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The Effect of Ring Size upon the Electron Impact Induced 

Behavior of Steroidal Ketones2
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Comparison of the mass spectra of D-norpregnan-20-one, pregnan-20-one, and D-homopregnan-20-one demon
strates that the relief of ring strain plays a minor role in the determination of the site of charge localization in 
20-ketones. The differences observed among the spectra are instead best rationalized on the basis of the sta
bilities of the ions and neutral species produced by fragmentation. The electron impact induced behavior of 
D-homoandrostan-17a-one and -17-one is qualitatively similar to that of androstan-l-one and -2-one, respec
tively. The similarity of the mass spectra of D-norandrostan-16-one and D-norandrostane-16/3-carboxylic acid 
(and several other D-nor steroids) below m/e 218, in conjunction with metastable ion evidence, suggests that 
these low mass ions may arise from a common precursor, the m/e 218 ion. The mass spectra of D-bishomo- 
androstan-17b-one and -17a-one are also discussed.

I t  has lon g  b een  rea lized  th a t fragm en tation s a b ou t 
ring  D  are o f  p articu lar d iagn ostic  im p ortan ce  in  the 
in terpretation  o f  the e lectron  im p a ct in du ced  b eh a v ior  
o f  steroids.6 In  ord er to  u nderstand  the m echan istic 
details o f  these m u ch  stu d ied  fragm en tation s, a p ro 
gram  w as lau n ch ed  in  these laboratories  to  determ ine 
the mass spectra  o f  steroids stru ctu ra lly  m od ified  in 
the D  ring. Specifica lly , D -n o r -, D -h o m o -, and D -  
b ish om oan drostan on es an d  -pregn an -20 -on es w ere pre
pared  and th eir mass spectra  w ere observed .

R esu lts  and  D iscu ssion

P re g n a n -2 0 -o n e s .— T h e  electron  im p a ct in du ced  
beh av ior o f  steroidal k eton es has been  th e  su b je ct o f 
num erous in vestigation s.6 A n  in teresting  generaliza
tion  apparent from  these studies is th a t ions stru ctu r
a lly  analogous to  a usu a lly  d o  n o t  p a rtic ipa te  d irectly  
in the m ost p reva len t fragm en tation  processes o f  the 
m olecu le . W h en  the ca rb on y l m o ie ty  is con ta in ed  
w ith in  a ring, this ob serva tion  is n o t  surprising. A  
sim ple a -c lea v a g e  rea ction  (eq  1), w e ll-k n ow n  in  the 
mass spectra  o f  a liphatic k eton es, generates a species 
b  from  w h ich  m ost o f  the m olecu le ’ s fragm en tation s 
can  be rationalized .

(1) For paper CCXII, see M. Katoh, D. N. Jaeger, and C. Djerassi,
J. Amer. Chem. Soc., submitted for publication.
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(5) P. de Mayo and R. I. Reed, Chem. Ind. (London), 1481 (1956).
(6) H. Budzikiewicz, C. Djerassi, and D. H. Williams, “ Structure Elucida

tion of Natural Products by Mass Spectrometry,”  Vol. II, Holden-Day,
San Francisco, Calif., 1964, Chapter 20.

+ •

O n the o th er hand, if  a  m olecu le  such  as pregnan- 
20-on e (I ) u ndergoes a c leavage , a fragm en t ion  m ust 
be p rod u ced  (eq  2 ). N evertheless, the m a jor  frag

m en tation s in the m ass spectru m  o f pregn an-20-on e 
(F igure 2) can  b est be  ra tiona lized  on  th e  basis o f  a 
m olecu lar ion  o f structure d .7 G en era tion  o f ion  d  is 
c learly  a favorab le  p rocess ; cleavage  o f th e  C -1 3 -C -1 7  
b o n d  generates a te rt ia ry  carbon iu m  ion  an d  a reso
n an ce-stab ilized  radical. In  a d d ition , it re lieves the 
strain  inherent in  the tran s-fused  h ydrin dan  system

(7) L. Tokes, R. T. LaLonde, and C. Djerassi, J. Org. Chem., 32, 1020
(1967).
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T a b l e  I
Sh if t s “ o f  M ass  S pe c t r a l  P e a k s  o f  D-HoMOPREGNAN-20-one ( I I )

D-Homopregnan- 
20-one (II)

Isotopic
purity M + m + -  cm M + -  HjO

M+ -
cm  — m o

M + -  
CaHeO

M + -  
CsHuO

do 316 301 298 283 258 217
17a,21,21,21-d4 92%  d, 320 305 302 287 258 217

» Reported shifts are corrected for isotopic impurities as well as ,3C contributions and are greater than 90% unless otherwise indicated.

o f  rin g  D . I t  is o f  con siderable  in terest to  evaluate 
the im portan ce  o f  th e  la tter effect, since it has been  
in v ok ed  as a partia l exp lan ation  fo r  the preferential 
fragm en tation  o f pregnane itself a b ou t ring D .8 T hu s, 
D -h om op regn an -20 -on e  ( I I ) ,  con ta in ing  a strain-free

o 5 ^
III

irtm s-decalin  system , was prepared. Its  m ass spec
tru m  (F igure 3) exh ib its n o  ev iden ce  for  m ore exten 
sive partic ipa tion  o f  ions o f  structure c in  the fragm en 
ta tion  processes. T h e  in ten sity  o f  the M  — 43 peak 
(m /e  273) is n o t en han ced  relative to  its in ten sity  in 
th e  m ass spectru m  o f  pregn an-20-on e itself. S im 
ilarly , deu teriu m -labeling  experim ents (T a b le  I )  dem 
on strate  th at the C -21 m eth y l group  is n o t im 
p lica ted  in the genesis o f  the M  — 15 peak , exa ctly  as 
in  p regn an-20 -on e itse lf.7 S ince the m a jor  peaks in 
b o th  spectra  are best rationalized  on  the basis o f  m olec
ular ions analogous to  d , and  n o t c, it  m ust be con 
clu d ed  th at the ring strain  inherent in the trans-fused  
h ydrindan  system  is n o t an im p ortan t fa cto r  in in 
du cin g  charge loca liza tion  in  the 1 3 -17  b on d .

I t  is in teresting  to  n ote  th at the mass spectru m  o f 
.D -norpregnan-20-one (I I I , F igure 1) exh ib its n o  peaks 
w hich  can  be  a ttrib u ted  to  charge loca lization  on  the 
ca rb on y l grou p  (e ). T h e  com p lete  absence o f  an M  
— 43 peak  (m /e  245) in F igure 1 suggests that 
the h igh ly  strained  cy clob u ta n e  ring  o f  I I I  causes 
v irtu a lly  com p lete  charge loca liza tion  in  the 1 3 -16  
b o n d  (f) p rior to  d ecom position .

(8) L. Takes, G. Jones, and C. Djerassi, J. Amer. Chem. Soc., 90, 5465
(1968).

A  peak  appears at m /e  43 in  the spectra  o f  all th ree 
p regn an-20-on es (F igures 1, 2, and  3 ). A lth o u g h  the 
m /e  43 peak  m ight a p rio ri b e  en v isaged  as arising d i
re ctly  from  a m olecu lar ion  o f stru ctu re c  (eq  3 ), the

absence o f the peak  in the low -v o lta g e  sp ectra  o f  these 
com p ou n d s suggests th at it arises from  on e  or  m ore 
fragm en t ions. C on sequ en tly , varia tion s in  th e  in 
ten s ity  o f  the m/e 43 peak  are n o t read ily  exp licab le  
on  the basis o f  preferentia l charge loca liza tion  in th e  
m olecu lar ion .

A lth ou gh  all three 20 -k eton es appear to  fra gm en t 
p red om in an tly  from  ions o f  sim ilar stru ctu re, a cu rsory  
in spection  o f  F igures 1, 2, and  3 in d icates th at the frag
m en tation  pattern  o f Z )-n oran drostan -20 -on e (I I I )  
differs d ram atica lly  from  th at o f  th e  five - and six -m em - 
bered  ring  D  com pou n ds. C on sidera tion  o f  these d if
ferences sheds con siderab le  ligh t on  the m echanism s 
o f fragm en tation  o f pregn an-20-on e itself.

M  — 58 P e a k .— T h e  M  — 58 peak  appears at m/e 
244 in the m ass spectrum  (F igure 2) o f  pregn an-20- 
on e . I t  has b een  p rop osed 7 th at th is peak  arises 
largely  (6 0 % ) b y  the p a th w a y  d ep icte d  in  eq  4. A b 
straction  o f  the C -14  h y d rog en  a tom  generates an ion  
o f  structure g  w hich  can  th en  u n dergo  a  M cL a ffe r ty - 
ty p e  rearrangem ent to  y ie ld  the peak  at m /e  244. I t  
is im p orta n t to  n ote  th at the ion  g is form ed  in eq  4 b y

h, m/e 244

h yd rogen  abstraction  th rou gh  a tran sition  state in 
v o lv in g  a five-m em bered  ring. A  sign ificant p ortion  
(4 0 % ) o f the mass 244 ion  is fo rm ed  b y  the abstrac
tion  o f  the u n a ctiva ted  h yd rogen  a tom  at C -8  (eq  4 ).
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T a b l e  I I
Sh if t s “ o f  M ass  Sp e c t r a l  P e a k s  o f  jD -N o r p r e g n a n -2 0 -on e  ( I I I )

M + -
D-N orpregnan- Isotopic M + - M + - cm  - M + - M+ - M+ - M + - M+ -

2>one (III) purity M + CHi HiO H2O C.HtO CtHsO C.H7O C*HsO CsHbO
d* 288 273 270 255 230 218 217 215 203
16,21,21,21 -dt 9 5 %  d, 292 277 274 259 230 218 217 215 203

“ Reported shifts are corrected for isotopic impurities as well as ,3C contributions and are greater than 95% unless otherwise indicated.

T h e  prevalen ce o f  the la tter process m ust be  a ttribu ted  
to  the w ell-kn ow n  preference fo r  h yd rogen  abstraction  
through  a six -m em bered  ring.

T h e  v e ry  abu n dan t ion  o f m ass 230 in  th e  spectrum  
o f D -n orpregn an -20 -on e  (F igure 1) presu m ably  arises 
th rou gh  a sim ilar m echanism , a lthou gh  this has n o t 
been  fu lly  su bstan tia ted  b y  deu teriu m  labeling experi
m ents (T ab le  I I ) .  A b stra ction  o f a C -12  h ydrogen  
th rou gh  a six -m em bered  transition  state w ou ld  gener
ate the ion ized  k eto  o lefin  i, w h ich  can  undergo a M c - 
L a ffe n y  rearrangem ent to  an  ion  o f mass 230 (eq  5 ).

Figure 1.— Mass spectrum of D-nor-5a-pregnan-20-one.

T h e  dram atic increase in th e  abu ndan ce o f the M  — 
58 ior_ in the spectru m  o f D -n orpregn an -20 -on e  (I I I )  
m ust be a ttr ib u ted  to  the presence o f  a ctiv a ted  h y d ro 
gens at C -12  w hich  can  be  extracted  through  the v e ry  
favorab le  s ix -m em bered  tran sition  state.

A b stra ction  o f an a ctiv a ted  h yd rogen  a tom  from  
C -14  in  the m olecu lar ion  k  o f  D -h om op regn an -20 -on e  
(I I )  also in vo lves  a s ix -m em bered  rin g  transition  state. 
T h e  sm all size o f  the M  — 58 peak  (m /e  254) in  F igure 
3 m ust th erefore  be  a ttrib u ted  to  the u n activa ted  na
ture c f  the C -16  h yd rogen  w hich  needs to  participate  
in the M cL a ffe r ty  rearrangem ent (eq  6).

M — 70 Peak. — T h is fragm en tation  g ives rise to  the 
intense peak  at m/e 218 in th e  m ass spectrum  o f D- 
n orpregnan-20-one (I I I )  (F igure 1) and the w eak peak

Figure 2.—-Mass spectrum of 5a-pregnan-20-one.

Figure 3.— Mass spectrum of D-homo-5a:-pregnan-20-one.

at m/e 232 in the m ass spectru m  o f  pregnan-20-one 
(1) (F igure 2 ) ; the correspon d in g  peak  is n o t observed  
in the m ass spectrum  o f  D -h om opregn an -20 -on e  (I I )  
(F igure 3).

D eu teriu m -labelin g  experim ents on  pregnan-20-one 
dem on strated7 that th is process in vo lves  the expulsion  
o f C -16 , C -17 , C -20 , and  C -21 , as d e p icte d  in  eq  7. 
T h e  increased in ten sity  o f  th e  correspon d in g  peak  in 
the spectru m  o f D -n orpregn an -20 -on e  (F igure 1) m ust 
be a ttrib u ted  to  the greater s ta b ility  o f  an ion ized  d ou 
b le  b o n d  (o ) as com p ared  to  an ion ized  cy lop rop a n e
(n ). S im ilarly, the com p lete  absen ce o f  th e  M  — 70 
peak  in  the spectru m  o f  D -h om op regn a n -2 0 -on e  m ust 
be a ttrib u ted  to  the even  less fa v ored  ch aracter o f  the 
ion ized  cy c lo b u ty l species p.

T h e  varia tion  :n  the abu ndan ce o f th e  M  — 70 peak 
can  thus be  rationalized  on  th e  basis o f  the stab ility  o f 
the resu lting ion ic  species. C on verse ly , the variation  
in  the abundance o f  the m /e  218 peak  in the spectra  o f 
the three k eton es is attribu tab le  to  the stab ility  o f  the 
neutral species p rodu ced . T h e  expulsion  o f an olefin
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(eq  8) is en ergetica lly  preferable to  the expulsion  o f a 
cyclop rop a n e  (eq  10) or cyclob u ta n e  (eq  11).

m /e  217 Peak.— A ll three ketones exh ib it an intense 
peak  at m/e 217, corresponding  to  the elim ination  o f 
ring D  w ith  an add itional h ydrogen  atom . D eu teriu m 
labeling experim ents h ave im plicated  C -8  and C -14

as the sources o f  the extra  h yd rogen  a tom  in th e  frag 
m en ta tion  o f pregnan-20-one itse lf (eq  12) ? D e u te 
rium -labeling  experim ents have n o t b een  perform ed  on  
71-nor- or D -h om opregn an -20 -on e  to  establish  the origin  
o f the extra  h ydrogen  a tom ; it appears plausible, h o w 
ever th at the m /e  217 peak  in  F igures 1 and 3 arises in  
an analogous m anner (eq  13 and  14).

m /e  215 Peak.— M etastab le  ion  ev iden ce  suggests 
th at the m /e  215 peak  in  the m ass spectru m  o f D -  
n orpregnan-20-one (F igure 1) is form ed  b y  th e  elim ina
tion  o f a m eth y l group  from  the m /e  230 peak  (eq  15).

T h e  ion  o f m ass 215 in the spectrum  o f  pregn an-20-on e 
(F igure 2) p rob a b ly  arises in an iden tica l m anner.

Other Fragmentations.— T h e  m ass sp ectru m  o f  D - 
n orpregnan-20-one (F igure 1) exh ibits a series o f  peaks 
at m /e  203, 175, 162, 161, 148, and 109 w h ich  are char
acteristic o f  all the D -n or  steroids prepared  in  th is stu dy . 
D iscu ssion  o f  th e  genesis o f  these ions w ill be  deferred  
to  the subsequent section  dealing w ith  D -n ora n d ro - 
stan -16-one and D -norandrostane-16 /S -carboxylic acid , 
since m ore extensive deuterium -labeling data  are avail
able fo r  th e  latter com pou n d .

Androstan-16-, -17-, -17a-, and -17b-ones. — T h e  elec
tron  im p act induced  beh av ior o f  an drostan -16-on e
( I V )9 and  androstan -17-one ( V ) 10 has b een  the o b je c t  
o f  carefu l stu dy , and a n um ber o f unusual m ech an istic  
proposals have been  ad van ced  to  a ccou n t for  the frag
m en tation s o f  these com pounds.

0

I t  was o f in terest, therefore, to  com pare  the m ass 
spectra  o f  analogous D -n or, D -h o m o , and  D -b ish o m o  
k eton es; the effect o f  adding  or rem ov in g  a m eth y len e  
group  ad jacen t to  the carbon y l m oiety  shou ld  shed 
considerable light on  the m echanism s o f  a n um ber o f 
v e ry  favorab le  process in the mass spectra  o f  steroidal 
k etones.

M — 15 Peak.— T h e  M  — 15 peak  appears in the 
spectra  o f  all the k eto  steroids in vestigated  in  th is 
study . D eu teriu m -labelin g  experim ents p erform ed  on  
an drostan -17-on e (V ) in d icated  th at th e  C -19  m eth y l 
group  was elim inated three tim es as readily  as the C -18  
m eth y l g ro u p .10 T h is  ob servation  w as a ttrib u ted  to  
preferential charge loca lization  in the C -1 3 -C -1 7  b on d , 
rather than  the requ ired  C -1 3 -C -1 8  b o n d  (eq  16).

I t  w as relevan t, th erefore , to  determ in e the orig in  o f  
the M  — 15 peak  in the D -h o m o  steroids. In  D -h o m o - 
androstan -17a-one (V I ), the ratio  o f  C -19  loss to  C -18  
loss decreases to  1 :1  (c /. T a b le  I I I ) .  T h is  observation

(9) C. Beard, J. M. Wilson, H. Budzikiewicz, and C. Djerassi, J. Amer. 
Chem. Soc., 8 6 , 269 (1964).

(10) L. Tokes, R. T. LaLonde, and C. Djerassi, J. Org. Chem., 32, 1012 
(1967); G. Jones and C. Djerassi, Steroids, 10, 653 (1967).
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T a b l e  I I I

E f f e c t  o f  S t r u c t u r e  o n  t h e  R a t i o  o f  C-19 M e t h y l  L o s s  

t o  C-18 M e t h y l  L o s s  i n  S t e r o i d a l  K e t o n e s

C o m p d  C -1 9 /C -1 8

Androstan-17-one (V) 3:1
Androstan-2-one (IX ) 1:1
D-Homoandrostan-17a-one (VI) 1:1
D-Homo-13a-androstan-17a-one (VII) 3:1

in th is study . T h is  observation  can  be  rationalized, 
how ever. In  those k eton es  in  w h ich  the carbon y l 
group  is ad jacen t to  the angular m eth y l [D -n orandro- 
stan -16-one (X I ) .  D -h om oan drostan -17a -on e  (V I ) , and 
Z )-b ishom oandrostan -17b-on e ( X V ) ] ,  charge loca liza 
tion  occu rs p redom in an tly  betw een  the ca rb on y l group 
and th e  tertia ry  ca rb on  (eq  18), n o t th e  ca rb on y l group 
and  the p rim ary  carbon  (eq  19), as requ ired  b y  the 
m echanism  d ep icted  in  e q  17.

is, in itself, con sistent w ith  the earlier explanation , 
because the (rans-decalone system  o f  the 71-hom o 
steroid  shou ld  be less strained  than  the irans-hydrin - 
danone system  o f the n orm al s tero id ; cleavage  o f  the
13 -17a  b o n d  should , th erefore , b e  less favorab le . 
H ow ever, the m -d e e a lo n e  system  o f  7 )-h om o-1 3 a - 
androstan -17a-on e (V I I )  is m ore strained than  the 
/ran s-decalon e system . N evertheless, the ratio  o f  
C -19  loss to  C -1 8  loss increases to  3 :1 , desp ite  the ap
parent d riv in g  fo rce  fa v orin g  cleavage  o f  the 13 -17a  
bon d .

T hese  results suggest th a t the orig inal exp lan ation 10 
fo r  the ratio  ob served  in  th e  spectra ' o f  an drostan -17- 
on e is oversim plified . U n til m ore exten sive com p a ri
sons are availab le , th e  fa ctors  determ in in g  the ratio  o f 
m eth y l e lim ination  m u st rem ain  p o o r ly  u nderstood .

M  — H 20  P e a k .— E xten sive  deuterium -labeling 
experim ents (T a b le  V ) on  D -h om oan drostan -17a -on e
(V I )  dem on strate  th a t th e  elim ination  o f  w ater is a 
ran d om  process, w ith  n o  labeled  p osition  accou ntin g  
fo r  m ore th an  a sm all fra ct ion  o f  th e  h y d rog en  atom s 
elim inated. A  sim ilar con clu sion  m ust be  draw n from  
the 7 )-hom o 17 ketones (T a b le  V I )  and 7)-b ishom o 
(T a b les  V I I  and V I I I )  steroids, a lthough  on  the basis 
o f  m uch  less extensive labelin g  data. T h is  is in co m 
p lete  a ccord  w ith  the results a lready  described  fo r  the 
elim in ation  o f  w ater from  an d rostan -17 -on e .10

M  — C 2H i P e a k .— T h e  second  m ost intense peak  in 
th e  m ass spectru m  o f 7 )-b ish om oan drostan -17a-on e 
(V I I I , F igure 8) appears at m/e 274, correspon d in g  to  
the elim ination  o f 28 m ass units from  the m olecular 
ion . D eu teriu m -labelin g  experim ents suggest th a t the 
process occu rs as d ep icted  in eq  17. I t  is in teresting 
to  note  th at the elim ination  o f  eth ylen e is n ot observed  
in the spectra  o f  any o f  the oth er ketones investigated

0

T h e  absence o f an M  — 28 peak  in  the spectru m  o f 
D -h om oan d rostan -17 -on e  ( I X ,  F igure 6) can n ot be 
a ttribu ted  to  ih is  effect. T h e  exp lan ation  m u st lie in 
the greater strain inherent in  the cy clob u ta n e  system  
t, w h ich  w ou ld  form  a fter th e  elim ination  o f  eth ylen e 
(eq  20).

m/e 230 and 2 3 1 .— T h e  m ost intense peaks in the 
m ass spectru m  o f £ )-hom oandrostan -17 -one  ( I X ,  F igure
7) appear at :n/e 230 and  231. A lth ou gh  th e  absence 
o f  extensive deuterium  labeling d a ta  m akes detailed  
d iscussion  o f  the orig in  o f  these peaks difficult, the 
ob serva tion  o f analogous peaks in the m ass spectru m  o f 
an drostan -2-on e ( X ) u  perm its a qu a lita tive discussion  
o f their genesis.

T h e  m/e 231 peak  in  th e  m ass sp ectru m 11 o f andro- 
stan -2 -one (X )  arises b y  the elim in ation  o f  a C 3H 7 frag-

(11) J. E. Gurs^ and C. Djerassi, J. Amer. Chem. Soc., 86, 5542 (1964).
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T a b l e  IV
Sh if t s “ o f  M ass Sp e c t r a l  P e a k s  o f  D -N o r a n d r o st a n e -16/3-c a r b o x y l ic  A cid  (X V I )

D-Nor-
androstan-

16/3-car-
boxylic

acid
(XVI)

Isotopic
purity M +

M+ -  
CH,

M + -  
C2BUO2

do 290 275 230
3-di 85% di 291 276 231

14a-d!i 80% di 291 276 231 (60%)

15a-d\ 58% d 1 291 276
230(40%) 
231 (85%)

lQa-di 98% di 291 276
230 (15%) 
230

M+ - M + - M+ - M + -
C.H.02 C ,H ,02 C<H,02 CeHllOî

218 217 203 175
219 218 204 176

219 (80%) 218 (80%) 204(80% ) 176 (60%)
218(20% ) 217 (20%) 203 (20%) 175 (40%)
218 217 203 176 (40%) 

175 (60%)
218 217 203 175

M + - M + - M + -
C8H13O2 C$Hl4C>2 CnHnOa

149 148 109
150 (90%) 149 (80%) 110 (70%)
149 (10%) 148 (20%) 109 (30% )
150 (5% ) 149 (20%) 110 « 20% )
149 (95%) 148 (80%) 109 (> 8 0 % )
149 149 (10%) 110(20% )

148 (90%) 109 (80%)
149 148 110(20% ) 

109 (80%)
Reported shifts are corrected for isotopic impurities as well as 13C contributions and are greater than 95% unless otherwise indicated,

T a b l e  V

Sh ift s“ o f  M ass  S pe c tr a l  P e a k s  o f  Z)-HoMOANDROSTAN-17a-one (V I )
D-Homo-

androstan- M + — M + —
17a-one Isotopic M+ - M + - M+ - H2O - CO - M + - M+ - M+ - M + - M + - M + -

(VI) purity M + CH, H,0 CO CH, CH, C.Hs C,H,o CîHtO C1H9O C,Hi,0 C9H17O
da 288 273 270 260 255 245 231 230 217 215 189 149
3-di 98% di 289 274 271 261 256 246 232 231 218 216 190 150
1 4 a « 90% d, 289 274 271 (80%) 

270 (20%)
261 256 246 232 231 218 (50%) 

217 (50%)
215 189 149

1 6 ,1 6 « 98% d2 290 275 272 262 257 247 233 231 (50%) 
323 (50%)

217 215 189 149

17,17«, 93% d2 290 275 272 262 257 247 233 232 217 215 189 149
18,18,18« 98% d2 291 276 (50%) 273 263 258 248 234 230 220 218 192 (50%) 149

273 (50%) 189 (50%)
“ Reported shifts are corrected for isotopic impurities as well as 13C contributions and are greater than 90% unless otherwise indicated.

T a b l e  V I
S h ift s“ o f  M ass  Sp e c t r a l  P e a k s  o f  D -H o m o an d ro stan -17-o n e  (V I I I )

D-Homo-
androstan-

17-one Isotopic M + —
(VIII) purity M + M+ -  CH, M+ -  H,0 CH3 — H,0 M + — C.H, M + — C,H,0

do 288 273 270 255 231 230
d< 75% cU 292 277 274 259 235 230

“ Reported shifts are corrected for isotopic impurities as well as 13C contributions and are greater than 95% unless otherwise indicated.

T a b l e  V I I
Sh if t s “ o f  M ass  S pe c tr a l  P e a k s  o f  Z>-BisHOMOANDROSTAN-17a-ONE (V I I I )

D-Bishomoandrostan- 
17-one (VIII)

Isotopic
purity M + M + -  CH, M+ — H20

M + -
M+ -  C2H, CH, -  H20 M + -  C,H«0 M + -  C,H«0

da 302 287 284 274 269 244 217
17,17,17b ,17b« 80% d, 306 291 288 276 273 244 217

“ Reported shifts are corrected for isotopic impurities as well as 13C contributions and are greater than 95% unless otherwise indicated.

T a b l e  V I I I

Sh ift s“ o f  M ass  S pe c tr a l  P e a k s  o f  
2)-BlSHOMOANDROSTAN-17b-ONE (X V )

.D-Bishomo-
androstan-

17b-one Isotopic M + - M+ - M+ - M + -
(XV) purity M + CH, H20 C,H, CsHgO

do 302 287 284 259 217
17a, 17a« 98% do 304 289 286 261 217

“ Reported shifts are corrected for isotopic impurities as well 
as 13C contributions, and are greater than 95% unless otherwise 
indicated.

m en t from  ring D  (eq  21). H igh -reso lu tion  m ass spec
tro m e try  on  the m/e 231 peak  o f Z )-h om oan drostan -17 - 
one ( I X )  in d icates th at it arises b y  the e lim ination  o f 
C 4H 9, an d  deu teriu m  labeling experim ents (T a b le  V I )

dem on strate  th at ring D  h ydrogens are reta ined . I t  
appears plausible th at fragm en tation  is occu rrin g  
abou t rin g  A  as d ep icted  in  e q  22.
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Figure 4.— Mass spectrum of Z)-nor-5a-androstan-16-one.

T h e  genesis o f  th e  m /e  216 peak  in  the mass spec
tru m  o f  an drostan -2 -on e  has b een  fu lly  e lu cid a ted 11 b y  
deuterium  la belin g ; th e  p rop osed  m echan ism  is de
p icted  in  eq  23. T ran sfer o f  a h yd rogen  a tom  to  C - l  
generates the ion ized  k e to  o lefin  u , w h ich  undergoes 
fragm en tation  b y  abstractin g  a C -6  h yd rogen  a tom  
( u - v ) .

Figure 5.— Mass spectrum of 5a-androstan-17-one.

p redom in an t source o f  th e  m /e  231 ion . I t  is in ter
esting to  n ote  then , th a t c leavage  a b ou t rin g  A  is o b -

(25)

H igh -reso lu tion  m ass sp ectrom etry  on  the m/e 230 
peak  in the spectrum , o f  Z )-h om oan drostan -17 -on e  ( I X )  
is in  com plete  a cco rd  w ith  the occu rren ce  o f  an analo
gous process in the form a tion  o f this ion  (eq  24). M o re -

over, deu teriu m -labeling  experim ents dem onstrate  
th at C -1 6  an d  C -1 7 a  are elim in ated  in  th is fragm en ta 
tion .

T h e  m /e  230 peak  in  the m ass spectru m  o f  an dro- 
stan -17-one (F igure 5) arises in  a m ech an istica lly  dis
tin ct m an n er; its genesis has b een  discussed in  an 
earlier p u b lica tio n .10

D eu teriu m -labelin g  experim en ts (T a b le  V ) in d icate  
th a t the sm all peaks at m /e  230 and  231 in  th e  spec
tru m  o f D -h om oa n d rosta n -1 7 a -on e  (F igu re 6) are 
fo rm ed  b y  several d istin ct m ech an istic  path w ays, and 
th at the p lausib le cleavage  d ep icte d  in  eq  25 is n ot the

served  in  the spectru m  o f  D -h om oan d rostan -17 -on e  
( I X )  b u t  n o t in th e  spectru m  (F igure 6) o f  D -h o m o - 
androstan -17a-on e (V I ) . T h is  d ifference can  be at
tribu ted  to  the greater s ta b ility  o f  ions o f  structure x 
vs. those o f  structure w . A p p a ren tly , charge loca l
iza tion  in  the 1 -1 0  b o n d  (y ) can  com p ete  w ith  the 
form a tion  o f the species w.

m /e  218 P e a k .— T h e  m ost abu n dan t peak  in  the 
spectru m  (F igure 4 ) o f  D -n oran drostan -16 -on e  (X I )  
appears at m /e  218. T h is  process corresponds zo the 
elim ination  o f ring D  as ketene, w ith ou t h yd rogen  
transfer (eq  26). C harge loca lization  in the 13 -16
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Figure 7.—Mass spectrum of D-homo-5œ-androstan-17-one.

Figure 8.—Mass spectrum of D-bishomo-5a-androstan-l7a-one.

b o n d  generates a tertiary  carbon iu m  ion  and  a stabilized 
radical, in  a dd ition  to  relieving th e  strain  inherent in 
th e  trans-fused  cy clob u ta n on e  system . T h e  elim ina
tion  o f  k etene generates the ion ized  olefin  z.

A lth ou gh  deuterium -labeling  experim ents on  D -nor- 
pregnane ( X I I ) 12 and D -n orpregn an -20 -on e  (I I I )  dem 
onstrate  th at a recip roca l h yd rogen  transfer is n ot 
in v o lv e d  in  the genesis o f  the m ass 218 ion , d ifferent 
results are ob ta in ed  fo r  D -norandrostane-16/3-car- 
b o x y lic  a c id -14a -d i ( X I I I ) ;  approx im ate ly  2 0 %  o f the
14-deuterium  is elim inated , and  labels at C -15  and 
C -1 6  are com p le te ly  lost (T a b le  I V ) . I t  appears 
lik e ly , then , th a t the b a ck  transfer o f  h y d rog en  in 
v o lv es  the acid ic  h yd rogen  on  the ca rb oxy l oxygen . 
T h e  ob servation  th at the e lim ination  o f the 14-deute
rium  decreases to  less th an  5 %  in  th e  genesis o f  the ion  
o f m ass 218 o f the correspon d in g  m eth y l ester X I V  is 
con sistent w ith  th is con clu sion . F u rth er experim en ta
tion  w ou ld  b e  n ecessary to  c larify  th e  com p lete  m ech 
anism  o f th is unusual process.

T h e  m ass spectru m  o f an drostan -17-on e (F igure 5) 
also exh ib its a peak  at m/e 218. D eu teriu m -labelin g  
exp erim en ts10 w ere consistent w ith  the m echanism  d e 
p ic te d  in  e q  27. T h e  v irtu a l absence o f  a peak  at m/e

(12) G. Eadon, S. Popov, and C. Djerassi, submitted for publication.

Figure 9.— Mass spectrum of D-bishomo-5a-androstan-17b-one.

218 in  the spectra  (F igures 6 and  9) o f  D -h o m o a n d ro - 
stan -17a-one (V I I I )  and D -b ish om oa n d rosta n -1 7 b -on e

s o, m/e 218

(X V )  is in  com p lete  h arm on y  w ith  th is m echan ism . 
F orm a tion  o f a mass 218 ion  b y  these com p ou n d s  
w ou ld  requ ire the elim ination  o f cy c lo p ro p a n e  and 
cyclob u ta n e , respectively .

m/e 217 P e a k .— T h e  m/e 217 peak  in th e  m ass spec
tru m  (F igure 5) o f  androstan -17-one arises b y  the 
elim ination  o f rin g  D  and an  add ition a l h y d rog en  atom . 
D eu teriu m  labeling dem on strated  th at th e  extra  h y 
drogen  w as partia lly  (5 0 % ) extracted  from  C -1 4 ; 
abstraction  o f  the rem aining 5 0 %  was a ran dom  
p rocess .10

A  sim ilar m echanism  pertains to  D -h om oa n d rosta n - 
17a-one (eq  28). T h e  ring D  labels w ere com p le te ly  
elim inated , a lon g  w ith  5 0 %  o f the C -1 4  h y d ro g e n .13

Ho (28)

V e ry  abu ndan t peaks appear at m/e 217 in  th e  m ass 
spectra  o f  D -b ish om oan drostan -17a -on e  (V I I I , F ig 
ure 8) and  D -b ish om oan d rostan -17b -on e  (X V , F igure 
9 ). D eu teriu m  labeling experim ents (T a b les  V I I  an d  
V I I I )  dem on strate  th at these processes in v o lv e  th e  
expu lsion  o f ring D , so it  appears lik e ly  th a t a sim ilar 
m echanism  prevails.

(13) The 1,2 shift of the C-8  hydrogen (aa -► p) is postulated solely to 
avoid the formation of the presumably high energy ionized carbene p . 
Work is currently underway in these laboratories to differentiate between 
the pathways leading to p and p .
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In  the m ass spectru m  (F igure 4 ) o f  D -n oran d rostan -
16-one (X I )  the m /e  217 peak  is sm all. T h e  process 
becom es m ore favorab le  in  the e lectron  im p a ct in du ced  
beh av ior o f  the 16/3-carboxylic acid  (X V I ) .  D e u te 
rium -labelin g  experim ents (T a b le  IV ) dem on strate  th at 
on ly  2 5 %  o f the abstracted  h y d rog en  originates from  
C -14 . T h e  low ered  sp ecific ity  o f  th is process in  the 
D -n o r  steroids p ro b a b ly  can  be  exp la ined  on  the basis 
o f  the ring sizes in v o lv e d  in  th e  tran sition  states for  
h ydrogen  abstraction . R e m o v a l o f  the C -1 4  h y d ro 
gen requires a fou r-m em b ered  ring in the transition  
state (eq 29), w hile a com p etin g  process, the abstrac

tion  o f a C -1 2  h yd rogen , p roceed s  th rou gh  a m ore 
favorab le  s ix -m em bered  transition  state.

Other Fragmentations.—T h e  m ass spectra  o f  D- 
norpregnane ( X I I ) , 12 D -n ora n d rosta n e ,12 D -n ora n d ro - 
stan -16-one (X I ,  F igure 4 ), and  D -norandrostan-16/3- 
ca rb ox y lic  a cid  (X V , F igure 10) are v irtu a lly  iden tica l 
b e low  m /e  218. T h is  sim ilarity , cou p led  w ith  th e  uni
fo rm ly  high in ten sity  o f  the m /e  218 peak  and  the o b 
servation  th at the rin g  D  labels are largely  e lim in ated  
(T a b le  I V ) , suggests th at the m /e  218 peak  is the p re
cursor fo r  m ost o f  these low  m ass ions. M eta sta b le  
ev iden ce  is co m p le te ly  con sistent w ith  th is h ypoth esis.

T h e  peak  at m /e  203 in  F igures 4  and  10 arises b y  
the elim in ation  o f  m eth y l from  th e  m /e  218 ion , a c
cord in g  to  m etastab le  io n  ev id en ce . A n  exa ctly  sim 
ilar process has been  o b se rv e d 12 in the spectra  o f  the 
D -n o r  stero id  h yd roca rb on s, w h ich  also gen erate a 
mass 218 ion .

M eta sta b le  ion  ev id en ce  suggests th at the ion  o f  m ass 
175 also arises from  th e  m /e  218 ion . In  agreem ent 
w ith  this observation , th e  peak  rem ains largely  at m /e  
175 w h en  the a cid  X V  is labeled  in  ring D , and shifts

com p le te ly  w h en  the acid  is labeled  in  rin g  A  (T a b le
IV ). A  plausible represen tation  o f  th is process 
appears in e q 3 1 .

Figure 10.— Mass spectrum of D-nor-5a-androstane-16/3-car- 
boxylic acid.

T h e  sh ifts o f  a n u m ber o f add ition a l peaks in  the 
spectru m  o f  D -noran drostan e-16 /3 -carboxylic  a cid  are 
listed  in T a b le  IV . In  th e  absence o f  m ore com plete  
deu teriu m -labeling  data, it does n o t appear w orth 
w hile to  specu late  on  the genesis o f  these ions.

Synthesis.— T h e  D -n o r  k eton es u tilized  in  th is in 
vestigation  w ere prepared  essentially  accord in g  to  the 
p rocedu re  o f M ein w ald , et a l.u  A n d rostan -17 -on e  (V ) 
w as con v erted  to  16 -ox im in oan drostan -17 -on e (X V I )  
b y  trea tm en t w ith  isoam yl n itrite  in ¿erf-butyl a lcoh ol 
con ta in ing  potassiu m  ¿erf-butoxide. T h e  ox im e was 
con v erted  to  the correspon d in g  d iazo k e ton e  (X V I I )  
b y  reaction  w ith  ch loram ine. Irrad iation  o f the d iazo 
k eton e  y ie lded  D -noran drostan e-16 /3 -carboxylic  acid  
(X V ) .  R e a ctio n  o f  the a cid  w ith  m ethy llith iu m  
y ie ld ed  D -n orpregn an -20 -on e  ( I I I ) .  B a eyer-V illa g er  
ox id a tion  o f I I I  gave, a fter h yd rolysis  o f  th e  in term ed i
ate acetate , D -norandrostan -16 /3 -ol (X V I I I ) .  Jones 
ox id a tion  gave D -n oran d rostan -16 -on e  (X I ) .

V ,R 1 =  R2 =  H X V , R , =  C 0 2H; R ; =  H
XVI, R = NOH m, R, = 0 = C — CH3; R2 = H
XVI, R, = H R. = N2 XVIRR, = 011^  = 11

XI, R 1 =  R2 =  0

T h e  preparation  o f  several d eu tera ted  derivatives 
o f  D -n orpregn an -20 -on e  and  D -norandrostane-16 /3 -car- 
b o x y lic  acid  w as stra ightforw ard . B a se -ca ta lyzed  ex
change o f the k eton e  I I I  in d eu teriom eth an ol gave D- 
norpregnan -20 -one -16,21,21,21 - d 4. D -  n orandrostane- 
16/3-carboxylic acid -S -di w as prepared  b y  ring con tra c
tion  o f an drostan -17 -on e-S -d i10 in  the usual m anner.

T h e  synthesis o f  D -n oran drostan e-16 /3 -carboxylic  
a c id -14-a-ch and -15a-d\ requ ired  A 14 -a n drostan -17 -on e  
( X I X ) ,  w hose preparation  has a lready  b een  de
scr ib e d .12 D eu teriob ora tion  o f th e  u nsatu rated  k e
ton e  X I X ,  fo llow ed  b y  h y d ro ly tic  cleavage  o f  the 
a lk y lboran e in term ediate  and  Jon es ox id a tion  gave 
a n d ro s ta n -1 7 -o n e -l /a -d i; con version  to  D -n ora n d ro - 
stane-16/3-carboxylic a c id -1 /a -d i was accom p lish ed  
rou tin ely . A ltern a tiv e ly , h y d rob ora tion  o f A 14-a n - 
d rosten -17 -on e  (X I V ) ,  fo llow ed  b y  h y d ro ly tic  cleavage  
w ith  p rop ion ic  acid -O -d  and  Jon es ox id a tion  gave an-

(14) J. Meinwald, L. Labana, and T. Wheeler, J. Amer. Chem. Soc., 92, 
1006 (1970); see also M. P. Cava and E. Moroz, ibid., 84, 115 (1962); 
J, L. Mateos and 0. Chao, Bol. Inst. Quim. Univ. Nac. Auton. Mex., 43, 
3 (1961); G. Muller, C. Huynh, and J. Mathieu, Bull. Soc. Chim. Fr., 296 
(1962).
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d ro sta n -1 7 -on e -f 5a -d i w h ich  was con v erted  in to  D- ScHEME I I

R,x

a H P "

o

V I V I I I

C on den sation  o f  an drostan -17-on e (V ) w ith  h yd rogen  
cyan id e  gave the cya n oh yd rin  X X .  C a ta ly tic  redu c
tion  y ie ld ed  the h y d ro x y  am ine X X I ,  w h ich  a fter treat
m en t w ith  d ilute aqueous n itrous acid  gave D -h o m o - 
an drostan -17 - and  -17a -one .

T h e  prep aration  o f  several labeled  derivatives o f  
these k eton es  w as stra ightforw ard . E xch an ge o f  the 
parent k eton es  in deu teriom eth an ol con ta in in g  ca t
a ly tic  am ou n t o f  sod iu m  deu terox ide  gave D -h o m o - 
an d rosta n -1 7 a -on e-I7 ,17-dì and  D -h om oan d rostan -17 - 
onz-16,16,17&,17&-di. H om olog a tion  o f androstan -17- 
on e-S -d i10 and  an d rosta n -1 7 -on e-l^ a -d i12 gave  H -h o m o - 
an drostan -17a-on e-S -d , and  -Ho-ch. A n d ro s ta n -i7- 
o n e-16,16-d2 was prepared  b y  base -ca ta lyzed  exchange 
o f  an drostan -17 -on e. H om olog a tion  gave H -h om oa n - 
d rosta n -1 7 a -on e -f 6,16-d2.

T h e  preparation  o f -D -h om an drostan -17a -on e-/#,!<§,- 
18-dz ( X X V I I I )  w as accom ph sh ed  b y  to ta l synthesis 
as d ep icted  in  S chem e I I .15 16'17

R e a ctio n  o f  H -h om op reg n -A 17'20-ene ( X X I X ) 12 w ith  
d iboran e y ie ld ed  an organ oborane w hich  w as con verted  
d ire c t ly 18 in to  D -h om op regn an -20 -on e  ( I I ) .

D -B ish om oan d rostan -17a -on e  (V I I I )  w as prepared  
b y  the h om olog a tion  o f H -h om oa n d rostan -17a-one
(V I ) .  C on den sation  o f  the k eton e  V I  w ith  h yd rogen  
cyan ide  gave the cya n oh yd rin  X X X ;  ca ta ly tic  h y d ro 
gen ation  gave the h y d ro x y  am ine X X X I ,  w h ich

(15) L. F. Fieser and M. Fieser, “ Steroids,”  Reinhold, New York, N. Y., 
1959, p 583.

(16) W. S. Johnson, J. Szmuskovicz, E. R. Rogier, H. I. Hadler, and 
H. Wynberg, J. Amer. Chem. Soc., 78, 6285 (1956); W. S. Johnson, B. 
Bannister, and R. Pappo, ibid., 78, 6331 (1956).

(17) We gratefully acknowledge a gift of the tetracyclic ketone X X II 
from Professor W. S. Johnson of this department.

(18) H. C. Brown and C. P. Garg, J. Amer. Chem. Soc., 88 , 2951 (1961).

r 2

x x v i , r 1 - r 2 - h

X X V H ,  R ,  =  H ;  R ,  =  C H S - n - B u

y ie ld ed  the desired  k eton e  V I I I  u p on  T iffen eau  rear
rangem ent.

Z )-B ish om oan drostan -17b-on e  (X V )  w as prepared  
b y  b ish om ologa tion  o f an drostan -17 -on e using d iazo
m ethane.

T h e  correspon d in g  a -d eu tera ted  H -b ish om oa n d ro - 
stan -17a- and  -1 7 b -on es  w ere prepared  b y  b a se -ca t
a lyzed  exchange o f the u n labeled  k eton es.

H O  R

X X X ,  R  —  C N

X X X I ,  R - C H 2N H 2
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E xperim ental S e c tio n 19

D -N orpregnan-20-one (III) and D -N orp regn an -20 -o n e -I6 ,2 I,- 
21,21-dt.— The preparation of these compounds has already been 
descrit ed.12

Z>-Norandrostan-16-one (XI).— I ) - Norandrostan-16(3-ol12 (90 
mg) was oxidized by treatment with Jones reagent at room tem
perature. After 15 min, the solution was taken up into methy
lene chloride, washed thoroughly with water, dried over MgSOt, 
and concentrated under vacuum. Preparative tic [hexane-ether 
(1:1) eluent] gave D-norandrostan-16-one (X I) (52 mg) as an oil.

Anal. Calcd for Ci3II280 :  mol wt, 250. Found: M +, 250.
D-Norandrostane-163-carboxylic Acid (X V ) .— The preparation 

of this compound has already' been described.12
Z)-Norandrostane-163-carboxylic A cid -3-d ,, -Ha-du and -15-d,. 

—These compounds were prepared from androstan-17-one-S-di,7 
androstan-17-one-lJa-di, and androstan-17-one-15-di ,12 respec
tively, by ring contraction according to a procedure which has al
ready been reported.12

J)-N orandrostane-16/3-carboxylic A cid -?6 '«-d i.— The diazo ke
tone X V II (30 mg)12 was irradiated in a solution of dry tetrahy- 
drofuran (100 ml) and deuterium oxide (40 ml) containing 120 mg 
of sodium bicarbonate. The irradiation and isolation were car
ried out in the usual manner.12 Pure D-norandrostane-163-car- 
boxylic acid-ff>a-di (13 mg, mp 204-205°) was isolated after re
crystallization from methanol.

D -H om opregnan-20-one (II).— An ethereal solution of fl-homo- 
pregn-A'^’^-ene (30 mg)12 was treated with 3 equiv of borane in 
tetrahydrofuran20 at 0°. After 1 hr at 0° and 3 hr a* room tem
perature, the organoborane was oxidized directly with chromic 
oxide and sulfuric acid.18 The complex mixture obtained after 
work-up was purified by preparative tic (eluent CH2C12) to yield 
D-honopregnan-20-one (5 mg), mp 165-168°.

Ancl. Calcd for C22H360: mol wt, 316; C, 83.48; H, 11.47. 
Found: C, 83.36; H, 11.27; M+, 316.

D -H om opregn an -20 -on e-I7o ,27 ,21,21-dt.—The unlabeled ke
tone II (5 mg) was dissolved in 4 ml of deuteriomethanol con

(19) Melting points are uncorrected, and were determined in unsealed 
capillaries. Infrared spectra were measured in chloroform solution on a 
Perkin-Elmer Model 700 spectrophotometer. Nmr spectra were deter
mined in deuteriochloroform solution with tetramethylsilane as an internal 
reference on a Varian T-60 spectrometer, unless otherwise ind.cated. Mass 
spectra were determined on an Atlas CH-4 spectrometer with a TO-4 ion 
source using the direct inlet procedure. The authors are grateful to Mr. 
Richard Conover for performing these measurements. All mass spectral 
samples were purified by preparative vpc on a Hewlett-Packard 402 gas 
chromatograph immediately prior to submission. Thin layer chromatogra
phy was performed on silica gel H254. The elemental analyses are due to 
Messrs. E. Meier and J. Consul.

(20) Purchased from Ventron Corp., Beverly, Mass.

taining 1 ml of 20%  sodium deuterioxide in deuterium oxide; the 
solution was heated overnight at reflux. The solvent was evap
orated at reduced pressure and the residue redissolved in 5 ml of 
deuteriomethanol. After the exchange process had been repeated 
three times, the residue was purified by preparative tic. The D- 
homopregnan-20-one-17a,21,21,21-dt isolated (3 mg, 92% dt) 
exhibited melting pcint, tic mobility, and vpc retention time iden
tical with those of the unlabeled starting material II.

Z)-Homoandrostan-17a-one (V I), -18,18,18-d3 (X X V III) , -17a,- 
17a-di, -17,17-di, 16,16-di, V,a-d\, and -3,3-d2.—The preparation of 
these compounds has already been described.12

D-Homoandrostan-17-one (V III).— The I7-ketone was isolated 
as a minor product in the preparation of D-homoandrostan-17a- 
one by the nitrous acid ring expansion of androstane-17-methyl- 
amino-17-ol (X X I).12 The ketone exhibited mp 171.5-172.5°, in 
excellent agreement with the value already reported.21

Anal. Calcd for CmH320 : mol wt, 288; C, 83.27; H, 11.18. 
Found: C, 83.48; H, 11.08; M+, 288.

D-Homoandrostan-17-on e-16,16,17 a,17a-d,.— The unlabeled
17-ketone VIII was exchanged in deuteriomethanol-sodium deu- 
terioxide-deuterium oxide in a manner described above. The 
product, D-homoandrostan-17-one-if>, 16,17a, 17a-dt, was isolated 
in high isotopic purity (80% dt).

D-Bishomoandrostan-17a-one (X III) and -17b-one (X V ) .— The 
preparation of these compounds has already been reported.12

D-Bishomoandrostan-17a-one-77,f 7,I7M7f>-d< and D-Bishomo- 
androstan-176-one-f 7a, 17a-d2.—The parent ketones were sub
jected to base-catalyzed exchange with deuteriomethanol-deu- 
terim oxide in a manner analogous to that described above. The 
labeled ketones were isolated in high isotopic purity (80% d, and 
9 8 % d2, respectively.)

R eg istry  N o .— II , 32318-95-9 ; ll-17a,21,21,21-dh
32318- 96 -0 ; 111 ,32318-97 -1 ; 111-16,21,21,21-dh 32318- 
98-2 ; V I , 10147-56-5 ; Yl-3-du 32319-00 -9 ; Y l-U a -d i,
32319- 01 -0 ; YI-16,16-dk, 32319-02-1 ; Yl-17,17-<h,
32319-03-2 ; V I -18,18,18-d3, 32319-04-3 ; V I I I ,  32319-
05- 4 ; V I I I -17,17,17b,17b-d<, 32380-94-2 ; X I ,  32319-
06 - 5 ; X V , 32319-07-6 ; XY-17a,17a-ck, 32380-95-3 ;
XY-16a-dlt 32319-08-7 ; X V I ,  32319-09-8 ; X Y l-3 -du 
32319-10-1 ; XYl-U a-dx, 32319-11-2 ; XYl-15a-dh
32319-12-3 ; X V I -M a -d j ,  32319-13-4 ; 5a -pregn an -
20-one, 848-62-4 ; 5a -an drostan -17 -on e, 963-74-6 ;
D -h om o-5a -an d rostan -17 -on e , 19897-22-4.

(21) D. N. Kirk, C. M. Peach, and M. P. Wilson, J . Chem. Soc. C, 1454 
(1970).

4
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Mass spectra of pyrimidine cyclonucleosides containing 2,2', 2,3', 2 ',6, and 5',6 linkages were studied in order 
to determine the effects of differing positions of sugar and base linkage, and of anomeric configuration of the 
base, upon fragmentation reactions. In analogy to previously reported data for purine cyclonucleosides, the 
2 '- and 3'-linked compounds could be readily distinguished from the 5' isomer but not from each other. The 
spectra of free cyclonucleosides were found to show numerous complex fragmentation paths and rearrange
ments, some of which are related to thermal changes during sample vaporization. Base +  H and +  2H ions 
common to conventional nucleosides were observed, but the intact sugar fragment was not. Alternatively, tri- 
methylsilylation provided derivatives which were sufficiently volatile for sample introduction by gas chroma
tograph, thereby avoiding thermal problems, and which exhibited fragmentation more clearly representative of 
structural details. Several major ions from trimethylsilyl derivatives showed evidence of an unusual exchange 
in which a single trimethylsilyl hydrogen had been replaced by hydrogen from the remainder of the molecule 
during the fragmentation sequence.

In  recen t years, a v a rie ty  o f  cyclon u cleosides have 
b een  syn th esized1 and used as m odels for  studies o f  nu
cleoside con form a tion 2 and  as k e y  interm ediates in the 
synthesis o f  nucleoside analogs.1-3 M ass spectrom etry  
w ou ld  be  expected  to  b e  a h igh ly  usefu l m eans o f  charac
teriz in g  these com p ou n ds in v iew  o f  its considerable 
u tility  in  dealing w ith  structural prob lem s o f con ven 
tiona l n ucleosides.4 A  previous report on  cyc lon u cleo 
side m ass spectra  w as m ade b y  Ik eh ara  and  cow ork ers, 
w h o  stu d ied  th e  m ass spectra  o f a num ber o f  adenosine 8- 
cyclon u cleosides.5-Sa T heir data  in d icated  th at the 8 ,5 ' 
com p ou n d  1 cou ld  be d ifferentiated  from  its 8 ,2 ' or 8 ,3 ' 
isom ers (2, 3 ), b u t the latter tw o cou ld  n ot be  distin
gu ished from  each other. In  addition , the m echanistic

1 2

(1) See, for example, (a) M. Ikehara, Accounts Chem. Res., 2, 47 (1969); 
(b) J. J. Fox, Pure Appl. Chem., 18, 223 (1969).

(2) See, for instance, (a) T. R. Emerson, R. J. Swan, and T. L. V. Ulbricht, 
Biochemistry, 6 , 843 (1967); (b) M. Ikehara, M. Kaneko, K. Muneyama, 
and H. Tanaka, Tetrahedron Lett., 3977 (1967); W. Voelter, G. Barth, R. 
Necords, E. Bunnenberg, and C. Djerassi, J. Amer. Chem. Soc., 91, 6165
(1969) .

(3) For example, (a) R. E. Holmes and R. K. Robins, J. Org. Chem., 28, 
3483 (1963); (b) E. A. Falco, B. A. Otter, and J. J. Fox, ibid., 35, 2326
(1970) .

(4) J. A. McCloskey in “ Basic Principles in Nucleic Acid Chemistry," 
P. O. P. Ts’o, Ed., Academic Press, New York, N. Y., in press.

(5) M. Ikeda, Y. Tamura, and M. Ikehara, J. Heterocyd. Chem., 7, 1377
(1970).

(5a) N ote Added i n  Proof.— D. Lipkin and J. A. Rabi [J-. Amer. Chem. 
Soc., 93, 3309 (1971)] have recently commented on the principal features 
of 5 -link pyrimidine cyclonucleosides. Their conclusions agree with ours
with exception of the even-electron b +  2H peak from 7 (m/e) which they 
report as being small or absent.

origins and structures o f  several prom in en t ions w ere n o t 
determ ined, a lthough  m uch  in form ation  was o b ta in ed  
b y  h igh -resolution  techn iques and b y  exam ination  o f  the 
analogous 8 -S -cyclonu cleosides. B ased  on  the k n ow n  
fragm en tation  beh av ior o f  adenosine analogs,6 w e fou n d  
the general sim ilarity o f  spectra  o f  1 -3 , as w ell as their 
apparent com p lex ity , to  be  som ew hat surprising. W e 
have therefore undertaken  a deta iled  s tu d y  o f th e  mass 
spectra  o f  a n um ber o f pyrim idine cyclon u cleosid es  in 
order to  determ ine w hat structural in form ation  can  be 
d edu ced  from  their spectra, and  w hether the sam e diffi
culties exist as for  the purine cyclon u cleosides. In  ad
d ition , the mass spectra  and gas ch rom atograph ic  p rop 
erties o f  the analogous trim eth ylsily la ted  com p ou n ds 
were exam ined  as alternatives to  the less vo la tile  free 
cyclon u cleosides.

Mass Spectra of Free Cyclonucleosides.— M o d e l 
com p ou n d s w ere chosen  w hich  w ou ld  represent the 
effects o f  a,3 anom erism  [2 ,2 '-anh ydro-l-(/3 -D -arab in o- 
furan osyl)u racil, 4 ; its a anom er, 5 ] ;  and differing 
poin ts o f  attachm ent to  th e  sugar [2 ,3 '-a n h y d ro -l-  
(/3-D -xylofuranosyl)uracil, 6 ; 5 ',6 -a n h y d ro -1 -(d-D -ribo- 
fu ran osy l)-6 -h ydroxyu racil, 7 ], and  to  the base [2 ',6 - 
an hydro-l-(/3 -D -arab in ofu ran osy l)-6 -h ydroxyu racil, 8 ]. 
M ass spectra  w ere acqu ired  at th e  m in im um  possible 
va poriza tion  tem peratures w hich  w ou ld  p rodu ce  an ion  
beam  o f  m oderate  in tensity  (ca. 2 0 0 -2 4 0 °), since 
changes in  ion  abundance were observed  to  occu r  w ith  
either increased tem perature, or over  a p eriod  o f tim e at 
low er tem peratures. T h e  spectrum  o f 4  show n in  F ig
ure 1 exhibits m ost o f  the basic ion  ty p es  w hich  were 
com m on  to  the series. In  contrast to  the mass spec
tru m  o f u rid ine,7 all m olecu lar ions sh ow  substantial 
abu ndan ce due to  the increased cy c lic  nature o f  the 
m olecules. T h e  principal fragm en tation  p ath w ay  in 
the u pper mass range proceeds b y  loss o f  a h y d rox y l 
radica l (m/e 209) fo llow ed  b y  expulsion  o f C H 20  from  
the 5 ' m oiety  to  produ ce m/e 179. P lausible m ech 
anism s can  be  w ritten  for  b o th  4  (or 5) and  6 w hich  d o  
n ot require open in g  o f the ribose ring. Space-filling 
C P K  nucleic acid  m odels8 in d icate  th at 0 - 4 '  is sterica lly  
a su itable a ccep tor site for  the h ydrogen  w hich  is re
tained . T h is  process is b lock ed  in  the 5 '-lin k ed  co m 
pou n d  7, w hich  instead expels the elem ents o f  C H O

(6) S. J. Shaw, D. M. Desiderio, K. Tsuboyama, and J. A. McCloskey, 
J. Amer. Chem. Soc., 92, 2510 (1970).

(7) K. Biemann and J. A. McCloskey, ibid., 84, 2005 (1962).
(8) W. L. Koltun, Biopolymers, 3, 665 (1965).



Mass Spectrometry of Cyclonxjcleosides J. Org. Chem., Vol. 37, No. 2, 1972 167

4, R =  H 
4a, R =  SiMe3

5, R =  H 
5a, R =  SiMe3

6, R =  H
6a, R =  SiMe3

7, R =  H
7a, R =  SiMe3

8, R =  H 
8a, R =  SiMe3

from  5' (con firm ed  b y  m easurem ent o f  exact m ass), 
presu m ably  w ith  reten tion  o f  h yd rogen  at the unsat

u rated  C -6  in  the base. A lth ou gh  the absence o f  a 
peak  at M  — 47 (O H  +  C H 20 )  w ou ld  appear to  be 
d iagnostic o f  a  5 '-lin k ed  m olecu le , it  is also absent in  the 
spectru m  o f  8. M o re  useful is m /e  195 (F igure 1) w h ich

molecular ion 7 -CH0

m/e 213,33% rel intensity

0

Figure 1.— Mass spectrum of 2,2'-anhydro-l-(/3-D-arabino- 
furanosyl)uracil (4). Values in parenthesis refer to relative 
intensity values for ohe isomers 5 and 6, respectively.

arises b y  sim ple loss o f  5 '-C H 2O II ,5 and is su itab ly  a b 
sent in  the spectru m  o f 7. F u rth er elim ination  o f  I I20  
to  form  m /e  177 is m arked  b y  a m etastable  peak.

A  m ore com p lex  process is represen ted  b y  th e  loss o f  
59 mass units (m/e 167, F igure 1), earlier determ in ed  
b y  Ikehara6 to  in vo lve  elim ination  o f  C -4 ',5 ',  the ribose 
eth er oxygen , and  one rearranged  h ydrogen . T h is  as
signm ent was con firm ed b y  m easurem ent o f  exa ct mass 
in  th e  spectru m  o f 5. T h e  com p lex  origin  o f  th is peak

is in d ica ted  b y  its presence in  th e  spectru m  o f the 5'- 
linked  m odel 7 (m/e 183, rel in ten sity  1 7 % ), w h ich  re
qu ires the un favorab le  ruptu re o f  the C -6 ,0 - 5 '  b on d . 
T h is  ion  is rep orted ly  absent in  the spectru m  o f l , 6 b u t 
our resu lts ca n n ot com p le te ly  exclude th e  possib ility  
th at th e  skeletal atom s o f  C -3 ' and  -4 ' are b e in g  lost in 
the case o f  com p ou n d  7.

