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w-lrradiatlon of 3.3’-(cthanc-1.2.diyl]bir-[ 1.!.6rriazolo-[4,3-a]pyndinel a~ 300 nm gave ~hc ciroid-fuscd 
cyclohuranc dimcr !acr.~hu~IOba.l0ca-rerrahydro-1.10s~hano-!.3.8.9.1Oa.10d-hex~~~icycl~~~nia~a,r]bipheny~ 
knc. Under ~hc same condrtions 3,3’-(propanc~I.3diyljbis-(l.2.~iria;rolo(4.3-a]pyridine] gave he conespondmg 
cyclobutane dimer. Sao.Sbo.10bo.10co-tetrahydro~1.10-propano-?.3,8.9,1~.l~-~x~~adic)~ 
lcnc whereas al 2154 nm ~hr photoproduct obtained had the “cage-like” ctruc~urc 3b.)c.M.k.6b.6c.6d.6.~tahydro- 
3.Spropano-I.!.3a.3f.~.bhcnaa~adicyclobu~a~dr~.j&lJdicyclopen~a~b.h]biphcn~lcne Replacement of the hydrocar. 
bn linkage with the oxyhis(mcthyknc) or a thiohis(mcthyknc) umt and irradiation at 300 nm p,a\e the corresponding 
ciroid-fused. cyclobutane drmcrs only. The effect of methyl whrtirucnts in ~hc pyridme ring of rhc hicyclic ry\tcm on 
I!IC dim&ration process was also studied 

In the previous publication. various derivatives of 
1.2,4triazolo]4.3-a]pyridine (1) were found to undergo 
photodimerization to cisoid-fused cyclohutane deriva- 

tives by interaction of the S.6- and 7.gdouhle bonds. 

affording 5aaJba. IOba.lUca -tetrahydro- l.2.3a.8.9. IOa- 
hexaaz.adicyclopenta]o.ijbiphenyleneS (2). readily con- 
verted into 3 by hydrogenation. We have now found that 

dimerization occurs exclusively at the Sbdouble bond 
when steric constraints are imposed on the 1.2.4 
triazolo(4,3-alpyridine nucleus by incorporation into a 

system such as 4. 
Examples of intramolecular photocycloaddition reac- 

tions involving heterocyclic systems have been reported 

only recently. most emphasis being placed on noncon- 

jugated bichromophoric systems such as NJ’-talk- 
anediylbis[ IH-pyrrole-?,Sdione]. 7,7’-[alkanedi- 
ylbis(oxy)]bis[2H-I-benropyran-!-one], and I.l’-]pro- 

+Dcdicated IO Professor R. 8. Woodward on the occasion of his 
60th birthday. 

tThis nomenclarure is used here for consistency wilh Ihat 
employed for rhc more complex cystems deccribcd below. 

pane-l.3diyl]bis(5-methyI-2.4~I~.3)!~pyrimidinedione].’ 
The number of carbon atoms in the chain joining the two 
nuclei was found to be important in determining the 

nature of the product formed which was also dependent to 
some degree on the substituentc present at the 

dimeriration centers. 
Chemical results. The bichromophoric I .2,4-tri- 

azolo]4.)_a]pyridines utilized in this study are described in 
Table I. being synthesized as reported in the Fx- 

perimental.’ 
Irradiation of 3,3’_Iethane-l.Zdiyl]bis( I .2,4-triawlo]4,3- 

ajpyridine] (4) in DMF (or tetrahydrothiophene-I.l- 
dioxide) at MOnm gave. after four days. the dimer 5 

whose m.p. (>25tPdec) WS slightly higher than that of 
the monomer 4. (m.p. 245”). The hypsochromic shift in the 
UV spectrum (Table 2) is consistent with loss of some of 

the conjugation in the 1.2.6triazolo[4,3-alpyridine 
nucleus. At temperatures above 250” the dimer reverted to 

