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Abrewc-The minor product. CproloadamanIene (5). from Ihc gas phase pyrolysis of 2.adamanIyl mesyla~c (3) 

was shown by labeling experiments no1 lo arise from lbe major producr. 2.4dehydroadamanIan (4). bur rarher by 

a concerted process (home-relroeM reaction). In lhe formation of 4. 1.3tlimma1ion is favored by aI kasI a 92:8 

margin over a compefitive roulc involving otliminalion IO a carbene and [hen C-H insertion. Equalwipl and axial 

2-noradamantyl mesyla~es pyrolyze IO give predominantly 4-brendem (II) and Iriaxam (12). respecdvely. as 

required by conceflcd I .34iminations. and no1 by an ton pair mechanism. The cross-over product appears in each 

case IO result from the epimeridon of tbc slartiq material by a waIl-caulyzed proceu. In agreemen wilh Ihe 

resulls of he noradamanIyl subslrales. pyrolysis of 3-diamanlyl mesylak (16) gave results which suggest rhar 

product stability helps lo determine the course of Itbe reaction. The products with the Iearl amounl of slrain were 

obtained. namely 3,Sdchydrodiamantanc (17) pnd penIacyclo(8.3.l.d’ 0’-“.0’~“)1cIra&~-5~ne (19. protodiaman- 

rent). The ease of separalion of Ihc cycbpropanic and okfmic producIs makes these reaclions synIheIically useful. 

Thermolytic I.2 ester eliminations proceeding through 

bcentered transition states tretroene reactions) are well 

known and widely applied in synthetic organic cbe- 
mistry.’ Occasionally, “abnormal” products apparently 
arising from 1.3 elimination pathways have been rcpor- 
ted.‘” These products fall into Iwo general classes: (I) 
compounds containing 3membered rings and (2) olefins 

with rearranged structures. 

Bunton ef oL’ first proposed a ‘I-centered or homore- 
troene transition state to account for the formation 
(along with the normal I.2 elimination product, bomenc) 

of camphcnc of high optical purity and Iricyclene from 

isobomyl (1) and bornyl methyl xanthates (21, respectively 
(Scheme I). 

The formation of 16% camphene with only 30% reten- 
tion of optical purity from the bornyl ester was assumed 

IO be due to a stcpwise process. 

I 100% reIenIion 

Scheme I 

More recently, a 7-centered concerted elimination 

mechanism was proposed by Johnston and Overton’ IO 

account for the pyrolytic rearrangement of the atisane IO 
the 7,2@secoaconane skeleton and by Kwart and Hoster’ 

to explain the first acyclic example, the predominance of 
the less stable, unconjugated olefin (H,C=C(CH,)CH2Ph) 
arising from the thermolysis of neophyl acetate. Several 

other instances of I.3 elimination have been reported.” 

Adamantanoid molecules are parIicularly well suited 

for the observation of I.3 eliminations since competition 
by “normal” I.2 elimination pathways are disfavored 
due to the necessity of forming high energy bridgehead 
double bonds. Thus, pyrolysis of 3homoadamantyl ace- 

tate gave two skelctally rearranged olehns (as well as the 
non-bridgehead olehn. 4homoadamantene).’ Pertinent to 
the present work, pyrolysis of 2-adamantane me- 

thanesulfonate (31 gave cleanly and in high yield a 3 : ? 
mixture of 2,ddehydroadamantane (4) and Cpro- 

toadamantene (5) ttricyclol4.3.l.O’~ldec4enel.’ Only 

trace amounts t-l%,) of adamantane were formed. The 
synthetic utility of this reaction rests on the ease of 
separation of the saturated from the unsaturated 
products by chromatography on silica gel containing 15% 
silver nitrate. 

We now report the extension of the homo-tetroene 
reaction IO the noradamantane and IO the diamanrane 
series. The results, along with labelling experiments on 
2-adamantyl substrates, allow further mechanistic in- 

tcrprelalions. 

