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Abetrect 

The l cope of the nictu.1 reectioa of L-4rcorblc 4cld YA# explored by itr 
4pplicetlon to 2-cyclohuerrl-ome cad 2-cyclopent.n-l-no, r..pecciv.ly. Unerpect ed 
l cid c4t4ly4i. ~44 dlrcovered uith the reection. 

The C-3’ l plmere of the 2+.tocycloelkyl-I.-gulonol.ctone. (A end 3 6 end 1) 
heve be.0 l ep4r4ted 4nd their conflgur4tIonr on C-3’ wt. determined. In the 
kctocyclohoxyl l plp~r. the l brolute configuretlon. of C-3’ mre l oeigned by l pplylng 
the oct4at ml.. There urignwatr ultiutely wt. confirwd by X-rey 
dlf f rectatry. The conflgur4tim. of the ketocyclopentyl der~vetlv.. on C-3’ wre 
determIned by X74y cryotrllogrephy. Thee. coqoundo here been found to k 
blologlcrlly l ctl~.. 

In tha firrt p.per2 of thie eerier ve reported that L-ucorblc l cld <I_) 1. l bl. to l erve 

l . l Hicheel dooor to tuo l imple l lipbetic a,byn..cur.ted c~rboonyl c-pound.: l crololn end 

methyl vioyl kotom.. The 4ddltioa of I to asathyl l croleln end crotone1dehyde’ proved the 

ulde .ppllcebility of the nm rmction to a,6_olefinic l ldehydeo. 

Recently we decided to explore the Hicheel l ddlcion of r to the lerr reeetiv., eycllc 

.non.rl. & tha flnt reectlon pertner, 2-cycloheurrl-one (2-1 Y.O choeen (Schaw 1). However, 

the reection u.. very l luggioh - vko monitored by HPLC - even l ftrr 7 day. no coneldereblc 

amount of product woo detected. m of uo (KS) cme CO the eoncluriocr that a l croog ecid rhell 

be ueed l o l utelyet by protmetlng the cerbonyl of the ketone. Indeed, the l ddltion of l IN 

drape of cooceotreted hydrochloric ecid ceured . dreutlc ch4ng.: the reeccion hed l cerced end 

becew complete ovetnlght. The two C-3’ l plwr. (1. end A> of 2-~l’-(ret~3’-cycloh.~l~-3~et~ 

L-gulonol.ctooe43,6)lcyclohn.iket.l uer. l epereted by frectlonel cryetelllrecion. After 

racry.t.lllt.tioae, the firec crop bed o.p. lSS_156*C end the l econd crop hed m.p. l?O+?l*C. 

They were further ch.r.cter1r.d by I11 end l% WR end IR l pectre. The Rf v.lue. were 4.5 end 

1.2 tin, reep.ctively in the HPLC uelag ~~-10 colum, 802 v.ter/rth.nol l olvent end I.0 

l l/mln flar ret*. tierming ORD 10 4c4cone, the 1ar.r rltiq l piwr rhowed . negetlv. Cotton 

effect vhile the higher rftlng compeuod bed a pooitlve Cotta effect. In order to l pply the 

Octlnt rule4 v. lud 

thet we. cut out lo 

coaetructed . “up. OS frw three plen.. ude of polyethylene 

chs middle l o thet the Dreyding wade10 of the ketocyclohezyl 

vith l crvity 

3’-eplwro 

could be pieced 4th the C+ group leylng In the I plene‘ chum the group. l round the new chlrrl 

center uer. poeitiooed in one cam. (3-1 in the upper right octent 4nd in the other ~4. <i) in 

the upper left octmt. Thur the l ign of the contribution of the chlrel center to the Cotton 

effect curve could be predicted. gy l pplylm the octent rule’ the 3’S conf iguratlon ~4. 

4erlgned to the levorot4tory l p1o.r (1) end tha oppoelt., 3’1 configuretlon to the 

dcxtrorotecory fom (i). 

