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59. Substituted 9-0xabicyclo[4.2.1]- 
and 9-0xabicyclo[3.3.l]nonanes (Part I1 I)) 

by C. Ganter, R.O. Duthaler & W. Zwahlen 
I aboratorium fur Organische Cheinic der Eidg 1 echnischcn Hochschule Zurich 

(13 I 71) 

Summary .  The preparation, isolation, structure determination, and some reactions of the two 
stereoisomers of 2-iodo-9-oxabicyclo[4.2.l]nonanc (9 and 10) and of 2-iodo-9-oxabicyclo[3.3.lj- 
nonane (11 and 12), respectively, are described. 

Iodine cleavage of the [4.2.1]-iodomercuri compound 3 yicldcd the iodides 9,  10, and 11, and 
iododemercuration of the [3.3.1]-iodomercuri compound 6 afforded the iodo compounds 9, 11, and 
12, respectively. Direct treatment of 4-cycioocte1i-l-ol (1) with iodine in chloroform resulted in the 
exclusive formation of the two endo-iodides 9 and 11. 

Raney nickel treatment as well as lithium aluminium hydride reduction of each individual iodo 
compound 9, 10, 11, and 12 gave thc corresponding unsubstituted 9-oxabicyclononane (4 or 8 ,  
respectively) with the unaltered skeleton. No rearrangement products could be observed. 

1) For Part  I see [ l j .  
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An oxonium ion is involved as an intermediate in the reaction of the endo-iodides 9 and 11 with 
silver acetate leading to an identical mixture of the two acetates 15 and 16 as well as in lhc  
isonierization of 9 to 11. 

Very recently Paquette & Storm [a] published results on ‘Stereochemical Aspects 
of K,O-3 Participation. Lithium Aluminium Hydride Reduction of 9-Oxabicyclononan- 
2-yl Iodides’2). Their paper prompts us l o  describe our own results3) on the prepara- 
tion, isolation, structure determination, and some reactions of the two stereoisomers of 
2-iodo-9-oxabicyclo[4.2.l]nonane (9 and 10) and of 2-iodo-9-oxabicyclo[3.3.l]nonane 
(11 and 12), respectively. Several of our observations differ quite markedly from those 
reported by Paquette & Storm. [2]. 

1 .  Syntheses of the Iodo Compounds 9,10,11, and 12 (Results and Discussion). - 
The four isomeric iodo compounds 9, 10, 11, and 12 were all prepared using 4-cyclo- 
octen-1-01 (1) as starting material. Two different pathways were applied for their 
syntheses: a) Oxymercuration of the alcohol 1 followed by treatment with potassium 
iodide and subsequent reaction of the iodomercuri compounds 3 or 6, respectively 
with iodine. b) Direct treatment of the alcohol 1 with iodine. Depending on the 
reaction conditions [a) or b)] the isomeric iodides 9-12 are readily obtained in varying 
amounts (see Table 1). The iodo compounds 9-12 were separated with only very 
minor decomposition by column chromatography as described in the Experimental 
Section. 

Oxymercuration of 4-cycloocten-1-01 (1)  with mercuric acetate in the presence of 
sodium acetate, following the procedure of Bordwell & Douglass 13j, yielded after 
several recrystallizations pure endo-2-acetoxymercuri-9-oxabicyclo[4.2.1]nonane (2). 
The corresponding [3.3.l]-acetoxymercuri compound 7 could be found in minor 
amounts in the mother liquor. Sodium borohydride reduction4) of 2 gave pure 
9-oxabicyclo[4.2.l]nonane (4) [ S ] .  The acetoxymercuri compound 2 was easily 
converted into the corresponding iodoniercuri compound 3 according to Bordwell & 
Douglass [3j. That no skeletal rearrangement occurred during this reaction was 
checked by retransforming 3 into 2 with silver acetate and subsequent reductive 
demercuration of 2 by sodium borohydride which again afforded pure 9-oxabicyclo- 
[4.2.l]nonane (4). Reaction of the iodomercuri conipound 3 with iodine was carried 
out in carbon tetrachloride under argon a t  0” with a 500 W visible light source 
(Table 1, experiment 2)  as well as at  room temperature and daylight (Table 1, 
experiment 3) 5 ) .  In  both cases three of the four possible isomeric 2-iodo-9-oxabicyclo- 
[4.2.l]nonanes and 2-iodo-9-oxabicyclo[3.3.l.]nonanes were formed, namely the two 
[4.2.1]-isomers 9 and 10 as well as the endo-[3.3.1]-iodide 11. The main product was 
always the exo-[4.2.1]-isomer 10 and no exo-[3.3.1]-iodide 12 could be detected. 

a) We should like to thank Professor L. A .  Paquette for making available a preprint o€ his paper [Z] 
(September 11, 1970). The essential results of our report had already been obtained in our 
laboratory at  that time. 
Part of the experiments described in the prescnt papcr were first carried out in our group by 
C. Firnzelzich (winter 1968j69) and H.  J .  Borschberg (summer 1969). 
For a recent paper on the mechanism of reduction of alkylmercuric halides by metal hydrides 
see [4]. 
This experiment was carried out analogously to a procedure described by Paqicette & Storm 121. 
However, these authors did not separate the product mixture. 

3, 

*) 

5, 
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2 X = OAc 

3 X = l  , g,!,ll 
resp. I "  l o  

9 

\ 

1 

I 
9,11 

7 5 x = NO, 

6 X = I  

7 X = OAc 

9, 11,12 

11 

J 
/ \ 

15 16 

Table 1. Preparation o f t h e  Iodo  Compou?zds 9, 10, 11, and 12 

Ex- Starting Reaction conditions 
peri- material 
ment 

Product distri- 
bution in %a) 

9 10 11 12 

1 949 mg of 1 I,, CHCI, room temp. 3 or 7 h daylight air 25 - 75 - 

2 3.015 g of 3 I,, CCI, 0" 6 h 500 watt  lampb) argon 30.5 64.5 5 ~ 

3 C )  1.187 g of 3 I,, CCI, room tcmp. 8 h daylight N, 33 49.5 17.5 - 

4 724 nig of 6 I,, KI, H,O room temp. 7 h darkness air 24 - 20 56 
5 755 mg of 6 I,, CC1, 0" 2l/, h 500 watt  lampb) argon 4 -- 17 79 
(3") 4.5 g of 6 I,, ( X I ,  room tcmp. 8 h daylight N, 17 - 21 62 

;I) 

b) T'isible light source. 
c )  See footnote 5 ) ,  

Estimated values on the basis of column chromatographic separation and NMR.  analysis of 
mixturcs (scc Expcrimental Section). 

On the other hand oxymercuration of 4-cycloocten-1-01 (1) with mercuric nitrate 
in the presence of potassium nitrate following the procedure of Bordwell &Douglass [3] 
yielded after one recrystallization pure endo-2-nitratomercuri-9-oxabicyclo[3.3.1]- 
nonane (5). The corresponding [4.2.1]-isomer was not found in any appreciable 
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amount. Sodium borohydride reduction of 5 gave pure 9-oxabicyclo[3.3.l]nonane (8) 
[6]. The nitratoniercuri compound 5 was easily converted into the corresponding 
iodomercuri compound 6 by treatment with potassium iodide in aqueous sodium 
hydroxide solution in analogy to a procedure by Bordwell & Dotglass [3] for the 
preparation of the [4.2.l]-iodomercuri compound 3. The iodomercuri compound 6 
was then treated with silver acetate in chloroform as well as in hexamethylphosphoric- 
triamid (hexametapol, HMPT) affording e~zdo-2-acetoxymercuri-9-oxabicyclo[3.3.1]- 
nonane (7). Subsequent reductive demercuration of 7 by sodium borohydride yielded 
again pure 9-oxabicyclo[3.3.l]nonane (8) demonstrating that the mercuri compounds 
5 ,  6, and 7 were indeed pure [3.3.1]-isomers. 