Pyrolysis of 2-adamantyl-2-d merhansul~onate. The 
postulated’ mechanistic routes leading from 3 IO 4 and 5. 
paths A and B. are shown in Scheme 2. However. other 

3269 



3270 D. Ftinc@n CI al 

I Path D 

H(D) 

Scheme 2 

mechanistic athways kading IO the same products are 
conceivable. P, . In other cases, tbermolysis of esters can 
involve concerted a-elimination to a carbenc;” thus, 
carbene (6) from 3 (path C, Scheme 2) could give 4.’ The 
minor product (5) could be formed from 4 (path D. 
Scheme 2) by a consecutive rather than a competitive 
process. Pyrolysis of 4 has been shown to give 5. either 
by a 2.4bond homolysis, or (more probably) by a u2+ 
02 cycloreversion.‘” Still another possibility exists, that 
5 be2 f;Lrt;d from 3 by a mechanism involving ion 
pairs . . (path E. Scheme 2). The present in- 
vestigation of the labelled ester (32d) helps to elucidate 
some of these questions. 

3-26 was subjected IO thcrmolysis at 550” and the 
products isolated in the usual manner. The mass spec- 

trum of 5 indicated 99.5% monodeuterocompound (S-d); 
thus no label was lost in the formation of 5.” On the 
other hand, 4 contained 7a of nondcuterated material, 
formed most probably by path C; the remainder (92-32) 
had to be formed by path A. 

Comparison of the NMR spectra of Sd, with 5 re- 
vealed that the signal for one of the bridgehead H atoms 
(82.66) has disappeared in the former, while there rc- 
mained two olefinic (86.19. m. splitting pattern sim- 
plified). three bridgehead (6 = 2.26. broad), and eight 
methykne protons (Sl.27-1.90. ml. Since S-d, formed 
from 4d, should contain deuterium at the doubk bond 

and on a mcthykne group as well (Scheme 3) we con- 

clude that S is not formed from 4 and that alternative 
pathways of elimination possessing nearly equal free 

Scheme 3. 
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+2d - 

78 
Scheme 4. 

energies of activation (AAG’ = 0.3 kcallmol) are availabk 
to 3. The hi&r deuterium content of 5. relative to 4. 
indicated that the latter could not be the exclusive or even 
the main precursor of 5. 

The comparison of the “C-NMR spectra of S-d, and 5 
corroborates these conclusions. From the signals for the 
saturated carbon atoms in 5 (632.0, C-IO; 32.6. C6; 34.1. 
C-8;M.4,C-3;39.6,C-l;39.9,C-7;42.4.C-2~43.9,C-9).only 
the one corresponding to C-3 shows a marked decrease in 
intensity for the deuterated material (Sd).t 

The study of +2d could not distinguish between the 
concerted homo-retroene elimination (path B, Scheme 2) 
andapossible ionpairmechanism(path E.!Scheme 2)forthe 
formation of 5. While the automerization of the pro- 
toadamantyl cation (7)” in the ion pair should result in some 
deuterium incorporation at C4, the observed absence of 
such scrambling could result if proton abstraction from 7 by 
the counter ion is much faster than the transformation 
7S78 (scheme 4). 

In preliminary experiments on the decomposition of 
2-adamantyl4-d mesylate (3&f) in a Monel reactor, the 
dehydroadamantane formed exhibited similar relative 
signal intensities in the “C-NMR spectrum whether the 
starting material was the pure diaxial isomer (a,~-3-4d) 

Wk ‘H-NMR spectrum also indicates that all of the deuterium 
label is located at a sin& posilion. The spectrum contained a 
singk peak corresponding IO rhe signal absent from OK ‘H 
spectrum of 51, (see above). 

or a I : I mixture with the axial-equatorial isomer (e,o-3- 
4d). The elimination from the two epimers should lead to 
different distributions of the label in the products 
(Scheme S), but both samples contained deuterium at 
Cd. C-9. and C-IO. This result indicates a facile epi- 
merization of the starting material which can be best 
rationalized as involving some sort of reversible dis- 
sociation, e.g. via ion pairs.” 

Whether dissociation to ion pairs is a necessary step 
for the home-retroene elimination (3 +S). or whether it is 
only a competing reaction, was assessed by investigating 
the 2noradamantyl mesylates. 

Pyrolysis of equatorial (8) and axial (9) 2- 
nomdamanfyl mefhanesulfonafes. Concerted elimination 
(Paths A and B) from the two epimeric 2noradamantyl 
mesylates (8 and 9) should lead to different products 
(Scheme 6). 

