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A-d-The racemate and both the (R)- and @)-forms of gizzerosine [2-aminc+9-(4-imidalyl)-7- 
azanonanoic acid] were synthesised, and the (S)-isomer was identified as the toxic substance in fish meal 
causing severe ard erosion (black vomit) in chicks. 

A serious disease named “black vomit” is a big problem 
in poultry production all over the world.’ The disease is 
accompanied by gizzard erosion or ulceration, and 
known to be caused by brown fish meal in the diet.’ 
Okazaki et 01.~ recently isolated from 10 kg of heated 
mackerel meal 2 mg of a compound which caused 
severe gizzard erosion in chicks within a week when fed 
to them at the level of 2.2 ppm in the diet (or cu 50 
&day). This toxic compound was named gizzerosine.’ 
Extensive spectral studies by Okazaki et al. on the 
isolated material was concluded by the proposal of its 
structure as 2-amino-9-Q%imidazolyl)-7-azanonanoic 
acid In with an unknown absolute con6guration at 
C-2.2 Shortly afterwards, this proposal was confirmed 
by an unambiguous synthesis of (*)-la by us3 Herein 
we describe in detail the synthesis of( f )-la, (Rhla and 
@‘)-la, which enabled us to test the toxicities of these. 
materials in chicks. 

Our synthesis of ( f )-gizzerosine la started from 4- 
methyl-3-pentenyl bromide 2, which was readily 
obtainable from 2-cyclopropyl-2-propanol according 
to Julia et al.* Treatment of 2 with NaCN in DMSO 
gave a nitrile 3, whose alkaline hydrolysis furnished 4. 
Reduction of 4 with LAH yielded an alcohol 51. The 

corresponding tosylate !5b was treated with NaI in 
acetone to give an iodide 6 in 57% overall yield from the 
starting cyclopropane derivative. Alkylation of diethyl 
acetaminomalonate with 6 in the presence of NaOEt in 
EtOH afforded 7 in 86% yield. This was oxidised with 
MCPBA to give an oily epoxide 8. Treatment of 8 with 
HI04-2H,O in ether-THF for a short period gave a 
crude aldehyde 9 in quantitative yield from 7. 
Ozonolysis (0, followed by treatment with Me,S) of 7 
also furnished 9, although in a less pure state. The 
aldehyde 9 was rather unstable presumably due to its 
ease of cyclisation to give by-products. 

Reductive amination of 9 with histamine dihydro- 
chlorideandNaBH,CNinMeOHSgaveadi&er 1Oas 
a crude oil in 87% yield. This was hydrolysed with HCl 
aq to give (f)-la-3HCl as a crude gum in 82% yield. 
This gum was purified to give pure ( f )-la by the proce- 
dure used for the isolation of la from Iish meaL The 
synthetic (+)-la was identical with the isolated 
authentic gizzerosine on the basis of chromatographic 
and spectral comparisons including TLC (cellulose 
powder), ‘H-NMR, 13C-NMR and EI-MS (as the 
corresponding Me ester diacetamide). ( f )-Gizzerosine 
dihydrochloride (f )-la-2HCl was found to be 
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Fig. 1. Synthis of ( f )-gizzerosine. 
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Fig. 2. Synthesis of the enantiomers of gizzerosine. 

crystalline, m.p. 253-256” (dec), and stable at room 
temp. This was therefore used for the bioassay. The 
addition of 6.25 ppm of (&-Fla-2HCl in experimental 
diets for chicks caused severe erosion of their gizzards. 
The activity, however, was about one third as strong as 
theauthenticla(not la-2HCl)suggestingthat onlyone 
enantiomer of la is bioactive. To clarify this, both the 
enantiomers of la were synthesised as described below. 

