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SMRI: The mtrueturea of isocolchlcine (21 and colchicine f-1) hare beon calculotad using the 
?QU routinff. The low energy conforartione for i8ocolchicino end colchicine fit well with x-ray 
erystallogrsphic date. Th8 % ring stropiraar of ieocoichlcine. which can bs epsctroecopicelly 

observed, I8 calculstrd to be <l kcellrsle higher tn sn.rgy then 2. Th. boat -boost inver1ion 
co!x?orrnsr ai cotchicins, which has beon predicted to be irportant in the binding of 1 to 
tubulin, 1s also calculated. The B ring goomatry of thie iwxeer doea not differ to the extent 
previously predicted. 

The tricyclic alkaloid colchicine iI, ie the actire principl. of the toxic meadow saffron 

(colchicum r”tomnrle~.l while colchiclne bed been iooleted es early an the 1800’8, the correct 

tropolonic nature of the C ring we not propoesd until 1945 by Deuar. t Colchlcine has been used 

&+I) a gout aupprsssant and more recently l e e trewment for glrucana 
3 bnd in cancer ressearch .+o 

sn entimttotic agent. 4 These d*aLrrble biologic@1 properties derive from the slow irrevsrsfble 

1:l binding of colchlcine to the tubulin protein, which inhlbltm in viva microtubule fermecion. 5 

Zxperimentsl evidence has eetdbliehed that there l re two distinct binding cited which indsvid- 

uslly rscopnirs the A and the C rings of colchicine. 
6 T0r l rempls, either Z-methoxytropona or 

I,?,l~rrlmethorybenrnns will weakly bind to tubulin. lurthermors. t-aathory-S-(2’.3’,4’-trl- 

methoxyphsnyl>tropone tgt bind8 rspldly and reversibly to tubulin. 
7 

Modification ot the R ring 

N-neotamido functionality alt6rn the toxicity as well as the antimitotlc activity, 
8 however the 

Cxnct nature of the 8 rinp’s contribution to the tubulln binding #ita is unknown. 
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Xc ha6 been shown that the dimeric tubulin protein undergoes e confornwionsl (iwcondsry 

rtructursl) change upon colchicine binding. 9 In bddltion, the binding to tubulin has boon 

proposed to cause d conformrtione1 chrnge for colchiclne which involves a boat-boat inversion 

the tropolonlc C rink. 10 The bound conformstional 8tructure h&8 been predictad to rxhrhit d 

decrease in the dihrdrnl enple between the A and C rings from 53*to 519: based on examfnstion 

Of 

Cl 

Drieding moleculrr models. The observed increase in fluorescbnce and decrease in the circular 

dlchroism spsctrum of colchlcine upon tubulin binding are conelatent with this prediction. The 

*lower rate for the binding of 2 canpared to the binding for _Z haa been l ttributsd to thr 

greater berrier for thle coofomutional cheyle in the tricyclfc rkelaton of 2. the snar9y 

dlfferenco betrean the unbound l d bound conforartion8 of colcthicine hes been aetimeted to ba 23 

kcal/mole dus to unfavorable cteric tntoractionw betwon the C4 hydropon and the C13 methoxy 

substituent +I0 In relation to our aynthetfc offort torerd the preparation of colchicine and 

suitable l nalope, we were Intareetod In rwklinp thie propowtd conformational chanpa. 
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since m2 c~lc”l~tio”r will 

co”Csi”l”q “on-planar conju9at.d 

RISSULTS AND DISCUSSION 

not correctly prodlct 9*owtri.m or .n.r9i.s for 8truCt”r*s 

double bond@, th9 )+o( propram, involrinp a non-planar pi sub- 

routine, I.* uaed.Il In or&r to 9ai” conCidmco in thio proprama’e ability to modal reall8Clc 

9ecmetrles and ener9i.r. the rtructura of thm biologically inactive imocolchlcine (11 1.8 first 

attewted. the x-r.y crystal l tructuro of 2 ir known, 12 l “d .” l dditio”al rlnor co”forrsrtio” of 

iaocolchlcin. (I.. 211, difforinp by rotation about th. biaryl bond, haa been apoctroscopically 

obserwd.13 troa th. ratio of l tropimoomro _I and r the .n.r9y diffarenca ha. been approximated 

to be 1.0-1.3 kcal/molo. 