On the other hand, if ion pairs were involved in 
competition with the concerted 1 J-elimination of Path A 
(cf. Path E. Scheme 2). both epimers 8 and 9 should give 
Qbrendene (11) (okfins 14 and 15 are too strained to be 
likely products). 

Equatorial 2noradamantanol” is available from the 
reaction of deltacyclane with sulfuric acid. Oxidation 
with chromic acid afTords 2noradamantanone. and sub- 
sequent reduction with LiAlH, furnishes the epimeric 
axial-2-noradamantanol.“’ Both alcohols were con- 
verted to the corresponding rrtesylates in the usual 
manner. 

i)MS 
e.0 -3-M 

Scheme J 



Scheme 6 

The pyrolysis of 8 at SM” afforded in 70% yield a 
mixture of three hydrocarbons in the ratio 6R (m/e 

120)‘“: 2X (m/e 120): 4 (m/e 122). The major product 

could be easily separated from the other two by chroma- 
tography on 15% silver nitrate on silica gel and all three 

components were isolated by preparative glc. 

As expected. the major product was identified as 4 

brendene”’ (11) by its spectral and physical properties. 
and it was converted to 6brendanone’Z’ by hydrobora- 

tion-oxidation.” The second product (m/e 120) was 
shown to be triaxane (12).” by comparison of its ‘H- 

NMR and “C-NMR spectra with published spectra. The 

third product (m/e 122) was noradamantane.” The 
pyrolysis of 9 under identical conditions gave rise to a 
I : 4 ratio of hydrocarbons 1 I and 12, in 

yield. 

Q3 T 

I7 

75% combined 

m = - -- 
IS 

The regioselectivity observed, with the axial mesylate 9 
giving much less 11 than the equatorial mesylate 8, is not 
consistent with the prediction for an ion pair mechanism. 

The detection of some cross-over products (12 from 8 
and 11 from 9) indicates a partial epimerization of the 

starting material prior to decomposition, possibly in a 

wall-catalyzed reaction. Indeed it was observed that 

pyrolysis of 8 and 9 in a gold coil reactor”.“’ reduces the 
amount of cross-over product substantially. We conclude 
that the homo-retroene elimination in the noradamantyl 

scrtcs (8 IO 111 is a concerted process. It may well be 

similarly concerted in the adamantyl series (3 to 5). but 

since epimerization in this case is fast compared with 
elimination (see above), 5 might be formed either by 
epimeriration followed by Path R or ion pair formation 

followed by Path E (Scheme 2). Notwithstanding the 

;‘--m 
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Scheme 7 
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imperfect regioselectivity, the pyrolyxs of 8 and 9 
represent attractive synthetic routes IO Cbrendene (11) 

and triaxane (12). respectively.m 

Pyrolysis of 3-diclmonfyl mchonedfonofe (16). In 
contrast IO the 2-adamantyl (3) case, the IWO y-H atoms 

equidistant IO the mesylate group are no longer 
equivalent in 16. Four products are conceivable (17-20. 

Scheme 7). 
Pyrolysis of 16 at 550” yielded a 3 : Z mixture of IWO 

hydrocarbons (along with about I% diamantane) in 7ffT 

yield. The major product, identified by comparison with 
a sample prepared by an alternative route,” was 3,5- 

dehydrodiamanfane (17). The other possible hexacyclic 

product, 1.3dehydrodiamantane (18). calculated” IO bc 

appreciably more strained than 17. was not formed. The 

NMR spectrum of the second product (Experimental) 

was consistent with the protodiamantene 19 (pentacy- 
clo(83.1.02~‘.0~~“.0’~‘2]tetradec-5-ene); again, the more 

strained bridgehead olefin. 28, was not formed in the 
reaction.22 

We conclude from the resuhs of the pyrolysis of 8. 9 
and 16 that the strain in the products contributes IO the 

determination of the regiospecificity of both paths A and 

B in the pyrolysis of esters. 

eMIIMI(wfN. 

Gauml. Mps (Mettkr FPI apparatus) are uncorreckd. Ek. 

mental anaJyscs were performed by Hoffmann-LaRoche. Inc. 