We first attempted to employ the enantiomers of 
1 la as the starting material. Alkaline hydrolysis of the 
ester groups of 7 was followed by acidification and 
decarboxylation togive( +tlla.Treatment of( f)-118 
with Aspergillus amino acylase6 smoothly effected the 
enantioselectivehydrolysisof(S)-lla to(S)-llb,leaving 
(R)-lla intact. Acetylation of (S)-llb with Ac,O and 
NaOH aq’ gave (S)-lla. Both (R)- and (s)-118 were 
converted to the corresponding Me esters,(R)- and (S)- 
1 lc, by treatment with CH,N,. Another derivative (S’)- 
1 Id was also prepared from (5)-l 1 b in the conventional 
manner. Conversion of(R)- and (S’)-llc as well as (.+ 
lld to the aldehyde similar to 14 was attempted by 
successive treatments of them with MCPBA and 
HIO,-ZH,O. No useful result, however, was obtained 
due to the instability of the aldehydes. Their cyclisation 
to pip&dine-type compounds seemed to have taken 
place. 

At this stage we became aware ofa timely publication 
ofTice. and Ganem* on the synthesis of (q-14. So as to 
prepare both the enantiomers of 14, enzymatic 
resolution of (It)-12a was carried out as described by 
Greenstein et ~1.~ except that we used Aspergillus amino 
acyla.@ instead of acylase I as originally used by the 
American workers.’ We were thus able to prepare 
sufficient quantities of (S)-12b and (R)-12a by the 
enzymatic reaction, and (R)-lh was converted to (RF 
12b in the usual manner.9 

(S)-2Aminoadipic acid 12b was then benzyloxy- 
carbonylated to give (QlzC.‘O This was converted to 
the known half benxyl ester (s)-12d by the method of 
Baldwin et al.” As reported by Tice and Ganem, (S)- 
12d was reduced with BH,-THF to (S)-13.sThe Swem 

oxidation of (a-13 with (COCl),-DMSO yielded (Q 
14,” which was immediately employed for the next 
stage. Reductive amination of (S)-14 with histamine 
dihydrochloride was effected with NaBH,CN and 
molecular sieves 3A in MeOH to give @)-lb in 69% 
yield from (s13. Hydrogenation of @)-lb over Pd-C 
was followed by acidification of the product with dil 
HCl to pH 5. The resulting (S)-gizzerosine dihydro- 
chloride was recrystallised from aq MeOH to give pure 
(*la-2HC1, m.p. 251-252” (deck [a];‘+ 14.3” (3 N 
HCl),in33%yieldfrom(S)-lb.Similarly(R)-12byielded 
(Rbla-2HCl, m.p. 252-254” (dec), [a];‘- 13.0” (3 N 
HCl). The TLC (Merck silanised SiO,), IR (KBr disc), 
‘H-NMR and 13C-NMR data of(R)- and @)-la-2HCl 
were indistinguishable with those of( f )-la-2HCl. The 
only discernible difference between the racemate and 
the optically active forms was a small variation in the 
intensities of their IR absorption bands at 1115 and 
1135 cm-’ when measured as KBr discs. The bioassay 
ofboth the enantiomers of la-2HCl was carried out by 
Dr M. Sugahara and Mr T. Masumura of C. Itoh Feed 
Mills Co., Ltd. The addition of 3 or 6 ppm of (*la- 
2HCl in experimental diets for chicks caused severe 
gizzard erosion, while the same amount of(R)-la-2HCl 
did not cause any damage in chicks. This clearly 
indicated that the absoluteconfiguration oftheisolated 
gixzerosine is S. 

In summary the racemic and optically active forms 
of 2-amino-9-(4-imidazolyl)-7azanonanoic acid (giz- 
zerosine) la were synthesised and @)-la was shown to 
be the compound which causes gizzard erosion in 
chicks. The biological aspects of this work will be 
published separately in due course. 

EXPERIMENTAL 

All b.ps and m.ps were uncorrected. IR spectra were 
measured on a Jasco A-102 spectrometer. ‘H-NMR spectra 
wererecordedat6OMHzwitbTMSasanintemalstandardon 
a Hitachi R-24A spectrometer unless otherwise stated. ‘%- 
NMR spectra were recorded at 25 MHz on a Jeol FX-100 
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spectrometer. Optical rotations were measured on a Jasco 
DIP-140 polarimeter. 

