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Abstsad: The palladium(I&catalysed carbon-carbon-coupling reactton (Heck reoctton) between a 
variety of metalated B_monohalosubstituted porphyrins (2-bromotetraphenylporph~in, 2-bromo- 

and 3(8)monolodo-deuteroporphyrtn N dlmethyl ested and a 
series of tern&ally substituted acetylenic dertvattves, is reported A few disubstttuted porphyrin 
analogs were also synthesized using the corresponding &dihalogenatedporphyrin precursors. 

Porphyrin synthesis impacts on a large and continually growing number of research endeavors in physical, 
biological, organic and inorganic chemistry. Our own studies on photodynamically active antitumor and 

antiviral agents, led us to synthesize porphyrin and phthalocyanine derivativesl. The reactions of substituted 

porphyrins are of considerable chemical interest since the fbndamental properties of the porphyrin macrocycle 
can be altered by small changes in selected substituents. Attachment of unusual organic moieties to the 

porphyrin periphery often involves elaborate synthetic strategies and tedious product separation procedures2. 
Typical routes to porphyrins that possess one or more differing meso- or &subs&en@ involve condensation of 

an appropriate aldehyde(s) with various monopyrroles3 and substituted dipyrryl methaned. In addition to the 

puritication problem, other restraining factors of the porphyrin cyclization step are steric and electronic features 
of substituents at the methine and the pyrrolic position, and incompatibility of the reactants with the 
condensation condition5 (i.e. protic or Lewis acid catalyst or high temperature). Thus there exists a continuing 

need for more efficient methods to synthesize modiied porphyrins. The palladium catalysed coupling of 

terminal alkynes and aryl halides (Heck condition)6 is a well tested and efficient process and we applied this 
chemistry to the synthesis of various &substituted porphyrins. This approach greatly simplifies 

have 

(1) 



11934 H. ALI and J. E. VAN LIJZR 

silica gel column, was obtained and identi&d as 2,12(13)d~bromohexaethylporphyrin nickel(n) (11). The 

compound 1 was dissolved in a mixture of triethylamine and DMF. An excess of the I-hexyne was added 

followed by bis(triphenylphosphine)palladium(II) chloride and copper(J) iodide whereafter the mixture was 
heated at 80-85 ‘C for 48 h. A&r about 10 h, the optical spectrum of the reaction mixture changed, and two 
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Soret bands were observed. About 30-40% stating material was converted to a new compound (monitored by 

TLC) which after work-up and chromatographic purification was isolated in 60-W/D yield (based on the 
starbng material consumed). The product was characterized by mass spectroscopy which revealed a cluster 

(due to the various abundances of the natural nickel isotopes) of molecular ions around the major m/z 642 ion 
(M+, Wi) correspondmg to the coupling product 3. The reaction of 1 with I-dodecyne also gave the 

correspondii coupling product 4, which was characterized by its molecular ion at m/z 726 (h@, %Ji). tH 

NMR revealed that all four meso-protons were separated and appeared as singlets, and that one meso-proton 

was shifbxl more downfield from the others. Siiarly, one of the protons of the -CH2- (quartet) and CH3- 

(triplet) of the ethyl group was also shifted downfield. This is due to the anisotropy of the -M-R group, 

which a&cts particularly the adjacent carbon protons. The optical spectrum is consistent with a porphyrin 

molecule, revealmg two visible bands between 500 and 600 nm and an intense Soret band around 400 nm. The 

lowest energy Q band is less intense as compared to the high energy Q band. In acetylenic substituted 

products, a pronounced shit? in the Soret band was observed relative to the parent molecule, i.e. 

octaethylporphyrin nickel (& 553, 518,393 run). Utilizing the same protocol developed for the open chain 
acetylenic derivatives as described above, we were able to prepare phenylacetylenic substituted products by 
reacting 1 with phenylacetylene. As compared to the open chain acetylenic substituted products, the 



Synthesis of ~-substituted porphyrins 11935 

phenylacetykne derivatives exhibited a greater red shift of Soret and Q bands. The lH NMR of 5 clearly shows 
the presence of the aromatic protons as a multiplet at 6 7.26. The reaction of timctionalized acetylenic reagents 
was also investigated. Thus the reaction of 1 with 3-butyn-l-01, 5-hexyn-1-01 or 5-hexyn-l-&rile gave the 
corresponding coupling products 6,7 and g respectively. The formation of these products is evident t?om the 
HRMS which indicates the insertion of an oxygen atom in 6 and 7 and a nitrogen atom in compound 8. tH 
NMR of 6 and 7 gave triplets at 6 3.22 and 6 3.72 which were assigned to the two protons of -C&-OH. 

