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Abmct-( -HIS,3S,SR6S,8R,lOR~Trishomocubanethanoic acid (5) of known absolute co&guratioa and 
absolute rotation was converted into ( + HlSSS~~bS,8R,lOR~2-bromoctbynyl-D,-trishwtacubant(ff) of 
C1 symmetry. 1,3,5,7-Tetraethyaylodamantane (22), with Td symmetry, was prep& from 1,3,5,7- 
tctrakis(hydroxymethyI~tanc (13). Coupiing of the Cmponcnt 27 with tbeTd component 22 w 
suczceufully aaxm~pIi&ed by Chodkicaricr and Cadiot’s prooalure providing (+&1,3,5,7-t-2- 
(1S~S,5R,6S,8R,IOR~D,-trisbomocubanylbutl1,3-dipyl]adamantane (4) whose highest attainable static 
and time-averaged dynamic symmetry arc T and (C,)’ A T, respectively. 

Organic molecules with polyhedral symmetry have 
&XI and remain a challenge to organic chemists. 
Among hydrocarbons based on Platonic regular 
polyhedra, cubane (Oh symmetry) was prepared by 
Eaton and Cole’ in 1964 and dodecahedrane (lb 
symmetry) was made by Paquettt and co-workers2 in 
1982. Tetrahedrane (Td symmetry) itself is unknown, 
but the syntheses of the tetralithio5 and the tetra-t-butyl 
derivative4 were reported in 1978. Thtse symmetry 
classes are not chiral. 

Among molecules with chiral polyhedral symmetry 
(T, 0, and I symmetry), the existence of molecules with 
conformational T symmetry has been disc& by sev- 
eral workers. An electron diffraction study by Bartell 
et aLs showed unambiguously that tetrakis(tri- 
methyl)silane assumes a conformation of T symmetry 
in the gas phase. On the basis of empirical force- 
field calculation, Iroff and Mislow6 showed that mol- 
ecules of the type of t-Bu,M [e.g. qSi(CH ,),], and 
C[C(CH ,) J,] and tetra-t-butyltetrahedrane exist in a 
conformation with T symmetry in the ground state. 
However, as far as we know, no optically active mol- 
ecules with T symmetry have been mentioned in these 
reports. The synthesis of an optically active molecule 
of chiral polyhedral symmetry is thus an interesting 
synthetic challenge. 

Farina and Morandi’ proposed three models by way 
of a potentially aazssible model of T symmetry, one of 
which, 1, may be obtained in optically active form by 
placing four optically active C3 submolecular units of 
the same chirality at the four apices of a tetrahedral 
framework such as adamantane (Td symmetry). 

After we reported the preparation and absolute 
configuration determination of ( + )-D,-trishomo- 
cu bane (2)’ with Ds symmetry, we explored a synthetic 
route to an enantiomerically pure compound of poly- 
hedral T symmetry such as 1 using a D&s- 
homocubanc derivative as the optically active Cj 
submolecular unit. In 1981 we prepared (-) - 1,3,5,7 - 
tetrakis[[Q - (lS,3S,5R,6S,%R,lOR) - DB - tris- 
homocubanyl)a&oxy]methyl]adamantane (3)9 by 
using 1,3,5,7-tetra.kis(hydroxymethyl)adamantane (13) 
and (-)-2-trishomocubanethanoic acid (5) and 
reportedthisasthe~topticanyactivecompoundwith 
dynamic T symmetry. Soon after publication, 
Mislow”’ showed that the interposition of the 
acetoxymethyl (CH2C02CH2) groups destroys all 
threefold symmetry inherent in four trishomocubanyl 
groups and the highest symmetry really attainable by 
molecule 3 is D,. This prompted us to replace the four 
acetoxymethyl groups of 3 with cylindrically sym- 
metric groups, such as the -(c+, group. In this 
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paper we wish to report the successful spthesis of ( +) - 
1,3,5,7 = tetrakisf2 - ~~S,3S,5~6S,~~,l~~~ - & - 
trishomocubanylbuta - 1,3 - diynyI]adamantane (4) 
which hascyIindricaIIy symmetric--&=Q--z groups 
between the cent& Td-adamantane core and the Cj- 
t~shorn~ub~e components. 