5-Methyl4hexenenitn’le 3 
To a stirred suspension of NaCN (20 g) in DMSO (200 ml) 

was added 2 (50 g) at room temp. Shortly afterwards, an 
exothermic reaction took place and the mixture became 
homogeneous. Gradually the ppt of NaBr separated from the 
s&t. The mixture was left to stand overnight at room temp, 
diluted with ice-water and extracted with n-pentane. The 
pentanesoln was washed with water and brine, dried (MgSO,) 
and concentrated in uacuo. The residue was distilled to give 
29.5 g (88.3%) of 3, b.p. 71”/16mm, nk2 1.4365 ; Y, (film) 2240 
(m),1670(w).835(m),815(m)~~‘;6(CCI,)1.66(3H,s),1.75 
(3H,s),2.2~2.50(4H),5.15(lH).(CalcforC,H,,N:C,77.01; 
H, lO.l6;N, 12.83.Found:C,76.70;H, lO.l3;N, 1266x.) 

5-Methyl4hexenoic acid 4 
To a stirred soln of KOH (50 g) in ethylene glycol(l80 ml) 

and Hz0 (20 ml) was added 3 (29.3 g), and the mixture was 
stirred and heated under reflux for 7.5 hr. After cooling, the 
mixture wasdiluted with ice-water, acidified with cone HCI (cc 
100 ml) and extracted with ether. The ether soln was washed 
with water and brine, dried (MgSO,) and concentrated in 
uacuo. The residue was distilled in uacuc to give 32.5 g (94.5% 
of 4, b.p. 118-120”/25 mm, t$ 1.4434; vi (film)--36& 
-2400(m). 1710(s). 935 (ml cm-’ : 6 (CCL) 1.6013H. sk 1.66 .,. ~,. 
(3H, s), 2.15250 (4H), 5.08 (lH), 12.02(1H, s). (Cic for 
C,H,xO,: C, 65.70; H, 9.54. Found: C, 65.59; H,9.440/) 

5-Methyl4hexen-l-o1 %I 
A soln of 4 (32.5 g) in dry ether (100 ml) was added dropwise 

to a stirred and ice-cooled suspension of LAH (9.5 g) in dry 
ether (700 ml) at 5-10”. The stirring was continued for 6 hr at 
room temp. Excess LAH was destroyed by the gradual 
addition of H,O to the ice-cooled and stirred mixture. It was 
thenpouredintoiceanddil HCITheetherlayerwasseparated 
and the aq layer was extracted with ether. The combined ether 
soln was washed with water, NaHCO, aq and brine, dried 
(&SO,) and concentrated in uocuo. The residue was distilled 
to give25.6g(88.6%)of%, b.p. 78-80”/20mm,n~” 1.4456; Y, 
(film)335O(s), 1670(w), 106O(s)cn-‘;6(CCL) 1.3@1.50(2H, 
~),1~60(3H,s),1.68~3H,s),1.7~2.30(2H~m),~.52(2H,t,J~= 6 
Hz),3.62(1H,s),5.12(1H,t,J=7Hz).(CalcforC,H,,O:C, 
73.63; H, 12.36. Found: C, 73.51; H, 12.36%.) 

5-Methyl-Qhexenyl tosylate fib 
gTsCl(56 g) was added to a stirred and ice-cooled soln of Sa 

(25.6 g) in dry C,H,N (150 ml). The mixture was left to stand 
overnight in a refrigerator. It was then poured into ice-water 
and extracted with ether. The ether soln was washed with dil 
HCI, water, NaHCO, aq and brine, dried (MgS03 and 
concentrated in uacuo to give 64 g (quantitative) of Sb, v, 
(film)1360(s),1190(s),1175(s),960(m),925(m),810(m),660(m) 
ctt-‘. This was employed in the next step without further 
purification. 