Attempts to couple 1 via 1,7-octadiyne to yield porphyrin dimers were unsuccessfil. Likewise, coupling of 1 

with ethyl propiolate and (N-propargyloxy)phthalimide failed to afford any appropriate coupling product. 
Substitution of the nickel for copper in 1 did not atfect the course of the reaction. Thus, from the reaction of 2- 
bromo-3,7,8,12,13,17,18-heptaethylporphyrin copper@) (2) with phenylacetylene and 3-butyn-l-01 we isolated 
the corresponding coupling products 9 and 10, which were characterized via their HRMS and UV-Vis 
spectroscopic data. Due to the presence of the copper ion no satisfactory tH NMR spectrum was obtained. 

The reaction of 11 with phenylacetylene under the above mentioned condition gave two products. The 
first, less polar, minor component was identified as monobromo-monophenyethynylhexaethylporphyrin 
nickel@) based on the HRMS and visible spectral data. The second, more polar, major product gave a peak at 
m/z 734 (I&, %G) in the mass spectrum which corresponds to the molecular ion of the coupling product of 11 

and two phenylacetylenic groups. The presence of two distinct sets of meso-proton in the characteristic 
downfield region of the lH Nh4R spectrum contkmed that the latter product consists of a mixture of two 
isomeric porphyrins. The Snger print in the tH NMR spectrum derived from the meso-protons suggest a 
mixture of 12a and 12b in a 3: 1 ratio. Attempts to separate these isomeric products by usual chromatographic 
procedures failed. Consistent with a porphyrin bearing two moderately electron withdrawing side groups, the 
Soret band in the visible spectrum showed a pronounced red sh& directly proportional to the number of 
phenylacetylene groups present. Thus, for each added phenylethynyl group, the Soret and one of the Q bands 
show a bathochromic shitl of about 7 and 10 nm, respectively. 

Rl lb 
lla: Br H 

llb: H Br 

Rl 

Rl R2 
12a: c&C@5 H 

12b: H ~-w% 

The most readily available porphyrin bearing a halogen at a g-position of,TPPNi, Le. 2-bromotetraphenyl 
porphyrin nickel (BTPPNi) (13) and 2,7(12)-dibromotetmphenylpotphyrin nickel (14) were synthesized by the 
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reaction of NBS with TPP in chloroform as pmbusly reported lo. Theremltingmixturewaspurifiedbysilica 

gel column chromatography. The reaction of 13 with I-dodecyne, pheqketylene, 3-butyn-14 Mexyn-l-01 

or S-hexyn-l-nitrite proceeded smoothly under the above condition and gave 15,16,17,18 or 19, respectively. 

However in this series, using identical condition as for porphyrin 1, the reaction attained 100?~ canversion in 6- 
8 h (isolated yield 80-90%). The high reactMy of 13 as compared to 1 could reflect steric ink&ewe from 

the ethyl group adjacent to the reactive bromo group in 1. 
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All coupling products gave the expected molecular ion peak and a satisfactory HRMS for the molecular 
composition. In all the cases the 1H NMR signal of the &proton at carbon 3 adjacent to the C&-R is 
downfield from the remainin g g-protons reflecting the anisotropy of the molecule due to these substituents. 
The bis(phenylacetylene) and bis(3-butyn-l-01) derivatives of TPPNi (20 and 21) were obtained by the 
treatment of 2,7(12)dibromoTPPNi (14) with phenylacetylene and 3-butyn-l-01. The UV-Vis spectrum 
revealed a red shift of both Soret and Q bands as compared to the parent molecule (TPPNi, & 528,416 run). 
The shift is more pronounced for the phenyketylene substituted products and is attributed to the extended 
conjugation of the porphyrin system. 

As a further extension of this reaction, moditications of the 5-pphenyl group were also investigated. The 
5-@iodo)-5,10,15,20_TPPZn (22) was obtained from the correspondii free base 5-@-amino>5,10,15,20- 
TPP derivativett using diszotization conditions followed by metal&ion with zinc acetate. The coupling 
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reaction of 22 with phenylacetylene and 3-butyn-1-01 was very fast and quantitative, even at room tanperaaue, 
in 2-4 h to yield the corresponding products 23 and 24. The coupling products were charactenad fkom their 

molecular ion peak in the mass spectra and optical and ‘H NMR spectral data. 

