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Atom Economy A Simple Pd Catalyzed Addition of Pronucleophiles With Dienes
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Summary. Replacing allyhe alkylations involving allylic halides, carboxylates etc by the simple addition of pronucleophiles to
dienes enhances efficiency of use of raw matenals and reduces generation of stoichiometnc by-products

Considering the need to increase our repertoire of reactions that involve summing the reactants 1o create the desired products,
| e, that maximize atom economy, we considered the formation of allylic alkylation products by transition metal catalyzed addition of
pronucigophiles to dienes  Such reactions normally have been complicated by the oligomenzation of the diene competittive with
the simple 1°1 addition 1-4 We report a simple practical catalyst system that permits efficient 1 1 addition and its applicability fo the
synthesis of a pseudoionone intermediate 3a

Our intrial studies evaluated the condensation of bis(phenylsulfonylimethane with 1soprene (eq 1) As a source of the
active Pd(0) catalyst, n-allylpalladium chlonde dimer is reduced /n sifu with sodium methoxide in the presence of the igand With
monodentate igands like triphenyiphosphine (TPP) and tns(2,6-dimethoxyphenyl)phosphine (TDMPP), only 2 1
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(diene pronucleophile) adducts form Interestingly, the choice of hgand dramatically affects the regioselectivity switching from 4 1
3:4 with TPP {71% 3, 18% 4) to 1 6 3:4 with the stronger donor hgand TDMPP (12% 3, 70% 4) > Bidentate hgands dppf, dppb
and dppe give 11 (1 and 2) and 2 1 (3 and 4) adducts almost equally Surprisingly, dppp gives a 7327 ratio favoring the 11
adducts at 70° that increases to 95 5 ratio (56% 1, 32% 2) at 100°C!

The condensation of 2,3-dimethylbutadiene explores the range of pronucleophiles using a standard set of conditions {eq

2) Esters, ketones and sulfones as the EWG in the pronucleophiles all lead to excellent yields3 of 11 adducts 5 of a single
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Variation of diene 1s explored using bis(phenyisulfonyl)methane as the pronucleophile because of the synthetic flexibility
of sulfones (eqs 3-5). Excellent yields of 1 1 adducts (6-10) are obtained in all cases

PhSO,
CHis iz + PHSO,_SOPh o CHy S0P prgo, X_CHa
3
S0,Ph CHy @)
8§ 7
53% 32%
@ PhSO,._ _SO,Ph PO ner s (4)
+ h s —_— =2 92%
il so,ph "
8
a 5+ PhSO,_.SO,Ph a S SOPh so,eh (5)
SO,Ph
9 10
R = (CHa)C = CH 58% 27%
CH,OH 12% 84%
CO,CH; 57% 39%
COPh 57% 36%

Olefin geometry 1s predominately (3.1) to exclusively E  Regioselectivity depends upon diene substitution (eq 3) and the
nature of the substituent (eq 5) The reaction s compatible with simple olefins, alcohols, ketones and esters in the diene fragment
(eq 5) The speculative nature of any mechanistic considerations including interpretations of these effects precludes a detalled
discussion at this time  Suffice to say that r-allylpaliadium complexes® are likely intermediates, since the new G-C bond always
forms at the position allylic to the double bond of the product

The utilty of 2-methoxycarbonyl-6,10-dimethyl-E E-5 9-undecadien-2-one (11} as an intermediate for the synthesis of
Vitamins A7 and E® led us to also examine the condensation of technical grade myrcene with methyl acetoacetate (eq 6)3 The
major product is the pure E isomer 119 in contrast to the olefin mixture formed in the agueous rhodium catalyzed reaction 32

o ol CO,CH,
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11 12 ©

CO,CH,
60% 22%

It appears that the simple addition of dienes to pronucieophiles whose pKa <20 to give allyl alkylation products 1s a
selective process with wide applicability The special role of dppp 1o promote 1-1 adduct formation relative to other bidentate
hgands and the inverse temperature effect on this selectivity are the keys The high atom economy makes such processes highly
practical A general procedure follows. To a solution of 1 mmol of a pronucleophile, 1% of [r-CaHsPdCI]2 and 3% of dppp n 4 mL
of THF Is added 4 mmol of diene  After purging the solution with argon, a methanohc solution of sodium methoxide (3 mol% of
methoxide) 15 added 1o reduce palladum The reaction 15 sealed under argon and heated at 100° for 3-5 h  Removal of excess
diene and solvent followed by chromatography gives the desired adducts 1°
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1 Mp 181-2°C IR(CDCl3) 1449,1332,1156, 1079 cm -1 TH NMR (300MHz, CDCl3) 8 7 95 (d, J = 7 2Hz, 4H), 770 (t,
J=72Hz 2H), 758 (1, J = 7.2Hz, 4H), 5 14 (q, J =6 7Hz, 1H}, 4 59 (1, J =6 OHz, 1H), 2 89 (d, J =6 OHz, 2H), 1 43 (d,
J=6.7Hz, 3H), 138 {5, 3H) 13C NMR (75MHz, CDCl3) 5 1389, 1351, 130 2, 125 6, 129 1, 124 9, 82 0, 35 4,