5-Methyl4hexenyl iodide 6 
To a stirred soln of NaI (50 g) in acetone (250 ml) was added 

Sb (64 g) in acetone (50 ml). Immediately after the addition, an 
exothermic reaction took place and NaOTs began to 
precipitate. The mixture was left to stand overnight at 30-40°. 
After cooling, it was poured into water and extracted with n- 
pentane. The pentane soln was washed with water and brine, 
dried (MgSOj and concentrated in uacuo. The residue was 
distilled to give 38.7 g (77% from 5a) of 6, b.p. 85-86”/21 mm, 
nl’ 15097;v_(film)1670(w), 1200(sX830(m)(rm-‘;6(CCI,) 
1.62 (3H, s), 1.68 (3H, s), 1.70-2.30 (4H, m), 3.12 (2H, t, J = 7 
Hz).5.04(1H,t.J =6Hz).(CalcforC,H,,I:C,37.52;H,5.85. 
Found : C, 38.03 ; H, 6.W/,.) 

Ethyl 2-acetamiw2-ethoxycarbonyl-7-methyl&octenoate 7 
Diethyl acetaminomalonate (35 g) was added to a stirred 

soln of NaOEt (from 3.7 g of Na) in abs EtOH (110 ml). To this 

was added 6 (38.5 g) with stirring at room temp. The mixture 
was stirred and heated under reflux for 6.5 hr. EtOH was 
removed in uucuo. The residue was diluted with ice-water and 
extracted with ether. The ether soln was washed with water 
and brine, dried (MgSO,) and concentrated in uactw to give 50 
g of an oil. This was triturated with pet ether to give 43 g (86%) 
of 7 as crystals. An analytical sample was recrystallised from 
EtOAc-net ether to give needles, m.p. 43.0-43.5”; v,.. (Nujol) 
33OO(mj, 1760(m), 1745(s), 1740(s), i645(s), I515(mj~i26O(m), 
1205(m),l195(m)cm-‘;6(CDCi,)1.26(6H,t,J =7Hz),1.58 
(3H,s),1.68(3H,s),2.05(3H,s),4.28(4H,q,J = 7Hz),5.10(1H, 
t,J = 6Hz),6.86(1H,brs).(CalcforC,,H1,O,N:C,61.32;H, 
8.68; N, 4.47. Found: C, 61.25; H, 8.51; N,4.46”/,.) 

Ethyl 2 - acetamino - 6,7 - epoxy - 2 - ethoxycarbonyl - 7 - 
methyloctanoate 8 

MCPBA (2.06 g; 85% purity) was added portionwise to a 
stirred and ice-cooled soln of 7 (3.13 g) in CH,Cl, (50 ml) at O- 
5”. The mixture was stirred for 3 hr at t&5”. It was then washed 
withNa,CO,aq,dtied(MgSO,)andconcentrated inuocuoto 
give 3.3 g (quantitative of 8; v,, (film) _ 3400 (m), 1745 (s), 
1680(s), 1270(s), 1210(s), 1195(s)cm-‘;6(CDCI,) 1.20(6H.s), 
1.30 (6H, t, J = 6 Hz), 2.05 (3H, s), 4.28 (4H, q, J = 6 Hz), 6.90 
(lH,br);MS:m/z329(M’,C,,H,,O,N = 329). 

Ethyl 2-acetamino-2-ethoxycarbonyL6-oxohexanoate 9 
(a)From8. A solnof8(3.3 g)inether(lOOml) wasadded ton 

soln of HI04-2H20 (2.5 g) in THF (20 ml) with stirring and 
ice-cooling at O-5”. The mixture was stirred for 10 min at f&5” 
and the supematant organic soln was separated by 
decantation. The solid precipitates of HIO, were washed 
thoroughly with ether. The combined THFether soln was 
washed with NaHCO, aq and brine, dried (MgSO,) and 
concentrated in socuo togive2.9g(quantitative)of9;v_(film) 
3400(m), 2730(w), 1740(s), 1670(s), 1195 (s)cn-’ ; 6(CDC1,) 
1.23 (6H, t, J = 6 Hz), 2.04 (3H, s), 4.24 (4H, q. J = 6 Hz), 6.85 
(lH, br), 9.80 (lH, s). This compound was so unstable that it 
had to be used immediately in the next step. 

