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Abm The rcdwtlun of lmrncs b) ~.5drclho:ycrr~nyl-~,~lrn~hyl- I,Mlhydropyndmc. rn 
NAD(P)Ii model, II utAyrrd hy MB: * Ion% KlnctK mclsurcrntnts of Ihe rwllrrlon of 1 sew of lmtncs 

Jcnrcd from wbst~tutcd hcnuldch~de. rho* 1 wry unrll plrr subsl~lucnr cfiat (p = 0 39) The 

rcwltx habc kn mttrprctcd rn terms of a mahamsm lnrcrl\mg a hydndc transfer from lhc dlhydr+ 
pyndmt dcnrrtw lo an ~mrneO%lg’ l ion complct 

The hloqnthcsrs of glutamate. tctrahydrobloptcrm. 
tctr;ihydrofoldrc and 5. I O-methyknetctrahydrofolatc 
Involves rhc NAD(P)H mcdlatcd cnrymattc rcduc- 
tlon of the C N bond Llttlt or no mformatmn IS 
aballahlc on the mcchamstlc details of these rcac- 
tlons In general. a hydrrdc’ transfct-from the rc- 
ducrd p)rldlnc nuclcotldc cwnrymc IS assumed. 
and In c’au of the glutamate dchydrogenax rcactlon. 
catalysts by both. protons and ant ions has hen 
mplrcatcd ’ The postulate of ckctrophll~c c;italbur of 
the hydndc-transfer r~cp. In the rcductlon of the CO 
group. has rccxlvcd strong support from the X-ra) 
data on ldcta tc dchydrogcnax.- alcohol 
dchydrogenax’ and 
dch>drogenasccc ’ 

glyer?ldehydc-Sphosphatc 
and from model studies.’ In order 

to trdmmt the potential role of clcctrophllti m the 
hAD(P)H-mcdlatcd enzymatic rcductron of the 

\ 
/ 

‘-N-group. a study of the correspndrng 

model rcactlon. namely the rcductlon of Immes by 

I .SJlhydropjrldmc dcrlvatltts’ has been undertaken 
rn the la!xjratory 

Although two tramples of the rcductlon of lrnmcs 
with Hdnt/=h ester have hen reported m the httra- 
tlJrt.’ these arc charactcnrcd tq drartlc rcactron 
condltlons (refluxmg phcnctok) and low yrclds of the 
rcductlon products In contrast, the rcductron of 
lmmcs. In the prcxncc of acids.’ and of tmmlum and 
Q-unsaturated lmlnlum sails.” by I .ddlhydro- 
pyndmc dc v. I n J IW. proceeds smoothly to gvc hqh 
yxlds of the correspondmg ammcs It was therefore 
an mtcrcrtmg qumtlon whether the reduction of 
lmmcs by I .4dlhydropyndmcs could be catalyzd by 
Lewrs acid\. such a\ metal tons. and. If so. to 
mvcstlgate the role of the clmtrophllrc catalyst WC 
report hcrc the result< of Mg’ * bon catalysis of the 
rcductton of imlncs (I) with 3,5dlcthoxy- 
carbonyl-2.6dlmtthyI- I .4dthydropyndlnc (Han- 
tlsch titer, 2) 

The cholcc of Mg’ * as the catalyst was mflucnced 
by the knowkdgc that Mg Ions arc (I) wldcly Imph- 
caled In h~ologml process and (II) capable of 
forming complexes (wrth orgamc hgandr) whKh arc 
soluble In a numhcr of solvents and under a range of 
rcactlon conditions 

