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ABSTRACT 

THE PHOTOCHEMISTRY OF a-ACETYLENIC KETONES 

by 

Myron Eugene Schroeder 

An investigation of the photochemistry of several 

a-acetylenic ketones was instituted. The photochemical 

behavior of 2-octyne-4-one 22^ was compared with that of 

2-octene-4-one 2j>. Whereas the latter underwent only 

cis-trans olefin isomerization, the former proceeded 

efficiently to y-hydrogen abstraction products. Both 

photochemical and spectroscopic properties of 22. reveal 

its similarity to valerophenone 5_8. 4,4-dimethyl-1- 

hexyne-3-one 23_ was synthesized in order to study a-methyl 

effects in the photochemistry of ynones. 4,4-dimethyl- 

l-hexyne-5-ene-3-one 24^ was also synthesized and a pre¬ 

liminary inspection of the photochemistry of 23. and 24 

was made. 
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I. Introduction 

Irradiation of alkanones frequently leads to 

efficient y-hydrogen abstraction followed by f3-cleavage 

and cyclobutanol formation"*". 2-pentanone and 2-hexanone 

2 
_1 have been shown to undergo photoelimination from both 

the singlet and triplet states while cyclobutanol formation 

3 comes mainly from the triplet state . 

Alkyl phenyl ketones also undergo efficient Type II 

photoreactions*". Both photoelimination and cyclobutanol 

4 
formation occur from the n, TT* triplet state . The much 

more rapid and efficient intersystem crossing in phenyl 

ketones is the apparent cause for the lack of measurable 

singlet state reaction*". 

The effects of methyl substitution upon the photo¬ 

chemical behavior of butyrophenone have been investigated 

by Lewis and Hilliard^. In their study, it was found that 

increasing the number of methyl groups a to the carbonyl 

increased the % cyclization at the expense of elimination. 

An explanation for this effect has been set forth by 

1 6 Wagner ' who proposes that elimination requires continuous 

overlap of both p orbitals with the o bond undergoing 

cleavage (Figure 1). 
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Figure 1: Representation of the Orbital Confor¬ 
mation Necessary for (3 Cleavage 

Since 1,2 eclipsing interactions between the a-methyls 

and the hydroxy and phenyl groups can destabilize this 

preferred conformation, a-methylation reduces the amount 

of elimination, a-cleavage (Type I) was also observed 

for tert-alkyl phenyl ketones, though the Type II process 

. . 1 7 predominated. The same reasoning can be applied to 2^ ' 

which forms predominantly the cyclobutanol due to the 

radical p orbital being unable to overlap with the C -CQ OC p 

bond. 

g 
Wagner has recently found a similar effect of a-fluorines 

in Type II processes of phenyl ketones. 

Y-hydrogen abstraction in a,P-enones generally occurs 

with much lower efficiency than in alkyl and alkyl phenyl 

ketones. The rigid a, (3-enone 3_ undergoes y-hydrogen 

abstraction rather efficiently while the less rigid enone 
g 

■4 undergoes Y-^yâ^gen abstraction rather inefficiently . 
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This is an example of the "free rotor effect" in which a 

non-rigid enone can dissipate its energy by rapid isomeri¬ 

zation much faster than it can react. Irradiation of 

cyclohexenone^^ and cyclopentenone^ leads to dimerization 

products and readily isomerizes piperylene. However cis- 

12 13 . 14 cycloheptenone jjc ' and cis-cyclooctenone 6c: form 

only the trans isomers St and 6jt. In fact, cis-trans 

isomerization is a well known primary photochemical reaction 

of non-rigid enones 

Irradiation of Sç and 6c: in the presence of piperylene or 

cyclopentadiene leads neither to isomerization nor dimeri¬ 

zation respectively, implying a very short triplet lifetime 
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due to the flexibility of the ring. Other examples of cis- 

trans isomerization of cyclic enones include the conversion 

of 7 to 815 and of 9 to 1016. 

Not surprisingly, acyclic enones also cis-trans isomerize 

upon irradiation. The apparent lack of any photoreaction 
. 4 
in jy. is presumably due to rapid radiationless decay in- 

17 
duced by olefin twisting 

Even though the structure of an enone may allow cis-trans 

isomerization, other processes may compete; for example, 

15 enone lj2 undergoes photocyclization 
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Direct irradiation of non-rigid (3, y-unsaturated 

ketones (UK's) leads to the 1,3 acyl shift product, oxetane 

18 formation, and cyclobutanol formation 

hv » 

hsi 
-> 

Q 



hv » 
In contrast, triplet sensitization of non-rigid p,y-UK's 

causes only cis-trans isomerization^"®. 

It was found that triplet state reactions depended on 

double bond rigidity in a manner reminiscent of a, |3-enones 

Thus triplet sensitized irradiation of ]^3, which cannot 

cis-trans isomerize, gives the oxa-di-pi-methane (ODPM) 

19 
product 13a and the 1,3 acyl shift product 13b 

There are very few examples of intersystem crossing in 

P,y-UK's. Not only do 14 and 15. undergo ODPM rearrange¬ 

ment upon direct irradiation but they also dimerize 

cyclohexadiene"'"® ' . 

15 



A study of P,y-unsaturated aryl ketones has been 

21 
carried out and it was found that 16 a-cleaves predom¬ 

inantly from the triplet state; however, some a-cleavage 

This is unusual in that phenyl ketones normally intersystem 

cross with unit efficiency before any photochemical process 

occurs. It was also noted that a-cleavage in the triplet 

state occurred to the exclusion of the expected ODPM 

rearrangement. 

There have been only two studies on the photochemistry 

23 
of a-acetylenic ketones (ynones). Wilson found that 

irradiation of 17 in hydroxylic solvents led to formation 

of pinacols JL8, JL9, and 20. 

22 
occurs from the excited singlet state 

0 

HO OH 
hv 

Iso- * 
propanol 

18 

+ 

HO OH HO OH 
+ 

19 20 
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upon 

24 
Jorgensen observed that ynone 21 formed oxetanes 

irradiation with olefins. 

The similar photoreactivity of ynones and the dialkyl 

and alkyl phenyl ketones discussed above suggests a reac¬ 

tive n, TT* lowest triplet in ynones. 

From the enone photochemistry discussed above, it 

would appear that flexible double bonds have a deactivating 

effect on the carbonyl group. It seems reasonable that an 

a-acetylenic group might have virtually no such deactivating 

effect since rotation about the cylindrically symmetric 

triple bond can hardly lead to crossing of the excited state 

potential surface with that of the ground state. This 

does not imply that no other type of radiationless decay 

25 
will occur in ynones ; however, since only two studies of 

such compounds have appeared in the literature, it would be 
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worthwhile to compare the photochemistry of an ynone with 

an analogous enone. Cyclobutanol formation from an ynone 

could be a useful synthetic procedure because in contrast 

possibilities for further chemical transformations. 

At the outset, the goal of the present study was to 

determine whether a-acetylenic ketones underwent Type II 

photoreactions and if so to determine which excited states 

were involved. Phosphorescence studies were also carried 

out to determine the triplet energy (E^) and triplet life¬ 

time of ynones. Synthesis of ynones 22. and 23. will be 

described. Synthesis of the j3, y-unsaturated ynone _24 will 

also be described, however a study of its photochemistry 

was not possible on account of time limitations. For com¬ 

parison, _25 was synthesized and the photochemistry of 22_ 

and 25 will be described. 

2 6 
to the alkyl phenyl ketones , the product offers various 

25 
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II. Results 

1. Synthesis of Ketones 

The synthesis of 22. was accomplished by treating 

. 27 valeraldehyde with propynyl magnesium bromide 26. and 

oxidizing the resulting ynol 27. with CrO^-pyridine in 

28 
CH2CI2 as shown below. 

= Mg Br 

26 

Ether 

V 

The first attempt at making the trans enone 25_, which 

was not very successful, was based on the known reaction of 

crotonic acid .28 with methyl lithium to furnish methyl 

29 
propenyl ketone . Treatment of one equivalent of 2j3 with 

with two equivalents of n-butyl lithium yielded only 4% of 

25 plus 12% of unreacted .28. In a better procedure, crotonyl 

28 25 
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. . 30 
chloride 29prepared from 28_ and thionyl chloride , 

. . . 31 
was added to a solution containing di-n-butyl cadmium 

This gave 25f in 21.6% yield. 

