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2 
Ionic substitution of adamantane gives a bridgehead product, while radical substitution 

gives a bridge as well as a bridgehead product3 depending on polar and steric factors.4 

Now we wish to report that photoacetylation5 of adamantane (or a bridgehead substituted 

adsmantane Ia-If) with biacetyl afforded the corresponding bridgehead acetyl derivative 

exclusively and in excellent or good yield. The procedure has a remarkable advantage in 

preparing acetyladamantanes directly under mild condition. It is especially useful in a 

case where the hydrocarbon has a substituent sensitive to acid. 
6 

The second interesting 

point to note is that the p* value obtained from relative reactivities of substituted 

adamantanes, la-f, (Table 1) was more negative than the p*' s observed for typical free 

radical substitutions or excited bensophenone (Table 2). The hydrogen abstracting species 

in the photoacetylation was concluded to be n, TI* triplet of biacetyl on the basis of the 

observation that the acetylation was completely quenched by addition of pyrene as shown in 

Table 3. Thus the conclusion may be drawn that a hydrogen abstracting species,' oxygen atom 

of n, TI* triplet of biacetyl, is of considerable bulkiness 
10 

and is considerably electrophilic, 

more electrophilic than n, IT* triplet of benzophenone (see Table 2). 

Thus, a solution of adamantane (5.0 g) and biacetyl (30 ml) in methylene chloride (80 ml) 

was irradiated in a Pyrex vessel by a high pressure 100 w mercury lamp with water cooling and 
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a. 

b. 

a. 

Table 1. Relative Rates of Bridgehead Hydrogen Abstraction from Ad (1)X 

by the Photoexcited Biacetyl 

X H 
CH3 

OCH3 C02CH3 Br CH3. CH3 

o*= 0.00 -0.10 0.52 0.71 1.00 -0.20 

'k 1.00 0.879 
0.403b 

0.220 0.0528 1.016 

-S + 0.028 + 0.008 + 0.0036 + 0.0004 f. 0.012 

inductive effects estimated from Taft's o 
* 
values for a series of CH2X were adopted 

elsewhere. see ref. 14 

taken as a standard, k was statistically corrected 

Table 2. o Value of Homolytic H-Abstraction 

substrate abstracting species kind of u employed 

l-X-C10H14-3-Ha 'Br o 
* 

l-X-C10H14-3-H * ccl3 u* 

l-X-C10H14-3-H CH3(CH3CO)C-0 
* 
o 

(l-X-C10H14-3-H (C6H5)2C-Q o* 

(l-X-C10H14-3-H (CH3)3C-O* o* 

l-substituted adamantanes. 

reference 

-o.5gc 

-0.40d 

-0.71 

-0.32)b 

-o.lo)b 

b. extrapolated from p values of radical attack on substituted toluenes to that on 

substituted adamantanes. 

c. G. .I. Gleicher, J. L. Jackson, P. H. Owens, J. D. Unruh, Tetrahedron Lett., 833 (1969). 

d. ref. 14 

under nitrogen for 8.5 hours. Together with 3.9 g of unreacted adamantane, 1.33 g of prac- 

tically pure I-acetyladamantane, mp 53-54" (lit, 53-54" 11 ) was obtained (92 % based on consumed 

adamantane). Similarly, substituted acetyladamantanes IIa-f were obtained, which showed 

satisfactory spectra and elemental analyses. IR absorption at 1700 cm -1, (M-43) fragment 
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Table 3. Effect of Pyrene or Oxygen on the Photoacetylation of Adamantane 

(2.0 g of adamantam, 10.0 g of biacetyl in 70 ml of methylene chloride) 

condition 1-acetyladamantane (X) 1-adamantanol (X) 

N2, 2.0 hr 13.8 

N2, 235 mg of pyrene added,'l 2.0 hr 0.0 

02, 1.5 hr8 40.0 8.3 

peak as well as molecular peak in massspectroscopy were found characteristic of II. A coupling 

product of acetylacetohydryl radical, III, was also 

amount to II, mp 96-97' (lit 95-96°,12a 96-97"12b). 

obtained in an approximately equimolar 

OH OH 

3(CH3COCOCH3) I I 
+ CH3COC-CCOCH3 

hv CH2C12 *@ COCH 3 I I 

R2 R2 
II III 

CH3CH3 

I. a. R1=R2=H; b. R1=CH3, R2=H; c. R1=OCH3, R2=H*; d. Rl=C02CH3, R2=H; 

e. Rl=Br, R2=H; f. Rl=R2=CH3 

* 1-adamantyloxyacetone was also obtained 

The utillization of substituted adamantanes for the mechanistic study of the photosubsti- 

tution (or other photo reactions) seems to have a wide applicability, since adamantane 

skeleton is known as an ideal transmission media of polar effect 
13, 14 

and it has no absorp- 

tion at common n, TI* or TI, TI* absorption region. 

