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I. THE STEREOCHEMISTRY OF 5-CHLOROME'IHYL-5-METHYL-
2-0X0-2-PHENOXY-1,3 , 2-DIOXAPHOSPHORINAN 



. \ 

1 

INTRODUCTION 

The p r imary o bje c t ive of the res earch outl ined in Pa r t  One i s  to 

assi gn the s tereochem i s t ry of s ome phos phorus con tain ing heterocyc les . 

In order to avo i d  c onfus ion ove r nomenclature , mos t  o f  the c ompounds des -

cribed in thi s  the s i s  wi l l  be named as derivit ives o f  the 1 , 3 , 2 -d ioxaphos -

phor inan r ing . 

For c ompounds des c r ibed in the Exper imental s e c t ion , the d e s ignat i on o f  

c i s  and t r ans will b e  as s igned accord ing to the arrangement o f  the pho s -

phor y l  oxygen at pos i t i on 2 i n  re lation t o  the chl orome thyl group a t  C-5 . 

Ax i al ( ax) and equato r i al ( eq ) des i gnat ions will al s o  r e f e r  t o  the chloro-

··methy l group at 5 ,  unl e s s  otherwise  s tated . Thus , the ax i al chai r  conformer 

of tran s - 5 - chloromethyl- 5-methy l - 2- oxo-2- ( R4 ) -l , 3 , 2-d ioxaphos pho r inan re-

fers to (1). 

CICH2 
CH� 

� �-� 
(I) 0 

Mos t  o f  the c ompound s d e s c r ibed in the Exper iment al s e c t i on will be 

referred to by Roman numeral s as out l ined in Table ( 1 ) . The s t ere ochemis try 

has been e s tabl ished for compounds ( I I I ) , ( IV ) ,  ( V I ) , and ( V I I ) . However ,  

the stereoc hem i s t r y  o f  compounds ( V I I I  ) - ( XV I I )  and ( V) i s  no t known and 

therefore , the r e l a t ionsh ip o f  s ubs t i tuents at C- 5 to  P-2 as  outl ined in 
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Table ( 1 )  i s  arbitrary . 

The reac tion o f  (IV) with sod ium phenoxid e y ielded a m ix ture o f  com­

pounds whi c h  were found to be i s omers of 5 - ch l oromethy l -5 -me thy l -2 -oxo-2-

phenoxy-1 , 3 , 2 -dioxaphos phor inan . NMR s i gnal s at 0. 960 and 1 . 2 8 O were 

ass igned to methy l groups . Chloromethy l groups were as signed to s i gnal s at 

3 . 34 S and 3 . 77 O. It i s  as sumed that the produc t i s  a m ixture o f  two 

isomer s . When th i s  mat er i al was sub j ec ted to chromatogra ph i c  anal ys is 

( se e  Exper imenta l ) two compounds we re i s o l ated; isomer A (mp 105 ) and 

i s omer B (mp 1 3 6 ) . The nmr spe c trum�o f  A inc l uded s igna l s  at 0 . 96 O and 

3 . 77 8 . Likewi s e , the spe c trum o f  B indicated s i gnal s  at 1 . 28 S and 

3 . 3 4  S . Rec omb inat i on o f  A and B gave a s pe c trum s im i l ar t o  the one 

obtained f rom the o r i ginal m ixture . 

The purpose o f  Par t One i s  to def ine the s tereo chem i s t r y  o f  i s omer 

A and i somer B. I t  sho ld be no ted , A is  s ynonymous wi t h  (V III) and B 

is s ynonymous with ( I X ) o  
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TABLE I 

Compound Rl Rz R3 R4 

( I I I) CHzBr CH3 Br · o 

( IV ) CH2Cl CH3 Cl 0 

(V ) CH2Cl CH3 OH 0 

( V I ) 0 0 
( V I I )  0 0 
(VI I I )  o r  A 0 

( I X )  o r  B 0 

(X) 0 

( XI )  0 
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TABLE I c on t . 

·Compound Rl R2 R3 R4 

( X I I ) CH2C l  CH3 0 oQN� 
N02 

( XI I I )  CH3 CH2Cl 0 002 
.N02. 

( XI V )  CH2C l  CH3 0 oQocH3 
( XV )  0 oQocH3. 
( XV I ) 0 

( XVI I )  0 

:•.-. 

<� ; .. 
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H I STOR I CAL 

Perhaps the mos t detai l ed and ac curat e s tereo chem i ca l  informat ion 

of pho s phorus con taining heterocy�l es , as we ll  as o th e r  c ompounds in the 

s o l id s tate , comes f rom X- ray d i ffrac t ion data . The mo l e cu l ar s t ruc ture 

of c i s-2 - b romo- 5 - b rome thy l - 5-methy l - 2-oxo- 1 , 3 , 2-d ioxaphos phor inan has 

been repo r ted by Be i neke . 1 BrCH2 
CH�- ---n 

; � \::--�'P.=o I . 
Br CJI[) 

The c on forma t i on o f  ( I I I )  i s  a s l ight l y  d is torted cha i r  w i t h  the bromo 

and bromomethy l groups in axial pos i t ions . Interes t in gl y , the f l attening 

o f  the pho s phate end of the r ing in ( I I I )  causes reduc t ion of s te r i c  

in terac t ions be twe en brom ine a t  P-2 and the axial hydrogens at C- 4 and 

C- 6 . 2 The c r y s tal s t ruc tures o f  two compounds c l os e l y  r e l ated t o  ( V ) 

and (VII I ) , respe c t ive l y , have al so been repor ted . 314 

CH 3 
CH� ­

. ... �P,-o (2) . -- OH 
H H�l?=O (3) oPh 

I t  should be no ted that bo th compound s have chair con f o rmat i on s  and bo th 

P=O bond s are equato r i al . I n  contras t to th i s , · recen t  work w i th trans-

5 - chloromethyl - 5 -methy l - 2-oxo - 2 - pipe r id ino- 1 , 3 , 2-d i oxaphos phor inan ind i -

cates t h a t  P=O i s  axial . 5 

CICH2 . 
C H� o . 'D-N . \ I 

<3ZC) 0 . 
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Like the conformation o f  ( I I I ) , the phos phate end of the amidate ( VI )  i s  

f l at tened . Al though the confor mation o f  { I I I )  and ( V I ) i s  known in the 

sol id s tate , X- ray data is not applicable to de termining conf o rmational 

forms in solut i on . Providing that no bonds are broken , howeve r , the 

con f iguration at pho sphorus remains fixed in rel ation t o  s ubs t i tuents at 

C-5 for ( I I I ) and ( V I ) .  

The ut i l i zation o f  s tereos pecific reac t ions is one me thod o f  fixing 

the configuration at phos phorus rel ative to subs tituents at C-5 . Wad s -

wor th and Emmons used l -alky l - 4 - phospha-3 , 5 , 8- trioxabicy c lo ( 2 . 2 . 2 ) oc tanes 

and alky l halides to ob tain phos phonates which have a single conf igura-

tion . 6 Late r , cis - 5 - chlorme thy l - 5 -methyl-2-oxo -2-piperidino- 1 , 3 , 2 -dioxa-

phosphorinan ( VI I )  was o b tained using N - chloropiperidine and me thy l b i -

cyclic pho sphite ( I ) . 7 Cis - 2 - chloro- 5 - chlorome thyl - 5 -me thy l - 2 -oxo - 1 , 3 , 2 -

d ioxaphos phorinan ( IV )  and ( I I I ) were also o b tained , confirm ing their 

anal ogous s t ructures . 

�
HQ (I) 

ClCH2 
CH� 

II � 
0 

� <X= Cl,Br) 1Qc1 · · XCH2 

CH · 3 
CICH�-No ll 

C3Zlt) 0 

.·CH�� 
x 

CN),(JIT) 
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Recen t l y , Edmunds on has pre pared a series  of c i s -aralkyl -phos phonates 

us ing ( I ) and the appropr iate aral kyl chloride . He has used the s e  corn-

pounds as models  for c ornpari �on with analogous c i s  and t rans i somers pre-

pared from non-s tereos pe c i f i c  reac t i ons . 8 In  a s im i l ar manner, Wad swo rth 

and Hor ten9 ut i l i zed ( V I ) in compar i son wi th the t rans i s omer i s o l ated 

from the reac t i on of p i pe r i d ine w i th ( IV ) . 

CICH2 

C��=O I 

CICH2 
CH� · 3 0 0 -N 

CTI[) Cl II 
. (=szI.) 0 . 

Othe r in teres t ing but l e s s  appl icable s tereo s pecif  i c  reac t ions o f  pho s �  

phorus con taining compound s are d i s cus sed b y  Gal laghe r and Jenkins . IO 

Al though some at t empt s  have been made to relate infrar ed l l , 3 3  and 

d i po l e  moment datal 2  t o  conformat i onal proper t ies · o f  phos phorus contain-

ing heterocycles , the majo r i ty of s tereochemical informa t i on has been 

obtained f rom nucl ear magne t i c  resonance ( nrnr ) data . Al t hough h i gh 

resolut i on ( p3 1 ) nmr has impor tant appl icat ions to s te reoc hern i cal prob-

1 3  1 1 lems , the major concern here wi l l  be wi th ( H  ) nrnr . ( H  ) nrnr has·been 

appl ied in two· general areas , 

( A) conforma t i onal as pec ts o f  s ix-membered .r ings contain­
ing phos phorus 

( B) conf igurat i onal as pe c t s  of subs t i tuent s  at phos phorus 
in s ix-membered r ings . 

Unfor tunately , the amoun t o f  detai l ed informat i on· app� i c ab l e  to area ( B) 

i s  smal l .  In con t ras t, data relevant to (A) i s  exten s i ve. . Perhaps the 

reason for thi s is that s pe c t ral prope r t ies of phos phorus c on tain ing 
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he terocy c l e s  exh i b i t  features whi ch are common w i th non - phos pho rus con­

taining r in gs . I t  i s  no tewo r thy that work wi th o ther s i x-membered hetero­

cycles p rovides conforma t i onal models.for analogous phos phorus compounds . 1 4  

A great deal o f  res earch has been devo ted t o  1 , 3 -d i oxanes and re­

lated compound s i n  the pas t decad e . Ramey and Mes s i ck1 5  have used l ong-· 

range proton coup l ing t o  sugges t s pe c i f i c  mol ecul ar forms . Jones and 

Ladd 1 6 empl oyed coupl ing con s tants and low temperature chem i cal  s h i f t s  

to deduc e mo l e cular .s truc ture , and predominant conformat i onal i s omers . 

In a s im ilar manner ,  Abraham and Tho��s 1 7  have based c on f o rma t i onal·· 

as s ignments on low t empe rature nrnr for 1,3 - d i oxanes based on nmr s pe c tra •. 

Anteui s , · Swae lens , and Gel an2 0  have us ed the geminal coupl ing c ons tants 

o f  methylene protons in 1 , 3 -d ioxanes as ·a too l for conformat i onal des c r i p­

t ion . Ande rson and Brand2 1  have derived thermodynam i c  pa.rame t e r s  for the 

chair to chai r  interconver s ion o f  1 ,  3 -d i oxanes based on nm r  ··s pe c tra . · Low 

temperature nmr was employed by Elie l  and Mart in22 fo r t h e  �e r ivat i on o f  

the rmodynami c parame ters  o f  s im i l ar subs t i tuted 1 , 3 -d i oxane s . The same 

techn iques employed for d e t e rm in ing conformat i onal f o rms bf ·l , 3 -d ioxanes 

have been used for 1 , 3 , 2-d i oxaphos phor inans a.nd .rel ated phos phorus con­

taining c ompounds . For exampl e , thermodynam i c. parame ters  wer e  d e t e rmined 

from l ow t emperature nmr s pe c t ra o f  cyc l ic t h iophos phates b y  Katr i t zky , 

e t  al . 2 3  The techniques us ed were analogous to the ones o u t l ined in the 

above refer ences . 

There are cer t a in s pec tral features o f  pho s phorus contain ing hetero -
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cycles which make them uni que . One uni que feature i s  the a b i l i ty o f  

phos phorus t o  coupl e wi th hydrogen through four o r  mor e  bondsol O  Several 

aut hors24 have sugges t ed that there i s  a d ih�d ral r e l a t i ons h i p2 5  for 

pho s phorus -hyd rogen c oupl ing and th i s  may be ut i l i zed in the de s c r i pt i on 

o f  c onformat i onal forms . The idea o f  a d ihed ral rela t i onsh i p  f o r  pho s-

pho rus-hydrogen coupl ing has rece ived s trong suppo r t  in the past few 

year s , al though no theoret i cal treatment has been made ava i l abl e . 3 6  

Kainosho and Makamura2 6  repor ted work on a confo rmat iona l l y  immo b i l e  

cyclic pho s ph i te from wh i ch an emp i r i cal l y  der ived tabl e o f  coup l ing c on-

s tants and d ihed ral angles was obta ined . Thi s  data c rud e l y  demonstrates 

that a d ihed ral dependency does exi s t . A number o f  o ther r e f e rences 

s uppor t i ng thi s  i d ea appeared in a pape r by Ben trude and Har g i s . 2 7  

The abi l i ty o f  phos phorus t o  couple wi th hyd rogen i n  s ix-membered 

1 he tero c y c l e s  o f ten resul s in making compl ex ( H  ) s pe c t r a  more complex 

. 1 . 1 2 8  o r ,  in certain cases , decept ive y s imp e .  As an aid t o  analy z ing these 

spec tra , c ompu ter i terat ive techn iques have been app l i ed by s everal 

authors . 2 9 •3 0  Ben trude and Hargi s2 7  have anal yzed the pro t on spec t ra o f  

5-.!_-bu ty l -2 -methoxy- 1 , 3 , 2 -d i oxaphos phor inan us ing t h e  LAOCN3 i te r at ive 

computer program . 3 1  Wh i t e , McEwen , Bertrand , ?-nd Verkad e3 2  l ikew i s e  have 

analyzed the s pec t ra of s everal 5 , 5-d i subs t i tuted 1 , 3 , 2 -d i oxapho s phor inans . 

The chem i cal s h i f t s  and c oupl ing cons tants der i ved f rom the de ta i l ed 

anal y s i s  o f  these spec t ra has aided in making c onformat i onal ass i gnment s  

and i n  c e rt a in c a s e s  conf i gurat i onal as s i gnments . 
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The resul t s  o f  thes e anal yses show that the 1 , 3 , 2-d ioxaphosphor inan 

r ing has s ome int eres t ing proper i t i es . Verkade , e t  a1 . 32 have found for 

various subs t i tuted pho s ph i tes that . the 1 , 3 , 2-d io xaphosphor inan r ing i s  

rel at ively mob i l e .  I n  mos t  cases , however ,  a s ingle conformer predom-

inates wi t h  the e l ec t ron pai r at phosphorus , preferr ing the e quator i al 

pos i t i on . 

(4) 

The authors sugges t that o ther conformers may also be presen t  in equ i l i b-

riurn wi th ( 4) .  Bentrud e27 suppo r t s  this idea and sugges t s  tha t rap i d l y  

equil ibrat ing twi s t  boat f o rms may b e  pres ent . 

( 5) 
Verkade sugges t s  that in the case o f  phos phates , the pho s phor y l  oxygen 

is the con t ro l l ing f actor  in d e termin ing the s tereochem i s t r y  in solut i on . 

He argues that in the case o f  5 , 5- d imethyl-2 -oxo-2-phenox y - 1 , 3 , 2 -d i oxa-

phos phor inan , the predom inant mo lecular form in s olut ion is the cha i r  

. 1 . t •  3 3  form with the P=O bond preferr ing an equatoria pos i  i on . 

(6) 

- . 

CH3 CH�=o 
I OPh 

He bases h i s  argument on the fac t that the 2-phenoxy group for 2 -oxo-

2 -phenoxy- 1 , 3 , 2 -d i oxopho s pho r inan has been found to be axial in the s o l id 



4 state . Campbel l  and Hal l have empl oyed s im i l ar reas on ing for o ther 

dioxapho s phor inans . 3 8  

1 1  

Edmund s on3 4 has also  found conformat i onal mob i l i ty i n  2-alky l - 2-oxo-

1 , 3,2 -d i oxaphos pho rinans with dominant cha i r  forms when the a l ky l  sub- . 

stiuent s  are bul ky . 3 5  Kat r i tzky , e t  al . , 2 3  suppo r t  Edmund s on ' s  c onc lu-

sions and f ound that the energy barr iers for r ing invers i on of th.i o phos -

3 6  
phates i s  general l y  h i gher than fo r pho sphonate s .  I n  c on t ras t t o  Ver -

kade ' s  r e s ul ts , Edmunds on has shown that bulky alky l  subs t i tuen t s  prefer 

t . . 3 5  
equa o rial pos i t i ons . 

Although nmr data appl i cable to determining the confi guration of th e 

s ubs t i  tuent.s at pho s phorus i s  qui te.l im i t ed , one not ewo r thy exampl e  i s  

related t o  the u s e  o f  Europium shift reagents . 3 7  Yee and Ben t rude · have 

demons t rated the r e l a t i onsh i p  be tween the ax ial pho s phory l  o xygen and 

axial hyd ro gens in 2 -me th11 - 5 - t e r t -butyl-2-oxo-l , 3 , 2 -d ioxapho s phor inan 

us ing Eu(dpm)3 • 
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VAR I ABLE TEMPERATURE NMR STUD IES 

Rel at i on s h ip o f  Stereochem i s t ry o f  A and B 

S ince m ixtures o f  A and B we re separated at room t empe rature i t  may 

seem o bvious t hat A and B are geome t r i cal isomers and no t conf-o rmer s . 

The es tab l i s hmen t o f  t h i s  fac t i s  neces sary to avo id c onfus ion over the 

relat i ons h i p  o f  the s tereochem i s t ry o f  the two i s ome r s . I f  onl y  the chai.r 

forms are con s idered , four i s ome rs o f  5- chloromethy l - 5 -met hy l-2-oxo-2-

phenoxy--1,3 , 2-d ioxapho s phor inan can exi s t . 

