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Three alternate synthetic schemes for the preparation of ethyl 3,S,ll-trimethyl-2,4-dodecadienoate are de- 
scribed. Methods are discussed for the conversion of the 4 2  to the 4E isomers and the thermodynamic equilibri- 
um was established for the isomers. A study was made of both the direct and the sensitized photochemical Z-E 
isomerization of the 2E, 4E and the 22,4E isomers. The Rose Bengal sensitized photooxygenation of the 2E, 4E 
isomer 1 gave the 3-hydroxy-2-pyrone 19. 

In related  paper^^,^ we have discussed synthetic meth- 
ods for the preparation of each of the four stereoisomers of 
the alkyl 3,7,11-trimethy1-2,4-dode~adienoates,~ a class of 
insect growth regulators in which the 2E, 4E isomers (e.g., 
1) have potent juvenile hormone a ~ t i v i t y . ~ , ~  In the preced- 
ing paper3 we described a general stereoselective route to 
these compounds. The present paper describes three of the 
other synthetic routes which we have investigated for the 
preparation of 1. 

1 bOR 
2a, R = E t  
b, R = H  

Method I. The cbndensation of a conjugated ketone such 
as 4 with an acetic acid derived reagent was one potential 
route to 1. Reaction of the aldehyde 3 with the anion of di- 
ethyl 2-oxopropylphosphonate gave 4 in high yield with 
nearly exclusive E stereochemistry. Treatment of 4 with 
the dilithium salt of acetic acid6 gave, after protonation, 
the hydroxy acid 51, which could be esterified to 5c (cf. Re- 
formatsky reaction7) (Scheme I). Dehydration of 5c with 
either phosphoryl chloride in pyridine7a or phosphorus 
pentoxide7c in benzene gave a mixture of 1 and 2a, as well 
as variable amounts (ca.  40%) of isomers (presumably 3,5- 
dienes 16; and perhaps some 4,6-dienes) in which the ester 
was no longer conjugated with the diene system (cf. ref 7). 
Reaction of 5b with thionyl chloride or with phosphorus 
t r i ~ h l o r i d e ~ ~  gave impure 6 containing up to 50% 3,5-diene 
isomers. However, if formation of the acid chloride was car- 
ried out in the presence of the hindered tertiary amine N- 
ethyldiisopropylamine,8 subsequent treatment with etha- 
nol gave a mixture of 1 and 2a containing <lo% of the 3,5- 
dienoate isovers. If the impure acid chloride above, pre- 
pared with thionyl chloride, was allowed to stand in the 
presence of N- ethyldiisopropylamine for 3 days before 
treatment with ethanol, a similar mixture of 1 and 2a was 
obtained (cf. ref 7b). 

Acetylation of the intermediate dilithium salt 5a gave 5d 
which was esterified with diazoethane to give 5e. Treat- 
ment of the acetoxy ester 5e with potassium t e r t -  butoxide9 
in tetrahydrofuran gave a mixture of 1 and 2a in approxi- 
mately equal amounts. Both 1 and 2a can be equilibrated 
readily with benzenethiol to a mixture containing 65% of 

Reaction of 4 with the anion of triethyl phosphonoaee- 
tate under a variety of conditions gave negligible yields of 1 

1.3 

Scheme I 

U C H O  + (EtQ)2P(0)CH,COMe 

3 p. DSfF 
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5% R' = Li; R = Li 
b, R' = H; R = Ii 
c. R' = H: R = Et 
d, R' = COMe; R = H 
e. R = COMe; R = E t  --+ 2 a  

6 

and 2a, in contrast to the result obtained with the corre- 
sponding 3-yn-2-one analog of 4.4 

Method IT. The direct condensation of esters of 3- 
methyl-2-butenoic acid (7) with aldehydes in the presence 
of alkali amides in either liquid ammonia or in ether has 
been reported to give (after hydrolysis) 3-methyl-2,4-di- 
enoic acids.1° However, the yields in our hands from such 
direct condensations with saturated aldehydes such as 3 
were very poor (cf. ref lob, c, and e). Alkylation reactions 
of the reactive metalated esters of 7 have been reported, 
with attack occurring predominately at  the a position.'] A 
recent report has also appeared on the condensation reac- 
tion of the relatively stable disalts of 7 with benzalde- 
hyde. l 2  

Dimetalation of 7 to give 8 occurred readily with lithium 
diisopropylamide in tetrahydrofuran (Scheme 11). Reaction 
of 8 with the aldehyde 3 at room temperature (or at -70') 
afforded predominantly the intermediate sa!t 9a. Protona- 
tion of the reaction mixture and esterification with l-ethyl- 
3-p-tolyltriazene gave 9b (plus some llc and 12). Acetyla- 
tion of 9b gave 9c (a mixture of diastereoisomers) which 
could be converted to the dienoic ester 10 with potassium 
ter t -  butoxide in tetrahydrofuran. Heating a solution of the 
intermediate dilithium salt 9a in tetrahydrofuran under re- 
flux gave a mix ture  containing ca. 95% of t h e  isomer Ila 
and  only ca. 5% of 9a. Acetylation of the dilithium salt 
Ila and then esterification of the recovered acetoxy acid 
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Scheme I1 
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9a, R' = Li; R = Li 
b, R' = H; R = Et 
c, R'= COMe; R = Et 

I 
OR' 

Ita, R' = Li; R = Li 
b. R ' = H : R = H  
c, R = H; R =Et  
d, R = COMe: R = Et 

12 
2b 

with diazoethane gave the acetoxy ester lld as a mixture of 
the 2 and E isomers in the ratio 9:1, respectively. Treat- 
ment of lld with potassium tert- butoxide in tetrahydrofu- 
ran, however, gave only a slow conversion to 2a (plus 1) (cf. 
ref 9 and 13a). 

Direct acidification of the disait lla gave a mixture of 
the acid 1 lb and the lactone 123 with the latter usually pre- 
dominating. The hydroxy acid 11 b lactonized readily to 12 
under mild acidic conditions. Opening the lactone 12 with 
sodium ethoxide in ethano13J3 gave a high yield of the 
22,4E acid 2b vvhich can be converted to 1.3 

It  was reported by Watanabe, e t  al. ,14 that the reaction 
of the dilithium salt of crotonic acid with ketones gave only 
the 5-hydroxy-2-enoic acids. Repetition of this work by a 
different group'j showed that in fact, under the conditions 
used by Watanabe, e t  al., a mixture of -40% cy isomer and 
6090 y isomer is obtained. Similarly it has been recently re- 
ported12 that tlhe disalts of 3-methyl-2-butenoic acid (7) 
react with benzaldehyde to give mixtures of the LY and y 
products and that the product distribution could be corre- 
lated with the nature of the two metals used to form the di- 
salt, and with the solvent. However, none of these authors 
noticed that there is an equilibrium between t h e  disalts of 
t h e  products,  and that the cy product (e .g . ,  9a) can be con- 
verted to a mixture containing mainly the y product ( p . g . ,  
lla) by further heating of the reaction mixture. Recently 
the Reformatsky reaction of alkyl y-bromocrotonates has 
been reinvestigated. It was noticed that at  0' the P-hy- 
droxy ester was obtained and that when the alkoxide corre- 
sponding to this hydroxy ester was heated, an equilibrium 
was established which upon hydrolysis gave the &hydroxy 
ester, corresponding to  the thermodynamically more stable 
zinc sait.16 

