 (M = K) by means of potassium amide in liquid ammonia lead to cleavage of 3 with formation of diphenyl- 
acetonylphosphine oxide ( 5 )  and diphenylphosphinic amide (6). 

The  synthetic utility of 1,3-dicarbanions2 of type 1 where 
A may be a k e t ~ n e , ~ ~ - ~  aldehyde,48-c or e ~ t e r ~ ~ - ~  group, and 
A' is a ketone function, was discovered and exploited by 

A-CH-A'-CH, A-CHL-A'-CH,R 
1 2 

Hauser and his co-workers.2,6 T h e  major preparative value 
of these intermediates lies in the  fact t ha t  they undergo re- 
giospecific reactions with electrophilic reagents a t  the  more 
nucleophilic carbanion site to form compounds of type 2, 
where R corresponds to  the moiety furnished by the  elec- 
trophile. When we began the present study, dianions of 
type 1 had been used primarily to  elaborate the structure 
of their precursors, e.g., in the  synthesis of new 0-diketones 
from various 0-diketone d i a n i ~ n s . ~ - ~  It occurred t o  us that  
t he  synthetic utility of intermediates of type 1 might be ex- 
panded in an interesting new direction if activating group 
A could be easily removed or altered in several ways after 
introduction of appropriate R groups adjacent to  A'. Thus,  
A would act as a control element7 and its subsequent re- 
placement could give rise to  compounds differing signifi- 
cantly from the original dianion precursor.8 

T h e  ability of the triphenylphosphonium function to sta- 
bilize an  adjacent carbanion center, its propensity toward 
cleavageg and participation in carbonyl olefination reac- 
t i o n ~ , ~ J ~  and the  fact that  no compounds possessing a 
phosphorus containing activating function had been con- 
verted to  1,S-dianions, prompted us t o  test  the  above hy- 
pothesis with triphenylphosphipeacetylmethylenell (3) as  
the  precursor to  ylide anion 4. T h e  present paper repre- 

(C,B, )  ,PCIICOCHI - [IC,H-),&HCOCH2]M+ 

- - electrophiles 

+- 

3 4 

sents an expanded account of our preliminary findings12 
concerning the chemistry of lithiotriphenylphosphine- 
acetylmethylene (4, M = Li). Following our communica- 
tion, Cooke13 reported on the alkylation of 4 and hydrolysis 
of the resulting @-keto phosphonium ylides to  afford meth- 
yl ketones in good yields. Cooke and Goswami14 also used 
an ylide dianion related to  4 in the synthesis of an eight- 
membered-ring diketo ylide. Grieco and Pogonowski have 
recently made elegant use of dianions containing an ex- 
pendable activating-control unit in cases involving 1,3-di- 
anions of P-keto p h o s p h ~ n a t e s l ~ ~ - ~  and 0-keto sulfoxi- 
des.16a-b Kuwajima and Iwasawa17 have also investigated 
the chemistry of dianions derived from 0-keto sulfoxides. 

Results and Discussion 
Initially, formation of ylide anion 4 (M = K) from 3 was 

attempted using potassium amide in liquid ammonia. How- 
ever, we were unable to  obtain evidence for the desired pro- 
ton abstraction. Instead, reaction of 3 with 2 equiv of po- 
tassium amide in liquid ammonia followed by benzyl chlo- 
ride afforded a 57% yield of acetonyldiphenylphosphine 
oxide ( 5 )  and none of the expected benzyl derivative 9a. 

0 0 
K H S  II II 

3 - (C,H,),PCH,COCH, + (C,,H,)zPNH: 
5 6 

This reaction was repeated several times using potassium 
amide, bu t  no benzyl chloride. In each case 5 was again pro- 
duced, along with varying amounts of diphenylphosphinic 
amide (6) .  Apparently amide ion preferentially attacks the 
electrophilic phosphorus of 3 to form a pentavalent inter- 
mediate such as 7, which then decomposes with loss of ben- 
zene to  form iminophosphorane anion 8. This series of 
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Table I 
Reactions of Lithiotriphenylphosphineacetylmethylene (4 )  

