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Abstract—The synthesis of the racemates (1:)4-methoxydalbergione (I1la) and ()-3,4-dimethoxy-
dalbergione (IIIb) has been achieved by Claisen rearrangements of the corresponding cinnamyl ethers
(Ia and Ib) followed by Fremy's salt oxidation. These syntheses are based upon the biosynthetic
schemes examined in Part II of this series.

The NMR spectra of the dalbergiones and their derivatives are discussed.

THE recognition of the neoflavanoids as a structurally interrelated group of natural
products was discussed in Part I of this series,! and the dalbergiones (III) were
considered to be typical members of this group. Speculations concerning the bio-
synthesis of the dalbergiones suggested that they may be regarded as products of a
biosynthetic Sy2'-type alkylation of a phenolic or polyketide intermediate by a
suitably activated cinnamyl unit such as cinnamyl pyrophosphate.? This suggestion
is clearly recognized as one of several plausible pathways which require biosynthetic
enquiry but these considerations did point the way to a simple synthesis of the dal-
bergiones involving alkylation of suitable phenols with cinnamyl bromide.
Normally the direct cinnamylation of phenols gives either O-cinnamyl ethers or
C-cinnamyl phenols,® but the laboratory equivalent of the Sy2'-reaction discussed
above is the formation of o-1-phenylallyl-phenols (II) by the Claisen rearrangement*
of cinnamyl-phenyl ethers (I). This reaction sequence (I — II — III) has been used
for the synthesis of the racemic (4)-4-methoxydalbergione (IIla) and (+)-3,4-
dimethoxy-dalbergione (IIIb) which correspond with the natural products.!-2
The Claisen rearrangement of the cinnamyl ether (Ia), achieved by heating it in
dimethylaniline, yielded a mixture of two ortho-rearrangement products which, by
study of their NMR spectra, were shown to have the structures (Ila and IVa). The
phenol (IIa) by oxidation with Fremy’s salt® yielded the quinone (IIla) which had an
!W. B. Eyton, W. D. Ollis, I. O. Sutherland, O. R. Gottlicb, M. Taveira Magalhfies and L. M.
Jackman, Part I of this series, Tetrahedron 21, 2683 (1965).

* W. B. Eyton, W. D. Ollis, M. Fineberg, O. R. Gottlieb, I. Salignac de Souza Guimardes and M.
Taveira Magalhdes, Part II of this series, Tetrahedron 21, 2697 (1965).

% C. D. Hurd and L. Schmerling, J. Amer. Chem. Soc. 59, 107 (1937).

4 L. Claisen and E. Tietze, Ber. Dtsch. Chem. Soc. 58, 275 (1925); D. S. Tarbell, Organic Reactions
2,1 (1944).

SH. J.( Teut)aer and G. Jellinek, Chem. Ber. 85, 95 (1952); H. J. Teuber and W. Rau, Chem. Ber. 86,
1036 (1953).
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TABLE 1. UV ABSORPTION SPECTRA Amax My (Emax)

IN ETHANOL

lic 227 (13,680) 275 (2,130)
VIla 226 (13,420) 277 (1,970)
Ile 273 (1,670)
VIIb 272 (1,520)
Ve 272 (2,120)
VIII 272 (1,890)
Vb 254 (22,370) 292 (2,100)
X 261 (840) 267 (780)

TaBLE 2. CHEMICAL SHIFTS {7 IN CDCl; soLuTioN) oF ABCX PROTONS IN
COMPOUNDS OF THE GENERAL TYPE (XI)

Hx /HB
Ph >C=C
>C\ W
Ar HA
Ar = aryl ring or quinonoid residue
XI
H, Hpg H, Hx
R-4-Methoxydalbergione (LIla)' 5:07 4-75 5-02 3-86
R-3,4-Dimethoxydalbergione (IIIb)* 517 478 505 390
§-3,4’-Dimethoxydalbergione (I1kc)* 5-18 4-82 5-08 394
(IIb) 5-06 474 5-02 364
(Iic) 515 4-83 504 3-69
(1le) 5-18 476 504 3-69
(IVb) 449 4-68 4-85 343
(IVc) 470 4-78 4-83 3-51
(VIa) 5-22 4-80 5:10 378
(VIb)* 517 473 5-03 375

IR spectrum in chloroform solution identical with that of natural R-4-methoxydal-
bergione. The quinone (1Ila) was identical in all respects! with the racemate prepared
by crystallization of a mixture of equal amounts of the natural R- and S-4-methoxy-
dalbergiones.

