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This paper describes the metal-ammonia reduction of several bicyclic compounds including dibenzobarrelene, 
triptycene, and symmetrical and unsymmetrical benztriptycenes. Although previous studies indicate that triptycene 
undergoes ring opening on reaction with potassium in THF, successful reduction in ammonia has been accomplished 
for all of these compounds with selection of proper conditions. Triptycene exhibita rather unusual regioselectivity 
in that the major product is the 2,4a-dihydro isomer with the expected 1,4-dihydro isomer produced in lesser 
amounts. This unanticipated result is discussed in terms of T-T conjugation in the intermediate radical anion 
(or dianion). As might be expected, the reduction of isomeric benztriptycenes appears to be dominated by the 
naphthalene moiety and results in both inner-ring and outer-ring reduction products. Furthermore, 1,2-benz- 
triptycene shows a novel metal effect in that lithium produces ring cleavage whereas the use of sodium provides 
“normal” reduction products. 

Electron addition to aromatic compounds in anhydrous 
liquid ammonia has provided an important method (Birch 
reduction) for the reduction of aromatic compounds. In 
the case of benzene derivatives, a radical anion is formed 
which may be protonated by alcohols to shift the unfa- 
vorable equilibrium (eq 1, upper path), whereas polynu- 

clear aromatics can undergo a second electron addition 
resulting in a dianion (eq 1, lower path), which may then 
be protonated (or alkylated).’ Hence, most interests have 
focused on polynuclear compounds, and much less atten- 
tion has been given to polycyclic compounds which do not 
contain fused aromatic rings. 

Our interest in the metal-ammonia reduction of bar- 
relene derivatives developed some time ago with the dis- 
covery2 that dibenzobarrelene (1) reacts with lithium in 

ammonia to furnish the dihydro product 2. This must be 
regarded as unusual for the following reasons: (1) 
“isolated” double bonlds are considered to be unreactive 
toward alkali metals in ammonia’ (e.g., bicyclo[2.2.2]octene 
is completely unreactive under these conditions), and (2) 
alkali metal/ammonia iiolutions even fail to reduce benzene 
to any appreciable extent if water is used as a protonating 
agent (Le., alcohols lire necessary to shift the initial 
equilibrium). ’ 

In an attempt to determine whether or not unusual 
reduction behavior might be common in barrelene deriv- 
atives, we chose to investigate the reaction of triptycene 
(3; i.e., tribenzobarrelene), although it had been reported 
that 3 gives only ring opening (i.e., 4) upon reaction with 

(1) (a) Birch, A. J.; Rao, G .  Subba “Advances in Organic Chemistry, 
Methods and Results”; Taylor, E. C., Ed.; Wiley-Interscience: New York, 
1972. (b) Smith, H. “Chemistry in Nonaqueous Ionizing Solvents”; 
Jander, G., Spandau, H., Adtdison, C. C., Eds.; Interscience: New York, 
1963; Vol. I, Part 2. (c) Harvey, R. G. Synthesis 1970, 161. 

(2) (a) Rabideau, P. W.; Jessup, D. W. Abstracts of Papers, 8th Annual 
Great Lakes Regional Meeting of the American Chemical Society, West 
Lafayette, IN, 1974. (b) Butler, D. N.; Koves, G. Synth. Commun. 1975, 
5.  471. 
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potassium in THF.3 We considered the possibility that 
the reaction might take an entirely different course in 
ammonia. Accordingly, reaction with lithium/ammonia/ 
tert-butyl alcohol does not produce ring cleavage but re- 
sults in an 80% conversion to a product affording only one 
peak by GLC on several columns (C20H16 by mass spec- 
troscopy and elemental analysis). NMR, however, sug- 
gested the presence of two isomers (2:l) since the reduction 
product of triptycene-9,lO-d2 indicated at least three dis- 
tinct bridgehead protons. Ultimately, high-pressure liquid 
chromatography allowed a reasonable separation of two 
isomers assigned as 5 and 6 on the following basis. One 
of these C20H16 isomers showed equivalent bridgehead 
protons and only two olefinic protons in the NMR, and 
this narrows the possibilities to either a 1,4-dihydro or a 
2,3-dihydro isomer. The chemical shift (6  2.85) of the 
allylic protons is consistent only with the doubly allylic 
system, and structure 5 was assigned. The predominant 
isomer showed two bridgehead and three olefinic protons 
and could only be a 4,4a-dihydro or 2,4a-dihydro isomer. 
Once again, the chemical shift data suggest doubly allylic 
protons (6 2.55), and this isomer was assigned as structure 
6. Additional evidence supporting both assignments lies 
in the fact that the UV spectrum of the purified mixture 
of 5 and 6 did not indicate a l,&cyclohexadiene moiety for 
either of these isomers. 

