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Abstract: Electrophilically-catalyzed reactions of Q-exe- and Q-endo-epoxymethyleneprotoadamantane 

(1) and of 4-protoadamantanone (21 provided a variety of 1,tdisubstituted adamantanes. Reactions of I 

with Lewis acids such as aluminum chloride, bromide and iodide at -78 ‘C afforded t-chloro-, 2-bromo-, 

and 2-iodo-I-(hydroxymethyl)adamantanes in excellent yields. An interesting fluoride ion transfer took 

place when 1 was reacted with boron trifluoride to form 2-fluoro-1-(hydroxymethyl)adamantane. The 

reaction of 1 with benzene in the presence of aluminum bromide produced I-(hydroxymethyl)_2- 

phenyladamantane in 70% yield. From the acid-catalyzed addition and rearrangement of 2 with 

hydrohalic acids there were obtained excellent yields of 2-ha&l-adamantanols and 1,2-dihaloadaman- 

tanes. 2-Halo-l-adamantanols served as starting materials for the synthesis of twelve additional 1,2- 

dihaloadamantanes. The boron trifluoride catalyzed teaction of 2 with acetic anhydride furnished 1,2- 

diacetoxyadamantane in 84% yield. Mechanisms for these various reactions are discussed. 

In contrast to many facile substitutions at bridgehead carbons of adamantanes, direct substitutions on 

bridge carbons seldom take place. To synthesize 1,2_disubstituted adamantanes, circuitous routes needed to be 

invented. Syntheses of I,2-disubstituted adamantanes relied on some free radical reactions, 2-5 or cyclizations 

of suitable bicyclic precursors. 6-10 Later, protoadamantane-adamantane rearrangements proved to be very 

useful in the synthesis of 1,Zdisubstituted adamantanes. 
11-22 This paper reports new and versatile syntheses 

of a number of 1,2_disubstituted adamantanes (Table I) from epoxides 1 and from B-protoadamantanone (21. 

Syntheses and stereochemistry of epoxidea 1 

Syntheses of 1 are readily accomplished by reacting 4-protoadamantanone (2) with either 

dlmethylsulfonium or dimethyloxosulfonium methylide. 17,18 Chakrabarti and coworkers, 17 . using the sulfonium 

ylide, obtained a mixture of the exo and endo isomer in the ratio of 312. Upon repeating Farcasiu’s - - 
experiment 18 using dimethyloxosulfonlum methyl&, we found that the product consisted almost exclusively 

of the exo isomer of 1 (exo:endo being 15x1). The ratio of the exo and endo isomer of 1 was determined by - -- -- 
capillary column gas chromatography/mass spectrometry (CC/MS) which clearly showed two peaks but with 

identical mass spectra. The structures of these isomers were established through the chemical shifts of their 

oxuane methylene protons in the 360 MHz ‘H NMR spectrum. 17 

I, exo - 

The ratio of the isomers obtained when 1 was reacted with either the oxosulfonium or the sulfonium ylide 

is in harmony with the well-estabhshed chemistry of these reagents. 
23 It has been postulated that the 

oxosulfonium ylide leads to the kinetically controlled product, while the smaller sulfonium ylide provides the 

thermodynamically favored one. From a kinetic point of view, attack on 2 (cf. 2a) is hampered by the flagpole 

hydrogen on C-7 and therefore the thermodynamically more stable exe betaine intermediate 3 is formed 

preferentially. Thus, for reactions involving either reagent, formation of the exo isomer of 1 predominates. 
26 

- 
The bulkier reagent (dimethyloxosulfonium methyl&) compared to dimethylsulfonium methyli&, gave a 

higher exotendo ratio. -- 

3 1, exe isomer 
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We describe highly efficient methods of rearranging 1 to a number of I-(hydroxymethyl) 2-substituted 

adamantanes by Lewis acids under extremely mild conditions. Under eiectrophilic catalysis, both isomers of I 

ring open with concomitant rearrangement to the more stable adamantane skeleton. 
17,18 The overall reaction 

represents an important approach to the synthesis of a variety of 2-substrtuted I-(hydroxymethyl)adamantanes. 

Chakrabarti17 reacted 1 with 40% hydrogen bromide m acetic acid to obtain 2-bromo-l-(hydroxymethyl)ada- 

mantane (4) in 30% yield. Upon reexamining this reaction, it became apparent that 4 was just one component 

in a complex mixture of products (CC/MS). 

A greatly improved method consrsted of treating 1 with aluminum bromide m drchloromethane at -78 ‘C 

to furnrsh 4 in 82% yield. The mechanism for such a transformation would commence with the coordination of 

the Lewis acid with 1. Ring openmg of the oxonium ion of the exo isomer of 1 and subsequent rearrangement - 

to the 2-adamantyl cation (6) can occur in a concerted manner (rf. 3a) smce the migrating C-C bond IS 

antiperiplanar to the leaving group. This u-participation is characteristic for reactions of Y-exo- - 

protoadamantyl derivatives. 
14,19,24,27,28 The intermedrate 6 is structurally perfect for nucieophihc attack 

at C-2 by one of the bromines via a L-membered cyclic transitron state to form 4 (Scheme 0. - 

Scheme I 

I, endo 

A*Br3 

> 

The corresponding endo oxonium cation, 5b, can cleave to provide the 4-protoadamantyl carbonium ion 

(7) which readily rearranges to the more stable 2-adamantyi catron (61, the precursor for 4. 

