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The relative stereochemistry between C(2) and C(4) of the naturally occurring, rearranged acetonylbutyro- 
lactonecontaining annonaceous acetogenins has been determined. Model lactones 4c, 4t, 6c, and 6t, which mimic 
the rearranged portion of the natural products in question, have been synthesized and unambiguously assigned 
as having cis or trans stereochemistry on the basis of 'H NMR NOE experiments. Each stereoisomeric pair displays 
diagnostic coupling constant and chemical shift trends. These data were then compared with those of all of the 
pertinent acetogenins bullatacinone (2), squamone (I), isoannonacin (8), isoannonacin-10-one (9), and rollinone 
(10) and some of their peracetate derivatives. For none of these compounds had the C(2)/C(4) relative stere- 
ochemistry been previously determined. The major (for 2 and 10) or only reported isomers (for 7-9) bear a trans 
C(2)/C(4) relationship. 

Since the report of the discovery of uvaricin in 1982: 
the class of related, naturally occcurring annonaceous 
acetogenins has rapidly grown to now include approxi- 
mately 30 members? Among the more recently discovered 
structures within the class are those containing either a 
C(4)-hydroxyl group as exemplified by bullatacin (lI4 or 
the rearranged acetonylbutyrolactone moiety present in 
bullatacinone (2).4 Although both trans and cis isomers 

H O D m  '0 bullatadnone bullatadn (1) (2) and may be 

the 15,24-bisepimer 

hexepimer of that 
shown 

andlor the = R  
15,16,19,20,23.24- 

HO"i4 

1) KOH, 1.BuOH 

2) 10% HCI [:?Me] 

I & 
R ' , H % S  

2a trans 
2b cis 

of 2 have been isolated directly by fractionation of natural 
material, 1 can be chemically transformed into a mixture 
of 2a and 2b,'. presumably by way of either a trans- 
lactonization event or saponification/relactonization of the 
intermediate butenolide isomer 3. Given the increasing 
number of examples of these "rearranged" ketolactones$t6 
the biological interest of the series in general: and our 
experience in defining certain stereochemical issues within 
various substructural units of these acetogenins! we de- 
cided to develop a protocol that would allow for the as- 
signment of the relative stereochemistry between positions 
C(2) and C(4) of the lactone ring (bullatacinone skeleton 
numbering is used throughout for all synthetically pre- 
pared compounds). 
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The successful strategy used in our solution to the 
general problem of assignment of relative stereochemistry 
within the bis(tetrahydrofurany1) [C(15)-C(24)] moiety of 
the acetogenins involved synthesis of a suitable array of 
model compounds of known stereochemistry and subse- 
quent, detailed comparison of their 'H NMR character- 
istics with those of the natural products. In a similar 
manner we chose to synthesize and prove the structure of 
the model cis- and trans-substituted 2-acetonyl-4-butyl- 
y-butyrolactones (4c and 4t) for eventual spectroscopic 
correlation. Thus, malonic ester synthesis of the lactones 
5 was achieved by reaction of diethyl sodioallylmalonate 
with 1-hexenoxide. Decarbethoxylation of this mixture 
gave the 2-allyl-4-butyl-y-butyrolactones (6c and 6t in an 
-1:l ratio), which were separated by chromatography on 
silica gel. Finally, each individual isomer was oxidized to 
ita methyl ketone (4c and 4t) under Wacker conditions.' 

I )  NaOEt, EtOH 

4t "P 

With these appropriate model compounds in hand and 
knowing that the isomers of each diastereomeric pair gave 
distinguishing 'H (and 13C) NMR spectroscopic data, we 
deemed it necessary to unambiguously assign the relative 
configuration within each pair of isomeric lactones 4 and 
6. Thus, both isomers of 6 were studied by difference NOE 
spectroscopy.8 Enhancements in the more polar (SiOJ 
isomer between proton pairs H(4)/H(2) (1.6%) and H- 
(4)/H(3a) (2.8%) and in the less polar isomer between 
H(4) and both H(3a) and H(38) (total enhancement of 
2.9%) but, significantly, not between H(4) and H(2) al- 
lowed the assignment of the cis ( 6 4  and trans (6t) ster- 
eochemistries to the more and less polar isomers, respec- 
tively. This relative elution behavior (as well as 'H NMR 
data, vide infra) is consistent with that observed for a set 
of four cis/ trans isomeric pairs of 2,4-dialkyl(or phenyl- 
alkyl)-y-butyrolactones described by O l l i ~ . ~  

(7) E.g., Tsuji, J. Synthesis 1984, 369. 
(8) Askin, D.; Volante, R. P.; Reamer, R. A.; Ryan, K. M.; Shinkai, I. 