B 

22 23: C& 
24: CE2ClZ2OH 

Fiy, we also coupled an alkyne with an iododeuteroporphyrin IX diiethyl ester. Smith and 

collaborators7e-B used palladium catalysed coupling of 2,4-bismercurated- and 2,4dibromo deutereoporphyrin 
IX diiethyl ester to form alkenyl and styryl substituted products using both He& as well as Stille method@, 

but they were unable to introduce alkynes via these methods. The free base 3(8)-monoiododeuteroporphyrin 

IX diiethyl esters were synthesized by the iodmation of the deuteroporphyrin IX dimethyl ester using iodii in 
o-dichloro-benzene and subsequent metalation with an appropriate metal salt. Contrary to a report by Bonnet 

et ~1.8, claiming the formation of a single diiodo substituted product, we obtained an isomeric mixture of 3- and 
8-monoiodiited products in addition to the 3,8diiodinated product. Prolonging the reaction time or 
increasing the amount of the iodine in the reaction mixture did not tiunish the pure 3,8&odiited product. 
The mixture did not separate on TLC or on a silica gel cohunn, however analytical HPLC allowed for the 
resolution of the products. Due to this purification problem the mixture was used as such for the coupling 

reaction. These halogenated porphyrin derivatives served as template for the fknctionalization of porphyrins via 
g-substitution. Since free base porphyrins are metalated with the copper catalyst during the reaction, the use of 

metalated porphyrins was desirable. Several considerations guided our choice for the central metal atom, 

including the ease of metal insertion, stability of the complex and the absence of interference in the 1H NMR 

spectrum. The choice of the reagent and the substrate was governed by their abiity to couple easily and 
efficiently at ambient temperature without affecting porphyrin stability. Reaction of 25 with l-h-e, 
I-dodeqne, phenylacetylene or 3-butyn-l-01 was complete at room temperature in 8-12 h providing the 
coupling products in 60-70% yield. Siiarly, the reaction of free base with 3-butyn-l-01 afforded a coupling 

product, however the W-Vis and the HRMS data suggested that copper insertion occurred during the course 
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of the reaction. Since the presence of Zn oflen e&ances photodynamic properties’, attempts were also made 
to couple 30 with 3-butyn-14. The reaction proceeded smoothly and all the spectroscopic data suggest the 
coupling product is 31. 
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The ~~-rn~ia~ cross-coupling rn~h~oIo~, using alkyne derivatives and ~ogenat~ po~~ns, 

allows for the high-yield coupling of sensitive (heat or acid) organic substrates to target molecules which are 

not readily accessible through conventional condensation procedures. Particularly the cross-coupling onto 

porphyrin templates opens up a route to the fabrication of porphyrins possessing unusual optical aud interesting 

biological properties. 
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overlapping each other 18H, -CH3 of Et), 1.2 (m, 16H, C& of dodecynyl group), 0.9 (t, 3H, J = 7 Hz, 12’- 
CH3); HRMS m/z 726.4171 c&d. for C.&Jet,N4~8Ni: 726.4164. 

I2-(~8,I513,1~l~bcplachy~~hy~n~ xi&l@) (5). 18 mg (65%); Eluted with 5- 

10% tohmne in hexane; reCtyst&Xd from ethanol, m.p. 195 Oc; HPLC (595 CHC13/Hemes) tg = 15 min, 
UV-Vis &,x (relative intensity) 569.5(3.4), 525(l), 402.5(20.1) mn; lH NMR & 10.13 (s, lH, meso 20-H), 

9.82 (s, 1H, PWSO 5-H), 9.75 (s, IH, meso 15-H), 9.74 (s, H-I, meso 10-H), 7.26 (m, 5H, aromatic protons), 

4.17 (q, 2H, CH2 of=t), 3.92 (q, lZI%Cffz of 3-Et), 1.95 (t, J = 7.4 Hz, 3H, 3-CH3 of Et), 1.83, 1.83 (t, 
ov~p~ each other, MI, CH3 of Et); HRMS rw!r 662.2919 calcd. for C&J4.+N$8Ni: 662.2907. Anal, cald 
for C.Q~~N.@: C, 76.1; H, 6.70, N, 7.46. Found C, 76.26; H, 6.72; N, 7.91. 