Iodine cleavage of the iodomercuri compound 6 was carried out under three 
conditions: a) In water in the presence of potassium iodide and air, in the dark a t  
room temperature (Table 1, experiment 4), b) In  carbon tetrachloride under argon 
at  0" and with a 500 W visible light source (Table 1, experiment 5), and c) In carbon 
tetrachloride under nitrogen a t  room temperature in daylight (Table 1, experiment 
6) 5 ) .  Each time again three of the four possible isomeric 2-iodo-9-oxabicyclo~4.2.1]- 
and 2-iodo-9-oxabicyclo[3.3.l]nonanes were formed, namely the e~zdo-[4.2.1]-isomer 
9 and the two [3.3.l]-isomers 11 and 12. The exo-r3.3.1]-iodide 12 was always the 
main product and no exo-[4.2.1]-iodide 10 could be detected. 

The above results show various remarkable features. Neither the iodine cleavage 
of the [4.2.1]-iodomercuri compound 3 nor the one of the [3.3.1]-iodomercuri compound 
6 led to a statistical distribution of endo- and exo-iodides (9 and 10 or 11 and 12, 
respectively) even not under conditions which highly favor a free radical cleavage 
(carbon tetrachloride, inert atmosphere, O", light) 6)'). The corresponding exo-iodide 
with the same 9-oxabicyclononane skeleton (10 or 12, respectively) was always the 
predominant isomer formed. As the iodomercuri compounds 3 and 6 were pure endo- 
isomers the iodine cleavage proceeded therefore preferentially with inversion at C-2. 

The stereochemistry of the oxymercuratlon products 2 and 5 was not determlned by Bordwell 
R: DOzlgk255 [3], but endo configurations of the substituents were assigned on the basis of the usual 

6 ,  

;) 
For recent studics on iododemercurations sce [7]. 
Likewise no statistical distribution for thc six isomeric diiodo compounds (c  and d) was 
observed in the iodine cleavage of 2,5-diiodoincrcuri-9-oxabicyclo[4.2.l]nonane (a) and 2.6- 
diiodon-ercuri-9-oxabicyclo[3.3.l]nonane (b) as well as in the iodine cleavage of the iodomercuri 
compounds of 2,7-dihetero-isotwistanes ( e 4 f  and g). See [l] [8 ]  [9] and unpublished results by 
C. Ganter, K .  Wicker, -V. Wigger and W .  Zwahlen. 

R R RB R 

a R = ngi b R = Hgl 

c R = l  d R = l  

e f 
Y = 0,s 
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tvans addition tncchan~sm. Strong support for this stertwchcniical assignnient is obtained by the 
lmown isoincrization in ncutral or slightly acidic media, c - g . ,  of the  [4.2.1]-acetoxymercuri 
compound 2 iiito thc j3.3.11-isorncr 7 (see r31) and by I K .  and KMR. data. The [3.3.1]-nitrato- 
mercuri compound 5 ,  the [3.3.1j-iodomercuri compound 6 and the [3.3.1]-acetoxyn~crcuri coni- 
pound 7 all exhibit in their 1K. spectra, among others, absorption bands near 2980 and 1480 cm-1. 
Such ‘anomalous’ C---H stretching and bending bands are characteristic for a l)icyclo[3.3.l]nonane 
skeleton and for the  prcscncc of such compounds in a chair-chair conformation8). Taking in 
account t ha t  these compounds 5 ,  6, and 7 are in a chair-chair conformation their NRIR. spectra 
(see Experimental Section) are in agreement only with ewio  orientations of thc substituents a t  C-2. 
Furthermore, e72do-2-sut)stituted [3.3.l]-derivatives sho\v a characteristic strong absorption band 
in the  IR. spectra at ahout 980 cm-1 which is present in all of these compounds [5 (CHCI,) : 977 : 
6 (CHCI,) ’ 976, (KBr) 970; and 7 (CC1,) : 978 cni -l. ]:or comparison see also 11 (liq.) . 981 and endo- 
2-chloromercuri-9-oxabicyclo~3.3.l~nonane (CHCI,) : 080 cnirl [3j]. 

Analogously, the endo-2-substituted [4.2.11-dcrivativcs exhibit tlircc characteristic, strong 
absorption band+ which arc representative for thc structural and  configurational assignments 

HICLVOTICA CHIWICA i l c ~ ~ %  7-01. 54, l‘asc. 2 (7971) .- Kr. S9 

2 ( (XI,) :  1052, 932, 913; 3 (KRr) :  1038, 922, 903; 9 (liq.)’ 1052, 938, 906!. 

Ll further iinpcirtant conclusion can be drawn from the above results : The iodo- 
niercuri compounds 3 and 6 were both isomerically pure (see also the results of tlie 
sodium borohydride reductions of 3 and 6) and 110 isonierization of 3 and 6 occurred 
during tlie iodine cleavage step. This conclusion is based on the fact that  starting 
from the r4.2.1:I-iodomercuri compound 3 no exo-[3.3.1]-iodide 12, and starting from 
tlie [3.3.1]-iodoniercuri compound 6 no exo-14.2.11-iodide 10 was formed. As discussed 
before the main product froni one individual itrdoniercuri compound is always the 
exo-iodide bearing the same 9-oxabicyclononane skeleton : 3 3 10 and 6 + 12. Even 
partial isomerization of 3 or 6 during tlie iodine cleavage step could have been easily 
detected in the reaction mixture. 

I t  remains to coniment on two analogous obsvrvations that starting from the 
[4.2.1]-iodomercmi compound 3 not only the two ‘4.2.1]-iodidcs 9 and 10 were formed 
but also the e?zdo-[3.3.1]-isorner 11, and that starting from the [3.3.1]-iodomercuri 
compound 6 not only the two i3.3.1]-iodides 11 and 12 were formed but also the eizdo- 
i4.2.1l-isomer 9. A s  seen above an isomerization of the ioclomercuri compound 3 to 6 
or v i c e  versa can be excluded. Therefore the question arises if the endo-iodides 9 and 11 
themselves isomerize under the reaction conditions applied. However, this seems very 
unlikely. As one can see from the very different amounts of 9 and 11 present in the 
reaction mixtures (see Table l), 9 and 11 would a t  best be in a very slow equilibrium. 

Furthermore, tlie results in Table 1 show a significant feature. Starting froin one 
iodoniercuri isomer (3 or 6) the amounts of the following products remained nearly 
constant under all experimental conditions : tlie edo-iodide with the unaltered skeleton 
(3 + ca. 30.5-~339/, of 9; 6 + ca. 17-21 yo of 11) as well as the sun1 of the exo-iodide 
with the unaltcrcd skeleton and the erzdo-iodide with the rcarranged skeIeton (3 + ca. 
h6-69.5y0 ot 10 arid 11; 6 .+ c x  79-837; of 9 and 12). The variable product portion 
consisted of tlie sum of the two e-tzdn-iodides 9 and 11 (3 -> ca. 35.5-50.5O/, ; 6 + ca. 
21 -44%). 

All these results imply that a more complex nicclianisni, or different mechanisms, 
than mere isomerization of  9 to 11 and vice versa are responsible for the product 
distributions in the iodine cleavages of the iodoniercuri cornpounds 3 and 6. Thc~ 
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product distributions most likely depend on various factors such as, e.g., solvent, 
temperature, light source, atmosphere e t ~ . ~ ) .  

