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was removed in vacuo, and the residue was subjected into flash 
column chromatography (hexane then hexan-thy1 acetate (31)) 
to give 8-amino alcohol 16 in 64% yield (515 me) as a colorless 
oil. Compound 16 was also prepared in the same procedure in 
30%. 

1 6  'H NMFt (250 MHz, CDC13) b 5.77-5.93 (m, 1 H), 5.16 (d, 
J = 11.0 Hz, 1 H), 5.15 (d, J = 16.5 Hz, 1 H), 4.72 (8,  3 H), 3.61 
(d, d, J 4.3, 9.8 Hz, 1 H), 3.50 (e, 3 H), 3.37-3.44 (m, 1 H), 
2.52-2.60 (m, 1 H), 2.17-1.24 (m, 2 H), 1.61-2.03 (m, 9 H). 

16: 'H NMR (250 MHz, CDC13) 6 5.71-5.88 (m, 1 H), 5.20 (d, 
d, J - 1.2, 17.1 Hz, 1 H), 5.18 (d, J = 8.5 Hz, 1 H), 4.77 (t, J = 
3.7 Hz, 1 H), 4.64 (d, J = 7.4 Hz, 1 H), 4.59 (d, J = 7.4 Hz, 1 H), 
3.74 (t, J = 4.8 Hz, 1 H), 3.63 (d, d, J = 6.1, 11.6 Hz, 1 H), 3.48 
(e, 3 H), 2.32-2.39 (m, 2 H), 2.11-2.17 (m, 1 H), 1.55-2.00 (m, 9 
H). 

Dibenzoylation of l lb.  The amino diol monoether l l b  (193 
mg, 0.84 "01) and benzoyl chloride (316 mg, 2.25 mmol) were 
diaeolved in pyridine (5 mL), and the reaction mixture was stirred 
for 2 days at  room temperature. The solution was poured into 
aqueous NaHCOS (30 mL), and the resulting solution was ex- 
tracted with CHzC12 (3 X 30 mL). The combined organic layer 
was washed with 1 M HC1 and brine and dried over anhydrous 
NazSO,. After evaporation of the solvent in vacuo, the residue 

was purified by flash column chromatography (hexane-ethyl 
acetate (3:l) v/v) to give 17 in 71% yield (260 mg) as white 
crystals: mp 100-101 OC; 'H NMR (250 MHz, CDC13) 6 8.10 (d, 
J = 7.3 Hz, 2 H), 7.83 (d, J = 7.9 Hz, 2 H), 7.44-7.60 (m, 6 H), 
6.51 (d, J = 10.4 Hz, 1 H), 5.47-5.56 (m, 2 H), 4.93 (d, J = 17.1 
Hz, 1 H), 4.77 (d, J = 6.7 Hz, 1 H), 4.68 (d, J = 6.7 Hz, 1 H), 4.64 
(d, d, J = 2.4, 10.4 Hz, 1 H), 4.62-4.72 (m, 1 H), 3.77 (d, d, J = 
4.6, 8.9 Hz, 1 H), 3.43 (s ,3  H), 2.25-2.41 (m, 2 H), 1.85-2.20 (m, 
6 H), 1.58-1.70 (m, 1 H). Anal. Calcd for CBH3,N06 C, 71.37; 
H, 7.14; N, 3.20. Found: C, 71.52; H, 7.42; N, 3.03. 
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The bromo and phenylseleno derivatives of dodecahedrane have been identified as suitable precursors to the 
dodecahedryl radical (4). This reactive intermediate exhibita only modest reactivity, lending itself to capture 
by the most powerful radical traps, which include acrylonitrile, 2-cyclopentenone, and allyltri-n-butylstannane, 
ESR studies performed on the same two starting materials have provided additional striking evidence that 4 
and ita closest model, the 1-adamantyl radical, differ widely in their properties. Reaction conditions that result 
in smooth generation of the adamantyl species did not lead to ESR spectra that can be related to 4. 

The exquisite Ih  symmetIy of dodecahedrane stems from 
a highly rigid spherical structure2 in which each methine 
carbon experiences minimal deformation from ideal tet- 
rahedral character. The oubof-plane bending angle (6) for 
any of the 20 sp3-hybridized corners is approximately 21O. 
Ionization to generate monocation 1 is accompanied by 
considerable deformation of the cationic center toward 
planarity, which cannot be fully realized because of 
structural constraints. Counterbalancing bond-angle 
distortions materialize at the flanking centers to reduce 
B to about l1°.3 Notwithstanding the energetic costa of 
these substantive geometric changes, 1 can be readily 
generatd,b4 the electrophilic chemistry of dodecahedrane 
serving as a notably useful means for achieving function- 
alization of the hydrocarbon! Remarkably, the dodeca- 
hedryl cage is ah0 quite tolerant of conversion to the 
1,ls-dication (21, despite the onset of added structural 
deformation, intense Coulombic repulsion, and adverse 
through-apace  interaction^.^*' 

The dodecahedryl anion has proven somewhat more 
A reduced capability for the formation of 3 was 
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indicated by the half-wave potential for reduction of the 
bromide, which at -2.16 V (w SCE) is considerably more 
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available via polar SN1 substitution rea~ti0ns.l~ 
One aim of the present undertaking was to determine 

the feasibility of generating and trapping 4. In line with 
the properties of the 1-adamantyl radical,16 the odd-elec- 
tron dodecahedryl species was expected to be nucleophilic, 
with steric effects limiting its reactivity in bimolecular 
addition reactions. Another objective was to characterize 
this reactive intermediate by ESR spectroscopic tech- 
niques. 