- CH 
ClCHz�=

O I 

°() 
Vllla and I Xa are t rans and c i s  geome tr i cal i s omers res pect ive l y , as are 

Vlllb and I Xb .  I f  A and B are t o  be cons ide red.as conforma t i onal i somers 

t hen the act i vat i on energy bar r i ers mus t  be suf f i c i en t l y  h i gh t o  preven t 

interconver s i on at room tempe rature . 

Al l a t tempts t o  convert A into B at h i gher t empe ratures ( and v i ce 

versa )  f a i l ed . Heat ing e i ther i s omer . at 1 8 5°C for four d ay s  in s ealed 

evacuated tubes resul ted in no change . Evidence for t h i s  was provided 
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by the fac t  that no new s i gnals appeared in the nmr s pe c trum o f  e ither 

.heated mate r i al . Fai l ure t o  conver t  A into B by heat ing i s  no t c onc lus ive 

proof that A and B can no t be conformers .  I t  may only mean that both i s o -

mers a r e  conf o rmat i onal l y  immo b i l e  at h i gher temperatures . Thi s  i s , 

however , extr emely unlikel y  s ince analogous d ioxaphos ph o r i nan .compounds 

have been found to be mob i l e  over wide temperature range s . 23 

The nmr s pectra of i s omers A and B s how pronounced changes w i th 

tempe rature increas e . Figures ( 1) and ( 2 ) show the c hange i n  the abso r p- . 

tion pattern o f  the c hlorome thyl groups and the ax ial and e quato r ial 

r ing hydrogens of each isomer , res pe c t i ve ly, in Q-d i ch l orobenzene with 

an increas e in temperature . The chemi cal shi f t s  o f  t h e  ax ial  and equa-

tor ial ring hydrogens of bo th i s ome rs were e s t imated f r om v i s ual analys i s  

o f  the AB po r t i on o f  the d ecept i vely s imple AB X  pat tern s . The changes 

in the chemi cal s h i f t s  o f  t h e  chlorome thyl and me thy l groups o f  A and B 

are summari zed in F i gure ( 3 ) .  

Temperature dependency o f  the nmr spectra o f  A and B ind i cates that 

7 both i s omer s  are con format ionally mob i l e . Evidence f o r  r ing inver$ion 

i s  prov i d ed by the fact that the d if ference in t�e chem ical  s h i f t s  o f  

the axial and equatorial r ing hyd rogens decr eas e w i th increas ing t ern-

perature.32 The movement o f  the me thy l and chl oromethy l s i gnal s  w i th 

change in t empe rature is al s o  evid ence o f  conformat ional mob i l i t y . 2 3  

Thus , if A and B were mob i l e  conformers , the me thy l  s i .gnal s  (o r chl oro -

met hy l  si gnal s) ar i s ing f rom each isomer would move t o ge th e r  and c o� 

272147 SOUlH DAKOTA �TATE UNlVE.R.:>1TY UBRARY 
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alesce at higher t emperatures . 32  Th is was not obs erved (see F igure 3 )  

s ince a l l  s ignal s moved down.f ield and rema ined separate . I n  s p i t e  o f  the 

fac t that the chlo r ome thy l and me thyl s ignals as soci ated wi th each isomer 

move, both i some rs may nonethe less  be d i s t inguished f r om each o ther in 

the tempe rature r ange s tudied . S ince A and B are non-inte r c onver table 

and conforma t ional l y  mobi l e , A and B mus t be geome t r i c al i s omer s . I f  

both A and B are i n  cha ir forms then; i f  A V I I I a ,  B t V I I I b ;  o r  

if A Ixa then B t IXb . 



CICH2 

Hb · 

' I I . ' 

5.0 PPM (o) 4.0 3,,0 

Hb 

J I . I • 

5.0 PP/'J\ ( o) 3.0 4.0 

Figure ( 1 )  
Me thylene S pectra of compound A in ·o- d i-chl orobenzene 

Top 66° C. Bo t tom 166° c. 

15 

. . : . 



HQ. Hb 

CICH2 
--

I I I I I 
PPA'l (o) 4.0 3.0 

CICH2 

Hb 
HQ Clp 

Hb HQ. 

·,� 

! ' I J I--'" .... _.. 

PPM {o) 4.0 3.0 

F i gure ( 2 )  
Me thy lene S pe c tra o f  compound B in o -d i  �hlorobenzene 

Top 66° C. Bottom 166° C. 

16 

• 



31 

30 

29 
-.. � 

0 28 -II 
� 
'-"' 

...,. 27 
0 ...-t 
>< 26 � ........ 

...-t 

25 

24 J 
2.3 

40 

C H3(A) 

q 

. I 

50 

Figure (3) 
Chlorome thyl and Me thyl Chemi cal shi fts of  A and B .  

C I C H2 (8) 

C H3CB) C l�H2 (A) 
0 

60 70 180 190 200 210 

Chemi cal Shi f t  in Hz at (60 MHz )  

220 
I-' -..J 



18 

Determin ing Conforme r Rat ios from Chemical Sh i f t  Data-Theory 

A change in the chemi cal s hift s of subs t i tuents o f  c onformat ional l y  

mob i l e  s ix-membered r ing sys�ems wi th vary ing temperature may be at t r i buted 

to in termolecular and intramo l ecular fac tors . Changes due to in termol e c -

ular f ac to r s  can b e  c lass ified in to var ious so lvent- temperature e f f e c t s . 

If s pe c if i c  so lven t - s o lute interac t ions l ike hyd rogen bond ing o r  complex-

at ion can be e l iminated , changes in chemi cal shifts due to s o l vent tern-

pe rature effe c t s  wi l l  pe smal l .  In mos t cases , these changes w i l l be 

largely correc ted for by the use of an internal s tandard . 3 9  In contras t 

to solven t - t emperature effec ts , change s in chemical s hifts due to in t ra-

mol ecular fac tors may be relat i vely large. 

The maj o r i ty of these int ramolecular fac tors are related to c hanges 

in the relat ive o r i en tat i ons of bond s and atoms wi thin the mol e cule and 

are normal l y  as s o c iated with temperature dependent rate and equi l ibr ium 

processes . Cons ider the r ing inve rs ion of a subs t i tuted 1 , 3 , 2-d i oxa-

phos pho r inan . 

� .::.--<-> 
x 

If the 6.G d i ffe rence for x and y i s  no t zero , the two conformat i ons are 

no t equal ly populated at al l temperatures .  I f  r ing inversion i s  s low ,  

the met hy l  group wi l l  abso r b  at  two d ifferent frequen c ies in the nmr 

t . 
40 v s pe c  rum .  0 

and v are the frequenc ies of absorp t i on in the axi al and 
1 



equato r i al pos i t ion .  I f  r ing inver s ion i s  rap id , however ,  the methyl 
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group wil l abs orb at one frequency (� )_in the nmr s pe c trum .  The rela-

t i onsh i p  of <S )  to V0 and v1 depends on the relat ive popu l at i ons of x 

and y and i s  given by e q  ( 1 ) . 4 1, 42 

K e q  ( 1 )  

Since the e qui l ibr ium constant (K) is depend ent upon temperature b y  

eq (2 ) ,  a red i s tr i but ion o f  the populat ion o f  x and y caused b y  var i at i on 

in temperature wil l resu l t  in a change in the chemical s h ift o f  the me thyl 

� 4 1 42 group ( u). ' 

K e q  (2 ) 

R = 1 . 987 kcal/mo l e-degree ; T = temperature (degrees Ke l v in ) ; and 6.G 

i s  the f ree energy d i  ff.ere ce o f  conformers x and y in kcal/mol e .  Re-

arrangement o f  eq ( 1 ) and eq (2 ) c learly shows that 8 i s  a fun c t i on of  

T ,  

e q  ( 3 )  

where Q. :::: - 6. G/RT . 

I t  shoul d  be no ted that in actual prac t ic e , 8 i s  r arel y  a fun c ti on 

of temperature alone as outl ined in eq ( 3 ) . The total c hange in the 

chemic al s h i f t  8 in a g iven temperature range i s  usual l y  inf l uenced by 

s o lvent - temperature e f f e c t s .  I f  the so lven t-temperature e f fe c t s  in b 
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are relat ivel y  l ar ge , eq ( 3 )  wi l l  not give an accurate e s t imate o f  8 . 
Conversely , i f  V0 and v1 are known for a pai r  o f  rapid l y  interc onve r t ing 

conformers o f  unequal energy � the calculat ion of 6,G wi th exper imen tal ly 

observed values o f  o and T f rom eq ( 1 )  and eq ( 2 )  may l ead to errors . 

Resul t s  and cr i t ic i sms o f  th i s  method are given by El i e l  and Mar t in . 43 , 44 

Kat r i tzky , e t  ai . 2 3, have employed chemi cal shi ft  data t o  c al culate 

conformer rat io in some cyc l ic thiopho sphates . 

Var iable t empe rature s tud ies revealed that in cer tain cases the change 

' '  
in the c hem i cal shi f t  o f  CH3 and CH3 was in some cas es pronoun ced 

and in o thers s l i ght . For example , Kat r i tzky found for x = z = 0 and 

l ' ., 
y = s, the chemical s h i f t  var ied onl y  1 . 2  c ps for CH3 and CH3 i n  a 

tempe ratur e  range o f  - 76 ° C to + 1 2 7° C .  In c ontras t to thi s , the c hemic al 

'' 
shi ft o f  CH3 and CH3 var ied 12 . l  cps and 6. 6 c ps , respe c t i ve l y , over 

the s ame tempe ratur e  range for X = Z = Se , Y = S - S . Fur thermor e, t he 
' '  

d i fference in the chemi cal s h i f t s  o f  CH3 and CH3 remained approximatel y  

cons t an t  for X = z = O, y = S but var i ed 1 8 . 7  c ps f o r  X = Z - Se, Y = S-S . 

Katr i t zky interpr eted the resul t s  o f  these temperature s tud ies  i n  t erms 

of the change or l ac k  of change in the d i f ference of t he chem i cal s h i f t  

I I and CH3 
I t  i s  as sumed that the so lven t-temperature e f fect  

contr i but i on to the change in chemi cal shif t s  in any given compo'und· 

could be canceled by taking the d if ference in the change in the chem i cal 
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' '  
shi f ts o f  CH3 and CH3 Thus , l ack o f  change in th i s  d i f f er ence im-

pl ies t hat the compound is es sen t ial l y  confo rmat ional l y  immo b i l eo A 

change in the d i f ferenc e impl ies conformational mobi l i t y  and is used in 

the cal c ul a t ion of the rat io of conformers . 

Cal culat ion o f  Conformer Rat ios for A, B ,  and Re lated Compound s 

The exper imental data derived from a var iab l e  tempe rature s tud y o f  

A and B and rel ated c ompounds i s  given i n  Tabl es ( 2 )  and (3 ) and in 

Fi gures ( 4 ) and ( 5 ) . Al though changes are obs erved in t he chem ic al 

shi fts of the chlo romethy l  and me thyl groups in al l compounds s tud i ed , 

i t  is impo s s i b l e  to determ ine from chemical shi f t  data alone whe ther 

these changes are due t o  confo rmat ional mobil ity and solven t-temperature 

effec t s  o r  s o l vent - temperature effects alone . Appl i ca t i on of the l at ter 

case t o  any g iven compound impl ies complete conformat ional immo b i l i ty . 

Each compound demons t rated�changes in the nmr s pec trum wh i ch were ind i­

ca t ive of perturbat ions in rate processes . For examp l e , the l owe ri�g of 

temperature resul ted in the broadening of chloromethy l  and methy l  

signals , al though c ompl e t e  s eparat ion o f  s ignal s was no t observed . In 

al l cases ,  changes in the absorpt ion pattern of th� r ing hydrogens were 

observed .  I t  is  assumed , therefore , that changes in the chem i cal s h i f t s  

of these compound s i s  a resul t o f  conformational mobi l i ty and no t s o l ­

vent-temperature effe c t s  alone . 

The c al culat ion o f  conformer rat ios for compound s ( IV ) - ( Vl ) , A ,  B ,  

( XI I ) ,  and ( XI I I )  is  based on a method s im i l ar to the one out l ined by 
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23 Katr i tzky. V0 and v1 can be expres sed in l inear . fo rm by rear rangemen t 

of eq (3) � 

V + V eQ. 
0 1 

i s  the observed chem i cal s hift of any funct ional group and Q. = -l::,,. G/RT . 

V0 i s  the l imi t ing chem ical s h if t  of any func t i onal group in a g iven 

magnetic envi ronmen t and i s  usual l y  as soc iated wi th the major c onformer . 

V1 i s  the ljm i t ing chemi cal s h ift of the s ame func t i onal group in a d if-

ferent magne t i c  envi ronmen t or envi ronmen ts and is ass o c i ated wi th the 

minor con fo rma t i onal form or forms . The advantage of d efin i n g  V and V 
0 1 

in general terms i s  that as sumpt ions concern ing the s te reo chem i s t ry . of 

the molecule containing the funct ional group may be avo i d ed . The impl i c i t  

assumption i s.that t he re ex i s t  onl y  two c onformat i onal l y  mob i le forms 

in whi ch the funct i onal group is al lowed to exi s t  in d ifferent magnet i c  

envi ronments . If one conformat ional form dominates , the � G difference 

of the two (or more ) confo rmers cannot be zero . If  V0 and v1 are known , 

the ratio of major c onfo rmers t o  minor confo rmers may be cal c u l at ed from 

eq ( 1) and 8 . Howeve r , the pr i o r  knowledge of V 0 and V 1 i s  .no t absolute-

ly nece s s ary in al l cas es . The reason for th i s  .i s  that if the appropr i ate 

value of dG is s ubs t i tuted in eq ( 4 ) , a plo t  of 8 C l + eQ ) . versus eQ. 

wil l  be l inear wi th V0 and v1 as intercept and s lope , r e s pec t ive l y . The 

appropri ate value of �G i s  cho s en from a ser i es of t r i al values . · The 

tr ial value whi ch resul t s  in the smalles t deviat i on from l inear i t y , as 

1 . 4 5  . d t b t h  evaluated by a leas t  s q uares regre s s ion ana ys1s , i s  as s ume o e e. 

correct va1ue . The rat i o  of c onfo rmers may be cal cul ated from th i s  l::,,.G 



TABLE 2 

METHYL CHEMI CAL SH I FTS* FROM ( TMS ) AT D I FFERENT TEMPERATURES 

0 Tem2erature C 

( I V )  ( V ) ( VI ) A B ( XI I ) . 

5 8@ 6 5 o 5# 5 6 . 5  5 7.5 62 . 5  85 o 0  66 . 0  
- 48 64.0 57 . 0  57 o 0  62 . 5  84 . 0  6 5 o 0  
- 3 6  63 . 5  5 8 . Q  57 . 0  62 . 0  83.0 64 . 0  

23 6 3 . 0  58 . 5  5 6 . 5  6 1 . 5  82 . 5 63 . 0  
+ 7 62 . 5 5 8 . 5  5 6 . 5  60 . 5  81 . 5  62 . 0  
+ 22 62 . 0  59.0 56 . 5  60 . 5  8 1 . 0  6 1 . 5  
+ 40 6 1.5 59 . 0  56 . 0  60 . 5  80 . 5  6 1 . 0  
+ 52 6 1 . 5  5 9 . 0  5 6 . 0  60o0 80 . 0  6 1 . 0  

Solvent : CDC1 3 CD30D CD3COCD3 CD3 COC�3 CD3 COCD3 CD3 COCD3 

*In cps at 60 MHz. 

@Al l errors estimated at ± 1 c 
#Al l errors es t imated at ± 1 cps 

( XI I I )  

91 . 5  
9L O  
90 . 0  
89 . 0  
8 7 . 0  
8 6 . 0  
8 5 . 0  
84 . 5  

CD3COCD3 

tv VJ 



TABLE 3 

CHLOROMETHYL CHEMICAL SHIFTS* FROM (TMS ) AT DIFFERENT TEMPERATURES 

0 
Tem2erature C 

(IV ) (V ) (VI ) A B (XI I )  

- 5 8@ 240 . 5# 2 2 8 . 0  2 3 5 . 0  241 . 5  ·2 2 8 . 5  2 3 3.0 
- 48 230 . 0  227 . 5  2 3 3.5 2 3 9.0 2 2 6.0 23 1.5 
- 36  237 . 0  226  . '()  232 . 0  23 8.5 22 3.0 2 3 0.5 
- 23 23 5.0 225 . 0  229.5 23 6.0 220 . 5  229 . 0  
+ 7 232.0 223 . 0  227 . 0  233 . 0  2 1 7.5 227 . 5  
+ 22 2 3 1 . 5  222.0 226 . 5  232 . 5  2 1 7.0 2 2 6.5 
+ 40 230 . 5 . 220 . 3  225 . 0  2 3 1 . 0  2 1 5 . 0  224 . 5  
+ 52 229 . 5  229.0 224 . 5  230.5 21 3.5 223 . 5  

Solvent: CDC1 3 CD30D CD3COCD3 CD3COCD3 CD3 COCD3 CD3COCD3 

*In cps at 60 MHz. 
@All errors es t imated at + 1 c 
#Al l errors es t imated at + 1 cps 

(X II I )  

2 1 1 . 5  
210.5 
208 . 5  
205 . 5 
202 . 5  
2 0 1 . 5  
201 . 0 
200 . 5  

CD3COCD3 

t\) � 
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value in eq (2). 