(b)From7.0,was bubbledintoastirredandcooledsolnof7 
(3.13g)in MeOH (6Oml) in thepresenceofsolid NaHCO, (10 
g) for 1.5 hr at -78”. After bubbling N2 into the mixture to 
remove excess O,, Me,S (1.47 ml or 1.24 g) was added to the 
stirred mixture at - 78”. The temp was gradually raised over 
2.5 hr to room temp. The mixture was then concentrated in 
uacuo. The residue was diluted with water and extracted with 
ether. The ether soln was washed with water and brine, dried 
(MgSO,) and concentrated in wcuo to give 1.0 g (34.5%) of 
crude 9. This was immediately employed for the reductive 
amination to give 10. 

Ethyl 2 - acetamino - 2 - ethoxycarbonyl - 9 - (4 - imidazqlyl) - 7 - 
azanonanoate 10 

To a stirred soln of 9 (1.0 g, 3.5 mmol) and histaminc2HCl 
(1.8 g, 10 mmol) in MeGH (25 ml) was added NaBH,CN (200 
mg, 3.5 mmol), and the mixture was stirred overnight at room 
temp. It was then acidified with cone HCI to pH < 2 and 
concentrated in wcuo. The residue was dissolved in water (10 
ml) and extracted with ether (15 ml) to remove neutral 
impurities. The aq layer was made alkaline (pH > 10) with 
K$O, aq, saturated-with NaCl and extracted several times 
with CHCl,. The CHCl, soln was dried (MaSO,) and 
concentrated in uucuo to give 1.3 g (98%) of oily’&de l-6; v, 
(film)34OO(m),315O(brm),2450(m), 1740(s), 1660(s), 1500(m), 
1460(m), 1440(m), 1365(m), 1290(m), 1260(m), 1205(s), 1095 
(m),1015(m)cm-‘.Thiswasemployedinthenextstepwithout 
further purification. 

( f )-2-Amino-9+Gnidazolyf)-7-azanorwwic acid dihydro- 
chloride [( ftgizzerosine dihydrochloride] (+bla-2HCl 

The crude 10 (1.0 g) was dissolved in HCI aq (cone HCI- 
H,O, 2 : 1, 18 ml) and the soln was stirred and heated under 
reflux for 7 hr. It was then concentrated in oacuo to give 637 mg 
(59”/,) ofcrude( f bla-3HCl. This was chromatographed over 
Amberlite IR CG-50 (N-ethylmorpholine form, 10 cm x 2.4 
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acetone)]. Its IR, ‘H- and ‘sC-NMR spectra were identical 
with those of(S)-12d. 

Benzyl6-hydroxy-2-benzyloxycarbonylaminohexanoate 13 
(a)(S~lsomer.AccordingtoTiceandGanem,8(S)-12d(5.5g) 

gave 4.4 g (83%) of (S)-13, nk3 1.5339, [a]:” -3.9” (c = 1.06, 
CHQ); v, (film) 3360 (s), 1720 (s) cm-‘. Its ‘H-NMR 
spectrum was in agreement with the published data’ 

(bl(Rblsomer. In thesamemanner,(R)_12d(5.5a)gave4.7 g . 
(890/,)of(R)-13,ni’ 1.5328,[a]kz+4.6”(c = 1.03,r%Cl,);CI~ 
MS lisobutancl: m/z 372 (M’+ II. The IR and ‘H-NMR 
spectra of (R)-i3 WA iden&al with those of (S)-13. 

Benzyl6-oxo-2-benzyloxycarbonylaminohexanwte 14 
According to the procedure of Tice and Ganem,s both the 

enantiome; of 13.(4 g) were oxidized to give both the 
enantiomers of 14 as crude gums. TLC (SiO,. EtOAc-n- 
hexane, 1: 1) : R, 0.4. These were immediately used in the next 
step. 

