This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1
4
g

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

; S}l!flll‘, and http://www.informaworld.com/smpp/title~content=t713618290
¢ Silicon
i and the Related Elements
[ — PHOTOCHEMISTRY OF DI(9-ANTHRYL)- AND BENZYL-SUBSTITUTED
i = e L SILANES AND RELATED COMPOUNDS*
' 1 Hideki Sakurai®
* Department of Chemistry, Faculty of Science, Tohoku University, Sendai, Japan
;
t
¢

To cite this Article Sakurai, Hideki(1986) ' PHOTOCHEMISTRY OF DI(9-ANTHRYL)- AND BENZYL-SUBSTITUTED
SILANES AND RELATED COMPOUNDS", Phosphorus, Sulfur, and Silicon and the Related Elements, 27: 1, 205 — 209

To link to this Article: DOI: 10.1080/03086648608072771
URL: http://dx.doi.org/10.1080/03086648608072771

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformaworld.coniterns-and-conditions-of-access. pdf

This article nmay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or nmake any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clains, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/03086648608072771
http://www.informaworld.com/terms-and-conditions-of-access.pdf

08:13 30 January 2011

Downl oaded At:

Phosphorus and Sulfur, 1986, Vol. 27, pp. 205-209 © 1986 Gordon and Breach, Science Publishers, Inc.
0308-664X /86 /2702-0205 /$10.00 /0 Printed in the United Kingdom

PHOTOCHEMISTRY OF DI(9-ANTHRYL)- AND
BENZYL-SUBSTITUTED SILANES AND
RELATED COMPOUNDS!'

HIDEKI SAKURAI

Department of Chemistry, Faculty of Science, Tohoku University,
Sendai 980, Japan

By irradiation, both di(9-anthryl)dimethylsilane and germane afforded a new type of [4 + 2] intramolecu-
lar addition product that underwent quantitative cycloreversion by thermolysis. The photoproduct from
the former was converted to a novel naphthotriptycene derivative. A phosphorus analogue,
di(9-anthryl)phenylphosphine, however did not undergo the reaction. Photochemical reactions of benzyl-
trimethylsilane and acyloxymetyl(benzyl)dimethylsilanes (RC(O)OCH,SiMe,CH,Ph: R = CH; and R
= t — Bu) are also reported for the first time. The mechanisms of these new photochemical reactions are
discussed.

INTRODUCTION

Photochemistry of organosilicon compounds is a relatively new but rapidly growing
field of chemistry.?® Its importance is recognized not only from the theoretical point
of view but from the industrial one, since organosilicon compounds find many new
applications in high-technology industries such as photo-image processing and
electronics based on the unique photochemical reactivities, We have been working in
this field since our discovery of the interesting electronic absorption of certain
organosilicon compounds.? In this paper, special attention will be paid to the new
photochemistry of di(9-anthryl)-substituted silanes as well as of benzyl-substituted
compounds. In the latter, we also discuss an interesting free radical 1,2-acyloxy
rearrangement associated with the photoreactions.

RESULTS AND DISCUSSION

Di(9-Anthryl)-Substituted Silane, Germane, and Phoshorus. Anthracene is known to
give a photodimer (para-dianthracene) on irradiation.’-> Also, intramolecular reac-
tions are known. For example, di(9-anthryl)methane gave an intramolecular [4 + 4]
addition compound (1) with a cyclopropane structure. In view of the known high
reactivity of silacyclopropane,® we have been interested in the photochemistry of the
corresponding silicon and germanium compounds and, consequently, we have found
an entirely new type of intramolecular photochemical dimerization of anthracene for
di(9-anthryl)silanes.’

The reaction of 9-anthryllithium, prepared by the reaction of 9-bromoanthracene
and t-butyllithium, with dimethyldichlorosilane and dimethyldichlorogermane af-
forded di(9-anthryl)dimethylsilane (2) and -germane (3) in 35 and 68% yields,
respectively.
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Irradiation of a benzene solution of 2 with a high-pressure mercury arc lamp with
a Pyrex filter gave a photoproduct 4 in 90% yield.” The formation of 4 is formally
due to the photochemical [4 + 2] reaction which may require mechanistic scrutiny.®
The reaction may occur from the triplet states of the anthracene derivative but the
details of the reaction mechanism are now under investigation. Expectedly, ther-
molysis of 4 at 250°C for 1 h gave the starting 2 quantitatively by cycloreversion.

Existence of three methine and two vinylic protons is characteristic of the
structure of 4. The proton H! couples with all those protons as evidenced by a
decoupling experiment. Correspondingly, four sp* carbons other than those of SiCH,
were observed as three doublets and one singlet in *C NMR. These data indicate
unequivocally the structure shown in the equation.

