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Abrrtrac-A Minor mctabohte of Penrcdliwn camzdeme has been shown to be 3-chlorogcntlsyl alcohol 

by comparison with 1t.s isomer 2-chloro-3Sdihydroxybcnzyl alcohol and by synthesis. 

IT 6 WELL KNOWN that the UV spectra of hydroquinones show a hypsochromic 
shift upon basilication (in contrast to isomeric dihydroxybenzenes). Less well known, 
but more striking, are the intense maxima at higher wavelengths which can be 
developed by hydroquinones under different conditions. This effect assisted in the 
structural elucidation of a new chlorine containing metabolite (1) isolated from 
culture filtrates of Penicillium candense. 

This metabolite crystallized from EtOAc-light petroleum in needles, m.p. 144”. 
C,H,CIO, (M’ at 174*0075), whose three OH groups are present as two phenolic 
groups (purple reaction with FeCl,, exchangeable IH multiplets at 0.88 and 1.61 r 
in the NMR using d,-DMSO as solvent) and as part of a hydroxymethyl substituent 
on an aromatic ring (2H singlet at 5.48 T and exchangeable IH multiplet at 4.92 T). 
The remaining two protons gave doublets (J = 3 Hz) at 3.35 and 3.21 T, the latter 
being sharpened upon irradiation at the 2H singlet at 5% T, indicating the presence 
of two mela aromatic protons, one of which is located orrho to a hydroxymethyl 
group. The I, 2, 3, 5 substitution pattern indicated by the NMR data was also 
suggested by the pattern of weak overtone and combination bands between 1740 
and 1950 cm-’ in the IR.’ From these data, the metabolite would appear to be one 
of the three chlorodihvdroxybenzyl alcohols 1.2 or 3. 
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In keeping with this, the metabolite gave the triacetate 12 (acetylation shift of 
benzylic methylene group to 4.98 and of the aryl hydrogen doublets to 2.78 and 
2.89 T). Upon PLC on silica, hydrolysis occurred to give the more polar diacetate 13. 
The phenolic nature of this compound was shown by its green reaction with FeCl, 
and its UV A,,, EtOH 315 nm (I: 2900) shifting to 348 run (c 3400) in base and the 
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position of the phenolic grouping by its IR v,,, 3500 and the chemical shift of the 
aryl protons (3.15 and 3.24 r). 

Since basification is known to produce hypsochromic shifts in the UV spectra of 
hydroquinones and bathochromic shifts in those of resorcinols or catechols,2 the 
shift of the spectrum of the metabolite to higher wavelengths upon addition of alkali 
was at first taken to favour structures 2 or 3. However, the metaboliti. gave a negative 
vanillin- pTsOH test for a catechol’ and-structure 2 was eliminated by comparison 
of the metabolite with a sample of 2 synthesized from diacetyl-a-resorcylic acid (4).’ 
This synthesis involved selective reduction of the carboxyl group of 4 with one 
equivalent of diborane in THF to give the benzyl alcohol 5 (v,,, 3520). The corre- 
sponding triacetate 6 slowly underwent monochlorination in HOAc to give 7, which 
afforded 2 upon hydrolysis. The mass spectrum of 2, lacked a strong M + --Hz0 ion, 
in contrast to that of the metabolite in which this ion was the base peak. This is in 
accord with these isomers being mera- and ortho-hydroxybenzyl alcohols res- 
pectively.5 

The effect of base on the UV spectrum of the metabolite was in fact found to be 
almost identical to that of hydroquinone itself (Fig 1) indicating structure 1 for the 
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Fa 1. Base shifts in the UV spectra of hydroquinones 

metabolite. Instead of the hyposochromic shift upon basification expected from 
casual examination of the literature,’ a series of intense peaks (at 314, 320, 408 and 
433 nm) immediately developed, although these gradually collapsed (t+ cu 2 min) to 
broad absorption centred at 267 nm (285 run in the case of hydroquinone). From 
studies on 2,5-di t-butylhydroquinone6 these peaks are evidently due to semiquinone 
ions formed by autoxidation of the hydroquinone. Normal hypsochromic shifts 
(15 nm for the metabolite and 10 nm for hydroquinone) were however observed 
when the spectrum was recorded under N, using deoxygenated NaOHaq as base. 