A similar series of reactions starting from the cinnamyl ether (Ib) gave the racemic

R R
MeO o MeO 6]
,l
=
O
Ph Ph
Ia R=H IIa R=R'=H IIla R=H
Ib R = OMe IIbR=H, R =D IIIb R = OMe
IIc R=H, R'=Ac IIIc R = H; Phreplaced
IId R = OMe, R"=H by p-methoxyphenyl

IIe R = OMe, R’ = Ac
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OMe R
OR MeO OR McO OAc
Ph Q! [ |
o . AcO
Ph
IVa R=H Va R=H Via R=H
IVb R=D Vb R = Ac VIb R = OMe
IVe R = Ac
R
MeO OAc
[
Ph
Vila R=H VIII
VIIb R = OMe
OMe R
MeO OAc MeO o
Ph A Et
[ ] 0 q
R
IX Xa R=H
Xb R = OMe

quinone (IIIb) corresponding to the natural R-3,4-dimethoxydalbergione.? In this
case the Claisen rearrangement also yielded two products of which one was the
required ortho-product (IId), whereas the other was the para-isomer (Va) with a
cinnamyl side chain. The structure of these compounds was readily deduced from
their NMR spectra (see Table 2) in conjunction with their UV (Table 1) and IR

spectra (Experimental),

Nuclear magnetic resonance spectra of phenylallyl derivatives

In Part I of this series, the NMR spectra of the dalbergiones and their derivatives
were summarized, but no detailed analysis of the multiplets associated with the four
protons located in the >CH—CH=—=CHj residue was given. Later it was found that
these NMR spectra yielded to first-order analysis and this provided unambiguous
evidence for the detailed structure of the non-aromatic portion of the dalbergione
structures.
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Fic. 1. First order analysis of ABCX and A’B’X’ components of the NMR spectrum
(CDCl, solution + D,0) of 3-phenyl-3-(2"-hydroxy-6"-methoxyphenyl)-propene (IVD).
See Fig. 2 and Table 3 for chemical shifts and coupling constants.

The spectrum (Figs 1 and 2) of the Claisen rearrangement product (IVb) shows,
after deuteration of the phenolic hydroxyl group, those features characteristic of the
dalbergione type structure. The coupling patterns associated with the A’B’X’ system®
of the three aromatic A-ring protons and the ABCX system® associated with the

¢ J. A. Pople, W. G. Schneider and H. J. Bernstein, High Resolution Nuclear Magnetic Resonance,
McGraw-Hill (1959). J. D. Roberts, An Introduction to the Analysis of Spin-Spin Splitting in
Nuclear Magnetic Resonance, W. A. Benjamin (1961).
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Hx\ HB
Ph /C=C/
MeO
| C Hc
Oi\
Ha
oD
IVb
Chemical shifts r Coupling constants c/s
Ha 49 ix 63
Hs 468 Jex 10-5
He 485 Jex 17-2
Hx 343 ag 17
Jac V7
Jse 17

FiG. 2. The chemical shifts and coupling constants deduced by first order analysis of the
spectra given in Fig. 1.

>CH—CH=CHj; side chain may be analysed in terms of the apparent coupling
constants. Although second order analysis is normally required for accurate de-
termination of chemical shifts and coupling constants in an ABCX system, first order
treatment in this case reveals the major coupling constants in the >CH—CH=CH,
grouping and permits the assignment of chemical shifts to the four protons.