.^Ac, + (n-BuJgCd 
Benzene-> 

29 

An authentic sample of the cis enone _30 was made by 

. 32 
partial catalytic hydrogenation of 22 

22 

x/ H2-Pd/BaS0 > Uk/ 
30 

28 33 34 
An authentic sample of 3-pentyne-2-one 33^ ' ' 

was synthesized in a manner similar to 22. 

OH 

As :Mg Br + A„ Ether 

26 31 A 32 
Cr03~Pyr 

CH2C12 

V 

A 
33 

A four step synthesis was conceived for making 

,35 
4,4-dimethyl-l-hexyne-3-one 23~ This involved alkylation 
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3 6 
of isobutyronitrile 214 and reduction of nitrile 3J5 to 

37 
aldehyde 36. . 3j6 was then converted to 37. by reacting with 

38 
lithium acetylide and 37 was oxidized to 23 with pyridinium 

39 
chlorochromate (PCC) . Although alkylation of .34 and the 

conversion of .36. to 37. proceeded smoothly and in good yield, 

the diisobutyl aluminum hydride (DIBAL) reduction went in 

moderate yield (41.8%) . After distillation of 36., there 

remained in the flask a high boiling residue whose structure 

LiN(iPr) CN 

OH 

37. 

PCC 

was assigned as 2^8, based on spectral data. Possibly 

38 
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heating the worked up reaction mixture with dilute acid 

would have increased the yield of 36_ in the reaction. 

High yields of monoalkylated carbonyl compounds have 

40 
been reported by reacting primary or secondary alkyl 

halides with the magnesium salts of imines prepared by 

addition of one equivalent of EtMgBr to an imine in THF. 

Thus an alternate route to 36_ consisted of treating isobu- 

tyrocyclohexyl imine J39 with EtMgBr and EtI. Acid workup 

provided 36^ in 35.7% yield. In a related reaction, 

CzrN—^ ^ EtMgBr ^ 

H 39 

EtI 
H 
+ 

V 
0 

H 

36 

39 was treated with LiN(iPr)2 and EtI which gave 36^ in 

27% yield. 

PCC oxidation of 37. resulted in a very low yield of 

23, which had to be purified by preparative gc. 

Two reactions (shown immediately below) were attempted 

in order to shorten the synthesis of 2J3; however, spectra 

taken of the residue in both reactions indicated no 

formation of 23. 
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+ M C=CH 

35 M = Na,Ll 23 

The synthesis of 24 was accomplished as shown below. 

Mg ^ 
Ether ^ 

Cl 
41 

Mg Cl 
HC(0Me)3 

42 

0 

44 

CH(OMe), 

43 

LI C=CH 

Na2Cr2°7 ^ 
H2S04,H20^

> 

Ether 

The conversion of 4Q. to 43. went in low yield. The reac¬ 

tion time was long and a large amount of C^Q dimers 46, 47, 

and 48 were formed. It was not possible to isolate 43_ free 

of the C^Q dimers so 4_3 was hydrolyzed with dilute acid 

and 44 distilled. 
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Another approach to 44 was attempted. The formation 

42 
of the hydroxy nitrile 4j) went in 47.3% yield but dehy- 

^■—“C N 
CH-CHO 9H 

+ Li N(i-Pr) 3 > 

34 

4 DIBAL 
44 

soci2 
ridine Py 

V 

CN 

50 

dration could not be effected even by refluxing with 

. . 19 
thionyl chloride and pyridine for two hours or by reflux¬ 

ing 49 with ^2*^5 xyl®11®* In. the first method, a low 

melting solid was obtained M.P. 44-48°C, B.P. 80/50mm-95/40mm 

whose NMR and IR were similar to those of the starting 

material. A mass spectrum of the solid indicated the 

presence of chlorine. This could either be due to the 

chloride 53. or an impure sample of the starting material. 

CN 

51 
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The reduction of j>0 to 44 was not attempted because 50 

could not be prepared. 

A different approach to the synthesis of 24 was 

attempted. Treatment of the acid chloride _53 with lithium 

soci2 > Cl 

53 

acetylide did not lead to formation of 24 but spectral data 

were consistent instead with structure 54, whose genesis is 

not clear. 

0 

54 

An alternate synthesis of the ynol 45 was considered, 

but it was not tried. 
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Cr03~H2S04 

Acetone > H 

Mg Ct 

OH 

«’’xV 
45 

Several attempts at oxidizing 45 were made. Treatmer^t 

2 8 
of 45, with a large excess of CrO^-pyridine in CI^C^ 

resulted in a very slow reaction from which no ynone was 

44 
isolated. A Jones oxidation was tried but the yield was 

low and only a very small impure sample of 24^ was obtained. 

A milder procedure consisted of dissolving ynol 45, in 

. 45 
methanol and adding 5% Pt on Carbon . After bubbling O2 

through the stirred mixture for two hours, no reaction 

could be detected by gc. Since the PCC oxidation worked 

reasonably well on .37, the same oxidation was tried with 

45. After workup of the crude reaction mixture, gc indicated 

five equal area peaks and ynone 24 could not be isolated. 

The reagent of choice in the oxidation of 45 turned out to 

46 
be Na2Cr20^-H2SO^,H20-ether , 

pure ynone 24 in 60.0% yield. 

which produced the relatively 
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2. Photochemistry of Ketones 

Irradiation of 2J2 in degassed benzene at 313 run gave 

rise to three new gc peaks. The two closely spaced, equal 

area peaks at long retention time were shown by gc/ms to be 

isomeric with starting material while the early peak cor¬ 

responded to loss of propene from 22. 

OH * -s-tr 
57 

Preparative gc allowed isolation of the isomeric products 

as a mixture and spectral data quickly pinpointed their 

structure as epimers of _57; IR 3610, 2240 cm ^? NMR 6, 

1.02 (br d,J = 6i5,3H), 1.81, 1.87 (s,3H), 1.0-2.6 (brm,5H) 

exact mass 124.0885? calculated for CgHj^O 124.0887. The 

early gc peak was isolated and shown to be identical to an 

authentic sample of 33. 

Quantum yields for ketone disappearance (i v), for 

cleavage product formation (l^), and for cyclobutanol 

formation ($CB) were determined by gc and are summarized in 
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Table 1. These values were taken from runs 6, 7, and 8 

in Table 3. Runs 1-5 were not used to determine $ „ 

because of uncertainty in experimental technique. 

Ynone 22_ was found to sensitize dimerization of 

cyclohexadiene and isomerization of piperylene. Quenching 

studies were done using piperylene and k^T values were 

determined for 22. from the slope of the Stern-Volmer plots 

(Figures 2 and 4). Stern-Volmer plots for quenching of 

product formation were also made and from the slope k^T 

values were determined (Figures 3 and 5). These k^T values 

are also summarized in Table 1. Attempts at determining 

intersystem crossing yields (§. ) by sensitizing cyclo- 

hexadiene dimerization and piperylene isomerization re¬ 

sulted in $. values which were lower than expected in 

light of the triplet sensitization experiment. Even 

attempts at determining known literature values for quantum 

yields of piperylene isomerization using benzophenone as 

sensitizer gave values which were too high ($c_t+§t c 
> 1)* 

thus casting doubt upon the validity of the §. détermina- 
. XSC 

tion. However literature values for $_K for butyrophenone 

were successfully reproduced. 

Triplet sensitization experiments were run using 

acetone as sensitizer. Quantum yield data are summarized 

in Table 1. Note that triplet sensitization gave the same 

products and the same quantum yields as direct irradiation. 
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21 Figure 3 

0 



Figure 4 

Stern-Volmer Plot for 22, with Piperylene 

22 



23 Figure 5 

Stern-Volmer Plot for Quenching of Cleavage Product 
and Cyclobutanol Formation with Piperylene 

0 

[Pip] M 
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Table 1 

SUMMARIZED3 PHOTOCHEMICAL PARAMETERS FOR SEVERAL KETONES 

Compound $-K 
$ 
®C1 

$ CB k T 
q 

E 
T 

Ref. 