Scheme I11 
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CO2Et 
15% 22 ,42  isomer 

b, 2E, 4 2  isomer 
\PhSH 

+ 2a 

Method 111. It  has been shown by Crandall and Tin- 
de1I17 and by us1* that reaction of aliphatic propynyl alco- 
hols such as 2-methyl-3-butyn-2-01 with trialkyl orthoace- 
tates gives P-allenic ester derivatives which can be rear- 
ranged under mild alkaline conditions18 to give alkyl 5- 
methyl-2,4-hexadienoates. We have also investigated this 
reaction as a possible route to alkyl 3,7,11-trimetahyl- 
2,4-dodecadienoates such as l.lg 

Reaction of aldehyde 3 with propynyllithium in di- 
methylformamide gave 13 in 29% yield after spinning band 
distillation (Scheme 111). Treatment of 13 with triethyl or- 
thoacetate (c f .  ref 20) and a catalytic amount of propionic 
acid a t  125' under conditions of continuous ethanol remov- 
al gave the allenic ester 14 in 83% isolated yield. The rear- 
rangement of 14 to the 3-methyl-2,4-dienoate isomers was 
studied under a variety of conditions. Treatment of 14 with 
various acidic catalysts gave mixtures of 1,2a, and the 3,5- 
dienoate isomers 16 with the latter predominating.21x22 
Rearrangement of 14 with basic catalysts (Table I) general- 
ly gave mixtures of ly 2a, and the 4 2  isomers, 15a and 15bY4 
with the 4 2  isomers often predominating. Small variations 
in the basic conditions gave different ratios of 1, 2a, 15a, 
and 15b. The use of tetrahydrofuran or ethanol as the reac- 
tion solvent gave fewer by-products than did the use of di- 
methylformamide, dimethyl sulfoxide, or of dioxane. The 
allenic ester isomerized rapidly under basic conditions and 
the composition of the initially formed mixture of isomers 
did not generally change appreciably with time under the 
various conditions used. Thus addition of a catalytic 
amount of sodium ethoxide in ethanol to a solution of 14 in 
dimethylformamide gave complete reaction of the starting 
material in less than 10 min at 0" (or 2 hr at -20') and pro- 
duced a mixture of 1,2a, and 15a + 15b in the ratio ca. 45: 
20:35, respectively. Little further change in the isomer ratio 
occurred after another 15 hr of reaction time at  room tem- 
perature. 

Rearrangement of 14 with Triton B in ethanol at  room 
temperature for 2 days gave a mixture of 1 (23%), 2a (7%), 
and the 4 2  isomers (21% of 15a and 49% of 15b), in high 
yield. Further treatment of this mixture with a catalytic 
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NaOEt 
NaOEt 
NaOEt 
NaOEtc 
NaOEt 
NaOEt 
NaOEt 
NaOEt 
KO -t -Bu 
KO -t -Bu 
Triton Bd 
Triton B 
Triton B 
Triton B 
KF 

Me,N. 
D B N ~  

OCOMe" 
p -TsOH* 

HZO 
Zso4 

BF,*EtzOg 

EtOH 
EtOH 
EtOH ' 
DMF 
DMF 
DMF 
DMF 
THF 
THF 
p -Dioxane 
EtOH 
p -Dioxane 
DMSO 
DMF 
EtOH 
THF 
TH F 

CHZC1, 

EtOH 
Et20 

Table I 
Catalytic Rearrangementa of Ethyl 

3,7,1l-Trimethyl-3,4-dodecadienoate (14) __ 
7 Product ratiob 7 

Temp ' C  
Catalyst Solvent (time,' hr) ( E a t  15b) 2a 1 16 

24 (1) 35 50 15 
24 (68) 65 15 20 
50 (70) 65 15 20 

-7n m\ 
\"1 

-20 ( 2 )  

24 (3) 
24 (2) 
24 (22)" 
24 (5) 
24 (24)" 
24 (24)" 

153 (18)" 
60 (11) 
60 (190) 
60 (120) 

-15 (48) 
0 (0.25) 

40 (5) 

60 (190)" 
24 (48) 

40 15 45 
55 10 35 
35 20 45 
50 30 15 5 
55 40 5 
35 40 5 5 
65 10 25 
40 10 20 15 
30 10 20 30 
15 10 15 40 
40 35 15 10 
30 50 10 10 

15 30 55 

15 25 40 

a All rearrangements were monitored by glc analysis using n- 
docosane as an internal standard. b Duplicate runs varied by up to  
i 10% in isomer ratio. No rearrangement occurred. d CsHsCHzN- 
(Me)SOH. e About 10-20% of 14 remained unreacted under these 
conditions. f 1,5-Diazabicyclo[4.3.0]non-5-ene. g Starting material 
was partially destroyed. 

amount of benzenethio13 in the presence of a trace of 2,2'- 
azobis(isobutyronitri1e) [AIBN] at  85" for 2 hr in the ab- 
sence of solvent gave equilibration3 to a mixture of 1 and 
2a in the ratio 67:33, respectively, with only traces (51%) of 
the 22,42 isomer (15a) and the 2E, 42 isomer (15b). The 
latter two isomers have been prepared by an alternative 
route.4 We have also shown that the same equilibrium mix- 
ture of 1 and 2a was obtained on treatment of either pure 1 
or 2a with benzenethiol (2% by weight) and a trace of 
AIBN at 80" for 2 hr (c f .  ref 3). Thus at  thermodynamic 
equilibrium the 42 stereochemistry is not favorable. In- 
deed examination of Dreiding stereomodels of 15a and 15b 
indicates considerable steric crowding might be expected in 
these isomers (cf. ref 4). 

The allenic ester 14 was recovered completely unchanged 
after attempted isomerization with benzenethiol under the 
above conditions. Even more vigorous treatment such as 
heating 14 with 2% by weight of benzenethiol a t  100" for 16 
hr, gave recovered allene with no decomposition or isomer- 
ization detectable by ir, nmr, or glc. 

The synthetic routes described above appear to be less 
useful than the 3-methylglutaconate route described in the 
preceding paper,3 for the commercial production of 3,7,11- 
trimethyl-2,4-dodecadienoates and related analogs. The 
above schemes involve more steps, are more linear in out- 
line and are less versatile. 

