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420083 Ka3am, 83, ynut~a Ap6y3oaa 8, CCCP 

(Hocm.vnu.m 15 ~e~pa.ta 1973 ; npu,ama 19 .~tapma 1973) 

Some aspects of the application of the method of non-local search of the minimum of a many variable 
function - the so-called 'gulch' method - in gas electron diffraction are considered. This method is 
suggested for use in finding the preliminary model (or models, if there are several) of the mole- 
cule. The possibilities of the approach are demonstrated on the molecule of tetramethyldiaminochloro- 
phosphine, CIP[N(CH3)2]z. Three sequences of points with the low value of the R reliability index - 
three 'gulches' - are calculated for this molecule. Some local minima corresponding to different molecular 
conformations are found, the conformations with unreal valence angles and those with short contacts 
between methyl groups being excluded from further consideration. Two local minima corresponding 
to the most probable conformations of the tetramethyldiaminochlorophosphine molecule are found. 

BBe~IeHne 

Oripe)leyieHrte MOJIeKyJ/~lpHO~ cTpyKTypb~ nO 3.rleKXpO- 
uorpaqbmIeCKnM ~aHm,~M MO:~HO pa36HXS Ha ztsa 
3Tana: 1) H a x o ~ . e n n e  npe~BaprITe.abno~ MO~teSlri 
Mo.aet<y.rl~,i (nmi Mone.rlefi, ec.riH nx HeCKOm, KO) ri 2) 
y-roqHeHHe pe3y.qb-ra-roB nepBoro 3Tana. 3a~2aqH BTO- 
p o r o  3Tana .rlerro peLuam"rca c l-lOMOIJ, lbtO .rlOKaYlbHblX 
MeTO~IOB MHHI, tMI43aLl, rtrl qbyHKllHI, t MHOFHX nepeMeH- 
HblX, KOTOpble llpttMeH~ll-OTCfl ~YI~I OKOHqaTeJlbHOrO co- 
rsiacoBaHn~ Teope"rw-lec~:o~ qbyHKtmH C 3KcnepnMe- 
HTaJlbHO~ MeTO~,OM HaI4MeHbl.HHX KBa)lpa"rOB. C 3TOH 

ttem, ro B ra3oBo~ 3.neK"rpoHorpaqbrm LUripoKo ricno- 
Yib3yeTcfl JII4He~HbI~ CTaTHCTHqeCKI4~ MeTO~I, a.J-tropI4"rM 
KO"roporo pa3pa6o'raH Xe~6eproM H IdsacaKH (Hed-  
berg  & Iwasaki ,  1964). 13O.rlee -ro,aHoe peLueHne aa~o-r 
rsanpa-rn,m~,~e Me'roztbl (CM., Hanp., HayMos,  ~2ame- 
BCKnfi n 3apnnoB, 1970). Hap~zty c 3THMH MeTO21aMrl 
ncno.nr:,3ye-rc~ p ~  ~pyrHx 6oaee  npOCT~IX H ~OCTy- 
l-lHblX MeTO~,OB MI4HI4MId3alJ, HH, KOTOpble TaK:~e npHBO- 

,/J,J;tT K y,/1OBYleTBOpHTeJIbHblM p e 3 y ~ b T a T a M  B CTa)IHH 
yTOqHeHI, I~l. 

.J-IoKa.rlbHble Me-ro~b~ Mory"r oKa3a"rbc~ no.ae3HblMn 
H npn  pettleHI414 3a~aq nepBoro 9xaria. 32eficTBrI-re- 
J'lbHO, B HeKoTOpblX c.ayqaax ~.an BblflBJleHHfl npe~Ba- 
pnTeJmHO~ c-rpyKTypb~ aOCTaTO'mO paCCMOTpeTb.nHLUb 
uec rom,  Ko npezmo.naraeM~aX Moz~e.rle~ rt sa"reM ~,~ 
6paTh rl3 re, IX MriHrIMa~BHOe qric.no ZLn~ OKOHqaTe- 
Yibnoro yTOqHeHri~. OsnaKo B pa,ae C.rlyqaeB Haxo- 
~ e H H e  npezmapH"re.rIbHO~ Mo~e.qri npe~cTaB.aaeT co- 
6o~ 3a~a,ay 3Ha,anTe.nbHO 6o.aee C.nO~Hyro (nMeeTc~ 
B ~u~y MnoroaKcTpeMa.nbHaa 3a;laqa) n xpeBye-r ~4cno- 
Jlb3OBaHHfl HeJ1oKaJIbHblX MeTO~OB MI4HHM143aH, HH. 

O6~nHO 3aztaqa pemaeTca MeTO,/1OM CeTOK. I-lprt Ta- 
KOM n o a x o a e  npHxo~mTca aHa.an3ripoBa-rb 6om,  moe 
qrlc.rlo Mo)le.rle~, IIO3TOMy Me"roll CeTOK rlpe;lcTaB.rl~le- 
Tea MaJIo3qbqbeKTnBHblM. YIpHa~IeqeHI4e 6o3aee MOIllHblX 
He.noKa.nbHb~X MeTO~IOB noncKa MHHHMyMa (1)yHKRHO - 

Hayia MOFJ~O 6hi cyttIeCTBeHHO o6~erqriTb pemeHrte 
3TOH 3a~taqH. 

