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INTRODUCTION

The photolysis of ketones in the gaseous phase has
been widely studied. Acetone is an example of a ketone which
has been investigated considerably. Noyes and Dorfmann1 pro-
posed the following generally accepted free radical mechanism

for the photolysis of acetone.

CH,COCH,4 hv > CH,CO -+ CHy- (1)
CH,CO > CH3' + CO (2)
2 CH, - s> CoH, (3)
2 CH,CO > (CH5€0), (4)
CH,- + CH,COCH, > CH, + CHyCOCH, (5)
CHy + CH,COCHj > CHyCO0C,H, (6)
2 CH,COCHj N (CH4COCH,) (7)
CH4COCH,, 5 CHj + CH,CO - (8)

(only at higher
temperatures)

All of the products shown have been isolated from the reaction
mixture. Dorfmann and Sheldon2 have shown that diethyl ketone
also gives similar results.

However, when a chain of three or more carbons compose
one of the groups on the ketone, a different mechanism appears.
This was first shown by Bloch and Norrish3 when they photolysed
2-hexanone and found acetone and propylene to be the major

products.

CH,CO (CH hv > CH,COCH, -+ C,H

9)3CHy 3COCH, + CqHg (9)



Similar results have been obtained for di-n-propyl ketone,h’5

methyl n-propyl ketone, methyl n-amyl ketone and methyl sec-
butyl ketone.6 Davis and Noyes7 suggested a mechanism which
has been widely accepted. It involves the cleavage of the
carbon-carbon bond once removed from the carbonyl with the
migration of a hydrogen on the Yy-carbon atom to the carbonyl

oxygen, and is often referred to as the Norrish Type II mecha-

nism.
{
_E ; _CH,CH, .
R—CCH,CH,CH,R' —> R v —> R—C-CH, + R'—CH-CH,
Oer - H— (R
H (10)

Several pieces‘of evidence have been reported to substantiate
this mechaniSmb: (a) the olefin from methyl n-amyl ketone is
l-butene, (b) ketones such as methyl iso-propyl ketone with no
y~-hydrogen do not undergo this reaction (the mechanisms in
these cases are similar to that of acetone), (c¢) methyl sec-
butyl ketone gives ethylene and methyl ethyl ketone rather
than propene and acetone.

The nature of the complex photolysis of longer chain
ketones was shown by Ausloos and Murad.3 In the photolysis
of 2—pentanone—l,l,l,3,3,—d5, the products isolated indicate

that the fcllowing free radical reactions had occurred:

CD,COCD,CH,CH,4 ————>  CD4COCD,H  + CyH, (11)
—————>  CD3 + -COCD,CH,CHy (12)
————>  CDyg0 + -CD,CH,CH, (13)
CH,CH,CD,CO —_— CH3CH2'CD5_ + CO (14)
CD4CO0 ——> CDy + CO (15)
CD,CO - -CD,CH,CHy —————s  CD,COCD,CH,CH, (16)



; CD3CHO + CDZ:CHCH3 (17)
: CDZCO + CD3CH2CH3 (18)
2-CDZCHZCH3 5 (CH3CH2CD2)2 (19)
E CH3CHZCD2H + CDZ:CHCH3 (206)
2 CD3QO \ (CD3CO)2 (21)
s CDSCDO + CDZCO (22)
CDj + CH3CH2CDé : CD3CD2CHZCH3 (23)
; CD4H -+ CD,-CHCH, (24)
CDé + CD3QO s CD3COCD3 (25)
: CD4 + CDZCO (26)
2 CDj C,D, ' (27)
Only two products were obtained in large quantities: ethylene
and pentadeurioacetone. The other products were obtained only

in minute quantities.

In solution photochemistry, the reaction possibilities

are even more complex. The solvent itself can take part in
the reactions. A good example is the photolysis of acetone in
a hydrocarbon solvent. It has been repdrted that no gases are

given off in the liquid phase photolysis.9 Yang and Yanglo

reported that the photolysis of acetone in cyclohexane gave 2-
propanol and other products of free radical reactions which

involve the cyclohexane as well as the ketone.

hv “
CH3COCH3 cyclohexane" CHBCHOHCH3 + C6H11COH(CH3)2 +

53% 12% (28)

CH3CO(CH2)2COCH3 -+ CH3COCOCH3 + cyclohexylcyclohexene +
8% ' 15% hydrocarbon polymers.

The involvement of the cyclohexane is revealed by the nature of



the products. The solvent functions as a source of the hydro-
gen atom. The cyclohexyl radical formed can then couple with
other radicals which are in the solution.