The calculation of conformer ratios involves the assumption that 

the sum of the squares of the deviations of the calculated line values 

(y.) from the calculated 'data' point values Cy.) will be a minimum. The 1 . 1 

assumption will be made that the error lies solely in the dependent .var-

where � i = 

Q. i 
xi e eq ( 5 )  

=Si o + Q. i) Yi e eq ( 6 ) 

I t 
.6, G  /RT. , and 6.G is a,trial value. The appropriate ex-1 

pressions for the slope and intercept of the linear equation derived from 

· n experimental values of �- and T. in x. and y. are given in eq (7) and v1 1 1 1 - . . . 

eq ( 8) ,  respectively. 

n e.y. 1 1 v 
.. 1 

n E·2 1 · 

v = EiEi 
0 

n��i 2 

' For each tr�al value of .6,G a new equation 

-Ei�i 

< Ixi)2 

�·Ix·Y· 1 1· 1 

L 2 ( xi) 

is obtained (yi 

eq (7) 

eq ( 8 )  

. ' 

vl xi + Vo 
' 

which represents the best 'fit' of y i for y i. The deviations ( r i} of the 

calculated line values yi from the calculated 'data' points Yi are given 

by eq ( 9) . 

r. 1 
= 

' 

Cv1· x� + V ) - Yi 1. 0 

The standard deviation (E ' ) is given by eq OO ) .  

eq (9) 

) 
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E' = �  
n - 1 

eq ( 10 )  

' 
For each l.l G 

' 
The f::,,, G 

' 
value there i s  an as soc iated E value . value 

• whic y i e l d s  the smal l e s t E value i s  as sumed to be the c o r r e c t one s ince 

E is a measure of the t ot al d ev i at i on from l inear i ty .  

t ' 
Obtain ing values of E f o r  each t r i al 6. G  value i s  an extreme l y  

ted � us pro ces s . For thi s  reason , a computer program was wr i t ten ( OLSVAG) 

for he evaluat i on o f  E ' ut i l i z ing equat ions (2 ) and ( 4 ) - ( 1 0 ) . A l is t ing 

of 0 SVAG is prov ided in the Append ix . The program ut i l i ze s  n val ues of 

' 
T1 and S i and cal culates n vaJ ues of xi and Y i • The bes t value of /:::,,. G , 

subs i tuted i n  inc rement s  of 0 . 0 1  kcal/mo l e , i s  chos en w i th t he smal l e s t 

E1 val.ue . I t  i s  as sumed that the procedure of ' gues s ing ' l::,,, G p lays an 

f 
act i  e ro l e  i n  the �in im i za t ion of E .  The val id i t y  o f  t h i s  a s s umpt i on i s  

es t l ished i n  Figure ( 6 ) . The res ul ts o f  this  analys i s  appear i n  Tables 

( 4 ) and ( 5 ) . Errors in the 6.G values g iven in the Tabl e s  were cal culated 

fro errors in the obse rved chem i cal s h ift values S , and are i n t ended 

to be onl y  rough e s t imates . 

The resul t s  as outl ined in Tables (4) and ( 5 )  are d e r i ved from the 

change in the c hemi cal s hift of the methyl and ch.l o rome t h y l  groups , . 

res pec t i ve l y , o f  compounds ( IV ) , ( V ) , ( VI ) , A ,  B ,  ( XI I ) , and ( XI I I ) .  I t  

shoul.d be noted , wi th the except ion of ( V ) , B ,  and ( XI I I ) , the resul t s  

obtained from bo th fun c t ional groups o n  the same compound d o  n o t  agree . 

1b.e nd iv idual values derived from the methy l and chlo rome thyl  s h ifts o f  
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( I V ) , ( VI ) , and A do not yield the same 6.G for each compound . Moreover , 

the methyl shifts yield unique and slightly higher 6. G values , whereas 

the chloromethyl shifts yield approximately the same 6.G value . There 

is no reason to expect that ( IV ) ,  ( V I ) , and A should have the same n. a  

value since all have structural dissimilarities . I t  is believed , there -

fore , the results obtained from the chloromethyl shifts as outlined in 

Table (5 )  for these compounds is anomalous . The reason for . this anomaly 

is related to the st ereochemistry of the chloromethyl group in ( I V ) , ( V I ) , 

and A and will be discussed later . Because of this , the di f ference in 

the chemical shifts o f  the methyl and chloromethyl groups of each com-

pound could not be employed to calculate 6. G ,  in an approach similar to 

the one outlined by Katritzky. 2 3 This is unfortunate since it eliminates 

the possibility of accurately cancelling solvent�temperature e ff ects in 

these calculations . Since no provisions were taken to eliminate solvent-

temperature e f fects on the total change in � , the 6.G val ues calculated 

from methyl shi fts as outlined in Table ( 4 ) are erroneous and probabl y 

lower than the true values. 

I f  solvent-temperature e f fects are approximately the same magni-

tude for all of the compounds tested , changes due . to these e f f ects are 

0 0 probably small ,  in the temperature range of - 58 C to + 52 _ C .  The reason 

for this is that solvent-t emperature e f fects are probably not larger 

than the smallest change observed in this temperature range , namely 1 . 5  

Hz for the methyl chemical shift of compound ( V I ) .  I n  other words , if 



' 

Compound 

( IV )  

( V )  

(VI ) 

A 

B 

( XI I )  

( XI I I ) 

@ At 25 ° C 

TABLE 4 

CALCULATED CONFORMER POPULATION S  FROM METHYL CHEMI CAL SHI FTS 

V0 ( Hz )  vl ( Hz )  - 6.G ( kcal /mol e )  

6 8 . 4  2 6 . 6  0 . 99 ± 0 . 3  

55 . 1  � 81 . 5  1 .  07 .± 0 .  3 
' 

57 . 9  3 9 . 1  1 . 3 9 .± 0 . 3  

66 . 2  37 . 0  0 . 83 .± 0 . 3  

95 . 2  41 . 9  0 . 59 .± 0 . 3  

7 6 . 3  20 . 0  0 . 6 1 .± 0 . 3  

1 0 1 . 4  22 . 1  0 . 84 .± 0 . 3  

3 Dom inant Conformer@ 

8 1  

8 4  

9 1  

7 5  

6 3  

64  

7 6  

w I-' 

• 



Compound 

( I V )  

( V )  

1, 

A 
�-:, 
t�J'1_ . 

( V I ) 

�- B 

( XI I )  

; " ' ( XI I I )  

' ' 

@ At 25  Q C 

TABLE 5 

CALCULATED CONFORMER POPULAT I ON S  FROM CHLOROMETHYL CHEM I CAL SH I FTS 

V 0 (Hz )  V l. (Hz ) - � G  ( kcal/mo l e ) 3 Dom inant Con forme r@ 

-

2 69 . 1  1 40 . 2  0 . 52 .± 0 . 3  5 8  

2 3 8 . 0  1 48 . 3  0 . 89 + 0 . 3  88  
�� 

' 

2 6 5 . l  1 3 3 . 8  0 . 5 1 .± 0 . 3  5 8  

2 6 7 . 3  1 40 . 1  0 . 57 .± 0 . 3  62  

2 57 . 4  98 . 3  0 . 62 .± O o 3  65 

2 3 8 . 5  122 . 7  1 . 2 4 + 0 . 3  88  

230 . 6  1 04 . 7  0 . 72 .± 0 . 3  70 

w r-,, 
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( VI ) i s  conformat i onal l y  immo b i l e  then 1 . 5 Hz repres ent s  a chan ge d ue 

to s olven t - tempe rature e f f e c t s  alone . ..6.G values were calcul ated f o r  

( IV ) , A ,  B ,  ( XII ) , and ( XIII ) f rom the d i f ference in t h e  chan ge in the 

res pe c t ive me thyl chem i cal s h i f t s  and the me thy l chem i cal s h i f t  in ( VI ) . 

A G  val ues cal cul ated in th i s  manner represent an attempt to compen s ate 

for th e solven t - temperature e f f e c t s  in these compound s and t hus o b ta in 

values wh ich are more r e p� e s entat ive o f  the true val ue . The r e s ul t s  of 

these cal cul a t i ons
. 

appear in Tabl e  ( 6 )_ . .. 

The var i able tempe rature s tud i es · as .. s tated ear l i e r  in t h i s  s e c t i on 

have shown that the a s s umpt i on o f  the ex i s t ence of mor e  than one conf o r� 

mat ional form for A and B i s  a val id one o . The s e  s tud ie s  hav e  a l s o  s hown 

that A cann o t  be a c onfo rmer of B .  In s p i te of conformat i onal mob i l i ty 

and al though the range o f  6.G values given in Tabl e  ( 6 ) are on l y  c rude 

approximat i on s o f  the true alues , the as sumpt ion that A and B e x i s t  

pr imar i l y  in one conforma t i onal fo rm i s  no t incons i s t en t  wi th the s e  re­

sul ts .  The knowl edge that A and B ex i s t  in dom inant con format i onal forms 

is  hel p ful in the d e t a i l ed anal ys is of the nmr spectra o f  the s e  mat e r i al s . 



TABLE 6 

CALCULATED RANGE OF CONFORMER POPULATION S  FROM D I FFERENCE IN 
METIIYL CHEM I CAL SH I FTS 

Compound Range of - 6. G ( kcal/mol e ) 3 Range o f  Dom inan t  
' Conformer 

( I V )  0 . 99 - 1 . 32 8 1  - 90 

A 0 . 83 - 1 . 2 9  7 5  - 89 

B 0 . 59 - 0 . 7 8 63 - 73 

( XI I )  0 . 61 - 0 . 7 6 64 - 72 

( XI I I )  o .  86 - 1 . 00 7 6  - 82 

w � 
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S P IN - SPIN COUPL ING ANALYS I S  

Th e  Use o f  LAOCN3 i n  Ana lyz ing Spec tra 

The nmr s pe c tra of methy lene protons o f  2 -subs t i tu t ed , 5 - chloro-

methy l - 5 -me thy l -2-oxo- 1 , 3 , 2 - d i oxaphosphor inans may be forma l l y  d es c r i bed 

' l 
as an AA BB ' ' por t ion o f  an AA BB K2Q3X sys tem ,  where X = P ,  Q3 = CH3 , and 

Since l ong range c oupl ing w i th CH3 and. CH2Cl i s  sma1 1 , · the s y s t em i s  

' ' 3 0 2 3 . of ten des c r i bed as an AA BB X sys tem or more s impl y as an ABX s y s tem . ' · 

ABX analy s i s  o f  several d ioxaphos phor inans has y ie ld ed one impo r-

t an t  feature o f  t he me thy lene s pectra o f  these compounds . In mos t  c ases  

where s tereochem i cal a s s i gnmen ts have been made , phosphorus hyd rogen 
,. 

coupl ing i s  greater for Hb pro tons than for Ha pro ton s . ( Se e  Tabl e  7 ) 

Th i s  informat i on and the u t i l i zat ion o f  the computer program LAOCN3 were 

useful in the anal y s is of s pec tra descr ibed in this sec t i on . 

A compl e t e  des c r i p t i on o f  LAOCN3 may be found in s everal s ources . 4 6 - 9  

Sample input an d  ou tpu t  d a t a  i s  prov ided i n  the Append i x .  Th i s  program 

has two capabi l i t i es : 1 )  f rom an arb i trary set  o f  chem ical sh i f t  and 

coupl ing cons tan t data for a s y s tem of two to seven ! s p in nuc le i , i t  can 

generate a tabl e  o f  frequenc ies and intens i t ies of the l ines expe c ted in 

the nmr spec trum ; 2 )  if cal culated spectrum is s imi l ar to the o bserved 

spec t rum ,  the program can pe rform i terative calculat ions in wh i ch the 
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Structure 

I 0:50CH3 

·
Po

Pn 

o
r 

�Cll 

�Ph 

1<:!CH3 . 
� . . 

�C<cHy3 
R - . 

.. 

:o-C(Ph)3 
* ppm R = CH3 II H z  

36 

TABLE 7 

SH I FTS AND COUPL ING CONSTANTS OF SOME SUBS TI TUTED 
D IOXAPHOSPHOR IN ANS 

* 
J ( POCHb )# H Hb J ( POCH ) Re f .  a a 

4 . 05 3 . 20 2 . 8  1 0 . 8  50  

4 . 2 5  3 o 35 2 . 8  1 0 . 8  50 

4 . 10 3 . 35 2 . 8  1 0 . 8  5 0  

4 . 30 3 . 45 6 0 0  1 0 . 8  50 

3 . 45 3 . 20 3 . 0  1 0 . 2  50  

4 . 1 8 3 . 82 9 . 9  1 4 . 0  2 8  

4 . 3 5  3 . 70 2 . 0  1 9 . 0  2 8  

4 . 2 7 3 . 48 6 . 6  14 . 7  2 8  



TABLE 7 cont . 

Structure 

�oCHPh 
R . ,\ 2. 

0 

· �C H  / 2 
C ICHz · - _�o 

C IC�C� 
C IC H� . ''o 

TsOC�CHf1h · 

R ''o 

arCHO�H2 
R ' o  

R o-NHaCH3� 
R . '\ 0 . 

H

O

OPh 

�t\ . . ''o 

f>ho
�P
h 

H . 0 . 
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Ha Hb J ( POCH ) a J ( POCHb ) Ref . 

4 . 1 7 3 . 70 7 . 8  1 4 . 9  2 8  

4 . 3 2  3 . 78 12 . 0  1 1 . 0  2 8  

4 . 02 3 . 04 8 

4 . 1 8 3 . 71 1 3 . 0  1 0 . 4  · s 

3 . 98 3 . 48 3 . 8 5 1 8 . 7  8 
.. 

4 . 22 3 . 85 7 . 8  1 6 . 3  2 8  

1 . 4 2 2 . 9  3 8  

3 . 9  2 0 . 2  3 8  



TABLE 7 con t . 

Struc ture 

K},CI 
. ''o Ph . �o0C(CH�3 
R ,, 

I 0 

�q, D� 
R ' ,, P.  R o o' · 

\)is'{)R 
R 'o $ R 
R0.0'0� R . ,, :)? � 

o �  . 

3 8  

H Hb J ( POCH ) J ( POCHb ) Ref . a a 

4 . 9 8 4 . 6 8 5 . 4 2 9 . 2 3 6  

4 . 04 3 . 85 2 1 . 0  30 

4 . 3 8 3 . 85 3 . 9 2 4 . 6  2 3  

4 . 4 6 3 . 97 1 . 4 2 4 . 6  2 3  

4 . 2 5 4 . 01 4 . 6 2 3 . 0  2 3 
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cal culated l ines are brough t as c l o s e  as pos s i b l e  to the obs erved l ines . 

A ser ies o f  ABX s pe c t ra were calcul ated us ing LAOCN3 by wh i ch the 

chem ical sh i f t s  and coupl ing c ons tants were var ied . Some of these s pec-

tra are given in F igure (7 ) .  General features o f  thes e c a l c u l ated AB X  

s pectra were observed in t h e  ac tual s pectra o f  compounds ( I V ) , A ,  and B .  

In certa in cas es , a character i s t ic e i ght l ine pat tern o f  the AB por t ion 

o f  the ABX s pe ctra could be iden t i f i ed and approx imate val ues f or c ou -

pl ing cons tants and chem i cal s h i f t s  were as s i gned . These parame t e r s  we re 

ref ined by making smal l changes in the ir values and no t in g  the resul tan t  

changes in the cal culated s pe c tra . F inal l y , i terat ive cal cu l at i ons were 

f I 
at tempted util i z in g  the mor e  complex AA BB X approximat i on in wh ich cal -

cul ated l ines were ' fi t ' to  o b se rved l ines . 

Whi1e the ana lys i s  o f  ( I V )  and B i s  s impl i fied because phos phorus -

l I f 
hydrogen coupl ing i s  eviden t in both the AA and BB por t ions o f  the AA 

• 
BB X s pe c tra , the anal y s i s  o f  c ompound A i s  compl i cated by the f ac t  that 

' 
the AA port ion i s  col l apsed in to a s ingle peak . ( See F i gure 9 )  

Al though the exac t value o f  J ( POCH ) canno t be determined f r om thes e  . a 

types o f  spec tr a30 , the cal cul ated rat i c  o f  Ha to the mos t in tense peak 

in Hb var ies wi th J ( POCHa ) .  Th is suggests  a me thod o f  o b t a in ing an 

approximate value o f  J ( POCH ) .  The cal culated intens i ty rat i o  increases 
a 

from 4 . 7 : 1 for J ( POCH ) = o H z  to 8 : 1 for J ( POCH ) = 2 . 0 H z . Compound 
a a 

A has an observed intens i ty rat i o- o f  5 : 1 impl y ing that the val u e  o f  

J ( POCHa ) is c l ose t o  zero . Al ternat ively , i t  has been sugges te d  that 
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VA- VB = 20 Hz 

JAx= 3.0 Hz. 

JBX = 1 3.6 Hz. · 

JA8= - 8 .4 H z 1A - VB = 5 H z 

Figure 7 

Cal cul a t ed NMR Spec tra for a 3 Spin Sy s t em 
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for series o f  compounds wh ich have s imilar func t i onal groups a t  pho s -

phorus , the sum o f  J ( POCHa ) and J ( POCHb ) is approx imatel y  con s t an t . s , 23  

The sum o f  the pho s phorus -hy� rogen coupl ing con$tants for c ompound B is  

24 . 8  Hz . S ince J ( POCHb ) = 2 1 . 4  Hz for compound A,  J ( POCH ) m ay be a 

approximate ly equal t o  3 . 4 Hz . The value o f  3 . 4 Hz was used i n  obtain-

ing the cal culated s pe c t ra shown in Figure ( 9 ) for compound A .  

'The s i gns o f  the coupl ing cons tants cannot be d e t e rm ined from the 

s pectra g iven in Figures ( 8 ) - ( 1 0 ) . I t  i s  as sumed that al l J ( POCH ) cou-

pl ing is pos i t ive 51  and that a l l  gem inal coupl ing is negat i ve . 2 5  Cros s 

r ing coupl ing J ( HbHb
l ) o r  J ( HaHa

' ) causes spl i t t ing in each l ine the four 

' ' ' 3 0  l ine B B  por t ion o f  the AA B B  X s pec tra . This s pl i t t ing appears as 

' tr iple t s ' in the calculated s pec tra given in Figures ( 8 ) - ( 10 ) . 

and J ( Hbtta
' ) cause fur ther spl i tt ing in each ' tr iplet ' .  S ince each 

' tr i pl e t ' in the BB por t ion of the obs erved spec tra of compounds ( I V ) , 

A ,  and B is relative ly uns pl i t , the magn i tude o f . J ( HaHb
' ) and J ( HbHa ' ) i s  

small . C <: 0 . 5  Hz ) The resul t s  o f  the analys is of  me thy l ene s pe c t ra o f  

compounds ( IV ) , A ,  and B is shown i n  Tabl e  ( 8 )  and Figures ( 8 ) - ( 1 0 ) . 