Single cry.t.1. of lvere obteined l o the l cructur. dcteminetion by X-rey cryetellogrephy 

became fueibl. cad the rerult confirrd the optlul rotetory dlmpraion d4t4. Decell. of thl4 

X-rey study l re deecrlkd under l l eper4t. he4dlng. 

The l econd cyclic enone u4e 2_cyclopenteh-I-one (1) l coqound thrt 14 coneidmrrd em . 

rether poor Niche.1 l cceptor. Hanver , by uming our aeu teehnlqu. of ecid catelyslo, the 

raectton of L-ucorbic acid upon 2g.v. tha deelred 2_(I’tet~3’~yc1opentyl~-3~mtpC~ufon~ 

l.ct~e-<3,6>-cyclo~lt.t.l. Again, tvo l plwrr, 2 end 3 uen formed end were l epereted. 

The emcord crop gevr l ingl. ery.t.1. cad rem l ubject to X-rey l tructure deterrlnetlon. Iigure 

2 rhme the coquter draring thet provee the coqound I hewing the C-3’R conflgurecion, hence 

the C-J’S conflgut4tlon 4~~11.4 to the flret crop 2. Detelle of the X-rey l tructurm 
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Tablo (3). Mydragon bond Paraaatorm. 

o--o A a.77 2.86 2.91 2.93 2.83 2.93 2.85 2*79 2.81 

I 
H--O A 1.93 2.01 2.12 2.14 2*10 2.23 2*21 2.01 2.06 

w-o* 162 164 167 165 144 119 133 158 167 

- 
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Thr acid utalyrfr technique hu oan ken found to br of gerwral value. Tbo flrmt 

anme-•cotblc mid ad&et i.a. ucorbie rcld-thylvinylk.tom*, that was ptmpatrd Ln thir 

Iaboratoq emuad rrrioua problaa of irol~tfm. By urtm h~rtw$latie l etd tn catalytic 

amount. all-d tbr Hicheal l &ltloo CO OCCUR uch f-tar and gwe rir* CO the ibntlcal 

2-(3’-k~tokrtyl)-3~t~loool~ctono O,6)-cyclobomihtal la mch tictar yleldr than before and 

In l high dagrw of purity. These coqwnmdr oha l definite lmmopotenti~ting l ffrct6*’ in 

that they upllfied T-lymphocyte pollfer~tlm, Ipphokine produetlon l d antibody production, 

ofteo at 1ou doeer. 

Ye reported earlier8 the rvidmaco for the teutorrlc qulltbrium between the blcycltc 

gulonol~ctona-<3,6~cl~ikatml l d the correrpondlng moocyclic, 3+eto form of 

2_(S’-athyl-2’-fu~l)-3t~td~lonol~cto~3,6>-cyclo~rlkrtal. The four ctyrtalllne 

compounde (& f, $ l d I> aleo rhcuod the evidence of thlr equlllklua in the rolucion ‘%I N4R 

l pect ra. In all CUOI, uch cmrboo l ig~l haa l rrocirted vith lc l 0~11 l rtellice l lgnrl 

ercept the C-3 brlkmtal pack tht l ppeare alone. An extra crrbonyl peak xbove 200 ppo is also 

okerved l d cm k l olgued to the C-3 keto carbony carbon of the mmocyclic form. Tablo 1 

ohwr the l% uxignmento of Ch8 ylouol~ctooe rkeloton both In the wJor blcycllc 

cyclohemikotel form end in the waocycllc form. with l 445.6-dlhydroxy)echyl l lde chain. 

tbble (I). I* )#R uri#nvncr of the ylonolactocH rkelttoar in 
veluea In ppa fra I(r*l in l4a293, 

3b (3’S) 
5 (3’1) 

o-2 5 (3’S) e (3’S) 
h (3’R) lb (3’R) - 

Campound C-l c-2 
c-3 

hnlketal 
c-3 
keto Cd C-5 Cd C-l ’ 

34 

F 

F 

E 

llb.6 87.9 
1?2.8 82.8 
174.7 87.7 
173.1 82.8 
174.6 87.2 
173.3 82.7 
174.9 67.3 
173.3 82.7 

X-ray Dlffractlon. 