A second approach for the synthesis of isomeric 2-iodo-9-oxabicyclononanes was 
direct treatment of 4-cycloocten-1-01 (1) with iodine in chloroform. In 86% yield a 
mixture of the two endo-isomers, the endo-[4.2.1]-iodide 9 and the endo-[3.3.1]-iodide 
11, was obtained in a ratio of approximately 1 : 3 (Table 1, experiment 1) lo). This ratio 
was confirmed by treatment of the reaction mixture with Raney nickel which afforded 
a 1 : 3 mixture of unsubstituted 9-oxabicyclo[4.2.1]- (4) and 9-oxabicyclo[3.3.l]nonane 
(8). The exclusive formation of endo-iodides can best be explained by an intramolecular 
attack of the free hydroxyl group on a primariry established iodonium ion of type h 
yielding as a consequence of the stereochemical course of such a reaction the trans 

h 
2. Structure Determination and Reactions of the Iodo Compounds 9, 10, 

11, and 12 (Results and Discussion). - The iodides 11 and 12 exhibit in their IR. 
spectra, among others, absorption bands near 2980 and 1480 cm-I. As discussed 
above in connection with the nitratomercuri-, iodomercuri- and acetoxymercuri 
compounds 5 ,  6, and 7, respectively, such ‘anomalous’ C-H stretching and bending 
bands are characteristic for a bicyclo[3.3.l]nonane skeleton present in a chair-chair 
conformation [see also footnote 71. Furthermore, 11 and 12 show three typical, strong 
bands [ll (liq.) : 1030,900,858 and 12 : 1031,898,852 cm-l] which belong to compounds 
with a 2-substituted 9-0xabicyclo[3.3.l]nonane skeleton (see also the IR. spectra of 
5 , 6 ,  and 7). Corresponding bands in the IR. spectra of the iodides 9 and 10 are missing. 

Conclusive proof for the ring skeletons was easily obtained by reducing each iodo 
compound individually with Raney nickel. The stereoisomers 9 and 10 yielded pure 
9-oxabicyclo[4.2.l]nonane (4) whereas 11 and 12 afforded pure 9-oxabicyclo[3.3.1]- 
nonane (8). 

The orientation of the iodine atoms, i.e., the configuration at C-2 in the iodo 
compounds 9, 10, 11, and 12 could be derived from spectroscopic measurements and 
chemical transformations 12). 

Further studies on the substitutions of halomercuri compounds are in progress. 
The product distribution was identical after 3 h or 7 h reaction time. 
The general applicability of this reaction (treatment of an unsaturated alcohol with iodine) 
was checked on several derivatives, e.g., reaction of cndo-2-hydroxy-9-oxabicyclo[3.3.1]- 
nonene-(6) (i) with iodine in chloroform led exclusively to the trans addition product, the 

i 
Determination of the configuration at  C-2 in the iodides 9, 10, 11, and 12 on the basis of 
60 MHz and 100 MHz NMR. spectra is difficult and not absolutely conclusive. Therefore, the 
NMR. spectra of these compounds will not be discussed in details. However, the NMR. data 
(see Experimental Section) are in good agreement with the configurational assignments 
derived from other spectroscopic measurements and chemical transformations. 
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A first information was obtained from the UV. spectra of the four isomeric iodides 
(see Table 2). In our recent paper 111 on 2,5-diiodo-9-oxabicyclo[4.2.l]nonanes [see 
c in footnote ')I and 2,6-diiodo-9-oxabicyclo[3.3.l]nonanes [see d in footnote ')I 
we described the interesting feature that exo-oriented iodine atonis which are cis to 
the bridge oxygen 0-9 show a remarkable interaction with the latter. Thisis manifested 
in absorption maxinia at  longer wavelengths, corresponding to less energetic n + o* 
transitions of the iodo compounds. Thc iodides 9, 10, 11, and 12 described in the 
present paper again show such characteristically different absorption maxima which 
give good support for the configurational assignments at  C-2: in 9 and 11 the iodine 
atom endo-equatorial, in 10 and 12 exo-axial. 

Table 2. Ultravzolet Spectra of the Iodo Compo,unds 9, 10, 11, and 12 

[4.2.1]-iodides A,,, ( E )  [3.3.1]-iodides 2,mnaz (e) 

9 2.58 (615) 
10 262 (595) 

11 256 (595) 
12 263.5 (635) 

Further evidence was obtained by the qualitative investigation of the base 
treatment (in a 1s methanolic potassium hydroxide solution) of the four isomeric 
iodides 9, 10, 11, and 12. Smooth dehydrohalogenation is to be expected in compounds 
which fulfil the stereoelectronic requirement that the groups to be eliminated (H and I) 
be conformationally trans-antiplanar. Indeed, marked differences in reactivity were 
observed and the results clearly confirm the configurational assignments a t  C-2 made 
already on the hasis of UV. spectra. From the two [4.Z.l]-iodides 9 and 10, the endo- 
isomer 9 shows much lower reactivity. After 2 h at  reflux most of the ertdo-iodide 9 
was unchanged whereas the exo-iodide 10 suffered almost complete reaction. Treat- 
ment of the two [3.3.1]-isomers 11 and 12 at room temperature was also informative: 
11 reacted much more slowly than 12. 

A conclusive configurational assignment a t  C-2 was gained by reactions leading 
to products of a molecular rearrangement involving an oxonium ion (neighbouring 
group participation) of type j as an intermediate. Such an oxonium ion results from 
an intramolecular attack of an unshared oxygen electron pair either at  C-ZI3)  or a t  
C-(2) 13), respectively. Addition of an anion can proceed either a t  C-Z13) (furnishing 

(1) 2 

2-substituted [4.2.1]-derivatives) or at  C-(2) Is) (affording 2-substituted [3.3.1]- 
derivatives). The stereocheinical coursy of the reaction implies that  the outgoing 
iodine as well as the incoming group arc endo oriented14). 

Treatment of either the endo-[4.2.1]-iodide 9 or the endo-[3.3.1]-iodide 11 with 
silver acetate in acetic acid yielded the same mixture of the two acetates 1515) and 

I s )  T h c  numbering without brackets corresponds to  t h e  [4.2.l]-isomers, t h e  one in brackets to  thc 
r3.3.13 -isomers. 
See also thc corresponding discussion in [l;. 
See [12] and independent preparations from products described in [l], [Sl and [9]. ' 5 )  
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1615). Its ratio was determined by NMR. to be approximately 45:55. This result 
clearly implies a common intermediate, namely an oxoniuni ion of type j, and the 
endo orientation of the iodine atoms in 9 and 11. 

Furthermore, the endo-[4.2.1]-iodide 9 could easily be isomerized to the endo- 
i 3.3.11-iodide 11. The best results were obtained with a I,-KI-H,0-C2H,0H solution. 
After 2 h of reflux the yield of isolated 11 was 71%. Analogous experiments with the 
exo-l~4.2.1]-iodide 10 gave after 2 hreflux only the dehydrohalogenation product 13 [13] 
besides 47% of starting material 10. A rearranged iodide could not be detected. 

Paquette & Storm [~2] reported that lithium aluminiuni hydride reduction of 
both the endo-[4.2.1]-iodide 9 and the endo-[3.3.1]-iodide 11 involve also an 
oxonium ion of type j then suffering rapid kinetically controlled reduction to yield 
exclusively 9-oxabicyclo[4.2.1]nonane (4), whereas the two exo-isomers 10 and 12 
should undergo hydride reduction by direct S,2 displacement of iodide ion yielding 
9-oxabicyclo[4.2.l]nonane (4) from 10 and 9-oxabicyclo[3.3.l]nonane (8) from 12. 
The authors 121 acknowledge that a most salient feature of this interpretation resides 
in the requirement that an approximate 1 : 1 distribution of the /3.3.1]-iodides 11 and 
12 be realized in the iododemercuration step starting from the [3.3.1]-iodomercuri 
compound 6. In accordance with this conclusion a ratio of the unsubstituted 9-oxa- 
bicyclononanes 4 and 8 of 1 : 1 is indeed claimed after the treatment of the iodode- 
mercuration mixture with lithium aluminium hydride. 