The metal-ammonia reduction of triptycene proved to 
be quite sensitive to reaction conditions. The use of cal- 
cium or potassium resulted mainly in the recovery of 
starting material with no detectable amounts of 5 and 6, 
whereas sodium afforded these products in only minor 
amounts. However, the use of excess lithium was found 
to give over 80% reduction when coupled with the use of 

(3) (a) Theilacker, W.; Mollhoff, E. Angew. Chem., Int. Ed. Engl. 1962, 
1, 596. (b) Walsh, T. D.; Ross, R. T. Tetrahedron Lett. 1968, 3123. 
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Metal-Ammonia Reduction of Triptycene 

Table I. Metal-Ammonia Reduction of Triptycene“ 
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It  is not surprising that the naphthalene moiety domi- 
nates reduction in this case, and in view of the ESR results 
with the 2,3-naphthobarrelene radical anion? it is expected 
that considerable electron density should result in both 
of the naphthalene rings. Interestingly, the use of t-BuOH 
as a proton source results only in the formation of 8 
without the production of 9. Once again, less discrimi- 
nation in protonation sites is observed with stronger proton 
sources. Similar behavior has been observed for p-ter- 
phenyl which gives both outer- and inner-ring reduction 
as the acidity of the protonating agent is in~reased .~  

Interestingly, reduction of the isomeric 1,2-benz- 
triptycene (10) with lithium/ammonia resulted in ring 
opening regardless of whether water or t-BuOH is used as 
a proton source: this represents the only barrelene de- 
rivative that we have investigated which has undergone 
ring opening in ammonia. In principle, ring opening could 
occur in two ways, with phenyl cleavage to form 11 or 
naphthyl cleavage to afford 12. Unfortunately, little could 

% yield 

unre- ratio 
metal protonsource 5b 6b acted3 6/5 

Li (CH,),C!OH 27 55 18 2.0 
Li (CH,),C:HOH 23 53 25 2.3 
Li CH,CH:!OHC.d 18 33 49 1.8 
Li CF,CH,OH 16 22 62  1.4 
Li (CF,),CHOH 10 9 81 0.9 
Na (CH,),C!OH 6 11 83 1.8 

“ Reactions run at - 3 3  “C in THF/NH, (1:1.5) with 3.5 
g-atoms of metal. 
NMR spectra. 
addition. 

Determined by integrated areas of 
Identical results with rapid or dropwise 

Identical results when run at - 78 “C. 

THF as a cosolvenit and tert-butyl alcohol as the proton- 
ating agent. In addition, there appeared to be considerable 
variation in the ratio of reduction products, as well as yield, 
with the nature of the protonating agent. 

Thus, while improved yields with tert-butyl alcohol 
could be rationalized on the basis of its decreased acidity, 
it  was not clear whether the increase in isomer 6 (relative 
to 5) was also a function of acidity, or rather the larger 
t-BuOH might be producing more 6 due to steric effects 
encountered for protonation at  the 1-position which leads 
to 5. In an attemptt to make this determination, the re- 
action was carried out with a variety of alcohols, and the 
results are summairized in Table I. There is a definite 
trend toward decreased yields as the acidity of the pro- 
tonating agent increases, and, in fact, when water is used 
as a quench, very little reduction is observed at all. Fur- 
thermore, the formation of isomer 6 also appears to be 
related to acidity and not steric effects, since its yield drops 
with substitution of fluorine for hydrogen (with both 
ethanol and 2-propanol) which greatly increases acidity 
with presumably little effect on steric size. Hence, we 
conclude that the inore acidic alcohols (and water) con- 
sume metal too rapidly (relative to protonation of the 
radical anion) which lowers the yield, and the more weakly 
acidic alcohols become more discriminate in protonation 
site, resulting in an increase in 6. 

In an attempt to determine the effect of annelation on 
the triptycene systlem, 2,3-benztriptycene (7) was inves- 

tigated, and reduction with lithium metal followed by a 
water quench resulted in two products. Compound 8 could 
be obtained in pure form (see below), and its structure 
assignment was straightforward on the basis of NMR. 
Compound 9 could not be separated from 8 and unreacted 
7 by either fractional crystallization or gas chromatogra- 
phy, and its NMR was determined by difference. How- 
ever, further evidence for this structure is provided by the 
fact that the use of exceas metal in the reduction of 7 leads 
to the tetrahydro product which served as an intermediate 
in the preparation of 7 itself. 

be determined from the NMR spectrum except the pres- 
ence of three benzylic protons and a very complex aromatic 
region. However, the product could be readily dehydro- 
genated over Pd/C to afford 13, a known compound. 