The chemical shifts and apparent coupling constants for the indicated protons in
the formula (IVb) are summarized in Fig. 2. Signs have not been allocated to the
coupling constants, but this does not affect this type of analysis. It is clear that the
assignments are fully acceptable. The signals due to the benzylic proton A show a
broadening in addition to the multiplicities dictated by the above couplings. This is
presumably due to an additional long-range coupling between the benzylic proton H,
and the ortho-protons of the phenyl group.

The 1,2,3-arrangement of the three protons on the oxygenated ring of (IVb)
clearly follows from the NMR spectra (Fig. 1).

An analysis was made in a similar manner of the NMR spectra of other compounds
listed in Table 2. The apparent coupling constants were very close to those listed for
the compound IVb and these are not therefore included in Table 2. The chemical
shifts of the protons forming the ABCX system are those given by first order analysis.
It was noticed that considerable deviation from intensities to be expected by such an
analysis was shown in certain spectra when 7, approached .

The chemical shifts and multiplicities (Table 3) of the aromatic ring-A protons
were in full accord with the indicated structures. The structures and NMR spectra of
the dihydrodalbergiones and their derivatives, in which the vinyl group has been
reduced to an ethyl group, have already been given preliminary consideration.! The
NMR spectra of these compounds (Table 4) show the triplet, quintet and triplet
signals to be expected from the >CH—, —CHg— and —CHj, groups associated
with the >CH—CH,—CHj structure, and the coupling constants are approximately
equal (J ~ 7 cfs). Just as with the dalbergiones, the dihydrodalbergiones (Xa and Xb)
also show a long range coupling between the benzylic proton of the side chain and the
proton in position 6 of the quinonoid residue.
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TasLE 3. CHEMICAL SHIFTS (7 IN CDCIl, SOLUTION) OF THE RING-A AROMATIC PROTONS

3.H 4H 5-H 6H
Ib 361 (d,J ~24) 352 (qu, J ~82,24) 298(d,J =82)
e 330(d,J =25) 322(qu,J = 94,2:5) 279*
Ile 318(d, J = 89) 307 (d, J = 88)
IVb 348(qu,J =77,13 284(qu,J =84,77) 353 (qu,J = 84,13)
IV 319(qu,J =82,13) 271 323 (qu, J = 82, 1-3)
Vb 318 (d, J = 85) 301 (d,J = 89)
Vila 335(d,J =26) 317(qu,J = 26,86) 2:68(d,J = 86)
VIIb 316 (d,J = 85) 2:95(d, J = 85)
VII  322(qu,J = 84, 1-4) 273¢ 329 (qu, J = 80, 1-4)
1X 320 (d, J = 8:5) 306 (d, J = 85)

The location of the protons is indicated in the appropriate structural formula and for ease of
comparison systematic numbering has not been used.

d = doublet, t = triplet, qu = quartet, qi = quintet. The coupling constants J are given in
¢/sec.

* Details obscured by phenyl resonances.

TaBLE 4, CHEMICAL SHIFTS (7 IN CDCl,
SOLUTION) OF SIDE-CHAIN PROTONS IN
>CH,)—CH, 5, —CH, ,, GROUPS

A B C
Vila* 6-08 7-98 910
VIIb 6:10 798 9-10
VIII* 537 718 912
Xa! 596 . 812 9-12
Xb* 6-01 813 912

Nuclear magnetic resonance spectra of cinnamyl derivatives

Our studies of the Claisen rearrangement of O-cinnamyl phenyl ethers provided us
with a number of related compounds and the study of their NMR spectra is of
interest in connection with our studies of the natural occurrence of benzylstyrenes.?-?
The signals associated with the —CH,—CH-£ CH— part of their structure are not
analysable by first order methods, but treatment as an ABX,® system gave satisfactory
agreement between the observed and calculated spectra using the 7 and J values
given in Table 5.

The ABX, component of NMR spectra for these cinnamyl derivatives are of two
types (Figs 3a and 3b). The cinnamyl ethers for which 8,5~ J,p give calculated
spectra of the type 3a, whereas the benzylstyrenes for which d,5 =~ 4J,5 give cal-
culated spectra of the type 3b.