Re l at i onsh ip o f  Ring Conformat ion to Coupl ing in ( IV) , A ,  and B 

Phos pho rus -hyd ro gen coupl ing has been ut i l i zed for es t ab l i sh ing 

the s tereochemi s try o f  many d i oxaphosphorinans . Al though phos phorus -

hyd ro gen coupl ing i s  dependent on hybr id i zat ion of phos phorus and the 

nature of subs t i tuent s  attached to phos phorus , s tereo chem i cal inf orma-

t ion is bas ed on evidence that J ( POCH )  coupl ing is a func t i on of the 



TABLE 8 

RESULTS OF SPECTRAL ANALYS I S  OF TH REE D I OXAPHOSPHOR IN AN S  

Chemical Shifts ( Hz ) * 

H ' a 

Compound Solvent H a 

IV CC 1 4 2 54 . 2  

A CD3COCD3 2 62 0 0  

B CD3COCD3 270 . 1  

* At 60 MHz # I I · f 
J ( HaHa ) , J ( HaHb ) , and J ( HbHa ) < 0 .  5 

* *As sumed to be negative , s ee Re f. 2 5  

@ As sumed to be positive , see Re f . 5 1  

H ' 

b 

H b 

:! 5 6 . 2  

2 52 . 8  

2 4 7 .' 2  

see Ref. 3 0 

Cou2ling Constants 
* *J ( H  ' H 1 )  @J ( POCH ' ) a b a 

#J Cfb fb ' > J ( HaHb) J ( POCH ) a 

3 . 3 - 1 1 . 5  2 . 7  

3 . 4 - 1 L 2 ( 3 . 4 ) 

2 . 9  - 10 . 7  4 . 7  

@J ( POCHb' ) 

J ( POCH ) b 

2 8 . 3  

2 1 . 4  

2 0 . 1  

� l\J 



Compound 

I V  

A 

B 

TABLE 8 cont . 

RESULTS OF SPECTRAL ANALYS I S  OF 'IHREE D IOXAPHOSPHORINANS 

0 Temperature ( C ) 

40 

40 

40 

· ,  

Peaks 
obsd 

12 

13 

1 3 

Trans i t ions 
calcd 

48 

3 6 

4 8  

RMS 
erro r  

( Hz ) 

0 . 2 4 1  

0 . 2 9 9  

0 . 1 7 7  

Max 
error 

( H z ) 

O o 2 9 4  

0 . 43 3  

O o 3 9 0  

.i:i. w 
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24 d ihedral angle between H-C and P-0 - bonds . Thi s  i s  analogous to v i c inal 

H-H coupl ing des c r ibed by the Karplus equat ion . 2 5  Al though s ome a t t empts 

have been made to extab l i sh exac t values for J ( POCH ) and d i hedral angles 

in var ious phos pho rus con tain ing systems , conf l ic t ing resul ts have ap-

peared . ( See Tabl e  9 )  I n  s p i te o f  th is , several d ioxaphos phor inan com-

pounds have b een as s i gned chair c onformations bas ed on values o f  

J ( POCHeq ) = 20-30  H z  and J ( POCHax ) = 0-5 Hz imply ing d ihed ral angles o f  

8 3 3 , 2 3 1 80 and 60 , respe c t ive l y  • . ' 

Al though the J ( POCH ) values given in Tabl e ( 8 ) compare favorably 

wi th values sugges t ing d ihedral angles of 1 80 and 60 , ( as sum ing H = H a ax 

and Hb = Heq ) chai r  conformat ions cannot be ass igned based on J ( POCH ) data 

alone . The reason for th i s  i s  that of the three major conforma t i onal 

forms of s ix-membered r ing s y s t ems , ( chai r , twi s t-boat , boat ) both cha i r  

and twi s t-boat forms have the s ame d ihed ral angle relat i onsh i ps f o r  Rax 

and H 3 3  
eq • 

The d ihedral angles for H nd H in boat conformers are equ i val en t , 
ax a eq 

impl · th t J ( POCH ) J ( POCH ) The nmr s pe c trum of c ompound ( I I )  y ing a = . ax eq 

conf irms this s ince J ( POCH ) ax 

angles are approximate l y  1 2 0 . 

J ( POCH ) = 6 . 0 Hz and al l d ihed ral 
eq 

r, 



TABLE 9 

ANGULAR DEPENDENCE OF P-H COUPL ING 

Type 

. * . 
PC I I I ) -0- C -H 

PC l l I  ) -0- C-H 

P( I I I  ) -0-C-H 

P( l l l ) -0-C-H 

P( I I l } -0-C-H 

P( I l l ) -0-C-H 

P( IV ) -0-C-H 

P( IV ) -0-C-H 

P( IV ) -0 -C-H 

P( IV ) -0 -C-H 

P( IV ) -C - C-H 

P( I V ) -C - C-H 

P( I V ) -C -C�H 

P{ IV ) ..:.C -C-H 

Approximat e  
angl e , degrees 

30 

60 

1 13 

1 2 8  

1 63 

1 80 

60 

60 

1 80 

1 80 

3 0  

60 

90 

1 80 

* Roman numerals ref e r  to val ency of  phos phorus 

J ( Hz )  

2 . 8  

2 . 5  

1 . 7  

4 . 4  

9 . 6  

1 0 . 8  

6 . 0  

1 . 9  

22 . 4  

2 1 . 6  

7 . 0  

1 2 . 0  

0 

3 5 . 0  

45 

Re f .  

52 

2 6  

2 6  

2 6  

2 6  

52 

2 8  

5 3  

2 8  

5 3  

5 4  

54 

54 

54  



4 6  

cG=o CIT )  

For this reas on , i t  i s  pos s ib le t o  el iminate the boat conformer a s  the 

maj or conformat i onal for ( IV ) , A ,  and B. The ques t ion of whe ther ( IV ) , 

A, and B are in chair or twi s t- boat forms is re lated to the c r o s s  r in g  

coupl ing i n  these compound s .  The J ( HbHb
' ) values f o r  ( I V ) , A ,  and B .are 
' 3 . 3 , 3 . 4 ,  and 2 . 9 ,  r e s pe c t ively . J ( HbHb ) coupl ing represen t s  l ong r ange 

coupl ing through four a- bond s . Effec t ive coupl ing ( :> 1 . 0 H z ) through 

four s ingl e  bonds is usual l y  conf ined to a planar ' W '  or z ig-zag c onf i g-

5 5 , 3 2 urat ion o f  atoms . 

· ·�- ·H 
'� .. ... .. / ' ' .......... 

H ... 
:. 

This conf igurat ion e l iminates the pos s i b i l i ty of effect ive c r o s s r ing 

coupl ing for the twi s t-boat c onformation . For this reas on , ( IV ) , A, and 

B have been ass igned chai r  conformat ions . Accord ingly ,  Ha and Ha 

are axial prot ons and Hb and ttb
' 

are equator ial pro tons . 

The Relat i onsh ip o f  Phosphorus Hydrogen Coupl ing t o  Conf ormer Rat io s  

The var iat ion o f  s pe c t ral parameters with change i n  temperature , 

as outl ined earl ier , was in terpreted as a consequence of · the c hanging 

ratio o f  rapid l y  in terconver t ing conformers . Cons ider c onforma t i onal 

equil ibr ia involving predominan t ly two chair forms 0 
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Figure 8 
Top : Cal culated methyl ene nmr spectrum 

Bo ttom : Obs erved spectrum for compound ( IV ) 
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Figure 9 

Top : Cal culated methyl ene nmr spectrum 

Bottom : Observed spectrum for compound A 
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F i gure 10 

Top : Cal culated methyl ene nmr spectrum 

Bottom :  Observed spectrum for compound B 
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H� Hci · 

ex 

If  the conformers are interconverting rapidly enough to give a weighted 

time average then 

J ( POCHa ) = n J ( POCHaxtx + 0 -n )  J ( POCHeq 'l3 
J ( POCHb ) = n J ( POCHeq b- + 0 -n ) J ( POCHax )/3 . 

eq  ( 1 1 )  

eq ( 12 ) 

where J ( POCH ) and J ( POCH ) are observed coupl ing constants and n/n-1  a b 

is the rat io of <:;> to (1 . 8 , 33 J ( POCH )CX and J ( POCH n ax ax 1v 
are the 

coupl ing cons tants with ax ial protons in conformat ional ly  immobil e � 

and (J systems . Likewise , J ( POCH )CX eq and J ( POCH h eq /IJ are the coupl ing 

constants wi th equator ial �otons in conformat ionally immobile CX: and (3 
systems . Katri tzky23 and Edmundson8 assumed that J ( POCHax )(X = J ( POCHax ),13 
and J ( POCH )rv = J ( POCH )'{J eq '-J'- eq 

' imply ing that J ( POCH ) and J ( POCH ) , ax eq 

are independent o f  the d i spos ition of subs tituents at phosphorus . Not 

enough informat ion is  presently avai lable concerning the val id i ty of  

this assumpt ion . Never theless , the assumpt ion wil l be  made that eq  ( 1 1 )  

and eq ( 1 2 ) may be s impl i f ied by subs titut ion of J ( POCHax )CC = J ( POCHax }J = 

Jax and J ( POCH >rv = J ( POCH >n eq '-A eq /J 
= J eq 

J ( POCH ) = n J + ( 1 -n ) J 
a ax eq 

J ( POCHb ) = n J eq + ( 1 -n ) J ax 

The sum of the observed coupl ing constants IJ ( POCH ) 

eq  ( 1 3 )  

e q  ( 1 4 )  

J ( POCH ) + a 



J ( POCHb ) i s  equivalent to J + J ax eq 

5 1  

2 3  

Edmund s on2 3  and Kat r i t zky 8 have found that the sum of the observed 

coupl ing cons tants  < Z J ( POCH ) ) general ly fal l within the range o f  

2 0  t o  23 Hz for  phos phonate compounds ( R3 alky l ) .  Al though l e s s  in-

formation i s  avai l ab l e  fo r phos phates ( R3 � OR ) , the range o f  �J ( POCH ) 

is  approximate l y  20 to 25 Hz . 30 ' 2 3  For halogen containing c ompounds , 

( R3 = Cl , Br ) the range i s  gene ral l y  higher than for pho s phates ( 3 0 to 

35 Hz ) . 23 , 30 

De terminat ion o f  c onformer rat ios is cont ingent upon e s tab l i sh ing 

values for Jax o r  Jeq • Kat r i tzky2 3  dete rmined Jax and Jeq for pyropho s -

phates u t i l i z ing obs e rved coupl ing cons tants in 

where X = O ,  s ,  o r  Se . The average value of J ax 

is 1 . 6 H z . 23 Th i s  i s  i n  good agreement with the 

for ( 8 ) de term i.ned by M .  Tsubo i , e t  al . 5 6  

Ph�=O o - ( 8 ) 

( ( EtO ) PO ) X compounds 2 2 

de termined by Ka tr i t zky 

observed value o f  J ax 

I f ( 9 )  is conformat ional ly immob i le , the coupl ing cons tan t  repo r t ed by  

3 8  Hal l and Malcomb , name l y  1 . 4 Hz , i s  a good approximat ion of Jax 

Ph�=o 
l O Ph  C 9 ) 
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Muj oral , Puj o l  and Navech assumed that J = 1 . 9 Hz for the purposes  o f  
ax 

calculat ing conformer rat i os . 5 3  I f  seems l ikely that the true value of 

J for phos phate and pho s ph�nate systems is  less  than 2 . 0 H z  and 
ax 

approx imately cons tant . In  contras t ,  J appears to vary depend ing upon eq 
3 0 the type o f  subs t ituent s  at tached to phosphorus . J may be de termined eq 

for a given s y s tem by eq ( 1 5 ) . 

J 
eq 

J ( POCH ) + J ( POCH ) - J 
a b ax eq ( 1 5 )  

The percent maj o r  conformer may be de termined by rearrangement o f  eq ( 1 3 )  

or eq 0 4 ) . 

n J ( POCH ) - J a eq 

J - J 
ax eq 

J - J eq ax 

e q  ( 16 )  

e q  ( 1 7 )  

Conformer rat ios were determined for compounds ( IV ) , A ,  and B us ing 

eq ( 1 6 )  and eq ( 1 7 )  and the observed phosphorus -hydrogen coupl ing con -

s tants given in Tab l e  ( 8 ) .  The resul ts of  th is anal Y, s i s  appear i n  

Tabl e  ( 10 ) . 



Comp . Solv . 

I V  CC 1 4 

A ( CD3 ) 2co 

B ( CD3 ) 2CO 

* See ref o 23 , 3 8  
#From eq ( 15 ) 

TABLE 1 0  

DETERMINATION OF CONFORMER RATIOS FROM PHOSPHORUS-HYDROGEN 

COUPLING-CONSTANTS 

J ( POCHb ) Ir ( POCH ) 
* # 

Temp o J ( POCH ) J J a ax eq 
-

40 2 . 7 2 8 . 3 3 1 . 0  L 5  2 9 . 5  

40 0-3 . 4  2 1 . 4  2 1 . 4-2 4 . 8 1 . 5  1 9 . 9-23 . 2 

40 4 . 7  2 0 . 1  23 . 4  1 . 5 2 1 . 9  

Per cent Maj or 
Conformer ( n )  x 1 00 

9 6  

9 1 - 100 

85 

CJ1 w 



STEREOCHEMISTRY AT C-5 AND PHOSPHORUS 

Relat ionship of Chemical Sh ifts  and Widths at One-Half Height  to the 
Stereochemistry at C-5 

54 

Edmundson has shown by decoupl ing experiments that the coupl ing of 

methyl groups at C-5 wi th phosphorus is smal l and non-s tereospeci f i c  in 

1 , 3 , 2-dioxaphosphorinans . 35  In contrast , coupl ing of methyl gr oups at C-5 

wi th methyl ene protons at C-4 and C-6 is  small but s tereos pec i f i c . 57  

For 5 , 5-dimethyl d iosaphos phor inans which have been assigned chair con-

formations , the axial methyl  group is more s trongly coupled to the methyl-

ent ring protons than the equatorial methyl group .  Furthermore , the axial 

. 50 methyl group is  speci fical ly coupled to axial methylene protons . The 

reason for this is related to the required planar ' W '  conf iguration of 

atoms for effective coupl ing through four single bonds . 

H 
Presumably , rotat ion of the methyl group wil l  diminish the effect iveness  

of the planar ' W '  conf igurat ion . Nevertheless , the resonance peak asso-

ciated with the axial methyl group will  have a greater width at half height  

( Wi ) than the equatorial methyl group due to  the increased coupl ing with 

axial methylene protons . Table (ll ) l ists examples of compounds in which 

methyl groups have been - given axial and equatorial designations based on 

the relat ive values of  w! . Al though the chemical shifts of  the methyl 

group are temperature dependent in cases where conformational mobil ity i s  
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TABLE 11  

STEREOCHEMICAL ASS IGNMENTS AT C-5 OF SOME 5 , 5-DIMETHYL D IOXAPHOSPHORINANS 

Compound 

C�OC H3 
C H3 

C HUO P h  
C�3 
� HKJ:F 
C H3 

��/1 

C H
O

lH3 
,� H3 ''o 
C HO C CCH3);i 
CH3 . '0 
C� OCH;i 
c ,, 3 0 

C H� 
w! 

Narrow 

S ( ppm ) 

0 . 70 

0 . 80 

0 . 80 

0 . 80 

1 . 01 

0 . 87 

0 . 88 

CH3 · 

� W! 
Broad 

8 ( ppm ) Re f .  

1 . 25 5 0 

1 . 30 5 0  

1 . 30 5 0 

1 . 2 5  5 0  

1 . 1 1 2 8  

L 2 5 2 8  

1 . 2 0  2 8  
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TABLE 1 1  cont . 

C H� 

Narrow · Broad 

Compound S ( ppm )  S ( ppm ) aef . 

CH�(CHY3 
0 . 90 1 . 2 1 2 8  

CH3 '0-

CHO,OPh 0 . 9 7 1 . 2 9  2 8  
CH3 ''o 
C H�HC(C H3)3 0 . 9 8 1 . 1 6 2 8  

CH3 'o 
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present , in mos t  cases , the chemical shift  of the broader met hy l  s ignal 

associated wi th the axial methyl group is downf ield o.f  t he- . equatorial 

methyl s ignal . 

Stereochemical ass ignments  at C-5 of A ,  B ,  and related compounds are 

given in ·Tab le · 1 2 . The ass ignments are based on the relative W! values 

of the methyl s ignals of each pair of isomers . Therefore , the methyl 

resonance of ( VI ) is compared to the methyl resonance of ( VI I ) , A with B ,  

( X) with ( XI ) and so on . In al l cases tpe broader methyl s i gnal is  

assigned to an axial methyl group . This is  analogous to the c ompar ison 

made by Ve rkad e with the two isomers . of 5-chloromethyl-2-methoxy-5-methyl-

3 3  1 , 3 , 2-d ioxaphosphor inan . 

Based on information given in Table 12 , deshield ing of axial  s ubs t ituents 

relative to equatorial subs t i tuents  might be pred icted and bas ed on the 

trend that al l s ignals from methyl groups des ignated as axial are down� 

f ield of those des ignated equatorial . I f  the s tereochemical as signments  

as outlined in  Table ( 1 2 ) are correct , the chloromethyl resonance in  A 

should be downf ield o f  the chloromethyl resonance in B ,  and l ikewise for 

each · f · 111 1· s pred i" c t i" on ·  1· s verified by chemi cal  shift  pair o isomers . 

values given in Table ( 1 3 ) o  

I t is notewor thy that the s tereochemical assignment s  given for ( I I I )  

and (VI ) in Table  ( l 2 ) are in agreement with X-ray d iffrac t ion data . 
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TABLE 12  

RELATION SH IP O F  METHYL CHEM I CAL SH I FT AN D  W I DTH AT ONE-HALF HE I GHT TO 
THE STEREOCHEM ISTRY AT C-5 

Methy l Chemical Shi f t  

R Compd .  W� ( Hz )  S C ppm ) Compd .  w! C Hz ) S C ppm )  

B r  ( I I I ) 0 . 98 

Cl ( I V )  1 . 4  0 . 97 

OH ( V )  0 . 98 

0- ( V I ) 1 . 6 0 . 88 ( VI I )  1 . 9  1 . 1 8 

Or A 1 . 2 0 . 87 B 1 . 8 1 . 23 

CQ 
( X )  1 . 6 0 . 85 ( X I ) 2 . 0 1 . 3 5  

�NOo ( X I I )  1 . 4 1 . 02 ( XI I I )  1 .  8 1 . 43 

N� 
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TABLE 1 2  cont . 