Registry % 
Electrophile no. Product (no.) Mp, "C yield 

C,H,CH,Cl 
C,H,CH,Br 
CH,=CHCH,Br 
C,H,CH,Cl, C,H, CH, Cl 
C,H,CH,Cl, CH,=CHCH,Br 
Br( CH,),Br 
CH,CHO 
C,H,CHO 

C,H,COCH, 
CH,COCH, 

(C6H5 )Zco 

A 
6 
C,H,CH=CHCOC,H, 
C,H,COOC,H, 
C,H,COOCH, 

100-44 -7 
100-39-0 
1 0 6-9 6-7 

109-64-8 
75-07-0 

100-5 2-7 
11 9-61-9 
98-86-2 
67-64-1 

120-92-3 

930-58-7 

94-41-7 
93-99-2 
93-58-3 

(c,H, ) ,~HCOCH,CH,C,H,  (9a)  
(c,H, ),&HCOCH,CH,C,H, ( s a )  
(C6H,),~6HCOCH,CH,CH=CH, (9b)  
(c,H,),~CHCOCH(CH,C,H,), ( 1 l a )  
(C,H,),@HCOCH(CH,CH=CH,)(CH,C,H,) ( l l b )  

(C,H, ),y$HCOCH,CH( OH)CH, (14a) 
(C,H, ),PCHCOCH,CH( OH)C,H, (14b) 

(C,H, ),PCHCOCH,C( OH)( CH,)C,H, (14d) 
(C,H,),kHCOCH,C(OH)(CH,), (14e) 

(c,H, ),!_CHCO(CH, ) S ~ ~ C ~ I f ( ~ 6 ~ 5 ) 3  (12) 

(c,H, ),~_CHCOCH,C(OH)(C,H,  ), ( i4c)  

OH 

(c,H, ),;CHCOCH, Ja 
(c,H, ),~GHcocH,--JO (14g) 

(c,H, &HCOCH,COC,H, (17)  
(C,H,),~%HCOCH,COC,H, (17)  

OH 

(C,H,),kHCOCH,C(OH)(C,H,)CH=CHC,H, (14h)  

1 4 7.5 - 1 4 9 ,5 
14 9 -1 5 1 a, b 

94-96.5C 
177-117.5d 
12T.5-130e 
200-207d 
160-161d 
163d 
180-1821 
187-187.5d 
18 5-187d 

47 
44 
52 
37 
50 
59 
43  
50 
81 
66 
63 

154-155d 59 

124-126d 52 

148-15Od 63  
158-160a 58 
158-1 600 60 

a Recrystallized from ethyl acetate-hexane. b Lit.g mp 148-1 50". C Recrystallized from hexane. d Recrystallized from 
ethyl acetate. e Recrystallized from benzene-petroleum ether. f Recrystallized from acetone. 

HN 0- * I1 I 
HN-H 0- 

Id I 

8 

7 

steps is analogous to  the mechanisms for decomposition of 
phosphonium salts by organolithium reagentsls and hy- 
drolysis of phosphonium salts and ~ 1 i d e s . l ~  In the case of 
basic hydrolysis of 0-keto phosphonium ylides, the leaving 
group is normally the relatively stable enolate ion derived 
from the carbonyl portion of the y 1 i d e . l ' ~ ~ ~  Under the 
present conditions, loss of phenyl anion from 7 may be fa- 
vored since expulsion of the acetonyl moiety would require 
its departure as a dianion. Formation of 5 and/or 6 could 
then arise from protonation and hydrolysis of 8 during 
work-up.20 Thus,  hydrolytic loss of ammonia from proton- 
a ted 8 would give phosphine oxide 5, while competitive loss 
of acetone from the same intermediate could yield amide 6. 
Attempts to  isolate an intermediate corresponding to  8 by 
omitting the final hydrolysis step were unsuccessful. How- 
ever, benzene was shown to  be formed in these experi- 
ments, thereby lending support to  the proposed mechanism 
for formation of 5 and 6. 

Formation of ylide anion 4 (M = Li) proceeded smoothly 
and without appreciable nucleophilic attack a t  phosphorus 
when 3 was treated with 1.2 equiv of n-butyllithium in 
THF-hexane a t  -78°.21 Initial evidence for the formation 
of 4 was obtained by quenching with deuterium oxide fol- 
lowed by l H  NMR analysis, which revealed incorporation 
of 0.9 deuterium atom a t  the methyl group of recovered 3. 