H n ~ e  Ha npHMepe MO.neKy.ab~ TeTpaMeTH.rI~rtaMH- 
~oxJ~opqbocqbrl"ra, C1P[N(CH3)z]2,paccMa"rpnBaro"rc~ He- 
KOTOpb~e acneK-rb~ npnMeHenHs Me-rona 'osparoB '  B 
ra3oBo~ 3.qeKTpoHorpaqbrm. MeTon oBparoB Feslbqba- 
Hna rt HeTaHHa (1961) 6~,~a secbMa ycnemHo rtcno.ab30- 
BaH B pnne 3a~aq qbrt3HKH, TeXHHKri rl 3KOHOMI.tKI.,I. 
l-lpaKTnKa npHMeneHrm 3TOrO Me"rona B 3ana,~ax 
peHTreHoc-rpyK-rypHoro aHa.nn3a noztpO6HO n3J~o:~eHa 
FeJmqbaH~,OM, By.aoM, FnH36yproM n qbenoposs~M 
(1966). 

1-1pHJl0~eHHe MeTO~la onparon K saaaaaM rasonofi 
:~aeKTpoaorpaOan 

B 3 T O M  naparpaqbe oCTaHOBHMCfl Ha H~lee, no~o~eH-  
HOfi B OCHOBy MeToaa oBparoB, 3axeM paCCMOTpHM 
HeKOTOpble BonpOCbl, CB~I3aHHble C HCFIOYlb3OBaHHeM 
3Toro MeTO~la B ra30aofi  3J~eKTpoHorpaqbnn, H OnHttleM 
nporpaMMy, HCnOJIb3OBaHHyrO HaMH ~1~ opraHn3aLIHH 
HeaoKaabHoro noncKa no oapary.  

M e r o a  oBparoB oKa3bmaeTca 3qbqbeKTIIBHbIM B TOM 
c.ayyae, Kor~aa MrtHHMrI3rtpyeMa~l qbyHKr~VDt ~IBJ'IaeTC~I 
xopotuo  opraHH3OBaHHO~, l-loa xopomefi  opraHn3a- 
ttHefi qbyHKLtHH rIOHrtMaeTca BO3MO)KHOCTb pa3aeJ~e- 
HHfl He3aBHCrIMblX nepeMeHHblX Ha rpynny  cyu.IeCTBe- 
HHblX H rpynl-ly aecytttec-raeHHbiX nepeMeHm,ix. Cy- 
mec-raeHHbiMri nepeMeHH bIMrt aBJm rO-rCa re  apryMeH"rbi, 
n3MeHeHrIe KO"rOpblx nprmoztrt"r K O"rHOCH"rem, HO He- 
6o.abmoMy tt3MeHeHItlO MHHHMH314pyeMo~ qbyHI(IIHIt 
F. 3"ra r p y n n a  BKSI~oqaeT n e 6 0 n b m o e  aHcao nepeMea- 
Hb~X. OcxanbHble nepeMeHHbie nann~OTC~ necymec-rBeH- 
HbIMH, H3MeHeHHe HX BejleT K 3HaqHTeJIbHOMy H3Me- 
HeHrltO F. 

l-IoncK no oupary  opraHH3ye-rca cne~ty~otuHM o6pa-  
3OM. Bbl6HpaeTca npOU3BOJ~bHaa ToqKa B Hpocrpa-  
HCTBe He3aBFIClIMbIX nepeMeHHblX I~ npoH3BOjI~ITCa 
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cnycK c rlOMOmbIO KaKoro-H146y)I~ YIOKa.rlbHOrO MeTO- 
)la. f l ~  ycKopeHna cqeTa ~oKa~bHbI~ crIycK peKoMe- 
H~yeTcn npoBO~nTb C rpa~rteHTHOh npo6o~.  Bap14a- 
tins nepeMeHHb~X npeKpatttaeTcn npH BbmO~rieun14 
yCJ~OBH~ 

7t+ 
m _ > A ,  

F, 

r~e i -  HOMep ~TepattH14, A - rpa~HeHTHa~ npo6a .  
3aTeM rm paccTonnHn, npeBbimaromeM m a r  ~oKa- 
abHOrO cnycKa, Bb~614paeTcs cne~y~omaa TOqKa 14 
BHOBb npon3ao)lnTC~ J~oKaJ~bHbIfi cnycK.TaK~tM o6pa-  
3OM noJ~y~aroTcs JIBe cnymeHnbie TO~K~ )?t H )?2. Ho  
~oop~t14HaTaM TOqeK )?~ rt )(2 CTpO14TC~ e~I14HHqHb~ 
BeKTop ~0 I4 Ha paCCTO:;IH14rI oBpa;~HOI'O ttlara h OT TO- 
qK14 X2 naxo~14"rc~ TOqKa )(3, Ha3biBaeMa~ TOqKOfi 
OTXO~a. Ec~I14 cytI2eCTBeHHblX rIepeMeHHblX HeCKO.rlbKO, 
TO MaKC14MaJIbHOe npnpameH14e 8 ToqKax OTXO~a 140- 
J~yqaeT Ta, ~ KOTOpOfi nepBafl nport3BO~Ha~ MI4HH- 
Ma~bna. ~a~ee ,  M14HriMH3aLt14e~ onpe~e~aeTca c~e~y- 
romaa cnyLUeHnaa ~oqKa )73 14 c~eayeT nOBTope~14e 
npotte)~ypbL Flpo~B14raacb TaKrtM o6pa3oM riO ~Hy 
oBpara, Bb~aB~arOTCa Te 06~acTn napaMeTpoB, rae  F 
np14n~MaeT ~OCTaTOqHO Ma~bxe 3Haqe~14a. 

