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Abstract-2-Ammo-3-hydroxyhex-4-ynolc acid, reported previously from Tncholomopsu rut~lans, was shown to 
be a nuxture of its three- and erythro-forms They were separated from each other and characterized by elemen- 
tary analysis, optical rotation, TLC, IR, NMR spectra, catalytic hydrogenation, and by chenucal synthesis Their 
configuratlons were determmed by the comparison of then hydrogenation products with known three- and 
eryrhro-2-ammo-3-hydroxyhexanoic acids 

INTRODUCTION 

PREVIOUSLY we reported the lsolatlon and characterlzatlon of L-2-ammohex-4-ynolc acid 
from fruit b of Trzcholompsts rutdans (Fr ) Smg ’ This fungus contams another 
ammo acid, dered to be 2-ammo-3-hydroxyhex-4-ynolc acid whose stereochermstry 
was not known 2 

Natural 2-ammo-3-hydroxyhex-4-ynolc acid proved, by further mvestlgatlon, to be 
composed of L-threo- and L-erythro-forms Occurrence of two dlastereomerlc ammo acids 
m one species IS already known Thus, 2(S), 3(S), 4(R)- and 2(S), 3(R), 4(R)-j-hydroxy-y- 
methylglutarmc acids were recently reported from the seeds of Gymnocladus dtozcus (L) 
Koch 3,4 

The present paper describes the separation and charhcterlzatlon of the natural L-thrro- 
and L-erythro-2-ammo-3-hydroxyhex-4-ynolc acids and then synthesis 

RESULTS AND DISCUSSION 
Since 2-ammo-3-hydroxyhex-4-ynolc acid has two centres of asymmetry, four stereo- 

isomers are possible The NMR spectrum, determmed m D,O, showed two pans of doub- 
lets, both asslgned to the proton of a-carbon suggesting that natural acid was a mixture 
of threo- and erythro-forms TLC on cellulose developed with n-BuOH-MeCOEt- 
NH40H-Hz05 gave two well-dlstmgmshed brown spots with nmhydrm, fast-movmg A 

* Part VI m the series “Blochemlcal Studies on Nitrogen Compounds of Fungi” For Part V see HATANAKA, 
S-I, NIIMURA, Y and TANIGUCHI, K, (1973) 2 Naturforxh m press 

’ HATANAKA S-I, NIIMURA. Y and TANIGUCHI, K (1972) PhvrothrmrWl II,3327 
’ HATANAKA, S -1, NIIMURA, Y and TANIGUCHI, K (1973) Z Naturjbrsch m press 
3 DARDENNE, G A, CASIMIR, J, BELL, E A and NULU, J R (1972) Phytochemlstry 11,787 
4 DARDENNE, G A, BELL, E A, NULU, J R and CONE, C (1972) Phytochemntry 11,791 
5 IKUTANI, Y, OKUDA, T and AKABORI, S (1960) Bull Chem Sot Japan 33,582 
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and slow-movmg B This system hd9 been used to separate tl?rrn- and et y&o-forms of 
several z-nmmo-b-hydroxydads i - 

We then sepdrated the lluxture preparatively into A and B by cellulose column chroma- 
tography with the same solbcnt c Colorlmetrlc determmdtlon* of the eluates from the col- 
umn gave the r&o of A B, 2 3 Elementdry nnalqns of the recrystdlhzed samples both 
correspond to C,H,NO, and from the values of optical rotation, measured m a neutral 
and nn acldlc solution both belong to L-serlcs of ammo acids The presence of an 
acetylene-bondm each wdsdsce1 tamed byquantltatlvc totdl .md partldl cdtalytlc hydrogena- 
tion with Addms’ Pt- and Lmdlar’s Pd-catalysts” respectively The hydrogenation products 
of A and B with the former cnmlqst both correspond to /I-hydroxqnorlcucmeh bq TLC c 

Theo-forms of several known ?-dmmo-fi-hydl oxyaclds mobe fastel thdn then er_)Thro- 
forms on PC with the solvent used’ ’ and the older of Rf-~dues dre reversed m second 
solvent I,oPrOH- HOAcmHzO “’ The chromdtogrdphlc bchcl\lour of Sepdrated A dnd B 
111 these solvents suggested th,lt the former 15 of thi eo- ;Ind the l,ltter or\ th cl-configuration 
The RLeu V&ES dre shown In T,lble 1 