The x-r.y l nalymir of 2 rorulted in two l tructurom, _U and _Is, which differ priurlly in 

the orlontatlon of the A rln9 nethory l batituenta and the ortent of the puckerin of the 

cropolo”ic c rinp. 12 l4alscular aechanlcs calculationa 9onorat. two l imilar atructucear I_c and 

* (Iipur. 1). The IltorAturo and MU calcu1at.d B and C ring dihedral a”9108 for l tr”ct”r‘C8 

3A_D .ppm.r in fable I.” A corpariaon of the two mmtchin9 l tructuroa C_U with I_c and I_e with 

30) 1ndicat.e that the A and II tin9 calcu1at.d gmmatriaa fit well with the r-r.y crystallo- 

9raphlc data: notably the torrlonal anplea deClnln9 tha contra1 B ring .I. “early identical. 

The tropolonic C ri”9 9emetries .re also corparabl., however the IWX calculations predict a 

ri”9 with more altornant rinple and double bond character, and conmequently 9reater C rin9 

puckerl”9 than la obserwd in th. cryotalli”. atate. 

The peomtry of the iaocolchlcim l tropimmsr (z-1:, YU calculated and the B and C rln9 tor- 

rional an9100 appear in Table I t&S, .ls Since thlm iaoar ha. not boa” erperlmsntally isolated 

it is only possible to coap.r. thim structure with MtR spectral data. 13 The literature 8 ri”9 

vicrnal couplln9 conatantr and those calcu1at.d by PCIKK)CL (from dihedral an9108 16 1 appear in 

Table II. While the calculated and observed couplinp constants for the isocolchicina etrop- 

lsormr ar. not an identical match, they .re of the correct ms9nitude. Thus 8tr”Ct”re &E is 

conolatent with the spectrorcopic data. 

TABLE 1. 
ceonrtric Parametera for I‘ocolchici”ea 

TORSIONAL 

!!E?LES 

c9-CD-CS-C6 
cS-cs-c6-c16 
C5-CC-C16-Cl5 
C6-C16-ClS-Cl4 
C16-Cl)-Cll-C9 
ClS-Cll-c9-CS 
c14-c9-C6-cs 
Cl-C2-C3-C4 
c2-c3-CI-c5 
C3-C4-CS-C6 
CI-C5-Cb-Cl 
cS-Cb-C7-Cl 
C6-C7-Cl-C2 
C7-Ci-CZ-C3 
Cb-C16-N-Cl7 

CNBRCY (talc., ---- 

3A 38 

+53 l 57 

l 6 +4 

-70 -79 

+44 l 46 

+44 +42 

-68 -67 

-7 -9 

-1 -12 

-1 -2 

44 48 

-3 l 2 

0 -9 

l 3 -1 

-1 .13 

*CO 106 

kcal/mle) 

BQUIL. PERCENT C2S°C, 

3c 30 3x 

l 50 l 52 -52 
+7 45 -2 

-80 -80 l 74 
+46 l 46 -43 
l 42 l 42 -44 
-71 -70 l 71 

-1 -4 42 
-37 -37 .41 
-4 -4 44 

422 l 22 -26 
l 7 46 -1 

-31 -30 l 2e 
l 4 l 4 -3 

.39 +3a -41 
+6S l 70 l 73 

53.31 54.50 53.74 

62.lt B.lt 29.St 

‘Value. for 2 and 2 taken from R.C. 12. 

TABLE III. 

Ceoartric Parmtoro for Colchicine’ 

TORSICHAL 
AKLCS IA 

C9-CB-C5-C6 453 
CO-CS-C6-Cl6 l s 
cs-C6-C16-Cl5 -79 
C6-C16-C15-Cl4 .40 
C16-Cl)-C14-C9 l 43 
C15-Cl4-C9-CS -73 
c14-c9-a-c5 -4 
Cl-CZ-CJ-C4 +1 
Ct-C3-C4-CS l 4 
C3-CI-C5-C6 -1 
C4-C5-C6-C7 -2 
C5-C6-C7-Cl -3 
Cb-C7-Cl-C2 49 
C7-Cl-CZ-C3 -8 
C6-C16-N-Cl7 -06 

KlRffiY (talc., 
kcal/ml.) 