Alkylation of 4 with benzyl chloride, benzyl bromide, and 
allyl bromide afforded 6-keto ylides 9a,b (Table I). Sur- 
prisingly, 4 failed to undergo C-alkylation with trimethyl- 

chlorosilane, and methyl iodide functioned poorly as an al- 
kylating agent, In our preliminary account of this work we 
reported tha t  alkylations of 4 were best carried out a t  
-68'. Subsequent examinations of these reactions by us 
and others13 have revealed tha t  alkylations occur satisfac- 
torily a t  temperatures from -78 t o  0' depending on the re- 
activity of the halide. Since Cooke13 had thoroughly inves- 
tigated the alkylations of 4 with primary and secondary ha- 
lides, we did not a t tempt  to  extend this line of investiga- 
tion or optimize our yields of 9a,b. However, we found tha t  
9a could be converted into secondary ylide anion 10 by 
means of n-butyllithium, and tha t  10 underwent alkylation 
with benzyl chloride and allyl bromide to  give disubsti- 
tuted ylides l la and l l b  in yields of 37 and 50%, respec- 
tively. This procedure could presumably be carried through 

[ (C6H,),PCHCOCHCH2C6Hb]Li+ -+ 
RX +- 

10 

(C6H,),~CHcoCH(R,CH,C6H, 
11 

a hydrolysis step13 to yield various methyl secondary alkyl 
ketones. Attempts to alkylate l la  via its ylide anion were 
unsuccessful. 

Reaction of 4 (2  equiv) with 1 equiv of 1,3-dibromopro- 
pane gave bis ylide 12 in 59% yield, Alkylations of 4 could 
also be followed by Wittig-type reactions without exten- 
sively purifying the initial alkylation products. Thus,  treat- 
ment of 4 with butyl iodide followed by benzaldehyde gave 
13a (63%). Similarly, the combination of allyl bromide and 

(CsHb)a&HCO(CHn)5COCHP(C,H,), ArCH=CHCOCH,R 
- +  

12 13a, Ar = C6H5; R = nC,H, 
b, Ar = 3.4-C12C6HI; 

R = CH,=CHCH, 
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3,4-dichlorobenzaldehyde afforded 13b (59%). This  reac- 
tion sequence provides a convenient method for the  syn- 
thesis of a$-unsaturated ketones of type 13 within the  lim- 
itations associated with alkylations of 4.13 

Next, we examined the  reactions of 4 (M = Li) with a se- 
ries of aldehydes and ketones. In  all instances involving 
both aliphatic and aromatic aldehydes and  ketones, con- 
densations occurred exclusively at the terminal carbanion 
site of 4 t o  form 14a-h. No evidence for Wittig products 

OH 
+ -  I 

4 + €EIR,C=O -+ (C,H,),PCHCOCH,CR,R, 

was obtained in  any of the  cases examined. T h e  results of 
these experiments are presented in Table I. Structural as- 
signments were verified by analytical and lH N M R  data  
(Table 11). In particular t h e  methyl signal of 3, which ap- 
peared at 2.06 ppm, was replaced by a resonance for t h e  
methylene protons adjacent t o  the  carbonyl group of 14a- 
h. T h e  diastereotopic methylene and t h e  methinyl protons 
of 14a and 14b appeared as ABX patterns while t h e  meth-  
ylene protons of 14d, 14g, and 14h gave rise t o  AB patterns 
(Table 11). 

Reaction of ylide anion 4 with the  a$-unsaturated ke- 
tones, 2-cyclohexenone and chalcone, gave predominantly 
1,2-addition products, 14g and 14h. Several a t tempts  were 
made t o  increase t h e  amount  of conjugate addition with 2- 
cyclohexenone by converting 4 into the cuprate derivative 
1522 using cuprous cuprous tert- b u t ~ x i d e , ~ * a , ~  and 

14 

+- - 
[ (CGH,),PCHCOCH2]2CuLi 

15 

cuprous cyanide.25 In each instance 1,2 addition still pre- 
dominated. At this point we cannot be certain whether 15 
was actually formed and  added t o  t h e  carbonyl of the un- 
saturated ketone, or if t h e  cuprous reagents employed 
failed t o  satisEactorily convert 4 into 15. 

Reaction off 4 with o-phthalaldehyde afforded directly 
4,Ei-benzotropone (16) in 49% yield. This  one-step proce- 

4 + aCHO - D o  
CHO 

16 

dure compares favorably with more complex previous 
methods26 for the  preparation of 16, and could conceivably 
be used for the  synthesis of 2-alkyl-4,5-benzotropones from 
ylide anions such as 10. 

Acylation olf 4 was accomplished with methyl benzoate 
and phenyl benzoate to give diketo ylide 17 (Table I). The 
lH NMR spectrum of this compound, which was consistent 
with the assigned structure, revealed that 17 existed as ca. 
50% of one or more 6-dicarbonyl enol tautomers in CDCl3. 