Ha  06014x 3Tanax onpe~e~eHrIa MO~eKynapHo~ 
cTpyKTypbt no  ~aHHbIM ra30BOfi 3~eKTpoHorpaqb14n 
(CM. 8b~me) pemaeTcs  no CyLUeCTBy O~Ha rt Ta x e  
3a~aqa, KOTOpaa COCTOrtT B c6~nx~eHrt14 TeopeTnqecKH 
paccq14TariHO~ qbyHKtm14, 3aBHC~LUefi OT reoMeTpnH H 
CH~OBOrO noah  MO~eKy~bI, C 3Kcnep14Me14Ta~bHO Ha- 
6~ro)~eHno~ MOaeKy~spHO~ COCTaB~arome~ 14HTeHCH- 
B8OCTn paccea148bix 3~eKTpOHOB. Tpe6yeTcs Ha~Tn 
MHH14MyM BeJI14qI,IHbI 

R =  ~ ¢O,[I?KCn--ITEOP] 2 , (1) 
i 

rae I? rcn 14 IT E°p - Ha6.rIIo)lenHble 14 paccq14TaHHble 
3Haqe1414n B i -- O~ TOqKe, a o9~ - Bec i -- ro  na6~ro)le- 
n14,q, q)yHKtt14rO R Ha3blaaIoT HeHOpM14pOBaHHblM qbaK- 
TOpOM pacxo~14MOCTH. B BeKTOpHO-MaTp14qHblX O6O- 
3HaqeH14SX Hama qbyHKtms np14814MaeT 8a~t (Hedbe rg  
& Iwasaki ,  1964) 

R = N ' P N ,  (2) 

r~e N -  BeKTop-cTOSI6ett, n p e ~ c T a B ~ m m n ~  pa3rIOCTb 
rla6YltO)~eHHblX 14 paccq14TaHHblX 3HaqeHrt~, N ' -COOT-  
aexc~Byroman BeKTop-cTpoKa 14 P -  BecoBaa MaTprtua. 

Mo~eKyzapna~ COCTaB~arOLUa~ 14HTeHC14BHOCTH pac- 
ce~tHHblX 9YleKTpOHOB 3aB14C14T OT reoMeTp14qecK14x na- 
paMeTpOB ~t cpe31HeKBa~paTrtqHb~X aMnJanTy~ Ko3e- 
6a814fi nap  aTOMOB. ['eOMeTpItqeCKHMI4 napaMeTpaMrI 
~IBJ-IfltOTC~I ~J-IHHbI CB~I3eH, BaY~eSTHbIe yr~bi r~ yr~bI 
BpattteH14~l OT~eflbHblX aTOMOB I4YlkI rpynri aTOMOB 
aoKpyr op~14HapHb~X CBfl3efi. 

~JIR opraH143aLt1414 rIo14cKa MeTO)~OM oBparoB Ba~HO 
npo143BeCT14 rtpaB142Ibnb~ abI6Op ne3aB14CriMbIX nepe-  
MeHHbIX, onpe)~e~nromnx reoMeTprtlO MO~IeKy~IbI. He- 
3aBrtCHMb~e napaMe~pb~ c2~e~yeT Bb~6paTb TaKI4M o6pa-  

30M, qTO6bI rtMeJIacb BO3MO;~KHOCTb pa36tIeH14~ nx Ha 
cymeCTBeHnbIe H secytttecTBeHHbIe. B r p y n n y  cynle- 
CTBeHHblX riepeMeHHblX OqeBl4~HO B o ~ y T  flHLLIb HeCKO- 
.rlbKO reoMeTp14qecK14X rlapaMeTpoB. OcTaYlbHble reo-  
MeTpnqec~rte napaMeTpbi rt aMnYinxy~lbI KoJIe6aHH~ 
COCTaBnT r p y n n y  HecymecTaenHbiX nepeMenHblX. Hy- 
~HO OTMeTnTB, qTO B MHoronapaMeTpoBbix 3a~a~ax 
3HaqaTeJIbHylO qaCTb HecyLLteCTBeHHbIX rIepeMeHHbIX 
He y)aaeTca onpeiIeaHTb 143 3Kc14epHMeHTa. 3TO 3aMe- 
naH14e npe~rae acero OTHOC14TCa K aMnnHTyZtaM Kone- 
6anH~ lgj. Ha)le~Ho onpenenatOTCa nHtUb l~ Memay 
napaMH BaJIeHTHO CB~I3aHHblX H Tst~eflblX aTOMOB. Be- 
flI4qHHbl OCTaflbHblX lij nprtHrtMarOTC~. O~HaKO 3TO 
O6CTOflTe.rlbCTBO He Be~eT K cepbe3HblM omn6KaM (oco- 
6enno  Ha 14epsoM 3Tane pacm14qbpoBKH), nocKo~bKy 
3TH r l a p a M e T p b i  flBflfltOTCfl CaMblMld HecyLLteCTBeH- 

HblMH. 