Photochemistry. Photochemical 2-E isomerization of 
the qfl-double bond was essentially the only process ob- 
served in solution under the conditions used, when the 
(2E,  4E)-dienoate 1 or its 2 2 , 4 E  isomer 2a was directly ir- 
radiated, or irradiated in the presence of a suitable photo- 
sensitizer. The direct irradiation of 1 [A,,, (hexane) 259 
nm ( e  26,400)] or of 2a [A,,, (hexane) 262 nm ( e  20,900)] or 
of a mixture of both using a medium-pressure mercury 

lamp whose light was filtered through ca. 2-3 mm of Pyrex 
glass, gave a photostationary state in which the ratio of 1 to 
2a was ca. 44:56, respectively. Only traces (<2%) of the 4 2  
isomers 15a and 15b could be detected and no other photo- 
processes such as photodeconjugation, including allene for- 
mation (Le., 1.4), were observed under these  condition^.^^ It  
is interesting that when 4-methyl-3,5-heptadienone was ir- 
radiated in a dilute solution in ether, only photoisomeriza- 
tion about the a$-double bond was reported to occur, in 
contrast to the results obtained with analogous compounds 
lacking the 4-methyl g r o ~ p . 2 ~  

Irradiation of mixtures of 1 and 2a (ca. 7:3, respectively) 
with a medium-pressure mercury lamp (whose light was fil- 
tered through 5-12 mm of Pyrex) in the presence of triplet- 
state sensitizers with triplet-excitation energies 253 kcal/ 
mol gave rapid Z-E isomerization at  C-2 to give mixtures 
of I and 2a in the ratio ca. 1:l. For sensitizers with triplet- 
state energies below 53 kcal/mol the energy transfer effi- 
ciency rapidly decreased with decreasing Et (see Experi- 
mental Section). Thus a triplet excited state of the dienoic 
ester with a triplet-state energy of ca. 46-48 kcal/mol is 
probably involved in this photoisomerization (cf. ref 25). 
Our inability to find an appropriate quencher with a trip- 
let-state energy <49 kcal/mol and not absorbing uv light in 
the region, where the dienoic esters 1 and 2a absorb, pre- 
vented our doing quenching experiments. Thus it was not 
possible to ascertain if in the case of direct irradiation, the 
photoisomerization could, at  least in part, have occurred 
via a singlet excited state. 

The Rose Bengal sensitized photooxygenation26 of a mix- 
ture of 1 and 2a (in the ratio 4:1, respectively) was studied 
using ethanol as the solvent. The reaction of singlet oxygen 
with the 2E, 4E isomer was quite slow while the 22,4E iso- 
mer appeared to be completely unreactive. In a typical ex- 
periment, after 163 hr of irradiation only 57% of 1 had 
reacted. Analysis by tlc showed the formation of only one 
main product which after work-up and then chromatogra- 
phy gave the hydroxypyrone 19. The formation of 19 can be 
rationalized uia the initial formation of the cyclic peroxide 
17 which rearranged to 18a or to 18b and then to 19. Prod- 

17 

J 

[L/q5$:o~Et] 
18a. R = H; R = OH 

b, R =OH; R' = H 
/base 

19 

ucts analogous to 17 and 18a have been obtained on photo- 
sensitized oxygenation of some carotenoid analogs.27 Pho- 
tosensitized oxygenation of 1 in dq- deuteriomethanol in an 
nmr tube showed that 19 was not primarily formed during 
the irradiation. The initial product showed nmr signals (in 
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CD30D) a t  1.73 (triplet, J = 2 Hz) and at  5.83 ppm (broad 
peak) and the addition of a few drops of sodium deuteriom- 
ethoxide solution caused the rapid appearance of nmr sig- 
nals due to 19 and to the liberated ethanol (see Experimen- 
tal Section). The initial product appeared to be 18a or 18b 
and the conversion to 19 occurred not only with base but 
also upon heating or prolonged treatment with alumina or 
even silica gel. The formation of 19 also occurred in the in- 
jection port of the gas chromatograph. The nmr, ir, mass 
spectra, and uv spectra of 19 agree with that expected for 
the assigned 3-hydroxy-2-pyrone structure (cf.  ref 28). Re- 
cently the analogous 3-hydroxy-2-pyrone has been ob- 
tained from the photosensitized oxygenation of isopropyl 
(2E,4E)-1 l-methoxy-3,7,1 l-trimethyl-2,4-dodecadieno- 
ate.29 

Experimental Section 
All substances described herein are racemic compounds; the pre- 

fix d l  is omitted. Preparative thin-layer chromatography was car- 
ried out with Merck (Darmstadt) silica gel PF-254. Nmr spectra 
were determined on a Varian T-60 spectrometer. Infrared spectra 
were measured on a Unicam S P  200G spectrophotometer. Mass 
spectra were measured on a Varian Mat CH-7 spectrometer, a t  ei- 
ther 20 or 70 eV ionization potential. Gas-liquid chromatographic 
analyses were performed on Model 402 Hewlett-Packard instru- 
ments equipped with hydrogen flame ionization detectors. Sol- 
vents were dried over activated molecular sieves. 

( E  )-6,10-Dimethyl-3-undecen-2-one (4). To a mixture of 
118.0 g (0.76 mol) of 3,7-dimethyl-l-octanal and 160.5 g (0.83 mol) 
of diethyl 2-o~opropylphosphonate~~ in 350 ml of dimethylforma- 
mide cooled in an ice bath under Nz was added 31.8 g (0.80 mol) of 
finely ground sodium hydroxide. After 30 min the cooling bath was 
removed and after a further 1 hr at  room temperature the mixture 
was diluted with 1400 ml of ice-water and 1000 ml of hexane. The 
organic layer was separated, washed twice with 600-ml portions of 
brine, then dried (CaS04). Solvent removal in uucuo yielded 153.1 
g of crude product which was purified by distillation through a 
15-cm Vigreux column to give 130.0 g (87% yield) of ketone 4 [anal- 
ysis by glc showed a purity of >90% with a negligible (<2%) 
amount of the 2 isomer present]: bp 67-73' (0.07 mm); ir (film) 
7700, 1680 (C=O), and 1630 cm-' (C=C); nmr (CC14) 6 2.17 (s, 3, 
COCH?), 5.97 (d, 1, J = 16 Hz, H-3), and 6.71 ppm (Pt,  1, J = 16 
Hz and 7 Hz, H-4); mass spectrum (20 eV) m/e (re1 intensity) 197 
( -O) ,  196 (-O), 181 (a ) ,  153 (3), 111 (12), 95 (lo),  84 (loo), 71 (40), 
69 (32), 57 (46), 43 (30). 

Anal. Calcd for C13H240: C, 79.53; H ,  12.32. Found: C, 79.75; H, 
12.23. 