O ne o f the m ost abu ndan t ions in  th e  spectra  o f  4-6 
is th e  even -e lectron  ion  m /e  137, C 6H 5N 2O 2. T h e  anal
ogou s ion  was reported  b y  Ik eh ara  and  cow ork ers,6 w ho 
con clu d ed  on ly  th at it  m ust con ta in  the base and  its 
h eteroa tom  link to  th e  sugar. S ince the com position  
o f  m /e  137 requires inclusion  o f th e  base, the m ost rea
sonable structure consists o f  th e  base plus C - l '  and -2 '.  
T h e  spectrum  o f 0 - 3 ' ,0 - 5 '-4-d2 show s th at m /e  137 
conta ins one labile h yd rogen  rearranged  from  the sugar 
fragm en t w hich  is lost. U nlike 4 an d  6, the a anom er 5 is

C H = C H

m/e 137
0
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con form ation a lly  capab le  o f  p rov id in g  ra /e  137 w ith ou t 
r in g  open in g , b y  transfer o f  h y d rog en  from  0-3 '. T h e  
an alogou s ion  is also form ed  from  7, in d icatin g  the o c 
currence o f  extensive b on d  breaking and  m aking in its 
form ation . S ince the p rod u ction  o f m/e 137 from  the 
3 '-lin k ed  isom er 6 seem ed  particu larly  unlikely , m eta
stable  focussing was e m p loyed  in order to  determ ine the 
identities o f  its precursors. T h e  results show ed  th at the 
m olecu lar ion  (m /e  226), M  — 31, and M  — 59 all p ro 
du ced  m /e  137, further testam en t to  its re la tive ly  in
discrim inate and m ultip le m odes o f  form ation .

m/e 153 (7), 8.0% rel intensity 
(8), 58% rel intensity

4 -6 , transfer o f  h ydrogen  to  the sugar from  u nsaturated  
carbons in the base (C -5  or -6 ). H ow ever, an im por
tan t sugar-conta in ing ion  w hich  is prom inen t in the 
spectra  o f  the 0 -2 ,2 ' and 0 -2 ,3 ' isom ers (4 ,6) is m /e  115, 
show n b y  m easurem ent o f exact mass to  have the co m 
position  C 5H 7O 3. E xam ination  o f the spectru m  of
0 - 3 ',0 - 5 '- 4 -d 2 indicates a m axim um  o f one lab ile  h y 
drogen  to  be  present, although  the exact d istribu tion  
cou ld  n ot be determ ined, due to  the sh ift o f  m /e  113 and  
partial reexch ange o f the label during sam ple v a p o r iza 
tion . H ow ever, these data  indicate a structure isom eric  
w ith  th at showm below , a lthough  structural deta ils  as to  
the id en tity  o f  oxygen s or h yd rogen s are n o t ava ilab le  
w ith  the present eviden ce. O ther n um erous ions in  the

m/e 115

T h e  principal fragm en tation  reaction  in com m on  w ith  
con ven tion a l nucleosides was fou n d  to  be the ub iqu i
tou s4 form ation  o f th e  free base and  its p roton ated  
form s, m /e  112 (b  +  H ), 113 (b  +  2 H ). A s in the case 
o f  the cycloaden osin es, their form ation  requires dou ble  
and  triple h yd rogen  rearrangem ents, respective ly , in 
con trast to  single and dou b le  transfers for  nucleosides. 
In  the form ation  o f  b  +  H  and b +  2H  from  the 6- 
lin ked  isom ers 7 and 8, th e  5 '-  or 2 '- 0  b on d  is broken  in 
preference to  the energetica lly  less favorab le  6 -0  bon d , 
a fter w h ich  the oxygen  at C -6  is free to  abstract h y d ro 
gen  from  the ribose m oiety . T h e  b  +  H  and b  +  2H  
ions from  6-linked cyclon u cleosides therefore  retain  the 
bridge oxygen  and characteristically  occu r at m /e  128 
and 129, 16 mass units h igher than in the 2-linked  iso
m ers.53'

0  0

+ ■ H
m/e 112 m/e 113

O
II

O

ll NH (1 NHJ +'L
H O ^ N ^ O ho^ n^ ohH H +

m/e 128 m/e 129
7,42% rel intensity 86 % rel intensity
8,7.2% rel intensity 4.4% rel intensity

O ther peaks in the spectrum  o f 8 can not be  repre
sented as arising b y  any obv iou s  m echanism , and m ay in 
part have therm al origins. P rincipal am on g these are 
m /e  168 ( C 7H 6N 0 4, 9 7 %  rel in ten sity ) and m /e  150 
( C 7 H 4 N O 3 ,  6 8 %  rel in ten sity ), w h ich  d iffer b y  the 
elem ents o f  H 20 , and conta in  a portion  o f the base.

In  spectra  o f  con ven tion a l pyrim idine nucleosides, 
rupture o f  the g lycosid ic  b on d  leads to  a usually abun
dan t ion  (m /e  133 from  ribon u cleosides) consisting o f 
the in ta ct sugar fragm en t.7 T h is ion  is p red ictab ly  ab
sent from  cyclon u cleoside  spectra, since its form ation  
w ou ld  require n ot on ly  the breakage o f a b o n d  a to  an 
unsaturated carbon  (C -2  or -6 ), b u t also, in the case o f

low  mass region  o f the spectrum  in F igure 1 w ere showm 
at h igh  reso lv in g  powder to  be m ultip lets, w h ich  m ostly  
in volve  fragm ents o f the base m oiety . C om p osition s  
showm in F igure 1 for m /e  69, 85, and 96 represen t the 
m ost abu ndan t species in each case, as determ in ed  from  
the h igh -resolution  spectrum  o f 5.

T h e  forego in g  data  reveal th a t mass spectra  o f  iso
m eric free cyclon u cleosides represent a n u m ber o f co m 
p lex  processes w hich  give rise to  spectra  w hich  exh ib it 
few er d ifferences than  w ou ld  be ex p ected  a priori. In  
particular, the presence o f  m /e  137 from  oth er than  2 '-  
linked m odels, and o f the M  — 59 ion  from  the 5 '-lin k ed  
m odel 7, lim its the usefulness o f  the spectra  in  a p red ic
tive  sense, a lthough  oth er useful ch aracteristic  features 
are present. T w o  factors w hich  are b e liev ed  to  p la y  a 
role in  this anom alous beh av ior are th e  high tem peratures 
n ecessary fo r  va poriza tion  and the con siderab le  ring 
strain inherent in  the rig id  tr icy c lic  system . F or  exam 
ple, on  our L K B  instrum ent, the vap oriza tion  o f 4 com 
m ences at 150° (sam ple h older tem perature), som e 40° 
h igher th an  uridine. I t  seem s lik ely  th at m an y frag
m en tation  processes are in itiated  b y  ring open in g  b e fore  
fragm entation , thus redu cin g  structural d ifferences and  
increasing the o p p ortu n ity  fo r  skeletal rearrangem ents.

Mass Spectra of Trimethylsilyl Derivatives. — T r i-  
m eth y lsily la tion  has been  prev iou sly  d em on stra ted  to  
be  an e ffective  m eans o f reducing th e  p o la rity  o f  n u cleo
sides9 and n u cleotides ,10 th ereby  enhancing th eir v o la 
t i lity .11 T h e  derivatization  reaction  is rapid , and easily 
applied  on  a m icrogram  scale. T h e  deriva tives  form ed  
(e.g., 4a-8a) are su fficiently vo la tile  for  gas ch rom a tog 
raph y  (see E xperim en ta l S ection ), p erm ittin g  in tro 
du ction  o f  th e  sam ple in to the m ass sp ectrom eter d i
rectly  b y  gas ch rom atograph . T h e  m eth od  is th erefore  
p oten tia lly  useful for  the d irect analysis o f  reaction  m ix
tures, and p rov ides an in depen den t m eans o f ch arac
terization  o f cyclon u cleosides b y  their re la tive  re ten tion  
tim es. O f prim ary  im portan ce in the present stu d y , 
the mass spectra  o f  trim eth ylsily l deriva tives w-ere fou n d

(9) J. A. McCloskey, A. M. Lawson, K. Tsuboyama, ? .  M. Krueger, 
and R. N. Stillwell, J. Amer. Chem. Soc., 90, 4182 (1968).

(10) A. M. Lawson, R. N. Stillwell, M. M. Tacker, K. Tsuboyama, and 
J. A. McCloskey, ibid.,. 93, 1014 (1971).

(11) For leading references to the trimethylsilylation of nucleosides and 
nucleotides for gas chromatography, see ref 10 and C. W. Gehrke and 
C. D. Ruyle, J. Chromatogr., 38, 473 (1968).
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Figure 3.—Mass spectrum of the trimethylsilyl-dg ether of 2,2'-anhydro-l-(3-D-arabinofuranosyl)uracil (4b).

to  be  m ore tru ly  representative o f  the parent cy c lo 
nucleoside structure th an  in th e  case o f  the free com 
pounds.

M ass spectra  o f  the uridine derivatives 4 a -8 a  are 
show n in  F igures 2 and  4 -6 . F urther correlations were 
m ade th rou gh  the sp ectra  o f  the trim ethylsily l deriva 
tives o f  the an om eric cy loorotid in e  derivatives 9  and 10, 
w h ich  w ere n o t su fficiently vo la tile  for  vap oriza tion  as 
free com pou n ds. T h e  correspon d in g  tr im eth y lsily l-d9 
derivatives o f  each  com p ou n d  w ere also prepared  and 
their mass spectra  exam ined  (e.g., 4b , F igure 3) as a 
h igh ly  usefu l m ean s12 o f  corrobora tin g  structural as
signm ents and  com p u ter-d eriv ed  elem ental com posi
tions ob ta in ed  from  exact m ass data.

(12) J. A. McCloskey, R. N. Stillwell, and A. M. Lawson, Anal. Chem.,
40, 233 (1968).

M a n y  o f the m ajor ions represented  in F igures 2 -5  
were fou n d  to  be structurally , bu t n o t m echanistically , 
analogous to  ions p rod u ced  b y  the free com pou n ds. O f 
principal im portan ce is m/e 209 (F igures 2, 4 ), show n b y  
deuterium  labeling (m/e 218, F igure 3) and m easure
m en t o f  e x a c : mass to  consist o f  the base +  C 2H 2 +  
S iM e3. T h e  ion  is therefore  analogous to  m/e 137 in 
F igure 1, b u t bears a trim eth ylsily l group , rath er than  
h ydrogen , transferred from  0 - 3 '  or 0 - 5 ' . 13 T h e  spectra  
o f  9  an d  10 sh ow  th e  sam e io n  species, sh ifted  58 units 
h igh er to  m/e 267. T h e  corresp on d in g  ion  from  8a 
(F igu re  6) is sh ifted  16 m ass units (m/e 225 ), 
a ch aracteristic o f base-con ta in in g  ions d erived  from  the

m/e 209 R =  H (4a, 5a) m/e 225 (8a)
m/e 267 R =  C02Me(9,10)

6-linked  cyclou rid in e deriva tives  w hich  con ta in  one ad
d ition al oxygen  atom . In  the spectru m  o f the 3 '-linked  
isom er (F igure 5 ), th e  mass 209 species is present (con 
firm ed b y  m easurem ent o f  exact m ass) at g reatly  re
d u ced  in tensity , and  as m/e 225 from  the 5 ' isom er 7a 
(in tensity  data, F igure 6 ). T h ese  in ten sity  d ifferences 
reflect the greater ease o f  form a tion  o f  this ion  from  2 '-  
linked cyclon u cleosides, and  are th erefore  m uch  m ore 
structurally  d iagnostic than  in th e  case o f  the free co m 
pounds. In terestin gly , the correspon d in g  ion  con ta in -

(13) The parallel tendency of H and SiMes to rearrange in forming struc
turally similar ions is also found in the mass spectra of conventional tri
methylsilyl nucleaside derivatives.9



170 J. Org. Chem., Vol. 87, No. 2, 1972 T suboyama and M cCloskey

Figure 4.— Mass spectrum of the trimethylsilyl ether of 2,2'-anhydro-l-(a-D-ribofuranosyl)uracil (Sa).

Figure 5.— Mass spectrum of the trimethylsilyl ether of 2,3'-anhydro-l-(/3-D-xylofuranosyl)uracil (6a).

in g  rearranged h ydrogen  rather th an  trim ethylsily l is 
also present, sh ifting 72 mass units low er (m/e 137, F ig 
ures 2 -4 ) , b u t is absent in the case o f 6a  and 7a. D eu 
terium  labeling in the trim ethylsily l m oiety  (i.e., 4b) 
show s the ribose skeleton  to  be  the source o f  rearranged 
h yd rogen  in  m/e 137.

F ragm en tation  o f the ribose ring w ith  loss o f  C -4 ', C - 
5' and  0 - 4 '  is responsible for  the ion  o f mass 239, w hich  
predom inates in the a anom ers 5a and 10 (m/e 297, 4 4 %  
rel in ten sity ), and is structurally  analogous to  th e  M  — 
59 peak  from  free cyclon u cleosid es6 (m/e 167, F igure 1). 
T h e  com position  C i0H i5N 2O 3Si, derived  from  exact mass 
data  (6a) and deuterium  labeling, requires th at on e h y 
drogen  from  C -4 ' or -5 ' be  reta ined  in m/e 239. M ig ra 
tion  o f the silyl fu n ction  from  0 - 5 '  prior  to  rupture o f  
the C - l ' , 0 - 4 '  and  C -3 ',C -4 ' bon ds is also feasible, as 
ev id en ced  b y  the occu rren ce o f  a  peak  at M  — 59 in 
spectra  o f  the 2 '-lin k ed  m odels 4a (m/e 311) an d  8a (m/e 
327, F igure 6 ). D eu teriu m  labeling in b o th  instances 
reveals retention  o f  tw o  in ta ct s ily l grou ps. T h e  a b 
sence o f  b o th  ions in  th e  sp ectru m  o f  th e  5 '-lin k ed  
m od e l 7a p rov id es  a fu rth er m eans o f characterizing the 
5 ' linkage.

F urther sim ilarity  to  ions occu rrin g  in  spectra  o f  free 
cyclon u cleosides is represented  b y  m/e 259 (F igures 2 ,4 )  
show n  b y  m easurem ent o f  mass to  be  C n H 2303Si2. 
T h is  ion , w h ich  is m ost abu ndan t in  spectra  o f  2 ,2 '-  
linked cyclon u cleosides, conta ins the entire ribose car
b on  skeleton, in an a logy  to  m/e 115 in F igure 1. U n 
like m/e 115, w h ich  bears on ly  one labile hydrogen , m/e 
259 retains b o th  silyl ether m oieties. A s  a plausible 
process w e envision  ring  open in g  w ith  abstraction  o f 
h yd rogen  from  C -3 ' to  form  the in term ediate unsat
urated species a, w h ich  further decom poses b y  cleavage 
o f the g ly cosid ic  b on d . T h e  low er abundance o f m/e

259 in the a anom ers 5a (F igure 4 ) and 10 m ay reflect 
the decreased  availab ility  o f  skeletal h y d rog en  after 
ring open in g  com pared  w ith  4a or 9. T h is w ell-sta -

a

Me3SiO 
m/e 259

9,15% rel intensity  
10, 7 .6%  rel intensity

bilized  ion  is also prom inen t in  the mass spectra  o f  co n 
ven tion a l nucleoside trim ethylsily l derivatives, w here 
it is form ed  b y  elim ination  o f M e 3S iO H  and a m eth y l 
radical from  the sugar m o ie ty .9 W h en  th e  c y c lic  link 
age is m ade at oth er positions, a re la ted  ion  species 
(m/e 258) con ta in ing  one less h yd rogen  is fo rm ed  in  
preference to  m/e 259 [Figures 5, 6 (7a)]. F u rth er loss 
o f  C H 3 from  m/e 258 to  p rodu ce  m/e 243 is a co m m o n  
feature, and  is m arked  b y  m etastable peaks in  the spec
tra  o f  6a and 7a.
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Figure 6.—-Mass spectrum of the trimethylsilyl ether of 2',6-anhydro-l-(/3-D-arabinofuranosyl)-6-hydroxyuracil (8a). Numbers in
parentheses refer to relative intensity values from the spectrum of 7a.

W h en  the m ass spectra  o f  tr im eth y lsily l-d9 d eriva tives 
were exam ined  to  con firm  th e  n u m ber o f  silicon  atom s 
in m /e  258 or 259, mass sh ifts o f  p rim arily  (> 9 0 % )  17 
units rather than  the ex p ected  18 w ere fou n d , as show n 
in F igure 3 (m/e 276), in  those cases for  w h ich  the shifts 
cou ld  be m easured w ith ou t in terference from  ad jacen t 
ions. T h e  sole excep tion  was com p ou n d  7a, w hich  
show ed m ore than  5 0 %  o f the ion  as the fu lly  labeled  
dis species. A lth ou g h  these u n exp ected  results cou ld  
be explained s im p ly  b y  loss o f  a trim eth y lsily l h ydrogen  
during form ation  o f m /e  258 or 259, ev iden ce  from  oth er 
ions (d iscussed b e low ) in d icates th at exchange o f  one 
trim eth ylsily l h y d rog en  has occu rred  at som e p o in t pre
v iou s to  form ation  o f  m /e  259 or 258. T h e  daughter 
ion  m /e  243 also show s rep lacem ent o f  one deu teriu m  
b y  h yd rogen  (again  w ith  the excep tion  o f 7a) a lthough  
to  slightly  less exten t in  each  case than  the correspon d 
in g  m /e  258 ion .

A s prev iou sly  discussed, expu lsion  o f C H O  from  the 
m olecu lar ion  w as sign ificant on ly  in  the case o f the 5 '-  
linked m od el 7. T h is  process still operates a fter ion iza
tion  o f trim eth y lsily l d eriva tives, bu t, as is ev id en t in 
F igu res 2 an d  5, o ccu rs  in  o th er  isom ers as w ell, p ro b 
ab ly  b y  m igration  o f  trim eth y lsily l and  h yd rogen  from  
the 5 ' p os it ion , p r io r  to  loss o f  C H O . E lim in a tio n  o f  
th e  entire 5 ' grou p  as the elem ents o f  form ald eh yd e  also 
occurs, p rim arily  in th e  a anom ers 5a and 10, fo llow in g  
m igration  o f  trim eth y lsily l and  u b iqu itou s  loss o f  a 
trim eth y lsily l m eth y l rad ica l (m/e 355 325, F igure 4 ).

T h e  clearest in d ica tor o f  the 5 ' g rou p  is m /e  103, 
show n b y  previou s studies o f  trim eth y lsily la ted  nu
cleosides9 and  m on on u cleo tid es10 to  be  the in ta ct 5 ' 
m oiety . T h is  ion  was fou n d  to  be  abu ndan t in  every  
case ex cep t 6a (F igure 5 ), and  w as p red icta b ly  absent in 
the case o f  the 5 ' m od e l 7a. D eu teriu m  labelin g  in  
m ost instances show ed  th at substantia l am ou n ts o f  h y 
d rogen  fro m  the tr im eth y ls ily l m o ie ty  w ere exch an ged  
prior to  cleavage o f the 4 ' - 5 '  b on d , as show n b y  m/e 111 
and 112 in  F igure 3. T h e  ratio  m/e 1 1 1 :m /e  112 from  
4b was exam ined  as a fu n ction  o f  ion izing  electron  en-

C H ^ O S i(C R ,)3 
m/e 103, R =  H 
m/e 112, R  =  D

CH2=O S i(C D 3)2

CDiH 
m/e 111

ergy, and  was fou n d  to  sm ooth ly  increase from  14 (ratio 
0 .75) to  70 eV  (1 .7 ). A lth ou gh  the exchange o f a single 
h yd rogen  from  C -5 ' does n o t in d icate  th at ran dom iza 
tion  in the usual sense has occu rred , the ten d en cy  to 
w ard increased exchange at low er energies is charac

teristic o f  h ydrogen  ran dom ization  reactions, and has 
been  a ttribu ted  to  increased  ion  lifetim es in  the low -en 
ergy  re g io n .14

E xch an ge c f  a single trim eth ylsily l h ydrogen  was also 
n oted  in  m/e 217, an ion  w hich  occurs w id e ly  in the mass 
spectra  o f  trim eth ylsily la ted  polyo ls  such  as carbo
hydrates and  rela ted  com p ou n d s .9,10'16 In  the spectra

CH— C H =C H
I I

(CD3)3SiO 03i(CD 3)2

CD2H
m/e 234

o f deu teriu m -labeled  m odels (m/e 234, F igure 3), the 
exten t o f  h yd rogen  exchange cou ld  be m easured w ithout 
in terference in  every  case b u t 6a and 8a. Shifts o f 17 
mass units a ccou n ted  for  o v e r  8 0 %  o f the ion  species in 
each  o f  the rem aining cases ex cep t 7a, w hich  sh ow ed  ap
prox im ate ly  4 0 %  dn and  6 0 %  dm u p on  labeling. T h e 
su bstan tia lly  redu ced  exchange ob serv ed  in 7a fo r  b oth  
m/e 217 and m /e  258, discussed prev iou sly , seem s to  
im p licate  the £' p osition  in the exchange m echanism . 
I t  is n otew orth y  th at the exchange is apparen tly  n ot 
extensive at the m olecu lar ion  stage, since none was 
in d ica ted  in  any o f  the M  — C H 3 ions from  the seven 
labeled  trim eth y lsily l derivatives w hich  w ere exam 
ined. T h e  spectru m  o f 4a show s a m etastable  peak  
in  su p p ort o f the tran sition  m /e  259 — 217, w h ich  m ay 
in  part a ccou n t fo r  the generally  sim ilar labelin g  pa t
tern  in  the tw o ions.

In  the absence o f  skeletal rearrangem ents, m /e  217 
sh ou ld  be  a useful in d ica tor  o f  the p rox im ity  o f  
h y d rox y l groups in  the paren t cyclon u cleosid e . T h e 
v e ry  low  abu ndan ce o f  m /e  217 in  the sp ectru m  o f  6a 
(F igure 5 ), w h ich  does n ot con ta in  silyl eth er fu n ction s 
w ith in  the requisite th ree skeletal carbons, seem s to  v a li
date  this hypoth esis . H ow ever, the w ell-kn ow n  ten 
d en cy  fo r  trim eth y lsily l grou p  m ig ra tion 16 im poses a 
n ote  o f  cau tion  in  this in terpretation . F o r  exam ple, 
the stru ctu ra lly  sim ilar tw o -ca rb o n  fragm en t m/e 189 
(F igures 2, 6 ), w hose stru ctu re  as sh ow n  was su p p orted  
b y  m easurem ent o f  exact m ass and  deu teriu m  labelin g

(1 4 )  A . N . H . Y e o ,  R .  G . C o o k s ,  a n d  D . H . W ill ia m s , C h em . C om m u n ., 
1 26 9  (1 9 6 8 ).

(1 5 )  F o r  e x a m p le  (a ) O . S . C h iz h o v , N . V .  M o lo d t s o v ,  a n d  N .  K . K o c h e t 
k o v ,  C a rb oh yd . Res., 4 , 2 7 3  (1 9 6 7 ) ;  (b )  G . P e te r s s o n  a n d  O . S a m u e ls o n ,
Acta C h em . Scand., 21, 1251 (1 9 6 7 ) ;  ( c )  W . R .  S h e rm a n , N .  p .  E i le r s , a n d  
S . L . G o o d w in , O rg. Mass S p e d r o m ., 3 , 8 2 9  (1 9 7 0 ).

(1 6 )  S ee  E . W h it e ,  V .  a n d  J. A . M c C lo s k e y ,  J. O rg. Chem .., 3 6 , 4 24 1  
(1 9 7 0 ) ,  a n d  r e fe re n ce s  c it e d  th e re in .

CH— C H = C H

(CR3)3SiO OSi(CR3;
R  =  H, m/e 217 
R  = D, m/e 235
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o b v io u s ly  arises b y  trim eth ylsily l m igration  (0 - 3 ' to
0 - 4 ' or  0 - 5 ' to  0 -2 ') -

C H =C H
I I

MezSiO OSiMe3
+

m/e 189

O ther degradation  processes in the sugar m oiety  in
clude m/e 169 ,10 w hich  is abu ndan t on ly  in  the spec
tru m  o f 6a, an d  can be  represented b y  either o f  the sta
b le  isom eric structures show n. O ther ions ch aracter
istic  o f  trim eth y lsily l e th ers17 include the abu ndan t 
trim eth y lsily l ion  m/e 73 (S iM e3+), m /e 75 (M e?S iO H +), 
m /e  117 (C 2H 30 2S iM e 2+) , 18 and the rearranged species

Me3SiOSiMe2 
m/e 147

m /e  147. A ll are certain  to  h ave m ultip le paths o f  
form ation , and w ere fou n d  to  generally  sh ow  on ly  sm all 
am ou n ts o f  h yd rogen  exchange in sily l m ethy l groups.

Experimental Section
Melting points (uncorrected) were measured on a Kofler hot- 

stage melting point apparatus. Uv spectra were determined 
using a Cary Model 15 instrument.

Low-resolution mass spectra were recorded on an LKB 9000 
instrument, with sample introduction by direct probe (4-8) or 
through the gas chromatographic inlet (4 a -8 a , 9 , 10); 6 ft., 1 ft or 
6 in. X 0.25 in. (glass) 1% OV-17, temperature programmed at
5-10°/m in from 150-200°; carrier gas separator temperature 
250°, ion source 270°, probe temperatures 150-250°; accelerating 
voltage 3.5 kV, ionizing energy 70 eV. High resolution spectra 
of 5, 7 , 8 , 4a , 6a , and 8a were photographically recorded on a 
CEC 21-110B instrument, with sample introduction by direct 
probe after removal of solvents and reagents (for trimethylsilyl 
derivatives) in the direct inlet vacuum lock.

All trimethylsilyl derivatives showed sharp peaks with slight 
tailing on gas chromatography, and 7a showed markedly de
creased peak height at long retention times. Elution tempera
tures after programming at 10°/min from 200° (3 ft, 1% OV-17, 
50 cc/min of N2, Barber-Colman 5000 instrument): 7a and 8a, 
235°; 4a , 251°; 6a, 256°; 5a and 9 , 259°; 10, 265°.

(1 7 )  H . B u d z ik ie w ic z ,  C . D je ra s s i , a n d  D . H . W ill ia m s , “ M a s s  S p e c 
t r o m e t r y  o f  O rg a n ic  C o m p o u n d s ,”  H o ld e n -D a y ,  S a n  F r a n c is c o , C a lif .,  
196 7 , p  4 7 1 .

(1 8 )  D .  C . D e J o n g h , T .  R a d fo r d ,  J . D . H r ib a r , S . H a n e ss ia n , M .  B ie b e r ,
G . D a w s o n , a n d  C . C . S w e e le y , J. Amer. Chem. Soc., 9 1 , 1 72 8  (1 9 6 9 ).

2,2'-Anhydro-l-(/3-D-arabinofuranosyl)uracil (4), 2,2'-anhy-
dro-l-(a-D-ribofuranosyl)uracil (5), 2,2'-anhydro-l-(i3-D-arabino- 
furanosyl)-6-carbomethoxyuracil, and 2,2'-anhydro-l-(a-D-ribo- 
furanosyl)-6-carbomethoxyuracil were purchased from Terra- 
Marine Bioresearch, La Jolla, Calif.

2,3'-Anhydro-l-(/3-D-xylofuranosyl)uracil (6) and 2',6-anhy- 
dro-l-(/3-D-arabinofuranosyl)-6-hydroxyuracil (8) were supplied by 
Dr. J. J. Fox, Sloan-Kettering Institute for Cancer Research, 
Rye, N. Y .

0-3 ',0-5 '-4-d2 was prepared by solution of 4 (5-10 Mg) in D 20  
in the direct probe glass sample holder. The sample was dried 
overnight, and introduced by direct probe simultaneously with 
CH3OD from a reservoir inlet. The labeling pattern measured 
from the molecular ion was 11% do, 37% d,, 39% do, 13% d3, 
sufficient to determine the shifts of major fragment ions.

5',6-Anhydro-l-((l-D-ribofuranosyl)-6-hydroxyuracil (7) was 
prepared following the outline of Lipkin, d al.19 A solution of
5-iodouridine (68 mg) in 10 ml of dry DMSO was added rapidly 
to a solution of potassium ieri-butoxide (20 mg) in 10 ml of dry 
ieri-butyl alcohol under dry nitrogen. The solution was main
tained at 60° with stirring for 24 hr. Excess potassium ieri-bu- 
toxide was destroyed by water, the solution was applied to a wa
ter-washed Dowex 50 (H+) (3 ml), and the eluate was concen
trated to a syrup in vacuo. Recrystallization from aqueous eth
anol afforded 21 mg (48%) of 7 in two crops: mp 283-285° dec 
(darkens above 275°) (lit.19 mp 283-285° dec); X),“/  262 (e 
12,200) (lit.19 X“« /  262 ium (e 12,080)).

Compounds from all sources were checked for purity by gas 
chromatography-mass spectrometry of their trimethylsilyl deriv
atives, and by tic (Eastman chromagram) using either 2-pro
panol-water (3:2) or water-saturated 1-butanol solvent systems.

Preparation of Trim ethylsilyl D erivatives.— To a solution of 
cyclonucleoside (10-30 m?) in 30 yd of pyridine was added 30 ¿4 
of bis (trimethylsilyl )acetamide and 1 yd of trimethylchlorosilane 
(Pierce Chemical Co., Rockford, 111.). The reaction mixture 
was allowed to stand for a short period (10-30 min) and then 
heated at 100° for 5-10 min. These conditions proved satisfac
tory and no further study of optimal conditions was made. Deu
terium-labeled trimethylsilyl derivatives were prepared in a simi
lar manner using bis (trimethylsilyl )acetamide-di8 and trimethyl- 
chlorosilane-dg (Merck Sharp and Dohme of Canada, Ltd., 
Montreal).

Registry No.- 4 ,  3249-95-4; 4a, 32414-34-9; 4b, 
32318-93-7; 5a, 32318-94-8; 6a, 32380-92-0; 8a,
32380-93-1.
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Treatment of the lithium salt of ethylenimine on a-bromocyclohexyl phenyl ketone yields 2-(l-aziridinyl)- 
2-phenyl-l-oxaspiro[2.5]octane (3), the first epoxyamine ever to be isolated and characterized. Reactions of 
this compound with dilute hydrochloric acid, sodium borohydride, methanol, benzoic acid, and organolithium 
compounds are discussed in detail. When heated to reflux temperature in o-dichlorobenzene for 15 hr under a 
nitrogen atmosphere, the epoxyamine rearranges with ring expansion to give 2-(l-aziridinyl)-2-phenylcyclohep- 
tanone (17) and not to the expected <*-(l-arizidinyl)cyclohexyl phenyl ketone (19). The structure of the rear
rangement product is established both by synthetic and by degradative studies.

Epoxyamines. II. Synthesis, Reactions, and R earrangem ent1

E th ylen im ine is k n ow n  to  d iffer from  oth er cy clic  
and acyclic  secon dary  am ines in  its reaction  w ith  
carbon y l com p ou n d s .3 4 T h u s aliphatic a ldehydes and 
ketones react w ith  ethylen im ine in  equ im olar quan
tities, yield ing stable  am inohydrines w hich  are generally 
unknow n w ith  oth er am ines. T h is  unusual rea ctiv ity  
o f ethylenim ine p rom p ted  a stu dy  o f  the reactions o f 
its lith ium  salt on  a -b ro m o  ketones as part o f  a general 
investigation  o f the reaction  o f « -h a lo  ketones w ith  
various nucleophiles.

T reatm en t o f  a -b ro m o cy c lo h e x y l ph enyl k etone (1) 
w ith  the lith ium  salt o f  ethylen im ine in  ether at room  
tem perature gave 6 5 -7 8 %  o f a m aterial w h ich  was sub
sequently  show n  to  b e  an epoxyam in e, 2 -(l-a z ir id in y l)-
2 -p h en y l-l-ox a sp iro [2 .5 ]octa n e  (3) on  the basis o f  its 
elem ental analysis, spectra l data , and  chem ical reac
tions. T h e  in frared spectrum  o f 3 d id  n ot sh ow  any 
h y d rox y l o r  carbon y l absorptions, bu t h ad  strong peaks 
at 1025 and 1045 c m -1  in d ica tive  o f  an ether linkage. 
T h e  nm r spectrum  w as consistent w ith  the structure, 
show ing arom atic p roton s from  r 2.45 to  2.85 and 
the saturated  ring p roton s from  r  7.8 to  9 .0  in the ratio 
5 :1 4 . T h e  reaction  o f « -b ro m o cy c lo p e n ty l ph enyl 
k etone (2) w ith  th e ,lith iu m  salt o f  ethylen im ine p ro 
ceeded  in th e  sam e m anner, y ie ld in g  the ep oxy  am ine,
2 -(l-a z ir id in y l)-2 -p h en y l-l-ox a sp iro -[2 .5 ]h ep ta n e  (4).6

1, n =  5 3, n =  5
2, n — 4 4, n =  4

Reactions.— E poxyam in es  are v e ry  susceptible to  
acid  h ydrolysis . T h u s  on  treatm en t w ith  d ilute 
h yd roch lor ic  acid , 3 w as rap id ly  h y d ro ly zed  to  the 
know n a -h y d ro x y  cy c lo h e x y l ph en y l k eton e6 (6) in  
9 0 %  yield . R e d u ctio n  o f 3 w ith  sod iu m  b oroh yd rid e  
in m ethanol at room  tem perature gave 7 5 %  o f l - ( a - l -  
azir:d in y lben zy l)cycloh exan ol (5 ). T h e  fa ct th at the 
aziridine ring was not c leaved  w ith  sod ium  b oroh yd rid e  
is in  agreem ent w ith  previou s findings.7 A lso  the

(1 ) P a p e r  I  in  th is  se r ie s : C .  L .  S te v e n s  a n d  P .  M .  P illa i, J. A m e r . C h em .
S oc ., 89, 3 08 4  (1 9 6 7 ).

(2 )  A b s tr a c t e d  in  p a r t  fr o m  t h e  P h .D .  d is s e r ta t io n  o f  P . M .  P il la i ,  W a y n e  
S ta te  U n iv e rs ity , 1 9 6 8 ; F r a n k  K n o lle r  P r e d o c t o r a l  F e llo w , 1 9 6 6 -1 9 6 7 .

(3 )  A . D o r n o w  a n d  W . S c h a e h t, C h em . B er ., 82, 4 6 4  (1 9 4 9 ).
(4) W .  J . R a b o u r n  a n d  W . L . H o w a r d , J . O rg. C h em ., 27, 1039 (1 9 6 2 ).
(5 ) C . L . S te v e n s , T .  R .  P o t t s ,  a n d  P . M .  P illa i, A b s tr a c ts ,  1 5 4 th  N a 

t io n a l M e e t in g  o f  th e  A m e r ic a n  C h e m ic a l  S o c ie t y ,  C h ic a g o ,  111., 1967 , P -2 5 .
(6) C . L . S te v e n s  a n d  E . F a rk a s , J . A m er . C h em . S o c ., 74, 6 1 8  (1 9 5 2 ).
(7) C .  L .  S te v e n s , M .  E . M u n k , C . H . C h a n g , K .  G . T a y lo r ,  a n d  A . L . 

S c h y , J . O rg. C h em ., 29, 3 1 4  (1 9 6 4 ).

direction  o f the open ing o f th e  epoxide ring w ith  hydride 
ion  is the sam e as in th e  redu ction  o f  e p ox y  ethers w ith  
lith ium  alum inum  h y d rid e .8

C ata ly tic  h yd rogen ation  o f  the azirid inyl a lcoh o l 5 in 
ethanol at atm ospheric pressure in the presence o f  1 0 %  
palladium  on  carbon  open ed  th e  aziridine rin g 9 to  g ive  
8 5 %  o f l- (« -A -e th y la m in o b e n z y l)cy c lo h e x a n o l (10) 
characterized as its h ydroch loride . A m in o  a lcoh ol 10 
was also form ed  in  8 0 %  y ie ld  b y  th e  direct h yd rog e 
n ation  o f 3 ir_ m ethanol using th e  sam e cata lyst. T h e  
first step in th is redu ction  is p ro b a b ly  h ydrogenolysis  
o f  the aziridine ring to  the in term ediate epoxyam in e 8, 
com pou n ds o f w hich  ty p e  are k n ow n  to  rearrange 
rap id ly  to  th e  a -h yd rox y im in es .10 « -H y d r o x y c y c lo 
h exyl ph enyl k etone A -e th y lim in e  (9) thus form ed  
w ou ld  be  redu ced  under th e  h ydrogen ation  con d itions 
to  g ive  the am ino a lcoh ol 10. H yd roxy im in e  9 was 
synthesized  b y  heating a m ixture o f  h y d rox y  ketone 6 
and ethylam ine in a sealed tu b e  in  th e  presence o f 
potassium  carbon ate as a d eh ydratin g  agent. T h is 
im ine 9 was redu ced  w ith  sod iu m  boroh y d rid e  in 
m ethanol to  g ive  8 5 %  o f 10 iden tica l in  all respects w ith  
the h ydrogen ation  produ cts o f  3 and  5.

E poxyam in e 3 reacted  w ith  m ethanol in the presence

(8 ) C . L . S te v e n s  a n d T .  H . C o ff ie ld , J . A m e r . C h em . S oc ., 80, 1919 (1 9 5 8 ).
(9 ) H y d r o g e n a t io n  o f  e th y le n im in e s  t o  e th y la m in e s  is w e ll e s ta b lish e d . 

S ee  re f 7 a n d  a lso  M .  K h a ra s ch  a n d  H . P r ie s t ly , J . A m er . C h em . S oc ., 61, 
3 4 2 5  (1 9 3 9 ).

(1 0 ) C . L . S te v e n s , P .  B lu m b e r g s , a n d  M .  M u n k , J . O rg. C h em ., 2 8 , 331 

(1 9 6 3 ).



174 J. Org. Chem., Voi. 37, No. 2, 1972 Stevens and Pillai

of a trace of hydrogen chloride to give l-(a-l-aziridinyl- 
a-methoxybenzyl)cyclohexanol (7) in 78% yield. In 
this reaction, epoxyamines closely resemble epoxy 
ethers which form a-hydroxy ketals under the same 
conditions.6 The infrared spectrum of 7 indicated the 
presence of a hydroxyl group and the nmr spectrum 
showed that an aziridine ring was present in the mole
cule. The structure of 7 was further confirmed by its 
hydrolysis with dilute hydrochloric acid to the a-hy
droxy ketone 6 and also by the formation of amino alco
hol 10 when 7 was hydrogenated in the presence of 10% 
palladium on carbon as catalyst.

Treatment of epoxyamine 3 with an equivalent 
amount of benzoic acid in refluxing hexane opened the 
epoxide and aziridine rings to give 70% of a-hydroxy- 
cyclohexyl phenyl ketone A-(2-benzoyloxyethyl)imine 
(11). Acid hydrolysis of 11 to the a-hydroxy ketone 6 
showed the position of the C =N  bond in the molecule. 
Formation of 11 in 60% yield by the reaction of benzoic 
acid with 7 in refluxing benzene provides further 
evidence for the structure of 11. Treatment of the 
imino ester 11 with sodium borohydride not only 
reduced the imine function in the molecule but also 
cleaved the ester group to give l-(a-2-hydroxvethyl- 
aminobenzyl)cyclohexanol (12) in 63% yield. Com
pound 12 was also prepared by heating the aziridinyl

their hydrochlorides. The aziridine ring was also 
opened by heating 15 with 1 N perchloric acid to yield 
the amino diols 16.

R OH

CbHbC— I

+nh2
c r  |

CH2CH2C1
14a, R = CH3 

b,R=CeH5

R OH

CsH5C - J ( ^ >

N
¿ A

15a, R = CH3 
b,R=C6H 5

R OH

CeH5C—1 ^ ^  

NH

CH2CH2OH
16a, R= CH3 

b,R=CeH5

Rearrangement.—When heated to the reflux tem
perature in o-dichlorobenzene for 15 hr under a nitrogen 
atmosphere, epoxyamine 3 rearranged with ring ex
pansion to give 2-(l-aziridinyl)-2-phenylcyclohepta- 
none (17) in 30 40% yield, the remainder of the ma
terial being an intractable resin.12 Although the 
direction of the epoxide ring opening in this rearrange
ment is in agreement with the acid-catalyzed rearrange
ment of epoxy ethers,13 it does not conform to a pre
vious postulate by Kirmann14 which would predict the 
formation of a-(l-aziridinyl) cyclohexyl phenyl ketone
(19) as the rearrangement product. Studies on an-

H3CO OH 

C6H5C—

NZA
1

c 6h 5-

N
A

3F 17

<]
O ft

18

■h - " - Q
N

ZA
19

alcohol 5 with 1 N perchloric acid according to a 
procedure previously reported.7 Reduction of the 
imine without cleavage of the ester group was ac
complished by catalytic hydrogenation in the presence 
of 10% palladium on carbon to yield l-(a-2-benzoyloxy- 
ethylaminobenzyl)cyclohexanol (13). Compound 13 
was also prepared by refluxing equimolar quantities of 
aziridinyl alcohol 5 and benzoic acid in benzene. The 
ester group in 13 was hydrolyzed with aqueous al
coholic sodium hydroxide to give 88% of 12.

Treatment of the epoxy amine with both methyl- 
lithium and phenyllithium opened the epoxide ring in a 
way analogous to the reaction of Grignard reagents with 
epoxy ethers.11 The aziridinyl alcohols (15) thus 
formed were treated with hydrogen chloride in ethyl 
acetate to give the 2-chloroethylamino derivatives as

(1 1 ) C . L . S te v e n s  a n d  W . H o lla n d , J . Org. Chem., 2 3 , 781 (1 9 5 8 ).

/

C6H5C—(CH2) r -  COH
25 26

(1 2 ) E p o x y a m in e  3  p o ly m e r iz e s  s lo w ly  a t  r o o m  te m p e r a tu r e  a n d  r a p id ly  
i f  h e a te d  w ith o u t  a  s o lv e n t .

(1 3 )  C . L . S te v e n s  a n d  S . J . D y k s t r a ,  J . Am er. Chem. Soc., 7 6 , 4 4 0 2  
(1 9 5 4 ).

(1 4 ) A . K irm a n n , R .  M u th s ,  a n d  J -J . R ic h l ,  Bull. Soc. Chim. F t., 1469  
(1 9 5 8 ).

o  o
Il II

C6H5 C—(CH2)j— CNH2
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other epoxyamine indicate5 that the direction of this 
rearrangement is general in the case of epoxyamines with 
an aziridinyl group. The direction of the rearrangement 
and the stability of the epoxyamine are probably con
trolled by the steric requirements of the lone pair of 
electrons on the nitrogen.15

In order to show that the conjugated amino ketone 
19 was not an intermediate in this transformation of 
3 to 17, 19 was prepared by the general method7-16 
involving the action of ethylenimine on the epoxy ether, 
2-methoxy-2-phenyl-l-oxaspiro[2.5]octane.6 After 19 
was subjected to the same rearrangement conditions, 
most of the starting material was recovered unchanged 
and an examination of the infrared spectrum of the crude 
reaction mixture provided evidence that no detectable 
amount of 17 was formed.

The rearranged amino ketone 17 was also formed in 
40% yield when 7 was heated at 180° in c-dichloro- 
benzene under a nitrogen atmosphere for 24 hr. The 
formation of 17 from 7 can be envisaged as proceeding 
through the intermediate epoxyamine or through a 
six-membered ring cyclic transition state 27. However,

Z A
27

the experimental data available are not sufficient to 
differentiate between the two mechanistic pathways.

Amino ketone 17 was further characterized by its 
reduction with sodium borohydride in methanol to 
2-(l-aziridinyl)-2-phenylcycloheptanol (18) and by its 
reaction with an excess of hydrogen chloride in ethyl 
acetate to give 2-(2-chloroethyl)amino-2-phenylcyclo- 
heptanone hydrochloride (21). Upon catalytic hydro
genation in ethyl acetate at atmospheric pressure in 
the presence of 10% palladium on carbon, 17 was 
selectively reduced to 2-Ar-ethylamino-2-phenylcyclo- 
heptanone (20) characterized as its hydrochloride. 
Amino ketone 20 was converted to the corresponding 
oxime, 23, by treating it with hydroxylamine hydro
chloride in alcohol in the presence of pyridine. Synthe
sis of 23 was also achieved by the action of ethylamine 
on the known 2-chloro-2-phenylcycloheptanone oxime.17 
The structure of the amino ketone oxime 23 was further 
confirmed by the formation of 6-benzoylhexanamide 
(26) when the oxime was subjected to Beckmann 
degradation conditions using polyphosphoric acid.18 
The conversion of 23 to 26 by this second-order Beck
mann reaction can be explained as taking place through 
the intermediate formation of iminonitrile 24, which 
would then be hydrolyzed to the ketoamide under the

(1 5 ) T h e  s t a b i l i t y  o f  th e  n a tu ra l p r o d u c t  c y c lo p e n in  [H . S m ith , P .  W e g -  
fa h r t , a n d  H . R a p o p o r t ,  J . Am er. Chem. Soc., 90, 1 66 8  (1 96S ) ] a n d  t h a t  o f  
a  r e c e n t ly  r e p o r te d  e p o x y a m in e  w ith  a  q u in u c lid in o n e  s y s te m  [D . L . C o f fe n  
a n d  E .  G . K o r z a n , J . Org. Chem., 36, 3 9 0  (1 9 7 1 ) ]  le n d s  fu r th e r  s u p p o r t  f o r  
th is  v ie w .

(1 6 ' C .  L . S te v e n s  a n d  C . H . C h a n g , J . Org. Chem., 27, 4 3 9 2  (1 9 6 2 ).
(17] D . G in s b e r g  a n d  R .  P a p p o ,  J . Am er. Chem. Soc., 76, 1 09 8  (1 9 5 3 ).
(18] F o r  B e c k m a n n  re a rra n g e m e n ts  u s in g  p o ly p h o s p h o r ic  a c id  as ca t 

a ly s t , se e  E . C . H o rn in g  a n d  V . L . S tr o m b e r g , ibid., 74, 2 6 8 0  (1 9 5 2 ).

experimental conditions.19 On treatment with aqueous 
alcoholic sodium hydroxide, 26 was hydrolyzed to the 
known 6-benzoylhexanoic acid20 (25), the identity of 
which was established by direct comparison with an 
authentic sample.

The a-aziridinyl ketone 19 was further characterized 
by treating it with an excess of hydrogen chloride in 
ethyl acetate to give a-A-(2-chloroethylamino)cyclo- 
hexyl phenyl ketone hydrochloride (28). Also re
duction of 19 with sodium borohydride in methanol 
gave the amino alcohol 29.

0  OH

29

OH

H NHCH2CH2C1 
•HC1 
30

Treatment of 29 with hydrogen chloride in ethyl 
acetate afforded l-(2-chloroethyl)amino-l-a-hydroxyl- 
benzylcyclohexane hydrochloride (30).

Experimental Section21
2-(l-Aziridinyl)-2-phenyl-l-oxaspiro[2.5]octane (3).— A 500-ml 

three-necked round-bottomed flask was fitted with a mechanical 
stirrer, an efficient water condenser, and a dropping funnel. 
The entire system was flushed with dry nitrogen and a steady 
nitrogen atmosphere was maintained. Freshly distilled ethyl
enimine22 (3.9 g, 90 mmol) dissolved in 100 ml of dry ether was 
transferred into “he flask. A solution of 1.6 At n-butyllithium23 
in hexane (28 ml, 45 mmol) was added drop by drop while the 
mixture was being stirred. As the reaction was exothermic, the 
ether refluxed. After stirring for 30 min 8.01 g (30 mmol) of 
a-bromocyclohexyl phenyl ketone6 (1) dissolved in 50 ml of dry 
ether was added dropwise with continued stirring. This reaction 
was also exothermic and the ether again was refluxed. Five 
minutes after the addition of the bromo ketone, a thin layer 
chromatography (silica gel H on 5 X  15 cm plate, 50:50 hexane- 
benzene system) showed that the bromo ketone had disappeared 
completely. The mixture was poured into a separatory funnel 
containing a mixture of 200 g of ice, 200 ml of water, and 200 ml 
of pentane. After shaking the mixture thoroughly, the pentane 
layer was quickly separated and dried over K 2C 03 for 10 min. 
The solution was filtered and the solvent was evaporated off 
under reduced pressure at room temperature. The residue was 
evaporatively distilled (bath temperature 90-100°, 0.01 mm) to 
give 5.2 g (75%) of 3 as a colorless liquid. An analytical sample 
was made by redistilling the compound evaporatively, ra26D 
1.5870.

(1 9 )  M .  O h n o , N . N a ra u s e , S . T o r im its u , a n d  I .  T e r e s a r a  [ibid., 8 8 , 3 16 8  
(1 9 6 6 ) ]  r e p o r t  th e  sy n th e s is  o f  w -c y a n o a ld e h y d e s  b y  s e c o n d -o r d e r  B e c k m a n n  
re a rra n g e m e n t  o f  2 -a lk o x y - ,  2 -e t h y lth io - ,  a n d  2-a lk y la m in o c y c lo a lk a n o n e  
o x im e s  w ith  p h o s p h o ru s  p e n ta c h lo r id e .

(2 0 )  C . H a u se r , F . fw a m e r  a n d  B . R in g le r , ibid., 70, 4 0 2 3  (1 9 4 8 ).
(2 1 )  A l l  m e lt in g  p o in t s  w e re  ta k e n  o n  a  T h o m a s - H o o v e r  m e lt in g  p o in t  

a p p a ra tu s  a n d  are  u n c o r r e c te d .  In fr a r e d  s p e c t r a  w e re  o b t a in e d  o n  a  P e r -  
k in -E lm e r  (M o d e l  2 S 7 B ) g r a t in g  s p e c t r o p h o t o m e te r .  N u c le a r  m a g n e t ic  
r e s o n a n c e  s p e c tr a  w ere  ru n  in  C D C la  u s in g  a  V a r ia n  A s s o c ia te s  A -6 0  s p e c 
t r o m e t e r  w ith  t e t ra m e th y ls i la n e  as in te rn a l s ta n d a r d . T h e  p A a s w ere  d e 
t e r m in e d  in  5 0 %  a q u e o u s  m e th a n o l. E le m e n ta l  a n a ly se s  w ere  p r o v id e d  b y  
M id w e s t  M ic r o la b ,  I n c . ,  In d ia n a p o lis , I n d .

(2 2 )  D o w  C h e m ic a l  C o . ,  M id la n d , M ic h . ,  is  g r a te fu lly  a c k n o w le d g e d  f o r  
a  g e n e ro u s  g i f t  o f  e th y le n im in e .

(2 3 ) A v a ila b le  fr o m  F o o t e  M in e ra l  C o . ,  E x to n ,  P a .
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Anal. Calcd for Ci5HI9NO: C, 78.56; H, 8.35; N, 6.11. 
Found: C, 78.65; H ,8.51; N, 6.12.

In subsequent preparations of 3 , the yield ranged from 65 to 
78% . An attempted fractionation of the liquid at 0.001 mm 
resulted in excessive polymerization, only part of it distilling 
over at 90-95°. The compound was crystallized by cooling a 
pentane solution in a Dry Ice-acetone bath, mp 20-22°.

Compound 3 (545 mg) was treated with 10 ml of 0.5 A’ HC1 at 
room temperature. Hydrolysis took place almost instanta
neously. The product was extracted with ether, dried (K2C 03), 
and evaporated to dryness. The residue was recrystallized from 
hexane to give 440 mg (90%) of 6, mp 49-50°, undepressed on 
mixing with an authentic sample of 6.

l-(a-l-A ziridinylbenzyl)cyclohexanol (5 ) .— A solution of 500 
mg of NaBH4 in 20 ml of CH3OH at 0° was added to 2.29 g 
(10 mmol) of 3 and the mixture was stirred magnetically. An 
additional 1.0 g of NaBH4 was added in small portions to this 
solution. Stirring was continued at room temperature for 12 hr. 
Most of the CH3OH was evaporated under reduced pressure. 
The product crystallized out on adding water to the mixture. 
It was filtered, washed with water, and dried to give 1.75 g 
(75%) of 5, mp 110-112°. A small sample was recrystallized 
from hexane for analysis: mp 113-114°; nmr r 2.7 (s, 5, 
aromatic), 7.12 (s, 1, benzilic), 7.68 (s, 1, OH), and 7.8-9.2 
(complex m, 14).

Anal. Calcd for CI5H21NO: C, 77.88; II, 9.15; N, 6.05. 
Found: C, 77.70; H, 9.25; N, 6 .11.

«-H ydroxycyclohexyl Phenyl K etone JV-Ethylimine (9 ) .— A 
mixture of 4.08 g (20 mmol) of 6, 20 ml of ethylamine, and 5.0 g of 
K 2C 03 (anhydrous) was heated in a sealed tube at 100° for 6 
days. The mixture was extracted with ether and the solvent 
was evaporated to dryness. The residue was distilled evapo- 
ratively [bath temperature 100-105° (0.01 mm)] to give 3.9 g 
(85%) of 9 which crystallized on storage in the refrigerator, mp 
36-38°. It was recrystallized from hexane for analysis, mp 
38-39°, ir (neat) 1650 cm-1 (C = N ).

Anal. Calcd for C15H2!NO: C, 77.88: H, 9.15; N, 6.05. 
Found: C, 77.61; H, 9.29; N, 6.18.

l - ( « -A ?-Ethylam inobenzyl)cyclohexanol (10 ). A . B y the 
H ydrogenation of 3 .— A solution of 1.7 g (7.4 mmol) of 3 in 50 
ml of CH3OH was hydrogenated at atmospheric pressure in the 
presence of 250 mg of 10% Pd/C . Over a period of 3 hr, 310 ml 
(94%) of H2 was absorbed. The catalyst was filtered and the 
filtrate was evaporated to dryness. The residue was dissolved 
in ether and converted to the HC1 salt by adding a solution of 
HC1 in isopropyl alcohol. The crystalline material was filtered 
and recrystallized twice from ethanol-ether to give 1.6 g (80%) of 
10 as the HC1 salt, mp 223-224° dec.

Anal. Calcd for C15H24C1N0: C, 66.75; H, 8.96; N, 5.19. 
Found: C, 66.63; H, 8.91; N, 5.05.

B . By the Hydrogenation of 5 .— A  solution of 231 mg (1 
mmol) of 5 in 10 ml of ethanol was hydrogenated and worked up 
as in the previous experiment to give 233 mg (85%) of 10 as 
HC1 salt, mp 222-224° dec.

C. B y the Reduction of 9 .— A solution of 462 mg (2 mmol) of 
9 in CH3OH was reduced with 250 mg of NaBII4 under the stan
dard conditions. After 6 hr, CH3OII was evaporated and water 
was added to the residue. The mixture was extracted with ether 
and dried (K2C 03) and HC1 in isopropyl alcohol was added to 
the filtrate. The crystalline material was filtered and recrystal
lized from ethanol-ether to give 455 mg (85%) of 10 as the HC1 
salt, mp 222-224° dec. Samples of 10 prepared by methods A, 
B, and C were shown to be identical by mixture melting point 
determinations.

l-("«-l-A zirid inyl-«-m ethoxyben zyl jcyclohexanol (7 ) .— Epoxy
amine 3 (532 mg, 2.41 mmol) was dissolved in 10 ml of absolute 
CH3OH and a drop of a saturated solution of HC1 in isopropyl 
alcohol was added. The mixture was kept at room temperature 
for 3 hr and the solvent was removed in vacuo. The residue was 
recrystallized from hexane to give 470 mg (70%) of 7: mp
124-125°; ir (CHC13) 3560 cm- 1 (O il) and no C = 0 ;  nmr 
(CDCla) t 6.8 (s, 3, OCH3), 7.5 (s, 1, OH), 7.95 and 8.25 (q ’s,
2 each, aziridinyl group).

Anal. Calcd for CI6II23N 02: C, 73.53; H, 8.87; N, 5.36. 
Found: C, 73.53; H ,8.99; N, 5.52.

Compound 7 (100 mg) was hydrolyzed with 2 N  HC1 at room 
temperature for 2 hr. The product was extracted with ether and 
dried (K2C 0 3) and the solvent was removed. The residue on 
recrystaliization from hexane gave 45 mg (58%) of or-hydroxy- 
cyclohexyl phenyl ketone (6), mp 49-50°.

A solution of 500 mg (1.91 mmol) of 7 in ethyl acetate was 
hydrogenated at atmospheric pressure in the presence of 150 mg 
of 10% Pd/C . The product, isolated as the HC1 salt, gave 428 
mg (83%) of 10, mp 222-223° dec.

«-H ydroxycyclohexyl Phenyl K eton e A /-(2-B enzoyloxyethyl)- 
im ine (11 ). A . From  Epoxyam ine 3.— A solution of a mixture 
of 1.43 g (6.24 mmol) of 3 and 761 mg (6.24 mmol) of benzoic 
acid in 50 ml of dry hexane was refluxed on a steam bath for 3 hr. 
The solvent was evaporated and the residue was crystallized 
from hexane to give 1.55 g (71%) of 11, mp 80-83°. Recrystal
iization from hexane gave raised mp 86-87°; ir (CHC13) 3300 
cm-1 (OH), 1720 (ester C = 0 ) ,  1650 (C = N ); nmr (CDC13) 
t  5.5 (t, 2, -O CH 2), 6.6 (t, 2, = N C H 2).

Anal. Calcd for C22H26N 0 3: C, 75.19; H, 7.17; N, 3.99. 
Found: C, 75.40; II, 7.06; N ,4.08.

B . From  Com pound 7.— A mixture of 261 mg (1.0 mmol) of 
7 and 122 mg (1.0 mmol) of benzoic acid was dissolved in 10 ml 
of dry benzene and refluxed on a steam bath for 4 hr. The 
solvent was removed and the residue was recrystallized from 
hexane to give 210 mg (60%) of 11, mp 84-85°.

Imino ester 11 (100 mg) was hydrolyzed with 10 ml of 2 N  
HC1 at room temperature for 2 days to give 28 mg (48% ) of 6, 
mp 49-50°.

l-(a-2-H ydroxyethylam inobenzyl)cyclohexanol (1 2 ). A . By 
the H ydrolysis of 5 .— Compound 5 (200 mg) was heated with 10 
ml of 1 A  perchloric acid on a steam bath for 12 hr. The mixture 
was extracted with ether to remove any neutral by-products. 
The aqueous layer was basified with NaOH and extracted re
peatedly with ether. The ether extracts were dried (K2C 03) 
and evaporated to dryness. The residue was recrystallized from 
hexane to give 81 mg (39%) of 12, mp 77-78°.

Anal. Calcd for C15H23N 0 2: C, 72.25; H, 9.30; N, 5.62. 
Found: C, 72.47; H, 9.48; N, 5.73.

B . From  the N a B H 4 Reduction of 11.— Sodium borohydride 
(600 mg) was added in small portions to a solution of 300 mg of 
11 in CH3OH while the mixture was stirred magnetically. The 
stirring was continued for 7 hr at room temperature. Most of 
the methanol was evaporated under reduced pressure and water 
was added to the residue. The mixture was extracted with 
ether, dried (K2C 03), and evaporated to dryness. The residue 
was recrystallized from hexane to give 135 mg (64%) of 12, 
mp 77-78°.

l-(a-2-B enzoyloxyethylam inobenzyl)cyclohexanol (1 3 ). A . 
By the Hydrogenation of 11.— A solution of 351 mg (1.0 mmol) 
of 11 in 20 ml of ethyl acetate was hydrogenated at atmospheric 
pressure in the presence of 100 mg of 10% P d/C  for 6 hr. The 
catalyst was filtered and the filtrate was evaporated to dryness. 
The residue was crystallized from hexane to give 248 mg (70%) of 
13: mp 103-104°; ir (CHC13) 1705 cm-1 (ester C = 0 ) ;  nmr 
(CDCh) r 5.65 (t, 2, OCII2) and 7.2 (t, 2, -N C H 2).

Anal. Calcd for C22H27N 0 3: C, 74.76; H, 7.70; N, 3.96. 
Found: C, 74.65; H, 7.69; N, 3.89.

B . From  5 .— A mixture of 231 mg (1.0 mmol) of 5 and 122 mg 
(1.0 mmol) of benzoic acid was dissolved in 20 ml of dry benzene 
and refluxed on a steam bath for 1 hr. The solvent was evapo
rated and the residue was recrystallized from hexane to give 245 
mg (83.5%) of 13, mp 103-104°.

A solution of 100 mg of 13 in 5 ml of CH3OH was hydrolyzed by 
treating with 100 mg of NaOH in 3 ml of water at room temper
ature for 1 hr. The mixture was diluted with water and most of 
the methanol was evaporated under reduced pressure. The 
mixture was extracted with ether, dried (K2C 03), and evaporated 
to dryness. The residue was recrystallized from hexane to give 
62 mg (88% ) of 12, mp 76-77°.

l-(a-l-A ziridin yl-«-m eth ylben zyl)cycloh exan ol (15a ).— A 1.7 
M  methyllithium23 solution in ether (10 ml, 17 mmol) was added 
dropwise with stirring to a solution of 1.42 g (6.1 mmol) of 3 in 
20 ml of ether under a nitrogen atmosphere. After stirring at 
room temperature for 5 hr, the mixture was poured into water 
and extracted with ether. The ether solution was dried (K 2C 0 3) 
and evaporated to dryness. The residue was crystallized from 
hexane to give 750 mg of 15a, mp 108-109°.