* These two compounds were not characterized by analysis but their structures follow from their
formation by catalytic hydrogenation of compounds of known structurec and their u'tra-violet
(Table 1) and nuclear magnetic resonance spectra (Table 4).

? M. Gregson, W. D. Ollis and O. R. Gottlieb, forthcoming publication.
& P. L. Corio, Chem. Rev. 60, 363 (1960); A.D. Cohen and N. Sheppard, Proc. Roy. Soc. A252, 488
(1959).
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TABLE 5. CHEMICAL SHIFTS {7 IN CDCly SOLUTION) AND COUPLING CONSTANTS
(J c/s) FOR THE ABX, SYSTEM IN CINNAMYL COMPOUNDS (XII)

CHyxy CHu
/N7 N\ (XII)
Ar(or ArO) CHus) r
Ta 7B x Jan Jax Jex
p-HO—C,H,—CH,—CH=CHPh*  3-54 3-64 656 +159 —-18 +69
Vb 348 362 645 +161 -15 +67
Ia 327 3-58 5:36 +16:05 -1-0 +57
Ib 318 3-49 5-20 +16-25 —-09 +57
H
MeO 0_ _FCHg ~Ph
@ g~ CHiny
*
H H Ia
FiG. 3A. The observed and calculated (J,p
= 1605¢c/s and 48,5 = 19-06¢cfs) ABX,
component of the NMR spectrum of 3-
cinnamyloxy-methoxybenzene (Ia).
The characteristic feature of this spectrum,
in contrast with Fig. 3B, is that the X, pro-
tons are associated with a simple doublet.
* The asterisked lines are associated with “)
the A and B protons of the ABX, system. e
These lines are superimposed upon the sig-
nals due to the three aromatic protons indi- 1 1 L __ I
cated on ring A. 30 35 40 45
T
Xa67| | Xase
Azas
Bs
B
Aas | ' Bs
8,]"Bs
NS A .
a % ¥x

® Phenol and cinnamyl bromide gave, according to the method of Claisen [Liebig’s Ann. 442, 234
(1925) as modified by Elkobaisi and Hickinbottem J. Chem. Soc. 2431 (1958)], a mixture of o-

and p-cinnamylphenol.
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OMe
Meo OAc
¥b
Pr_ /cg@
CHeay  CHapy

Fi1G. 3B. The observed and calculated (J,5 = 161
cfs and 8,5 = 7-35 c/s) ABX, component of the
NMR spectrum of 2,3-dimethoxy-4-cinnamyl-
phenyl acetate (Vb).

J The characteristic features of this type of ABX,

spectrum are (a) the additional signals associated
L with the X, doublet and (b) the intensity relation-
ships shown by the signals associated with protons

A and B.
35 a0 " Py * This signal in the observed spectrum is com-
T posite and is due to the A, ; component due to
Ace proton A and the high field signal associated with
the doublet ( 3-18; J = 8-5 c/s) due to proton A’.

A.B

A
13,5 8,86
|

T T AJ
Wi ¥x

EXPERIMENTAL

3-Cinnamyloxy-methoxybenzene (Ia). Resorcinol monomethyl ether (5-00 g), cinnamyl bromide
(8-21 g) and anhydrous K,CO, (8-0 g) were stirred in acetone (25 ml) for 15 hr at room temp and
then filtered. The filtrate yielded an oil which was dissolved in ether (100 ml), shaken with 1 N NaOH
(2 x 50 ml), washed, dried and evaporated to give 3-cinnamyloxy-methoxybenzene (Ia) as an oil
(8:35g; 86%) which was distilled (135-155°/0-1 mm). (Found: C, 79-90; H, 6-71; OMe, 13-22,
C1;H1,0(0Me) requires: C, 79-97; H, 671; OMe, 12:9%.)