1 0.33 

0.5h 

0.252 0.075 50 (80)1 - 1,2,3a 

58^ 0.42 0.33 0.091 36 74.5 - 48,6,49 

22 0.43 

±0.03 

0.32 

±0.03 

0.12 

±0.02 

16 

17.8k±3.9 

24.21±4.4 

73.1 1.9m 

2.3 

This Work 

22n 0.46 

±0.02 

0.31 

±0.04 

0.13 

±0.01 

— — This Work 

25 0.49 

±0.01 

0 0 2 (73)° - This Work 

a) Average values taken from runs 6, 7, and 8. b) Quantum 
yield for ketone disappearance in benzene, c) {3-cleavage, 
d) Cyclobutanol formation, e) Stern-Volmer quenching con¬ 
stant of §_K with piperylene. f) Triplet energy, kcal/mole. 
g) Triplet lifetime, msec, MClP -196°C.h) in pentane and 
hexane respectively, i) By analogy with, acetone; ref. 47. 
j) Valerophenone. k) Stem-Volmer quenching constant of 
I . with piperylene, average value. 1) Stern-Volmer quench¬ 
ing constant of § with piperylene, average value, 
m) Triplet lifetime of 13, msec, MCIP -196°C.n) Acetone 
sensitization experiment, average values, o) By analogy 
with cyclic enones; ref. 50. 

Direct irradiation of 25_ under the same conditions 

as _22 gave only one product according to gc. Spectral data 

suggested that it was the cis enone _30. In an effort to 

prove the structure of J30, a sample of 25_ was placed in an 
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O 

25 

hv > 

NMR tube and the irradiation was followed by NMR. At the 

end of three hours a new peak was noticed in the olefin 

region of the NMR. To simplify the olefinic region of the 

spectrum, a decoupling experiment was run. This consisted 

of irradiating the methyl region, which should collapse the 

olefin signals to one AB quartet for each isomer. Unfor¬ 

tunately, the resulting pattern was not readily analyzed. 

Finally the structure of 30. was proven by isolating it from 

irradiated 2_5 using preparative gc. Comparison of the NMR 

of this material with that produced by partial hydrogenation 

of 22. confirmed the structure of ^0^. Quantum yields and 

k T values for the reaction of 2JL are summarized in Table 1. 
q 
It was found that piperylene quenched the photoisomerization 

of 25_ only slightly and that 25. sensitized cyclohexadiene 

dimerization and piperylene isomerization only slightly. 

Irradiation of 23 was carried out in deoxygenated 

benzene at 313 nm and the reaction appeared to be slow. GC 

indicated one long retention time peak, presumably the 

cyclobutanol j59 and a short retention time peak thought to 

be the cleavage product 60.. There were also four new peaks 
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23 59 ' 60 

of shorter retention time than the benzene solvent peak. 

It is suspected that three of these products are _61, 62, 

and 6j3 formed by a-cleavage. A gc/ms would have placed 

"V •"Y 'Y 
61 62 63 

the identity of these compounds on firmer ground but time 

limitations prevented further examination of this reaction. 

Irradiation of a deoxygenated benzene solution of 

24 for five hours at 313 nm resulted in slow loss of start- 

24 

ing material. A gradual buildup was observed of broad, very 

long retention time peaks. Again time limitations prevented 

further examination of this reaction. 

3. Phosphorescence Studies 

Strong, nicely structured emission was observed from 

22 in MCIP (5:1 methylcyclohexane:isopentane) at -196°C. 

Its 0-0 band was centered at 391 mp. Repeated purification 
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produced no change in the emission spectrum. Excitation 

spectra and absorption spectra were found to be very 

similar. 

Emission was also observed for 3_3 under the same 

conditions whose 0-0 band was centered at 393 mu. 

A phosphorescence excitation spectrum was attempted 

51 
on 22 but no S -T-, excitation was observed 
— o 1 

Triplet lifetimes were determined for 22^ and ^3 in 

MCIP at -196°C. A triplet lifetime of 2.3 msec for 22^ and 

1.9 msec for 3_3 were calculated from the phosphorescence 

decay curve which was stored in a transient recorder and 

then recorded on a strip chart recorder. 

Phosphorescence and excitation spectra for J22 and 33^ 

are shown in Figures 6-9. 
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III. Discussion 

Y-hydrogen abstraction observed in 22. upon irradiation 
3 

seems to originate from a reactive n,TT* state. It is 

interesting to note that the quantum yields as well as k T 

6 4a 49 12 3 
values for 22_, 58, ' ' and _1 ' ' are very similar. 

Sensitization of piperylene isomerization and cyclohexadiene 

dimerization by 22_ indicates a triplet state reaction and places 

a lower limit on the triplet•enérgy of 22 at 57 kcal/mole. 

Since alkyl phenyl ketones have an intersystem crossing 

yield ($. ) of one , the question becomes what is the I. 
ISC xsc 

of 22? Since experimental problems prevented determination 

52 
of in the manner of Lamola and Hammond , triplet sensi- 

XSC 

tization provided the answer by giving the same products and 

the same quantum yields as direct irradiation. Assuming 

efficient energy transfer between acetone and 22^ one can 

conclude that §. is unity. Here the similarity in photo- 
XSC 

chemical behavior of 22^ and 1^ stops. Since no singlet decay 

occurs, the inefficiency of the reaction must be in the 

triplet state. From quenching studies with cis piperylene 

K ISC v. 
100% ^ 

*3 
K K hv 43% > Products 
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a difference in k^T values for cleavage product formation 

and cyclobutanol formation was observed. However this 

difference is very slight and is probably due to experimen¬ 

tal error. This would then indicate that both products come 

from the same excited triplet state. In view of the 

similarity in photochemical behavior between 22_ and _58, it 

was of obvious interest to examine the phosphorescence 

spectrum of 22^. Strong, nicely structured emission was ob¬ 

served whose 0-0 band corresponded to a triplet energy of 

49 
73.1 kcal/mole (58, E^, = 74.5 ) and a triplet lifetime of 

24 
2.3 msec. Oxetane formation observed by Jorgensen for 21 

23 
and pinacol formation observed by Wilson are character- 

3 
istic n,rr* reactions. Since 22^ undergoes Y-hydrogen 

3 
abstraction, which occurs from the n,rr* state in alkyl 

4 
phenyl ketones , and since it has a relatively short phos¬ 

phorescence lifetime, it can be concluded that the reactive 

state is n, TT*. 

Emission from _33 showed a 0-0 band corresponding to 

a triplet energy of 72.6 kcal/mole and a triplet lifetime 

of 1.9 msec. The similarity of these results to those from 

22 argue against an emitting impurity as the phosphorescer, 

since it is unlikely that the same impurity would be in 

both compounds. Emission from ynones has not been reported 

previously. 

Irradiation of 2jj resulted in exclusive geometric 

isomerization, a good example of the "free rotor effect." 
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This isomerization was hardly quenched with cis piperylene 

and only minor amounts of trans piperylene were formed. 

17 50 53 
Since many enones appear to intersystem cross ' ' and 

since geometric isomerization is a characteristic triplet 

process, the excited state involved here is probably a very 

short lived triplet. A quantum yield of 0.49 for disappear¬ 

ance of 25. would suggest 100% formation of an excited state 

intermediate which then has a 50-50 chance of decaying to 

either 25. or 30. 

Ketone 23_ was synthesized in order to study the a-methyl 

effects in ynone photochemistry. By analogy ..with the photo¬ 

chemistry of 58 and 64~*, more cyclization than cleavage in 2J3 

is 'expected thus providing a potentially useful cyclobutanol 

synthesis. This indeed was observed according to the ratio of 

the areas’.of the peaks (3.3il) whichrwere tentatively assigned 

as cyclobutanol 59~ and cleavage product 60.. Since a-cleavage 

58 64 59 60 

would lead to a tertiary radical, this process was also ex¬ 

pected. GC traces of the irradiation mixture indicated four 

new peaks of shorter retention time than the benzene solvent 

peak which could be due to products of a-cleavage but no 

proof is available. The appearance of products seemed to 

be slower with 23. than with 22. but no quantum yields were 

measured for ^3. The added methyl groups in 23. should not 
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change its triplet energy much relative to 2^2 since j>8 and 

49 
65 have = 74.5 and 72.5 kcal/mole respectively. 