Tetrahedron Lett. 1988,29, 277. 
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Table I. lH NMR Chemical Shifts. and Coupling Constants 
of the Core Protons in the Cis and Trans Dirubrtituted 

Allyl and Acetonyl Lactones 6c, 4c,6t, and 4t 

ax/eq 

Meaningful and diagnostic trends in the proton chemical 
shift data were evident for cis and trans isomers of both 
the allylated lactones 6c and 6t and their acetonyl con- 
geners 4c and 4t (see Table I). These trends are sum- 
marized in Chart I. Particularly noteworthy are that in 
the pair of trans-substituted lactones: (i) the methine 
proton H(4) is farther downfield, (ii) the difference in 
chemical shift (A6) for the H(3) geminal pair of protons 
is smaller, and (iii) the coupling constant between H(4) and 
H(3@ is considerably smaller. This last fact is consistent 
with the predominance of the eq/eq conformer in the cis 
homers but with significant populations of both ax/eq and 
eq/ax conformers in the trans lactones? 

Available 'H NMR data for the natural products bul- 
latacinone (2),'. squamone isoannonacin (@,ab iso- 
annonacin-10-one (9)Pb rollinone and some of their 
peracetate derivatives are summarized in Table 11. The 
solvent and field strength for the NMFt measurements are 
noted in the headings. Comparison of the chemical shift 
for the lactone methine proton, H(4), in both CDCls and 
C& for all of these compounds (except 2b and lob) shows 
that the chemical shifts of 6 4.545 (i0.015) in CDC13 and 
6 4.025 (10.025) in C6D6 correspond favorably with those 
of the trans-substituted model compound 4t (6 4.55 and 
4.02, respectively, Table I). Alternatively, the chemical 
shift of proton H(4) in compounds 2b (6 3.72, C&) and 
10b (6 4.39, CDC13) corresponds well with that of the cis- 
substituted model compound 4c [6 3.69 (CeDe) and 4.41 
(CDClJ]. Numerous sets of coupling constants for indi- 
vidual protons also show strong correlation between the 
natural products (except isomers 2b and lob) and the 
trans-substituted lactone 4t. One particularly compelling 
example of this fact is the multiplicity observed for proton 
H(38) in 4t as well as all of the compounds in Table I1 
(except 2b and lob); each contains, in addition to a 
Jp13(a)l, one large and one small coupling constant to the 
vicinal neighbors H(2) and H(4), respectively. In other 
words the H(3P) resonance lacks the two large trans-diaxial 
coupling constants which are present in the cis-substituted 
compound 4c. 

Taken collectively, the above arguments allow the con- 
fident assignment of the relative stereochemistry between 
stereocenters C(2) and C(4) in the natural products bul- 
latacinone isomer 2a, squamone (71, isoannonacin (8), 
isoannonacin-10-one (91, and rollinone isomer loa as well 
as in their acetate derivatives 2a-Ac, 7-Ac, 8-Ac, and 9-Ac 
as trans. The relative configuration in bullatacinone iso- 
mer 2b and in rollinone isomer 10b is cis. We propose here 
the use of the stereochemical modifiers "cis" and "trans", 
as appropriate, to precede the name of those natural 
products for which both C(2)/C(4) diastereomers have 

(9) (a) Tayyeb H u d n ,  5. A. M.; Ob, W. D.; Smith, C.; Stoddart, J. 
F. J.  Chem. SOC., Perkin TTOM. I, 1976, 1480. (b) Trost, B. M.; Klun, 
T. P. J.  Am. Chem. SOC. 1979,101,6758. (c) Klun, T. P. Ph.D. Thesis, 
University of Wisconsin at Madison, 1981. 