Anal. Calcd for Ci6H23NO: C, 78.30; H, 9.44; N , 5.71. 
Found: C, 78.60; H, 9.54; N ,6.01.

A  part of 15a was converted to the perchlorate salt by treating 
it with an ether solution of anhydrous perchloric acid. The 
salt was recrystallized from acetone-ether, mp 163-164°.

Anal. Calcd for C16H24C1N06: C, 55.58; H, 7.00; N, 4.05. 
Found: C, 55.60; H, 6.95; N, 3.96.
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l-(a-M ethyl-a-2-hydroxyethylam inobenzyl)cyclohexanol 
( 1 6 a '.— A mixture of 500 mg (2.2 mmol) of 15a and 25 ml of 1 A  
perchloric acid was heated on a steam bath for 12 hr. The 
neutral by-products from the reaction mixture were removed by 
extraction with ether and the aqueous solution was basified with 
NaOH. The mixture was repeatedly extracted with ether, and 
the ether extracts were dried (K2C 03) and evaporated to dryness. 
The residue was crystallized from hexane to give 375 mg (70%) of 
16a, mp 131-132°.

Anal. Calcd for C16H25N 0 2: C, 72.95; H, 9.56; N , 5.32. 
Found: C, 72.72; H, 9.44; N, 5.27.

1- (a-1-Aziridinyl-a-phenylbenzyl )cyclohexanol (1 5 b ) .— A 
2 M  solution of phenyllithium24 in ether-benzene (40 ml, 80 
mmol) was added dropwise with stirring to a solution of 5.8 g 
(25.3 mmol) of 3 in 50 ml of ether under a nitrogen atmosphere. 
After stirring at room temperature for 12 hr, the mixture was 
poured into water and extracted repeatedly with ether. The 
ether extracts were dried (K2C 03) and evaporated to dryness. 
The residue was recrystallized from acetone to give 6 2 g (81%) of 
15b, mp 154-155°.

Anal. Calcd for C2iH25NO: C, 82.03; H, 8.20; N, 4.56. 
Found: C, 81.73; H, 8.07; N, 4.50.

A part of 15b was converted to the perchlorate salt, mp 174- 
177°.

Anal. Calcd for C2iH26C1N05: C, 61.81; H, 6.42; N, 3.43. 
Found: C, 61.82; H, 6.46; N, 3.27.

Another portion of 15b was dissolved in ethyl acetate and 
treated with an excess of HC1 in ethyl acetate to give 1- 
(a-phenyl-ar-chloroethylaminobenzyl)cyclohexanol hydrochloride 
(14b ), mp 2 1 1 -2 1 2 °  after recrystallization from ethanol-ether.

Anal. Calcd for C21H27C12N 0 : C, 66.28; H, 7.15; N, 3.68. 
Found: C, 65.89; H, 7.25; N, 3.67.

1- (.i-P henyl-a-2-hydroxyethylam inobenzyl)cyclohexanol (16b ). 
— Compound 15b (500 mg) was converted to 85 mg of 16b, 
mp 132-133°, under the same conditions for the preparation of 
14b.

Anal. Calcd for C21H27N 0 2: C, 77.47; H, 8.31; N, 4.30. 
Fourd: C, 77.18; H, 8.39; N, 4.63.

2-(l-Aziridinyl)-2-phenylcycloheptanone (17 ). A . By the 
R earrangem ent of 3.— A solution of 5.53 g (23.3 mmol) of 3 in 
30 m. of o-dichlorobenzene was refluxed under a nitrogen atmo
sphere on a metal bath at 190-195° for 15 hr. The reaction 
mixture was cooled and the solvent was removed under vacuum 
(0.01 mm) at 40-50°. The residue was evaporatively distilled 
(bath temperature 90-100°, 0.01 mm) to give 2.06 g (38.65%) of 
17, ir (neat) 1710 cm-1 (C = 0 ) .

Anal. Calcd fo r 'C 15H19NO: C, 78.56; H, 8.35; N, 6.11. 
Found: C, 78.75; i f ,  8.32; N, 5.95.

In subsequent experiments the yield of 17 ranged from 30-40% . 
B . By the R earrangem ent of 7 .— A solution of 1.0 g of 7 in 

10 ml of o-dichlorobenzene was refluxed under a nitrogen atmo
sphere on a metal bath at 190-195° for 24 hr. The reaction 
mixture was cooled and worked up as in A above to give 456 mg 
(40%) of 17, ir superimposable with that of the product from A.

A portion of 35 was dissolved in ether and was treated with an 
excess of HC1 in ethyl acetate. The crystalline material was 
filtered and recrystallized from ethanol-ether to give 2-(2-chloro- 
ethyl iamino-2-phenylcycloheptanone hydrochloride (21), mp 
205-207° dec, ir (KBr) 1715 cm-1 (C = 0 ) .

Anal. Calcd for C16H21C12N 0 : C, 59.63; II. 7.00; Cl, 
23.46; N, 4.63. Found: C, 59.69; H, 6.88; Cl, 23.59; 
N, 4.89.

2 -  (l-Aziridinyl)-2-phenylcycloheptanol (18 ).— A solution of 
458 mg (2 mmol) of 17 in 20 ml of ethanol was cooled in an ice 
bath and stirred magnetically. NaBH4 (300 mg) was added in 
small portions. The mixture was stirred at room temperature 
for 12 hr. Most of the ethanol was removed and water was 
addec. to the residue. The mixture was extracted with ether, 
dried (K2C 03), and evaporated to dryness. The residue was 
crystallized from hexane to give 328 mg (71% )of 18, mp 124°.

Anal. Calcd for C15H21NO: C, 77.88; H, 9.15; N, 6.05. 
Found: C, 77.82; H, 9.15; N, 6.22.

The crystalline material, as indicated by the sharp melting 
point, consisted of only one, presumably the trans isomer.25

(2 4 ) P u rch a se d  f r o m  A lp h a  In o r g a n ic s ,  I n c . ,  B e v e r ly ,  M a s s .
(2 5 ) S o d iu m  b o r o h y d r id e  r e d u c t io n  o f  a -a m in o  k e to n e s  in  s ix -m e m b e r e d  

r in g  s y s te m  has b e e n  s h o w n  t o  g iv e  p r e d o m in a n t ly  th e  tra n s  is o m e r . Cf. 
C . L . S te v e n s , A .  B . A sh , A . T h u il l ie r , J . H . A m in , A . B a ly s , W .  E . D e n n is ,
J . P . D ic k e r s o n , R .  P . G lin sk i, H . T .  H a n s o n , M .  D .  P illa i,  a n d  J . W .  S t o d 
d a rd , J. Org. Chem., 31, 2 5 9 3  (1 9 6 6 ).

2-A -E thylam ino-2-phenylcycloheptanone (20 ).— A solution of 
635 mg (2.73 mmol) of 17 in 20 ml of dry ethyl acetate was hy
drogenated at atmospheric pressure in the presence of 100 mg of 
10% Pd/C . One mole of H2 was absorbed over a 2-hr period. 
The catalyst was filtered and the filtrate was evaporated to dry
ness. The residue was redissolved in ether and a solution of HC1 
in ethyl acetate was added until precipitation was complete. 
It was filtered and recrystallized from ethanol-ether to give 650 
mg (88%) of 20 as the HC1 salt, mp 226-228° dec. One more 
crystallization from the same solvent gave raised mp 233-235° 
dec, ir (KBr) 1705 cm "1 (C = 0 ) ,  pK J  =  7.70.

Anal. Calcd fcr C i5H22C1NO: C, 67.30; H, 8.28; N, 5.23. 
Found: C, 67.59; H ,8.34; N ,5.41.

2-Ar-Ethylam ino-2-phenylcycloheptanone O xim e (23 ). A . 
From  Am ino K eton e 20.— A mixture of 200 mg of amino ketone 
(20) hydrochloride, 400 mg of hydroxylamine hydrochloride, 5 ml 
of pyridine, and 5 ml of ethanol was refluxed on a steam bath for 
6 hr. All the volatile materials were removed under reduced 
pressure and water was added to the residue. The solution was 
neutralized with NaOH and the mixture was extracted with ether, 
dried (K2C 0 3), and evaporated to dryness. The residue was 
recrystallized frem hexane to give 135 mg (64%) of 2 3 , mp 105- 
106°, pKT =  8.75

Anal. Calcd for Ci3H22N20 :  C, 73.13; H, 9.00; N , 11.37. 
Found: C, 72.94; H, 8.91; N, 11.27.

B . From  2-Chloro-2-phenylcycloheptanone O x im e 17 (22 ).— A 
mixture of 4 .3  g of 2 2 , 6 ml of ethylamine, and 200 ml of benzene 
was stirred in a stoppered flask at room temperature for 110 hr. 
The benzene solution was concentrated to 50 ml and extracted 
with 2 N HC1. The acid solution was basified with NaOH, 
extracted with ether, dried (K2C 03), and evaporated to dryness. 
The residue was recrystallized from hexane to give 125 mg ( 3 % )  
of oxime 2 3 , identical in all respects with the product from A 
above.

6-B enzoylhexanam ide (26 ).— A mixture of 200 mg of 23 and
12.0 g of polyphosphoric acid26 was heated on a steam bath with 
occasional shaking for 3 hr, by which time the oxime had com
pletely disappeared. The mixture was cooled and poured onto 
ice. It was diluted with 100 ml of water and neutralized with 
NaOH. The white precipitate formed was extracted with 
ether and dried (K2C 03), and the solvent was removed. The 
residue was recrystallized from CHCl3-ether to give 125 mg 
(60%) of 2 6 , mp 107-108°, ir (CHC13) 1675 (C = 0 ) ,  3530, and 
3410 cm“ 1 (-N E 2).

Anal. Calcd fcr C13H17N 0 2: C, 71.21; H, 7.81; N, 6.39. 
Found: C, 71.14; H, 7.92; N, 6.41.

Amide 26 (51 mg) was hydrolyzed with NaOH in aqueous 
alcohol to give 46 mg (90%) of 6-benzoylhexanoic acid (2 5 ), mp
82-83°. The melting point of a mixture of this acid with an 
authentic sample of 25 was undepressed.

a-(l-A ziridinyl)cyclohexyl Phenyl K eton e  (19).— A mixture of
5.3 g of 2-methoxy-2-phenyl-l-oxaspiro[2.5]octane6 and 10.1 g 
of ethylenimine was heated in a sealed tube at 125-130° for 
36 hr. The volatile materials were removed and the residue 
(6.57 g ) was fractionated at 0.01 mm. The fraction boiling at 
102-105° was collected and redistilled evaporatively to give 4.13 
g (66.4%) of 19, n26 d 1.5502, ir (neat) 1675 cm "1 (C = 0 ) .

Anal. Calcd for C15H19NO: C, 78.56; H, 8.35. Found: 
C, 78.52; H, 8.49.

A solution of HC1 in ethyl acetate was added with shaking to a 
portion of 19 dissolved in ether. The product was recrvstallized 
from ethanol-ether to give Q'-(2-chloroethyl)aminocyclohexyl 
phenyl ketone hydrochloride (28), mp 183-185° dec.

Anal. Calcd for CI3H21C12N 0 : C, 59.63; H, 7.00; Cl, 
23.46; N, 4.63. Found: C, 59.71; H, 6.89; Cl, 23.26; N, 
4.82.

Attem pted R earrangem ent of 19.— A solution of 830 mg of 19
in 16 ml of o-dichlorobenzene was refluxed on a metal bath at 
190-195° for 18 hr under a nitrogen atmosphere. An ir spectrum 
of the cooled mixture showed only one C = 0  band, at 1675 cm -1. 
The solvent was removed at 50-60° under 0.01 mm and the 
residue was evaporatively distilled (bath temperature 90°, 0.01 
mm) to give 450 mg (55%) of 19. The ir spectrum of this 
product was superimposable with that of the starting material.

l-(  1-Aziridinyl)- 1-a-hydroxybenzylcyclohexane (29).— A solu
tion of 1.1 g (4.8 mmol) of 29 in methanol was reduced with
1.0 g of NaBIT, at room temperature for 12 hr. The product,

(26) Purchased from Matheson Coleman and Bell, Norwood (Cincinnati),
Ohio, and the sample contained 82.84% of phosphorus pentoxide.
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after the usual work-up, was recrystallized from hexane to give
1.0 g (90%) of 29, mp 90-91°.

Anal. Calcd for CisH^NO: C, 77.88; H, 9.15. Found: 
C, 77.80; H, 9.18.

A part of 29 was converted to the perchlorate salt, mp 159- 
160° after recrystallization from acetone-ether.

Anal. Calcd for Ci5H2sClN05: C, 54.33; H, 6.68; N, 
4.22. Found: 0 ,54.12; H, 6.66; N ,4.18.

Another part of 29 was dissolved in ether and treated with an 
excess of HC1 in ethyl acetate to give l-(2-chloroethyl)amino-l- 
a-hydroxybenzylcyclohexane hydrochloride (30), mp 216° dec, 
after recrystallization from ethanol-ether.

Anal. Calcd for C i5H23C12NO: C, 59.23; H, 7.62; N, 4.60. 
Found: C, 59.02; H, 7.59; N, 4.54.

R egistry N o .— 3 , 15817-11-5 ; 5 , 15817-31-9 ; 7 ,
32515-75 -0 ; 9 , 32515-76-7 ; 10 HC1, 15946-21-1 ; 11,

32515-78-9 ; 12, 32515-79-0 ; 13, 32515-80 -3 ; 14b,
32515-81-4 ; 15a, 32515-82-5 ; 15a perch lorate , 32515-
83 -6 ; 15b, 32515-84-7 ; 15b perch lorate , 32515-85 -8 ; 
16a, 32515-86-9 ; 16b, 32515-87-0 ; 1 7 ,1 5 8 1 7 -3 2 -0 ; 18, 
32515-89-2 ; 19, 32515-90-5 ; 20 HC1, 15817-12-6 ; 21, 
32515-98-3 ; 23, 15885-97-9 ; 26, 15817-09-1 ; 28,
32515-94-9 ; 2 9 ,3 2 5 1 5 -9 5 -0 ; 29 perch lorate , 32515-96 -1 ; 
30 , 32515-97-2.
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Amides of the type RN H CH (R')C6H4N = N R 2 [R = alkyl C = 0 , aryl C = 0 , alkyl S02, aryl S02, H2N C = 0 , 
C6H5N H C = 0 , (C6H5)2N C = 0 ; R 1 =  H, CH3, C6H5; R 2 =  phenyl, substituted phenyl, naphthyl] undergo basic 
hydrolysis under mild conditions to give RNH2 and R IC (= 0 )C 6H4NHNHR2. A similar reaction occurs when 
the substituents are ortho to one another. No reaction takes place when the groups are in the meta position.
The effects of structural modifications on the course of the reaction were studied, and a mechanism for the 
reaction has been proposed.

In  1832, L ieb ig  and  W o h le r2 described  th e  first h y 
drolysis  o f  an  a cy l am ide in  th e ir  classical paper on  the 
b en zoy l rad ica l; th e  b ase-ca ta lyzed  reaction  p roceed ed  
via th e  n ow  fam iliar a cy l-n itro g e n  cleavage  (eq  1). I t

O

c h 3c n h c h 2 - ^ O ^ n = n - ^ Q )  +  HOH — *  

1

O o

CsHsC— NH2 +  HOH ■ C6H5COH +  NH3 (1)

o
II

c h 3c n h 2

H

+  0 = C — < ^ ) — N H N H — < ^ )

2

(3)

w as n o t until 1960 th at a secon d  ty p e  o f am ide h yd ro l
ysis becam e k n ow n . In  th at year, L a ce y 3 reported  
th at under a cid  con d ition s som e h igh ly  b ran ch ed  am 
ides h yd ro lyze  w ith  a lk y l-n itro g e n  fission (eq  2 ).

O ; O

RCNH— R ' +  HOH — =- r Hn H2 +  R 'OH  (2)

W ork  here has n ow  sh ow n  th at th is secon d  ty p e  o f 
cleavage  also occu rs in  basic solu tion  w ith  certa in  am 
ides con ta in in g  an azo grou p .

T h e  “ am idazo”  reaction  w as en cou n tered  during an  
a ttem p t to  prepare p -ph en ylazoben zy lam in e  b y  sapon 
ifica tion  o f  its a ce ty l deriva tive  1; instead  o f  the an tic
ip a ted  beh avior, a m ore com p lica ted  reaction  w as o b 
served  (eq  3 ). R e a ctio n  con d ition s  con sisted  o f  3-hr 
refluxing under n itrogen  in  0 .36  N  K O H  in  a lcoh ol, 1.2 
m ol o f  alkali being used per m o l o f  am ide ; th e  y ields o f  
a cetam ide and  4 -form ylh yd ra zob en zen e  (2) w ere 37 and  
6 2 % , respective ly .

T h is  n o v e l reaction  appeared  to  be o f  sufficient th e -

(1 )  T h is  is  a  l a b o r a t o r y  o f  t h e  N o r t h e r n  M a r k e t in g  a n d  N u t r it io n  R e 
s e a r c h  D iv is io n ,  A g r ic u ltu ra l  R e s e a r c h  S e r v ic e , U . S . D e p a r t m e n t  o f  A g r ic u l 
tu re .

(2 )  J . v o n  L ie b ig  a n d  F . W o h le r ,  Justus Liebigs Ann. Chem., 3, 2 6 8
(1 8 3 2 ).

(3 ) R .  N . L a c e y ,  J. Chem. Soc., 1 63 3  (1 9 6 0 ).

oretica l in terest to  w arrant further scru tin y ; so a stu d y  
o f its general nature w as u ndertaken . F irst, som e lim 
ita tion s o f  the reaction  w ere established  b y  d em on 
strating th at th e  fo llow in g  com p ou n d s d o  n o t u n d ergo  
a lk y l-n itro g e n  cleavage  w h en  refluxed  w ith  a lcoh o lic  
K O H .

0

c h 3c n h c h 2c h 2— ( ^ ) — n = n c 6h 5

3

o c h 3

c 6h 5c n c h 2— ( ^ ) — N = N C 6H 5

4

CH 3

o .  I
II / ^ v  / ’ i ®

c h 3c n h c h 2— < Y ) V - n = n c  j
N—'  C = N

I
c h 3

5

o

C sH 5c n h c h 2— :n = c h c 6h 5 

6
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T hese prelim inary  experim ents in d ica ted  th at the 
am idazo reaction  m ight be restricted  to  co m 
pou n ds o f  th e  general ty p e  7. H ow ever, an oth er pos-

0

RCNHCH ( C ^ ~ ~  N = N — < 0 )
7

sibility  becam e apparent w h en  a m echan ism  for  th e  re
action  w as p ostu lated  th a t in clu ded  th e  in term ediate  8.

R esu lts fo r  th e  para and  orth o  series, show ing the 
effects o f  v a ry in g  R  an d  R 1, an d  o f  m od ify in g  rings A  
and  B , are the fo llow in g .

A. Variations in R.— Studies on  com p ou n d s having  
R 1 =  H  (rings A  and  B  u nsubstitu ted ) dem on strated  
th at the am idazo reaction  takes p lace  w ith  com pou n ds 
h av in g  th e  R  grou ps show n in T a b le  I. A ll o f  the 
com p ou n d s (excep t 1) listed  in  th is ta b le  w ere prepared 
from  p -ph en ylazoben zy lam in e carbam ate  (14). T h e  
y ields o f  am ides from  com p ou n d s 19, 20, an d  23-26 
w ere 45, 51, 67, 62, 27, an d  6 % , respective ly .

O

RCNHCH=^ ^ = N N H — < ^ )  

8

R1
I

RNHCH
6 5

In vo lvem en t o f  th is qu in oid  structure su ggested  th at 
the reaction  m ight also o ccu r  w ith  orth o  com p ou n d s o f 
ty p e  9  since th ey , to o , are capab le  o f  assum ing a qu i
n o id  form , as show n  in  10.

I t  w as fou n d  th at th e  orth o  com p ou n d s do , indeed , 
u ndergo th e  am idazo  reaction , th e  on ly  d ifference being 
th at th e y  y ie ld  2 -p h en ylin dazole  (11 ), a deh ydration  
p rod u ct o f  th e  ex p ected  a ldeh yde 12.>-©

H X— '
11 12

O n th e  sam e basis, m eta  com p ou n d s w ou ld  n ot be 
exp ected  to  u n dergo  th e  am idazo reaction  because o f 
their in ab ility  to  form  qu in o id  stru ctu res; th is reason 
ing w as show n  to  be correct w hen 13 p ro v e d  to  be un
altered b y  a lcoh o lic  K O H  under am idazo reaction  con 
ditions.

0
II

CeHsCNHCH;,

13

N ext, a s tu d y  o f  th e  e ffect o f  stru ctu ral m od ifica tion s 
w as in itia ted  to  p rov id e  fu rth er insight in to  th e  nature 
o f  th e  am idazo reaction . T h e  experim ents d irected  
tow a rd  th is en d  w ere all con d u cted  u n der reflux in  a 
stream  o f n itrogen  w ith  1 m m ol o f  am ide in 20 m l o f  
0 .39 N  K O H  in 9 5 %  a lcoh o l (7 .8  m ol o f  K O H  per m ol 
o f  am ide). T h e  y ie ld  o f  am m onia  form ed  b y  h yd ro l
ysis o f  the p rim ary  am ide p ro d u ct w as ob ta in ed  b y  pas
sage o f  th e  n itrogen  th rou gh  standard  a cid ; y ie lds o f 
a ldehydes an d  keton es are based  on  isola ted  azo com 
pou nds (or a su itable deriva tive ) a fter  ox id a tion  o f the 
h ydrazo  com p ou n d s w ith  p eriod ic a c id ; y ie lds o f  am 
ides w ere ca lcu la ted  from  isola ted  p rodu cts, an d  o f  2 - 
ph enylindazole , from  th e  salt fo rm ed  w ith  2 ,4 -d in itro - 
benzenesulfon ic acid . R e a ctio n  tim es ranged  from  1 
to  8 hr.

F rom  T a b le  I  it is apparent th at th e  am idazo reac
tion  is qu ite  general so far as the R  grou p  is concerned, 
a lthou gh  the nature o f  th is grou p  can  have a m arked 
e ffect on  th e  rate o f  th e  reaction . T h e  h igh  y ie ld  o f 
am m onia  ob serv ed  w ith  th e  fo rm y l com p ou n d  15 can, 
to  a great exten t, be a ccou n ted  fo r  b y  the com p lete  h y 
drolysis o f  form am ide. H ow ev er , it appears likely  
th at a part o f  th e  am m onia  com es from  th e  p -p h en y l- 
azoben zy lam ine form ed  b y  ord in ary  a cy l-n itro g e n  
cleavage , since h yd rolysis  o f  th is am ine under am idazo 
reaction  con d ition s  gave  a  2 0 %  y ie ld  o f  am m on ia  in 3 
hr.

B. Variations in R1.— T a b le  I I  g ives the results o f  
m od ify in g  R 1 (rings A  and B  u n su bstitu ted ) in  the 
am idazo com pou n ds, the ca rb o n y l p rod u cts  in  this 
series bein g  keton es instead  o f a ldeh ydes. T h e  com 
pou n d s listed  in  T a b le  I I  w ere prepared  from  a -m e th y l- 
p -(p h en y la zo )b en zy la m in e  h yd roch lor id e  (31) and a- 
p h en y l-p - (ph en y lazo) ben zylam in  e (32).

T h e  low  y ie lds o f  azo k eton es  rep orted  in  T a b le  I I  
appear to  be  due m erely  to  th e  slow ness o f  th e  rea ction ; 
w h en  an 8-hr h ydrolysis w as carried  o u t on  34, the 
y ie ld  o f  azo k eton e w as 4 9 %  (1 2 %  N H 3, 4 6 %  re
co v e re d  starting m ateria l), com p a red  to  9 %  fo r  1 hr. 
N o  a ttem p t w as m ade to  determ in e th e  rea ction  tim e 
requ ired  fo r  m axim um  yie ld . T h e  letharg ic reactions 
ob served  in  th is series are to  be ex p e cte d  since it  is w ell 
k n ow n  th at tertia ry  carban ion s are less stab le  th an  sec
on d a ry  ones (see m ech a n ism ).

C. Modification of Ring A.— C om p ou n d s  41 and 
42 gave  no ev iden ce  o f  u ndergoing  the am idazo reac
tion , a lthou gh  th ey  w ere con sid era b ly  altered b y  the 
alkaline treatm ent. I t  ca n n ot be  cla im ed, h ow ever,

42
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T able  I

C o m p d

15

15 

1 

1 

1

16

17

18

19

20 

21 

22

23

24

25

26

27

28

29

30

S y n t h e s i s , P r o p e r t i e s , a n d  E f f e c t s  o f  S u b s t i t u e n t s  o n  H y d r o l y s i s  o f  P a r a  S e r i e s  C o m p o u n d s “

( R ‘  = H; R i n g s  A a n d  B U n s u b s t i t u t e d )

r
0
II

H C-
O

HL
O

CH3C -
o
II

CH3C -
O

c h 3c -
0

HOOCCH2CH2C -
o

JLCH3(CH2
o
II

C6HSCH2C -
o

c 6h 6c h = c h L
0

CeH6(C H = C H )2è -
0

CsHsC-
o

(C6H6)2CH C- 
CH,

chK O ) - c

CHs
0

O - 0 "
< 3
CH,SOr
CjRSOr
Hac ch, 

< ^ )—s°2-

HjC CHj
0
»

h2nc-
0
II

c«h5nhc-
0
II(C«Hs)2NC-

p -
T im e ,

h r N H » , %
C e H i N = N C 6H ( C H O ,

%
M e t h o d  o f  

p r e p a r a t io n 6
C r y s ta l l iz a t io n

s o lv e n t 0 M p ,  °Cd

1 61 52 A A 154-155

3 64 51

1 22 70

2 41 82

8 78 85

5 66 78 B A 196-197

3 25 83 C A 140-141

2 39 86 C B 174-175

5 26 81 C A 182-183

6 16 79 C C 219-220

1 3 85 B A 161-162

3 10 86 C D 172-173

3 0 83 C E 161-163

2 3 84 C F 204-205

3 0 28 C G 157-158

3 0 10 C A 169-170

3 0 25 C G 137-138'

3 3 70 D H 248-250

3 0 83 E H 229-230

3 0 89 C B 150-151

“ Satisfactory analytical data (± 0 .4 %  for C, H, and N) were reported for all compounds listed in the table. b Reagent for reaction 
with compound 14: (A) formic acetic anhydride; (B) anhydride and pyridine; (C) acid chloride, 2.5 N  NaOH and tetrahydrofuran
(see compound 24 in Experimental Section for typical procedure); (D) urea nitrate; (E) phenyl isocyanate and dimethylformamide 
(DMF). « (A) 95% EtOH, (B) acetone-hexane, (C) absolute EtOH, (D) EtOH-hexane, (E) acetone,' (F) EtOH-EtOAc, (G) D M F - 
H20 , (H) DMF. d Hot stage, uncorrected. e Solidifies and remelts at 147-148°.

th a t th e  fa ilure o f  these com pou n ds to  sh ow  a lk y l-  
n itrogen  cleavage  is due entirely  to  the m od ifica tion  
o f ring A ; th e  in h ib itin g  e ffect o f  th e  p -m e th o x y  group  
loca ted  on  ring B  (see section  D )  cou ld  a llow  oth er re

actions to  occu r, leading to  th e  exten sive d ecom p osi
tion  observed . U n fortu n ately , com p ou n d s o f  th is ty p e  
w ith  ring B  u nsubstitu ted  are n o t read ily  a cces
sible.
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T able  II
Synthesis, P roperties, and  E ffects of Substituents on H ydrolysis of Para  Series 

C ompounds“ (R ing  A and  B U nsubstituted)

C o m p d R R i
T im e ,

h r
N H .,

%

p -C e H cN —
N C .H 4C O R ',

%

R e c o v e r e d  
s ta r t in g  

m a te r ia l, %

M e t h o d  
o f  p re p 
a ra t io n 6

C r y s t a l 
l iz a t io n
solvent® M p , °Cd

33
0
1

CH ,C- CH, 3 6 15 66 A A 155-156

34
0

C A C  CH, 1 1 9 87 B B 194-195

35

CI

< o >
CH, 2 0 5 91 c C 214-215

36 C H jS O - CH, 3 0 1 95 D D 106-107

37
0

II
CeHsNHC- CH, 3 4 27 46 E E 207-208

38
O
II

CH ,C- C.H, 3 4 13 75 F F 186-187

39
0

II
Q ft C - c ,h 6 1 0 5 92 G B 205-206

40

0

CsHsNHC- c ,h 5 3 8 53 37 H B 258-260
“ Satisfactory analytical data (± 0 .4 %  for C, H, and N ) were reported for all compounds listed in the table. 6 (A) Ac20  and compound 

31; (B) (C6H6C 0 )20 , pyridine, and compound 31; (C) a-naphthoyl chloride, aqueous KOH, tetrahydrofuran, and compound 31; 
(D) meyhylsulfonyl chloride, aqueous KOH, tetrahydrofuran, and compound 31; (E) C6HiNCO, DMF, and compound 31; (F) Ac20  
and compound 32; (G) (C6H5C 0 )20 , pyridine, and compound 32; (H) C,H5NCO, DMF, and compound 32. c (A) 80% EtOH; (B) 
D M F; (C) acetone-iV-methylpyrrolidone; (D) EtOAc-hexane; (E) D M F-80%  EtOH; (F) acetone-H20 . d Hot stage, uncorrected.

D. Substitution on Ring B.— T h e  effects o f  sub
stitu tion  on  ring  B  on  th e  am idazo reaction  are show n 
in T a b le  I I I  ( R 1 =  H ; rin g  A  u n su b stitu ted ).

In  general, it  can  b e  sta ted  th at th e  e ffects o f  ring B 
substituents on  rates (hence, y ie lds) o f  the am idazo 
reaction  are read ily  expla inable  in term s o f effects o f 
substituents on  th e  rela tive stabilities o f  the an ion ic 
in term ediates show n  in  th e  p rop osed  m echanism .

E. Replacement of Ring B by a Naphthalene Ring. 
T h e  naphthalene com p ou n d  57 undergoes the am idazo 
reaction  in  m uch  th e  sam e w a y  th at the correspon d in g  
benzene com p ou n d  does.

0

CeHsCNHCH,— N = N

57

4%  NHj, 79%  azo, 71% benzamide; time, 1 hr.

Ortho Series. — B eh a v ior  o f  th e  orth o  series o f  
com p ou n ds in  th e  am idazo reaction  is sum m arized  in 
T a b le  IV .

T h e  dep icted  m echanism , w h ich  in vo lves  a dd ition  o f 
w ater to  an im ide ty p e  o f  com p ou n d , appears to  ra tio
nalize the produ cts o f  th e  am idazo reaction  (Schem e I ).

T h e  beh av ior o f  com p ou n d  62 suggests that a m ech 
anism  different from  th e  a b o v e  m a y  b e  in  operation  
w ith  orth o -su bstitu ted  sulfonam ides.

Experimental Section
Unless otherwise noted, melting points were determined on a 

Fisher* hot-stage apparatus and were not corrected. The capil
lary melting points were corrected.

A'-p-Phenylazobenzylacetam ide (1).— A-p-Aminobenzylacet- 
amide4 5 6 (37.74 g, 0.230 mol) was dissolved in 100 ml of IIOAc at 
40° and nitrosober.zene (24.88 g, 0.232 mol) was added gradually 
to the solution. After 4 days at room temperature water was 
added and the solid separated (43.2 g, 74%). Crystallization 
from alcohol gave orange needles of 1 melting at 173-174°.

Anal. Calcd for C ^ N a O :  C, 71.13; H, 5.97; N, 16.59. 
Found: C, 71.1; H, 6.05; N, 16.6.

H ydrolysis of 1 to 4-Form ylhydrazobenzene (2) and A cetam ide. 
— Compound 1 (5.066 g, 0.020 mol) was dissolved in 32 ml of 
95% EtOH in a 200-ml flask attached to a distilling head equipped 
with a gas inlet tube and a dropping funnel. Nitrogen was passed 
over the solution for 15 min and bubbled through 50 ml of 
standard acid. A solution of KOH (1.68 g, 0.030 mol) in 1.70 
ml of water and 35 ml of 95% EtOH was then added to the solu
tion of 1. The reaction mixture was refluxed gently for 3 hr 
under a current of nitrogen. Back titration gave a 41% yield of 
a base, which was identified as ammonia by conversion to benz
amide (mp 126-127°. cap).

The reaction mixture was added to 300 ml of water and ex
tracted with 500 ml of ether. The ether extract was washed 
with three 25-ml portions of water, the pH of the combined water 
fractions adjusted to 7, and the neutral solution lyophilized. Sub
limation of the resulting powder at 80° and 1 mm yielded 193 mg 
of acetamide (mp 82-83°, cap), which was characterized as the 
chloral derivative (mp 162—163°, cap). Additional acetamide 
isolated from the lyuphilization condensate raised the yield to 
434 mg (37%).

The washed ether extract was concentrated to about 25 ml and 
50 ml of benzene was added. Further concentration to 15 ml 
gave 2.03 g of crude 2 in the form of light tan bars. A second crop 
brought the yield of crude product to 3.16 g (75%). Recrystal
lization from alcohol yielded almost pure material of mp 141-143°

(4 )  T h e  m e n t io n  o i  firm  n a m e s  o r  t r a d e  p r o d u c t s  d o e s  n o t  im p ly  t h a t  th e y  
are  e n d o r s e d  o r  r e c o m m e n d e d  b y  th e  U . S . D e p a r t m e n t  o f  A g r ic u ltu r e  o v e r  
o th e r  firm s  o r  s im ila r  p r o d u c t s  n o t  m e n t io n e d .

(5 ) H . H . F o x ,  J. Org Chem., IS , 4 3 8  (1 9 4 8 ) ;  J . N . A s h le y  a n d  M . D a v is ,
J. Chem. Soc., 8 1 2  (1 9 5 7 ).
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T able  III
Synthesis, Properties, and  E ffects of Substituents on H ydrolysis of Para  Series C ompounds“

Compd
Ring B 

substitution

(R 1 = H;

R
O

R ing  A U nsubstituted, R ing B Substituted)
Substituted Recovered 

Time, NHa, aldehyde, starting 
hr % % material, %

Method 
of prep
aration6

Crystal
lization
solvent“ Mp ° C d

43

44

4-CHa

4-C6H5

c h 3c -
0
II

c h 3c -
0II

3

3

42

40

72

77

A

B

A

B

200-201

241-242

45 4-C1 c h 3c -
0II

3 56 85 A C 214-215

46 4-OCH3 c h 3c -
0II

3 20 28 B D 178-179

47 4-OCH2C6H5 c h 3c -
0II

3 13 18 56 B E 202-204

48 4-SCH3 c h 3c -
0

CeHsÜ:-
0
II

c 6h 6c -
0
II

c h 3c -
0
II

c 6h 5c -
0II

3 54 73 B C 198-199

49 4-OH 1 0 0 98 C

50 4-OCH3 1 1 37 48 C

51 4-NH2 3 4 91 C

52 4-NMe2 1 0 0 82 C

53 3-CF3 c h 3c -
0II

3 58 83 B A 172-173

54 2-CH3 c h 3c -
0
II

c h 3c -
0
II

c h 3c -

3 50 75 B D 145-146

55 2-OCH3 3 58 60 B F 143-144

56 2-C6H5 3 55 59 B G 170-171
“ Satisfactory analytical data (± 0 .4 %  for C, H, and N) were reported for all compounds listed in the table. b (A) p-Aminobenzyl- 

acetamide and substituted nitrosobenzene (1 mmol of each; 1 ml of CH3OH and 0.5 ml of HO Ac; 60-70°); (B) p-nitrosobenzylacetamide 
(for preparation, see compound 5 in Experimental Section) and substituted aniline (same conditions as in A); (C) see Experimental 
Section. c (A) 95% EtOH; (B)EtO H ; (C )D M F -H 20 ;  (D ) 80% EtOH; (E) DM F; (F) EtOAc-hexane; (G )EtOAc. d Hot stage; 
uncorrected.

T able  IV
E ffects of Substituents on H ydrolysis 

of Ortho Series C ompounds“

Compd R NH., %
2-Phenylindazole,

%

58

O

c h 3c - 31 67

59

0

c 6h 6c - 15 66

60

0
II

H2N C - 2 72

61

0

CsHsNHC- 1 46
62 C6H5S026 0 97

“ Time, 3 hr. b A 98% yield of benzenesulfonamide was ob
tained. The high yield in this reaction contrasts sharply with 
the 10% value obtained with compound 26 (Table I).

(2.65 g, 63% ). Two crystallizations from benzene afforded pure 
2 (mp 143-144°, cap) as off-white bars.

Anal. Calcd for C,3H12N20 :  C, 73.56; H, 5.70; N, 13.02. 
Found: C, 73.5; H, 5.72; N, 13.3.

4-Formylhydrazobenzene oxime was prepared by heating 2 
with hydroxylamine acetate in alcohol for 10 min (mp 164-165°, 
cap).

Anal. Calcd for C13H13N30 : C, 68.72; H, 5.77; N, 18.50. 
Found: C, 68.9; H, 5.77; N, 18.7.

4-Formylhydrazobenzene semicarbazone (mp 216-218°, cap) 
was prepared in the same way as the oxime.

Anal. Calcd for Ci4H,6N50 :  C, 62.43; H, 5.61; N, 26.01. 
Found: C, 62.4; H, 5.40, N, 26.2.

Compound 2 was readily oxidized at room temperature by 
HIO< in alcohol to red crystals (mp 121-122°, cap), which were 
shown to be 4-phenylazobenzaldehyde by comparison with an 
authentic sample.6 The phenylhydrazones6 were also identical 
(mp 167-168°, cap).

l-p-Phenylazophenyl-2-acetaminoethane (3).— 1-p-Amino- 
phenyl-2-acetaminoethane7 (4.43 g, 0.0249 mol) and nitroso
benzene (2.66 g, 0.0249 mol) were heated at 60° for 6 hr in 25 ml 
of HOAc. On crystallization from alcohol the crude product 
(5.23 g, 78%) gave orange needles of 3 (mp 148-149°).

Anal. Calcd for C i6Hi,N30 : C, 71.89; H, 6.41; N , 15.72. 
Found: C, 72.2; H, 6.47; N, 15.9.

N -p-Phenylazobenzyl-A'-methylbenzamide (4).— N -Methyl-p- 
nitrobenzylamine8 was prepared from 21.6 g of p-nitrobenzyl 
bromide and 100 ml of 40% CH3NH2 H20  in 200 rtil of absolute 
EtOH (1 week at room temperature). The alcohol was removed 
under reduced pressure and the crystals were separated. The

(6) P. Freundler, C . R . A ca d . S c i ., 134, 1559 (1902).
(7) M. Boroviika, Z. Sedivÿ, J. O. Jilek, and M. Protiva, C h em . L is ty ,  

49, 231 (1955); J. Comin and W. Keller-Schierlein, H elv . C h im . A c ta , 42, 
1730 (1959).

(8) C. Paal and H. Sprenger, C h em . B er ., 30, 61 (1897); J. C. Craig, 
N. Y. Mary, and L. Wolf, J .  O rg. C h em ., 29, 2868 (1964).
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Scheme I

RCNHCH2— N = N — < ^ )  5==  ̂ RCNHCH— N = N — ( ^ >

0  °  H

RCNHCH=^ ^=NN - ©  —  RCNHCH=^ ^=NN - ©
OH“

H H

RCNCH=^^>=NN— i^ O ) RCN=CH— < ^ ) — NN— < ^ >
ROH

H H 0 OH H H

RCN=CH— (Ç ^ T ~ N— N— < ^ >  ^  RCNHCH— — N _ N— < ^ )
OH“

0 H H 0 H H

RC— NH-H3H— (C ^ > — N— N— < ^ )  — * RCNH2 +  HC— N— N— < ^ )

filtrate was extracted with ether and the aqueous phase was 
made alkaline with NaOH. Extraction of the alkaline solution 
with ether and removal of the ether gave 14.1 g (85%) of N- 
methyl-p-nitrobenzylamine. Benzoylation with benzoic anhy
dride in pyridine gave a 95% yield of A '-p -n itrobenzyl-V -m ethyl- 
benzam ide, which was purified by crystallization from acetone- 
hexane. The light tan needles melted at 95-96°.

Anal. Calcd for Ci5H14N20 3: C, 66.66; H, 5.22; N, 10.37. 
Found: C, 66.6; H, 5.21; N, 10.3.

The benzoyl derivative was reduced to the amine (Pt02, 95% 
EtOH), which was converted to the azo compound by reaction 
with nitrosobenzene (HOAc~CPI3OH, 70°, 6 hr). Crystallization 
from benzene-hexane gave orange-brown crvstals of 4 (mp 
90-91°).

A nd. Calcd for C2iH i9N30 : C, 76.57; H, 5.81; N, 12.76. 
Found: C, 76.8; H, 6.05; N, 12.5.

3 ,5-D im ethylpyrazole-4-azo-4'-acetam inom ethylbenzene-1 (5 ).
—IV-p-Nitrosobenzylacetamide was prepared as follows. To 11.0 
g of A-p-nitrobenzylacetamide6 in 25 ml of 95% EtOH was 
added a solution of 2.27 g of NIRCl in 25 ml of 50% EtOH. 
Zinc dust (14.2 g) was added with stirring at a rate that main
tained the temperature at 65-70° (about 25 min). The reaction 
mixture was filtered and the filtrate was added dropwise to a 
stirred solution of 38.3 g of FeCl3-6H20  in 300 ml of water. The 
solid was separated and the filtrate was extracted three times 
with CHC13. Removal of the solvent gave 7.66 g (76%) of tan 
crystals. Crystallization from CHCl3-hexane yielded colorless 
plates (mp 122-124°, green melt) of A -p-nitrosobenzylacetam ide.

Anal. Calcd for C9H i0N 2O2: C, 60.66; H, 5.66. Found:
C, 60.8; H, 5.87.

The nitroso compound (890 mg, 0.005 mol) was condensed 
with 4-amino-3,5-dimethylpyrazole9 (555 mg, 0.005 mol) in 5 ml 
of HOAc (1 hr, 70°). The crude azo compound (99%) was 
crystallized from ethanol-acetone to give orange needles of 5 
(mp 231-232°).

Anal. Calcd for C,4Hi7N50 : C, 61.97; H, 6.32; N, 25.81. 
Found: C, 61.5; H, 6.29; N, 26.3.

A'-Benzylidene-p-benzoylam inom ethylaniline ( 6 ) .— N-p- 
Nitrobenzylbenzamide10 (mp 158-159°) was reduced (Pd/C ; 
absolute EtOH) to the amine, which crystallized from dilute 
alcohol in the form of bars. The pure A -p -am in ob en zylb en z- 
am ide melted at 142-143°.

Anal. Calcd for CI4H14N20 : C, 74.31; H, 6.24; N, 12.38. 
Found: C, 73.9; H, 6.23; N, 12.4.

A solution of the amine (1.13 g, 0.005 mol) and benzaldehyde 
(0.584 g, 0.0055 mol) in alcohol was heated 5 min at 95°. The 
product was crystallized from acetone-DMF to yield white 
crystals of 6 (mp 154-155°).

Anal. Calcd for C2iHi8N20 : C, 80.25; H, 5.77; N, 8.91. 
Found: C, 80.0 H, 5.75; N, 9.00.

m -Phenylazobenzylbenzam ide (1 3 ) .— m-Nitrobenzylamine 
hydrochloride11 was converted to the benzoyl derivative with 
benzoyl chloride and aqueous KOH. Crystallization from 80% 
EtOH gave colorless needles of m -nitrobenzylbenzam ide (mp 
139-140°).

Anal. Calcd for C14H12N20 3: C, 65.61; H, 4.72; N, 10.93. 
Found: C, 65.9; H, 4.88; N, 10.9.

The nitro compound was reduced (Pt02, EtOH) to the amine, 
which was converted to the azo compound by reaction with 
nitrosobenzene in HOAc (2 hr, 60°). Crystallization from 80% 
EtOH and from acetone-hexane gave yellow-orange crystals of 
13 (mp 160-161°).

Anal. Calcd for C20HnN3O: C, 76.17; H, 5.43; N, 13.32. 
Found: C, 76.2; H, 5.50; N, 13.6.

p-Phenylazobenzylam ine Carbam ate (14).— A'-p-Aminobenzyl- 
acetamide6 (3.28 g) was heated for 4 hr on a steam bath with 15 
ml of 6 A  HC1; evaporation to dryness gave the dihydrochloride 
of p-aminobenzylamine.12 The dihydrochloride (8.13 g) was 
dissolved in 20 ml of water containing 5.2 g of KOH. Three 
CHC13 extractions gave an oil, which was converted to the solid 
carbamate with C 02 (5.37 g).

The carbamate (28.83 g, 0.100 mol) was dissolved in a mixture 
of 135 ml of HOAc and 270 ml of 95% EtOH. Nitrosobenzene 
(23.70 g, 0.22 mol) was dissolved in the carbamate solution with 
stirring. After 27 hr at room temperature, 1.6 1. of ether was 
added and the orange precipitate of acetate was separated (42.0 
g, 77% ). The acetate was decomposed with 12 g of KOH in 100 
ml of water, and the amine was extracted with ether. Passage 
of C 0 2 through the ether solution gave p-phenylazobenzylam ine  
carbam ate (14) (34.98 g, 75% ) as an orange powder, which 
melted at 87-92° with evolution of gas.

Anal. Calcd for C2vH26N60 2: C, 69.51; H, 5.62; N, 18.02. 
Found: C, 69.6; H, 5.74; N, 18.4.

A '-p -Phenylazobenzyl-a-naphtham ide (2 4 ).— p-Phenylazo- 
benzylamine carbamate (14) (488 mg, 0.00096 mol) was heated 
for a few minutes in a silicone bath (140°) to give a clear red 
melt of the free amine. After cooling, the amine was dissolved 
in 5 ml of tetrahydrofuran, and to this solution was added 5 ml 
(0.0125 mol) of 2.5 N  NaOH. A solution of a-naphthoyl chloride 
(366 mg, 0.00192 mol) in 5 ml of tetrahydrofuran was added and 
the mixture was shaken for 10 min. Addition of water gave a 
91% yield of crude amide of mp 190-196°. Recrystallization 
from D M F-95%  EtOH yielded 24 in the form of orange plates 
(75%, mp 204-205°).

Anal. Calcd for C24H19N30 : C, 78.88; H, 5.24; N, 11.50. 
Found: C, 78.9; H, 5.17; N, 11.8.

(9 ) R .  H ü tte ll ,  F . B ü ch e le , a n d  P . J o c h u m , Chem. Ber., 8 8 , 1 57 7  (1 9 5 5 ) .  (1 1 ) K .  G . L e w :s , J. Chem. Soc., 2 2 4 9  (1 9 5 0 ).
(10( A . H a fn e r , Md., 2 3 , 3 3 7  (1 8 9 0 ) . (1 2 ) H . A m s e l a n d  A . W . H o fm a n n , Chem. Ber., 19 , 1 28 4  (1 8 8 6 ).
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l-p-Phenylazophenylethylamine Hydrochloride (31).— p-
Aminoacetophenone oxime13 14 was reduced to the diamine by the 
Raney alloy method of Staskun and van Es.11 An ether solution 
of the crude liquid diamine treated with 3 A  HCl-CH3OH gave
1-p-aminophenylethylamine dihydrochloride (mp 225-230°) in 
the form of a white powder.

Anal. Calcd for C8Hi4Cl2N2: C, 45.95; H, 6.75; N, 13.40. 
Found: C, 46.0; H, 6.91; N, 13.3.

The free amine (6.13 g, 0.045 mol) (prepared from the di
hydrochloride) and nitrosobenzene (5.08 g, 0.047 mol) were 
dissolved in 70 ml of 95% EtOH and 35 ml of HOAc. After 3 
days at room temperature the reaction mixture was poured into 
water and excess alkali added. Ether extraction gave an oil, 
which was converted to 31 with 3 A  HCI-CH3OH. The hydro
chloride melted at 230-232°.

Anal. Calcd for CuH16C1N3: C, 64.24; H, 6.16; N, 16.05. 
Found: C, 64.4; H, 6.55; N, 15.6.

Phenyl-p-phenylazophenylmethylamine (32).— p-Aminobenzo- 
phenone was converted to a mixture of oximes,15 which was 
reduced to the diamine with Raney nickel alloy and alkali.11 
The crude product was dissolved in ether and addition of 3 N  
H C I - C H 3O H  gave colorless needles of phenyl-p-aminophenyl- 
methylamine dihydrochloride (mp 235-240°).

Anal. Calcd for C i3H16C12N2: C, 57.58; H, 5.95; N, 10.33; 
Cl, 26.15. Found: C, 57.7; H, 6.12; N, 10.1; Cl, 26.0.

The diamine (10.26 g, 0.0517 mol) and nitrosobenzene (5.81 g, 
0.0543 mol) were dissolved in 75 ml of 95% EtOH and 37 ml of 
HOAc. After 3 days at room temperature the reaction mixture 
was diluted with water and excess alkali added. Ether extraction 
yielded 12.58 g of crude azo compound (85%). Crystallization 
from ether and from 95% EtOH gave 32 (mp 94-95°).

Anal. Calcd for Ci9Hi7N3: C, 79.41; FI, 5.96; N, 14.62. 
Found: C, 79.3; FI, 6.38; N, 14.4.

l-Acetammomethyl-4-p-methoxyphenylazonaphthalene (41).— 
l-Methyl-4-nitronaphthalene (4.00 g, 0.0214 mol) was converted 
to l-bromomethyl-4-nitronaphthalene by the method of Benigni 
and Minnis.16 The crude product left after removal of CC14 was 
refluxed for 20 min with urotropine (3.00 g, 0.0214 mol) in 30 ml 
of CHC13. Filtration gave 6.12 g of addition compound (mp 
175-180°). This product was triturated with 12 ml of 6 A  HC1, 
allowed to stand at room temperature for 3.5 hr, and then 
steam distilled for 1 hr with 100 ml of 3 A  HC1 to remove form
aldehyde. Cooling in ice and filtration yielded 2.80 g of 1-nitro-
4-naphthalene methylamine hydrochloride. Acetylation gave
l-acetaminomethyl-4-nitronaphthalene (mp 159-160°).

Anal. Calcd for Ci3Hi2N20 3: C, 63.92; H, 4.95. Found: 
C, 64.3; H, 4.98.

Reduction of the nitro compound (Pd/C, 95% EtOH), di- 
azotization of the amine, coupling of the diazonium salt with 
phenol, and methylation of the azo phenol gave 41 (mp 200-201°).

Anal. Calcd for C2oHi9N30 2: C, 72.05; H, 5.74; N, 12.60. 
Found: C, 72.5; H, 5.94; N, 12.8.

l-Acetaminomethyl-4-p-methoxyphenylazo-5,6,7,8-tetrahydro- 
naphthalene (42).— l-Acetaminomethyl-4-nitronaphthalene de
scribed above was reduced17 (Raney nickel, 1 hr, 100°, 800 lb /in .2, 
absolute EtOH) to l-acetaminomethyl-4-amino-5,6,7,8-tetra- 
hydronaphthalene, which melted at 164-165° after crystallization 
from absolute EtOH.

Anal. Calcd for C13H18N20 : C, 71.53; H, 8.31; N, 12.83. 
Found: C, 71.3; H, 8.45; N, 12.6.

Acetylation of the amine gave l-acetaminomethyl-4-acetamino-
5,6,7,8-tetrahydronaphthalene (mp 227-228°).

Anal. Calcd for C i 5H 2oN20 2: C ,  69.37; H , 7.76. Found: 
C, 69.4; H , 7.76.

1 - Acetaminomethyl-4-amino-5,6,7,8-tetrahydronaphthalene 
(3.01 g, 0.0138 mol) was diazotized in 15 ml of 2 A  HC1 with 1.03 
g of N aN 02 (0.015 mol) in 5 ml of water and coupled with phenol. 
The resulting azo phenol was methylated with CH2N2-C H 3OH- 
ether to give compound 42, which melts at 176-177°, solidifies, 
and remelts at 186-187°.

Anal. Calcd for C2oH23N30 2: C, 71.19; FI, 6.87; N, 12.45. 
Found: C, 70.9; H, 6.95; N, 12.2.

A-p-Hydroxyphenylazobenzylbenzamide (49).— A-p-Amino- 
benzylbenzamide (2.26 g, 0.010 mol; for preparation see com

(1 3 ) F . M t ln c h m e y e r ,  Chem. Ber., 20, 5 0 7  (1 8 8 7 ).
(1 4 )  B . S ta s k u n  a n d  T .  v a n  E s , J. Chem. Soc. C, 531 (1 9 6 6 ).
(1 5 )  A . W .  S m ith , Chem. Ber., 24, 4 0 2 5  (1 8 9 1 ).
(1 6 ) J . D .  B e n ig n i  a n d  R .  L . M in n is , J. Med. Chem., 1 0 , 2 9 3  (1 9 6 7 ).
(1 7 ) L . E . M ille r , J . R .  W illa r d , a n d  E . L e o n , Proc. N. Dak. Acad. Sci.,

6 , 20  (1 9 5 2 ).

pound 6) was converted to the diazonium chloride (2.2 ml of 
concentrated IIC1, 18 ml of H20 , and 0.75 g of N aN 02 in 5 ml of 
H20 )  and coupled with phenol (941 mg, 0.010 mol, 20 ml of 1 
A  NaOH). Crystallization from ethanol gave the red azo phenol 
49 (mp 230-231°).

Anal. Calcd for C20HnN3O2: C, 72.49; H, 5.17; N, 12.68. 
Found: C, 72.6; H, 5.26; N, 12.5.

A-p-Methoxyphenylazobenzylbenzamide (50).— Compound 49 
was methylated with CH2N2-C H 3OH-ether and the unreacted 
phenol removed by extraction of an ether solution with 2 A  
NaOH. Crystallization from 95% EtOH gave 50 (mp 170-171°).

Anal. Calcd for C2iHi9N30 2: C, 73.02; H, 5.54; N, 12.17. 
Found: C, 72.8; H, 5.60; N, 12.0.

A-p-Aminophenylazobenzylacetamide (51).— A-p-Nitroso- 
benzylacetamide (3.14 g, 0.0177 mol, for preparation see com
pound 5), p-aminotrifluoroacetanilide (3.60 g, 0.0177 mol) 
[prepared by reduction (Pd/C, EtOH) of p-nitrotrifluoroacet- 
anilide18] in 18 ml of CH3OH and 9 ml of HOAc were heated for 
1 hr at 65° to give an 85% yield of crude azo compound. Crys
tallization from alcohol yielded pure 1-acetaminomethylbenzene-
4-azo-4'-trifluoroacetaminobenzene-l (mp 275-276°).

Anal. Calcd for CnHisF3N40 2: C, 56.04; H, 4.15; N , 15.38. 
Found: C, 55.6; H, 4.14; N, 15.1.

The trifluoro compound (3.64 g, 0.010 mol) was dissolved in 
55 mol of 0.55 A  NaOH and kept at room temperature for 4 days. 
The solution was then brought to the boiling point and cooled and 
the pH adjusted to 7. Addition of water gave crude amine (2.62 
g, 98%) of mp 165-166°, which on crystallization from alcohol 
yielded 51 (mp 167-168°).

Anal. Calcd for CI5Hi6N40 : C, 67.14; H, 6.01; N, 20.88. 
Found: C, 67.42; H, 6.06; N, 20.6.

A-p-Dimethylaminophenylazobenzylbenzamide (52).—A-p- 
Aminobenzylbenzamide (2.26 g, 0.010 mol; see compound 6 for 
preparation) was converted to the diazonium chloride (4.2 ml 
of 6 A  HC1 in 15 ml of H20  and 745 mg of N aN 02 in 5 ml of 
H20 ) . T o  an ice-cold solution of the salt was added dropwise 
with stirring a solution of dimethylaniline (1.49 g, 0.0123 mol) 
in 5 ml of alcohol. After 30 min of stirring a solution of 2.72 g 
of Na0Ac-3H 20  was added dropwise. After 2 hr of stirring the 
azo compound was separated and purified on a Bio-Sil A column 
(EtOAc eluate). Crystallization from alcohol gave pure 52 of 
mp 209-210°.

Anal. Calcd for C22H22N40 : C, 73.72; H, 6.19; N , 15.63. 
Found: C, 73.3; II, 6.34; N, 16.0.

A-p-a-Naphthylazobenzylbenzamide (57).—A-p-Aminobenzyl- 
benzamide (9.04 g, 0.040 mol; see compound 6 for preparation) 
was suspended in 100 ml of absolute EtOH, and 10 ml of con
centrated H2S04 in 50 ml of absolute EtOH was added gradually. 
n-Butyl nitrite (12 ml) was then added dropwise with stirring. 
After 30 min standing at room temperature the white crystals of 
diazonium sulfate (11.64 g) were separated and dissolved in 14 ml 
of water. This solution was added dropwise to a stirred solution of 
a-naphthylamine (5.72 g, 0.040 mol) in 150 ml of 95% EtOH. 
After 30 min of stirring, 12 g of Na0Ac-3H 20  in water was 
added and the stirring continued for 15 min. The azo compound 
was separated (12.7 g, 84%, mp 170-190°) and crystallized from 
DM F-EtOH  to give pure l-benzoylaminomethylbenzene-4-azo- 
4'-aminonaphthalene-l, mp 198-200°.

Anal. Calcd for C24H20N4O: C, 75.77; H, 5.30; N , 14.73. 
Found: C, 76.1; H, 5.69; N, 14.8.

The amine (3.80 g, 0.10 mol) was dissolved at 95° in 50 ml of 
HOAc containing 1 ml of water. The solution was cooled to 
room temperature and 10 ml of concentrated H2S04 in 20 ml of 
HOAc was added. The solution was cooled in ice and 800 mg of 
N aN 02 in 1 ml of water was added, followed by 10.6 g of Na3P 0 2- 
H20  (0.10 mol) in 3 ml of concentrated H2S04 in 23 ml of water. 
After 2.5 hr in ice, the reaction mixture was allowed to warm to 
room temperature. When the evolution of nitrogen ceased, the 
solution was shaken with CIFC13 and water. The CHC13 solution 
was washed well with water and concentrated to a red-brown oil. 
Purification on an A120 3 (grade I) column and crystallization from 
CHCl3-hexane gave 57 (mp 175-176°) in small yield.

Anal. Calcd for C24Hi9N30 :  C, 78.88; H, 5.24; N, 11.50. 
Found: C, 78.7; H, 5.22; N, 11.3.

A-o-Phenylazobenzylacetamide (58).—o-Nitrobenzyl bromide19

(1 8 ) E . J . B o u rn e , S . H . H e n r y , C . E . M .  T a t lo w ,  a n d  J . C .  T a t l o w ,  J . 
Chem. Soc., 4 0 1 4  (1 9 5 2 ).

(1 9 ) N . K o r n b lu m  a n d  D . C . I ff ia n d , J. Amer. Chem. Soc., 7 1 ,  2 1 3 7  
(1 9 4 9 ).



New Type of Basic Amide Hydrolysis / .  Org. Chem., Voi. 37, No. 2, 1972 185

was converted to the urotropine addition compound in CHC13. 
This product (78 g) was refluxed for 1.5 hr with 60 ml of con
centrated NH4OH in 360 ml of water. Formaldehyde in 40% 
solution (20 ml) was added to the hot reaction mixture, from 
which an oil had separated. On cooling, the oil solidified and 
the solid was separated (34.12 g). On concentration an a steam 
bath with 20 ml of concentrated HC1, this solid gave crystals and 
liquid. Trituration with absolute EtOH and filtration yielded
26.5 g (66%) of o-nitrobenzylamine hydrochloride,20 mp 245- 
250°.

Acetylation of the hydrochloride gave A-o-nitrobenzylacet- 
amide,20 which was reduced (Pd/C , 95% EtOH) to .V-o-amino- 
benzylacetamide.21 A solution of this amine (1.71 g, 0.0104 mol) 
and nitrosobenzene (1.11 g, 0.0104 mol) in 10 ml of CH3OH and 
5 ml of HOAc was heated at 65° for 2 hr to yield 1.28 g of crude 
azo compound (mp 105-112°). Purification on a silicic acid 
column (Bio-Sil A, ether eluate) and crystallization from ethanol- 
hexane gave 58, mp 126-127°.

Anal. Caled for C15HI6N 30 :  C, 71.13; H, 5.97; N, 16.59. 
Found: C, 71.2; H, 5.96; N , 16.4.

A'-o-Phenylazobenzylbenzamide (59).—A'-o-Aminobenzyl- 
benzamide21 (2.16 g, 0.0084 mol) was condensed with nitroso
benzene (907 mg, 0.0084 mol) in 10 ml of HOAc (60°, 2 hr). 
The crude azo compound (1.79 g, 67%) was crystallized from 
dilute alcohol to give compound 59, mp, 134-135°.

Anal. Caled for C!0H17N,O: C, 76.17; H, 5.43; N, 13.32. 
Found: C, 76.2; H, 5.67; N, 13.2.

0- Phenylazobenzylurea (60).—o-Nitrobenzylurea22 was reduced 
(Pd/C , 80% EtOH) to o-aminobenzylurea, which was crystal
lized from 95% EtOH. It melted at 190-191°.