The potential catalytic rntlucncc of MC l tons was 
examined by studymg the reactjon of a scnm of 
ImInes wrth Hantzrh ester. both m the absence and 
prcxncc of a Mg salt The ImInes 3rd. 4a-c and 
Srcpresentmg aryl and alkyl substltutlon at the C 
and h ends of the lmlnc funcrlon-were rcfluxcd wth 
2. rn THF. with or without Mg(CIO,h. till the 
HantzKh ester had ken consumed (TLC) Upon 
working up the mlxturt. the rcductlon products 
(amrncs) were Isolated and ldcntrficd by comparison 
with authentic samples. which were prepared b> 
NaBH, rcductlon of the starting lmmtj (E&pen- 
mental) The results arc presented m Table I Com- 
parison of the yrelds of the Isolated ammcs (Table 1). 
when consldcrcd In coqunctlon with the tlmc re- 
qurrcd for the rcductlon (deappcarancc of 2). ckarly 
tndrcattr that m general Mg Ions enhance the for- 
matton of the rcductlon products Although. the 
vanahlc and In some cases modest ytclds of the 
Isolated ammcs” prcvcntcd us from carrying out 
klnctlc studes with the-x ImInes. the data In Table I 
suggmt that the lmmcs dcrlvcd from hcnzaldthydes 
and rnlhncs (3td) arc rntnns4l) more ftactlvc 
than the IrnlncI dcnvcd from ather ahphatlc amine 
(4n+) or an ahphatlc carbnyl compound (5) In the 
la\t mcntroncld two cases I( IS noteworth) that no 
rcductlon product, could be observed In the absence 
of Mg: ’ tons 

It should he mcntlontd that decrcaslng the Mg” 
Ion conccntratlon by half. In a Tut WV (5). Jld not 
Influence the rc;ictlon 

Havmg titahhshtd that the reductron of the ImIne 
group by HantTch ester IS catalyltd by Mg Ions. WC 
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Tdhlc 1 JnJ’Jucnct 4 Mg” tons an rhr ruiuaon of Irnma b) Iirntlgh cur (21. (THF. r4~1) 
[Jrnmc] = [2J = [Slg:‘J = 0 100 M 

%. 

sought to cxamlnc the mmhanlsm of this c.atal>sls In 
this conntitlon. attempts were made to mvcrtlgate 
the nature of the InteractIon bctwccn Mg” and the 
lmmcs (substrates) or the amInes (products) Spectral 
(NMR) studlcs to this end wert. however. only 
modestly sucmful Addltlon of Mg(CIO& to solu- 
tlons of the Imlncr. m McCN. gave no observable 
changcl m thcw UV spectra Analyrls of the 
‘H-NMR spectra of mixtures of Mg’* and ImInes 
was subjtit to scvcre hmltatlons due to both. In- 
solubrhty of Mg(CI0,): ImIne complexes and lrnc 
broadcmng of the chcmlcal shift peaks Influence of 
Mg‘ ’ tons upon the chcmlcal shifts of charactenstlc 
protons In 4a+. 5. and Sr IS descnw m Table 2 The 
results suggest a weak coordlnatlon of the metal Ion 

with the Immcs or the ammc (Sa). presumably no the 
N atom Companson of the maxlmum chcmrcal shift 
dlsplaccmcntr of the benzyl protons m 5 and 5r 
suggests that. as expected. the amme complexes more 
strongly than the corrcspondmg lmme This IS In 
accord tilth the relative ha\latlcs of the nitrogen 
atom rn the two systems 

In Ltvcr alcohol dthydropasc catalyzed rcduc- 
tlon of aromatIc aldchjdcs.’ it Ls observed that-m 
contrast to thcrr reduction w?th NaBH,-the lubstlt- 
ucnts clrcrt a ucak lnflucnct upon the rate of the 
reaction These results have been explamcd on the 
t~sls of a mechonlsm which mvolvcs the polanzatton 
of the CO group by the essential Zn ton at the acme 
SIIC If Mg ron catalps of the noncnzymatx rrduc- 

Tahlc ? ‘H.NMR chmwal shifts (d) of rtlcwnf protons In 4ee, 5 and k. upon rddltron of Mg’ l , In 
CD,CN ([brnmcj or [amlnc] = I 0 M) 

1:o 8.Y 8.23 8.uC 4.40 j.35 

1 : (3.25 8.45 8.35 D.C. Q.66 b.Cl 

3 : c.50 n.c. 6.?a D.C. 4.w a.18 

1 : 0.75 a 1 8 l Q.18 

n.c.: no chwe 

l : rccurrtc chemical l hrft l ss.gnccnt coulj no: bc once 

due to line broadsnLn&. 