Table L 1,2_Disubstituted Adamantanes Synthesized from 1 and 2 

Compd x 
4 CH20H 
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10 CH20H 
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best yield (84%) 

was realized when the reaction was conducted in dlchloromethana using aluminum chloride. With the other 

two Lewis acids, a significant amount of aldehydes 9 was also produced. The rearrangement of 1 to 9 by Lewis 

acids has been reported.17 In similar reactions of 1 with either Al13 or SnI4, the iodo alcohol 10 was obtained. 

Aluminum iodide in carbon disulfids gave the best yield of 10 (79%) without detectable amounts of 9. 

9, exo - 9, endo 

We explored the synthesis of the 2-fluoro derivative by a similar reaction. The epoxides 1 had been 

reported to rearrange to 9 after being treated with boron trifluoride in benzene (2 min, 25 ‘Cl.17 In spite of 

the low nucleophilicity of fluoride ion, interestingly enough, we obtained the fluoro alcohol (II), when 1 was 

reacted with boron trifluoride in dichloromethane at -78 ‘C. Such a fluoride ion transfer during reactions of 

epoxides with boron trifluoride had only been reported recently. 29 

FrIedelCmfts tea&at of I 

We were interested in utilizing 1 directly in the synthesis of I-(hydroxymethyl)_2-aryladamantanes. 

However, a Fried&Craft reaction of 1 with benzene in the preset-tee of one equivalent of aluminum bromide 

yielded only the bromo alcohol 4. This was not surprising since intramolecular attack by bromide ion would be 

expected to be faster than attack by the less nucleophific benzene at the carbocationic center of 6. In the 

presence of more than one equivalent of the Lewis acid, the intermediate bromo alcohol 4 underwent a 

Friedel-Crafts reaction to produce 12 This reaction constitutes a convenient one-pot synthesis of 12 from 1. 

The alcohol 12 could also be obtained by an independent Fried&-Crafts reactions of either 4 or 8 with benzene. 

When the chloro alcohol 8 was reacted with benzene in the presena of aluminum bromide, it was found that 

halogen exchange first took place on 8 to form 4 (CC/MS) and subsequently 4 was converted to 12 by a Friedel- 

Crafts reaction. 

Z-SubstIt’utcd I-adaman~Iic acids 

Syntheses of a number of 2-substituted I-adamantanecarboxylic acids via rather lengthy routes from 4- - 
homoadamantanone have been reportedPy8 Having synthesized a number of 2-substituted I-(hydroxymethyl)_ 

adamantanes in 2 steps from 4-protoadamantanone, the corresponding acids became readily available by 

oxidation. 2Xhloro- (131, 2-bromo- (141, 2-iodo- (15), 2-phenyl- (161, and the hitherto unknown, 2-fluoro-l- 

adamantanecarboxylic acid (17) were prepared by this method. 

Elcctrophilic ad&Ions InvoIvIng the rearrangement of #-pm madammtanabf! 0 
A number of 1,2_disubstituted adamantanes were synthesized by the electrophilically-catalyxed addition- 

rearrangements of 4-prot~~man~none (2). For example, the boron-trifluoride catalyzed addition of aatic 

anhydride to 2 afforded the diaatate (19) in 84% yield. Electrophilic species in the medium (e.g. 13F3 or 

CM3CO+) desjgnated by E+, can generate the oxonium ion, lg. Rearrangement of 18 to the 2-adamantyl cation 

(I&) and subsequent neutralization leads to lllb. The 1-acetoxy group would be in place in the final product if 

CH3CO+ is the initiating electrophile, E’. Alternatively, acetylation of lgb as a last step would produce 19. 

2 1g 1lIa lgb,E=H 20 
19, E = AC 

Transesterification of 19 in methanol containing potassium carbonate gave 1,2-adamantanediol (20). The 

diol (291 could not be obtained by direct hydration of 4-protoadamantanone (a in aqueous acids (e.g., 50% 
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sulfuric acid, reflux, 2 days). The starting material was recovered quantitatrvely. This is not surprising since 

the diol (20) is known to rearrange to 4-protoadamantanone (2) upon exposure to acids. 
24 

The reaction of 4-protoadamantanone (2) with concentrated hydrochloric acid at 65 ‘C afforded a 

mixture of 2-chloro-1-adamantanol (21) and 1,2-dichloroadamantane (22). The reaction was accelerated by the 

addition of anhydrous zinc chloride. The protonated ketone IS (E = H) rearranges and prcks up chloride ion to 

furnish 21. 1,2-Dichloroadamantane (22) was formed apparently from 2-chloro-I-adamantanol (21) since longer 

reaction times converted 2 completely to 22. Displacements of alcohols at bridgehead carbons in electrophrhc 

HCl 
> 

A cognate reaction of 4-protoadamantanone (2) with 48% hydrobromic acid gave a mixture of 2-bromo-l- 

adamantanol(23) and 1,2-dibromoadamantane (24). When 48% hydrobromic acid was replaced by 30% hydrogen 

bromide m acetic acid there was also obtained 2-bromo-I-adamantyl acetate (25) In addition to 23 and 24. 