By analogy with 16, 24 is expected to undergo inter- 

system crossing followed by a-cleavage. After long irradi¬ 

ation time some products were observed by gc however no 

identification of these products could be made in the 

short time available. Unlike 16, the p,y-double bond in 

24 is non-rigid; thus cis-trans isomerization could compete 

with other processes and the reaction would appear to be 

slow. 

Further study of 23. and 24 are necessary to determine 

to what extent their behavior is analogous to that of the 

phenyl ketones. 
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IV. Experimen ta1 

1. Equipment and Materials 

Analytical gas chromatography (gc) was carried out 

using a Barber-Coleman Selecta System Series 5000 gas 

chromatograph with either a Leeds and Northrup Speedomax H 

(6" recorder) or a Houston Instruments Omniscribe Model 

5220-15 strip chart recorder. Preparative gc was carried 

out using a Hewlett-Packard F+M Scientific Model 700 gas 

chromatograph with a Honeywell strip chart recorder. 

NMR spectra were obtained in CCl^ using a Varian 

A-56/60-A spectrometer with TMS as internal standard. The 

nuclear magnetic double resonance experiment was run on a 

Perkin-Elmer R-12 Spectrometer with a double resonance 

accessory. IR spectra were obtained in CCl^ on a Beckman 

IR-8 or a Beckman IR-20. UV spectra were run on a Cary 17. 

Mass spectra were obtained on a CEC 21-110B high resolution 

mass spectrometer while gc mass spectra were obtained on 

a Finnigan 3300F gc mass spectrometer. Phosphorescence 

spectra were measured on a Perkin-Elmer fluorescence 

spectrophotometer MPF-2A using the phosphorescence accessory. 

Triplet lifetimes were measured using a Biomation Model 

610B transient recorder linked to a Tektronix Type 515A 

oscilloscope. The melting point was determined in a 

capillary tube on a Mel-Temp and is uncorrected. The lamp 

used in all photochemical experiments was a 450 W Hanovia. 

A 
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313 nm light was isolated with a I^CrO^fO^ g/1) filter 

solution and a corex sleeve. 

Ether used as solvent for reactions (referred to as 

"anhydrous ether") was Mallinckrodt anhydrous ether stored 

over sodium prior to use. Methylene chloride (Aldrich) 

used as solvent for reactions was stored over molecular 

sieves. Anhydrous tetrahydrofuran (THF) was prepared by 

stirring a fresh bottle of THF over sodium and benzo- 

phenone until the blue color persisted, then it was dis¬ 

tilled and stored under nitrogen. Reagent grade benzene 

(Fisher) was distilled from LiAlH for use in all direct 
4 

irradiations. Reagent grade acetone was used for sensi¬ 

tized irradiations (runs 9 and 10) without further 

purification. 2,3-diazabicyclo (2.2.1.) heptene-2 (DBH) 

was used as an actinometer in all analytical irradiations. 

Table 2 

GC Columns Used 

Column Dimensions Liquid 
Phase 

Mesh Solid 
Support 

Column 
Material 

1 1/4 X 10' 10% XE-60 Aluminum 

2 1/4 X 20' 8% OV-17 70-80 anakrome a 
ss 

3 1/4 X 6' 10% FFAP 60-80 
"1_ 

CHW-AW ss 

4 1/4 X 6' OV-17 Aluminum 

5 1/8 X 15' 5% OV-17 80-100 CHW Aluminum 

6 1/8 X 21' 10% FFAP CHP-AWC Aluminum 

7 1/8 X 10' 10% XE-60 80-100 CHP ss 

a) Stainless Steel, b) Chromosorb W-Acid Washed, 
c) Chromosorb P-Acid Washed. 
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2. Synthesis of Ketones 

2-0ctyne-4-ol (27).^a* 

In a three neck round bottom flask flushed with ^ and 

equipped with a mechanical stirrer was placed 7.3g (0.30 

moles) Mg turnings along with 200 ml anhydrous ether. A solu¬ 

tion of 33g (0.30 moles) EtBr in an equal volume of anhydrous 

ether was prepared. A five ml portion was added to start 

the reaction and the rest added at such a rate to maintain 

a reflux. After an additional half hour, a large dry ice 

condenser was attached to the flask and propyne was passed 

in and heated under a positive nitrogen pressure. The 

solution was heated until spontaneous gas evolution ceased. 

After two hours, an aliquot was tested by reacting with a 

small amount of valeraldehyde in ether and working up the 

aliquot with aqueous NH^Cl. The aliquot was gc'd on Column 

4 at 140°C. From the relative size of the 3-heptanol and 

the octynol peak, the yield of the Grignard reagent was 

determined to be 70%. More propyne was added and the re¬ 

action mixture heated until ethane evolution ceased. 

Another aliquot was worked up. GC indicated complete for¬ 

mation of the propynyl Grignard. The mixture was cooled in 

a dry ice-acetone bath and 25g (0.29 moles) valeraldehyde, 
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which was previously distilled and dried over Na2SO^ was 

added dropwise in 50 ml anhydrous ether using a constant 

rate addition funnel. The reaction mixture was allowed to 

warm to room temperature while stirring overnight. Work up 

of the dark, homogeneous mixture was carried out by cautious 

addition with vigorous stirring of saturated aqueous NH^Cl 

with ice bath cooling. Eventually, nearly all of the sus¬ 

pended solid dissolved. The solution was filtered and 

the aqueous layer extracted twice with ether. All of the 

organic layers were combined and washed with a saturated 

aqueous NaCl solution. The organic layer was dried over 

Na2SO^, filtered, and the solvent rotevaped. The residue 

was distilled under vacuum through a four inch metal 

helices packed column, yielding 25g (0.20 moles) 68.2% 

2-octyne-4-ol 27 B.P. 70-72°/5mm; IR 3650, 3500, 2240 cm"1; 

NMR 6, 0.90 (br t) , 1.41 (m) , 1.79 (d, J=2) , 2.3 (s) , 4.12 

(s). Lit.27b: B.P. 100-102°/29mm; IR 3600, 3440, 2250, 

2200, 1100, 1030, 1000, 885 cm"1; NMR (CCl4) 6, 0.93 (t, 

J=6, 3H), 1.46 (m, 6H), 1.81 (d, J=2, 3H), 2.92 (s, 1H), 

4.19 (m, 1H) . 

28 
2-0ctyne-4-one (22) 

180 ml CH2CI2 was placed in a 500 ml three neck round 

bottom flask equipped with a mechanical stirrer. 19.Og 
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(0.19 moles) CrO^ which was stored in a vacuum desicator 

over 1*2^5 Pr;*-or to use was added. Then 30.lg (0.38 moles) 

pyridine stored over molecular seives was added to the 

stirring solution. The resulting dark brown mixture was 

stirred for one hour to ensure complete formation of the 

CrO^-pyridine complex. 5.0g (0.04 moles) 2-octyne-4-ol 2J7 

in 90 ml CE^C^ was added with stirring over a 20 minute 

period. Aliquots were taken at one hour intervals and 

worked up by washing with aqueous 5% NaOH, 5% HC1, and 

5% NaHCO^ respectively. The organic layer was then gc'd 

on column 6 at 110°C. After seven hours, the reaction 

mixture was poured off the tar which had formed on the 

bottom of the reaction vessel. This tar was then extrac¬ 

ted twice with ether and the organic solutions combined. 

