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Abstract. 
5 

1,6-Enynes are cyclised repios ecifically by 
1 : of Wilkinson’s catalyst [(PhsP)sR Cl] in R 

a$onitrile at 800C to give the correspondin 
cyclohex-2-enes usually in good yield (62-8S\ ! 

q ethylene 
. Terminal 

substitution on either the alkene or l lkyne moieties 
effectively suppresses the reaction. I-Bentoylasa- and 
4-benrylaza-hepta-1,6-enynes are similarly cyclised to 
5-methylene-1,2,5,6-tetrahydropyridines in ZO-28t yield. 
The mechanism of cyclisation is discussed and is shown 
to involve a 6-exo-trig process. 

The utilisation of transition metal complexes for the catalytic cyclisation 

of dienes”‘, enynesSV4 and diynes’ is providing important new methodology 

for the construction of carbo- and hetero-cyclic compounds. Rhodium”‘, 

palladium and nickel’ complexes are proving especially valuable catalysts. The 

cyclisation of 1,6-dienes and 1,6-enynes is usually regiospecific for formation 

of the S-membered ring product. However, our recent work on intramolecular Heck 

reactions, e.g. (l)+(2)+(3) shows that although the 5-exo-trig cyclisation 

product (2) is kinetically favoured, the 6-endo-trig product (3) can be the major 

product with certain substrates and catalysts. 6 

(1) (2) (3) 

(4) a. R1=R2~0 Et R3=B 

b i&a2=C:e ’ . - 9 R'=H 

c. R~=Ii,R2~02Pla,R3=Me 

d. R10R2=S0 Ph 2 , Ai 

(5) a. R1=E2=C02Et, R3=H 

b R1=R2-COMe . 
-2 ’ 

R'=H 

C. R1=H,R =C02?ie,R3=Me 

d . R1=R2=S0 Ph 2' R'=H 
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We now report the rhodium (1) catalysed regiospecific cyclisation of 

1,6-enynes to methylenecyclohex-Z-enes. Thus (la) cyclises to (Sa) (73%) on 

heating (24hl at 80°C in acetonitrile in the presence of 5 n OI \ of Wilkinson’s 

catalyst I(Ph3P)3RhCl]. Under analogous conditions (4b) cyclises to (Sb) 

(628) over 

83: yield. 

due to the 

cyclise to 

(2, R-R’ = 

23h. The cyclisation of (4~) to (SC) (MeCN, 80°C, 6h), occurs in 

The more rapid rate of cyclisation in the latter case is presumably 

operation of the Thorpe-Ingold effect.l In contrast (4d) did not 

(5d) under the same conditions but instead gave a low yield (20:) of 

S02Ph). Trost has reported that (4d) is cyclised to (2, R=R’- 
.I 

S02Ph) by a palladium catalyst in an undisclosed yield.‘ Terminal 

substitution on the alkene (6a) effectively suppressed the cyclisation reaction 

and only trace amounts (<St) of a mixture of (7) and (8) was detected, whilst 

terminal substitution on the alkyne moiety (6b) totally suppressed the 

cyclisation. 

(6) ae R=COgEt, R1=H,R2=Me 

b. R’=He, R*=H, RlrC02Et 

(9) a* R=COPh 

b. R=Cl$Ph 

2RC-_CH + 

(12) 

(7) R=C02Et 

RN \ 

2 

(8) R=C02Et 

(10) a. IGCOPh 

b. IGcHRPh 

R 
RCSC-CH=CHR R 

(13) (14) R=C02Et 

The amide (99) cyclises (WeCN, 80°C, 0.5h) to (lOa) in 201 yield using 

5 mol$ (PPh3)3RhC1 whilst (9b) cyclises (WeCN, 80°C, 24h) to (lob) more 

slowly even when 10 aol$ (PPh3) RhC13 is employed and gives an equally 

disappointing yield (288). Good yields of S-membered pyrrolidines corresponding 

to (2) have been reported by Trost for palladium catalysed cyclisations. 8 The 

enynes (11, X = S, SO, SO2 or 0) all fail to cyclise in l cetonitrlle at 80°C 

using Wilkinson’s catalyst. The starting material is either recovered unchanged 

or is polymerised. 

