
Tetrahedron Letters,Vol.26,No.5,pp 661-664,1985 0040-4039185 $3.00 + .oo 
Printed in Great Britain 01985 Pergamon Press Ltd. 

A FACILE SYNTHESIS OF 3,4_HOMOADAMANTANEDIOL VIA THE REACTION OF 

l-ADAMANTYL TRIFLATE WITH CARBON MONOXIDE 

Ken'ichi TAKEUCHI, Tadakazu MIYAZAKI, Itsuko KITAGAWA, and Kunio OKAMOTO* 

Department of Hydrocarbon Chemistry, Faculty of Engineering, 

Kyoto University, Sakyo-ku, Kyoto 606, Japan 

Abstract. The reaction of 1-adamantyl triflate (1) with carbon monoxide and adamantane 
catalyzed by triflic acid affords 3-hydroxy-4-hom%adamantyl l-adamantanecarboxylate (2) as a 
major product, which is easily converted to 3,4-homoadamantanediol (2) - a promisin? 
starting material for 3,4-bifunctional homoadamantane derivatives. 

Although various routes have been proposed for the preparation of the homoadamantane 

(tricyclo[4.3.1.13'8]undecane) skeleton,la the route via the one-step ring-expansion of l- 

adamantyl cation has been limited to its reaction with acetylene to give 3-methylhomoadamantan- 

4-one via a vinyl cation. lb Previously, we described a facile synthesis and the high 

reactivity of 1-adamantyl triflate (i).2 We now wish to report that 3-hydroxy-4-homoadamantyl 

1-adamantanecarboxylate ($) is obtained as a major product in the reaction of l with carbon 

monoxide and adamantane in carbon tetrachloride at atmospheric pressure in the presence of 

triflic acid (trifluoromethanesulfonic acid, TfOH) as catalyst. Besides z, two kinds of esters, 

3 and ,$, and 1-adamantanecarboxylic acid are obtained. 
% Treatment of ,$ with ethanolic KOH yields 

3,4-homoadamantanediol (z), which is not easily accessible by the other methods.3 Oxidation of 

2 with chromic acid affords 3-hydroxy-4-homoadamantanone Q,), which may be converted to various 

3,4-bifunctional homoadamantane derivatives.4 

2, 

KOH HZ Cr207 

EtOH 

The amount of CO uptake and the yields of the three kinds of esters depend on the mole 

ratio among 1, triflic acid, and adamantane (Table 1 and Fig. 1). Although the reaction 

conditions have not been optimized to attain a maximum yield of ,2, the conditions of entry 3 

(Table 1) appear appropriate. The following procedure is representative. A four-necked flask 

containing adamantane (46.5 mnol) was filled with dry carbon monoxide and connected to a CO gas 
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Table 1. Product Yields in the Triflic Acid Catalyzed Reaction of l-Adamantyl Triflate ($) 

with Carbon Monoxide and Adamantane in Carbon Tetrachloride at 30 + 2 "C for 20 hr.a 

starting mole ratio product yieldd/% 
entry 

J,: TfOH : AdHb: CO' 2 3 Q 2, 
,$ l-AdC02H Total 

1 1: 3 : 1 :1.2 15 2.1 -e 40 57 

2 1: 3 : 5 :1.9 37 4.3 13 40 94 

3 1: 5 : 5 : 2.7 70 6.9 21 39 137 

4 1 : 10 : 5 : 3.0 72 8.0 19 103 202 

a) Generally, 15 ml of the 0.16 M solution of 1 stabilized by 2,6-di-t-butyl- 
4-methylpyridine (0.03 M) was used. b) Adamantane. c) CO consumed. 
d) [(moles of product)/(moles of $1 x 100; isolated yield. e) Not detected. 

buret through a Molecular Sieves 5A tube. A solution of 1-adamantyl triflate (l) (9.30 mmol) 

in carbon tetrachloride (57 ml) stabilized by 2,6-di-t-butyl-4-methylpyridine (0.03 M) was 

introduced through a septum cap and magnetically stirred in a 30 + 2 "C bath to attain thermal 

equilibrium. On injection of triflic acid (46.3 mmol), rapid CO uptake was observed. After 

20 hr the reaction mixture was quenched with an excess amount of cold 5% aq. NaOH and extracted 

with ether. The neutral compounds from the ether layer were separated with a silica column by 

using hexane and hexane-ether as eluants to give adamantane (28.5 mmol), t (2.19 mmol; 24%), $ 

(0.84 mmol; 9X), and $ (6.52 mnol; 70%) in this sequence.5 l-Adamantanecarboxylic acid (2.91 

mmol; 31%) was obtained from the aqueous layer in the usual manner. 
5 

Saponification of $ in 

refluxing ethanolic KOH afforded the essentially pure diol z in 99% yield. Treatment of : with 

chromic acid6 gave 3-hydroxy-4-homoadamantanone (t) in 32% yield. The spectral data of the new 

compounds are summarized in Table 2.7 

300- 

I 
250 

Fig. 1. Plots of CO uptake (mol% on l) against reaction time. 