Finally, the structure 1 of the metabolite was confirmed by synthesis in 32”/, yield 
from diacetylgentisic acid 8.’ In order to introduce chlorine into the required position, 
selective hydrolysis of the 2-acetate grouping was first carried out by refluxing 8 in 
dioxan-water at pH 60 to give 9 (blue reaction with FeCl,, upfield shift of H-3 to 
3.10 T) and then chlorinating the corresponding methyl ester (10) using chlorine 



Isolation and synthesis of 3chlorogentisyl alcohol-a mctabolite of pcnicillium canadensc 1109 

TABLE 1. NM R DATA OF h3iLOROGEKTISYL ALCOHOL AND RELATFD PHENOLS AND ACETATES* 

- _------ -- 

2 R R rH-2 rZ rH-4 THd TR 
_ _ _ _ _._._._._ _ _ _ _ _ _._ _ _ _ . . - - _ _ -._ ._.- - _ _ - -.-.-.- -- - -. 

4 C02H AC AC 2.67 @03 3-13 267 7.80 

(2.5) (2.5) 12.5) 
2 S CH,OH AC AC 3.06 5.19 3.22 3.06 7.76 

*/ 2 

RO 0 ’ 

1 

OR 

6 CH,OAc AC AC %I :I:+ :fb:’ !k& 7.7t 

(2.0) 790 (2-O) 
, 7 CH,OAc AC AC Cl 4.73 2.98 2.83 7.70 7.77 

7.82 (2.51 (2.5) 
2 CH,OH H H Cl 5.27 3.58 3.30 

(2) (2) 
------ ---- 

z R, Rz rH-3 
_._ _ -.- - _ _ _ - - - .._ 

8 

9 

2 
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11 

RO 
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2.77 

(m) 
3.10 

(9) 
3.07 

(9) 
Cl 

Cl 

Cl 

Cl 

TZ TH-4 
_ - _.-.- - 

2.77 

(m) 
2.73 

(3*9) 
6.06 2.80 

(3.9) 
6.03 2.67 

(3) 
548 3.35 
4.98f 13) 
4.98 2-89 

7.97 (31 
5.02 3.24 

7.84 (3) 

rH-6 rR, 7R, 
_ _ _.__ _ _ _ __-. 

2.25 7.67 7.67 

(2.5) 
2.36 7.73 

(3) 
2.25 -. 7.73 

(31 
2.47 - 7.78 

(3) 
3.21 0.88t 1.6lt 

(3) 
2.78 7.76 768 

(3) 
3.15 -. 7.68 

(3) 
- - 

* NMR spectra were run in CDCI, except for 2 (CH,COCDJ and 1 (CD,SOCD,k (Coupling constants given in 

parenthesis) 

+ I H. s, exchangeable 

water or Cl, in HOAc. The resulting chloroester (11) then afforded 3-chlorogentisyl 
alcohol (I) by reduction with an excess of LAH in ether. Chlorination of 10 in MeOH 
gave a yellow crystalline compound with the properties appropriate for carbo- 
methoxytrichlorobenzoquinone. 

Since completion of this work, 3-chlorogentisyl alcohol has been isolated inde- 
pendently from Phyllosticta species* and from a Phoma species9 in both cases the 
orientation of substituents being the most biogenetically probable in view of the co- 
occurrences of gentisyl alcohol and a number of related compounds Synthesis of 1 
from Gchloro-o-cresol (without characterization of intermediates): and from 
chlorohydroquinone’ (ca & yield in both cases) provided structural confirmation. 

EXPERIMENTAL 

R,s refer to 0.25 mm layen of Kiesclgcl G. using p-aminoazobenum and Sudan yellow as standards 

(R, 051 and 062 respectively using CHCI, as eluant). 

fsolarion of 3-chlorogpntisyl alcohol (1) The mould Penicihm cdense (C hf. I No. 95, 493) was 

grown on Czapck-Dox medium for 10 days in Roux bottles at 25”. The cuitum filtrate. after neutrali~tion, 
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was stirred with activated charcoal [ lw of broth] for 24 hr. and the adsorbed metabolita rccovcrcd by 

Soxhkt extraction with acctonc for 24 hr. Chromatography on silicic acid allowed separation of the less 

polar mctabolita from 3-chlorogenrisyl alcohol (I) which was finally clutcd with ST< EtOAc in CHCI, 

and crystallized as needles. m p 144’ (EtOAc-light petroleum). R, 025 (47” McOH in CHCI,). \I_ (KBr) 

cm ’ : 3425. 1597, 1455, 1302 1160. 1105, 1028, 978, 848, 843, 792 1,. (EtOH) 294 nm (c 3910): 1,” 

(EtOH-NaOHaq) 262nm (I: 39001 314 (706OA 320 (8120),4U8 (4140). 433 (4320): 1,. [EtOH-NaOHaq 

(N,)] 280nm (I: 5100). NMR (CD,SOCD,. 100 MHz): r 548 (2H. s. ArCH,O- ). 4/92 (IH. m cxchange- 

able. CHrOHA 3.35 (IH, d J = 3 HI H-4), 3.21 (IH. d J = 3 Hz sharpcnal by irr at 5.48 r. H-6), two 

exchangeable IH m at I.61 and @88 IArOH): mass spectrum: hi. 174-0075 (C,H,CIO, requires 174GO84). 

m/e(rclativcabundancc): 176(9), l74(27). l%(5). 158(33). 157(14), 156(100), l3ql7). 128(53). llO(l4). 103(S), 

101(S), 100(16),99(16). 65(15). 