Asoutsyntheticstratcgy involved thecouphngofthe 
&components with the Tdoomponcnt, both corn- 
poneats require Functional group6 as ready “h&.ndIc8” 
for the coupling reaction. WC chose 2-ethynyf-D,- 
t~horn~ub~~ (12) and 1,3,5,?-tc~~~~~- 
adamantaue (22) as the C,-component and the 
Td~orn~n~~ respcztively. 

As it is indismbk for our strategy that the 
absofutc ~nfi~ration and optical purity of the 
C,componont be known, we used (-)- 
~1~,3~,SR,6~,&R,l~R~t~shom~u~Gth~oic~d(~ 
whose ptcparation was reported in our previous 
pap~,~ as the starting material for the synthesis of the 
0pticaIly active C,+omponcnt, (+)-2-cthynyl-I+ 
trishomocuhane (121. Treatment of ( - h5, [aID - 68.2” 
(96% optical p~ty~’ with thionyl chforidc gave the 
acyl chloride 6 which was reacted with dimcthylamine 
to afford the ~-~G~y~~dc 7 as a &quid, 
Reduction of ( - )-7 with LiAlH* followed by oxidation 
with 300/, hydrogen peroxide in methanol gave the 
amine oxide 9. Cope elimination of 9 was carriad out at 
165-l 70” under reduced pressure to yield ( - )-2- 
eth~~yl-~~-~horn~ub~~ (10) iis a volatile solid ia 
64”/, overall yield from 5. Bromination of ( -)-IO with a 
solution of bromine in carbon tc~~~o~d~ yielded the 
~bro~d~ 11 as a liquid. Although dehydrobro~na 
ation of 11 by heating at 190-200” with powdered 
KOH is rat&r drastic, the reaction was su~sf~y 
carried out under redwxd pressure, and the voiatik 
product was removed from the reaction mixture 
by distillation. Further purification gave (+) - 
~1~,3S,SR,6~,8R,l~R) - 2 - ethynyl - D3 - trishomo- 
cubant (12), [@In + 29.2”, in 36% overalE yield from 19, 
Ite ‘H-NMR spectrum 6 1.3-1.7 (m, 6H, CH,), 2.04 (s, 
lH, CECH), M-2.3 (m, 6H, CH), and 2.35 (br 8, fH, 
CH), is consistent with the Zsubstitutcd Da- 
t~shorn~ub~c structure 12 of C3 symmetry. 

Prepmotion of the Td-component, 1,3,5,7-tetruethynyE 
~~~ (22) 

The simpic synthesis of l-cthynylnAnmRntane 
from I-bromoadamantane via I-(2-bromoethcayl)- 
adamantane was rtpoti by Staffer and Wu.Uf? 
However, our attempts to convert 1,3,5,7-tetrabromo- 
~~~lZ into 1~~,7~t~~~~~~c 
(22) according to Stctter and WuM’s proccdurc 
were not succcssfitl because 1,3,5,7-t~~abrorn~ 
adamantane is scarcely soluble in vinyl bromide. 
We therefore decided to convert 1,3,5,%tetrakis- 
(auboxymethyl)adamantane (16) to the Tdoom- 
portent 22 by the parallel sequence of oonversionx 
described for the p~ation of (+)-12, 

A routine homologation reaction sl#lucncc con- 
v=tuI 13,S,7-~~~~~ydrox~G~orethyf)adamantane 
(13) I 5 into 16 via the ptoIuenesuIfonat.e 14 and the 
nitrile 15. The overaIl yield for the thrc~tep 
conversion of 13 into 16 was 68%. Treatment of 16 with 
thionyl chloridt foifowcd by the reaction with 
~ethyl~e in bename gave amide 1’7 which was 
redudbd to amine 18 with LiAIH,. Oxidation of 18 with 
3qo/, hy~o~ peroxide follows by pyrolysis at 165- 
170” yieldad 1,3,5,?-tetraethcnyladamantant (2@ as a 
Iiquid in 6204 overall yield from 16. Etromination of #) 
followed by dchydrobromination wfth KOH at 160” 
under reduced pressure gave 1,3$,7-tetracthynyi- 
~~~~e (22) ax a volatile solid, m.p. I%-157” 
@c&d tube). The structural proof of 22 was baaed on 
the ‘H-??MR *rum which exhiitod only two 
singlet signals, 6 1.90 (12H) and 2.14 (4% due to the 
methykne and acctylenic protons, respectively. 