Presumably, in the presence of a large excess of acetic acid, the bromo alcohol 23 was acetylated to give 25. 

2-Iodo-I-adamantanol (26) and 1,2-diiodoadamantane (27) were prepared during the reaction of I-protoadaman- 

tanone (2) with hydrogen iodide (generated from potassium iodide and phosphoric acid). 

synulesis of 1,2-dihaloadamantanes 

The availability of so many precursors suggested the synthesis of a number of mixed 1,2-dihaloada- 

mantanes in view of their interesting NMR spectral parameters. 
40 2-Chloro-, 2-bromo- and 2-lodo-l- 

adamantanols (21, 23 and 26) served as starting materials for the preparation of a number of “mixed’ 1,2- 

dihaloadamantanes. Thus, I-fluorc+2-haloadamantanes (28, 29, and 30) were isolated m excellent yrelds by 

reacting the correspondmg alcohols with diethylaminosulfur trifluoride (DAST). Also 23 and 26 were treated 

with thionyl chloride to form 2-bromo-l-chloro- and I-chloro-2-iodoadamantanes, 31 and 32, respectively. 

I-Bromo-2-chloro- and I-brom+2-iodoadamantanes (33 and 34, respectively) were obtamed from the 

corresponding alcohols (21 and 26) upon reaction with 30% hydrogen bromrde in acetic acid. Acetates 35 and 

36 were isolated as by-products. These esters were converted to the startmg alcohols by potassrum carbonate 

in methanol. Reaction with 48% hydrobromic acid (instead of 30% hydrogen bromide m acetic acid) requrred 

elevated temperatures and surprisingly some substitution took place at C-2 also. For example, 2-chloro-l- 

adamantanol (21) afforded I-bromo-2-chloroadamantane (33) contaminated with approxrmately 10% of 1,2- 

dibromoadamantane (24). Separation of these products by fractional crystallization, sublimation, or chroma- 

tography, proved futile. 

The same problem was encountered during attempts to prepare I-iodo-2-chloro- and I-iodo-2-bromo- 

adamantanes (37 and 38, respectively) from the corresponding alcohols and hydrogen rodide. The desired mlxed 

drhalo products were always contaminated by 1,bdilodoadamantane (27). It is of course of interest to note 

that the 2-chloro and 2-bromo groups were displaced by iodide ion in thus protlc medium. Thus, for the 

preparation of 37 and UI, alternate approaches were sought. 

Reactivities of the two halogens in 1,2_dihaloadamantanes toward nucleophilic displacement are quite 

different. Nucleophilic displacements at C-l and C-2 of adamantanes proceed with different mechamsms and 

have been the subject of many studies. 3o The bridgehead halogen is substituted by an SN1 mechanism with the 

formation of the intermediate 2-halo-I-adamantylcarbonium Ion (39). Such a carbonium ion (39) is expected to 

be destabilized due to the electron-wrthdrawmg effect of the neighboring halo group at C-2. 

39 



Syntheses of 1.2-drsubstituted adamamanos 

7 days), 

7 days). 

protoadamantane-adamantane rearrangements in the synthesis of 1,2- 

disubstituted adamantanes. 1 were 

a number 

a Thomas 

C NMR a 

Nicolet 

1 downfield CC/MS analyses were 

performed on a Varian MAT 112s or on a Finnigan MAT 4510 spectrometer using either DB-1 30 m x 0.32 mm 

i.d. or a DB-5 30 m x 0.25 mm i.d. fused silica capillary columns and He as carrier gas. In general, 

the reported ions are those with m& above 40 and with relative intensities greater than 5% of the base peak, 

unless otherwise deemed important. 

Gas chromatographic (CC) analyses were carried out on a Varian Aerograph 2740 instrument using 3% 

SE-30 on 100/120 mesh Veraport in a 30 5 ft. x l/8 in. column W&I temperature programming from 150 to 250 

‘C at a rate of 10 ‘C/min. The majority of the reactions reported here were monitored periodically by CC 

analysis. Flash chromatography 32 used silica gel 40 urn particle size (J.T. Baker). 

All solvents and reagents were used as purchased, unless otherwise specified. Dimethyl sulfoxida was 

dried by vacuum distillation (2 1 Torr) from CaH2 at temperatures not exceeding 90 ‘C. Benzene was dried 

axeotropically. “Petroleum ether” refers to that fraction bp 30-60 OC. “Brine” refers to a saturated aqueous 

salt solution. The statement that solvents were removed “in vacua” implies that a rotary flash evaporator was -- 
utilized, usually connected to a water pump (\20-30 Torr). Distillation of the last traces of solvents 

sometimes required high-vacuum (< 1 Torr). 