Generation and Capture of the Dodecahedryl Rad- 
ical. Beckwith and Pigou have quantified the reactivity 
of groups X toward SH2 attack by tri-n-butyltin radicals 
when the attached R group is kept constant.16 They found 
the order to be I > Br > PhSe > C1> ArS > MeS, indi- 
cating a decided preference for the right side of the per- 
iodic table. Nitro17 and xanthate precursorsl8 were not 
seriously considered in the present context because of their 
lesser rea~tivity'~ and relative inaccessibility.m Instead, 
the known bromide5 and the still unknown iodo and 
phenylseleno derivatives were accorded attention because 
of their anticipated ease of homolytic cleavage and high 
potential as radical precursors. 

Although the conversion of 5 to the chloride or fluoride 
proceeds readily and efficiently under electrophilic con- 
ditions (FeC13 or AgBF4),5 comparable treatment with 
freshly prepared AlI,2l did not lead to the isolation of 6 
(Scheme I). Dodecahedranol (7) was obtained instead. 
Evidently, iodide 6 is sufficiently SN1-reactive that ioni- 
zation to the carbenium ion and capture by water occurs 
during workup. Direct analysis of these reaction mixtures 
by capillary gas chromatography prior to the aqueous 
quench indicated four components to be present: DDH-H 
(8.6 min), DDH-C1 (11.9 min), DDH-Br (15.2 min), and 
(possibly) DDH-I (19.0 min). After processing with water 
to remove the aluminum salts, the peak of longest retention 
time is not seen and is replaced by another due to 7. In 
light of this development, iodododecahedrane was deemed 
too labile to be a serviceable radical precursor. 

In contrast, room-temperature treatment of 5 with 
(phenylseleno)trimethylsilanez~ in dry CH2C12 containing 
anhydrous zinc iodide as catalyst readily provided 8. Use 
of a 10-fold excess of PhSeSiMeB and a reaction time of 
3 days resulted in the complete consumption of 5 and 
isolation of 8 in 62% yield. 

The first test of possible radical generation was per- 
formed with acrylonitrile as the trap. The conditions 

Scheme I 

8 7 

positive than the Ellz values of other tertiary  bromide^.^ 
Transmetalation of the bromide with tert-butyllithium or 
reduction of the phenyl sulfide with lithium di-tert-bu- 
tyldiphenylide* does afford dodecahedryllithium. How- 
ever, both conversions are only moderately efficient be- 
cause of competing hydrogen abstraction and oxidation- 
reduction processes.6 Similar complications are not un- 
known in the adamantane seriesSD 

General agreement exists that tertiary carbon-centered 
radicals tolerate nonplanarity to a greater extent than their 
cationic coun te rpa r t~ .~~J~  The relative ease with which 
cubyl radicals can be formed," including direct generation 
by homolytic cleavage of cubyl C-H bonds,'2 is in line with 
this conclusion. In a similar vein, studies directed toward 
the generation of bridgehead radicals abound.13 Should 
the dodecahedryl radical 4 prove as readily accessible, an 
avenue would be open for the production of derivatives not 
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Dodecahedryl Radical 

utilized by Eg~ch i "~  were modified to accommodate the 
considerably smaller reaction scale. Heating 8 with excess 
BugSnH and a catalytic quantity of AIBN in benzene 
containing several equiv of acrylonitrile led to the desired 
9 as the major product (GC and GC/MS analysis). Re- 
course to bromododecahedrane (5) as starting material 
made for easier isolation of 9 (65%). The next most 
dominant constituent of the reaction mixture was the 
parent hydrocarbon. Evidently, the well-known14k cyclic 
radical chain process operates, with some of the dodeca- 
hedryl radical being diverted from conversion to 9 by virtue 
of competing hydrogen atom abstraction. 

J.  Org. Chem., Vol. 57, No. 20, 1992 5415 

(Bu3SnSnBu3, NaBH4, C&, hv). Under these conditions, 
a 35% yield of 11 was realized if reaction time was con- 
trolled, since the resultant cyclopentanone underwent 
conversion to an unidentified more polar product on 
prolonged exposure to light. 
As a consequence of the systematic studies of Keck and 

ceworkers,29 free radical allylation with allylstannanes hes 
come to be recognized as a useful functionalization reac- 
tion. A tin hydride reagent is not required. The lifetime 
of the initially formed radical is consequently not now 
limited by the rate of hydrogen atom transfer from &SnH. 
Nevertheless, irradiation of 5 with 20 equiv of allyltri-n- 
butylstannane and a catalytic quantity of AIBN resulted 
in very little chemical change. Migita et al. have subjected 
various organic halides to reaction with allyltin reagents 
and have determined the efficiency of the chain reactions 
to be dependent on the nature of the halide and on the 
ease of halogen abstraction by the stannyl radical.30 
Electrophilic radicals were found to attack the ?r-bond of 
allylstannanes readily, whereas aralkyl and alkyl radicals 
were less reactive, requiring excess tin reagent to maintain 
a successful chain reaction. For these reasons, recourse 
was ultimately made to a 200:l ratio of CH2= 
CHCH2SnBu3 to 5. Allyldodecahedrane (12) was now 
obtained as the major product (30%, GC/MS) but proved 
difficult to rid completely of tin-containing impur i t i e~ .~~ .~~  
A cleaner and more expedient route to 12 consists of 
stirring 5 with allyltrimethylsilatie and %I2 in CH2Clz for 
3 days in the dark.33 

9 loa, R I CHj 
b, R = CH~CHS 

At this point, bromide 5 was selected as the radical 
precursor of choice for several reasons: (a) the loss of 
material associated with the production of 8 was skirted; 
(b) purification of the bromide is substantially more con- 
venient; (c) bromide 5 gives a better defined, sharp peak 
when analyzed by capillary GC, resulting in simplified 
analysis of reaction mixtures; and (d) selenium residues 
proved difficult to remove completely when 8 was utilized. 