proton compound no. 
Jij (Hz) BC 4C 6t at 
H(2) 6 2.71 6 3.03 [2.61] 6 2.72 6 3.02 [2.70] 

(dddd) (dddd) (dddd) (dddd) 
12.7 11.7 9.3 9.8' 

J2a. 8.6 7.8 8.8' 
8.6 8.7 9.3' 

J2M 8.8 
J- 7.8 
J& 3.9 

Jaa,se 12.2 

H(3a) 6 2.41 
(ddd) 

5.4 
H&f 6 1.55 

(ddd) 
Jw.4 10.7 

H(4) 6 4.35 
(dddd) 

J d a  b 7.715.4 
H(35aJ 6 2.24 

3.9 
6 2.59 [1.98] 

(ddd) 
11.7 
5.9 
6 1.50 [O.aS] 

(ddd) 
9.8 
6 4.41 [3.69] 

(dddd) 
7.815.4 
6 2.64 [1.91] 

(dd) 

4.9 
6 2.1w 

12.7 
7.8 
62.OT 

(ddd) 
5.9 
6 4.48 

(dddd) 
7.315.4 
6 2.27 

(ddd) 

(ddd) 

3.4' 
6 2.0lC [1.37]' 

13.7 
8.8 
6 2.23' [1.68]' 

(ddd) 
3.9 
6 4.55 [4.02] 

(dddd) 
8.115.8 
6 2.69 [1.96] 

(dd) 

(ddd) 

J- 14.8 18.0 13.6 19.0 
H(35b) 6 2.63 6 3.09 [2.64] 6 2.56 6 3.03 [2.54] 

(ddd) (dd) (ddd) (dd) 
H(37) 6 2.20 [1.59] (s) 6 2.20 [1.58] (8 )  

Data are reported for CDCla solutions of 4 and 6 except for the 
chemical shifts in brackets which are for C P ,  solutions. ' Coupling constants for this multiplet identified from the spec- 
trum recorded in CP,. "he assignments of a VB B may be re- 
versed for the trans series. 

been characterized (i.e., 2a is tram-bullatacinone,'. 2b is 
cis-bullatacinone, 10a is trum-rollinone,& and 10b is cis- 
rollinone"). We are continuing to probe additional ste- 
reochemical issues within the entire series of natural tet- 
rahydrofuran-containing acetogenins. 

Experimental Section 
Mixture of (*)-ci~ - and (*)-trans -24 Ethoxycarbonyl). 

2-(2-propenyl)-y-octanoic Lactones (5). Sodium (1.15 g, 49.9 
@atoms) was carefully added to absolute ethanol (50 mL) under 
a nitrogen atmosphere. After hydrogen evolution had stopped, 
diethyl allylmalonate (10.0 g, 9.85 mL, 49.9 "01) was added 
dropwise. The light brown homogeneous solution was stirred at 
rt for 30 min, and 1-hexenoxide (7.23 mL, 60.0 "01) was added 
dropwise. The resulting mixture was stirred at  55-60 O C  for 48 
h and quenched with 200 mL of 10% KH2P0,, After extraction 
with CHCla (3x1 the combined organic phases were washed with 
brine, dried over MgSO,, and concentrated under reduced pressure 
to leave 12.1 g (95%) of crude product. Distillation (97-98 O C ,  

at -0.50 mmHg) gave 8.06 g of a mixture comprised mostly of 
the decarbethoxylated products, 6c and 6t, along with some of 
5 ( -1040% 'H NMR analysis). This crude material was further 
processed into pure 6c and 6t as described below. 