Flepeh~eM K onrlcaHmo nporpaMMbI.* B KaqecTse 
~oKa~bHOrO MeTo)~a BbI6paa MeTO~ HanMeHbm14X 
KBa~paToB ( H e d b e r g  & Iwasaki,  1964) rt rtcno~Ib3O- 
Bana cxaH~apTua~ nporpaMMa ( H e o 6 x o a n ~ o  3mUb 
CocTa~eHHe no~2nporpaMMb~ ~ pacqeTa reoMeTprirt 
MO~qeKy~bI B Ka~2OM KOHKpeTHOM c~y~ae). Ona  no- 
3BO.rl~leT BeCTH M14H14Mrt3aurtrO R (2), ocnoBannyro Ha 
~aHHblX HHTeHCI4BHOCTH paccennH~ 9fleKTpOHOB, 1-10 
reoMeTp14qecKrtM napaMeTpaM MO~leKy~b~ rt aMn3nTy- 
HaM ~oze6ann~.  B nporpaMMe n p e a y c M o r p e n o  npe- 
KpameHue cqeTa, ecmi BbmO~H~eXc~ yc~oBae: 
R~+~ > Rg, x.e. XOqHOCX~, onpeae~aenn~ BapbnpyeMblX 
14apaMeTpoB B cHylILeHHbIX TOqKaX flBYIfleTCfl TaKOBOH, 

KOTOpyro Mo)KeT HaTs rICnO~b3yeMbI~ 2IOKaYlbHbIH Me- 
TO~. 

COCTaB~eHa c~e~yroman nporpaMMa~ Zt~a opraHn- 
3attm! noncKa MeTO~OM oaparoa .  Floc~e TOrO, KaK 
BbI6pana 14cxo~naa ToqKa B npocTpaHCTBe He3aBrtCri- 
Mb~X rIepeMennbIX (B HaLUeM cnynae ~ npocTpancTBe 
reOMeTpttqecKHx napaMeTpoB), rltLt~TCfl ~IoKa~IbHbI~ 
MI4H14MyM. 3aTeM, npo143Be~Is B cnyt t tenno~ TOqKe 
aHa~143 nepBbIX nport3BO~HbIX c3R/~q~ (q~ - 06o6meH- 
Ha~l He3aBHCrlMa~I rlepeMeHHa~l), Haxo~HTC~I HaH60.rtee 
CyLLteCTBe14naa nepeMenHaa H ~ HanpasneH1414 ee ~ena-  
eTC~i OTXO~ C TaK14M maroM, qTO6bI oqepe~nof i  ~oKa- 
flbHbIH cnycK He npnaen  BHOBB B riepayro cnymennyro  
TOqKy. Tenepb,  Korea riO.rIyqeHbI a se  cnymeHHb~e XOqKn 
z~ 1 I/I ~2 ,  rlpotI3BO~laXCa m a r  no oapa ry  n n o a y q a e r c n  
o~epe~rtaa ToqKa OTXOaa X3 =)72 + h.o. Bao~b npon-  
3BOaaTCa ~oKaabHbt~ cnycK, no ToqKaM Xz n )?3 c rpo-  
nxca 8eKTop 0 I4 Y.~. 

1-Ipe~yCMOTpeno ~B~IXeHne no oBpary c riepeMen- 
HblM oBpa~Hb~M marOM h. I-IOHCK Be~eTCfl C ne60~IbLUO~ 
ae~aqnHO~ mara .  B TOM c~yqae, ecn14 ~IOKa2IbHbl~ 
cnycK H3 oqepe~Hofi TOqKId OTXO~a npHao~14T a OK- 
peCTHOCTb n p e a b ~ y m e ~  criyLL~eHHO~ TOqKH, m a r  yae- 
~qriqrtBaeTcfl ri c.qe)lyeT nOaTopenrie ~BI/DK2HHfl riO 

* Bce pac~eTbt 8bmoanenbi na ~)BM M-222 no nporpaM- 
MaM~ HaFII,ICRHHbIM B MalLIMHHbIX Ko2Iax. 

t FIporpaMMa COCTaB~ena c yqeTOM reoMeTpHqecKHx oco- 
6eHHocre~ Mo~eKyabi TeTpaMeTna)lHaMmlOX~OpqbocqbnTa. 
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aTOMy yqacTry. )2anee BenHqliHa nepBoHaqanbHoro h 
BOCCTaHaBJIliBaCTCFI I4 T.,/],. 

I'[OHCK npe~IBapnTe.rmHofi Mo~Iean Mo~e~cym,~ TeTpa- 
MeTll.rl~naMli~O x.rlop~oc~llTa 

Mozen~, MOneKyJIbI TeTpaMeTlid~21liaMli~loxnopqboCqbH- 
Ta npe~cwas~ena Ha PHc. 1. KoHqbOpMauHn MoneKynbl 
onpe~eJIseTcn 11 He3aBliCliMt,~MI4 napaMeTpaMli (ecnH 
He npliHHMaTb BO BHHManlie BpaUteHHe Bo~pyr CB~3e~ 
C - N )  -~lnHH~I CBS3e~: C - H ,  C - N ,  P - N  n P -C[ ;  Bane- 
HTHble yrns l :  C I - P - N ,  N - P - N ,  C - N - C ,  P - N - C  li 
N - C - H  ; yrm,I Bpamenlin Bo~pyr CBn3e~ P - N  : ~0~ H ~02. 
OqeBli~HO ~Ba l i 3  HliX ~IBnfllOTC~I CylJ2eCTBeHHblMH ne- 
peMeHnb~MH - tpx li ~02. OcTanbHble COCTaBn~rOT rpynny  
HecyHIeCTBeHHb~X nepeMeHHb~X. M o n e ~ y n a  Co~lep~HT 
40 OCIJO~UU~X Mez~u~tepm,~x paccTo~un~. Cne;~oaaTe- 
nbHO, BO UTopyro rpynny  B o ~ y T  40 COOXaeTCTay~omlix 
aMnnnTy~ Kone6aHli~. ECTeCTaeHHO, qTO Tahoe qncno  

