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Abstract: (+)-Phytochromobilin was synthesized as an acid for bilin (2) and its derivatives using 4-(1-methoxyethyl)-3-

by developing a convenient method for the preparation of A- and'g]ethyl—S—tosyl—l,5—d|hydro-I2—pyrroI—2—§)cne as a precur-
rings starting from a 2-tosylpyrrole derivative, followed by efficienSOF Of the A-ring and 2-formylpyrrol&l.

construction of A/B- and C/D-ring components via Wittig-type cou-

pling reaction of 5-tosylpyrrolinones with 2-formylpyrrole, and pal-

ladium catalyzed deprotection of allyl esters of propanoic acid sir STol
chains at C-8 and C-12. Me
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Phytochromeis a chromoprotein concerned in avariety of . Me, e
processes in higher plants such as growth, devel opment, N

and morphogenesis etc. The chromophore named phyto- OHC™ N7 ~CO,Bu
chromobilin (1) isalinear tetrapyrrole derivative and co- C.Dx1ing - (B_Hand S AB1ing
valently bound to the apoprotein at A-ring. Recent

developmentsin gene technology have madeit possible to | |
assemble the chromophores such as phytochromobilin (1)
and phycocyanobilin (2), the latter of which is a chro-
mophore of phycocyanin found in algal photosynthetic
systems, with the apoproteins obtained by the over-ex-

pression of the corresponding cDNA in bacteriaand yeast. 2 Eg = \e”t:gl' Rz
The photophysical and photochemical properties of wild Me Allyl) '

type phytochrome are quite similar to those of the recon-
stituted phytochromes.®

On the other hand, though the total syntheses of dimethyl
ester derivatives of the chromophores 1 and 2 have been  gheme1
reported by Gossauer and his co-workers,? there had been
no report regarding the syntheses of their acid forms ap-
plicable to assemble with the apoproteins. If it is possible to construct the A/B- and C/D-rings com-

In 1998, we reported the total synthesis of 2 and itsderiv-  Ponents ofl starting from the same building blocks and
atives bearing a photoreactive group at the D-ring in their (e Same coupling way, respectively, it will provide a
acid form for the structureffunction analysis of phyto- much more (_effluent route fOIt the total syntheS|slof_
chrome® Also Gartner and his co-workemsported the B2@sed on this strategy, we first prepared the A/B-ring
syntheses of and its isomer by the cleavage at C-10 dfomponent (Scheme 2).

biliverdin IXo dimethyl ester with the thiobarbiturate an-The aldehydes, readily available by addition gf-tolu-
ion# enethiol to acrolein4), was reacted with nitroethane to

In this paper, we wish to describe the novel total synthe§¥€ nitroalcohol6, which was acetylated and cyclized
of ()-phytochromobilin ) in its acid form starting from Utilizing tosylmethyl isocyanide (TosMI€)n the pres-
4-methyl-3-[2-(tolythio)ethyl]-2-tosylpyrrole 8 as a €NC€ of l,8—d|azab|_cyc_lo[5.4._O]undec—7—ene (DBU) to af-
common precursor of the A- and D-rings and 2f_ord the pyrrole derivativ8 being regarded as a common
formylpyrrole 11 which is common to the B- and C-rings

via our Wittig-type coupling reaction (Scheme 1).

1 (R = vinyl, R' = H)

precursor of the A- and D-ringsThe 5-tosylpyrrolinone
10 was obtained fron8 by bromination and subsequent
acid hydrolysis, then coupled withl using DBU and

Recently we reported a new and efficient construction @igy, to afford12 according to our previous methdd.
the A/B-ring component for the syntheses of phycocyano-
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2 TolSH (0.83 eq) in THF/H,O (2/1, v/v) at rt, 3 h; 5 98% (based on
TolSH).? 1 M KOH/MeOH (0.1 eq) in EtNO, (20 eq); 6 93%. ¢ Ac,0
(1.4eq), DMAP(0.04 eq) in THF at rt, 10 min; 7 quant.  TosMIC (1.0
eq), DBU (2.2 eg) in CH,CN at -40 °C - rt, overnight at r8 96%.°
PhMeN*Br; (1.1 eq) in CHCl, at 0 °C, 10 min9 98%." TFA/H,O

The 2-(tolylthio)ethyl group of 12 was converted to a vi-
nyl group by heating the corresponding sulfoxide ob-
tained by oxidation with mCPBA to afford 13. Compound
13 was then reduced with aluminum amalgam to 14,2 fol-
lowed by acid treatment to result in the formation of A/B-
ring component 15.° The transformation of 13 to 15
through the reduced intermediate 14 is of interest in con-
nection with the mostly speculative pathway for the trans-
formation of biliverdin  IXa to 1 through
“dihydrobiliverdin.™?

