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ther experiments to provide additional information 
relevant to the above are now in progress. 
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The Synthesis of Fully Unsaturated H-, 12-, and 
13-Membered Sulfur Heterocycles1 

Sir: 

No fully unsaturated monocyclic monoheteroc ;yc:le 
(type 1, X = S, O, NH, etc.) containing a ring Is j-ger 

.(CH=CH), 

than the nine-membered one (m = 4) appear s to 1 >e 
known. It was of interest to synthesize mac ;rocycl ic 
members of this series, in order to determine t' ne pro p-
erties of these higher homologs of thiophene, fi aran, ar id 
pyrrole (m = 2). The possibility existed * chat tht ;y 
would be aromatic when m = 6, 8, 10, etc. and non-
aromatic when m = 5 7, 9, etc., in the same i #ay as ce r-
tain [An + 2]annulenes have been shown to t >Q aroma1;ic 
and [4«]annulenes nonaromatic.2 In order to test this 
possibility, we have prepared the 13-mem' oered sulfur 
heterocycle 4 (a fused derivative of 1, X = : S, m = (>), 
as well as the 11-membered sulfur hete .rocycle 7 (a 
fused derivative of 1, X = S, m = 5). ' The 12-mein-
bered ring sulfur compound 9 has also bee ;n synthesized. 

Wittig reaction of 2,2'-thiodi-l-cycl ohexene-1-csir-
boxaldehyde (2)3'4 and 2,2'-bis(tripher rylphosphonio-
methyl)biphenyl dibromide (3)6 in dim ethylformamide 
with ethanolic lithium ethoxide at 90°e led to a mixture 
of products, from which trans,trar 
cyclohexeno[fr,/]thiacyclotridecahexaen 
lated in 12% yield8 by chromatograph 
then tic on kieselgel. Substance 4 
crystals, mp 113-115°;9 mass spectr cnn, molecular ion 
at m/e 396; uv max (C6H12) ~246 s,h (« 19,000), 2,91 
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obtained pure. 
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verted to the cr jrresponding bisylic' ie with sodam ide in liquid ammonia, 
followed by re a c t i o n w j t h 2 in boil' .ng benzene-et her. 

(9) Satisfa c t o r y elemental anal yses were obtai ned for all new crystal­
line compo' J n d s > 

«-dibenzo[/,/i]<ii-
ie (4)7 was iso-
y on alumina a nd 
formed colorless 

CHO BrPh 3 PCH 2 -

+ 
CHO 

(19,900), and 343 nm (20,800); ir (KBr) 965 s cm-1 

(frans-olefin). The nmr spectrum of 4 (100 MHz, 
CDCl3) confirmed the assigned structure and stereo­
chemistry, showing signals at T 2.10-2.50 (m, 2 H), 
2.60-3.10 (m, 8 H) (benzenoid and olefinic), 3.74 
(broadened d, J = 16.5 Hz, 2 H, olefinic), 7.60-8.15 
(broad d, 8 H, allylic methylene), and 8.20-8.65 (broad 
s, 8 H, nonallylic methylene). Further confirmation for 
structure 3 was obtained by desulfurization with Raney 
nickel in ethyl acetate under hydrogen at room tempera­
ture (2 hr), which led to 2,2'-di(/3-cyclohexylethyl)bi-
phenyl (5) as a colorless liquid; mass spectrum, molec­
ular ion at m/e 374; uv max (C6Hi2) 264 (e 940) and 
271 nm (80O);10 nmr (60 MHz, CCl4) r 2.65-3.15 (m, 8 
H, benzenoid), 7.50-8.10 (m, 4 H, benzylic methylene), 
and 8.20-9.65 (m, 26 H, methylene and methine). 

Reaction of the aldehyde 2 and o-xylylenebis(tri-
phenylphosphonium bromide) (6)6'11 with lithium eth­
oxide under the previously mentioned conditions,6 

followed by separation as before, gave cu,/rarts-benzo-
f/Jdicyclohexeno[6,/]thiacycloundecapentaene (7) in 

2 + ® 

2.2% yield. This substance formed colorless needles, 
mp 130-1320;9 mass spectrum, molecular ion at m/e 
320; uv max (C6H12) 237 (e 31,000), - 2 9 0 sh (7300), 330 
(5600), and ~348 sh nm (4300); ir (KBr) 985 s cm"1 

(trans-olcfin). The nmr spectrum of 7 (100 MHz, 
CDCl8) again confirmed the assigned structure and 
stereochemistry, showing signals at T 2.30-2.50 (m, 1 H), 