107.2 

107.1 

107.4 

101.5 

208.6 

208.3 

208.7 

208.3 

78.6 74.3 73.6 210.3 
?5.1 69.8 61 .O 208.8 
70.7 71.2 73.5 209.5 
75.2 69.8 61.0 208.9 
70.4 74. I 70.0 217.7 
74.2 69.9 60.7 216.0 
78.2 74.0 73.9 217.0 
76.0 69.7 61.1 216.0 

The X-ray diffractlam data Cot coqouod~ 2 aad L mm urlud In Gble (2). Both 

l tructuru wore ~lvd by direct rtbodr’ aad raflmd umlw t& program SWLXTL.‘” tn each 

cogound C 8od 0 atom coordinatea wan reiieed with anlsotropic the-1 pmrrtrra uhilr the 
oon-hydroxyl hydrowm wore lacludd uoiw l DreLding rod*1 (coordlnste rhiftm of C l tor 

l ppllad to t& boa&d hydropnr, C% - 0.96 1, U(H) - I.1 kq(C) for 1. Iho coordtnatoa of the 
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Fi8urc ( 11). Thermal ellipsoid plot of 1 drnun uttl, eaoerlmenrol coordinntcs. The 
second cryrcallo~raphlcally unique rolccule present hor l ncorly 
identical conformation and im not ehovn. Therm.11 clllpaoldx OTC= 
dream at the 502 probablllcy lcval. 

Figure (2) The-1 alllpsold plot of 2 drawn vlth experimental coordlnores. 
Iherul l lllpaoidr era drevn at the 50% probablllty level. 



teble (2). hyrtel end Ref iaornt bea 

705 1 

fotula 

ctyrt41 ryatem 

l pxct group 

x, A 

b, A 

C, A 

B, dtg. 

v, A3 

2 

forula urfght 

P(Ooo) 

o(celc), g cm-’ 

te-P. c* 

cryrtal dim., I 

A, vavolongth, A 

u, l borptlm cc+! ., m1 

28 mxx., deg. 

xcen l p8ed, deg./do. 

28 l c.n rmge, deg. 

dece collected, h k 1 

unique dete 

unique data, IO > &I(?,) 

#tandad reflactloo 

prrautarr rat iwd 

ueightlng fuaetlon, ge 

cb, UV, sd 

tourier l xcureloae, l A-,-) 

Wrledelr oot rrgod 

** - &lo) + g lo2 

b~iAi/~trol 

cE( IAlv’h)/E( IF,lu’R> 

dlIL(4w(tlo-Np)l~ 

CI lHlb07 q) 

orthorhomblc 

p212121 

7.163(l) 

10.674(2) 

13.40X2) 

1121.9(3) 

4 

258.23 

544 

1.524 

22 

0.18 I 0.21 x 0.20 

1.5418L 

10.6 

115 

variable 4 to 30 

2.0 + 4q02 

0 co 8. 0 to 11, 0 to 14 

918 

867 

3% ran&m v4rl8tlon 

175 

o.mO5o 

0.043, 0.054. 1.912 

0.52, 90.21 

CllwiQ? (1) 

umeellnic 

c2 

20.091(11) 

6.153(2) 

24.632(14) 

125.6(3) 

2474.0(17) 

8 

212.2a 

1152 

I .462. 

22 

0.65 x 0.22 x 0.15 

I .54184 

9.93 

130 

variable 4 to 30 

2.0 + Aala 

-15 to 23, -4 to 6. -28 co 23 

3295’ 

21112 

2.M random vxrlation 

466 

0.00023 

0.026, 0.034, I.810 

0.19, -0.20 
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hereupon IDC~ solid proclpltatwl. The aolld uan Iiltarad by ructlan to ~Xwe 92.72 g (34X) of 

a crude recood crop. High pnroure Liquid chromatogrrphy (HPLC) l lulyrlr MC+IO column rich 

BOX uetar/rthaool u l lwnt end 1.0 rt/mfn flou rate) iodleeted that the crude flrrt crop 

conalrted of 902 l piwr 2 (retention tir 4.5 l ln) and the crudo rrcond crop comlrted of 551 

cplmet ” (rocantloo tlr 4.2 rin). 