However, our own results on the product distribution after the iodine cleavage 
of the iodoniercuri compounds 3 and 6 and on the lithium aluminium hydride reduction 
of the iodides 9, 10, 11, and 12 differ quite significantly from those published by 
Paquette & Storm [ Z ] .  Consequently, the proposed [ Z ]  involvement of an oxonium 
ion mechanism in the hydride reduction of the endo-iodides 9 and 11 must be discarded. 
As discussed above (see also Table 1) we examined different iododemercuration 
conditions and, starting from the [3.3.1]-iodomercuri compound 6, found ratios of the 
two [3.3.1]-iodides 11 and 12 which differed markedly under all conditions from the 
1 : 1 proportions claimed in the literature. The reliability of product distributions 
shown in Table 1 was checked, e g . ,  by Raney nickel treatmentls) of the crude iodide 
mixture of experiment 65). In 80% yield a mixture of the unsubstituted 9-oxabicyclo- 
nonanes 4 and 8 (ratio 17:83) was obtained, which corresponds exactly to the ratio 
of the [4.2.l]-iodide 9 and the sum of the r3.3.11-iodides 11 and 12 (also 17:83, see 
Table 1). In addition this result implies that  during the chromatographic separation 
of the iodides no rearrangement occurred and that the very minor decompositions 
had almost no effect on the product distribution. 

Further interesting results were obtained when each iodo compound (9,10,11, and 
12) was reduced individually with lithium aluminium hydride. No skeletal rearrange- 
ments were observed. The stereoisomers 9 and 10 both yielded pure 9-oxabicyclo- 
[4.2.l]nonane (4) whereas the two [3.3.1]-iodides afforded pure 9-oxabicyclo[3.3.1]- 
nonane (8). The result of the lithium aluminium hydride treatment of the crude 
iodide mixture of experiment 65) is in agreement with these experiments. In 52% 

16) I t  has to  be recalled tha t  Rnney nickel treatment of each iodide (9, 10,11, and 12) individually 
gave no rearrangement products ; sec above discussion. 



586 HELVETIC;.& CHIMICA ACTA - \.ol. 54, F a x .  2 (1071) -~ Nr. 59 

yield17) a mixture of the unsubstituted 9-oxabicyclononanes 4 and 8 (ratio 12: 88)le) 
was obtained. The small deviation from the ratio of 15: 83 (see Table 1 and the result of 
h’aney nickel trcatment of the crude iodidc mixture) of thc ~4.2.11-iodide 9 and the 
sum of the [3.3.1]-iodides 11 and 12 is due to the different yields with which the 
individual iodides are reduced19). 

From our results we conclude, therefore, that  litliium aluminium hydride reductions 
of endo-[4.2.1]-iodide 9 and endo-[3.3.l]-iodide 11 do not proceed via an oxol;iuni ion 
mechanism. The results of our studies on the niechanistic aspects of such lithium 
aluminium h>.dride reductions shall be the subject of a forthcoming papcr. 

Financial support of this research by the Schweiz. Aratio~iolfonds zzw I;Bvderung dev wisseiz- 
schaftlichcn Fovsch~ung and the  J .  X. G ~ i g y  ‘4G, Hasel, is gratefully :tcknowlcdgeti. 

Experimental Section 

General Remarks. - Scc tlic gencral rcniarks i n  thc-  Exjwrinirntal Section of [I]. 
’fire Raney nickcl used had the activity C I 11:. 
f.ifhium atuwiniiaiwnz kydvide veductzons were car-rictl out I\ i t h  color-less l,i.UH4 (crystalline 

powder, 95-98q6, Srhuchardt, Miinchcn) in ;mh. cathci- rlistillrd from T,i:\lH4. 

endo-2-Acetoxymercuri- and endo-2-Iodomercuri-9-oxabicyclo[4.2.l]nonane (2 and 
3, respectively). - endo-2-.~cetoxymercitri-9-oxabi~ycloCJ 2.7]nonanr ( 2 ) .  - a) From 4-ryrloocfen-1-ol 
(1). I’repared following thc procedure of Borrlw~cll & Douglass [3: : m.p. 113-114” (after seven 
recrystallizations from CHCl,-hexanc). IR .  (CC14) : 1471. 1450, 1052, 932, 913. NMR. (C,D,N) : 
1.0 2.5/bn? CH,-3, -4, -5, -7, and -8; 2.90i.I ,],exo,,endu = 10.5 (furthcr splitting bl- ,l,,2exo = 
, [ 2 e x o , p o  = 5) CH-2eXo; 4.41/m (W1/2 approx. 18) C H - 6 ;  4.84/ni (IV1/, approx. 15) CH-I .  

11) I4’rom eizdo-2-Iodoiizercuri-9-oxabzryclo~4.2. I ] m ~ n i 7 ~  13). l.Sl mg (0.8‘3 nitnol) of silver acetate 
\ \ a s  added t o  a solution of 406 ing (0.89 mmol) of 3 in 5 nil of CHC1, and the rcaction mixture was 
stirred at room teniperature in the dark for 18 h. T h e  yellow silver iodide formed was rcmovcd by 
filtration using Celite and the filtrate evaporated to dryness to  yield 321 m g  (93.5q4) of 2. 

endo-2- IodoIn~rc~~vi-9-oxabicycZo[4.2. Ilnonnne (3) .  Prepared from 2 follov ing thc procedure of 
llovdwell & Dotcglass 131: 1n.p. 113-114“. TR. ( K R r ) :  146.5, 144h, 1038, ‘322,  905, 830, 780, 748, 665. 
NMR. (C,U,K) : 1.0-2.5/b?n CH,-3, -4, -5, -7, and - .OS/d ~[2exo,,eizcio := 11 (further splitting by 
,J l ,zexo : ,f2exor3exo : 4.5) CH-2eXo; 4.41/m ( W 1 / ,  approx. 18) CII-6;  Li.9/nz (W1/2 approx. 14) 
CH-1. 

Z’rcatnzeizt of endo-2-.4 r ~ t o x y m e r c ~ ~ v z - 9 - o x a ~ ~ ~ ~ v ~ ~ 1 0 ~ ~ ~ . 2 . 1  lnoizane (2) with Sod iwn  bovolz-vdvide. - 
a) 2 preparedjrom 1. 2. solution of 25.5 mg (0.67 riimol) uf NaRH, in 0.4 in1 of 2.53 aqueous NaOH 
was added to  a solution of 344 mg (0.89 mmol) of 2 i n  9 in1 of 0 . 5 ~  aqueous NaOH. After a few 
minutes the rraction mixture was filtered through Celitc to renlove the mercury and the filtrate 
was extracted with CH,CI,. The solvent was carefully removed (Vigreiix column, water bath 50”) 
and the rcsiduc ciistillcct (80”/11 l o r r )  to give 93 mg (X2:;,) of crvstalline pure 4 [5: (identification 
by 113. and NMII.). 

b) 2 prepared f i w n  3. A solution of 25 riig (0.66 riiinol) o f  XaBH, in 0.4 In1 of 2.5, aqueous 
SaOI-1 was added t o  a solution of 321 mg (0.83 niniol) of ci-ude 2 (prepared from 3, sec above) 
in 9 nil of 0 . 5 ~  aqueous. After a few minutes the reaction rruxture was filtered through Celite t o  
reriiovc t h e  inercury and the  filtrate extracted with CI-I,C.l,. The solvent \\-as carefully remol-etl 
(Vigvcux column, water bath 50”) and the rcsidnc distilled (80”/11 Torr) to  afford 89 mg (84°/0) of 
crystalline pure 4 15; (idrntification lry TR. and N M  Ti.) 