In comparison we observe that (40) is cyclised (WeCN, 80°C, lh) to 

(2, R-R1-C02Et) (78%) by a catalyst comprising 5 q 101$ palladium acetate and 

10 mol$ triphenylphosphine. An analogous reaction of (4a) with the addition of 

10 q ol$ piperidinium formate as a hydride ion source gives (2, R-R1=C02Et) 

(38%) together with (14) (8.5$).l 
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Mechanism. A plausible mechanism for the reaction is shown in the Schcre. The 

possible occurre~cc of free (2) as an fnteraediatt in the reaction was ruled out 

when no (Sr) was detected on subjecting (2, R=R*=CO2Et) to the standard 

reaction conditions. 

Insertion of Rh(1) into the C-H of terminal rlkynes is a well known process 

that usually leads to tnynes via regiospecific direct coupling, i.e. (12)=+(13). 

In the present case the insertion of the alkyne into the rhodiut-hydride bond 

accompanied by coordination of the alkene moiety of (4) to rhodium (14) pet-sits 

insertion of the coordinated alkene into the vinyl-rhodium bond. This process 

is more facile than reductive elimination of rhodium (1) from (15) with 

accompanying vinyl-alkyne coupling. The latter process predominates when the 

terminal alkenc is substituted by l lkyl groups. lo The key intermediate (1s) 

(Schese) cyclists by a 6-exo-trig process. Elimination of a rhodium hydride 

species then regenerates the active catalyst. 

A possible alternative intermediate is (16) which would also furnish a 

methyltnecyclohtx-2-ene via 6-tndo-trig cyclisatfon to (17) and subsequent 

eliminatton of a rhodium hydride species. This alternative mechanism is ruled 

out by the observation that the cyclisation of (4~) gives (SC) and not (18). In 

particular the p.n.r. signal (ZSOMHr) for HA in (SC) occurs as a broad doublet 

R1 
Rh(l)tn 

Y (4) ‘;’ 1 
+ (4) ;t RI-=+.RhLn s R1-G-4?h--~~~ 

i 

t 

(16) (1-F) (38) (19) 
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at6S.72 due to coupling to both HB and the adjacent methylenc group, whilst 

HA and HB in (17) give rise to an AB pattern centred at d 6.01 and 5.50. The 

methylenecyclohex-Z-ene (17) has been previously prepared by us from (18) via an 

intramolecular freck reaction, 6 

The mechanism in the Scheme accords with the usual regiocheristry of the 

addition of rhodium hydride species to l lkynes 9,lO and with our observations 

that 5-exo-trig cycfisations are aore facile than 6-endo-trig cyclisations, 

whilst 6-exo-trig cycfisations are more facile than 7-rndo-trig cyclisrtions. 6 

There is a further interesting mechanistic feature inherent in the proposed 

Scheme. The addition of rhodium hydride species to alkynet is known to occur 

uith cis-stereochemistry. 11 However the key intermediate (15) in the Scheme is 

formally the product of a trans-addition. Thus stereomutation of an initial 

cis-vinylrhodium species must precede formation of (15). Palladium hydride 

species add to terminal alkynes with opposite regiocheaistty to rhodium hydrides 

and this has been developed as a route to substituted 1,3-enynts. 12 

Experimental. General experimental details were as previously noted.’ Petroleum 

ether refers to the fraction with b.p. 40-60°C. Infrared spectra were determined 

for thin films unless otherwise stated. 1,6-Enynes were prepared by literature 

methods except as noted below. 

1,6-Fnynes 

Methyl 3,3-dinethylh~pta-l-ene-6-yne-4-carboxylate (lc). Wevhyl S,3-dimethylpent- 
4-enoatt (5 0 3.5mmol) 
[from 1.6M n-!;tyllithiu; ??&~f 

dded to a solution of lythium diisopropylanide 
4.0mn01)) in tetrahydrofuran (SOal) at -630C. 