In  summary, ylide anion 4 has been found to react satis- 
factorily with a representative series of electrophilic com- 
pounds including alkyl halides, aldehydes, ketones, and 
benzoate esters. Among the  electrophiles examined we 
found that cyclohexene oxide and styrene oxide failed t o  
react with 4, even after 24 hr  at 25O. 

E x p e r i m e n t a l  Section ' 

Melting points were taken on a Thomas-Hoover capillary melt- 
ing point apparatus and are uncorrected. Elemental analyses were 
performed in this department, by T. E. Glass, using a Perkin- 
Elmer 24 Elemental Analyzer. Infrared (ir) spectra were taken on a 
Beckman IR 20A-X infrared spectrophotometer using 10% chloro- 
form solutions or liquid films. Proton magnetic resonance (IH 
NMR) spectra were recorded on a JEOL JHM-PS-100 spectrome- 

Table I1 
'H NMR Absorptions of Products Obtained from 
Lithiotriphenylphosphineacetylmethylene (4  )p 

~~ 

Types of hydrogen and chemical shifts, 6 
Product - 

no, Aromatic -6CH- -CH,- Other 

9a 7 . 4 4 ( m )  
'9b 7.52 (m) 

l l a  7.16 ( s ) C  

7.44 (m) 
l l b  7.2 ( s ) C  

7.48 (m) 

12 7 . 5 2 ( m )  

14a  7.7 (m)  

1 4 b  7.56 (m) 

1 4 c  7.52 (m) 
14d 7.44 (m) 

14e  7.52 (m)  
14f 7.56 (m) 
14g 7.64 (m) 

1 4 h  7 . 4 6 ( m )  

17 7.8 (m) 
8.52 (9) 

3.64 (d,  broad) 
3.80 (s, broad) 

3.36 (s, broad) 

3.52 (d, broad) 

3.6 (s, broad) 

3.8 (broad) 

3.68 ( d ,  broad) 

3.72 (d,  broad) 
3.6 (s, broad) 

3.78 (d, broad) 
3.8 (s, broad) 
3.82 (d, broad) 

3.74 (d)  

4.00 (d, broad) 

2 .84(m)  
2.44 (m) 

2.86 (m) 

2.6 (m) 

2.36 (t)" 
1.68 (m)f 
2.59 (m)g 
2.32 (m)g 
2.79 (m)i  
2.65 (m)i 
3.28 ( 6 )  
2.99i 
2.71i 
2.46 (s) 
2.6 (s) 
2.571 
2.491 
3.060 
2.980 
4.14 (d)  

5.96 (m)" 
5.04 ( t ) b  
2.86 (m)d  

5.92 (m)" 
5.02 ( t )b  
2.6 (m)d 

4.2 (m)  
1.2 (d)h 
5.1 (m)  

1.48 (s)h 

1.24 (s)h 
1.74 (m)k 
1.92 (m)" 

6.72 (q)" 

6.11 ( s ) a  

5.78 ( s ) f l  

aCH=C. b CH,=C.  cCH,C,H,. dMethine proton. 
e -COCH,-. f-(CH,),-. g Calculated values for AB protons 
of a n  ABX system with JAB = 15,  JAX = 9.43, and JBX = 
2.57 Hz. h-CH,. icalculated values for AB protons of an 
ABX system with JAB = 15, JAX = 11.57, and J E X  = 3.43 
Hz. jcalculated values for  an AB system with JAB = 1 4  Hz. 
k Cyclopentyl group. 1 Calculated chemical shift values for 
a n  AB system with JAB = 1 4  Hz. m Methylene protons of 
the cyclohexenyl group. f l  C H X H .  0 Calculated chemical 
shift values for an AB system with JAB = 14.5  Hz. P Satis- 
factory analytical data (i.0.4% for C, H) for all compounds 
were submitted for  review. 