(10) By comparison, 2,2'-dimethylbiphenyl shows uv max (95% 
EtOH) 263.5 (« 800) and 271 nm (600) [P. M. Everitt, D. M. Hall, and 
E. E. Turner, / . Chem. Soc, 2286 (1956)]. 
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2.60-2.85 (m, 3 H) (benzenoid), an AB quartet at 3J2< 0 
and 3.38 (/AB = 12 Hz, 2 H, m-olefinic), an AB quart< ;t 
at 3.65 and 3.82 (/AB = 16.5 Hz, 2 H, trans-oleftmc ;), 
7.45-7.85 (broad s, 8 H, allylic methylene), and 7.9,' 5-
8.35 (broad s, 8 H, nonallylic methylene). 

l,8-Bis(triphenylphosphoniomethyl)naphthalene < di-
bromide (8)8b'12 was converted to the correspond ing 
bisylide with sodamide in liquid ammonia,12b follov ved 
by treatment with the dialdehyde 2 in boiling etr ier-
benzene. Chromatography on alumina gave 2% 
of cw,m-naphtho[l,9,8-/g]dicyclohexeno[ft,A;]thiacy clo-
dodecapentaene (9) as colorless needles, mp 138— 

140°;9 mass spectrum, molecular ion at mje 3' 70; uv 
max (95% EtOH) 239 (« 37,000), 322 (8800), and —338 
sh nm (7600); ir (KBr), only weak bands (at 94 8, 958, 
978, and 988 cm'1) in the 920-1000-cm-1 regtoi i. As­
signment of the cis,cis stereochemistry is based c »n the ir 
spectrum and the nmr spectrum (100 MHz, ' CDCl3), 
which showed signals at r 2.30-2.55 (m, 2 H) ai id 2.60-
2.90 (broad d, 4 H) (benzenoid), an AB quarte t at 3.31 
and 3.67 (JAB = 12 Hz, 4 H, cw-olefinic), ai id 7.70-
9.25 (m, 16 H, methylene). 

The nmr spectra of 4, 7, and 9 indicate r io appre­
ciable ring current effects due to the macrocy die rings, 
and presumably they are nonplanar molecu iles. The 
fact that the 13-membered ring compound < 4 (type 1, 
m = 6) shows no sign of aromaticity parall els the be­
havior of fully unsaturated nine-memben 'A hetero-
cycles (type 1, m = 4) containing an S,4'1'' O,13'14 or 
NCOOEt16 grouping, but not that of li/-azonine16 

which contains an NH grouping. 
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Ordered Structures in Sequential Co pol ypeptides 
Containing L-Proline or 4-Hydroxy-L-proline1 

Sir: 
Ordered structures in sequential copolytripeptides 

and copolyhexapeptides containing | L-proline and 
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Figure 1. Circular dichroism of PA ( — ) at - 4 2 ° , GGPG 
( ) and GGHG ( • • • ) at - 4 5 ° , and PG ( ) and HG 
( ) at — 48 ° in 2:1 ethylene glycol-water. 

glycine have been detected in the solid state2 and in 
solution.3'4 Copolypeptides with glycine at every 
third residue, which is a strict steric requirement for the 
formation of the collagen triple helix,5,6 have been most 
frequently studied. We have observed that sequential 
copolypeptides which do not contain glycine as every 
third residue may nevertheless develop order in dilute 
solution. 

Poly(L-prolyl-L-alanine) (PA), Mw = 3000, poly-
(L-prolylglycine) (PG), Mw = 13,200, poly(4-hydroxy-
L-prolylglycine) (HG), Mw = 10,400, poly(glycyl-
glycyl-L-prolylglycine) (GGPG), Mw = 6700, and 
poly(glycylglycyl-4-hydroxy-L-prolylglycine) (GGHG), 
M N = 9400, exhibit only negative circular dichroism 
(CD) over the accessible spectral region in water at 
75-85°. The minimum is at 196-198 m,u for GGHG, 
204-205 m/u for PA, and close to 200 m^ for PG, HG, 
and GGPG, with an average CD per peptide bond of 
about - 2 cmVmmol for GGPG and GGHG and about 
— 6 cm2/mmol for PA, PG, and HG. These spectra 
are qualitatively similar to that of heat-denatured 
collagen, which shows a broad minimum at 195-198 
mfj, with AE = —4 cm2/mmol.7 However, as is shown 
in Figure 1, major differences appear in the CD ob­
tained at low temperatures in ethylene glycol-water 
mixtures. Although PG and GGPG still exhibit 
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