f2-(4’-Hy~brtvnvr)-3,7,8,f$lJ,fl,l&kcplr &keZ# (6). I5 mg (75%); Eluted 
with 75% chloroform in hexane; rectystahized from methanol, m.p. 175 Oc, HPLC (50:50 CHCl$Hexanes) tR 
= 19 min; UV-Vis k,mx (relative i~en~~} 563.5(2.6), 522(l), 398.5(17.9) nm; rH NMlZ 6: 9.99 (s, lH, mem 

20-H), 9.79 (s, lH, meso 5-H), 9.75 (s, U-J, meso 15-H), 9.74 (s, lH, meso 10-H), 4.32 (q, 2K CH2 of 3-Et), 

4.18 (q, 2H, CH2 of IS-Et), 4.05 (q, 2H, CH2 of Et), 3.91 (q, SH, CH, of Et), 3.22 (t, 2H, J = 6.3 Hz, -CH2- 
OH), 2.70 (t, ZH, J = 6.3 Hx, -C=C-CH2-CH20H), 1.87 (t, J = 7.4 Hz, C& of 3-Et), 1.82, 1.81, 1.80 (t, 

overlapping each other 18H, CH3 of Et); HRMS mf’z 630.2869 calcd. for C3sIQN~O58Ni: 630.2854. 

[2_(6’-~~h~~y&3, ~8,Z2,13,Z~Zeh~~hy~~hy~~~ ~&kel(lZ) (g. IO mg (75%); eluted 
with ChlOrOfOm; HPLC (50:50 CHCl+kxanes) tR = 32 min, UV-Vis korsx (relative intensity) 563.5(3.3), 
522(l), 398.5(25.3) nm; lH NMR 6: 10.02 (s, lH, meso 20-I-Q 9.96 (s, lH, meso 5-H), 9.92 (s, lH, meso 15 

El), 9.90 (s, 19 meso 10-H), 4.05 (q, 2H, CH2 of 3-Et), 3.88 (q, IZH, CH2 of Et), 3.72 (t, 2H, J = 6.3 HZ, - 
C&-OH& 2.45 (t, 2Y J = 6.3 Hz, -CX-CH2-CH20H), 2.28 (t, J = 7 Hx, 3H, 3-C& of Et), 1.84 (t, J = 7 Hz, 
3H, 18-CH3 of Et), 1.84, 1.82, 1.80 (t, overlapping each other ISH, CH3 of Et), 1.6 (m, 4H, -@C-CH2-CH2- 

C&CH2OH); HRMS m/z 658.3181 c&d. for C!,&uJN405@Ji: 658.3159. 

12-(5’C~8,22,Z3,l~l~h~t~yZ~h~n~ nickel(l” (8J. I5 mg (600/o); Eluted with 

5~~-1~~ chloroform in hexane; recrystallized from ethanol; m.p. 170 Oc; HPLC (50~50 CHC13~~~) tR 
= 9 min; UV-Vis khrsx (relative intensity) 564.5(3.2), 522(l), 398.5(21) nm; JHNMR 6: 9.94 (s, lH, meso 20- 

w), 9.78 (s, IH, meso 5-H), 9.74 (s, lH, meso 15-H), 9.73 (s, lH, meso 10-H), 4.02 (q, 2H, CH2 of 3-Et), 
3.g9(q, l2H,-CH2ofEt),2.56(t,2H,J=7Hx,CH2-CN),2.30(t,2H,-C=C-C~2), 1.91, 1.86, 1.82, l.so(t, 
overlapping each other 2lI-k CH3 of Et); 1.3(m, 2H, -C=C-CH2-CH2-CH,CN); HRMS m/z 653.3028 c&d. 

for C~~~~s~i: 653.3021. Anal. cald for C~~N~~: C, 73.4; H, 6.93, N, 10.7. Found C, 73.68; H, 6.45; 
N, 9.98. 