ter, using deuteriochloroform (CDC13) or deuteriodimethyl sulfox- 
ide (MezSO-ds) as solvents. Tetramethylsilane (Mersi) was used 
as internal standard. Chemical shifts were measured to the center 
of a singlet or multiplet and are given in 6 units, parts per million 
(ppm). In all IH NMR descriptions, s = singlet, d = doublet, t = 
triplet, and m = multiplet. Mass spectra were taken by F. Battrel 
using a Hitachi Perkin-Elmer RMU-7 spectrometer. Thin layer 
chromatography (TLC) was carried out using Eastman Chromato- 
gram sheets (silica gel) type 6060 with fluorescent indicator. Ace- 
tone-benzene (1:l) was generally used as the developing solvent. 
Spots were visualized with ultraviolet light. The yield of 4,5-benzo- 
tropone (16) was determined on a Varian Aerograph Model 90-P 
gas chromatograph, equipped with a 6-ft column, packed with 6.3% 
Carbowax 20M on a Gas-Chrom Z 30/60, a t  a column temperature 
of 200'. n-Butyllithium, as a 2.04 M solution in hexane, was pur- 
chased from Ventron Co., Alfa Products, Beverly, Mass. Liquid 
ammonia, obtained from the Matheson Co., E. Rutherford, N.J., 
was dried prior to use by distillation from potassium metal. Tetra- 
hydrofuran (THF) was distilled from lithium aluminum hydride 
immediately prior to use. Triphenylphosphineacetylmethylene (3) 
was prepared as described previously.ll 

Attempted Formation and Benzylation of Potassiotriphen- 
ylphosphineacetylmethylene (4, M = K). In a 500-ml three- 
necked round-bottomed flask equipped with a mechanical stirrer 
and a dry ice condenser was prepared 0.032 mol of potassium 
amide from 0.032 g-atom of potassium metal and a catalytic 
amount of Fe(N03)?9HzO in 250 ml of anhydrous liquid ammonia. 
To this amide suspension was added 5.0 g (0.016 mol) of solid tri- 
phenylphosphineacetylmethylene (3) and the reaction mixture was 
stirred for 1 hr to ensure complete dissolution of 3 and its conver- 
sion into the anticipated ylide anion. Then 5.13 g (0.045 mol) of 
benzyl chloride in 30 ml of anhydrous ether was added. The purple 
color associated with stilbene formationz7 was observed, indicating 
the presence of excess potassium amide. The reaction mixture was 
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stirred for 1 hr before neutralization with excess solid ammonium 
chloride. The liquid ammonia was evaporated and replaced with 
250 ml of anhydrous ether. The resulting suspension was poured 
over a slurry of 15 ml of 12 N HC1 and 150 g of ice and stirred until 
dissolution was complete. The ethereal layer was separated and 
the acidic aqueous solution was extracted twice with 150-ml ali- 
quots of ether. The combined ethereal fractions were dried 
(MgS04) and concentrated to leave 4.1 g of recovered benzyl chlo- 
ride. The acidic aqueous solution was then adjusted to pH 11 with 
10% aqueous potassium hydroxide and extracted three times with 
150-ml portions of chloroform. The combined chloroform extracts 
were dried (MgS04) and concentrated to give 2.4 g (57%) of ace- 
tonyldiphenylphosphine oxide (5 ) .  The analytical sample, recrys- 
tallized from benzene-heptane, had mp 127.5-129' (lit.28 127- 
129'); lH NMR (CDC13) 6 7.76 (m, 10, phenyl) 3.64 (d, 2, CHz), 
and 2.32 (s, 3, CH3); ir (CHC13) 5.84 (C=O) and 8.25 ,,i (P=O). 

A reaction similar to that described above was repeated except 
that benzyl chloride was omitted. The reaction mixture was pro- 
cessed in the same manner to afford a 42% yield of 5. 

Attempted Isolation of an Iminophosphorane Intermediate. 
Treatment of 3 (0.008 mol) with 0.016 mol of potassium amide in 
150 ml of liquid ammonia for 1 hr was followed by replacement of 
the liquid ammonia with 150 ml of anhydrous ether. This ethereal 
suspension was filtered, and the ether evaporated. The lH NMR 
spectrum of the resulting ether-soluble solid showed the presence 
of acetonyldiphenylphosphine oxide ( 5 )  along with diphenylphos- 
phinic amide (6). Recrystallization of this solid from benzene af- 
forded 0.31 g of amide 6. The solid remaining after filtering the 
ethereal suspension was digested in chloroform. The chloroform 
solution was concentrated and the resulting crude solid was recrys- 
tallized from benzene to give an additional 0.47 g of 6, bringing the 
total yield of 6 to 0.78 g (44%): mp 163.5-164.5' (lit.29a" values 
vary between 160 and 168'); 'H NMR (CDCl3) 6 7.76 (m, 10, pho- 
nyl) and 3.84 (s, 2,  "2). 