This reduction \ \ a s  carried out analogous]! to  a procetlurc by  I’aytrefle & SlosnL ~ 2 ~ .  ’i‘heir 
yield was 5 5 % .  However, if  the reaction contlit~ons \\-crc rriotlificd thc yields could hc incrcasctl 
(see Experinicntal Section). 
I1oquetfe & Siorni [21 describe a ratio of 1 : 1 .  
I n  our own experiments the lowest yield was ohscr\.c:tl foi-  the rcduction o f  9, tlie highest one 
101- t h r  rrtlriction ol 12 ( w e  Experimcntxl Scction). 

la) 

19) 
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Treatment  of endo-Z-Iodomercuri-O-oxahicyclo[4.2.l~noi?uiar (3) zwillz Iodirze. - a) I i i  CCI, at 0 ' 
iindev argon with a 500 W visible light source ('Table 1, expcrinicnt 2). Argon was bubbled through a 
suspension of 3.015 g (6.675 mmol) of fine powdered iodomercuri compound 3 in 200 nil of CCI, for 
2 h at 0". 1 .7  g (6.68 mmol) of iodine was added and the  reaction mixture stirred under argon at 0" 
for 6 11 in the  presence of a 500 W visible light source. The precipitated mercuric iodide was removed 
by  filtration. CkI2C1, was adtlccl and the organic layer \vashed twice with a 10% aqueous III 
solution arid once with a 5% aqueous Na,S,O, solution. The water-phases were twice extracted 
with CH,Cl, and the combined organic layers dried and evaporatcd to  dryness to  yield 1.644 g 
(987") of a crude mixture of the iodides 9, 10, and 11 which was separated by  chromatography in 
hexanc-c~thcr-(l9. 1) on 200 g of silicagel. Al first chromatography gave in a total yield of 90% 
(relative to  starting material 3) 456 mg (27:/,) of pure 9, 15 mg (1%) of a mixture of 9 and 11 
(ratio approx. 1 : l )  and 1.048 g (62%) of a inixture of 10 and 11 (ratio 6.5:93.5, determined by  
NMR.). 960 nig of this mixture of 10 and 11 was rechromatographed once on 110 g of silicagel to  
afford 7 mg of almost pure 11, 136 mg of a mixture of 10 and 11 (ratio appi.ox. 3 :  11, 200 mg of a 
mixture of 10 and 11 (ratio approx. 9 : l )  and finally 608 ing of a mixture o f  10 and 11 (ratio 
approx. 99 : 1) 20). 

I)) In CCZ, at roo% tempera twe  nuder wzfrogen and with duycvlighl (Tablc 1, experiinent 3)5).  
To a inixture of 1.187 g (2.6 mniol) of the iodomercuri conipound 3 in 80 nil of CC1, which \vas 
cooled to  0 , 660 mg (2.6 mmol) of iodine were adder1 and the rcaction flask flushed with N,. 
Thc cooling was removed and the reaction mixture stirred. for 8 h at room temperature in thc 
presence of daylight. The precipitated mercuric iodidc was reino\wl by filtration and the filtrate 
after washing with a 5% aqueous E'a,S,O, solution worked up in the usual manner to  yield 677 n ~ g  
of an oily crude mixture of the iodides 9, 10, and 11 which was separated by chromatography in 
hcxane-ethcr-(19: 1) on 70 g of silicagel. A first chromatography gave in a total yield of 940/;, 
(I-clativc t o  starting material 3) 189 mg (28.5:()) of pure 9 and 432 mg (65.596) of a mixture of 9, 
10, and 11. This latter mixture was rechromatographed once on 50 g of silicagel to  afford further - -  
11 mg (296)  of pure 9 and 399 ing (60 So/,) of a mixture of 10 and 11 (ratio 74 26, deterrnined by  
NMK ) 20) 

endo-2 - Nitratomercuri- , endo-2- Iodomercuri- , and endo -2-Acetoxymercuri-9 -oxa- 
bicyclo[3.3.l]nonane ( 5 , 6 ,  and 7 ,  respectively). - e i z d o - Z - N i t r a t o r n e r ~ z ~ r ~ ~ ~ - o , ~ a ~ ~ ~ v c l o j . 3 . I ] n o -  
n a m  (5) .  Prepared from 1 following the procedure of Bovdwell  Hr /)oug~uss [3]:  m.p. 07-98" (after 
one recrystallization from ethyl acetate). I R . :  2970, 1183, 1149, 1120, 1088, 1066, 1047, 1023, 977, 
809, 866, 852. 

Treatmeid o j  endo-2- .~i t i~ntomercmri-Y-oxabzcyclo[3.3.I] i~o~ia~ze (5) with Sodturn boiwhydride. 
60U mg (1.55 mmol) of 5 were dissolved in a few in1 of 0 . 5 ~  aqueous NaOH and t h e  mixture filtered 
through Celite. t o  remove traces of niercury and mcrcuric oxide. After washing, 5 was finally 
dissolved in a total  of 11 ml of 0 . 5 ~  aqueous NaOH. A solution of 45 nig (1.19 mmol) of NaRH, 
in 0.7 nil of 2 . 5 ~  aqueous NaOII was added. Immediately mercury was formed. The reaction 
niixture was filtered through Celite and the filtrate three timc extracted with CH,Cl,. The solvent 
was carcfully removed on a water bath (50") through a Bigrezu column and the residue distilled 
(75"/20 Torr) t o  yield 157 mg (80%) of crystalline pure 8 [6] (identification by  IR.  and NMR.). 

endo-2-Iodomercurz-S)-oxnbicyclo[.3.3.~]noi~~ne (6). A solution of 1.72 g (10 36 mmol) of KL in 
2 ml of H,O was added dropwise t o  a solution of 401 nig (1,036 mmol) of 5 in 10 ml of 0 . 5 ~  aqueons 
NaOFL. The reaction mixture was stirred a t  room teniperature for 1 / 2  11 and the  prccipitatc 
filtered off and dissolved in CHCI,. The filtrate was twice extracted with CHC1,. The combined 
CHC1, solutions were dried and evaporated to  dryness to  afford 468 mg (99.5%) of crude 6, m.p. 
145-146' which was once recrystallized from CIICI,-hexane to  yield 426 nig (919;) of 6, n1.p. 
145-147". 1K. :  2975, 1482, 1148, 1134, 1118, 1083, 1060, 1041, 1021, 976, 898, 863, 850; (KBr) :  
2970, 1478, 1144, 1130, 1126, 1112, 1081, 1054, 1037, 1016, 970, 893, 861, 843, 839. SMII .  (C,D,N) : 
1.1-2.4/bm CH-3eX0, CH,-4, -6, -7, and -8; 2.4-3.0/m CH-3enno; 3.52/d J,erzdo,,rxo = 13  (further 
splitting bv Jl,zexo = ,Jzexo,3exo = 5.5) CII-2pxu; 3.94/nz (IN1/, approx. 11) C H - 5 ;  4.27/m (W1iZ 
approx. 12)  CI-1-1. 

20) The original composition of thc mixture of 9, 10, and 11 (see Table 1) \vas estimated on the 
basis of the chromatographically separated 9 and the ratio of the remaining mixture of 10 and 
11 (ratio determined hy NRTR.) 
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endo-2-Acetoxymercuri-~-oxabicyclo[3.3.1]nonane (7). - a) Prepared in CHCI, . 320 mg (1.92 
nimol) of silver acetate was added to a solution of 840 mg (1.86 mmol) of the iodomercuri compound 
6 in 15 ml of CHCI, and the reaction mixture stirred at room temperature in the dark for 22 h .  
The yellow silver iodide formed was removed by filtration using Cclite and the filtrate evaporated 
to  dryness under reduced pressure. The oily residue crystalliscd immediately to  give 710 mg (99%) 
of the acetoxymcrcuri compound 7 which after one recrystallization from CHCI,-hexane melted at 
110.5-112".IR. (CC1,) : 2970,1486,1625,1595,1149, 1119,1087, 1067, 1048,1028,978,900,867,857. 

b) Prepared in [(CH,),N],PO (HMPT). 232 mg (1.39 mniol) of silver acetate was added to  a 
solution of 623 mg (1.38 niinol) of the iodomercuri compound 6 in 10 in1 of HMPT. The reaction 
mixture was stirred at room temperature in the  dark for 24 h. After filtration through Celite to  
remove the silver iodide the filtrate was evaporated to  dryness under reduced pressure (90°/0.0S 
Torr). The oily residue was dissolved in CHCI, and filtrated again through Celite. After cvaporation 
of the CHCI, one obtaincd 675 mg of 7 which still contained some HMPT 

