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Abstract: Ketones an genemted by photolysis (>320 ram) of ~pbmmthridinybnetbyl ethers of secondnry alcohols. llw 6. 
phenantbrid&bnetbyl group may therefore be utilized as n larmr oatbony funcrion. espeplfy as the tSpbma&rid~~l gmup 
is chemimlly inert toward hydrobomtion, Grignani additions, Li/llH,-reductim. bromnatm or omolysis at other parts of the 
mok?ad.?. 

Stermitz had shown ’ that the photolysis of the 2-quinolinylmethyl ether 2a led to quinaldine (4) 

and formaldehyde @a). Based on this observation we studied 2 the potential of quinaldyi ethers 2b of secon- 

dary alcohols as protective groups with the aim to convert the “protected alcohols” at a later stage directly into 

ketones 3b. On photolysis of various derivatives 2b the desired ketones 3b were indeed obtained 2. Yet, 

aside. from the generation of t-butylcyclohexanone (85% yield), the yields were generally only moderate, 

especially if the ketones formed were o-branched. Therefore, the use of quinaldine ethers 2b as latent carbonyl 

functions met with only limited success. The decrease in the yields of the ketone was traced to a secondary 

photodecomposition of the ketones 3b by the actinic light. The absorption of the quinaldine ethers 2b does not 

reach beyond 320 nm and prevented the use of light of longer wavelength for this process. Since this photo- 

cleavage originates from an excited singlet state lV3, use of sensitisers which could be excited at longer wave- 

length was precluded as well. One way out of this dilemma is, to use modified protecting groups which absorb 

at longer wavelengths. An obvious choice are the 6-phenanthiridinylmethyl ethers 5. 

Generation ~JUI Chemical Stability of 6-Phenanthridittylmethyl Ethers of Secondary Alcohols 

The preparation of the phenanthridinylmethyl ethers 5 started from the known 6_chloromethylphe- 

nanthridine (7) 4, which was converted to the more reactive 6-bromomethyl compound 8. The latter was used 

to convert 4-t-butylcyclohexanol, as well as 2-methyl&-hepten-3-ol into the phenanthridinylmethyl ethers. 

’ Visiting scientist from the Prince of Songkla University, Son&la, Thailand 
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OH 

a: R=H 

b: R=Alkyl 6 

It was noted that the standard procedure for ether formation, NaH in refluxing THF led to partial 

decomposition of 8, which limited the yields of the ethers 9 and 10 (62 and 67%). We did not attempt to 

improve the ether formation at this stage. 

7 6 9 

We tested rather first, whether tbe 6-phenanthridinylmethyhyl group is sufficiently chemically inert, 

to be used as a long term protective group during multistage syntheses. For this reason we carried out several 

representative transformations starting with the ether 10. It was found that the 6-phenanthridinylmethyl group 

stands up quite well to oxidative conditions (ozone or bromine), to reducing conditions (NaBH,, LiAIHJ, as 

well as to hydroboration or Grignard additions. The 6-phenanthridinylmethyhyl group therefore fulfils’ the requi- 

rements for a long term protective group. 
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Photolytic Conversion of 6-Phenanthddinylmethyl Ethers into Ketones 

The point of interest is the efficiency by which such 6-phenanthridinylmethyi ethers can be conver- 

ted to ketones. 4 h radiation of 9 in acetonitrile through a Duran glass filter gave t-butylcyclohexanone 16 in 

93% yield alongside with 6-methylphenanthridine (6) (100%). Thus, the 6-phenanthridinylmethyl group is in 

fact superior to the 2quinolinylmethyl derivatives studied previously ‘. When a double layer of Duran glass 

was used as a filter, the photolysis rate became expectedly slower. The results of photocleavage experiments 

on various others 6-phenanthridinylmethyhyl ethers are compiled in the following table. 

Probably higher conversions could be attained by longer irradiation times. But even with the limit- 

ed photolysis time of 10 h were the yields and the product selectivities higher than on photolysis of the pre- 

viously studied 2quinolinylmethyl ethers 2. The photolysis reaction became cleaner on irradiation at lower 

temperatures, cf. entry 3 of the table. It is therefore likely, that the photolyses of the 6-phenanthridinylmethyhyl 

ethers 5 to give the ketones 3 could be further optimized by application of a better light filter system and of 

lower temperatures. Ketone-yields approaching 90% may be expected with such systems. 

