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for 7 hr led quantitatively to a mixture of the pseudo-acid 
chlorides Sa and 8b (1:2.5, respectively). 

The tricyclic diamine lll9 was synthesized from acridine 
by a simple three-step procedure. Oxidation of acridine 
with ozone (5!.2 equiv) in methanol at  -40' followed by so- 
dium borohydride (4.4 equiv) reduction of the ozonide re- 
sulted in the crystalline diol 10a (43% yield), mp 115-118'. 
The diol was converted into the dimesylate 10b in benzene- 
triethylamine with methanesulfonyl chloride (3 equiv) a t  
0' for 1 hr (85% yield). Exposure of 10b to 15% concentrat- 
ed ammonium hydroxide in methanol for 2 hr a t  room tem- 
perature gave the tricyclic diamine 11 after work-up (care- 
ful exclusion of oxygen) and purification by column chro- 
matography (silica gel-methanol) (48% yield of 11 as tan 
crystals, mp 92.5-95°).20 

The mixture of pseudo-acid chlorides 8a and 8b (1:2.5) 
was stirred with the tricyclic diamine 11 (0.85 equiv) in 10% 
pyridine-acetonitrile for 10 hr a t  room temperature, and 
the resulting amide mixture was cyclized using as medium 
10% sodium acetate-acetic acid for 20 hr at  25'. After col- 
umn chromatographic purification (a) on silica gel using 
20% CH30H in CHC13 and (b) on silica gel using 3% 
CH30H in CH2C12, and finally preparative TLC on silica 
gel plates using 3% CH30H in CH2C12, the pure camptothe- 
cin 20-methoxycarbonyl derivative (12a) was obtained: uv 
(20% MeOH in CHCl3) 258 nm (e 20,600), 295 (5000), and 
362 (18,100); [ c x ] ~ ~ D  4-31.7' (CHC13).21 The methoxy car- 
bonyl group of 12a was removed by reaction with lithium 
mercaptide in HMPAZ2 yielding 90% of 20(S)-camptothec- 
in (12b) identical in every respect with natural material:23 
found for synthetic 12b, [ c x ] ~ ~ D  4-31.1' (20% MeOH in 
CHC13), mp 275-278' dec; found for naturally derived 
camptothecin, [aIz5D 4-31.3' (20% MeOH in CHC13),1 mp 
276-278' The NMR, ir, uv, TLC, MS, and mixture 
melting point all confirmed the identity of synthetic and 
natural c a m p t ~ t h e c i n s . ~ ~  
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Dry Ozonation. A Method for Stereoselective 
Hydroxylation of Saturated Compounds on Silica Gel 

Summary:  A convenient preparative method is described 
for hydroxylation of tertiary carbon atoms by ozonation of 
saturated compounds adsorbed on silica gel. 

Sir: Ozone reacts slowly with saturated hydrocarbons in- 
serting oxygen atoms into their C-H bonds, resulting in al- 
cohols and ket0nes.l This insertion occurs preferentially at  
the tertiary carbon atoms, with a retention of configura- 
tion. 

In spite of its preparative potentialities this reaction has 
been rarely used until now. One of the factors limiting the 
use of ozone as reagent for hydroxylation of saturated hy- 
drocarbons is its low solubility in organic solvents. Even at  
low temperatures a t  which ozone forms stable solutions in 
saturated hydrocarbons and no reaction is observed, its sol- 
ubility is slight (-0.1-0.3% by weight a t  -78°).2 At higher 
temperatures necessary for reaction to proceed at  reason- 
able rate, the solubility of 0 3  is even smaller, necessitating 
prolonged ozonation periods. 

Furthermore, the reactivity of ozone toward most of the 
organic solvents3 limits its practical use as a hydroxylation 
reagent only to neat hydrocarbons. 

Considering that silica gel adsorbs ozone efficiently a t  
low temperatures4 (its concentration being -4.5% by 
weight at  -78'), we have used the silica gel as the reaction 
matrix, thus overcoming the drawbacks arising from ozona- 
tions in solutions. 

To  perform the reaction we have pre-adsorbed the silica 
gel with the hydrocarbon5 either by direct mixing or by im- 
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Table I 
Reaction of Hydrocarbons with Ozone on Silica Gel 

Substrate Products Yield," % Conversion: 96 

65* >99.5 

& 7gc 72 

1 do" 76d 

99 

7 2e 

92 

>99.5 

88 

H DH 99 >99.5 

a Based on the quantity of the starting material consumed as de- 
termined by VPC analysis. b In addition to 34% of a mixture of the 
three methylcyclohexanones. In addition to 0.6% of the epimeric 
alcohol. In addition to 3.5% of the epimeric alcohol. e In addition 
to 10% trans-decal-1-one and 16% trans-decal-2-one. 

pregnation using a volatile solvent. A stream of ozone was 
then passed through the silica gel containing -1% by 
weight of the hydrocarbon at  -78" until it  became satu- 
rated with ozone. I t  was then allowed to warm slowly, dur- 
ing -0.5 hr, to room temperature, followed by elution of 
the organic material. 

Using these reaction conditions, we have observed al- 
most quantitative conversions of the hydrocarbons, result- 
ing in a very high yield of the tertiary alcohols and an al- 
most complete retention of configuration in the case of cis- 
decalin and the two isomeric cis- and trans-1,4-dimethyl- 
cyclohexanes (Table I).5 

Thus the advantage of the dry ozonation is not only the 
almost quantitative conversions, but also practically exclu- 
sive formation of monooxygenated products. The alterna- 
tive sweeping of hydrocarbon solutions with ozone for long 
periods of time may lead to reoxidation of the primarily 
formed products resulting in mixtures of polyoxygenated 
compounds as well as formation of impurities caused by ox- 
idation of the so1vent.l~~ 

The efficacy of the dry ozonation as a general method for 
stepwise hydroxylation of tertiary carbon atoms may be ex- 
emplified by hydroxylation of adamantan-1-01, its acetate, 
and the two isomeric cis- and trans- 1,4-dimethylcyclohex- 
anols (Table 11). 

Under the same conditions secondary alcohols are oxi- 
dized to ketones as shown by a quantitative conversion of 
adamantan-2-01 to adamantanone. 

Table I1 
Reaction of Substituted Hydrocarbons 

with Ozone on Silica Gel 
Substrate Product Yield,' 36 Conversion: 1/: 

, 
OH 

>99.5 95 

7 6 b  97 

99 43 

86 50 

>99.5 >99.5 

a Based on the starting material consumed. In addition to 5% of 
the trans diol. 

We suggest that the mechanism of ozonation of saturat- 
ed compounds in the adsorbed phase is the same as the one 
proposed by us for ozonation in solution.2 
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