With ketones containing more than three carbons in
one chain, the Norrish Type Il reactions occur with the forma-
“tion of lower mplecular weight ketones and olefins. However,
there is one additional reaction which has been observed.
This reaction leads to the formation of cyclobutanols. Yang
and Yang10 examined the photolysis of several ketones and

suggested a diradical intermediate.

OH
Me R

R
N e L AT

Me—C. .C (29)

1sooctane”
NCH ,~CH, | \g

- ™ CHBﬁCH3 + CH,=CHR

Table I shows the produci distribution in three cases.

TABLE T

Cyclobutanol Formation in Photolysis

R Yield Cyclobutanol Yield olefin and ketone
127 -
[/ £ 79
C3H7 17% 57%
C,H 10% 60%



The structure of the four-membered rings were determined by
degradation. First, the alcohol was dehydrated using phos-
phorus oxychloride or thionyl chloride. The olefin was oxi-
dized with either osmium tetroxide and metaperiodic acid or
ozone. The carbonyl compounds were then identified by com-

parison with authentic samples,

OH POC1 1. 0sO HO

3 \ 4
> olefins — 5 =0 (30)
(SOC12) 2. HIO
4
(05)

Further examples of the formation of the cyclobutanols were

reported by Orban and co—workers11 in the photolysis of ketone

I and aldehyde I1I. )
?I

R H * |
s b R--F*p—t---on R ‘——
///§>\>///’\\j(/’____;L——-e> + || (31)
O

8.5% 8.5%
R = (CH,),CHMe,
"
R.\ Bon, R oH
\/Y ’ (32)
20%

They point out that the data available does not exclude a
concerted mechanism, eq. (33). They also obtained evidence
that the optically active ketones gave partial retention of

configuration during the reaction.
Ho- -0 OH

iH L S SN I R N (33)

Further work needs to be done before this mechanism is well

understood.



STATEMENT OF PROBLEM

In the last few pages, several photochemical reactions
of ketones have been reviewed. One with interests in organo-
metallic chemistry might find it very intriguing to determine
the effect a metal or metaloid atom in the molecule being
photolysed might have on the reactions. Possibilities are
quite extensive as there are a number of metals which form
stable compounds. The metals and metaloids of groups IVA and
VA are examples. Also, the position of the hetero atom in
the molecule can be varied with respect to the carbonyl group.

Organotin and organosilicon compounds were chosen for
the present research. The position of the hetero atom was
varied with respect to the carbonyl by varying the number of

methylene carbons between them.
Me4M(CH,) COR

x=0,1,2, etc. R= Me or Ph
M = Si or Sn )
Only phenyl and methyl ketones were studied in this series.
The purpose of the research was to determine how the photo-
chemistry varied with the nature of M and R; and the magnitude
of x. One factor which might affect the behavior of these
molecules is the relative magnitude of bond energies. Table II

gives some pertinent values.



TABLE 1II

Bond Energies in kcal./mole12

Bond Energy Bond Energy
Cc-C 82.6 Si-Cl 91
Si-C 76 C-H 98.7
C-0 84 .0 Si-H 76
Si-0 108 Sn—C13 54
Cc-Cl 31 O-H14 110.6

A consideration of the bond energies would bear on the
question of whether the excited oxygen would form a bond
with the 7-hydrogen or the 7Y-silicon.

. hv . 0
MeBSlCHZCHZCHZCOR _— MeBSlO(;RCHZCHZCH2

|
CH,=C—R

(34)

Calculations of the thermochemical extraction of a hydrogen by
the excited oxygen in a Norrish Type II reaction indicate that

the reaction should be exothermic by about 12 kcal./mole.

0-H formation 110.6 kcal./mole

C-H breaking -938.7
11.9 kcal./mole

Now, the calculation for the reaction in which a silicon atom
would be extracted rather than a hydrogen atom is much more

exothermic, giving a value of 32 kcal./mole.



0-Si formation 108 kcal./mole

Si-C breaking -75
32 kcal./mole

According to thig, one would expect the silicon-oxygen bond
to form over thé hydrogen-oxygen bond. However, this is an
oversimplified picture and other factors, such as steric
effects, might affect the course of the reaction.

Another question regarding the bound energies involves
the transfer of energy from the excited carbonyl group as
vibrational and rotational energy or otherwise to the metal-
carbon bond causing cleavage.

hvy

Me;M(CH,) COR ———> Me M. + -(CH,) COR (35)

3

- M= Sn or Si x 1,2,3 etc. R - CH3 or Ph

The tin-carbon bond is weaker than the silicon-carbon bond,
and it would be expected to cleave more readily.