Application of tin hydride technology24 to 5 in the 
presence of methyl or ethyl acrylate resulted in polymer- 
ization of the monomer with accompanying reduction to 
dodecahedrane. Since the acrylates generally exhibit 
radical reactivity comparable to a~rylonitrile,2~ attempts 
were made to retard competing reduction by producing 
Bu3SnH in situ under catalytic conditions. Notwith- 
standing, 10a and 10b could be detected only as minor 
constituents of complex reaction mixtures in which do- 
decahedrane remained the major nonpolymeric compo- 
nent. Rscourse to bis(trimethylstannyl)benzopinacolateB 
did not resolve the complications due to telomerization 
even when only 1 equiv of the acrylate was added. 

Although maleic anhydride has been successfully trap- 
ped by the l-adamantyllG and other radicals,n no success 
was achieved presently under a wide variety of conditions.28 
Nor was N-phenyl~naleimide~' adequately reactive. With 
these developments, wide differences in the reactivity of 
the 1-adamantyl and dcdecahedryl radicals were becoming 
apparent. Generation of 4 was not considered to be pro- 
blematic. A reduced level of nucleophilicity was deemed 
more likely. If so, a more reactive radical trap having an 
abated tendency for polymerization should prove equally 
effective as acrylonitrile. On the basis of precedent, 2- 
cyclopentenone appeared to fit these  riter ria,^' although 
thermal activation had to be avoided. Use of photoacti- 
vated tin hydride methodology (5, Bu3SnH, AIBN, hv) 
once again afforded predominantly dodecahedrane. Re- 
duction could, however, be considerably minimized by 
deployment of a catalytic tin hydride alternative 

(U) (a) Gieae, B. Angew. Chem., Znt. Ed. Engl. 1983, 22, 753. (b) 
Giede, B. Radicals in Organic Synthesis: Formation of Carbon-Carbon 
Bonds, Pergamon Preaa: Oxford, 1986. 

(25) Gieae, B.; Gonzalez-Gomez, J. A.; Witzel, T. Angew. Chem., Int. 
Ed. Engl. 1984,23,69. 

(26) Hart, D. J.; Seely, F. L. J.  Am. Chem. SOC. 1988,110,1631. 
(27) Ramaiah, M. Tetrahedron 1989,49,3541. 
(28) Lagerwall, D. R. Ph.D. Thesis, The Ohio State University, 1991. 

A" QyH i. ..i 

. .  
11 1 3  

1 2  1 4  

The availability of 12 made possible the acquisition of 
aldehyde 13 and ketone 14. The preferred means for ar- 
riving at 13 (63%) involved in situ generation of the diol 
with catalytic 0 s 0 4  in the presence of sodium periodate." 
Highly efficient delivery of 14 (95%) was achieved by 
Wacker oxidation.35 

(29) (a) Keck, G. E.; Enholm, E. J.; Yates, J. B.; Wiley, M. R. Tetra- 
hedron 1986,41,4079. (b) Keck, G. E.; Yates, J. B. J. Am. Chem. SOC. 
1982,104,5829. 
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Tetrahedron Lett. 1978,19,4925]. 
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1987,223,3225. 

(35) (a) Smidt, J.; Hather, W.; Jira, R.; Sieber, R.; Sedlmeier, J.; Sabel, 
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369. 
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Sice  tert-butyl peresters of carboxylic acids have served 
well as thermal and photochemical precursors to radicals, 
considerable effort was expended in attempta to prepare 
this derivative of dodecahedranecarboxylic acid. Success 
was not realized, however, presumably as a consequence 
of the substantial steric bulk presented by the spherical 
hydrocarbon in the immediate vicinity of reaction. 
ESR Spectroscopic Measurements. Bromides and 

phenyl selenides are' often suitable substrates for the 
preparation of carbon-centered radicals for subsequent 
observation by EBR spectroscopy. Therefore, attempta 
were initially made to generate 4 in the cavity of  at^ ESR 
spectrometer by photolytically-initiated Br' or PhSe' ab- 
straction from 6 and 8, respectively, with trialkyltin and 
-silyl radicals. 

Me&' or Et& 
DDH-X -. DDH' 

X = Br, SePh 
Preliminary optimization experimenta with l-bromo- 

adamantane (as the closest available model for DDHBr) 
indicated the photolysis of hexamethylditin in cyclo- 
propane solution, preferably in the presence of di-tert- 
butyl peroxide @TBP) (to improve the quantum efficiency 
of Me3Sn' generation) to be best suited for this purpose. 

