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$bstract: Tba proroot work doalr with the wchanistic iavoati&ions of the 

hydride transfer roaetiooa concorning tbo rodox coup10 MAD+/llAMi. Bard oo 

the thoorotical md .rporirntal invosti&atioas of NADW) mod01 compouadr a# 

Scarbnoyl pyridinium cationa (3-carbawyl-1.44ihydropyridino) it wu found 

that the out-of-plmo rotation of the cubooyl function controls the rtaroo- 

and regiospocificity of the introduced hydride aaioo. It was found that the 

hydride anion traarferod la tbo roactioo, is alway ayn-poritiond with 

rerpoct to the cubonyl group. The uaiquo storoosoloctivity l xbibits l strong 

cohoronco with the rocont crystallographic 3D-data for the toroary corplox of 

NAU bonded horro liver alcohol dohydrogonaro. The rorultr show that the amid. 

group is 30’ out of the plana with tha eubooyl diroctod toward the A side. 

Thor. l rv obwrvatioaa that the absolute configuratioo of the introduced 

chirality in the S-cub-y1 pyridioim cations sale&# ktmn the hydride 

uptake corrorpoadiag with the l ozyutic A or 0 mpwificity. 

JotroductioQ. 

During roeont years the caorym aicotinrido +onina dinrelootib WAD+) hu 

rvcoivod widorproad &to&loo. this coanrm playr ao iqortant role in l 

lugo nllrkr of l oryn-catalyzod oxidation-reduction ruction..’ The 

charactorirtic l voot in this roactioa u &iron io 8ehw I io l luays tha 

rovorriblo traoafor of a hydride ion from the aubstrato to the 4 writion of 

the nicotinuido moiety of MAD+ or vice veraa. 

Scbv I. Prototype of the l arymatic roductioo of HAD' to NALM. 
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Wueb work bar boon don. to l luetd&o tbo rmctioo wcb~irm of thir proe.,,. 

IO pwtlculw. kinetic rtudtw oo MAD*IYADM •~ ~011 ” oo Lb. vsrlotf of 

mod01 compouodr. uitb or without l nzywtic e&aly#ir, bwo eootributod to our 

uadorrt~ndiog of the hydride tranrfar rwction. Hobmvor. up to oou It bar oot 

booo porriblo to cabin* all rorultr lo ooo l implo ovor*ll rchow. An. am 

pt. oot fully undorrtood foeturo of thim oqullibriu Is tbo stor~orpecffiei- 

ty of tbo bydrido tranrfor. Ihir l ffoct warn daoortratod by Voanorl~d and 

Wtb.iwr’ for the oxidation of CH3CDtOll by WAD+. catalymd by 

alcobol dobydro~wmr.. Tboy rboued that is tbls rwctlon dlroct treavfor of 

D- takes plwe and that tbir traorfor ir rtoroospociflc with rarpoct to both 
coootymo and rubatratr. Tbo rtoroocbric~l courw of the hydrida trmr- 

for is dietat. by the l ary~.. Yltb r.Swd to MAD+NADU tboro .r. two 

bydrogon atar welleblo for transfer (III and II,) dqoadio& on tha typo of 

the l nzymo (A or B typo). Tbir in illurtratod in Schomo II. 

Ilchamo II. Steroo~poelflc bydrlde traorfor by A- aad B-type dobydrogenarr. 

BrPodh’ mhouod in btr cryrt~lloSr~pble work OR borro liver alcohol dohy- 

drqoaase (HUD; A rpoclflc), Is dotall. the irtorutloos nlovurt for eoon- 

iyn aad substrate btndloS. X-ray data combSnod rltb -1 building 

toeboiquor rovoa1.d that both Lb. l ubmtrato utd the nleotiauido moiety of 

tbo coonrymo *CO fixed doop iosido tbo binding cleft. Due to rtoric biadraaco 

l # ~011 .a to intoractionr with exactly poritionod rltoa of tbo wtryn, botb 

rubrtreto and coonryn t&o up woll-doflnod porltlonr, in ublcb tbo B sldo of 

the nleotlnuldo group Ir nbloldod by tbo hydrophobic wall of the cleft 

wl~oro~~ tbo A ai& (SC- XI) l# dlnctod toward tbo mubstrato. This foatoro 

ir l rraotlal for tbo rtoroocbuirtrV of the l ntymtic bydrido traaafar and it 

ir not rurprlrlng to find that the l tonoopoclflcity in l bront uhoo tbo 

roactloa ir corrlod out uodac non-oorymtic condltlow. Tboro roaultr 

iodlc&o that tbo prerancm of tbo uido moiety of the nicotiouide group md 

its (rolativo) orioot~tloa wo l ~rooti~l for the rtoroocbomlrtry. The 

rtoroorpoclflcfty rorultr from the poritlonlnS of tbo nlcotiouido misty 

uith rorpect to tba rubrtroto which in turn ir lwS.ly d.tmm1o.d by the 

hydrosoo boodn botuooo tbo uldo Sroup sod tbo l nrym. Until oou, oo effort 

bar booo udo to InvortlS~to tbo l ffoct of the orioot&ioa of the add. 

mot&y upon the rtoroochrlrtry of the procear uodor l oryutlc condltlonr. 

The rrlovlaco of tbo COWIz group to tba dyauicr 10 the l orymo-c~t~lyrod 

rtoroorpoclflc bydrldo tranrfor ham boeo ruUortod by Dutlw for LAD.’ IO 

.ovira&od tbo (dihydro)pyridioo tin& to bevo l ooucb froeda of lDtlo0 to 

ehmSo Itr porltloo durioS tbo bydrogoo traorfor. l mov-nt porsibly 

wcapwiod by rot&loo of tbo COMU2 croup out of tbo ply• or tbo 

(dibydro)pyridtoo rlo&. 



lfo l bould like to l oU.rt l way in which tbo l torooqmcifieity of the l mm- 
tic hydrldo trurrer of llAD+/uw can uiro. that ir to ray, boa tbo l ub- 

&rat0 can dirtinguirlr ktnoa the two hydrogoo atam available for tru*for. 

Uo expect that. owe tbo cooosyn bar formod l routivo eaplox ritb l reit- 

able l m~ym. the Q)(wy group lomom tbo froodom to rotato. for iomtuco. by 

tbo forvtion of a hydrogmo boo& Ubom tbo COWliz group ir fixed. and moct 

likely tbir will k IO an out-of-plan. oriootatioo with roryoct to tbo diby- 

dropyridloo riog. SA sod Rg uy migrate to the rubrtrato bat with wry 

difforoot r&or. Ihir CWWO~ the rorction to bo l ffoctivolr l toroospocifie. 

Tbo primary goal of our iovorttgction# is to provldo tboorotieal backgrowd 

and exporiwotal l vIdooco for tk corrolctioo b&woo the rtoroocbrlcd 

courmo of tbo bydrldo truwfor l nd the COW2 out-of-plan. oriootation, urlog 

UD-mod.1 corpouodr . y 

Sorultr aad dircurrion#. 