Anal. Caled for C8HuN30 :  C, 58.17; H, 6.71; N, 25.44. 
Found: C, 58 3; H, 7.00; N, 25.1.

A solution of the amine (1.85 g, 0.0112 mol) and nitroso
benzene (1.32 g, 0.0123 mol) in 12 ml of CH3OH and 6 ml of 
HOAc was heated at 70° for 7 hr. The crude azo compound 
(2.46 g, 86%, mp 155-165°) was crystallized from 50% EtOH to 
give 63, mp 177-178°.

Anal. Caled for CuHhN îO: C, 66.12; H, 5.55: N, 22.03. 
Found: C, 66.4; H, 5.69; N , 21.5.

1- Phenyl-3-o-phenylazobenzylurea (61).— To a solution of 
freshly prepared o-nitrobenzylamine (2.60 g, 0.0171 mol) in di- 
methylformamide was added 1.83 g (0.0154 mol) of phenyl iso
cyanate. The solution was heated at 95° for 30 min, cooled, and 
added to water. The crude product (4.12 g, 99%) was crystal
lized from 95% EtOH to give l-phenyl-3-o-nitrobenzylurea, mp 
183-134°.

Anal. Caled for CnH13N30 3: C, 61.98; H, 4.83; N, 15.49. 
Found: C, 61.8; H, 5.03; N, 15.3.

The nitro compound was reduced (Pd/C, absolute EtOH) to 
the amine, which was purified by crystallization from 95% 
EtOH. Pure l-phenyl-3-o-aminobenzylurea melted at 208-209°.

Anal. Caled for ChH15N30 :  C, 69.69; H, 6.27; N, 17.50. 
Found: C, 69.7; H, 6.15; N, 17.3.

A solution of the amine (4.64 g, 0.0192 mol) and nitrosobenzene 
(2.26 g, 0.0211 mol) in 20 ml of CH3OH, 10 ml of HOAc, and 
40 ml of 95% EtOH was heated at 60° for 12 hr. The crude azo 
compound (5.57 g, 88%) on crystallization from HOAc and from 
D M F -H 20  gave pure 61, mp 201-202°.

Anal. Caled for C20H i8N 4O: C, 72.71; H, 5.49; N, 16.96. 
Found: C, 72.7; H, 5.59; N , 16.9.

N -o-Phenylazobenzylbenzenesulfonamide (62 ).—N -o-Amino- 
benzylbenzenesulfonamide23 (3.43 g, 0.0131 mol) and nitroso
benzene (1.54 g, 0.0144 mol) were heated for 8 hr at 65° in 13 ml 
of CH3OH and 6.5 ml of HOAc. The crude azo compound was 
a sticky black solid (4.25 g, 93% ), which was purified on a silicic 
acid column (Bio-Sil A, ether-EtOAc eluate) and by crystalliza
tion from EtOAc-hexane and from alcohol. Pure 62 melted at 
130-131°.

Anal. Caled for Ci9H„N30 2S: C, 64.93; H, 4.88; N, 11.96. 
Found: C, 64.7; H, 5.01; N, 11.9.

Millimol Hydrolyses of Amidazo Compounds.— The apparatus 
used for the hydrolyses was in two parts: (1) A 50-ml round-
bottomed flask with a 24/40 female joint. (2) A distilling bulb 
(5-cm diameter) situated 4 cm above a male joint. A dropping 
funnel and a gas inlet tube were connected to the 4-cm portion

(20 ) S. G a b r ie l ,  Chem. Ber., 2 0 , 2 2 2 4  (1 8 8 7 ).
(21 ) S . G a b r ie l  a n d  R .  J a n se n , ibid., 2 3 , 2 8 0 7  (1 8 9 0 ).
(2 2 )  S . G a b r ie l  a n d  R .  J a n se n , ibid., 2 4 , 3091  (1 8 9 1 ) .
(2 3 )  G . T .  M o r g a n  a n d  F. M . G . M ic k le t h w a it ,  J. Chem. Soc., 1158

(1 9 0 0 ).

of the tube above the joint. To the top of the distillation bulb 
was attached 9-ir.m tubing, which extended horizontally 10 cm 
and downward 25 cm.

For the hydrolyses 1 mmol of the amidazo compound, 10 ml of 
95% EtOH, and a bubbling tube were put in the 50-ml flask. 
The two parts were connected (Lubriseal) and the exit tube placed 
in 50 ml of 0.1 A7 EC1 in a 150-ml beaker. After nitrogen was 
passed through the system for 15 min, 1 ml of 7.8 A7 aqueous KOH 
and 9 ml of 95% EtOH were added through the dropping funnel. 
The reaction mix*ure was refluxed gently by heating in a silicone 
bath (100°), while nitrogen was slowly passed through the 
apparatus.

At the end of the reaction, the alcohol solution was shaken with 
100 ml of water and 300 ml of ether. After three washings with 
water, the ether solution was concentrated to a solid.24 This 
product was dissolved in a minimum of 95% EtOH at about 50° 
and a saturated solution of 456 mg of H5I 0 6 in 95% EtOH was 
added to oxidize hydrazo compounds to the azo state. After 5 
min at room temperature, the solution was added to water and 
extracted with ether. The ether solution was wrashed with water, 
NaHC03 solution, and water. Removal of ether gave a solid, 
which was extracted with 20-ml portions of boiling hexane. The 
azo carbonyl compounds and 2-phenylindazole were readily 
soluble, leaving a solid residue of primary amide and unchanged 
starting material.

Removal of hexane yielded a solid “ A Fraction,”  which was 
analyzed as described below under Analyses for Table I.

The hydrolysis products from compounds 3, 4, 5, and 6 were 
not investigated; it was assumed that the amidazo reaction did 
not take place with these compounds since no ammonia was 
evolved. For this series, the reaction times were 3, 1, 7, and 3 
hr, respectively.

Analyses for Table I.— Analytical conditions were established 
with pure reagents as follows. A solution of 4-phenylazobenz- 
aldehyde of mp 120-121° (200 mg) and 4-biphenylamine (177 
mg, 10% excess) in 4 ml of HOAc was heated on a steam bath 
for 30 min. After cooling the reaction mixture to room tempera
ture, the crystalline precipitate of benzylidene derivative was 
filtered on a tared funnel. The yield was 97.4% (335 mg). 
Recrystallization from acetic acid raised the melting point of the 
A'-p-phenylazobenzylidene-4-biphenylamine only 1° to 218-219°.

Anal. Caled for C25H19N3: C, 83.08; H, 5.30; N, 11.73. 
Found: C, 82.9; H, 5.53; N, 11.4.

The above conditions were used in the analysis of the A frac
tions obtained from the compounds in Table I, 50 mg of material 
being used if available. All of the benzylidene derivatives showed 
satisfactory melting points (215-218°) without recrystallization. 
The yields were not corrected for losses inherent in the method of 
analysis.

Analyses for Table II.— For compounds 33-37, an analytical 
method based on the following was used. A solution of pure p- 
phenylazoacetophenone (50 mg, mp 115-116°) and 2,4-dinitro- 
phenylhydrazine (49 mg, 10% excess) in 0.5 ml of HOAc con
taining 2 drops of concentrated HC1 was heated on a steam Oath 
for 10 min and ohen cooled to room temperature. The product 
was filtered and weighed (84.3 mg, 93.5% ). The p-phenylazo- 
acetophenone-2,4-dinitrophenylhydrazone melted at 244-245°.

Anal. Caled for C20HI8N 6O4: C, 59.39; H, 3.99; N, 20.78. 
Found: C, 59.0; H, 4.15; N, 21.0.

The analyses were uncorrected for the inaccuracy of the 
analytical method.

For compounds 38-40, p-phenylazobenzophenone was isolated 
from the A fractions and compared with an authentic sample of 
mp 104-105°.

Results for Compound 41.— A 65% yield of ammonia was 
obtained in this 8-hr reaction. Fraction A was a black tar with 
an odor of naphthalene. With 4-biphenylamine it gave a small 
yield of a black product (mp 150-160°), which was noy in
vestigated further.

Results for Compound 42.—This 8-hr reaction gave a 17% 
yield of ammonia; no definite products were isolated from frac
tion A.

Analyses for Table III.—Except for compounds 49, 51, and 52, 
the A fractions were condensed with 4-biphenylamine as de
scribed under Analyses for Table I.

(24) For compounds 49, 51, and 52, this solid was used directly, without
further treatment for determination of the amount of unchanged starting
material.
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Compound 43.—p-Tolylazobenzylidene-4-biphenylamine had
mp 201-203°.

Anal. Calcd for C26H2iN3: C, 83.17; H, 5.64; N, 11.19. 
Found: C, 83.5; H, 5.93; N, 11.2.

Compound 44.—A’-4-Biphenylazobenzylidene-4-biphenylamine
melted at 292-295°.

Anal. Calcd for C3iH23N3: C, 85.10; H, 5.30; N, 9.60.
Found: C, 84.7; H, 5.74; N, 9.34.

Compound 45.—iV-p-Chlorophenylazobenzylidene-4-biphenyl- 
amine melted at 235-237°.

Anal. Calcd for C25H i8C1N3: C, 7 5 .8 5; H, 4 .5 8 ; N, 10 .6 1 . 
Found: C, 7 6 .2 ; H, 4 .7 8 ; N, 10 .5.

Compound 46.—N -p-Methoxyphenylazobenzylidene-4-biphe- 
nylamine of mp 211-213° was obtained. See compound 50 for 
analytical data.

Compound 47.—iV-p-Benzyloxyphenylazobenzylidene-4-bi- 
phenylamine melted at 232-234°.

Anal. Calcd for C 32H 25N 3O : C, 82.20; H, 5.39; N, 8.99. 
Found: C, 81.9; H, 5.29; N, 8.84.

Compound 48.—N -p-Mercaptomethylphenylazobenzylidene-4- 
biphenylamine melted at 231-233°.

Anal. Calcd for C26H21N3S: C, 76.63; H, 5.19; N, 10.31. 
Found: C, 76.3; H, 5.32; N, 10.4.

Compound 49.— A 98% recovery of unchanged starting ma
terial (mp 230-232°) was obtained.

Compound 50.—N -p-Methoxyphenylazobenzylidene-4-biphe- 
nylamine melted at 212-213°.

Anal. Calcd for C26H2iN30 :  C, 79.77; H, 5.41; N, 10.73. 
Found: C, 79.3; H, 5.54; N, 10.3.

Compound 51.— Acetylation of the product of this reaction 
gave a 91% yield of a compound of mp 227-230°, which was 
shown to be l-acetaminomethylbenzene-4-azo-4'-acetamino- 
benzene-1 by comparison with an authentic sample of mp 
230-231°.

Anal. Calcd for C u H n N iO j:  C, 6 5 .7 9 ; H, 5.8 5; N , 18 .0 5. 
Found: C, 65.6 ; H, 5.96 ; N , 1 7 .7 .

Compound 52.— An 82% yield of unchanged starting material 
(mp 205-207°) was obtained.

Compound 53.—A?-»i-Trifluoromethylphenylazobenzylidene-4- 
biphenylamine melted at 177-178°.

Anal. Calcd for C26H,8F3N3: C, 72.72; H, 4.23; N, 9.79. 
Found: C, 72.8; H, 4.48; N, 9.84.

Compound 54.—A'-o-Tolylazobenzylidene-4-biphenylamine 
melted at 169-170°.

Anal. Calcd for C26H21N3: C, 83.17; H, 5.64; N, 11.19. 
Found: C, 83.2; H, 6.09; N, 11.4.

Compound 55.—A'-o-Methoxyphenylazobenzylidene-4-biphe- 
nylamine melted at 154-156°.

Anal. Calcd for C26H21N30 :  C, 79.77; H, 5.41; N, 10.73. 
Found: C, 80.0; H, 5.52; N, 10.7.

Compound 56.—A'-o-Biphenylazobenzylidene-4-biphenylamine
melted at 178-179°.

Anal. Calcd for C3,H23N3: C, 85.10; H, 5.30; N, 9.60.
Found: C, 85.2; H, 5.65; N, 9.43.

Compound 57.—A’-p-a-Naphthylazobenzylidene-4-biphenyl- 
amine melted at 177-178°.

Anal. Calcd for C29H2iN3: C, 84.85; H, 4.91; N, 10.24. 
Found: C, 84.7; H, 5.28; N, 10.1.

Analyses for Table IV.— For compounds 58-62, an analytical 
method based on the following was used. 2,4-Dinitrobenzene- 
sulfonic acid (153 mg, 0.000617 mol) was dissolved in 30 ml of dry 
ether. This solution was added dropwise to a solution of 2- 
phenylindazole (100 mg, 0.000515 mol) in 5 ml of dry ether. 
The precipitate of fine needles was separated (221 mg, 97.2% 
yield, mp 177-179°). Crystallization from absolute EtOH gave 
pure 2-phenylindazole 2,4-dinitrobenzenesulfonate (mp 180- 
181°).

Anal. Calcd for Ci9HuN40,S : C, 51.58; H, 3.19; N , 12.67. 
Found: C, 51.2; H, 3.34; N, 12.4.

Action of Alcoholic KOH on p-Phenzylazobenzylamine.— A
mmol of p-phenylazobenzylamine (as carbamate) was hydrolyzed 
for 3 hr under amidazo reaction conditions. A 20% yield of NH3 
was obtained.

R eg istry  N o .— 1, 32478-84 -5 ; 2, 32478-85 -6 ;
2 oxim e, 32478-86-7 ; 2 sem icarbazone, 32478-87-8 ,
3 ,3 2 4 7 8 -8 8 -9 ; 4 ,3 2 4 7 8 -8 9 -0 ; 5 ,3 2 4 7 8 -9 0 -3 ; 6 ,3 2 4 7 8 - 
91 -4 ; 13, 32527-23-4 ; 14, 32479-09 -7 ; 15, 32478-92 -5 ; 
16, 32478-93-6 ; 17, 32478-94-7 ; 18, 32478-95 -8 ; 19, 
32478-96 -9 ; 2 0 ,3 2 4 7 8 -9 7 -0 ; 2 1 ,3 2 4 7 8 -9 8 -1 ; 2 2 ,3 2 4 7 8 - 
9 9 -2 ; 23, 32479-00-8 ; 24, 32479-01-9 ; 25, 32479-02 -0 ;
26,
29,
32,
35,
38,

32479-03-1 ;
32479-06-4 ;
32479-10-0 ;
32479-13-3 ;
32479-16-6 ;

27,
30,
33,
36,
39,

32479-04-2 ;
32479-07-5 ;
32479-11-1 ;
32479-14-4 ;
32479-17-7 ;

28,
31,
34,
37,
40,

32479-05 -3 ;
32479-08 -6 ;
32479-12 -2 ;
32479-15 -5 ;
32479-18 -8 ;

41, 32479-19 -9 ; 42, 32479-20-2 ; 43, 32479-21 -3 ; 44,
47,
50,
53,
56,
59,

32479-22-4 ; 45, 32479-23-5 ; 46, 32479-24-6
32479-25-7 ; 48, 32479-26-8 ; 49, 32479-27-9
32479-28-0 ; 51, 32479-29-1 ; 52, 32479-30-4
32479-31-5 ; 54, 32479-32-6 ; 55, 32478-55-0
32478-56-1 ; 57, 32478-57-2 ; 58, 32478-58-3
32478-59-4 ; 6 0 ,3 2 4 7 8 -6 0 -7 ; 6 1 ,3 2 4 7 8 -6 1 -8 ; 6 2 ,3 2 4 7 8 -
62- 9 ; A f-p -n itrobenzyl-A f-m ethylbenzam ide, 32478-
63- 0 ; A l-p -n itrosoben zylacetam ide , 32478-64 -1 ; N-p-
am inoben zylben zam ide, 32478-65-2 ; ??i-nitrobenzyl- 
benzam ide, 32478-66-3 ; 1 -p -am in ophen ylethy lam in e 
h yd roch lorid e , 32478-67-4 : p h en y l-p -a m in op h en y l-
m ethylam in e d ih ydroch loride , 5580-53-0 ; 1 -acetam in o- 
m ethyl-4 -n itronaph th a len e, 32527-24-5 ; 1 -acetam in o- 
m eth yl-4 -am in o-5 ,6 ,7 ,8 -tetrah ydron aph th a len e, 32478- 
69-6 ; l-a ce ta m in om eth y l-4 -a ce ta m in o -5 ,6 ,7 ,8 -te trah y - 
dronaphthalene, 32478-70-9 ; 1 -acetam in om eth y l- 
ben zen e -4 -a zo -4 '-tr ifh ioroa ce ta m in ob en zen e -l, 32478- 
71 -0 ; l-b e n zoy la m in om eth y lb en zen e -4 -a zo -4 '-a m in o - 
n a ph th a len e-1, 32478-72 -1 ; o -am in oben zy lu rea , 32478- 
73 -2 ; l-p h en y l-3 -o -n itrob en zy lu rea , 32478-74 -3 ; 1-
ph en yl-3 -o -am in oben zylu rea , 32478-75 -4 ; tV -p -ph en yl- 
azoben zy liden e-4 -b iph en ylam in e, 32478-76 -5 ; p -p h e - 
n y la zoa cetop h en on e  2 ,4 -D N P H , 32478-77 -6 ; p -to ly l-  
azoben zy liden e-4 -b iphen ylam in e, 32478-78-7  ; N-A- 
b ip h en y lazoben zy lid en e  - 4 -  b ip h en y  lam ine, 32478-79- 
8 ; (V -p -ch loroph en ylazoben zy liden e-4 -b iph en ylam in e, 
32478-80-1 ; A ^ -p -m eth oxyph enylazobenzy lid in e-4 -b i- 
ph enylam in e, 32478-54-9 ; A '-p -b e n zy lo x y p h e n y la zo - 
ben zy liden e-4 -b iph en ylam in e, 32478-81 -2 ; A f-p -m er- 
c a p to m e th y lp h e n y la z o b e n z y lid e n e -4 -b ip h e n y la m in e , 
32478-82-3 ; A ^-w i-trifluorom ethylphenylazobenzylidene- 
4 -b iphen ylam in e, 32478-83-4 ; A '-o -to ly la zob en zy lid en e- 
4 -b iphen ylam in e, 32478-49-2 ; A ^-o-m cthoxyphenylazo- 
ben zy liden e-4 -b iph en ylam in e, 32478-50 -5 ; N-o-bi- 
ph en ylazoben zy liden e-4 -b iph en ylam in e, 32478-51 -6 ; N - 
p -a -n a p h th y la zob en zy lid en e-4 -b ip h en y la m in e , 32478- 
52-7 ; 2 -ph en ylin dazole  2 ,4 -D N P , 32478-53-8.
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A convenient synthesis of isonitriles has been devised using a A,iV-dimethylformamide (DM F) solution of 
chlorodimethylformiminium chloride, prepared in situ from thionyl chloride and DMF, to dehydrate a variety 
of formamides. This general procedure enables one to prepare aliphatic, alicyclic, vinylic, and aromatic iso
nitriles in excellent yields. The reduction of isocyanates with lithium tri-ierf-outoxylaluminum hydride to yield 
formamides is described.

O f the m an y m ethods ava ilab le  fo r  th e  preparation  
o f  ison itriles,2 th ose  th at appear to  h ave  the m ost 
general app lica tion  in vo lve  the reaction  o f  a lk y l halides 
w ith  h ea v y  m etal cyan ide  sa lts ,3 the ad d ition  o f d i- 
ch lorocarben e to  am ines, th e  red u ction  o f isocyan ates 
and  iso th iocya n a tes ,4 the cop p er-ca ta ly zed  ad d ition  o f 
h y d rog en  cyan ide  to  tertiary  olefins,5 and the deh y 
d ra tion  o f  form am ides.6 T h is  final m eth od  has p ro 
v id ed  th e  m ost con ven ien t a p p roa ch  using reagents 
such as to sy l ch loride,6 '7 phosphoru s o x y ch lor id e ,8 cy a n - 
ury l ch lor id e ,9 and tr ip h en y lp h osp h in e-ca rb on  tetra 
ch loride10 to  e ffect the deh ydration . B y  far the m ost 
preferred  dehydrating  procedu re  is th a t o f  U g i,2'11 
w h o  used phosgene in the presence o f  a tertiary  am ine.

T o  circu m ven t the use o f  phosgene, ch lorod im eth y l
form im inium  ch lor id e12 (1) (V ilsm eier rea gen t13) was 
selected  as a  possible deh ydratin g  agent fo r  the p rep 
aration  o f isonitriles from  form am ides. T h is  reagent 1 
can  read ily  b e  prepared , in  situ, from  th ion y l ch loride 
and  A ^JV -dim ethylform am ide (D M F ) . A lth ou gh  iso
nitriles h ave b een  sh ow n 14 to  react w ith  th is reagent,

0  CH3
II /

SOCl2 +  HCN
\

CH3

_c h 3 c r
\  /

N = C
/  \

_c h 3 h  _
1

C l- +  s o 2

it  was h oped  th at in  th e  presence o f  a  su itable base its 
d eh ydrative  p roperties  cou ld  b e  utilized .

(1 ) T h e  s u p p o r t  o f  th is  w o rk  b y  g ra n ts  fr o m  th e  N a t io n a l  S c ie n c e  F o u n d a 
t io n  a n d  P u b li c  H e a lth  S e r v ic e  G r a n t  N o .  0 4 0 6 4  fr o m  th e  N a t io n a l C a n c e r  
In s t it u t e  is  g r a te fu lly  a c k n o w le d g e d .

(2 ) F o r  a n  e x c e lle n t  r e v ie w  o f  t h e  v a r io u s  m e t h o d s  t o  p r e p a r e  iso n itr ile s , 
se e  I .  U g i,  U . F e tz e r , U . E h o lz e r ,  H . K n u p fe r ,  a n d  K .  O ffe rm a n , Angew. 
Chem., Int. Ed. Engl., 4 , 4 7 2  (1 9 6 5 ) ;  I .  U g i,  “ O rg a n ic  C h e m is t r y ,”  V o l .  20 , 
A c a d e m ic  P re ss , N e w  Y o r k ,  N . Y . ,  1971 .

(3 )  H . L . J a c k s o n  a n d  B . C .  M c K u s ic k ,  “ O rg a n ic  S y n th e se s ,”  C o l le c t .  
V o l .  I V ,  W ile y ,  N e w  Y o r k ,  N . Y . ,  1963 , p  4 3 8 ; J . S o n g s ta d , L . J . S tra n g e -  
la n d , a n d  T .  A u s ta d , Acta Chem. Scand., 2 4 , 3 3 5  (1 9 7 0 ).

(4 )  ? .  V .  F e n z i  a n d  M .  A r b a s in o , Tetrahedron Lett., 4 6 4 5  (1 9 6 5 ) ;  J . H . 
B o y e r  a n d  J . D e jo n g ,  J. Amer. Chem. Soc., 9 1 , 5 92 9  (1 9 6 9 ) ;  T  M u k a iy a m a , 
a n d  Y  Y o k o t a ,  Bull. Chem. Soc., Jap., 3 8 , 8 5 8  (1 9 6 5 ).

(5 )  3. O tsu k a , K .  M o r i ,  a n d  K .  Y a m a g a m i,  J. Org. Chem., 3 1 , 4 1 7 0  (1 9 6 6 ).
(6 ) J. C .  C a s a n o v a , Jr ., N .  D .  W e rn e r , a n d  R .  E . S ch u s te r , J . Org. Chem., 

3 1 , 3 4 7 3  (1 9 6 6 ) ;  R .  W . H o r o b in ,  N . R .  K h a n , J . M c K e n n a , a n d  B . G . 
H u t le y ,  Tetrahedron Lett., 5 0 8 7  (1 9 6 6 ) ;  P .  S . M a t t e s o n  a n d  R .  A .  B a ile y ,  
J. Amer. Chem. Soc., 9 0 , 3 76 1  (1 9 6 9 ) ;  K . H a r tk e ,  Chem. Ber., 9 9 , 3 1 6 3  
(1 9 6 6 ) ; H . B r e d e r e c k , B .  F o h lis c h ,  a n d  K .  W a lt s ,  Justus Liebigs Ann. Chem., 
68 6 , 9 2  (1 9 6 5 ).

(7 ) W .  R .  H e r t le r  a n d  E .  J . C o r e y ,  J. Org. Chem., 2 3 , 1221 (1 9 5 8 ) ;  J. 
C a s a n o v a , R .  E .  S ch u s te r , a n d  H . D .  W e rn e r , J. Chem. Soc., 4 2 8 0  (1 9 6 3 ).

(8 ) I .  U g i,  R .  M e y r ,  a n d  M . L ip in sk i, Org. Syn., 4 1 , 4 1  (1 9 6 1 ).
(9 )  R .  W it t m a n , Angew. Chem., 7 3 ,  2 1 9  (1 9 6 1 ).
(1 0 )  R .  A p p e l,  R .  K le in s tu c k , a n d  K .- D .  Z ie h n , Angew. Chem., Int. Ed. 

Engl., 10 , 132  (1 9 7 1 ).
(1 1 ) I .  U g i, W .  B e t z ,  U . F e tz e r ,  a n d  K . O ffe rm a n , Chem. Ber., 9 4 , 2814  

(1 9 6 1 ) ; I .  U g i a n d  F . B o d e s h e im , ibid., 9 4 , 1157  (1 9 6 1 ).
(1 2 ) O . W a lla ch  a n d  M .  H o ffm a n n , Justus Liebigs Ann. Chem., 18 4 , 75 

(1 8 7 7 ).
(1 3 ) L . F .  F ie s e r  a n d  M . F ie se r , “ R e a g e n ts  f o r  O rg a n ic  S y n th e s is ,”  

W ile y , N e w  Y o r k ,  N . Y . ,  196 7 , p  28 6 , a n d  r e fe re n ce s  c it e d  th e re in .
( lfr )  Y .  I t o ,  M .  O k a n o , a n d  R .  O d a , Tetrahedron, 2 2 , 4 4 7  (1 9 6 6 ).

C ycloh exy lform a m id e  w as used as the m od el co m 
pou n d . W h en  an  eq u iva len t o f  1 in  D M F  was a d d ed  
to  a  D M F  solu tion  o f cyc loh ex y lfo rm a m id e  in  the 
presence o f  trieth ylam ine a t 0 ° , the so lu tion  darkened. 
A lth ou g h  the ch aracteristic  ison itrile  o d o r  was ev ident, 
on ly  a trace o f  ison itrile  an d  startin g  form am id e was 
iso la ted  u pon  w ork -u p  o f the reaction  m ixture. H igher 
tem peratures d id  n o t im p rove  th e  y ie ld .

T h e  low  y ie ld  ob ta in ed  w as assum ed to  b e  due to  
the fo llow in g  fa ctors. F irst, th e  ison itrile , on ce form ed, 
cou ld  react w ith  1 as p rev iou sly  re p o rte d 14 (eq  2 b ). 
S econ d , a lthou gh  trieth ylam ine reacts w ith  h y d ro 
ch loric  acid , D M F  likew ise com plexes w ith  the acid  
so th at, in an  equ ilibrium  situation , h y d roch lor ic  acid  
is k ep t in  so lu tion  (eq  2 b ). P ro to n -ca ta ly ze d  p o ly m 
erization  can  resu lt (eq  2e), or  h y d roch lor ic  a cid  can  
ad d  to  the ison itrile  w h ich , a fter ad d ition  o f water, 
gives b a ck  th e  startin g  form am ide (eq  2 c ) .

RNHCHO +  [(Me)2N =CH C l] + C l“  — >-
R N = C  +  (CH3)2NCH0-HC1 (2a)

2R N = C  +  [(M e)2N =CH C l] + C l"  — *■
(RN =C C1)2CHN(CH3)2 (2b)

H
/  h 2o

R N = C  +  HC1 R N = C  — >  RNHCHO (2c)
\

Cl

(CH3)2NCHO +  R'aN (CH3)2NHCO +  R '3N-HC1 (2d) 

n R N = C  +  H + — >  [R N = C < ]„  (2e)

In  order to  c ircu m ven t reaction  2b , low  tem peratures 
(<ca. — 5 0 °) w ere used. T h is  w as to  a llow  the in ter
m ediate  a d d u ct 2 (eq  3) to  form  w ith ou t d ecom p osin g

H
I

_ Mo OCN(CH3)2
RNHCHO +  1 -------*- R N = C  I +  HC1 (3a)

I U
H

2

HC1 +  (CH3)2NCHO ±=v  (CH3)2NCHOHCl (3b)

R— N = c ;

H

/ c i
H ’

N(CHA room  tem p.

R N = C  +  (CH3)2NCH0-HC1 (3c)

2Na2C03 +  (CH3)2NCH0HC1 — *

(CH3)2NCHO +  2NaCl +  2NaHC03 (3d)
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im m ed iate ly  to  the p rod u cts (isonitrile and D M F ) 
b e fore  the ad d ition  w as com p leted . In  th is m anner 
it w as h op ed  th at, a fter add ition , the in term ediate  2 
cou ld  b e  decom p osed  a t higher tem peratures to  g ive 
th e  desired isonitrile. T o  circu m ven t reactions 2c and  
2d, solid  sod iu m  carbon ate  was added , a fter th e  add i
tion  o f 1 to  the form am ide was com pleted , in order 
to  irreversib ly  consum e the h y d roch lor ic  a cid  and  
com p le te ly  elim inate it from  the reaction  m ixture. T h e  
result w as th at, as the reaction  m ixture w arm ed, it 
tu rn ed  a  pale ye llow  (ca. — 15°) an d  th en  colorless 
(ca. 1 0 °). C ycloh exy lison itrile  was isola ted  in 8 7 %  
y ie ld  after d istillation .

Ison itrile  form ation  w ith  th e  V ilsm eier reagent ap
pears to  p roceed  as ou tlin ed  in  eq  3. In  reaction  3a, 
the V ilsm eier reagent reacts at — 50° w ith  the for 
m am ide to  p rod u ce  in term ediate  2 and h yd roch lor ic  
acid , w h ich  im m ediate ly  com plexes w ith  D M F  (3 b ). 
A fte r  ad d ition  o f  sod iu m  carbon ate , the h yd roch lor ic  
acid  is irreversibly  d isposed  o f (3d ) so th at the elim ination  
2c can  p roceed , at am bient tem peratures, in a slightly  
basic  m edium .

A s can  b e  seen from  T a b le  I , this p rocedu re  p rov id es  a 
general, con ven ien t m eth od  fo r  the preparation  o f iso-

p h en y l-l-m e th y lcy c lo p ro p a n e , or w hen  the am ine w as 
n ot availab le  as in  the case o f  v in y l am ines, th en  th e  
am ides w ere prepared  b y  th e  red u ction  o f  isocyan ates  
w ith  lith iu m  tri-ferf-bu toxyla lu m in um  h ydride . T h e  
red u ction  o f isocyan ates to  form am ides b y  lith iu m  
tri-feri-bu toxyla lum in um  h ydride  w as allu ded  to  w hen  
it  w as re p o rte d 15 th at 1 eq u iv  o f  the h yd rid e  w as co n 
sum ed b y  p h en yl isocyan ate  a t 0 ° .  H ow ev er , iso
cyan ates are k n ow n  to  d im erize an d  trim erize  under 
m ild  basic co n d itio n s .16 W e  h ave fo u n d  th a t p h en y l 
isocyan ate  w ith  sod iu m  boroh y d rid e  in  D M F  results 
n o t in  red u ction  b u t rather trim erization . M ore o v e r , 
w e h ave observed  th at th e  red u ction  o f l-m e th y l-2 ,2 - 
d ip h en y lcy c lop rop y l isocyan ate  w ith  lith iu m  tri-tert- 
bu toxy la lu m in u m  hydride a t am bient tem perature d id  
n ot p rodu ce  the desired form am ide b u t in stead  a co m 
pou n d  (8 3 %  y ie ld ) w hose ph ysica l d a ta  (see E xperi
m ental S ection ) were con sistent w ith  th e  structure 3.

Ph

Ph

T a b l e  I
Y ie l d s  o f  V a r io u s  I so n it r il e s  as  P r e p a r e d  

b y  th e  SOCk-DM F R e a g e n t

R e a c t io n
R e g is t r y Y ie ld , sca le ,

R N C n o . % m o l

Aliphatic
re-Hexyl“ 82 0.13
Cyclohexyl6 87 0.10
ieri-Butyl6 55 0.20
1,1,3,3-Tetramethylbutyl'* 14542-93-9 93 0.53

Benzylic
Benzyl6 63 0.12
(R )-(+  )-2-Phenyl-2-butyl 32528-86-2 92 0.04
1,1-Diphenylethyl 32528-87-3 90 0.08
TrityF 95 0.27

94 0.06

Cyclopropyl
)-2,2-Diphenyl-l-

methylcyclopropyl 32528-88-4 88 0.019
32528-89-5/ 70 0.003

Vinyl
(F )-1,2-diphenyl vinyl 32528-90-8 84 0.06

Aromatic
Phenyl6 60 0.18
2,6-Dimethylphenyl6 74 0.11
jo-Methoxyphenyl' 82 0.18
1-Naphthyl6 72 0.04
“ M. Lipp, F. Dallacker, and I. M. Kocker, Monalsh. Chem., 

90, 41 (1959). 6 See ref 3. “ See ref 5. i N. E. Alexander, 
J. Org. Chem., 30, 1335 (1965). * I. Ugi and R. Meyr, Chem. 
Ber., 93, 239 (1960). 1 ±  isomer.

nitriles. C yc lic , acyclic , b en zy lic , cy c lo p ro p y l, v in y lic , 
an d  arom atic  isonitriles h ave b een  prepared  in v ery  
g o o d  y ields. O p tica lly  a ctive  isonitriles h ave also been  
prepared.

T h e  am ides used in this w ork  w ere usually  obta in ed  
b y  the con v en tion a l fo rm y la tion  o f the am ine precursor 
using fo rm ic  a c id  or S -e th y l th io form ate . H ow ever, 
w hen the am ine w as n o t stable, i.e., l-a m in o -2 ,2 -d i-

W h en  red u ction  w as carried  o u t a t a low  tem perature 
( — 1 5 °), th e  desired form am ide was ob ta in ed  in  8 5 %  
yield .

Experimental Section
Materials.— Industrial grade dimethylformamide (DM F) was 

purified by distilling a forecut at atmospheric pressure and then 
collecting the rest at 30-40 mm from barium oxide. Reagent 
grade tetrahydrofuran (TIIF) was distilled from lithium aluminum 
hydride. Bulk solvents were distilled before use. All other 
reagent grade materials were used as received from the commercial 
supplier unless further purification was judged necessary.

1,1,3,3-Tetramethylbutylisonitrile (TMBI).— The following 
procedure was used to prepare all the isonitriles reported in 
Table I.

To a stirred solution of 83 g (0.528 mol) of iV-(1,1,3,3-tetra- 
methylbutyl)formamide17 in 1 1. of DM F was added, under a 
nitrogen atmosphere, a solution of 40.3 ml (0.55 mol) of thionyl 
chloride dissolved in 150 ml of DMF at a rate so that the tem
perature never exceeded —50°. After addition, the bath was 
removed momentarily to allow the temperature to rise to — 35° ;18 
then it was replaced, and 118 g (1.11 mol) of anhydrous sodium 
carbonate was added. The bath was removed, and the reaction 
was stirred from 6 to 16 hr, during which time the temperature 
rose to 25°.19 The mixture was diluted with ice-cold water in a 
separatory funnel and extracted into pentane. The extract was 
dried over sodium sulfate, evaporated, and distilled to yield 68.4 
g (0.49 mol, 93% ) of the isonitrile: bp 55.5-56.6° (11 mm) [lit.6 
bp 96-97° (69 mm)]; re30D 1.4178 (lit.6 re20D 1.4214); d25 0.7944; 
ir (neat) 2110 cm -1 (s); nmr (neat) 5 1.08 [s, 9, C(CH3)3] , 1.43 
[t, 6, /  = 2 Hz, C(CH3)2], 1.58 (t, 2, J  =  2.3 Hz, CH2).

(/?)-(-)-)-2-Amino-2-phenylbutane.20— To a solution of 6.8 g 
(0.0382 mol) of (R )-( — )-2-methyl-2-phenylbutanoic acid21 
[ M 2V i  —33.6 ±  0.4° (c 2, benzene); mp 84-86°] in 90 ml of 
acetone and 6.1 ml (0.043 mol) of triethylamine was added 4.2

(1 5 )  H . C .  B r o w n  a n d  P . M .  W e ism a n , Isr. J. Chem., 1 , 4 3 0  (1 9 6 3 ) .
(1 6 )  P . A . S . S m ith , " T h e  O rg a n ic  C h e m is t r y  o f  O p e n -C h a in  N it r o g e n  

C o m p o u n d s , ’ ’ W .  A . B e n ja m in , N e w  Y o r k ,  N . Y . ,  196 5 .
(1 7 )  H . B .  H e n b e s t  a n d  M . J . W .  S tr a t t fo r d ,  J. Chem. Soc. C, 9 9 5  (1 9 6 6 ) .
(1 8 )  F o r  p r im a ry  a n d  s e c o n d a r y  a lip h a t ic  a n d  a r o m a t ic  fo r m a m id e s ,  

— 4 5 °  is r e c o m m e n d e d .
(1 9 ) A lt e r n a t iv e ly ,  th e  r e a c t io n  m ix tu re  w a s  h e a te d  t o  3 5 °  w ith  ra p id  

s t ir r in g  a n d  th e n  s t ir r in g  w a s c o n t in u e d  a t  a m b ie n t  te m p e r a tu r e  fo r  1 hr.
(2 0 )  D . J . C r a m  a n d  J. S . B ra d s h a w , J. Amer. Chem. Soc., 85, 1 10 8  

(1 9 6 3 ).
(2 1 ) T h e  a c id  w as p r e p a r e d  a n d  r e s o lv e d  a c c o r d in g  t o  t h e  p r o c e d u r e  o f  

D. J . C r a m  a n d  J . D. K n ig h t ,  ibid., 74, 5 8 3 5  (1 9 5 2 ).
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m l (0 .0 4 3  m o l)  o f e th y l c h lo ro fo rm a te  d isso lv ed  in  10  m l of aceton e  
a t — 1 0 c .22 A fte r  stirrin g  for 2  h r , 4 .2  g  ( 0 .0 6 5  m o l)  o f N a N 3 in  
4 5  m l of w a te r  w as a d d ed  d ro p w ise . T h e  m ix tu re  w as stirred  
for an a d d itio n a l 4  h r , ta k e n  u p  in  p e n ta n e , an d  e x tr a c te d  first  
w ith  d ilu te  h y d ro ch lo ric  ac id  an d  th e n  w ith  a  so d iu m  c a rb o n a te  
so lu tio n . A fte r  d ry in g  (so d iu m  s u lfa te ) , th e  p e n ta n e  w as e v a p o 
ra ted  and th e  residue w as p la ced  in a  v a c u u m  desiccato r for 4  h r. 
T h e  crude azide w as d e c o m p o se d  in  reflu x in g  b e n ze n e  (5  h r) u nder  
a n itrog en  a tm o sp h e re , th e  m ix tu re  w as cooled  to  0 ° ,  an d  4 0  m l  
o f con cen tra ted  h y d ro ch lo ric  acid  w as a d d ed  d ro p w ise . S tirrin g  
w as con tin u ed  a t 1 0 °  fo r  4 8  h r , an d  th e  rea ctio n  m ix tu re  w as th e n  
transferred to  a se p a r a to r y  fu n n e l, d ilu te d  w ith  w a te r , and e x 
tra cted  w ith  eth e r . T h e  aq u eou s la y e r  w a s n e u tr a lize d , an d  th e  
am in e  w as e x tra c te d  in to  eth e r  w h ich  w as d ried  (so d iu m  carb o
n a te ) an d  e v a p o ra ted  to  g iv e  4 .8  g  o f m a te r ia l. D istilla tio n  y ie ld e d
4 .1  g  (0 .0 2 7 5  m o l, 7 2 % )  of th e  o p tic a lly  p u re  a m in e : b p  5 8 °  
(2 .2  m m ) , 6 9 °  ( 3 .7  m m ) [ lit . 20 b p  5 0 - 5 2 °  (2  m m ) ] ;  [ a ] 2,W  
+  1 8 .1  ±  0 .3 °  (c 3 , b e n z e n e ) .

A-(l,l-Diphenylethyl)formamide.— A  so lu tio n  o f 30  g  (0 .1 5 2  
m o l) o f  l -a m in o -l ,l -d ip h e n y le t h a n e 23 (p rep ared  in  6 2 %  yie ld  
from  1 , 1-d ip h e n y lp ro p a n o ic  a c id 24 u sin g  th e  a b o v e  p ro ce d u re ), 
2 0  m l (0 .3 5  m o l)  o f 8 8 %  fo rm ic  a c id , an d  1 50  m l of to lu e n e  w as  
refluxed and th e  w a te r  w as re m o v e d  w ith  th e  aid o f  a D e a n -S t a r k  
a p p a ra tu s. E v a p o r a tio n  to  d ry n e ss  an d  re c ry sta lliza tio n  o f th e  
residue from  e th a n o l-w a te r  y ie ld e d  1 7 .1  g  (0 .0 7 6  m o l, 5 0 % )  of  
the fo rm a m id e : m p  1 0 9 .5 - 1 1 2 ° ;  ir (C C h )  3 4 2 0  (w ) , 3 3 8 2  (w ) ,  
3 2 0 0  (b r o a d ), 1 6 9 0  (s ) , 1 5 9 6  (w ) , 1 4 9 4  (w ) , 1 4 4 7  (m ) , 6 9 3  c m -1  
(s ) ; nrr.r (C D C I 3) 5 1 .9 7  a n d  2 .1 3  (s , 3 ,  C H 3, ra tio  1 .3 :1 . 0 ) ,  6 .7  
and 7 .4  (broad  s , 1 , N H ,  ra tio  1 :1 .4 ) ,  7 .1 2  an d  7 .1 6  (s , 1 0 , aro 
m a tic , ratio  7 .1 2  <  7 .1 6 ) ,  7 .7 5  an d  7 .9 4  (s , 1 , C H O , rasio 1 : 1 . 4 ) .

Anal. C a lc d  fo r C 15H 15N O : C ,  7 9 .9 7 ;  H ,  6 .7 1 ;  N ,  6 .2 2 .  
F o u n d : C ,  7 9 .9 5 ;  Id , 6 .7 0 ;  N ,  6 .3 3 .

( ! ? ) - ( + )-iV-(l-Methyl-l-phenylpropyl)formamide.— T o  a  re 
fluxing so lu tio n  o f 7 .1 0  g  (0 .0 4 7 6  m o l)  o f  o p tic a lly  pure (R ) - (+ ) -
2 -a m in o -2 -p h e n y lb u ta n e  in 5 0  m l of T H F ,  in  a  flask  eq u ip p e d  
w ith  a  d istillin g  co lu m n  h a v in g  an a d ju sta b le  reflux c c n tro l, w as  
a d d ed  a  so lu tio n  o f 4 .2 9  g  (0 .0 4 7 6  m o l)  o f  S -e t h y l  th io fo r m a te  in  
2 5  m l of T H F .  E th a n e th io l w as re m o v e d  as fo rm e d  b y  re g u la tin g  
the reflux r a tio . A fte r  th e  reflu x  te m p e r a tu r e  reach ed  a  c o n sta n t  
le v e l ( 6 5 °  fo r  4  h r ) , th e  excess T H F  w as e v a p o r a te d . T h e  residual 
oil w as ta k e n  u p  in m e th y le n e  ch lorid e , w a sh ed  w ith  d ilu te d  h y 
droch loric acid  an d  so d iu m  b ic a rb o n a te  so lu tio n , an d  dried  over  
m a g n e siu m  su lfa te . R e m o v a l o f th e  s o lv e n t afford ed  7 .8 5  g 
(0 .0 4 4 3  m o l, 9 3 % )  o f a n a ly tic a lly  pure fo r m a m id e : [a] 245sei
+  9 .3 7  ±  0 .0 9 °  (c 4 ,  d io x a n e ); b p  8 2 .5 °  ( 0 .0 1 5  m m ) : ir (C C h )  
3 4 2 0  (w ) , 3 3 9 0  (w ) , 3 2 0 0  (m , b r o a d ), 2 7 5 0  (w ) , 1 6 8 8  ( s ) , 6 9 2  
c m -1  ( s ) ;  n m r  (C C 1 4) 6 0 .6 6  a n d  0 .7 8  ( t ,  3 , /  =  7  H z , C H 3, 
ra tio  0  7 8  >  0 .6 6 ) ,  1 .5 5  an d  1 .5 7  (s , 3 ,  C H 3, ra tio  1 .5 7  >  1 .5 5 ) ,
1 .8  (m , 2 ,  C H 2), 7 .0 3  an d  7 .1 7  (s , 5 , a r o m a tic , ra tio  7 .0 3  >  
7 .1 7 ) ,  7 .3 3  an d  8 .1 2  (s , b ro a d , 1, N H ,  ra tio  2 : 1 ) ,  7 .6 - 7 .7  (m ,  
0 .6 6 , C H O ) ,  7 .8 7  (s , 0 .3 3 ,  C H O ) .

Anal. C a lc d  fo r  C 11H 15N O : C ,  7 4 .5 4 ;  H ,  8 .5 3 ;  N ,  7 .9 0 .  
F o u n d : C ,  7 4 .7 8 ;  H ,  8 .6 1 ;  N ,  7 .9 5 .

(±)-l-Carbazido-2,2-diphenyl-l-methylcyclopropane.— F o llo w 
ing th e  a b o v e  p ro ce d u re , 1 9 .8  g  (0 .0 7 8 5  m o l)  o f ra ce m ic  2 ,2 -d i -  
p h e n y l-l-m e th y lc y c lo p r o p a n e c a r b o x y lic  a c id 25 to g e th e r  w ith  1 3 .5  
m l ( 0 .0 9 7  m o l)  o f tr ie th y la m in e  in  2 0 0  m l of a ce to n e  w as tre a te d  
w ith  8 .7  m l (0 .0 9 1  m o l)  o f e th y l c h lo ro fo rm a te  in  3 0  m l o f  aceton e  
an d  th e n  w ith  9 .8  g  (0 .1 5  m o l)  o f so d iu m  azide in  9 8  m l o f w a te r  
to  y ie ld  2 0 .8  g  o f th e  crude a z id e . T h e  azide w as d isso lv e d  in  
1 50  m l o f p e n ta n e  ( 2 5 ° ) ,  th e n  cooled  s lo w ly  to  — 7 8 ° .  A fte r  
d e c a n tin g  th e  p e n ta n e , th e  c ry sta ls  w ere d ried  in  a  v a c u u m  desic 
c a to r : y ie ld  1 9 .5  g  ( 0 .0 7 4  m o l, 9 0 % ) ;  m p  6 2 - 6 3 °  d e c ; ir (C C 1 4) 
2 1 3 3 , 1 7 1 0 , 1 6 9 7 , 1 1 8 0 , 1 0 2 5  c m “ 1; n m r  (C C 1 4) 6 1 .1 5  (s , 3 , 
C H 3), 1 .4 5  (d , 1 , J =  5 H z , H C H ) ,  2 .3 0  (d , I , , /  -  a  H z , H C H ) ,
7 .1 - 7 .6  (m , 10  a r o m a tic ) .

Anal. C a lc d  fo r C n H 15N 30 :  C ,  7 3 .6 3 ;  H ,  5 .4 5 ;  N ,  1 5 .1 5 .  
F o u n d : C ,  7 3 .4 2 ;  H ,  5 .4 1 ;  N ,  1 4 .9 8 .

(R)-( — )-l-Carbazido-2,2-diphenyl-l-methylcyclopropanecar- 
boxyli; Acid.— S im ila r ly , 7 .6 1  g  (0 .0 3  m o l)  o f ( /£ ) - (  +  ) -2 ,2 -d i -  
p h e n y l-l-m e th y lc y c lo p r o p a n e c a r b o x y lic  a c id , [«] 24E46i + 4 3 . 1 °  
(c 2 .3 ,  C H C 1 3) , g a v e  7 .8 3  (0 .0 3  m o l)  o f th e  crude a z id e , w h ich  w as  
recry stallized  fr o m  p e n ta n e  to  y ie ld  7 .3 6  g  (0 .0 2 6 6  m o l, 8 8 % ) :  
m p  5 7 - 5 9 °  d ec ; H 24S46i - 4 7 . 4  ±  0 .2 °  (c 2 , C H C 1 3).

(22 ) J . W e in s to c k ,  J. Org. Chem., 2 6 , 3511  (1 9 6 1 ).
(2 3 ) I .  H e ilb r o n , “ D ic t io n a r y  o f  O rg a n ic  C o m p o u n d s ,”  O x fo r d  P ress , 

N e w  Y o r k ,  N . Y . ,  1965 .
(2 4 ) P . L . P ic k a r d  a n d  E . F . E n g le s , J. Amer. Chem. Soc., 7 3 , 864  (1 9 5 1 ).
(25 ) H . M .  W a lb o r s k y , L . B a ra sh , A . E . Y o u n g , a n d  F . J . I m p a s ta to ,

ibid., £ 3 , 2 51 7  (1 9 6 1 ).

Anal. C a lc d  fo r C n H i5N 30 :  C ,  7 3 .6 3 ;  H ,  5 .4 5 ;  N ,  1 5 .1 5 .  
F o u n d : C ,  7 3 .8 1 ;  H ,  5 .5 2 ;  N ,  1 5 .1 1 .

(£/)-2,3-Diphenylpropenoyl Azide.— In  a  lik e  m a n n e r , 2 4 .1  g 
(0 .1 0 7  m o l)  o f (£ )-2 ,B -d ip h e n y lp r o p e n o ic  a c id 26 g a v e  a  solution  
o f th e  v in y l azide in a ce to n e  a t — 1 5 ° .  T h e  cold  m ix tu re  w as  
ta k e n  u p  in eth e r , d ilu te d  w ith  w a te r  (0 ° ) ,  w a sh e d  w ith  ice -cold  
acid  an d  base so lu tio n s , th e n  d ried  o v e r  so d iu m  su lfa te  a t  — 1 0 ° .  
E v a p o r a tio n  ( 0 ° )  o f th e  s o lv e n t fo llo w e d  b y  lo w -te m p e ra tu re  
v a c u u m  d r y in g  g a v e  2 4 .8  g  o f  th e  cru d e a z id e , m p  6 2 - 6 5 °  d e c . 
R e c r y sta lliz a tio n  w as a c c o m p lish ed  fro m  a  5 0 :5 0  m e th y le n e  
c h lo r id e -p e n ta n e  m ix tu re  b y  d isso lv in g  th e  azide a t  1 0 - 1 5 °  in a 
m in im u m  a m o u n t o f s o lv e n t fo llo w e d  b y  coolin g  in a  D r y  I c e -  
aceton e  b a th  to  y ie ld  2 3 .2  g  (0 .0 9 3  m o l, 8 7 % )  of th e  pure a z id e :27 
m p  6 8 - 7 0 °  d e c ; "ir (C C 14) 3 0 6 0 , 2 1 3 0  ( s ) , 1 6 9 2  an d  1 6 8 3  ( s ) , 1 6 1 6  
( m ) , 1372  ( m ) , 6 8 5  c m -1  (s ) ; n m r  (C D C 1 3) 5 6 . 8 - 7 .6  (m , 1 0 , 
a r o m a tic ) , 7 .8 7  (s , 1 , v in y l ) .

( ± ) - A r- (2 ,2-Diphenyl-1-methylcyclopropyl(formamide.— A  s o 
lu tio n  o f 1 8 .5  g  ( 0 .0 6 7  m o l)  o f ra ce m ic  l-c a r b a z id o -2 ,2 -d ip h e n y l-  
1-m e th y lc y c lo p ro p a n e  in  b e n ze n e  w a s refluxed  fo r  6  hr to  y ie ld
1 6 .6  g  (0 .0 6 6  m o l)  o f th e  iso cy a n a te  (a  th ic k  o i l) , ir ( C C h )  6 1 2 4 , 
4 5 0 0 , 2 2 6 5  c m - 1 . T h e  iso cy a n a te  w as tra n sferred  to  an ad d itio n  
fu n n el w ith  1 00  m l o f a n h y d ro u s T H F  and a dded  s lo w ly  (3  h r)  
to  a  so lu tio n  o f 2 5  g  (0 .1  m o l)  o f  lith iu m  tr i-fe r f-b u to x y a lu m in u m  
h y d rid e  in  1 50  m l of T H F  a t — 1 5 ° .  A fte r  2  hr of a d d itio n a l stir 
r in g , 5 0  m l o f 5 0 %  fo rm ic  acid w a s a d d e d  dro p w ise  w ith  fa st  
m ech a n ica l stirrin g  ( — 1 5 ° ) .  T h e  m ix tu re  w as ta k e n  u p  in ether, 
w ash ed  w ith  d ilu te  h y d ro ch lo ric  acid an d  sa tu r a te d  so d iu m  
ca rb o n a te  so lu tio n , an d  dried  ov er m a g n e siu m  s u lfa te . E v a p o r a 
tio n  of th e  so lv e n t g a v e  17  g  o f th e  crude fo r m a m id e , w h ic h  w as  
crysta llized  fro m  ch lo r o fo rm -h e x a n e  to  y ie ld  1 4 .2  g  ( 0 .5 7  m o l, 
8 5 % ) ,  m p  1 1 4 - 1 1 4 .5 ° .  R e c r y sta lliz a tio n  g a v e  th e  p u re  fo rm 
a m id e : m p  1 1 5 .5 - 1 1 6 .5 ° ;  ir (C C I 4 ) 3 4 1 5  (w , d o u b le t ) , 2 7 5 0  (w ) , 
1 7 0 4  ( s ) , 1 2 1 5  c m -1  ( s ) ;  n m r  5 1 .4 1  (s , 3 , C H 3), 1 .3 - 1 .9  (m , 2 , 
C H 2), 5 .9 5  (s , b ro a d , 1 , N H ) ,  7 .1 - 7 .7  (m , 1 0 , a r o m a tic ) , 7 .8 2  
(1 , C H O ) .

Anal. C a lc d  fo r C „ H „ N O :  C ,  8 1 .2 4 ;  I I ,  6 .8 2 ;  N ,  5 .5 7 .  
F o u n d : C ,  8 1 .3 1 :  H ,  6 .9 7 ;  N ,  5 .5 5 .

(R)-( — )-N-(2,2-Diphenyl-1 -methylcyclopropyl (formamide. — 
S im ila r ly , 4 .1 4  g  (0 .0 1 5  m o l)  o f o p tic a lly  p u re  ( !? ) - (  — ) - l -  
c a r b a z id o -2 ,2 -d ip h e n y l-l-m e th y lc y c lo p r o p a n e  y ie ld e d  3 .1  g  (0 .0 1 2  
m o l)  o f  th e  fo rm a m id e , m p  1 3 8 - 1 4 0 ° ,  [a] 24546t — 9 9 .1  ±  0 .5 °  (c 
1 , C H C b ) .

Anal. C a lc d  fo r C n H 17N O : C ,  8 1 .2 4 ;  H ,  6 .8 2 ;  N ,  5 .5 7 .  
F o u n d : C ,  8 1 .3 1 ;  H ,  6 .8 6 ; N ,  5 .5 6 .

(F)-A-(l,2-Dipher.ylvinyl)formamide.— I n  like m a n n e r , 1 9 .2  g  
( 0 .0 7 7  m o l)  o f (IT )-2 ,3 -d ip h e n y lp ro p e n o y l azide w as reflu x ed  in  
1 5 0  m l o f h ex a n e  for 4  hr to  g iv e  th e  is o c y a n a te : ir (n e a t)  3 0 5 5 , 
2 2 5 5  (s ) , 1 6 3 5  (m i ,  1 3 5 9  ( m ) , 9 8 9 , 6 9 1  c m ’ 1 (s ) . R e d u c tio n  w ith  
lith iu m  tr i-ie r f-b u to x y a lu m in u m  h y d rid e  y ie ld e d  1 6 .9  g  (0 .0 7 5 7  
m o l, 9 8 % ) ,  m p  1 0 6 -1 0 8 ° .  R e c r y sta lliz a tio n  fro m  c h lo r o fo r m -  
p e tro le u m  eth e r  (bp  3 0 - 6 0 ° )  g a v e  1 6 .2  g  (0 .0 7 2 7  m o l, 9 4 % ) :  
m p  1 0 9 - 1 1 0 ° ;  ir (C C 1 4) 3 4 2 0  an d  3 3 9 0  (w ) , 3 1 9 5  (w , b r o a d ),  
2 9 6 5  (w ) , 2 8 7 0  (w , b r o a d ), 1 7 0 4  an d  1 6 9 3  ( s ) , 1 6 3 5  ( m ) , 1371  
(m ) , 68 8  c m -1  (m ) ; n m r (C D C 1 3) 5 6 .3 2  (s , 1 , v in y l) , 6 .7 - 7 .5  
(m , 1 0 , a r o m a tic ) , 8 . 1 - 8 .6  (m , 2 ,  - N H C H O ) .

Anal. C a lc d  fo r  C 15H ,3N O : C ,  8 0 .6 9 ;  H ,  5 .8 7 ;  N ,  6 .2 8 .
F o u n d : C ,  8 0 .6 4 ;  H ,  5 .9 5 ;  N ,  6 .3 0 .

Reduction of (A )-2,2-Diphenyl-1-methylcyclopropyl Isocyanate 
at 25°.— In  a  sim ila r m a n n e r , th e  (K ) -c y c lo p r o p y l iso c y a n a te  
[p rep ared  fro m  7 .1 1  g  (0 .0 2 5 6  m o l)  o f th e  (R) - ( — )-c y c lo p r o p y l  
azide] w as a d d e d  to  a T H F  so lu tio n  o f 9 .8  g  (0 .0 3 8  m o l)  o f lith iu m  
tr i-ie r i-b u to x y a lu m in u m  h y d rid e  a t 2 5 ° .  C r y s ta lliz a tio n  o f th e  
p ro d u c t afford ed  5 .2 9  g (0 .0 2 1  m o l, 8 3 % )  of a c o m p o u n d  w h ose  
p h y sica l d a ta  w ere co n sisten t w ith  3: m p  1 7 7 .5 - 1 7 9 .5 ° ;  [a] 24546i 
- 2 6 7  ±  2 °  (c 1 , C H C 1 3) ;  ir (C C h )  3 2 7 8  ( m ) , 1 7 1 6  ( s ) , 1 6 8 1  
(m ) , 1 5 1 5  c m -1  (m ) ; n m r (C D C 1 3) 8 1 .2 - 2 .2  (m , 1 0 ) ,  6 . 3 - 8 .6  
(m , 2 2 ) ;  m a ss sp e c tru m  (7 0  e V )  m /e  5 0 0  ( P ) ,  4 7 2  (P  — C O ) .

Anal. C a lc d  fo r C 34H 32N 20 2: C ,  8 1 .5 7 ;  H ,  6 .4 4 ;  N ,  5 .4 8 .  
F o u n d : C ,  8 1 .6 7 ;  H ,  6 .4 3 ;  N ,  5 .5 7 .

1,1-Diphenyl-l-ethylisonitrile.— F o llo w in g  th e  gen era l p ro ce 
d u re , 1 8 .1  g  (0 .0 8 0  m o l)  o f iV -( l , l -d ip h e n y le th y l) fo r m a m id e  in  
3 0 0  m l of D M F  w as tre a te d  w ith  5 .2  m l ( 0 .0 8 4  m o l)  o f  th io n y l 
chloride in  15 m l of D M F  an d  18  g  ( 0 .1 7  m o l)  o f  so d iu m  c a rb o n a te  
to  g iv e  a fte r  d istilla tio n  1 5 .0  g  ( 0 .7 3  m o l, 9 0 % )  o f  th e  iso n itrile : 
b p  7 4 - 7 5 °  ( 0 .0 2 5  m m ) ; ir (n e a t)  2 1 2 0  (s ) , 1 5 9 8  ( m ) , 1 4 9 3  (s ) ,

(2 6 ) R .  E . B u ck le s  a n d  K . B re m e r , “ O rg a n ic  S y n th e se s ,”  C o l le c t .  V o l .  
I V ,  W ile y ,  N e w  Y c r k ,  N . Y . ,  1963 , p  77 7 .

(2 7 )  T h e  a z id e  d e c o m p o s e s  s lo w ly  a t  r o o m  te m p e r a tu r e  t o  th e  is o c y a n a t e .
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1447 (s), 690 cm- 1 (s); nmr (CC1,) 8 1.97 (s, 3, CH3), 6.9-7.35 
(m, 10, aromatic).

Anal. Calcd for Ci5H13N: C, 86.92; H, 6.32; N, 6.76.
Found: C, 87.02; H, 6.44; N, 6.56.

(/?)-( +  )-2-Phenyl-2-butylisonitrile.— Following the general 
procedure, 7.85 g (0.044 mol) of (/f)-( +  )-A?-(l-methyl-l-phenyl- 
propyl)formamide in 150 ml of DM F yielded, after distillation, 
6.51 g (0.041 mol, 92%) of the optically pure isonitrile: bp
96.97° (9 mm); [aj 24546i +2.87 ±  0.07° (c 3, dioxane); ir (neat) 
2125 (s), 1498 (m), 755 (s), 692 cm “ 1 (s); nmr (CCh) 8 0.84 (t, 
3, J =  7 Hz, CH3), 1.67 (t, 3, /  =  2 Hz, CH3), 1.90 (m, 2, 
Jab = 7 Hz, Jac =  2 Hz, CH2), 7.40 (m, 5, aromatic).

