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Abstract-Total syntheses of the cross-conjugated carotenals renierapurpurin-20-al Cy,X-caroten-Maf, Z), (2R,2’R)- 
tetradesoxybacterioruberin2tkal ((2R,2’R)-2,2’-bis_(3-methylbutyl)3.4,3’,4’-tetrahydr~~,~-caroten-20-al, 3) and 
(2R,6R,2’R,6’R)-2,2’dimethyldecapreno-E,r-caroten-25-al (4) from the common intermediate 8,8’diapo-20- 
acetoxycarotene-8,8'-dial (5) are described. The cross-conjugated 20-(2,3,4_trimethylbenzal)renierapurpurin (16) has 
also been synthesized. 

Cross-conjugated carotenals of the rhodopinal (1) type 
are encountered in many photosynthetic bacteria.’ These 
carotenals exhibit peculiar electronic spectra and are 
known to have the l3-double bond in cis configuration.24 
Small scale total synthesis of aliphatic carotenals of this 
type has recently been effected in our laboratory.’ 

Since the general instability of these aliphatic cross- 
conjugated carotenals does not allow a full charac- 
terization, total synthesis of a related, more stable 
carotenal with aryl end groups, namely renierapurpurin- 
204 (2) has now been effected with the special purpose 
of configurational studies.’ 

For the investigation of chiroptical properties of such 
carotenoids with bent polyene chain two cross-con- 
jugated carotenals with chiral end grouts have also been 
irepared, the aliphatic bacterioruberin~ derivative 3 
the bicyclic C,,-carotenal 4. 
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Scheme I. 

RFSUI.TS AND DISCUSSION 

We have recently reported the synthesis of the 
intermediate 8,8’diapo-20-acetoxycarotene-8,8’dial 
from the corresponding dial.’ The synthesis of 

and 
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(5) 
the 

cross-conjugated carotenals 2-4 (Scheme 1) followed the 
route outlined in Scheme 2. 

The phosphonium salts 6 and 12 were availableng and 
the chiral phosphonium salt 9 was synthesized as des- 
cribed elsewhere.“,” 

Test experiments showed that the free &,-alcohol 

:orresponding to the acetate 5 readily was oxidized 
king Wittig condensation with the phosphonium salt 6, 
:hus resulting in undesired condensation products such 
1s 16 (Scheme 3). 

However, Wittig condensation of the acetylated di- 
ildehyde 5 with the appropriate phosphonium salts, using 
l2-butylene oxide to avoid excess base, provided the 
desired di-condensation products 7, 10 and 13 without 
:omplications. Hydrolysis of the acetates to the free 
alcohols 8, 11 and 14 followed by allylic oxidation with 
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NMR 6 (CDCI,) 0.87 d (24H, isopropyl, I,.,, = I,.,. = 5.5 Hz), 
1.26imp., 1.3-1.9 (12H, XH-, and -CH,, complex), 1.93 s (6H. 
H-18,18’), 2.03 (9H, H-19,19,20’, broad), cu. 2.25 (2H, H-2.2’. 
complex), co. 4.0 imp., 5.5-7.00 (20 oletinic H) and 9.56 d (IH, 
<HO, JlcZO = ca. 1.9 Hz, broad); MS m/e (230”) 690 (M, 54%), 
688 (M-2, 35%). 598 (M-92). 1.8%), 584 (M-106, 7.5%), 570 (M- 
120, 8.8%), 518 (M-172, 9.1%) and 43 (RIO%). 

Upon rechromatography the eluted pigment from the main 
zone had UV-visible A,.. (acetone) 392 and 529, % D./D,, = 
63. A,.. (ether) 354, 390.5 and 518 nm. Crystallization before and 
after rechromatography was unsuccessful. 

(2R,6R,2’R$R) - 25 - Aceroxy - 2.2’ - dimethyl - decapreno - 
cv - carofene (13) was prepared from 5 (I5 mg) and 129 (200 mg) 
according to the procedure described for 9. Chromatography on 
TLC (silica gel G, 3% AH) gave fraction 13A (least polar, two 
orange zones), yield 2.3 mg (5%); UV-visible A,., (ether) 374,388 
and 485 nm. 

Fraction 13B (most polar, one broad band), yield 18.2mg 
(41%): UV-visible A,.. (ether) 373.5, 389, 491 and 520. IR 
(KBr) Y,.. 3030, 296@, 2915, 2875 (m), 2835 (w), 1740 (s), 1447, 
1366, 1376 (w). 1228 (s), 1052, 1024 (w), 964 (s) and 810 (w); ‘H 
NMR S (CDCI,) 0.82 s (isopropyl CH,), 0.83 d (CH,-2,2’, 
I = 5 Hz), 0.82 and 0.83 (24H). 1.61 (H-22,22’, broad), 1.92 s (6H, 
H-23,23’), 1.99 s (9H, H-24,24,25’), 2.08 (3H, -GCOCH,, broad), 
1.6-2.4 (8H, H-2.3,6,2’,3’,6’, complex), ca. 4.84 and 4.99 (ZH, 
broad), co. 5.41 (2H. H-4.4’). 5.58 dd (2H. H-7.7’. .I_, = 9 Hz, 
J,A =‘I6 Hz) and 5.9-7.0 (I8 olefinic H)f MS m/e (230”) 754 (M, 
66%). 694 (M-60, 61%). 662 (M-92, 2.3%), 648 (M-106,9.3%), 618 
(M-136,2.3%), 604 (M-150,6.8%), 5% (M-158, 1.4%). 590 (M-164, 
34%). 538 (M-216, 10.5%) and 137 (100%). 