The proroaco of tbo M1* group l orblo# IlAD*IllADH to react Lo a l toroo- 

specific nooor l ithor directly. by potmaoontly breaking tbo rymotryuith 

roqaoct to the (dibydro)pyridino ring. or indirectly. by brocking tbo l m 

wtry with rorpoct to tbo plan. porpondiculu to tbo ring. thoroby providing 

.n .nc)w with the porribility to distinguish ktcrm both #idol of tbo role 

cult. In the flrat cc#o. it ir l rrontlal that botb IUDH sod IUD* l xlrt In 

rtablo chiral conflguratioos. uocootuioatod by their l nantiomoro. Is tbo no- 

coed case, the tranritioo rtmter Ln tbo l nryutic l ovlromnot mat be dif- 

feroot. Eotb porsibilitiom wro l xuiood.’ Iho pormiblo l xplasctioo of the 

difforooco in reactivity botwoo Illi and Sg (Scbomc 11). only’. thet ooo. 

bared on l porrcnoot dirrymatry of both rides of tbo (dibydro)pyridino riog 

in both BIADH and WAD+, Y.. 1ovortlgat.d . . Collar. The total l tcndard 

l otbalpy of forutioo t&St*) of 3-carbamoyl-1.44ihydropyrldioo (CM(p) and 

3-carbuoy pyridioium cation (CP*) UN calculated with lIIIlUN3 uriog 

camplot structural optimlcatioo, but keoplng tbo torrioo aoglo (9) around 

the C(3)-COUH2 bond fix.6 at cortcio valuer. liguro 1 ahow tbo rorultiag 

Alif* an l function of 9 (v-O* corromponda to tbo oxygoa of tbo 

COlM2 group ryo-oriaotod with rorpoct to C(4); dQqelSO* corrompomdr to tbo 

oxygeo of the CDlilly group king oo the #an ride of tbo (dihydrojpyri- 

din. rlog aa HA, etc.). Tbo calculatioor l rtcblirbod tbct. indopoodoot of the 

value of 9, in CDHP a# wall •~ CT+ botb tbo (dihydro)pyridioo ring aad COWlI 

group l ech proaorvos a planar configuration at tbo WIIyDoI3 1~01. It can k 

meon fra Figure 1 that llIwDo/3 iodicator a slight biar taard chirality 

crrociatod with rioimm l nthalpy valuoa for porpoodiculu orioota- 

tions of the CXNlIy group. Aowvor. tbo l ntbalpy bwriorn are la l oough 
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Piguro 1. AlIf. of CDHP and CP+ against 9. 

for the rot&ion of the CONH2 Sroup to bo almost from: for CDRP tbon xc. 

bxrriors at 9-O and 180’ of 3.9 and 1.7 kcal wl-‘, rasp. for CP+ ona fin& 

4.6 sod 3.3 keal Id-‘. Thoroforo ua ccmo to tbo conclusion that it ix 

ualikal~ that the l rporimoatal stonospocificity of tbo lIAD~NADll bydri- 

de trxasfor rortioa oriSioxtos fra x peruooot chirxlity of tbo roxctiro 

frqnots of KADII xad HAD’. For lookinS at tbo kiootic l ffocts, um coo- 

structod the coofiSuratioos as is l houx in Schamor III xnd IV. 

Schnx III. Transition stxto for the truwfor of II; fra CDHP to 

cH20n+. 

Schomo IV. trxositios rtxto for the transfer of 8; Cram CDHP to 

C3Wj. 

We cxlculatod tha NIYW/3 formation l othalpy of tboso strueturos as a func- 

tion of 00. pxrxntor r, tbo distaoca ktwoon tbo miSrxtioS hydrogen xnd the 

xccoptinS cxrboo atom of C 3 3 (cycloproponiur c&ion) and Cn2Oli+ (protoaatod Ii+ 

foruldohyda). All structural pacantors l xcopt r wre optirirod with rospoct 

to Alif.. Tha pamntor r was vxriod until a maximum l othxlpy on the 

minimum-Sradiont caction path (IICRP) was fouod. Tbo corrospoxdiaS structure 

is the trxositioa rtxto. Similxrly cxlculatod transition stxtos but with 

fixed vxluox of () uoro located; that is to say. for each fixed vxluo of 9 x 

local l nthxlpy uximum on the NCU’ was datwmiood with full optimi- 

ration of all structural parutorr but c xod q. Zho roaulting l ctlvxtion 

l ntbxlpios xad vxluos of r locating the truwitlon stator are dopictad in 



stuweolective hydride uptake iD mod4l ay8tma 

l1gur.r 2 l sd 3, wbaro the curvea A aad B rafer to tha choice of Il. or II, .I 

lowing bydrldo loo. 
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?l&ure 2. AHf’ end r of tbo trmritioo stat. CP+Cii2011+ 

l galoat ,. 

Plgur* 3. AHf’ and r of the trmrltloo atat. CP~~H4Z3Hj 

against 0. 

It cm be seen that varletlon of 9 bar l uctod offect on the activation 

l ntbalpy. Tbo l athalpy l xtrens are much uldor apart than wan found for the 

from moloculor CDWP and CP’. Ibreovor, the mutual symetry of HA and HB. 

l srontlally presonod lo the from moloculos. la oo loo6or tboro: around ,190 

and 270. thorn la a slgrlfLcaat difforemco lo mctlvrtioa l otbmlpy for tbo 
tranrfor of Hi and I$. This dlfforooca Bunta to 8 kcml rol-’ for the 

comblnmtloo CDHP + CH2011+ and 6 kcml ml-’ for CDHP + C2Hi. The origin of 

this l nthalpy dlfforonco cmn l mslly be denoted. 

In the trmnritloo stmto CDHP lntormcts with m poritlvoly cbuged hydrldo me- 

ceptor. md it la the l loctrostatlc lotoract1oo between the acceptor and tbo 

CDNH2 croup uhlch barlnmtoa lo the lotormctloo l othmlpy. Imdeed, the 

C4MH2 group. and lo pmrtleulmr the cmrhonyl bond. is blchly polarized mc- 

cordin& to our calculmtioor; the carbon mta cmrrlos l (poritlvo) not chug. 

of +0.67, whereas tbe oxygen ata hms m (nogmtlvo) net cbugo of -0.61. the 

NH2 ‘roup l pproxlutoly uklog up tbo bmlamce to reodor the COBH2 group 

slightly positive (em. +0.02; ml1 cbu&o# l xprosmod in mtaie unltr of ebu- 

1.1. Tbo shape of the c!u”es l bourn lo Plguro 2 mmd 3 can oou be uobrmtood in 

tom ot iotoractloo betweom tbo oogatively cbugod oxy&os atom of tbe 

cdl12 group and tbo porltlvo charge of the bydrlde l ecoptlog miety. A lou- 

l atbrlpy trmnaitloo stmto corresponda to tbo cubooyl dlpolo pointlag tomud 
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the hydride aecoptor and a hlgb-athalpy trrnultloa rtetm to tbo c~rboayl dl- 

polo poIntlo& away from tbo acceptor. 

to add l ddltloml l upPort ua bw* rlmo porfomod lfY00/3 and ST+3C calculi- 

tloas oa lat.mdl~tr ntructurmr for the ro~ctlos of 2-cubuoyleyclopropono 

(CCP) with tbo C,H;. III putlculu, # looked at structuror 4th +4C’. aad 

with HA or I,, as tha 1OWh6 hydrldo molrty fSchrwr V and VI). Tboro 

structurea wfe optlrlrod with IIIYDO/3, usinS .L coastralats ~190’ and r .ra. 
I 

The romult.lnS structurmm mm t&ma to k r~prmsrmt~tlw of.tbr 

tranaltlom stmtos. A NW* datallod naareb of the l mtbalpy rurfeco was 

not rttrpted la view of our l arller work. wblcb daaonmtratod the flmtnass of 

the NLNWl3 surface l loaS tha reaction coordlnmta. 

Schom V. Trrnrition rtrta for the tranrfrr Hi from CCP to 

c3u; with lp-90.. 

Structure A 

Sch- VI. TrMrithl stat. 

C,Rf with q-90.. 

for the trmrfor of li; fra CCP to 

tablo I. Comparlroa of anmrSlor cmlculatod for rtructuros A and 8 

(Schwa V end VI) wltb NIlIDO/3 and STQ-)o. 

Structure A 233.95’ -393.54136b 

Structure B 235.80. -393.s3779b 

Dlfformem i.as’ 2.24. 

*1o keel ao1-l. b In l tuaic wwrgy uoltm. 

IO Table I tbo l morSim* arm Slvea for the structure A and b l m calculated 

wltb llIYOW3 and STC-3C. It em bs . ..D that l(IllDC/3 and 810-X botb result 

in l ttrlbutlng to rtructuro A an rnthalpy uhlcb lr less by ea. 2 kcrl 

rO1 
-, 

l m compared wltb structure 0. AltbouSb tbo offmet im hore web 

smallor, the CONII~ scoup. once flrod in l porpondlcular orlootatlos. lsdu- 

eer tbm I- stweorpocific bebwlour am found la tbs bydrida-trmnsfor roac- 

tion of cmlP/cP+. llmm quantum chemical calculationa ace lo atron& asroo- 

rat 4th our proposed mochanlsm concoraiag the stor~ospeclf1eit.y la tba r.- 

dox ramctlanm of NAD+/YMH. TO basin with, th. COllM2 group “.a found to 
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be l lmost freely rotatin uitb raryct to tbo rins et rorul tempmr*teros. 