The reaction mixture was then washed with four 375 ml por¬ 

tions 5% NaOH, four 375 ml portions 5% HCl, two 250 ml 

portions 5% NaHCO^, and two 500 ml portions of saturated 

NaCl solution. The mixture was then dried over Na2S0^, 

filtered, and rotevaped. The residue was distilled under 

vacuum and yielded 3.0g (0.024 moles) 60.9% 2-octyne-4-one 

22. B.P. 69-71°/10mm; IR 2230, 1680 cm"1; NMR .6, 0.90 

(br t, J=6, 3H), 1.5 (m, 4H), 2.0 (s, 3H), 2.40 (br t, 

J=6, 2H); UV (cyclohexane) Xmax 310 nm e 27; exact mass: 

measured 124.0886 calculated for C3H^2® 124.0888. Lit^: 

B.P. 77-82°/20mm. The ynone was purified by preparative 

gc on column 1 at 140°C. 
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S°C12 > 
28 7 29 

Crotonyl Chloride (29)^. 

Crotonyl chloride was prepared by the method of 

30 
Fuson, Christ, and Whitman . This yielded 25.2g (0.24 

30 
moles) 71.6% crotonyl chloride 2_9, B.P. 121-126°C. Lit : 

B.P. 124-125°C. 

0 
+ n BuMgBr 

29 

CdCl, 

■> 

25 

31 
Trans-2-octene-4-one (25) 

A 250 ml three neck round bottom flask equipped with 

a mechanical stirrer, reflux condenser and an addition 

funnel was heated with a low flame while sweeping with 

The flask was cooled to room temperature and 2.43g (0.10 

moles) Mg turnings was added along with 20 ml anhydrous 

ether. 14.Og (0.10 moles) n-BuBr in 35 ml anhydrous ether 

was placed in the addition funnel and a few ml added to 

the Mg turnings. A crystal of iodine was added and after 

heating for five minutes the reaction began. The rest of 

the n-BuBr solution was added over a one hour period. It 

was then stirred an additional 30 minutes and placed in 

an ice bath. 10.Og (0.055 moles) CdC^ was added over a 
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five minute period with stirring and the ice bath was then 

removed. The solution was stirred for five minutes at room 

temperature and then heated to reflux for 45 minutes. The 

ether was distilled from the reaction vessel and 35 ml 

thiophene free benzene was added. Heating was continued 

until no more ether distilled and another 35 ml portion of 

benzene was added. The solution was stirred vigorously 

while refluxing for 30 minutes. After cooling the reaction 

to room temperature, 8.5g (0.081 moles) crotonyl chloride 

29 was added slowly in 15 ml benzene using the addition 

funnel. After the spontaneous refluxing had stopped, the 

mixture was refluxed while stirring for one hour and then 

stirred at room temperature for four hours. Stirring the 

cream colored solution became difficult toward the end of 

the reaction due to cakes of solid which clung to the bottom 

of the flask. The reaction mixture was decomposed by adding 

60 ml ice and water. The stirrer was removed and 300 ml 

20% was added. Two clear phases appeared with some 

undissolved particles suspended between them. The solid 

was removed by filtration and the aqueous layer extracted 

with two 50 ml portions of benzene. The combined benzene 

solutions were washed with 200 ml water, 100 ml 5% Na2C0g, 

100 ml water, and 100 ml of saturated NaCl solution 

respectively. The washed organic layer was then filtered 

through anhydrous Na2SO^ and the solvent rotevaped. The 

residue was gc'd on column 2 at 105°C (one major component 
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was present). The residue was distilled under vacuum to 

give 2.2g (0.017 moles) 21.6% 2-octene-4-one 2J5 B.P. 66-70°/ 

10mm (center cut)? IR 3040, 1680, 1640, 970 cm NMR 6, 

0.91 (br t, J=6, 3H), 1.38 (m, 4H), 1.85 (d of d, J=6, 3H), 

2.38 (br t, J=6, 2H) , 5.94 (dofM, J=15, 1, 1H) , 6.65 (d of q, 

J=15, 6, 1H); UV (cyclohexane) X 327 nm, c 28.6. Lit.27b: 

B.P. 34-41°/0.5mm;IR (CC14) 3020, 1695, 1675, 970 cm
-1; NMR 

6, 0.91 (t, J=6.5, 3H), 1.44 (m, 4H), 1.86 (d of d, J=6.5, 

1.5, 3H), 2.47 (t, J=6.5, 2H), 6.04 (d of q, J=15, 1.5, 1H), 

6.79 (d of q, J=15, 6.5, 1H) . 

119.4 mg (0.963mmoles) 2-octyne-4-one 22^ and two ml 

methanol were placed in a 25 ml single neck round bottom 

flask equipped with a magnetic stirrer. 12.7 mg 5% Pd on 

BaSO^ and 33.8 mg quinoline were added in order. The reac¬ 

tion mixture was placed on an atmospheric pressure hydro- 

genator and stirred until one equivalent (21.6 ml, 0.963 

mmoles) hydrogen had been taken up. The solution was filtered 

through Celite to remove the catalyst and the mixture gc'd 

on column 5 at 105°C. The volume was reduced by rotevaping 

and an NMR run on the crude reaction mixture. IR 3030, 

1690, 1625, 930 cm-1; NMR 0.93 (br t, J=5.5, 3H), 1.43 
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(m, 4H), 2.04 (br dd, J=5.1, 3H) , 2.33 (br t, J=6.5, 2H) , 

6.03 (br d, J=2, 2H). 

A 250 ml three neck round bottom flask flushed with 

N£ was fitted with a dry ice condenser and a mechanical 

stirrer. 2.2g (0.091 moles) Mg turnings and 25 ml anhy¬ 

drous ether was added. 9.8g (0.090 moles) EtBr was dis¬ 

solved in 25 ml anhydrous ether and a five ml portion 

added to start the reaction. The mixture was stirred and 

the reaction began immediately. The rest of the EtBr 

was added over a 1.5 hour period with ice cooling to pre¬ 

vent the reaction from getting too violent. The solution 

was stirred for an additional 30 minutes and warmed to 

room temperature. Two liters (0.089 moles) propyne was 

added. The volume of propyne was determined by measuring 

the diameter of a 29 cent orange party balloon obtained 

from Eckerd Drugs, using a pair of calipers and assuming 

the balloon to be spherical. One end of a T-tube was 

attached to the cylinder of propyne while another end was 

attached to a glass tube which extended into the reaction 

vessel. The third end of the T-tube was attached to the 

balloon. A pinch clamp was placed on the rubber tubing 

between the T-tube and the reaction vessel. The clamp was 

OH 

=-H+ CH,CHO -EtM3Br > 

3-Pentyne-2-ol (32)^a. 
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shut when filling the balloon with propyne and the gas flow 

into the reaction mixture controlled by adjusting the clamp 

After addition of two liters of propyne, gas could be 

seen condensing on the dry ice condenser and another two 

liters of propyne were added. The reaction mixture was 

stirred for seven hours at room temperature. Aliquots 

were taken, treated with acetaldehyde and worked up with 

aqueous NH^Cl. The aliquots were gc'd on column 5 at 160°C 

After all the propynyl Grignard had formed, as judged from 

the absence of 2-butanol, 4.0g (0.091 moles) freshly dis¬ 

tilled acetaldehyde ^1 dissolved in 20 ml anhydrous ether 

was slowly added to the grey reaction mixture. A small 

amount of yellow solid formed on the side of the reaction 

vessel but quickly dissolved. The reaction mixture was 

stirred overnight. Aliquots were taken the next day and 

worked up with aqueous NH^Cl. GC on column 5 indicated 

complete consumption of _31. The reaction was quenched by 

slow addition of aqueous NH^Cl to the rapidly stirring 

reaction mixture cooled in a dry ice-acetone bath. The 

solution was stirred until the bubbling stopped. The 

aqueous layer was extracted with two 100 ml portions of 

ether and combined with the clear pale yellow organic layer 

The organic layer was washed with two 100 ml portions of 

aqueous NH^Cl and dried over Na2S0^. The ether was dis¬ 

tilled through a vigreux column and the residue vacuum 

distilled. This yielded 2.4g (0.029 moles) 31.4% 3-pentyne 
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2-ol 32., B.P. 60-61°/30mm (center cut) ; IR 3620, 3480, 2250 

cm”1; NMR 6, 1.33 (d, J=6, 3H), 1.80 (d, J=2, 3H), 2.58 

(s, 1H), 4.35 (m, 1H). 