the monomer. Stability increased significantly on 
hydrogenation (25 psi hydrogen, Pt,O) and the hydro- 

genated product 6. (m.p. 335”) showed a single absorption 
at 1% nm indicative of further loss of conjugation in the 
fused-ring system. The NMK spectrum showed only the 
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300nm 

presence of hydrocarbon protons which, together with a 
molecular ion at %I: 268 and analytical data established a 

molecular formulaof C,,H,,N, and were consistent with 

structure 6 for the hydrogenated dimer. Irrespective of 
the solvent, irradiation of 4 at 254 nm resulted in highly 
insoluble. non-crystalline, polymeric-type products. 

trradialion of 3.3’-[propane-l .)-diyl]bis[ I .2.4-lri- 

azolo[4.3-ajpyridinelt7) in DMF (or tetrahydrothiophene- 
I,l-dioxide) at 330 nm also gave a dimer. assigned 

struclure Saa.Sba.lOba.l0ca-telrahydro-l.IO-propane 
2.3.g,9.lOa.IOd-hcxarvadicyclopenta[o,i]biphenylene (8). 

Its LV spectrum (Table 2) and other characterization data 
(Table 2). together with the absorption of IWO molecules 
of hydrogen to give a reduced product. 9. (MT 282) are 

consistent with structure 8 for rhrs photoprod%%. 
AI 2.54 nm 3.3’ - [propane - I.3 - diyl]bis[ 1.2.4 - 

triazolo[4,3 - alpyridine] (7) gave a different photoproduct. 
assigned structure 3b.3c.3d.!c.6b.6c.6d.6e - octahydro - 3.4 

- propano - 1.2.3a.3f.S.6 - hexaazadicyclobu- 

ta[def.jW~icyclopenta[b.h]biphcnylcne (IO). Photodimer 

IO did not absorb hydrogen, and its 

molecular ion M: 278. the prcsencc of only hydrocarbon 
protons in its -K spectrum and a single absorption at 

N/k----N 
.’ , -: ,- \ 

205 nm indicating that the pyridine ring is fully saturated 
as in the hydrogenated dimer 9. are consistent with the 

formation of an intramokcuhu dimer. On heating above 
MO” in tetrahydrothiophene- I .Idioxide solution, IO 

reverted IO 7 precluding any photo-induced rearrange- 
ments. Additional chemical evidence for structure 10 
comes from the intramolecular dirnerization of 8 (which is 

a likely precursor of IO) at 254nm in dry tetra- 
hydrothiophene-l.ldioxide IO afford the cage dimer 10. 
The intramolecular photodimerization of 8 strongly 

suggcs~s the presence of a cisoid-fused cyclobutane ring 
system necessary for a second intramolecular pho- 

toprocess to occur. However consideration of the data 
below is necessary to exclude an alternative 14 +4] 

followed by a subsequent [2 + 21 process which would 
also adequately explain the observed product. 

An inspection of molecular models gave evidence that 
when the alkyl chain connecting the IWO chromophores 

consisted of two methylene units, the additional strain 

imposed by the cthano bridge prevented the second 
intramolecular photoreaction from occurring. Hence. on 

irradiation of 4 or its dimer 5 with 254 nm light, only 

polymeric type products were obtained. 







at the S.&bonds in both 1.2.4triazolo[4.3-a]-pyridinc 

chromophores. The Me absorption showed a small allylic 

coupling (1.3 Hz), verifkd by spin-decoupling expeti- 

ments. with the H, and H, oletinic protons (S 6.66) and 
some broadening due to small spin interactions with the 

HI. and H, protons. The H,, and H,, protons (6 5.98) 
formed part of an AA’XX’ spin system with H,. and H,, (6 

4.82) and irradiation at the center frequency of the HIQ 

and H,, doublet of doublets caused protons H,. and HH 
to appear as a slightly broadened singlet due to the small 
coupling interaction with the olefinic Me protons. 