4-Exe-and 4-emlo+pcmymemyIenepmtoadamantan (1) 

Method A: The reaction between 4-protoadamantanone (2)33*34 and trimethylsulfonium iodide was 

carried out as described by Chakrabarti et al. l7 except that NaH was used instead of t-BuQK. The product 
--17 was a waxy solid (94%); mp 60-64 ‘C, (lit. mp 62-64 ‘C)I CC/MS (DB-1 column, isothermal, 110 ‘Cl 

indicated the presence of the two epimers (exorendo ratio, 3:2), Rt, 5.16 and 5.53 min. Both isomers showed 

this MS: m& (rel intensity) 164 (14, M+), 135 (ll), 134 (451, 122 (141, 121 (151, 119 (101, 105 (111, 93 (321, 92 

(1001, 91 (491, 79 (461, 78 (181, 77 (331, 67 (161, 65 (13); ‘H NMR (CDC131 6 2.72 (narrow AB q approaching a 

singlet, CH20, pr& isomer), 2.65, and 2.51 (AB q, J = 4.65 Hz, CH20, 2 isomer), 1.4-2.4 (a series of complex 

multiplets, 14 Hi; 13C NMR (CDC13) of the exe isomer: 6 60.51 (C-l)), 50.93 (CH20), 42.65 (C-31, 41.54 (C-91, 

39.21 (C-101, 38.37 (C-51, 36.01 (C-l), 35.63 (C-2), 34.35 G.31, 33.20 (C-71, 28.21 (C-6); of the endo isomer: 6 

60.44 (C-41, 57.62 (CH20), 43.02 (C-31, 41.54 (C-91, 39.46 (C-101, 36.86 (C-51, 35.78 (C-l), 35.56 (C-21, 35.37 

(C-S), 33.43 (C-71, 29.40 (C-61. Assignments of 13C signals were accomplished by means of 2-D INADEQUATE 

experiments. 35-37 

These epoxides (I) were not very stable at room temperature and tended to rearrange to 4-(endo- and 

&protoadamantanecarbaldehyde17 which were detected by the appearance of two ‘H NMR signals at 9.77 
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and 9.86 ppm (s, CHO, exe and endo in CDCI3). The epoxides (1) are very sensitive to acids. It was 

advantageous to remove traces of HCI in CDC13 by storing this solvent over anhydrous K2C03. 

Method 8: The same procedure was followed as described in Method A but trimethyloxosulfonmm 

iodidel’ was used instead of trimethylsulfonium iodide. The epoxides were obtained in 92% yield; W/MS and 

360 MHz ‘H NMR indicated that the exe isomer was formed predominantly (exorendo ratio, 15:lJ. _- 

The mixture of epoxides (I) prepared by method B was used in all subsequent reactions of 1. 

2-Halo-l-olydroxytnethyl$damantanu. General procedure 

A solution of the epoxides (1) (32.3 mmol) in the specified solvent (5 mL) was injected gradually through a 

rubber septum into a stirred solution of the Lewis acid (32.3 mmol) in the same solvent (250 mL) at -78 ‘C 

(under NJ. The mixture was stirred at -78 ‘C (4 h),was allowed to warm gradually to room temperature (1 h) 

and was then poured carefully into ice-water (JO0 mL). The aqueous layer was extracted with dichloromethane 

(2 x 100 mL) and the combmed organic phases were washed with water, then brine, dried (MgS04), and 

evaporated, in vacua. Flash chromatography of the residue using stepwise elution with IO-20% ether in -- 

petroleum ether, followed by recrystallization from hexane furnished pure halo alcohols. 

2-Chloro-l-(hyd1oxymethyDadaman~ (g): was obtained in 84% yield from I and AJCJ3 in dichlorometh- 

ane; mp (hexane) 153-154 ‘C; GC, R, = 2.4 min; ‘H NMR (CDCJ3J 6 4.38 (m, JH, H-21, 3.58 and 3.19 fdd, 2H, 

?gem = 
11.2 Hz, CH20), 1.61 (s, JH, OH), 2.20-2.13 (m, 2HJ, 1.96-1.93 (m, 2HJ, 1.22 fm, lH), 1.89-J-57 (a series 

of complex multiplets, 8H); MS, m& (rel intensity) 184 (91, 182 (27, M+-H20), 171 (311, 169 (100, M*-CH20H1, 

164 (72, M+-Cl), 135 (131, 133 (561, 105 (261, 93 (191, 91 (65), 79 (48), 77 (271, 67 (241, 65 (13). Anal. CaJcd for 

Cl JH17CJ0: C, 65.83; H, 8.54; CJ, 17.66. Found: C, 66.14; H, 8.65; CJ. 17.38. 

2-Bromo-l-&ydroxymethyDadaman~ (4): was produced (82%) by reacting I with AJBr3 m dichloro- 

methane; mp (hexane) 136-137 ‘C; Jit.17 mp 138 ‘C; CC, Rt = 3.1 min; ‘H NMR (CDCJ3) 6 4.65 (m, JH, H-21, 

3.51 and 3.18 (dd, 2H, J = 11.1 Hz, CH20), 1.93 (s, lH, OH), 2.29-2.26 (m, 2H1, 1.28 (m, JH), 2.01-1.63 (a 

series of complex mul$& 10H); MS, m/z (rel intensity) 246 (0.4) and 244 (0.4, M+), 215 and 213 (2, M+- 

CH20H), 166 (131, 165 (100, Mt-Br), 147 (631, 133 (191, 119 (321, 105 (341, 93 (171, 91 (671, 79 (39), 77 (21), 67 

(26). 