Solcent 
c (1 

A (three) 0 13 0 53 
B (P? Vhf 0) OS1 0 64 

Solvent c u-BuOH-MeCOEt-NH,OH(?8”,tHZO (IS 9 4 
2) solvent d I~P~OH-HOAL-H~O(I~ I 5) 

Though their IR spectra showed conslderable differences, d weak absorption of d triple 
bond was determmed m both sampler dt 223Ocn-’ The NMR spectra of both com- 
pounds were very slmlldr but not identicdl Signals of therr methyl groups, with the same 
long range coupling constant (J 2 Hz) were observed at 8 13r (4) dnd 8 16~ (B) Two 
doublets at 6 132 (J 3 5 Hz) m A and dt 6 05r (J 40 Hz) m B could be assigned to 
an x-methyne group From the Kdrplus relatlonshlp,” d lnrger coupling constant J, 3 IS 
expected m ar~tl- or erythro- form thdn m qau&- or flzreo-form Thus the values of J2,3 
of thy oo- and cr Bohr o-/I-hydroxqphenylsermes were I eported to be 3 7 and 4 6 Hz, respec- 
ti\el> I2 The chemlcdl yhlfts of x-methqnc groups of tlrr coo-r-nmlno-B-ll~droxydclds dre 
generally at higher field than those of the corl espondmg B 1 rl?r+compounds For example, 
the v&es 5 621 dnd 5 34r hake been reported for threonme dnd (r//o-threonme respec- 
tlvcly ” From 411 these fdcts it could bz shown, that -I IS I -tl7rco- dnd B L-L’?! thrc~-2- 

‘ammo-3-hydroxyhex-4-jnolc ,lcld 
The chermcal synthesis of 2-ammo-3-hydloxyhex-Cynolc clcld wa3 carried out by the 

condensation of tetrolaldehyde ‘md copper glycmatc The product wns sepdrated into the 

” MIX, H (1961) 2 Ph~~wd Clzer~ 327,41 
’ GLIPEL, H GLOED~, J , HIL~ZTACI K -P and GROSS, H (1965) Chern Err 98, 1677 
’ YtblM E W and COCKING, E C (1955) Anul~sr 80, 209 (1954) B/och~m J 58, \I, 
” LI\l)LAR, H (1952) Nclc Chlm 4~ TV 35, 446 

I” DKELI , W (19.55) J .&I Chm SO< 77, 5429 
” KAKPLU M (1959)J Chenr Ph~r 30, II 
” Dorm\ T A md VI~P.G L C (1968) CM J Uwrn 46, 3007 
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fast- and slow-movmg compounds, as described for the natural ammo acids The ratio of 
A B formed was 2 3, as m the natural ammo acids 

All the four natural and synthetic ammo acids gave the same fragmentation patterns 
m MS The htghest mass-ions m each, m/e 125, correspond to their dehydrated forms The 
chermcal shifts m NMR spectra of synthetic A and B were ldentlcal with those of natural 
A and B, respectively Comparison by TLC m three solvents also confirmed the IdentIty 

Synthesis and separation of dlastereomers, followed by their stereochenucal characterl- 
zatlon of P-hydroxynorleucme were reported by Mix 6 It enabled us, therefore, to compare 
the hydrogenated forms of synthetic A and B with known Lx-threo- and Dr.-erythro-p-hy- 
droxynorleucmes For the separation of dlastereomers, trlmeslc acld13,14 was applied as a 
selective precipitant for its threo-form (see Experimental) The IR spectra of the threo-form 
and hydrogenated synthetic A, and erythro-form and hydrogenated synthetic B were 
superimposable, respectively, which support conclusively the above conslderatlon about 
the stereochermcal nature of the natural 2-ammo-3-hydroxyhex-4-ynotc acid 

Two related fungal species were surveyed for the possible occurrence of these ammo 
aads by 2-D PC While the extract of Trlcholomopsa decora (Fr ) Smg showed a brown 
spot m the same posltlon as the orlgmal rmxture, T platyphylla (Fr ) Smg Qd not 