Conversely, irradiation of the H,. and H, resonance 
caused collapse of the H,, and H,, absorptron to a singlet 
at 6 5.98. The ethano bridge absorbed as a close .4?Bz 

multiplet centered at 6 3.70. The corresponding dimer 

with a propano bridge 12 (n = 3) had an N.MR spectrum 
nearly identical to the spectrum of 12 (n = 2) with the 

major difference being the absorption of the propano 
bridge which resonated as overlapping multiplets between 

6 2.5-3.6. 
The introduction of an 0 or S atom into the alkane 

bridge had a predictable effect on the NMR spectrum. The 

NMR spectrum of dimer 14 (X = 0) was similar to those of 
dimers 5 and 8 with the exception of those protons 
corresponding to the oxybis(methykne) unit which 

resonated as two overlapping AB multiplets (IAs = 
16.8 Hz) centered at S 5.03 and 6 5.21. The Hlh and H,, 

AA’XX’ doublet of doublets were observed at S 6.03 
coupled to H,. and HA and. as was anticipated protons H, 

and H, were an AB doublet at 6 6.91, coupled to protons 

H, and H, (6 6.71: I,., = XI = 10.3 Hz). 
The coupling, I/*x + JAx-l = 11.9 Hz, of the H ,llr and H ,& 

resonances indicated that all the protons in the cyclo- 

butane ring are in an Q stereochemical position, and thus, 
the dimer is also cisoid-fused at the 5,6double bonds of 

the 1.2.6triazolo[4,3-alpyridine nuclei. Spin-decoupling 
experiments on this dimer gave results analogous to those 

obtained with dimers 5 and 8. 

In contrast. the 60 MHz NMR spectrum of dimer 14 
(X = S) showed a singlet for the absorption of the 
thiobis(methylene) protons. At this operating frequency 

the four protons of the thiobis(methylene) unit achieve 
magnetic equivalency causing the H,, and H,, protons IO 
resonate in equivalent magnetic environments with 

identical chemical shifts (Table 2). The interrelationship 

of protons H,.. H% (6 4.79) to protons H,,. H,, and H,, 
H, was established by double resonance experiments. 

The thiobis(methylene) unit in the thioanalog 14 (X = S) 
showed a different NMR (100 MHz) absorption to that of 

its oxygen analog I4 (X = 0). resonating as two non- 
equivalent close AR absorptions centered at 6 4.40, the 

+Spcctral charactenstics were determined with tlw following 
instrumcn1atron: IR spccrra Perkin-Elmer Model 337 spc- 
tropholometer; mass spectra. Huachi-P&in-Elmer RMUdE 
mass spcctromercr at 70eV. urilizing the direc1 inlet probe. with a 
source temp. of co. I?@: SMR spectra. Varian T&l and HA-100 
spcclrometers with a Vanan C-1024 time avcragrng computer, 
using TMS as internal standard; UV spectra. Gary 14 spcc- 
trophotomerer. Mp. determina1ions were performed with either a 
UniMel1 Hoover capillary m.p. apparalus or a Mel-Temp 
capillary m.p. apparatus. NMR appronimalans were performed 
using the Nicoler SIC-OS-40617 nuclear magnelic resonance 
spcclrum calculation program (NMRCAI.) with the Rruker WY60 
NMR specrrometer. Elemental microanalyxs wcrc by lnstnnal 
Laboratotis. Inc.. Rensselaer. N.Y. and Galbraith laboratories. 
Inc.. Knoxville, Term. 

17 

result of the thiobis(methylene) unit having a con- 

formation in which all four protons are nonequivalent. 
This non-equivalency also causes the spatially adjacent 

protons. H ,ob and H ,&, to have slightly different magnetic 
environments and slightly different chemical shifts, 

resulting in a virtual broadened doublet of doublets with 

the intensities of the peaks not conforming with those 
anticipated for a general AA’XX’ spin system. 