Acctylation with Ac,O/py afforded in 74!<. yield the triacctyl derivative I?,. as an oil R, 0.52 (CHCI,). 

v,, (liquid tilm) cm-‘: 1770. 1745, 1230, L,, (EtOH): no absorption >2lOnm. NMR spectrum as in 

Table 1 Attemptad PLC on Kicsclgcl HFr,, using multiple elution resultal in hydrolysis IO the oily 

diacctatc 13. R, 0.35 (CHCI,), r,_ (thin tilm) 3500 br, 1750, 1230. A_, (EtOH) 3lSnm (F 2900): A,, 

(EtOH-NaOHaq) 348 nm (r. 3400). NMR spectrum as tn Table I 

Diacetpl-a-resorcylic acid (4). Acctylatton of a-rcsorcylic acid with Ac,O/NaOAc gave tbc diacctatc in 

79?< yield. as nccdlcs, m p 162’ (lit.’ m.p I61 -162”), v,, (KBr): 3300-2800, 1770, 1695. 1593, 1225. NMR 

spectrum as in Table I. 

3.5.Dioceroxybenzyl alcohol (5). Diacctyl-a-rcsorcylic acid (I.49 g) in dry diglymc (20 ml) was treated at 

0” under N, with a solutton of BrH, in dry THF (05M, 8 ml) and allowed IO stand 30 min. After addition 

of water (ISOml), extraction with CHCI, and washing of the extract with NaHCO,aq and then water. 

evaporation gave the diaccrore (5) as an oil (0.92 g. 663;). b.p. 105’/@005 mm, R, 080 (3:~ McOH In CHCI,), 

v,, (thin film) cm-‘: 3520, 1760, 1210.1. mU (EtOH): no significant absorption >2lOnm. NMR spectrum 

as in Table I (Found: C, 58.9. H. 5.5. C, ,H,rO, rcqutra C. 58.9: H, 5.4:<?/,). 

3.SDioceroxybentyl ocerare (6). Acctylation of the alcohol 5 with Ac,O/py gave after preparative TLC 

the trtacctatc 6 as an 011. b.p 105’/@01 mtn. R, @2O (CHCI,), I’,,, (thin tilm) cm-‘: 1770, 1740. 1619. 

1595. I200 br., JNI (EtOH) 217nm (c 58001 265 (300). NMR spectrum as in Tabk I. (Found: C 58.6: 

H. 5.2. C,,H,,O, rquircs: C. 58.7: H. 53”/,). 

2Ch/oro-3,5-d1ocerox~~enz~~ acerare (7). 3.SDtacctoxybcnzyt aoctatc (176 mg) in HOAc (I ml) was 

Ircatcd with a saturated solution of dry Cl, in HOAc (I ml co 2 cquiv) and the solution left at room tcmp 

for 24 hr. Preparative TLC of the otl left on evaporation, gave the chloro deriuorioe (7) (120 mg 6.0”;) as 

an oil b.p. I I So/@02 mm, R, 0.28 (CHCI,), Y,, (thin film) cm ’ : 1770, 1738.1, (EtOH) 227 nm (F. 6500). 

276 (700). NMR spectrum as in table. (Found: C, 52.1: H, 45. C,,H,,ClO requires. C, 51.9: H. 447;). 

2-Chloro-3.Sdihydroxybenzpl alcohd (2). The above chloro compound (30 mg) in McOH (IO ml) con- 

Iainingconc HCI aq (0.05 ml) was rcfluxcd under N, for 6 hr. Evaporation gave an oily sobd which afforded. 

upon crystalhzation from EtOAc-light pcIrolcum the chlororesorcind 2 as nccdla (IS mg. 86:~). m.p. 

147’. R,0.24(4?< McOH in CHCI,), v,,(KBr)cm-‘: 3374 A,, (ErOH), 283 (c 2370): J._(EtOH-NaOH) 

303 (3840) NMR spectrum as in Table, mass spectrum m/e (relative abundance) 176 (33), 174 (loo), I59 (S), 

158(7). 157(18), 156(18), lSS(ll), l47(9), 145(28). l39(73). 137(18). [Found:C48.3:H,4.3. M’ arm/e 

174 (Cl = 35). C,H,CIO, rqutrcs: C. 48.2: H. 4.0. M.W. 174.51. 

Diocerylgenrisic acid (8). Acctylation of the sodium salt of gcntisic acid (0.5 g) with Ac,O-HOAc (30 ml) 

in the prcscncc of NaOAc (@I g_l gave diacctylgcntisic acid as rods (@38 g. 56:</,). m.p. l2W (lit.’ m.p. 118. 