EXPERIMENTAL 

General M ps were uncorrected IR were measured m KBr &scs and NMR recorded m D,O with DSS as 
an internal standard EvaDoratlon of solvents was carried out with a rotary evaporator m uacuo below 40” 

Chromatography Solvents used were n-BuOH-HOAc-H,O (63 10 27) ia), WOH-H,O (m presence of NH3 
vapour) (25 9) (b), n-BuOH-MeCOEt-NH.OH(28%)-H,O(l5 9 4 2)5 (c)and ISOPCOH-HOAc-H,O (14 1 5)” 
(d) “Avlcel SF” (cellulose elates and Dowder were used for TLC and column chromatography, respectively 
’ ‘lsohon and sepamtlon’of dlasterehners of natural 2-ammo-3-hydroxyhex-4-ynolc actd The fruit bodies of Trr- 
cholomopsls rutllans (Fr ) Smg * (2 kg), stored deep-frozen, were extracted with EtOH (20 1) and filtered The fil- 
trate was passed through a column of Amberhte IR-120 (H+) (300 ml) After the resm was washed thoroughly 
with EtOH and HZO, the ammo acids were eluted with 2 N NH,OH (3 1) The ammoma eluate was evaporated 
m wcuo to ca 20ml The concentrate was then applied to d column of Dowex I x 4 (Me COO-) (4 5 x 90cm) 
and eluted with 0 025 N HOAc The relevant fractions were combmed, concentrated, and treated with a cellulose 
column (3 x 80cm) with solvent a, to give pure fraction 

1n order to separate the dlastereomers, the fraction was dpphed agnln to d cellulose column (3 x 75 cm) dnd 
developed with solvent c After repeated chromatography with the same solvent, fast-movmg A and slow-movmg 
B were separated completely Each fraction was extracted with H,O and the aqueous layers concentrated The 
decolourzed concentrates were treated with EtOH and Et,O, vleldmg 55 mg A and 32 mg B A t-three-Zammo- 
3-hydroxyhex-4-ynolc acid m p 155-161- (decomp ) (Found C, 5020, H, 6 27. N. 982 C6H9N03 requires 
C, 50 35, H, 6 34, N, 9 79%) [x];s” -75” (c 1, H,O), -72” (C 0 5, 3 N HCl) NMR T 8 13 (d, J 2 Hz, -Me), 
6 13 (d, J 3 5 Hz, -CH(ND:)-), 5 04 (m, -CH(OD)-) B L-erythro-2-ammo-3-hydroxyhex-4-ynolc acid m p 140- 
154” (decomp ) (Found C, 50 60, H. 6 04, N, 9 89%) [r];” -24” (c 1 I5 HzO), f7 2” (c 0 58 3 N HCI) NMR 
r 8 16 (d J 2 Hz Me) 605 (d, J 4 Hz CH(NH;) ) 498 (,n CH(OD) ) 

.Sl~~thrs~s und ~parcrtlo~t of dla~trr rornery of 1,~-2-an1rr10-3-hvdro\ \hr\-4-~o,c trtrtl Copper glycmate’ ’ (1 6 g) 
and tetrolaldehyde lb (2 5 g) were added to 1 N NaOH (50 ml) and the mixture was stlrred at room temp under 
N, for 4 hr After the removal of cuorlc Len with H,S, the filtrate was passed through Amberhte IR-120 (H+) 
(l&l ml), and the ammo acids were eluted with NH; (2 N, 1 1) Cellulose column chromatography (5 x 75 cm) 
with solvent c gave two fractions They were separately extracted with H,O and the extracts evaporated in wcuo 
to give crude crystals after the addltlon of EtOH The fast-movmg A(S) and slow-movmg B(S) yielded 623 and 
478 mg respectively Total yield 55”,, from copper glycmate A(S) 111 -thl eo-2-dmlno-3-hydroxvhex-4-~1~olc acid 
m p 187-192 (decomp ) (Found C 50 34, H, 6 09, N, 9 94 C,H9N0, requires C 50 35, H, 6 34, N 9 79”“) 

* Voucher speamens were deposlted m the Department of Biology, College of General Education, Umversity 
of Tokyo 