In contrast, when sodium is used for the reduction of 
10, ring cleavage does not occur, but two dihydro products 
15 and 16 are produced. Hence, the reduction behavior 

of 10 represents a rather unusual pattern in view of dif- 
ferent pathways with lithium and sodium, and this war- 
rants some attempt a t  explanation. 

We cannot readily determine whether ring opening 
proceeds through the initial formation of an “intact” 
radical anion such as 14 (only one resonance structure 

shown for illustrative purposes) or whether either 14 or 
14’ results from a common transition state. In either case, 
14’ is expected to be the more highly delocalized species 
due to the dihydroanthracenyl type anion.6 Since lithium 
tends toward greater separation of ion pairs as compared 
with sodium, it follows that the structure with greater 
charge delocalization (i.e., 14’) could be more important 
when lithium is the c~unter ion .~  

The difference in the behavior of 7 and 10 remains as 
somewhat of a puzzle. However, there may be a consid- 

(4) Dodd, J. R.; Sanzero, G. V. J. Am. Chem. SOC. 1975, 97, 4917. 
(5) Harvey, R. G.; Lindow, D. F.; Rabideau, P. W. J .  Am. Chem. SOC. 

(6) The relative positions of the radical and anion were deduced on 

(7) Szwarc, M., Ed. “Ions and Ion Pairs in Organic Reactions”; Wi- 

1972,94, 5412. 

the basis of ref 3b. 

ley-Interscience: New York, 1972. 



4596 ,I. Org. Chem., Vol. 44, No. 25, 1979 

erable difference in the distribution of charge densities in 
the radical anions derived from 7 and 10. ESR studies with 
2,3-na~hthobarrelene,~ for example, suggest considerable 
spin density in the unsubstituted ring, and this sort of 
effect may tend to kelep the radical anion of 7 intact (see 
also ref 3b). In any event, factors which affect ring-opening 
processes in these and related systems certainly warrant 
further investigation. 

Discussion 
In considering the behavior of 1, we note that the re- 

duction of a bridged ethylene has been previously reported, 
and the conversion of norbornadiene to norbornene by the 
action of alkali metals in ammonia was attributed to the 
intermediacy of a nonclassical radial ion ( 17).839 Subse- 

Rabideau e t  al. 
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quent theoretical considerations of similar topologies1° lead 
to the classification of the probable intermediate as a 
homoaromatic radical anion or dianion (i.e., 18). More 
recently bishomoconjugative stabilization was reported for 
the related carbanions 19 and 20, although the presence 
of a third center in 201 does not result in substantial ad- 
ditional stability due to longicyclic stabilization (bicyclo- 
aromaticity). l1 

Most recently, barrelene itself (21) has been investigated 
in terms of the nature and extent of K--K conjugation, and 
the first theoretical callculations (semiempirical SCF-C1- 
MO treatment) that reproduce the observed UV spectrum 
have been obtained.'* In this case best results seem to 
be achieved by a geometry providing slight increases in 
bond lengths. Further support for this approach was 

obtained by force-fie1.d calculations which did indeed 
suggest a lower energy for this geometry. The results of 
this study indicate that through-space P-P interactions as 
well as through-bond P-T interactions are necessary to 
account for the UV spectrum of barrelene. This latter 
interaction must, of course, be transmitted through the u 
framework. 

Thus, interaction of' C5-C6(~) with C,-C,(n) is trans- 
mitted through Cl-C2(a) and C4-C3(u), etc. This is, of 
course, consistent with the concept developed by Hoff- 
m a n ~ ~ ' ~  for P-P interactions both through space and 
through bonds. It should also be noted that through-bond 

(8) (a) Ortiz de Montellano, B. R.; Loving, B. A.; Shields, T. C.; 
Gardner, P. D. J. Am. Chem. SOC. 1967,89, 3365. (b) Birch, A. J.; Rao, 
G. Subba Adu. Org. Chem. 1972,8, 17. 

(9) See also ref 2b which iincludes additional examples and: Paddon- 
Row, M. N.; Butler, D. N.; U'arrener, R. N. J .  Chem. SOC., Chem. Com- 
mun. 1976, 741. 

(10) (a) Goldstein, M. J. J .  Am. Chem. SOC. 1967,89, 6357. (b) Gold- 
stein, M. J.; Hoffmann, R. Zoid. 1971, 93, 6193. 