Anal. Calcd for C1zH1zNOP: C, 66.36; H, 5.57; N, 6.45. Found: C, 
66.41; H, 5.66; N, 6.56. 

General Procedure for Formation of Ylide Anion 4 (M = Li) 
and Reactions with Various Electrophiles. A 5.00-g (0.016 mol) 
sample of 3 was dissolved in 300 ml of anhydrous THF under a ni- 
trogen atmosphere. The solution was cooled by means of a dry ice- 
acetone bath and then 9.23 ml (0.019 mol) of n-butyllithium in 
hexane was added. The red-brown ylide anion solution was stirred 
for 20 min before addition of 0.019 mol of the appropriate electro- 
phile as a solution in anhydrous THF. The reaction mixture was 
stirred for 1 hr at  -78' and then allowed to warm to room temper- 
ature. The dark ylide anion color was discharged either at -78O or 
during the warm-up period. The resulting orange-yellow solution 
was poured into 300 ml of water-ether (2:l) and stirred for 5 min. 
The ethereal layer was separated and the basic aqueous solution 
was extracted three times with 150-ml portions of chloroform. All 
the ethereal and chloroform extracts were combined, washed with 
10% aqueous sodium chloride, dried (MgSOd), and concentrated to 
give usually an oil, which solidified upon standing or when tritu- 
rated with ether or ether-hexane. The crude products were recrys- 
tallized from appropriate solvents (Table I). 

Reaction of 4 (0.019 mol) with 0.02 mol of methyl iodide pro- 
duced 6.71 g of light yellow solid, mp 165-209'. Several recrystalli- 
zations afforded 6.0 g of solid consisting of starting ylide 3, the de- 
sired C-methylated ylide, and 0-methylated phosphonium iodide 
as evidenced by lH NMR spectroscopy. 

Treatment of 4 (0.019 mol) with 0.02-0.04 mol of trimethylchlo- 
rosilane failed to discharge the ylide anion color after 2 hr at 25'. 
When the reaction employing the lesser amount of silyl halide was 
processed, ylide 3 was recovered in 64% yield. When 0.04 mol of 
halide was used, there was isolated 48% of acetonyltriphenylphos- 
phonium chloride, mp 234-237' (lit." 237-238'). The 'H NMR 
spectrum of this material was identical with that of an authentic 
sample. 

Formation and alkylation of ylide anion 10 was carried out in a 
manner essentially identical with that described for 4. 

In the reactions of 4 with 2-cyclohexenone and chalcone, lH 
NMR analysis of the crude product mixtures indicated that only 
minor amounts (<IO%) of conjugate addition products may have 
been present. 

Attempts to convert 4 into cuprate derivative 15 were carried 
out by first preparing 7 mmol of 4 in 150 ml of THF and then add- 
ing 7 mmol of cuprous iodide, cuprous t e r t - b u t o ~ i d e , 2 ~ ~ ? ~  or cu- 
prous cyanide at  -78'. After 2-4 hr a 7-mmol sample of 2-cyclo- 
hexone was added via syringe and the reaction allowed to warm to 
25' and stir for 2 hr. The reaction mixtures were processed as 

above and the crude products analyzed by TLC and lH NMR. In 
each case the major product was the 1,2 adduct 14g. 

Elemental analyses and 'H NMR spectra of all products (Table 
11) were consistent with the assigned structures. 