After 15 ain. HXPA (51nl) was adlfed and the mixture stirred for a further 15 min. at 
-6S°C when propargyl b&ride (4.2g, 3.5nnol) was added maintaining the 
temperature at -63oC for a further 20 min. The reaction mixture was then allowed 
to Larm to room temperature, the solvent removed under reduced pressure and the 
residue partitioned between ether and water. 
MIS evaporated and the residual oil distilled 

The dried (MgSO4) ether solution 
to afford the 82%) as 

a colourless oil, b.p. 60-64°C/2.S mmHg (Found: 
roduct (5.2g, 

requires C, 71.40; H, 9.60%);&5.81 (q, lH, CH=CH2), 5.0 (in, 2H, CH= Hz s 3.72 
(s, SH, Okfe), 2.5 (a, ZH, CH2C ), 2.27 (ID, IHT CHCO2Me). 1.94 (t, lH,-C CH , 
and 1.06 and 1.05 (2 x s 2 x SH, Me);3 

c, 71.00; H*+c~lH,60; 

3083, 2966, 1735 and 1630 cm- ; 
m/z(t) 179 (x-1,2), 121(5s), 120(10), iitPfi1, ii~(io), lostal, Ios(i91, 79(101, 
77(10), 70(12) and 69(100). 

Diethyl octa-1-ene-7-yne-S,S-dicarboxylate (6a). Diethyl but-t-enylaalonate 
710.7g, Smmol) was added over 5 min. to a solution of sodium tthoxide [from sodium 
(T.zg, S.ZR~O~)] in ethanol (15Oml) under a nitrogen atmosphere. The mixture was 
stirred for 15 min. and then propargyl bromide (6.216, 5.2mmoT) uas added over 
5 min. and the resulting mixture stirred at room temperature overnight. The 
reaction was worked up as described above. The roduct (7.68, 60\) distilled as 
colourless oil, b.p. 89-94oC/0.7SraHg (Found: C, %Xs? H, 8.1s. 
requires C, 66.65; H, 8.00\);65.60 and 5.20 (2 x q , 2 x TH, 

C 4fi2094 
CE=CH ! . 4.20 

(9, 2 x ZH, OCH2He), 2.78 (d, ZH, CH2C ), 2.73 (d, 2H, CH2CH=), 2.01 
(t, lH, C CF),-1.66 (a, 3H, Cl?-CHHe), and 1.25 (t, 2 x 3R, OCH2Xe);* 
2981, 2939 and 1735 cm-i; m/t(\) 252 (H+,O.S), 223(S), 213(61),-207(9f:* 

3285, 

17g(22), 178(57), 168(11), 167(100), 161(12), 151(21), 133(13), T21(38), TOS(48). 
95(16), 91(17), 79(17) and 77(14). 

Diethyl octa-1-ene-6-yne-4,4-dicarboxylate (6b). 

Pre ared from dfethyl all laalonate (3.Og, 
1.88mmol P and sodium ethoxide T 

l.Smrol), I-bromobut-Z-yne (Z.Sg, 
from sodium (0.35g. l.S2m~ol)] in ethanol (20nl) in 

an analogous manner to that described above. 
a colourless oil, b.p. 60-630C 0.5nmHg (Found: 

T$ gocllct (2.38, 61%) distilled as 

requires C, 66.65; H, 8.001); 6 

{:; : ‘3t21H’ %f*!;ld i 26 (t 

5.6 cm, If+, CtJ=Cffi), 5.1; [.H* ~~20~H~~~~~~o~. 2 
2 78 (br s, ZH, CH2C ), 2.73 (d, ZH, t!H2&=), lT8 

cm-1 ; 
2 x 3H, OCH2He); 3,% 3210.~978, 2849 and 1750 

‘m/zi;) 252’(M+,l): 251(j), 223(4), 21x60), 179(20); 176(80), 168(22), 
167(100), 151(20), 121(41), and lOS(4S). 
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General Procedura for Rh(l) Catalyzed Cyclisation Reactions. Yflkinson’s catalyst 
mPhxJxRhCfI (5 or 10 ~01 #J was added to a solution of the 1.6~etnme in drv 
aoeto&irilc; -The resultingmixture was stirred and boiled under &flux under a 
nitrogen atmosphere monitored by g.i.c. (i!.S% SGR, Zmf. After the reaction was 
complete the solvent was removed under reduced pressure and the residue filtered 
through a short column of neutral alumina eluting with 3:l v/v petroleum 
ether-ether to remove the catalyst. 