(11) (a) Moncur, M. V.; Grutzner, J. B. J .  Am. Chem. SOC. 1973, 95, 
6449. (b) Goldstein, M. J.; Natowsky, S. Zbid. 1973, 95, 6451. See also: 
Grutzner, J. B.; Winstein, S. Zbid. 1972, 94, 2200. 

(12) Meyer, A. Y.; Pasternak, R. Tetrahedron 1977, 33, 3239. 
(13) Hoffmann, R. Acc. Chem. Res .  1971, 4, 1. 

A-P conjugation is accompanied by a weakening of the u 
f r ame~0rk . l~  This may account in part for the ring- 
opening reactions observed for triptycene derivatives. 

Thus, we expect significant AT orbital interactions with 
the compounds studied herein. Furthermore, the partic- 
ular topology associated with the barrelene system should 
provide for a stabilizing interaction in the radical anion 
or dianion intermediates when all three P systems are 
involved.1° This effect does appear to be important in this 
case since regioselectivity appears to depend on the third 
P bridge. Thus, in comparing the reduction products of 
triptycene, 9,10-dihydroanthracene, and 9,lO-ethano- 
9,lO-dihydroanthracene (6,21, and 22, respectively), one 
observes that only triptycene which possesses a third x 
center provides any 2,4a-type reduction (i.e., 6, as the major 
product). In the latter two cases, only 21 and 22 were 
detected (respectively) with no evidence for other dihydro 
products. 

_. 

We conclude, therefore, that all three rings must be 
involved in the metal-ammonia reduction of triptycene 
and that this effect is responsible for the product distri- 
bution. 

Experimental Section 
General Methods. Metal-ammonia reductions were carried 

out as follows. The hydrocarbon was dissolved in 1 part of THF 
(distilled from LiA1H4) and added to 1.5 parts of anhydrous 
ammonia under helium. The metal was then added in pieces, and 
the reaction was stirred at  either -33 or -78 "C for about 20 min. 
A proton source was then added until the solution lost color 
followed by the addition of water and isolation by ether/water 
partition. 

9,lO-Ethano-9,10-dihy droanthracene (2). Dibenz~barrelene'~ 
(1.5 g, 7 mmol) was reacted with lithium (18 mmol) in 100 mL 
of NH3 a t  -33 "C according to the general procedure, followed 
by quenching with water to afford 216 in nearly quantitative yield: 
mp 138-140 "C; NMR (CDClJ 6 7.1 (m, 8 H), 4.3 (br s, 2), 1.7 
(br s, 4). 
9,10-Ethano-1,4,9,10-tetrahydroanthracene (22). The above 

product (2; 0.5 g, 2.4 mmol) was reacted with lithium (8.5 mmol) 
in 75 mL of NH3 at  -33 "C as above. After 30 min, dry t-BuOH 
was added quickly, and workup produced a white solid. Re- 
crystallization from CCll afforded 22 in 70% yield: mp 71-73 
"C; NMR (CDCl,) 6 7.0 (br s, 4),  5.6 (br s, 2),  3.55 (br s, 2), 2.8 
(br s, 4), 1.5 (m, 4). 

Anal. Calcd for C&16: C, 92.26; H, 7.74. Found: C,  91.96; 
H, 7.98. 

1,4- and 2,4a-Dihydrotriptycene (5 and 6). Triptycene was 
reduced under a variety of conditions as described in Table I. 
Separation of these isomers could not be achieved by standard 
methods, including GLC on at  least ten different columns (partial 
separation in some cases), and elemental analysis was performed 
on the mixture of isomers. However, high-pressure LC with 
recycling on two 2-ft b-Porasil columns provided substantial 
separation, and the NMR spectra were determined: 5,6 7.1 (m, 
8), 5.8 (br s, 2), 4.65 (s, 2), 2.9 (br s, 4); 6,  7.1 (m, 8) ,  5.7 (m, 3), 
4.75 (9, l), 4.3 (br s, l), 2.55 (m, 3). 

Anal. Calcd for C2,,HI6: C, 93.74; H, 6.26. Found: C, 93.44; 
H, 6.12. 

(14) Gleiter, R. Angew. Chem., Int .  Ed. Engl. 1974, 13, 696. 
(15) Rabideau, P. W.; Hamilton, J. B.; Friedman, L. J.  Am. Chem. SOC. 

(16) Birnbaum, N.; Cookson, R. C.; Lewin, N. J. Chem. SOC. 1961, 
1968,90, 4465. 