( E  )-3-Hydroxy-3,7,1 I-trimethyl-4-dodecenoic Acid (5b). T o  
a solution of 7.9 g (0.078 mol) of diisopropylamine in 400 ml te- 
trahydrofuran, a t  0" under NZ was slowly added 51 ml (0.079 mol) 
of 1.55 M n- butyllithium in hexane solution. The mixture was 
stirred a t  0" for 1 hr, and a t  room temperature for 3 hr. Then 2.26 
g (0.038 mol) of acetic acid in 25 ml of tetrahydrofuran was added 
a t  0'; the mixture was stirred 0.5 hr, heated, and stirred an addi- 
tional 1.5 hr a t  45". After cooling to O " ,  7.34 g (0.037 mol) of the 
ketone 4 in 25 ml of tetrahydrofuran was added. The ice bath was 
then removed and the mixture was stirred a t  room temperature 
overnight. After removal of most of the solvent in uucuo aqueous 1 
N hydrochloric acid was added and the mixture extracted with 
ether. The ether extract was washed with 0.1 N aqueous NaOH 
(4x1 and the combined alkaline washings were acidified with 3 N 
hydrochloric acid and extracted thoroughly with ether. The com- 
bined organic extracts were washed with brine and dried (CaS04) 
and the solvent removed to give 7.21 g of 5b: low melting solid; ir 
(film) 3600-2400 (COzH and OH) and 1710 cm-l (C=O); nmr 

(s, 3, C-3 CHd, 2.63 (s,  2, H-2), and 5.65 ppm (m, 2, H-4 and H-5). 
To 1.9 of 5b in 25 ml of ether was added 2.38 g of l-ethyl-3-p- 

to1y1triazene3l and a boiling chip and the mixture heated under 
reflux for 3.5 hr. To  the solution was added slowly aqueous 10% 
hydrochloric acid and then the organic layer was washed with fur- 
ther aqueous acid, 10% NaZC03, and brine, and dried (Cas041 and 
the solvent was removed. Short path distillation of the residue 
gave 1.1 g of hydroxy ester 5c: bp (bath) 110' (0.1 mm); ir (film) 
3540 (OH) and 1725 cm-I (C=O); nmr (CDC13) F 0.87 (d, 9, J = 6 

O C H Z C H ~ ) ,  1.32 (s, 3, C-3 CHd,  1.95 (m, 2,  H-6), 2.55 (s, 2, H-2), 

(CDC1.3) F 0.88 (d, 9, J = 6 Hz, '2-7 CH3 t C-11 CH3 + H-12), 1.37 

Hz, C-7 CH3 + C-11 CH3 + H-l2),  1.25 (t, 3, J = 7 Hz, 

4.16 (9, 2, J = 7 Hz, O C N Z C H ~ ) ,  and 5.58 ppm (m, 2, H-4 and H- 
5); mass spectrum (20 eV) mle (re1 intensity) 269 (101, 223 (31, 84 
(92), 71 (loo), 69 (45), 57 (80), 43 (60). 

Anal. Calcd for C17H3203: C, 71.79; H, 11.34. Found: C, 71.76; H, 
11.20. 

Ethyl (E)-3-Acetoxy-3,7,1l-trimethyl-4-dodecenoate (512). 
To about 0.025 mol of the dilithium salt 5a in 275 ml of THF (pre- 
pared as described above for 5b) a t  room temperature, under Nz 
was added 5.2 g (0.051 mol) of acetic anhydride. The mixture was 
stirred 6 hr and then boiled overnight. After concentration zn 
uacuo aqueous 1 N hydrochloric acid was added and the mixture 
was extracted twice with ether. The organic layer was then extract- 
ed with 10% aqueous NaZC03 solutitm and the basic washes were 
acidified with cold 3 N aqueous HC1 and extracted with ether. The 
organic layer was washed with brine and dried (CaS04) and the 
solvent removed in U ~ C U O  to give 9.56 g of acetoxy acid 5 d  ir (film) 
3500-2500 (COOH), 1745, 1720, and 1615 cm-l; nmr (CDC13) 6 

CH3) 2.02 (s, 3, CH3CO), 3.02 (br s, 2,  H-2), and 5.75 ppm (m, 2, 
H-4 and H-5). 

A sample of the acetoxy acid 5d was esterified with excess dia- 
zoethane in ether and the product purified by preparative tlc to 
yield the ester 5e: ir (film) 1745 cm-I (C=O); nmr (CDC13) 6 0.88 
(d, 9, J = 6.0 Hz), 1.27 (t, 3, J = 7.0 Hz), 1.63 (s, 3, C-3 CHB), 2.02 
(s, 3, CH3CO), 2.97 (s, 2, H-2), 4.14 (9, 2,  J = 7.0 Hz, OCH2CH3), 

0.88 (d, 9, J = 6 Hz, C-7 CH3 + C-11 CH3 + H-l2), 1.65 (s, 3, C-3 

and 5.73 ppm (m, 2, H-4 and H-5). 
Anal Calcd for C19H3404: C, 69.90; H ,  10.50. Found: C, 70.06; H, 

10.45. 
Ethyl 3,7,1 l-trimethyl-2,4-dodecadienoate (1 and 2a). A. 

From 5b with Phosphorus Trichloride. To a solution of 1.0 g 
(3.9 mmol) of hydroxy acid 5b in 10 ml of benzene was added a so- 
lution of 0.91 g (6.6 mmol) of phosphorus trichloride in 5 ml of 
benzene, and the mixture was stirred at room temperature for 3 
days. Ethanol (5 ml) and pyridine (10 ml) were then added and the 
mixture was stirred a t  room temperature for 2 hr. The reaction 
mixture was then diluted with ether and water and acidified with 3 
N aqueous HZS04. The organic layer was washed with 10% aque- 
ous NazC03, water, saturated aqueous CuSO4, water, and brine, 
and dried (CaS04) and the solvent was removed zn uucuo to give 
0.30 g of a mixture. Analysis by glcZ1 showed it to contain 1, 2a, 
and 1622 in the ratio of ca. 1:1:2, respectively. 

Repetition of the above procedure using ether as the solvent 
under reflux overnight gave, apart from 10% 5c, a mixture of I ,  2a, 
and 16 in the ratio 1.51.2, respectively. 

B. From 5b with Thionyl Chloride. To a mixture of 7.2 g (28 
mmol) of 5b, 100 ml of benzene, and 7.64 g (59 mmol) of N-  ethyl- 
diisopropylamine at  0" was added 5.1 ml (70 mmol) of thionyl 
chloride. The ice bath was then removed and the mixture was 
stirred at  room temperature overnight. Glc analysis at  this point 
revealed very little starting material to be present. The mixture 
was cooled to O', 6.5 g (141 mmol) of ethanol was added, and the 
mixture was allowed to warm to room temperature and then 
stirred for 4 hr. The product was then isolated as in A to yield 5.1 g 
of product. Distillation gave 3.54 g, bp 137-142' (0.3 mm), con- 
taining (glc analysisz1) 5% of 5c, 27% of 2a, 50% of ester I, and 10% 
of the deconjugated esters 16. 

This procedure was repeated with 0.1 g (0.4 mmol) of 5b without 
initial addition of the tertiary amine. After stirring overnight a t  
room temperature an aliquot was worked up (with ethanol treat- 
ment) and analyzed by glc.21 In addition to some 5b, there was 
present a mixture of 1 + 2a and 16 in the ratio 4:3. To the reaction 
mixture was now added 0.26 g (2 mmol) of N -  ethyldiisopropylam- 
ine and the reaction followed by glc. The proportion of 16 de- 
creased during the first few hours. After 3 days the mixture was 
worked up as in A and shown to contain mostly I and 2a with less 
than 5% of 16. 