CI 

/ 

C4 ~ '  C~ 

Ca C2 
X 

PHC. 1. MoAem, MoJ~e~ym,~ "rerpaMeT~n~t~aMu/loxnopqbo- 
cqb~ra. ~e~ap'ro~a C~CTeMa ~oop/1HHaT m,~6pa,a Ta~, qTO 
C~3~ P-N ~ 6ncce~Tpncb~ yr~o~ C-N-C ne~ar ~ nnoc~o- 
CT~ X Y ,  aTOM~,~ Ct(C~) a C2(Ca) pacnono~e~l  CnM~eTpnU~O 
rio o6enM CTOpOnaM OT nJ~OC~OCTU X Y  (Tahoe nono~eHue 
aTOMOB yr~epo~la COOTBeTCTByeT yrJ~aM Bpamen~ ~0t n (oz, 
paBHb~M 0 °, crpen~a yKa3bIBarOT Hanpa~neHr~ nonon~- 
Tem, noro ~patueHHa), ocs X cosnaaaer c 6ncce~rpuco~ 
yrna N-P-N n CBa3b P-CI nez~nT s nnoc~ocTa XZ; aTOMbX 
Bo~topo/la 6nnma~mnx MeTl4flbHblX rpynn HaxojIflTCfl B max- 
MaTHOi:t I(OHOOpMaI_tHI4. 

f(r) 

" ~  .... r,~*--- 

PHC. 2. Kpr~aaa pa~tHadabnoro pacnpeaenemm. 

napaMeTpoB HeBO3MO)t(HO onpe~lenHTb ~a~re B CTa~liH 
yTOqHeHH~ cTpyKTypbL l-Ipn Hccne;loBaHnH opraHnqe- 
cKnx MoneKyn c 6OnbLUHM qHCnOM napaMeTpoB 3azta- 
qe~ nepBoro 3Tana ~Bn~eTc~ onpeheneHHe OCHOBHblX 
reOMeTpHqeCKHX napaMeTpoB. 

HeKoTopyro HHqbOpMaumo O reoMexpHH MoneKynb! 
MO)KHO no.qyqriTb B CaMOM Haqane pacmHqbpoBKH H3 
KpHBOfi pa~Ha~bHoro pacnpene:aeHHn, paccqHXaHHOfi 
Ha OCHOBe ~aHHblX pacceflHH~l B o6nacYH Smin--Smax. 
KpHBan paaHanbnoro  pacnpeaeneHHn HccneayeMofi MO- 
neKynb! npeacvaBneHa na PHc. 2. Ee BaneHvHas o6na-  
crb coaep~Hx 4 noqTn pa3pemenHb~x nHKa. E)To O6CTO- 
~ITenbCTBO cytttecXBeHHO o6nerqaeT pacqeTbl. Bce qe- 
Tblpe ~JIHHbl caa3ri onpe~enmoTca c xopome~  TOqHO- 
Tb~O ( C - H  = 1,13, C - N =  1,46, P - N  = 1,74, P - C I =  
2,175 fi,) n 6 n a r o ~ a p a  aTOMy oTnanaeT Heo6xo~ri- 
MOCTb BapbHpOBaHrla Hx Ha aTOM arane.  

BK~aa B o6mee  paccenHHe OT nap aTOMOB N . - . H  
H C "  .H  BecbMa Man. HOaTOMy BennqnHa y rna  
N - C - H  6t,lna npH,nTa (114°). B aTO~ CBa3H He pac- 
CMaTpHBa~OCb H BpameHne ~o~pyr CBn3e~ C - N .  

TaKHM o6pasoM, pa6oanMn napaMeTpaMn a~n~ro- 
Tc~ 6 yrnoB:  C I - P - N ,  N - P - N ,  C - N - C ,  P - N - C ,  ~ r~ 
~02, u natua 3 a a a q a -  onpe~tenHrb xe o6nacrH aTHX na- 
paMeTpOB, B KOTOpblX R rlpliHliMaeT HattMerlbl_tlrle 
3HaqeHlifl. 

]3~,~iri paccqiaTaH~ Tprt nocne)~oBaTenbHocxH TOqeK 
C ManbIMI4 3HaqeHri~MH R - Tprt o~para.  B Ka~IOM 
cnyqae Hcxo~rinn H3 ~oHqbopMatmH C ~01 n ~02, paa- 
H~IMn 0 °. )~nn nepBoro  oBpara nCXO~HO~ sananacb  
XOq~a C Koop~nnaxaMri 100, 97, 115, 115, 0 rt 0 °. MH- 
HrIMH3attnefi R no LUeCTH nepeMeHHb~M 6s~aa HafiaeHa 
nepaaa  cnymeHHa~ Toqra (PHc. 3). 143 3xo~ Toq~n 
6bxn c~enaH OTXOZt B nanpaBneunn  tp~ Ha 10 ° n npori3- 
Beaten aTopofi n o ~ a ~ H b I ~  cnyc~. B pe3yn~TaTe 6~ma 
onpe~eneHa BTOpa~ cnymenHaa  Toqna. 3aTeM 6blnO 
opraHnaoBaHO ~BH~eHrte no oBpary c oBpa~Hb~M ilia- 
TOM h = 0 , 2 .  O;1Ha~O aTa BenrtqnHa h, Ka~ noI<a3a_rl~I 
pacqeTbl, He Bcer~a oKa3blBanacb y£toBneTBOpttTe- 
nbHOfi. Ta~, HanpnMep, HaM He y~a~anocb a~i6pax~ca 
lib oKpeCTHOCTli TpeTbefi cHyuleHHO~ TOqI<li. ~ a ~ e  
y~,aoeHlie m a r a  He npHBeno K ~enaeMoMy peBynbTaTy. 
14 .JIHlllb yaenHqeHrte h B 2,5 paBa no3aonHno abI6pa- 
TbCfl H3 3TOrO noKanbHoro MmmMyMa. YqHTblBafl :3TO 
O6CTOnTenbcT~o, aanbHefituH~ nOHCK npoBoartnrt c 
nepeMeHnb~M o~pa~Hb~M tuaroM. EcnH ~e:m~nHa 
h~=0,2  o~a3~manac~ He yaoBnexBopnxen~HO~, TO ee 
3aMeHnnH na h2=0,5.  