Anal. Calcd for CnHi3N: C, 82.97; H, 8.23. Found: C, 
83.08; H, 8.45.

(E )-1,2-Diphenylvinylisonitrile.—Similarly, 14.2 g (0.0637 mol) 
of (¿)-./V-(l,2-diphenylvmyl)formamide in 400 ml of DM F was 
treated with the DMF-S0C12 reagent, however, at —60°. The 
mixture was allowed to stir at —50° for 10 min prior to the addi
tion of sodium carbonate. The mixture was taken up in 50:50 
ether-pentane for the washings, and the organic layer was dried 
over sodium sulfate. Evaporation of the solvent gave 10.9 g 
(0.0532 mol, 84%) of the isonitrile, bp 109° dec (0.03 mm), which 
contained only a trace of the formamide. Prior to use small 
quantities were purified by molecular distillation at high vacuum 
to prevent decomposition (the isonitrile darkens on standing): 
ir (neat) 2105 (s), 1620 (w), 1372 (m), 689 cm“ 1; nmr (CDC13) 
8 6.94 (s, vinyl), 6.9-7.5 (m, aromatic). Mass spectral data are 
shown in Table II.

Anal. Calcd for C15H „N : C, 87.77; H, 5.40; N, 6.83. 
Found: C, 87.46; H, 5.44; N, 6 .68.

(±)-2,2-Diphenyl-l-methylcyclopropylisonitrile.— In a like 
manner, 4.68 g (0.0187 mol) of racemic iV-(2,2-diphenyl-l- 
methylcyclopropyl)formamide in 93 ml of DMF was treated with 
the thionyl chloride-DMF reagent. After the mixture had stirred 
for 16 hr, the contents of the flask were rinsed into a beaker with 
TIIF; 400 ml of cold water was added slowly at 0°. The pre
cipitate was collected, washed with water, and dried to yield 4.35 
g of material, mp 109-115°. Crystallization from chloroform- 
petroleum ether gave 3.84 g (0.017 mol, 88% ) of the isonitrile: 
mp 118-129°; ir (CCh) 2120 (s), 1494 (s), 684 cm“ 1 (s); nmr

T a b l e  II
R e l

P e a k O b s d  m ass C a lc d  m a ss A n a l. in t e n s it y

p  + l 206.0913 206.0924 C 13Ci4HnN 19.7
p 205.0884 205.0890 c 15h un 100.0
p  - H 204.0788 204.0812 C isH . oN 92.4
p  - HCN 178.0745 178.0782 C „H 10 32.4
p  - C7H5N 102.0430 102.0469 CsH6 24.5
p  - c 8h 6n 89.0378 89.0391 C,HS 23.6

(CDC13) 8  1.38 (s, 3, CH3), 1.56 (d, 1, J a b  = 6 Hz, HCH), 1.93 
(d, 1, J a b  =  6 Hz, HCH), 7.1-7.9 (m, 10, aromatic).

Anal. Calcd for C17H15N: C, 87.52; H, 6.48; N, 6.00. 
Found: C, 87.47; II, 6.58; N, 5.94.

(!?)-( — )- 2,2-Diphenyl-l -methylcyclopropylisonitrile.— Simi
larly, 0.8354 g (0.00329 mol) of optically pure ( !? )-(—)-7V-(2,2- 
diphenyl-l-methylcyclopropyl)formamide in 25 ml of D M F was 
treated with 0.28 ml (0.038 mol) of thionyl chloride in 1.5 ml of 
DMF followed by 0.81 g (0.0076 mol) of sodium carbonate. 
The precipitate, 0.726 g, mp 140-149°, was crystallized from 
benzene-petroleum ether: yield 0.537 g (0.00231 mol, 70% ); 
mp 150.5-152°; [«]«»> -1 6 6  ± 1 °  (c 1, CIIC13).

Anal. Calcd for CnH]5N: C, 87.52; II, 6.48; N, 6.00. 
Found: C, 87.47; II, 6.58; N, 5.94.

Registry No.— 3, 32529-00-3 ; (Z 2 )- (+ )-2 -a m in o -2 -
ph en ylbu tan e, 10181-67-6 ; fV -( l ,l -d ip h e n y le th y l) -
form am ide, 32528-92-0 ; ( /2 ) - ( + ) -A I - ( l -m e t h y l - l -
p h en y lp ropy l) form am ide, 32528-93-1 ; ( ± ) - l - c a r b a -  
z id o -2 ,2 -d ip h en y l-l-m eth y lcy c lop rop a n o l, 32528-94-2  ; 
( / ? ) - (  — ) isom er, 32528-96-4 ; (,E )-2 ,3 -d iphen y]pro- 
p en oy l azide, 32528-95-3 ; (± )-A / '- (2 ,2 -d ip h e n y l- l-
m ethy l cy c lo p ro p y l) form am ide, 32528-97-5 ; ( / ? ) - (  — ) 
isom er, 32528-98-6 ; (£ ) - ,¥ - (  1 ,2 -d ip h en y lv in y l)form 
am ide, 32528-99-7.

The Base-Catalyzed Dehydrohalogenation of Two Isomeric
3,4-Dibromo-2-ethoxy tetr ahy dropy r ans1
R . M . Sr iv a s t a v a ,2 F . S w e e t , a n d  R . K . B r o w n * 3

Department of Chemistry, University of Alberta, Edmonton, Alberta, Canada 
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The reactions of the two isomers, 3a,4d-dibromo-2a-ethoxytetrahydropyran ( la )  and 3a,4/3-dibromo-2/3- 
ethoxytetrahydropyran ( lb ) , with refluxing ethanolic sodium ethoxide have been examined. Total yields of 
isolable products were 19-38%. Compound la  afforded ¿rans-5,6-diethoxy-5,6-dihydro-2if-pyran (6), cis-2,5- 
diethoxy-5,6-dihydro-2ff-pyran (7c), and fr(Wis-2,5-diethoxy-5,6-dihydro-2H-pyran (7t) in the relative propor
tion 5.6 :4 .8 :1.6, along with a trace of 3-bromo-2-ethoxy-5,6-dihydro-2H-pyran (2). Compound lb  furnished the 
same products 6, 7c, 7t, and 2 in the relative proportion 1:1:16:6. The diet.hoxydihydropyrans were stable 
under the reaction conditions, but compound 2 reacted further to produce 6, 7c, and 7t in the proportion 1.4:3.5:
22.9.

I t  has been  rep orted 4 th at the reaction  o f h o t ethanolic 
potassium  h yd rox id e  or sod iu m  eth ox ide  w ith  a m ixture 
o f  the tw o  isom ers o f  3 ,4 -d ib rom o-2 -e th ox y te tra h y - 
d rop yran  la an d  lb p rodu ces in  p o o r  y ie ld  a m ixture 
con ta in in g  3 -b ro m o -2 -e th o x y -5 ,6 -d ih y d ro -2 i/-p y ra n  (2) 
and a  com p ou n d  suggested  to  be  2 ,4 -d ie th oxy -5 ,6 - 
d ih y dro-277-pyran  (3) (Schem e I ) . P ro lon g ed  treat
m ent o f  the m ixture o f  d ibrom ides la an d  lb under 
these con d ition s  led  to  a  b rom in e-free  p rod u ct from

(1 )  P a r t ly  fr o m  th e  th e s is  o f  S w e e t , s u b m it te d  in  1968  t o  th e  F a c u lt y  o f  
G ra d u a te  S tu d ie s , U n iv e r s it y  o f  A lb e r ta , as p a r t  o f  t h e  r e q u ire m e n ts  fo r  th e  
P h .D .  d e g re e .

(2 )  P o s t d o c t o r a l  F e llo w , 1 9 6 8 -1 9 7 0 .
(3 )  A u th o r  t o  w h o m  c o r re s p o n d e n c e  s h o u ld  b e  d ir e c te d .
(4 ) G . F .  W o o d s  a n d  S . C . T e m in , J. Amer. Chem. Soc., 7 2 , 139 (1 9 5 0 ).

w hich  was isola ted  b y  d istillation  a  d ie th ox y d ih y - 
d ropyran  3. C om p ou n d  2 w as iso la ted  in 5 0 %  y ie ld  
b y  d ropp in g  a so lu tion  o f  la and lb in  toluen e o n to  
m olten  potassium  h ydrox ide . N eith er o f  the stru c
tures 2 or  3 was defin itely  established. C o m p o u n d  2 
was assigned its structure on  th e  basis o f  th e  an a logy  
to  the b eh a v ior  o f  a ,/3 -d ibrom ocarbonyl com p ou n d s  
in deh ydrobrom in ation  reactions. A  ten ta tive  assign
m en t o f  the structure o f  3 w as b ased  on  th e  find ing  
th at ca ta ly tic  h yd rogen a tion  o f 3 gave  a  d ie th ox y te tra - 
h y d rop y ra n  5 (ev iden ce fo r  one d ou b le  b o n d  in  3) 
an d  th at acid  h yd rolysis  o f  3, fo llow ed  b y  p h en y lh y - 
drazone form ation  from  the h ydrolysis  p rod u ct, ga v e  a 
substance w h ich  con ta in ed  on e e th ox y  grou p .
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S c h e m e  I

Of
O O C A  

2

O C AcV
^ O ^ O C A

H,-Pd/C 3
\ h -P d / : :a +

O C A

O O C A

4

^ O ' S f C A
5

In  v iew  o f  th e  ease w ith  w h ich  enol ethers are h y 
drolyzed  under ac id ic  co n d itio n s ,5'6 it  is expected  th at 3 
w ould  cleave  n o t on ly  a t the aceta l fu n ction  b u t also 
at the enol ether linkage, w ith  loss o f  b o th  e th ox y  
groups. H en ce  structure 3 is n ot con sistent w ith  the 
h ydrolysis d a ta .4

I t  is also k n ow n  th at 1 ,2 -d ibrom ocycloh exan e, treated  
w ith  eth an olic  base, is con v erted  in reason ab ly  g ood  
y ie ld  to  3 -e th ox y cy cloh ex en e .7 A cco rd in g ly  under 
sim ilar con d itions, d eh ydroh a logen ation  o f la and lb 
m ighc b e  exp ected  to  g ive  one or m ore o f  the a ff-  
unsaturated  ethers 6 -9  as w ell as the m on ob rom o

8

com p ou n d  2. In  v ie w  o f  ou r experience and th at o f  
M cE lv a in , et al.,s th a t the an om eric p ro to n  o f acetals 
is d ifficu lt to  rem ove  b y  ord in ary  bases, the lik e lih ood  
th at 8 is form ed  seem s rem ote  b u t can n ot b e  ru led  
out.

O ur in terest in d ih y d ro - an d  tetrah ydropyran s, as 
well as the a b o v e  anom alies, p rom p ted  a reexam ination  
o f the reactions o f  th e  d ibrom ides la and lb w ith  
a lcoh o lic  base. T h is  paper reports  the results obta ined .

R esu lts  and  D iscu ss ion

T h e  m ixture o f  the tw o  isom eric 3 ,4 -d ib rom o-2 - 
e th oxytetrah ydropyran s la  an d  lb  was prepared  a c-

(5 ) J . W is lic e n u s , Justus Liebigs Ann. Chem., 192, 106  (1 8 7 8 ).
(6 ) A . L e d w ith  a n d  H . J . W o o d s ,  J. Chem. Soc., 7 5 3  ( I 9 6 0 ) .
(7) C . J . G o g e k , R .  Y .  M o ir ,  J. A . M c R a e ,  a n d  C . B . F u rv e s ,  Can. J. 

Chem., 29, 9 3 8  (1 9 5 1 ).
(8 ) S . M .  M c E lv a in ,  R .  L . C la rk e , a n d  G . D .  J o n e s , J. Amer. Chem. 

Soc., 64 , 1966  (1 9 4 2 ).

cord in g  to  pu blish ed  d irection s.4'9 A lth ou gh  the m inor 
isom er lb, a solid , cou ld  b e  separated  readily  in pure 
form  b y  crysta lliza tion  from  a m ixture o f  la an d  lb, 
th e  m a jor  isom er la, a liqu id , w as freed  from  con 
tam in atin g  lb on ly  w ith  m u ch  d ifficu lty .

W h en  la, con tam in ated  w ith  lb to  the exten t o f  
1 0 % , w as h eated  fo r  24 hr in a  refluxing so lu tion  o f 
sod iu m  eth oxide in  d ry  ethanol, a  3 0 %  y ie ld  o f  colorless 
liqu id  w as ob ta in ed  b y  fraction a l d istillation . T h is 
w as fou n d  b y  g a s -liq u id  ch rom atograp h y  (g lc) to  co n 
sist o f  fou r substances in the m olar ra tio  o f  2 .7 :2 .3 :1 :1 .  
T hese were separated  first b y  p rep arative  g lc in to  three 
fraction s, the first o f  w h ich  w as a m ixture o f  th e  tw o 
m a jor p rodu cts, w hile the secon d  an d  th ird  w ere the 
tw o in d iv idu a l m inor p rodu cts. Subsequent g lc  w ith  a
5 -ft  co lu m n  separated  the tw o  m a jor  p rodu cts. T hese 
four p rod u cts are sh ow n  in  S chem e I I  as com p ou n d s 6, 
7c, 7t, and 2, respective ly . T h e  p rop ortion s ob ta in ed  
are show n in  T a b le  I.

T a b l e  I
M o l a r  P r o p o r t i o n s  o f  P r o d u c t s  O b t a i n e d  f r o m  

t h e  B a s e - C a t a l y z e d  D e h y d r o b r o m i n a t i o n  

o f  l a ,  l b ,  a n d  2

S ta r t in g R e a c t io n
O v e ra ll
y ie ld , /--------M o la r  p r o p o r t io n  o f --------*

m a te r ia l c o n d i t io n s “ % 6 7c 7t 2
90% la\ 
10% lb /  

la

A for 24 hr 30 2 .7 2.3 1 1

A for 24 hr 19 5.6 4.8 1.6 Trace
lb A for 24 hr 38 1 1 16 6
2 A for 24 hr 35 1.4 3.5 22.9 5.7

a All reactions were done in ethanol solvent containing sodium 
ethoxide.

T h e  larger c f  the tw o  m a jor  p rod u cts  was identified  
as /ra n s -5 ,6 -d ie th o x y -5 ,6 -d ih y d ro -2 //-p y ra n  (6) on  the 
basis o f  (a ) the in frared  spectru m  w h ich  show s no ab 
sorp tion  in  the reg ion  ch aracteristic  o f  v in y l eth ers ,10’ 11 
(b ) the elem ental analysis, (c ) agreem en t o f  the 100- 
M H z  p ro ton  m agn etic resonance (pm r) spectru m  and 
its analysis b y  dou b le  irrad iation  sp in  decou p lin g , w ith  
structure 6, and  (d ) its con version  b y  ca ta ly tic  h y d ro 
gen ation  to  a  com p ou n d  iden tica l w ith  au th entic trans-
2 ,3 -d ie th oxytetrah yd rop yran . T h e  con form a tion  o f 6 
is con sidered  to  b e  th at sh ow n  in  S chem e I I , on  the 
basis o f  (a) th e  long-range cou p lin g  betw een  H -6  
and  H -4  requiring the geom etric  arran gem en t12

w hich  suggests th at H -6  m ust b e  equatoria l, (b ) the ano
meric effect13 w hich  g ives preference to  the con form a
tion  in  w h ich  the an om eric a lk oxy  grou p  is axial or 
qu asiax ia l.1314

T h e  sm aller o f  the tw o m a jo r  p rod u cts  is con sidered  
to  b e  c is -2 ,5 -c ie th ox y -5 ,6 -d ih y d ro -2 i7 -p y ra n  (7c) on  the 
basis o f  the fo llow in g  in form ation , (a ) T h e  in frared  
spectru m  show s n o  absorp tion  in  the reg ion  char-

(9 ) R .  M .  S r iv a s ta v a , F .  S w e e t , T .  P . M u r r a y , a n d  R .  Iv. B r o w n , J. Org. 
Chem., 36, 3 6 3 3  (1 9 7 1 ).

(10 ) R .  J . F e rr ie r , J Chem. Soc., 5 44 3  (1 9 6 4 ).
(1 1 )  M .  S h a rm a  a n d  R .  K .  B r o w n , Can. J. Chem., 44, 2 82 5  (1 9 6 6 ).
(1 2 ) (a ) E . W . G a r b is c h , J r ., Chem. Ind. {London), 1715  (1 9 6 4 ) ;  (b )  A . 

R a s sa t , C .  W . J e f fo r d , J . M .  L e h n  a n d  B . W a e g e ll,  Tetrahedron Lett., N o .  5 , 
2 3 3  (1 9 6 4 ).

(1 3 )  E . L . E lie l.  N . L . A llin g e r , S . J . A n g y a l ,  a n d  G . A . M o r r is o n , “ C o n 
fo rm a t io n a l A n a ly s is ,”  W ile y ,  N e w  Y o r k ,  N .  Y . ,  196 5 , p p  3 7 5 -3 7 7 .

(1 4 )  R .  M .  S r iv a s ta v a  a n d  R .  K . B r o w n , Can. J. Chem., 49, 1 33 9  (1 9 7 1 ) .
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Scheme II

6 7c 7t 2

acteristic  o f  v in y l eth ers.10'11 (b ) T h e  elem ental analy
sis agrees w ith  such  a structure, (c ) A nalysis o f  the
1 0 0 -M H z pm r spectru m  using d ou b le  irrad iation  to  
lo ca te  the signal position s o f  the variou s p roton s agrees 
w ith  such  a structure and show s th at the anom eric 
p ro ton , H -2 , is situated  on  a carbon  a tom  a ttach ed  
to  a  - H C = C H -  grou p . A s w ell, the unusually large 
a lly lic  cou p lin g  ( ~ 1 .8  H z ) b etw een  H -3  and  H -5  in 
d icates th at H -5  is quasiaxial becau se it  is on ly  in such 
an orien ta tion  th at the tr-ir overlap  is m axim um , 
generating such a  large a lly lic  co u p lin g .15a (d ) T h e
preference fo r  th e  con form a tion  w h ich  has the quasi- 
axial orien ta tion  o f  the anom eric a lk ox y  g ro u p .13'14 
I t  is the cis- b u t n o t th e  ¿m n.s-2 ,5-diethoxy-5 ,6 -d ih y d ro - 
2 /Z -pyran  w h ich  accom m odates  observation s c an d  d.

T h e  th ird  p rod u ct obta in ed  in  th e  p ro p o rtio n  1 :7  
is con sidered  to  b e  iran s-2 ,5 -d ie th oxy -5 ,6 -d ih yd ro -2H - 
p yra n  (7t) on  the basis o f  the fo llow in g  eviden ce, (a) 
E lem en tal analysis agrees w ith  such  a structure, (b ) 
T h e  in frared  spectru m  show's no a bsorp tion  in  th e  region  
ch aracteristic  o f  v in y l eth ers.1011 (c) T h e  m ass spec
trum  sh ow ed  m /e  171, one unit less than  the exp ected  
m olecu lar w eight. H ow ever, the excep tion a l ease w ith  
w hich  the an om eric h ydrogen  (H -2 ) can  be  rem oved  
to  p rov id e  a reson an ce-stabilized  ca rb on iu m  io n 16b 
w ou ld  a ccou n t fo r  th is one u n it d ifference, (d ) T h e  
preference fo r  the con form ation  possessing the quasi- 
axial orien tation  o f the anom eric a lk oxy  g ro u p .13'14 (e) 
T h e  100 -M H z pm r spectru m  an d  sp in -decou p lin g  ex
perim ents su p p ort structure 7t, sh ow ing  th at the 
an om eric p ro ton  H -2  is lo ca ted  on  a  ca rb on  a töm  
a ttach ed  to  a  - C H = C H -  grou p . A  sm all long-range 
cou p lin g  ( ~ 1  H z) betw een  H -4  and th e  anom eric 
p ro ton  H -2  indicates th at these tw o  proton s  are in 
the requ ired

arran gem en t12 an d  hence H -2  is equatoria l. A lso , the 
sm all coup lings o f  the tw o C -6  proton s, w ith  H -5  
( J 5,6 ax or e q  ~  3 H z  an d  J 5,6 e q  or ax ~  2.2 H z) require 
H -5  to  be  gauche to  b o th  C -6  proton s. In  the con 
form ation  in w h ich  the an om eric a lk oxy  grou p  is quasi-

(1 5 )  (a ) N . S . B h a c c a  a n d  D .  H . W ill ia m s , “ A p p lic a t io n s  o f  N m r  S p e c 
t r o s c o p y  in  O rg a n ic  C h e m is t r y ,”  H o ld e n -D a y ,  S a n  F r a n s is c o , C a lif .,  1964 , 
p  10 8 ; (b )  H . B u d z ik ie w ic z ,  C .  D je r a s s i , a n d  D . H . W ill ia m s , “ I n t e r p r e ta 
t io n s  o f  M a s s  S p e c t r a  o f  O rg a n ic  C o m p o u n d s ,”  H o ld e n -D a y ,  S a n  F r a n sc ic o , 
C a lif .,  1964 , p  52 .

axial, H -5  can  be  gauche to  b o th  C -6  p ro ton s  o n ly  if  
the C -5  a lk oxy  group  is quasiaxial and  h en ce  H -5  
is quasiequatorial. O n ly  structure 7t satisfies the a b ove  
observations and  since com p ou n d s 7t an d  7c h ave  d iff
erent reten tion  tim es on  the g lc, as w ell as d ifferent 
pm r spectra , y e t  their elem ental analyses are id en tica l, 
it  is clear th at th ey  m ust b e  cis and  trans isom ers.

T h e  last com p ou n d  w as identified  as 3 -b ro m o -2 - 
e th ox y -5 ,6 -d ih y d ro -2 H -p y ra n  (2) on  the basis o f  the 
fo llow ing  eviden ce, (a) T h e  elem ental analysis agreed  
w ith structure 2. (b ) T h e  mass spectru m  gave  a signal
at m /e  206 w ith  a  81B r satellite signal a t w i/e 208 o f 
a b ou t the sam e in ten sity , (c ) T h e  in frared  spectru m  
(neat) show s a b an d  o f m ed ium  stren gth  o f  1650 c m -1  
for C = C B r .  T h is  agrees w ith  the ob serva tion  o f  a b 
sorp tion  at 1650 c m -1  fo r  the d ou b le  b o n d  in 1 -b rom o- 
cy c loh ex en e .16 (d ) T h e  100 -M H z pm r spectru m  an d  
its analysis w ith  the a id  o f  d ou b le  irrad iation  sp in  
decou p lin g  clearly  agrees w ith  structure 2. T h e  qu artet 
for  the lon e olefin ic p ro ton  signal, w ith  cou p lin gs o f  6.0 
an d  2.8 H z w ith  the tw o  h igh-field  p ro ton s  on  C -5 , 
show s th at the brom in e a tom  is a ttach ed  to  C -3  and  
n ot to  C -4 . I f  the p ro ton  were a ttach ed  to  C -3 , its 
signal w ou ld  b e  a  d ou b let w h ich  m igh t b e  sp lit again  
to  a  sm all ex ten t (< 1 .5  H z) due to  lon g -ran ge or  to  
a lly lic cou p lin g , (e) T h e  an om eric e ffe c t13,14 w ou ld  
cause th e  structure to  assum e th e  con form a tion  in  
w hich  the C -2  a lk oxy  group  is quasiaxial as sh ow n  
b y  2. (f) H yd rogen a tion  o f  2 produ ces 2 -e th oxytetra -
h yd ropyran . T h e  ev iden ce a b ov e  confirm s the stru c
tural assignm ent p rev iou sly  su ggested4 fo r  th is m o n o - 
b ro m o  com pou n d .

F o llow in g  the structural determ in ation  o f  the p ro d 
u cts ob ta in ed  from  the d eh ydroh a logen ation  o f l a  
con ta in in g  1 0 %  o f lb ,  pure la  w as h eated  fo r  24 hr 
in refluxing ethanol con ta in ing  sod iu m  eth oxide . A  
liqu id  w as obta in ed  in  1 9 %  y ie ld , an a lyzin g  fo r  a 
m ixture o f  6, 7c, 7t, and  2 in  the p ro p o rtio n  5 .6 :4 .8 :1 .6 :  
trace. W h en  the p eriod  o f reflux was redu ced  to  8 hr, 
the crude liqu id  ob ta in ed  sh ow ed  2 w as presen t in 
greater than  trace am ount.

P ure lb  treated  sim ilarly  fo r  24 hr gave  a liqu id  
(3 8 %  y ie ld ) w h ich  w as fou n d  to  b e  a m ixtu re o f  6, 
7c, 7t, and  2 in the p rop ortion  1 :1 :1 6 :6 ,  resp ective ly .

(16) G. Chiurdoglu, R. Ottinger, J. Reisse, and A. Toussaint, Spectro-
chim. Acta, 18, 215 (1962).



Finally , a lthou gh  com p ou n d s 6, 7c, and 7t were 
fou n d  to  b e  stable  to  this a lkaline treatm ent, co m 
pou nd  2 w as unstable. P ure 2, h eated  fo r  20 hr under 
the usual alkaline con d itions, p rov id ed  a liqu id  m ixture 
w hich  con ta in ed  6, 7c, 7t, and 2 in  the p rop ortion  
1 .4 :3 .5 :2 2 .9 :5 .7 , a lon g  w ith  a sm all a m ou n t (p rop ortion  
~ 1 .0 )  o f  an u nk n ow n  m aterial. T h e  a b o v e  in form a
tion  is assem bled in T a b le  I  fo r  com parison .

H ow  the d ibrom ides la an d  lb are con v erted  b y  
base to  the fou r p rod u cts  show n  in S chem e II  is n ot 
at all clear. S ince lb p rodu ces a h igh  p rop ortion  o f 7t 
a lon g  w ith  a fair q u a n tity  o f  2 plus a m inor am ou n t 
o f  6 and 7c, and becau se 2 itself is con v erted  under 
sim ilar con d ition s  prim arily  to  7t a lon g  w ith  a  sm all 
am ou n t o f  6 and 7c, it is reasonable  to  assum e th at 
lb firs- is con verted  in to  2 w h ich  su bsequ ently  reacts 
further. T h is  does n o t appear to  b e  the procedu re 
fo llow ed  b y  la, since here the bu lk  o f  the p ro d u ct is a 
nearly  equal q u a n tity  o f  6 an d  7c. H ow ever, the low  
y ields (1 9 -3 8 % ) ob ta in ed  m ake su ch  specu lation  un
satisfactory .

I t  is w ell established th at b a se -ca ta lyzed  deh ydro - 
halogenations occu r  m ore read ily  if  th e  relevant h y 
drogen  and  halogen  atom s can  assum e a m utual trans 
diaxial relationship . O n ly  in  the a lternate chair form  
can  eh her la or lb p rov id e  such  a fa v ora b le  spatia l 
arrangem ent, an d  this w ou ld  lead  to  an  a lly lic  b rom ide
5 -b ro m o -6 -e th o x v -5 ,6 -d ih y d ro -2 //-p y ra n  (10), w hich  
th en  m ust form  the fou r p rod u cts  o f  S chem e I I . H o w 
ever it is k n ow n  th at b a se -ca ta lyzed  cis elim ination  
o f halogen  a cid  can  also o c c u r 17 an d  hence la and lb 
cou ld  p rod u ce  2 d irectly  b y  th is rou te . T h e  isom eric 
v in y l b rom ide , 4 -b ro m o -2 -e th o x y -5 ,6 -d ih y d ro -2 if-p y ra n  
(9), has n o t been  fou n d , a lth ou gh  it  m ay  have been  
produ ced  an d  been  less stab le  than  th e  3 -brom c isom er 2.

H owt 2 is in d u ced  to  fo rm  the d ie th oxyd ih yd rop yra n s 
7t, 6, an d  7c is not clear. S ince the in tercon version  
o f  a lly lic  and  v in y l ch lorides has b een  sh ow n  to  occu r  
in the presence o f  a stron g  b a se 18 it is possib le  th at 
here also a ba se -ca ta lyzed  isom erization  to  an a lly l 
b rom ide  (e.g., 10) takes p lace (Schem e I I I ) .  Such  a

Isomeeic 3,4-Dibromo-2-ethoxytetrahydropyrans

S c h e m e  III

rearrangem ent o f  a  v in y l b rom id e  to  an  a lly l b rom id e  
has been  suggested  to  explain  the form a tion  o f  an en- 
am ine from  2 -b rom o-3 -m eth y lb en zo  [b Jthiophene 1,1- 
d iox id e .19 T h e  a lly l b rom id e  th en  cou ld  p rov id e  6

(17) H . C .  S te v e n s  a n d  O . G ru m m it t ,  J. Amer. Chem,. Soc., 74, 4 8 7 6  
(1 9 5 2 ).

(18) M .  T a n a b e  a n d  R .  A . W a ls h , ibid., 85, 3 5 2 2  (1 9 6 3 ) .
(1 9 ) F . G . B o r d w e ll,  R .  W . H e m w a ll, a n d  D . A . S c h e x r a y d e r ,  J. Org. 

Chem., 33, 322 6 , 3 2 3 3  (1 9 6 8 ) ;  F .  G .  B o r d w e ll  a n d  D .  A . S c h e x n a y d e r ,  ibid., 
33, 3 2 3 6 , 3 24 0  (1 9 6 8 ).

b y  an S n 2 reaction  and 7c and 7t b y  an S n 2 ' reaction  
w ith  eth ox ide  icn . T h e  p rop ortion  o f  these prod u cts 
w ou ld  depen d  u p on  the deta iled  structure o f  the allyl 
brom id e . T h e  S n 2 ' reactions o f  a lly lic  system s and 
their relation  to  the S n 2 reactions have been  exam ined 
an d  re p o rte d .19-22

O ur attem pts to  isolate an  in term ediate  allyl brom ide  
have been  unsuccessful. R e a ctio n  o f  la (con ta in in g  
10% o f lb) w ith  sod iu m  eth oxide in  eth an ol a t room  
tem perature for  25 hr gave  a p ro d u ct consisting  o f 
starting m aterial con ta in ing  a sm all am ou n t o f  olefin ic 
p rod u ct. W h en  the room  tem perature reaction  wTas 
exten ded  fo r  7 days, the p rod u ct con ta in ed  essentially  6 
and  7c.

Experimental Section
Boiling points are uncorrected. For liquids isolated in very 

small amounts by glc, the boiling points were determined by both 
micro boiling point technique and by heating them very slowly in 
a two-bulb micro distillation apparatus under vacuum, with the 
lower bulb immersed in a heating bath. When the liquid began 
to distill from the lower bulb, the bath temperature was recorded. 
The latter method was preferred to the usual micro boiling point 
method since in trial comparative runs on compounds of known 
boiling point it gave results more in accord with the correct 
values.

Analysis of products by glc was carried out with an F & M 
Model 700 apparatus or with an Aerograph Autoprep, Model 
A-700. The following columns were employed, (a) Butanediol 
succinate (BDS, 23% ) on Gas-Chrom P (60-80 mesh) in a column 
Vs in. X 12 ft. For preparative work a 0.26 in. X 6 ft (or 12 ft) 
column was used (BI)S-P). (b) Carbowax 6000 (25%) on Gas- 
Chrom W (60-80 mesh) in a ‘ /s in. X 12 ft column (CW ). For 
preparative work a column 0.25 in. X  6 ft (or 12 ft) was employed 
(CW-P). Helium was the carrier gas.

Elemental analyses were made by Mrs. Darlene Mahlow of 
this department. The 60-MHz pmr spectra were made by Mr. 
Robert Swindlehurs", and the 100-MHz pmr spectra and spin
decoupling experiments were done by Mr. Glen Bigam, both of 
this department. The instruments employed were the Varian 
A-60 MHz and Varian HR-100 MHz spectrometers. Tetra- 
methylsilane was the reference compound. The solvent was 
C D C I 3 unless otherwise stated. All the J values reported in this 
paper are the approximate coupling constants determined by 
observation of the signal spacings on the spectrum. The in
frared spectra were obtained by Mr. Robert Swindlehurst, using 
a Perkin-Elmer Model 421 grating spectrometer. Solvents were- 
removed by rotary evaporator under vacuum unless otherwise 
stated.

irans-2,3-Diethoxytetrahydropyran.— Following the general 
alkylation proceduie previously described23 24 but reversing the 
sequence of addition of reagents, 10 g (0.068 mol) of trans-2- 
ethoxy-3-hydroxyterahydropyran — in 75 ml of dry 1,2-di- 
methoxyethane TO1E) was added slowly (1 hr) to a stirred 
mixture of 11.7 g (3.075 mol) of ethyl iodide and 1.86 g (0.078 
mol) of sodium hydride in 375 ml of DM E kept at ~ 3 0 °. The 
mixture was stirred overnight and then worked up as described.23 
Ordinary fractional distillation followed by a second fractional 
distillation with a spinning-band column gave a colorless liquid 
boiling at 79-803 (10 mm), yield 7.7 g (65%). Analysis by glc 
on the BDS column showed a slight contamination (< 5 % ) by 
starting material. Use of the 12 ft preparative column (BDS-P) 
at 160° with a helium gas flow rate of 150 ml/min gave pure 
material of the same boiling point20 21 : n22d 1.4318; 100-MHz pmr 
t 5.56 (d, 1, anDmeric, J2. 3  ~  4 Hz), 6.00-6.70 (m, 6, HCO),
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(2 0 ) E . S. G o u ’-d , " M e c h a n is m  a n d  S tru c tu re  in  O rg a n ic  C h e m is t r y ,”  
H e n r y  H o lt  a n d  C o . ,  N e w  Y o r k ,  N . Y . ,  1959 , p p  286—291 .

(2 1 ) F . G . B o r d w e ll,  F. R o s s , a n d  J . W e in s to c k ,  J. Amer. Chem. Soc., 82, 
2 8 7 8  (1 9 6 0 ).

(2 2 ) F. G . B o r d w e ll,  P. E . S o k o l , a n d  J . D . S p a in h o u r , ibid.. 82, 2881 
(1 9 6 0 ).

(2 3 ) U. E . D in e r , F. S w e e t, a n d  R .  K . B r o w n , Can. J . Chem., 44, 1591 

(1 9 6 6 ).
(2 4 ) F. S w e e t  a n d  R .  K . B ro w n , ibid., 44, 1571 (1 9 6 6 ).
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6.82 (m , 1, HCO for H-3, J3,A „„ or a* ~  3.0 Hz, J3.t ,x or eq ~  
6.0 Hz), 7.80-8.80 (m, 4, HC aliphatic), 8.78 (t, 3, HC aliphatic, 
J  ~  7 Hz), and 8.81 (t, 3, HC aliphatic, J  ~  7 Hz).

Anal. Calcd for C 9Hi80 3: C, 62.04; H, 10.41. Found: C, 
61.79; H, 10.64.

Isom erization of trans-2,3-Diethoxytetrahydropyran to the Cis 
Isom er.— A solution of 1.5 g (0.0086 mol) of irans-2,3-diethoxy- 
tetrahydropyran in 25 ml of absolute ethanol containing 100 mg 
of p-toluenesulfonic acid monohydrate was heated under reflux 
for 4 hr. To the cooled solution was added sufficient 10% 
ethanolic potassium hydroxide to neutralize the acid. Removal 
of the solvent by fractional distillation left a liquid which con
tained some colorless solid. An ether solution (100 ml) of this 
total residue was washed with water (four 5-ml portions) and 
dried (Na2SO<). The filtered solution was freed from ether by 
fractional distillation to provide a light yellow liquid (1.1 g, 73%). 
Analysis by glc on a BDS column at 125° (helium flow rate, 50 
ml/min) showed two overlapping peaks in the approximate area 
ratio 2 :1 . The two peaks in order of appearance were due to 
irans- and cfs-2,3-diethoxytetrahydropyran, respectively. This 
isomeric mixture boiled at 77-78° (10 mm), n24d 1.4318.

Anal. Calcd for C 9H180 3: C, 62.04; H, 10.41. Found: C, 
62.12; H, 10.46.

The 60-MHz pmr spectrum showed two anomeric proton 
signals, one at r 5.21 (d, J  ~  3.5 Hz) for the cis isomer, the other 
at r 5.55 (d, J  ~  4.0 Hz) for the trans isomer. The signal area 
ratio was 2 : 1.

3-B rom o-2-eth oxy-5 ,6 -d ih yd ro-2 //-p yran  (2 ) .— This was pre
pared essentially by the method of Woods and Temin.4 From
16.5 g (0.057 mol) of a 3:1 isomeric mixture of la and lb  there was 
obtained 7.7 g of a yellowish liquid. Glc on a BDS column 
showed two peaks in the area ratio 3:1 . Fractional distillation 
by a Vigreux column gave two fractions.

The first fraction (4.48 g, 38%) was an oil: bp 84-85° (8 
mm): 7126d 1.4880 [lit.4 bp 88° (10 mm), ji2id 1.4900; lit.25 bp 
100-101° (20 mm), t721-5d 1.4903].

Anal. Calcd for CiHnChBr: C, 40.60; H, 5.36; Br, 38.60. 
Found: C, 40.65; H, 5.37; Br, 38.47.

The infrared spectrum (neat) showed a band at 1650 cm -1 
(C = C — Br); 100-MHz pmr r 3.77 (q, 1, H C = C <  for H-4, 
J2,< <  —0.5 Hz, Jt,i eq ~  6.0 Hz, Jt,5 al ~  2.8 Hz), 5.18 (apparent 
singlet, 1, anomeric for H-2, J2.sax ~  1.5 Hz, J2,3 eq ~  1 Hz), 
5.90-6.30 (m, 1, HCO for H-6 ax, J 6 ax. 6eq ~  —12 Hz), 6.10-
6.40 (m, 1, HCO for H-6 eq), 6.30-6.64 (m, 2, HCO), 7.40-7.80 
(m, 1, HC aliphatic for H-5 ax, / 5 5 eQ ~  —18 Hz, J3 a*. « «  ~
11 Hz, y 6ax,6eq ~  6 Hz), 7.90-8.20 (m, 1, HC aliphatic for 
H-5 eq, J3 eq. t ax ~  4 Hz, J5 eq. 6 eq ~  1-5 Hz), 8.77 (t, 3, HC 
aliphatic, /  ~  7 Hz). The computer simulation, using the ob
served chemical shifts and coupling constants, gave a spectrum 
closely similar to that obtained experimentally.

The second fraction (2.05 g, 12.4%) was a light yellow liquid, 
bp 108-110° (6.5 mm). The 60-MHz pmr spectrum indicated 
it to be essentially la  containing a small amount of impurity 
(unknown).

Dehydrobrom ination of 3 ,4-D ibrom o-2-ethoxytetrahydropyran  
( la  and lb ) .— Sodium metal (8 g, 0.35 g-atom) was dissolved in 
150 ml of dry ethanol. To this, cooled to room temperature, was 
added a solution of 25 g (0.09 mol) of la  containing 10% of the 
isomer l b ,9 in 25 ml of dry ethanol. The mixture was heated 
under reflux for 24 hr, during which time it developed a deep am
ber color, and sodium bromide precipitated. Part of the solvent 
(100 ml) was removed by fractional distillation at atmospheric 
pressure, and the residue when diluted with 200 ml of ether de
posited more of the salt. The solid was separated and the filtrate 
diluted with 200 ml more of ether, was washed with water (eight 
25-ml portions) and dried (M gS04). This was then separated 
from the solid and freed from solvent. Fractional distillation of 
the residue gave fraction a, 2.8 g, bp 94° (12 mm), and fraction 
b, 1.8 g, bp 90° (9 mm), combined yield ~ 30%  assuming both 
fractions to be a diethoxydihydropyran. Analysis by glc (CW 
column at 150°, helium flow rate, 55-60 ml/min) showed both 
fractions to be the same, giving three main peaks (A, B, C) in 
the area ratio 5 :1 :1 in order of appearance, plus two very minor 
peaks of shorter retention time (1.5 and 8.5 min) comprising 
< 3 %  of the combined areas. Preparative glc (CW-P column,
12 ft), under the same conditions as for the glc analysis above,

(2 5 ) R .  P a u l  a n d  S . T c h e l i tc h e f f ,  Bull. Soc., Chim. Fr., 8 6 9  (1 9 5 8 ).

separated the three major peaks having retention times of 13, 
16.5, and 18.5 min, respectively. Only 10-/xl injections could be 
made at a time for effective separation.

The major component A on reinjection gave the same char
acteristic broad peak observed when the above mixture was 
analyzed by glc, bp 83-85° (10 mm) by the two-bulb method.

Anal. Calcd for C9Hlc0 3: C, 62.76; H, 9.37. Found: C, 
63.04; H, 9.44.

The infrared spectrum showed no absorption between 1610 
and 1690 cm-1 (no vinyl ether) and no absorption above 3100 
cm-1 (no OH).

The 60-MHz pmr spectrum showed two anomeric proton 
signals, one at r 5.08 (m, Wi/2 ~  5 Hz), the other at r 5.22 (d, 
J  ~  2.7 Hz) in the area ratio 0.85:1.0, respectively, indicative 
of two substances.

Glc with a 0.25 in. X 50 ft column containing 10% neopentyl 
glycol sebacate on Gas-Chrom W (acid washed) at 150° and with 
helium gas flow rate of 60 ml/min separated the two components 
but only if no greater than 20 ¡tl amounts were used for each 
injection. Four peaks of retention times 51, 55, 61, and 64 min 
were observed. The first two were the major peaks and were 
separated and isolated in small amount, while the latter two 
very minor peaks could not be isolated. Quantities of the major 
components obtained were insufficient for a boiling point de
termination.

The first of the two major components of A .— The infrared 
spectrum (neat) showed very weak bands at 1732, 1700, and 
1592 cm-1. The Raman spectrum (neat) showed a medium 
intensity band at 1664 cm-1 (> C = C <  stretching); 100-HMz 
pmr t 3.95-4.30 (m, 2, H C = C  for H-3 and H-4), 5.24 (d, 1, 
anomeric for H-6, J3,3 ~  2.5 Hz), 5.87 (m, 2, HCO, IFi/ 2 ~  7 
Hz), 5.98-6.60 (m, 6, HCO), 8.75 ( t , 3, HC aliphatic, J ~  7 
Hz), and 8.78 (t, 3, HC aliphatic, /  ~  7 Hz).

Anal. Calcd for C 9Hi60 3: C, 62.76; H, 9.37. Found: C, 
62.94; H, 9.68.

The second of the two major components of A .— No elemental 
analysis due to the minute amount isolated. The infrared spec
trum (neat) showed the same three weak bands at 1730, 1700, 
and 1592 cm-1 as did the first major component of A; 100-MHz 
pmr r 3.98 (d, 1, H C = C  for H-4, J3.A — 10 Hz, J2.A ~  1 Hz), 
4.28 (d of t, 1, H C = C  for H-3, J2.3 ~  2 Hz, J3.3 ~  1.8 Hz), 5.11 
(m, 1, anomeric for H-2, Wi/2 ~  6 Hz), 5.80-6.70 (m, 7, HCO), 
8.88 (t, 3, HC aliphatic, J ~  7 Hz), and 8.91 (t, 3, HC aliphatic 
J  ~  7 Hz).

Component B.— Colorless liquid; reinjection gave one sym
metrical peak in the glc. The amount of B was insufficient for a 
boiling point determination.

Anal. Calcd for C9Hi60 3: C, 62.76; H, 9.37. Found: C, 
62.40, 62.29; H, 9.77, 9.47.

The infrared spectrum (neat) showed very weak absorption at 
1740 cm-1; the mass spectrum m/e 171 for M  — 1; 100-MHz 
pmr r 3.89 (q, 1, H C = C  for H-4, J3.A ~  10 Hz, JA,3 ~  1 Hz, 
J2.t ~  1 Hz), 4.07 (q, 1, H C = C  for H-3, J2i3 ~  2.5 Hz), 5.02 
(d, 1, HC, anomeric for H-2), 5.92 (q, 1, HCO for Ii-6 ax, 
/6  ax, 6 eq ~  12 Hz, J3.6 ax ~  3 Hz), 6.13 (q, 1, HCO for H-6 eq, 
J5.6eq ~  2.2 Hz), 6.15-6.62 (m, 5, HCO), 8.88 (t, 3, HC, 
aliphatic, J  ~  7 Hz), and 8.90 (t, 3, HC aliphatic, J  ~  7 Hz).

Component C.—-Colorless liquid, bp 85-86° (8 mm).
Anal. Calcd for CjHu02Br: C, 40.60; H, 5.36; Br, 38.60. 

Found: C, 40.44; H, 5.44; Br, 38.87.
The mass spectrum had m/e 206, m/e 208 (81Br satelite). In

frared and 100-MHz pmr spectra were identical with those ob
tained for compound 2 prepared above.

Hydrogenation of Component A.— A quantity of A (1.53 g, 
0.0089 mol), isolated by glc, w-as dissolved in 50 ml of 95% 
ethanol. To this was added 500 mg of 5%  palladium on charcoal. 
The mixture was shaken with hydrogen at 40 psi for 2 hr at 
room temperature. The catalyst was removed and the solvent 
separated by frational distillation. The weight of the residual 
oil indicated nearly quantitative yield of hydrogenated product. 
Glc analysis (BDS column at 120°, helium flow rate, 60 ml/min) 
showed only two peaks in the area ratio 1.0:0.85 with retention 
times of 7.5 and 9 min, respectively. Separation was achieved 
with a BDS-P column (0.25 in X  12 ft) at 140° with a helium 
gas flow rate of 72-75 ml/min, and 25-yul quantities for each in
jection. The material appearing first was irons-2,3-diethoxy- 
tetrahydropyran, a colorless liquid, bp 76° (10 mm), n21D 1.4317.

Anal. Calcd for C9Hi80 3: C, 62.04; H, 10.41. Found: C, 
62.15; H, 10.52.



The material of longer retention time, cfs-2,5-diethoxy tetra- 
hydropyran, by glc analysis was found to contain ~ 5 %  of trans-
2,3-diethoxytetrahydropyran, bp 75° (10 mm), r„22n 1.4313.

Anai. Calcd for C 9H1SO3: C, 62.04; H, 10.41. Found: C, 
61.91; H, 10.55.

The 5%  impurity could be removed by injection of 10-/nl 
quantifies into a BDS-P column (0.25 in. X 6 ft) at 120°; 
helium gas flow rate, 50 ml/min: bp (pure cfs-2,5-diefhoxytetra- 
hydropyran) 75-76° (10 mm); n22i> 1.4314; 100-MHz pmr r
5.37 (t, 1, anomeric for H-2, / 2.3 ax or e q  ~  2 • 7 Hz, J2,3 e q  or  ax
2.3 Hz), 6.10-6.90 (m, 7, HCO), 8.0-8.7 (m, 4, HC aliphatic),
8.86 (t, 3, HC aliphatic, J  ~  7 Hz), and 8.90 (t, 3, HC aliphatic, 
/  ~  7 Hz).

Dehydrobrom ination of Pure l b .— Pure lb  (25 g, 0.09 mol) 
was dehydrobrominated as described for the 9:1 mixture of la  
and It  above, except that 80 ml of ethanol was used to dissolve 
lb . The reaction afforded 8 g of brown liquid. Fractional dis
tillation gave 6 g of colorless liquid, bp 88-89° (10 mm). Glc 
analysis showed this to be a mixture of A, B, and C in the ratio 
1:18:3, yield ~ 3 8 % .

H ydrogenation of a M ixture of Com ponents B  and C Obtained  
from  the Dehydrobrom ination of Pure l b .— A mixture of B 
and C (1.35 g), separated from A by glc, was hydrogenated for 
a period of 4 hr at 40 psi in ethanol containing 0.75 g of potassium 
hydroxide (to prevent acid-catalyzed isomerization) and 500 mg 
of 5%  palladium on charcoal. The reaction mixture was 
worked up as in the hydrogenation of A above, affording 0.7 g 
of crude liquid. Analysis by glc (BDS column at 145°, helium 
gas flow, 100 ml/min) showed only two peaks in the area ratio 
of 1.0:7.5. The first peak (minor component) showed a retention 
time identical with that of 2-ethoxytetrahydropyran.26 The 
major component, frans-2,5-diethoxy tetrahydropyran, was iso
lated by glc with a BDS-P column (0.25 in. X  12 ft): bp 85-86° 
(10 mm); ra25D 1.4318; mass spectrum m/e 174; 100-MHz pmr t

5.38 (q, 1, anomeric for H-2, J ,,3 eq ~  2.5 Hz, J2,3 >x ~  3.5 Hz), 
6.00-6.80 (m, 7, HCO), 7.85-8.25 (m, 2, HC aliphatic, for H-3 
eq and H-4 eq27'28), 8.25-8.65 (m, 2, HC aliphatic for H-3 ax and 
H-4 ax27'28), and 8.80 (t, 6 , HC aliphatic, /  ~  7 Hz).

A nil. Calcd for CsHuOs; C, 62.04; H, 10.41. Found: C, 
61.96; H, 10.62.

Dehydrobrom ination of Pure la .— Pure la  (45 g, 0.16 mol) was 
dehydrobrominated as described for the 9:1 mixture of la  and 
lb  above. The brown liquid (12 g) was distilled to give three 
fractions: (a) 4.2 g, bp 86-87° (9.5 mm); (b) 0.75 g, bp 85°
(7.5 mm); and (c) 0.15 g, bp 68-70° (2.5 mm). The combined 
yield was 19%. Glc of each fration with a CW column at 150°

Isomeric 3,4-Dibromo-2-ethoxytetrahydropyrans

(2 6 ) G . F .  W o o d s  a n d  H . S a n d e rs , J. Amer. Chem. Soc., 6 8 , 2 48 3  (1 9 4 6 ).
(2 7 )  R .  U . L e m ie u x , R .  K .  K u lln ig , H . J . B e rn s te in , a n d  W .  G . S ch n e id e r , 

ibid., 8 0 , 6 09 8  (1 9 5 8 ).
(2 8 )  C . B . A n d e r s o n  a n d  D . T .  S e p p , Chem. Ind. (London), 2 05 4  (1 9 6 4 ).

showed each to be composed of components A and B plus a trace 
of C. Overall proportion of A :B  ~  0:0.8.

Isomerization of ¿rons-2,5-Diethoxytetrahydropyran.— A solu
tion of 400 mg of irarcs-2,5-diethoxytetrahydropyran (obtained 
from the hydrogenation of components B and C above) in 7 ml of 
absolute ethanol containing 50 mg of p-toluenesulfonic acid mono
hydrate was heated under reflux for 4 hr. The cooled solution 
was basified with 10% alcoholic potassium hydroxide. The ether 
(100 ml) extract was washed with water (five 3-ml portions) and 
dried (Na2S04). Removal of the drying agent, and then the 
solvent by fractional distillation at atmospheric pressure, gave a 
light yellow oil. Analysis by glc, using a BDS column, showed 
two overlapping peaks in the area ratio ~1 .0 :0 .75 . This mixture 
was isolated by glc with the BDS-P column.

Anal. Calcd for C.H.gOs: C, 62.04; H, 10.41. Found: C, 
62.00; H, 10.40.

Glc with a B E S-? column (0.25 in. X 6 ft) at 105°, gas flow 
rate 55 ml/min and with 5-6-jul injection quantities, gave a small 
amount of the larger component. The 100-MHz pmr was identi
cal with that of C!S-2,5-diethoxytetrahydropyran obtained from 
the hydrogenation of component A above.

Reaction of 3-Bromo-2-ethoxy-5,6-dihydro-2//-pyran (2) with 
Sodium Ethoxide in Ethanol.—T o a cooled solution of sodium 
(0.81 g, 0.035 g-atom) in 15 ml of dry ethanol was added an 
absolute ethanol (5 ml) solution of 2 g (0.01 mol) of 2. This was 
heated under reflux for 20 hr, and then most of the solvent was 
removed by fra:tional distillation. The cooled residue, when 
diluted with ether (25 ml), deposited sodium bromide. The ether 
filtrate was washec with water (six 5-ml portions) until free of 
base and then dried (Na2S04). Removal of the solvent by frac
tional distillation gave a colorless liquid. This was distilled 
under vacuum in a two-bulb micro boiling point apparatus, af
fording 0.6 g of colorless liquid, bp 80-85° (8 mm). The glc 
analysis showed fcur peaks in the area ratio 1.0:4.9:22.9:5.7 
with retention times 6.8, 13, 15.5, and 17.5 min, respectively. 
The last three were coincident with those of components A, B, 
and C above. These were separated by glc and the liquids were 
identified as A, B, and C by their pmr spectra. The first peak of 
retention time 6.8 min was not isolated or identified.

Registry No.—la, 31599-27 -6 ; lb, 31599-2S -7 ; 2, 
32513-73 -8 ; 6, 32513-74-9 ; 7c, 32513-75 -0 ; 7t, 32513- 
7 6 -1 ; /rem s-2 ,3 -d ieth oxytetrah ydropyran , 32513-77-2, 
32513-78-3 (eis iso m e r); c is -2 ,5 -d ie th ox y te tra h y d ro - 
pyran , 32513-79-4, 32513-29-4  (trans isom er).
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The addition of chlorosulfonyl isocyanate (CSI) to 2-butyne (la), 3-hexyne (lb ), 4-octyne (lc), methyl-ierf- 
butylacetylene (le), phenylmet-hylacetylene (If), and phenylacetylene (lg )led  to 1:1 rearranged 6-chloro-l,2,3- 
oxathiazine 2,2-dioxide cycloadducts, respectively, 4,5-dimethyl- (2a), 4,5-diethyl- (2b), 4,5-di-n-propyl- (2c),
4-tert-butyl-5-methyl- (2e), 5-methyl-4-phenyl- (2f), and 4-phenyl- (2g). Treatment of 2-hexyne (Id) with CSI 
gave a 73:27 mixture of 6-chloro-5-methyl-4-n-propyl- (2d) and 6-chloro-4-methyl-5-n-propyl-l,2,3-oxathiazine
2,2-dioxide (2d')- Orientation of 4,5 substituents on the oxathiazine ring system seems to be due both to steric 
(2d, 2e) and electronic effects (2f, 2g). The oxathiazine ring structure in 2 has been established by spectroscopic 
means (uv, ir, nmr, mass spectrometry, and X-ray) and chemically: (1) nucleophilic substitution of the 6-ehloro
group with thiophenol-pyridine afforded thiophenyl ethers 6a-c,e-g; (2) reduction with 0.5 mol equiv of LiAlH4 
gave 3,4-dihydro derivatives 3a-c,e,f,l; (3) reaction with nucleophiles H20, _OCH3, and CH3OH led to ring-cleav
age products, respectively, ketones 7a-h,I, bis esters of unsaturated /3-amino(iV-sulfonic acid) carboxylic acid (8a- 
c,e-h), and 0-keto ester 9; catalytic hydrogenation of 8b and 8g afforded the corresponding saturated bis esters 10b 
and lOg, which were independently prepared by treatment of l-chlorosulfonyl-3,4-diethyl- ( l ib )  and 1-chlorosul- 
fonyl-4-phenyl-2-azetidinone ( llg )  with NaOCH3-C H 3OH; (4) oxidation (0 3 and K M n04) gave ring-cleavage 
products, 3,4-hexanedione (14), 3-hexanone (7b), and propionic acid (15), while reductions with excess LiAlHi led 
successively to 2-ethyl-2-pentenal (12) and 2-ethyl-2-penten-l-ol (13). Methylation of 3a-c,e,f with CH3I-K 2C 03 
afforded iV-methyl derivatives 4a-c,e,f some of which were dechlorinated with Li in feri-BuOH to 5a-c,f. Di- 
phenylacetylene (lh) and CSI gave two unstable products, the appropriate oxathiazine (2h) and the 1:2 cyclo
adduct bis(chlorosulfonyl)-5,(>-diphenyluracil (19); hydrolysis and methanolysis of the former gave 7h and 8h, 
while 19 was converted to 5,6-diphenyluracil (20). 1-Hexyne (li) and CSI led only to 2-heptynamide deriva
tives 21-23. With CSI, 3-diethylamino-l-propyne (lj)  gave the tertiary amine CSI salt while ynamine 1-di- 
ethylamino-l-propyne (lk ) led to an unstable 1:1 adduct believed to have oxete structure 26. CSI reacted 
only with the acetylene function in l-octen-4-yne (11) to form 6-chloro-4-?i-propyl-5-(2-propenyl)-l,2,3-oxathi- 
azine 2,2-dioxide (21). In competitive rate studies with equimolar mixtures of ld-lrans-2-hexene and ld-cyclo- 
hexene, CSI reacted solely with acetylene Id. With equimolar mixtures of lf-frares-d-methylstyrene and lg - 
styrene, CSI gave, respectively, 1:1 and 2:1 mixtures of azetidinone-oxathiazine adducts. The initial cyclo
addition of CSI is proposed to occur in near-concerted fashion to la -e,l and in a stepwise process to lf-h . CSI 
addition to benzyne precursor benzenediazonium carboxylate (28) afforded only 3-chlorosulfonyl-l,2,3-benzo- 
triazin-4-one (29).

T h e  ease w ith  w h ich  ch lorosu lfony l isocya n a te  (C S I) 
stereospecifica lly  adds to  ca rb o n -ca rb o n  m ultip le  bon ds 
(alkenes, con ju ga ted  dienes, cum ulenes, polyen es) 
afford in g  2-azetid in on es ( I ) 3’4 5 raised th e  p ossib ility  o f

W e  recen tly  rep orted  that add ition  o f fresh ly  distilled  
C S I in m ethylene ch loride solu tion  to  an  equ im olar 
q u a n tity  o f  3 -hexyne ( l b )  at am bient tem perature led  to  
the 1 :1  rearranged  adduct 6 -ch lo ro -4 ,5 -d ie th y l-l,2 ,3 -

I

sim ilar rea ctiv ity  tow a rd  ca rb o n -ca rb o n  trip le  bon ds. 
T h u s cycloa d d it ion  o f C S I to  acety lenes p roceed in g  b y  
such lim iting m echanism s as (1) a con certed  ir2a +  
7r2s process via a polar, u nsym m etrica l tran sition  state 
( I I ) 6 a n d /o r  (2) a stepw ise, e lectroph ilic  a dd ition  via 
an in itia lly  form ed  d ipolar v in y l ca tion  I I I 6 cou ld  lead  
to  azetinones IV 7 a n d /o r  oxetes (V ) .8'9

(1 ) T h is  re se a rch  w a s s u p p o r t e d  b y  P u b lic  H e a lth  S e r v ic e  G ra n ts  id e n t i
fied  as R O l  A I 0 8 0 6 3 -0 1 -0 3  fr o m  t h e  N a t io n a l  In s t it u t e  o f  A l le r g y  a n d  I n 
f e c t io u s  D ise a se s .

(2 )  G r a d u a t e  R e s e a rc h  A s s is ta n t  (1 9 6 7 -1 9 7 0 )  o n  a  g r a n t 1 s u p p o r t e d  b y  
N I H ;  ta k e n  e n t ire ly  fr o m  t h e  P h .D .  T h e s is  o f  Y .  S h im a k a w a , F o r d h a m  U n i
v e r s it y ,  N e w  Y o r k ,  1971.

(3 )  R .  G ra f, Angew. Chem., Int. Ed. Engl., 7 , 172  (1 9 6 8 ).
(4 )  E . J . M o r ic o n i ,  " M e c h a n is m s  o f  R e a c t io n  o f  S u lfu r  C o m p o u n d s ,"  

V o l .  3, I n t r a -S c ie n c e  R e s e a rc h  F o u n d a t io n , S a n ta  M o n ic a ,  C a lif .,  1968 , 
p  131 .

(5 )  W e  h a v e  r e c e n t ly  s u g g e s te d  t h a t  C S I  m a jr p la y  an  a n ta ra fa c ia l  r o le  
as a  x 2a  c o m p o n e n t  in  c o n c e r te d  r e a c t io n s  w ith  7t2s  s y s te m s  [E . J . M o r ic o n i  
a n d  W .  C . M e y e r ,  J. Org. Chem., 3 6 , 2 84 1  (1 9 7 1 ) ] .  I n  th is  p r o c e s s  th e  ra te  
o f  fo r m a t io n  o f  th e  s e c o n d  b o n d  m a y  la g  b e h in d  th e  fo r m a t io n  o f  th e  first. 
T h e  fo r m a t io n  o f  s u c h  as I I  in  th e  r a te -d e te r m in in g  s te p  p e r m its  t h e  o r ie n ta 
t io n , p o la r  e f fe c t ,  a n d  s t e r e o s p e c i f ic i t y  o b s e r v e d .

(6 )  M .  H a n a c k , Accounts Chem. Res., 3 , 2 0 9  (1 9 7 0 ) , a n d  r e fe re n ce s  c o n 
ta in e d  th e r e in . T h e r e  is  t h e  in e v ita b le  q u e s t io n  o f  t im in g . I f  t h e  re a c t io n
is s te p w is e , t h e  v in y l  c a t io n ic  in te rm e d ia te  I I I  s h o u ld  b e  o f  su ffic ie n t  s ta 
b i l i t y  t o  b e  t r a p p e d  b y  e x te rn a l r e a g e n ts . T h is  h as o c c u r r e d  o n ly  w ith  d i-
p h e n y la c e t y le n e  (lh).