The ‘H-NMR spectra were taken at 60 (Varian AaA instru- 

ment) and 100 MHz (Varian HA-100 ins1rument). ~hc “C-NMR 

spcccn a1 25.2 MHz (Varian XL-100 instrumenl). and the ‘H- 

NMR spectra at 15.4 MHz (Varian XL-100 instrument). Mass 

spcc~a (AEI-MS9 ins1rumcn1) and GLC-mass spectra (El Du. 

Pant 21-490 instrument) were determined a1 70eV. 

Synthesir and pyrolysis of 2-adamanryl-2-d methontsulfonorr 
(32d). The mesylate +2d was synthesized as described for the 

unlabclled material.’ excepr that 2-adamantand-2-d (obtained 

from adarncntanonc and lirhium aluminum deuleride) was em- 

ployed. The pyrolysis and product separation were conduckd as 

dcscrikd previously. 

2-Equatokal-nomdaman~yl mtihanesnlphonale. Melharesul- 
phony1 chloride (3 ml) was added IO a soln of 2-equoforial- 
noradamantanol”’ (0.5 g. m.p. 222-224’) in p)rdinc (IO ml) and 

~hc mixlure was s1irred a1 room remp. for 72 tu The mixlure was 

then poured into ice-water (2Oml) which was ex1racted wi1h 

ctber (3 x 20 ml). The erhcr exuaci was washed wlrh 15% HCI. 

satd N&O,. wa1er. dried and filtered. Dccolourising charcoal 

(0.1 s) was added IO the filtrate and the mixlure was filtered 

Uuough celite after 1 hr. Evaporadon of the solvenr afforded a 

gum-like solid (0.65g). which, on crysrallizndon a few rimes in 

pcnlancclbcr a1 -78’ gave 2-equororiul-noradamantyl 

mcthancsulphona1e (0.42 g). homogeneous on IIC. m.p. 6566’. IR 

(Ccl.): 1360. 1340. 1176. and 93Ocm ‘; NMR: 6 4.77 (IH. m). 

2.41 (3H. s). and 1.4G2.77 (IZH. m); m/r (relalive inrensiry) 216 

(1. M’). 120(46). 105fl8,. 9lf35). and 79flOO) (Found: C. 55.6; H. 

7.25. C,.H,,O,S requires: C. 55.55; H. 7.45%). 

Pyrolysis of 2-qualorial-nomdamantyl-methantsulphonarr. 2- 
Equaforiol-noradamantyl methanesulfonate (0.5 g) was sublimed 

slowly during 20 min a1 220’ into the pyrolysis lube (530 z 20”) a1 

0.02 IOIT. The pyrolysare. collected a1 - 196’. was extrac1ed wlfh 

isopen- (3 x IOml). which, after being hl1cred through a 
column of baxic alumina (activity II. log). was analyzed by gk 

(2m x 118 in 1% Apl.. 609. II consisted of lhree compounds fhf’ 
by gems) in ~JIC ra1K) of 68(M’ 1200): 284.H’ 120): 4(M’ I!!) 

having rcren1ion Gmcs of 3.6. 4.6 and 5 3 min respcc1ivcly. The 
mixture was separalcd by preparative ak (I4 f1 x l/4 in 2tB ApL. 
l)(P) IO give &ycl0~4:!~1 $‘]non.Z& (brendene. 0.12 a;.“* 

m.n. l76-18(r. IR (CCL): 3053. 2946. 2860 and 1603cm ‘: NMR: 

6.~fCFCI,). 5.92 fiH. broad I). 2.94 (IH. m). 2.36 (3H. m). and 
I.@-1.70 (6H. ml; 6.(CFCIJCDCI,) 139.7 (C-2. C.3). 54.2 (C-8). 
43.2 (C-l. C4). 42.3 (CA). 39.5 (C-7). and 36.3 (C-5. C-9). (Found: 

M’ 120.0939); aad ieurcyclo [3.3.1.O”‘.O”‘]nonamz (Iriaxane.” 