Treatment of endo-2-4 cetoxymercuri-g-oxabac~~clo~3.3.1 ]nonone (7) with Sodium borohydride. - 
a) 7 prepared in CHCZ,. 539 mg (1.4 mniol) of the abovc acctoxyniercuri compound 7 were dissolvcd 
in 10 ml of 0 . 5 ~  aqueous NaOH and treated a t  0" with a solution of 45 mg (1.19 mmol) of NaBH, 
in 0.7 ml of 2.5 N aqueous NaOH. Mercury was removrd by filtration through Celite and the filtrate 
extracted three times with CH,CI,. The combined organic layers were dried and the CH,CI, 
carefully removed on a water bath (50") through a Vigrezrx column. The residue was finally distilled 
(80'jll Torr) t o  afford 156 nig (88%) of crystalline pure 8 !6] (identification by 1R. and NMR.) .  

b) 7 prepared in H M P T .  The above 675 ing of crude 7 which contained Eome HMPT were 
dissolvcd in 10 ml of 0 . 5 ~  aqueous NaOH and treated at 0" with a sclution of 51 mg (1.35 mmol) 
of NaBH, in 0.75 ml of 2 . 5 ~  aqueous NaOH. After the  work up  (see above) and distillation (75"/ 
20 Torr) : 145 mg (83% relative t o  6) of crystallinc pure 8 [6] (itlentiiication by  IR .  and NMR.)  
were obtained. 

Treatment of endo-2- Iodomercuri-9-oxabic~~clo[3.3. I]nonanr (6) with Iodtne.  - a) I n  water in the 
presence of potassium iodide and air, in the dark at roonz temperature (Table 1, experiment 4). To a 
suspension of 724 mg (1.6 mmol) of fine powdered iodonicrcuri cornpound 6 in 20.7 m l  of water a 
solution of 466 mg (1.84 mniol) of iodine in 20.7 In1 of a 300/, aqueous I<[ solution was added. After 
stirring for 7 h in the dark at room temperature the reaction mixture was extracted three times 
with CH,CI, and the combined organic layers washed with a 10% aqueous I<I solution and sub- 
sequently with a 5% aqueous Na,S,O, solution, and worked up in the usual manner to  yield 
403 mg of an  oily mixture of the  iodides 9, 11, and 12 which was separated by chromatography in 
hexane-ethcr-(19: 1) on silicagel (100-fold amount).  A first chromatography gave in a total yield 
of 96% (rclative to 6) 94 mg (23.5%) of purc 9 and 292 mg (72.576) of a mixture of 11 and 12. 
This mixture of 11 and 12 yielded by  rechromatography some pure 11; the rest remained as a 
mixture of 11 and 12. This separation procedure with thc mixcd fractions containing 11 and 12 was 
applied five times. Finally the  total yield of isolateti pure iotlo compounds 9, 11, and 12, relative 
to starting material 6, was S 5 ~ 0 2 1 ) :  94 mg (23.50,;) of 9, 68 mg (17%) of 11, and 180 mg (44.5%) 
of 12. Further 5 mg (1%) were still a mixture (ca. 1 :1) of 11 and 12. 

b) I n  CCl, under argon at 0" wzth a 500 W visible 17ght sozfrce (Tablc 1, experiment 5).  Argon 
was bubbled through 50 ml of CC1, for 2 h a t  room temperature. The solvent was subsequently 
cooled to  0". Under further argon atmosphere 755 mg (1.67 mniol) of fine powdered iodomercuri 
compound 6 and 423 mg (1.67 mmol) of iodine were added. Under vigorous stirring the  mixture 
was exposed for Z1/, h a t  0" to  the  light of a 500 W visiblc light source. After addition of CH,C.l, 
the organic layer was washed with a 10% aqueous 1<I solution and finally with a 5% aqueous 
?;a,S,O, solution and worked up  in the usual manner to  yield a crude rnixturc of thciodides9,11, 
and 12 which was separated by  chromatography in hexane-ether-(19: 1) on silicagel (100-fold 

21) By each chromatography of a mixture of 11 and 12 sonic pure 11 could be separated, the rest 
remained as a mixture of 11 and 12. The total yield of isolated products after one chromato- 
graphy was 96%, and  86y0 after further five rechromatographies of the each time remaining 
mixcd fractions containing 11 and 12, z.e., thc avcrage loss for each rechromatography was 
about 2%. The original composition of the  mixture of 9, 11, and 12 (see Table 1) wasestimated 
taking in account thc  axwage loss of products by cach chromatography. 
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amount). .4 first chromatography gave in a total yield of 90% (relative to starting material 6 )  
16 nig (3.50/,, after distillation at  80°/0.01 Torr) of pure 9 and 364.5 mg (86.5%) of a mixture of 11 
and 12. This mixture of 11 and 12 was rechromatographed yielding some pure 11 and the rest 
remained as a mixture of 11 and 12. This separation procedure with the mixed fractions containing 
11 and 12 was applied three times. Finally the total yield of isolated pure iodo compounds 9, 11, 
and 12, relativc to starting material 6, was S2%22): 16 mg (3.5%) of 9, 58 mg (14%) of 11, and 
265 mg (63%) of 12. Further 6 mg (1.5%) were still a mixture (ca. 1 : 1) of 11 and 12. 

c) In  CCI, under N ,  at room temperature and daylight (Table 1, experiment 6) 6 ) .  -ca) I o d i n ~ t i o n ~ ) .  
To a mixture of 4.5 g (9.95 mmol) of the iodomercuri compound 6 in 300 ml of CC1, which was 
cooled to O", 2.508 g (9.9 mmol) of iodine were added and the reaction flask flushed with N,. 
The cooling was removed and the mixture stirred for 8 h a t  room temperature under N, in 
daylight. The precipitated mercuric iodidc was removed by filtration and the filtrate after 
washing with a 5% aqueous Na,S,O, solution worked up in the usual manner to yield 2.53 g 
of an oily mixture of the iodides 9, 11, and 12 (UV. of the mixture: 262). 1.34g of this crude mixture 
was separated by chromatography in hexane-ether-(19: 1) on silicagel (100-fold amount). A first 
Chromatography gave in a total yield of 93.5% : 205 mg (15.5%, after distillation at  8O0/0.0l Torr) 
of pure 9, 3.5 mg (0.5%) of a mixture of 9 and 11 (mainly 9) and finally 1.032 g (77.5%) of a 
mixture of 11 and 12. This mixture was rechromatographed yielding some pure 11 and the rest 
remained as a mixture of 11 and 12. This separation procedure with the mixed fractions containing 
11 and 12 was applied four times. The total yield of isolated pure iodo compounds 9, 11, and 12, 
relative to starting material 6 ,  was 8 8 . 5 X z 3 ) :  205 mg (15.5%) of 9, 242.5 mg (18%) of 11 and 
707 mg (53%) of 12. Further 3.5 mg (0.3%) remained as a mixture of 9 and 11 (mainly 9) and 
21.5 n ~ g  (1.5%) as a mixture (ca. 1 : l )  of 11 and 12. 

cb) Treatment of the iodination mixture [see above ca)] with Kaney nickel. 210 mg (0.84 mmol) 
of the above crude iodination mixture [see ca)] of 9, 11, and 12 were dissolved at  0" in 3 ml of 1~ 
methanolic KOH. After addition of a slurry of approx. 1 g of Raney nickel in approx. 2 ml of 
CH,OH, the reaction mixture was stirred for 1 h at room temperature and subsequently worked 
up at 0". Filtration through Celite was followed by thorough washing of the residue with CH,CI, . 
Saturated aqueous NaCl solution was addcd to the filtrate and the water-layer twice extracted 
with CH,Cl,. The CH2C1, was dried and carefully removed (Vigreux column, SO"). The residue was 
finally distilled (75"/20 Torr) to give 90 mg (80%) of a mixture containing 17% of 4 [5] and 83% 
of 8 [6] (ratio determined by NMR. in CCl,). 

cc) Treatment of the iodination mixture [see above ca)] with lzthium a luminium hydride24). To a 
suspension of 55 mg (1.45 mmol) of LiAlH, was added at room temperature under stirring a 
solution of 340 mg (1.35 mmol) of the above [see ca)] crude iodination mixture (9, 11, and 12) in 
1.35 ml of ether. After refluxing for 2 h the mixture was stirred at  room temperature over night. 
55 p1 of H,O followed by 55 pl of 25% aqueous NaOH, 165 pl of H,O and some MgSO, were added 
to the reaction mixture. After filtration through Celite and washing the residue with ether the 
solvent was carefully removed (Vigreux column, 50") and the residue distilled (80"/20 Torr) to 
afford 180 mg of an impure oil which contained some ether and water. It was therefore dissolved in 
CH,Cl, and once washed with saturated aqueous NaCl solution. The CH,C1, was again removed 
through a Vzgreux column at 50" and the residue distilled (75"/20 Torr) to yield 89 mg (52%) of a 
mixture: 12% of 4 [5] and 88% of 8 [6] (ratio determined by NMR. in CCl,). 