UV photolysis of a cyclopropane solution of 5 and 
Me&12 at temperatures ,btween -100 and +20 OC, how- 
ever, did not give any detectable ESR signals. Since the 
efficiency of Br abstraction by Mean' radicals was thought 
to be unfavorable in competition with decay of the dode- 
cahedryl radical (preferably by hydrogen abstraction from 
the tin compound), the foregoing experiments were re- 
peated with some added DTBP in order to achieve a higher 
production rate of Me3Sn* radicals.% Again, no signals 
were detected immediately after switching on the irradi- 
ation of fresh samples. However, a strong, broad "singlet" 
feature (overall width ca. 15 G) with g = 2.0025 "grew in" 
within a few (2-3) minutes of irradiation. Continued 
photolysis led to the formation of additional quite weak 
pairs of "satellite" lines of ca. 32 and 55 G separation, 
respectively. All signals, the intensity of which increased 
with increasing photolysis time, were very persistent, de- 
caying within 2 days at  room temperature when the light 
was cut off. The additional satellite f e a m  certainly were 
not '3c or Sn isotope satellitea, since their relative intemity 
varied strongly with sample preparation, temperature, 
and/or duration of irradiation. Thus, they represent in- 
dividual species. The unusual shape of the central signal 
could be satisfactorily reproduced by spectral simulation, 
assuming an unresolved quintet splitting of ca. 1.3-1.4 G 
due to four (nearly) equivalent hydrogen atoms.37 Ad- 
ditional small, unresolved hyperfme splittings (hfs) were 
also seen in the satellite features. Virtually identical ESR 
spectra were also generated by the same initiation method 
(MeeSn~ + DTBP) in fluorobenzene solution at room 
temperature from -40 to 25 OC (Figure 1) when the tri- 
ethylailane/DTBP couple for the generation of halogen- 
abstracting triethylailyl radicals was employedS3* 

The similarity of the spectra from the two different 
methods of radical generation in different solventa could 
imply that the DTBP, which was present in both systems, 
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(36) We are indebted to Drs. A. G. Neville and K. U. I n d d  (NRC of 
canah, Ottawa) for performing thin initial experiment with-tiia method. 

(37) Trial simulations reveal that an even number of unresolved linea 
( = odd number of hydrogem) can safely be excluded. Ah, cursumption 
of other odd multiplicities led to less satisfactory simulations. 

(38) By thia method, an intense, highly resolved rpectrum of the 1- 
adamantyl radical was obtained from 1-bromoadamantane under other- 
wise identical conditions. 

Figure 1. ESR spectrum obtained on W irradintion of 5, Me&, 
and DTBP in fluorobenzene at 293 K (top) and simulation as- 
suming the superposition of two radicals (ratio 20:l) with hfs of 
aH = 1.3 G (4 H) and UH 16.9 G (2 H) and 1.3 G (4 H), re- 
spectively (bottom). 

~k-+ 1 mT 

C d 
Figure 2. (a) ESR spectrum obtained after 2-min W irradiation 
of 5 and DTBP in cyclopropane solution at 170 K. The buildup 
of an additional 35 G species during recording of the spectrum 
under continuous irradiation ie indicated by the small upfield line. 
(b) Spectrum obtained after 1 h irradiation at 185 K, recorded 
at 282 K, (c) simulation assuming the suprposition of three 
radicals with hfs of aH = 1.3 G (4 H), aH = 17.7 G (2 H), and OH 
= 17.8 G (4 H) and 0.17 G (1 H), respectively, in the mole ratio 
1.91:2.6 and with the same g value. 

might actually be responsible for their generation. Indeed, 
this proved to be the case. When a solution of 5 and 
DTBP (ca. 5 ~ 0 1 % ;  no other radical initiator present) was 
irradiated in cydopropane at -103 "C, a fairly broad (AHpp 
ca. 4 G) "singlet" at g = 2.00243 was built up within a few 
minutes (Figure 2a). At higher temperatures, line 
sharpening reveals the presence of the above-mentioned 
unresolved quintuplet hyperfine structure of ca. 1.3 G. 
Continued photolysis ale0 led to increasing formation of 
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Figure 3. Optimized structure and SOMO of the dodecahedryl 
radical 88 calculated by the AMl/PM3-UHF method (annihilated 
(S2) = 0.75). AMl-UHF'Q hyperfine splittings in G are indicated. 

additional "doublet" features of ca. 35 and 71 G overall 
separation (Figure 2b), the "35 G" feature being formed 
more rapidly than the "71 G". As before, all signals per- 
sisted (half-life ca. 17 h at room temperature) when the 
light was switched off and had approximately the same g 
value. After complete decay (3 days), the original spectrum 
could be regenerated by further photolysis. Identical ESR 
signals were also observed when 5 was replaced by 8 as a 
precursor. Interestingly, photolysis of 8 in the presence 
of M 4 n 2  (no DTBP) also produced the now f a "  ESR 
signals described above, though with a ca. 10-fold lower 
intensity (after comparable irradiation time). This ex- 
periment proved that the observed ESR signals do not 
derive from DTBP itself or products formed from it. 