We conclude that the 6-phenanthridinylmethyl ethers 5 fulfil all the requirements to be used as a 

protective group and as a latent carbonyl function in organic synthesis. The 6-phenanthridinylmethyl ethers 

should be added to the list of alcohol derivatives 5 that are available for this purpose. 

Table: Irradiation of the 6-Phenanthridinylmethyl Ethers 

intry Starting Ethers Irradiation Ketones I-CH,-Phenanthridine Starting Materla 

time (h) b) mcuvemd 
- 

1 PC&O-o+ 4n) 93% 0q-J-f 100% -- 

2% 0 

12 OCH, 

1oq 68% &:a 63% 2% 

3 10 MC) 67% 75% 14% 

4 v 12b) &-%&J 73% 5% 

PCH20 0 

5 
7”1 

1obp 66% 
* 

76 % 3% 
14 OH 16 CM 

a) Single layer of Duran glass; b) Double layer of Duran glass; C) Photolysis at -10 to -2O’C. 





Photolytic generation of ketones 10567 

. . 
Me&v1 s--tiy~_e@~oxv~hem (12): A solution of 0.67 g (2.1 mmol) of 5-methyl4(6 

~enanthridinylmethoxy)hexana* (11) in 10 ml of methanol and 1 ml of water was buffered by addition of 3.37 g (0.04 
mol) of sodium hydrogencarbonate. 4.5 ml of a 2 A4 soh~tiott of bromine in methatmlkvamr (91) was added dropwise. 
After stirring for 15 min. the excess of bromine was decoloriaed by addition of &imn thiosulfate. 100 ml of water were 
added and the mixture was extracted three times with 20 ml each of ether. The combined organic phases were dried with 
Na.$O, and concentrated. Chromatography with petroleum ether/ether = 1:l furnished 0.63 g (87%) of the ester 12 as a 
colorless oil. - WV (CH,CN) X_ (log e) = 343 (3.3). 328 (3.7) 300 (3.65), 286 (3.76), 272 (3.%), 248 (4.67). - ‘H 
NMR (3fKl MHz, CDCIJ: 8 = 0.84 (d, J = 6.8 Ha, 3H), 0.85 (d, J = 6.8 Hz, 3H), 1.62 - 1.88 (m, 2H), 2.01 (quint., J 
= 6.8 Hz, H-I), 2.15 - 2.36 (m, 2H), 3.31 - 3.38 (m, lH), 3.47 (s, 3H), 5.04 (d, J = 11.5 Hz, lH), 5.16 (d, J = 11.5 
Hz, lH), 7.58 - 7.72 (m, 3H), 7.78 - 7.84 (m, lH), 8.12 (dd, J = 8.0 and 1.4 Hz, IH), 8.42 (d, / = 8.1 Hz, H-I), 8.53 
(dd, .I = 8.0 and 1.4 Hz, lH), 8.60 (d, J = 8.0 Hz, 1H). - 13C NMR (75 MHz, CDQ: S = 17.1, 18.6, 24.8, 29.8, 
30.1, 51.3, 72.8, 83.6, 121.9, 122.1, 124.3, 125.2, 127.0, 127.2, 127.3, 128.5, 130.1, 130.5, 133.0, 144.0, 157.8, 
174.2. C#,,NO, (351.5) Calcd. C 75.19 H 7.17 N 3.99. Found C 75.25 H 7.15 N 4.01 I. 