2-lodo-l-(hy&oxymetf1yl)&amantane (IO): A solution of AlI3 in carbon disulfide was allowed to react 

with 1 as described in the “General procedure”. In the workup, however, the organic extract was washed with 

5% NaHS03 solution before the fmal wash with brine. The iodo alcohol (IO) was obtained in 79% yield; mp 

fhexane.1 102-103 ‘C; CC, R, = 3.7 min; ‘H NMR (CDC13) 6 4.88 (m, JH, H-21, 3.35 and 3.20 (dd, ZH, Jgem = 

11.2 HZ, CH20), 1.95 (s, lH, OH), 2.36 (m, 2H), 1.33 (m, JH), 2.05-1.71 (a series of complex multiplets, 10H); 

MS, m& (rel intensity) 261 (0.7, M*-CH20H), 165 (LOO, M+-J), 147 (731, 119 (571, JO5 (531, 95 (141, 93 (391, 92 

(271, 91 (991, 81 (361, 79 (791, 77 (371, 67 (571. Anal. Calcd for CJ JHJ710: C, 45.22; H, 5.86; I, 43.44. Found: C, 

44.92; H, 5.86; I, 43.75. 

1Hydroxymetftyl-2-fluoroadamantsne (11): The epoxides (I, 600 mg, 3.6 mmol) were reacted with BF3 

etherate (0.49 mL, 3.96 mmol) in dichloromethane (30 mL), as described in the “General procedure”. The 

products were separated by flash chromatography. The first fractions were eluted by 5% ether in petroleum 

ether and contained a waxy solid (206 mg) identified by ‘H NMR as a mixture of exo and & 4- - 
17 

protoadamantanecarboxaldehyde . Further elution with JO-20% ether in petroleum ether afforded the fluoro 

alcohol (11) (260 mg, 40%); mp (hexane) 150-151 ‘C; ‘H NMR (CDCJ3) 6 4.66 (m, H-2, JH,GH = 51.4 Hz), 3.50 

and 3.28 fdd, ZH, CH 0, J 
2 -gem 

= J 1.0 Hz), 2.22 (s, JH, OH), 2.18 (m, JH), 2.01-1.85 fm, 5H1, 1.75-1.53 (m, 6H1, 

1.31 fm, IH); MS, m& (rel intensity) 184 (I, M’), 166 (13, M+-H20), 164 (30, M+-HF), 154 (151, 153 (100, M+- 

CH20H), 133 (171, J 11 (111, 93 (121, 91 (171, 79 (261, 67 (12). Anal. CaJcd for CJlH17FO: C, 71.71; H, 9.29; F, 

10.31. Found: C, 71.36; H, 9.37; F, 9.73. 

1-0iydroxymethy1)_2-phenyladamantane (12) 

Method A: A solution of 1 (2.0 g, 12.2 mmol) m carbon disulfide (10 mL) was injected into a solution of 

AJBr3 (6.53 g, 24.4 mmol) in the same solvent (JO0 mt), cooled to -78 ‘C fN2J. The mixture was stirred at -78 

‘C for 4 h and was then allowed to warm to 0 ‘C for 1 h. Dry benzene (JO mL) was added and stirring 

continued at 0 ‘C for 3 h. The reaction was monitored by CC and was quenched as soon as it was complete. 

Unnecessarily long reaction times should be avoided as these may lead to intractable mixtures. The reaction 

mixture was poured into ice-water (200 mL,) and was extracted with CHCJ3 (3 x 150 mL). The organic phase 

was washed with water, then with brine, dried (MgS04) and solvents were evaporated, in vacua. Flash -- 

chromatography of the residue usmg 5-JO% ethyl acetate in petroleum ether as an eluent produced 12 Initially 
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an oil which slowly solidified to a waxy solid (1.9 g, 70%); mp 60-63 ‘C; CC, Rt = 6.0 min; ‘H NMR (CDC13)6 

7.18-7.45 (m, 5H, Ph), 3.18 and 3.06 (AB q, ZH, CH20, zAB = 11.1 Hz), 2.94 (m, lH, H-2), 2.20-2.09 (m, 5H), 

1.93-1.85 (m, UH), 1.80-1.76 (m, ZH), 1.61-1.59 (m, 2H), 1.42 (m, IH); MS, & (rel intensity) 242 (16, M+), 224 

(36, M+-H20), 211 (100, M+-CH20H), 129 (30), 117 (20), 115 (14), 91 (94), 79 (35), 67 (18). Anal. Cakd for 

C17H220: C, 84.25; H, 9.15. Found: C, 84.01; H, 9.26. 

Method B: To a cooled (10 ‘C) solution of either 4 or g (7.35 mmol) in dry benzene (150 mL) was added 

AlBr3 (2.53 g, 9.51 mmol). The mixture was stirred for 2-4 h at 10 ‘C and was monitored by GC. The workup 

procedure was as described above. The yield of 12 was 1.5-1.7 g (85-94%). 

Reactians of 4-protoadamantanom with hyaohalic acids 

A. With hykochforic acid: A mixture of 4-protoadamantanone (7.5 g, 0.05 mol), cont. HCl(200 mL), and 

ZnC12 (13.6 g, 0.1 mol) was stirred at 65 ‘C for 8 h38. The mixture was then cooled, diluted with water (400 

mL) and extracted with CHC13 (3 x 200 mL). The extract was washed with a saturated solution of NaHC03, 

then with water, dried (MgS04), and evaporated, in vacua. -- Flash chromatography in petroleum ether eluted 

1,2_dichloroadamantane (22, 289 g, 28%)) mp 186-187 ‘C, (lit.12’13 mp 178-180, 183-185 ‘C); CC, Rt = 1.7 

min. 