C. From 5c with Phosphoryl Chloride. To a solution of 0.10 g 
(0.35 mmol) of hydroxy ester 5e in 2 ml of pyridine at  0" was 
added 0.05 g (0.33 mmol) of phosphoryl chloride. The mixture was 
allowed to warm to room temperature and stand 4 days. A t  this 
point glc analysisz1 revealed the presence of about equal amounts 
each of the esters 5c, 1,2a, and 16. 

D. From 5c with Phosphorus Pentoxide. To a mixture of 1.0 g 
(3.52 mmol) of 5c in 25 ml benzene, was added 0 50 g (3.52 mmol) 
of phosphorus pentoxide and the mixture was stirred at  65' for 1 2  
hr, then cooled to room temperature and an additional 0.50 g of 
phosphorus pentoxide was added. After the mixture had remained 
a t  room temperature for 4 days it contained, according to glc anal- 
ysis,21 a mixture of &, I, 2a, and 16z2 in the ratio of 1:1:1:2, respec- 
tively. 
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E. From 5e. To  a solution of 0.10 g (0.31 mmol) of the acetoxy 
ester 5e in 5 ml of tetrahydrofuran was added 0.04 g (0.36 mmol) of 
potassium tert- butoxide. The solution was stirred a t  room temper- 
ature for 60 hr after which time the mixture contained21 about 20% 
starting material 5e and approximately equal amounts of the 2,4- 
dienoates 1 and 2a. 
Ethyl 3-Hydroxy-2-isopropenyl-5,9-dimethyldecanoate 

(9b). To 3.32 g (32.8 mmol) of diisopropylamine and 150 ml of te- 
trahydrofuran a t  0' under Nz was added 21 ml(33.4 mmol) of 1.59 
M n- butyllithium in hexane solution. The mixture was stirred 1 hr 
at 0' and then 3 hr a t  room temperature. After cooling to O o ,  1.56 g 
(15.6 mmol) of 3-methyl-2-butenoic acid in 25 ml of THF was 
added; the solution was stirred 0.5 hr a t  0' and then 1.5 hr a t  45'. 
The solution was then recooled to 0' and 2.43 g (15.6 mmol) of 
3,7-dimethyl-l-octanal (3) in 20 ml of THF was added. After the 
mixture was stirred 0.5 hr a t  Oo, it was slowly allowed to warm to 
room temperature overnight. Aqueous 1 N hydrochloric acid was 
then added with cooling in an ice-water bath and the mixture was 
extracted thoroughly with ether. The combined organic layers 
were extracted three times with aqueous 0.1 N sodium hydroxide 
and the combined alkaline washes were acidified a t  0" with aque- 
ous 3 N hydrochloric acid. The mixture was then extracted with 
ether and the organic layer washed with brine and dried (CaS04) 
and the solvent removed in uacuo to give 4.26 g of crude 3-hy- 
droxy-2-isopropenyl-5,9-dimethyldecanoic acid as a low melting 
solid: ir (film) 1710 (C=O), 1650 (C=C), and 900 cm-1; nmr 
(CCI4) 6 0.88 [d, J = 6 Hz, (CH3)2CH-], 2.99 (br d, J - 7 Hz, H-2), 
4.1 (m, H-31, and 4.97 ppm (m, C=CH2). A sample of the crude 
hydroxy acid was esterified with 1-ethyl-3-p- t ~ l y l t r i a z e n e ~ ~  in 
ether (at reflux temperature) to give crude 9b contaminated with 
about 25% of a mixture of llc and 12. Purification by preparative 
tlc gave pure 9b: bp (bath, short-path) 120' (0.1 mm); ir (film) 
3550 (OH), 1725 (C=O), 1650 (C=C), and 915 cm-I (C=CHz); 
nmr (CDC13) 6 0.88 (d, 6, J = 6 Hz, C-9 CH3 + H-lO), 0.93 (d, 3, J 
= 6 Hz, C-5 CH3), 1.27 (t, 3, J = 7 Hz, OCHzCHg), 1.87 (m, 3, 
CH3C=), 3.03 (br d,  1, J - 7 Hz, H-2), 4.1 (m, 1, H-3), 4.21 (4, 2, 
J = 7 Hz, OCHzCH3), and 5.02 ppm (m, 2, C=CH2); mass spec- 
trum (70 eV) m/e (re1 intensity) 128 (loo), 113 (15), 100 (55), 83 
(60),82 (65),69 (18), 57 (301, 55 (40). 

Anal. Calcd for C17H3203: C, 71.79; H, 11.34. Found: C, 71.78; H, 
11.30. 

A similar result was obtained when the aldehyde 3 was allowed 
to react with 8 a t  -70' for 2 hr followed by quenching at -70' 
with aqueous hydrochloric acid. Esterification of the product gave 
a mixture 9b and 12 in the ratio 88:12, and a negligible amount of 
llc. 
Ethyl 3-Acetoxy-2-isopropenyl-5,9-dimethyldecanoate (Sc). 

To a mixture of 2.58 g (9.1 mmol) of hydroxy ester 9b and 5.9 ml 
(73 mmol) of pyridine at 0' was added 1.7 ml (18 mmol) of acetic 
anhydride. The ice bath was then removed and the mixture was 
stirred a t  room temperature overnight. The mixture was then 
cooled to 0' and stirred for 1 hr with 3.5 ml of water. The ester was 
then isolated with ether in the usual manner to give 2.0 g of crude 
acetoxy ester which was purified by preparative tlc. Two samples 
(0.48 g and 0.56 g) were separated, both exhibiting identical ir, 
nmr, and mass spectra but each containing equal amounts of two 
components, all differing in glc retention times. These proved to 
be the four diastereoisomers of 9c which had been partially sepa- 
rated into two groups: bp (bath, short-path) 80" (0.06 mm); ir 
(film) 1745 cm-'; nmr (CDC13) 6 0.88 (d, J = 6.0 Hz), 1.27 (t, J = 'i 
Hz, O C H ~ C H Z ) ,  1.82 (br s, 3, CH3C=C), 2.02 (s, 3, CHaCO), 3.24 
(d, 1, J = 9 Hz, H-2), 4.19 (9, 2, J = 7 Hz, O C H Z C H ~ ) ,  4.98 (br s, 
2, C=CHz), 5.52 ppm (m, 1, H-3); mass spectrum (20 eV) m/e (re1 
intensity) 221 (4), 170 (lo),  128 (loo), 127 (22),  100 (lo),  43 (32). 