Tahk 3 Rarts of dtmon of lrnlne W by Hantrrch titer (2) In CH,CN at 64 I [lmmc] - 0 040 !Ul. 
[2]= 100x l0~‘M.[Mgy=0100M 
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F1g I Hammct plot fOf the reduction of 

ArCH-NCH:CH,T,H,N (2) by Han-h CSICI 

Iron of lmmcs mvolvcs an analogous polanLatlon of 
the lmme function wa metal coordination of the 
N-It would be expected that the reaction display a 
relative mscnsltlvlty to substltucnt tfTazts ” An oncn- 
tation study of scvtral 1mmc-s. designed to examme 
this aspect. mdlcatcd that the scncs of ImInes of 
general structure 4 (Table 3) was surtabk for thrr 
purpo~ Rcductlon of W wth Hantzsch ester (2). 
In THF. m the prcscna of Mg(Cl0~~ (C:H,OH),.” 
gave mixtures conslstmg of only oxldlLad 2 and the 
product ammcs [TLC) From these mlxturts the 
latter ammes (%4’) could TV lsolatcd m 75 857; y4d 
The obscncd peudo ftrst order rate constants for the 
rcductlon of W were measured by followmg the 
rate of dlsappcarancc of the Hantzsch ester The 
results arc summarized In Tabk 3 Also mcludcd m 
the latter are kmetK ~sotopc effects for the rcdumon 
of 6. 6b and 6d* The rcsulis Indicate that the 
reduction rate IS not apprmably mflucnccd by sub 
strtuents. the maxlmum vanarlon, that between b 
and 61. bcmg a factor of ku than 3 Slgn6cantly. the 
rate dccreaxs with rhc electron wrthdrawmg charac- 
ter of the substltucnts and a Hammctt plot (Fig. I) 
g~vcs a ntgailvc p value of - 0 39 It IS noteworthy, 
that tn analogous reacttons Mg Ions retard the 
reduction of thloplvalophcnone.” hexr- 
chloroacetonc.” N-mcthylacndmtum Ion” and bcn- 
roylpyndme ” 

The results of the present study. plus the hmrted ht, 
reports.’ mdlcatc. that whllc Schrffs bases denvcd 

from txnzaldthydes and antlmt can be reduced. 
under xverc condltlons. by I .Ulhydropyndmc dc- 
nvatlvts; In an analogous reactton, the Immes. m 
general. arc unaffactcd The catalytic tntlucna of 
acrds on the rcactlon has been recogn~ttdv and N- 
alkylatlon of the lmmc group’* has ken shown to 
greatly facllltatc ~tr rtductlon Tk latter may be 
regarded as the extreme form of tkctrophlhc cotaly- 
us. whcrc the ekctrophllc IS covakntly lmkcd to the 
substrate The data presented m Table I demonstrate 
that, whereas. as expacttd, an mtramolccular proton- 
donating substltucnt or a strong electron mth- 
drawrng group promote the reductron rtactlon 
(compare 3a wrth X, 3c and U). addltlon of Mg ton 
results. In each tax. In a drstmct catalyttc mflucncc 
upon this process This IS rcfkwd In the tme rc- 
qwcd for complete orldatlon of the Hanuxh ester. 
consIdered together with the y~l& of the lsolattd 
rtductlon product5 