3-Cinnamyloxyveratrole (Ib). Pyrogatlol-1,2-dimethyl ether (2:6 g), cinnamyl bromide (3-4 g),
and anhydrous K,CO, (3-5 g) in acetone (50 ml) similarly gave, after stirring for 60 hr, 3-cinnamyloxy-
veratrole (Ib) (44 g; 937%) as colourless needles, m.p. 69-5°, from light petroleum (b.p. 60-80°).
(Found: C, 75-8; H, 6-65; OMe, 23-2. C,;H,,0(OMe), requires: C, 75-5; H, 6:70; OMe, 23-0%.)

Claisen rearrangement of 3-cinnamyloxy-methoxybenzene

Formation of 3-phenyl-32'-hydroxy-4'-methoxyphenyl)-propene (11a) and 3-phenyl-3-(2'-hydroxy-
6'-methoxyphenyl)y-propene (IVae). 3-Cinnamyloxymethoxybenzene (6-5g) in N,N-dimethylaniline
(25 ml) was heated under reflux (N, atm.) for 20 min. After cooling the mixture was diluted with
benzene (100 ml), shaken with 2 N HCI and extracted with 3%, NaOH aq (12 X 50 ml portions).
The alkaline extract was acidified and extracted with ether to give an oil which was shown to contain
two major components by thin layer chromatography. Chromatography on silica (120 g) and elution
with benzene—cyclohexane (9:1) gave 3-phenyl-3-(2"-hydroxy-4'-methoxyphenyl)-propene (I1a) as a
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colourless oil (126 g) which was purified by distillation (110-140°/0-1 mm). (Found: C, 79-78; H,
6'62; OMe, 13-13. C,H,,0(OMe) requires: C, 79-97; H, 6:71; OMe, 12:9%,.)

Elution with benzene gave a second fraction as a colourless oil (2-86 g, b.p. 110-140°/0-1 mm)
which was identified (NMR spectrum) as 3-phenyl-3-(2'-hydroxy-6"-methoxyphenyl)-propene (IVa).
(Found: C, 79-83; H, 674; OMe, 13-34. C,,H;;0(OMe) requires: C, 7997; H, 671; OMe,
12:9%,)

Claisen rearrangement of 3-cinnamyloxyveratrole

Formation of 3-phenyl-3-(2-hydroxy-3,4-dimethoxyphenyl)-propene (11d) and 2,3-dimethoxy-4-
cinnamyl-phenol (Va). 3-Cinnamyloxyveratrole (500 mg) was heated under reflux (N, atm.) in N,N-
dimethylaniline (2 ml) for 2 kr, then worked up as in the preceding experiment. The crude phenolic
product (440 mg) was chromatographed on silica and elution with benzene gave two major com-
ponents. The faster-moving fraction (0-15 g) was distilled (95-105°/3 x 10-* mm) giving 3-pheny!-
3-(2"-hydroxy-3' 4'-dimethoxyphenyl)-propene (11d) as a colourless oil (Found: C, 75-55; H, 67.
C,:HyO(OMe), requires: C, 75:5; H, 6:7%,.) The slower-moving fraction (0-11 g) was also distilled
(85-95°/3 x 10-*mm) giving 2,3-dimethoxy-4-cinnamyl-phenol (Va). (Found: C, 75-4; H, 67.
C,sH,;0(OMe), requires: C, 75-5; H, 677.)

Acetylation of the products from the Claisen rearrangements

Formation of the acetates Ilc, Ile, IVc and Vb. The phenols were acetylated in the usual way by
treatment with excess acetic anhydride—pyridine and the following products were purified either by
short-path distillation or by crystallization from light petroleumn (b.p. 60-80°).

3-Phenyl-3-(2'-acetoxy-4'-methoxyphenyl)-propene (lIc), colourless oil, b.p. 80-90°/2 x 10-* mm.
(Found: C, 76:5; H, 6:6; OMe, 10:2. C,;H;;0,(OMe) requires: C, 76:6; H, 6:4; OMe, 11-07%.)

3-Phenyl-3-(2'-acetoxy-6'-methoxyphenyly-propene (1Vc), m.p. 65:5°. (Found: C, 76'5; H, 66;
OMe, 10-3. C,;H,,0,(OMe) requires: C, 76:6; H, 6-4; OMe, 11-0%.)