Further elution with a gradient of ether in petroleum ether (5-50%) afforded 2-chloro-l-adamantanol(21, 

5.58 g, 60%)) mp fhexane) 235-236 ‘C (sealed tube); CC, Rt = 1.3 min; ‘H NMR (CDC13) 6 4.23 (br s, lH, H-2), 

2.71 (s, lH, OH), 2.29 (m, IH), 2.07-2.14 (m, OH), 1.94 (m, lH), 1.84-1.75 (m, 3H), 1.67-1.61 (m, 2H), 1.53 (m, 

lH), 1.46 (m, 1Hh MS, m& (rel intensity) 188 (8), 186 (25, M+), 151 (4, M+-Cl), 129 (5), 128 (5), 109 (3), 95 (100, 

M+-Cl-C4H9), 79 (16), 77 (lo), 67 (9), 53 (10). Anal. Calcd for C10H15C10: C, 64.36; H, 8.09; Cl, 18.99. 

Found: C, 64.08; H, 8.00; Cl, 18.97. 

8. With hyckdmmk ad& 4-Protoadamantanone (3.0 g, 0.02 mol), was stirred with 30% HBr in acetic 

acid (12.4 mL) at 80-90 ‘C for 18 h38. The mixture was cooled, diluted with water (100 mL) and extracted 

with CHC13 (3 x 200 mL). The extract was washed with a saturated solution of NaHC03, then with water, 

dried (MgS04), and evaporated, in vacua. Using flash chromatography, 1,2-dibromoadamantane (24, 1.38 g, 

23%) was obtained by elution with petroleum ether; mp 123-124 ‘C, lit.12 mp 121-123 ‘C12; CC, Rt = 2.8 min. 

Further elution with 5% ether in petroleum ether furnished 2-bromo-l-adamantyl acetate (25) (1.09 g, 

19%) as colorless oil; GC, Rt = 2.6 min; ‘H NMR (CDC13) 6 5.35 (br s, lH, H-2), 2.68 (m, lH), 2.36 (br s, lH), 

2.31-2.26 (m, 2H), 2.17 (m, lH), 2.13-2.10 (m, ZH), 2.00 (s, 3H, CH3CO), 1.85 (m, 2H), 1.74 (m, lH), 1.69 (m, 

ZH), 1.56 (m, 1H); MS, a (rel intensity) 274 (3), 272 (3, M+), 214 (80), 212 (85, M+-AcOH), 193 (36, M+-Br), 

172, (13), 170 (12), 151 (74), 133 (71), 107 (7), 105 (9), 95 (36), 91 (67), 27 (79), 67 (la), 55 (IS), 43 (loo), 41 (29). 

The acetate was hydrolyzed to 2-bromo-l-adamantanol (23) by refluxing with 1% solution of K2C03 in 

methanol. 

Continued elution with a 5-30% gradient of ether in petroleum ether produced 2-bromc-l-adamantanol 

(23, 1.38 g, 31%); mp (hexane) 188-189 ‘C; CC, Rt = 1.6 min; ‘H NMR (CDCl,) 6 4.50 (br s, lH, H-2), 2.48 (s, 

lH, OH), 2.38 (m, IH), 2.20-2.17 (m, 3H), 2.09-2.04 ( m, 2H), 1.87-1.79 m, 3H), 1.68-1.64 (m, 2H), 1.55-1.53 (m, 

2H); MS, & (rel intensity) 232 (I), 230 (1, M+), 151 (100, M+-Br), 133 (5), 107 (7), 95 (87, M+-Br-C4H9), 93 

(12), 91 (15), 81 (lo), 79 (12), 77 (lo), 67 (lo), 53 (6). Anal. Calcd for CIOH15BrOr C, 51.96; H, 6.54; Br, 34.57. 

Found: C, 51.84; H, 6.37; Br, 34.27. 

C. Wifh hykiodk aci& A mixture of 4-protoadamantanone (3.0 g, 0.02 mol), Kl (6.0 g), 85% H3P04 (75 

mL), was stirred at 65-85 ‘C for 24 h (under N2).38 The mixture was cooled, diluted with water (100 mL) and 

extracted with CHC13 (3 x 200 mL). The CHC13 extract was washed with a saturated solution of NaHS03, 

NaHC03 solution, and then water and was dried (MgS04). 1,2-Diiodoadamantane (27, 3.31 g, 43%) was eluted 

by petroleum ether (flash chromatography), mp 107-108 ‘C, lit.16’39 mp 105-108, 106-108 ‘C; CC, Rt = 4.8 

min. 