Another point for consideration is whether the oxy-
gen atom in an excited carbonyl would remove an a-hydrogen
from the methyl group on the metal or metaloid atom forming

a radical which could then form a methylene silicon compound.

CH, CH, - HO
{ hy |
CH,$iCH,COR — cH3——Si-§-CH2 - C—-R —m——>
CH | :
3 CHq
Me281~CH2 + CHZ—?—R
OH

(36)

This reaction would be quite interesting as no stable compounds
with silicon-carbon double bonds are known. No doubt further
possible reactions can be conceived, but these few examples

will suffice to give some indication of reactions which might



be expected.

To the present, little work has been done on the
- photolysis of organotin or silicon compounds. Some work
has been done with organotin halides and with reactions of
tetraalkyltin compounds with organic halides. Razuvaev and
co-workers15 photolysed tetraethyltin in chloroform and also

in bromopropane obtaining gases and organotin halides as

products.

Et Sn + CCl —2Y C.H + C.H, + Et.SnCl + Et.SnCl

4" 4 B hrs . oty 7 Moy T BhaembL T BLoOML L, (37)

Et Sn + C.H_Br C.H + C.,H, + C.H, + Et.SnBr -

A S —> Uyllg T Loty v Lahig T Bhg ™
EtZSnBr2 (38)

Triethyltin chloride itself reacts photochemically.

2 ! - : -
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RESULTS AND DISCUSSION

The primary purpose of this research was to explore

the photochemistry of several ketones containing tin and

silicon atoms. Each compound will be discussed separately
and comparison will be made where appropriate. The dis-
cussion will be divided into three general sections. First,

the silicon compounds will beconsidered starting with the
larger molecules, then the tin compounds, and finally some

unsuccessful attempts to prepare ketones for photolysis.

General Procedures -

The photochemical work was carried out according to
three different procedures. The first procedure (a) involved

the photolysis of the highly diluted (90-95% solvent) ketone

in total volumes of 170 ml. The lamp and cooling unit were
immersed in the solution to be photolysed. (see Figure in
Experimental section). 1In the second, procedure (b), samples

of the order of 10-30 millimoles were photolysed in capillary
tubes immersed in a water bath. (see Figure in Experimental
section). The third, procedure (c¢), was similar to the second
except the samples were photolysed in a degassing apparatus
(Figure 3). The samples were degassed before photolysis unless

otherwise noted.

A. 2-Sila-2,2-dimethyl-7-phenylheptan—7-one (IIT)

The longest chain compound to be studied in this work
was 2-sila-2,2-dimethyl-7-phenylheptan—7-one, Me3Si(CH2)4COPh.
The preparation of this compound was carried out according to

16
the method of Sommer and co-workers except for the last two

steps.
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MeCl,SiH + CH,=CHCH,C1 ——=> MeCIZSi(CH2)3Cl

2 2 2
MeMgBr
ether
Me. Si(CH.).I Nal Me,Si(CH.).CL
3 273 < 3 273
+ acetone
Na
PhCO_CHCOZEt
Me,S1i(CH,) 2"t HCL S Me,Si(CH.),cOPh (40)
3 273 OPh heat 63 * 274

When the benzoylacetate was heated with concentrated hydro-
chloric acid, decarboxylation did not occur. Most of the
starting material was recovered along with some acetophenone.
However, decarboxylation was achieved by warming the ester
with a solution of potassium hydroxide in aqueous ethanol.
The 2-Sila-2,2-dimethyl-7-phenylheptan-7-one was
photolysed in small quartz tubes which were sealed either by
rubber policemen or by fusion. The irradiations were carried
out with the General Electric 400 watt lamp according to
procedure (b). The results are given in Table III. 1In all
cases the ketone had almost completely reacted. The products
were separated by gas-liquid chromatography using the sili-
cone oil 200 on haloport F column. Comparison of the infra-
red spectra of the products was made with spectra of the
known compounds for identification of products. The remainder
of-the products was polymeric material which was not examined
further. The infrared spectrum of the photolysed mixture in-
dicated the presence of a small amount of alcohols of un-

determined structure.
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TABLE III

Photolysis of 2-Sila-2,2-dimethyl-7-phenylheptan-7-one

Time Percent yield
No. Solvent (hrs.) Mg3SiCH2CH:CH2 PhCOMe
1 40% cyclohexane 31 58 -
2 .neat 24 65 -
3 31% cyclohexane 24 - 61
4 30% " 24 - 57
5 347 " 4.5 58 52
6 30% " 6.0 67 57