4,4-Di(phenylsulp 
Prepared free 4.4 

ylJ-1.2”bis(methyleneJcyclonenteoc ( 
(phenylsnInhonylJheptr-l-ene-6-yne ( , with a fh reaction 

time, by the general method. bark-up followed by pitparativ; t.1.c. afforded the 
roduct (100~9, 20%) as a pale yellow solid, m.p. 63-Moe. Accurate mass: 

b s ‘t x 2H C CH2) 
4 c Qiil804S2 requires 374.0646;&7.8 (a, lOH, ArHI, 5.27 and 4.82 

2921 1635 1582 ‘14:6 
and 5.40 (br s 4H, CH *CH21i3max(gBrJ 3424, 

I;83 1312 1146 ‘1076 +7 iizft) 374 
233&), 2$2(13): 231&J, l$S(ll): I43fi71, ~~l~33~an~2~~~~J 12S(88). 1 

(H+,4), 

97(8J, 92(Q), Ql(631, 85(121, 83(39), 79(11J, 78W’and 77&J. 
07(Q), 

Diethyl methylcnccyctohcx-Z-cne-S,S-dicarboxylatt (Saf. 
Af tcr a reaction tiae of 24b d k described above dicthyl 

hepta-l-cnc-6-yne-4,4-dicarboxy~at~n(~~~~g)u~f:~rdcd the p roduct (366mg, 
colourless,ojl whose spectroscopic properties were identical with those d 

73%) as a 
esfri bed 

s reviouslyZ65.86 (d, lH, CHaJ, 5162 (m, lH, CH-1, 4.83 (B, 2H, CH2-J, 4.19 
q, 4H, CH2Re), 2.96 (d, ZH, C&CH-CH), 

(t, 6H, ?-x CH2k&); 
2.57 (T, ZH, CH2C=), and 1.24 

S,S-Diacetyl methyleoccyclohcx-2-enc (SbI. Prepared from 4,4-diacetylhtpta- 
I-ene-6-yne (500mgJ by the general method-with a reaction time of 24h. 
(310mg, 62%) was a colourless oil (Found: C, 73.85; H, 8.15. 
requires C, 774.15; H, 7.901);66.12 and 5.80 (2 x I, 2 x lH, 

C lHl4O2 
The product 

4 H-CD], 4,9S 
(q, 2H, C-CH21, 2.18 (t, 2H, CH2C=1, 
(s, 2 x 3H, Wc);-l,, 

2.66 (m, ZH, CH2CH-1, and 2.13 
3050, 2960 2920, 2850, 1710-&d 1620 ~8-2; m/r(l) I78 

(K+,6), 160(12), 13%!17J, 135(581, 93(161, QlflS) and 43(100). 

Methyl 4.4~direthylmethylsnecyc~ohex-2-ene-5-carboxylatc (Scl. Prepaaed from rethyl 

r~a;tt~~“t:a+e of 6h. 
3 d’ h Ihcpta-I-ent-6-ync-4-carboxylatc (540 J b y the general method with a 

The product (45O~g, 83gf v:! obtained as a colourlcss oil 
which underwent partial dccomposftion on distillation (molecular still), b.p. 
35-40oC/I.OmmHp. Accurate mass: 180.1149. Cl Hl60 requires 18R.llSO; 6 
6.11 (d, lH, CD-CHCH21, 5.72 (m lH, CH-CHCH2 f i 4. 
-CH2), 