3-Phenyl-3-(2’-acetoxy-3' 4’ -dimethoxyphenyl)-propene (Ilc), m.p. 73-5°. (Found: C, 72-94; H,
6.19; OMe, 18-80. C,;H,,04(OMe), requires: C, 73-0; H, 6:45; OMe, 1997,

2,3-Dimethoxy-4-cinnamyl-pheny! acetate (Vb), colourless oil, b.p. 105-115°/10-* mm. (Found:
C, 73-25; H, 6:65; OMe, 19-1. C,7H,,05(OMe), requires: C, 73-06; H, 6:45; OMe, 199%.)

1-Phenyl-1<(2"-acetoxy-3' ,4’-dimethoxyphenyl)-propane (VIIb). The Claisen rearrangement product
(I1d, 200 mg) was hydrogenated in methanol (10 mi) at atm. press. and room temp using pre-reduced
Adam’s PtO, catalyst. The cily product was acetylated directly using acetic anhydride and pyridine
yielding the acetate (VIIb) as colourless needies, m.p. 82-5°, from light petroleum, b.p. 60-80°.
(Found: C, 72:55; H, 7-00. C,;Hs,O, requires: C, 72:6; H, 7-05%.)

1-Phenyl-3-(4-acetoxy-2,3-dimethoxyphenyl)-propane (IX). As in the preceding experiment,
reduction and acetylation of the Claisen rearrangement product (Va) gave the acetate (IX) as a
colourless oil (b.p. 125-135°/0-03 mm). (Found: C, 72:5; H, 7-25; OMe, 19-00, C,,H,,0,(OMe)
requires: C, 72:6; H, 7-05; OMe, 19:79,.) NMR spectrum (CDCl,): 7 2:68, SH (Ph); = 3-05
(d, J = 85¢cfs), 1H, (H,); +3-20(d, J = 8-5¢/s) 1H, (Hs); 7 613, 3H, (OMe); 7 614, 3H, (OMe);
7 ~ 7-3 (m), 4H, (benzylic CH,),; = 7-69, 3H, (OAc); = ~ 81 (m) (isolated CH,).

Racemic 4-methoxydalbergione (Illa). 3-Phenyl-3-(2’-hydroxy-4’-methoxyphenyDpropene (Ila,
240 mg) in McOH (40 ml) was added at room temp to a stirred aqueous solution (40 ml) of potassium
nitrosyldisulphonate® (650 mg) and sodium acetate (250 mg) (N, atm.). After 15 min a flocculent
yellow precipitate had separated. After the addition of water (50 ml), the mixture was stirred for a
further 15 min, extracted with ether and this yielded a yellow solid which was purified by chroma-
tography on silica (10 g). Elution of the major yellow band with benzene followed by crystallization
from cyclohexane (6 ml) gave (==)4-methoxydalbergione (122 mg; 447%) as yellow needles, m.p.
125°. (Found: C, 7574; H, 5-59; OMe, 12:29. C;H,;0;(OMe) requires: C, 75:57; H, 5'55;
OMe, 12:22,.)

Racemic 3,4-dimethoxydalbergione (IIIb). Similarly 3-phenyl-3-(2-hydroxy-3',4’-dimethoxy-
phenyl)-propene (IId, 250 mg), MeOH (40 ml), potassium nitrosyldisulphonate (500 mg), sodium
acetate (250 mg) and water (40 ml) gave after stirring for 3 hr (N, atm.) a mixture (160 mg) of quinone
and unreacted phenol. Separation by repetitive thin layer chromatography on silica using benzene-
chloroform (7:3) as the eluent eventually gave (+)-3,4-dimethoxydalbergione (II1b, 49 mg) as orange
needles, m.p. 42°, from light petroleum (b.p. 40-60°). (Found: C, 71-95; H, 5:65; OMe, 21-0.
C,sH,00,(OMe), requires: C, 71-82; H, 5-70; OMe, 22:05%.)