‘Ii NMR spectra of mixtures of ImInes and Ma’ * 
Ions (Tahlc 2) sumt that a weak complcxatlon 
bctwccn the substrate and the metal Ions may ac- 
count for the small but dcfinrtc chcmlcal displace- 
ments of the charactcnstlc protons The dlficrcna 
ktw=n maxlmum 6-value dlsplaamcnts of the kn- 
lyl mcthylcnt protons In 5 and Sa slgmficantly pomt 
to a stronger complcxatlon of Mg’ l bon wrth the 
amme. than wth the ImIne Thus IS In Ime with the 
catalytic cffcct of the metal ions. sma a relatively 
stronger complcxatlon of the lmme In the transition 
statc.‘l” than wth the rtartmg matcnal.” would k 
cxpa~cd to cnhana the reduction process The nar- 
row range of Mg Ion conctntratlons vllthm which the 
‘H NMR spectral studlcs of tmmc:amme-Mg’ l mix- 
turcs were poulhk. do not allov P spcr7fic Jcscnp 
tlon of the structure of the complcxcs However. the 
curve of Mg’ l 51. which points to a maxlmum 
chcmlcal shift dqAaamcnt at 0 5 qulvs of Mg:’ 
Ions. suggests a stolchlomttr) of 2 I m the amlnc 
(!!a) Md’ complex 

Two questtons are of pnmrry lntcrclt In con- 
nection with the metalcatalyrtd rcductron of lmmcr 
Thc~ are (I) d= the rcductron pr& no smgk- 
step hydndc transfer or a multlplc-step prw” and 
(II) does the formal hydndc transfer occur from the 
“free” dr hydropyndme to the complex& substra tc. 



or from the metalcomplcxcd dlhydropyndme to Ihe 
free 4ntratc “” Wtwcas the catolytrc role of metal 
qns rn the NADH-model medIated reductton of 
carbonyl compounds has been the subject of several 
mscsrigations. only two commun8catlons. cmcrgng 
from the current programme. dcscntx the analogous 
metal-Ion catalyzed reduction of lmmcs “) Wh~lt the 
dil;cussion of the hydride vt multlplt-step mahamsm 
of rductlon ullh NADH-models contrnucs.:J2ti rt- 
cent results on both. cn7ymatlc ‘U and non- 
cn/ymat& ’ rcductlons strongly favour the hydndc 
transfer mcchamsm It 15 also rtgnkant that Ihe 
Mg: * ton rwdtaM rcducllon of tG-methylacndmlum 
salt has been Interpreted In terms of a umplc one-step 
hydndc transfer ” In the prcscnt study the pnmary 
kinetic ~solopc effect pomts to the transfer of the 
H-nucleus m the ratcdetcrrmnmg step (Table 3) and 
the obcrall results arc consrsten( mth a one-step 
pr0cesS 

With respect to the lsccond questIon. the rates of 
reduction of Ihe irnlncs &f throw light upon the 
mechanism of the catalytic process. The data In Table 
3 show that the rate of reduction 15 relatlvcly tnscn- 
u(l\c to subtltucnls m Ihe aromatic moiety and the 
ob*rvcd trend mdrcate a lowcnng of the rate with 
eMron-wllhdrawmg substitucnts 

W)Kreas activation of Ihe lmmc function by metal 
<oordination of the N would bc expected to suppress 
the mflutnu of aryl substltucnts on the rcducbon 
rcdctlon. the negative. albelt low y-value, of the 
Ilammctt plot pomts to the development of a very 
slight (of any) pos~r~vc charge. In the transItJon state I’ 
A two-step mahanlsm m\olvlng mctalcomplexatlon 
of the Immc. followd by hydnde transfer from the 
Hantzsch ester to the complexed ImIne. [cqs (I) and 
(II) allows a utlsfxtory ratlonahlation of these rc- 
sultr 

Mg” 
Ar C N-+Mg” ; Ar-C=rc; IQ (1) 

L I \ 

lvlg:* ‘: 

Ar-C=N 11’ +HE +Ar CH-51’ 
,Mg:' 

\ + Oxrd H E \ (II) 

The ohurvcd p \aluc IS compos4 of the sum of p 
\iilucs of the two steps If L IS the obscned rate 
constant. k, k , Ihe equrhbnum constant of the first 
step and k: the rate constant of the second step. then. 