The crude flrot crop wm tocryrtellited in hot uetor (180 l L) yleldlq 58.90 a (22X) of 

pure l plur 3 up lS)_l%*C, lo]” - +7.1* (c - 2.1, rthmol), [all* - -2.7. (c - 1, 

l cecona) . 

The crud* rmcond crop um ncryatallirrd three tlar In hot uatot (I47 mL, 140 mL end 100 

ML) ylclding 28.75 g (11X) of pure l plrr 4, rp. 170-171’C, [aliz - l 24.2’ (c - 2.0, rthenol), 

laJ72 - +6.5’ Cc - I, reacona). 
D 

3: Eplrr 

IR (mr) 3600-3100 (e, breed, OH), 2940 (m, ctl), 1770 (e, lrctane CO), 1690 (B, CO) ma’; 

‘H rO(R (Ha23+d~) 6 6.9 (II, WDO), 5.6 (28, WOO), 4.4 (lH, or I-H), 4.2 (IH, l . ‘5-H), 4.1 (IN, 

., 6-H), 3.9 (LF!, I, 6H), 2.6-1.3 (PU, m, eyclohexyl-ll); l’c t@U @e~Sod4), 210.3 (C-l’), 

174.6 (c-l), 107.2 (C-3). 87.9 (C-21, 78.6 (C-c), 74.3 (C-5), 73.6 (C-6). 41.4 (C-2’), 41.0 

(C-6’), 40.5 (c-3’), 25.2 (c-r’), rod 24.3 (c-5’) ppm; YII rpeetmm, o/e 273 (WI)+, 255. 171, 

98, 97 (beer peek), 85, 69, 55; keel. tile. for Clfil&~r c. 52.94; H. 5.92. Pound: 

c, 53.08; II, 5.90. 

tploer 4: 

II (KEY) 3600-310~~ (0, broad, oil), 2940 (I, CH), 1775 (I, leetone CO), 1690 (a, CO) cl”; 

IH WR h2sW4) 6 6.9 (HI, HDO), 5.6 (ZH, HDO), 4.4 (lH, l , 4-H), 4.1 (IN, t, 5-H), 3.9 (2H, 

l , 6H), 2.5-1.S (9E, I, cyclohexyl-fl); 1* IWR (b2~044) 209.5 (C-l’), 174.7 (C-l), 107.1 

(C-3). 87.7 (C-2), 78.7 (C-4), 74.2 (C-S), 73.1 (C-61, 42.14 (C-2’), 42.09 (C-6’), 40.7 (C-3’). 

24.2 (C-4’) and 24.1 (C-5’) ppa; uee Ipectrrll, m/e 273 (tl+l)*, 255, 171, 98, 97, 85, 69 (brmc 

peak), 55; &ml. Celc. for C~HI@,: c, 52.94; H, 5.92. Coundt C, 52.85; H, 5.?7. 

2-(1’~ot~3’-~clo~ntyl)-~et~~ulonolecton~3,6)-h~lkrt~l (epiurr 6 and 7) --- 

2~yclopmteo-1-0~0 (12.15 $, 0.146 role1 YIO added to l l olutlon of L-•eorblc reld 

(25.05 g, 0.146 role) in 104 al water, folloued by concentrated hydrochlortc acid (I ml). The 

l olutton UN l tlrred l t room towparaturm for 4 daya vhan white eolid proclpltated. Tha l olld 

me filtered by auction to give l crude fltrt crop (7.02 g, 16.4X). The filtrate YII 

concentrated co give l crud. rrcond crop (9.61 R, 25.3X). 

‘Iho crude first crop VW recryrt*llirod from ethyl l ceteto/wthenol (95:5X) to give 4.23 8 

(11X) prra l plur & g 185_186*C, [o]iD - 49.1’ (c - 2.0, mthmol), HPLC Rf - 6.2 min 

(MCH-to colrtrn - 80X r~ter/rthanol - 1.0 rl/min Ilou r4to). 