Ibis weld count for the obrorved laak of tbo l toreospecificity uoder uom- 

l a+yntic coeditionl. On tbo otber haad, the calcul&ions daemetreted that 

tbo rtereoepecificity ten come to l x~osrion by fixetion of tbe co(III2 group 

10 am o&-of-plme orientation oribinnting fror iaterutions witk the l nm. 

Rocontly u l myn-modi~tod arY2 oat-of-plan0 oriontatioo wss detected in 

cryntellired l nrlr/coonr~/nubetreto comploxor. I-ray diffrwtioa deta do- 

rived from tbo toraaq caplox of UPboodod WAD (A rpecifie), obtained by 

Pklond l t el.‘, nbowed tbo uido group rotated 30. out of tbo plume. with 

the cubooyl 01~1on ata nituated at the A side. This oriontetioa of tba 
uido moiety roaults from iotor@ctioo# with rpeciffc sit.8 of the enzyme, 

i.e. hydrogen bonding of the c~&~~yl moiety of the COWlI group with tbo 

main chain nitrobon ata of Pbo-319 end tbo MM2 with tbe carbony troops of 

val-292 and Cly-317. Additionally, the p rid. VU l dequetoly rbiolded. thur 

uking this ride inwcorriblo to tbo rubstreto by l ctioo of Tbr-178. Although 

the rorults obtaiood fra crystallized comploxos wo not to tboir full l xtont 

roprorootetivo for the dynuic bohwiour of tbo l ozyme in rolution. we 

boliovo the prorence of the out-of-plane orientation of the cOWI group 

supports our proposed mecb~oirm. 10 thir context it should be noted that the 

oicotinuide group is ritutod in the interior of the enzyme, a region in 

which the influence of the l nryme-rurrouoding lwdium will probably be 

minimized. 

Experimental verificetioo of our proposed rchuirm of rtereochaical hydride 

uptake, usinb WAD-model compounda. requires the uide group to bo fixed out- 

of-plane of the pyridtaium rinb. thereby introducing chirality 10 the sya- 

tem. lurthermore. it i8 l rrential thet the aosforutioa~l cbirality ir sta- 

ble. i.e. racemitatioo is excluded. As a model comyouad we relocted 1 

which the non-planar position of the amide group ir controlled by tw 

adjacent methyl groups.’ In order to cheek the correctness of the 

out-of-plane oriomtatioo of the amide group. our invertigatioas uero 

cooeentrated on l stablirbiag chirality in 1. l’he reparetion of both 

l nantiomerr of 1 was effectuated by camglexatioo 

with silver-(+)-a-br-uphor-n-rulpboo&o mono- , CONE12 

hydrate. Ibe diwtereoisaerr could be separated 

after rePeated crystalllrations. Treatmeat of both 

:5x (j: 

I’ 16@ 

10 

sepnrated di~rtereoiromrs with Dnuex-2 (Cl- form) 
u* 

I 

947 

Pigum 4. The CD l pectre of (-) 1 (-_) cod (4) 1 (----). 
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resulted km tha Cr.9 (-1 sod (+)- Y.ldi.tbyl-l-Ytbyl-2,4diwthy1-3-c~rb~- 

~ylpyridlnllm c-d, r*rp. (for (-1 1 [&9’7=-5.62 c-1.00 in “.- 

tar. and for t+) I (a$9’3. 4.74 c-l.oQ lm u&or). The CD spoetra are 

Klwn in llguro 4. Tboso rorults load to the unwoldeblo conclusloo that the 

uido group is lodeod rotated out of the pyrldioirr plaoo. 10 ardor to do- 

tomiw the rates of rwxmlretloo, uo rocordod the CD spectra of l o4otlorrl- 

tally pur. 1. dlssolvod in r&or. at roKrlar lotorvalr. Cacomlr&lon of optl- 

~1 wtlvo 1 did not occur at roo1 t-raturo but could be obswved at 90-C 

(ty=7.5 b) ti lOO*C (tS-3.1 b). Kvalu4tloo of tbo results. obtafoad at 

l lmatrd twor&ures, rbouod a &lCtor raceairatlon of 22.9 kcal ml-’ 

and . &#of -16.90 cal DO~-‘K-‘. Additional studios 

wore porforwd 00 r~crlr~tloo of l nantlaorically pure L,I- 

dlwthyl-2.4-dlwtLyl-3-earb8aoyl pyrldlno (2) in solvents 

of dlftorest polarity. Posultr eoocornlng tbo cblral rtablll- r;( ; 

CONY*1 

w Y* 

ty lo revoral solvoots are prosootod in yiguro 5.. 
2 

I nhr 

-1.0 \ M&N 
J n-hcxrn CH7C17 

20 60 60 80 
_ time(h) 

Ilguro 5. Iiw-dopoodont rosponso of tbo CD for (-) 2 in vwious solvoots 

at rooI twor&.uro. 

rho ratbor drautlc r&o l nbaoconnt of realr&loo, Kolng fra l polu sol- 

vent to u apolar solvoot. E- bo discussod in a qo~llt~tlvo ray by l sswiog 

that YI ato doallag with l colblood rotatloo abort the C-C(3) md the 

C-lMo2 boodr in the uldo Kroup. Isctodso of the rolvost polarity vi11 

l nhanco tbs contrlbutloo of tbo double bond in C-HU2 to tbo rooooum 

hybrid. thus huporln& the rot&loo around C-BMs2. The absooco of charge 

rigration by coajuK8tioo lo the traosltloo rtato fot rot&ion. tboroforo fa- 

vours a la barrier in apolar solvontr. Mod.1 studios of 2 clowly show that 

rotation &out C-C(3) is fwllltated when synchronourly the rot&ion &out 

C-IlHe2 occurs to avoid the storlc hlndranco with tbr -thy1 Kroups on 

C(2) and C(4). Ih~r~foro uo sug&ost that lo accordance with the obsorvod 

rotational bwrlors lo substltutmd W,Y-dlwthylkoruld~s.~” with respect 

to their solvoot dopondwce, the rotation about C-lOlo in 2 will k fwou- 

rod by apolar solvents which results in l o incream* of the r&o of racerlrs- 

tlon. The pronouncod stability lo water, undoubtedly duo in part to bydro&oo 

bonding. is of major lmportanco to the use of this type of IlAD-wdol co) 

pounds in our rtudy of the corrolatloo botwoon tba atormochomlstry of roduc- 

tlon and the out-of-plane orientation of the uldo Kroup. Howover, lo spit* 

of tbm fact that the chlral stability in wator is guarantood. no roductloo of 

1 in l o aqueous solutlon of dithloolte IUS obsorvod. The lack of routlvlty 

is probably caused by storlc and l lectronlc rhloldlag rosultloK frm tbo C(2) 

and C(4) rthyl Kroups. 00 the other hand, Ohno at al.” roportwl tbo 

~9K~-l-a-wtbylb~otyl-l-propyl-2.4-dlrthy1-3-c~rbuoy1 pyrldlnlw ca- 

pouod (3) which rwdlly l houod raduetlon by actloo of dlthlonlto. Roductloa 
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C(4), roraltio& 

sIcrecwkclive hydfide uptake ia model lystms 

l dirr bicarbonata l bowd an l rolu~lvo by&Mm addition rt 

to the diartoroelmowric pair. (41,91)-(+)l~wtbylko- 

cyl-l-propyl-2.4-dirtbyl-3-c~rb~yl-l,4~ihyd~pyrtd1oo (4) aad tLe (4P,PR)- 

(-)irar (5) (Scbao vxI).‘a 

Poduetioa of tbo ~9ui-Y-alrtLyl~a~y1-l~ropll-2.46i- 

rtbyl-l-earbuoy pyridiaium capoued (3) roportod by Ohno 

et .l.‘l 

NSOf 
CONN-C-W 

-101- 
No 

I 

a J 
R a 

4 5 

Aftor cryrt4lliration tbo rolovaot rpoctroseopie data wro 10 good qrouat 

with thorn* aa prwlourly domribed. Ultb tbo bolp of vbift magoats w obror- 

vsd that tbr potltion of the proton at C(4) in 4 and b is syo-oriontod uitb 

tospect to the carbocyl troup. l.o. uhen Euu(fodl3 is mod. l larger doun- 

firld mhift of the proton at C(4) 18 found than for the wtbyl protons at tbo 
saaa poritioa. This dwoortratm l ryn-oriontation of tba protoo at C(4) and 

tba carboayl group which 1~ l lro refloctod io tbo lugor dom-field rbift of 

the rthyl protons rt C(2) rolativo to the pmtosr of tbo rtbyl group St 

C(4). Caaelurivo l ridaaco for the goortry of I bar boeo obtaiood by detmml- 

aing Its X-my cryrtml mtructuro 4s given la Ciguro 6. 