The Iodo Compounds 9,10,11, and 12.- e~~do-2-Iodo-9-oxabzcyclo[4.2.I]nonane (9). Colorless 
liquid (distilled at  8Oo/0.0l Torr). IR.  (liq.): 1471, 1226, 1052, 938, 906, 750, 662. UV.: 258 (615). 

22) See also footnote 21). The original composition of the mixture of 9, 11, and 12 (see Table 1) was 
estimated on the basis of the following results: yield after one chromatography 90%. and 82% 
after further three rechromatographies of the each time remaining mixed fractions containing 
11 and 12, average loss by each chromatography ca. 3%. 

The original composition of the mixture of 9, 11, and 12 (see Table 1) was 
estimated on the basis of the following results: yield after one chromatography 93.5%, and 
88.5 % after further four rechromatographies of the each time remaining mixed fracticns 
containing 11 and 12, average loss by each chromatography ca. 1.5%. 

23) See also footnote 
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NMR.: 1.0-2.7/bni CH,-3, -4, -5, -7, and -8; 4.24ltI , j 2 , ,  = 11 (further splitting by J1, = J2,,,  = 
4.5) CH-2; 4.6/bm C:H-l and -6. h l S . :  M +  : 252 (C,H1310). 

exo-2- forlo-~-i~zubicycZo[4.2.l]nonane (10). Colorless liquid (distilled a t  80"/0.01 Torr). LR. (liq.) : 
1471, 1138, 1000, 081, 958, 920, 899, 882, 855,  835, 780, 7.51. LV.:  262 (595). NMR.: 1.0-2.5/bm 
Cll,-3, -4, -5, -7, and -8; 4 . 3 5 / ~  ( T V l / Z  approx. 15) CH-2 or -1; 4.56/n1 (W1/2 approx. 17) CH-6; 
4.Y8/m ( 'CVlj2 approx. 14) CH-1 01- -2. MS.:  11.3' =-: 252 (C,H,,IO). 