Further elution with a gradient of ether in petroleum ether (5-30%) yielded 2-iodo-l-adamantanol (26, 

2.58 g, 47%); mp (hexane) 11 l-l 12 ‘C; CC, R, = 2.4 min; ‘H NMR (CDC13) 6 4.75 (br s, lH, H-2), 2.40 (m, IH), 

2.31 (s, lH, OH), 2.24 (m, lH), 2.16-2.13 (m, 3H), 2.06 (m, lH), 1.87-1.85 (m, ZH), 1.76 (m, lH), 1.69-l-56 (m, 

4H); MS, & (rel intensity) 278 (0.4, M+), 151 (100, M’-I), 133 (lo), 107 (19), 95 (26, Mt-I-C4H9), 93 (18)s 91 

(43), 81 (31), 79 (25), 67 (27), 55 (24). Anal. Calcd for C10H1510: C, 43.15; H, 5.44; I, 45.63. Found: C, 42.87; 

H, 5.43; 1, 45.79. 
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To a solution of the respective 2-halo-l-adamantanol (1.0 mmol) in CHC$ (10 ml), was ad&d SOCl2 

(0.36 mL). The mixture was stirred at room temperature for 24 h then refluxed for 2 h. The solvents and 

excess SOC12 were evaporated, in vacua. -- The crude product was subjected to flash chromatography using 

petroleum ether as an eluent to give the pure product. 

2-Bmm*lXhIoeoadam antane (31): yield, 64%; mp 155-156 ‘Ct ‘H NMR (CDC131 6 4.59 (m, IHI, 2.36 (m, 

IHj, 2.45-2.43 (m, ZHj, 2.33 (m, lHj, 2.45 (m, lHj, 2.15 (m, lHj, 2.09 (m, lHj, 1.92-1.87 (m, 3H), 1.71 (m, ZHI, 

1.56 (m, 1H); MS, m& kel intensity) 252 (0.5), 250 (3.41, 24% 12.9) (I&+), 215 (31, 213 (31, fM+-CD, 171 (30), 169 

(loo), &4+-Brj, 133 (771, 115 VI, 113 (71, 105 (211, 93 (121, 91 (871, 79 (281, 77 (fOj, 67 (19f, 65 @Of, 55 (14). 

Anal. Calcd for C10H14BrC1: C, 4g.15 H, 5.65; Br, 32.02; Cl, 14.21. Found: C, 47.90; H, 5.63; Br, 31.84~ CI, 

14.11. 

l-utbxo-2-iiodoadam ~tane (3uI yield 6996, mp 69-70 ‘C, CC, Rt D 2.9 min; ‘II NMR (CDC131 6 4.86 (m, 

lHj, 2.61-2.55 (m, ZHj, 2.46 (m, lHI, 2.40 (m, lHj, 2.30 (m, IH), 2.20 (m, lHj, 2.07 (m, lHj, 1.96-1.92 (m, 2Hj, 

1.81 fm, lHj, 1.73 (m, ZH), 1.65 (m, 1H); MS, m& fret intensity) 298 (I), 296 13, M’f, 261 (2, M+-Cl), 171 1261, 

169 (83, M+-I), 133 (891, 127’ (6j, 115 (6j, I13 (Sj, 105 (271, 93 (IS), 91 (IOOj, %I (IO), 79 (31j, 77 (34j, 67 (24j, 65 

(191, 55 (17). Anal. Calcd for C10H14ClIt C, 40.50; H, 4.72; Cl, 11.95; I, 42.79. Found: C, 40.27; H, 4.66; Cl, 

11.31; I, 43.33. 

Reactlut of 2-haIo-l-a&man tanols with HBr. General pmadve 

The respective 2-halo-1-adamantanol (3.0 mmol) was stirred with 30% HBr in acetic acid (20 ml) at 

room temperature for 4 h. The mixture was poured into ice-water (100 mLj and extracted with CHCi3 (3 x 200 

ml). The CHC13 extract was washed with saturated solution of NaHC03, then with brine, dried (MgS04j, and 

solvents were evaporated, in vacua. Flash chromatography of the residue separated pure products. -- 
I-&Qmo-2-chloroadam antane (33) and 2-&Ioro-l-a&unantyl acetate (3s) were obtained from 2-chlor*l- 

adamantanol (211, as described above. Using petroleum other as an eluent, 1-bromo-2-chloroadamantane 133j, 

(448 mg, 60%) was obtained (60961; mp 152-153 “Ct GC, R, = 2.6 min; ‘H NMR (CDC13f 6 4.46 (m, IH, H-8, 

2.78 (m, lHj, 2.59 (m, IH), 2.41-2.37 (m, 2H), 2.29 (m, lHj, 2.11 (m, IH), 2.06-2.04 (m, ZHj, 1.94 (m, lH), 1.84 

(m, IHI, 1.76-1.74 (m, 2H), 1.56 (m, IH); MS, I& (rel Intensity) 172 (31, 170 110, M+-Br), 171 (341, 169 1100, 

M+-HBr), 133 (521, 105 (241, 93 (lo), 91 (511, 79 (301, 77 (201, 67 119, 65 114), 55 (13). Anal. Calcd for 

C10H14BrC1: C, 48.12; H, 5.651 Br, 32.02; Cl, 14.21. Found: C, 48.38; H, 5.72; Br, 31.85; Cl, 14.29. 