OH 
Cr03-Pyr 

32 

3-Pentyne-2-one (33) 

CH2
c1

2 

28 

> 
0 

1.5g (0.018 moles) 3-pentyne-2-ol 32^ was oxidized 

28 
using the same procedure as in the oxidation of 2-octyne- 

4-ol 22.. The course of the reaction was followed by gc 

on column 6 at 100°C. Yield: 0.35g (0.0043 moles) 23.9% 

3-pentyne-2-one ^3, B.P. 44-46°/30mm (center cut); IR 

2240, 1685 cm”1; NMR 6, 2.0 (s, 3H) , 2.2 (s, 3H). 

Lit 
27b 

B.P. 73.5-74.5°/95mm. 

\ LiN(iPr) 

CN + Et Br — '■-■>> 

35. 

36 
2,2-Dimethylbutyronitrile (35) 

In a two liter three neck round bottom flask flushed 

with N£ and fitted with a mechanical stirrer, rubber sep¬ 

tum and a 50 ml addition flannel was placed 280 ml reagent 

grade hexane. 0.50 moles (200 ml 2.5 M) n-BuLi was added 

by syringe with stirring. The solution was cooled in an 

ice bath and 50.5g (0.50 moles) diisopropyl amine added 

over a ten minute period. The solution was stirred for 
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30 minutes and 34.5g (0.50 moles) isobutyronitrile _34 added 

over a ten minute period. A yellow solid formed immediate¬ 

ly and remained throughout the reaction. The mixture was 

stirred for an additional 30 minutes. 54.5g (0.50 moles) 

EtBr was added over a one hour period. The reaction mix¬ 

ture was stirred for seven hours while slowly warming to 

room temperature. An aliquot was treated with IN HC1 

and gc'd on column 6 at 110°C which showed a small amount 

of unreacted _34 remaining. The reaction mixture was 

stirred overnight at room temperature. The reaction was 

quenched by addition with good stirring of 50 ml IN HCl, 

which dissolved the yellow solid. The aqueous phase was 

extracted with 100 ml hexane and the organic layers com¬ 

bined. The organic layers were then washed with three 

800 ml portions IN HCl and two 100 ml portions brine. The 

organic phase was dried over Na2SO^ and the solvent dis¬ 

tilled. The residue was distilled under vacuum and 

yielded 35.5g (0.37 moles) 73.2% 2,2-dimethylbutyronitrile 

35. B.P. 60-63°/80mm? IR 2240, 1390, 1370 cm”1; NMR 6, 

1.28 (s), 1.0-1.5 (m). 

+ CH3CHO 
31 

42 
2,2-Dimethyl-3-hvdroxybutyronitrile (49) 

In a one liter three neck round bottom flask flushed 

with N2, 0.36 moles LiN(iPr)2 in 200 ml reagent grade hexane 
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was prepared as described in the previous section. The ice 

bath was removed and replaced with a dry ice-acetone bath. 

24.7g (0.36 moles) iso-butyronitrile 14 was added slowly 

and stirred for 30 minutes. Then 14.Og (0.32 moles) 

freshly distilled acetaldehyde 31^ (B.P. 35°C) was added 

dropwise over a 30 minute period to the milky yellow 

solution. The reaction mixture was stirred in a dry ice- 

acetone bath for six hours, wanned to room temperature and 

quenched with 300 ml 10% HCl. The aqueous layer was ex¬ 

tracted with two 100 ml portions of ether. The organic 

layers were combined, dried over Na2S0^, filtered and 

rotevaped. The residue was distilled under vacuum and 

yielded 19.12g (0.17 moles). 47.3% (based on 34) , 2,2- 

dime thy 1-3-hydroxybutyronitrile _49, B.P. 56-57°/0.5mm; 

IR 3470, 2240, 1380 cm-1; NMR Ô, 1.25 (m), 3.0 (br s), 

3.55 (q, J=6). 

AlH(iBu)2 

> H 

37 
2,2-Dimethylbutyraldehvde (36) 

In a 250 ml three neck round bottom flask flushed 

with N2 and fitted with a mechanical stirrer and a rubber 

septum was placed 100 ml pentane distilled from Cal^* 

8.0g (0.082 moles) 2,2-dimethylbutyronitrile _35 was added. 

The flask was placed in an ice bath and 0.078 moles 

(14 ml 5.6 M) AlH(i-Bu)2 (DIBAL) solution in pentane was 
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added over a ten minute period. The reaction was stirred 

for 30 minutes and an aliquot was worked up by careful 

addition of 6N I^SO^. The aliquot, which was gc'd on 

column 6 at 80° C, indicated that some aldehyde had formed 

but unreacted nitrile was the major component. The mixture 

was stirred overnight at room temperature and an aliquot 

the next day revealed no change in product composition. 

Therefore 11.7g (14.8 ml 0.083 moles) neat DIBAL was added 

slowly and the mixture was stirred for one hour at room 

temperature. The gc trace of another worked-up aliquot 

showed a very small amount of nitrile remaining. The re¬ 

action was worked up by adding slowly in an ice bath three 

0.5 ml portions of 6N H2SO^ at ten minute intervals 

followed by three one ml portions at ten minute intervals. 

Then five ml portions were slowly added until the DIBAL 

was consumed. Note: If addition of the acid was too 

rapid, the reaction mixture tended to boil right out of 

the flask. The aqueous layer was saturated with NaCl and 

extracted with ether and the organic layers were combined 

and dried over Na2S0^. The solvent was distilled at 

atmospheric pressure. The distilled residue yielded 

3.45g (0.035 moles) 41.8% 2,2-dimethylbutyraldehyde 36, 

2,4-DNPH deriv. M.P. 142°C, B.P. 45-50°/100mm; IR 1740, 

1395, 1365 cm"1; NMR 6, 0.93 (s), 0.77-1.47 (m, 11H), 

9.07 (s, 1H). Lit55: B.P. 104°. 
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Isobutyrylcyclohexylimine (39). 

In a 250 ml flask was placed 45.5g (0.46 moles) cyclo- 

hexylamine. 36.Og (0.50 moles) isobutyraldéhyde was added 

with cooling to mitigate the exothermic reaction. The 

flask was fitted with a Dean-Stark trap and heated with 

stirring for one hour. After nine ml of water had been 

collected, the flask was cooled and the contents distilled 

using a six inch glass helices packed column. This yielded 

66.8g (0.44 moles) 95.0% isobutyrylcyclohexylimine _39, B.P. 

71°/8mm. 

In a dry 250 ml three neck round bottom flask flushed 

with N£ was placed 2.6g (0.11 moles) Mg turnings. 35 ml 

anhydrous THF was added under ^• Dropwise addition of 

11.Og (0.10 moles) EtBr was begun and a crystal of iodine 

was added to start the reaction. The remainder of the EtBr 

was added slowly and the mixture was stirred for 30 minutes. 

A reflux condenser and water-filled inverted 500 ml gradu¬ 

ated cylinder were attached for gas measurement and 15.Og 

0 

Et I 



51 

(0.098 moles) isobutyrylcyclohexylimine was added at room 

temperature. The reaction mixture was heated on a mantle, 

giving 470 ml of ethane gas after an initial induction 

period. The solution was then refluxed overnight. The 

solution was cooled and 16.Og (0.10 moles) EtI was added 

slowly with vigorous stirring at room temperature, causing 

a very exothermic reaction. The resulting grey sludge was 

heated to reflux and an additional 20 ml THF was added. 

The solution was refluxed for one and a half hours and 

allowed to stir overnight. An additional ten ml THF was 

added to the solid mush the next day. The reaction mixture 

was worked up by addition of 21 ml concentrated HCl mixed 

with 40 ml water. A slight exothermicity was noted as the 

solution became much more fluid and eventually turned 

yellow and then clear. The solution was refluxed for 

several hours, cooled and extracted twice with ether. The 

organic layer was dried over MgSO^ and distilled, yielding 

3.5g (0.035 moles) 35.7% 2,2-dimethylbutyraldehyde 36, 

B.P. 45°/100mm. Its spectral properties were identical 

with 36_ prepared from DIBAL reduction of 35. 