~2-(~eny~ynyl)-3,7,8,Z2,13,17,ZU-hq&ethylp~hyrinJ copper@) (9). 15 mg (60%); Eluted with 

20% dichloromethane in hexane; recrystallixed thorn hexane; m.p. 250 W, HPLC (IO:90 CHCi$&xanes) tR = 
15 min; UV-Vis &,x (relative intensity) 578.5(3.1), 534.5(l), 407.5(29) nrn; HRMS m/t 667.2862 calcd. for 
c42H+tN463&: 667.2856. Anal. caid for c4@44N4C~: C, 75.47; H, 6.64, N, 8.38. Found C, 75.38; H, 6.33; 
N, 8.14. 
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p-(4)3,~8,Z2,Z3,Z 7,Z~y@o?phyri1#J cqper(ZZ) (ZO). 15 mg (60%); Eluted 

with 40-500/o chloroform in hexane; recrystallized from hexane; m.p. 235 Oc; HPLC (5050 CHCl$-kxanes) $ 

= 20 min, W-Vis & (relative intensity) 573.5(2.8), 531(l), 404.5(42.2) mn; HEMS m/z 635.2811 cakd. for 

C3&N‘@3Cu: 635.2784. 

[2,Z2(Z3)-Bis(Phenykthyny9-3,7,8,,12(13),1 7,Z8-hexuethy&orphyrinj nickel(Z.. (It). 15 mg 

(60%); Eluted with 10% dichloromethane in hexane; recrystallized from ethanol; m.p. 208-210 Oc; HPLC 

(1090 CHCl@xanes) tR = 18 min, W-Vis & (relative intensity) 569.5(3.5), 531(l), 411.5(17.8) 

run; rH NMR 6: 10.08, 10.03, 10.02, 10.01, 9.69 (s, 1H each, meso_H), 9.70 (s, 2H, me.w-H), 7.96 (m, 

SH, aromatic protons), 7.54 (m, 5H, aromatic protons), 4.08 (q, CH, of Et next to phenylethynyl 

substituents), 3.7-3.95 (m, CH2 of Et), 1.98, 1.96 (t, CH3 of Et next to phenylethynyl substituents), 1.90, 

1.86, 1.64 (t, overlapping each other, C& of Et); HRMS rw’z 734.2919 c&d. for C4a%NdssNi: 

734.2919. Anal. cald for t&&N& C, 78.38; H, 6.03, N, 7.62. Found C, 78.38; H, 6.93; N, 6.62. 

[2-(Z ‘-oocrccyy9S,ZO,ZS,2~~h~y~o~~~oJ nickel(D) (IS). Eluted with 10% toluene in 

hexane; HPLC (5:95 CHC13/Hexanes) tR = 8 min, W-Vis b (relative intensity) 572(l), 536(1.7), 

422.5(23.3); lHNMR 6: 8.84 (s, lH, P_H on C-3), 8.72 (d, J = 2.2 Hz, 4I-Q 8.68 (d, J = 4.8 Hz, 2H), 7.93- 

8.01 (m, 8H, Ho), 7.61-7.70 (m, 12H, H,, HP), 2.16 (t, 2H, J = 7Hz, -C&-C&-), 1.28 (m, 16H), 0.89 (t, J = 

7 Hz, 12’-CH3); HRMS m/z 834.3232 calcd. for C5&&aN458Ni: 834.3226. 

[2-(Phenylethyny9-3,ZO,ZS,2Cteaopku?yl nicke@I (Z6). Eluted with 10% toluene in 

hexane; recrystaked from methanol; m.p. 125 Oc; HPLC (5:95 CHC13/Hexanes) tR = 10 min, W-Vis & 

(relative intensity) 572(l), 538(2.2), 42q33.7); IH NMR 6: 9.01 (s, lH, P_H on C-3), 8.73 (s, 4H, g-H), 8.69 

(s, 2H, g-H), 8.0-8.04 (m, 8H, Ho), 7.69-7.72 (m, 12H, H,, HP>, 7.31 (m, SH, phenylethynyl protons); 

HRMS m/z 770.1980 cakd. for C52H32N458Ni: 770.1971. Anal. cald for C52H32N$Ii: C, 80.95; H, 4.18, N, 

7.26. Found C, 80.71; H, 4.85; N, 7.66. 

[2-(4’-Hy~butyny9-5,10,15,2&tebqhenylpo@im&j nickel@.. (Z 9. 20 mg (80%); Eluted with 

dichloromethane; recrystallized from methanol; m.p. 275 Oc; HPLC (50:50 CHC13/Hexanes) tR = 15 min; W- 