On the other hand, we previously reported a novel syn-
thetic method of C/D-ring component of phytochromobi-
lin dimethyl ester utilizing 4-methyl-5-tosyl-3-(2-
tosylethyl)pyrrolinon€® However, it required a strong

base and high temperature at the stage to introduce a vinyl

group to the D-ring by elimination of the tosyl group.
Therefore, 2-tosylpyrrol8 was at first transformed ttr

by tosyl rearrangement of the sulfoxid& obtained by
oxidation of8 (Scheme 3}! Then the sulfoxid&7 was re-
duced by (COC}Nal in CH,CN to the sulfidel8.1> We
then tried to hydrolyze the-brominated pyrrold9 to the
5-tosylpyrrolinone20 under acidic conditions as previ-
ously reported? but the yield was disappointingly poor.
Many attempts to improve the yield of the desi28coy
hydrolysis were unfruitful. Ultimately, it was found that

(571, viv) attt, 4 10 63%.¢ (i) THF solution of DBU (1.5 eq) was 5 oq 5 precursor of D-ring was available in high yield by

added dropwise over a period of 30 min to the mixed solutidd of
(1.0 eq), 10 (1.2 eq), PBR.0 eq) in THF at 0 °C - rt, 21 h at rt. (ii)

cat. bin CH,Cl, at rt, 2 d;12 80%." (i) mCPBA (1.0 eq) in CkCl, at
rt, 5 min. (i) xylene, reflux, 2 113 95%. (i) Al(Hg) (3.0 eq) in THF/
H,O (10/1, v/v) at rt, 1 h. (ii) TSOH4® (1.0 eq) in CKECI, at rt, 2

min; 15 75%.
S(0) X
a Me, b Me, o
8 I o J
Ts N Y
H
16 o~ 17 (X=S(O)Tol, Y = H)

N~ Ts
H
18 (X =STol, Y = H)
dE19(x=STo|,Y= Br)

STol Me Me

Me

_ f X PN COLAllyl
H o NH HN
Ts S CO,Bu

2 21 (X = STol)

22 (X = S(O)Tol)
Me Me
N N I COLAllyl
NH HN
Scheme 3 O ,3 CHO

3mCPBA (1.0 eq) in CkCl, at 0 °C, 10 min16 97%.° TsNa (0.1 eq)
in CHCL/TFA (9/1, viv) at 25 °C, 48 ht7 42% (34% of16 was re-
covered)® (COCI), (1.2 eq), Nal (2.5 eq) in CJEN at 0 °C, 10 min;
18 92%.9 PhMgN*Br; (1.1 eq) in CHCI, at 0 °C, 10 mini9 quant.

treating the corresponding sulfoxide I with Nal in
TFA under anhydrous conditions for a short time. A prob-
able reaction mechanism is shown in Scheme 4.

e S Tol e S ol
" —lo H+ — —lo
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Scheme 4

The 5-tosylpyrrolinon@0 thus obtained was coupled with
the 2-formylpyrrolell using PBy in the presence of
DBU to afford 21, which was transformed to C/D-ring
componeng3® via successive treatments, namely, oxida-
tion to the sulfoxid2, formylation with methyl orthofor-
mate under acidic conditions accompanied by
decarboxylation, and elimination pftoluenesulfinic acid

to form a vinyl group.

Thus, the A/B- and C/D-ring componentss (and 23)

¢ (i) MCPBA (L.0 eq) in CKCl, at rt, 5 min. (i) Nal (5 eq) in TFAat Were i_n ha_nd. They were coupled in m_ethanol using conc.
rt, 10 min;20 90%." (i) THF solution of DBU (1.5 eq) was added Sulfuric acid as a catalyst after removing tfeitoxycar-

dropwise over a period of 30 min to the mixed solutiohlof1.0 eq),
20 (1.2 eq), PBy(2.0 eq) in THF at 0 °C - rt, 8 h at rt. (ii) caf.im
CH,CI, at rt, overnight21 77%.9 mCPBA (1.0 eq) in CkCl, at 0 °C,
1 min; 22 95%." (i) TFA at rt, 30 min, then CH(OMght rt, 1 h. (ii)
xylene, reflux, 1 h23 62%.
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bonyl group ofl5 with TFA to afford the desired diallyl
ester of (x)-phytochromobilin3j, whose structure was

fully characterized by spectroscopic methods (Scheme

5) 1
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15 + 23 3

HO,C

CO,H
1 (Phytochromobilin)

Scheme5

215 (2.0 eq), TFA at rt, 20 min, then TFA was evaporated and MeOH
solution of 23 (1.0 eq) was added, cat. conc. H,SO, at rt, 1 h; 3 80%.
b cat. Pd(PPhg),, morpholine (4.0 eq) in THF at rt, 1 h; 1 not yet opti-
mized.'