The NMR spectrum of the hydrogenated product 15 
showed no oletinic protons as did the spectrum of dimer 

14. The H,, and H,, proton absorptions appeared as a 

virtual triplet (II,, + I,x 1 = 9.6 Hz) at 6 5.63, and similar 
absorptions were observed in the hydrogenated products 
obtained from dimers 5 and 8. 

ExPFRmn-rAL’ 

The 2-hydrazinopyridines and (alkane-1.3dryl[his]I.?.Crri- 
a.zolo[4.3-a)pyridincs) were prepared by lrrcrature procedures.’ 
The following preparalron itluslrare\ fhc general procedure for the 
orhers whore specrral and analyrical data are dcscnbcd in Table I. 

3.3’ [Bhanr . I.! dip/]his[? mrlh!/ I.24 Ina:olo[4.3 .(I]. 
p!ndinc I1 1) 

2-Hydrazino4rnr1hylpyridinc (49.2 8, 0.40 mole) and burane- 
dioic acid 123.6 8, 0 20 mole) were heated wrth stirring at 174 for 
2 hr. The mixture was healed at 25@ for an additional 4 hr and then 
cooled IO ambrcnt temp. The resultmg sohd crvsralhred from 
EIOH (h’oril) IO give small. colorless plates: .cO.Rg (87%). m.p. 
249-2Hp: M- 292.(26). 

All pho=eactions were carried OUI ur anhydrous freshly 
distilled solvenfs in a Rayoncf RPR-100 photochcmrcal reactor 
equipped with either 300 or 254 nm UV lamps. Hydrogcnarrons 
were performed in a Parr hydrogcnarron apparatus. 

(a) Ustnn S.N-dimnh@nromi as .ro/~mr. Compound 4 
(2.5 9) was dissolved in freshly dirfihed N.N-dimerhylformamide 
(250 ml. dncd over HaO) wrth pcnfle healing IO et?cc~ soln. The 
soln was tihcred into a quartz Erlenmcyer flask and irradiated 4 
days with 300 nm UV tighl. The producl which had separarcd from 
solulion was collec~cd and rccrys1allizcd from aqueous MeOH 
(Norit) giving colorless needles: 1 4Og (56%); m.p > 2-w (dcc) 

fh) cring frfmhydmfhiuphmc-1.1.diolidr as solrtnf. Com- 
pound 4 (2.09) was dissolved in freshly distilled te1ra. 
hydrorhiopbcnc-1.1.dioxide (200ml) and filtered into a quanr 
F.rlenmeycr flask The solution was irradiated 5 days with 3&1 nm 
UV Ii&r. No product had separated from this solvent. Cryslat- 
liraton was induced by drlution of the rcacfion mixture with a 3: I 



2-propanonc. I.l’-oxybixthanc solution (400 ml) and cooled IO 0’ 
for 24 hr. The product was collected and rccrystalltiation from ‘* Support of this work by U.S. Pubbc Heahh Scrv~ce Research 
aqueous MeDH (Sori~) gave colori~ss medks: 0.82~ (41%); Gram CAM. National Cancer Institute. is gratefully 
m.p. > 250’ fdec:). identical in all respects IO o. above. acknowledged; ‘Abstracted from the Ph.D. LXssertations of E. 

B. (1970) and W. D. (1975) presented to the Graduate School. 

Rensselaer Polytechnic Insuture; ~Comin8 Glass Foundation 
4.UaoJbo.6.7,lt&x.lrko kuhydro . 1.10 - erhano Fellow, 197C7S: ‘NSF Trainee 1968-70: ‘Fit presented at ~hc 
2.3.8.9.1Oa.lod - huaoradicyclopcnrcr]o.i]biphrnylme (0 XXIII lntcmational Congress of Pure and Applied Chemistry. 