ylguro 6. SPstructuro of S as l lucidatvd by t-ray l alymir. 

rho out-of-plum orimt~tloo of the CWti-group is (iSo witb ronpact to tbe 

1,4-dihydro-pyridiao zloty. Iho occurram of both 4 aad I 10 the reaction 

product ir thv iaovttable rorult of the tw dlartorooisocrric atructurom of 

3, due to l combination of the fired cbirality at C(9) and the conforutional 

chiraltty of tbm out-of-plan0 orivntatioo. yractiooal cryrtallitatioa of 

tboro diartorooironrr was not succarrful. In abronco of tbr cblrality at 

C(9) (sub@titutioa of the C(9) hydro&oa atom by a methyl group). roparatioa 

of the ooanticavrr wn not foaoiblv. In this context it rhould k noted that 

the chirtil stability of the carbuoy pyrldinium moiety of J ~111 ba lowr 

then that of the corrorponding cation I. The pcosmaco of tbv mlde bydroloo 

at- ~111 l voko racriratlon lorr difficult caparod with Iotorconvmaion of 

tbo cooforutional iromarv fa t?m caro of l dialkylatod uido aroap (vldo 

mupra). Ia l n attupt to syotbooiU l 2,4_di&byl-3-cub-y1 pyridioi~ 

cation giving rim to l hi& dmtroo of dire1 rtability and rbain~ 1.4 
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rodretior. um tortod rarioor cations or ttlo type 6 for Lboir rodrctioa ritb 

ditbiorlto. 110 rrsrltm obtaiod in thin study are ~urisod y 

io table If. As caa k BOON roductioo cm ho l cbiorod when a COMIlR2 

phony1 group ir proroot in at loart one of tbo rub#titu- cy 0 

l ts Rl, C2 or I 3. Uo tontatiroly m&&oat that the bydrido 
+? “* 

=3 
or MO;, ~oaontvd by dithionito is ruporficially ae- 

camodatod by tbo phony1 Rroup. 

6 

Tablo II. Po6iosoloctirity of Scarbuayl pyridinium cationr of the type 

6 in tboir reduction with dithionito. 

I *1 R2 Ro6ior.l. I 

uo.at Ik,lk I¶. no rod. 

Ii i-PC mo no rod. 

no no KH2)nPb. n-1.3,5,12 1.6 

no MO (Cl12)11CH) 1.6 

CI$?h CH2Pb ,lla II. 1.6 

II CWW13)Pb. C(CHJ)2Ph o-Pr 1.4 

H CWU3)2Pb. CH2Ph No 1.4 

In the cauo of CjaC12H25 , reduction 11 probably caurod by intomolo- 

alar crtalyrir in arrociator. Within the category of 2,4dirtbyl-Scarbam- 

yl pyridioium cations tboro ia a distinct difforoncr in tbo rogiosolectivity 

of hydride rptako. As stated io Tablo II both 1.4 aod 1.6 roductioom bwo 

boon obrorved. Tbo resulta wntionod ruggoat that 1.6 roductioo in fwou- 

rablo. The nature of this preforvnco can warily bo denoted. Duo to storic and 

l loetronic rhioldint. originating fra the prvmonco of the 4-nthyl subrtitu- 

ant. C(4) is doactivatod with rorpoct to hydride uptaka. 1.4 Roductioo could 

only k achiorod in case of Pl-H. This foaturo may bo l xplainod in tarma of 

the proposed ruRRortion for the pbonyl-modiatod hydride uptake. Duo to the 

tr~ns-oriontatioo of the carbonyl group with roapoct to the NH bond in the 

uido moiety. tbo phony1 group ir diroctod away from tbo pyridiniw ring, 

thoroby lowing only C(4) atorically wailablo for bydrido uptaba (liguro 

7a). Subrtitution of the uido hydro6.n ata. rarultr in the loaa of coofor- 

mattonal rortrietionr of the uido moiety. Thervfon. occ~rioo~lly’, both C(6) 

and C(4) are located within the roach of the pbonyl croup (yisuro 7b). Rinco 

C(6) is lors doactivatvd, bydrido addition will take place preferably at this 

position. 

b 

piguro 7. Zho phony1 group ir dirvctod away from C(6) duo to the traor 

oriontetioo of tbo COWI group (a); whoa tbo amide proton ir 

rubstitutod, C(6) bocmva in the reach of the phony1 &roup (b). 

In rurary m cca to the conclusioo that introductioo of a phony1 group in 
the uido Witty can only load to 1.4 reduction uboo tbo ride &roup ir mono- 
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rubctituted t~rmraace of -1. l ltbou~b a high d0u.a of cLLr#l stabllltr 

rquh~ l 6hxkYhtrd mid0 &mDP. mD 4b0TD matiOud CODa till QM&- 

dDblf ld to tbD concluDLoa tbDt introduction of tbm pbmopl *mp ia 0m or 

tbm sub&itkaata El, 12 or P, in 6 vi11 not caabtno adqwta chlrd St*- 
blllty and 1.4 mduclbllity within oaa pyrldialum cogouad. tbir luvoa w 

trro *lt*rlmttv~m: [I) ru~vla6 tba tuo roducttoado~ctintl~ rtbyl group*. 

wbfeh utn tk prasmce and omct poritioaln6 of tha pbmnyl woup m~p.rClu- 

out. md achierin~ cbirel stability by YMS of an l lkyl bridle situ&& be- 

t-0 C(6) l d the uido II-atom or (ii) mubstltutiag l pbaayl group l rrontial 

lo tbs rrductian of 7.4-dtrtbyl-Scarbray pyridiolllr cations for one of 

tbr ~(41 rtbyl bydrosnns. The fltrt option lad to the synthesis of the 

13~tbyl-3-ua-l3-~toala-bicycl~lO.2.2~~x~d~c~-l~14~,l2,lS-tr~on-Z-an~ 

cation (7). I’ 

Tba 300 BlHr lH-yllp spectrum of y showed that one OC the protons of th 
rtbylww brIdea kar l ne&ativa cbomicnl rhift vnlua 16 -0.97 to -1.17 

I%=). rsmultlag from thr pyridinium ring curroot. This mirotropie mhiol- 

din6 corr*spondn to un out-of-p+n* orientation of the brld6o uitb r+ 

rpect to the pyridlnium ryatrr. The introduced rigidity reducer contorrr- 

tioa41 motionr of tbo pyridiniu ring to much an extent. that Lntorcon- 

varslon of the confomntionnl l nantioewrs Ir virtually impossible nnd 

orients the uids moiety out of tbs pyridinium plmo. The l torooBeloctl- 

rity of thv hydride uptake IO the reduction of 7. VU olucid4tod by cm- 

pnrlng the 300 I(Hr lH-NHnrp rpoctrrl d6tn of the reaultia6 13-wthyl- 

3.13-di~ro-bicycl~l0.2.2)box~d~e~-l~14~.12~16~dirn-2-ono (aa) with the 

d&a obtalnad from the corresponding drutoriw l naloguo (6b). Tboro 

rorultr 1od to tbs conclusion that 6 adopts l boat conformation in whlcb 

the Incotporatrd hydrogen (doutariur) occupies alloat l xclurively (>95%) 
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uo axial po.itiOO at C(151. The non-p1muity uus deduced tra th. coop 