The final stage of our strategy ia thecoupling reaction 
of the (+~~~rn~n~t 12 with the Td-component 
22. ThGrcactiun was carried out following chodkiewicx 
and Cadiot’s procedure. l4 Before aNpIi.ng of 22 with 
(+)-15wecxaminadther~vityof22witbarrrthcr 
bulky bromoaikyne under Chodkkwicz and Qdiot’s 
reaction ~nditions. The coupling of 22 with 4 molar 
equiv of 1-bromo-3,3dimcthyl- 1 -butyne (23), prepared 
from 3,3~c~yl-l~but~e1’ with sodium hype- 
bromitc, gave a complex mixture of the ~o~~up~g 
products. The prcscncc of singly, doubly, and triply 
coupled products togethcr with a small amount of the 
desired quadruply coupled compound 2S was revealai 
by mass spectral analysis. After this preliminary 
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cxpcrimcnt, the coupling of22 was run with large CXCBS 
of23.ChromatographicsepiuationafIordedtheknown 
polyacztyknic compound, 2,&7,7_tetramethykctanctana 
3,Sdiync (24) (12% yield) and the quadruply coupkd 
compound 25 (23% yield), m-p. > 3W, which was 
further purif%d by recrystalhzation from pcntanc. 
Proof for structure 2S is based on the mass spectrum as 
well as the ‘H-NMR and IR spectra The ‘H-NMR 
showed only two singlet signals, b 1.25 (36H) and 1.82 
(12H), due to methyl and methylcue groups, 
rcspcctivcly. The 330 cm -‘bandobservcdintbeIR 
SIXtrum of 22 was not prcScnt in that of w. 

Couplilyl reation 01th Td-component 22 with the ( + b 
C,-component 12 

After several attempts to convert (+b12 into 27 by 
the reaction with sodium hypobromite were unsuccess- 
f~rcsultingonlyinr~overyofthcstartingmateriall~ 
the desired conversion was%ccomplisln~I by Eglinton 
and McCrae’s procedure. 16Reactionof(+F12witha 
solution of mercuric acetate in n-butylaminc gave the 
mercury derivative 26 which was treated with bromine 
in carbon tetrachloride to give a 57% overall yield of 
(+)-27asasolid. 

2,2 + BrCSCCH3)3 

5 

Chodkiewicx and Cadiot’a reaction of 22 with 10 
molar equiv of (+b27 followed by chromatographic 
separation on alumina gave (+b27 (23% recoveredh 
thedimcr(+~23(28%yield),andamixtureofthecross- 
coupling products. Tile dimer (+b28 was further 
purified on sublimation. The assigned structure was 
con6rmed on the basis of mass, W, and ‘H-NMR 
spectra as well as the chemical reaction. On 
hydrogenation over Pt& in ethanol (+ )-28 took up 4 
mol of hydrogen to afford the (-)-saturated 
hydrocarbon 29, m.p. 2O!iL210”. 0x1 the other hand, 
analysis of the cross-coupling products by means of 
mass spectroscopy revealed the prcsenoe of the doubly 
and the triply coupled products as well as the desired 
quadruply coupled product 4. Recrystallization of the 
mixture from pentanc removed the doubly coupled 
compound, it being easily solubk in hot pentanc, and 
Ieft a 5 : 1 mixture of the triply coupled compound and 4. 
In spite of using a la.rBe excess of the bromoalkyne 27, 
the coupling reaction provided the de&cd quadruply 
coupled product 4 in rat her poor yield. The 5 : 1 mixture 
was again reacted with excess (+)-27 by the same 
procedure. Alumina column chromatography of the 
product gave a 60% yield of{ +)-28 and 4 together with 

- (CY)3WC’C+2C(CH3)3 + R 
R 

2,4 R 
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a small amount of the triply coupled product. 