Compound 5 (0.68) was dissolved m AcDH (5Oml) in a Parr Boston (1971). 
hydrogenation Bask and platinum oxrdc (20 mg) was added. A H, rK. T. Potts. E. BNgd and W. C Dunlap. Tcrrohtdmn 33. 1247 
pressure of 4Opsi was maintained with continuous shaking for (l9.n). 
I4 hr. The soln was filtered (Celitc) and ~hc solvent was ‘F. C. De Schryver and J. Put. Angfw. Chem. Intern. Ed. Engl. 8. 
evaporated under reduced pressure. The residue was recrystallized 213 (1969); F. C. Lk Schryver. W. 1. Feast and G. Sme~s. 1. 
lwice from methanolic I.l’-orybiscthanc (Norit) gtving colorless. Pdvm. Sci.. Part A-l. Pdvmtr Chtm.. 8. 1939 (1970): F. C. De 
rnegular prisms: 0 498 (82%); m.p. > 3o(p dec.: Mr 228 (8). Schryvcr. W. J. Feast andG. Smtts. 1. Polymrr Sci.. Part A-l. 

Pdymcr Chem.. 10. 1687 (1972): 1. Put and F. C. De Schryver. 1. 
Am. Chn. Sot. 95. 137 (1973). 

3b.3c.M.k.6b.6c.6d.6 - fkmhydm - 3.4 - propane . 1.2.3a.31.5.6 - ‘L. Lccwkrs and F. C. De Schryver. Anfwv. Chn. Intern. Ed. 
h~x~clz~dicycl~u~o[d~.j~]d~cyciop~~~]b,h]b~h~ny~~ (IO) Engl. IO. 338fl971); 1.. H. Lccnders. E. Schoutedcn and F. C. DC 

Compound 7 (3.0 g) in tetrahydrothiophenc-I.Idioxidt (250 ml) Schryver. 1. Oq. Chcm. 38.957 (1973). 
was irradiated at 254 nm for 5 days. The crystalline solid 1ha1 had ‘N. 1. l.conard. K. Cilankiequrcr. R S. McCredrc. S. M. Johnson 
separated crystallized from aqueous MeOH (Norit) as fine. and I. C. Paul, 1. Am. Chin. Sot 91. 5855 (1969). 

colorless needks: 2.24 g (75%). m.p. > 240” fdec). When DMF was l K. T. Potts and H. R. Burton, 1. Org. Chn. 31. 251 (1966). 

used as solvent the original morhcr liquor had IO be concentrated ‘R. 1. Abraham and H. 1. Bernstein. Can. 1. Chn. 3). 216 (1961); 
IO obtain all ~hc product. NMR fCF,C&DJ 6 6.00 (2. dd. AA’XX’. R. J. Abraham, W. G. Schneider and H. 1. Bernstein. ibid. 35 

H,. H,; vw.4 A /..“I = 7.8 Hz; II,., l Is.,1 - 7.8 Hz); 5.21 (2. lo60 (1967). 
dd. H,. H,; pe.. * /.,,A = 7.8 Hz; Ilo. + I,,1 - 7.8 Hz); ‘1. Fkming and D. H. Williams, Termhcdron 2.3. 2747 (1967). 
3.7R - 4.18 (4. m centered at 3.98); 2.b3.8 (3. m). *A. Gamba and R. Mondelli. Tetmhedron LIIIUS ?I33 tl971). 

‘OF. Libcra~oe. A. Casini and V. Carelli. 1. 0~. Chtm. 0. 559 

(1975). 
.4clmo&d~rmnrs-We wish IO express our indebtedness IO J “L. M. Jackman and S. Stemhell. Applicofions o/ Muckur 

VanEpp for his help with our NMR spcclral determinations and IO Magnetic Resonunct Sp~ro~opy in Oaonic Chernirrry. Vol 5. 

Dr. K. loming. Chemical Abs~racls Service. for his help deriving p. 129. International Series of Monographs in Qganic 
the systematic names for these photoproducts. Chemrstry. Pergamon. New York (1969) 

“H. Rottendorf and S. Stemhell. Zcrrahrddron Ilffrrs 1289 (1963). 

I262 K. T. Ports tr ol. 