Vis & (relative intensity) 572(s), 536(l), 422.5(16.2); 1H NMR 6: 8.86 (s, lH, g-H on C-3), 8.72 (s, 2H, 

g-H), 8.72 (s, 2H, g-H) 8.68, 8.67 (s, each lH, g-H), 7.93-8.01 (m, 8H, Ho), 7.63-7.70 (m, 12H, H,, HZ,), 

3.63 (t, 2H, J = 6.2 Hz, -CH+H), 2.48 (t, 2H, J = 6.2 Hz, -C=C-C&-CH,OH); HRMS m/r 738.1929 calcd. 

for C4gH34N4058Ni: 738.1923. Anal. cald for C&-J3~N,tONi: C, 77.75; H, 4.62, N, 7.56. Found C, 77.58; H, 

4.66, N, 7.19. 

[2-(6’_Huciraryk~ny9-S,ZO,Z3,2Metraphenylpo#inato] nickel(I.9 (ZS). 15 mg (80%); Eluted with 

dichloromethane; HPLC (50:50 CHCl$kxanes) tR = 22 min; W-Vis & (relative intensity) 572(s), 536(l), 

422.5(16.3); lH NMR 6: 8.80 (s, lH, g-H on C-3), 8.66 (m, 6H, B_H), 7.95-7.99 (m, 2H, Ho of 20-phenyl 

group), 7.69-7.73 (m, 6H, Ho), 7.60-7.67 (m, 3J& 20-phenyl Hnr, HP), 7.51-7.54 (m, 9H, H,,,, HZ,), 4.29 (t, J = 
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7 HG CH2-fW, 2.22 (t. w, J = 7 H& =-C&-C&OH), 1.6 (m, 4H, -(+tc-CHz-CH2-C&-CH&M); 

HgkfS m/z 766.2242 caled. for CjeH3aN40=Ni: 766.2236. 

~%(S~~~~ny~-s,f0,lS,t8_lclrrrpke nickel(IQ (29). 20 mg (75%); Eluted with 

dichloromethane; rewystagized Born hexane, m.p. 268 W; HFLC (5050 CHCi@xanes) tR = 8 rniq UV-Vis 
kmaa (relative intensity) 574(s), 536(l), 423(14.8); 1H NMR 6: 8.84 (s, lH, B_H on C-3), 8.73-8.69 (m, 6H, 

FH >, 7.93-8.02 (m, 2H, & of 20-phenyl), 7.93-8.02 (m, 6H, Q), 7.53-7.70 (m, 12H, Hnr, HF), 2.43 (t, 2H, 
J = 7.3 Hz, -C&CN), 2.36 (t, zw; 3 = 7.3 Hq -CX-C&j, 1.79 (m, 2H, -CHBG-CH&&CH$N); HRMS nt/z 

761.2089 eated. for C~~~N*s~: 761.2085. Anal. cald for C&131N.$Ji: C, 78.76; H, 4.36, N, 9.18. Found 
C, 78.99; H, 4.31; H, 8.75. 

[2,7(12)-~~~~~~yn~-S,~O,Z~,2~~ny~~~~~ n~~~~ (21?). 18 mg (85%); Bluted 
with 10-U% tohtene in hexane; recry&Uized fram ethanol: hexane; m.p. 17OoC; HPLC (5:95 
CHCI$Hexanes) tR = 10 min, W-Vis & (relative bedim) 587(l), 548( 1. I), 435( 14.4); IH NMR 6: 8.95 
(s, 2H, 3 and 8 &H), 8.94 (s, 2H, 3 and 13 @Xj, 8.61-8.72 (m 6H, &H), 7.96-8.01 (m, 6H, FL&, 7.64-7.70 

(4 12H, Hm, HP>, 7.30 (m, 5H, phenylethynyl protons), 7.29 (m, SH, phenylethynyl protons)); HRMS m/z 
870.2293 c&d. for C&37N,$8Ni: 870.2286. Anal. cald for C#37N#Ii: C,82.58; H, 4.27. Found C, 82.08; 
H, 4.61. 