Recrystallization of the cross-coupling products from 
pentanc provided (+)-4 as silky crystals. Some 
coloration of the crystals begins at cu 300”; at 350”, a 
dark brown coloration is evident, but melting is never 
observed. Structure 4 was unambiguously confirmed 
by analysis of the spectra (mass, UV, IR, and ‘H-NMR) 
as well as elemental analysis. The 3300 cm- ’ band 
observadintht IRspactnrmofthcmixturtofthccross- 
coupling products disappeared in that of 4 and bands 
due to --(CEq,- groups were observed at 2250 and 
2150cm-1.The1H-NMRspcctrumof4dcmonstratad 
the absence of acztylenic protons, whose signal at S 2.14 
was observed ~JI that of the mixture. 

since interposition of *CE*,- groups bctwaen 
the four C#ishomocubanyl groups and the central 
Td-adamantanc framework will result in free rotation 
of all the Qzomponcnts, the time-averaged dynamic 
symmetry4 of this molecule is (C,)’ A T. If we assume 
inhibition of internal free rotation of the four Cs- 
components, the highest static symmetry attainable by 
(+)-4isT. 

EXPERIMENTAL 

All m.ps and b.ps arc uncorrected. IR sp&ral data were 
obtained on a Hitachi 26&10 spcctrophotometer. ‘H-NMR 
spectra were obtained on a JNM-C-60 and a JNM-FX-100. 
Optical rotations were measured with a JASCO DIP-140 
automatic polarimctcr. UV mra were mc~urcd with a 
Beckman DB spectrometer. Maw spectra were taken with a 
Matsuda-type doublc-zocusing spectrometer cqu@ped with a 
silicon emitter.” GLC analyses were performed ou a JGC- 
20K equippal with an FID using a 2 m x 3 mm i.d. column of 
10% PEG 2OM on UniportHP. Elemental analyses were 
determined on a Yanagimoto CHN-Corda. 

( - ) - N,N - Dbwthyf - (2 - D, - tiishomocubanyC)cth 
(7).Amixturcof(-fS,[& - 682” (%“/, optical pwity)#9(3.73 
g, 0.0183 mol) and SOQ (5.60 & 0.047 1 mol) was stirred for 48 
h at room temp. Exous SOClz was removed under reduced 
pressuretogive6asaliquidwhichwasdissolvcdin30mlofdry 
benzene. After the soln was added drop& to as- soln of 
anhyd dimcthylamine (3.80 g, 0.0843 mol) in dry benzene (15 
ml) with ice cooling, the mixture WBS warmed gradually to 
room temp and further stirred for 48 h at this temp. The 
mixture was poured into ia-water, made acidic with aq HCI 
and extracted with ether. The extract was washed with 
NaHCO, aq and water, dried (MgSO1), and conantrated to 
giveanoilyproductwhichwasdimilledtofurnish(-~7(3.39g, 
800/o yield), b.p. 127-130” (0.4 mm Hg); [a]:’ - 58.8” (c 0.366, 
EtOH); IR (neat film) 1650 cm - I. (Found: C, 77.97; H, 9.13; 
N, 591. Calc for C1,HI,ON: C, 77.88; H, 9.15; N, 6.05x.) 

(-~2-Ethenyl-D,-rrislromocubane(lO).Asolnof( -b7(3.39 

& 14.7 mmol) in dry ether (65 ml) was added to a suspension of 
LiAlH4 (670 mg, 17.6 mmol) in dry ctbcr (25 ml), and the 
mixture was rcfluxod for 20 h. After NaOH aq (NaOH 11.1 g, 
Hz0 45 ml) was careffly addal to the mixture with ia 
cooling, an inorganic solid was 6ltcrad 06 and wauhed with 
ether. The washinga and the original tI.ltrate wm combmad, 
washed with water, dried (MgSOJ and cuncentratcd b lxlcuo 
to give 8 (323 g) as an oil. The amine 8 (3.23 s) WBB disuolvsd in 
MeOH (4 ml) and cooled in an ia bath To the chilled and 
stirred soln was slowly addad 30% HiOl (2 mI), and the 
mixturcw~sgraduanywannadtoroom~p.Afttr4and16h 
pcriod~, the mixture was further trwrted with WA H102 (each 
2ml).Aftcrbcingrtirradfor30hat~mttmp,tbcmixturtw~ 
trtatsdarithPtblack(100ma)todertroy~nmainiagH,OI. 