ID 

+53 
45 

-01 
.49 
+42 
-70 

-5 
-4 

410 
-1 
-7 
+2 
*a 
-6 

-06 

IC 1D !Lr 

+57 l 60 l 49 
0 +5 +13 

-77 -73 -84 
l 4a +49 644 
+42 +41 .46 
-71 -71 -70 

-5 -5 -6 
l 1 l 1 -1 
l 3 l 12 -23 

0 0 l 5 
-3 -11 419 
-3 l 2 -4 

411 +24 -32 
-9 -23 +35 

-78 -82 -70 

55.39 55.30 54.55 

%luea for a and fi t&ken from hf. 17. 

TABLB I I. Couplin9 constanta olr) of 1aocolchicin.a. 

coclpd 
wao 

Jl4.l. 15c J14., 1Sa J14b, lfc J14b, 15” JISc, 16 J15m, 16 

3. 

3Cb 

6.5 C.. 0 13.0 6.5 6.5 12.5 

IDb 6.4 1.0 13.4 6.6 5.4 11.0 MrD 6.4 1.0 13.4 6.6 5.3 

11.0 
3ea 

3Cb 

7.5 C C.. 0 C 7.5 C.. 0 

6.2 13.0 1.2 6.3 5.2 1.2 

%ef. 13: b calcu1at.d Croa dihedral l npla, R.C. 141 Cob.cured by 
o*.rlrppl”9 l lpnalm. 0 
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llgure 1. Cr.phic.1 repre.ent.tionr of tha 
WC4 c.lcu1.t.d geocatr1.a for i.ocolchic1m 
.nd isocolchicino .tropi.oasr. 

Figur. 2. Cr.phic.1 c.pr...nt.tion. Of tha 
wx c.1cul.t.d paoatrior for colchlcin.. 

The c.lcu1.t.d en.rgie. .nd popul.tion. at 2S.C for 3~, _1D, .nd I_s .ppe.r in tabl. I. 

Since th. .truCtur.. _Ic .nd _?_D .r. derived fta the s.” bi.ryl .tropl.a,.r (1.. 1,, th. pr.- 

dlcted rstlo of _1:-1’ is 7:3 (11t.13 10:11. Nhil. th. predicted r.tlo of 1:1: ie alightly I... 

th.n the ob6erv.d o.lu., thio ratlo .long with the gaolrtry watch indlc.to th.t the IWX c.lcu- 

l.tlon. ra.ron.bly model r..llty for th imcolchicino c.... With tho.0 re.ult. in hand, Y. 

could confidmtly .ppro.ch the colchicin. .tructur.l .olution. 

the x-r.y l .1y.i. of colchicine re.ult. in two structure., 2 .nd I_s, rhlch differ from 

each other primarily in the puckor of the C ring.17 Holecu1.r mch.nic. c.lcul.tion. gener.te 

two slrllar etructure., g .nd ID (?igur. 2). - The lltor.ture and IMX c.1cul.t.d B snd C ring 

dlhsdrsl .ngle. .ppe.r in T.ble 1II.l’ The c.lcul.ted geomtrie. for the A .nd B ring. fit wll 

ulth the cry.t.1 .tructur. d.t.: not.bly the I) ring tor.ion.1 .ngle. of E are ne.rly ldentic.1 

with the r-r.y .t.ructur. 1_A. The tropolonic C ring geamtrle. .r. coap.r.ble, and ag.ln )+o( 

predicts .tructure. with grmter tropolonic ring pucker. 

Th. structure of the heretoform unobrorred, yet predicted, colchlcine bo.t-bo.t inversion 

conformer 1.. 1lk.rl.e c.lcu1.t.d. The I) .nd C ring dihodr.1 .ngl.. .ppe.r in T.ble III CIJ).” 