Further elutlon with 5% ethyl acetate 1n petroleum ether furnished 2-chIoro-I-adamantyI acetate OS, 

205 mg, 29%) as a colorless liqui& CC, R, = 2.5 min; ‘H NMR (CDC13) 6 5.14 (m, lH, H-21, 2.60 (m, lHj, 2.29- 

2.28 (m, 2H), 2.18-2.07 (m, 4Hj, 2.00 (s, 3H, CH3), 1.82 (m, 2Hj, 1.74 (m, lHj, 1.68 (m, 2H), 1.49 (m, 1H); MS, 

&kel intensity) 228 (1, M’), 171 (51, 170 (35j, 169 (16j, 168 1100, M’-AcOH), 133 (541, 128 1131, 126 1331, 95 

(62j, 91 (58), 79 (28), 77 (15), 67 (IO), 55 (lo), 43 (57, CH3CO+). Hydrolysis of this acetate regenerated 2- 

chloro-I-adamantanol. 

When 48% HBr was used instead of 30% HBr in acetic acid, the mixture had to be heated to SO ‘C to 

complete the reaction. The desired product, I-bromo-2_chloroadamantane, was contaminated with about 10% 

of l,2-dlbromoadamantane. Repeated recrystallizations, sublimations, or chromatography on silica gel failed 

to yield an analytically-pure product. 

I-Brom~2-Io&arlamantane (34) and 2-Iode-ladamantyl acetate 04) were obtained from the reaction of 

2-iodo-1-adamantanol (1.0 g, 3.6 mmoi) with HBr, as described above. Flash chromatography of the crude 

product, using petroleum ether, eluted 1-broma-2-iodoadamantane (0.83 g, 67%); mp 94-95 ‘C, lit.39 mp 91-92 

‘Cl CC, Rt = 3.8 min. 

Further elution with I% ether in petroleum ether yielded 2-iodo-l-adamantyl acetate (264 mg, 22%) as a 

colorless liquid which slowly crystallized; mp 43-44 ‘Q CC, R, = 3.5 min; ‘H NMR (CDC13j 6 5.55 (m, lHj, 

2.76 (m, lH), 2.41 (m, lH), 2.32-2.30 (m, ZH), 2.21-2.18 (m, ZHj, 2.09 (m, lHj, 2.02 (s, 3H, CH3j, 1.94 (m, IHj, 

1.83-1.77 (m, 2H), 1.71 (m, 2HI, 1.66 (m, 1Hf; MS, & kel intensity) 320 10.4, M’j, 261 (1, M+-AcDj, 260 (1, 

M+-AcOH), 192 (54, M+-I), IS2 (251, 151 (loo), 133 (291, 109 (IO), 107 (23j, 105 (15j, 95 (29),93 (24),91 (661, 81 

(22),79 (30),77 (191, 67 (27), 55 119),53 (llj, 43 (93, CH3CO+j. AnaL Calcd for C12H171G2: C, 45.011 Hr 5.351 

I, 39.64. Found: C, 45.2V; H, 5.39; I, 39.66. 

Z-Halo-1-iodoadam antanes. ck!netalproceduc 

A mixture of 1,2-diiodoadamantane (300 mg, 0.77 mmol), either dry KBr or KC1 (70 mmol) in HMPA 110 
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mL) was stirred at 140-160 ‘C for 7 days. The mixture was cooled, diluted with water (100 mL) and extracted 

with hexane (3 x 75 mL). The extract was washed with brine, dried (MgSO4), and the solvent was evaporated, 

in vacua. -- The crude product was purified by flash chromatography using petroleum ether as the eluting 

solvent. 

2-Chloeo-I-iodoadamantan (37): yield, 70%; mp 43-44 ‘C; CC, R, = 3.2 min; ‘H NMR (CDCI31 6 4.59 

(m, IH), 2.98-2.89 (m, 2H), 2.72 (m, IH), 2.38-2.36 (m, 3H), 2.02 (m, IH), 1.92-1.80 (m, 5H), 1.65 (m, IH); MS, 

m& (rel intensity) 298 (0.31, 296 (1, M+), 261 (0.5, M+-Br), 171 (321, 169 (100, hi*-I), 133 (651, 127 (81, 105 (281, 

93 (121, 91 (721, 79 (411, 77 (241, 67 (181, 65 (141, 55 (151, 53 (13). Anal. Calcd for C,0H14Cll: C, 40.50; H, 

4.76; Cl, 11.95; I, 42.79. Found: C, 40.56; H, 4.76; Cl, 11.65; I, 42.87. 

2-6romo-I-iodoadamantane (38): yield, 79%, mp 77-78 ‘C; CC, R, = 3.8 mm; IH NMR (CDC13) A 4.81 

(m, IH), 3.03-2.99 (m, 2H), 2.78 ( m, IH), 2.46-2.42 (m, 3H), 2.04 (m, IH), 1.94-1.88 (m, 3H), 1.84-1.82 (m, ZH), 

1.71 (m, IH); MS,& (rel intensity) 342 (I), 340 (1, M’), 261 (7, hi+-Br), 215 (791, 213 (821, M*-I), 133 (IOO), 

105 (371, 93 (181, 91 (941, 79 (461, 77 (291, 67 (23), 65 (211, 55 (221, 53 (16). Anal. Calcd for CIOH,4BrI: C, 

35.02; H, 4.14; Br, 23.39; I, 37.29. Found: C, 35.08; H, 4.11; Br, 23.39; I. 37.29. 
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