6. 6-Methvl-5_(6-uhenant~~n~lmethoxv~-l-~o~~~ (13): A solution of 335 mg (1.05 mmol) of 6-methyl-S-@- 
phenamhridinylmethoxy)-1-heptene (10) in 3 ml of ‘H-IF was added to 3.2 ml of a 0.5 M solution of 9- 
borabicyclo[3.3.3]nonane in THF at room temperature. After 1 h 3.3 ml of ethanol, 1.65 ml of 6 N aqueous sodium 
hydroxide solution and 1.65 ml of 30% aqueous hydrogen peroxide were added. The mixture was heated for 1 h to 5O”C, 
the aqueous phase was saturated with solid potassium carbonate. The organic phase was separated and the aqueous phase 
was extracted twice with 20 ml each of ether. The combined organic phases were dried with NazSOI and concentrated. 
Chromatography with ether furnished 342 mg (97%) of 13 as a colorless oil. - ‘H NMR (300 MHZ, CDCY: 6 = 0.85 (d, 
J = 7.2 Hz, 3H), 0.89 (d, J = 7.2 Hz, 3H), 1.20 - 1.60 (m, 6H), 1.77 (broad s, lH), 1.98 (quint., J = 7.0 Hz, lH), 
3.30 - 3.37 (m, lH), 3.50 (t, J = 6.1 Hz, 2H), 5.09 (d, J = 11.4 Hz, lH), 5.21 (d, J = 11.4 Hz, lH), 7.62 - 7.76 (m, 
3H), 7.81 - 7.87 (m, HI), 8.17 (d, J = 7.8 Hz, lH), 8.49 (d, J = 8.2 Hz, lH), 8.56 (d, J = 7.9 Hz, IH), 8.62 (d, J = 
8.2 Hz, 1H). - 13C NMR (75 MHz, CDCY: 6 = 17.9, 18.5, 21.6, 29.4, 30.3, 32.7, 62.7, 72.8, 77.2, 84.6, 122.0, 
122.1, 124.4, 125.5, 127.1, 127.2, 127.6, 128.6, 130.0, 130.6, 144.8, 158.2. C,,H,NO, (337.5) Calcd. C 78.30 
H 8.06 N 4.15. Found C 78.21 H 8.12 N 3.95 96. 

7. $-Methvl-4-(6-ohenanth ‘dinvlmethoxv)-1-hexanol(l4): To a suspension of 16.5 mg (0.43 mmol) of lithium altimum 
hydride in 5 ml of kIF was added a solution of 102 mg (0.29 mmol) of methyl 5-methyl-4+ 
phenanthridinylmethoxy)hexanoate (12) in 2 ml of THF at 0°C. After stirring for 30 min at room temperature 2 ml of 
water and subsequently 30 ml of 2 N aqueous sodium hydroxide solution were added. The mixture was stirred for 20 min 
and filtered through Celite. The &elite was washed thoroughty with ether and the combined organic phases were dried with 
NarSOa and concentrated. Chromatography with ether furnished 75 mg (80%) of 14 as a colorless oil. - ‘H NMR (300 
MHZ, CDCl,): 6 = 0.88 (d, J = 6.8 Hz, 3H), 0.92 (d, J = 6.8 Hz, 3H), 1.56 - 1.74 (m, 4H), 2.03 (quint., J = 6.7 Hz, 
lH), 2.56 (broads, lH), 3.37 - 3.42 (m, lH), 3.54 - 3.68 (m, 2H), 5.14 (d, J = 11.7 Hz, lH), 5.28 (d, J = 11.7 Hz, 
lH), 7.65 - 7.79 (m, 3H), 7.82 - 7.91 (m, lH), 8.21 (d, J = 7.7 Hz, lH), 8.47 (d, J = 8.2 Hz, lH), 8.58 (d, J = 7.9 
Hz, lH), 8.66 (d, J = 8.2 Hz, 1H). - 13C NMR (75 MHz, CDCl,): 8 = 17.7, 18.6, 25.7, 28.6, 30.1, 62.5, 72.2, 84.6, 
121.9, 122.1, 124.3, 125.2, 127.0, 127.1, 127.2, 128.6, 130.0, 130.6, 133.1, 143.2, 157.9. C,,H,,NO, (323.4) Calcd. 
C77.98 H7.79 N4.33.FoundC78.11 H7.82 N4.31 96. 