A. predtcr.d. this bo.t-bo.t inoer.ion c.u... . dscro..s in the dihsdr.1 angle between the A snd 

C rings. ffmver, the A-C dlh.dr.1 ~91. of I_a (49’) is cansfder.bly 9ro.t.r th.n th.t pre- 

dicted” from Drfodin9 aolecu1.r models 119.). W. k1f.w th.t th. c.lcu1.t.d gmxmtry LOCK 

closely .pproxim.t.. the .tructur. of this conformer, since the Ha c.lcul.t!ons vi11 consider 

bond Iongths .nd l 91.8 rhlch .I. not id..1 (le. non-120. .p2 hybridized c.rbon). 18 

Xc should be noted th.t the c.lcul.tod tor.ion.1 .ngl.. dofining the B ring of I_a are ma- 

sombly clo.. to rho.. found in IA-D. r)lo .imil.rity ktmn 0 ring dihedr.1 .ngle. of col- 

chlcine, it. d.r1v.t1re., .nd isocolchlcin. h.. proriourly boon reported. 12 On the.. ground., 

It would .ppe.r th.t the m.gnitud. of tha dihadr.1 .nglo ch.npe ln th. bo.t-bo.t colchiclne 

conformer (I_‘) h.. prariou.ly boon ovor8tatod. Conridaring th. nummrou. cit.tion. of thl. 
19 proposed conforrsrtlon.1 ch.ngo , .ltorn.tiro l .pl.n.tlon. for th. incr....d fluor..c.nc. .nd 

d.cr.... In clrcu1.r dlchroln of colchlclm upon blndlng to tubulin .hould be con.idor.d. Th. 

1ncrm.o In fluora.conco ruy k duo to . docre.oo in colll.ion. botuoon colchicin. .nd qumchlog 

mo1ecu1*., such . . l olvont, upon tl9ht binding rlth the roc.ptor *it. on th. tubulin protein. 20 
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In addition, th. d.Cr.~s. in tha circular dichroln spoctrm of colchicine bight ba due to 

cancollation rosultinp from the intrinsic am-try of tubulln. 10 

The calculated energioa for I_c, IJ, l nd B appear in table III. Nhila the snorgioa of 2_c 

and 0 are nearly idantlcal, the boat-boat conformer B is prodictod to be 0.83 kcal/mole lower 

in l narpy. Thorofore, thim conformer should ba rpactroacoplcally obaorvabla. How.v.r. the I) 

rlnq dihedral l nqlw for JC-8 are not greatly difforont and it would ba difficult to diatinpulsh 

among then* etructural poaribilitien on the bari@ of NMIt coupling data. In addition, the trenr- 

ition etato for the 2 MI_’ equilibrium ia the structure with a planar C ring. Since tha C ring 

in the crystal atructuro ia already nearly planar (within 0.06 X for H and 0.07 6 for I_sl the 

Activation energy for thla confomtional irariration I# probably not large. Thue the m 

spectrum of colchicine should ba a uolghtod average of the spectra for the two conformera and it 

lo not l urpriainq that a second dlrtinct solution conformer of colchiclno bar not been, and 

probably will not be obaerred.21 

In view of the calculated l ccwmibllity of the colchicina boat-boat conformr CIJ), it 

would seem prudent to consider both the x-ray crystal structure aa ml1 aa calculated structure 

I_s in molecular modeling of the blndlng alto on tubulin.22 Most lrportantly, the position of 

the tropolonic carbonyl orypen, a functionality which im known to be crucial for tubulin 

binding, a chanqes by about 1.2-1.4 i; in tha laomari#ation of conformer fi to conforwr I_a. 

In *ursnrry, we hare found MU molecular mechanica l ultablo for the mcdolinq of the tropo- 

lonlc conpound* colchicine and iwacolchicim. Cmo lnportant result of them calculations 10 

that the boat-boat inversion lsar of colchiclno does not have aa larqe l decrease in the A-C 

biaryl bond dihedral angle aa pr~rioualy pr&icted” and that thin imuer should be 

enerpatically l ccorrible. 
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