40 Cl 
+ HC(OMe), ^ 

42 

1) Mg,Ether 

In a dry three liter three neck round bottom flask 

fitted with a nitrogen inlet, mechanical stirrer, and a 
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constant rate addition funnel was placed 100g (4.12 moles) 

Mg turnings along with 750 ml anhydrous ether. The reac¬ 

tion mixture was cooled to -18°C in a refrigerated bath. 

A solution of 40g (0.38 moles) 2-methyl-4-chloro-2-butene 

40 in 150 ml anhydrous ether was prepared. To start the 

reaction a ten ml portion of 40 was added followed by a 

five ml portion of freshly prepared EtMgl. The remainder 

of the chloride solution was added by means of a constant 

rate addition funnel over a period of 18 hours. The reac¬ 

tion mixture was stirred at -18°C for an additional 12 

hours and the concentration of Grignard reagent was deter¬ 

mined by adding a three ml aliquot to 25 ml of 0.2N HCl 

and titrating to pH 7 with 0.2N NaOH. This indicated a 75% 

yield of Grignard reagent. 40.5g (0.38 moles) trimethyl- 

orthoformate 42 was added over a one hour period at -18°C. 

The reaction was then warmed to room temperature, placed 

over a steam bath and refluxed for five to ten hours. 

Formation of product was monitored by taking aliquots which 

were worked up with aqueous NH^OAc and gc'ing on column 3 

at 100°C. After all of 4j2 was consumed, the reaction was 

cooled to room temperature and worked up with a saturated 

aqueous solution of NH^OAc. The mixture was decanted and 

the residue washed with three 100 ml portions of ether. 

The aqueous layer was washed twice with 100 ml ether. The 

ether layers were combined, dried over Na2S0^ and the 

volume reduced by distillation. 50 ml of 2N HCl was added 
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and heated gently until hydrolysis of the product acetal was 

complete. The aqueous layer was washed with three 25 ml por¬ 

tions of ether and the solvent distilled. The residue was 

distilled tinder vacuum yielding 8.5g (0.087 moles) 22.7% 

(based on 42) , 2,2-dimethyl-3-butenal 44, B.P. 45-52°/150mm; 

Lit56: B.P. 98.5-99.Acetal: NMR Ô, 0.93 (s), 3.4 (s) , 

3.75 (m), 4.7-6.2 (ABX multiplet, AB 4.85 2H, x 5.75 1H). 

Aldehyde: IR 3090, 1735, 1395, 1370 cm-1; NMR 6, 1.15 (s, 

6H), 4.8-6.1 (ABX multiplet, AB 5.08 2H, x 5.81 1H), 

9.3 (s, 1H>. 

In a one liter three neck round bottom flask contain¬ 

ing a magnetic stirring bar and fitted with a dry ice 

condenser was added 350 ml anhydrous THF. The flask was 

cooled in a dry ice-acetone bath and 6.0 liters (0.27 moles 

4 equivalents) acetylene was bubbled in slowly with stirring 

using the balloon method described in making the propynyl 

Grignard reagent. 0.133 moles (53 ml 2.5M, 2 equivalents) 

n-BuLi was added slowly over a one hour period. The 

reaction mixture was stirred for 30 minutes to ensure 

complete formation of the lithium acetylide. 6.7g (0.067 

moles, one equivalent) 2,2-dimethyl-butyraldéhyde was added 

to the slightly cloudy reaction mixture over a ten minute 

period followed by ten ml of anhydrous THF. The reaction 

mixture was stirred for two hours at dry ice-acetone 

OH 

36 

3ft 
4,4-Dimethyl-l-hexyne-3-ol (37) 

H + Li CEECH —— 

37 
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temperature and slowly warmed to room temperature. The 

reaction was stirred for at least two hours. An aliquot 

was quenched with water and dried over I^CO^. IR indicated 

no carbonyl present in the reaction mixture. The reaction 

was quenched by addition of 40 ml of water to the stirring 

mixture with cooling. The mixture first turned gela¬ 

tinous but the solid dissolved upon addition of more water. 

K2C03 was a<^e<^ to t^ie golden colored solution until the 

aqueous layer became pasty. The THF was decanted and the 

pasty aqueous phase was extracted three times with ether. 

The organic layers were combined, dried with I^CO^, 

filtered and the solvent rotevaped. Upon distillation the 

residue yielded 6.44g (0.051 moles) 76.3% 4,4-dimethyl-1- 

hexyne-3-ol 37., B.P. 68-70°/20mm; IR 3630, 3320, 1390, 

1370 cm-1; NMR 6, 0.90 (s), 1.0-1.5 (m, 11H), 1.85 (s, 1H), 

2.20 (m, 1H), 3.84 (m, 1H). 

+ LiCHCH 

38 
4,4-Dimethyl-l-hexyne-5-ene-3-ol (45) 

In a 250 ml three neck round bottom flask equipped 

with a magnetic stirrer and a dry ice condenser was placed 

125 ml anhydrous THF. Lithium acetylide was prepared as 

described above using 0.122 moles (2.74 liters) acetylene, 

and 0.061 moles (32.2 ml 1.9M) n-BuLi. 2.0g (0.0204 moles) 
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2,2-dimethyl-3-butenal 44 was added in 25 ml anhydrous THF 

to the freshly prepared lithium acetylide and the reaction 

stirred for one and a half hours at dry ice-acetone temper¬ 

ature. An aliquot was worked up as described above. IR 

indicated no carbonyl present. The mixture was warmed to 

room temperature and stirred for one hour. The reaction 

was quenched by addition of 30 ml water with ice bath 

cooling. K2C03 was a<^*ed until the aqueous layer became 

pasty. The THF was then decanted and the pasty aqueous 

layer extracted with three portions of ether. The organic 

layers were combined, dried over I^CO^, filtered, and dis¬ 

tilled. Distillation of the residue yielded 2.1g (0.017 

moles) 83.0% 4,4-dimethyl-l-hexyne-5-ene-3-ol 45, B.P. 

collected 31-70°/lmm; IR 3620, 3320, 3090, 1385, 1370 cm-1; 

NMR 6, 1.1 (s, 6H), 1.9 (br s, 1H) , 2.3 (m, 1H) , 3.9 (d, 1H) , 

5.1-5.9 (ABX multiplet? AB 4.93, 2H, X 5.77, 1H) . 

39 
4.75g (22.Immoles) pyridinium chlorochromate (PCC) 

in 29 ml was placed in a 125 ml single neck round 

bottom flask equipped with a magnetic stirrer and a con¬ 

denser. To the resulting orange solution was quickly added 

1.47g (11.7mmoles) 4,4-dimethyl-l-hexyne-3-ol 37. in 22 ml 

CH2C'12* Tlie s°luk3-on* which turned dark brown after a few 
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minutes, was stirred at room temperature overnight. A gc 

aliquot the next day on column 6 at 110°C indicated that 

the reaction was complete. The reaction mixture was di¬ 

luted with 250 ml ether and decanted from the solid 

residue. The residue was washed with ether and the 

organic layers combined, filtered through florisil to 

remove most of the color and the solvent rotevaped. The 

residue was then distilled using a molecular still. The 

product was further purified by preparative gc on column 

3 at 50°C. Yield: ''O.lg (0.00081 moles after prep gc) 

6.9% 4,4-dimethyl-l-hexyne-3~one 2^3; IR 3305, 2095, 1680, 

1385, 1365 cm”1; NMR 6, 0.80 (br t, J=7H), 1.1 (s,6H), 

1.52 (br q, J=6, 2H), 2.94 (s, 1H); Lit35: B.P. 77-82°/20mm. 

In a 100 ml three neck round bottom flask equipped 

with a mechanical stirrer and an addition funnel was 

placed l.Og (0.0081 moles) of 4,4-dimethyl-l-hexyne-5-ene- 

3-ol 45 and 15 ml of anhydrous ether. A reflux condenser 

was attached to the flask and 12 ml of a ^2^20^ oxidi- 

46 
zing solution prepared by diluting 5.0g ^2(^20^ and 

3.75 ml concentrated I^SO^ to 25 ml with water was added 

over a 15 minute period. The mixture soon turned a dark 

OH 
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brown color. The solution was stirred for 30 minutes and 

an aliquot was taken, filtered through silica gel and gc'd 

on column 6 at 110°C. The gc trace indicated about a 

60:40 ratio of alcohol to ketone so five additional ml 

of the oxidizing solution was added, the solution was 

stirred for three hours at room temperature, and another 

aliquot was taken. GC indicated a 70:30 ratio of alcohol 

to ketone so an additional seven ml Na2Cr20^ solution was 

added and the solution stirred for an additional two hours. 