Blank experiments established that (under otherwise 
identical conditions) no ESR signals could be detected 
from solutions solely of 5, 8, or DTBP in cyclopropane. 
Likewise, no ESR signals were obtained during photolysis 
of unsubstituted dodecahedrane and DTBP in cyclo- 
propane. 
The foregoing experiments led to serious doubt that the 

central quintuplet can be attributed to the dodecahedryl 
radical (4). The small, unresolved splitting patterns are 
especially incompatible with the presence of three equiv- 
alent 8-hydrogens. For the dodecahedryl radical, a basic 
1:331 quartet from the three equivalent 8-hydrogens with 
Ms somewhat larger than those of the 1-adamantyl radical 
(ca. 6.6 G) was an t i~ ipa ted .~~ 

The delayed buildup of ESR signals after switching on 
the initiating UV light clearly indicates that they do not 
derive directly from the original monosubstituted do- 
decahedranea but rather from products formed during the 
photolyeis. Furthermore, even if the dodecahedryl radical 
would have unexpectedly small 8-hfs (<2 G), the high 
persistency of the observed central quintuplet implies that 
due to the accumulation effect we should have been able 
to detect 4 even under conditions unfavorable to its for- 
mation. The experiments where Me&3n2 was employed or 
where hydrogen abstraction from dodecahedrane by 
tert-butoxy radical was attempted are good examples. 
PresentJy, we are unable to provide a reasonable structural 
assignment to the species responsible for the strong ESR 
quintuplet. However, becauae it is observed from different 

(39) (a) Landolt-Bdmtein, New Series, Magnetic Properties of Free 
Radicale, Fwher, H., Hellwege, K. H., Ede.; Springer: Berlin, 1977; Vol. 
I1/9b, p 303. (b) The syn-oriented &hydrogene of the (confiationally 
frozen) cyclopropyl radical (aH = 17.6 G) may be regarded aa a moded 
for the 8-H's in the (presumably a-type) dodecahedryl radical. 

li 
Figure 4. Optimized structure and SOMO of the 2-hydroxy- 
dodecahedryl radical as calculated by the AMl/PMB-UHF me- 
thod (annihilated (S2) = 0.75). AM1-UHFQ hyperfine splittings 
in G are indicated. 

precursors in different solvents, it is most likely that it is 
produced from (monoeubstituted) dodecahedrane moieties. 
The experimental g values of 2.0025 f O.OOO1 are typical 
for carbon-centered radicals having no heteroatom (0, Sn, 
Si) bonded directly to the radical center. 

Calculations were performed by the AMl/PM&UHF 
method in order to gain independent evidence of the 
magnitude of the hfs to be expected from 4.4'3*41 The fully 
optimized structure (Figure 3) (AHf = -6.7 kcal mol-') 
represents (largely) a o-type bridgehead radical of a slightly 
distorted geometry (out-of-plane bending angle of the 
radical center = 20.7O). Calculation of the hfs by the 
AM1-UHFQ pr~cedure'~ yielded 8-H splittings of 16.4 (1 
H), 16.6 (1 H), and 17.0 G (1 H), respectively; all other 
splittings amounted to <0.2 G. Thus, this calculation 
provided no codinnation of the fact that the dodecahedryl 
radical should have 8-H splittings within the linewidth of 
the major experimentally observed ESR signal. 

According to semiempirical calculations, almost no 
change in the magnitude of the 8-H hfs is to be expected 
if one of the & H s  is replaced by a different atom, viz., C, 
0, Si, or Sn.& For instance, AM1-UHFQ calculations of 
the 2-hydroxydodecahedryl radical (AHf = -35.2 kcal 
mol-') gave 8-H hfs of 17.0 (1 H) and 17.1 G (1 H) (Figure 
4). 

It should be noted that hyperfine splittings approxi- 
mating 17 G are quite characteristic in the reported ESR 
spectra. The satellite lines of 31-35 G separation observed 
in all experiments might well be due to 1:2:1 triplets of 
16.5-17.5 G hyperfine splitting. The sometimes observed 
"65-71 G" featurea might also be interpreted as quadruples 
of 15-18 G splittings, where two of the inner lines are 
covered by the '31-35 G doublet" which is always of higher 
intensitp (see Figure 2b). The varying line distances of 
these satellite features in the various experiments might 
be related to the incorporation of the initiator and/or 
solvent into the corresponding radical species. In the 

(40) Dewar, M. J. S.; Zoebisch, E. G.; Healey, E. F.; Stewart, J. J. P. 
(41) Stewart, J. J. P. J. Comput. Chem. 1989,10, 109,221. 
(42) Nelsen, S. F. J.  Chem. SOC., Perkin Tram. 2 1988, 1006. 
(43) The same conclusion can be drawn by inspection of the ESR data 

of other 8-heterosubstituted alkyl radicals from the Landolt-B6mtein 
collection (ref 39a). Also, no significant shift of the g values compared 
to a 'pure" hydrocarbon radical should be expected. 

(44) Attempts to "bleach out" one or another of the various signals by 
microwave power saturation (in order to obtain simpler spectra) failed. 
All signals showed a similar saturation behavior. 

J.  Am. Chem. SOC. 1985,107, 3902. 
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5/Et3SiH/DTBP experiment, a most persistent 17.7 G 
doublet has also been observed after prolonged UV irra- 
diation. The fact that the spectral features are governed 
by multiples of ca. 17 G might be regarded as an indication 
of a close relationship between the corresponding species 
and the dodecahedryl radical structure. However, definite 
assignments would be highly speculative at  the present 
time. 

An attempt was also made to generate 4 by gas-phase 
reaction of 5 with sodium vapor and to observe by matrix 
isolation ESR spectro~copy.~~ Cocondensation at  12 K 
of the vapor of 5 and sodium in a stream of argon gave a 
matrix showing an intense methyl radical spectrum (often 
observed in such experiments) and a broad, ca. 20 G wide, 
anisotropic signal in the center of the methyl spectrum. 
Weak, anisotropic lines spreading over a ca. 150 G field 
range were also present. The latter disappeared irre- 
versibly when the matrix was warmed to 30 K. A broad 
central signal (g ca. 2.002-3) corresponds to what has been 
reported above. However, unequivocal assignment of its 
structure has not yet proven possible. 