R Compd .  :W! <Hz ) * 8 ( ppm ) . Compd .  W! Chz ) 8 ( ppm )  

c�oQo ( XI V )  1 . 8 0 . 90 ( XV) 2 . 2  1 . 2 5 

�vo ( XV I ) 1 . 4  1 . 00 ( XV I I )  1 . 8  1 . 3 6  

* 
Al l errors es t imated a t  ± 0 . 2  Hz • 

. .. 



R 

0-
Qo 

09 

�vo 
NO 

CH-9Qo 

6 0  

TABLE 13 

RELATI ON SH I P  OF CH LOROMETHYL CHEM I CAL SH I FTS TO 

THE STE REOCHEM I STRY AT C -5 

C I C H� -
� \._---(}....f?i R 

0 
Compd ( ppm ) 

( V I I )  3 . 42 

B 3 . 2 6 

( X I ) 3 . 37 

( XI I I )  3 . 35 

( XV ) 3 . 32 

( XV I I )  3 . 42 

C ICH2 

- �-R - o 
Compd . ( ppm ) 

( V I ) 3 . 63 

A 3 . 6 8 

( X ) 3 . 6 8 

( XI I )  3 . 74 

. ( XI V )  3 . 72 

( XV I ) 3 . 7 5  
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Th e  s tereochemical ass ignments at C - 5  for ( VI )  and ( VI I )  are also · in 

I 7 agreement with · the resul ts of  nmr solvent s tudies conduc ted by Edmundson . 

Edmund son contends that the chemical shift d ifference des ignat ed · as 6.8 
and defi ed  as  the chemical shift  in  CDC13 minus the chemical shift in 

benzene is greater for the methyl group than the chloromethyl group at 

C- 5 when, the methyl groups is equatorial ly s i tuated . The oppos ite . is  

8 true when the methyl group is  axial . a.s values .for the ch1oromethy1 

and meth 1 ,groups in A are 23 Hz and 33 Hz , respectively . The respect ive 

values fo r the chlorornethyl and methyl groups in B are 54 Hz and 40 Hz ; 

Accord ing to Edmundson ' s  rules , the me thyl group in A should b e  equato-

rially  situated and axial in B .  This is also in accord with the s tereo-

chemica1 assignments for A and B in Table { 1 2 ) . 
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!be S t e reQchem i s t r  A t  Pho s  h o rus of A and B 

The r ing geometry and the conf igurat ion at C-5 o f  s ome d om inan t 

conformers are known . Al l that remains i s  the as s ignmen t o f  the c onf i g -

urat ion o f  groups at phos phorus . For exampl e , the s t e r eo chem i s t ry a t  

phospho rus of ( I V )  i s  eas i l y  d educed f·rom known s t ereochem i c al informa-

tion . The reac t ion o f  c h l or ine w i th methy l b i cyc l i c  pho s ph i te ( I ) ins ures 

that the relat ionsh i p  of the ch l oromethyl gr oup at C- 5 w i t h  the pho s phoryl 

oxygen i s  c i s ; provid ing that no s ubs equent i s omer i zat ion o f  ( I V )  t akes 

place . .Anal y s i s  o f  the nmr s pe c tra of ( I V )  ind i c ates that ( IV )  is in a 

dom inant cha i r  form in so l ut i on . The r e l at ive chem i ca l  s h i f t s  o f  the 

chlorome thyl and methy l gr oup at C-5 ind i cates that the c h l orome thy l  group 

is pred om inan t l y  axi al . Th i s  impl i e s that the phos pho ry l oxy gen of the 

chai r  conf o rmer of ( I V )  mus t  be in an equator ial pos i t ion .  

Simil ar reason ing app l ies t o  ( V I ) . X-ray d i ffrac t ion data ind i cates 

that the relat ionsh i p  o f  the c h l orome thy l group and the phos pho r y l oxygen 

in sol i d  s tate is t rans � NMR s tud i es of ( V I ) in s o lut i on ind i c a t e  that 

the chl orome thyl group at C-5 i s  pr imar i l y  ax ial . I f  the d om inan t 

conformat i onal form of ( VI ) i s  cha i r  then the phos pho r y l  oxygen mus t b e  

axial. l y s i tuat ed . 

Tiie as s i gnment of the s t ereochem i s t ry of the dom inan t  confo rmer s  

of A and B i s  no t a s  s imp l e  a s  the exampl es men t i oned above . The reas on 

f · · � nai l abl e in regard t o  the or th i s i s that no pr io r  in fo rmat i on is a..v 

re lat ionshi p  o f  the conf i gurat ion at C-5 to the con f i gura t i on a t  phos -
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phorus . Four th ings are known , however , about the s te reochem i s t r y  o f  

A an d  B .  

A )  A and B are non- i n t e r c onver table geome t r i cal i s om e r s . 

B )  A and B ex i s t  in s o l u t i on in dom inant conf orma t i onal forms . 

C )  Th e  d ominan t  f o rms o f  A and B are chair con fo rmers . 

D )  Th e  conf igurat i on a t  C-5 o f  the dominan t cha i r  c on f o rmer o f  A 
is wi th the me thy l group pr imar i l y  equato r i a l l y  s i tuated and i n  B 
ax ial l y  s i tuated . 

Th i s  inf o rmat i on ind icates tha t the conf i gurat i on at pho s phorus o f  the 

conformer s  of A and B i s  r e lated in a un i que way . The s ter e o ch em i cal 

as s ignmen ts at C-5 demand tha t the pho s pho ryl oxygen mus t be ax i al for 

bo th i s ome r s  o r  equa to r ial for bo th i s omers . They c anno t be axi al in one 

isomer and equato r ial in t he o ther . I f  the l at ter and f o r b idden cas e 

were t rue , A wou ld be a c on�orme r of B and therefore A and B c ou l d  n o t  

b e  geome t r ical i somers . An al ternate way o f  s tat ing t h i s  i s  that s in c e  

A and B are geome t r i cal i s omer s and t h e  conf i gura t i on at C-5 f o r  A i s  

oppos i te t o  that o f  B ,  the c on f i gurat ion a t  phos pho rus f o r  A and B mus t 

be the s ame .  Thus , the r e l a t ive conf igurat ion at pho s phorus o f  the 

dominant con f orme rs of A and B is related to the relat ive and s im i l ar 

d i s pos i t i on o f  the pho s pho r y l  oxygen and phenoxy group in both i s omers . 

Norma l l y , bulky ax ial s ubs t i tuents in mob i l e  s ix-membered r ing s y s -

terns are no t  favored . The argument that an ax ial phenoxy g r oup i n  A 

and B i s  l e s s  favo red because o f  s te r i c  int eract ions w i t h  ax i a l  pro tons 

at C-4 and C- 6 is probably no t val id ,  however .  X-ray d i f f rac t i on 



6 4  

s tud i es of ( I I I )  and ( VI ) have shown that f l at ten ing o f . the pho s phate 

end o f  the r ing great l y  reduces 2 - 4  and 2-6 s te r i c  interac t i ons . L i kewi s e , 

the ar gument that the phos ph?r y l  oxy gen. prefer� an equat o r i al pos i t i on 

in 2 -oxo - 1 , 3 , 2 -d i oxapho s phor inan s lacks val id i t y . The argument i s  based 

on the X- ray d i f f rac t i on s tud y o f  ( 9 ) .  4 

( 9 )  �:O 
O Ph 

( 9 )  i s  expe c ted to be h i gh l y  conformat ional l y  mob i l e  in s o l u t i on . There 

i s  no apparan t  reason for b e l i e v ing that the conformat ional form o f  ( 9 )  

in the s o l id s ta te i s  the d om inan t  form in solut ion . 

The as s i gnment of conf i gurat ion of phos phorus for A and B i s  based 

on r e l at ive chem i cal s h i f t  data . I t is as sumed that the d i s po s i t ion o f  

subs t i tuen ts a t  phos pho rus w i l l  inf luen ce the chemi cal sh i f t s  o f  t he 

ax ial protons at C - 4  and C - 6 . ( V ) and A we re cho sen · for a c ompar i t i ve 

s tud y of the chem i ca l  sh i f ts be caus e each compound has the s ame s te r e o -

chemis try at C - 5  and becau s e  ( V ) may as sume the mos t s tab l e  c on f i gurat i on 

at phos phorus wi thou t chan g ing the conf igura t i on at C-5 . Th i s  i s  

accomp l i shed , presumab l y , b y  a s imple pro ton t rans.fer . 

C l_fH.2 -A . C I C H2 
CH3\:::::==� � C H� 

.. -o� E- ;) ��;o.� 
0 � OH/ 
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Tiiere i s  no res t r i c t i on o n  t h e  relat ionsh i p  o f  t h e  con f i gurat i on a t  

phos pho rus o f  A to t h e  c on f i gurat i on o f  ( V ) . There fore , A and ( V )  may 

have e i ther iden t i cal or o pp�s i t e conf i gura t i ons at pho s pho rus . 

C I C H2 0 c ��-o f � 
" 

ACa. ) 0 
C I CH2 GH�:;o 

I 

/J..( b ) 001 � 
A{ a )  and V( a )  have iden t i cal con f i gura t i ons as do A( b )  and V( b ) .  I f  A 

and ( V )  have id en t i cal c on f i gurati ons w i th the phosphor y l  oxygen ax ial 

then the chem i c al s h i f t s o f  the ax ial me thy l ene pro tons are expe c ted t o  

b e  s im i l ar f o r  bo th compound s . I t  is assumed that equat o r ial l y  d i s po s ed 

phenoxy and hyd roxy groups would not have a pro found inf l uence on the 

sh ie l d ing o r  d e s h i e l d ing o f  ax ial pro tons . Al ternat e l y , if A and ( V )  

have ident i c al conf i gurat i ons wi th the phos phoryl oxygen equato r ial then 

the c hem i cal s h i f ts of the ax i al me thyl ene pro tons
_ 

are expe c ted to be 

d i f ferent . Flat ten ing of the phos phate end o f  the r ing in A should resul t 

in a favorabl e  inte rac t i on o f  the ax ial phenoxy group wi th the ax ial 

protons . One wou ld pred i c t  that the ben zene r ing would shield the ax ial 

protons in A r e l a t ive to those in ( V ) . Th is pred i c t i on is bas e d  on the 

resul ts o f s o l ven t s t ud i es for 1 , 3 - d i oxanes in whi c h  it i s  s hown that 
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the f avo r ed o r i e n t at i on of an aroma t i c  r ing i s  per pend i cul ar t o  ax i al 

me thy l en� . P�o tons and resul t s  in the ne t s h i eld ing o f  t he s e  pr o t ons .
83 

In smnmar y , · i f  A and ( V )  have the s ame conf i gurat i on a t  pho s ph o rus one 

wou ld expe c t  to obse rve e i ther s im i l ar chem i cal s h i f t s  f o r  ax i al pro tons 

or the ax ial pro t ons in A s hould be s h ie lded or u p f i e l d  re l a t i ve to 

tho s e  of ( V ) . The chemi cal s h i f t s o f  ax i al pro tons o f  A and ( V ) in 

CD3COCD3 are g iven in Tab l e  1 4 . The re l at i ve chem i cal s h i f t s  of ( V )  and 

A ind i c a t e  that t h e  ax ial pro tons in A ar e desh i e lded r e l a t i ve to t ho s e  

i n  ( V) . Th i s  mean s  that n e i ther o f  the above men t i oned cas e s  app l y  t o  

A and ( V ) . The r e l at i ve d i f ference in the chem i c a l  sh i f t s o f  ax i al pro-

tons in A and ( V )  have oppos i t e conf i gurat i ons . Th i s  means t h a t  the 

phos phroy l oxygen i s  ax ial in one but not bo th compounds . 

The l ocat i on o f  the pho s phoryl oxy gen and i t s ab i l i ty t o  form h yd rogen 

bonds and a c t  as a pro ton ac c e p tor is c r i t i cal in determin ing wh i ch c om-

pound , A o r  ( V ) , has an ax ial pho s phoryl oxygen . One would pred i c t  t hat 

the natur e  o f  an ax i al P=O bond i s  important in inf luenc ing t he chem i c al 

shi f t  o f  ax ial me t hy lene pro t on s . Any chan ges in t he ax ial P=O bond 

brought abou t by s t rong hyd rogen bond ing or pro tona t i on would r e s u l t in 

changes in the chemi cal s h i f t s of ax ial methylene pro ton s . Tab l e  1 4  

gives the chem i c al s h i f t s  o f  ax ial pro tons o f  A and ( V )  i n  CF
3

COOH . 

CF COOR · 1 t · 1 s t rong ac i" d  wh i' ch should resul t in s t r on g  
3 

1 s  a r e  a 1ve y 

hydrogen bond in g  i f  not pro tonat ion o f  the phospho ryl oxy gen . I f  t he 

chemi cal s h i f t s  o f  the ax i al me t hyl ene pro tons in CD3 COCD3 are c om par ed 



.r Compound 

� ./ · ( V ) 
. ..  

) .  �· : ":-.. 

: � '. ·{�·5 :: .. 
.. .  _:- '·· ' · � ;  

A 

* 

TABLE 1 4  

CHEM I CAL SH I FT VALUES OF AXI AL PROTON S  IN ACE'IUNE AN D  TR I FLUROACETI C AC I D  

Ass igned Structure 

C l�CH2 
C H3 

=O I 
O H 

C l�CH2 o-� 
C H� 

-CJ � 1 1  
� 0 

co3 coco3 
Hax ( Hz )  

* 249 

2 62 

Solvent 
CF3COOH 

H ( Hz )  ax 

* 
2 50 

* 
2 5 6  

From visual analysis of spectra 

en ...:i 
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to tho s e  in CF3COOH , Compound A demons tra tes the mos t profound changes . 

This provides evidence that the conf igurat ion at pho s phorus o f  A i s 

with t he phos phoryl oxygen ax ial ly s i tuated . Conversel y , the phos ­

phoryl oxygen mus t be equatorial in ( V ) . I f  ( V ) can as sume the mos t  

s tabl e  c onf igura t ion by a s imple pro ton t rans fer as sugges ted e ar l ier , 

then the oppos i te conf i gurat ion of  A sugges t s  that o ther fac tors are 

involved in con t ro l l ing i t s  s t ereochemis try . 

I f  the phos phor y l  oxygen i s  axial in t he dom inan t  c onformer of  A 

then i t  mus t also be ax ial in the dominan t  conformer o f  B .  
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RESULTS AND CON CLUS ION S  

As a basis for compar ison , 6 G values may be cal culated for A and. B 

from conformer �at ios as given in Table ( 10 ) . The respec t ive values foT 

A and B are 1 . 49 kcal /mole . and 1 . 22 kcal/mole . Al though these values do 

not. fal l i thin the range o f  6 G values given in Tabl e ( 6 ) , it should be 

noted that the range given in Table ( 6 )  is only approximate . Furthermore , 

the values cal cul ated for Tabl e  ( 6 ) are influenced by es t imates o f  solvent.-

temperature effects which may be erroneous . Likewise , 6, G  cal culated 

from conformer ratios in Tabl e  ( 10 )  is ul t imately influenced by the accu-

racy o f  the est imat ion of J • In spite of these drawbacks , the agree­ax 

ment o f  values obtained by both methods is fairly good . 

The chief drawback i s  inherent in the interpretat ion o f  the /J. G 

for A and B .  I f  the l ow energy conformer o f  A or B i s  i n  equil ibr ium 

with more than one high energy form , the exact interpretat ion o f  f). G  

is obscured . The s tereochemi stry of the low energy forms o f  A and B have 

been ass igned . That A and B are in chair conformations in exc e s s  o f  703 

is no t  surpris ing in terms o f  what is known about other phosphate systems . 

If the assumpt ion is made that both A and B are involved in chair-chair 

interconvers ions , then the meaning of !::,. G becomes clear . ( s ee Figure 1 1 ) 

As depicted in Fi gure ( 1 1 ) there is a signif icant d i f ference between 

the f Of the Conformers of A compared to those o f  
ree energy d i f ference 

B. The d i f ference in � G  for the conformers of A and B is related to 

their s tereochemi s try . I f  B ( b )  and A( b )  have comparabl e  energies then 
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A( a ) may be lower in energy than B ( a ) . Conver s ly , i f  B ( a )  and A( a )  have 

comparabl e energies then B ( b )  i s  l ower in energy than A( b ) . The s tab i ­

l i zat ion of  A( b )  and B ( b )  may b e  related t o  tqe ir con f i gurat i on a t  C-5 . 

Verkade sugges t s  that the chloromethyl group is  more s tabl e  in an axial 

pos i t ion t han an equatorial pos i t ion . 32 
The data as presen t ed in F i gure 

1 1  suppo r t s  th i s . The lower energy form of A i s  s tab il i zed by an axial 

chlorome thy l group rel at ive to the low energy form of B .  I f  the chloro­

methy l group pre fers an ax ial pos i t ion , why is  B( a )  the preferred confor­

mat ion o f  B and no t B( b ) ?  Ve rkade suggests that the axial pre ference � f  

the chloromethy l group is  relat ed t o  d imini shed s ter i c  interac t ions . 