A gc aliquot indicated complete disappearance of the 

alcohol. The reaction mixture was poured into a separa¬ 

tory funnel and the phases separated. The aqueous phase 

was extracted with two 20 ml portions of ether and the 

organic layers combined and washed with four 25 ml por¬ 

tions of aqueous NaHCOg which removed all color from the 

ether layer. The organic layer was dried over Na2S0^, 

filtered, and the ether distilled. The residue was trans¬ 

ferred to a molecular still and distilled at 40ram. One 

fraction was taken. Yield: 0.59g (0.0048 moles) 60.0% 

4,4-dimethyl-l-hexyne-5-ene-3-one 24_; IR 3305, 2095, 1680, 

1385, 1365 cm"1; NMR 6, 1.25 (s, 6H), 3.05 (s, lH), 

5.0-5.8 (ABX multiplet, AB 5.0, X 5.8 3H); ANAL; 

Found C 78.11, H 8.02, Calc for CgH100:C 78.69, H 8.20. 
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3. Preparative Scale Irradiations 

Irradiation of 2-octyne-4-one 22. 

l.Og (0.0081 moles) 2-octyne-4-one 22_ was dissolved 

in 150 ml benzene and the solution poured into the outer 

chamber of a double walled irradiation vessel (the inner 

chamber containing K2Cr04 filter solution). The course 

of the photoreaction was followed by gc on column 1 at 

140°C. The nitrogen purged solution was irradiated for 

four hours at room temperature. The solution was concen¬ 

trated by distillation through a vigreux column and the 

residue flash distilled. The photochemical products were 

isolated by preparative gc on column 1 at 140°C. Besides 

unreacted starting material, this yielded 2-methyl-l- 

propynyl cyclobutanol (mixture of epimers). IR 3620, 2240, 

1340, 1080 cm"1; NMR 6, 0.97 (br s, 1.7H), 1.08 (br s, 1.7H), 

1.80 (s, 1.6H), 1.86 (s, 1.6H), 1.08-1.80 (m, 1.2H), 
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1.86-2.66 (m, 4H); Mass Spec: calculated 124.0887 measured 

124.0885. 3-pentyne-2-one 33., IR 3350, 2220, 1680 cm”1; 

NMR 6, 1.96 (s, 3H) , 2.20 (s, 3H) . 

Irradiation of trans 2-octene-4-one 25 

0.5g (0.0040 moles) trans 2-octene-4-one J25 in five 

ml benzene was placed in a test tube attached with a 

ground glass joint to a reflux condenser. The solution 

was then irradiated after bubbling N3 through the solution 

for 5 minutes and the course of the reaction followed on 

column 3 at 125°C. After five hours at room temperature, 

the solution was rotevaped and the residue prep gc'd on 

column 3 at 125°C. Only cis and trans 2-octene-4-one were 

isolated. Trans: IR 3030, 1690, 1625, 930 cm”1; 

NMR 6, 0.93 (br t, J=5.5, 3H) , 1.43 (m, 4H) , 2.04 (br dd, 

J=5.1, 3H), 2.33 (br t, J=6.5, 2H), 5.8-7.0 (ABX3 type 

multiplet, 2H). Cis: IR 3030, 1700, 1630 cm”1; NMR 6, 

0.93 (br t, J=5.5, 3H), 1.45 (m, 4H) , 2.04 (br dd, 

J=5, 3H), 2.33 (br t, J=6.5, 2H), 6.03 (br d, J=2, 2H). 
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4. Quantum Yield Measurement 

Quantum yields were determined on a photochemical 

"merrygoround" by irradiation in quartz tubes at 313 nm 

of ketone in one ml benzene with anisole stored over 

sodium as internal standard. The tubes were degassed 

-4 
three times to a pressure of 10 mm Hg and sealed with 

a torch. 0.1M DBH was used as an actinometer. $ v and 
“*X\ 

$ (quantum yield of product formation) were determined 
P 
from gc peak areas and integrals employing column 6 at 

110°C. 

5. Quenching Studies 

Quenching studies were carried out in the same way 

as the quantum yield determinations except various con¬ 

centrations of piperylene or cyclohexadiene were added to 

the ketone solution before irradiation. Attempts at 

determining intersystem crossing yields were made by 

sensitizing isomerization of cis piperylene and dimeri¬ 

zation of cyclohexadiene by simultaneous irradiation of 

ynone solutions containing piperylene or cyclohexadiene 

and benzophenone solutions containing piperylene or 

cyclohexadiene. 

The results are summarized in Tables 3-5. 
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6. Triplet Lifetime Measurement 

Measurement of the triplet lifetime of 2-octyne-4-one 22^ 

After the phosphorescence and excitation spectra 

were run on 22_ in MCIP at -196°C, the emission and exci¬ 

tation monochromators were set at the appropriate maxima 

of 450 mp. and 314 mu, respectively. The emission slit 

was set at 24 mp. and the excitation slit was set at 16 mpi. 

The sample sensitivity knob on the spectrometer amplifier 

was turned to Synchro. A shielded cord was attached 

between J5 on the rear of the spectrometer and the input 

connector on the rear of the phosphorescence accessory 

amplifier (PAA) Figure 10. A cable with a single prong 

connector was connected from the PAA output to the ver¬ 

tical input on the oscilloscope. The power to the PAA 

was turned on and the chopper speed was turned to its 

fastest setting (position 10). The oscilloscope sweep 

time control was set between 0.2 and 1 sec/cm. The exci¬ 

tation shutter on the spectrometer was opened and the 

chopper speed decreased gradually until a complete decay 

curve was observed on the scope. Since a complete curve 

could not be obtained, the sweep time on the oscilloscope 

was adjusted until one was observed. The cable from the 

output of the PAA was then connected to the + input DC 

coupled of the transient recorder. The Y output on the 
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transient recorder was connected to the vertical input on 

the oscilloscope and the Z output on the transient recorder 

was connected to the trigger input on the oscilloscope. 

The oscilloscope was set up as follows; 

Vertical sensitivity 

Vertical position 

Horizontal sweep 

Trigger input 

0.2 V/div DC coupled 

Midrange 

50 psec/div. 

(length of one memory of 

transient recorder) 

External DC coupled 

The transient recorder was set up as follows; 

Record mode 

Trigger level 

Trigger delay 

Trigger select 

Slope 

Sample interval 

Volts full scale 

Trigger Int-Ext 

Pretrig record 

Midrange 

Full clockwise 

Normal 

+ 

5 msec 

5 

Int 

The volts/cm on the oscilloscope was adjusted to get the 

decay curve full scale. The sample interval was decreased 

to get as few decay curves on the screen as possible. The 

trigger select was placed on single and then armed. The 

sample interval was decreased by one division and the 

trigger armed again. This procedure was repeated until 

one waveform was located on the screen. The sample inter- 
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val at that time was finally 50 |J.sec. The trigger delay 

was adjusted until the decay curve was in the center of the 

screen. The trigger level was turned fully clockwise and 

the trigger armed. The trigger level was then turned 

counterclockwise very slowly until the decay curve appeared 

on the oscilloscope screen. The excitation shutter on the 

spectrometer was closed, the trigger armed, the shutter 

opened and the final decay curve appeared on the oscil¬ 

loscope screen. The decay curve was plotted by connecting 

the plot output on the transient recorder to a strip chart 

recorder and pushing the plot button on the transient 

recorder at the instant the recorder was started. The 

triplet lifetime for ynone 22. (2.3 msec) was determined 

from these exponential plots. 

Measurement of the Triplet Lifetime of 3-pentyne-2-one 33^ 

The triplet lifetime of 33_ in MCIP at -196°C was deter¬ 

mined in the same manner as 22.. A triplet lifetime of 

1.9 msec was found. 
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