9 and 4.83 (2 x s, 2 x lH, 
3.67 (ST 3H, OHt), 2.51 fm..ZH, CIKQ2k4e’and HCHCHmCHJ, 2.33 

fm, lH, HCHCH-CH), and 1.16 and 1.13 (2 y s 2 x 5H, &I* 3max 3093, 3029 
17~0, ana 1638 cm-l; 

2970, 

Ql(lO), and 79(Q). 
m/z(\) 180 (W+,Zl), 16:(10), 122(101, 106(6J, lOS(251, 

N-Benzoyl-S-methylcne-1,2,S.b-tetrahydropyridine (lOa). Prepared from 4-benxoylata 
hepta-1-ene-6-yne (3OOmgJ by the general aethod vrth a reaction time of 30 min. 
After work up in the usual way the crude product was purified by preparative 
t.1.c. The roduct (66mg, 22#), was obtained as s yellow solid, m.p. QS-97OC 
(Found: C, 7 E-W-R 
N, 7.05\)$7.42’(r: 

6.50; N, 6.90. C 3H 3NO requires C, 78.35; H, 6.60; 
SH, ArH), 6.24 (br d, lH, CH=CHCH2), 5.73 

fr, lH, CH-CHCH ), 4.83 (N, ZH, C-CH21, and 4.21-and 3.96 (2 x I 2 x 2H, 
rBr$ 3297 3229 2977 2921 2818 2320 1643 and 1663 cm-l; 

~~~~~~~~~‘~~+,S~~, 1~6(Q~,‘IOS(l~O), 76(6J, ;8(7),‘and 77(40). 

N-Btnxyl-S-aethylene-1,2,5,6-tetrahydropyridine (IObl 
Prepared from I-benzylaxahepta-l-enc-6-yne (SOOmg) by the general method with 

a reaction time of 24h. The product (14Omg, 28%) was a colourless ofl, b.p. 
IO-SOoC/O.l mmHg (molecular still) (‘Found: C, 84.80; H, 7.50; N, 7.50. Cl3HlSN 
requires C, 84.30; H, 8.15; N, 7.SS%);s7.57 (la, SH, ArH), 6.23 (br d, lH, 
Cg=CHCH2), 5.82 (m, lH, CH=CiCR2), 4.86 and 4.77 (2 x br s, 2 x IH, C=CH2), 
3.62 (s, 2H, ArCH2), 3.21 (s, 2H, NCH2C-) and 3.09 (a, 2H, NCH2CH-);J 
3289, 3082, 2924, 2342 and 1626 cm-l; 
92(22), 91(100), 67(6) and 65(17). 

D/Z(%) 185 (H+,73), 184(4S), 94#f, 

Palladium Catalystd Cyclisations 

Dfethyl ~,2-b~s~methylc~c)cyclopentane-4,4-diccrboxylatt (2, R-Rl=CO Et] 
I Ai 

p:lladfu: f::::t: 
f dicthyl ally1 pro 

(47mg i I; 
-2-ynylJralonate (1 .Gg, 4.2 x I cj-3&l, 

2 x IO- rol and triphenylphosphine (IlOng, 
4.2 x 10’4~01) was boil;d under reflux in acttonitrile (SOrf) under an atmosphere 
of nitrogen for 30 min. 
residue chronatogra 

P 
hed 

The solvent vas removed under reduced pressure and the 
on alumina cluting with 3:1 v/v petroleum ether-ether. The 

product (776mg, 78% was obtained as a colourless oil whose spectroscopic 
properties were identical to those described previously.6 
(b) The reaction was 
pipcridint (36rg, 4.2 x 

repc ted on the sarc scale but with the addition of 
10‘ mol) and formic acid (XQmg, 4 x 10’4~olJ, and a t 

reaction time of Ih. Work up as above afforded (2, R-RI-CO2Et) (38Omg, 38%) 



4972 R. Guoa et ol. 

and (14) (8Smg, 8.5)). The 18tttr compound hrd identical spectroscopic propertits 
to those described previously.1 

We thrnk Queen’s University for support. 
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