Anal. Calcd for C19H3404: C, 69.90; H, 10.50; Found: C, 69.72; H, 
10.35. 
Ethyl 2-IsopropenyI-5,9-dimethyl-2-decenoate (10). A mix- 

ture of 0.30 g (0.92 mmol) of acetoxy ester SC, 10 ml of tetrahydro- 
furan and 0.11 g (0.98 mmol) of potassium tert-butoxide was 
stirred a t  room temperature overnight under Nz. Volatile material 
was then removed in uacuo and the residue diluted with 50 ml of 
ether and 50 ml of water. The aqueous layer was then removed and 
extracted with 50 ml of ether. The combined ether layers were 
washed with aqueous 5% sodium bicarbonate solution and water 
and then dried (CaS04) and the solvent was removed in U ~ C U O  to 
give 0.14 g of product 10 which was short-path distilled: bp (bath) 
80' (0.06 mm); ir (film) 3080, 1725 (C=O), 1635 (C=C), and 905 
cm-'; nmr (CDC13) 6 0.88 (d, 9, J = 6.0 Hz, C-5 CH.1 + C-9 CH3 + 
H-IO), 1.28 (t,  J = 7 Hz, O C H ~ C H B ) ,  1.90 (br s, 3, CH3C=C), 2.2 
(m, 2, H-41, 4.24 (q, 2, J = 7 Hz, OCHzCHs), 4.78 and 5.18 (br s, 

C=CHd, and 6.87 ppm (t, 1, "J"  = 7.5 Hz, H-3); mass spectrum 
(20 eV) mle (re1 intensity) 266 (81, 221 (7), 195 (5), 153 (loo), 140 
(301, 126 (431, 125 (501, 107 (331, 95 (331, 81 (35), 69 (22), 57 (34), 
43 (21). 

Anal. Calcd for C17H3002: C, 76.64; H, 11.35. Found: C, 76.52; H, 

The stereochemistry of the 2-ene bond in 10 is unknown. 
(Z)-5-Hydroxy-3,7,ll-trimethyl-2-dodecenoic Acid (llb). A 

solution of 9.72 g (62.2 mmol) of 3 was added to 700 ml of a solu- 
tion of about 62 mmol of the dilithium salt of 3-methyl-2-butenoic 
acid (prepared as described above, under Nz). The mixture was 
stirred 0.5 hr a t  0' and 4 hr a t  room temperature, and then heated 
overnight (16 hr) under reflux. The hydroxy acid was then isolated 
as described above to give 8.5 g of a mixture of the hydroxy acid 
llb and the lactone 12 in the ratio 60:40 plus about 5% of the 2-iso- 
propenyl-3-hydroxy acid, as estimated from the nmr spectrum (the 
ratio of llb:12 obtained varied in different experiments). 

Ethyl (Z)-5-Hydroxy-3,7,1l-trimethyl-2-dodecenoate (llc) 
and 3-Methyl-(2,G-dimethylheptyl)-2-penten-5-olide (12). A 
2.0-g sample of crude hydroxy acid above was esterified with 1- 
ethyl-3-p- t ~ l y l t r i a z e n e ~ ~  and the product was purified by short- 
path distillation followed by preparative tlc, to give hydroxy ester 
llc [about 90% Z and 10% E isomers by glc]: (bp (bath, short- 
path) 120" (0.1 mm); ir (film) 3450 and 1720 cm-'; nmr (CDC13) 6 

11.20. 

0.88 (d, 6, J = 6 Hz, C-11 CH3 + H-12), 0.93 (d, 3, J = 6 Hz, C-7 
CH3), 1.28 (t, 8 ,  J = 7 Hz, OCHzCHz), 1.97 (d, 3, J = 1.3 Hz, C-3 
CHd,  3.95 (br m, 1, H-51, 4.18 (9, 2, J = 7 Hz, OCHzCH3) and 
5.87 ppm (m, 1, H-2)) and the lactone 12 {bp (bath, short-path) 
110' (0.05 mm); ir (CS2) 1730,1655 cm-I; nmr (CDCl3) 6 0.88 [d, 6, 
J = 6 Hz, (CH3)2CH], 0.93 (d, 3 , J  = 6 Hz, CH3CH), 2.00 (br s, 3, 
C-3 CHs), 2.28 (d, 2, J = 7 Hz, H-4), 4.47 (br m, I, H-5), and 5.80 
ppm (m, 1, H-2); mass spectrum (20 eV) mle (re1 intensity) M+ 
238 (- 01, 125 (7), 112 (8), 111 (loo), 109 (51, 100 (51, 97 (5), 95 (5), 
83 (17),82 (22), 81 (8),71 (9),69 (9), 57 (14),55 (8)}. 

Anal. Calcd for C15H2802: C, 75.58; H, 10.99. Found: C, 75.66; H, 
10.83. 
Ethyl (Z)-5-Acetoxy-3,7,11-trimethyl-2-dodecenoate (lld). 

To a solution of about 20 mmol of the dilithium salt lla in te- 
trahydrofuran was added 3.7 ml(39 mmol) of acetic anhydride and 
the mixture stirred a t  room temperature for 6 hr and then boiled 
overnight. The acetoxy acid was isolated in the usual manner to 
give 6.5 g of crude acetoxy acid. A 1.4-g sample of the latter was 
treated with excess diazoethane to give the acetoxy ester lld 
[about 90% Z and 10% E stereoisomers by glc]: bp (bath, short 
path) 100' (0.03 mm); ir (film) 1740 (C=O), 1715 (C=O), 1650 
(C=C), and 1245 cm-l; nmr (CDCl.1) 6 0.88 (d, J = 6 Hz), 1.28 (t, 
3, J = 7 Hz, O C H Z C H ~ ) ,  1.94 (d, 3 , J  = 1.3 Hz, C-3 Me), 2.00 (s, 3, 
COCH3), 2.92 (m, 2, H-4), 4.25 (9, 2, J = 7 Hz, OCHzCHa), 5.17 
(br m,  1, H-51, and 5.77 ppm (br s, 1, H-2); mass spectrum (20 eV) 
mle (re1 intensity) 266 (-O),  170 (9), 139 (38), 128 (loo), 111 (12), 
100 (18),83 (14), 82 (14), 69 (9), 57 (14). 

Anal. Calcd for ClgH3404: C, 69.90; H, 10.50. Found: C, 69.99; H, 
10.33. 
Ethyl 3,7,11-Trimethyl-2,4-dodecadienoate (1 plus 2a). A 

mixture of 0.10 g (0.31 mmol) of acetoxy ester lld [ca. 90% Z and 
10% E isomers by glc], 5 ml tetrahydrofuran, and 0.04 g (0.36 
mmol) of potassium tert- butoxide was stirred a t  room tempera- 
ture for 60 hr, a t  which time it contained (glc) about 80% of start- 
ing material lld and a mixture of the dienoates 1 plus 2a in the 
ratio about 1:9, respectively. 
G,10-Dirnethyl-2-undecyn-4-01 (13). To a mixture of 46 g (1 