I3 SATO N UCHI~AMA, N dnd AKASHI, T (1969) J Ayrlc Chem Sot Jupcm 43,504 
I4 ARIYOSHI, Y and SATO, N (1971) Bull Chem Sot Japan 44,3435 
I5 SATO, M , OKAWA, K and AKABORI, S (1957) Bull Chem Sot Japan 30,937 
I6 LUNT, 3 C and SONDHEIMER, F (1950) J Chem Sot 3361 
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NMR 5 8 13 (4 J 2 Hz), 6 13 (d, J i 5 Hz) 5 04 (,n) B(S) 1~L-e,4lthru-2-dmlllo-3-hydrox~hc\-~-~nolc &tcld m p 
154 162 (decomp) (Found C 5021 H 636 N YY8”,,) NMR ? 8 16 (d, J 2H7). 605 (d J ~HL) 497 (111) 

Srp~ UNION o/” rlrtr\rct V’OUX’I E of [{-!I it/r o\ I m Irwc lue A mix turc of dl,tstereomers of P-h \drox\ norleucmc \xds 
prepared by the Londensdaon of copper glycmdte and n-butylaldehyde dccordmg to MIX ” The product (1 g) dnd 
trlmesic acld’3 ” (1 43 g) were added to Hz0 (5 4 ml) and the mixture v~ds wdrmed at 60 for IOmm, followed 
by stnrmg dt 3O- for 12 hr After the filtrdtlon thL precipltdte wds dissolved m hot HZ0 dnd the crvtdlhzatlon 
with EtOH ( x 2) gave t,~-th,ro-8-hydroxqnorleuclne (161 mg) m p ?I5 226 (decomp I (Lit” X4- 226 I (Found 
C 44 19 H 9 04. N 9 64 Cdlc for C,H, ,NO, C 4892 H SYO hi 9 52”,,) The bltr,\te wrls evqor,lted IYI 
~ULUO and I>L-<V ~r/l,o-ll-I~qdroxynorleuLllle ud\ u)\trllluui IIOIII LIOH C x II) (‘0 mg) m p 226 237 (dcwmp 1 
(Lit’ 248-250 ) (Found C 48 92 H X90 N 9 4i0<>) 

HI t/r oipro~rrm mrl i/m//~ \I < of f/r<’ p, orlru I \ A fcu m, (1 of pure 5,imple ~erc h\dro~cn,rtcd .tt I oom tcmp tnd 
pressure with stirrmg mngnehcdll) Addms Pt LdUljst (d few mg) suspended m H20 (2 .i 1111~ dnd I.lndlJl \ Pd 
c.it,tl\\t” (‘1 fc% mg\ in 40”,, FtOH (2 5 ml) \\~th ‘i trdce of freshlv dr\trlled qulnolme v.~re used for the t&t1 ,!nd 
p<,r ti,11 iritrtl\tlL h\d~ogcn,trton IC\~~LII\CI\ f qm\<iILnt mol H, c lb\01 hd NLl‘ 1, 1011~~~\4 I~ll,ll Il\di~)!xll~ltlol1 
L-lb) L'o- 2 00 L-WJflllO-, 2 07 UL-I/11 ('o- 2 02, UL-e, \rhro- 1 00 pdrtldl hydrogenduon L-L/U CO- 1 03 L -PI 1 rhr t,- 
1 04. IX -thrro- 0 98, DL- rrlihro- 0 99 Totdl hydrogendbon products of oL-rhreo- ~fd IX+ ~tl!ro-2-ammo-3- 
hydroxyhex-4-ynolc dclds, the Gdtdlyst bclng removed wtre cqstalhted from H,O contnmmg F’tOH ( x 2) Tht 
former DL- t/~lco-P-hydroxynorleuclne m p 2li_Z?i (decomp ) (Found C 48 78 H X 81 \ 9 67 Cdl~ lor 
C,H, ,NO, C 4X 92 H X 90 N 9 53”,,) The I‘ttttr IX-U ,rhro-/~-hvdrov\nolItll~lne m p 3X 230 (decomp ) 
(FlHUld c 49 19 11 xv!, \ 9 :I)“, I 