OBpa~rHb~e m a r n  h~ =0 ,2  rt hz=0 ,5  ncnon~3oBann n 
~nn pacqeTa ~ByX )~pyrnx nocne~oBayenbHocre~ TOqe~ 
C HH3KttMH 3HaqenHflMH R. HpriMe,aa-renbHo, q ro  ec.rl~I 
rtCXO~nTb ri3 VOqrrt C KooparmaTaMH (98,4, 96,5, l l6, 
119,0 H 0 °) a npocTpaHcrae (C1-P-N,  N - P - N ,  C - N - C ,  
P - N - C ,  ~t vi ¢P2), TO rpa2IuenrHb~ cnyc~ npnao~Irtz 
Henocpe~CTBeHHO B TpeTbI-O TOqKy nepBoro oapara .  
14MeHHO aTH BenrlqrtHbI yrnoB 6blnH B3flTbI B KaqeCTBe 
HCXO~HblX ~nfl nocTpoeHrifl BTOpO~ nocneaoBaTenb- 
liOCTrt ToqeI(. [/13 nepBo~ TOqKH BTOpOFO oBpara 6b~n 
caenal i  oTxo~ B HanpaBneuan ~02 Ha 30 ° n onpe~esIeua 
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BTOpa~ c n y u l e H H a ~  TOqKa. ~ a ~ e e  6 ~  o p r a H r t S o B a H  

n o n c ~  n o  o a p a r y .  
qTO ~acaeTca  TpeTbero  o a p a r a ,  TO OH 6bI~ naqaT 

c~e~y~omnM o6pa3oM.  M ~  n o n ~ T a ~ n c s  Ha~TH TOqKy 
C HH3KHM 3HaqeHneM R B6.rln3n nepBo~ cny t t t eHHO~ 

TOqKrt C Koop~HHaTaMH 98,4, 96,5, 116, 119, 110 H 
66,7 ° ( n o p s ~ o ~  nepeMeHHbIX TOT ~ e ) ,  ~aBaa  npHpa-  
ttteHrlfl o6er IM cyu lecTBeHHblM r]epeMeHHbIM. 1-IocYle 

HeCKOJ]bKrIX n p o 6  oKa3aJ~ocb, qTO HCKOMOH ~ B ~ e T c ~  
TO'tI<a C ~oop~r tHaTaMn CyLUeCTBeHHbIX nepeMeHHbiX 
125 n 81,7 ° (PHc. 4). Idcxo~fl  . 3  9TrtX ~ByX TOqe~ 6bIJ~O 
npo~oJ~<eHo ~BmKeHHe no  TpeTbeMy oBpary .  

B o  BCCX TOqKaX C HH3KHMH 3HaqeHHflMH R 6e3  

HCKJItOqCHH~:I, n p H H a ~ e ~ a t t t r t x  BCeM TpeM o B p a r a M ,  
K o I a q b , r y p a t t n a  CBfl3efi aTOMa a 3 o T a  n p a ~ T m ~ e c K ,  nJ~O- 

cKafl. ~)TO O6CTO~ITCJIbCTBO 3HaqHTeJIbHO o6.rleFqHJIO 

p e m e n H e  3a~taqH, I]OCKOJlbKy Olga3blBaeTc~I, qTO HOBO- 

pOT B o r p y r  CB~3~ P - N  Ha 180 ° 9KBHBaaeHTeH nOBO- 
poTy Ha 360 ° (T.e. nep r to~  o6pameHr tn  COCTaBJ~eT He 
360, a Bcero  180°). l-Ipri aTOM B3anMHOe noao~reHHe 
~tI4MeTH~IaMrIHHb~X r p y n n  y~O6HO o x a p a K T e p H 3 O B a T b  

yraaMrt  BpaLUeHHa ~ rt ~0~ B HHXepBa~e -- 90 -- + 90 °. 
H a n p H M e p ,  y r o a  120 ° n o a o ~ r I x e J ] b n o r o  HanpaBneHrm 
BpatueHn~ COOTBeTCTByeT y r a y  - - 6 0  ° B npOTHBOnOnO- 
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PHc. 4. TOqKH 3 oBpara.  
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noKa3b, BaeT nepeHoc Ha 360 °. 
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T a 6 n n u a  1. KoH~6opMaquu Mo~e~y~bt mempaMemu~OuaMuOox~opo~oco~uma a mouKax oapaeos 

n - HOMep ToqKH (nocne~oBaTenbaOCTb ToqeK xa . e ,  ~TO Ha PHC. 3 n 4), ~ n ~2 - yrnbI BpameHnn BoKpyr CBfl3e~ P - N ~  a P - N 2  
(cTpenKH yKa3bIBarOT nanpaB~eHnn nono~KHTenbHOrO BpameHnn), R - nenopMnpOBanHbX~ ~asTop pacxoaHMOCTn, 1' - ncxoanan 
TOqKa. B T a 6 n H u e  npeAcTaBnenu oKpyrneHHb~e 3Haqennfl ¢~, ~2 ~ R. 