mol) of 1-propynyllithium (from Foote Mineral Co) and 700 ml of 
dimethylformamide a t  0" under N2 was added 60 g (0.38 mol) of 
3,7-dimethyl-l-octanal in 300 ml of dimethylformamide over a pe- 
riod of 3 hr; the ice bath was then removed and the mixture was 
stirred a t  room temperature overnight. Saturated aqueous NH4C1 
was then added with ice-water cooling and the mixture was ex- 
tracted with ether-pentane (1:l). The combined organic layers 
were washed with water and brine and dried (CaS04), and the sol- 
vent was removed in uacuo to give 72.4 g of crude product which 
was purified by distillation through a 15-cm Vigreux column, fol- 
lowed by distillation on a spinning-band column to give 21.5 g 
(29% yield) of pure alcohol 13: bp 68.0' (0.025 mm); ir (film) 3360 
(OH) and 2220 cm-l (C=C); nmr (benzene-ds) 6 0.88 (d, 9, J = 6 
Hz, C-6 Me + C-10 Me + H-l l ) ,  1.55 (d, 3, J = 2 Hz, C E C C N ~ ) ,  
and 4.40 ppm (br m, 1, H-4); nmr (CDC13) 6 0.87 (d), 1.83 (d, J = 2 
Hz, H-l) ,  and 4.4 ppm (br m, H-4); mass spectrum (20 eV) m/e 
195 (M'. - 11, 69. 

Anal. Calcd for C13H240: C, 79.53; H, 12.32. Found: C, 79.46; H, 
12.24. 
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Ethyl  3,7,1 l-Trimethyl-3,4-dodecadienoate (14). A mixture 
of 4.0 g (20 mmol) of the alcohol 13, 23 g (142 mmol) of triethyl or- 
thoacetate, and 0.05 g (0.7 mmol) of propionic acid was heated a t  
135' with stirring for 5 hr with a slow stream of argon being al- 
lowed to pass over the surface of the liquid such that ethanol plus 
some triethyl orthoacetate slowly distilled off (reaction was fol- 
lowed by glc). The product was then distilled in uacuo directly 
from the reaction flask after excess triethyl orthoacetate had been 
removed at 20 mm. There was obtained 4.4 g (83%) of the ester 14 
(analysis by glc showed a purity of >96%): bp 1OO-10lo (0.10 mm); 
ir (film) 3955 (C=C=C), 1740 (C=O), and 1190 cm-*; nmr 
(CDC13) 6 0.88 (d, 9, J = 6 Hz, C-7 Me + C-11 Me + H-12), 1.27 (t,  
3, J = 7 Hz, O C H Z C H ~ ) ,  1.76 (d, 3, J = 3 Hz, C-3 Me), 2.96 (br d, 
2, H-2), 4.17 (9, 2, J = 7 Hz, OCHzCHs), and 5.03 ppm (br m, 1, 
H-5); mass spectrum (20 eV) m/e (re1 intensity) 266 (1),81 (100). 

Anal. Calcd for C17H3002: C, 76.64; H, 11.35. Found: C, 76.53; H, 
11.21. 

Isomerization o f  14. Small samples (25-30 mg) of 14 in 1 ml of 
solvent were treated with 10-30 mol % of various catalysts (Table 
I) and the progress of the reaction was followed by glc analysisz1 
using n-docosane (20-30 mg) as an internal standard and using 
previously prepared, authentic samples of esters 1, 2a, 16, Ea, and 
15b for comparison purposes. Some of the products were analyzed 
carefully by glc-mass spectrometry for confirmation of the results. 

Isomerization of 14 and  Equilibration of Ethyl 3,7,11-Tri- 
methyl-2,4-dodecadienoate Stereoisomers. To  a solution of 0.20 
g (0.75 mmol) of ester 14 in 2 ml of ethanol a t  room temperature 
under Nz was added 2 drops of N- benzyltrimethylammonium hy- 
droxide ("Triton 13"; 40% solution in methanol). After 2 days the 
mixture was acidified with aqueous 2 N sulfuric acid and the sol- 
vent removed in oacuo. The residue was treated with 20 ml of 
ether and 20 ml of water, the ether layer was separated, washed 
with water and brine and dried (CaS04), and the solvent was re- 
moved to give 0.16 g of product containing (in their glc elution 
order)'l 21% of ester E a ,  49% of ester 15b, 7% of ester 2a, and 23% 
of ester 1. 

To 50 mg the above ester mixture was added with stirring, 4.6 
mg of benzenethiol and 2.9 mg of 2,2'-azobis(isobutyronitrile) and 
the mixture was heated a t  8 5 O  for 2 hr under Nz. Volatile materials 
were then removed in U ~ C U O  and the mixture was examined by 
glc.zl In addition to several trace impurities already present in the 
starting ester mixture, the final material was found by careful glc 
analysis to contain 31% of ester 2a and 64% of ester 1 and very lit- 
tle (<1%) of the 4 2  esters (15a and 15b). 

Photochemical 2-E Isomerization of 1 a n d  2a. A. Direct  Ir- 
radiation. A 44-mg sample of the pure 2E, 4E isomer 1 was dis- 
solved in 3 ml of hexane in a Pyrex tube. The solution was de- 
gassed and maintained under an atmosphere of argon, and then ir- 
radiated with a 200-W Hanovia medium-pressure mercury arc 
lamp (S654A-36) with the light filtered through a total of ca. 2-3 
mm of Pyrex glass. The reaction was followed by glc and after 73 
hr of irradiation of photostationary state was reached with 1 and 
2a present in the ratio 4456, respectively. No trace of the allene 14 
could be detected and 1 2 %  each of the 22 ,42  isomer 15a and of 
the 2E, 4 2  isomer 15b were present. 

An identical result was obtained on repeating the above irradia- 
tion starting with the pure 22,4E isomer 2a in hexane (80 hr). 
Very little loss of material was observed due to polymerization. 

Irradiation of a mixture of 1 and 2a (in the ratio 70:30, respec- 
tively) in either hexane or in methanol as above but in presence of 
air, gave essentially the same result. After 21-hr irradiation in 
methanol a mixture of I and 2a was obtained in the ratio 48:52, re- 
spectively. Irradiation of a 30-mg sample of dienoates 1 + 2a (70: 
30) in a mixture of 2 ml of hexane and 1 ml of (E)-l.,3-pentadiene 
(Et = 59 kcal/mol) in an air atmosphere gave after 21 hr, a mixture 
of 1 and 2a in the ratio 44:56, respectively, as above. Thus no 
quenching was observed. 

B. Photosensitized Isomerization. A 30-mg sample of 1 + 2a 
(70:30, respectively) was dissolved in a mixture of 1 ml of hexane 
and 1 ml of acetophenone. The solution was irradiated as above 
but through a total of 12 mm of Pyrex glass. Isomerization was 
rapid and after 5.5 hr a photostationary state was reached contain- 
ing a mixture of 1 and 2a in the ratio 53:47, respectively. After a 
further 25 hr of irradiation the ratio had not altered. No allene 14 
could be detected and only trace amounts of the 4 2  isomers 15a 
and 15b were present. 