Conclusions. Derivatization of the dodecahedryl nu- 
cleus by free radical means has been accomplished. The 
reactivity of 4 does not, however, lend itself to the broad 
use of this intermediate in synthesis. The limited range 
of acceptors that can trap 4 effectively and the lower yields 
that have been realized when compared to the 1-adamantyl 
system can be rationalized in terms of reduced nucleo- 
philicity and increased front strain steric shielding in 4. 
Notwithstanding, this analysis must be tempered by the 
realization that 4 cannot be directly observed by ESR 
spectroscopy under a variety of conditions ideally suited 
to the generation of the 1-adamantyl radical. In those 
instances where distinct odd-electron species were clearly 
evident, one component of the signals and their associated 
hyperfine splitting5 appears fully consistent with the 
formation of a monosubstituted dodecahedryl radical. 
Semiempirical calculations performed on the 2-hydroxy 
derivative provide some support of the experimental ob- 
servations. Formation of a monosubstituted dodecahedryl 
radical can best be explained by rapid conversion of 4 to 
dodecahedrene followed by recapture of the extraneous 
radical species (R') to generate a 2-substituted dodeca- 
hedryl radical. This capability is unprecedented in 
bridgehead radical chemistry. However, this interpretation 
can only be regarded as provisional. 

Experimental Section 
(Phenylse1eno)dodecahedrane (8). A solution of 5 (5.2 mg, 

0.015 mmol) in dry CH2C12 (5 mL) was treated with anhydrous 
zinc iodide (15 mg, 0.047 "01) and trimethylsiiyl phenyl selenide 
(500 mg, 2.18 mmol). The reaction mixture was stirred at room 
temperature for 1.5 days, at which point additional ZnI, (5 mg, 
0.016 "01) and TMSSePh (250 mg, 1.09 m o l )  were added and 
stirring was continued for a total of 3 days. Water (2 mL) was 
introduced and the mixture was extracted with CHCl, (2 X 5 mL). 
After the combined organic layers were dried, filtered, and 
evaporated, air was blown over the yellow oil for 1 day. The 
resulting solid diphenyl diselenide could be removed from the 
desired 8 either by sublimation (100 "C, house vacuum, 3 to 5 
days) or more conveniently by trituration with ether (3 X 0.3 mL). 
Selenide 8 remained as a faintly yellow crystalline solid, which 
may be used directly or further purified by preparative TLC (silica 
gel, 51OS &O/CHzC12/hexane) to yield 8 as an off-white powder 
(4 mg, 63%), mp 226-227 O C  (sealed tube): IR (film, cm-') 3040, 
2940,2850,1260,1100,1010,820-720; 'H NMR (300 MHz, C&) 
6 7.68 (m, 2 HI, 7.09-7.07 (m, 3 HI, 3.74-3.65 (m, 3 H), 3.26-3.2 

Paquette et al. 

(br I, 6 H), 3.2-3.12 (s, 10 H); '3c NMR (75 MHz, C a d  ppm 134.7, 
133.6, 129.0, 127.4,96.5,82.5,76.7,67.1,66.9, 66.6; MS m/z calcd 
(M+) 416.1043, obsd 416.1062. 
(2-Cyanoethy1)dodecahedrane (9). A 6.8-mg (0.02 mmol) 

sample of 5 in a flame-dried 1.0-mL Wheaton vial equipped with 
a magnetic stirring bar and Teflon-coated cap was blanketed with 
nitrogen and covered with dry benzene (0.15 mL), acrylonitrile 
(0.1 mL, excess), and tri-n-butyltin hydride (a0 pL, exceas). AIBN 
(0.1 mg) was added and the mixture waa capped and heated at 
75 "C for 6 h. After being cooled and diluted with benzene (0.5 
mL) and ether (0.2 mL), the reaction mixture was treated with 
a solution of KF,,, (1 mL) and stirred vigorously. Extraction of 
the resulting mixture with CHzClz (2 X 3 mL), passage of the 
combined organic layers through a short silica gel plug (elution 
with CH,ClJ, drying, and solvent removal returned crude 9, which 
was further purified by preparative TLC (silica gel; 5% ether in 
hexanes) to yield 4.1 mg (65%) of pure 9, mp 174-175 O C  dec 
(sealed tube): IR (film, cm-2 2942,2620,2242,1730,1444,1422, 
1344,1294,1260,1160,904; NMR (300 MHz, CDClJ d 3.38 (br 
s, 16 H), 3.00 (br s, 3 H), 2.28 (t, J = 6 Hz, 2 H), 1.80 (t, J = 6 
Hz, 2 H); 13C NMR (75 MHz, CDC1,) ppm 120.5,79.0,71.3,67.1, 
67.0, 66.5, 66.4, 38.5, 14.0; MS m/z calcd (M+) 313.1831, obsd 
313.1817. 