119’). VW. (KBr) cm-‘: 3500-2800, 1759. 1727. 1705, 1488. 1250, 1205.850. &,.. (EIOH) 273 nm (c 1670): 

I.,,. (EtOH-NaOHaq) 294 nm (r 2900). NMR spccuum as in Table. (Found: C 55.7: H. 4.3 C, ,H,eO,, 

requires: C. 55.5: H. 4.2:~). 

S-Aceroxysalicylic acid (9). Diacctylgcntisic acid (0.7 g) in aqueous ZSY<, dioxan (80 ml) acidified IO pH 

6 with 6N HCIaq was rcfluxcd for 2 hr Extraction with CHCI, gave S-oceroxysalicylic arid as nccdlcs 

(0.4 g 67Yi,A m p 130”(cIher-light pctrolcum). Y,,_, (KBr) cm-‘: 1768. 1678, 1625. 1488. 1215. 838. 832. 

804.795, i,,, (EtOH) XI8 nm (I: 3850): 1,, (EIOH-NaOHaq) 291 nm (I: 3920). 340 (2290) NMR spectrum 

as in Table (Found: C. 55.0: H. 4.1. C,H,O, requires. C, 55.1: H. 4.10/,,). 

Methyl hceroxysolicylore (IO). Mcthylation of the above acid (50 mg) with cthcrcal CHIN, aI 0‘ for 

1 min gave the corresponding methyl ester (IO) as nccdlcs (45 mg 84”/,), m.p. 87^ (McOHaq), R, @51 

(CHCI,). vlyX (KBr) cm-‘: 1754. 1670, I612 1480, 873, 834. 782 1,. (EIOH) 3lSnm (r. 2960): 1, 

(EIOH-NaOHaq) 344nm (I: 3100). NMR spectrum as in Table (Found: C. 57.0: H, 4.6. C,,H,eO, 

requires: C. 57.1 : H. 4.8:<). 
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Merhyl3-c~loro-S-ocnoxysolicylrrre (I I). Methyl S-acetoxysalicylate (@I5 g) in HOAc (I ml) was treated 

with a saturated solution of Cl, in HOAc (3 ml) for I hr at room tcmp: addition of water (IO ml) afforded 

the monochloro deriuariw (Ilk which crystallized from MeOHaq in nacdks (@IS g 84%). R, @43 (CHCI,). 

v,,(KBr)cm-‘: 1761.1682 1614.1248.1220,802,790,&,,(Et0H)311 nm(c30lO):I,,(EtOH-NaOHaq) 

346 nm (c 3430). NMR spectrum as in Table. (Found: C.49.3: H, 3.7. C,,H,CIO, requires: C49.1 : H. 3.7?</,). 

An cxothermic reaction was found to occur when the chlorination was carried out by bubbhnp Ct, 

through a solution of I I (035 g) in McOH (I 5 ml) for IO min. Evaporation dnd fractional crystallixatton 

of the residue alTordal corhomc~hoxyrr~chlorobenzoquinone as yellow needles (0.18 g 40%). m.p. 119’. R, 

046(CHCI,), r,,,(KBr)cm-‘: 1735.1690. 1680,1622.865,805.776.718,690,~,,(Et0H)200nm(c3070), 

272 (3540) unchanged in base, NMR spectrum: r 6.03 (3H. s OMc). mass spectrum: m/e (relative 

abundance) 274 (3), 272 (12). 270 (27). 286 (31). 244 (3). 243 (8k 242 (IOk 241 (4Ok 240 (271239 (95). 238 (36). 

237(100),215(2),213(12) 212(7),2ll (23),210(10),209(25).(Found: C 361: H, 1.8. M’ 268(Cl = !<I 

C,H,CI,O, requires: C, 35.7: H. l.lS;, MW 269.5) 

Synrheric 3-chlorogentisyl alcohol (I). Methyl 3-chloro-5-acetylgentisate (50 mg) in ether (IO ml) was 

added dropwise to a stirred suspension of LAH (0.15 g) in dry ether (IO ml) and the solution stirred at 

room tcmp for 1: hr. EtOAc (20 ml) was carefully added and the ether allowed to evaporate. The complex 

was decomposed by addition of 5N HCIaq (5 ml) and stirring overnight. The EtOAc layer now aflordcd 

3-chlorogentisyl alcohol (1). whtch. after purification by prep TLC using EtOAc as eluant and crystalhxation 

from EtOAc-light petroleum, was obtained as needles (24 mg 68:<) m.p. 144”. (Found: C, 48.0: H. 3.9 

C,H,CIO requires: C, 48.15: H, 4.0?/,), identical (R,. m.m.p, IR spectrum) to a sampk tsolatcd from 

P canadense 
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