14 5,13.7 Anal Calc'd for C1gH2004S2 € 5832, H,553; 58,1759 Found C,5911,H,560,S,1758

3  Mp87-8°C. IR(CDCla) 1449, 1332, 1156, 1079 cm ! 1H NMR (300MHz, CDCl3) 8795 (d,J=76Hz, 4H), 771 (1, J
=7 6Hz, 2H), 758 (1, J = 7.6Hz, 4H), 509 (t, J = 6 8Hz, 1H), 4 71 (s, 1H), 4 86 (5, TH), 4 59 (t, J = 5 9Hz, 1H), 2 89
(d.J=59Hz,2H), 197 (1, J = 7 6Hz, 2H), 1.85 (id, J = 7 2, 6 BHz, 2H), 1,70 (s, 3H), 1 43 (s, 3H), 140 (m, 2H) 13C
NMR (75MHz, CDCI3) 8 146 3, 1389, 1351, 130 5, 130 2, 1296, 128 8, 1105, 822, 375, 354, 278, 273,
226,151 Anal. Calc'd for CoaHap0452° C, 63 86; H, 6,52, S, 1482 Found submitied

4 Mp 67-8°C IR(CDCIa) 1448, 1331, 1312, 1155, 1079 cm ! 'H NMR (300MHz, CDCla) § 7 97 (d, J = 7 3Hz, 4H),
770 (t J=73Hz 2H), 758 (1, J = 7.3Hz, 4H), 5 65 (ddd, J = 17 5, 10.4, 7 7Hz, 1H), 5 05 (1, J = 6 3Hz, 1H), 4 94
{dd, J =175, 10Hz, 1H), 493 (dd, J = 10 4,1 0Hz, 1H), 4 42 (1, J = 6 3Hz, 1H), 2 87 (1, J = 6 3Hz, 2H), 2.05 (m, 1H),
186 (dd, J = 9 6, 6 2Hz, 2H), 1 45 (3, 3H), 1 26 (m, 2H), 097 (d, J = 6 8Hz, 3H) 13C NMR (76MHz, CDCl3) § 145 0,
140 5, 138.8, 135.1, 1302, 1296, 1183, 1134, 847, 377, 373, 347, 248, 203, 164 Anal Calc'd for
C2aH280452 C, 6386, H,652, 58,1482 Found.C,6390,H,679,5,1465

5 (EWG' = EWG2 = PhSO2) Mp 179-180°C IR(neat) 1449, 1341, 1157, 1080 ¢cm ! 'H NMR (300MHz, CDCig) &
792(d, J=73Hz, 4H), 769 (t. J =7 3Hz, 2H), 757 {t, J = 7 3Hz, 4H), 4 67 (1. J = 6 6Hz, 1H), 3 04 (d, J = 6 6Hz,
2H), 1 65 (s, 3H), 148 (s, 3H), 132 (s, 3H) 13C NMR (75MHz, CDCl3) § 139 4, 1350, 130 7, 129 9, 120 6, 120 5,
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817.307,213.21.0,170 Apal Calf'dfor CighlasQsSn G.A029, H 586,58, 1604 Found G K033, H, 501,
S, 1671

6 and 7 Mp 109-110°C TH NMR (300MHz, CDCl3) 6 & 8 00-7 78 (m, 4H), 7 73-7 51 (m, 6H), 5 72 (ddd, J = 15.1, 7 6,

16Hz, 1H), 535 (dq, J = 15 1, 7 5Hz, 1H), 455 (1, J = 1 7Hz, 1H), 332 (quint, J = 7 2Hz, 1H), 157 (dd, J = 7 5,
10Hz. 3H), 135 (d,J = 7 2Hz, 3H), 75800 - 7 78 {m, 4H), 773 - 753 (m, 6H), 550 - 530 (m, 2H), 444 (1, J =
5 8Hz, 1H), 2.88 {1, J = 5.8Hz, 2H), 192 (quint, J = 7 5Hz, 2H}, 0 83 {1, J = 7 5Hz, 3H) Anal Calc'd for C15HppOaS2

C,59.32,H,553,8, 1759 Found' C,5954,H,573,S,17 66

(n=1)Mp 136-7°C IR(neat) 1447, 1328, 1312, 1156, 1079 cm.”! TH NMR (300MHz, CDClg) § 8 02 - 7 80 (m, 4H),
772-750 (M, 6H), 582- 575 (m, 1H), 543 -539 (M, 1H), 477 (d, J = 30Hz, 1H), 388 - 378 (m, 1H), 2 45 - 2 28
(m, 2H), 214 (q. J = 83Hz. 2H) 130 NMR. (75MHz, GDCla) & 1404, 1393, 135 2. 1351, 134 9, 134 6, 1305,
1302, 1300, 1297, 1296, 1295 1287, 868,449,323, 273  Apal Calgd for GigHieQsSn ©, 5965, H, 501,
S,1769 Found G, 5056, H,523,8,1755