(2R,6R,2’R$R) - 2,2’ - Dimethyl - decapreno - C,E - caroren - 
25 - 01 (14). 13A and 138 (20 mg) were combined, hydrolyzed and 
chromatographed as described for 11. The product was collected in 
two fractions. Fraction 14A (least polar, orange); yield I .4 mg (7%); 
UV-visible A,.. (ether) 472, 388, 482 and (509) nm. 

Fraction 14B (most polar, red), yield 17.0mg (90%); UV- 
visible A,.. 371.5, 388, 487.5 and 517nm. IR (KBr) Y,.. 3420, 
3030, 2960, 2915, 2875 (m), 2830, 1705, 1548 (w), 1447 (m), 1366, 
1376, 1387, 1184, 1153, IO07 (w), 964 (s), 912,886 and 809 (w); ‘H 
NMR 6 (CDCI,) 0.82s (isopropyl CH,), 0.84D (CH,-2.2’. 
I = 5 Hz), 0.82 and 0.84 (24H). I.59 (6 H, H-22.22’. broad). I.91 s 
(6H, H-23,23’), 1.98s (9H. H-24.24.25’). 1.62.4 (8H, H- 
2.3,6,2’,3’.6’, complex), ca. 4.41 and 4.53 (2H, broad), ca. 5.38 
(ZH, H-4.4, broad), cd. 5.57 dd (2H, H-7,7’, I,, = 9 Hz, J,, 
= 16Hz) and 5.9-7.0 (18 oletinic H), MS m/e (220“) 712 (M, 
40%). 684 (M-18. 2.7%). 642 (M-70. 2.3%). 620 (M-92. 2.1%). 606 
(MiO6, 8.1%). 604 (M:108.7.8%), 590 (M:122,2%), 538 (M:l74, 
8.2%) and 137 (100%). 

(2R,6R,2’R,6’R) - 2.2’ - Dimethyl-decapreno - c,c - caroren - 25 
- al (4). Combined 14A and 148 (180 mg) was oxidized with DDQ 
(I7 mg) and purified according to the procedure described for 11. 
TLC yielded three main zones (all blue-violet) which were col- 
lected together, yield 17.0 mg (95%); ‘H NMR 6 (CLXI,) 0.82 s 
(isopropyl CH,), 0.84 d (CH,-2.2’. J = 5 Hz), 0.82 and 0.84 (24H), 
1.59 (6H, H-22,22’, broad), 1.92s (6H, H-23,23’), 2.03 (9H, H- 
24.24.25’. broad), 1.C2.4 (H-2,3,6,2’,3’,6’, complex), ca. 5.39 
(H-4.4’. broad), ca. 5.58 (H-7.7’. I,, = 9 Hz, I,, = I6 Hz), 5.9-7.0 
(I8 oletinic H) and 9.56 d (IH, CHO, J,o = co. 1.9 Hz, broad). 

Attempted crystallization from acetone-methanol gave a solid 
ppt; yield 7.9 mg (m.p. unsharp at 102-110”); UV-visible A,.. 
(hexane) 333, 392.5 and 515 (E,,,,,,= 1290, c =92,000), A,.. 
(acetone) 392 and 518 nm; MS m/e (220”) 710 (M, @I%), 708 (M-2, 

2.7%). 640 (M-70,3.6%), 618 (M-92, 1.7%) 604 (M-106.4.6%), 590 
(M-120,9.8%) 573 (M-137, 7.%), 552 (M-158,0.7%), 538 (M-170, 
8.8%) and 137 (100%). 

The mother liquor was purified by TLC (silica gel G, 5% AH). 
The pigments from the three zones, numbered 4A-C from top, 
were isolated. 4A (co. 5%). two zones on Merck silica gel 60 
pre-coated plates (0.2 mm thick); had; UV-visible A,..- (ace- 
tone) 392 and 512.5nm: QB (ca. 15%) had UV-visible A,.. 
(acetone) 391.5 and 518.5 nm; 4C (80%) showed UV-visible A,.. 
(acetone) 392 and 525, % 4/D,, = 61; A,.. (hexane) 340,392 and 
520, % D./D,,= 55: Attempted crystallization of 4C from 
acetone-methanol was unsuccessful. 

20-(2,3+Trimethylbenza/)-renieraputpurin (16) was pre- 
pared from 15 (31.4 mg) and 6 (1.35 g) according to the procedure 
described for the preparation of 7. The product was chroma- 
tographed on a column of silica gel (3% AH), yield 34.5 mg 
(52%). 

Rechromatography on TLC (silica gel G, 1% acetone in CS,) 
gave two zones.‘ The least polar zone 16A (65%) had UV- 
visible A,.. (acetone) 481.5 nm and the most polar zone 16B (35%) 
had UV-visible A,, (acetone) 476 nm. 

16A was crystallized from acetone-C&-methanol, yield 4.5 mg, 
m.p. 165-167”; UV-visible A,.. (acetone) 370 and 485 nm 

(En,.,., = 1670, c = IlO.000); A,. (hexane) 362.5 and 478.5 nm; 
IR (KBr) v,., 3030 (w), 2920 (m), 2855 (w). 1441, 1387. 1247, 
1170, 1049, 1004 (w). 969 (s). 885.843.825 (w). 803 (m). 778 and 
723 (w); MS m/i (230”) 658 (M, 41%). 566 ‘(M-92, 6.7%). 552 
M-106, 8.4%). 525 (M-133, 5.5%). 422 (M-236, 22%) and 133 

(100%). 
A second batch of crystals was obtained from the mother 

liquor, yield 5.9 mg from acetone-methanol; ‘H NMR 6 (CDCI,) 
cu. 2.01 and 2.06 (9H. H-19.1Y.20’). 221 (9H. H-16.16.167. 2.29 
(l8H. H-17,18,17’~18’~17”.18~ and 62-7.3 (aromatic and dletinic 
H). 

16B was not further investigated. 
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