Dehydrogenation of 4 with DDQ in refluxing chloroform gave a new naph-
thotriptycene derivative 5 in 70% yield. Structure of § is verified by 'H NMR,
especially by signals characteristic of triptycene (H') and anthracene (H?).

Irradiation of the germanium analog (3) under similar conditions gave 6 in 71%
yield as colorless crystals, mp 194°C. Similarly to 4, thermal cycloreversion of 6 at
200°C for 1 h afforded 3 quantitatively.

A phosphorus analogue, di(9-anthryl)phenylphosphine, was prepared similarly by
the reaction of ¢-butyllithium and phenyldichlorophosphine but did not undergo the
same photochemical reaction.

Benzyl-Substituted Silanes.” Whereas benzyltrimethylsilane (7) has been described
as photochemically inert,'® the detailed study in our hands revealed that 7 actually
isomerized to o-tolyltrimethylsilane (8) but with very low efficiency."> We then
speculated that the primary photochemical process of the photolysis of benzylsilane
must be the homolysis of a benzyl carbon-silicon bond affording a benzyl-silyl
radical pair in the solvent cage and that 8 is formed through recombination of the
radical pair, while the major pathway of the reaction is the reproduction of 7.

. hv ~ & s — -
PhCHZSJ.Me3 T [PhCH, 51M931cage
7
CH2 — CH3
H
SiMe3 SiMe3

8
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We have then designed acyloxymethyl-substituted benzylsilanes, which bear effec-
tive intramolecular silyl radical traps, in order to obtain evidence for the formation
of the radical pair intermediate in the photoreaction. Intramolecular trapping of a
silyl radical by an acyloxy carbonyl group, i.e. free-radical 1,2-(C — Si)-acyloxy
migration,'® may intercept the radical pair formed initially.

Irradiation of acyloxymethyl(benzyl)dimethylsilanes (9a and b) afforded mainly
the corresponding isomers 10 and 11, benzyl ketones 12, and bibenzyl (13). The
reaction conditions, products,'” and the yields are shown in Table I.

PhCH, R
hv (254 nm) e 7
i — /N i
PhCH, S iMe,CH,0COR o y: + PhCH,CH,SiMe,0COR
9a, R = CH, H,C — SiMe, 1
9b, R =¢t- Bv 10
+ PhCH Ph

2COR + PhCHZCH

12 13

2

The formation of these products may well be interpreted as shown in the Scheme
involving the initial homolysis of the benzyl carbon-silicon bond followed by the
1,2-(C — Si)-acyloxy migration of the acyloxylmethyldimethylsilyl radical 15.

Detection of a dioxasilolane (10a and b) is particularly interesting since the results
indicate involvement of the dioxasilolanyl radical (16) as an important intermediate
of free radical 1,2-(C — Si)-acyloxy migration. In contrast, the corresponding
(C - C)-acyloxy migration reportedly does not involve such a cyclic intermediate.®

In order to determine whether 10 and 11 were cage or escape products, a 49: 51
mixture of 9a and b, where the latter was labeled with deuterium at the para-position
(89% deuterium content),'® was irradiated in benzene for 5 h; the conversion of 9a
and 9b was found by glc analysis to be 76 and 87%, respectively. The deuterium
contents of the products were determined by the standard procedure.!®

Expectedly, the observed d,:d,:d, ratio in 13 is compared with a calculated
ratio based on the random encounter of the generated benzyl radicals, d:d, :d, =
30:50:20. Whereas cross products were produced in significant amounts in 9a and
9b, no scrambling of deuterium was observed in 10a and 10b as well as in recovered
9a and 9b within experimental errors. Therefore, it can be concluded that the

TABLEI
Product Distributions of the Photolysis of Benzyl(acyloxymethyl)dimethylsilanes (9)

Products and Yields (%)
9 Conversion (%) 10 1 12 13
a(R = CH,) 88 11 13 4 13
() 0 (14) (14)
b(R =1t — Bu) 67 21 24 0 16

O © 21 (16)
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Me
| Me25| (o)
@—CHZSiCHzoﬁ’R ©—cn2 R
I o 0 cage

9 14 l, 15

PhCH, 0-GH,
Mezsl
@—CH; } }R .
e H,G—-0 cage
16

10 L escape

@—wonzs.oc R -— @‘CHz Me29i=0 R

Crccmccrer e m e —ac — e cmn. ——————

Me O 2C o cage
1 17
Ph'GHz escape
a.R= Me Me25|-—
H, c o>_ e enanes
b: R= CMey

formation of 10 occurred only in the solvent cage, but 11 arises as both cage and
escaped products. These results imply that 16 is formed in the cage as a transient
species during the acyloxy migration. The success of detecting 10 in the present case
may be a result of the concurrent generation of an effective radical trap such as 14 in
the vicinity of 16.