1-Phenyl-1-octen-3-one (13a) and 1-(3,4-Dichlorophenyl)- 
1,6-heptadien-3-one (13b). Ylide anion 4 (0.016 mol) was alkyl- 
ated as described above with 3.88 g (0.021 mol) of n-butyl iodide to 
give, after concentration of the organic extracts, 6.0 g (98%) of 
crude triphenylphosphinehexanoylmethylene as an oil: 'H NMR 
(CDC13) 6 7.60 (m, 15, phenyl), 3.80 (d, 1, -P+C-H-) and 1.60 (m, 
11, n-C5H11). A 3.8-g (0.010 mol) sample of this crude product and 
1.06 g (0.010 mol) of benzaldehyde in 30 ml of MezSO was stirred 
at  50-55' (oil bath) for 19 hr under a nitrogen atmosphere. After 
cooling, the reaction mixture was poured into 150 ml of cold water 
and a white solid separated. To this suspension was added 100 ml 
of hexane, the mixture was stirred for 10 min, and undissolved 
solid was collected by suction filtration. Recrystallization of this 
solid from acetone-heptane gave 1.42 g of triphenylphosphine 
oxide. The hexane layer was separated and the aqueous solution 
extracted once with 100 ml of hexane. The combined hexane ex- 
tracts were dried (MgS04) and concentrated to give a red oil which 
was vacuum distilled at 145-150' (0.55 mm) to give a yellow distil- 
late which partially crystallized. This semisolid was recrystallized 
from methanol-water to give 1.28 g (63% based on 4) of predomi- 
nantly trans-1-phenyl-1-octen-3-one (13a): mp 44.5-46.5' (lit.30 
47'); 'H NMR (CDC13) 6 7.45 (m, 6, =CHCoH5), 6.70 (d, 1, 
=CHCO, Jtrans = 16 Hz), 2.64 (t, 2, COCHZ), 1.45 [m, 6, -(CH&-], 
and 0.91 (t, 3, CH3); ir (CHC13) 5.93 (s-cis C=O), 6.05 (s-trans 
C=O), and 6.19 ,,i (conjugated C=C). 

Alkylation of 4 (0.032 mol) with 0.036 mol of allyl bromide pro- 
duced, after concentration of the organic extracts, a quantitative 
yield of crude triphenylphosphine(4-pentenoy1)methylene (9b) as 
a light brown oil. A solution of 7.38 g (0.020 mol) of this crude 
product and 3.50 g (0.020 mol) of 3,4-dichlorobenzaldehyde in 35 
ml of MezSO was stirred at  55' for 18 hr under a nitrogen atmo- 
sphere. Following the same procedure as described above, 2.79 g of 
triphenylphosphine oxide was isolated. The original hexane layer 
was separated, and the aqueous solution was then extracted four 
times with 100-ml aliquots of ether. The combined organic extracts 
were dried (MgS04) and concentrated to give 5.34 g of yellow oil, 
which was vacuum distilled a t  145-150' (0.15 mm) to give 3.03 g 
(59% based on 4) of predominantly trans- 1-(3,4-dichlorophenyl)-l,- 
6-heptadien-3-one (13b). The lH NMR spectra of this material in- 
dicated the presence of ca. 10% of triphenylphosphine oxide as a 
contaminant: 'H NMR (CDC13) 6 7.50 (m, 6.55, =CHC&I5), 6.70 
(d, 1, C=CHCO, Jt,,,, = 16 Hz), 5.90 (m, 1, =CH), 5.10 (m, 2, 
C=CHz), and 2.6 (m, 4, -CHzCHz-); ir (neat), 5.90 (s-cis C=O), 
6.00 (s-trans C=O), and 6.19 ,,i (conjugated C=C). 

4,5-Bemzotropone (16). A solution of 0.008 mol of 4 was pre- 
pared as described above and a solution of 1.23 g (0.009 mol) of o- 
phthalaldehyde in THF was added. The reaction mixture was 
stirred for 1 hr at  -78', then allowed to warm to room tempera- 
ture. The resulting dark orange solution was poured into 150 ml of 
water-ether (2:l) and stirred. The organic phase was separated 
and the aqueous solution was extracted twice with 75-ml portions 
of chloroform. The organic extracts were combined, washed with 
10% aqueous sodium chloride, dried (MgS04), and concentrated to 
give a dark yellow oil. TLC analysis [acetone-benzene (1:1)] of the 
reaction mixture indicated the presence of four products. The 
presence of triphenylphosphine oxide, o-phthalaldehyde, and 
phthalic acid was detected by comparison of their R/ values with 
those of authentic samples. The reaction mixture was chromato- 
graphed on silica gel to afford 0.12 g of pure 4,5-benzotropone: mp 
66-67O (lit.3l 65-66'); 'H NMR (CDC13) 6 7.66 (m, 4, phenyl), 7.44 
(d, 2, Hz and H7), and 6.7 (d, 2, H3 and He). 

Anal. Calcd for CllHs0: C, 84.59; H, 5.16. Found: C, 84.63; H, 
5.15. 

The above reaction was repeated and the yield of 4,5-benzotro- 
pone in the resulting crude product mixture was shown to be 49% 
by VPC using chalcone as the internal standard. 