The catalyst wan filtered &and the f&rate was ooncentnatal 
to give 9 as a solid which SW tran&rrcd into a distilling flask 
equipped with a cold trap. Pyrolysis by heating at 165170” in 
IWCUO for 3 h gave a aemiaolid which wau disaolvai in ether, 
washed succu&ely with aq HCl, NaHCOb 4 and water and 
driad(MgSO~.Afttrrtmovaloftbcbolvtnt.tht~ultin#~lid 
wassublimedat5O”(5mmHg)toaVord(-~10(1.9Og,75”/, 
yield based on 7), rap. 53-W (in a se&d tube); [a];’ -81.3” 
(c 0.508, EtOH); IR (KBr) 3100,1635,905 cm- ‘. (Found : C, 
90.64; H, 9.40. Calc for C1,Hi6: C, 90.64; H, 9.36%) 

( + b2-Ethynyl-D,-nishomocrrbone (12). A so111 of Br, (1.70 
g, 10.6 mmol) in dry CC& (4 ml) was added to a soln of ( -&lo 
(1.52 g, 8.84 mmol) in dry CC& (4 ml) with ia cooling. Akr 
being stirred for 3 h at room tcmp, tic mixture was diluti 
with Ccl, (20 ml), washed suocesaively with aq sodium thio- 
sulfate soln, NaHCO, aq, and water, dried (Na,SO,) and 
conazntrati to give 11 as a pale yeuOw liquid (3.60 g). Crude 
ll(3.06g)w~pplrocdinrdistilling~equippedwithacold 
trap and mixed with powdered KOH (2.9 g) and trktbykne 
glycol(8 ml). The mixture was be&al at 19&2W’for 2 b under 
raiu& pressure (30 mm Hg), and a solid was collaztcd in the 
trap. The condensate wm dissolved in pentant, washed with 
water, and dried (MgSO,). After the solvent was evaporated, 
the residue W[L~ chromatographcd on alumina and fractions 
clutcd with pentanc gave a colorless liquid which was distilled 
toaKord(+)-12(54Omg,360/,yieldbasalon(-)-10),b.p.11& 
115°(30mmHg);[a]~s +29_2°(c0.251,EtOH);IR(ncat61m) 
3300,2105,1460 cm- ’ ; 1 H-NMR (CDCl,) 6 1 .>1.7 (6H, m), 
2.04(lH,s),l.8-23(6H,m),2.35(1H,brs).(Found:C,91.55; 
H,8.19.CalcforC,,H1,:C,91.71;H,8.29%.) 

1,3,5,7-Tetrakis(cyanomethyl)adamanranr (IS). To an ice- 
cooled solnof1313(5.90g,0.0230mol)in pyridine(l5Oml)was 
added ptoluenesulfonyl chloride (26.2 g, 0.138 mol). The 
mixture was stirred for 6 h with ice cooling and kept overnight 
at room tcmp.Aftcrthemixturc waspouredintoice-waterand 
extracted with ether, the extract was washed suoccssivcly with 
aq HCl, NaHCO, aq, and water, dried (MgSOa and 
concentratedtpgive 14(19.2g)asasolidAmixtureofcrudt14 
(19.2 g), NaCN (6.76 g, 0.138 mol), and DMF (110 ml) ww 
heated at 120-130” for 14 h with stirring. After cooling, the 
remaining NaCN was removed by hltration and the filtrate 
was concentrated in WC(U). Addition of water (200 ml) to the 
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residue deposited a solid which was collected and 
rmystalbxed from AcOH to afford 15 (5.20 g, 77% overall 
~~dftom13~m.p2~268”;IR~&)2UOcm-‘.(Found:C, 
73.7l;H,6.89;N,l8.87.CalcforC,,H,,N,:C,73.94;H,6.90: 
N, 19.16%.) 