This , however i s  no t an ad equate explanat ion of the conformat i onal pre-

ference of B, if the s tereochemical as s ignments are correc t .  Th i s  

author propo ses that the axial preference o f  the . chlorome thyl group i s  

related t o  a favorabl e d ipo le vec tor interac t ion between the chloromethy l 

group and the phos phate end o f  the ring . A favorab l e  d ipol e  interac t ion 

would be expe c t ed to be sens i t ive to a change in the conf i gurat ion at 

phos phorus . Thus , a d imin i shed or unfavorable d i pole in terac t ion may 

exi s t  for the axial chlorome thy l group in B( b )  becaus e of a change in 

conf iguration at phos phorus relat ive to A( a ) . This is a pos s i bl e  expl a­

nation of why A( a )  is the preferred conformat ion of A and B ( b )  is not 

a preferred c onformat ion of B o  

The d i pol e  interac t ion o f  an axial chlorome thyl group a l s o  s ugges t s  

reasons for the anamo l ous resul ts obtained from var iable temperature 



F IGURE 1 1  

COMPAR I SON O F  FREE ENERGY D I FFEREN CES OF A AN D  B 

� I � � 
C H� 

]) \..:---0�= 0 I 
BC b )  O Ph 

-6.G = 

0.78 - 1 . 2 2 

, C H3 
C ICH� 

c.\..:---�-OPh l l 
0 8 ( 0. ) 

C H3 
C I C�----<A 

c.\..:---0,p=O 
I A C  b ) "  0 Ph 

-6.G = 

I. 29 -' l .4 4  

C J C H2 
C H�'-� 3�<p- OPh 

\ 1  

A (a ) 0 

7 1  
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s tud ies of ( IV ) , ( V ) , ( VI ) , and A in Table 5 .  Each compound whi ch gave 

erroneous 6, G  values was l ater ass i gned an axial chlorome thyl group at 

C-5 . Since an axial chloro�ethy l group inf luenced by d ipol e  inte rac t ions 

i s  expe c ted to have rotat i onal barr iers , the temperature dependent chem ­

ical s h i f t s  o f  t h e  chlorome thy l pro tons are expected to be s ens i t ive t o  

these bar r i ers as wel l  a s  r ing barr iers t o  r ing invers i on . For t h i s  

reason , the �G values cal cul ated from the chemical s h i f t s  of axial  

chloromethyl protons wi l l  not give accurate es t imates o f  c on former rat ios . 

The s tereochem i s try of  A and B have been ass i gned ear l ier in this 

paper . I t wil l be assumed that all  ary l der ivit ives of ( IV )  having 

the same conf i gurat ion at C- 5 as A have s imilar s tereochem i s t r i e s . 

Likewi s e , tho s e  having the s ame con f iguration at C-5 as B have s im i l ar 

s tereochemis t r ies . As s ignmen ts bas ed on th is assumpt ion are g iven in 

Tabl e  1 5 . 



7 3 

TABLE 1 5  

STEREOCHEM I C AL AS S IGNMENTS OF A ,  B ,  AND RELATED COMPOUNDS 

C I CH2 
� �+--=-?\ . · . � �-R 1 1 

0 
Com pd R .. 

( VI ) 0 
A 0 

( X) 00 0 

( XI I )  o2NQo 
N 02 

( XI V )  crwQo 

( XV I ) 

. CH3 . . . 

C I C  H�'"'----o\. · ��o�P- R I I 
0 

Com pd R 

( VI I )  o --
B Qo 

( XI } 00 N . 0 

( XI I I )  OzNQo 
- - - N02 

( XV ) � H3oQo 
( XVI I )  



I I .  THE REACTION OF PHENOXIDE I ON W I TH  2-CHLOR0-5.;_CHLOROME.THYL-
5-METHYL-2 -0XO-l , 3 , 2 -D IOXAPHOSPHORINAN 
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INTRODUCT ION 

Two i s omer s  are produced in the r eac t ion of  phenox i d e  i on wi th ( IV ) . 

The i some r s  p roduced in this  reac t ion have been given s t ereochem i c a l  

ass ignmen t s . I f  t hese as s ignments are correct , isomer A has t he same 

con f i gurat ion at C-5 as ( I V )  and an oppos i te con f i gurat i on at phos phorus . 

Conversel y , i s omer B has o ppos i te conf i gurations at C-5 and phos phorus 

compared to ( IV) . 

C ICH2 C I C\.t2 - C H3 . · 

C H� - CH� C IC H��----0.. 
��0 OPh > 3 \---�-0 Ph + t.�-O Ph 

(TI[) C l . A O B 0 

The purpos e  o f  Par t  Two o f  th is  paper is  to d i s cuss the above r eac t ion 

in t erms o f  wha t i s  known about the s t ereochemi s try o f  react ions at 

phos pho rus . I n  add i t ion , evidence i s  provided for a d is s o c iat i ve 

mechan i sm in the format ion o f  isomer B . 
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H I STOR I CAL 

Several nuc l eo ph i l ic subs t i tut ion reac tions at phosphoru s  ( I V )  

es ters h ave been desc r i bed i n  terms of  as soc iat ive b imo lecul ar mechani sms . 

Many o f  these reac t i on pathways involve ei ther a f ive-membe red inter-

med i ate o r  a trans i t i on s tate . The alkal ine hydrolys i s  o f  t r imethy l 

phos phate i s  an example o f  a reac t ion involving a f ive-membered tran s i -

t ion s tate . 59 , 60 

-OH OH  0 
(a.) (CH30) P=O � I � 1 1  Cc H:�P )_f =0 (CH:�,O)P-OH � < < 3 

-OH O · 
CC H3�)}=� 

, ,  ( b )  CCH30�P=O � H O- P- O CH3 -7 
I \  

C �  OCH3 
Kine t i c . s tud ies es tabl i sh that the hydroxide ion attack at pho sphorus 

is the rate contro l l ing s tep of the reac t ion . The reac t ion i s  fi r s t  

order i n  hydroxide ion and f i rst order in phosphate . The f ormat ion o f  

an intermed i ate ( reac t i on pathway a )  is  rul ed out b y  the failur e  o f  the 

phosphory l  group to exchange o�ygen with the solvent ( H2 0 )  pr i o r  to 

hydrolys i s . 

Bimol ecular d i s placemen t reac t ions at phos phorus may proceed wi th 

inver s i on o f  conf i gurat ion . Direct proof of an invers ion mechan ism has 

been obtained by compar ison of the rate of exchange of the l abeled me thyl 

group in 0-methy l-e thyl pheny l phos phinate with methoxide ions w i t h  the 

61 , 62 
rate of racemiz ation under the same cond i t ion . 
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< ? + 

The rate cons t an t  for racemi zat ion is  twice k1 , ind icatin g  that each ac t 

of subs t i tut i on proceed s with invers ion o f  configura t i on . 

Al l nuc leoph i l i c  reac t ions wi th phosp�ate es ters , ·  however , do not 

proceed wi th invers i on o f  c onf igurat ion . The geome try of  the t r ans i t ion 

s tate or intermed iate is  c ruc ial in determin ing the conf igurat i on o f  the 

produc t s . The d egree o f  hybrid izat ion of  the empty 3d o r b i tals at  

phos phorus with p and s orbi tals is  important . Electron i cal l y , s everal 

struc tures are pos s i b l e , depend ing on the par t i cular d orbi tal used for 

hybrid izat i on . For the d 2 orbi tal , pd- s p2 hybrid i zat ion resul ts in z 

tr igonal bi pyram ical geome try in wh i ch the apical pd bonds are ·weaker 

62 and l onger than basal bonds . A trans i t ion s tate or intermed iate 

assuming thi s  type o f  hybr id i zat ion would invo lve api cal nuc l eoph il e  and 

1 f .  t . 63 eaving group and would resul t in invers ion of con 1 gura i on . 

~ L 
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3 Al ternat ively , s p  -d hybr id i zat i on i s  pos s ible and would resul t in t r i -

gonal b i pyramidal geomet ry . 62 Th e  basal bonds i n  this  t y ps o f  hyb r id - . 

i zati on are weaker than the .api cal bonds . A trans i t i on s tate o r  inter-

med iate assum ing this type of  geome try would invo lve a basal nucl eo ph i l e  

and leav ing group an d  would resul t in inver s ion o f  conf i gurat i on . 6 3  

Th e  third al ternat ive for t r i gonal bi pyramidal geome try would i nvolv e an 

apical nuc l eo ph i l e  and a basal leaving group or , c onversely , an apical 

leaving group and a basal nuc leophile . 

L 
�N 

St ri c tly  s peak ing , these types of trans i t ion s tates are not al l owed and 

b · 1 · t 64 As reac t ion intermed iates , violate the law of mi croscopic  reversa 1 1 Y 0  

th d are SubJ· ec t  to an interes t ing t ype o f  e y  are al lowed , however , an 

. 65 rearrangement - - pseudo�otat 1on . 

· a type of intermolecular process  Spec i f i cal l y  ps eudorotat i on 1s  

in wh ich a t r i gonal b i pyramidal molecule is transformed by de forming 

0 
angles in such a way that i t  appear s to have been rotated by 90 about 



7 8  

one of the interatom i c  bond s o 6 5 , 66 

The pseudorotat ion process has been us ed to explain the resul t s  o f  the 

rapid hydrolys is  of s ome cyc l i c  phos phate es ters . For exampl e , it has 

been found that the hydrolys i s  of  e thy lene hydrogen phos phate is accom-

6 7  panied b y  rap id oxygen exchange in to unreac ted ethy l ene phos phate . 

0 
p 

' \ 0, j) p cY 'OH *cf 'OH 
Simi l arly , the hyd ro lys is o f  methy l ethy lene phosphate i s  accompan i ed by 

65  68 rapid hydro ly t i c c l eavage of the me thyl group . ' 

Al though rel i e f  o f  r ing s t rain can account for the rapid hydro l y s i s  

1 · 1 cannot explain the rapid eading to acyc l i c  product s i t , seeming y ,  

and compet i t ive format ion o f  the cyc l ized produc ts o Re l ie f  o f  r ing s train 
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is thought to accompany the format ion of a tri; gonal b i pyr imid al inter-

mediate in whi ch one oxygen of  the r i·ng occupi�s a basal pos i t ion and 
. 6 5  the other an api cal pos ition .  

< 

( a) c b). 

+ 

o:  p 
O� OH 

1b.e uns trained intermed iar e ( a )  leads to the format ion of  the acycl ic 

produc t ,  but cannot lead to the format ion of  cycl ic  product . Presumably ,  

2 pd-sp hybr id i zation insures that the api cal bonds are weaker than the 

basal bonds . The nucleophile  and leaving group are apical and the 

react ion intermediate proceeds with invers ion of configurat ion . 

In order for the acyclic  product to form , the rnethoxy group mus t 

leave from an apical pos ition . Rearrangement of  ( a )  to ( b )  via pseudo-

rotation resul t s  in an uns trained intermed iate and places the nuc leo-

Phile in the basalplane . Subsequently , bond ing to the l eaving group in 

the apical pos i t ion is  weakened . The resul tant  process proceeds with 

displacement o f  the methoxy group . 
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The t r igonal bi pyrarnidal trans i t ion s tate is  not the only ·type of  

geometry related t o  d orbi tal hybr id izat ion . 

hybr id i zat ion l ead s to s quare planar geometry . 

orbi tal gives a s quare pyramid s truc ture . 62 

For example ,  d 2 2 p p s x -y x y 

Par t i c i pat ion o f  the p z 

This type o f  trans i t ion s tate is  expec ted to give reten t i on o f  conf igura-

63 
t ion . 

Mos t  o f  the reac t i ons so far d i s cus sed can be desc r i bed in terms o f  

as sociat ive bimol ecular SN2 type processes . Al though d i s placement a t  

phosphorus can proceed b y  a d i ssoc iat ive pathway , the number o f  rel i ab l e  

64 6 9  examples a r e  few . ' A un imo lecular mechan ism has been proposed for 

70 
the solvo lys is o f  d i-an ion i c  acetyl phosphate . 

> + 

7 1  
A s.imi l ar mechan i sm i s  proposed for 2 ,  5-d ini trophenyl phos phate ·  

> 

] 
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I t  appears that when t h e  leav ing group is  the o x y  an i on o f  a s uf f i c i en t l y  

s trong ac id , the phos phory l d e r ivit ive assumes anhydr ide charac ter . 64 

1be pho s phoryl intermed iate o f  reduced coord inat ion in the above examples 

i s  s tab i l i zed by i ts an ion i c  charac ter . 

In contras t ,  the s o l vo l y s i s  of  compound s o f  the t ype ( RO ) POX 
2 

( X  = hal ogen or PO ( OR ) 2 appear s to proceed by as soc ia t i ve pathways 

rather than unimol e cular o f  d i ssoc iat ive pathway s . •, .. ,/ 1 8  The s o l vo l y s i s  o f  0 

labeled d ie thy l phos phorochlo rodate and unlabeled mater ial in H2o1 8 

exclude a mechan i sm o f  rapid revers ibl e format ion of an intermed iate and 

favor a s imple one s tep d i s p l acement . 72 A unimo lecular mechan i sm for the 

solvo l y s i s  o f  phos phorochlo rodates might be favored by s o l vent s  of h i gh 

ionizing ab i l i ty .  

0 
" 

R 0-�-C I 
R O  

0 
' '  

R O-P-t + ( \  I 
R O  

> 

The major par t i c i pat ion o f  a unimol ecular mechanism i s  rul ed out , however , 

due to the s igni f i can t l y  d i f f erent rates of solvolysis  o f  pho s phoryl 

hal ides in s o l vents wi th d i f ferent nuc leoph i l i c proper t ies but w i th 

s imil ar ion i z ing abi l i t y 0 73 - ?5 A no table exception to t h i s  o c cur s in 

hl ' d  7 6  The relat ive unimpor� the solvo l ys i s  o f  d i -1-butyl phosph iny l c o r 1  e .  

tance o f  d i s s oc ia t i ve pathways appears to be related
_ 

to the reluc tanc e  

o f  format ion o f  a pos i t ive charge at phosphorus . Pe rhaps the reason for 

this i s  that the loss o f  P-Cl bond energy is  not completely compen sated 
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for by an increase in P=O bond energy . 7 6  Th e catal y t i c  e f fe c t  o f  certain 

ter t i ary am ines on the hyd rolys i s  of  pho s phoryi compounds appears to be 

related to the i r  abi l i t y  to � tab i l ize · a pos i t ive charge a t  phos phorus . e 9 , 77 

R q 
(R 0)2P 0 PCOR )2 + 

+ 

S im i l ar l y ; 7 8  

F 

In mos t  cases , un imo l e cular mechan i sms are no t favored due to the d i f f i -

cul ty o f  s tab i l i z ing pos i t ive charge at phos phorus and due t o  the rela-

t ive e f fi c iency of b imol ecular processes . A d is cuss ion of both b i - and 
. 

63 6 4  6 9  7 9  80 
unimo l ecular proc e s s e s  may be found in several sources . ' ' ' ' 
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D I S CUS S I ON  OF RESULTS 

Ev i d enc e For A D i s s o c i a t ive Mec han i sm 

A knowledge o f  the s t ereochemi s try o f  A and B ,  prod uced in the 

reac t ion o f  phenoxide i on w i t h  ( I V ) , i s  impor tan t  in d_e termin in g  the na-

ture of the r eac t ion pathway r e s pons i bl e  for th e i r  f o rma t i on .  I f  the 

s t e r eochemical as s i gnments are correc t , i s omer A is a r e s ul t of a pro -

ces s  wh i ch proceed s by inve r s i on of conf i gurat i on and B by r e t en t i on o f  

conf i gura t ion . Al though s tereo chemi cal ev idenc e alone i s  not s uf f i c i ent 

f o r  a compl ete d es c r i p t i on o f  the reac t ion pa thway , i s omer A is probabl y  

a resul t of a b imol ecular s e quence s im i l ar to t h e  one out l ined i n  

F i gure ( 12 ) . It s hould be no ted that the s ix-membered r in g  p l ac e s  a 

con s t raint on the rear rangemen t of a t r i gonal b i pyram idal i n t e rmed .iate 

such that 0- 1 and 0-3 c �o t  o ccupy apical pos i t i ons s imul t an eous l y o 

Th i s  prevents the format i on o f  isomer B in a t r i gonal b ipy r am i d a l  in ter-

med i ate by ps eudoro tat i on . However , isomer B may be f ormed f rom an 

in ter-med iate of s quare pyramidal geome try in wh i ch the phenoxy group 

at tacks f rom a basal po s i t i on and the ch lor ide l eaves f r om a bas al 

pos i t i on . 

Al te rna t ive l y , i t  has been sugges ted that the forma t i on o f  produc t s  

wi th re t en t ion o f  c on f i gurat i on from the reac t i on o f  nuc l eoph i l e s  w i t h  

( IV) i s a res ul t  o f  a d i s s o c iat ive proces s .  Hor ten sugges t s  t h a t  the 

ion i za t i on of ( IV )  fol l owed by rearrangement resul t s  in the f o rmat i on 

o f i somer ( 1 0 ) . Subs equent at tack of this i s omer by a nuc l e o ph i l e  

resul t s  i n  the forma t i on o f  a produc f .  t . 8 2  
t W1. th re t en t i on o f  c on 1 gura i on . 



F IGURE 12 

TH E  FORMATI ON OF A IN B.IMOLECU�AR ASSOC I AT I VE 
PROCES SES INVOLV ING PSEUDOROTATI ON 
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CI C H2 
CH� f?=O 

[ C I C H2 � C H3 

J
+ 

> C H��C I C H� ��, � �, C l  
�o 'o C l  

C H3 
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0 

CHJ . .  
C I C H�

= O 
e r  c 10) 

Add i t ional evidence has been f ound which supports a d i s so c iat ive 

mechan i sm o f  ( I V ) . A produc t s tudy was c onduc ted us ing the react i on of 

( I V) wi th the sod ium s al t of  pheno l , p-methoxyphenol and p-n i tropheno l  

i n  d i ff erent so lvents . I t  i s  assumed that i f  i s omers wi th invers ion o f  

con f i gurat ion are formed b y  a reac t ion pathway d i f ferent f rom i s omer s  

wi th reten t i on o f  conf igurat i on , the rat i o  of i somers w i l l  b e  dependent 

upon nuc leoph i l i c  s t rength and solvent po lar i ty . The resul t s  o f  this  

s tudy are given in Table ( 1 6 ) . The isomer rat ios ind i cate that the 

formation of  produc t s  w i th invers ion of configurat ion i s  f avored by 

good nuc l eoph il es in non-pol ar solvents . Convers ely , the f ormat i on o f  

produc t s  w i th re tent ion o f  conf igurat ion i s  favored i n  polar solven t s . 