Registry No.-3 charged form, 29942-64-1; 3 uncharged form, 
1439-36-7; 4 (M = Li) charged form, 38938-34-0; 4 (M = Li) un- 
charged form, 38938-46-4; 5, 1733-52-4; 6, 5994-87-6; 9a charged 
form, 57362-41-1; 9a uncharged form, 16640-69-0; 9b charged 
form, 38938-47-5; 9b uncharged form, 38938-35-1; 1 l a  charged 
form, 57362-42-2; l l a  uncharged form, 57362-43-3; 1 l b  charged 
form, 57362-44-4; 1 l b  uncharged form, 57362-45-5; 12 charged 
form, 57362-46-6; 12 uncharged form, 57362-47-7; 13a, 29478-39-5; 
13b, 57362-48-8; 14a charged form, 57362-49-9; 14a uncharged 
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form, 57362-50.2; 14b charged form, 57362-51-3; 14b uncharged 
form, 57362-52-4; 14c charged form, 38938-48-6; 14c uncharged 
form, 38938-36-2; 14d charged form, 57362-53-5; 14d uncharged 
form, 57362-54-6; 14e charged form, 57362-55-7; 14e uncharged 
form, 57362-56-8; 14f charged form, 57362-57-9; 14f uncharged 
form, 57362-58-0; 14g charged form, 57362-59-1; 14g uncharged 
form, 57362-60-4; 14h charged form, 57362-61-5; 14h uncharged 
form, 57362-62.6; 16, 4443-91-8; 17 charged form, 57362-63-7; 17 
uncharged form, 57362-64-8; potassium amide, 17242-52-3; n-bu- 
tyllithium, 109-72-8; methyl iodide, 74-88-4; trimethylchlorosilane, 
75-77-4; n-butyl iodide, 542-69-8; trihhenylphosphinehexanoyl- 
methylene charged form, 57362-65-9; triphenylphosphinehexa- 
noylmethylene uncharged form, 33803-58-6; o-phthalaldehyde, 
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The products of the gas-phase reactions of ground state (3P) oxygen atoms with methyl vinyl ether, ethyl vinyl 
ethler, 2-methoxypropene, l-methoxy-2-methylpropene, 2,3-dihydrofuran, and dihydropyran are reported, The 
oxygen atoms were generated by the mercury photosensitized decomposition of nitrous oxide. The reactions pro- 
duced alkoxyoxiranes, or-alkoxycarbonyl compounds, esters, and fragmentation products. Novel alkoxy radical re- 
arrangements and a reinvestigation of the acid-catalyzed reaction between 3-hydroxy-3-methyl-2-butanone and 
methanol are reported. 

T h e  reactions of atomic oxygen are of continuing interest 
because of their application t o  mechanisms of photochemi- 
cal air pollution,2 upper atmosphere ~ h e m i s t r y , ~  and com- 
bustion. Oxygen atom reactions have also been applied t o  
the synthesis of new or labile organic compounds. For ex- 
ample, 3-butenal is produced by reaction of 1,3-butadiene 
with oxygen ("P) atoms.* 

Ground state (3P) oxygen atoms react with olefins of for- 
mula C,Hzn to produce epoxides, aldehydes, and ketones 
of formula CnHznO. Cvetanovic5 has proposed tha t  O(3P) 
atoms add t o  olefins t o  form short-lived carbon-oxygen 
1,3-biradicals. These biradicals can either close t o  epoxides 
or rearrange to  aldehyde and ketones. T h e  1,2 migration of 
a hydrogen atom is intramolecular, bu t  alkyl groups be- 
come a t  least partially detached during rearrangement. 
T h e  rearrangement of hydrogen atoms and alkyl radicals in 

1,3-biradicals is significant, because these groups do not 
commonly migrate in monoradical systems. 

It was expected tha t  reaction of atomic oxygen with enol 
ethers would produce enol ether epoxides (or alkoxyox- 
iranes). Four methods have been applied t o  the synthesis of 
simple enol ether epoxides: (a) reaction of diazomethane 
with esters,6 (b) epoxidation of enol ethers with per acid^,^^^ 
(c) reaction of a-halocarbonyl compounds with sodium 
m e t h ~ x i d e , ~  and (d)  base-induced ring closure of alkoxy- 
substituted chlorohydrins.1° Each of these alkoxyoxirane 
syntheses has disadvantages. 

Reaction Conditions. In this study, conditions for the 
gas-phase production and reaction of atomic oxygen were 
derived from the pioneering work of Cvetanovic and co- 
w o r k e r ~ . ~  Ground state (3P) oxygen atoms were produced 
by the mercury photosensitized decomposition of nitrous 