The formation of acetophenone and allyltrimethyl-
silane in large yield suggests the Norrish Type II mechanism
in which ketones with hydrogens gamma to the carbonyl cleave
to give ketones and olefins. This mechanism has been shown
to apply to aliphatic ketones and may apply to aromatic
ketones. To the author's knowledge it has not previously

been reported that phenyl ketones undergo the Norrish Type 11

reaction.
_CH )
Me,Si(CH,),COPh s NG VN 2> cn
3 274 7 | 2
| 0----- H,wg—CH281Me3
L H _

o
C

=CH + Me,SiCH,CH-CH

Ph—COCH3 «—— Ph 3 9 9 (41)
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B. 2-Sila-2,2-dimethyl-6-phenylhexan-6-one (1V)

If one methylene carbon is removed from the chain of
compound III, the new compound is 2-sila-2,2-dimethyl-6-phenyl-
hexan-6-one, Me3Si(CH2)3COPh. This ketone was prepared by

treating the corresponding nitrile with phenylmagnesium bro-

mide.
MeCl.SiH + CH.:==CHCH,CN __EELEfa McC1l.SiCH_CH,CH,CN
2 2 2 ‘ 2 2772702
MeMgBr
Me,Si(CH,),COPh <€ L. PhMgBr Me Si(CH,).,CN 42
e351(Cly) 4 ST 2 HCLH,  Me,ST(CHy)s (“2)

This ketone was photolysed by two different methods.
The first work was done in the large volume apparatus (runs
1-3) as described in procedure (a) in the Experimental sec-
tion. The remainder of the work was done in small quartz
tubes (runs 4-5) using the General Electric 400 watt lamp.
The results are given in Table IV. The yields of the aceto-
phenone and vinyltrimethylsilane were determined by gas-
liquid chromatography using both the Silicone oil 200 and
the Apiezon L columns. The yield of the benzoylethane was
determined by isolation.

Compounds III and IV react similarly, namely accord-
ing to the Norrish Type II mechanism. This course would be
anticipated because of the presence of the y-hydrogen.
Me,Si(CH,),COPh _hv, Ph—ﬁ//CHﬁ*i?HZ

O--... H—CH-SiMe
OH l,
{

PhC=CH2 + Me

3

4 SiCH=CH, (43)

Here also the formation of alcohols was evident from the



TAB

LE IV

Photolysis of 2-sila-2,2-dimethyl-6-phenylhexan-6-one

Time Percent® Procedure Percent yield
No. Solvent (hrs.) reacted and Filter Me3SiCH:CH2 PhCOMe (PhCOCHZ)Z
lb 95% pentane 26.5 95-100 (a) no filter lost 75% -
2 96% heptane 12 100 (a) Vycor filter 66 € -
3 91% heptane 1.1 100 (a) Vycor filter 84 71 -
4 neat 4 95-100 (b) Vycor filter 69 75 10
5 20% cyclohexane 23 95-100 (b) Vycor filter 53 71 -
6 20% cyclohexane 29 95-100 (b) Vycor filter | 95 65 13
7 2 0% cyclohexane 28 95-100 (b) Vycor filter - 66 - -
%The percentage is by weight. The remainder was ketone.
bThe lamp was not working properly. It was not at full intensity.
“The sample was over irradiated, and 2,3-diphenyl-2,3-butanediol
was the major product.

71
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infrared spectrum of the reaction mixture, but only in small

yield and no attempt was made at isolation.

C. 2-Sila-2,2-dimethylheptan-6-one (V)

The methyl ketone corresponding to compound IV is
2-sila-2,2-dimethylheptan-6-one, MeBSi(CH2)3COCH3. This
compound was prepared according to the procedure of Sommer

and co-workers.

. 3 Pt/C .
MeC1281H + CHZ—CHCHZCN = MeC1281(CH2)3CN
1. MeMgBr
2. HC1,H,0
2
MeBSl(CHZ)BCOCH3 (44)

The photolysis was carried out according to all three
procedures, (a), (b), and (c). The conditions and results
are given in Table V. The yields were determined by gas-
liquid chromatography except for that of the alcohols in
run No. 1. The latter were determined by conversion to 3,5-
dinitrobenzoates and separation by column chromatography on
a silica column. The 137% in run No. 1 represents the total
yield for all the isomers from the reaction of the ketone
with the solvent pentane. The presence of 2-sila-2,2,6,7-
tetramethyldecan-6-0l, MeBSi(CHZ)BCMe(OH)CHMe(CHZ)ZCH3, was
indicated by comparison with authentic sample of the alcohol
on a thin layer chromatogram and by identical infrared spectra
of the 3,5-dinitrobenzoate ester. The structure of the cyclo-
butanol was indicated by oxidation of the dehydration product
with potassium permanganate. The product obtained was levu-

linic acid. .