L.= + Ck, where C IS a constanl 
I 

If constants for the 
“0”. then 

Imint br arc denoted b) sufix 

k, I+k lpcI k, 
-- _-.- 

k 1 .4% I+k , k:, 

tog (k It,),,, = lw $’ I +k k. 
4 log - 

I ..h 

’ oh t log r= 
I+k , :A 

lfk ,. k ,cr* as I (qulltbnir arc estabhshcd rapIdly) 

log(k.‘k,a = log; 
k 
2 

tub - log L_ , * 
k2 + log k 
:& 

(PO )Oh = (PO )<a+Ul# - (P LmyrrueM + (pa )dti,IpI 

Assuming u IS the same for all reactions 

It 1s obvious that polar effects of substttutnts m qns 
(1) and (II) would have opposltc effects and the 
relative magmtudcs of p, and p: would determmc 
whether the observed p would k posttlve or ncgatlvt. 
The p value of - 0 39 mdlcatcs that the lransltjon 
state hardly po~rcutr a polar character In fact, p 
~aluc~ of this magnltudc arc found for cyclic transl- 
tron states. such as for the Clalscn-rearrangement of 
p-substltutcd clnnamjl p-tolyl ethers .\r The 
slgmficancc of the low ncgattvc p baluc m the reduc- 
IIon of lmmcs IKS m the fact that II makes the 
two-step reaction an obhgatory mahamsm Funher- 
more, this obhgator) mahamsm has lo mvolvc the 
reduction of a metal-ion complexcd imine moiety by 
rhc free Hantrxh ester 

In connation wrth the prtxnt study it IS mtcr- 
cstmg to note that the Mg Ion catalyzed rcducllon of 
substituted z. z. r.-tnfluoroacetophtnoncs exhlblts a 
substitution dcpcndcncy with a rtactivlty constant of 
p = 1 29 :L Although Ihe latter value can. m pnn- 
clplc. be aocountcd for by a mechanism such as the 
one proposed for the rtductlon of the lmmes, II IS. 

howc\er. not In dlwgrccment with rhc altematrvc 
mcchantstlc proposal tnvolnng a hjdndc transfer 
from a metal complexed NAD(P)H model In conclu- 
soon It can he slatal that Mg ions catalyze the 
rcductlon of ImInes by Hantrsch ester and that the 
mahamsm of catalysis involve the polanutlon of 
the C=N bond by complexatlon of the tmmc N with 
metal Ions 

Imtnfs B4 
G~rvrulprtrrdvrr A mlxturc of stolch~omctnc rmountr 

of rnthnc and the rutstltuted benz~ldchydc m EtOH 
(2 ml gm of reactants) wu stoned o*erm~I at room tcmp 
The cr)stalllnc product thus formed -4% filtcrad otT and 
rccrystalllrrd from dq EtOH to 9~ the pure lmmc 
Chrr~ctcn~t~c data 13 prwntcJ m T&It 4 

Immrc *f 
Grnrrrrl pro~&r A mlrture of rtolchlorrutnc amounts 

of 2-(2.amln~thyl)pynd~nc rnd the substltutal bcn- 
zaldchydti rn ether (5 ml gm of rcrcrrnrr) was rtlrrcd 
wrmight rt room tcmp The Irnu3e b. br rnd Y wert 
lrulrtcd and punficd by upratlnu the ether layer from I)K 
water (prc*luct dunng the rrutlon). tirprrtrng the ether 
rnd &strllm# (short-path} the rev&x The frxtlon whKh 
came nbcr at l#lM, (IO : tort) was collated In -se of 
lmlnci t% b and U an ether mxlluhlc product was formed 
It the end of the reactton whKh was filrcr~ otT rnd 
r~~r~stalhzcd from dry Et011 to g~\c the pure rmrncs (Table 
4) 