1224. 



a-Aryl-4-morpholinr~acetonitrile Anions 

2a,3a-Dihydro-2,3-benztriptycene (8). 2,3-Benztriptycene17 
(0.25 g) was reduced with lithium according to the general pro- 
cedure with t-RuOH (1s the proton source. This was a difficult 
reaction to carry out cleanly, but the use of somewhat lesser 
amounts of lithium (1.1 equiv) afforded a product consisting 
primarily of 8 togethler with unreacted starting material. Re- 
crystallization from awtonehexane provided 8: mp 209 "C; NMR 
(CDCl,) d 6.9 (m, 10) 5.7 (br s, 2), 5.2 (9, 2), 3.2 (br s, 4). 

Anal. Calcd for CZ1Hl8: C, 94.08; H, 5.92. Found: C, 93.87; 
H, 5.90. 

1,4-Dihydro-2,3-benztriptycene (9). When the above reaction 
was quenched with H 2 0  instead of t-BuOH, 8 and 9 were formed 
in a ratio of 1:2 together with -30% unreacted starting material. 
Purification of 9 was not possible, and the NMR spectrum was 
determined by subtracting out those of 7 and 8: NMR (CDC13) 
6 6.9 (m, 121, 4.75 (s, 21, 3.5 (s, 4). 

9-(2-Napht hyl)-9 10-dihydroanthracene. 1,2-Benztri- 
ptycene17 (0.75 g, 2.5 mmol) was reacted with lithium metal (6.2 
mmol) as usual with a t-BuOH quench. Recrystallization of the 
crude product from ethanol gave white crystals of 12: mp 128-129 
"C (0.4 g. 53% 1; NMIE (CDClJ d 7.2 (m, 15), 5.35 (s, l), 4.0 (br 
s, 2). 

Anal. Calcd for C2.,H16 C, 94.08; H, 5.92. Found: C, 93.84; 
H. 6.07. 
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Dehydrogenation of 12 (0.2 g) with 5% PdjC (0.12 g) a t  350 
"C for 1.5 h provided g-(Znaphthyl)anthracene, mp 200-202 "C.18 
5,8-Dihydro-1,2-benztriptycene (15). When the above re- 

action was carried out by using sodium metal at -78 "C, a mixture 
of 15 and 16 resulted. Two recrystallizations from ethanol pro- 
vided 15 in 40% yield: mp 211-213 "C; NMR (CDCl,) d 7.0 (m, 
lo), 5.8 (br s, 2), 5.5 (br s, l), 5.25 (s, 11, 3.4 (m, 4). 

Anal. Calcd for CZ4Hl8: C, 94.08; H, 5.92. Found: C, 93.79; 
H, 6.15. 

1,4-Dihydro-l$-benztriptycene (16). This compound could 
not be obtained free from 15, but the NMR spectrum was de- 
termined by subtracting out the spectrum of 15: NMR (CDClJ 
6 7.0 (m, 12), 5.9 (br s, l), 5.0 (br s, I), 4.8 (9, l), 3.1 (br s, 3). 
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The anicins of a-aryl-4-morpholineacetonitriles are alkylated with ethyl bromoacetate, epichlorohydrin, or allyl 
chloride and displace halogen on benzene derivatives containing electron-withdrawing groups to give benzophenones. 
These anions are acylated with ethyl chloroformate and benzoyl chlorides and add to ethyl acrylate and acrylonitrile 
to give good yields of 1,4-addition products. 

Discussion ~ t u d i e d ~ " , ~  and Leete reported8 the 1,Caddition of a-(3- 
The use of masked functional groups such as masked 

acyl anion equivalents in the formation of carbon-carbon 
bonds has proved to be a powerful strategy in the devel- 
opment of new synthetic methods.' Stetter has studied 
the addition of aryl aldehydes to a,@-unsaturated esters, 
ketones, and nitriles by the use of anions from intermediate 
cyanohydrinsa2 The utility of 0-alkylated cyanohydrins3s4 
and 0-silylated cyanohydrins5 in the synthesis of ketones 
has been reported. EEelated masked acyl anion equivalents 
are those derived from a-aryl-a-(dialky1amino)aceto- 
nitriles.6 Alkylations with benzyl halides have been 

pyridyl) -4-morpholineace toni trile to acrylonitrile, 
We have found that diverse a-aryl-4-morpholineaceto- 

nitriles add to acrylonitrile and ethyl acrylate to give good 
yields of 1,4-addition p r o d ~ c t s . ~  With ethyl acrylate the 
yields are superior to those obtained from aryl-aldehyde 
cyanohydrins,*S6 and with acrylonitrile yields are a t  least 
equivalent. The addition of a-aryl-4-morpholineaceto- 
nitriles to ethyl acrylate followed by hydrolysis of the 
masked acyl function is a useful high-yield route to ethyl 
3-aroylpropionates1° and 3-aroylpropionitriles (see Table 
111). 
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