3-Dodecahedrylcyclopntanone (11). Dry benzene (0.4 mLJ 
containing 5 (4.7 mg, 0.014 mmol), 2-cyclopentenone (40 pL, 
excess), NaBH4 (1 mg, excess), and hexabutylditin (2 pL) was 
irradiated at 10 OC in a dry NMR tube for 18 h. The solution 
was diluted with ether (0.3 mL) and benzene (0.1 mL) and then 
treated with HF, solution (4-5 drops). The mixture was stirred 
until the NaBH$ad been consumed and the organic layer was 
passed through a short silica gel column containing some an- 
hydrous MgSO, and NazSOI and evaporated. Preparative TLC 
purification (silica gel; elution with 1:s ethyl acetate/hexanes) 
provided 1.7 mg (35%) of 11, mp 205 "C dec IR (film, cm-l) 2938, 
1737,1296,1158,739; 'H NMR (300 MHz, CDC13) d 3.5-3.2 (br 
s, 16 H), 3.15-2.95 (br s,2 H, 2.4-2.0 (m, 4 H), 1.9-1.75 (m, 1 H), 
1.5-1.3 (m, 2 H); '3c NMR (75 MHz, CDClJ ppm 220.3,82.6,67.2, 
67.1, 66.6,66.51,66.48, 47.1,42.0,39.3, 25.5; MS m/z calcd (M+) 
342.1983, obsd 342.2022. 

Allyldodecahedrane (12). To a nitrogen-blanketed sample 
of 5 (4.1 mg, 0.012 mmol) in a flame-dried 1.0-mL Wheaton vial 
equipped with a magnetic stirring bar and Teflon-coated cap were 
added dry CHzClz (0.1 mL), allyltrimethylsilane (100 fiL, excess) 
and anhydrous zinc iodide (50 mg). The reaction mixture was 
capped and stirred at room temperature for 3 days. After dilution 
with CHzC12 (0.4 mL) and addition of enough water to dissolve 
the ZnI, (0.2 mL), the mixture was extracted with CHzC12 (3 X 
1 mL). The combined organic layers were passed through a short 
silica gel plug and dried prior to solvent evaporation. There was 
obtained 3 mg (65%) of 12 as a light tan powder, mp 190 "C dec: 
IR (film, cm-')3069,2936,1296,990,734; 'H NMR (300 MHz, 
CDClJ 6 5.8-5.7 (m, 1 H), 5.1-4.95 (m, 2 H), 3.35 (br s, 16 H), 
3.05 (br s, 3 H), 2.25 (d, J = 7.0 Hz, 2 H); 13C NMR (75 MHz, 
CDClJ ppm 137.3, 116.4, 79.1, 71.8, 67.2, 66.6, 66.5, 65.3, 48.1; 
MS m/z  calcd (M+) 300.1855, obsd 330.1866. 

Dodecahedrylacetaldehyde (13). A solution of 12 (11 mg, 
0.037 "01) in THF (6 mL) and water (1 mL) was treated with 
sodium periodate (40 mg, 0.186 mmol) and a catalytic amount 
of OsO, in pyridine (5 pL of a 0.157 M solution). After being 
stirred for 2 days at room temperature, the reaction mixture was 
diluted with CHzC12 (5 mL), washed with brine, and dried. Solvent 
removal and trituration with ether produced 7 mg (63%) of 13. 
Further purification was achieved by short column chromatog- 
raphy (elution with 10% ether in petroleum ether), mp 202-205 
"C: IR (film, cm-l) 2938,1690,1430, 1300,1250; 'H NMR (300 

2.80 (br s, 3 H), 2.08 (d, J = 2.0 Hz, 2 H); 13C NMR (125 MHz, 
c@6) ppm 201.5, 73.3,72.9,67.21,67.19,66.9,66.8,66.7; MS m/z 
calcd (M+) 302.1670, obsd 302.1650. 

l-Dodecahedryl-2-propanone (14). Into a &mL, twenecked 
pear-shaped flask (prerinsed with 1 % HCl) were placed a magnetic 
stirring bar, PdC1, (1 mg), CuCl, (2 mg), and 2 mL of a DMF/H20 
(3:l) solution. Oxygen was introduced and the initially black 
solution slowly turned green as the O2 was absorbed. To the green 
solution was added 12 (8 mg, 0.026 mmol) in DMF (0.1 mL). 
Oxygen was bubbled through the mixture for 2 h and the mixture 

MHz, c&) 6 9.47 (t, J = 2.0 Hz, 1 H), 3.40-3.15 (br m, 16 H), 

(45) Korth, H. G.; Lange, F.; Liibbe, F.; Miiller, W.; Seidel, M.; Sust- 
mann, R. J. Chem. Soc., Perkin Tram. 2 1989, 1293. 
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was stirred under O2 for another day. The reaction mixture was 
diluted with 10% HC1 and extracted with CH2C12 (3 X 5 mL). 
The combined organic layers were washed with water (10 mL), 
dried, and evaporated. The remaining DMF was removed by 
dissolving the crude mixture in ether, washing the resulting so- 
lution with water, drying the solution, and evaporating the solvent 
to leave pure 14 (7.8 mg, 95%). Further purification could be 
achieved by preparative TLC (silica gel, 1:27 CH2C12/ether/ 
hexanes), mp 159-161 'C (sealed tube): IR (film, cm-') 2940,1715, 
1395,1160; 'H NMR (300 MHz, C6D6) 6 3.48 (br 8, 6 HI, 3.27 (br 
a, 10 H), 2.97 (br 8, 3 H), 2.17 (8,  2 H), 1.63 (8,  3 H); 13C NMR 
(75 MHz, CJIJ ppm 206.0,76.8,73.3,67.23,67.16,67.0,66.9,57.0, 
30.2; MS m/z  calcd (M+) 316.1827, obsd 316.1805. 
ESR Spectroscopic Studies. A Bruker ER-420 X-band 