1,3,5,7_Tetr~carbox~lr)rl)PdamamMc(16). A mixture 
of15(11.4g,0.0390mo1),concH,SO,(215ml),andw&r(260 
ml) was heated at 12&1w for 24 h. Cooling in an ioabath 
deposited a solid which was coUaztal, w&al with water, and 
raxystalhzed from AcOH to give 16 (126 g, 88% yiekl), m.p. 
> 300”. (Found : C, 58.86 ; H, 6.53. Calc for C,#H& : C, 
58.69 ; H, 6.5%.) 

1,3,5,7 - Tetrakis(N,N - dimerhykar&moyfmethyl) - 
admumne (17). A mixture of 16 (126 g, 0.0344 mol) and 
SOC12 (115 ml) ~8s gently refluxcd for 40 b. Runoval of 
excess SOCI, in w gave the acyl chloride (14.6 g) as a solid 
which was dissolved in dry benxeue (Ooml). The soln was 
added to a chilled soln of anhyd dimcthyhunine (24.7 g, 0.549 
mol)indrybtnztnt(l00ml).Ahabeingstirradfor6hwithia 
cooling, the mixture was allowed to stand overnight at room 
tcmp.Theexrxssdimcthylamincwas removed -and the 
rasidual benzene soln was washed with a small amount of 
water,dried(Na,S03andconcentrated togivc17(15.2g,93% 
yield). Bulb-to-bulb distillation (oven tcmp 345-350” at 0.1 
mm Hg) tiordcd an analytical sample of 17; IR (neat lilm) 
1630 cm-‘. (Found: C, 65.80; H, 9.15; N, 11.55. Calc for 
C26Hu0,N,: C, 65.51; H, 9.31; H, 1 l-76%.) 

1,3,5,7 - Tetrakisf2 - N,N - dbnerhylaminomeihyl) - 
adamantme (18). A soln of 17 (15.2 g, 0.0320 mol) in dry 
THF (500 ml) was added to a suspension of LiAlH, (7.30 g, 
0.192 mol) in dry THF (150 ml), and the mixture was 
refluxed for 24 h. The same workup as described for the pre- 
paration of 8 gave 18 (11.3 g, 84% yield) as a solid which 
was recrystalhzed from hcxanc, rnp. 66-68”. (Found : C, 74.02 ; 
H, 12.40; N, f3.41. Calc for Ct6HzsN4: C, 74.22; Hi, 12.46; 
N, 13.320/,) 

1,3,5,7-Tetruethenyladamantane (20). Amine 18 (11.3 g, 
0.0270 mol) was treated with 30% H,02 by the same 
prdure as described for the preparation of 9. Amine oxide 
19wasobtainedasaviscowoil.Pyrolysisof19wascarriedout 
as described for the preparation of 10 and distillation of the 
product afforded 20 (5.10 g, 79% yield), b.p. 98-100” (0.2 mm 
Hg); IR (neat film) 3100, 1640, looO,910 cm-‘. (Found: C, 
89.83; H, 10.01. Calc for CitHz4: C, 89.94; H, 10.060/,.) 

1,3,5,7-Tettaeihynyladamanra (22). Addition of Brl (16.0 
g, 0.100 mol) to 20 (4.81 g, 0.0200 mol) was carried out aa 
described for the preparation of 11. Dilution with CCl, (100 
ml) and cooling in an ice-bath deposited a solid which was 
collected and washed with chilled CCl, to afford bromide 21 
(14.1 g, 80% yield), m.p. 108-l 10” dec. Bromide 21(2.7Og, 3.07 
mmol), powdered KOH (3.8 g), and tricthylent glycoI(l0 ml) 
were plaoed in a distilling Bask quippod with a cold trap and 
heated at 160” under reduced pressure (30 mm Hg) for 2.5 h. 
The routine workup as described for the preparation of( + bI2 
gave a solid which sublimed at 95-100” (20 mm Hg) to furnish 
22 (125 mg, 18% yield), m.p. 156-157” (in a sealed tube); IR 
(KBr)3300,2100,145Ocm-‘; ‘H-NMR(CDCl,)& 1.90(12H, 
~),2.14(4H,s).(Found:C,92.97;H,7.0l.CalcforC,,H,,:C, 
93.06; H, 6.94%.) 