8. 1 1 - ‘m 1 ..5’Ih nol (15): To a solution of 95 mg (0.27 mmol) of methyl S-me- 
thyl4(6-phenanthridinylmethoxy)hexanoate (12) in 10 ml of ether was added at 0°C 0.22 ml of a 2.72 M solution of 
methyhnagnesium bromide in ether. After stirring for 30 min 10 ml of saturated aqueous NH,Cl-solution was added. The 
phases were separated and the aqueous phase was extracted twice with 10 ml of ether. The combined organic phases were 
dried with Na,SO, and concentrated. Chromatography with ether furnished 82 mg (86%) of 15 as a colorless oil. - ‘H 
NMR (300 MHz, CDCY: 6 = 0.82 (d, J = 6.8 Hz, 3H), 0.85 (d, J = 6.8 Hz, 3H), 1.05 (s, 3H), 1.06 (s, 3H), 1.26 - 
1.50 (m, 2H), 1.52 - 1.64 (m, 2H), 1.91 (quint., J = 6.8 Hz, lH), 2.02 (broad s, lH), 3.28 (q, J = 5.9 Hz, lH), 5.05 
(d,J = 11.5Hz, lH), 5.15(d,J = 11.5Hz, lH), 7.56-7.70(m, 3H), 7.72-7.8O(m, lH), 8.13(dd,J = 8.1 and 1.3 
Hz, lH), 8.42 (d, J = 8.4 Hz, lH), 8.48 (dd, J = 8.0 and 1.5 Hz, lH), 8.55 (d, J = 8.1 Hz, 1H). - t3C NMR (75 MHz, 
CDCI,): 6 = 17.8, 18.6, 23.9, 28.9, 29.3, 30.2, 38.9, 70.4, 72.3, 84.9, 121.8, 122.0, 124.2, 125.3, 127.0, 127.1, 
127.4, 128.5, 130.0, 130.4, 133.0, 143.1, 158.0. C,H,NO, (351.5) C&d. C 78.59 H 8.32 N 3.99. Found C 78.11 
H 8.50 N 4.07 96. 
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9.4 (la): A solution of 194 mg (0.56 mmol) of 4-t-butylcyclohexyl(6-phenanthridinyhnethyl) ether 
(9) in 70 ml of acetonitrile was flushed with argon for 30 min. The solution was irradiated with a medium pressure mercu- 
ry Iamp in an immersion reactor througb a single layer of Duran ghw. The progress of the reaction was monitored by 
TLC. After 4 h the solution was concentrated and the residue was chromatographed with chloroform to give 80.5 mg (93 
96) of 16 as a colorless solid. 16 was identified by comparison of its m.p. and the NMR-spectra with a commericai sam- 
ple. Further elution provided 108 mg (100%) of 6-methylphensnthridine (6): ‘H NMR (300 MHz, CDCI,): 6 = 2.93 (s, 
3H), 7.49 (dd, J = 8.2 and 1.2 Hz, lH), 7.55 (dd, J = 8.2 and 1.2 Hz, 2H), 7.60 - 7.77 (m, 2H), 8.04 (d, J = 8.2 Hz, 
lH), 8.05 (dd, .I = 8.2 and 1.2 Hz, lH), 8.38 (dd, .I = 8.2 and 1.3 Hz, lH), 8.44 (d, J = 8.0 Hz, 1H). - 13C NMR (75 
MHz, CDCIJ: 8 = 23.4, 122.0, 122.3, 123.8, 125.9, 126.4, 126.5, 127.3, 128.7, 129.4, 130.5, 132.5, 143.8, 158.9. 

10. M&v1 5-methvl4oxohem (17): A solution of 302 mg (0.86 mmol) of methyl 5-methyl-4-(6- 
phenanthrIdinylmethoxy)hexanoate (12) was irradiated in 110 ml of acetonitrile through a double layer of Duran glass as 
described under 9. Cbromatography of the crude product with petroleum ether/ether = 2:l furnished 92 mg of the 
ketoester 17 ’ as a colorless oil. ‘Ihe material was identical to a sample obtained in ref. ‘. Further elution turnisbed 38 mg 
(83%) of 6-methylphenantbridine (6) and 5 mg (1.6 W) of recovered starting material. 

11. 2-Metbvl-7-hvdroxv-3-b- (18): A solution of 285 mg (0.84 mmol) of 6-methyl-5-(6-phenanthridinyl-methoxy)- 
I-heptanone (13) in 105 ml acetonitrile was irradiated for 12 h as described under 10. Chromatography of the crude 
product with petroleum ether/ether = 3:7 gave 80 mg (66%) of 18 7 as a colorless oil. The material was identical to a 
sample obtabzted in ref. *. Further elution furnished 120 mg (73%) of 6-methyIphenantbridine (6) and 15 mg (5%) of 
recovered start+ material. 

12. -xv 3 hew -- (19): A solution of 310 mg (O.% mmol) of 5-methyI-4-(6-phenanthridinyl-methoxy)- 
I-hexanol (14) in 120 ml of acetonitrile was irradiated for 10 h as described under 10. Chromatography with petroleum 
ether/ether = 1:4 furnished 82 mg (66 W) of 19 * as a colorless oil. Tbe material was identified with reference to a 
sample obtained under ref. ‘. Further ehnion furnished 140 mg (76%) of 6-methylpbenanthridine (a) and 17 mg (3%) of 
recovered starting material. 
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