(*)-cis- and (f)-t~s-2-(2-Propenyl)-ysctoic Lactone 
(6c and 6t). Ester lactones 5 (8.1 g, 31.7 "01) were heated at  
reflux with KOH/HPO (4.4 g, 79.1 mmol in 62 mL) for 48 h. The 
cooled mixture was washed with EbO (2X). The remaining 
aqueous phase was concentrated under reduced pressure to yield 
a brown solid to which TFA (18 mL) was cautiously added with 
swirling to yield a brown homogeneous solution. After 6 min the 
solution was concentrated under reduced pmsure, and the reaidue 
was triturated with CH2C12 and filtered. The fiitrate was washed 
with saturated NaHC03 and brine, dried (MgSO,), and concen- 
trated under reduced pressure to give 5.0 g (87%) of a crude yellow 
oil. MPLC (23:1, Hex-EtOAc) of 600 mg of this crude material 
gave 164 mg of a faster eluting trans isomer (24%) and 214 mg 
of a slower eluting cis/isomer (31%). 6c: *H NMR (500 MHz, 
CDC18) S 5.77 (dddd, 1 H, J = 17.1,9.8,6.8,6.8 Hz, C H 4 H 2 ) ,  
5.12 (dd, 1 H, J = 16.7,2.0 Hz, CH<H,Hb), 5.09 (dd, J = 9.8, 
2.0 Hz, C H e H f i b ) ,  4.35 (dddd, 1 H, J 10.7, 7.7, 5.4, 5.4 Hz, 
CHOCO),2.71 (dddd, 1 H , J  = 12.7,8.8,7.8, 3.9 Hz,CHCOd, 2.63, 
(ddd, J = 14.8, -6, -4 Hz, CH,H&H4H&, 2.41 (ddd, J 12.2, 
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Chart I. D1.gnortic NMR Spectroscopic Trends for the cis- and trans-Lactones 4 and 6 (in CDCl,) 
cia isomers (6c and 4c) 

h(4) farther upfield (4.35 and 4.41) 

Jw4 = larger (-10 Hz) 
AbH(a),H(ab) slightly larger (0.4-0.5 ppm) 

Jw = larger (-12 Hz) 

v8 

(i) 

(iii) 
(iv) 
(VI 

trans isomers (6t and 4t) 
BH(,) farther downfield (4.48 and 4.55) 

Jv,4 = smaller (-4.5 Hz) 
bAH(&)/H(ab) slightly smaller Ai3 (0.2-0.3 ppm) 

Jw = smaller (-9 Hz) 

Abw(W/H(lh) larger (- 1 ppm) (ii) A ~ H ( ~ ) / H ( & )  smaller (S0.2 ppm) 

Table 11. 'E NMB C M  Shihr and Cou Conrt.ntr of the Lactone Core Protons in Bullatminone Dhwtate [%-Ac],~ Bullatac+yno 
imomerm (1.- and 2b: ), Squunone (!,?&),@ Spuunone Dhcetate 7-Ac),* Isoannonacin Irocmnonmin "hcohte (SAC), 

Iwunnonadn-bone Iuunnonacin-lhne Dhcatate (9-Lc)P I m w "  Rollinone Immenb (10. and lob)' 

Me 
HO 

15,i 6,19,20,23,24- 
HO hexepimer of that 

x,x' Y,y '  
7 squamone H,H -0 
8 isoannonacin H,OH H,H 70a b9ns-roilinone H(2) is 'down' 
9 isoannonacin-10-one -0 H, H 706 cisfollinone H(2) is "up' 

(crZi,, &Ac S A C  lobb 
8 (CDCl,, 9 (CDCla loab (CDCb, 

2.-AC 

proton 442%) &%&\ '&c&) E) 470MHz) 442%) 47OMHz) 4%k) 500MHz) 2%) 
H(2) 6 3.02 6 2.71 6 2.62 6 2.69 6 3.05 6 3.09 6 3 . w  6 3.08 6 3.03d 6 -3.0 6 -3.0 

(J - 12.8, (J  - 9.3, (dddd) (d - 9.2, (J  - 17,9.5, (J - 17, 9.5, (J - 17,9.6, (J  = 17,9.5, (m) (m) 

(m) (m) (m) (m) (m) (m) ( J ;  13,9. (m) 

9.3, 9,3, 9.2, 9.0, 3.6)d 9.0, 3.6)d 9.0, 3.6)d 9.0, 3.6)d 
9.3, 3.4) 9.3, 3.4) 9.2, 3.5) 

H(3,) 6 2.00 6 1.40 6 1.95 6 1.65' 6 1.96 6 1.96 6 1.99 6 1-96 6 1.99 6 2.61 

6 1.74' 
(m) 