Similarly 50-mg samples of a mixture of 1 + 2a (7822, respec- 
tively) in degassed tetrahydrofuran (5 ml) under an argon atmo- 
sphere were irradiated as above in the presence of 10-20 equiv of a 
variety of sensitizers, for 2-3 hr with the light filtered through 5-7 

mm of Pyrex glass. Under these conditions no change a t  all oc- 
curred in the absence of a sensitizer. The concentrations of the 
sensitizers were chosen so that they would absorb >99% of the 
light above 300 nm. The sensitizers used with their triplet ener- 
giesJL in kcal/mol in parentheses were acetophenone (73.6), carba- 
zole (70.1), benzophenone (68.5), fluorene (67.6), biphenyl (65) ,  
phenanthrene (62.2), 1'-acetonaphthone (56.4), biacetyl (54.9), 
benzil (53.7), pyrene (48.7), 1,2-benzanthracene (47), and phena- 
zine (44). Most of the sensitizers with triplet energies 253 kcal/mol 
gave rapid isomerization under these conditions to mixtures of 1 
and 2a in ea. 50:50 ratio. Some decomposition of the sensitizer was 
noted in the experiments using phenazine, 1'-acetonaphthone, and 
phenanthrene, and in the experiment using benzophenone the di- 
enoates were consumed. After 3 hr the run with pyrene contained a 
mixture of 1:2a in the ratio 61:39, and after 2 hr that with 1,2- 
benzanthracene contained a ratio of 73:27 ( M a ) .  Phenazine under 
these conditions (2 hr) gave a ratio of 78:22, unchanged from that 
in the starting sample (some decomposition of the sensitizer did, 
however, occur). 

Photosensitized Oxygenation of 1. A sample of 9 g of dienoate 
(containing 1 and 2a in the ratio 4:1, respectively) and 500 mg of 
Rose Bengal were dissolved in 300 ml of dry ethanol. The photoox- 
idation was conducted in a water-jacketed reaction flask into 
which the oxygen was dispersed by an extracoarse gas dispersion 
tube. The solution was irradiated externally with a Smith-Victor 
Corp (Ind.) Model Q-1 movie light containing a Type DYH 600-W 
GE quartz tungsten-iodine lamp, installed 20 cm from the flask. 
Efficient water cooling of the jacket kept the reaction temperature 
below 15' during the reaction period. The reaction was followed by 
glc analysis of a known aliquot diluted with a solution of n- docos- 
ane as an internal standard. After 163 hr of irradiation glc analysis 
demonstrated that whereas the amount of 2a had remained practi- 
cally constant, the 2E, 4E isomer 1 had reacted to the extent of ca. 
57%. Only one main reaction product could be detected by tlc. The 
solvent was then removed in uucuo a t  a bath temperature below 
40'. The residue was chromatographed on 1200 g of silica gel (ac- 
tivity 11). Elution with hexane-ether (10:3) gave 1.5 g of 19: bp 
(bath, short-path) looo (0.1 mm); uv max (hexane) 296 nm ( e  
6500); ir (film) 3370, 1695, 1660, and 1585 cm-l; nmr (CDC13) 6 

CH3), and 5.87 ppm (s, 1, H-4); mass spectrum (20 eV) m/e (re1 in- 
tensity) M+ 252 (lo), 140 (100). 

Anal. Calcd for C15H2403: C, 71.39; H, 9.59. Found: C, 71.29; H, 
9.67. 

The nmr spectra of some of the fractions of 19 obtained from the 
above chromatography, contained a triplet signal a t  1.73 ppm due 
to the presence of an impurity (see below). 

In another experiment a 2-g sample of the dienoate (1:2a in ratio 
4:l) was photooxidized a t  10' with Rose Bengal (100 mg) for 115 hr 
as above and the ethanol removed in uacuo. Ether was added to 
the residue and the Rose Bengal was removed by filtration through 
a column of cellite. The solvent was then evaporated and the resi- 
due examined by nmr. The spectrum (CDC13) showed the presence 
of 1 and 2a in about equal amounts (C-3 CH3 as doublets a t  2.28 
and 2.00 ppm, respectively) and two new signals, a triplet ( J  = 2 
Hz) a t  1.73 ppm and a broad peak a t  5.88 ppm. The singlet at 2.12 
due to 19 could not be seen. Half of this crude product was dis- 
tilled in uacuo (0.1 mm) a t  a bath temp of 110' to give 0.87 g of an 
oil. The nmr spectrum (CDC13) of this distilled product now con- 
tained (apart from signals due to 1 and Za) singlets due to 19 a t  
2.12 and 5.87 ppm. The triplet a t  1.73 ppm was considerably di- 
minished in intensity. Analysis by glc showed that the amount of 
19 present was ea. 15%. 

Chromatography of the crude photooxygenation product on alu- 
mina (Activity IV) also gave some 19. Addition of triphenylphos- 
phine or of hexamethylphosphorous triamide to the ethanol solu- 
tion after irradiation gave after work-up, lower yields of 19 along 
with complex by-product mixtures. 

Photosensitized Oxygenation of 1 in  a n  Nmr Tube. To a 
100-mg sample of the dienoate (containing 1 and 2a in the ratio 4: 
1) in 0.5 ml of CD3OD in an nmr tube was added 10 mg of Rose 
Bengal and the solution irradiated as above in a cooling bath. The 
oxygen was bubbled through uia a fine glass tube. The tempera- 
ture was maintained a t  8", and the reaction was followed by taking 
occasional nmr spectra. After irradiation for 10 hr the nmr spec- 
trum showed that the majority of 1 had reacted to give a new prod- 
uct which absorbed a t  1.73 ppm (triplet, J = 2 Hz) and a t  5.83 
ppm (broad multiplet peak). Addition of a few drops of NaOD in 
CD30D produced a complete change in the spectrum with loss of 
the 1.73 and 5.83 ppm signals and the appearance of singlets a t  

0.88 (d, 9, J = 6 Hz, C-7 CH3 + C-11 CH3 + H-12), 2.12 (5, 3, C-3 
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2.03 and 5.87 ppm characteristic of 19. A quar tet  a t  3.63 ppm ( J  = 
7 Hz) was now observed which was probably due t o  l iberated free 
ethanol. 
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T h e  photochemical reactivi ty of three im ino  lactones, 5,6-dihydro-3,5,5-trimethyl-1,4-oxazin-2-one (3a), 5,6- 
dihydro-5,5-dimethyl-3-phenyl-1,4-oxazin-2-one (3b), and 3-butyl-5,6-dihydro-5,5-dimethyl-1,4-oxazin-2-one 
(3c) ,  is described. Oxazinones 3a and 3b are photostable w i t h  respect t o  the [2 + 21 photocycloaddit ion reaction t o  
the carbon-nitrogen double bond. Oxazinone 3a undergoes photoreductive dimerization in 2-propanol solvent, 
oxazinone 3c photoeliminates propene t o  give 3a, and 3b i s  photostable. Possible mechanisms for the reductive 
dimerization and el imination reactions are discussed. 

In our exploration of the photochemical reactivity of 
conjugated imines and imino ethers, we have synthesized 

and studied three imino lactones. These chromophores 
were prepared as systems which might illustrate the elusive 