The numbers in parentheses denote the entries in Table 1. 
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Table 2. IR, 'H-NMR (60 MHz), and l3 C-NMR (25 MHz) Data of $, 2, 2, ard 2." 

Compound 

/cm- IR(CFl4) 
3600, 3470(br.) 3610, 3490(br.) 3380(br.), 1036 3470, 1683, 1250 
1725, 1230, 1075 1728, 1230, 1075 1100, 1063 

'H-NMR 
(CCT4)f 

4.72(dd, 1 H, J 4.15(s, 2 H) 3.67(dd, 1 H, J 4.0(s, 1 H, -OH) 
10.4, 3.4 Hz) 1.3-2.5(br. m, 30 H) 9.0, 4.0 Hz) 2.6(d, 2 H, J 3.0 

Uppm 2.3(s, 1 H, -OH) 3.l(br., 2 H, -OH) 2.2(br. s, 4 H) 
1.3-2.2(br. m, 30 H) 1.2-2.4(br. m, 15 H) 1.3-2.0(m, 9 H) 

'3C-NMR 177.2(s 
(CDCl3)g ;'.;I: 
Wppm 

39:2(t 
36.9(t 
36.4(t 
29.8(d 
27.6(d 

1, 80.5(d) 177.1(s), 73.8(s) 77.9(d), 74.2(s) 215.0(s), 77.5 
1, 42.6(t) 68.4(t), 40.7(s) 44.3(t), 40.5(t) 

1: ;;$$;j 

46.4(t), 40.6 
38.6(t), 37.8(t) 38.7(t), 38.4(t) 36.2(t), 34.1 

1, 36:8(t) 
36.1(t), 34.5(d) 35.8(t), 35.2(t) 28.2(d), 26.1 
34.0(t), 32.2(t) 

', 35.5(t) 
;WW]. 27.9(d) 

8, 27.8(d) . 
;;.;[W{. 27.4(d) . 

1, 27.4(d) 

a) Satisfactory elemental analyses were obtained. b) Mp 249 "C dec. c) Mp 256.5 "C dec. d) 
Mp 299.0-301.0 "C. e) Mp 242.5-244.5 "C. f) CDC13 was used for 5. 

2r 
g) CD2Cl2 was used for 3. 

% 

The plausible pathways shown in eq 1 - 5 postulate the formation of l-adamantanecarb- 

aldehyde (2) as a key intermediate. The formation of 1-adamantanecarbonyl cation (2) from l- 

adamantyl triflate (i) and carbon monoxide is the first step of the well-known Koch reaction 

(eq I).' The acyl cation < abstracts hydride from adamantane to give 1-adamantanecarbaldehyde 

(t) in the presence of triflic acid (eq 2). 10 

2 (es 3)," 

Nucleophilic attack of t to < gives a triflate 

which gives d on hydride abstraction from adamantane (or g) (eq 4),12 or rearranges 

to give a triflate {-Tf (eq 5). Further rearrangement of z-Tf affords z-Tf (eq 5). On work-up 

of the reaction mixture with aq. NaOH, ,$-Tf and $Tf should afford z and 2, respectively. 

AdOTf + CO TfOH 
1 

AdC+ TfO- (1) 

1 7 
% % 
0 

Ad!+ TfO- + AdH TfOH AdCHO + AdOTf (2) 

7 8 1 % 'L 2r 

fl TfOH 
AdC+ TfO- A 

';' 1 
AdCHO + Ad-F-O-C-Ad (3) 

5 7 OTf 9 
2, 'L 

7 FI F1 ! 
Ad-F-O-C-Ad + AdH (or AdCHO) 

TfOH 
F Ad-CH2-O-C-Ad + AdOTf (or AdC+ TfO-) (4) 

OTf 9 
c\r 4 1 % % 

TfOH - (5) 

2-Tf 3-Tf 
% 2r 

Ad = 1-adamantyl 
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Although we were unable to detect the aldehyde 5 even in early stages of the reaction, its 

possible existence was supported by an indirect method as follows. When triflic acid (11.3 

mmol) was injected to a stirred carbon tetrachloride solution containing i (2.33 mmol) and $ 

(2.33 mmol) in carbon monoxide atmosphere, a rapid CO uptake was observed. After 20 hr the 

reaction mixture was worked up as described above to give ,$ (0.99 mmol; 43%), 2 (0.65 mmol; 

2.8%), and ,$ (0.042 mmol; l.8%).5y13 

Summing up eq 1 - 5, we can describe the stoichiometries for the formation of the esters 

z-Tf, $-Tf, and 2 by eq 6, 7, and 8, respectively. The results that the total product yields 

exceed 100% on the basis of $ (entries 3 and 4 in Table 1) should be due to the slow formation 

of 1-adamantyl cation from adamantane in the presence of triflic acid, which was confirmed by a 

control experiment. 

AdOTf + AdH + 
TfOH 

2co A $-Tf (6) 

AdOTf + AdH + 2 CO TfOH 3-Tf 
s (7) 

2 AdH + 
2CO&+ ,4 (8) 

The mechanistic significance for the combination of I-adamantyl triflate (2), adamantane, 

and carbon monoxide in the presence of triflic acid is under investigation; the results will be 

reported in a full paper. 
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