1iOq CoOStaOte Of fi(161. Zhia bydro&eO appeared i0 tbo ‘“_)lp r~ctrm & 

dm a# 111 l iet-1iII. @tam. dU0 t0 a ViCiOd Coupliuq with lla(15) rad 

Heq(15). uid en allyllc coup1lnq with W(lle1. Roductlon of 7 la 

D20. led ta OL. l'bo luk of coupling between R.a(l5) eO6 ycli2, 

H(l4) and lI(16). rerp., clearly indicator tbo ulal position of the dou- 

totid.. In edditioa. DroldlnD mdels UOublqUOUS1y showd that the cubo- 

oyl group lr rotated out of tbo plmo through C(l), C(lZ). Cfl4) aad 

IX161 ubleb results la the fuct that the incorporated hydride la S~O-po- 

sltlooed with rompect to the cerbenyl group. The obaorved uolquo rtereo- 

soloctlvlty lo the hydride upteke will origin&o frm tuo.rjoc foeturoe 

prosoat in this ryatem. i.e. the out-of-plaoo orlontatloo of tbo amid. 

group toward the carbonyl group ryn-poaltloood with the incoming hydrohon 

donor end the shielding offect of the methylooe bridge uhich prevonta 

equatorial attack for rtorlc r..sona.14 Tbo prosonco of both l ffocts 

in this MD-andol ayater is in complete l groement with the roaulta ob- 

talnod from the tornary complox of 646 bonded HLAD publlahod by Xklund l t 

al. ' (vldo supra). 

The second rntlonod l ltoroatlve l uggeatod to avoid the dlacrepancy bo- 

tueon the regloaoloctivity lo the roductloo cod the roqulrod bl6h dogcoo 

of chlral stability in l-a1ky1-2,4-dimethy1-3-cerbuoyl pyrldlnlum cet- 

lona (67. will be fouod in the substitution of 4wtbyl by a bearyl 

6roup. ?or tbla roeaoo. the synthesis of the 1.2-dlmethyl-3-cubamoyl-4- 

bonryl pyrldinium cation (9) and its reduction is in pro6rors. If the 

phony1 group is still requlrod for the dlthlonlto re- 
CMZPh 

ductloo of 9. althouqb l ubatltutlon Of a methyl frOU7 

ti 

CONY42 

loto l boozy1 group uy lnfluonco tbo roduclblllty. 0 
C(4) will more roadlly be nvallable for hydrldo uptake 

+‘i’ *a 
@I@ 

then C(6) (vlde rupre). Accepting thet the chlrallty 9 

of 9 la adequately rtablllred and the reduction taker place In the predlc- 

ted mnnner. i.e. 1.4 reduction. we will be able to give conclusive ovlden- 

co for our model description concernlog the aterooreloctlvlty lo the 

hydride uptake, using CD tecbnlquea. Tbe orleotntlon of the carbooyl 

group in tbo pyrldlnlum cation and the absolute confi6uretlon of C(4) 

after reduction, can both be determined by means of CD apectrowopy. The 

reletion between CD propertlea and eblrellty resulting fra the amide 

out-of-plane orientation. could be clearly daooatratod 

! 

cx ; .:5:,:' 

by the I-benryl-h-rthyl-1,2,4-trimethyl-%cnrbemoyl py- 

rldlnlum cation (101, ublcb la already mentlonod in 

+N Table II. with respect to its hydride uptake. Individual 

N* 10 
crystals of 10 nppearod to consist of l oentlomerlcally 

pure pyridlnlum compounds. Ooe of the alnqle crystala 

was l ukitted to an I-ray diffraction l tudy.l' 
The structural outcome of thla analysis la depicted in llhure Ea. These 

results clearly rbou that in the l nantiomer lnveatlgated. the carbooyl 

6roup la located et the A side of the pyrldlaium rln6 (Seb~ II) with ID 

out-of-pleoe rotation of 67. with respect to the place of the pyridlelum 

ring. th. aame crystal. after being used in tbe I-ray study, was dlasolv- 

ed in both metbanol end water in order to obtain CD l pectre (yl6ure 6b 

and 6~7. It uy be of intereat to note that the similarity of the CD 

l poctra es 61veo la Figure 6c and in Figure 4. then aug6estr a carbonyl 
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loc&ia l t tbo A mid. for (-1 1. Tbero obeorvatiou will reblo oe to 

bedeco tEo ebrolnto confi~rrotioo Of 9 with nr~et to tbo o&-of-pluo 

l 

(nd 

ligur. 1. 3D rtwcturo of 10 (a) end ite CO ep.etre r~orbd io rthaaol 

(b) end uator (c). The broJceo lioor f---j roprooeot tbo CD rpec- 

tre of tbo mirror i-0 of (a). 

oriontetioo of tbo amid. group eilply from itr CD rpectrun. On tbo other 

bend. tbe l bmoluto coofiguretioo of C(4) of tbo dibydro dorivrtivo of 9 

ten be l lucidatod wing tbo CD rorults of Oboo l t al. for the crmpouadr 4 

l ed S (vido rupre). If, for inrteoco. the carbooyl group ir koow to be 

located at the A nido of tbo pyrldioium ml&y, roductloo will have to 

rovult 10 l o S coofiguration of C(4). 

Other mechw~irme for the rtarooroloctivity of bydrido trmrfor roectlooe 

from nicotinamido cofectorr hevo beeo rocootly devolo@ by Clolead l t 

11.‘. end Beanor l t el.” 8apocially Eomor’r mod01 beeed oo 

etructurel argumoete includin(l en awnerie affect ir of perticuler into- 

tort. Howver. the distortion from pleoerity of the pyridioo misty uhicb 

ie l proroqulrite for l xiel bydrido trenrfer is only compenreted by 

recood order I40 l rguaeote. 

Apert from the ryntherir and the reduction of 9, future ioveetigrtionr 

will also include l more deteiled l tudy of tbo rtoreo- end regiorelecti- 

vlty In the reduction of the bicyclic pyridinium cetion 7. 2%. findin&r 

terulting from tbe obrerved rtereoepecific hydride upteke 10 the letter 

case. eeem to u8 to be of l ejor importance for a better underrteadin& of 

the enzymetic WAD-medieted redox reectionr. rince 7 abwr both l eelectl- 

ve rbleldiag end en out-of-plane orientetioo of the uido group, em obrer- 

ved In tbe ternary complex of HLADIMAD/rubrtrete. 

Jxoerinertel Section. 

60 Hllr ‘II ISIR rpectre were roeorded on a Verian 11136OA or a Aitechi- 
. 

Perkis lLwr C-24D YB l putraeter ud 300 Blr ‘II SIR dete uere ob- 

teined oo l Bruker C&P 300 rpectroator uaiag IIe,Sl l e intoroel rten- 

derd (6 0.00). A meae rpectrum (g) IOU recorded oo l liooigu 4000 CC-MS 

instrument uriog l leetfon 10012et100. The CD l pectrel date were gaiood 

from l Jobio Woo Dlcbro&repb Perk III-1 ud l pecific rotetiooe 

fra l polerimeter tyPe AA-10 ruufactured by optical Activity Ltd. A 

Ilmbor-Jobrm l pperetue wee -loye to detemioo tho (uoeorrected) mel- 

tin& poiotr. ttbyl-2.441rtbyl-l.4-diby~eieotioote,’e l tbyl-2.4- 

dimethylldcotinete’e and the 2,44iwtbyl-‘J-cerbmyl pyridine bydfo- 
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chlor1d.U’ wore pc0pu.d wing 1itor4tare procodur*r. The roeco8rl~ 

routiou #tops uo: couv*rsioo into ttlo ~cid-cblorIdo ustag sOC12. ti 

tbon to the aide wing the l ppropri&o uiae. already datailod outllaod 

in previour liter.ture.yl Prior to reduction with sodla dithloaito. tbo 

Lcerbwyl pyridiao dorivatIvea zero troatod ultb an l lkylbalogealdo La 

ardor to obtain the corrorpoading c&low. Con*r*l procodurw will bo 

rotioood. 