1-Bromo-3,3-dimerhyll-butyne (23). A so111 of 3,3dimethyl- 
I-butyne” (2.3Og, 0.028Omol) inTHF(91 ml) was added to a 
mixtureofBr,(l.58ml),l0NNaOHaq(7.2ml),andice(l7g). 
The mixture was vigorously stirrad for 2 h with ice cooling and 
then for a further 3 h at room temp. After NH*Cl aq was added 
to the mixture with ice cooling, the mixture was extracted with 
tther.Thccxtract was waahal with watcr,dried(MgSO,),and 
conantrated to give 23 (3.49 g 780/, yield) as a colorless liquid ; 
IR (neat film) 2970,29X), 2900,2870, 1470, 1365, 1260, and 
1200 cm-‘. This unstable bromide was wed in the next step 
without further puriRcation. 

1,3,5,7 - Tecrukis(t - butyl - 1J - butadiynyl)admmtam (25). 
Asolnof23(400mg,2.5Ommol)inTHF(0.5ml)wasadded toa 
stirred mixture of 22 (38 mg, 0.16 mmol), cuprous chloride (2.0 
mg, 0.020 mmol), 39% aq ethylamine (2 ml), and THF (0.7 ml) 

during 15 min under N,, and the mixture was stirred for an 
additional 1 h at room temp. During this period, a small 
amount of solid hydroxylamine hydrochloride was addal 
several times to keep the Cu ion in the cuprous state. After Y/, 
KCN aq was added to the mixture, the mixture wu extractal 
with ether. The extrad was wa&d with water, dried (MgSO,) 
and concentntad to@ve a solid which was ckuomatographal 
on alumina. The earlier fractions aluted with pentane gave 24 
(25 mg, 12% yiddhm.p. 12el31” (in a 8ealcd tube)(lit” m.p. 
13&l32”),asavolatilcsolidmd thelatarfractionselutaiwith 
thcsamcsolvtntailordsdthecroascoupbdproduct~(20mg, 
23% yield) which was recryataRixed from pentanc, m.p. 
> 300”; IR (KBr) 2150, 1450, 1360, 1280, 1190 cm-‘; W 
(hexanc) &._ 217 nut (E 2.65 x 103), 230 (3.04 x 103), 241(2.87 
x 10’),255(1.% x 103);‘H-NMR(CDQ)b 1.25(36H,s), 1.82 

(12H, s); MS (m/e) 552 (M’). (Found: C, 91.14; H, 8.74. Calc 
for &H1s : C, 91.25; H, 8.75x.) 

Mercury deriuutiw oj ( + )-2-ethynyl-D+ishwre 
(12). A soln of mercuric acetate (537 mg, 1.69 mmol) in n- 
butylaminc (2.1 ml) was added all at ona to a soln of (+b12 
(460 mg 2.7 1 mmol) in n-butylamine (1.4 ml). After being 
stirred for 10 min at room temp, the mixture was poured into a 
0.5 N H,SO,-ia mixture and extracted with EtOAc. The 
extract was washed with water, dried (Na,SO,) and 
concentrated in uacuo to give a white solid which was 
recrystallizd from pentanc to afford ( + b26 (446 mg, 61% 
yield),m.p. 16>165”; [a]$’ + 27.7”(~0.282,CHCl,);IR(KBr) 
2140,1460,1295,1270cm-‘.(Found:C, 57.88; H,4.87. Calc 
for CzsHz6Hg : C, 57.93 ; H, 4.86%) 

( + b2-Bromuethynyl-D,-rris~ (27). To a soln of 
(+b26(411 mg,0,764mmol)in CCl,(2Oml)wasslowlyadded 
a soln of Br, (250 mg, 1.57 mmol) in CC& (2.5 ml). After being 
stirred for 10 min at room temp, the mixture was concentrated 
In v4c((o. Pentanc was added to the residue, and a deposited 
inorganic solid was removed. The filtrate was chromato- 
graphed on alumina and fractions cluted with pentant gave 
( + )-27 as a colorless solid (355 mg, 93% yield), [a];’ + 19.6” 
(c 0.393, MeOH); IR (KBr) 2200, 1460, 1300, 1275 cm- *. 