I2,7(r2)-~~4’~ny~S,l~,~S,2~~~ny~h~~ ~~~~ (Z@. 12 mg ~8~~); 
Eh~ted with dichloromethane; HlW (SO:50 CHCl$Hexanes) tn = 40 min, UV-Vis & (relative intensity) 
578(l), 543(1.3), 43q21.7); lHNMR s: 8.81 (s, lH, BH), 8.80 (s, lH, @-II), 8.54-8.73 (m, 6H, B_H), 7.89- 

8.01 (m, SH, H&, 753-7.70 (m, X2H, &, HF), 3.85 (t, 2H, J = 6.3 Hz, -C&-CH20w), 3.74 (t, 2H, J = 6.1 

]Hq -CH2-OH), 2.61 (t, 2H, J = 6. I Hz, -CkC-C&-CH20H), 2.46 (t, J = 6.2 Hz, -CXX&CH20H); HRMS 

ti 806.2192 caicd. for C&H,7N4025aNi: 806.2193. 

IS-~P~y~hyny~-3~to;I5,2l~~ojd~~~ (23). 15 mg (85%); Eluted with 30% 

toluene in hexane; m.p, >300 Oc; HPLC (5:95 CHCI~Iwexanes) tR = 24 min; UV-Vis & (relative intensity) 
594.5(s), 552(i), 424(36); ‘H NMR 6: 8.98 (s, SH, &I+, 8.96 (s, 4H, P-H), 8.25 (AA’BB’ J = 1.4 and 7 Hz, 
4H, S-phenylene protons), 7.96 (AABB’ 3 * 1.4 and 8 Hz, 4H, 5-phenylene), 7.92 (&, J = 8 Hz, 1H 4 of 

phenylethyne), 7.72-7.86 (m, 6H, &), 7.68 (III, 3H, H,, HP of phenylethyne), 7.3-7.6 (m, 9H, H,, HP of 
phenyiend; HRMS m/z 776.1918 cakd. for C52H32Ne@Zn: 776.1924. Anal. add for &H32N$i: C, 80.95; 
H, 4.36; N, 9.18. Found C, 78.99; H, 4.36; N, 8.75. 

f~@-4’-~y~b~ny~-3,16,15,2~~~y~~~~ ~~~ (24. 10 mg (85%); Elated with 
SO?? dichloronwthane in hexane; W-MS A,_ (relative intensity) 593(I), 553(2.1), 424.5(34); 1H NMR 6: 

8.88 (d, 1H, P-H), 8.83 (s, 6H, @+I), 8.78 (d, lH, FBI, 7.4-7.7 (XII, 24H, aromatic protons), 3.08 (t, 2H, 
-C&-OH), 2.35 (t, 2H, J = 7 Hz, -cinc-CH2-CHzOH) . 

r3~~~~l~H~ny~-~f~~h~ IX LXmethykt@r~ nick&Z_ (26). 10 mg @SO%]; Eluted with 
di~ororn~~; W-Vis & (rebtive ~ten~~~ 550(2.5), 516(l), 392(17.8); 1H NMR 6: 9.78, 9.70, 9.42, 
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9.38 (s, 1J-J each, me.ro-H), 8.62 and 8.68 (st IFJ, &II), 4.02 (m, 4H, -CH+H&02CH3), 3.67, 3.68 (s, 3H 

each, -oGJ&), 3.69, 3.65 (s, 3H each ring cti,), 3.38, 3.24 {s, 3H each, ring CH3), 3.18 (m, ~JJ, -C& 
m2co$H3), 2.42 (4 2y -c34fmi2-), 1.98-2.1 (I& 4ti -w-cH+r$H$H$, 0.98 (t, 3H, 6-C&); 
HRMS m/r 674.2403 calcd. for C$-L41NIO~~aNi: 674.2406. 

[3(8)-Q ‘-Doa@yny&kdrop~hyri~ 2X DimtethykMt~] nicliel(ll) (27) 15 mg (70%); Ehrted with 
5% acetonitrile in dichloromethsne; remystahized Tom hexane; m.p 98 Oc; W-Vis Arnsx (relative intensity) 
561(2.6), 521(l), 399(15.3); rH NMR S: 9.65, 9.38, 9.36, 9.34 (s, 1H each, me*H), 8.62 and 8.68 (s, 1H 
each, @-H), 4.02- 4.20 (m, 4H, ~2~H2C02~H3), 3.68, 3.67, 3.66, 3.65 (s, 3H each, -OCH3}, 3.51, 3.46, 
3.45, 3.40,3.39,3.38,3.37,3.34 (S, 3H each, ring CH,), 3.2 (m, 4H, CH+#IH&!O$H3), 2.98 (o, 2H, -CkC- 

CH2), 1.33-1.26 (m, 16H, CH;, of dodecyl group), 0.90 (t, 3H, J = 7 Hz, 12’-CHs); HRMS n/z 758.3342 
cakd. for C~~H~2N~O~s~: 758.3359. Anal. cald for C~H~2~~O~~: C, 69.57; H, 6.90, N, 7.38: Found C, 
70.07; H, 7.23, N, 7.19. 