~g.If-dimothyl-2,4diwthyl-3-cnrbaoyl pyrldina (3). 

np so-51-c. +I wfg KDC137: 6 2.23 (#,3U,CH3). 2.44 (r.3n.CH37, 2.11 

(#,3H.tlCH3), 3.15 (8,3H,WCH3), 6.91 (d.lH.pyrH), 0.20 (d, 1H. 

pyrH). Ibo dl~rtoreolraorr. obtained aftor caploxation of tbo bydro- 

cblorido of 3 with (+7 or f-7-o-bromocwhor-n-sulpbonato monobydrato 

could be ropwrtoly irolnted aftor ropoatod trwtment with wotono. Np 

lPg.O-lPP.O=C. ~nul. Caled.: C.49.06; 37.1.97; Y,5.72. found (two dla#t*- 

rooiroarr rasp.): (7.40.93, 49.30; H.6.00. 6.02; N,S.gg. 5.Sl. 

[or.0 =*55.00. -55.10 (H20). trwtrnt with WH3/l120 yioldod 

the (+) and (-) l nwttiowra: I(p 52.0-54.0-C. *aal. C&led.: C.67.38; 

H.7.92; g.15.72. Pound: 13.67.14. 67.32; W.7.93. 7.09; 1.15.95. 16.19. 

[or*0 1+l.g0,-1.72 (H20). An ~ltorn~tive rout0 for the wWkiO- 

rrie reparation showed eorrospondlng analytical data. 

~Y.g-diotbyl-2.4-diwthyl-3-ewburoyl pyridlno. 
1 
H lllIp VXC13): d 1.05 ft.3H.CH3,. 1.27 (t.3H.CH37, 2.25 (r,3H. 

CH3). 2.47 (r,311.Clf3), 3.10 (q.2H.CH2). 3.62 (q.2H,CH27, 6.93 (d, 

ll,pyrH), 0.30 (d.lH,pyrH). gnw&iomoric repwation ten k obtalnod wing 

tbo procoduro as is outlined for 1. 

~l&hyl&ion of tbo 2.4-diwthyl-3-cwbaoyl pyridina eapoundr. 

The pyridioo dwiv4tivor of 2. dirrolvd in l I l ICUI of Cff3L wro 

stirrod until the reaction YU eomplote (TLC). The rasinder of the CH31 

Y.# l vaporat.d. who roriduo YM ropoatodly troatod with dry other 

in ardor to obtain n cryrtallino doporito. 

wAltyl&ion of tbo 2.4-dlwtbyl-3-carbuoy pyridino capouod# uIth n-pro- 

pyl bromldo. 

The l lkyl&ion. wing n-Prlr. um cwriod out wcording to the litor& 

ture’&. 

~Alkyl&ion with o-phonyltilkyl bramido. 

TO l 5 rol solution of the 3-cwbmyl pyrldino dorivativo in S-10 ml 

nitrowthuw, an .xces# of the bralde YU added (4-I 09.7. This mixture 

YU atirrod for 20 hrr. nt WI nppropriato tempornture (PhCH2gr and 

Ph(CH ) 
2 3 

Br: roa twp.; Ph(CH2j5Br and Ph(CH2)T2gr: 1OO’C). Work-Up YU 

porfolwd l # wntiooed in the rthylation rooction. The PhfCH2)SBr and 

the Ph(CH2j12Br wore proparod l naloy,oua to the procedure nntloaod by 

yri*dman l t al.‘* 

Ph(Cg27Sgr : BP 90-105~C/1.5~. 
1 

w WIat (CTlC13): 6 1.20 to 2.1O(m, 

6H,3CH27, 2.57(t.ZH,CH2). 3.30(t.2g.CH27. 7.lOfr.5H.Ph) 

Ph(CH2)12gr: Bp 165-170*C/O.O1r. ‘H lllIp KDC13): d 1.10 to 2.00 

(m.20n,10Cn2).; 2.57 (t.2H.CH2). 3.32(t.211.CH2). 7.01 

(*.sn.?h7. 

-AlkylatIon with dodocyl braid.. 

A rixturo of 22 lo1 of tha 3-carbuoy pyrldioo compound md 100 -1 

dod~ylbraide (25 g) waa boated for two dam at 1OOV in l brmee of l 

solrant. fro ropwatod solid rtorial UN colloctod -6 treated with dry 

ether. 
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~I,wdiotbyl-1.2.4-trintbyl-3~xr~yl pyrieiniu lodid.( 

up 177-17t.c. +I Rm mC13): 6 1.00~t.3n,CR3). 1.45(t.3a.Cn3). 

2.50(r.3R.CR3), 2.78(8,3R.Cll,). 3.35(9.2R,CR2). 3.60(q,21.CR2), 

4.47(#.3R,eR3). 7.78(d,lil.pyrR). 913(d,lft,pyrR). Anal. Caltd. c.44.04; 

tl.b.OR; 1.6.04. FOOOd C.44.56; 1.5.09; R.R.00. Kop~ration of the l oaatlo- 

more warn l ffntratod by caqloxxtion uitb AR-(+)-a-braocrpbor-u-ml- 

pbooxte mooobydrxto (RRR). fro diutorooirmorm could bo rmparatod aftor 

ropmt.4 cryxtxllixxtiooa from xc&on.. Troxhnt of both dixrtorooiro- 

nrs with Dowox- (Cl- form) yielded tbo pure l nxntiorra (Cl- form). 

t-1: np 132.0-134.0.C. Anal. Cxlcd. (moobfdrato): C,36.82; H.R.44; 

w.10.19. round: C.56.64; 11.0.65; 1.10.26. ($.‘--5.62 

(c-l.00 in w&or); l” NHR wDC13): 6 0.9o(t.3H.CM3), 1.43 

(t,3n,cH3), 2.48(r.3ll,CH3). 2.7R(s.3R,Cll3). 3.23(9.2tLCH2). 

3.$7(q.lW.cH21, 4.‘52(s.3H, CH,). 7.R2(d.lH.pyrH). 9.36(d,lH. 

pyrw . 

(+): np 130.0-132.0-C. Anxl. louod: C.56.76; H6.60; N.10.42. 

[txjy 14.74 (c-l.00 in wxtor); 

~(9R)-R-a-mtbylbonxy1-l-propyl-2.4-diwtbyl-3-cxrb~yl pyridiaium 

bromide (1). 

Synthorir YW outlined IO the work of Ohno l t xl.“. tbo relorxnt 

spoctorcopic dxtx were in l xcolloot xgrwmxnt rltb thoro doaerib*d. 

~~3~thyl-3-xrx-13-rxonix-bicycl~lO.2.2~orxdocx-l~l4~,l2,l5-tri~o-2- 

on. iodide (7). 

rho pr.currory kotooo uxn prepxred xccordin6 to the procedure of Cwlxcb 

l t .1.= (32%). column chroutogcxpby (silica 60. lforck, hoxxno/SOS ethyl 

xcotxte). RI (TLC. hoxxno/50% l tbyl xcotxto)=O.40. Rp llS'CIO.01 =. 

Anal. Caleb.: c.77.38; H,S.Rl; 1.6.45. found: C.77.50; H.9.19; R.6.47. 
1 
H R~R (ctz13): 6 -0.40 to 0.48 (~.lW.Aliphxtic II). 0.40 to 2.33(r. 

llH,Aliphxtic IIS). 2.50 to 3.12(~.411,2CH2). 7.22(d,lH,~rR). 7.67(dd, 

l~,pyr~). 6.66(d.llI,pyrR). Tbo oxim uxa propxrod xccordioR to tb. wthod 

of RoinxhrRoo l t xl.‘& (00%). Up 122.6-123.7.C. Aaxl. Cxlcd.: C.72.38; 

H.R.60; 11.12.06. Found: C.72.42; H.9.15; Y,12.18. U (TLC. 

hoxxno/SOl l tbyl xcotxtx)-O.26. ' n RWR KDCl,): 6 -0.40 to 1.90(r. 