spectrometer equipped with a variable temperature unit was used. 
Data acquisition and spectral simulations were performed on a 
DEC PDP-11/34 computer. 
ESR samples were prepared in 4mm 0.d. quartz tubes, degassed 

by three freeze-pump-thaw cycles, and sealed under vacuum. 
Typically, the samples were composed of 2-3 mg of highly purified 
precursor (5 or a), 10-50 pL of initiator (DTBP, Me6Sn2, EkSiH), 
and 0.61 mL of solvent (cyclopropane or fluorobenzene). Radicals 

were generated by direct UV photolysis of the samples with the 
filtered (UG5; Schott) output of a 1OOO-W high-pressure Hg/Xe 
lamp (Hanovia 977B-1). The g valuee were determined with the 
aid of a home-built device, using the digital readout from a fre- 
quency counter and a gauss meter. 

Matrix-isolation experiments were carried out using an Air 
Products closed-cycle helium cryostat CV 202. Most of the ex- 
perimental setup has been described elsewhere.G The sample 
of 5 was evaporated in a vacuum of 10-6 mbar at ca. 220 OC; sodium 
was evaporated at  ca. 260 OC. A DDHBr/argon ratio of 1:100 was 
employed. 

AMlIPMB-UHF calculations were performed using the SCAMP 
4.20 package4 on a MicroVax GPX-I1 workstation. Graphical 
output was produced by the PERGRA program?' 
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3-[(Dimethylamino)methyl]-2-methylene-2,3-dihydrofuran (50) and 2-[(dimethylamino)methyl]-3- 
methylene-2,3-dihydrofuran (120) and their thiophene analogues 5s and 12s were prepared in high yields by 
fluoride-ion induced desilylation of N,N-dimethyl-N- [ (trimethylsilyl)methyl](2-furylmethyl)ammonium (30) and 
-(3-furylmethyl)ammonium iodides (100) and their thienylmethyl analogues 3s and 10s. Compound 6s or 12s 
was successfully converted to 3-[ (dimethylamino)methyl](2-thienylmethyl)lithium (23s) or 2-[(dimethyl- 
amino)methyl](3-thienylmethyl)lithium (26s), which reacted with aldehydes to give [(dimethylamino)- 
methyl] (2-hydroxyalky1)thiophenes 25s or 278, respectively. 

Introduction 
NJV-Diallrylbenzylammonium N-methylides rearrange 

to NJV-diallcyl-2-methylbenzylamines (Sommelet-Hauser 
rearrangement) and/or NJV-diallryl-2-phenylethylamines 
(Stevens rearrangement).' The Sommelet-Hauser rear- 
rangement is the main path from the ylide having an 
electron-donating or weak electron-releasing substituent 
on the benzene ring.%Iba This rearrangement proceeds 
by a [2,3] sigmatropic rearrangement followed by a [1,3] 
hydrogen transfer via an intermediate, 64  (dialkyl- 
amino)methyl]-Bmethylene-l,3-cyclohexadienes (conju- 
gated triene compounds) (Scheme I). The stability of the 
conjugated triene compounds increases with the increasing 
electron-releasing ability of the substituents;2bld-f e.g., 6- 

(1) (a) Pine, S. H. Org. React. (N.Y.) 1970,18,403. (b) Lepley, A. R.; 
Giumanini, A. G. Mechanism of Molecular Migrations; Thyagarajan, B. 
S., Ed.; Wiley-Interscience: New York, 1971; Vol. 3, p 297. 

(2) (a) Nakano, M.; Sato, Y. J.  Org. Chem. 1987,52,1844. (b) Shirai, 
N.; Watanabe, Y.; Sato, Y. J. Org. Chem. 1990,55,2767. (c) Shirai, N.; 
Sumiya, F.; Sato, Y.; Hori, M. J. Org. Chem. 1989,54,836. (d) Machida, 
Y.; Shirai, N.; Sato, Y. Synthesis, 1991, 117. (e) Kitano, T.; Shirai, N.; 
Sato, Y. Synthesis, 1991, 996; Chem. Pharm. Bull. 1992, 40, 768. (f) 
O W ,  5.; Shirai, N.; Sato, Y. J.  Org. Chem. 1990,55,334. (g) Tanaka, 
T.; Shirai, N.; Sugimori, J.; Sato, Y. J .  Org. Chem., in press. 

OO22-3263/92/ 1957-5419$03.00/0 

Scheme I 
I2.31 sigmabopic 

[191 hydrogen 

R Me2 R SMe2 
[ (dimethylamino)methyl]-2-methoxy-5-methylene-1,3- 
cyclohexadiene was stable at room temperature.2b This 
result seems to suggest that the rearrangement of ylides 
to an electron-rich aromatic ring may stop at the inter- 
mediate compound. 

Paul and Tchelitcheffj reported that treatment of tri- 
methyl(3-furylmethy1)a"onium or trimethyl( 3-thienyl- 
methy1)ammonium salt with sodium amide in liquid am- 
monia gave 3-methyl-2- [ (dimethy1amino)methyllfuran or 
-thiophene (Sommelet-Hauser rearrangement product), 
but no  product was obtained from a similar treatment of 

(3) Paul, R.; Tchelitcheff, S. Bull. SOC. Chim. Fr. 1968, 2134. 
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