[R = (CHa)2C = CH] Mp 84-5°C IR (neat)- 1448, 1331, 1312, 1155, 1079 cm 1 TH NMR (300MHz, CDCls) & 7 97
{d, J = 7 3Hz, 4H), 770 {1, J = 7 3Hz, 2H), 7 58 (t, J = 7.3Hz, 4H), 5 05 (, J = 6 SHz, 1H), 5 00 {t, J = 6.9Hz, TH), 4 42
ft, J = 6 2Hz, 1H), 2.88 (dd, J = 6 9, 6.2Hz, 2H), 2.00 - 178 (m, 4H), 1 67 (s, 3H), 1 58 (5, 3H), 1 44 (s, 3H) 13C NMR
(7EMHz. GDGIa) 5 1402, 138 8, 135 1, 1324, 1302, 1297, 1244, 1184, 847, 397, 265, 259, 248 179,
163 Anal Galgd far CaoHag0aSe G AR 8K H, 652, S 1482 Found € 6402 H 668:S 1458

10[R = (CHa)p C = CH] TH NMR (300MHz, CDClg) & 795 (d, J = 7 3Hz, 4H), 7 70 (1, d = 7 3Hz, 2H), 7 58 {t, J = 7 3Hz,

10

12

4H), 516 (1, J = 6 8Hz, 1H), 505 (t, J = 6 9Hz, 1H), 4 59 (d, J = 6 OHz, 1H), 2.89 (d, J = 6 OHz, 2H), 2 00 - 1 78 (m,
4H), 1.67 (s, 3H). 1.58 (d, J = 6 8Hz, 3H), 1.47 (s, 3H). '3C NMR (75MHz, CDCla) § 1390, 1351, 133 5, 133 0,
1302 1206 12531230 823 328 285 265 259 178 134 Anal Calnd for CosHaeQaSn G, 6386 H,
652, 5, 1482 Found C, 6402 H, 668, 5, 1456
{R = CHo0H) IR({neat)' 3545, 3410, 1448, 1331, 1156, 1079 ¢cm - H NMR (300MHz, CDCl3) § 7 94 (t, J = 7 5Hz,
4H), 769 (d, J = 75Hz, 2H), 757 (1, J = 7 5Hz, 4H), 534 (g, J = 6 9Hz, 1H), 480 (1, J = 6 3Hz, 1H), 355 (t, J =
6.2Hz, 2H), 3.01 (d, J = 6 3Hz, 2H), 192 (t, J = 7 6Hz, 2H), 1 73 (bs, 1H), 158 (d, J = 6 9Hz, 3H), 1 55 - 1 46 (m,
2H). 13C NMR (78MHz. CDGl) 8 1388, 1351, 1328, 1300, 129 4. 124 6, 814 A24 315 308, 258,139
Calc'd for C13H1703S (MY - SOpPh) 267 1054 Found 267 1051

(R = CH20H) Mp 123-5°C. IR(neat) 3545, 3410, 1448, 1331, 1156, 1079 cm ' 'H NMR (300MHz, CDCl3) &
7.94 (t, J = 7 5Hz, 4H), 7 69 (d, J = 7 BHz, 2H), 757 (t, J = 7 5Hz, 4H), 516 (q, J = 6 9Hz, 1H), 468 (1, J = 5 8Hz,
1H), 35501, J=62Hz 2H), 292 (d, J=58Hz 2H) 192t J =7 &Hz, 2H), 1 73 (s, 1H), 155 - 1 46 (m, 2H), 1 45
(d, L= B9Hz, 3H). 13C NMR (750MHz, CDGI2) 4 138 9. 135 1, 1333, 1302, 1294, 125 8. 82 0, A2 5,324, 30 7,
244,136 Anal Calc'd for CagHpa0582,.C, 5880 H,. 592 S 1570 Found G 5880 H 594 S 1565

IR(neat)* 1745, 1719, 1436, 1358 om - TH NMR (300MHz, CDCl3) E (70%) 5 5 24 (q, J = 6 7Hz, 1H), 5 15 -5 05
(m, 1H), 3 72 (s, 3H), 3.64 (t, J = 7 7Hz, 1H), 2 56 (d, J = 7 7Hz, 2H), 2 22 (s, 3H), 2 08 - 2 00 (n, 4H}, 1 68 (s, 3H),
1567 (s, 3H), 156 (d, J = 6 7Hz, 3H), 2 (30%,) 8534 (q, J =6 7Hz, 1H), 5 15 - 5 05 (m, 1H), 3 73 (s, 3H), 361 {1, J =
76Hz, 1H), 263 (d .0 =76Hz 2H) 223 (s 3H), 208 - 200 (m, 4H), 1 68 (s, BH), 1 60 (d, .1 = & THz, 3H). Apal
Calc'd for C15Hp403 C, 7139, H,959 Found C, 7149, H,9 40

(Received in USA 3 December 1991)