[3f8)-(l’-~~y~hyn~~~h~ A’ ~y~~~ nickel@ (28). 10 mg (70%); Ehrted 
with dichlorometharq W-Vis kerax (relative intensity) 567(2.2X 5255(l), 404.5(10); IH NMR 6: 9.48, 9.46, 

9.20, 9.18 (s, 1H each, meso-H), 7.4-7.6 (m, aromatic protons), 3.98 (m, 4H, CH#H$O$H& 3.62, 3.63, 

3.64, 3.65 (s, 3H each, OC&), 3.22, 3.24, 3.42, 3.46 (s, 3H each, ring CH3), 3.20 (m, 4H, CHz- 
CH2CO$J$); HRMS m/r 694.2096 calcd. for C~~~N~O~5*~: 694.2077. 

J(S)-(I~Hydmwybutynyl)-d~p~hy~~ IX Dimrthyi~~ nickel(@ (29). &ted with 5% 
. 

acetonitrile in di~oro~e; wry&h& from methanoh m.p. 225-228 Oc HJ?LC (5:55:45 
~3~/C~Cl~~~es) Rt = 23 miq W-S & (relative intensity) 562(2. I), 526(l), 403(20.5); rH NMR 
6: 9.8, 9.99.46, 9.4 (s, IH each, nteso_H), 8.76 (s, IH, @-H), 4.32 (t, 3 = 5.3, 2H, -CH2-OH), 4.29 (m, 4H, 

CH2-CH&02CH3), 3.67, 3.66 (s, 3H each, -OCH3), 3.55, 3.48, 3.38, 3.27 (s, 3H each, ring CH3), 3.08 (m, 
4H, CH#H&O$H3), 2.58 (t, 2H, -C&X& ); HRMS m/t 662.2039 calcd. for C$$eN~O~Ni: 662.2070. 

C, Anal. cald for C3&6N4O~Ni: C, 65.18; H, 5.47; N, 8.4. Found C, 65.68; H, 5.88; H, 8.04. 

[8~3~-(4’-H~b~~ny~~t~o~h~ IX Bimethylestq] ~~~~ @9$ HFLC (5:55:45 
CH3CN/CHCI3~ex~~ Rt = 27 miq W-Vis &nax (relative intensity) 561(1.96), 523(l), 402.5(16.4); IH 

NMR 6: 988, 9.82, 9.58, 9.52 (s, IH each, meso-H), 8.52 (s, IH, &H), 4.22 (t, J = 5.3, 2H., -CH2-OH), 3.95 

(m, 4H, CHz-CH2C02CH3), 3.73, 3.70 (s, 3H each, -OCH3), 3.72, 3.71, 3.72, 3.69 (s, 3H each, ring CH3), 

3.30 (m, 4H, CH2CH2~02~3), 2.5 (t, ZH, -CXX&); HRMS r&z 662.2039 calcd. for C~~3~N40~5~ 
662.2070. Anal. cald for C3eH3$3404Ni: C, 65.18; H, 5.47; Found C, 65.18; H, 6.06. 

[8~3~-(4’-H~bu~ny~~nt~~hy~ IX ~~hy~~] zinc(?I) (31). Ehited with 
dichloromethane, HFLC (5:55:4S CH$N/CHCl$Hexanes) Rt = 15 rniq W-Vis & (relative intensity) 
S78(1.2), 540.5(l), 412.5(15.7); 1HNMR 6: 9.56, 9.12, 9.08, 8.95 (s, 1H each, meso_H), 8.45 (s, lH, j3-H), 

4.25 (t, 2H, -C&-OH), 4.06 (m 4H, -CH&H#O&H3), 3.65, 3.62 (s, 3H each, -OCH3), 3.49, 3.42, 3.40, 
3.29 (s, 3H each, ring CH3), 2.98 (m, 4H, CH2~2C~CH3); 2.46 (t, 2H,-CkC-CH2-) HRMS m/z 668.1977 
calcd. for C$J3eN40564Zn: 668 1960 . . 
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