The data appears to ind i cate that the reac t ion of  nuc leo ph il e s  with ( IV ) · 

proceeds by d i f ferent and competat ive reac t ion pathways . A h i gh rat io 

o f A to B , ( XI V )  to ( XV } and ( XVI ) to ( XVI I )  in a non-po l ar so lvent , 

i . e .  benzene , i s  favored because reac t ion cond i t ions are unf avorab l e  

toward a d is soc iat ive or other types of  mechan isms whi ch would resul t 
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CH30 

CH 30 

CH 30 

CH 0 3 
N02 
N0 2 
N02 

N02 

So l v en t  

Benzene 

THFb 

CH 3COCH3 

CH 3CN 

Benzene 

Tlff 

CH COCH 3 3 

CH CN 3 
Ben zene 

TllF 

CH3COCH3 

CH 3CN 

Tabl e  ( 16 ) 
Phen y l  Es t e r s  Obtain ed From C l� o C H3 �0 � 1; R 

0 3 
8 5  

47 

44 
.. , 

' 
4 8  

8 8  

6 4  

5 8  

5 7  

40 

1 7  

1 5  

6 

( IV ) £13 ·_,., c 1 cHz�-oOR 0 
3b 

1 5  

53 

5 6  

5 2  

1 2  

3 6  

42 

43  

60  

83 

85 

94 

�
I s omer rat io s ( 3) w e r e  o b t ained by integrat i on o f  s pe c tra o b t ained in CDC1 3 as s o l ven t 

bTe trahyd r o f uan 
(X) m 
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in retent ion of conf i gurat ion . One would pred i c t  that a d i s so c ia t i ve 

mechan i sm would be s ens i t ive to solvent polar i ty and th i s  appears to be 

suppor ted by the data in Tabl e  ( 1 6 ) . · 

I f  ( IV )  i s  invo lved in d i ssoc iat ive pathway the resul tant i on i za-

tion of  chloride ion would pl ace a pos it ive charge on pho s phorus . In 

order for d i s so c i at i on to occur , the loss of  P-Cl bond energy mus t  be 

compensated for by o ther fac tors , perhaps with bond ing of solvent mol e-

cul es or char ge d e lo cal i zat ion by increased p - d bond ing . The 11' 'Tf 

s tabi l izat ion of charge at · phos phorus may be involved -wi th fac tors o ther 

than bond ing to po lar solvent s ,  however . For example , 2 - chloro-5 , 5� 

d imethy l -2 -oxo- 1 , 3 , 2 -d ioxapho s phor inan ( 1 1 )  is less  reac t ive toward 

nucleoph i l es in po lar solvents than one would pred ict based on the reac -

81 
ti  v i  ty of ( IV) . 

( 1 1 ) 

For this reason , the d is soc iat ion of ( IV)  may be rel ated to ne i ghboring 

group e f fec t s . In teract ion o f  the chlo romethyl group w i th pho s pho rus 

may · provide a s tab i l i z ing force for the format ion of a pos i t ive charge 

in d is so c iative mechanism . 
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Provid ing t h e  rearrangement o f  ( 1 2 ) does not occur , nuc l eo ph i l i c  at tack 

on ( 1 2 )  would proc eed wi th re tent ion of conf i gurat ion . 

The s t ronge s t evidence o f  a d i ssoc iative mechan i sm i s  o b tained from 

the i someri za t i on o f  ( XI I ) and ( XI I I ) .  ( XI I ) and ( XI I I )  are geome t r i cal 

isomers whi ch have the same conf i gurat i on at phosphorus and o ppos i te 

conf i gurat i ons at C-5 . Ei ther isomer i s  s table at l ower t emperatures in 

non-pol ar s o l vent s . I t  appears , however ,  that ( XI I I ) can be c onver ted 

into ( XI I )  in a po lar s yen t at higher temperatures . When ( XI I I )  i s  

0 
d is s olved i n  CD CN at 5 5  C ,  the solut i on b comes l ight y e l l ow in color , 3 

presumab l y  due t o  the format ion of 2 , 4 -d ini trophenoxy i on . I f  maintained 

at th i s  temperatur e , ( XI I I )  w i l l  be converted to ( XI I ) .  Th i s  react i on 

may be f o l l owed by observing changes in the nmr s pec t ra over a per i od of 

a few days . The intens i t y  o f  the me thy l resonance as soc i at ed wi th ( XI I I )  

decreas es a s  the intens i ty of the methyl res onance as soc iated wi th ( XI I )  

increas es .  Change s  in the nmr spec tra o f  this reac t ion i s  g i ven i n  

Figure .< 1 3 ) • 

The probab l e  reac t ion sequences res pons ible in the i s ome r i za t i on of 

( XI I ) and ( XI I I )  are outl ined in Figure ( 1 4 ) . The react ion pathway may 

i ( XI I I )  resul ting in the format i on in 2 , 4 nvo lve in i t i al i on i zation o f 
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Figure 1 3 

NMR s pec t ra , Convers ion of ( XI I I ) to ( XI I ) in co3 CN at 5 5  c . 

Bo t tom to top : o ,  3 , 6 , and 1 3 day s , respec t ivel y .  



F IGURE 1 4  

REACT ION PATHWAYS FOR THE I SOMERIZATION OF ( XI I )  AN D  ( XI I I )  

C I C H2 - -CH�=O I 
· 
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C H3 
C I C H� < 

4�-0Ar . J I 0 
( XIJl ) 

OAr · > 

OA r C H3 
C I C H�

= O 

CXIl )  

OAr 

,· 

I 
O Ar 
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d initr ophenoxy i on . The at tack of  th i s  ion o n  (XIII ) pro ceeds wi th 

invers i on of conf igurat i on . Subsequent resubs t i tut ion reac t ions at 

( XI I I )  res ul t  in a m ixture of (XIII ) and (XI I ) .  Al ternat i ve l y , the 

reac t ion pathway may involve the format ion of i on pai r s . Rearrangement 

of thes e i on pai r s  could g ive a m ix ture o �  (XIII ) and (XII) . 



92 
EXPERIMENTAL 

Des c r ipt ion o f  I ns trumentat ion , Mater ials and Methods 

Me l t ing po ints ( mp )  are reported in degrees cen t i grad e  and are un -

correc ted . Value s  under 2 00° were determined on a · Thomas Hoove r cap-

i l l ary mel t ing po int apparatus . Values above 2 00° were d e t e rm i ned on 

a F i sher -Johns ho t s tage mel t ing po int apparatus . 

Mo lecular we i gh t s  ( mw )  and pe rcent elemental analys i s  we re cal -

cul ated from proposed mo le cular formula us ing s tandard mas s  values . 

Elemen tal analyses were pe rformed by Gal brai th Labo rato r i e s , I nc . , 

Knoxvi l l e , Tenne s s e e . 

Ul traviolet  ( uv )  s pe c t ra were obtained on a Beckman DK-2A S pe c t re -

pho tomer .  Mo l ar ext inc t i on coe f f i c ients ( � )  were cal cul ated from p ro -

posed molecular formula and abs orption values are repor ted i n  nanometers 

( nm ) . 

I nf rared ( i r )  spectra were obtained from a Pe rkin-Elme r 5 2 1  Grat ing 

Infrared S pe c tropho tomete r . Sol id samples we re run as nuj o l  mul l s  or  in 

KBr d i sks . Solut ion spec tra we re obtained in a NaCl cav i ty c e l l  ( th i ck-

nes s 0 . 1  mm ) bal anced wi th a Beckman Variable  Pathl ength Ce l l  ( type 

XL-ON5 )  wi th NaCl windows . Al l spectra were cal ibrated us ing po l ys t yrene 

- 1  
fi lm ve r sus ai r . Absorp t i on values are repo rted in cm 

Nuc l ear magne t i c  resonance ( nmr ) spectra we re obtained from a Var ian 

A-60A S pe c t ropho tome ter at 60 MHz . Un less otherwise s tated , s pe c t r a  were 

obtained from CDC l 3 solut ions ( 0 . 5  ml ) contain ing approx imate l y  3 0- 6 0  mg 

0 
of sample with 1 - 53 te t rame thyls i lane ( TM_

S )  as internal s t andard at 40 . 
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Absor p t i on value s are repo r ted in par t s  pe r m i l l ion (b ) . Hi gh and l ow 

temperature nrn r  s pectra were obtained us ing a V-6040 Var i ab l e  Temperature 

Con t ro l l e r  wi th the A-6 0A Su .. e c tropho tometer . Th t t e empe ra ure was meas -

ured by us ing e i ther the me thano l  o r  ethy lene gyl col me thod . Typ i c al 

ins trumen t s e t t ings a t  ow temp_ e rature inc l ude : rad io f re quen o 0 1  c y  . ' 

f i l te r  bandwid th 0 . 1 , ampl i tude 5 . 0  x 10 , sweep t ime 2 500 . 

Al l pur i f ied solvents were d is t i l led through a · vacuum j acke t ed d i s-

ti l lat i on column ( 2 1  theo a p l ates ) and midd le frac t i ons i s o l at ed and 

sto red ove r mol ecular s ieves . Benzene , CC 14 s ace tone , and ace toni t r i l e  

we re d i s t i l led f rom P4o 1 0 . Te t rahyd ro furan was d i s t i l l ed f r om LiAlH4 . 

Al l o ther chem icals we re us ed wi thout fur the r pur i fi c at i on as received 

from the manufac turer . 

Ad sorpt i on c o l umns for ch romatography we re prepared as  f o l l ows : 

Si l" ic i c  ac id ( 500 ml , reagent grade 100 mesh ) was s to red i n  an o ven for 

· t 1 48 hour s  at i so• . approx1ma e y The powder  was allowed to cool  in a 

des i cc at o r  and s u f f i c ien t  amounts o f  chloroform ( A . C . S .  grad e , E tOH 

presen t as a s tab i l i ze r ) we re added to produce a thi ck s lurry . Thi s  

slurry was poured i n t o  a glas s  co l umn ( 50 c m  x 2 . 5 cm ) f i t ted wi th a 

Te flon · 1 plugged wi th glas s wool and s and . s topcock and previous y I t  

was al l owed t o  r i se  t o  a he i ght o f  4 0  cm and excess chloro f o rm was added . 

· d from the column to f aci l i tate The exce s s  chl o ro fo rm was s l owl y d ra1ne 

packing but · at  no t ime was the chloroform allowed to d rain be l ow the 

leve l of the adso rbent . f Columns packed in th i s  way we re 
The maj o r i t y  o 

trans l us c en t  and f ree f rom ai r poc ke ts . 
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Preparat i on o f  l -me thyl - 4 -phospha-3 , 5 , 8- tr ioxab i cyc lo ( 2 . 2 0 2 ) o c t ane ( Me thyl 
b i cyc l i c  phosph i t e - 1 )  

2 - ( hydroxyme thy l) - 2 -me thy l - 1 , 3 - propaned iol ( 60 g , mw 1 2 0 . 1 5 )  and t r i -

me thyl phos ph i te ( 60 g ,  mw 1 2 0 . 0 8 )  were introduced into· a s ingle necked 

round bot tom f l as k . The f las k was equi pped for d i s t i l la t i on us ing 1 9/2 2 

5 parts and the rece iving ves s e l  connec ted to  a CaC12 d r y ing tower . Sev-

eral drops of t r i e thyl am ine ( 1  ml , catalys t )  and a magne t i c  s t ir r ing bar 

wer e  plac ed in the reac t ion vessel and th is was l owe red into an o i l  bath· 

maintained at approx ima t e l y  s o• . The contents were s t irred by a magnet ic 

s t irrer and the tempe rature o f  the o i l  bath was al l owed t o  r is e  2 0 - 3 0 ° 

in 3 - 4  hours . Me t hano l be gan to d is t i l l  at 90° and after f our hours the 

tempe ra ture was maintained a� 1 1 5  for one hour . Dur ing th i s  per iod 90 

pe rcen t o f the theore t i cal amoun t of alcoho l ( 60 ml ) was obtained . The 

tempe rature was then a }.owed to r ise to 130° and a s l i ght vacuum was 

appl ied to obtain the und i s t i l led al coho l and unreac ted t r ime thy l phos -

phi te .  Upon coo l ing , the conten t s  o f  the flask turned into a whi te , waxy 

so l id . Thi s  mater ial was recrys tal ized from heptane- benzene ( 4 : 1 , v/v ) 

y i e ld ing 5 8  g ( 803 y i e ld ) o f  me thyl bicycl ic phos ph i te ( mp 9 1 - 3  , 

mw 1 48 . 10 ) .8 2  

S truc ture : 

r�F (�� 



Preparat ion o f  l -methyl - 4-oxaphospha- 3 , 4 , 8 - tr ioxab icyc l o ( 2 . 2 . 2 ) oc tane 
( me thyl b i cyc l i c  phosphate - I I )  

95  

Me thyl b i c yc l ic phosph i te ( 1 0 g ,  0 . 067 mole ) was d i s s o l ved in 3 00 ml  

o f  pur i f ied CC1 4 and ch i l led . to 5 ° in an ice bath . A ch i l l ed solut ion 

c ontain ing tert - buty l hydroperoxide ( 6 . 3  g ,  mw 90 . 1 1 )  and ter t - butyl 

al c ohol ( 5 0 ml ) was added to the phosph i te ove r  a per iod o f  40 m inutes . 

The reac t ion mixture became warm several t imes and had to be cooled i n  an 

ice  bath . Af ter s tand ing for s everal hours , the whi te m i c r o c r y s t al l ine 

me thyl b i c yc l i c  pho s phate was prec i pi tated from the s o lut ion . The s o l id 

was f i l tered , was hed s everal t imes wi th cold EtOH , and d r i ed in a vacuum 

at 1 00 ° . The y i e ld of me thy l b i cyc l i c  pho� phate was 1.0 g ( 9 1 3 ) ; mp 2 5 1 -3 ; 

i r  ( nuj o l ) 1290- 1 3 70 ( P=O ) ; nmr ( acetone -d6 ) 0 . 88 8 s ingle t  ( CH3 ) ,  4 . 4 1 b 
82 doublet ( CH2 ) .  

Struc ture : 

Analys i s : Calcul ated for c5H9o4P :  C ,  3 6 . 6 ;  H ,  5 . 5 ;  P ,  1 8 . 9 .  

Found : C ,  3 6 . 5 ; H ,  5 . 6 ;  P ,  1 8 . 6 .  

Preparat i on o f  C is - 2 - b romo - 5 -bromome thyl - 5 -me thyl -2 -oxo - 1 , 3 , 2 -d ioxa­

�hospho r inan ( bromodate - I I I ) 

Brom ine ( 5 5 g ,  mw 1 5 9 . 82 )  and cc14 ( 3 00 ml ) were placed in a s ingle 

necked round bo t tom f lask equi pped with a 500 ml capac i ty add i t ion funnel . 

· · ( 0  3 4  mo le ) of me thyl b i c yc l ic A CC1 4 so l u t ion ( 3 00 ml ) conta1n 1ng 5 1  g · 

-i· th cool ing and s t i rring ove r a per iod 
phos ph i te ( I )  was added dropwise TI 

of two hour s . Yel low pre c i p i tate formed wh i ch re ­
Dur ing the add it ion a 
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d i s s ol ved upon warm ing . The excess solvent and bromine wer e  r emoved 

under reduc ed pres sure leaving a l i ght yel low v i s c ous l i quid wh i ch 

so l id i f ied upon s tand ing . The material was recrys tal l i zed from cc1 4 
yield ing 50 g ( 473 ) o f  a l i ght yel l ow s o l id . Th .  1 s  mate r i a l  was recrys -

tal l i zed f r om benzene -chl oro form mixtures unt 1· 1  a ?'hi· te c ry s tal l ine s o l -

i d  was obta ined , mp 76- 8 ; ·  i r  ( nuj o l ) 1 300 cm- 1  ( P=<l ) ; n m r  0 . 9 8 8 
s ingl e t  { CH3 ) ,  3 . 6 0 O s ingl e t  ( BrCH2 ) ,  3 . 83 - 4 . 67 o mul t ip l e t  ( CH2 ) .  

S t ruc ture : 

(TII) 

Found : C ,  1 9 . 7 ;  H ,  3 . 1 ;  P ,  1 0 . 0 .  
I 

.Pre arat ion of C i s  -2 · oo l o ro - 5-chl o romethyl - 5 -me thyl - 2 -oxo�l , 3 ,  2 -d i o xa­
hos ho r inan ( ch lo r i d at e - I V ) . 

A so lu t i on o f  me thyl b icyc l i c  phosphite ( 74 g ,  0 . 5  mo l e ) and cc14 

(300 m l )  as added d ro pwis e  to a so lut i on of CC1 4 ( 3 00 ml ) and sul furyl 

chlor id e ( 63 g ,  mw 1 3 4 . 97 ) . ( The procedure was s imi l ar to the preparat i on 

of the bromodate . ) A l ight yel low sol id was isolated and recrys tal l i zed 

f rom _cc14 y i eld ing 6 8  g ( 623)  o f  chlorodate ( mw 2 19 . 01 ) . Thi s  mater i al 

was used w i thout further pur i f ication for the s ynthes i s  o f _ o t he r  c ompound s 

out l ined in this s e c t ion . Pur i f icat ion o f  the chlorod�te was o the rwi s e  

accompl ished b y  rec rys tal l i zation from benzene-chloroform mixtures and 

d r ied in a vacuum at 5 50 . The chlorodate and bromodate are qu i te hyd ro -

scopi c s ubs t ances and were s tored in tight ly  sealed c on ta ine r s  ove r P40 1 0 . 
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This mater ial gave : mp 6 9 - 7 1 ; ir ( nuj o l ) 1 3 00 cm- 1  ( P=O } ; nmr 0 . 97 0 
s ingle t  ( CH3 ) ,  3 . 60 8 s ingl e t  ( ClCH2 ) ,  3 . 83 -4 . 67 8 mul t ip l e t  ( CH2 ) .  