The crude eecood crop uoe rmcryrtellired from rbrolute emtone CO Rive 2.49 R (7x1 pure 

l plmr L, 9 163_164*C, I ali’ - +92.5* (c - 2.0, uthraol), RPIX: Pt - 3.8 l ln (MU+-10 column - 

80% vrtrr/mthmol - 1.0 ml/tin flou rem). 

IR (Itar) 3600-3100 (1, brwd, OH), 2940 rnd 2900 (m, CH), 1780 b, hetons CO), 1720 (m, 

CO) cm-l; +I N’CR (t4@2~6) 6 6.9 (Hii, l , MDO), 5.7 (IR, l , MDO), 5.5 (IH, d, HbO), 4.4 (iv, l , 

4-~), 4.27 (IR, m, 5-M), 4.15 (tti, m, HI, 3.86 (LH, m, Hi), 2.6-1.7 (TM, m, ~yc1oponty1-U); . 

‘* F@iR (**sod4) 217.7 (C-l’), 174.8 (C-l), tO7.4 (C-31, 87.2 (o-2). 78.4 (C-4). 74.1 (C-51, 
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74.0 (c-61, 39.4 (c-211, 36.9 (C-S’), 37.5 (c-w, 23.7 (cd’) PP-; ~4. we. for CII~ls07: 

C, 51.16; Y, 5.46. Pound: C, 51.01; H, 5.20. 

Eplwr 7: 

IR (XW) 3So(t3100 (#, br@&d, (XI), 2970 l ld 2940 (=, CH), 1770 (e, l&one Co), 1720 (e, 

CO) cm’]; iii tau (b2s04~) 6 6.9 (111, a, Rw), 5.7 (In, l , HDO). 5.5 (lH, d, HDO), 4.4 (IH, l , 

431). 4.26 (1H, I, 5+1), 4.15 (IH, I, 6-M), 3.86 (IH, a, 6+I), 2.6-1.9 (7H. DD cycloP*ntyl+); 

‘k MB (k2SC++) 217.0 174.9 (C-l’), (C-l), 107.5 (C-3). 87.3 (C-21, 78.2 (C-% 74.0 (C-5), 

73.9 (Cd), 39.7 (c-2’), 39.5 (C-S’), 37.5 tC-3’1, 22.6 (C+‘) PPI; Anel. Calc. for CllHl.0~: 

C, 51.16; H, 5.46. lound: C, 51.21; H, 5.37. 

Concluelon 

l’ho Hichaol addition of l rcorbic l cld proved foerlble for the syntherio of 

2_Lrctocyclopentyl- end Z-keto-L-cyelohexyl-3-katogulonolactonea uhen a l lnot~l acid YIM ured am 

a cata1ymt. Ho rttctlon occurred when an l qutoue solution of l ocorblc acid or en tqutoum 
l olutlon of rodlum l rcorbatt YW rddrd to Z-cyclohexeR-lwne under the aeme condltlonr. fhue, 

for cyclic l noooo, the l ctlvetla of tht l lectrophlllc l cctptor lm uzt fmportent than tht 

anrlchant of tht l aolete enloo. Uafortunetely, cyclobutenone lr not cxprblt of txiotence et 

20’. themfore lt cannot be umd under the l aee axperiwntel condttlone. 2-Cyc lohtpten-l-one 

on tht other bend, reecte rether ~1-1~ vith l acorblc acid, porrlbly kceura of poor l olubllity 

or for rterlc reaeone. Thle crllr for furchtr rcudler. 

In the next paper in thle rerles ue l hell dlmcuer the poerlbillty of l pplylnd ascorbic 

l cld 88 8 Wchul donor to cyclic enedlmte. 

AcknarledKewnt. ThenLo l re due to American Blotcchnology Company, Rockvlllt, Yarylnnd, for 

finenclel rupporc. 
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