6 4.53 

6 2.66 
(J - 18.3, 

9.3) 
6 3.04 
(J  - 18.3, 

3.4) 
6 2.20 

6 1.70 
(J  = 12.8, 

9.3, 
3.4) 

6 4.05 
(m) 

6 1.93 
(J = 18.3, 

9.3) 
6 2.53 
(J = 18.3, 

3.4) 
6 1.15 

6 0.87 

6 3.72 
(m) 

6 1.89 
(dd) 
6 2.64 
(dd) 
6 1.56 

6 1.65' 
(m) 

6 4.00 
(J = 8.2, 

8.2, 
4.9, 3.4) 

6 1.91 
(J - 18.4, 

9.2) 
6 2.51 
(J - 18.4, 

3.5) 
61.54 

6 4.66 

6 2.68 

6 3.04 

6 2.20 

6 2.23 
(J = 9.5, 

9.0 
3.6p 

6 4.54 
(J = 7.0, 

7.0, 
4.3, 3.6) 

6 2.66 
(J - 17, 9.5) 
6 3.01d 
(J ;$5, 

6 2.20 

6 2.23 
(J  = 9.5, 

9.0, 
3.6)' 

6 4.55 
(J = 7.0, 

7.0, 
4.3, 3.6) 

6 2.68 
(J = 17, 9.5) 
6 3.01d 
(J ;Ji5, 
6 2.20 

6 2.23 
(J = 9.5, 

9.0 
3.61 

6 4.55 
(J - 7.0, 

7.0, 
4.3, 3.6) 

6 2.68 
(J = 17, 9.5) 
6 3.01d 

6 2.20 
(J 

6 2.23 
(J - 9.5, 

6 4.54 
!:% 

(m) 

6 2.68 
(J = 17,9.5) 
6 3.01d 

6 2.20 
(JiJ$ 

6 2& 
(J = 12.7, 

9.8 
6 4.55 
(J = 8.0, 

8.0, 
5.9, 3.5) 

6 2.67 
(J  - 18.5, 

8.8) 
6 3.04 
(J = l9,3) 
6 2.20 

3.4) 

not 
observable 

6 4.39 
(J - 10.7, 

7.0, 
5.8, 5.8) 

6 2.60 
(J = 18.5, 

8.8) 
6 3.11 
(J  - 19.0, 

3.4) 
6 2.20 

4th 

8.8, 5.4 Hz, CH,CH 

1 H, J 

HCO2), 2.24 (ddd, J 14.8, 8.8, 6.8 Hz, 

9.7,7.7, 5.4, 5.4 Hz, CH&H,CHbcHOCO), 1.55 (ddd, 
CHJlbCH.d=H2), 1. ? 5 (m, lH, CH&H,CHbCHOCO), 1.60 (dddd, 

1 H, J = 12.7, 12.2, 10.7 Hz, CH,CH CHCO,), 1.44 (m, 1 H, 
CH&H&H,CHh), 1.35 (m, 3 H, CHsChzCH,CH,,), 0.92 (t, 3 H, 
J = 6.8 Hz, CH& '%! NMR (75 MHz, aeeignmenta confi ied by 
reverse-detection ' H / W  HETCOR experiment) 6 178.07 C(l), 
134.52 C(36), 117.28 C(37), 78.86 C(4), 40.44 C(2), 35.08,34.37, 
34.17,27.23,22.30, 13.76 C(8); IR (neat) 3079,2933,2863,1770, 
1642,1457,1354, 1308,1181,1004,921 cm-'. Anal. Calcd for 
C&& C, 72.49; H, 9.95. Found C, 72.09; H, 9.81. 6t: 'H 
NMR (600 MHz, CDCld 6 5.78 (dddd, 1 H, J = 17.6,9.8,6.8,6.8 
Hz, CH=CHJ, 5.14 (dd, 1 H, J = 15.6,2.0 Hz, CH=CH,H,,), 5.11 
(dd, J = 10.8,2.0Hz, CH=CHJlb), 4.48 (dddd, 1 H, J = 7.3,7.3, 
5.4,5.4 Hz, CHOCO), 2.72 (dddd, 1 H, J = 9.3, 8.7, 7.8,4.9 Hz, 
CHCOd, 2.56 (ddd, J 13.7,6.8,4.9 Hz, CH,HbCH<H2), 2.27 
(ddd, J 13.6,8.7,7.8 Hz, CHJlbCH-cHd, 2.10 (ddd, J 12.7, 
7.8, 7.8 Hz, CH,CH&HCO2), 2.02 (ddd, 1 H, J 12.7, 9.8, 5.9 
Hz, CH,CH CHC02), 1.70 (m, 1 H, CH2CH,CHbCHOCO), 1.56 
(m, 1 H, c ~ ~ H , c ~ ~ c H o c o ) ,  1.41 (m, 1 H, CH&H&HacHb), 
1.35 (m, 3 H, CH8CH2CH,CHb), 0.92 (t, 3 H, J = 6.8 Hz, CH,); 
'42 NMR (75 MHz) 6 178.70,134.39,117.68,78.80,38.91,35.28, 
34.80,32.53,27.33,22.32, 13.82; IR (neat) (on mixture) 3079,2933, 