Struc ture : C 1 CH2 
C H� 

� \----°'P.-o . -

C l  

Found : C ,  2 7 . 32 ; H .  4 . 2 5 ;  P ,  1 4 . 4 1 .  

CN) 

Preparat i on o f  2 -hyd roxy- 5 - chl orome thyl - 5 -me thyl - 1 , 3 , 2 - d i oxa-phosphor inan 
( ac id -V )  

Chlorodate ( 5  g ,  0 . 023 mo le ) was added to  a solut ion o f  H2 0 ( 5  ml } 

and aceton i tr i le ( 3 0 ml ) and s t i rred for eight hours in a s to ppe red 5 0  ml 

erlenme yer f lask . The selut ion was reduced to one- hal f vo lume under re-

duced pres sure and a small amoun t of water was added . Upon cool ing the 

solut ion y ie lded a wh i te �c rys tal l ine sol id whi ch was dr i ed in a vacuum at 

100 mp 1 44- 6 ;  i r  ( nuj o l ) 1270 cm-1  and 1 1 90 cm- 1 ( p:O ) ; nmr ( MeOH-

ct4 ) 0 . 98 8 s ingl e t  ( CH3 ) ,  3 0 6 8 S s inglet ( Cl CH2 ) ,  3 . 84-4 . 6 7  S mul t iplet  

82 
( CH2 ) • 

Structure : (. 1 C H2 CH�=O 
I 

OH 
CY.) 

Analys is : Cal cul ated for c5H10Cl04P :  C ,  30 . 0 ; H ,  5 . 0 ; Cl , 1 7 . 5 .  

Found :  c , 30 . 1 1 ; H ,  5 . 1 4 ; Cl , 1 7 . 54 . 

th 1 2 oxo-2-nipe r id ino- 1 , 3 , 2 -d i oxa-Preparati on of t rans - 5- chlorome thyl -5-me Y - - · 

Qhospho r inan ( amidate-V I )  . . 
, 

A solut ion o f  p i per id ine ( 10 ml � -· mw 85 . 1 5 )  and CCl4 ( 50 ml ) was 
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_added dropwise t o  a solut ion of cc1 4 ( 1 00 ml ) an d  chl orodate ( 5  g ,  · 0 . 023 

mol e ) .  Af ter the in i t i al exotherm i c  react ion had s ub s ided , p i pe r id ine 

( 10 ml ) was added and the solut ion · was s t irred for one hour . The excess 

solvent was removed under reduced pres sure and the r e s idue was extracted 

s everal t imes us ing chloro form . The chloroform l ay e r  was dried over 

anhydrous Na2so4 and the solvent was removed under r educed pres sure . The 

res idue was recrys tal l i zed from benzene- chloroform m ix tures ; m p  1 53-4 ; . 

i r  ( nuj o l ) 1 2 32 cm- 1  ( P=O ) ; nmr 0 . 8.8 8 s ingle t  ( CH3 ) , 1 . 5 3 8 c omp l ex 

mul t iplet  ( CH2- p i perid ine r ing ) ,  2 . 83-3 . 3 3 8 complex mul t iple t ( cH2-

p i perid ine r ing ) , 3 . 6 3 8 s ingl,et ( Cl CH2 ) , 3 . 66 -4 . 43 8 mul t iple t  ( CH2 -

82 
phosphor inan r ing ) . 

S t ruc ture : 

Cfl) 

C l�2 
C H3 °' - 0 , , N 

0 
Analys i s : Cal cul ated for c10H9 ClN03 P :  C ,  44 . 85 ; H ,  7 . 1 4 ; N ,  5 . 1 7 ; 

P , 1 1 . 61 .  Found : .  C ,  44 . 53 ;  N ,  7 . 12 ;  N ,  5 . 29 ;  P ,  1 1 . 6 8 . 

Ci s  · - 5 -chlo romethyl-5-me thyl -2-oxo-2-piperidino- 1 , 3 , 2 -d ioxaphosphor inan 

( amid ate-VI I )  

A sampl e  of thi s  mater ial was k ind l y  suppl ied by Dr . Wil l iam S .  

Wadsworth , South Dako ta S tate Un iver s i ty . 

Struc ture : 



Preparat i on of 5- chlorome thyl -5-methyl -2-oxo - 2-phenoxy- l , 3 , 2-d i oxa­phospbo rinan ( V I I I ,  I X )  

Ch lorodate ( 5. g ,  0 . 02 3 mol e )  and sod ium s al t  o f  phen o l  ( 3 . 3 8 g , 

mw 146 . 12 )  were pu t into a 1 2 5  ml e r l enmeyer f l ask . Pur i f i ed benzene 

99 

( 50 1 )  was add ed and the mixture was s toppered and s t i r red f o r  twel ve 

bours . Dur ing the cour s e  o f  the reac t ion a greyi s h-wh i t e  p r e c i p i tate 

formed h i ch was s o l uble in H2o and pre c i pi tated Ag i on . At the end o f  

this per iod t h e  reac t i on m ix ture was f i l tered several t im e s  to r emove the 

precipi tated mater ia l . The f i l t rate was s tr i pped unde r  r ed u c ed pre s sure 

and he res i d ue s o l id i f i ed upon s tand ing o The res· id ue was e x t rac ted s ev-

era1 times with ch lo rofo rm and t he xtrac t was washed w i t h  a s aturated 

aBC03 solut ion . The chloro form extrac t was dr ied over anhydrous N a2 so4 • 

1be chloro fo rm was removed under reduced pre s s ure y i e l d in g  5 g ( 7 83) o f  

crude product .  Thi s  ma te r i al , when el uted through a s i l i c i c  ac i d  c o lumn 

gave t o  isomers wh i c h  have t he fo l l owing pro pos ed s t ruc tures : 

Y!l.! :  mp 1 0 5 - 7 ;  . i r  ( nuj o l ) 12 8 8  cm-
1 and 1200 cm- 1 C P=O ) ; nmr 0 . 87 S 

s ingl e t  ( CH3 ) • 3 . 68 S s ingl e t ( C l CHz ) , 3 . 7 3 - 4 . 5 0 8 mu l t i p l e t  ( CHz )  

7 .05 s ingl e t  ( Ar ) ; f ) 2 6 8  nm ' � = 3 . 7 8 x 102 , uv ( t e trahyd ro uran ' 

262 nm 4 . 82 x i o2 , 2 5 6  nm , E- = 3 . 6 4 x 102 • 

.!! : mp 1 30-2 ; 1 2 83 Cm- 1 and 1 1 92 cm -
1 ( P=O ) ; nmr 1 . 2 3 S 

i r  ( nuj o l ) 

66 4 6 7  8 mul t i p l e t  ( CH2 ) , 
singl e t  ( CH3 ) , 3 . 2 6 8 s ing l e t ( Cl CH2 ) , 3 .  - • 
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7 . 0 5  S s in gl e t  ( Ar ) ; uv C te trahydrofuran ) ·2 6 8  nm , � 

2 6 4  nm � = 4 . 48 x 1 02 , 2 5 6  nm � = 3 . 47 x 1 02 
• .  

Analys i s : Cal culated for c1 1tt1 4c104P .· C 4 7  8 2 · ' . ' H ,  5 . 0 7 ; P ,  1 1 . 2 3 .  

Found : C ,  47 . 7 3 ; H ,  5 . 1 2 ; P ,  1 1 . 1 7 . 

Separa t i on o f  ( V I I I )  and ( I X )  

A s o lut ion con t ain ing ch loroform ( 50 ml ) and t h e  above i s omers ( 5  g )  

was care ful l y  lay e r
.
ed into a s i l ic i c  ac id column . The s o l ut i on was d raiped 

into the ad s o r bent bed bu t no t be low i t . The c o l umn was f i t ted w i t h  a 

500 ml res ervo i r  o f  ch l o ro f orm and the e l ut ion wa� al l owed t o  pro c eed at 

a rate o f  approx imat e l y  60-70 d rops per minu te . Dev e l o pmen t o f  the c o l -

urnn coul d  be fo l l owed b y  obs erving the movemen t o f  a l ar ge o paque band , 

but at no t ime d id the i somer s s eparate into d i s t in c t  band s .  Approxima t e l y  

two hund red 1 0  m l  frac t ions were c o l l ec ted and as sayed at 2 6 4  nm . I t  i s  

ev ident f rom the e l u t ion curve ( p .  l OD that compl e te s eparat i on was no t 

ob tained .  The pur i ty o f  in termed iate fract ions was d e termined f rom nmr 

s pe c t ra . The r e l a t ive amoun ts of each isomer could be o b t ained by the 

in t egrat i on of s e parate me thyl s ignals ( 0 . 8 7 8 , 1 . 2 3 S )  ar i s ing f rom 

each i s omer 0 I n t e rmed iate f rac t ions we re pur i f ied by f rac t ional r e - crys -

t al l i zat ion f rom heptane-benzene -chloro form mixtur es ( 50 : 4 5 : 5 , v/v/v ) . 

In al l c as es , ( V I I I )  was t he mo s t  d i ff i cul t isomer to pur i f y . Subs equen t 

separat i ons we re per fo rmed us ing s l owe r e l ut ion rates ( 3 0 - 4 0  d rops pe r 

i ) Vo lume f rac t l.· ons ( 5 0- 100 ml ) and the as s ay 
m nute , co l l e c t ing lar ger 

proc edure was mod i f i ed to inc lude nmr and me l t ing po in t data on l y . 



1 0 1  

F igure 1 5  

Elution Curve f o r  the Separat ion of ( VI I I )  and ( IX)  

75 1 00 1 80 2 00 
Frac t ion No . 
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Preparat ion o f  5 - chlo rome t hv l - 5-me thyl - 2 -oxo - 2 - ( 8 -qu ino l inoxy ) - l , 3 , 2 -
d i oxapho spho r i nan ( X , XI ) . 

Sod ium s al t  o f  8 -hyd r oxyqu1' nol 1' ne ( 3  8 0 0 2 3  1 ) d h l  • g ,  • mo e . a n  c orodate 

( 5  g ,  0 . 023 mo l e )  were put into a 125 ml erlenmey er f l as k  c ontain ing 

pur i f ied t e t r ahyd ro furan ( 50 ml ) o  The f l ask was s t oppered and s t i r r ed 

for twelve hours . The reac t i on mixture was f i l te red s eve ral t ime s to 

remove the prec i pi tated mat e r i al and the solvent was r emoved unde r  re-

duced p r e s sure l e aving a y e l low v i s cous l i quid . Th i s  was e x t r ac ted s ev-

eral t imes w i t h  chl o ro form and the ext rac t was washed w i th s aturated 

NaHC03 and d r i ed over anhyd rous Na2 so4 • The solvent was r emoved under 

red u c ed p r e s sure leav ing a v i s c ous res idue o The nmr o f  t h i s  r e s idue in-

d i cated the pres ence o f  two i somers ; however , al l at t em pt s  t o  s eparate 

them on s i l i c i c  a c id fa i l ed . Par t i al separat ion o f  ( X ,  X I ) was ach i eved 

us ing an a l um i n i a  column ( aluminum oxide , 80-90 mes h , d r i ed a t  1 80° 
for 

48 hours ) .  Mat e r ial iso lated from th is column conta ined approx imatel y  90 

percen t o f  one i s ome r (XI , by nmr )  and was pur i f ied by f rac t ional re- c ry s -

tal l i za t ion us i n g  heptane-benzene-chloro form mixtures ( 50 : 45 : 5 , v/v/v ) o 

The pur i f i ed i s omer has the fol l owing propose d s t ructure : 

C lCHz�- . \  
om o � . ' � 

CH3 �· 
!!_ : mp 1 1 1 -3 ; i r  ( nuj o l ) . 1 2 94 cm- 1 ( P=O ) ; nmr 1 . 3 5 S s in g l e t  ( CH3 ) 

� 
, 

4 S mul t i plet ( CH ) ,  4 . 5 8- 5 . 00 b 3 . 37 0 s in g l e t  ( C l CH2 ) ,  3 . 5 8- 4 .  2 eq . 

mul t i pl e t ( Cl-lax ) , 7 . 3 2 - 8 .  75 8 mul t i plet ( Ar ) · 

Analys i s : Cal cul ated for C1 4H1 5 ClN03 P :  C , 5 1 . 3 1 ; H , 4 . 6 1 ;  P ,  9 . 4 5 .  
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Found : C ,  5 1 . 54 ;  H ,  4 . 57. ; P,  9 . 3 4 .  

Preparat i on of 5- c h l o romethyl - 5 -m� thyl - 2 - ( 2 , 4 -d in i t rophenoxy ) - l , 3 , 2 -d ioxa­
phospho r inan ( X I I ,  X I I I )  

' � 

The sod ium s a l t o f  2 , 4 -d in i t ropheno l ( 9 . 4  g ,  0 . 0 4 6  mol e ) and chl oro -

d a t e  ( 1 0 g ,  0 . 046 mol e )  we re m i xed w i th pur i f ied benzene ( 7 5 m l ) in a 

1 2 5  ml e r l enmeyer f l ask . The f l as k  was s toppered and s t i r red f o r  twe l ve 

hours . The mixture was f i l te red s everal t imes and the s o l vent evaporated 

under reduced pre s sure . The sol id res idue , 1 1  g ( 6 83 y ie ld ) , was ext rac t -

ed several t imes wi t h  c h loro fo rm . The vo lume of t h e  ex t r ac t  was r,educ ed 

to 60 ml and th i s  s o l ut ion was layered on a s i l i c i c  ac id c o l umn . S epa-

rat ion of the two i s om e r s  ( X I I )  and ( XI I I )  o ccurred in a manner s im il ar · to 

the s e parat i on of ( V I I I )  and ( I X )  as des c r i bed above . The propo s ed s t ruc -

tures a r e  a s  fol l ows : 

C H3 o· · N02 
C IC� � I  

·� �-O NO CXIII) o . 2 

XI I : m p  1 4 4 - 8  ( impure ) ; i r  ( nuj o l ) 1 3 44 cm- 1  ( P=O ) ; nmr 1 . 0 2 b s ing-

� ( Cl CH ) 4 00 4 67 � mul t i pl e t  ( CH2 ) ,  7 . 7 5 -l e t  ( CH3 ) ,  3 . 7 4 0 s ingle t 2 , • - • U 

8 . 70 S mul t i p l e t  ( Ar ) . 

.!!..!..! : mp 1 1 8 - 2 0 ; i r  ( nuj o U  1 3 41 cm- 1  ( P=O ) ; nmr 1 . 43 S s ingl e t  ( CH3 ) ,  

� 4 83 � mul t i p l e t  ( CH
2

) ,
. 

7 . 6 7 - 8 . 67 8 mul t i -3 . 3 5  0 s ingl e t  ( C l CH2 ) ,  3 . 76 - • O 

pl e t ( Ar ) . 

Analys i s : C H ClN O p ·  C ,  3 6 . 03 ; H ,  3 . 3 0 ; P ,  
Cal cu l ated for 1 1  1 2  2 8 · 

8 . 45 .  Found : C ,  3 6 . 1 7 ; H ,  3 . 3 6 ; P ,  8 . 20 . 
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Preparat ion o f  5 - c h l o rome thyl - 5 -me thyl -2 - ( 4 -me t hoxypheno xy ) - l , 3 , 2 -d i oxa ­
phosphor inan ( X I V ,  XV ) 

Chlo rod ate ( 1 g ,  0 . 0046 mo le ) and the sod i um s a l t o f  4 -me thoxyph eno l 

( 0 . 6 6 g ,  0 . 0046 mo l e ) were p l ac ed in a 1 2 5  ml e r l enrneyer f l as k  and pur i f i ed 

benzene ( 50 ml ) was add ed . The f l ask was stoppe red and s t i r red f o r  twe l ve . 

hour s . The pre c i p i t ated mat t e r  was removed w i th seve ral f i l t r a t i o n s  and 

the
. 

s o lven t was evaporated unde r  reduced pressure . The r e s i d ue was ex tr ac t -

e d  s eve ra1 t imes w i th chlo roform and the ext rac t was was hed wi th saturated 

N aHco3 and d r ied ove r Na2 so4 • The nmr o f  the c h l oro f o rm e x t rac t ind i cated 

the presence o f  two i some r s , ( X IV ,  XV ) ; however , no a t t empt was made t o  

s e parate them . I t  i s  as sumed that their s truc tur es are ana l o gous to 

( V I I I ) and ( I X ) : 

C I C H2 
O

OCH3 
C H� • \ 

�\__..--O'f?.-o � . 
l.J 

0- CXN) 
Preparat ion of 5 - c hl orome t hyl - 5 -me thyl - 2 - ( 4 -n i t r ophenoxy ) - l , 3 , 2 -

d i oxa hos hor i nan ( XV I  XV I I )  

Ch lorod ate ( l  g ,  0 . 004 6 mo l e ) and the sod ium sal t o f  4 -n i t r o pheno l 

) we re pl aced in a 1 2 5  ml e r l enmeyer f l as k  w i t h  
( 0 . 7  g ,  0 . 0 0 4 6  mo l e  

pur i f i ed benzene ( 5 0 m l ) .  
7� · l d ) w s i· s o l a ted in 

The res idue ( 1  g ,  6 � y 1 e  a 

and the nmr o f  t h i s  ma t e r i a l  
a mann e r  s im i l ar to t he abo ve procedure 

ind i cat ed the pre s en c e  o f  two i s omers . I t  is as sumed · that t h e i r  s t ruc -

tures are ana l o gous t o  ( V I I I )  and C I X ) : 
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C I CH2 µNO� 
C H� . \ /} 

F,:-0 (Xfil) 

CH3 . �N02 C IC H�_ v 
, , 0 

( XVll ) O 
Analys i s : Cal culated f o r  c1 1H1 3 CIN06P :  C ,  4 1 . 1 2 ;  H ,  4 . 05' :  P , 9 . 6 5 

. Found : C ,  40 . 96 ;  H ,  4 . 2 1 ;  P ,  9 . 4 7 .  
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APPENDI X  

A program l is t ing o f  OLSVAG i s  provided o n  page J,. 07 . I nput and out­

put informa t i on f rom L AOCN3 i s  g iven in pages 1 08-1 0 9 . 
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