(7 )  O n ly  a  fe w  o f  w h ich  a re  k n o w n  ( i - i i i ) .

i ii iii
( i)  K .  R .  H e n e r y -L o g a n  a n d  J . V . R o d r ic k s ,  J. Amer. Chem. Soc., 8 5 ,  3 5 2 4  
(1 9 6 3 ) ;  ( ii)  E .  M .  B u rg e ss  a n d  G . M iln e ,  Tetrahedron Lett., 9 3  (1 9 6 0 ) ;  ( ii i)  
G . E g e  a n d  E . B e is ie g a l, Angew. Chem., Int. Ed. Engl., 7 , 3 9 3  (1 9 6 5 ) .

(8 ) E x a m p le s  o f  w h ich  in c lu d e  iv  a n d  v .

( iv )  W .  J . M id d le t o n ,  J. Org. Chem., 3 0 , 1 30 7  (1 9 6 5 ) ;  ( v )  M .  E .  K u e h n e  a n d  
P . J . S h e e ra n , ibid., 3 3 , 4 4 0 6  (1 9 6 8 ).

(9 ) H o w e v e r ,  t h e  N -  vs. O -c y c l iz a t io n  ra te s  w o u ld  s e e m  t o  b e  c o m p e t i 
t iv e .  T h e  fa c to r s  w h ic h  d e te r m in e  th e  p r e fe r r e d  m o d e  ( t o  0  la c ta m s )  h a v e  
n o t  b e e n  e lu c id a te d .  T o  d a te , O -c y c l iz e d  p r o d u c t s  h a v e  b e e n  o b t a in e d  d i 
r e c t ly  o n ly  o n  a d d it io n  o f  C S I  t o  c y c lo h e p t a t r ie n e 10 a n d  a  v in y ld ih y d r o -  
n a p h th a le n e 11 a n d  in d ir e c t ly  b y  r e a rra n g e m e n t  o f  t h e  in it ia l  N -c h lo r o s u l -  
fo n y l-/3 - la c ta m  c y c lo a d d u c t s  o b ta in e d  f r o m  C S I  a d d it io n  t o  o le f in 12 a n d  
c o n ju g a t e d  d ie n e s .6,13a-14

(1 0 ) E . J . M o r ic o n i ,  C .  F .  H u m m e l, a n d  J . F . K e lly ,  Tetrahedron Lett., 
5 3 2 5  (1 9 6 9 ).

(1 1 ) R .  J . P .  B a re n d s , W .  N .  S p e c k a m p , a n d  H . O . H u ism a n , ibid., 5301 
(1 9 7 0 ).

(1 2 )  T .  W .  D o y le  a n d  T .  T .  C o n w a y , ibid., 1 88 9  (1 9 6 9 ).
(1 3 )  (a )  E . J . M o r ic o n i  a n d  W. C. M e y e r ,  ibid., 3 8 2 3  (1 9 6 8 ) ;  (b )  E . J. 

M o r ic o n i  a n d  J . F .  K e l ly ,  J. Org. Chem., 3 3 , 3 0 3 6  (1 9 6 8 ).
(1 4 )  T h . H a u g , F .  L o h se , K . M e t z g e r ,  a n d  H . B a tz e r , Helv. Chim. Acta, 

5 1 , 2 06 9  (1 9 6 8 ) ;  P . G o e b e l  a n d  K .  C la u ss , Justus Liebigs Ann. Chem., 
7 2 2 , 122  (1 9 6 9 ).
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oxath iazine 2 ,2 -d iox ide (2b, 9 6 % ) .* 16 T h e  m a jor chem i
ca l ev idence p rov id ed  in  su pport o f  structure 2b in
clu ded  (1) n u cleoph ilic  su bstitu tion  o f  th e  6 -ch loro 
group in 2b to  4 ,5 -d ie th y l-6 -th iop h en y l-l,2 ,3 -ox a th ia - 
zine 2 ,2 -d iox ide (6b ) using th io p h e n o l-p y r id in e -a ce - 
ton e  (this reagen t n orm ally  reduces N S 0 2C1 functions 
to  N H  w hile p rodu cin g  S 0 2, pyrid in e h ydroch loride , 
and d iph en yl d isu lfide) ; 3 (2) redu ction  o f 2b  w ith  0.5 
m ol eq u iv  o f  L iA lH 4 to  6 -ch loro -4 ,5 -d ie th y l-3 ,4 -d i- 
h y d ro -l,2 ,3 -ox a th ia z in e  2 ,2 -d iox ide  (3b, 8 1 % ) w hose 
nm r revea led  a n ew  m ethine p ro ton  (5 3.93, X  p ortion  o f 
an A B X  pattern ) cou p led  to  b o th  N H  and th e  C H 2 
o f  an e th y l group .

T h e  structure o f  2b  w as con firm ed b y  X -r a y  crysta l
lograph ic a n a lysis ,15' 16 w hile its form ation  w as rational
ized  oy  a sequence o f cy c loa d d it ion  (V I), e lectrocy clic  
ring opening to  the k eten e-im in e-iV -su lfon y l ch loride
(V I I ) ,  1 ,5 -sigm atropic h a logen  sh ift (V I I I ) ,  and elec-

VIII

trocy c lic  ring closure to  oxath iazine 2b. R o ta tio n  
abou t th e  a cy l carbon  single b on d  o f  V I I I  m ust p recede 
the final cycliza tion  step .

T h e  reversib ility  o f  steps V I  V I I  <=t V I I I  <=± 2b 
w ou ld  a ccou n t for  th e  appearance in  th e  m ass spectrum  
o f  2b o f  a fragm ent m/e 124 correspon d in g  to  th e  loss o f  
S 0 2C1 from  the m olecu lar ion . U n der electron  im pact 
or therm al con d ition s  in  th e  m ass spectrom eter, 2b 
reverted  to  V I . T h e  m ass spectrum  o f  3b had  no M  — 
S 0 2C1 fragm ent bu t d id  show  tw o  fragm ents ( I X , X )

3b m/e 146 m/e 79
IX X

( I f )  E .  J . M o r ic o n i ,  J . G . W h it e ,  I t .  W . F r a n ck , J . J a n sin g , J . F . K e lly ,  
R .  A . S a lo m o n e , a n d  Y .  S h im a k a w a , Tetrahedron Lett., 27  (1 9 7 0 ).

(1 6 ) J . J a n s in g  a n d  J . G . W h ite ,  u n p u b lis h e d  resu lts .

resulting from  a re tro -D ie ls -A ld er  rearrangem ent o f 
3b.17

S h ortly  a fter the p u b lica tion  o f our in itia l report, 
there appeared  tw o  com m u n ica tion s18 in w h ich  the 
structures o f  :h e  C S I addu cts w ith  2 -bu tyn e  ( la ) ,  
p h en y lacety len e  (lg), and p h en ylm eth y lacety len e  (If) 
w ere variou sly  con sidered  to  be X I - X V .  A ll are in
correct.
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In  th is con clu d in g  paper, w e report (1) on  the reaction  
o f C S I w ith  la lb ,  4 -o cty n e  ( l c ) ,  2 -h exyn e (Id). m eth yl- 
terf-butylacetylene (le), If, and lg; (2) chem ical deg
radation  studies on  oxath iazine adducts 2 and d ih ydro  
deriva tives 3; (3 ) th e  unique beh av ior o f  C S I on  re
action  w ith  d iph en ylacety lene  (lh), 1-hexyne ( l i ) ,
3 -d ie th y la m in o -l-p rop y n e  ( l j ) ,  1 -d ie th y la m in o -l-p ro - 
pyn e (lk), l-o c te n -4 -y n e  (11), and benzenediazonium  
ca rb oxy la te  (2 8 ); and  (4) com p etitiv e  rate studies o f 
C S I w ith  acety len e -o le fin  m ixtures w h ich  clarify  to  
som e ex ten t th e  nature o f  th e  in itia l m ode o f add ition  
(near con certed  or s tep w ise ).

CSI Addition to Acetylenes (Scheme I) — A d d ition  to  
C S I to  equ im olar am ou n ts o f  la, lc, le, and If in 
an hydrou s m ethylene ch loride at am bient tem peratures 
a fforded  th e  fo llow in g  6 -ch loro -l,2 ,3 -ox a th ia z in e  2 ,2- 
d iox ides, resp ectiv e ly : 4 ,5 -d im eth y l- (2a, 4 2 % ) , 4 ,5 - 
d i-n -p rop y l- (2c, 8 6 % ) , 4 -feri-bu ty l-5 -m eth y l- (2e, 
5 1 % ), and 5 -m eth y l-4 -p h en y l- (2f, 8 6 % ) . S im ilar 
treatm en t o f  Id w ith  C S I led  to  a 7 3 :27 m ixture (9 2 % ) 
o f  6 -ch loro -5 -m eth y l-4 -n -p rop y l- (2d) and 6 -ch loro -4 - 
m e th y l-5 -n -p ro p y l- l,2 ,3-oxath iaziiie  2 ,2 -d iox ide  (2d'). 
T h e  reaction  o f lg  w ith  C S I at room  tem perature led 
m ostly  to  po lym ers and  n o  distinguishable produ cts 
w ere isolated  from  the reaction  m ixture. L ow ering 
the reaction  tem perature to  — 2 0 -0 °  led, h ow ever, to  
the crude, unstable 6 -ch loro -4 -p h en y l-l,2 ,3 -ox a th ia - 
zine 2 ,2 -d iox ide  (2g, ~ 5 0 % )  w h ich  cou ld  be separated 
b y  coo lin g  to  — 78°, fo llow ed  b y  rapid  filtration . S ince 
all a ttem pts to  pu rify  th is solid  m aterial w ere unsuccess
fu l, the crude adduct w as im m ed ia te ly  con v erted  
to  4 -p h en y l-6 -th iop h en y l-l,2 ,3 -ox a th ia z in e  2 ,2 -d iox ide  
(6g) w ith  b en zen eth io l-p yrid in e  in aceton e . In  all 
cases, no oth er p rod u cts  w ere iso la ted  o th er th an  p o ly 
m eric m aterial.

T h e  low  y ie ld  o f  2a m ay be  a ttribu ted  to  th e  vo la til
ity  o f  la. T h e  orien ta tion  o f  4 ,5  substituents on  the

(1 7 )  T h e  h ig h -r e s c lu t io n  m a ss  s p e c t r a  w e re  ru n  b y  D r .  R .  A . S a lo m o n e  
w h ile  a  N I H  P o s t d o c t o r a l  T r a in e e , 1 9 6 7 -1 9 6 9  ( G M  0 1 5 2 3 0 ) , in  t h e  D e p a r t 
m e n t  o f  C h e m is tr y ,  M a s s a c h u s e t ts  In s t it u t e  o f  T e c h n o lo g y .

(1 8 ) (a ) K . C la u ss  a n d  H . Jen sen , Tetrahedron Lett., 119 (1 9 7 0 ) ;  (b )  
K -D .  K a m p e , ibid., 123 (1 9 7 0 ).
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Sch em e  I
P r e p a r a t io n  o p  1,2 ,3-O x a t h ia z in e  2 ,2 -D io x id e s  an d  T h e ir  D e r iv a t iv e s

Ri P2

RjC ^ C R ü 4- C1S02NC0

R, r 2
%

o 2s

1 /  
- 0

la c h 3 c h 3 R, r 2
l b c2h5 c2h6 2a c h 3 c h 3
lc i i-Ç jH - r-C3H7 2b c2h5 c2h 5
Id n-C3H7 c h 3

2c n-Q,H7 r-C3H7
le (CH3)3C ch3 2d R-C3H7 c h 3
If Cdh c h 3 2d' ch3 ra-C3H7
lg c 6H5 H 2e (CH3)3c CH,
lh c6h 5 c 6H 5 2f c6h5 c h 3
li ra-GjHg H 2g c6h5 H
lj CH2N(C2H5)2 H

2h c6h 5 CeH,
lk N(C2H5)2 ch3 21 n-C3H7 CH2CH
11 n-C3H7 c h 2c h = ch2

lm CH) CH=C(CH3)2
J c 6h 5s h -

LiAIH,
0.5 m ol equiv ci

3b C2H5 
3 c , r_C3H7

c2h5
ra-C;!H7 

3e (CH.,);1C CH3 
3f C6H6 CH3 
31 r-C3H7 CH2C H =C H 2

CH3i,
k2C03

R, V

N
S—0

sc6h5

0 2
Ri

6a CH3 
6b C2H5 
6c ra-C3H7 r-C3H7 
6e (CH3)3C CH3 
6f CeH5 CH3 
6g C6H5 H

r 2
c h 3
c2h5

5a CH3 CH3
5b C2H5 C2H5 
5c r-C3H, r-C,H7 
5f C6H5 CH3

Li, ieri-BuOH

c h 34a CH3 
4b C2H5
4c R-C3H,
4e (CH3)3C CH3 
4f C A  CH3

c2h5
r-C3H7

oxath iazine ring in 2e an d  2d seem s to  be  prim arily  due 
to  the greater steric e ffects19 o f  /erf-bu ty l and n -p ro p y l 
groups, respective ly , in  th e  cy c lo a d d it io n  step , w hile 
th a t in  2f20 21 and 2g u n d ou bted ly  reflects the greater 
e lectron ic  stabilization  o f th e  in cip ien t v in y l ca rb o - 
n ium  b y  th e  ad jacen t p h en y l grou p  either in tran sition  
state I I  or  in term ediate I I I .6 21 In  general, th e  rate o f  
C S I a dd ition  to  acety lenes w as acce lerated  in m ore 
polar solvents, and  the therm al stab ility  o f  th e  oxath ia 
zine p rod u cts increased  w ith  increasing size o f  substit
uents at C -5 .

In  th e  infrared, addu cts 2a-g exh ib ited  no ca rbon y l 
absorp tion s ; th e  bands at 1626-1600  (6 .1 5 -6 .2 5  m) an d  
1500-1471 c m -1  (6 .6 7 -6 .8 0  ju) in these oxath iazines 
are assigned to  C = C  an d  C = N  absorptions. A d d u cts  
2a-g all sh ow ed  th e  strong, sharp, sp lit b an d  patterns 
fo r  S 0 2 stretch ing  m odes in  th e  1399-1379- (7 .1 5 -7 .2 5  
ju) an d  1 2 1 2 -1 190-cm*-1 (8 .2 5 -8 .4 0  /i) reg ion s .22 In

(1 9 )  O n  t h e  b a s is  o f  T a f t ’ s s u b s t itu e n t  c o n s ta n ts , t h e  d iffe r e n c e  b e tw e e n
th e  in d u c t iv e  e f fe c ts  o f  a  m e t h y l  a n d  ie r i-b u ty l  g r o u p  is  r e la t iv e ly  sm a ll 
(Acr* =  0 .3 0 ) :  J . H in e , " P h y s i c a l  O rg a n ic  C h e m is t r y ,”  2 n d  e d , M c G r a w -
H ill, N e w  Y o r k ,  N . Y . ,  196 2 , p  97 .

(2 0 ) T h e  ra te  f o r  th e  C S I - l e  c y c lo a d d i t io n  w a s less t h a n  o n e -t h ir d  as fa s t  
as th e  C S I - l b  r e a c t io n  w h o s e  ra te  w a s c o m p a r a b le  t o  t h a t  f o r  C S I - l f .

(2 1 )  A . H a ssn e r , R .  J . I s b is te r , a n d  A . F r ie d e ra n g , Tetrahedron Lett., 
2 9 3 9  (1 9 6 9 ).

(2 2 )  S u lfo n e s  a b s o r b  in  th e  1 3 5 0 -1 3 0 0  (7 .4 1 -7 .6 9  n) a n d  1 1 6 0 -1 1 2 0 - c m -»
(8 .6 2 -8 .9 3  n) r e g io n s . A t t a c h m e n t  o f  t w o  e le c t r o n e g a t iv e  a to m s  (O , N )  
t o  S  in  c y c lo a d d u c t s  2 w o u ld  b e  e x p e c t e d  t o  r e su lt  in  f r e q u e n c y  sh ifts  o f  b o t h  
c h a r a c te r is t ic  b a n d s  t o w a r d  h ig h e r  fr e q u e n c ie s :  L . J . B e lla m y , " T h e  I n fr a 
red  S p e c tr a  o f  C o m p le x  M o le c u le s ,”  W ile y ,  N e w  Y o r k ,  N . Y . ,  195 8 , p p  
3 6 0 -3 6 3 .

the u ltraviolet, adducts 2a-e disp layed  a ch rom oph ore  
w ith  Amax 292 -295  nm  (e 3 6 0 0 -3 8 0 0 ); ph en y l grou p  
exten sion  o f the con ju ga ted  system  in 2f and 2g sh ifted  
the \max to  297 -302  nm  (e 12 ,000 -12 ,700 ). T h e  co m 
bin ed  effect o f  spectra l data  alone (ir, uv, nm r, and  
X -r a y )  d ecisive ly  preclude structures X I - X V  or  th e  
a ce ty le n e -C S I  cycload d u cts .

Reaction of Oxathiazines (2) with Nucleophiles 
(Scheme II).— M eth an olysis  o f  2b led to  the (3-keto 
ester, m eth y l 2 -e th y l-3 -oxop en ta n oa te  (9, 6 0 % ) ;  h y 
drolysis  o f  2b afforded  3 -hexanone (7b, 7 0 % ) , th e  
d eca rb ox y la tion  p rod u ct o f  its  /3-keto acid  precu rsor 
2 -e th y l-3 -ox op en ta n o ic  acid . S im ilar h ydrolysis  o f  
2a, 2c-g w ith  w ater or  aqueous b icarbon ate  solu tion  
gave ketones 7a, 7c-g (3 1 -8 1 % ), respective ly . T re a t
m ent o f  2a-c, 2e-g w ith  3 m ol eq u iv  o f  sod iu m  m eth - 
ox id e  in absolu te  m ethanol at 0 ° resu lted  in  th e  fo rm a 
tio n  o f  bis esters o f  /?-am ino(iV -sulfon ic acid ) ca rb o x y lic  
acids 8a-c, 8e-g (3 0 -9 8 % ), resp ective ly . C a ta ly tic  
h yd rogen a tion  o f 8b and 8g a fforded  th e  correspon d in g  
saturated  diesters 10b an d  10g, w h ich  w ere in depen 
d en tly  prepared  b y  treatm en t o f  1-chlorosulfonyl-cz.s-
3,4 -d ie th y l- (llb)13b and l-ch lorosu lfon y l-4 -p h en y l-2 - 
azetid inone (1 lg)13b w ith  sod ium  m e th o x id e -m e th a n o l.3 
T h ese  results show  th at no rearrangem ent o f  th e  ca rb on  
sk eleton  h ad  occu rred  during cy c loa d d it ion  an d  re
arrangem ent, and  th e  ca rb on  o f C S I h ad  b ecom e affixed 
to  th e  acety lene  fu n ction . A s a lready  n oted  w ith  2b 
and 2g, treatm en t o f  2a, 2c, 2e, and 2f w ith  th io p h e n o l-
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S c h e m e  I I

R ing D egradation R eactions o f  1,2,3-Oxathiazine 2,2-D ioxides

0 0  
Il II

c 2h5c cc2h5 +  c2h5co2h

^2^5^ C2H5 
c = c

H ^ R
12, R =  CHO
13, R =  CH2OH

O

RjCCHüRj

Ri R2
7a CH3 CH3
7b C2H5 c2h 5
7 c n-C3H- ra-C3H7
7d CH3 n-C3H7
7e (CH3)3C CH3
7f CeH5 c h 3
7 g O ft, H
7h CeH5 QH,
71 fiw C3H7 c h 2c h = c h 2

14 IS

Ri R5

ci s o ;

0

,N-
NaOCH;,,
CH,OH

0

Ri R.
lib  c2h5 c2h5
l lg  O f t  H

15 +  C2H5CC:;H- 
7b

; c = c

so3c h .

^R2

vco2ch ,

Ri R2 
8a CH3 CH3 
8b C2H5 C2Hs 
8c a-C3H7 r-C3H7 
8e (CH3)3C CH3 
8f C6H5 CH3 
8g C6H5 H 
8h C6H5 C6H5

[H]

Rj
I I

c h 3o 3s n h c h c h c o 2ch3

Ri R2 
10b c2h5 c2h5 
10g c6h 5 h

pyrid ine in  aceton e a fforded  th ioethers 6a, 6c, 6e, and 
6 f (2 7 -4 4 % ), resp ective ly . N u cleoph ilic  su bstitu tion  
o f  th e  v in y l ch loride in  2 finds its a n a logy  in th e  p y r i
dine ring system  w here th e  p o larity  o f  e lectrons tow ard  
n itrogen  in vites a ttack  b y  n ucleoph iles at the y position . 
In  2 the entering n egative  charge m ay  reside n o t on ly  
on  th e  C  and  N  atom s b u t can  be fu rth er deloca lized  
in to th e  ad jacen t S 0 2 grou p  via d -p „  bon d in g  X V I  <-> 
X V I I  «-> X V I I I .

A  general m echanism  fo r  th e  response o f  the 1,2,3- 
oxath iazine system  to  n ucleoph iles  (H 20  C H 3O H , 
~ O C H 3, C 6H 5S H ) is p rop osed  in Schem e I I I . E xp u l
sion o f  ch loride under th e  influence o f  th e  strong nu
cleoph ile  th ioph en ol read ily  con verts  in term ediate 
X V I  <-> X V I I  <-» X V I I I  t o  th e  m ore stable con ju ga ted  
th ioethers 6. F urther a ttack  b y  th e  appropriate  
nucleophile at th e  S site o f  th e  less stable  su bstitu tion  
prod u cts X I X 23 and  X X  leads u ltim ately  to  cleavage

(2 3 ) A n  a lte rn a t iv e  h y d r o ly s is  m e ch a n is m  m ig h t  in v o lv e  e n o liz a t io n  o f  
X I X  fo l lo w e d  b y  n u c le o p h ilic  a t t a c k  a t  th e  c a r b o n y l  c a r b o n  a n d  r in g  o p e n in g  
t o  16.

16

prod u cts 7 and 9. T h e  bis esters 8, stru ctu ra lly  cor
respon dent to  p rop osed  rin g -cleaved  interm ediates 
X X I  and X X I I ,  h ave been  isolated .

Reduction and Oxidation.— R e d u ctio n  o f 2b w ith  2 
and 4 m ol equ iv  o f  L iA lH 4 afforded  2 -ethy l-2 -pen ten a l 
(12, 3 0 % ) and 2 -e th y l-2 -p e n te n -l-o l (13, 3 6 % ) , re
spective ly . T h e  use o f  0 .5  m ol equ iv  con v erted  2a-c, 
2e,f and 21 to  the correspon d in g  d ih ydro  derivatives 
3a-c, 3e,f, and 31, respective ly . In  all th e  latter, de
creased con ju ga tion  w as ev id en ced  b y  th e  absence o f 
any C = N  stretch ing  ban ds in  th e  ir  and  a large h y p so - 
ch rom ic sh ift :n  th e  u v  [e.g., cf. 2b, Xmax 292 nm  (e 3600), 
and 3b, Xmax 233 n m  (e 1500)]. A  sim ilar red u ction  o f 
2g led  on ly  to  p o lym eric  m aterial.

M éth y la tion  o f  3a-c and 3f w ith  C H 3I - K 2C 0 3 in 
aceton e a fforded  the V -m e th y l derivatives 4a-c and 4f 
(4 8 -7 3 % ). W ith  this reagent com bin ation , 3e reacted  
slow ly  and  gave m ostly  rin g -cleaved  produ cts. W h en  
the reaction  was carried  ou t in  D M S O  w ith  a large 
excess o f  C H 3I and  an equ im olar am ou n t o f  Iv2C 0 3, the 
desired 6 -ch loro-4 -ter£ -butyl-3 ,5 -d im ethyl-3 ,4 -d ih ydro-
1 ,2 ,3-oxath iazine 2 ,2 -d iox ide  (4e, 4 8 % ) w as obta ined . 
A lth ou gh  a large steric effect is expected  betw een  the 
n eighboring £er£-butyl and  Ar-m eth y l groups in 4e, 
n itrogen  inversion  w as n ot observed  in  the nm r at room  
tem peratu re .24

D ech lorin ation  o f  4a-c and 4f, unsuccessful w ith  3,

(2 4 ) F . A . L . A n e t  a n d  J . M .  O s y a n y , J. Amer. Chem. Soc., 8 9 , 3 5 2 , 357  
(1 9 6 8 ).
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w as ach ieved  using L i in  ¿erf-B uO H 25 to  g ive  5a-c and 
5f (6 9 -9 3 % ), resp ective ly . T h e  nm r o f 4 ,5 -d ieth y l-3 - 
m eth y l-3 ,4 -d ih y dro -l,2 ,3 -ox a th ia zin e  2 ,2 -d iox ide (5b), 
fo r  exam ple, d isp layed  a new  v in y l p roton  (5 6.30) 
cou p led  b o th  to  th e  m ethine C -4  p ro ton  and the m ethy l
ene p ro ton  o f  the C -5  eth y l group.

F in a lly , ca ta ly tic  h ydrogen ation  o f  2b fo llow ed  b y  
h y d ro ly tic  w ork -u p  gave k eton e 7b (77%); sim ilar 
red u ction  and h ydrolysis o f  6b afforded  ph enyl 2- 
eth y l-3 -oxoth iop en tan oate  17 (3 9 % ).

O O

6b - 1' tH> CjHsicĤ SCiHs
2. HjO

CjHt
17

O zon ation  o f  2b fo llow ed  b y  ox id a tive  w ork -u p  
gave 3 ,4 -hexanedione (14, 2 0 % ) and p rop ion ic  acid  
(15, 1 4 % ). P otassiu m  perm anganate ox id a tion  o f 
2b a fforded  15 (4 7 % ) and 7b (2 0 % ). A lkaline h y d ro 
gen  peroxide treatm en t o f  3b gave 2 -e th y l-3 -(a m in o - 
su lfon ic acid )pen tan o ic  acid  (18, 2 3 % ) , identica l w ith  
th at form ed  d irectly  (5 0 % ) via aqueous h ydrolysis  o f 
3b.

3b
a q u e o u s  K O H

c 2h 5

- >  h o s o 2n h c h c h c o 2h

I
c 2h 5

18

Miscellaneous Acetylenes.— D ip h en y la cety len e  (lh) 
reacted  s low ly 26 w ith  C S I (a t least l/m the rate o f  lb) to  
fo rm  tw o  unstable produ cts. T h e  first, l ,3 -b is (ch lo ro - 
su lfon y l)-5 ,6 -d iph en ylu racil (19, 5 7 % ) , was identified  
as its h ydrolysis  p rod u ct 5 ,6 -d iph enyluracil (20).27a 
F o r  th e  secon d , recrysta llization  from  m ethanol gave 
m ethy l 2,3 -  d iph en yl - 3 -  (m eth oxysu lfon y lam in o) pro- 
pen oate (8h, 1 7 % ) while h yd rolysis  a fforded  d eox y - 
ben zoin  (7h, 1 3 % ). B oth  7h and 8h can  b e  rationalized 
as m ethanolysis and  h ydrolysis produ cts , respective ly , 
o f  6 -ch loro -4 ,5 -d ip h en y l-l,2 ,3 -oxa th ia z in e  2 ,2 -d iox ide 
(2h ). M ech an istica lly , th e  results suggest a  slow ,6'26 * 
stepw ise add ition  o f C S I to  lh. T h e  1 ,4-d ipolar 
in term ediate X X I I I  can  b o th  cyclize  to  oxath iazine 2h

L U  2h 8h

| h ,o

x x m  7h

CSI

19, R =  S02C1
20, R =  H

(2 5 ) P . B r u c k , D .  T h o m p s o n , a n d  S . W in s te in ,  Chem. Ind. (London), 4 0 5  
(1 9 6 0 ) .

(2 6 )  T h e  lo w  e le c t r o n -w ith d r a w in g  p o w e r  o f  p h e n y l  s u b s t itu e n ts  in  a c e t y l 
en e s  is  w e ll  d o c u m e n t e d ;  e.g., in  a n  a p p ro x im a te  o r d e r  o i  r e a c t iv it y  fo r  
t a n y c y c lo p h i le s ,  l h  fa ile d  t o  r e a c t  [P . G . G a ssm a n , Accounts Chem. Res.,
4, 128  (1 9 7 1 ) ] .  T h e  s te r ic  e f fe c ts  o f  d ip h e n y l s u b s t itu e n ts  sh o u ld  a ls o  lo w e r
th e  re a c t io n  r a te . S e e  a ls o  re f 32 .

lh CSI
c6h 5c = cc6h 5

— (X
C1S02' '0

and be  in tercepted  b y  a secon d  m olecu le o f  C S I to  
form  I 9 .27b'28

1-H exyne ( l i )  also reacted  slow ly  w ith  C S I. T h e  
in itia l a d d u ct con ta in ed  neither the oxath iazine nor 
uracil structures since the crude p rod u ct d isp layed  
carbon y l (5.91 m) and  N H  (3.1 m) absorp tion  ban ds in 
the ir and n o  v in y l p ro ton  in  the nm r. A qu eou s h y 
drolysis o f  th is crude oil led  to  2 -h eptyn am ide (22, 
2 0 % ) , w hile treatm ent w ith  aniline a fforded  th e  JV-sul- 
fon ylan ilide o f  2 -h eptyn am ide (23, 3 0 % ) . T hese

O
II

c4h „c= c c n h 2 
22

|h20

0
II

► C,H,C=CCNHS02C1 
21
jc ,H ,N H a

0
II

c ,h .jc = c c n h s o 2n h c „h ,
23

results suggest the original unstable ad d u ct to  b e  th e  
iV -su lfonyl ch loride o f  2 -h eptyn am ide (21) w hose 
form ation  m u st in v o lv e  initial, stepw ise a tta ck  b y  C S I 
at th e  term inal C  a tom  o f l i  to  in term ediate X X V I  
fo llow ed  b y  p ro ton  transfer to  N .

B oth  3 -d ie th y la m in o -l-p rop y n e  ( l j )  and  ynam ine
1 -d ie th y la m in o-l-p rop yn e  ( lk )  reacted  w ith  C S I rap id ly  
and qu an tita tive ly  in  pentane ( — 7 8 °) to  y ie ld  unstable 
1 :1  addu cts w h ich  d ecom p osed  under w ork -u p  co n 
d itions at room  tem perature. A t  low  tem perature, the 
unstable l j - C S I  addu ct cou ld  b e  isola ted  as a h y g ro 
scop ic , w hite solid  w hose ir d isp layed  isocyan ate  (2222 
c m -1 , 4 .50 n) and  a cety len ic  (2105 c m -1 , 4 .75 ¿¡) 
absorptions. S ince carefu l h ydrolysis  o f  th is m aterial 
gave l j  (7 0 % ), and its h yd roch lor id e  25, a reasonable 
structure fo r  the in itial adduct w ou ld  be  m erely  th e  
ierf-am in e-C S I salt (24).29

C S I  a q u e o u s  N a O H ,
l j  < > H C =C C H 2N(C2H5)a• C1S02N C O ------------------>

a q u e o u s  N a O H , a c e to n e
a c e t o n e

H
I

H C =C C H 2N (C2H5)2+
C l-

25
(2 7 )  (a ) U ra c il  s t r u c tu re s  h a v e  a lso  b e e n  p r o p o s e d  fo r  t h e  r e a c t io n  p r o d 

u c ts  b e t w e e n  f lu o r o s u l fo n y l  is o c y a n a t e  (F S I )  a n d  b o t h  l a  a n d  I f . 18 (b )
A  b is  (N -c h lo r o s u l fo n y l )  u ra c il  in te rm e d ia te  w a s a ls o  p r o p o s e d  as o n e  o f  th e  
c y c lo a d d i t io n  p r o d u c t s  o f  C S I  a n d  3 -m e t h y l - l ,2 -b u t a d ie n e :  E .  J . M o r ic o n i
a n d  J. F . K e lly ,  J. Org. Chem., 32, 3 0 3 6  (1 9 6 8 ). A  m o r e  r e c e n t  p r e c e d e n t  is  
t h e  fo r m a t io n  o f  5 - is o p r o p e n y lh y d a n t o in  f r o m  t h e  a d d it io n  o f  C S I  t o  1 - 
m e t h y lc y c lo p r o p e n e :  T .  J . B a r to n , R .  R o g id o ,  a n d  J . C .  C la r d y ,  Tetrahe
dron Lett., 2 08 1  (1 9 7 0 ).

(2 8 ) O x a th ia z in e  2h a n d  u ra c il 19 c o u ld  a lso  b e  fo r m e d  via c o m m o n  in te r 
m e d ia te s  X X I V  ^  X X V .

CSI
+

c 4h sc= c — H 
I -

^ CN\( r  x s o 2ci

X X V I

X X IV

C f f t  C6H5 "

N  C 

S 0 2C1 x o  

X X V

2h

19

(2 9 ) R .  G ra f, G e rm a n  P a te n t  1 ,0 0 0 ,8 0 7  (1 9 5 7 ) ;  Chem. Abstr., 54, 155 55  
(1 9 6 0 ).
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Scheme I II

9

Sim ilar isolation  o f  the lk - C S I  addu ct afforded  an 
unstable, ye llow  m aterial w hose ir  sh ow ed  C = C / C = N  
and S 0 2 absorptions b u t n o  C = 0  ban d . Its  nm r was 
also suggestive o f  an oxe te -ty p e  structure 26; h y 
drolysis, m ethanolysis, redu ction , an d  ox idation  o f  this 
m aterial, h ow ever, led  to  n o  isolable produ cts.

(C2H5),Nx ___ CH3XNS02C1
26

l-Octen-4-yne (11). Competitive Reaction Rates of 
Acetylenes and Olefins with CSI. Reaction Mech
anisms.— l-O cte n -4 -y n e  (11) and C S I reacted  at abou t 
V , th e  rate o f  the reaction  o f  lc and C S I. O n the 
basis o f  spectra l data  [ir 1640 c m -1  (6 .10 n) ( C = C /  
C = N ) ,  n o  C = 0  ab sorp tion ; nm r three v in y l p roton s], 
the adduct ob ta in ed  in  7 5 %  y ie ld  was assigned the 
structure 6 -ch lo ro -4 -n -p ro p y l-5 -(2 -p ro p e n y l)-l ,2 ,3 -oxa - 
th iazine 2 ,2 -d ioxide (21). R ed u ction s  o f  21 w ith  0.5 
m ol eq u iv  o f  L iA lH 4 afforded  th e  expected  d ih yd ro  
derivative  (31, 7 0 % ) w hile red u ctive  h yd rolysis  w ith  
aqueous sod ium  sulfite so lu tion 30 gave l-c c te n -5 -o n e  
(71, 8 0 % ) . I t  w as u n expected  th a t th e  e lectroph ilic  
C S I preferred  to  react w ith  th e  acety len ic fu n ction  in 
11 rather th an  th e  term inal d ou b le  b on d .

T h e  add ition  o f  C S I to  th e  con ju ga ted  enyne, 2 -m eth - 
y l-2 -h exen -4 -yn e ( lm ) ,  at lo w  tem perature alw ays re
sulted  in  the form a tion  o f  in tractab le  polym ers.

T h ere  is n ow  considerable ev iden ce  w hich  indicates 
that add ition  o f  electrophiles such  as 2 ,4 -d in itro- 
benzenesu lfenyl ch loride31 and  b rom in e ,32 inter alia, 
to  olefins proceed s via a tw o-step  process w ith  the 
form ation  o f  a d iscrete ion ic  in term ediate  in  the rate
determ ining step. W h ile  the intrinsic m echanism  o f

(30 ) T . D u r s t  a n d  M .  J. O ’ S u lliv a n , J . Org. Chem., 35, 2 04 3  (1 9 7 0 ).
(3 1 ) N . K h a ra s ch  a n d  C . N .  Y ia n n io s ,  ibid., 2 9 , 1 19 0  (1 9 6 4 ).
(32 ) P . W .  R o b e r t s o n , W . E . D a s a n t ,  R .  M .  M ilb u r n , a n d  W . H . O liv e r ,

J . Chem. Soc., 1 62 8  (1 9 5 0 ).

add ition  o f  such electrophiles to  acetylenes has n ot been  
firm ly established ,33 it has lon g  been  suggested th at the 
x  electrons o f  acetylenes are m ore tigh tly  h eld  than  are 
those o f  correspon d in g  alkenes. C onsequ en tly , if the 
m echanism  o f e lectrophilic  a dd ition  to  corresponding  
acetylenes a n c  alkenes is sim ilar, th en  th e  rate fo r  the 
form er w ou ld  be  p red icta b ly  slow er. C om parison  o f 
th e  results fo r  the add ition  o f  2 ,4 -d in itrobenzene- 
su lfenyl ch loride31 and b rom in e32 to  acety lenes w ith 
those fo r  the appropriate  olefins sh ow  sign ificantly  low er 
reaction  ve locities  fo r  the acetylenes.

T o  determ ine rela tive reaction  rates fo r  the addition  
o f C S I to  acetylenes and  olefins, equ im olar m ixtures o f
2-hexyne (ld )-b a n s -2 -h e x e n e  and ld -cy c lo h e x e n e  were 
treated  w ith  an insufficient am ount o f  C S I. In  each 
case, on ly  acetylene Id  reacted. T hu s, on  the basis o f 
these relative rate studies, we suggest that, in the ab
sence o f  any overw helm ing e lectron ic su bstitu ent effect 
(as in  acetylenes la-e and 11), a d d ition  o f C S I to  
acetylenes p roceeds via the n ear-con certed  transition  
state I I . T h e  orien tation  in  cy c lo a d d u ct  21 m ay be 
rationalized b y  th e  greater stab ility  o f  X X V I I  over 
X X V I I I .34 H om oa lly lic  stab iliza tion  o f X X V I I I  (via 
X X I X )  was th erefore  n ot significant.

W h en  a m ixture o f  lf-fran s-jS -m eth ylstyrene in 
m ethylene ch loride was treated  w ith  0.5 m olar equ iv  o f 
C S I, nm r analysis o f  the p rod u ct in d ica ted  a nearly  1 :1  
m ixture derived  from  cy c lo a d d it io n  o f C S I to  b o th  
acety lene  and olefin. In  th e  m ore polar so lven t, the 
a ce ty le n e -C S I reaction  rate increased the produ ct 
m ixture ratio to  1 .4 :1 . F in ally , an equ im olar m ixture 
o f  lg -s ty r e n e  w ith  C S I a fforded  a 2 :1  m ixture o f  the

(3 3 ) I n  e le c t r o p h i l ic  a d d it io n  r e a c t io n s  (h y d r o ly s is ,  h y d r o c h lo r in a t io n ,
r e a c t io n  w ith  t r i f lu o r o a c e t ic  a c id )  t o  a c e ty le n e s ,  v in y l  c a t io n s  h a v e  b e e n  
p r o p o s e d :  P . E . P ed e rso n  a n d  J. E . D u d d y ,  J. Amer. Chem. Soc., 88 , 4 99 0
(1 9 6 6 ), a n d  re fe re n ce s  c it e d  th e r e in ; R .  C .  F a h e y  a n d  D . J . L ee , ibid., 89, 
2 7 8 0  (1 9 6 7 ) ;  D .  S . N o y c e ,  M .  A . M a t e s ic h ,  a n d  P . E . P e te rs o n , ibid., 89, 
6 2 2 5  (1 9 6 7 ) ;  D .  S . N o y c e  a n d  M . D . S c h ia v e lli ,  ibid., 90, 1020, 1023 (1 9 6 8 ).

(3 4 ) T h e  d iffe re n ce  in  in d u c t iv e  e f fe c t  o f  th e  n -p r o p y l  a n d  p r o p e n y l  
g r o u p s  is sm a ll;  cf. T a f t ’ s <r* v a lu e  f o r  n -b u t y l  ( — 0 .1 3 )  a n d  2 -b u t e n y l  
( + 0 . 1 3 )  g r o u p s .19
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c 3h 7ç = c c h 2c h = c h 2 c h 2= c h c h 2ç ^ ç c 3h ,

C1SO./ N V ' °

xxvn
ciso2

X X V III

1

a fforded  29. B enzotriazin on e 30 was also o b ta in ed  in 
2 0 %  y ie ld  b y  th e  reaction  o f 28 w ith  C S I-p y r id in e  
sa lt29 and  jV ,IV '-b isch lorosu lfonylurea .3 N o  reaction  
was observed  on  irradiation  o f 30 in  T H F  under an 
H a n ov ia  45 0 -W  lam p fo r  10 hr at ro o m  tem peratu re ; 
30 was q u a n tita tive ly  recovered .

CH 2.

c = c c 3h ,CH 2— CH

N ç ,0
C1S02

X X IX

a zetid in on e-oxath iazin e  adducts. T h u s in  th e  reaction  
o f C S I w ith  acetylenes If and lg, th e  m echanism  o f 
a dd ition  begins to  change w ith  increasing in vo lvem en t 
o f m ore stab le  v in y l ca tion  interm ediates, since the 
p h en yl grou p  can  loca lize  p ositive  charge on  th e  ad
ja cen t carbon . In  the tw o-step  add ition  o f C S I to  
acety lene lh , th e  fu lly  deve lop ed  v in y l ca tion  in ter
m ediate X X I I I  is trap p ed  as th e  uracil 19, w hile l i  
leads to  u nsaturated  am ide 21 via in term ediate X X V I .

Benzenediazonium Carboxylate (2 8 ) .— T h e  p ro 
pen sity  o f ben zyn e  to  undergo cy c lo a d d it io n  reactions 
w ith  olefin s,36 con ju g a ted  d ien es,36 and trienes37 sug
gested  the possib ility  th at ben zoazetin on e 27 m ight be 
prepared  b y  th e  cycloa d d it ion  o f  ben zyn e  w ith  C S I .38

27

T h u s ben zyn e precursor, ben zened iazon ium  car
b oxy la te  (28 ), was prepared  and treated  w ith  C S I at
7 0 -8 0 ° . T h e  sole p rod u ct ob ta in ed  w as 3 -ch loro - 
su lfon y l-l,2 ,3 -b en zotr ia z in -4 -on e  (29, 8 0 % ) w h ich  was 
con v erted  to  l,2 ,3 -ben zotr iaz in -4 -on e  (30, 7 8 % ) on

28

29, R =  S02C1
30, R =  H

recrystallization  from  m ethanol. B enzotriazinone for 
m ation  can  be  rationalized  b y  in itial a ttack  o f  C S I 
on  28 to  interm ediate X X X ,  d ecarboxy la tion  o f  w h ich

(3 5 )  H . E .  S im m o n s  a n d  R .  W .  H o ffm a n n  in  “ D e h y d r o b e n z e n e  a n d  C y -  
c lo a lk y n e s ,”  R .  W . H o ffm a n n , E d .,  A c a d e m ic  P ress , N e w  Y o r k ,  N .  Y . ,  
196 7 .

(3 6 ) M .  J o n e s , J r ., a n d  R .  H . L e v in ,  J . Am er. Chem. Soc., 9 1 , 6411 (1 9 6 9 ) ;  
R .  W . A t k in  a n d  C . W . R e e s , Chem. Com m un., 152  (1 9 6 9 ).

(3 7 ) I .  T a b u s h i ,  H . Y a m a d a , Z .  Y o s h id a , a n d  H . K u r o d a , Tetrahedron 
Lett., 1 09 3  (1 9 7 1 ) .

(3 8 ) T h e  r e a c t io n  o f  b e n z y n e  w ith  p h e n y l  is o c y a n a t e  a f fo r d e d  o n ly  9 -
p h e n o x y p h e n a n th r id in e :  J . C .  S h e e h a n  a n d  G . D . D a v e s ,  J r ., J . Org. Chem.,
3 0 ,3 2 4 7  (1 9 6 5 ).

Experimental Section39
Reaction of CSI with Acetylenes (la-g).— The general pro

cedure used was as follows. To a stirred solution (0°) of the 
acetylene in dry CH2C12 (0.3 mol, 50 ml) was added dropwise an 
equimolar amount of freshly distilled CSI in the same solvent 
(0.3 mol, 30 ml). Upon completion of the addition, the reaction 
mixture was allowed to warm to room temperature and the reac
tion was continued until the ir spectrum showed the absence of the 
isocyanate peak at 4.4 n (3-15 hr). The solvent was then 
evaporated in vacuo leaving a yellow oil which was extracted with 
seven 50-ml portions of boiling pentane. The solution was 
cooled to —20° to give the crude 1:1 adduct 2 which was purified 
via repeated recrystallizations from 1:3 ether-pentane. Concen
tration of the filtrate occasionally gave additional amounts of 
product. Variations in isolation procedure for 2 are noted under 
each acetylene.

2- Butyne (la, 2.16 g, 0.040 mol, 9 hr) gave 3.25 g (42% ) of
6-chloro-4,5-dimethyl-l,2,3-oxathiazine 2,2-dioxide (2a): mp
47.0-48.5°; uv (isooctane) 295 nm (e 3700); ir (KBr) 1625 and 
1500 (C = C  and C = N ), 1389 and 1212 cm-1 (S02); nmr (CDC13) 
& 2.43 (s, 3, CH3C = N ) and 2.12 (s, 3, CH3C = C ).

Anal. Calcd for C5H6N 0 3SC1: C, 30.79; H, 3.08; N , 7.18. 
Found: C, 30.73; H, 3.45; N ,7.38.

3- Hexyne (lb, 24.6 g, 0.30 mol, 6 hr) gave 63.8 g (95% ) of
6-chloro-4,5-diethyl-l,2,3-oxathiazine 2,2-dioxide (2b) as color
less needles: mp 54-55°; uv max (isooctane) 292 nm (e 3600); 
ir (KBr) 1615 and 1490 (C = C  and C = N ), 1385 and 1209 cm-1 
(S02); nmr (CDC1S) S 3.05-2.40 (two quartets, 4, six equally 
spaced peaks, J =  7 Hz, CH2CH3), and 1.45-1.00 (two triplets, 
6, CH2CH3).

Anal. Calcd for C7H10NO3SCl: C, 37.59; H, 4.51; N , 6.26; 
mol wt, 224. Found: C, 37.78; H, 4.63; N , 6.02; mol wt, 
229 (cryoscopic).

4- Octyne (lc, 8.8 g, 0.080 mol, 6 hr) gave 17.3 g (86% ) of
6-chloro-4,5-di-n-propyl-l,2,3-oxathiazine 2,2-dioxide (2c) as 
colorless needles: mp 26.0-27.0° (from hexane); uv (isooctane)
293 nm (e 3700); ir (KBr) 1610 and 1490 (C = C  and C = N ), 
1399 and 1212 cm-1 (S02); nmr (CDC13) 5 2.80-2.35 (m, 4, 
CH2CH2CH3), 1.91-1.28 (m, 4, CH2CH2CH3), and 1.20-0.85 
(two triplets, 6 , CH2CH2CH3).

Anal. Calcd for C9H „N 03SC1: C, 43.10; H, 5.57; N, 5.57. 
Found: C, 42.84; H ,5.41; N, 5.52.

2-Hexyne (Id, 12.3 g, 0.15 mol, 6 hr) gave 30.5 g (92%) of a 
mixture of 6-chloro-5-methyl-4-n-propyl-l,2,3-oxathiazine 2,2- 
dioxide (2d) and 6-chloro-4-methyl-5-n-propyl-l,2,3-oxathiazine

(3 9 )  M e lt in g  p o in ts  are c o r r e c t e d ;  b o i l in g  p o in ts  are  u n c o r r e c te d .  T h e  
in fra re d  s p e c t r a  w e re  r e c o rd e d  on  P e r k in -E lm e r  3 3 7  g r a t in g  s p e c t r o p h o t o m e 
te r . T h e  u lt r a v io le t  s p e c t r a  w e re  ta k e n  o n  a  C a r y  15 s p e c t r o p h o t o m e te r .  
N m r  s p e c t r a  w e re  o b t a in e d  o n  V a r ia n  A s s o c ia te s  A -6 0  a n d  A -6 0 A  s p e c t r o m e 
ters ; c h e m ic a l  sh ifts  a re  e x p r e s s e d  in  p a r ts  p e r  m il l io n  (5) d o w n fie ld  fr o m  
T M S  as an  in te rn a l s ta n d a r d . G a s  c h r o m a to g r a p h s  w e re  ru n  o n  a  P e r k in -  
E lm e r  8 8 0  w ith  a  fla m e  io n iz a t io n  d e t e c t o r  a n d  u s in g  a  c o lu m n  p a c k e d  w ith  
1 0 %  S E -3 0  o n  C h r o m o s o r b  W .  T h e  m a ss  s p e c t r a  w e re  o b t a in e d  u s in g  th e  
fa c il it ie s  o f  t h e  N a t io n a l In s t it u t e s  o f  H e a lth  s p o n s o r e d  ( F R  0 0 3 1 7 ) M a s s  
S p e c t r o m e t r y  C e n te r  a t  M a s s a c h u s e t ts  I n s t it u t e  o f  T e c h n o lo g y .  M ic r o -  
a n a ly s is  w e re  p e r fo r m e d  b y  S c h w a r z k o p f  M ic r o a n a ly t i c a l  L a b o r a t o r y ,  
W o o d s id e ,  N . Y .  C S I  w a s o b t a in e d  fr o m  t h e  A m e r ic a n  H o e e h s t  C o r p .

2 -B u t y n e  ( l a ) ,  3 -h e x y n e  ( l b ) ,  2 -h e x y n e  ( I d ) ,  4 ,4 -d im e t h y l -2 -p e n ty n e  
( l e ) ,  a n d  l -o e t e n -4 -y n e  (11) w e re  o b t a in e d  f r o m  C h e m ic a l  S a m p le s  C o . ;  
p h e n y la c e ty le n e  ( l g )  a n d  d ip h e n y la c e ty le n e  ( l h )  w e re  o b t a in e d  f r o m  A ld r ic h  
C h e m ic a l  C o . ;  p h e n y lm e t h y la c e t y le n e  ( I f )  a n d  1 -h e x y n e  ( l i )  w e re  o b t a in e d  
fr o m  F a rc h a n  R e s e a rc h  L a b .;  4 - o c t y n e  ( l c )  w as o b ta in e d  f r o m  P fa lt z  a n d  
B a u e r  C o . ;  3 -d ie t h y la m in o - l -p r o p y n e  ( l j )  w a s o b t a in e d  f r o m  K  &  K  L a b 
o r a to r ie s ; 1 -d ie t h y la m in o - l -p r o p y n e  ( l k )  w as o b t a in e d  f r o m  F lu k a  A G . 
2 -M e th y l-2 -h e x e n -4 -y n e  ( l m )  w a s p r e p a r e d  f r o m  p r o p a r g y l  b r o m id e  a n d  
a c e t o n e  b y  th e  s e q u e n c e  o f  a  R e fo r m a t s k y  r e a c t io n , d e h y d r a t io n , a n d  m e t h -  
y la t io n .40

(4 0 ) H . B . H e n b e s t , E .  R .  H . J o n e s , a n d  H . M .  S . W a lls ,  J . Chem. S oc.t 
2 6 9 6  (1 9 4 9 ) ;  B .  W . N a sh , D .  A . T h o m a s , W . K . W a r b u r t o n ,  a n d  T .  D .  
W ill ia m s , ibid., 2 9 8 3  (1 9 6 5 ) ;  I .  A .  F a v o r s k a y a , E . M .  A iw in e n , a n d  Y .  P . 
A r t s y b a s h e v e ,  Zh. Obshch. K him ., 2 8 , 1785  (1 9 5 8 ) [Chem. Abstr., 5 3 , 1 0 9 7 i 
(1 9 5 9 ) ] .
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2,2-dioxide (2d')- The mixture solidified upon cooling to —30° 
but all attempts to separate 2d from 2d ' by fractional crystalli
zation were unsuccessful. The nmr of this mixture indicated 
that the ratio of 2d to 2d' was 73:27:41 ir (neat) 1625 and 1500 
(C = C  and C = N ), 1390 and 1210 cm“ 1 (SO,); nmr (CDC1,) 
5 2.85-2.40 (m, 4, CH2CH2CH3), 2.49 and 2.16 (two singlets, 
total 3, CH3C = N , and CH3C = C ), 1.92-1.42 (m, 4, CH2CH,- 
CH3), and 1.15-0.91 (t, 6 , CH2CH2CH3).

4,4-Dimethyl-2-pentyne (le , 3.84 g, 0.040 mol) was treated 
with an equimolar amount of CSI in 10 ml of CH2C12 for 15 hr at 
room temperature to give 4.85 g (51%) of 4-ierf-butyl-6-chloro-5- 
methyl-l,2,3-oxathiazine 2,2-dioxide (2e): mp 65.0-66.0°; uv 
max (isooctane) 293 nm (e 3800); ir (KBr) 1600 and 1470 (C = C  
and C = N ), 1379 and 1200 cm ' 1 (S02); nmr (CDC13) 8 2.30 
(s, 3, CH3C = C ) and 1.40 (s, 9, terl-C,H„).

A nil. Calcd for C8H12N 0 3SC1: C, 40.50; H, 5.07; N, 5.92. 
Found: C, 40.39; H, 5.02; N , 5.82.

Phenylmethylacetylene (If, 4.64 g, 0.040 mol, 6 hr) gave 8.85 
g (86% ) of 6-chloro-5-methyl-4-phenyl-l,2,3-oxathiazine 2,2- 
dioxide (2f) after extraction with three 20-ml portions of boiling 
hexar.e: mp 58.0-59.0°; uv max (CHC13) 297 nm (e 12,700); ir 
(KBr) 1600 and 1475 (C = C  and C = N ), 1389 and 1190 cm-1 
(SO,); nmr (CDC1,) 8 7.58 (s, 5, C6H6) and 2.08 (s, S, CHSC = C )

Anal. Calcd for CioHsNOaSCl: C, 46.70; H, 3.11; N, 5.45. 
Found: C, 36.53; H, 3.09; N, 5.52.

Phenylacetylene (lg , 10 g, 0.10 mol) gave 11.5 g (48%) of
6-chbro-4-phenyl-l,2,3-oxathiazine 2,2-dioxide (2g). After ad
dition of lg to CSI, the mixture was stirred for 3 hr at 0° (the 
solution darkened), after which an equal volume of pentane was 
added and cooled to —60°. The dark solid which precipitated 
was filtered quickly and washed with three 5-ml portions of cold 
ethei to give crude 2g which was unstable at room temperature. 
All attempts to further purify this adduct led to decomposition: 
mp 106-108° dec; uv max (CH2C12) 302 nm (« 12,000); ir (KBr) 
seven bonds in 1720-1440-cm“ 1 region (C = C  and C = N ), 1379 
and 1198 cm“ 1 (S02); nmr (CDC1,) 8 8.10-7.75 Cm, 5, C6H5) 
and 6.97 (s, 1, H C = C ).

Crude 2g (1.22 g, 5.0 mmol) was treated with benzenethiol- 
pyridine in acetone to give 0.6 g (38%) of 4-phenyl-6-thiophenyl-
1,2,3-oxathiazine 2,2-dioxide (6g) after the same work-up as 6f: 
mp 91.0-93.5° (from pentane-CH,Cl2); ir (KBr) five bands in 
1585-1425-cm“ 1 region (C = C  and C = N ), 1379 ar.d 1198 cm-1 
(SO,); nmr (CDC13) 8 7.92-7.47 (m, 10, C6H5) and 6.37 (s, 1, 
C = C H ).

Anal. Calcd for C15H „N 0 3S2: C, 56.78; H, 3.47; N, 4.42. 
Found: C, 56.82; H, 3.78; N ,4.64.

Reaction of Oxathiazines (2) with Nucleophiles. Thiophenol- 
Pyridine.— The general procedure used was as follows. A solu
tion of pyridine in acetone (0.1 mol, 15 ml) was added dropwise 
(30 min) to a stirred solution ( — 30°) of 0.1 mol of oxathiazine 
(2) and 2 mol equiv of CeHsSH in 25 ml of acetone. After the 
mixture was stirred for an additional 30 min, an amount of water 
equal to the volume of solvent acetone was added slowly with 
stirring. The oil which separated was extracted with six 20-ml 
portions of ether. The combined ether extracts were dried 
(MgSO<) and evaporated to dryness, and the residue was re
crystallized to give the phenyl thioether 6 . Any variations in 
isolation procedures for 6 are noted under each oxathiazine.

Compound 2a (0.59 g, 3.0 mmol) gave 0.35 g (44%) of 4,5- 
dimethyl-6-thiophenyl-l,2,3-oxathiazine 2,2-dioxice (6a): mp 
120-122° (from ether-pentane); ir (KBr) 1600 and 1481 (C = C  
and C = N ), 1370 and 1205 cm -1 (S02); nmr (CDC13) 5 7.52 
(s, 5, Cells), 2.35 (s, 3, N = C C H 3), and 2.11 (s, 3, C = C C H 3).

Anal. Calcd for C „H „N 0 3S2: C, 49.10; H, 4.09; N, 5.20. 
Found: C, 48.92; H, 3.87; N, 5.33.

Compound 2b (11.2 g, 0.050 mol) gave 5.2 g (35%) of 4,5- 
diethyl-6-thiophenyl-l,2,3-oxathiazine 2,2-dioxide (6b): mp
92.0-93.0° (from ether-pentane); uv max (C2H5OH) 321 nm 
(e 6200); ir (KBr) 1575 and 1471 (C = C  and C = N ), 1370 and 
1190 cm“ 1 (SO,); nmr (CDC1,) 5 7.43 (s, 5, C6H5), 2.80-2.30 
(two quartets, 4, CH,CH3), and 1.35-0.95 (two triplets, 6, 
CH2CH3).

Anal. Calcd for C13H16N 0 3S2: C, 52.50; H, 5.09; N, 4.71. 
Found: C, 52.48; H, 5.09; N, 4.83.

Compound 2c (3.75 g, 0.015 mol) gave 1.30 g (27%) of 4,5- 
dipropyl-6-thiophenyl-l,2,3-oxathiazine 2,2-dioxide (6c): mp

(4 1 ) T h e  in te g ra l r a t io  o f  th e  m e t h y l  p r o t o n s  l in k e d  t o  C = C  a n d  C = N  
b o n d s  w e re  c o m p a r e d . T h e  m e t h y l  p r o to n s  l in k e d  t o  a  C = N  b o n d  w ere
a lw a y s  fo u n d  t o  b e  m o r e  d e s h ie ld e d  th a n  th o s e  l in k e d  t o  a  C = C  b o n d .
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73.0-74.5° (from ether-pentane); ir (KBr) 1575 and 1450 
(C = C  and C = N ), 1379 and 1205 cm“ 1 (SO,); nmr (CDC13) 
8 7.42 (s, 5, CeHs), 2.73-2.25 (m, 4, CH,CH2CH3), 1.92-1.30 
(m, 4, CH,CH,CH3), and 1.15-0.78 (two triplets, 6 , CH2CH, 
CH3).

Anal. Calcd for Ci6Hi9N 03S2: C, 55.40; H, 5.84; N, 4.31. 
Found: C, 55.47; H, 6.07; N,4..36.

Compound 2e (0.50 g, 2.1 mmol) gave 0.2 g (31%) of 4-tert- 
butyl-5-methyl-6-thiophenyl-l,2,3-oxathiazine 2,2-dioxide (6e): 
mp 87.0-89.0° (from ether-pentane); ir (KBr) 1563 and 1460 
(C = C  and C = N ), 1379, and 1198 cm “ 1 (S02); nmr (CDC1,) 
8 7.50 (s, 5, CiHs), 2.30 (s, 3, C = C C H 3), and 1.40 (s, 9, lert- 
C<H9).

Anal. Calcd for CuHnN03S2: C, 54.01; H, 5.47; N, 4.52. 
Found: C, 53.81; H, 5.62; N .4.72.

Compound 2f gave 5-methyl-4-phenyl-6-thiophenyl-l,2,3- 
oxathiazine 2,2-dioxide (6f). To a stirred solution of 2.57 g 
(0.010 mol) of 2f and 2 mol equiv of C6H6SH in 25 ml of acetone 
cooled to —60° was added dropwise a solution of 0.79 g (0.01 
mol) of pyridine in 5 ml of acetone and the solution was stirred 
for 30 min. Pentane (50 ml) was then added tvith stirring at 
— 60°. The precipitate was filtered while it was still cold, and 
the filtrate was evaporated in vacuo to dryness. The residual oil 
was deposited cn a 1.0 X 20 cm column packed with silica gel 
and successively eluted with 50 ml of pentane, 50 ml of ether, 
and 50 ml of CH2C12. Evaporation of the CH,C1, fraction gave 
a yellow solid which was recrystallized from 1:3 CH,Cl,-pentane 
to afford 1.60 g (48%) of 5-methyl-4-phenyl-6-thiophenyl-l,2,3- 
oxathiazine 2,2-dioxide (6f): mp 166.0-167.5°; ir (KBr) 1585, 
1550, and 1455 (C = C  and C = N ), 1379 and 1190 cm“ 1 (S02); 
nmr (CDC13) 8 7.59-7.53 (two doublets, 10, CeHs) and 2.12 
(s, 3, C = C C H 3).

Anal. Calcd fcr Ci6Hi3N 0 3S2: C, 58.10; H, 3.93; N, 4.23. 
Found: C, 57.97 H, 3.87; N , 4.53.