This crude bromide was used in the next step without further 
purification. 

( + ) - 1,3,5,7 - Tefr&.s[2 - (lS,3S,SR,6$,8R,lOR) - DS - 
crishornccubanyl - l$ - butadiyny&zdumunta (4). A eoln of 
( + t27 (160 mg, 0.64 mmol) in THF (0.3 ml) was added to a 
stirredmixtureofU( 15mg0.064mmo1),cuprouschloride(1.0 
mg,0.0l0mmol),300/,aqcthylamint(l.5mI),andTHF(0.4ml) 
over a period of 15 mitt under Nr. The mixture was stirred for 
an additional 45 min at room temp and a small amount of 
hydroxylamine hydrochloride was added to keep the Cu ion in 
the cuprous state. The same workup as described for the 
preparation of 25 gave an oil which was chromatographed on 
alumina. The earlier cluates with pentane gave the recovered 
bromide 27 (36 mg, 23% recovered), and the latter cluates with 
pentanc afforded the dimer 28 (30 mg, 28% yield). The final 
cluates with pentanbether (95/5, v/v) gave a mixture of cross- 
coupling products (40 mg) as a solid which was recrystalhxed 
from pcntane (10 ml) to furnish 15 mg of a 5 : 1 mixture 
(analyzed by MS) of triple and quadruple cross-coupling 
products. By the same procedure as described above, this 
mixture (15 mg) was again treated with ( +)-27 (50 mg, 0.22 
mmol), cuprous chloride (1.5 mg, 0.015 mmol), 30% aq 
ethylamine(1.5ml),andTHF(0.8ml).Chromatography ofthe 
product on aluminagave27(lOmg, 18%recovered),28(22mg, 
60”/, yield), and a mixture of the cross-coupling products (15 
mg). The mixture was recrystallized three timea from hot 
pentanc to give 4 (7.5 mg) as silky crysta& m.p. > 350” ; [a];’ 
+65.3” (c 0.101, CHCl,); W (hexme) A_ 2225 nm (e 283 
x lo’), 234 (3.17 x lo’), 246.5 (3.06 x lo’), 260.5 (1.69 x 10’); 
1R(KBr)2250,2150cm-‘;‘H-NMR(CDCl,)61.30(12H,d,J 
= 10 Hz), 1.54 (12H, d, J = 10 Hz), 1.72( 12H, s), 2.00( 12H, s), 
2.08 (4H, s), 214 (12H, s); MS (m/e) 905 (M’). (Found: C, 
92.68; H, 7.11. Calcfor &HId: C,9287; H, 7.13”/,) 

Dimer 28 was sublimed at 150” (0.1 mm Hg), m.p. 3 lo” dac. 
(inasealedtube);[a]k’ +54.3”(cO.l8l,CHCl,);W(hexanc) 
&_223nm(~326),234(464),246.5(511),259.5(327);IR(KBr) 
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215Ocm’‘; ‘H-NMR(CDCl,)b 1.30(6H,d,J - 12Hz), 1.56 
(6I-I. d, J = 12 Hz), 2.02 (8H, bra), 2.15 (6H, s); MS (tie) 338 
(M’).(Found:C,92.2O;H,7.75.CalcforC,,H,,: C,9226;H, 
7.74X.) 

( - )-l+Bh(ZD,-ti hwc&Myr)hton(29). Amixturtof 
( +)-26 (25 mg, 0.074 mmol), PtOl (10 mg), and EtOH (20 ml) 
was ahah at room temp in a hydrogenation thk at 1 atm of 
H1. A&r the H, abrption had cza& the atalyst was 
f&rod off, The Bkratt was coacamatcd to give a white solid 
whichwasrccryatallhdfromEtOHtofurnish(-@9(12mg, 
480/, yield), m.p. -210”; [a];’ -2A.5” (c 0.567, CHCl,). 
(Found: C., 89.95; H, 9.83. Cak for &Hs4: C, 90.11; H, 
9.890/) 
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