1 oapar 2 oapar 3 oapar 

0p~eHTaq~a 0p~eHTaq~R 0RMeHTaqMn 

n N(CH3)2 ~S ~ R×10-1 n N(CH3)2 ~2° el° Rxl0-1 n N(CH3)2 e2° ~1° R×10 -1 
rpynq rpynn rpynn 

I' N~ 0 0 1138 
3C~ I 

I ~ .~ 67 -70 949 

2 ~ / 61 -61 908 

3 ~ J T2 -48 824 

4 ~ Z 87 -5 905 

5 ~ ~ 89 18 874 

6 ~ ~ 89 47 939 

7 ~,,~ ~ 72 26 824 

8 ~ X 77 36 835 

9 ~ t,~ 74 25 821 

10 ~ t .  62 -9 887 

11 ~k / 47 -42 915 

12 {" / 0 -61 790 

13 / ,....-,-'~ - 28 -74 858 

14 / "- ' " -48 85 958 

15 / ~-36 57 829 

16 "/ ~ -7 40 810 

18 20 39 849 

19 ~ X 54 46 859 

20 ~ ~ 73 27 824 

21 ~ ] 89 5 897 

22 / y -63 9 952 

23 / A -49 -2 922 

24 / ~ -34 -5 790 

25 / 1-38 0 8O2 

26 / 7 -37 -8 814 

27//-13-15933 

2 8 1 / - I - 1 5 9 2 6  

2 9 1 / - 3 - 2 4 9 2 9  

30 X /33 -55 962 

31 ~-~ /63 -62 875 

32 ~ /84 -53 885 

! 
I' ~ ~ : ~ 0 0 1121 

I X '~ 73 -49 824 

2 X ~ -75 -59 975 
l w  

,,, \ 
5 ~ ~ -44 -40 993 

6 -48 -9 870 

7X /-51 29 824 

9 / -I0 -70 825 

1o ~ ~ 5 -59 875 

11 13 -63 837 

12 ~ S 4~ -72 824 

13 60 -90 872 

14 "~. ~ 69 72 975 

15 ~ ~ - - 80 25 874 

16 .\ ~ 83 13 ~85 

17 ~ ~ 90 -3 892 

18 ~ ~ -69 -~6 870 

19 ~ = - ~ -42 -26 855 

20 ~ X -50 -22 869 

21 ~ .~ -39 -13 85S 

22 / . ~ -40 -4 826 

23 . t  -~. / -44 i 848 

24 _- = - / -52 31 788 

25 X / -43 44 847 

26 #" / -28 49 824 

2 7 / / - 2 0 4 7  826 

28 / / 21 45 829 

29 / J 29 48 911 

30 / .~ 48 h7 893 

31 / ~ 76 34 831 

3211 870897 

i'Iloo 138 

i 67 -7o 949 

2 ~ / 82 -55 I095 

3 ~ ~ 73 -49 82h 

h ~ ~ 6o -6 828 

5 ~ ~ 60 13 850 
I 

6 ~ ~ 59 3 852 

7 ~ 62 -11 835 

8 J -4s 

1o / ~ ~4o -17 926 

1 1 / I - 4 2 - 7 8 5 7  

13 -/ -33 -I0 81"4 

14 / / -30 -8 834 
! 

15 ~ / 70 -!,8 795 

16 ~ / 70 -38 889 

17 \ / 16 -77 919 

18 I / -15 -5d 82o 
19 / -7 -59 8O5 

20 / -36 -51 964 
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:~HytO CTOpOBy BpameH14a. KoHqbOpMaI114H MO.rleI<y.rIbI 
TeTpaMeT14.rI)lrlaMI, I~OXJIOpqbocqbI,ITa B TOqKax oBparoB 
npe~cTaBaeHbl B T a 6 a m t e  1. 

Bce TpH oBpara  tuJm pa3J~HqHblM~ nyT~Mrt 14 B 
~a~ tOM oBpare Ha~eHb~ o6~aCTH C HH3K14MI, I 3Haqe- 
Hrt~M14 R. B TO ~ e  BpeM~, ecJm o6paT14TbCa ~ ~aHHblM 
Ta6~I, It~bI 1, CTaHOBI, ITC~I oqeBI4~HblM, qTO Ka~tbI~  OB- 
p a r  npolJJe~ qepe3 HecKoJIbKO J/oKaJ/bHb~X MHHHMy- 
MOB, XOTOpU~M COOTBeTCTByrOT Oa.Ha~OBbIe nOH- 
qbopMatt14rt MOJIeKyJ~bI. 3Ha~eHna MnHI4Mn3HpyeMo~t 
qbynlo/14H I4 cymecTBemtb~X nepeMeHHbIX B 3TI~X sIo~a- 
JIbHBIX MI4HHMyMax npa~TnqecKn coBna~laroT (Hanpn- 
Mep, TOqXn* 3~, 122 rt 83). CYte~IosaTe.qbHO, ~ 3TO~ 
3a~aqe MO~I-IO 6bI.J-IO oI-paHl4ql4TbC~l pacqeTOM J1HI_HB 
O~HOH noc.rle~oBaTe.ribHOCTn ToHeK C HHBKI, tMH 3Haqe- 
nn~Mn R. ~ e ~ c T a n T e a b n o ,  y~Ke B nepBoM o a p a r e  
6blY114 Hafi~enbi ~oHqbopMaunn co BCeBOBMO~HO~ opn- 
enTatI14e~ ~14MeTI, IJIaMHHHbIX rpynn .  