Methanol.— To 75 ml of CH3OH cooled in an ice bath was 
added 22.4 g (0.10 mol) of oxathiazine (2b) and the solution was 
stirred for 30 min at room temperature. After the CH3OH was 
evaporated in vacuo, the residual oil was distilled to give 9.5 g 
(50%) of methyl 2-ethyl-3-oxopentanoate (9): bp 51-52° (0.6 
mm) [lit.42 bp 81-85° (11 mm)]; ir (neat) 1739 and 1709 cm“ 1 
(C = 0 ) ;  nmr (neat) 8 3.72 (s, 3, C 0 2CH3), 3.48 (t, J  =  7.5 Hz, 
1, CH next to ethvl group), 2.58 (1, J  =  7.5 Hz, 2, COCH2CH3),
2.12-1.60 (m, 2, CH2CH3), and 1.17-0.90 (t, 6 , CH2CH3).

A second product, bp 110° (0.3 mm), was obtained in 2.5-g 
yield but could not be identified.

Water.—The general procedure used was as follows. To 50 
ml of water was added 10 g (0.040 mol) of 2 and the mixture was 
heated to 50-63° at which reflux temperature 2 began to decom
pose rapidly. The solution was refluxed gently for 2 hr after 
which it was cooled slowly and extracted with three 30-ml por
tions of n-pentane. The combined pentane extracts were dried 
(MgSO<), filtered, and distilled to give the ketone 7 identified 
where possible by comparison with an authentic sample.

Compound 2a (1.0 g, 5.0 mmol) gave 0.3 g (81%) of 2-butanone 
(7a), bp 79.0°.

Compound 2b (10 g, 0.045 mol) gave 3.1 g (70%) of 3-hexanone 
(7b), bp 124-125°.

Compound 2c (2.5 g, 0.010 mol) gave 1.0 g (80%) of 4-octanone 
(7c), bp 52-53° (7 mm).

A mixture cf 2d and 2d' (prepared from a 1:1 mixture of 2- 
hexyne and CSI) afforded a mixture of 3-hexanone (7b) and
2-hexanone (7d). To 10 g (0.045 mol) of mixture 2d and 2d' was 
added 50 ml o: water and the solution was refluxed for 1 hr after 
which it was allowed to cool to room temperature and extracted 
with three 20-mi portions of CH2C12. The aqueous layer was 
saturated with NaCl and then extracted with three 20-ml portions 
of CH,C12. The combined CH,C12 extracts were dried (MgSO<), 
filtered, and evaporated in vacuo. The residue was distilled 
to give 2.55 g (58%) of a mixture of 7b and 7d, bp 122-125°.

A vpc of this mixture demonstrated that the 7b:7d ratio was 
75:25, while the nmr showed a 77:23 ratio: ir (CC1<) 1725
cm-* (C = 0 ) ;  nmr (neat) 8 2.70-2.27 (m, COCH,), 2.13 (s, 
COCH3), 1.85-1.28 (m, CH2CH3), and 1.20-0.85 (two triplets, 
CH2CH3). The integral ratio of these peaks were 4.3:1.0: 
3.3:6.8.

Compound 2e (0.75 g, 3.2 mmol) gave 0.15 g (41%) of 2,2- 
dimethyl-3-pents.none (7e). To a solution of 2e in 5 ml of

(4 2 ) J . B u ch i, P . S ch n e e b e rg e r , a n d  R .  L ie b e rh e rr , Helv. Chem. Acta, 
3 6 , 1402  (1 9 5 3 ).
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acetone was added 20 ml of H20  and the solution was refluxed 
gently for 4 hr, after which it was extracted with three 10-ml 
portions of CH2C12. The CH2C12 extracts were dried (M gS04), 
filtered, and evaporated. The residue was distilled to give pure 
7e: bp 123-124° (lit .«  bp 125-126°); ir (CCh) 1709 cm" 1 
(C = 0 ) ;  nmr (CDC1,) 8 2.50 (q, 2, CH2CH3), 1.15 (s, 9, tert- 
C4HD), and 1.00 (t, 3, CH2CH3).

Compound 2f (2.0 g, 8.0 mmol) gave 0.80 g (77%) of propio- 
phenone (7f),bp217°.

Compound 2g (3.0 g, 0.012 mol) gave 0.5 g (52%) of aceto
phenone (7g) after the reaction (30 min at 65°) was followed by 
extraction with three 10-ml portions of ether.

Hydrolysis of 2g (2.0 g, 8.2 mmol) with 10 ml of saturated 
aqueous NaH C03 solution at 0° for 1 hr also afforded 0.3 g (31%) 
of 7g.

Sodium Methoxide-Methanol.— The general procedure used 
was as follows. To a cooled (0°) solution of oxathiazine 2 in 
absolute CH3OH (1 mmol/2 ml) was added slowly a solution of 
NaOCH3 (3 mol equiv) prepared by the inverse Tishler pro
cedure44 in 10 ml of CH3OH, and the solution was stirred for 30 
min at 0°.

The reaction mixture was neutralized with 4 N HC1 solution 
and after the solvent was evaporated in vacuo the residual oil was 
extracted with three 40-ml portions of 1:1 CH2C12-H 20 . The 
combined CH2C12 extracts were dried (MgS04), filtered, and 
evaporated. In the case of 2b, the residual oil was distilled to 
give 9. The combined water extracts were acidified with 4 N 
HC1 and then extracted with three 20-ml portions of CH2C12. 
These combined CH2C12 extracts were dried (MgS04), filtered, 
and evaporated to give crude 8 .

Compound 2a (0.4 g, 2.0 mmol) gave 0.15 g (33%) of methyl
2-methyl-3-methoxysulfonylamino-fra?is-2-butenoate (8a): ir
(neat) 3280 (NH), 1730 cm- 1 (C = 0 ) ;  nmr (CDC13) 8 5.80-5.37 
(broad singlet, 1, NH), 3.88 (s, 3, S02CH3), 3.74 (s, 3, C 0 2CH3),
2.22 (s, 3, C = C C H 3), and 1.36 (s, 3, C = C C H 3).

Compound 2b (2.24 g, 0.010 mol) gave 0.31 g (20%) of 9 
and 1.26 g (50%) of methyl 2-ethyl-3-methoxysulfonylamino- 
trans-2-pentenoate (8b). Compound 8b was purified by chroma
tography (a 1.0 X 20 cm column packed with silica gel) using 
ether as eluent: ir (neat) 3200 (NH), 1670 cm -1 (C = 0 ) ;  nmr 
(CDC13) 5 6.80-7.00 (broad, 1, NH), 3.89 and 3.70 (two singlets, 
6 , C 02CH3 and S03CH3), 2.90-2.20 (m, 4, CH,CH3), and 1.30- 
0.90 (two triplets, 6 , CH2CH3).

Compound 2c (2.0 g, 8.0 mmol) gave 0,90 g (40%) of methyl
2-n-propyl-3-methoxysulfonylamino-irares-2-hexenoate (8c): bp 
128-130° (0.3 mm); ir (neat) 3430 (NH), 1740 cm “ 1 (C = 0 )  
nmr (CDC13) 8 5.66-5.32 (broad singlet, 1, NH ) 3.85 (s, 3; 
S03CH3), 3.72 (s, 3, C 02CH3), 2.62-2.05 (m, 4, CH2CH2CH3),
1.86 (m, 4, CH2CH2CH3), and 1.12-0.78 (two triplets, 6, 
CH2CH2CH3).

Compound 2e (0.50 g, 2.1 mmol) gave 0.6 g (98%) of methyl
2,4,4-trimethyl-3-methoxysulfonylammo-(rarcs-2-pentenoate (8e) 
which could not be distilled without decomposition. The crude 
8e was purified by chromatography (0.5 X 20 cm column 
packed with silica gel using 1:1 pentane-ether mixture as an 
eluent): ir (neat) 3280 (NH), 1724 cm-1 (C = 0 ) ;  nmr (CDC13) 
5 6.31 (s, 1, NH), 3.97 (s, 3, S03CH3), 3.78 (s, 3, C 02CH3),
2.02 (s, 3, C = C C H 3), and 1.20 (s, 9, tert-C4H9).

Compound 2f (2.0 g, 7.8 mmol) gave 1.65 g (79%) of methyl
2- methyl-3-methoxysulfonylamino-irares-cinnamate (8f) which
could not be distilled without decomposition. The crude 8f 
was purified by chromatography (0.5 X 20 cm column packed 
with silica gel using ether as an eluent): ir (neat) 3226 (NH)
1739 cm-1 (C = 0 ) ;  nmr (CDC13) 8 8.10-7.90 (broad singlet, 1, 
NH), 7.40 (s, 5, C6H5), 3.80 (s, 3, S03CH3), 3.68 (s, 3, C 02CH3), 
and 1.65 (s, 3, C = C C H 3).

Compound 2g (1.5 g, 6.2 mmol) gave 0.5 g (30%) of methyl
3- methoxysulfonylamino-irans-cinnamate (8g) as colorless nee
dles: mp 80.5-81.0° (from CH3OH-pentane); uv max (CH3OH)
273.5 nm (« 5400); ir (KBr) 3150 (NH), 1681 cm“ 1 (C = 0 ) ;  
nmr (CDC13) 8 7.52 (m, 6, NH and C6H5), 5.42 (s, 2, C = C H ), 
3.88 and 3.83 (two singlets, 6, S03CH3 and C 02CH3).

Anal. Calcd for CnH13N 0 6S: C, 48.70; H, 4.80; N, 5.27. 
Pound: C, 48.54; H, 4.80; N, 5.23.

Catalytic Hydrogenation of 8b and 8g.— A mixture of 1.0 g 
(4.0 mmol) of 8b in 100 ml of C2H5OH and 0.2 g of 5%  Pd/C

(4 3 )  F . C . W h it m o r e ,  C . I .  N o ll ,  a n d  V . C . M e u n ie r , J . Am er. Chem. Soc., 
61, 683 (1 9 3 9 ).

(4 4 ) H . E . B a u m g a r te n  a n d  J. M . P e te rs o n , Org. Syn., 41, 82 (1 9 6 1 ).

was hydrogenated in Paar apparatus under 50 psi for 20 hr. 
The catalyst was filtered and the solvent evaporated to dryness. 
The residual oil was purified by chromatography (0.5 X 15 cm 
column packed with silica gel; ether as eluent) to give 0.80 g 
(80%) of methyl 2-ethyl-3-methoxysulfonylaminovalerate (10b). 
Compound 10b is a viscous oil which could not be distilled without 
decomposition: ir (neat) 3250 (NH), 1730 cm-1 (C = 0 ) ;  nmr 
(CDC13) 5 6.90 (broad singlet, 1, NH), 3.89 and 3.70 (two 
singlets, 6 , OCH3), 3.60-3.40 (m, 1, CH next to CH2 and NH), 
2.95-2.60 (m, 1, CHCO), 2.05-1.60 (m, 4, CH2CH3), and 1.30- 
LOO (t, 6, CH2CH3).

Hydrogenation (5% P d/C ) of 8g (1.0 g, 3.7 mmol) gave 0.75 g 
(75%) of methyl 3-methoxysulfonylamino-3-phenylpropanoate
(lOg). Compound lOg was stable at room temperature but 
unstable to distillation. Vpc indicated the presence of only a 
single component: ir (neat) 3226 (NH), 1709 (C = 0 ) ,  1342 
and 1163 cm“ 1 (S02); uv max (C2H6OH) 206.5 nm (e 8450),
263.5 (790); nmr (CDC13) 8 7.40 (s, 5, C6H6), 6.25 (d, J  =  8.5 
Hz, 1, NH), 5.10-4.70 (m, 1, CH next to NH and CH2, J =
6.5 Hz), 3.60 and 3.55 (two singlets, 6 , OCH3), and 2.90 (d, 
J  = 6.5 Hz, 2, CH2CO).

Anal. Calcd for CnHiNOoS: C, 48.35; II, 5.49; N, 5.13. 
Found: C, 48.18; H, 5.58; N, 5.06.

Reaction of l-Chlorosulfonyl-cis-3,4-dimethyl- (lib) and 1- 
Chlorosulfonyl-4-phenyl-2-azetidinone ( l lg )  with Sodium Meth
oxide-Methanol.— To a solution of 2.2 g (0.010 mol) of llb 13b 
in 10 ml of CH3OII cooled to 0° was added slowly a solution of 
NaOCH3 (0.03 mol equiv) in CH3OH, and the solution was 
stirred for 24 hr at room temperature. The solution was neutral
ized with 4 N  HC1 and the solvent then was removed in  vacuo. 
The residue was extracted with three 10-ml portions of CH2C12. 
The solution was dried (M gS04) and purified by chromatography 
(10 X 20 cm column packed with silica gel; ether as eluent) to 
give 2.3 g (80%) of 10b.13b Similar treatment of l lg I3b afforded 
lOg in 50% yield.

Reduction of 2b with LiAlH4 (2 Mol Equiv).— A slurry of 3.8 g 
(0.10 mol) of LiAlH4 in 250 ml of anhydrous ether was added 
slowly to a stirred solution of 11.2 g (0.50 mol) of 2b in 50 ml of 
anhydrous ether. The mixture was stirred at room temperature 
for 30 min and then decomposed with 30% NH4C1 solution. 
The solid was filtered and washed with five 10-ml portions of 
ether. The combined filtrates were dried (MgS04), filtered, and 
evaporated. The residue was added to 50 ml of a saturated 
solution of 2,4-DNPH in CII3OH and the solution was allowed 
to stand for 2 hr. Concentration of this solution gave an orange 
solid which was recrystallized twice from C2IlsOH to give 0.5 g 
(30%) of the DNPII derivative of 2-ethyl-2-pentenal (12): mp
170.5-171.5° (lit.45 mp 173°); ir (KBr) 1613 cm“ 1 (C = C ); nmr 
(CDC13) 8 11.06 (s, 1, NII), 9.10 (d, 1, C H = N ), 8.40-7.26 (m, 3, 
aromatic), 5.90 (t, J  = 4 Hz, 1, C = C H ), 2.66-2.10 (m, 4, 
CH2CH3), and 1.30-0.90 (two triplets, 6, CH2CH3).

Reaction of 2b with LiAlH4 (4 Mol Equiv).— To a slurry of 16.2 
g (0.43 mol) of LiAlH4 in 300 ml of anhydrous ether cooled to 0° 
was added a solution of 22.4 g (0.10 mol) of 2b in 100 ml of 
anhydrous ether. The mixture was stirred overnight at room 
temperature and then decomposed in the cold with 30% NH4C1. 
The solid was filtered and washed with 50 ml of ether. The 
combined filtrates were dried (M gS04), filtered, and evaporated. 
The residual yellow oil was distilled to give 4.1 g (36%) of 2- 
ethyl-2-penten-l-ol (13): bp 76-77° (30 mm) [lit.46 bp 66-67° 
(25 mm)]; ir (neat) 3226 cm-1 (OH); nmr (neat) 8 5.40 (t, 
J =  5 Hz, 1, C = C H ), 4.47 (broad singlet, 1, OH), 4.05 (d, J =
7.5 Hz, 2, CH2OH), 2.32-1.82 (m, 4, CH2CII3), and 1.2-0.85 
(two triplets, 6 , CH2CH3).

Reduction of Oxathiazines (2) with LiAlH4 (0.5 Mol Equiv).—
The general procedure used was as follows. To a solution of 2 in 
anhydrous ether (0.050 mol/75 ml) was added slowly (20 min) a 
slurry of LiAlH4 (0.5 mol equiv) in ahydrous ether (0.025 m ol/ 
100 ml) with vigorous stirring. The mixture was stirred for 30 
min at room temperature and then a saturated solution (30%) 
of NH4C1 was added until any reaction ceased. The mixture 
was filtered through filter cell and the solid was washed with 50 
ml of ether. The combined filtrates were dried (M gS04), 
filtered, and evaporated. The residual yellow oil was chromato
graphed on silica gel (1 X 20 cm column) with ether as eluent to 
give the pure dihydro derivative of oxathiazine (3). Variations 
in isolation procedure of 3 are noted under each oxathiazine.

(4 5 ) H . B o u g e t ,  Bull. Soc. Chim. F r „  2 05 9  (1 9 6 5 ).
(4 6 )  H . B . G re e n  a n d  W . J. H ic k in b o t t o m , J . Chem. Soc., 3 2 6 2  (1 9 5 7 ).



Compound 2a (0.97 g, 5.0 mmol) gave 0.60 g (62%) of 6- 
chloro-4,5-dimethyl-3,4-dihydro-1,2,3-oxathiazine 2,2-dioxide
(3a). After the reaction, crude 3a was deposited on a 0.5 X 10 
cm silica gel column and eluted successively with 20 ml of pen
tane and 20 ml of ether. Evaporation of both fractions afforded 
3a as a viscous oil. Neither crystallization nor distillation of 
3a was successful but tic indicated the presence of only a single 
component: ir (neat) 3226 (NH), 1653 (C = C ), 1370 and 1198 
cm-1 (S02); nmr (CDC13) 8 5.24-4.98 (broad doublet, 1, NH), 
4.33-3.88 (m, 1, CHCH3), 1.82 (s, 3, C = C C H S), and 1.52-1.40 
(d, 3, CHCH3).

Anal. Calcd for C5H8N 0 3SC1: C, 30.45; H, 4.06; N, 7.12. 
Found: C, 30.68; H, 4.06; N, 7.11.

Compound 2b (11.2 g, 0.050 mol) gave 9.0 g (81%) of 6- 
chlorc-4,5-diethyl-3,4-dihydro-l ,2,3-oxathiazine 2,2-dioxide (3b ) : 
mp 58.0-59.0° (from pentane): uv max (n-hexane) 233 nm (e 
1500); ir (KBr) 3195 (NH), 1642 (C = C ), 1364 and 1202 cm" 1 
(S02); nmr (CDC13) 8 5.00 (d, /  =  7 Hz, 1, NH), 3.93 (X  
portion of an ABX pattern, / bx =  5.5, / ax = 7.5 Hz, further 
split by NH, /  = 7 Hz, 1, CH next to ethyl group), 2.50-1.60 
(m, 4 CH2CH3), and 1.30-0.85 (m, 6, CH2CH3).

Anal. Calcd for C7H12N 0 3SC1: C, 37.25; H, 5.36; N, 6.26; 
mol wt, 226. Found: C, 37.11; H, 5.26; N, 6.06; mol wt, 225 
(from mass spec).

Compound 3b can be recrystallized from hot water without 
decomposition.

Compound 2c (5.10 g, 0.020 mol) gave 3.35 g (66% ) of 6- 
chloro-4,5-di-n-propyl-3,4-dihydro-1,2,3-oxathiazine 2,2-dioxide
(3c): mp 34.5-35.0° (from 1:1 pentane-ether); ir (KBr) 3226 
(NH(, 1639 (C = C ), 1370 and 1198 cm“ 1 (S02); nmr (CDClj) 8
5.20-5.00 (broad doublet, 1, NH), 4.27-3.88 (m, 1, CH next to 
n-propyl group), 2.38-2.07 (m, 2, C = C C H 2CH2CH: ), 1.86-1.30 
(m, €, CH2 of n-propyl groups), and 1.17-0.85 (two triplets, 6, 
CH2CH2CH3).

Anal. Calcd for C9Hi6N 0 3SC1: C, 42.71; H, 6.33; N, 5.54. 
Found: C, 42.63; H, 6.48; N , 5.41.

Compound 2e (0.80 g, 3.3 mmol) gave 0.4 g (50%) of 4-tert- 
butyl-6-chloro-5-methyl-3,4-dihydro-1,2,3-oxathiazine 2,2-diox- 
ide (3e): mp 74.0-75.0° (from 1:1 ether-pentane); ir (KBr) 
3226 (NH), 1626 (C = C ), 1399 and 1205 cm- 1 (S02); nmr 
(CDClj) 8 5.67 (d, J =  5.5 Hz, 1, NH), 3.79 (d, /  =  5.5 Hz, 1, 
CH next to NH), 1.95 (s, 3, C = C C H 3), and 1.10 (s, 9, tert- 
C4H9).

Anal. Calcd for C8HuN 0 3SC1: C, 40.17; H, 5.85; N, 5.85. 
Found: C ,40.20; H ,5.77; N .5.98.

Compound 2f (2.10 g, 8.2 mmol) gave 1.10 g (52%) of 6- 
chloro-5-methyl-4-phenyl-3,4-dihydro-1,2,3-oxathiazine 2 ,2-di
oxide (3f): colorless needles; mp 83.0-84.5° (from 1:3 ether- 
pentane); ir (KBr) 3226 (NH), 1653 (C = C ), 1408 and 1205 
cm-1 (S02); nmr (CDC13) 5 7.40 (s, 5, C6H5), 5.10 (broad singlet, 
1, CH), 4.90-4.70 (broad singlet, 1, NH), and 1.57 (s, 3, C = C - 
CH3).

Anal. Calcd for C10H10NOaSCl: C, 46.33; H, 3.86; N, 5.40. 
Found: C, 46.19; H .4.10; N, 4.99.

Méthylation of 3.— The general procedure used was as follows. 
To a stirred solution of 3 and an excess of CH3I (3-5 mol equiv) in 
acetone (15 ml/0.01 mol) was added slowly an equimolar amount 
of K 2C 03 and the mixture was stirred for 20 hr at room tempera
ture. The mixture'was then filtered and the filtrate evaporated 
in vacuo leaving a yellow oil which was dissolved in ether. Addi
tion of pentane and cooling to —30° precipitated the N-methyl 
derivative 4. Any variation in reaction and isolation procedures 
for 4 are noted under each dihydro derivative.

Compound 3a (0.5 g, 3.0 mmol) gave 0.35 g (65%) of 6- 
chloro-3,4,5-tnmethyl-3,4-dihydro-1,2,3-oxathiazine 2,2-dioxide 
(4a): mp 29.0-30.0° (from hexane); ir (KBr) 1653 (C = C ), 
1396 and 1212 cm“ 1 (S02); nmr (CDC13) 8 4.10 (q, J =  7.5 Hz, 
1, CHCH3), 2.92 (s, 3, NCH3), 1.81 (s, 3, C = C C H 3), and 1.52 
( d , /  =  7.5 Hz, 3, CHCH3).

Anal. Calcd for C6H i0NO3SC1: C, 34.12; H, 4.74; N, 6.65. 
Found: C, 34.38; H, 5.01; N, 6.81.

Compound 3b (5.0 g, 0.022 mol) gave 3.2 g (64% ) of 6-chloro-
4,5-diethyl-3-methyl-3,4-dihydro-l,2,3-oxathiazine 2,2-dioxide
(4b): mp 31.5-32.0° (from hexane); ir (KBr) 1653 (C = C ), 
1399 and 1176 cm“ 1 (S02); nmr (CDC13) 8 3.80-3.47 (two 
doublets, / ax =  10.0,/ bx =  5.5 Hz, 1, CH next to ethyl group), 
2.92 (s, 3, NCH3), 2.50-1.70 (m, 4, CH2CH3), and 1.3-0.9 (two 
triplets, 6 , CTT2CH3).

Anal. Calcd for C8H14N 0 3SC1: C, 40.10; H, 5.85; N, 5.85. 
Found: C, 39.98; H ,5.98; N , 5.73.

A cetylenes with Chlorostjlfonyl Isocyanate

Compound 3c (1.5 g, 6.0 mmol) gave 1.15 g (73%) of 6-chloro-
3-methyl-4,5-di-n-propyI-3,4-dihydro-l,2,3-oxathiazine 2,2-di
oxide (4c). The crude 4c was chromatographed on silica gel 
(0.5 X 15 cm column) with 2:1 ether-pentane as eluent to afford 
pure 4c as a viscous oil, which could not be distilled without 
decomposition: ir (neat) 1653 (C = C ), 1399 and 1212 cm-1 
(S02); nmr (CDCh) 8 3.90-3.60 (two doublets, / a x  = 10.0, 
/ b x  =  4.0 Hz, 1, CH next to n-propyl group), 2.90 (s, 3, NCH3),
2.37-1.93 (m, 2, = C C H 2CH2CH3), 1.83-1.22 (m, 6 , = C C H 2- 
CH2CH3 and CHCH2CH2CH3), and 1.10-0.80 (two triplets, 6, 
CH2CH2CH3).

Anal. Calcd for C10H,8NO3SCl: C, 45.00; H, 6.74; N, 5.24. 
Found: C, 45.30; H ,6.78; N ,5.25.

Compound 3e (0.20 g, 0.80 mmol) gave 0.10 g (48%) of 6- 
chloro-3,5-dimethyl-4-iert-butyl-3,4-dihydro-l,2,3-oxathiazine 2,-
2- dioxide (4e). Tc a solution of 3e in 5 ml of DMSO was added
large excess of CH3I (5 g, 0.04 mol) and K 2C 03 (0.1 g, 1 mmol). 
The mixture was stirred for 10 hr at room temperature after 
which 10 ml of CH2C12 was added. The mixture was then fil
tered, and the filtrate was extracted with ten 10-ml portions of 
water to remove DMSO. The solution was dried (M gS04), 
filtered, and evaporated in vacuo to leave a viscous oil which was 
crystallized from pentane to give 4e: mp 50.0-51.0°; ir (KBr)
1667 (C = C ), 1351 and 1176 cm- 1 (S02); nmr (CDC13) 8 3.28 
(s, 1, CH next to ¿ert-butyl group), 3.00 (s, 3, NCH3), 1.98 (s, 3, 
C = C C H 3), and 1.07 (s, 9, tert-C4H9).

Anal. Calcd for C9Hi6N 0 3SC1: C, 42.70; H, 6.32; N, 5.53. 
Found: C, 42.71; H ,6.25; N ,5.45.

Compound 3e (2.55 g, 0.010 mol) gave 1.95 g (73%) of 6- 
chloro-3,5-dimethyl-4-phenyl-3,4-dihydro-1,2,3-oxathiazine 2,2- 
dioxide (4f). The crude 4f was deposited on a 0.5 X 20 cm 
column packed with silica gel and eluted successively with 40 ml 
each of pentane, ether, and CH2C12. Evaporation of the first 
two fractions gave 4b as a viscous oil, which could not be distilled 
without decomposition. Tic indicated the presence of only a 
single component: ir (neat) 1667 (C = C ), 1370 and 1207 cm-1 
(S02); nmr (CDCI3) 8 7.40 (s, 5, C6H5), 4.70 (s, 1, CH next to 
phenyl group), 2.70 (s, 3, NCH3), and 1.58 (s, 3, C = C C H 3).

Anal. Calcd for C „H i2N 0 3SC1: C, 48.40; H, 4.39; N, 5.13. 
Found: C ,48.26; H .4.46; N,5.33.

Dechlorination of 4 with Li-ferf-BuOH.— To a stirred solution 
of 0.50 g (2.0 mmol) of 4b and 1.0 g (0.014 mol) of ferf-BuOH in 
20 ml of dry THF cooled in an ice bath was slowly added 0.20 g 
(0.029 mol) of finely chopped Li wire under nitrogen. After 
20 min, a vigorous exothermic reaction began which was main
tained at steady reflux for 2 hr. As the exothermic reaction 
subsided the reaction mixture was heated externally to continue 
refluxing for an additional 2 hr and then stirred finally at room 
temperature for 1 hr. The mixture was poured onto 20 ml of 
ice and extracted with six 10-ml portions of ether. The combined 
ether extracts were washed with three 20-ml portions of water 
and two 10-ml portions of saturated NaCl solution. The 
ethereal solution was dried (M gS04), filtered, and evaporated 
in vacuo leaving a white solid which was recrystallized three 
times from ether-pentane to give 0.4 g (93%) of 4,5-diethyl-
3- methyI-3,4-dihycro-1,2,3-oxathiazine 2,2-dioxide (5b) as color
less needles: mp 35.5-36.0°; ir (CHC13) 1660 (C = C ), 1389 and 
1176 cm“ 1 (S02); nmr (CDC13) 8 6.30 (m, 1, C = C H ), 3.92-
3.57 (two doublets, / a x  =  10, / b x  = 5 Hz, 1, CH next to ethyl 
group), 2.90 (s, 3, NCH3), 2.32-1.72 (m, 4, CH2CH3), and 1.17- 
0.92 (two triplets, 5, CH2CH3).

Anal. Calcd for C8HI5N 0 3S: C, 46.82; H, 7.32; N, 6 .S2 .
Found: C, 46.64 H ,7.42; N, 6.58.

Compound 4a (3.50 g, 2.3 mmol) gave 0.35 g (86% ) of 3,4,5- 
trimethyl-3,4-dihydro-1,2,3-oxathiazine 2,2-dioxide (5a) after 
similar work-up as 5b: mp 32.0-33.0°; ir (CHC13) 1653 (C = C ),
1379 and 1190 cm-1 (S02); nmr (CDC13) 8 6.34-6.20 (broad 
singlet, 1, C = C H ), 3.98 (q, /  = 7 Hz, 1, CHCH3), 2.90 (s, 3, 
NCH3), 1.72 (s, 3, C = C C H 3), and 1.51 (d, 3, CHCH3, /  = 
7 Hz).

Compound 4c (0.50 g, 1.9 mmol) gave 0.3 g (69%) of 3- 
methyl-4,5-di-n-propyl-3,4-dihydro-l,2,3-oxathiazine 2 ,2-dioxide
(5c) as a viscous oil after a similar work-up as 5b followed by 
chromatography on a 0.5 X 20 cm silica gel column using ether 
as eluent. Compound 5b could not be distilled without decom
position: ir (neat) 1653 (C = C ), 1380 and 1189 cm-1 (S02); 
nmr (CDC13) 8 6.27 (d, /  =  1.5 Hz, 1, C = C H ), 3.90-3.65 (two 
broad peaks, 1, CH next to propyl group), 2.90 (s, 3, NCH3), 
2.25-1.80 (m, 2, C = C C H 2CH2CH3), 1.80-1.15 (m, 6, CHCH2-
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CH2CH3 and C = C C H 2CH2CII3), and 1.10-0.78 (two triplets, 6 , 
CH2CH2CH3).

Compound 4f (1.0 g, 3.6 mmol) gave 0.6 g (69%) of 3,5- 
dimetliyl-4-phenyl-3,4-dihydro-1,2,3-oxathiazine 2,2-dioxide (5f) 
after a similar work-up as 5b. The product was a pale yellow 
viscous oil which could not be distilled without decomposition, 
but tic indicated the presence of only a single component: ir
(neat) 1613 (C = C ), 1408 and 1335 cm“ 1 (S02); nmr (CDC13)
8 7.42-7.15 (m, 5, C6H5), 6.02-5.90 (m, 1, C = C H ), 4.72-4.55 
(broad singlet, 1, CHC6H5), 2.98 (s, 3, NCH3), and 2.05 (s, 3, 
C = C C H 3).

Catalytic Hydrogenation of 2b and 6b.— A mixture of 3.5 g 
(1.56 X 10“ 2 mol) of 2b in 30 ml of ethyl acetate and 0.2 g of 
5%  Pd-BaS04 was hydrogenated in a Paar apparatus under 50 
psi of hydrogen for 20 hr. The catalyst was filtered and the 
solvent evaporated to dryness. Chromatographic purification 
of the residue led to decomposition. This residual oil was dis
solved in 10 ml of C112C12 and 4 N  KOH solution was added 
with stirring until it was neutral to litmus paper. The CH2C12 
layer was separated, dried (M gS04), and distilled to give 1.56 g 
(77%) of 3-hexanone (7b).

Catalytic hydrogenation (30% P d/C ) of 6b followed by similar 
hydrolytic work-up gave 0.78 g (39%) of phenyl 2-ethyl-3- 
oxothiopentanoate (17) as a yellow oil which could not be dis
tilled without decomposition: ir (neat) 1720 and 1690 cm-1 
(C = 0 ) ;  nmr (CC14) 5 7.35-7.00 (m, 5, C6H5), 3.50 (t, J  = 6.0 
Hz, 1, CH next to CH2), 2.70-2.40 (q, 2, CH,CO), 1.90-1.60 
(m, 1,C H 2CH3), and 1.02 (t, 6 , CH2CH3, ./ = 8 Hz).

Ozonation of 2b.— Excess ozone (3.4 X  10“ 2 mol) was bubbled 
through a solution of 3.0 g (1.3 X 10“ 2 mol) of 2b in 150 ml of 
CH2C12 at 0°. The solution was then flushed with nitrogen and 
warmed to room temperature. Upon addition of 100 ml of 1:1 
10% NaOH-30% II20 2 solution, the mixture was agitated with 
nitrogen bubbling for 1 hr and then refluxed for 18 hr. The 
CH2C12 layer was separated from water, washed with two 50-ml 
portions of 5%  NaOH solution, and dried (M gS04). Removal 
of the solvent in vacuo afforded 0.3 g (20%) of 3,4-hexanedione
(14) , bp 127-129° (lit.41 bp 130°). The aqueous layer was con
centrated to */3 of the initial volume, acidified with concentrated 
HOI, saturated with NaCl, and then extracted with three 30-ml 
portions of ether. The solvent was evaporated to dryness leaving 
the residue from which was obtained 0.2 g (14%) of propionic acid
(15) .

Permanganate Oxidation of 2b.— To a solution of 2.29 g (0.010 
mol) of 2b in 20 ml of acetone was added an oxidation mixture 
composed of 1.26 g of K M n04 and 0.96 g of M gS04 in 30 ml of 
water. The mixture was stirred for 2 hr at room temperature 
after which 10 g of NaHS03 was added to destroy excess oxidant. 
The mixture was filtered, the acetone was evaporated, and the 
remaining aqueous layer was extracted with six 20-ml portions 
of ether. The combined ether extracts were dried (M gS04) and 
the solvent was evaporated to leave an oil which was distilled 
to give 0.7 g (47%) of propionic acid (15) and 0.2 g (20%) of
3-hexanone (7b).

Alkaline Peroxide Oxidation of 3b.— To a solution of 1.0 g 
(0.040 mol) of 3b and 5 ml of 30% H20 2 in 20 ml of CH3OII was 
added slowly 5 ml of 10% NaOH solution. The solution was 
warmed on a steam bath for 30 min and 20 ml of water added. 
The resulting aqueous solution was acidified with 0.1 N  HC1 
and extracted with four 10-ml portions of ether. The combined 
ether extracts were dried (M gS04), filtered, and evaporated in 
vacuo. The residual oil was purified by chromatography using a 
0.5 X 15 cm column packed with silica gel and ether as eluent to 
give 2-ethyl-3-(aminosulfonic acid)pentanoic acid (18) as a single 
component on tic. Compound 18 was unstable to distillation 
and could not be induced to crystallize: ir (neat) 3250 (NH), 
1710 cm“ 1 (C = 0 ) ;  nmr (D20 )  6 3.72-3.40 (m, 1, CH next to 
CH2, CH and NH), 3.00-2.65 (m, 1, CH next to CH2 and C 02H),
2.05-1.60 (m, 4, CH2CH3), and 1.30-0.98 (t, 6 , CH2CH3).

Compound 3b (2.4 g, 0.010 mol) was treated with 25 ml of 
10% KOH solution for 18 hr at room temperature, followed by 
acidification with concentrated HC1 and evaporation to dryness. 
The residue was extracted with three 20-ml portions of CH2C12 
and the combined extracts were dried (M gS04). Evaporation 
of the solvent in vacuo afforded an oil which -was chromatographed

(4 7 ) J . W e g m a n n  a n d  II . D a h n , Helv. Ckim . Acta, 2 9 , 101 (1 9 4 6 ) ;  I .  
I le i lb r o n , “ D ic t io n a r y  o f  O rg a n ic  C o m p o u n d s / ’ V o l .  3 , O x fo r d  U n iv e rs ity  
P ress , L o n d o n , 196 5 , p  1607.

using 1 X 20 cm silica gel column and ether as eluent to give
1.2 g (50%) of 18 as a single component on tic.

Reaction of Diphenylacetylene (lh) with CSI.— A solution of
3.6 g (0.020 mol) of lh and 3.50 g (0.025 mol) of CSI in 30 ml of 
CH2C12 was stirred for 10 daj’s at room temperature. The 
solvent was evaporated in vacuo and the residue was extracted 
with four 10-ml portions of «-pentane to remove unreacted lh. 
The residual oil was then extracted with five 20-ml portions of 
ether. The combined ether extracts were evaporated in vacuo 
leaving a dark solid which was recrystallized several times from 
CH3OH to give 1.20 g (17%) of methyl 2,3-diphenyl-3-(methoxy- 
sulfonylamino)propenoate (8h): mp 131.0-133.5°; ir (KBr) 
3279 (NH), 1653 (C = 0 ) , 1389 and 1176 (S02), 1266 cm“ 1 
(OCH3); uv  max (CH3OH) 290 nm (<= 15,000); nmr (CDCI3)
S 11.80 (s, 1, NH), 7.20-7.00 (two peaks, 10, CeHs), and 3.75 
and 3.70 (two singlets, 6 , OCH3).

Anal. Calcd for CnilnNOsS: C, 58.80; II, 4.90; N, 4.03. 
Found: C, 59.20; H ,5.06; N ,4.03.

To a solution of the ether extract in 20 ml of CH2C12 was added 
20 ml of II20  and the whole mixture was refluxed for 1 hr. The 
CII2C12 layer was separated, dried (M gS04), and evaporated in 
vacuo. The residue was recrystallized several times from ethanol 
to give 0.5 g (13%) of deoxybenzoin (7h): mp 55-57° (lit.48 mp 
55-56°).

The ether insoluble part was crystallized from the 1:1 M E K - 
pentane mixture to give 5.2 g (57%) of l,3-bis(chlorosulfonyl)-
5,6-diphenyluracil (19) as a pale yellow solid: mp 186-188° dec;
ir (KBr) 1745 and 1700 (C = 0 ) ,  1375 and 1200 cm“ 1 (S02); 
nmr (DMSO-d6) <5 7.40-7.00 (aromatic).

Compound 19 is unstable at room temperature and all at
tempts to recrystallize it from hot CH3OII quantitatively con
verted it to 5,6-diphenyluracil (20): mp 302-303°; ir (KBr) 
3333 (NH), 1725 and 1650 cm“ 1 (C = 0 ) ;  uv max (CH3OH) 292 
nm (e 10,500); nmr (DMSO-d6) 8.10-7.80 (two peaks, 2, CONH) 
and 7.35-7.00 (two peaks, 10, CcH,).

Anal. Calcd for C 16H12N20 2: C, 72.72; II, 4.56; N, 10.60. 
Found: C, 72.48; II, 4.86; N, 10.40.

Reaction of 1-Hexyne (li) with CSI.— A solution of 4.92 g 
(0.060 mol) of li in 10 ml of dry CH3N 0 2 was added to a solution 
of 8.52 g (0.060 mol) of CSI in 10 ml of dry CH3N 0 2 and the 
whole mixture was stirred for 24 hr at ambient temperature. 
The solvent was evaporated in vacuo to dryness; the residual oil 
was extracted with three 10-ml portions of n-pentane to give 
A-chlorosulfonyl-2-heptynamide (21) which could not be further 
purified by distillation or chromatography without decomposition.

To a stirred solution of 2.4 g (0.010 mol) of crude 21 in 10 ml 
of CII2C12 was added dropwise excess aniline (0.03 mol) at 0° 
and stirring was continued for 2 hr. Addition of 10 ml of pentane 
to the reaction mixture precipitated a yellow solid which was 
filtered and the filtrate was extracted with ten 10-ml portions of 
H20  to remove unreacted aniline. The CH2C12 layer was dried 
(M gS04), filtered, and evaporated in vacuo leaving an oil which 
was purified by chromatography (1.0 X  20 cm column packed 
with silica gel; a 1:1 pentane-ether mixture as eluent) to give the 
¿V-sulfonylanilide of 2-heptynamide (23, 30%) as a single com
ponent on tic: mp 142-144°; ir (CHC13) 3200 (NH), 1650 cm-1 
(C = 0 ) ;  nmr (CDC13) 8 11.80 (s, 2, CONH), 8.65-7.90 (m, 5, 
C6H5), 5.90 (s, 1, NH), 2.90-2.30 im, 2, CCH2), 1.85-1.20 (m, 4, 
CH2CH3), and 1.00 (t, 3, CH2CH3, T = 6 Hz).

Hydrolysis of the crude 21 with 4 N  NaOH in acetone led to
2-heptynamide (22, 20% ): bp 130-132° (15 mm); ir (CIIC13) 
3550 (NII2), 1670 cm“ 1 (C = 0 ) ;  nmr (CDCI3) 5 7.70-7.50 (s, 2, 
CONIl2), 2.65-2.40 (m, 2, = C C H 2), 1.75-1.50 (m, 4, CH2CH2- 
CH3), and 0.95 (t, J  =  6 Hz, 3, CH2CH3).

Reaction of 3-Diethylamino-l-propyne (lj) and 1-Diethyl- 
amino-l-propyne (lk) with CSI.— To a cooled solution ( — 78°) 
of 1.68 g (0.015 mol) of lj in 15 ml of «-pentane was added drop- 
wise a solution of 2.13 g (0.015 mol) of CSI in 10 ml of the same 
solvent and the whole mixture was stirred for 1 hr. The white 
precipitate obtained was filtered and rinsed with five 20-ml 
portions of cold ( — 78°) pentane and dried in vacuo to give 3.6 g 
(95%) of 3-diethylamino-l-propyne-CSI salt (24): mp 112° dec; 
ir (KBr) 3226 (= C — H ), 2222 (N = C = 0 ) ,  2105 cm“ 1 ( f e C ) ;  
nmr (D20 )  8 4.10 (d, J  = 2.5 Hz, 2, CII2C), 3.38 (q, J =  7.5 
Hz, 4, CH2CH3), 3.11 (d, 1, C = C H ), and 1.23 (t, 6 , CH2CH3, 
J =  7.5 Hz).

(4 8 ) C .  F . H . A lle n  a n d  W . E . B a rk e r , “ O rg a n ic  S y n th e s e s ,”  C o l le c t .  
V o l .  I I ,  W ile y ,  N e w  Y o r k ,  N . Y . ,  1957 , p  156 .



Salt 24 was too unstable to analyze. Hydrolysis of 24 (1.0 g,
1.4 mmol) with 4 N  NaOH aqueous solution in acetone at ambient 
temperature afforded 0.3 g (70%) of lj and 0.2 g (20%) of 3- 
diethylamino-l-propyne hydrochloride (25): mp 197-199° dec; 
ir (KBr) 3175 (= C H ), 2564 (N+H), 2105 cm” 1 (C = C ); nmr 
(D20 )  8 4.10 (d, J =  2.5 Hz, 2, CH2C), 3.3S (q, 4, CH,CH3),
3.11 (c, 1, CH, J =  2.5 Hz), and 1.32 (t, 6 , CH2CH3, J  =  7.5 
Hz).

Addition of CSI to a pentane solution of an equimolar amount 
of lk at —78° resulted in the immediate precipitation of a yellow 
solid. The solution was decanted, and the yellow solid was 
rinsed several times with cold ( — 78°) pentane and dried in vacuo 
to give quantitatively a 1:1 adduct structured as 26: mp 470 dec; 
ir (KBr) 1630 (C = C ), 1420 and 1160 cm” 1 (SOa); nmr (CDC1,) 
8 4.0-3.2 (broad, 4, NCH2), 2.2-2.0 (m, ca. 1.5, CCH3), and
1.5-1.2 (m, ca. 7.5, CH2CH3).

Hydrolysis, methanolysis, reduction, and oxidation of 26 
resulted in the formation of polymers in all cases.

Reaction of l-Octen-4-yne (11) with CSI.— To a stirred solution 
of 7.1C g (0.050 mol) of CSI in 15 ml of CH2C12 was added slowly
5.40 g (0.050 mol) of 11 in 10 ml of CII2C12 and the solution was 
stirred for 24 hr at ambient temperature. The solvent was then 
evaporated in vacuo leaving an oil which was extracted with 
three 5-ml portions of pentane to remove unreacted 11. The 
residue was purified by chromatography (1.0 X 20 cm column 
packed with silica gel; CCh as eluent) to give 11.00 g (90%) of
6-chloro-4-n-propyl-5-(2-propenyl)-l,2,3-oxathiazine 2,2-dioxide 
(21): ir (CCh) 1640 (C = C ), 1410 and 1200 cm” 1 <S02); nmr 
(CDC13) 8 6.25-5.00 (m, ABC pattern, 3, CH =CIT2), 3.30 (d, 
J = E.O Hz, 2, CH2 next to vinyl group), 2.85-2.60 (t, 2, CH2- 
C = C ), 2.00-1.35 (m, 2, CH2CH3), and 1.03 (t, 3, CII2CH3, 
J =  6.5 Hz).

Reduction of 21 (6.00 g, 0.024 mol) with 0.5 mol equiv of 
LiAlH, in anhydrous ether gave 4.2 g (70%) of 6-chloro-4-re- 
propyl-5-(2-propenyl )-3,4-dihydro-1,2,3-oxathiazine 2,2-dioxide 
(31): ir (CCh) 3350 (NH) and 1625 cm ” 1 (C = C ); nmr (CDC13) 
6 6.10-5.15 (nr, 3, ABC pattern. H C=CH «), 5.00 (s, 1, NH),
4.20-3.80 (m, 1, CHCII2), 2.89 (d, J = 5.5 Hz, 2, CH2C = C ), 
1.85-1.20 (m, 4, CH2CH2CH3), and 1.10-0.80 (t, 3, CII2CH2CH3).

Reduction of 21 (3.0 g, 0.012 mol) iir 20 ml of ether with 25% 
aqueous Na2S03 at 0° gave 1.2 g (80%) of l-octen-5-one (71): 
bp 94-95° (68-70 mm); ir (CCh) 1725 (C = 0 ), 1635 cm” 1 
(C = C ); nmr (CDC13) 8 6.25-4.85 (m, ABC pattern, 3, C H =  
CI12), 2.60-2.30 (m, 6 , CH2CH2COCH2), 1.90-1.35 (m, 2, 
CH2CH3), and 0.92 (t, 3, CH2CH3, J =  7.0Hz).

Competitive Reactions of 1:1 Acetylene-Olefin Mixtures with 
CSI.— The general procedure used was as follows. To a 1:1 
molar equiv mixture of acetylene and olefin in CII:C12 (10 ml, 
0.01 mol) was added dropwise 0.5 molar equiv of CSI in the same 
solvent, at ambient temperature and the solution was stirred for
4-6 hr. Aliquot quantities of the reaction mixtures were taken 
after 2 and 4 hr, whereupon the solvent and unreacted starting 
materials were evaporated in vacuo. The residual oil was ex
tracted with five 20-ml portions of cold pentane ( — 20°) to re
move unreacted acetylenes, and the residual components were 
analyzed by nmr. Mixtures of 2-hexyne (ld)-ira»s-2-hexene 
and li-cyclohexene so treated with CSI gave, in each case, only 
the lc-C S I oxathiazine adduct.

A 1:1 mixture of lf-irares-/3-methylstyrene in methylene 
chloride gave a nearly 1:1 mixture of 2f and l-chlorosulfonyl-3- 
methyl-4-phenyl-2-azetidinone adducts based on nmr integration 
of the methyl groups in each adduct: nmr (CDC13) 8 7.55 (s, 5, 
Cells', 7.40 (s, 5, Celle), 4.88-4.80 (d, 1, H at C-4), 3.50-3.20 
(m, 1, H at C-3), 2.02 (s, 3, CH3C = C ), and 1.40 (d, J =  7.5 
Hz, 3, CHCH3).

Acetylenes with Chlorostjlfonyl Isocyanate

The same mixture in anhydrous ether gave a 1.4:1 oxathi
azine: azetidinone product ratio.

Finally a 1:1 mixture of lg-styrene in CH2CI2 gave a 2:1 
mixture of azetidinone-oxathiazine adducts based on nmr inte
gration of vinyl and d-Iaetam protons: nmr (CI)C13) 8 7.45 (s,
15, CsH5), 6.88 (s, 1, C = C H ), 5.50-5.20 (m, 2, II at C-4), and 
3.90-3.28 (m ,4, H a-,C-3).

Reaction of Benzenediazonium Carboxylate (28) with CSI.—
To a slurry of 284) prepared from 3.0 g (0.022 mol) of anthranilic 
acid in 30 ml of ethjdene chloride was added a solution of 5.35 g 
(0.022 mol) of CSI in 10 ml of the same solvent at 0° with stirring. 
The mixture was stirred for an additional 30 min at 0° after 
which it was gradually warmed to 70-80°, whereupon the stirring 
was continued until gas evolution stopped (ca. 2.5 hr). The 
resulting precipitate was filtered and washed with three 10-ml 
portions of ethylene chloride to give crude 3-chlorosulfonyl-
1.2.3- benzotriazin-4-one (29, 80% ): mp 113-116° dec; ir 
(KBr) 1695 (C = 0 ) ,  1325 and 1149 cm” 1 (SO,).

Compound 29 was too unstable to analyze. Recrystallization 
of 29 from CH3OII resulted in the formation of 1.5 g (78%) of
1.2.3- benzotriazin-4-one (30): mp 210-211° dec; ir (KBr) 
1681 cm-1 (C = 0 ) ;  uv max (C2H5OH) 278 nm (« 6500); nmr 
(DMSO-dc) 11.00 (s. 1, CONH) and 8.10-7.60 (m, 4, aromatic).

Anal. Calcd for C7IIr,N30 :  C, 57.00; IT, 3.40; N, 28.70. 
Found: C, 56.81; H ,3.35; N, 29.02.

Reaction of 28 with CSI-pyridine salt29 and A.A-bischloro- 
sulfonylurea3 at 40-50° also ultimately gave 30 in 20% yield in 
each case.

A solution of 0.35 g (2.4 mmol) of 30 in 120 ml of dry TIIF 
was irradiated under an Hanovia 450-V lamp for 10 hr at room 
temperature. No reaction was observed and 30 was quantita
tively recovered.

Registry N o .— C S I, 1189-71-5 ; 11, 24612-83-7 ; 2a,

J. Org. Chem., Vol. 37, No. 2, 1972 207

32544-41-5 ; 2b , 26261-67-6 ; 2c , 32493-88-2 ; 2d
32544-42-6 ; 2d ', 32493-89-3 ; 2e, 32544-43-7 ; 2f
32493-90-6 ; 2g, 32493-91-7 ; 21, 32493-92-8 ; 3a
32493-93-9 ; 3 b , 26261-69-8 ; 3c, 32493-06-4 ; 3e
32493-07-5 ; 3f, 32493-08-6 ; 31, 32493-09-7 ; 4a
32493-10 -0 ; 4b, 26261-70-1 ; 4c, 32493-12-2 ; 4e, 32493-
13-3; 4f, 32493-14-4 ; 5a, 32493-15 -5 ; 5b, 26928-79-0 ; 
5c, 32493-17-7 ; 5f, 32493-18-8 ; 6a, 32493-19 -9 ; 6b, 
26261-68-7 ; 6c, 32493-21 -3 ; 6e, 32493-22 -4 ; 6f, 32493- 
2 3 -5 ; 6g, 32493-24-6 ; 7a, 7 8 -93 -3 ; 7b, 589-38-8 ; 7c, 
589-63-9 ; 7d, 591-78 -6 ; 7e, 564-04 -5 ; 7f, 93-55 -0 ; 7g, 
98-86 -2 ; 71 ,30503-12-9 ; 8a,32500-23-5 ; 8b,32500-24-6 ; 
8c, 32500-25-7 ; 8e, 32500-26-8 ; 8f, 32500-27 -9 ; 8g, 
32605-75-7 ; 8h, 32493-31-5 ; 9, 32493-32 -6 ; 10b,
32493-33-7 ; lCg, 32493-34-8 ; 12, 3491-57 -4 ; 13,
32493-36-0 ; 17, 32493-37-1 ; 18, 32493-38 -2 ; 19,
32493-39-3 ; 2 0 ,3 2 4 9 3 -4 0 -6 ; 2 2 ,3 2 4 9 3 -4 1 -7 ; 2 3 ,3 2 4 9 3 -
4 2 -8 ; 2 4 ,3 2 4 9 3 -4 3 -9 ; 2 5 ,2 3 1 2 3 -8 0 -0 ; 2 6 ,3 2 4 9 3 -4 5 -1 ; 
2 9 ,3 2 4 9 3 -4 6 -2 ; 3 0 ,9 0 -1 6 -4 ; l-ch lo ro su lfo n y l-3 -m e th y l-
4 -ph en yl-2 -azetid in on e, 32493-48-4.
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Seven azatropones, x-equivalent heterocyclic congeners of tropone, have been prepared and characterized. 
Thus treatment of 4,7-dimethyl- (10), 4,6,7-trimethyl- (12), and 3,4,6,7-tetramethyl-lii-azepme-2,5-dione (14) 
with triethyloxonium fluoborate afforded respectively, 7-ethoxy-2,5-dimethyl-4fT-azepin-4-one (19), 5-ethoxy-
4,6,7-trimethyl-2if-azepin-2-one (22), and 5-ethoxy-3,4,6,7-tetramethyl-2Ii-azepm-2-one (28). With the 
same reagent, lif-benz[/]azepine-2,5-dione (16) and 5if-morphanthridine-6,lTdione (18) gave 2-ethoxy-5/i- 
benz[f]azepin-5-one (34) and ll-ethoxybenz[c]cyclohexadienyl[5,6-/]-2/f-azepin-2-one (42), respectively. 
Trimethyloxonium fluoborate also converted 12 and 14 to their respective azatropones, 5-methoxy-4,6,7-tri- 
rnethyl- (26) and 5-methoxy-3,4,6,7-tetramethyl-2H-azepin-2-one (31). Proof of structure of 4-azatropones, 
19 and 34, and 2-azatropones, 22, 26, 28, 31, and 42, is provided and mechanisms for their formation are sug
gested. Nmr data show no evidence of a ring current in any of these azatropones, and the ease with which 
they are both hydrogenated and/or hydrolyzed indicates no special aromatic stabilization.

G eneral syntheses o f  7r-equivalent3 a zacyclic  co n 
geners o f  azulene (107r) and  cycloocta te tra en e  (8 tt) have 
b een  rea lized  w ith  th e  preparation  o f azaazulene ( l ) 4 
and  2 -a lk oxyazocin es  (2 ) .6

S y n th etic  path w ays dev ised  to  prepare azatropones 
(3 -5 ) , th e  m on ocy clic  ÔTr-equivalent h eterocy c lic  con 
geners o f  trop on e , and  their annelated  deriva tives has 
been  strew n w ith  fa ilu re,6-10 e rro r ,11-16 and lim ited  
success (6 - 8 ) .13’14

A n  a v ow ed  pu rpose for  all these preparation s o f  
(4n +  2) ̂ -equ iva len t h e terocy clic  con ju ga ted  system s 
is th eir ch aracterization  b y  nm r sp ectroscop y  to  deter
m ine th e  degree o f  ir-electron deloca lization . E xten 
sive charge deloca lization  (a rom aticity ) w ou ld  be re
flected  in an appreciable  induced, ring current w hich  
in turn  w ou ld  be revea led  b y  substantia l desh ielding 
o f v in y l p roton s and  m ethy l substituents on  th e  azatro- 
pon e ring system .

(1 )  T h is  r e se a rch  w a s  s u p p o r t e d  b y  P u b lic  H e a lth  S e r v ic e  G ra n ts  id e n t i
fie d  as R O I A I 0 8 0 6 3 -0 1 -0 3  fr o m  th e  N a t io n a l  In s t it u t e  o f  A l le r g y  an d  
I n fe c t io u s  D is e a s e s  a n d  b y  t h e  D e p a r t m e n t  o f  th e  A r m y , U . S . A r m y  R e 
s e a rch  a n d  D e v e lo p m e n t  C o m m a n d  O ffice , O ff ic e  o f  th e  S u r g e o n  G e n e ra l, 
u n d e r  C o n t r a c t  D A -4 9 -1 9 3 -M D -2 9 9 2 .  T h is  is  c o n t r ib u t io n  n o . 9 6 5  t o  th e  
A r m y  R e s e a r c h  P r o g r a m  o n  M a la r ia .

(2 )  N D E A  T it le  I V  F e l lo w  (1 9 6 6 -1 9 6 9 )  a n d  G ra d u a te  R e s e a rc h  A s s is ta n t  
(1 9 6 9 -1 9 7 0 )  o n  g r a n t s 1 s u p p o r t e d  b y  N I H  a n d  W R A I R ;  ta k e n  e n t ir e ly  fr o m  
th e  P h .D .  T h e s is  o f  I . M a n is c a lc o ,  F o r d h a m  U n iv e rs ity ,  N e w  Y o r k ,  1 9 7 1 ; 
p r e s e n te d  b e fo r e  th e  O rg a n ic  D iv is io n  a t  th e  1 5 6 th  N a t io n a l  M e e t in g  o f  th e  
A m e r ic a n  C h e m ic a l  S o c ie t y ,  A t la n t ic  C i t y ,  N . J ., S e p t  8 -1 3 ,  1968 , A b s tr a c t  
o f  P a p e r s , 0 -7 6 .

(3 )  A .  G . A n d e r s o n , Jr ., W .  F .  H a rr is o n , a n d  R .  G . A n d e r s o n , J . Am er. 
Chem. Soc., 8 5 , 3 4 4 8  (1 9 6 3 ).

(4 )  T .  N o z o e ,  S . S e to , S . M a ts u m a r a , a n d  T .  T e r a w a s a , Chem. Ind. 
{London), 135 6 , 1 35 7  (1 9 5 4 ) ;  P .  A . P a u s o n , Chem. Rev., 55 , 9  (1 9 5 5 ).

(5 )  L . A . P a q u e t t e ,  T .  K a k ih a n a , J . F . H a n s e n , a n d  J . C .  P h il ip s , J. 
A m er. Chem. Soc., 93, 152 (1 9 7 1 ), a n d  s u c c e e d in g  p a p e rs .

(6 )  J . T .  B r a u n h o ltz  a n d  F .  G . M a n n , J . Chem. Soc., 4 1 7 4  (1 9 5 7 ) ;  3 3 7 7  
(1 9 5 8 ).

(7 ) G . R .  P r o c t o r  a n d  R .  H . T h o m p s o n , ibid., 2 3 0 2  (1 9 5 7 ).
(8 ) A . C r o m a r t y  a n d  G . R .  P r o c t o r ,  Chem. Com m un., 8 4 2  (1 9 6 8 ).
(9 ) N .  A . E v a n s ,  R ,  B . J o h n s , a n d  K .  R .  M a r k h a m , Aust. J . Chem., 20 , 

7 1 3  (1 9 6 7 ).
(1 0 )  M .  A . R e h m a n , J . N at. Sci. M ath., 9, (2 ) ,  2 9 7  (1 9 6 9 ) ;  Chem. Abstr., 

73, 3 4 4  (8 7 7 6 4 /)  (1 9 7 0 ).
(1 1 ) G . R .  P r o c t o r ,  Chem. In d . {London), 4 0 8  (1 9 6 0 ).
(1 2 )  W . R .  P a te r s o n  a n d  G . R .  P r o c t o r ,  J . Chem. Soc., 3 4 6 8  (1 9 6 2 ).
(1 3 )  R .  G . C o o k e  a n d  I . M .  R u s se ll ,  Tetrahedron Lett., 4 5 8 7  (1 9 6 8 ).
(1 4 )  W .  C . P e a s t o n  a n d  G . R .  P r o c t o r ,  J . Chem. Soc., 2481  (1 9 6 8 ).
(1 5 )  E .  B u llo c k ,  B . G r e g o r y ,  a n d  A . W . J o h n so n , J . A m er. Chem. Soc., 

84 , 2 2 6 0  (1 9 6 2 ) ;  E .  B u llo c k ,  B . G r e g o r y ,  A . W .  J o h n so n , P . J . B r ig n e ll,  
U . E isn e r , a n d  H . W ill ia m s , P roc. Chem. Soc., 122  (1 9 6 2 ) ;  E .  B u llo c k ,  B . 
G re g o r y , a n d  A . W .  J o h n so n , J . Chem. Soc., 1632  (1 9 6 4 ).

A zatrop on es  6 and  8 have neither o f  these substitu 
ents, w hile th e  v in y l p roton  singlet (S 8 .81) in 7 is a d ja 
cen t to  b o th  n itrogen  and  th e  fu sed  arom atic ring and  
its dow n field  p osition  cou ld  a ltern ative ly  be  exp la ined  
b y  con ven tion a l deshielding effects and n ot a ring current.

T h is  paper describes a con ven ien t, tw o -step  synthesis 
o f  su bstitu ted  and annelated  azatropon es an d  reports 
on  a stu dy  o f  th eir ch em ical and ph ysica l p roperties 
w h ich  p rov id es  sufficient ev iden ce  fo r  a con clu sion  re
garding th eir a rom aticity .

T hu s, the ob served  ring expansion  o f a lk y l-l,4 -b e n z o -,
1 ,4 -naphtho-, and 9 ,10-anthraqu inones to  2 ,5 -azep in e- 
d iones under S ch m idt reaction  co n d it io n s16-19 co u p le d  
w ith  th e  ex traord in ary  p rop en sity  o f  M eerw ein ’ s re
agent, tr ia lk y loxon iu m  fluoborate, to  se le ct iv ity  O -a lk y - 
late a m ides,20 a fforded  a d irect rou te to  th e  synthesis 
o f  4 //-a ze p in -4 -o n e s  (typ e  3) and 2.iZ-azepin-2-ones 
(typ e  5).