Benzyi 2 - benzyloxycarbonyiamino - 9 - (4 - imia’azolyfJ - 7 - 
azarwnanoate lb 

(a)(S)-lsomer.Crude(S)-14(obtainedfrom4gof(~l3)was 
dissolved in dry MeOH (60 ml). To this were added histamine 
2HCI (7.72 g), NaBH,CN (800 mg) and molecular sieves 3A 
(1 g). The mixture was stirred overnight at room temp and 
filtered. The filtrate was concentrated in ~MZUO and the residue 
was diluted with water (300 ml). The mixture was adjusted to 
pH 2 with HCI aq and washed with CHCI,-MeOH (3: 1, 
100 ml x 3). The aq layer was adjusted to pH 8 by the addition 
of solid K,CO, and extracted with CHCI, (100 ml x4). 
The extract was washed with brine, dried (MgSO,) and 
concentrated in uacuo to give 3.6 g [69”/0 from(S)-131 of(Qlb, 
v,,(tilm) 3320(m), 1720(br s), 1260(s), 1215 (s), 75O(s)cn-’ ; 
TLC(Merck silanised SiO,, Art 5747; MeOH-28% NH, aq- 
H,O, 4 : 1: 1; detected with diazotised sulfanilic acid reagent) 
R, 0.4. This was employed in the next step without further 
purification. 

(b) (Rtlsomer. In the same manner, starting from 4 g of (R)- 
13, 3.7 g (71% from (R)-13) of (R)-lb was obtained. Its TLC 
behaviourand IR spectrum wereidentical with thoseof(Z+lb. 

Gizzerosine dihydrochloride la-2HCI 
(a) (S)-Isomer. 10% PdX (1 g) was added to a soln of(qlb 

(3.6 g) in EtOH-THF-Hz0 (3 : 1: 1,200 ml). The mixture was 
shaken under H, for 1 hr. Then 10% PdC(l g) and cone HCI 
(0.5 ml) were added to the mixture and the hydrogenation was 
continued. After 1 hr, loo/, Pd-C (1 g) and cone HCI (0.5 ml) 
were again added and the hydrogenation was continued for 
another 1 hr. The catalyst was filtered off and the filtrate was 
concentrated in ~acuo. The residue was diluted with water and 
the soln was adjusted to pH 5 by the addition of 3 N HCI. A 
small amount of Norit was added to the mixture and filtered 

off. The filtrate was concentrated in VMU). MeOH was added 
to theresidualsyrupand theresultingwhitesolid wascollected 
on a filter. This was recrystallised from aq MeOH to give 0.9 g 
(33%) of (*la-ZHCI, m.p. 251-252” (dec), [a];‘+ 10.3” 
(c = 1.28, H,O); [a];* + 14.3” (c = 0.95,3 N HCI); v_(KBr) 
3140(s),2970(s),2810(s),2460(m),2200-1800(w, br), 1640(s), 
1605(s), 1525(s), 1465(s), 1400(s), 1355(m), 1335(m), 1235(w), 
1185 (w), 1130 (w), 1115 (w), 1095 (w). 1075 (w), 1020 (w), 960 
(m), 905 (w). 870 (w), 840 (m), 795 (m). 755 (w), 720(m), 660 (w) 
cm- ’ ; TLC (under the same conditions as described for lb) R, 
0.90. (Calc for C,,Hz,O,N,CI,: C. 42.18; H, 7.08; N, 17.88. 
Found:C,42.20;H,6.94;N, 17.72%.)The ‘H-and 13C-NMR 
s2pec;; of (S)-la-2HCI were identical with those of (+Fla- 

(b) (Rblsomer. In the same manner as described above, (Rb 
lb (3.7 n) Rave 1.25 R M4.6”/,) of (R)-lP2HCI. m.p. 252-254” 
(de& [$$j-9.1” (C 2‘1.26;iizoj; ia]& 13.0” (c'= 1.03,3 N 
HCI). Its chromatographic (TLC) and spectral (IR, ‘H-NMR 
and “C-NMR)properties wereidentical with thoseof($-ln- 
2HC1.(CalcforC,,H,,O,N,Cl,:C,42.18;H,7.08;N,17.88. 
Found: C, 42.32; H, 6.96; N, 17.72x.) 
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