12H,6CH2). 2.22 to 3.12(~,4H.2CY2). 7.15(d,lR,pyrH). 7.52(dd,lH, 

pyrH). 6.25(d.lH. pyrH). 11.22(br.r,1H,ROH). Bectio rearraagmnt io 

polyphoxphoric .cida’ at 1OO=c (1Rw. column ChraatoKrapby (xilicx 60. 

Mrck, cblo?oforr/S% l thxnol). V (TLC, cbloroforrlfi l tbanol)-0.26. 
-1 

ns(m/r) 232 (c~~II~~II~O). II (KBr) 3220 (urn), 1670 'u,..' CB . 

‘II ma (300 nnx.CDC13~: d -0.38 to -O.O4(m.?H,CH2), 0.73 to 0.92 

(m,2H.CH2). 0.98 to 1.37(m,6H,3C~~). 1.51 to 1.66(r.lR.Alipbxtie W. 

1.75 to 1.90(m,lH.Alipbxtic HI. 2.00 to 3.02(m.3H,Aliphxtic Rx). 3.07 to 

3.23(m.lH.Aliphxtic H). 6.43(br.r.lH.WH). 7.3O(d.lR.pyrH). 7.71 (dd.lH. 

pyrH). 8.66(d.lH,pyrll). 13C RMR tCDC13) d 24.07 to 28.91 (bt), 

39.43(t). 42.53(t). 123.76(d), 12R.P5(x). 153.55(d). 147.42(d), 

164.54(x). 172.97(x). Using Ru(fodI3 rbift royant. wx obrorred xo 

lncraxia6 dam-field xbift 601x& from CC~~EH,. H(M). NCR2. R(14). 

lltl5) to RU. Hotbylxtion IN cxrrlod out xccordioc to the above watiooed 

procoduro (61%). 
1 

H RWR (CD3OD): 6 -1.17 to -0.97(~.lR,Allphxtie 

II). 0.40 to 2.15(~.111.Alipbxtic Ha,. 2.u) to 3.600(m.4R,ICY2 and pyrc12), 

4.64(r.3H,RCHj). R.Zl(d.lU,n~16)). R.67(m,lR.R(15~). 9.08 

(d.lll.H(l4)). 



956 i’. hi. T. DE Kor cl a/. 

Compounda of cato6ory 6 (tablo II): 

~Y.W-diuthyl-1.2.4-triwthyl-3-c~rb~yl pyridiniur iodide. 

UP 2SS-256.~ (othaaol). Inantiomoric reparation with BK8. 6oal Calcd.: 

c.41.26; U.5.35; Y.8.75. youad (-): C.41.34; H.5.35; W.8.7). (+): 

c,41.35; 11.5.36; 11.8.59. [al%--1.99 md +1.95 ramp. 
1 

(H20). 

II lnm (D20): d 2.60(s.3H,CH3), 2.78(a.3H,CW3). 3.05(n.3H. 

CH3). 3.26(r,3H.U13). 4.30(r,3H.CH3). 7.73(d.lH.pyrH). 8.7O(d,lil, 

pyrn). 

wn-isopropyl-1,2.4-trimothyl-3-cmbmoyl pyridinium iodido. 

Up 233-23S.C. 
1 
II YQL (CDC13): 6 1.36(d,6H.2CH3), 2.53tm.3H. 

cn3,, 2.76(r,3H.CH3). 4.26(r.lH.CHN02), 4.26(r,3H.WCH3), 7.63(d, 

l~,pyrH), 8.DO(d,lH.YH), a.PS(d.lH.pyrH). 

~~,~-diwtbyl-l-bonryl-2.46iwthyl-3-c~rbmoyl pyridinium braid.. 

IYp 189.4-190.0-c. 
1 
H #I (D20): b 2.47(r.3H.CH3), 2.57(r,3H, 

cn3), 2.157(s,3H.CH3), 3.10(n.3H.CH3). 5.73(r.2H,cH2). 7.3OW 

SH,P~), 7.60(d.lH.pyrH). 8.63(d.lH.pyrH). 

~~,~-diwtby1-l-~3-phonylpropyl~-2,4~inthyl-3~~rb~yl pyridinium 

braid.. 
1 
II WWE (D20): 6 2.13(t,2H,CH2). 2.40(s.3H,CH3). 2.5O(s.3H, 

CH~), 2.73(t.2n.CH2Ph). 2.83(1,3H.WCll~). 3.13(&3iWH3), 4.43(t. 

~H,YCH~), 7.13(r.SH,Ph), 7.60(d,lII.pyrH). 8.43(d.lH.pyrH). 

~Y,Y-diwthyl-l-(S-phonyl~ntyl~-2,4~iwthyl-3-c~rb~yl pyridinim 

braid.. 
1 
II lll~p (CDC13): 6 1.67(r,6H,3CH2). 2.S0(s,3H,cH3), 2.60(s,311V 

cn3,, 2.97(r.3H,YCH3), 3.20(s,3H,WCH3), 3.30(t.2WH2Pb), 4.73(t. 

211.CH21), 7.76(d,lH.pyrH). 9.17(d.lH.pyrJ0. 

~Y,Y~iuthyl-l-(12-phonyl~ocyl~-2,4~i~thyl-3-c~rb~yl pyridtnium 

braid.. 
1 
H yI(p (CDC13): 6 1.27(n.20H.10Cl12), 2.47(r.3H,CH3). 2.S7(t,ZH, 

CH2Ph). 2.80(#.3H,CH3), 2.97(r,3H,CH310. 3.13(~,3lW~W), 4.74(t, 

?H,cH~Y). ?.lO(m,SH.Ph), 7.74(d,lu,pyrH). 9.13(d,lW,pyrH). 

c~,Y-dinthyl-l-dodocyl-2,4-diwthy1-3-e~rbamoyl pyrldinium braida. 

'H m (~1~): 6 0.90(t,3H,Cl13), 1.2S(m,20H,lCCH2), 2.SO(s.31, 

CH3). 2.77(a.311.CH3), 3.00(r,3H,CH3). 3.17(r.3H,CH3), 4.73(t,2R, 

wcn2), 7.8O(d.lH,pyrH), 9.06(d.lH.pyrH). 

~Y,M-dibonty1-1,2.4-trirthy1-3-carbamoyl pyridinlum iodido. 

lfp 153.5-155.s'c. 
1 
H IIKR (D20): 6 2.31(r.3H.CH3). 2.39(s,3H. 

CH~), 4.0S(n,3n.CH311), 4.33(m,2H.CH2). 4.87(m,2H.cI12), 6.77 to 

7.49(m.lOW,2Ph). 7.?O(d,lH,pyrW. 8.57(d.lH,pyrH). 

~~-bonry1-Y~thyl-l.2,4-triwthy1-3-c~rb~y1 pyridinium iodide (10). 

Ip 184-18S.C. Anal. Calcd.: C.Sl.52; H.S.34; W.7.07. ?ound: C.Sl.28; 

11.5.39; W,6.9S. lor d.tai1.d 1H IIUR rpoctrorcopic sod X-ray diffrac- 

tion data (vido r~pra) of the rotanrr: Soo Bartiaanron l t al." 

~~_cr,a~~~tbylb~nryl-l-propy1-2,4-dintbyl-3-cUb~yl ptridiniu lodid*. 

np 220-222.~. Anal. Calcd.: C.54.80; 11.6.21; W.6.39. Pound: C.54.60; 

H.6.17; M.6.24. 
1 
H )IIIP (cDc~~): K l.lO(m.SH.Ct). 1.84(1,6tI. 

C(CII~)~). 2.54(r,3H.Cli3). 2.73(s,3H.CH3). 4.43(t.21L*Cl12). 7.4O(m.SH.Pb), 

7.63(d.lH.pyrH), 8.73(d.lH,pyrH). 8.93(*,lH.~). 

~r-a,a-dinthylknryl-l.2,4-triwthyl-3-c~b~yl pyridinium iodide. 

Ip 233-235-C. Anal. Caled.: C.52.69; ll.S.65; 1.6.83. Pound: C.S?.S*; 

n.5.71; w.7.15. 
1 
II #p (DIISO-d6): 6 ~.~O(S,~H,CWH~)~), 2.47 
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(s.3n.cy3). 2.67(r.3iI*Cll3), 4.23(s.31,Ca3). 7.37(m.Sll,Pb), 7.07 

(d,lH,pyrH). 6.87(d,lll.pyrl). 6.97(r,lH.101). 