Photolysis of 2-sila-2,2-dimethylheptan-6-one

TABLE V

Conditions
) Time
No. Solvent (hrs.)
1 87% pentane 9
2 247, cyclohexane 46
3 -723% ethanol 32
4 25% cyclohexane 46
Percent yield
MeBSi OH
e
Me3SiCH~CH2
No. 1 23-287% Lost?
2 19 39
3 21 Losta
4 20 42

a
The vinyltrimethylsilane was lost

bThe percentage is by weight.
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Percent Procedure
reacted and Filter
85-90 (a) Vycor

52 (b) Vycor

90 (¢) degassed

90 (d) Vycor
Me381(CH2)3CR(OH)Me

by evaporation.
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-Me S ot S
3 H; PO, -

KMnCy, Hy 0

NP

cf'Hacocch HCOOH (45)

Compound V reacts very similarly to the straight
chain compounds photolysed by Yang and Yang.lo According
to their suggested mechanism, the following reaction routes

can be written:

H OH
) hv . .
Me381(CH2)3COCH3 —_— Me381—$. -% Me
CHZ—-—CH2
[ - —
Me.
Mtg gl' . DH

Me, SiCH=cHy + ClCOCH;
(46)

An important pathway in this case 1s the cleavage to give
vinyltrimethylsilane according to the Norrish Type II reaction.
The acetone would be expected as another product. It would

photolyse rapidly under the reaction conditions. The gas-


















TABLE I

Summary of the Photolysis Products of the Silanes

No. Compound Solvent Products yields

1 MeBSi(CH2)4COPh Cyclohexane Me3SiCH2CHzCH (58-67%); EhCOCH (52-61%);
small quantities of unldentlfled alcohols.

2 Me3Si(CH2)3COPh Cyclohexane Me381CH CH, , (66-69%): PhCOCH , (71-75%);
(PhCOCHZ)Z, (10-13%): small quantltles of
unidentified alcohols.

3 Me,Si(CH,) ,COCH, Pentane Me SiCH-CH,, (39-42%): Me SlEHCHZCHZC(OH)Me,
(18-21%): Me Sl(CH ) COH(Me)R (13%);
CHBCOCHB, (trace)

. . b . b

4 Me381(CH2)2COPh Cyclohexane MeBSl(CHZ)ZCOH(R)Ph , (10%): Me381CHZCH2R
(6%); other unidentified alcohols.

b MeSSi(CHz)ZCOCH3 Cyclohexane MeBSlCH CH, , (33-39%): Me381CH2CH3, (14-17%):
CHBCOCOCH (8-12%); (Me SiCH )2, (29-36%).

[ Me3SiCH2COPh Ether with water Me ,S10H, (95-100%) ; PhCOCH , (10- 157)

88



TABLE I continued -

No. Compound Solvent Products yields

7 Me,SiCH,COCH, Ether with water Me,SiOH, (95-100%); CH,COCH,, (trace) .

8 Me3SiCOPh Ethanol with water ®k3Si)20, (90-95%) 3 M¢3SiOEt, (5%);
PhCHO, (0-20%).°

9 PSiH.,CH,CH, CHO Cyclohexane No alcohols were formed.

2772772

%R is a 1-, 2-, or 3-pentyl group.

bR is a cyclohexyl group.

“Most of this product was destroyed during the photolysis experiment.

68
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TABLE II

Summary of the

Photolysis Products of the Tin Compoundsa

No. , Compound Products yields
10 MeBSn(CH2)3COPh MeZSn (15-16%)b= CH4 (34-36%),
Me3SnCH=CH2 (15-24%) , PhCOCH3

(34-39%), (PhCOCH,-), (10%),
(PhCOHMe-) , (10%).

b
)

11 Me3Sn(CH2)BCOCH MeZSn (40-427%

Me,SnCH CH, (

Sn (21-23%

, CH, (67-71%),
6%)

b
)

3

12 Me,Sn(CH,), COPh  Me , CH, (39-41%).

2
)b

13 MeBSn(CHZ)ZCOCH MeZSn (38-437%

3 , CH4 (63-69%) .

%In cyclohexane

bThese yields are actually the yields of dimethyltin
oxide obtained by oxidation of the dimethyltin.
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