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We wish to report the observation of a facile intramolecular photorearrangment (Eq. 1) of certain keto
phosphites. Yields of the major photoproducts, 1V and V, formed by the irradiation of la (R = CH,) and b

1
(R = C4Hjz) in various solvents are compiled in Table 1.
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The yields of IV are reduced by the ready formation of tars on further irradiation. Although stable in the
dark, IV (R = CH; or C4Hs) was 39 to 68% consumed after 24 hr irradiation in acetone or benzene (0.1 M
solutions of 1V).

Reaction 1a represents a new intramolecular reaction pathway for photo-excited ketones. Such states
(n,m*) often exhibit the reactions characteristic of alkoxyl radicals. |In this regard the reactions of alkoxy

3
radicals with phosphites (Eq. 2) are well known. The similarities to reaction 1a are obvious.

U
. _» R+ OP(OR),
R'—Q- + P(OR); ——= R'OP(OR), (2)
Vi T R'-OP(OR), + RO-

We find it intuitively satisfying, therefore, to postulate that the rearrangement reported here may proceed via
the excited state 11 and intermediate [Il. However, the reaction may in fact be concerted or involve some
other intermediate. The corresponding intermolecular photoreactions of trialkyl phosphites with aryl or alky!
ketones failed to give ketone-derived products containing ;:shosphorus.4 Apparently, process 1a derives

considerable driving force from its intramolecular nature and the concomitant formation of the carbon-carbon

double bond.
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In solvents with more readily abstractable hydrogens, intermolecular reactions involving solvent become
important, Photolysis of la in cyclohexane and cyclohexene gives yields of V comparable to or greater than
those formed in acetone and benzene. However, only 1.5% of IV is formed in cyclohexene. The other major
isolated product in this solvent is VIl (34%) ,* presumably formed by the photo-Arbuzov reurrangementsof Vil

PH - Q @H
CHy-(-CH,OP0CH, CH;~C-CH,OP(OCH,),
Hy

Vil Vill

The formation of phosphite VIII is analogous to the formation of 2-(3-cyclohexeny!)-2-propanol in the
é
photoreaction of cyclohexene and acetone. In cyclohexane, the yield of IV (18%) is also reduced from that
in acetone and benzene, but the effect is not nearly so dramatic as in cyclohexene which contains more
readily abstractable hydrogens. in both cyciohexane and cyclohexene, large amounts of unidentified, high-
boiling products are encountered. The fact that the yield of V is little affected by the changes in solvent
which greatly decrease the amount of IV formed suggests that these products are generated in separate
processes. The fate of the residual fragment formed when | undergoes cleavage to yield V is unknown despite
7
attempts to detect its probable products.
An additional product isolated from photoreaction in cyclohexane is IX (7%). This observation seems
particularly interesting since it suggests the possibility that cyclohexyl radicals generated in these reactions
i @ Q
CH;—C-CH,~O-P(OCHy), CHy~C~CH-O-P(OCH;),
IX X
add to | and then undergo intramolecular oxygen transfer (Eq. 3) in analogy to 1a.  All products were
thoroughly characterized by quantitative elemental analysis and by their nmr, ir, and mass spectra. Photo-
reaction of X in cyclohexane at 0° gave V as the only product detectable by glpc.
. CH-,O\P ,OCH,
cycloCeHy,” |O - SN
la —————— CHy~C~CH,0OP(OCHg), —» CH,

: @ RH
—» CHC-CH,OP(OCH,), = IX  (3)

# . .
In addition to VII, 7% of a product tentatively identified as the oxetane i was also isolated from this
reaction.
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Reactions 1a and 1b were both completely quenched by added biacetyl in acetone, benzene, and
cyclohexane (Table I).9 The reaction of la in acetone using unfiltered light is most likely photosensitized,
as acetone should absorb nearly all the light under these conditions. The quantum yield (qslv)w for the
formation of 1V, measured in acetone at 2537 &, was 0.09 and using 3130 & light was 0.003. However, the
reaction in acetone at 3130 4 in the presence of 0.1 M benzophenone (0.1 M in la) has ¢lV =(0.28. Forlb,
=0.12 at 2537 % and 0.09 at 3130 & (both in acetone).

Acknowledgment. This work was supported by grants from the Petroleum Research Fund administered

by the American Chemical Society (to W. G. B.) and from the Gulf Oil Foundation (to C. E. G.).

%y

References.

1. A possible thermal analog of the transformation of | to IV has been reported: H-G. Henning, Tetrahedron
Letts., 2585 (1966). However, we have not been able to obtain more than a few percent of IV by
thermolyses of I.

2. The selectivity of the benzophenone triplet towards hydrogen is similar to that of the t-butoxy radical,
C. Walling and M. J. Gibian, J. Am. Chem. Soc., 87, 3361 (1965); the first step of the familiar
Norrish Type-Il elimination is an intramolecular hydrogen abstraction by carbonyl oxygen, A. Padwa,
D. Crumrine, R. Hartman and R. Layton, ibid., 89, 4435 (1967).

3. C. Walling and M. S. Pearson, Topics in Phosphorus Chemistry, Vol. 3, E. J. Griffith and M. Grayson,
Eds., Interscience, N. Y., 1966, p. 11f; W. G, Benfrude, Ann. Rev. Phys. Chem., 18, 283 (1967);
J. I. G. Cadogan, Advances in Free Radical Chemistry, Vol. 2, G. H. Williams, Ed., Academic Press,
N. Y., 1967, p. 203F.

4. C. E. Griffin and R. B. LaCount, unpublished results.
R. B. LaCount and C. E. Griffin, Tetrahedron Letts., 3071 (1965).

6. J. S. Bradshaw, J. Org. Chem., 31, 237 (1966); P. DeMayo, J. B. Stothers and W. Templeton, Can.
J. Chem., 39, 488 (1961). -

Only in Run No. 15 was such a product isolated.

8. Alky! radical additions to carbonyl carbon have been postulated previously in other systems. See for
e.g., W. G. Bentrude and K. R. Darnall, J. Am. Chem. Soc., 90, 3588 (1968); G. Fuller and F. F.
Rust, _I_bl_d, 80, 6148 (1958); E. G. Howard, P, B. Sargeant and C. G. Krespan, lb_lq, 89, 1422 (1967).

9. The high quenching efficiency of biacetyl in photoinitiated reactions of acetone has been demonstrated:
R. Srinivasan and K. A. Hill, J. Am. Chem, Soc., 88, 3765 (1966). Both singlet and triplet acefone
molecules are reported to be quenched in solution by Biacetyl, F. Wilkinson and J. T. Dubois, J. Chem.
Phys., 39, 377 (1963).

10. Quantum yields were determined at 0.1 M conc. of | using a KyFe (C,0,); actinometer and were
relatively constant for 5-25% consumption of |. Figures reported are average values for the range.
Formation of 1V was monitored by glpc.