REFERENCES 

1. The major part of this work was presented to Annual Symposium of Photochemistry (Japan 

Chemical Society), Tokyo, Japan, 1971, Abstract of Papers, p. 159. 

2a. R. C. Fort, Jr., P. van R. Schleyer, Chem. Rev., 6, 277 (1964). 
- 

2b. H. Stetter, M. Schwartz, and A. Hirschborn, Chw. Ber., 9&, 1629 (1959). 

2c. H. Koch, and W. Haaf, "Organic Synthesis" 44, 1 (1964). 
= 

3a. C. W. Smith, and H. D. Williams, J. Org. Chem., 2&, 2207 (1961). 



3e. I. Tabuahi, 2. Yoshida and N. Takahashi, J. Am. C&an. Sot., 92, 6670 (1970). 

4. 

5. 

6. 

Large bridgehead to bridge reactivity ratio of adamantane for trichloranethyl radical 

attack is, at least partly, due to its bulkiness. 1. Tabushi, Y. Aoyama, S. Kojo, 

J. Ramuro, 2. Yoshida, J. kn. Chen. Sot., 94, 1172 (1972). 

Photoacetylation of cyclohexane was reported: W. G. Bentrude and K. R. Darnall, Cham. 

comm., 810 (1968). 

Preparation of acetyladamantane in sulfuric acid: T. Sasaki, S. Eguchi and T. TON, 

Cham. Comm., 780 (1968). 

7. 

8. 

K. Sandros, H. J. J. B&cstr&, Acta Chsm. Stand., 16, 958 (1962); K. Sandros, g., = 

g, 2355 (1964). 

Oxygen was reported to quench biacetyl phosphorescence 
8a where acetic acid was obtained 

2332 lio. 26 

3b. I. Tabushi, J. Ramuro and R. Oda, J. Am. Chem. Sot., 89, 7127 (1967). 

3c. I. Tabushi, J. Ramuro and R. Oda, J. Org. Chew., 33, 2108 (1968). 

3d. D. S. Breslow, II. I. Edwards, R. Leone, and P. von R. Schleyer, J. Am. Chem. Sot., 90 
= 

7097 (1968). 

as the major product. 
8b In the present reaction condition , acetic acid was again the 

major product in the absence of adamantane. Thus the chemical acceleration was concluded 

to Involve enhanced production of acetoxyl and other radicals via the oxygen addition. 

8a. H. L. J. B&s&n, K. Sandross, Acta Chen. Stand., 12, 823 (1958). 
- 

8b. B. Stevens, J. T. Bubois, J. Chem. Sot., 1962, 2813. 

9. Peroxide initiated acetylation of cyclohexane in low yield on the hydrocarbon: W. G. 

Bentrude, K. R. Darnall, J. Am. Chem. Sot., 90, 3588 (1968). The yield of our attempted 

radical acetylation of adamantane vas very low. 

10. The detailed analysis of the steric requirement Is now in progress. See also ref. 4. 

11. H. Stetter, E. Rauschen, Chem. Ber., 93, 2054 (1960). = 

12a. F. Ramirez and N. Ramanathan, J. Amer. Chen. Sot., 84, 1317 (1962). - 

12b. W. 8. Urry and D. J. Trecker, J. Amer. Chen. Sot., 84, 118 (1962). = 

12~. W. D. Cohen, Chem. Weekblad, l3, 590 (1916); II. V. Pecbmann, g, 2, 1421 (1888). 

13. P. v, R. Schleyer, C. W. Woodworth, J. Am. Chen. Sot., 90, 6528 (1968). - 

14. P. Ii. Owens, G. J. Gleicher and L. M. Smith, Jr., J. Am. Chem. Sot., 9&, 4122 (1968). 