Ka~ OTMeqaJIOCb BbILLie, ospar14 npom~14 qepe3 Hec- 
KOYlbKO o6.rlacTefi c HH3KHMH 3HaHeHH~IMH R. I43 HI, IX 
Tp14 O6:IaCTH (C TO,haM14 31, 12, 122, 33, 83 ti 153; 7~, 8x, 
9~ r~ 201, 14 72, 242 n He~OTOpbIe ztpyrne) caeayex  14c~aro- 
qHTb H3 paCCMOTpeH14a nO TO~ nprlqriHe, qTO O~HO 143 
Me~,aztepHb~X paccToarm~ C . . .  C s 3T14X roaqbopMa- 
U14ax HeaonycT14MO Ma:IO ,-, 2,19--2,55 A. OcTam, m, le 
TOqKH C HaI4MeHbm14M14 3HaqeH14~tMH R (161, 241, 
25~ n 212, 14 12x, 193 n HeKOTOpbxe apyr14e) np141-Iaa~e- 
7KaT )lSyM HCKOMbIM J1oKaYlbHblM M14H14MyMaM, KOTO- 
pbIM oxBe~aIOX ~Be ~onqbopMarm14 MOYte~y~IbI. Ta~14M 
o6pa3oM, npejlBap14TeJIbHblMI4 Mo]xeYI~IMI,I MOJIeKyJIbI 
TeTpaMeTnJUlnaM14~lOXYIopqbocdpnTa aBYlaIOTCa ~Be MO- 
a e a n :  1) ~0, npnn14MaeT 3Ha~eHns B oKpeCTHOCTn -- 60 °, 

* HIl~HI4~ rlH~leI<c o3HaqaeT HOMep oBpara. 

a q~2 - B oKpeCTHOCTrI 0 ° I4 2) qh np14H14MaeT 3HaqeHHa 
B oKpeCTHOCT14 0 °, a ~02 B oKpeCTHOCTn - -40 °. 

BMeCTe C TeM 14MeeTcfl HeCKOJIbKO TOqeK C OTHOCI4- 
TeJIbHO BblCOKI4MH 3HaqeH14flM14 R, cyI-LteCTBeHHble ne- 
peMenHble KOTOpblX TaK~e Haxo~t~TCSt B 3TOH o6nacTn 
yraoB BpameHi4g. O~naKo 3TH XOqK14 ~tB.rlfltOTC~l He 
yI1OBJIeTBOpHTeJIbH hiM14, nocKonbKy HM COoXBeTCTBy~OT 
I(OHqbOpMatlHH C HepeaJ~bHb~MH BeJ~HqHHaM~ BaJ~eHT- 
HbIX yrJmB. HanpHMep, To~Ke 113 COOTBeXCTByeT ~OH- 
CI~opMauHa C yrnoM N - P - N  =86 ,5  °. qTO ~ e  racaeTc~ 
OCTaJIbHbIX pa6o~Hx napaMeTpoB, TO 14X BeJlI, IqHHbI B 
ToqKax oBpaFoB 143MeH/t.rlttCb B cJieaytomHx npejleJlax: 
C 1 - P - N  (97,0-102,6°),  N - P - N  (86,5-101,8°),  C - N - C  
(116,0-124,5 °) 14 P - N - C  (117,7-122,0°).  B ToYKax, 
nprlHa)l.ne:~aturtx HCKOMbIM 2IOKaJIBHBIM MI4HHMyMaM, 
BaJleHTHble yrabl  COCTaB.q~IIOT C I - P - N  (98,4-99,°5),  
N - P - N  (94,8-99,1°),  C - N - C  (120,8-122,5 °) H P - N - C  
(118,7-119,4°). 

B 3aK.rlrOqeHne 3aMeT~M, qTO ycne tunoe  npHMeHe- 
H14e MeToaa oBparoB B 3aaaqax ra3oBo~ 9neKrpoHo- 
rpaqbn14 B 3HaqIdTe~bHO~ cTeneHrt 3aB14CnT o r  npaBrt- 
m, Horo Bb~6opa He3aBI4CriMb~X nepeMennb~x, onpe-  
21eJI~ltOl_l_t14x reoMeTp141o MOYleKyJlbl. 
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CxsHI6N +Br- is an inhibitor of bacterial dihydrofolate reductases. Crystals of this compound, grown 
by evaporating an aqueous solution at 6°C, are monoclinic, space group P2,/c, with a =  23.780 (3), 
b =  5.063 (1), c=  14.447 (4)/~, f l= 120.66 (2) °, Z = 4 ,  Dca~c= 1-536, and Dobs= 1"5 g c m  -3. The structure 
was solved by use of X-ray diffraction data that were collected from an extremely small crystal with an 
automated diffractometer. This structural analysis establishes the chemical configuration of this com- 
pound. 

Introduction (Hur lber t ,  Ferone ,  H e r r m a n n ,  Hi tch ings ,  Barne t t  & 
Bushby,  1968) was synthes ized  as one  of  a series of  in- 

A m e t h y l a t e d  der ivat ive of  2 ,4-d iamino-6-benzylpyr i -  h ib i tors  o f  bacter ia l  d ihydro fo la t e  reductases  (Hur l -  
do[2 ,3-d]pyr imidine ,  wi th  po ten t  an t ibac te r ia l  act ivi ty bert,  Ledig,  S tenbuck ,  Valent i  & Hi tch ings ,  1968; 