We have obtained ESR evidence for supporting the mechanism shown here but
the details will be published elsewhere.

Di(9-anthryl)silanes and benzylsilanes are only two examples of interesting photo-
reactive silicon compounds. Elucidation of the mechanism and extension to sulfur
and phosphorus compounds will be a fruitful future new area of photochemistry.

ACKNOWLEDGMENT

The author wishes to thank his coworkers, Dr. M. Kira, Mr. K. Sakamoto, and Mr. H. Yoshida. His
gratitude is also due to Professor J. Michalski and the Polish Academy of Sciences for the kind invitation

to Polish-French Symposium on the Chemistry of Phosphorus, Silicon, and Sulfur-Common Aspects,
1985.

REFERENCES AND NOTES

1. Chemistry of Organosilicon Compounds 221.
2. a) H. Sakurai, J. Organomet. Chem., 200, 261 (1980); b) H. Sakurai and M. Kumada, Bull. Chem.
Soc. Jpn., 37, 1894, (1964).



08:13 30 January 2011

Downl oaded At:

o0~ O

10.
11.
12,
13.
. H. Sakurai, Y. Nakadaira and H. Sakaba, Organometallics, 2, 1484 (1983).
15.

16.
17.

18.

19.

PHOTOCHEMISTRY OF SUBSTITUTED SILANES 209

. a) D. E. Applequist and D. J. Swart, J. Org. Chem., 40, 1800 (1975); b) W. R. Bergmark, G. Jones,

II, T. E. Reinhardt and A. M. Halpern, J. Am. Chem. Soc., 100, 6665 (1978) and references cited
therein.

. For the photochemical reactions of anthracene, see a) E. J. Bowen, Adv. Photochem., 1, 23 (1963); b)

B. Stevens, ibid., 8, 161 (1971).

. Photochemistry of bichromophoric systems, see F. C. DeSchryver, N. Boens and I. Put, Adv.

Photochem ., 10, 359 (1977).

. D. Seyferth, J. Organomet. Chem., 100, 239 (1975).
. A preliminary account of this part has been published in Chem. Lert., 1985, 497.
. For photochemical [4 + 2] cycloaddition of anthracene, see: N. C. Yang, D. M. Shold and J. K.

McVey, J. Am. Chem. Soc., 97, 5004 (1975); N. C. Yang, K. Srinivasachar, B. Kim and J. Libman,
ibid., 97, 5006 (1975); T. Okada, K. Kida and N. Mataga, Chem. Phys. Lert., 88, 157 (1982).

. A preliminary account of this part has been submitted for publication by M. Kira, H. Yoshida, and

H. Sakurai.

Whereas a number of photoreactions including cleavage of benzylic carbon-silicon bonds have been
reported,!’"!# these cannot always be regarded as intrinsic photochemistry of benzylsilane chromo-
phore.

P. B. Valkovich, T. I. Ito and W. P. Weber, J. Org. Chem., 39, 3543 (1974).

(a) Y. Nakadaira, T. Otsuka and H. Sakurai, Tetrahedron Le., 22, 2417 (1981); (b) J. D. Rich, T.
Drahnak and R. West, J. Organomet. Chem., 212, C1 (1981).

J. D. Rich and R. West, J. Am. Chem. Soc., 108, 1070 (1983).

In a typical experiment, irradiation of 7 in dry benzene (ca. 0.1 M) with a 10 W low pressure mercury
arc lamp for 9 h afforded 8 in 2% yield with recovered 7 (91%).

J. W. Wilt and S. M. Keller, J. Am. Chem. Soc., 105, 1395 (1983).

All the products except for 10a were isolated by preparative glc and identified with mass and
'H NMR spectroscopy.

(a) A. L. Beckwith and C. B. Thomas, J. C. S. Perkin Trans. 2, 861 (1973); (b) M. J. Perkins and
B. P. Roberts, ibid., 77 (1975); (¢) L. R. C. Barclay, D. Griller and K. U. Ingold, J. Am. Chem. Soc.,
104, 4399 (1982); (d) L. R. C. Barclay, J. Lusztyk and K. U. Ingold, ibid., 106, 1793 (1984); (¢) A. L.
Beckwith and K. U. Ingold. In “Rearrangements in Ground and Excited States”, P. de Mayo, Ed.;
Academic Press: New York, 1980; Vol. 1, p. 161, and references cited in.

The deuterium contents in starting materials and products were all determined by mass spectral
analysis.