Theallyl ester groups could be deprotected'® according to
the method described in the previous paper to obtain the
acid form of phytochromobilin (1).® However, 1 was ex-
tremely unstable compared to phycocyanobilin (2) pre-
pared previously .34

As described above, phytochromobilin (1) was success-
fully prepared starting from two pyrrole derivatives, 8 and
11, employing novel synthetic reactions, i.e., 1) rearrange-
ment of the tosyl group of 2-tosylpyrroles to the 5-posi-
tion under acidic conditions, 2) efficient transformation of
a-bromopyrroles to the corresponding pyrrolinones under
anhydrous acidic conditions, 3) Wittig-type coupling re-
action between 5-tosylpyrrolinones and 2-formylpyrrole,
followed by reductive transformation to the A/B-ring
component, 4) protection and deprotection of propanoic
acid side chainsviaalyl esters.

Investigation on the reconstituted chromoproteins using
synthesized racemic 1 and other phycobilins prepared so
far is in progress for the structure/function analysis of
phytochrome.
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J=10.36, 17.06, 7.87 Hz, 1H), 5.93 (s, 1H), 6.16 (dd,
J=1.74,17.43 Hz, 1H), 6.47 (dd, J = 11.60, 17.43 Hz, 1H),
9.66 (s, 1H), 10.67 (s, 1H), 11.01 (s, 1H) ppm; Found: C,
67.41; H, 6.37; N, 7.63%. Calcd fogd8l,,O,N,: C, 67.78; H,
6.26; N, 7.90%; HRMS (El): (¥), Found: m/z 354.1583.
Calcd for GyH,,0O,N,:354.1580.

3: mp 177.5-179.0 °C (decomp.) (from CH@kxane); IR

(KBr) 3337, 3088, 3009, 2914, 1733, 1675, 1610, 1590, 1449,
1416, 1375, 1279, 1243, 1223, 1166, 1096, 1052, 981, 929,
803, 748, 697 crty 'H NMR (CDClL) § =1.33(d, J = 7.44 Hz,
3H), 1.88 (d, J = 7.32 Hz, 3H), 2.05 (s, 3H), 2.14 (s, 3H), 2.21
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2.95(t,J =7.56 Hz, 2H), 3.11 (brq, J = 7.44 Hz, 1H), 4.58 (m,
4H), 5.22 (dm, J = ca.10.3 Hz, 2H), 5.28 (dm, J = 17.08 Hz,
1H), 5.29 (dm, J = 17.08 Hz, 1H), 5.40 (dd, J = 2.20, 11.53
Hz, 1H), 5.83 (s, 1H), 5.84-5.95 (m, 1H), 6.09 (s, 1H), 6.22
(dd, J=2.20, 17.63 Hz, 1H), 6.39 (dq, J = 2.19, 7.32 Hz, 1H),
6.52 (dd, J =11.53, 17.63 Hz, 1H), 6.65 (s, 1H), 7.26 (s,
ca.2H) ppm; UV/Vis (MeOH}max 372 ¢ = 50,000), 631

(¢ = 16,000) nm; HRMS (FAB): (M+1), Found: m/z
665.3328. Calcd for gH,s05N,:665.3339.
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23, 436.

To amixed solution of 3 (31 mg, 0.0467 mmol) and Pd(PPh;),

(12 mg, 0.00952 mmol) in THF (5 ml) wasaddeda0.1 M THF
solution (1.87 ml) of morpholine (0.187 mmol) in the dark

under nitrogen atmosphere at room temperature. After stirring

for 1 h at room temperature, the solvent was evaporated. The
resulting residue was separated by asilicagel column
chromatography (CHCI/MeOH/AcOH = 200/15/1). The last
green fraction was evaporated and dissolved again in CHCl,
containing 1% MeOH. After arepetition of the back-

extraction with /15 M phosphate buffer solution (pH 7.8;
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KH,PO,/Na,HPO,; 10 ml x 4), the combined aqueous extracts
were acidified by addition of 1 M acetate buffer solution (pH
4.8; NaOAc/AcOH) and extracted with CHCI ; containing 1%
MeOH (10 ml x 3). The solid residue obtained by evaporation
of organic solvent was recrystallized from CHCI; (containing
1% MeOH)/hexane.

1: 2mg (apurple solid; 7%; not yet optimized. Though
improvement of isolation and purification of unstable
(especialy during separation) 1isnow in progress, it seemsto
be rather stable after recrystallization upon storage at low

temperature in the dark under nitrogen atmosphere). UV/Vis
(MeOH) Amax 372 (g; not determined), 636 (¢; not
determined) nm, £57,/€435 = 3.20; HRMS (FAB) (M*+1),
Found: m/z 585.2725. Calcd for Cy3 H3,0O6N,:585.2713.
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