2863, 1770,1642,1457,1354,1308,1181,1004,921 cm-'. Anal. 
Calcd for C11H1802: C, 72.49; H, 9.95. Found C, 72.14; H, 9.86. 
(f)-cis-2-(2-Oxopropyl)-y-otanoic Lactone ( 4 4 .  To a 

stirred solution of cuprous chloride (CuC1,255 mg, 2.58 mmol) 
and PdCl, (46 mg, 0.26 mmol, 10 mol %) in 4.0 mL of DMF in 
a 10-mL tweneck round-bottomed flask fitted with a bubbler and 
septum was added 0.5 mL of water. Oxygen waa bubbled through 
the solution for 1.5 h, and alkene 6c (470 mg, 2.58 "01) in 1 mL 
of DMF was then added via syringe. After 40 h the reaction 
mixture was partitioned between water and EbO, and the organic 
layer was separated. The aqueous layer was extracted with EtOAc 
(3x1. The organic layers were combined, washed with brine, 
fdtered through an alumina plug, and concentrated under reduced 
pressure, leaving a crude yellow oil (514 mg, 101%). MPLC (31 
Hex-EtOAc) gave 440 mg (86%) of a clear product that contained 
<lo% of the corresponding terminal aldehyde. For detailed 
spectroscopic analysis, a sample of 4c contaminated with ita 
isomeric aldehyde was taken up in CH2C12, washed with a satu- 
rated solution of NaHS03, washed with brine, dried over NO,, 
and concentrated under reduced preseure to leave pure 4c (-80% 
recovery): 'H NMR (500 MHz, CDClJ 6 4.41 (dddd, 1 H, J = 
9.8, 7.8, 5.9, 5.4 Hz, CHOCO), 3.09 (dd, 1 H, J = 18.1, 3.4 Hz, 
CH,H+,COCHa, 3.03 (dddd, 1 H, J 11.7,8.6,8.6,3.9 Hz, CHCOd, 
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2.64 (dd, J 18.0, 8.3 Hz, CHJlbCOCHg), 2.59 (ddd, J 11.7, 
8.6, 5.9 Hz, CH,CH CHC02), 2.20 (8, 3 H, COCHd, 1.77 (m, 1 
H, CHzCHlCH&H6CO), 1.62 (m, 1 H, CH,CH,CHbCHOCO), 
1.50 (ddd, 1 H, J = 11.7,11.7,9.8 Hz, CH,CH CHCOJ, 1.45 (m, 
1 H, CH3CH2CH,CHb), 1.36 (m, 3 H, CH3C&ZHlCHb), 0.91 (t, 
3H,J=6.8Hz,CHS);‘8CNMR(125MHz)6205.59,178.27,79.25, 
43.52,36.53,35.27,34.88,29.84,27.16,22.26,13.76; lR (neat) 2956, 
2933,2870,1773,1718,1456,1411,1370,1356,1322,1284,1259, 
1210,1183,1126,1007,971 cm-’. Anal. Calcd for CllH1803: C, 
66.64; H, 9.15. Found C, 66.77; H, 8.98. 