endo-2-Iodo-9-oxabicyclo[3.3. Ij?zonane (11). Colorless liquid (distilled at 80"/0.01 Torr). 1K. 
(liq.) : 2970, 1484, 1208, 1152, 1090, 1068, 1030, 981, 900, 858, 772, 721, 651. TJV. : 256 (595). NMR. : 
1.4-3.0/bnz CH,-3, -4, -6, -7, arid -8; 4.01/n,~ ( CVl/Z approx. 12 ,  i ~ v o  main peaks, line separation 5 Hz) 
CH-1 and -5; 4.66/d J2, :3  = 12 (further splitting by J1,? : , / s ,a .  = 5.5) CH-2. M 
(C81 l131(l). 

~~~-2-lodo-~-oxabicyclo[3.3.7~nonaize (12). Colorless liquid (distilled at 80°/0.01 Torr,). IR .  
(liq.): ca. 2970 (shoulder), 1481, 1203, 1152, 1140, 1101, 1087, 1057, 1046, 1031, 972, 898, 852, 720, 
677. UT-. : 263.5 (635). NMR. : 1.2-2.7/bm CII,-3, -4, -6, -7, and -8; 4.08/m (Wl/Z = 22) CH-1 and -5; 
4.hO/m ( W l / 2  : 8) C1-I-2. NIS. :  aW+ = 2.52 (C8Hl,IO). 

Treatment of 4-Cycloocten-l-ol(1) with Iodine (Table 1, experiment 1). - a) Iodo  conz- 
pounds 9 r r i z d  11. - aa) 7 h. 2.867 g (11.2 mmol) of iodine were added to  a solution of 949 mg 
(7.5 mmol) of 4-cycloocten-1-01 (1) in 50 1111 of CHCI,. After 7 h of standing at room temperature thc 
excess of iodine was reduced with a 10% aqueous Na,S,03 solution and the reaction mixture 
worked up in the usual manner to yield 1.64 g (86%) of R yellow liquid [mixture of 9 and 11, see 
also belo~v : ha) treatment of this mixture with l<a?ze.v nickel]. Chromatography in hexane-ether- 
(19: 1) on silicagel (100-fold amount) afforded 410 mg (21.50,:) of the iodo compound 9 and 
1.142 g (60%) of the iodide 11. 

ab) 3 h. .In analogous experiment was carriccl out but with a reaction time limited to 3 h a t  
room temperature. The result was almost identical [see also below: bb) treatment of the iodide 
mixturc with Raney nickel]. 

b) Treatment of the mixture of 9 and 11 isee above aa) a ~ r l  ab)] with Raney nickel.  For the general 
proccdure see below (treatment of the iodo conipounds 9-12 with Rawy nickel). 

ba) iI/lzxture/rom above aa).  252 mg (1.0 niinol) of the above mixture of the iodides 9 and 11 
(7 h reaction time) in a solution of 108 mg KOH in 40 in1 of CH,OH, addition of a slurry of approx. 
1 g of Haney nickel in 3 nil of CH,OH, 90 inin. at room temperature. Yield: 85 mg (67%) of a 
mixture of 4 [5] and 8 [6] (ratio determined by NMR. (CC1,) : 25:/, of 4 and 75% of 8). 

bb) Mixtzwe from above ab).  2.52 mg (1.0 mniol) of the above mixture of the iodides 9 and 11 
( 3  h reaction time) in a solution of 108 mg o f  KOH in  40 nil of CH,OH, addition of a slurry of 
approx. 1 g o f  Rang)  nickel in 3 in1 of CH,OH, 90 rnin. a t  room tempcraturc. Yield: 79 mg (630/) 
of a mixture of 4 [5! and 8 161 (ratio determined b y  NMK. (CCI,) : 26:k of 4 and 74% of 8). 

Treatment of the Iodo Compounds 9-12 with Raney Nickel. - General procedure. The 
corresponding iodo compound was dissolved in a solution of KOH in CH,OH. After addition of a 
slurry of Raney nickel in CH,OH, the reaction mixture was stirred at room temperature and 
subsequently worked up  at 0". Filtration through Celite was followcd by thorough washing of the 
1-esidue with ether or CH,CI,. The filtrate was ~ a s l i c d  twice with water and the water-layer again 
twice extracted with ether or CH,Cl,. The combined organic extracts were dried and thc solvents 
carcfully removed on a water bath (50") through a Pigreux column. The residue was finally distilled 
(80,/11 Torr). The products werc identified by TLC. (CH,Cl, or benzene), IR. and NMR. 

a) Treatment 0/9. 2.52 mg (1.0 mmol) of 9 in a solution of 108 mg of KOH in 40 1111 of CH,OH, 
addition of a slurry of  approx. 1 g of Roney nickel in 3 nil of CH,OH, 90 niin. at room temperature. 
Yicltl: 75 mg (60%) of crystalline pure 4 [S]. 

b) Treatmelzt of 10. 200 nig (0.794 mmol) ol 10 were dissolved in 3 nil of CH,OH, addition of 
2 in1 of 1~ methanolic KOH and a slurry of approx. I g of Raney nickel in 1 ml of CH,OH, 2 h 
room temperature. Yield: 84 mg (84%) of crystalline pure 4 [SJ. 

c) Treatment of 11. 252 mg (1.0 mmol) of 11 in a solution of 108 mg of KOH in 40 ml of CH,OH, 
addition of a slurry of approx. 1 g of Raney nickcl i n  3 nil of CH,OH, 90 min. a t  room temperature. 
Yield: 95 mg (76%) of crystalline pure 8 [GI.  

24)  'This experiment was a reinvestigation of a procedure described by  P a p e i t e  & Storm [Zj. 
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d) Treatnzent of 12. 153 nig (0.607 inmol) of 12 i n  4 i r i l  of l x  niethanolic IiOH, addition of a 
slurry of approx. 1 g of lianey nickel in 2 ml of CH,OH, 1 1 1  at room temperature. Yield: 69.5 mg 
of a mixture of 8 [6] and 14 (approx. 0.1, determined by NMR.). 

63 nig of the above mixture (8 and 14) was dissolved in 2 nil of CH,OH. .\fter addition of a 
slurry of approx. 500 mg of Ilaney nickel in 1 in1 of CH,OH, the reaction mixture was stirred for 2 h 
at room temperature and subsequently worked up as above to afford 5.5 mg (72% relative to 
153 mg of starting material 12) of crystalline pure 8 [6i. 

Trea tment  of the Iodo Compounds 9-12 with Lithium aluminium hydride. - -4.fter thc 
work up the solvcnts were carefully removed by distillation through a Vigreux column (water bath 
approx. GO") and the remaining residue distilled. The products (4 and 8, respectively) were 
identified by TLC., IR. and NMR. 

a) Treatment of 9. 149 mg (0.591 mmol) of the iodide 9 dissolved in 3.5 ml of ether was added 
to a suspension of 75 mg (1.97 nimol) of LiAlII, in 5 nil of ether. =\fter refluxing for 23 h the 
mixture was cooled to 0" and treated with 90 pl of H,O, 90 pl of 25% aqueous NaOH and finally 
with 270 p1 of H,O. After 7 h of stirring at  room temperature the mixture was filtered through 
Celite and the residue subsequently washed with approx. 100 ml of ether-CH,CI,. Yield: 49 mg 
(657;) of crystalline pure 4 [5]. 

1)) Treatment qf 10. 210 mg (0.833 mniol) of the iodide 10 dissolved in 4 ml of ether was added 
to a suspension of 101 mg (2.66 mmol) of LiAIH, in 5 ml of ether. After rcfluxing for 8 h the 
mixture was stirred at room temperature for further 16 h and subsequently treated with 125 pl of 
H,O, 125 pl  of a 25% aqueous NaOH solution and finally with 375 p1 of water. Atter 6 h of stirring 
at room temperature the mixture was filtered through Celite and the residue washed with approx. 
100 in1 of ether-CH,Cl,. Yield: 86 mg (81%) of crystalline pure 4 [S]. 

c) Treatment o f l l .  254 mg (1.0 mniol) of the iodide 11 dissolved in 3 ml of ether was added to a 
suspension of 80 mg (2.1 mmol) of LiAlH, in 5 ml of ether. After refluxing for 2 h the mixture was 
stirred a t  room temperature for 15 h and subsequently treated a t  0" with 90 p1 of H,O, 90 pl of 
25% aqueous NaOH, and finally with 270yl of water. After 2 h of stirring at  room temperature the 
mixture was filtered through Celite and the residue washed with approx. 100 ml of CH,Cl,. 
Yicld: 98 mg (77%) of crystalline pure 8 [6]. 

d) Treatment of12. 278 mg (1.1 nimol) of the iodide 12 dissolved in 3 in1 of ether was added to a 
suspension of 92 mg (2.4 mmol) of LiAIH, in 5 ml of ether. After refluxing for 2 h the mixture was 
stirrcd at  room temperature for 15 h and subsequently treated a t  0" with 104p1 of H,O, 104,uI of 
25% aqueous NaOH, and finally with 310 pi of H,O. After 6 h of stirring at  room temperature the 
mixture was filtered through Celite and the residue washed with approx. 50 ml of ether and 50 ml 
of CH,Cl,. Yield: 120 mg (86%) of crystalline pure 8 [6]. 

Trea tment  of the Iodo Compounds 9-12 with KOH-CH,OH. - General remarks. The 
corresponding iodo compound was dissolved in 1~ methanolic KOH and the mixture was stirred 
at  room temperature or refluxed. The reaction was only followed qualitatively by TLC. (CH,Cl,). 

a) Treatment of 9. 5 mg of 9 in 10 nil of 1~ methanolic KOH. After 2 h of reflux most of the 
starting material 9 was unchanged. 

b) Treatment of 10. 5 mg of 10 in 10 ml of 1~ methanolic KOH. After 2 h of reflux the starting 
material 10 had almost conipletely disappeared. 

c) Treatment of 11. 27.5 mg of 11 in 1 in1 of ZN methanolic KOH was stirred at room tempera- 
turc. After 22 h the starting material 11 was mainly unchanged. 

d) Treatment of12. 38.5 mg of 12 in 1.4 ml of IN methanolic KOH was stirred a t  room tempera- 
ture. -4lready after 2 h product formation could be observed and after 75 h the ratio of starting 
material 12 to product 14 was approx. 1 : 1 

Trea tment  of the Iodo Compounds 9 and 11 with Silver Acetate. - A mixture of 60 mg 
(0.24 mmol) of the corresponding iodo compound (9 or 11, respectively) and 170 mg (1.02 mmol) 
of silver acetate in 5 ml of acetic acid was stirred at 80" for 25 min. The reaction mixture was 
poured on saturated aqueous NaOAc and extracted with CH,Cl,. After removal of the solvent in 
both cases 41 mg (94%) of a mixture of the two acetates 1515) and 1 6 9  were obtained in a ratio of 
46: 54 (starting from 9) and 45: 55 (starting from 11). The ratios were determined by NMR., see 
Table 3. 
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Table 3. NMR.-analysis  of the Mixtures  of the two Acetates 15 and 16 
~ 

Signals Integral 
/> "I 

1.0-2.8/bm 10 
2.03/s 3 
3.8-4.0/bm 1.08 
4.15-4.6O/bm 0.92 
4.6-5.2/bm 1 

ratio A ssignmcnt 

1515) 1615) 

CH,-3, -4, -5, -7, and -8 

"1 

10 CH,-3, -4, -6, -7, and -8 
3 2-OCOCH, Z-OCOCH, 
1.10 CH-1 and -5 
0.90 CH-1 and -6 
1 CH-2 CH-2 

*b) Starting material: 9. b) Starting material: 11 

Isomerization Experiments with the Iodo Compounds 9 and 10. - The experimental 
details and the results are listcd in Table 4 The products were identified by TR 

Table 4 Isomerizataon Lliperiments with the Iodo Compounds 9 and 10 
~ 

Starting Reaction conditions Time 
material 11 

20 mg 9 20 mg I,, 20 ml CHCl, 2 
20 mg 9 20 ml I,-KI-H,O-C,H,OH solution") I5 
83 5 mg 9 100 nil I,-ICI-H,O-C,H,OH solutiond) 15 
20 mg 9 10 ml I,-K-H,O-C,H,OH solution") 2 
30 mg 10 15 ml I,-KI-H,O-C,H,OH solutiond) 2 

Temperature Product 
distribution 

reflux 18.5 mg (92.5%) 9 
room temp. 12.5 mg (62.5%) 9 
reflux 35.5 mg (42%) 11") 
reflux 14.2 mg (71%) 11 
reflux 14.1 mg (47%) 10") 

a) 35 g I,, 100 g KI, 500 ml H,O, 250 ml C,H,OH. 
'1) Lower yields are mainly due to  formation of volatile 13 or 14, respectively. 

Nuclear magnetic resonance spectra were measured in our Instrumental Division (Professor 
J .  F .  0 t h ) .  For the mass spectra wc are indebted to  PD Ilr. J .  Seibl. 
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