~~-~ntyl-l,2,4-tr~rthy1-3-c~rbuoyl pyridinium iodide. 

np 196-196-c. ‘H m (D20): d 2.30(s.3R,CH3), 2.43(s.3X,CH3), 

~.L~(s,~H,cII~), 4.22(s.2H.Cn2), 6.64(m,Stl,Pb). 7.13(d,lR,pyrE). 

7.9l(d,la,pyrn). 

mltoductions with sodium ditbionito. Central procoduro.” 

TO l 120 ml. II l qmooas sodium bicarbonate (saturated with Ar) solution 

of 1.2 rol of the pyridiaium compound. 120 al. of CH2C12 (saturated witb 

*r) VU added. 10 Cq. of sodium dithionito aaro addad in Portions to the 

stirrod aixturo. Tbo agitation was continued for 3 to 4 hours io aa 

Ar-Plurhmd flask, l xcludad from li6bt. Tha dichlomwtbmo layer was so- 

parated, dried aod l wporatod. rosultiw in the crudo dihydro compouod. 

~~-a-rthylbonryl-l-propyl-2.4dirthy1-3-c~rb~yl-l.4~ihydropyridioo 

(4 and 5). 

Aftor crystallization the rolovant l mlytical and spectroscopic data aaro 

in l xcollont l &rvnmt with those described in tbo literature.” Iho 

(41.92) diastorooisawr was submitted to an X-ray study. CONE 

(8u). 

out-of-plan. rotation: 65.. Crystal data: loooclinic. apace group P2l 

l =12.834(10). b=S.108(6). c-13.166(11)11, B-92.98(6)‘. Dll-1.10 t m-3. 

Dc=1.14 6 c. -3, z-2. 

-13_wthyl-3,13-diara-bicycle (10.2.2)b~~d~~-1~14~.12~16~di0~-2400 

‘H MIIR WX3): 6 0.90 to 2.DO(m,12H.6CH2). 2.1S3(r,2E,CH2), 

2.84(r.lH.H~q(15)). 3.0S(r.lH.HaxU5)). 3.06(d.3H.CH3W). 3.35(m.28, 

Ct12w). 4.47(r.lH,H(16)). 5.9S(br.t,lll,YH). 6.30(t.lH.H(14)). 

~l3-wtby1-3.13-di~r~-lS-ronodout~ro-bicycl~lO.2.2)hox~d~~-1~14~. 

12(16)-dioo-l-one (9L). 

lH Inat VxlC13): 6 0.90 to 2.00(r.12H,6Cn2). 2.S2(m.2tI,Cl12), 

2.82(br.d.lH.H.q(15)), 3.06(s.3H.CH3Y), 3.37(m,2H.CH2Y). 4.46(dd, 

lH.H(l6)). 5.87(br.t.lJl.YIo. 6.3O(t.lW.H(14)). 

Dihydro tirivativos of the cwpounda of cato~org 6 (table II): 

~~.W-dirthy1-l-~oryl-2,4~intbyl-3~~rb~yl-l,6~~hy~p~idio~. 

'H WIP 0~1~): 6 1.57(m,3H,CH3), l.80(s.3H,CH3), 2.93(s.3H, 

CH3W. 2.98(s.3H.CH3). 3.74(dd,2H.C(6)H2). 4.14(s.2H,CH2N). 4.70 

(r.lH.H(S)). t.lf(r.5H.Ph). 

dine. 

l" IMB (cDc~~): 6 1.28 to 3.23(m,6Y,3CH2), l.48(m.3H.CH3), 1.63 

(s,~H,cH~), 2.62(s.3U.CH3), 2.63(s.311.CH3), 3.64Wd.2H,C(6)H2), 

4.57(m.1~,~(5)), I.OD(m.SH,Ph). 

~~,~~i~thyl-l-~S-ph~nyl~ntyl~-2.4-dirthyl-3-c~rb~yl-l.6~ibydropyri- 

din.. 
1 H 71~2 (cDc~~): 6 1.20 to 3.12(a,10H,SCH2). l.50(W3WH3), 1.72 

(s,3H,CH3), 2.89(2s.6H.2CH3), 3.71(dd.2H.C(6)H2), 4.66(=,1R.H(5)). 

7.@44(r.Sll,Ph). 

Pyridiw. 

111)1111 (cDc~~): 6 1.20 to 3.12(r,2411.12CU2), l.59(m.3H.CU3). 

1.63(s,3n.c~~). 3.00(2s.6H.2CH3). 3.77(ddJM.C(6)H2). 4.69W1H. 

H(S)). 7.09(m.SH.Ph). 
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~~,w-di~thyl-l-dod~yl-2,4-diwthyl-3-9srb~yl-l,~ikydropyridino. 

1, mR (ml,): 6 0.151(t.3n,CH37. 1.20(r.20W.1DCn2). 1.53(m. 

~II,cI$), 1.76(e.3H.CH3). 2.9l(s.bH,2CH,W7. 3.30(t.2R,CB2R7. 3.74 

(dd.2H,C(6)H2), 4.70(~.1H,HO77. 

~n,~diboary1-l,2.4-triuthyl-3-csrb~yl-l,6~ihydropyrid~~.. 
1 

II mm (cDc~$: 6 1.63(s,3H.CH37, lAJl(s.3W,CH,7, 2.67(s.311. 

CH3Y), 3.67(dd.2H.C(67H27. 6.17 to 7.49(r.lOH.2ph7. 

~~ben+yl-~wthyl-l,2,4-trirtby1-3-~erb~yl-l~6-dihy~pyr~dise~ 
1 H IRIR (cDc~,): 6 1.64(a,311,CHj7. l.83(s,3H.CR37. 2.64(s.31, 

CHOW), 2.E9(3,3H,CH3W, 3.71W,2H.CU27. 4.63(s,2H.CR27r 4.90(& 

lH,R(S77, 7.21(~,5H,Pb). 

ry_cl,adirtbylkncyl-1-propyl-2,4_diuthll- 

ridlno. 

‘H YIP (cDc$): 6 0.87(tJH,CH,), 1.06(d.3H,CH,). 1.52h2H. 

cH2), l.70(s,3H.CH37. 1.72(s.3H.CH31, 2.02(s,3tW3). 3.06(t,2H, 

cn2r), 3.22(r.lii.H(4)). 4.5l(dd.lH.H(577. 5.70(d,lR.R(677. 5.8O(s.ln. 

IDIm). ?.23(~.5H,Phl. 

~~-a,adiuthylbonryl-l,2,4-triwtbll_3-csrb~yl-l,4dihydropyridine. 
1 H YIP (CDCl$: 6 l.10(d,3H,CH37, 1.73(s,371,CH31, 1.771s.3H. 

cH3), 2.03(~.3~,CH~), 2.90(r,3H,CH3R7. 3.30(m,lH.H(4)), 4.5O(dd.lR. 

II(~)), 5.67(d.lH.H(671, 5.77(s,lH,RH). 7.3O(m,SH,ph). 

~~-benryl-l,2,4-triuthyl-3-csrb~yl-l,44ihyd~pyridlne. 

‘H RRR (1~1~7: 6 1.02(d,311,CH3). 2.06(m,311,CHj). 2.92(8.3H. 

CII~Y), 3.27(a,lH.H(477, 4.46(d.2tI,CH2Y), 4.56Md.lH.H(5)), 5.73(d.U, 

H(6)). 7.22(r,5H.Ph). 

this investigstioo hss been supported by the Rotherlsndr pound&ion of 

Chemicsl Resenrch (Soy) with finsncinl eid Cra the Wetherlutdr 

Or&nnirstioa for the Advnncemeot of pure Resesrch (-7. 

Schemes I to VI, pigures 1 to 3. and Isble I sre reprinted with 

perrisrios fra the Journnl of the Auricsn Chaicnl Society (Donkorsloot. 

H.C.A.; lluck, H.U. 1981,103.65497. Copyri&ht 1981 Anrican Chrlcd 

Society. 
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