0.055 g) m.p. I%171T; IR (CCI.): 304% 2942 and 2855 cm” 
NMR: b,, (CFCIJ 2.48 (4H. m). 2.04 (3H. m). 1.69 (3H. m) and 

I.31 (3H. d). 6,. (CFCI,/CDCI,) 47.2 (Cd. C-8. C-9). 40.4 (C-2. 
C-3. C-4) and 37.2 (C-l, C-3. C-7) (FOUd: M’ 120.0938: Cp,, 

requires: M’ 120.0939). 
Norodamonran-2-one. To a slirred soln of 2-equarorial- 

nofadamantand”’ (I.5 R) in ether (IO ml), a chrwc aced soln 

prepared from sodium dichromare dihydrate (I 8). waler (4.S ml). 

and 96% H,SO, (I ml) was added. Afler rhe mixlure was kep1 al 

room 1emp. for 2 hr. waler (5 ml) was added and the e1hcr layer 

was separakd. The aqueous layer was extrsckd twice wi1h erhcr 

and rhc combined ethereal soln was dried and evaporated IO give 

noradamantan-2one (1.4g). m.p. 214-215’ (sublimarion); IR 

(CCIA: 1750 cm ‘; NMR (Ccl.): 6 1.4&2.80(m): mlr (relative 

inknsi1y) I36 (51. M’). 118f9). 107fl7). 92(24). 79(lOO) and 66f67). 

(Found: M’ 136.0883. C.H.,O reauires. M’ 136.OLBS). - ._ 
2.Axial-nomdamankuol. To a &red soln of noradamanran.2. 

one (l.3g) in ether (100 ml). a slurry of LAH (0.4g) in erher 

(25 ml) was added. Tbc mixrure was boiled under rellux over- 

nigh1. The usual work-up afiordcd 2-axial-noradamantand (1.2 g). 

m.p. 244-245’ (sublima1ion); IR (CCU: 3640. II00 and 1040 cm ‘; 

NMR (Ccl.): 6 4.04 (IH. approx. dd). 2.31 (IH. exchangeable 

with D,O) and l.l&2.60 (12H. m); mic (rclalive in1ensi1y) 138fl6. 

M’). lm45). 105fl3). 9Sf31). 9108) and 79floO) (Found: M’ 

138.104. Cs(,.O requires: M’ 138.104). 
!.Axial-noradamanlyl m~hanrsulphonarr. Merhane \uI- 

phonylchloride (6mll was added lo a s1irred soln of !.axial. 
noradamanranol (I.1 g) in pyridine (25 ml) and the mixlure was 

s1irred a~ room remp. for 72 hr. The usual work.up gave a yellow 

oil, which. af1er repealed recrystalhza1ion from e1hcr-penlane. 

afforded Z.axia/-noradamanlyl mcthanesulphonare (I.1 9). m.p. 

25-26’. IR (Ccl,): IMB. 1348. 1180. 1100.950. 890 and RSOcm ‘, 

NMR (CCI.1. 64 78 (IH. approx. dd). 3.03 (3H. s) and I.!@--!.70 

(IZH. m). m/c (relative intensify) 216 (2. M’). 132 (3). I20 (931. 

IO! (15). 91 (32) and 79 (100) (Found: C. 55 R5; H. 7 6; S. I4 6 

C,,H,,O,S requires: C. 55.55; H. 7.45; S. 14.8!9?). 

Pyrolysis 01 !-axial noradamanryl mrrhanesulphonart 2-AXI. 

al-noradamanlyl me1hanesulphona1e (0.5 g) was pyrolysed under 

~hc condi1ions used for i1s epimer; a similar work-up ga\e a 

mixrurc (0. I7 g) of lricyclo 14.2. I.ti’]non-2-cne and retracy. 

clol3.3 I.O’“.O’~‘]nonanc In the ra1to of I.4 The mixlure was 

separarcd by preparative gk as hefore and each componcnf 

was found IO be idenlical with rhe aurhcnlic sample (IR and ‘H 

SMR comparisons). 

3-LXamanryl mahaaesrlfona~t (6) and irs pyrolysis: 3-DI- 
amanryl methamsulfonale was prepared as above In 85% yield 

(NMR: 6 4.69 (IH. q ), 2.90 (3H. s). 2.03 (3H. m). I.77 (ISH. 

broad S)) Pyrolysis as above a~ JSU’C afforded in 70% yteld a 

3.2 mixture of dehydrodiamanranc” and prolodiaman1ene. 

(SMR: 66 IO (!H. m). I.I5-!.RO (16H. complex m)). conraining 

I4 diamantane (by glc). 
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