(f)-trams-2-(2-Oxopropyl)-y-octanoic Lactone (at). By a 
procedure similar to that used for the preparation of 4c, alkene 
6t (1.65 m o l )  waa oxidized to ketone 4t in 80% yield ‘H NMR 
(500 MHz, CDClJ 6 4.55 (dddd, 1 H, J = 8.8, 8.1, 5.8, 3.9 Hz, 
CHOCO), 3.03 (ad, 1 H, J = 19.0, 3.9 Hz, CHlHbCOCH3), 3.02 
(dddd, 1 H, J = 9.8,9.3,8.8,3.4 Hz, CHCO,), 2.69 (dd, J = 19.0, 
9.3 Hz, CHJlbCOCH3), 2.23 (ddd, 1 H, J = 13.7, 9.8, 3.9 Hz, 
CH,CHpCHCO,), 2.01 (ddd, J = 13.7, 8.8, 8.8 Hz, 

CH,CH,CHCO,), 2.20 (e, 3 H, COCH,), 1.71 (m, 1 H, 

(m, 1 H, CH&H,CH,CHb), 1.36 (m, 3 H, CH3CHzCH,CHb), 0.91 
(t, 3 H, J = 6.8 Hz, CH,); NMR (125 MHz) b 205.55,178.82, 
78.86,44.05,35.02,34.33,33.07,29.83,27.29,22.27,13.82; IR (neat) 
2957,2934,2862,1766,1718,1458,1356,1161,1007 cm-’. Anal. 
Calcd for CllH1803: C, 66.64, H, 9.15. Found C, 66.86; H, 9.15. 
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The first s y n W  of four of the 16 poeaible isomeric branched quaterthienyle (thienylterthiophenea) is reported. 
Thus, 5’4 2-thienyl)-2,2?3’,2”-terthiophene, 5’4 2-t”yl)-2,2?3’,3’’-terthiophene, 5’-(3-thienyl)-2,2‘:4’,2”-terthiophene, 
and 5’-(3”ieny1)-2,2’:4’,3’’-terthiophene, 2a-5a, were synthesized from the respective trithienyl-1,4-butanediones 
10-13, which were obtained in good yield via the Stetter reaction. The structures of 2a-Sa were supported by 
2D COSY spectra. 

In 1945, Zechmeister’ et al. reported that a-terthienyl 
(2,2’:5’,2/’-terthiophene, a-T, 1; Chart I), synthesized four 
years previously by Steinkopf? was a natural component 
of marigolds (Tagetes erecta, L). In 1958, Uhlenbroek and 
Bijloos discovered that 1 was a powerful nematocide, and 
in 1972, Gommers‘ observed that it was phototoxic. Nu- 
merous studies since then have shown that l, which acts 
as a singlet-oxygen sensitizer, is one of the most phototoxic 
compounds known? The isomers of a-T and its higher 
oligomers are also of growing interest as repeating units 
for the construction of electrically conductive polymems 
Recently, transition-metal-catalyzed aryl cross-coupling 
reactions have been used to synthesize all 14 possible 
isomeric terthiophenes.’ These and numerous other 
structural modifications of 1 have been tested for photo- 
toxicity! but most (as well as Steinkopf s a,a,a-quater- 
thienyl, see below) are less phototoxic; additionally, there 
is-as with 1 itself-little or no species or target-cell spe- 
cificity. 

There are, on the other hand, 94 possible isomeric 
‘quaterthienyls” (by which we mean any Cthiophene-ring 
oligomer). The structure of 78 of these, by analogy to the 
alkanes, can be described as linear, having no ring attached 
to more than two others (these are quaterthiophenes by 
IUPAC nomenclature); the remaining 16 are branched and 
have a central ring attached to three others (IUPAC thi- 
enylterthiophenes)? Only two quaterthienyls have been 
synthesized to date, both linear: in 1937, SteinkopPh 

‘Author to whom inquiries concerning NMR spectra should be 
addressed. 
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reported a very poor yield, by Ullmann coupling, of 
2,2/:5’,2/’:5’’,2’”-quaterthiophene, which he called ‘a,a,a- 
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