T rea tm en t o f  2 ,5 -d im eth y l- (9), 2 ,3 ,5 -trim eth y l- 
(11), and 2 ,3 ,5 ,6 -te tra m eth y l-l,4 -b en zoq u in on e  (13) 
w ith  sod iu m  azide in  con cen tra ted  su lfuric acid  gave
4 .7 - d im eth yl- (10, 6 6 % ) , 4 ,6 ,7 -tr im eth y l- (1 2 ,7 0 % ) , and
3 .4 .6 .7 - te tra m e th y l-li/-a ze p in e -2 ,5 -d io n e  (14, 7 9 % ) , 
re sp e ctiv e ly .16-18 S im ilarly 1 ,4 -n aph th oqu in on e (15) 
and an th raquin one (17) afforded  the correspon d in g  
177 -ben z[/]azep in e-2 ,5 -d ion e  (16, 6 5 % )20 and 577-m or- 
p h a n th r id in e -6 ,ll-d io n e  (18, 8 6 % ) 19 (Schem e I).

Azatropones (Schemes II and III).— T h e  rea ction  o f 
10 w ith  trie th y loxon iu m  flu ob ora te20 in  m eth y len e  
ch loride a fforded  the azatropon e 7 -e th ox y -2 ,5 -d im eth y l-

(1 6 ) D . M is it i ,  H . M o o r e ,  a n d  K .  F o lk e rs , T e t r a h e d r o n ,  22, 1201 (1 9 6 6 ) .
(1 7 ) R .  W .  R ic h a r d s  a n d  R .  M .  S m ith , T e t r a h e d r o n  L e t t . ,  2 36 1  (1 9 6 6 ) .
(1 8 ) G . R .  B e d fo r d ,  G . J o n e s , a n d  B . R .  W e b s te r ,  i b i d . ,  2 3 6 7  (1 9 6 6 ).
(1 9 ) M .  M .  C o o m b s ,  J. C h e m .  S o c . ,  4 2 0 0  (1 9 5 8 ).
(2 0 )  H . M e e r w e in , O r g .  S y n . ,  46, 113 , 120  (1 9 6 6 ).
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T a b l e  I
Nmr, Ir, a n d  Uv S p e c t r a l  D a t a  f o r  A z a t r o p o n e s

-N m r  (5)-

A z a - C h e m ic a l
- = C C H î—

M u lt i - C o u p lin g C h e m ic a l
---------= C H —

M u lt i - C o u p lin g » K B r —f i lm  
A m a i

Ir ----------------------------- -,
, c m -1  Ox) __________ U v __________

tr o p o n e sh ift p l ic i t y c o n s ta n t , H z sh ift p l ic i t y c o n s ta n t , H z c = o = c o c xS ‘a°H, O  ( , )

19 2 .2 0 S 6 70 q j  =  l 1620 (6.17) 1230 (8.13) 225 (26,500)
2.08 q j  =  l 6 13 S 300 (7,100)

22 2.30 q J  =  0.5 6 68 q j  =  l 1640 (6.10) 1275 (7.85) 225 (25,000)
2 .2 0 d j  =  l 310 (7,700)
2.08 q J  =  0.5

2C 2.30 q J  =  0.5 6 .6 8 q j  =  l 1640 (6.10) 1270 (7.88) 225 (21,000)
2 .2 0 d J  =  1 310 (6,000)
2 .1 0 q J  =  0.5

28 2.13 q J  =  0.5 1625 (6.15) 1285 (7.78) 230 (22,000)
2.10 (6 H) S 320 (7,300)
1.97 q J  =  0.5

31 2.13 q J  =  0.5 1620 (6.17) 1295 (7.72) 230 (20,000)
2.10 (6 H) S 320 (5,100)
1.97 q J  =  0.5

34 6.81 q (AB) J  =  12 1610 (6 .21) 1220 (8 .2 0 ) 218 (38,000)
6.65 q (AB) /  = 12 265 (10,600)

42 1660 (6 .02) 1275 (7.85) 233 (32,500)

o

o

Hi R2 R3 R4
9 CH3 H  CH3 H
11 ch3 h ch3 ch3
13 CH3 CH3 CH3 CH3

0

12 CH3 H  CH3 CH3 

14 CH3 CH3 CH3 CH3

S c h e m e  I

HN3, H;SO,

4H -azep in -4 -on e  (19, 4 % )  (Schem e I I ) .  A lk y la tion  
o f  12 and  14 w ith  the sam e reagent, how ever, gave 5- 
eth oxy -4 ,6 ,7 -trim eth y l-27 /-azep in -2 -on e  (22, 6 3 % ) and
5 -e th o x y -3 ,4 ,6 ,7 -te t ra m e th y l - 2H  - azepin  -  2 -  one (28, 
7 0 % ), resp ective ly  (Schem e I I I ) .  T h e  4 -aza tro - 
pone 19 can  be en visioned  as arising from  O -a lk y la tion  
o f the enol o f  10, w hile v in y log ou s la cta m -la ctim  ta u - 
tom erism  o f  12 and  14 fo llow ed  b y  O -a lk y la tion 21 m ay 
a ccou n t fo r  22 and  28.

T rim eth y loxon iu m  flu ob ora te20 con v erted  12 and  
14 zo 5 -m eth oxy -4 ,6 ,7 -trim eth y l- (26, 5 1 % ) and  5-

(2 1 ) N -M e t h y la t io n  o f  14 w a s a c h ie v e d  b y  t r e a tm e n t  o f  a  s o lu t io n  o f  14 
in  D M F  w ith  s o d iu m  h y d r id e  a n d  m e t h y l  io d id e .  T h e  d is t in g u is h in g  fe a tu re  
o f  t h e  n m r  s p e c tr u m  o f  p r o d u c t  l ,3 ,4 ,6 ,7 -p e n t a m e t h y l - l / i '-a z e p in e -2 ,5 -d io n e  
(33, 8 6 % )  w a s a  n e w  m e th y l p r o t o n  s in g le t  a t  8 3 .1 7 . T h is  is  c o n s is t e n t  w ith  
a  m e :h y l  g r o u p  o n  N  a n d  n o t  O : c f. 33  w ith  26 a n d  31. R e flu x in g  14 w ith  
d im e th y l su lfa te  in  b e n z e n e  fo r  24  h r  le d  o n ly  t o  t h e  r e c o v e r y  o f  s ta r t in g  
m a teria l.

S c h e m e  II

m e t h o x y -3 ,4 ,6 ,7 -te t r a m e th y l-2 i f -a z e p in -2 -o n e  (31, 
6 3 % ) , respective ly . A lth ou g h  the purpose o f 
m akin g  the O C H 3 derivatives w as to  sim plify  th e  nm r 
spectru m  o f these azatropones, the nm r spectra  o f  22 
and 28 w ere an a logou s to  26 and  31, resp ective ly  (apart 
from  th e  O R  grou p ), an d  th e  correspon d in g  u v  spectra  
w ere v irtu a lly  superim posable.

D ifferen ces in  preparative  procedu re  (vide infra), the 
dram atic d ifference in y ields, and  subtle d ifferences in 
pertinen t spectra l data  (tabu la ted  in T a b le  I )  in itia lly  
delineated  bu t d id  n ot distinguish  the 4 -azatropon e 
19 from  2 -aza tropon es 22 (26) an d  28 (31 ).

Structure P ro o f o f  19, 22, and 2 8 .— H y d rog en a tion  
o f 19 over  5 %  P d /C  at a tm osph eric pressure resu lted  
in an u ptak e o f  2 m ol equ iv  o f  h yd rogen  and afforded  
a d istillab le  oil. T h e  v in y l p roton s  w ere absent from  
the nm r spectru m  o f th is red u ction  p ro d u ct and  the 
m eth y l grou ps w ere a liphatic dou b lets . T h e  ir spec
tru m  disp layed  a new  ca rb on y l b an d  at 1775 c m -1 
(5 .63 fi) an d  gave n o  ev iden ce  o f  N H  absorp tion . O nly  
end  a bsorp tion  w as ob served  in  the uv, and  v p c  indi
ca ted  a tw o -co m p o n e n t m ixture. T h e  spectral and 
an a lytica l ev iden ce  w as consistent w ith  a stereoiso- 
m eric m ixture o f  7 -e th oxy -2 ,5 -d im eth y l-2 ,3 ,5 ,6 -te tra - 
h y d ro -4 / / -  a z e p i n -4 -o  n e (20, ob ta in ab le  on ly  from  19). 
H yd rogen ation  o f  10 over  3 0 %  P d /C  a fforded  a w h ite
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p ro d u ct (21) w hose spectra l data  in d ica ted  a k eto  co m 
pou n d  w ith  su bstan tia l en ol tau tom erism . A lk y la 
tion  o f  21 w ith  trieth y loxon iu m  flu oborate  gave  the 
iden tica l m ixture o f  stereoisom eric O -a lk y la ted  im ino 
ethers (20) ob ta in ed  from  h ydrogen ation  o f 19. As 
w ith  tro p o n e ,2219 fa iled  to  g ive  a 2 ,4 -D N P H  derivative.

H yd rog en a tion  o f 22 at am bient tem perature and 
a tm osph eric pressure ceased  a fter  1 m ol e q u iv  o f  h y 
drogen  had  been  a b sorb ed .23 T h e  p rod u ct nm r spec
trum  in d ica ted  that h ydrogen ation  o f th e  sterica lly  
less h indered  dou b le  b o n d  had  occu rred  and suggested  
structure 23, 5 -e th o x y -4 ,6 ,7 -tr im eth y l-3 ,4 -d ih yd ro -1 / / -  
azep in -2 -on e . T h u s w e attribu te  th e  3 H  m u ltip let 
(i5 2 .6 8 -2 .2 2 ) to  the C H 2 p roton s  (sharp m u ltip let cen 
tered  at 5 2 .47) a d ja cen t to  th e  C = 0 ,  superim posed  
upon  a b road  a lly l C H  resonance w hich  exten ds the 
m u ltip let u pheld  to  5 2 .2 2 .24

C olu m n  ch rom a tog ra p h y  o f 23 led  via h ydrolysis o f  
the labile v in y l ether fu n ction  to  the k e to -a m id e  tau 
tom er 4 ,6 ,7 -tr im e th y l-2 ,3 ,4 ,5 -te tra h y d ro -l//-a ze p in e -
2 ,5 -d ion e  (24, 7 2 % ) . T h e  structure o f  24 w as con 
firm ed b y  successive h ydrogen ation  (1 m ol eq u iv ) o f  12 
fo llow ed  b y  co lu m n  ch rom a togra p h y  to  24 (7 1 % ). 
A lk y la tion  o f 24 p repared  in th is m anner w ith  trie th y l
oxon iu m  flu oborate  a fforded  23 (2 3 % ). C om p ou n d s 
23 an d  24 prepared  b y  these a lternative m eth ods were 
iden tica l b y  all the usual criteria.

C arefu l red u ction  (3 0 %  P d /C )  o f  26 w ith  3 m ol eq u iv  
o f  h yd rogen  led  to  a m ixture o f  5 -m eth oxy -4 ,6 ,7 -tri- 
m e th y lh e x a h y d ro -lii-a ze p in -2 -o n e s  (27, 6 5 % ) ;  fou r 
isom ers o f  27 cou ld  be d istinguished  b y  v p c  and  nm r 
sp ectroscop y .

S ince acid -ca ta lyzed  h ydrolysis  o f  22 an d  26 qu an 
tita tiv e ly  con v erted  th em  to  12, it is n ot surprising 
th at treatm en t o f  22 and  26 w ith  2 ,4 -D N P H  under

(2 2 ) H . J . D a u b e n , Jr ., a n d  H . J . R in g o ld ,  J. Am er. Chem. Soc., 73, 8 7 6  
(1 9 5 1 ).

(2 3 )  R e d u c t io n  u n d e r  m o re  v ig o r o u s  c o n d it io n s  le d  t o  h y d r o g e n o ly s is  
o f  th e  la b ile  e t h o x y  g r o u p .

(2 4 )  T h e  a lte rn a t iv e  a z a tr o p o n e  s t r u c tu re  I o n  s im ila r  r e d u c t io n  w ith  1 
m o l e q u iv  o f  h y d r o g e n  w o u ld  g iv e  I I  w h o s e  C H  p r o t o n  a d ja c e n t  t o  C = 0  
w o u ld  n o r m a lly  a p p e a r  a t  d is t in c t ly  lo w e r  fie ld  fr o m  th e  a lly l  C H 2 r e so n a n ce . 
P r e c e d e n t 25,26 a n d  th e  p o s it io n  o f  th e  C H  p r o t o n  re so n a n ce  in  20 a n d  24 s u p 
p o r t  th is  v ie w .

(2 5 ) R .  M .  S ilv e rs te in  a n d  G . C . B a ssler , “ S p e c t r o m e t r ic  Id e n t i f ic a t io n  
o f  O rg a n ic  C o m p o u n d s ,”  W ile y ,  N e w  Y o r k ,  N . Y . ,  196 7 , p  137.

(2 6 ) O . L . C h a p m a n , D . J . P a s t o ,  a n d  A . A . G r is w o ld , J. Am er. Chem. 
Soc., 8 4 , 1216  (1 9 6 2 ) , h a v e  p r e p a r e d  th e  d ih y d r o  t r o p o n e  I I I .  T h e  C H  
p r o t o n  a d ja c e n t  t o  C = 0  in  th is  c a r b o c y c l i c  a n a lo g  o f  I I  in d e e d  a p p e a rs  as

o

o c h 3m
a m u lt ip le t  s k e w e d  d is t in c t ly  d o w n fie ld  (5 2 .9 1 -2 .2 5 )  f r o m  th e  (sh a rp ) a lly l  
C H 2 r e s o n a n c e  (5 2 .4 4 ) .  T h e  la rg e  d iffe re n ce  in  Xmax fo r  23 [300  n m  («  
1 0 ,0 0 0 ) ]  a n d  I I I  [331 n m  (e 7 1 6 0 ) ]  a lso  s u p p o r ts  t h e  p re s e n ce  o f  d iffe re n t 
e h r o m o p h o r e s  in  th e s e  t w o  s y s te m s . W e  are  g ra te fu l t o  P r o fe s s o r  C h a p m a n  
fo r  a X e r o x  c o p y  o f  th is  p o r t io n  o f  th e  n m r  s p e c tr u m  w h ich  w as a b se n t  in  
th e  c ite d  p a p e r .

acid ic con d ition s gave a h ydrazon e 25 iden tica l in  all 
respects w ith  th at obta in ed  d irect ly  from  12.

H yd rogen ation  (3 0 %  P d /C )  o f  28 a fforded  an un 
stable, w h ite, crystalline p ow d er (2 2 % ) w h ich  cou ld  
be recrysta llized  and  purified on ly  w ith  substantia l 
loss o f  p rod u ct. In  th e  nm r, the recrysta llized  m aterial 
d isp layed  three m ethy l singlets (5 2.10, 1.90, and 1.65), 
a re la tive ly  sh ielded  m ethy l d ou b let (5 1 .16), an N H  
proton  (3 6 .50), and  an a licyclic  ring p ro ton  (5 2 .6 7 ). 
S ince th is latter p ro ton  does n ot seem  to  appear suffi
cien tly  dow nfield  to  be ad jacen t to  n itrogen , th e  h y d ro 
gen ation  p rod u ct w as structured  as 32 w h ich  w ou ld  
result from  con ven tion a l h yd rogen ation  o f  th e  dou b le  
b on d  at A 3’4 (28 29) fo llow ed  b y  a 1 ,5 -sigm atrop ic
h yd rogen  shift to  32. T h e  t—it* transition  o f  32 [Xmax 
223 nm  (e 8800) ] is in term ediate betw een  an d  less p ro b 
able than  in the n on con ju ga ted  acetam ide  [Xmax 179 n m  
(e 9 5 0 0 )] and the h igh ly  co n ju g a te d  a cetan ilide  [Xmax 
238 nm  (e 1 0 ,5 0 0 )].27'28

A cid -ca ta ly ze d  hydrolysis o f  28 and 31 resu lted  in 
q u an tita tive  con version  to  14. T hu s, trea tm en t o f  
14, 28, an d  31 w ith  2 ,4 -D N P H  u n der acid ic  con d ition s  
led  to  th e  sam e h ydrazone 30.

B en z-F u sed  A zatropones (S ch em es  IV  and V ) .— T h e  
spectra l and chem ical p roperties o f  S ch m idt rearran ge
m ent p rod u ct 16 w ere sim ilar to  7 ,8 -d im e t h y l - l / / -  
ben z[/]a zep in e -2 ,5 -d ion e  (38) prepared  b y  b ro m in a tio n - 
deh ydrobrom in ation  o f 7 ,8 -diinet hy 1 - 3,4 - d i hy d r o  -1 /7 - 
ben z[/]a zep in e -2 ,5 -d ion e  (39).30 T reatm en t o f  16 w ith  
tr ieth y loxon iu m  fluoborate tran sform ed  it to  2 -e th o x y - 
5 //-b e n z  [/]a zep in -5 -on e  (34, 6 .5 % ) w ith  no re co v e ry  o f 
starting m aterial. In  th e  nm r, the presence o f  an aro
m atic  peri p ro ton  dou b let at 8 8 .08 cou p led  to  b o th  
o rth o - an d  m eta -rin g  proton s w as sufficient to  assign 
azatropon e structure 34 to  th is O -a lk y la tion  p rod u ct.

In  an a ttem p ted  synthesis o f  an azatropolon e , R e e s 30 
had  con v erted  39 to  7 ,8 -d im eth y l-2 ,3 ,4 ,5 -te trah yd ro - 
lH -b e n z [/]a ze p in e -2 ,4 ,5 -tr io n e  (41) via anil 40. T h e  
in solu b ility  o f  41 preclu ded  spectra l studies in  so lu tion  
b u t the v e ry  lim ited  ch em ica l ev iden ce  ava ilab le  ex 
clu ded  h eterotrop o lon e  beh av ior in 41. T h e  ava ilab il
ity  o f  16 perm itted  a preparation  o f  the u n su bstitu ted  
trione 37. T hu s, h yd rogen a tion  o f  16 (P d /C )  a ffo rd e d
3,4 -d ih y d ro -1 /7 -b en z  [/]azep in e -2 ,5 -d ion e  (35, 8 6 % ) . 
B a se -ca ta lyzed  con den sation  o f 35 w ith  N ,N -d im e th y l-  
p -n itrosoan iline led to  the bright red  anil 36 (5 0 % ) ;  
acid  h ydrolysis  o f  36 gave ve llow -green  2 ,3 ,4 ,5 -te tra - 
h y d ro -li /-b e n z [/]a z e p in e -2 ,4 ,5 -tr io n e  (37, 1 1 % ) w h ich  
w as insoluble in all th e  usual organ ic solven ts. T h e  
ca rb on y l reg ion  in  the in frared spectra  o f  37 (IvB r) an d

(2 7 ) J . R .  D y e r ,  ‘ ‘A p p lic a t io n s  o f  A b s o r p t io n  S p e c t r o s c o p y  o f  O rg a n ic  
C o m p o u n d s ,”  P r e n t ic e -H a l l,  E n g le w o o d  C liffs , N . J ., 196 5 , p p  9, 18.

(2 8 ) T h e  c o m p le t e ly  u n s u b s t itu te d  a n a lo g  I V  o f  32 has b e e n  p r e p a r e d  in

IV
w h ich  th e  x—*-* tr a n s it io n  o c c u r s  b e lo w  2 1 0  n m  a n d  w h o s e  n - x *  a b s o r p t io n  
a p p e a rs  a t  2 5 8  n m  ( lo g  < 3 .7 ) .29 D ih y d r o a z e p in -2 -o n e  32  d is p la y e d  a  Xmax 
285  n m  ( lo g  « 3 .7 2 ) in  w h ich  n o rm a l a lk y l s u b s t itu t io n  e f fe c ts  w o u ld  c o n t r ib 
u te  t o  th e  o b s e r v e d  b a t h o c h r o m ic  sh ift .

(2 9 )  E . V o g e l ,  R .  E r b ,  G . L e n z , a n d  A . B o t h n e r -b y ,  Justus Liebigs A n n . 
Chem., 682, 1 (1 9 6 5 ).

(3 0 )  P re p a re d  in  a  s ix -s te p  s y n th e s is  f r o m  o -x y le n e :  A . H .  R e e s ,  J . Chem. 
Soc., 3111  (1 9 5 9 ).
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Scheme III

12, 22-26, Rj =  R3 =  R4 = CH3; R ,= H  
14, 28-31, R! =  Rj =  R3 =  R4 =  CH3

41 (N u jo l) w ere a lm ost iden tica l, suggesting th e  ab 
sence also o f  an y  en ol ta u tom er o f  37.

A lk y la tion  o f  18 w ith  trie th y loxon iu m  fluoborate  
p roceed ed  experim en ta lly  in  a m anner an alogou s to  12 
and 14 and  a fforded  a single O -a lk y la tion  p rod u ct 
(7 1 % ). T h e  ch o ice  b etw een  the assigned structure
42 (1 1-ethoxyben z [c jcy c loh ex a d ien y l [5 ,6 -/] -2 //-a z e p in -
2 -one) and th e  a lternative 42a w as based  on  the 
fo llow in g  ev id en ce : (1) the absence o f  an y  desh ielded

arom atic peri p roton s  in  th e  n m r spectru m  o f  42; (2) 
redu ction  o f  42 w ith  excess N a B H 4 d id  no:, g ive  the 
te tra h yd ro  am ine an ticip a ted  from  42a,31 b u t led  in
stead  to  th e  d ih yd ro  p rod u ct ll -e th o x y -6 -h y d ro x y b e n z -
[c]cy c loh ex a d ien y l[5 ,6 -/]-2 H -a zep in e  (43), (3) acid
h ydrolysis o f  43 afforded  th e  u nk n ow n  6 -h y d rox y -5 ,6 - 
d ih y d ro -ll-m o rp h a n th r id in o n e  (44) w hose ph ysica l 
properties [m p 2 4 7 -2 4 9 ° ; ir 1660 c m -1  (6 .20 n) ( C = 0 ) ;  
nm r 5 6.01 (O H ) and  5.60 (C H ) ] c learly  distinguish  it 
from  the k n ow n , isom eric 1 l-h y d ro x y -6  (5 //) -m o rp h a n - 
thridone (45)32 [m p 1 3 8 -1 3 9 ° ; ir 1740 c m -1  (5 .75 /¿)

(31) R .  F . B o r s c h , Tetrahedron Lett., 61 (1 9 6 8 ).
(32 ) Chem. Abstr., 62, 104 22  (1 9 6 5 ) ;  J . O . J ile k , J . P o m y k a c e k , E . L u a te k , 

V . S e id lo v a , M .  R a js n e r ,  K . P e lz , B .  H o c h , a n d  M .  P r o t iv ia  Collect. Czech. 
Chem. Commun., 30 (2 ) ,  4 4 5  (1 9 6 5 ) [Chem. Abstr., 63, 4 2 5 7  (1 9 6 5 ) ] .

( C = 0 ) ;  n m r 5 3.82 (O H ) and  6.50 (C H )] , prepared  
via the M e e rw e in -P o n n d o r f-V e r le y  red u ction  o f 18. 
Isom er 45 w ou ld  have been  th e  e x p ected  p ro d u ct had 
the red u ction  an d  h ydrolysis  sequ en ce (42 — 43 — 44) 
com m en ced  w ith  42a. A c id  h yd ro lysis  o f  42 a fforded  
18, and, n ot u n expected ly , treatm en t o f  18 and 42 w ith
2 ,4 -D N P H  under acid ic  con d ition s  gave  th e  sam e h y - 
drazon e 47.

O f spectra l in terest w as th e  d ia lk y la ted  p ro d u ct o b 
ta in ed  from  th e  reaction  o f 45 w ith  either equ im olar or 
excess trie th y loxon iu m  flu obora te . D istilla tion  o f  the 
v iscou s reaction  p ro d u ct a fforded  a sm all am ou n t 
o f  ll-e th o x y -5 -e th y l-6 -m o rp h a n th r id in o n e  (46, 1 1 % ) 
ch aracterized  b y  m icroa n a ly tica l an d  spectra l data. 
T h e  C H 2 grou p  d irect ly  a tta ch ed  to  th e  n itrogen  ap
pears as a m ou n d  in  th e  n m r (3 0 ° ) cen tered  at S 3.41. 
P rogressive resolu tion  o f  th e  m ou n d  occu rred  as the 
tem perature w as raised until, a t 75 °, it  becam e a fa irly  
sharp quartet. T h is  tem perature d ep en d en cy  is at
tribu ted  to  slow  n itrogen  in version  at low  tem perature 
w ith  the nm r spectru m  at 30° record in g  th e  coa lescen ce  
poin t.

Aromaticity.— T h e  p os it ion  o f  r in g  p ro ton s  (5 6 .1 3 - 
6 .81) an d  m ethy l grou ps (5 1 .9 7 -2 .3 0 ) in th e  nm r o f 4 - 
azatropon es 19 and 34 an d  2 -aza trop on es  22, 26, 28, 
and 31 rem ain  w ell w ith in  th e  v in y l reg ion  an d  w ere n ot 
sign ifican tly  sh ifted  to  low er fields relative to  th eir re
spective  precu rsor azepinediones. T h u s there is no 
nm r ev iden ce  to  su pport th e  p ostu la tion  o f  a ring cur
rent. F inally , th e  ease w ith  w h ich  all these azatro
pon es cou ld  be b o th  h yd rogen a ted  a n d /o r  h y d ro ly zed  
leads us to  th e  inescapable  con clu sion  th a t these aza
trop on es  have n o  special “ a rom atic”  stabilization .
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Scheme I V  Scheme V

Experimental Section33
Schmidt Reaction.— 4,7-Dimethyl- (10), 4,6,7-trimethyl- (12), 

and 3,4,6,7-tetramethyl-U/-azepine-2,5-dione (14) were prepared 
by the procedure of Misiti, Moore, and Folkers;16 l//-b en z[/]- 
azepine-2,5-dione (16)17 and 5//-morphanthridine-6,l 1-dione
(18)'9 were also prepared by literature methods. Physical con
stants and spectral properties of these diones were in agreement 
with those reported therein.

7-Ethoxy-2,5-dimethyl-4ff-azepin-4-one (19).— A suspension 
of 10 (5.0 g, 0.033 mol) in dry CII2C12 was stirred with 6.3 g 
(0.033 mol) of (C^Hs^O+BFi- .20 After 3 hr the starting material 
completely dissolved and the solution began to darken. At this 
point, the reaction was terminated by quenching with 50 ml of 
10% aqueous K 2C 03 solution. The organic layer was separated, 
dried (Na2SO(), and evaporated in vacuo. The residual tacky 
material was extracted with three 100-ml portions of pentane. 
Filtration and evaporation of the pentane left 255 mg of 19 
(4.3%) which was purified by sublimation at ambient temperature 
at 0.1 mm. An analytical sample was prepared by dissolving 
100 mg in 0.5 ml of CH2C12, depositing this solution on top of a 
70 X  5 mm Woelm neutral, activity grade I, alumina column,, 
and eluting with pentane. Evaporation of the pentane afforded 
pure 19: mp 57-58°; nmr (CC1<) S 6.70 (q, 1, vinyl H, J  =  1 
Hz), 6.13 (s, 1, vinyl H), 4.20 (q, 2, OCH2CH3, J =  7 Hz),
2.20 (s, 3, CH3), 2.08 (q, 3, CH3, J = 1 Hz), and 1.32 (t, 3, 
OCH2CH3, J =  7 Hz).

(3 3 ) M e lt in g  p o in t s  a n d  b o i l in g  p o in t s  are  u n c o r r e c te d . In fra re d  s p e c tr a  
w e re  o b t a in e d  o n  a  P e r k in -E lm e r  3 3 7  g r a t in g  s p e c t r o p h o t o m e t e r  u t i liz in g  
p o ta s s iu m  b r o m id e  w a fe rs  f o r  s o l id s  a n d  sa lt  p la te s  fo r  l iq u id s . T h e  u ltra 
v io le t  s p e c t r a  w e re  r e c o r d e d  o n  a  C a r y  15 d u a l-b e a m  r e c o r d in g  s p e c t r o 
p h o t o m e t e r  u s in g  9 5 %  e th a n o l  as a  s o lv e n t .  T h e  n m r  s p e c t r a  w e re  o b t a in e d  
o n  a  V a ria n  A s s o c ia te s  A -6 0 A  s p e c t r o m e t e r  w ith  th e  s o lv e n t  n o t e d ;  c h e m ic a l  
sh ifts  are  r e p o r t e d  in  p a r ts  p e r  m ill io n  (5) d o w n fie ld  f r o m  T M S  as th e  in te rn a l 
s ta n d a r d . V p c  a n a ly s e s  w e re  p e r fo r m e d  o n  a  P e r k in -E lm e r  8 8 0  g a s  c h r o 
m a t o g r a p h  o r  a  P e r k in -E lm e r  F  21 p r e p a r a t iv e  g a s  c h r o m a t o g r a p h . M ic r o -  
a n a ly s e s  w e re  d e te r m in e d  b y  t h e  S c h w a r z k o p f  M ic r o a n a ly t ic a l  L a b o r a t o r y ,  
W o o d s id e ,  N . Y .  T h e  m ass  s p e c t r a  w e re  o b t a in e d  u s in g  t h e  fa c il it ie s  o f  th e  
B a tte lle  M e m o r ia l  In s t it u t e ,  H ig h  R e s o lu t io n  M a s s  S p e c t r o m e t r y  C e n te r , 
s p o n s o r e d  b y  th e  N a t io n a l  I n s t itu te s  o f  H e a lth , D iv is io n  o f  R e s e a rc h  R e 
so u rce s , C o n t r a c t  N o .  N IH -6 9 -2 2 2 6 .

Anal. Calcd for C10H,3NO2: C, 66.99; H, 7.25; N, 7.81. 
Found: C, 67.03; H, 7.11; N, 7.88.

Hydrogenation of 23.—Hydrogenation of 150 mg 0.0010 mol) 
of 19 in 5 ml of 95% C2H5OH with 5%  P d/C  at atmospheric 
pressure (2 hr) consumed 47 ml of hydrogen (0.002 mol). The 
solution was filtered and evaporated in a stream of dry nitrogen. 
Distillation of the residual oil at 42° (0.2 mm) gave 95 mg of
7-ethoxy-2,5-dimethyl-2,3,5,6-tetrahydro-47/-azepin-4-one (20, 
62% ). The vpc and nmr data indicated the presence of two 
isomers: ir 1775 (C = 0 ) ,  1590 (C = N ), 1210, and 1040 cm " 1 
( =  COC); nmr (CCU) 5 4.08 (doublet of q, 2, OCH2CH3, J =  7 
Hz), 3.83-3.33 (m, 1, NCH), 3.08-1.91 (m, 5, ring protons),
1.32 (d, 3, CH3, J =  6 Hz), 1.28 (d, 3, CH3, J =  6 Hz), and 1.13 
(t, 3, OCH2CH3, J — 7 Hz); vpc retention times 60 and 70 
sec (6 ft X Vs in., 10% SE 30 column at 150°), 110 and 120 sec 
(6 ft X '/a in-. 3%  Apiezon L column at 125°). Carrier gas flow 
rate was 20 ml/min in both cases.

Anal. Calcd for C i0H„7NO2: C, 66.27; H, 8.34; N, 7.73. 
Found: C, 66.21; H, 8.45; N, 7.44.

Imino ether mixture 20 was also prepared by hydrogenation of 
10 to the completely saturated isomer 21 followed by treat
ment with triethyloxonium fluoborate. Thus, hydrogenation 
(Parr shaker, 40 psi, 12 hr) of 10 (5.0 g, 0.033 mol) in 30 ml 
of 95% C2H5OH over 30% Pd/C  (100 g) afforded, after catalyst 
removal and solvent evaporation, a viscous oil which solidified 
upon standing. Recrystallization from CH2Cl2-pentane followed 
by an ether wash gave 3.8 g (73%) of 4,7-dimethylhexahydro-1H- 
azepine-2,5-dione (21): mp 166-168° (from CH3CN ); ir 3400, 
3280 (NH), 1675 (C = 0 ) ,  1680 and 1670 cm " 1 (NCO); nmr 
(DMSO-de) S 7.08 (mound, 1, N H ), 4.62 (d, 2, = C O H , J =  5 
Hz), 4.00-1.42 (m, 5, ring protons plus enolic OH), 1.08 (d, 3, 
CH3, J =  7 Hz), and 0.78 (d, 3, CH3, J  =  7 Hz); nmr (DMSO- 
d6-D20 )  absorptions at 5 7.08, 4.62, and 4.00-1.42 (for one pro
ton) disappear.

Anal. Calcd for C8H „N 0 2: C, 62.72; H, 7.24; N, 9.15. 
Found: C, 62.69; H, 7.55; N, 9.39.

A mixture of 21 (2.0 g, 0.013 mol) and 2.5 g of (C2H5)30 +BF4_ 
in 10 ml of CH2C12 was stirred overnight and quenched with 50 
ml of 10% aqueous K 2C 03 solution. The CH2C12 layer was 
separated, dried (NaiSOi), and evaporated in vacuo to give a
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light oil which was distilled [42° (0.2 mm)] to give the isomeric 
mixture 20 identical by all the usual criteria with 20 prepared 
from 19.

5-Ethoxy-4,6,7-trimethyl-2//-azepin-2-one (22).— To a suspen
sion of 5.0 g (0.03 mol) of 12 in anhydrous CH2C12 was added 6.0 
g (0.032 mol) of (C2H5)30 +BF4” . The mixture was refluxed 
overnight, quenched by the addition of 10% aqueous K 2C 03 
solution (60 ml), and worked up in the manner described for 
isolation of crude 28. The crystalline material isolated was dis
solved in pentane, charcoaled (Darco), and filtered. The clear 
filtrate was concentrated, cooled, and filtered to give 3.4 g 
(63%) of 22 as colorless needles. An analytical sample was 
prepared by sublimation at 40° (0.1 mm): mp 71-72°; nmr 
(CC14) 3 6.68 (q, 1, vinyl H, J  =  1 Hz), 4.25 (q, 2, OCH2CH3, 
/  =  7 Hz), 2.30 (q, 3, CH3, J  =  0.5 Hz), 2.20 (d, 3, CH3,
J  = 1 Hz), 2.08 (q, 3, CH3, J  = 0.5 Hz), and 1.37 (t, 3, OCH2-
CHS, J =  7 Hz).

Anal Calcd for CnH16N 0 2: C, 68.30; H, 7.76; N, 7.24;
mol wt 193.1103. Found: C, 68.53; H, 8.06; N, 7.24; mol 
wt, 193.1104 (mass spectrum).

5-Methoxy-4,6,7-trimethyl-2H-azepin-2-one (26, 51%) was 
prepared in a similar manner from 12 and (CH3)30 +BF4“ :w 
colorless; mp 52°; nmr (CC14) S 6.68 (q, 1, vinyl H, J  =  1 Hz),
3.77 (s, 3, OCH3), 2.30 (q, 3, CH3, J =  0.5 Hz), 2.20 (d, 2, 
CH3, J  =  1 Hz), and 2.10 (q, 3, CH3, /  =  0.5 Hz).

Anal Calcd for Ci0H13NO2: C, 67.02; H, 7.31; N, 7.82.
Found: C, 67.22; H, 7.37; N, 8.08.

5-Ethoxy-3,4,6,7-tetramethyl-2H-azepin-2-one (28).— A sus
pension of 1.79 g (0.010 mol) of 14 in 15 ml of anhydrous CH2C12 
and 1.90 g (0.010 mol) of (C2H5)30 +BF4”  was stirred overnight 
in a stcppered flask. Work-up was as follows. Aqueous K 2C 03 
solution (10%) was added slowly to the reaction mixture. The 
mixture was filtered to remove any inorganic material and the 
filter cake washed with CH2C12. The washings and filtrate were 
combined and the water layer was separated. Drying the organic 
layer (Na^SO,) and removal of the solvent in vacuo (no heat) led 
to a solid product. This material was extracted with pentane, 
the combined extracts were filtered, and the solvent was removed 
in vacuo to give 28 (1.44 g, 70% ). Purification of 28 was achieved 
by dissolution in a small amount of CH2C12, deposition upon a 
20 X 1 cm Woelm neutral alumina (activity grade I) column, and 
elution with pentane, giving 1.2 g of 28 as white needles. An 
analytical sample was sublimed at 40° (1.0 mm): mp 68.5-70°; 
nmr (CCh) 5 4.17 (q, 2, OCH2CH3, J  = 7 Hz), 2.13 (q, 3, CH3, 
/  =  0 5 Hz), 2.10 (s, 6, CH3), 1.97 (q, 3, CH3, J  = 0.5 Hz), 
and 1.10 (t, 3, OCH2CH3, J  =  7 Hz).

Anal. Calcd for Ci2H nN02: C, 69.53; H, 8.27; N, 6.67; 
mol wt, 207.1259. Found: C, 69.39; H, 8.31; N, 6.60; mol 
wt, 207.1245 (mass spectrum).

5-Methoxy-3,4,6,7-Tetramethyl-2ff-azepin-2-one (31,63% ) was 
prepared in a similar manner from 14 and (CH-OsO+BF, ” :20 
mp 84-85° (sublimation at 30°, 0.1 mm); nmr (CC14) 8 3.73 
(s, 3, OCH3), 2.13 (q, 3, CH3, J  = 0.5 Hz), 2.10 (s, 6, CH3), 
and 1.97 (q, 3, CH3, J =  0.5 Hz).

Anai. Calcd for CnH15N 0 2: C, 68.37; H, 7.82; N, 7.25. 
Found C, 68.64; H, 8.08; N, 7.53.

l,3,4,6,7-Pentamethyl-lH-azepine-2,5-dione (33).—To 50 ml 
of dry DM F was added 0.14 g(0.0058 mol) of pentane-washed 
sodium hydride. 14 (1 g, 0.0056 mol) and an excess of methyl 
iodide (1.15 g, 0.0080 mol) was then added and the solution was 
stirred at ambient temperature for 4 hr. The reaction mixture 
was poured into 200 ml of H20  and the whole mixture was con
tinuously extracted with hexane for 18 hr. The hexane was 
filtered to recover unreacted starting material. The filtrate was 
dried (Na2S04), filtered, and evaporated in vacuo to give 0.946 g 
(86% ) of 33 as a yellow oil: bp 103° (1 mm); ir 1640 and 1635 
cm-1 (C = 0 ) ;  uv max 241 nm (e 13,000) and 330 (2300); nmr 
(CCh) 8 3.17 (s, 3, N = C H 3), and 2.07, 2 .02, 1.95, 1.85 (all q, 
each 3, CH3, J  =  0.5 Hz).

Anal. Calcd for ChHi5N 0 2: N, 7.25. Found: N, 7.13.
Hydrogenation of 22.— An ethanolic solution of 1.93 g (0.010 

mol) o: 22 was hydrogenated (50 mg of 30% P d/C ) at atmospheric 
pressure and ambient temperature. The reaction stopped when 
300 ml of hydrogen had been consumed (1.2 equiv); vpc analysis 
indicated all starting material had reacted. Filtration over 
Filter-Cel left a yellow solution containing a light oil. A vpc 
analysis indicated two minor products (ca. 10% ) and one major 
product (ca. 90%). Initial distillation partially separated the 
mixture but prolonged heating decomposed the major compound. 
An analytical sample was obtained by preparative gc and re

distilled to give 5-ethoxy-4,6,7-trimethyl-3,4-dihydro-l//-azepin- 
2-one (23) as an oil which could not be induced to crystallize: 
bp 64° (0.1 mm); ir 1660 (C = 0 )  and 1275 cm” 1 (= C O C ); uv 
max 300 nm U 10,000); nmr (CCh) 8 4.20 (q, 2, OCH2CH3, 
J  = 7 Hz), 1.68-2.22 (m, 3, CH and CH2), 1.97 (q, 3, CH3, 
J  = 0.5 Hz), 1.82 fq, 3, CH3, J  =  0.5 Hz), 1.27 (t, 3, OCH2CH3, 
J  =  7 Hz), and 1.10 (d, 3, CH3, J  = 7 Hz).

Anal. Calcd for CnHi,N02: C, 67.66; II, 8.76; N, 7.13. 
Found: C, 67.89; H, 8.61; N, 7.42.

4,6,7-Trimethyl-2,3,4,5-tetrahydro-lH-azepine-2,5-dione (24). 
—Partially purified 23 (1.0 g, 0.0050 mol) was dissolved in 5 ml 
of CH2C12 and deposited on a 20 X 1cm  alumina column (Woelm 
activity grade I, neutral). Successive elutions with pentane, 
carbon tetrachloride, methylene chloride, and chloroform afforded 
250 mg (25%) of starting material. The column was stripped 
with methanol, and the solvent evaporated to give 640 mg (72%) 
of 24 as fine white needles, mp 94-96°. Two recrystallizations 
from hexane raised the mp to 101-102°: ir 1700, 1670, and 1665 
cm-1 (C = 0 ) ;  uv max 295 nm (« 10,900); nmr (CCh) 8 8.83 
(mound 1, NH), 3.12-2.50 (m, 3, CH and CH2), 2.12 (q, 3, 
CH3, J  =  0.5 Hz), 1.88 (q, 3, CH3, J  = 0.5 Hz), and 1.22 (d, 3, 
CH3, /  =  7 Hz).

Anal. Calcd for C 9HI3N 0 2: C, 64.68; H, 7.79; N, 8.38. 
Found: C, 64.43; H, 7.64; N, 8.15.

Tautomer 24 could be prepared directly from 12 in the following 
manner. A suspension of 12 (1.0 g, 0.0050 mol) in 95% C2H5OH 
was hydrogenated (5% P d/C ) at ambient temperature and 
atmospheric pressure. The reaction was terminated after slightly 
less than 1 equiv of hydrogen (150 ml) was taken up; after filtra
tion of the catalyst, the solution was reduced in volume to 5 ml. 
A small amount of starting material precipitated from the chilled 
solution. Filtration and evaporation of the mother liquor left a 
residual oil. This oil was dissolved in a minimum amount of 
CH2C12 and deposited on a 20 X 1 cm Woelm, activity grade I, 
neutral alumina column and eluted with a 50:50 mixture of 
CH2Cl2-ether. Evaporation of the eluent afforded 720 mg 
(71%) of 24 as fine white needles, mp 100-101°, identical by all 
the usual criteria with 24 obtained from 23.

Conversion of 24 to 23 was effected by treatment of the former 
(1.0 g, 0.0060 mol) in 50 ml of CH2C12 with (C2H5)30 +BF4”  for 
18 hr. The solution was then washed with cold 10% aqueous 
K 2C 03. The organic layer was separated, dried (Na2S04), 
filtered, and evaporated. The residual colorless liquid was 
distilled at 69° (0.1 mm) to give 260 mg (23%) of 23 identical 
by all the usual criteria with 23 obtained by hydrogenation of 22.

Hydrogenation of 26.— A solution of 26 (100 mg) in 10 ml of 
95% C2H6OH was hydrogenated (10 mg 30% P d/C ) at room 
temperature and atmospheric pressure for 24 hr. Slightly more 
than 3 molar equiv of hydrogen (49 ml) was consumed. The 
catalyst was filtered and the filtrate evaporated in vacuo to give 
a clear oil, 68 mg (65%). Ypc analysis and nmr data confirmed 
the presence of four isomers: ir 3500, 3200, 1705, 1670, 1165, 
and 1095 cm-1; nmr (CDC13) 8 3.98, 3.82 3.70, 3.63 (all s, 3, 
OCH3), 3.33-1.67 (m, 6 , ring protons +  NH), 1.15 (d, 3, CH3, 
J =  7 Hz), and 1.12 (d, 6, CH3, J =  7 Hz); nmr (CDC13-  
D 20 )  8 3.33-1.67 (m, 5, ring protons) with no other alterations 
in the spectrum.

Hydrogenation of 28.— A solution of 250 mg (0.012 mol) of 28 
in C2H5OH was hydrogenated (30% P d/C ) at atmospheric pres
sure. The reaction swiftly consumed 2 molar equiv of hydrogen 
(140 ml) and then ceased. The solution was filtered through 
Filter-Cel and the filtrate was evaporated in a stream of nitrogen 
with gentle warming. A white powder and a yellow oil were 
obtained. Washing with CC14 removed the oil and left 60 mg 
(22%) of crude 5-ethoxy-3,4,6,7-tetramethyl-l,3-dihydro-2H- 
azepin-2-one (32). This crude material was recrystallized from 
CH2Cl2-pentane only with substantial decomposition: mp 143- 
145°; ir 3400 (NH) and 1675 cm” 1 (C = 0 ) ;  uv max 223 nm 
(e 8800), 285 (5200), and 325 (4400); nmr (CDC13) 8 6.50 
(mound, 1, NH), 3.27 (doublet of q, 2, OCH2CH3, J  =  7 Hz), 
2.67 (q, 1, CH, J  =  7 Hz), 2.17, 1.90, 1.65 (all s, 3, = C C H 3),
1.23 (t, OCH2CH3, J =  7 Hz), and 1.16 (d, 3, CH3, J =  7 Hz).

Anal. Calcd for Ci2HI9N 0 2: C, 68.86; H, 9.15; N, 6.69; 
mol wt, 209. Found: 68.52; H, 9.45; N, 6.37; mol wt, 209 
(mass spectrum).

2,4-Dinitrophenyliiydrazones.—The general procedure used 
was as follows.84 To 100 mg (5.0 mmol) of 2,4-DNPH was

(34) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, “ Systematic Identifica-
tion of Organic Compounds,”  4th ed, Wiley, New York, N. Y., 1956, p 219.
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added 0.5 ml of concentrated H2SO< and 1 ml of H20 . The mix
ture was then poured into 2.5 ml of 95% C2H6OH. An equimolar 
amount of the carbonyl compound in 5 ml of C2H5OH was added 
to the 2,4-DNPH solution. On standing overnight, the hydra- 
zone precipitated; it was filtered, washed with cold C2H5OH, and 
recrystallized from ethyl acetate or C2H5OH.

Compounds 12, 22, and 26 gave the identical hydrazone 25, 
mp 277-279°.

Anal. Calcd for C16H,6N505: C, 52.17; H, 4.38; N, 20.28. 
Found: C, 52.00; H, 4.50; N, 20.42.

Similarly 14, 28, and 31 afforded the same hydrazone 30, mp 
215-217°.

Anal. Calcd for Ci6H „N 50 6: C, 53.48; H, 4.77; N, 19.49. 
Found: C, 53.50; H, 4.80; N, 19.30.

2-Ethoxy-5//-benz[/]azepin-5-one (34).—To a solution of 16 
(1.0 g, 0.0053 mol) in 50 ml of dry CH2C12 was added 1.1 g 
(0.0053 mol) of (C2H6)30+BF4~ and the whole mixture was 
refluxed 3 hr. The green-black reaction mixture was quenched 
with 10 ml of 20% aqueous K 2C 03 solution. The organic layer 
was separated, dried (Na2S04), filtered, and evaporated to 
dryness. The green residue was sublimed [30° (0.1 mm)] to 
give 34 (70 mg, 6.5% ). An analytical sample was obtained by 
chromatography on a 50 X 5 mm Woelm, neutral, alumina 
column (activity grade I). Elution with pentane gave 34 as 
white crystals: mp 46°; nmr (CCI4) 8 8.08 (distorted d, 1,
peri H, j  =  8 Hz, 1.5 Hz), 7.58-7.10 (m, 3, aromatic), 6.81 (vb 
of AB quartet, 1, J = 1 2  Hz), 6.65 (va of AB quartet, 1, J =  12 
Hz), 4.31 (q, 2, OCH2CH3, J =  7 Hz), and 1.35 (t,3, OCII2CH3, 
J = 7 Hz).

Anal. Calcd for C i2HhN0 2: C, 71.92; H, 5.52. Found: C, 
72.12; H, 5.82.

3,4-Dillydro-l//-benz[/]azepine-2,5-dione (35).— A suspension 
of 1.0 g (0.057 mol) of 16 in 25 ml of ethanol was hydrogenated 
overnight on a Parr shaker with 30% Pd/C  at 40 psi. An addi
tional 50 ml of C2H5OH was added and the whole mixture was 
filtered. The filtrate was concentrated in vacuo to give 0.87 g 
(86% ) of 35. Recrystallization from benzene led to a colorless 
product: mp 187-188°; ir 3250 cm-1 (NH); uv max 223 nm 
(e 33,200), 254 (8800), and 317 (3300); nmr (DMSO-d6) 8 
8.00-6.70 (m, 5, aromatic +  NH), and 3.08-2.50 (A2B2, 4, 
CH2CH2).

Anal. Calcd for CioH3N 0 2: C, 68.50; H, 5.18; N, 8.01. 
Found: C, 68.64; H, 5.17; N, 8.31.

4- (p-Dimethylaminophenylimino )-3,4-dihydro-1/7-benz [/] - 
azepine-2,5-dione (36).— A,A'-Dimethyl-p-nitrosoaniline (1.5 g, 
0.010 mol) and 35 (1.0 g, 0.0060 mol) were dissolved in hot CH3- 
OH. A 2 A  NaOH solution (2 ml) was added and on standing 
36 precipitated as tiny red plates. The solid was filtered and 
repeatedly washed with acetone. Recrystallization from DMF 
gave 800 mg (50%) of 36 as red plates, mp 310-312°.

Anal. Calcd for Ci8HnN30 2: C, 70.34; H, 5.58; N, 13.67. 
Found: C, 70.20; H, 5.30; N, 13.82.

Concentrated HC1 (10 ml) was added to 500 mg (0.0060 mol) 
of 36. The mixture was heated (steam bath) for 30 min and the 
dark suspension was filtered on a sintered glass funnel. The 
residue was successively washed with H20 , hot EtOII, and ace
tone to give 60 mg (11%) of 37. This insoluble, yellow-green 
trione, mp 250° dec, defied all attempts at further purification: 
ir 3385 (NH), 1660, 1615, 1590, 1570 cm “ 1.35

Anal. Calcd for Ck>H7N0 3: mol wt, 187. Found: mol wt, 
187 (mass spectrum).

ll-Ethoxybenz[c] cyclohexadienyl[5,6-/]-2/7-azepin-2-one (42).
— A suspension of 18 (10 g, 0.045 mol) in 200 ml of dry CH2C12 
was treated overnight with 10 g (0.053 mol) of C2H5)30 +BF4- . 
The previously described aqueous K2C 03 work-up afforded a 
white solid which was continuously extracted with pentane for 
24 hr (Soxhlet). Evaporation of the pentane left a yellow solid 
which was dissolved in CH2C12, deposited on a 2 X 2 cm neutral, 
alumina column, and eluted with 30-60° petroleum ether to give 
42 as white crystals (7.4 g, 71% ). An analytical sample was 
prepared by recrystallization from pentane: mp 101- 102°;
nmr (CC14) 8 8.08-7.00 (m, 8 aromatic), 4.28 (q, 2, OCH2CH3, 
J =  7 Hz), and 1.44 (t, 3, OCH2CH3, J  = 7 Hz).

Anal. Calcd for Ci6Hi3N 0 2: C, 76.45; H, 5.21; N, 5.61. 
Found: C, 76.29; H, 5.51; N, 5.65. * 1590

(3 5 )  T o  b e  c o m p a r e d  w ith  th e  c a r b o n y l  a b s o r p t io n s  in  41: 166 0 , 1620 ,
1590 , a n d  1 57 0  c m -1 .30

Compounds 18 and 42 gave the identical hydrazone 47, mp 
280° (from ethyl acetate).

Anal. Calcd for C20H13N6O5: C, 59.55; H, 3.25; N, 17.37. 
Found: C, 59.44; H, 3.29; N, 17.11.

11-Hydroxy-6(577J-morphanthridinone (45).— A suspension of 
10 g (0.045 mol) of 18 and 10 g (0.049 mol) of aluminum iso- 
propoxide in 200 ml of dry isopropyl alcohol was slowly distilled 
through a 20-cm Vigreux column so that 1 drop of solvent was 
collected per minute. The distillate was tested for the presence 
of acetone by means of a 10% 2,4-DNPH solution. After two 
successive negative tests the reaction was assumed complete. 
Most of the isopropyl alcohol was removed in vacuo and the resi
due acidified with 100 ml of 10%  HC1. The resulting solid was 
filtered, washed acid-free with water, and recrystallized from 
DAIF-water to give 9.3 g (92%) of 45: mp 247-248° (lit..32 
250°); nmr (DMSO-d6) 8 7.75-6.83 (m, 9, aromatic +  NH),
6.12 (d, 1, OH, J  = 5 Hz), and 5.62 (d, 1, CH, J  = 5 Hz); 
nmr (DM S0-d6-D 20 )  8 7.75-6.83 (m, 8, aromatic) and 5.62 (s,
1, CII).

ll-Ethoxy-6-hydroxybenz[c]cyclohexadienyl[5,6-/]-2T7-azepine 
(43).— A solution of 2.5 g (0.0010 mol) of 42 in 20 ml of wet THF 
was treated with a large excess of NaBH4 (1.0 g, 0.030 mol). 
The mixture was stirred for 4 hr, poured into 100 ml of H20 , and 
extracted with two 50-ml portions of ethyl ether. The ether 
layer was separated, dried (Na2S04), and evaporated to give a 
viscous oil. Crystallization was induced by vigorous scratching. 
To effect recrystallization the solid was dissolved in CH2C12 and 
30-60° petroleum ether was added to the cloud point. Upon 
standing at —10° crystals formed. This procedure was repeated 
to give a white solid: mp 105-106°; ir 3350 cm -1 (OH); uv 
max 210 nm U 36,800) and 285 (5700); nmr (CC14) 8 7.72-6.83 
(m, 8, aromatic), 5.08 (s, 1, CH), 4.50 (m, 2, OCH2CH3) 3.29 
(mound, 1, OH), and 1.47 (t, 3, OCH2CH3, J  = 7  Hz).

Anal. Calcd for C,6HI6N 02: C, 75.87; H, 5.97; N, 5.53. 
Found: C, 76.04; H, 5.90; N, 5.79.

6-Hydroxy-5,6-dihydro-ll-morphanthridinone (44).— A two- 
phase mixture of 43 (1.0 g, 0.0040 mol) and 20 ml of 1 A  HC1 was 
thoroughly stirred for 1 hr. The aqueous layer was separated 
and carefully adjusted to pH 6.9 by the addition of 1 A  NaOH 
solution. The white precipitate that separated was filtered, 
washed with water, and recrystallized from C2H5OH to give 
dense white crystals: mp 138-139°; ir 3460 (OH), 3375 (NH), 
and 1740 cm-1 (C = 0 ) ; uv max 215 nm (e 42,500) and 295 (7500); 
nmr (CC14) 8 8.10-6.50 (m, 9, aromatic plus CH) and 3.82 
(mound, 2, OH, NH, exchangeable with D20 ).

Anal. Calcd for C,4H „N 0 2: C, 74.65; H, 4.92; N, 6.22. 
Found: C, 74.40; H, 4.86; N, 6.44.

ll-Ethoxy-5-ethyl-6-morphanthridinone (46).— A suspension of 
45 (2.25 g, 0.010 mol) in 15 ml of dry CH2C12 was treated with 
1.90g (O.OlOmol)of (C2H6)30 +BF4~. After solution was effected, 
the reaction was quenched by the addition of 50 ml of 10% 
aqueous K 2C 03. Methylene chloride (50 ml) was added to the 
mixture and the organic layer was separated, dried (Na2S04), 
and evaporated in vacuo to leave a viscous oil. This oil was dis- 
stilled at 120° (0.1 mm) to give 300 mg (11%) of 46 and a non- 
distillable glassy residue which could not be identified. The 
distillate solidified on cooling to —10° overnight. Recrystalliza
tion from CH3OH gave white cubes: mp 67-68°; ir 1650 (C = 0 ) ,  
1145 and 1220 cm-1 (COC); uv max 230 nm (e 21,600) and 280 
(5000); nmr (CC14) 8 7.67-6.83 (m, 8, aromatic), 4.82 (s, 1, 
CH), 4.40 (doublet of q, 2, OCH2CH3, J  =  7  Hz), 3.41 (mound,
2, NCH2CH3) (at 60°, q, 2, NCH2CH3, J  =  6 Hz), 1.33 (t, 3, 
OCH2CH3, J  = 7  Hz), and 1.15 (t, 3, NCH2CH3, J  =  6 Hz).

Anal. Calcd for C,8H19N 0 2: C, 76.84; H, 6.82; N, 4.98. 
Found: C, 76.54; H, 6.65; N, 5.24.

Acid Hydrolysis of Azatropones.—The general procedure in
volved treatment of an alcoholic solution of the azatropone with 
a catalytic amount of H2S04. After standing for several hours, 
a precipitate appeared. The mixture was cooled to —10°, 
filtered, washed with cold H20 , dried, and recrystallized to 
quantitatively yield the corresponding azepinediones. Thus, 22 
and 26 gave 12, 28 and 31 led to 14, and 42 afforded 18.

Registry No.—19, 32516-06-6 ; 20, cis, 32516-07 -7 ; 
20, trans, 32513-34-1 ; 21, cis, 32476-21-4 ; 21, trails, 
32513-55-6 ; 22, 32476-22-5 ; 23, 32513-35 -2 ; 24,
32513-36-3 ; 25, 32513-37-4 ; 26, 32513-38 -5 ; 27,
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32513-39-6; 28, 32513-40-9; 30, 32513-41-0; 31,
32513-42-1; 32, 32513-43-2; 33, 32513-44-3; 34,
32513-45-4; 35, 16511-38-9; 36, 32513-47-6; 37,

32513-48-7; 42, 32513-49-8; 43, 32513-50-1; 44,
32513-51-2; 45,723-87-5; 46,32513-53-4; 47,32513-
54-5; tropone, 539-80-0.

Lithiation of Substituted Pyrazoles. Synthesis of Isomerically 
Pure 1,3-, 1,3,5-, and 1,5-Substituted Pyrazoles
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Four syntheses of isomerically pure substituted pyrazoles are described (A-D). Using a lithiation procedure,
1,3,5- and 1,5-substituted pyrazoles can be obtained directly, e.g., (A) l,3-dimethyl-a-phenylpyrazole-5-methanol
(5) and 3-methyl-a-phenyl-l-propyIpyrazole-5-methanol (11), (B) 5-methyl-a-phenylpyrazole-l-ethanol (8 ), and 
(C) a-phenyl-l-propylpyrazole-5-methanol (16). (A) Treatment of a 2:1 mixture of 1,3-dimethylpyrazole (2)
and 1,5-dimethylpyrazole (7) with n-butyllithium equivalent to less than the amount of 2 followed by the addi
tion of benzaldehyde yields 5. (B) Lithiation of pure 7 and reaction with benzaldehyde yields 8. (C) Reaction
of 1-propylpyrazole (15) with an equivalent of n-butyllithium followed by the addition of benzaldehyde yields 
16. Pure 1,3-disubstituted pyrazoles were synthesized in high yield in two steps. 5-Chloro-l-methyl-3-sub- 
stituted pyrazoles lithiate on the 1-methyl group. Thus (D) 5-chloro-l,3-dimethyIpyrazole (3) was allowed to 
react with n-butyllithium followed by benzaldehyde yielding o-chloro-S-rr.ethyl-a-phenylpyrazole-l-ethanol
(17). Catalytic hydrogenation of 17 yielded 3-methyl-a-phenylpyrazole-l-ethanol (6). Two generalizations 
have been drawn concerning the position of metalation: ( 1) a 1-methyl substituent on a pyrazole will undergo 
metalation with n-butyllithium to some extent; (2) a pyrazole with an unactivated 1 substituent and a 5-H 
undergoes metalation exclusively on the position. Changes in the nmr spectra in CI)C13 and DMSO-d6 have 
been useful in differentiating isomeric 1,3- and 1,5-disubstituted pyrazoles A pyrazolyl ketone, 1,3-dimethyl- 
pyrazol-5-yl phenyl ketone (25), was synthesized by addition of an excess of benzaldehyde to the corresponding 
pyrazolyl lithium reagent.

M ost syntheses o f  1 -a lkylpyrazoles result in m ixtures 
o f  1,3- and  1 ,5 -d isu bstitu ted  pyrazoles. F rom  these 
m ixtures, pure p rod u cts  are o b ta in ed  w ith  d ifficu lty  
if  at a ll .1-6 O ne o f  us h ad  earlier fou n d  the syn th etic  
u tility  o f  5 -ch loro -l,3 -d isu b stitu ted  4 -lith iopyrazoles 
(availab le  b y  h a logen -m eta l exch a n ge).78 T h u s we 
decid ed  to  in vestigate  the lith ia tion  o f  som e readily  
availab le  unsym m etrica l pyrazoles, p yrazole  isom eric 
m ixtures, and the con version  o f the resulting lith io 
reagents to  isom erica lly  pure su bstitu ted  pyrazoles. A  
recent p u b lica tion  on  the “ L ith iation  o f  F ive -m em bered  
H eteroarom atic  C o m p o u n d s”  in clud ing  the lateral 
m eta lation  o f 1 ,3 ,5 ,-trim eth ylpyrazole  ( l ) 9 has led  us 
to  rep ort som e o f ou r results w ith  u nsym m etrica l 
pyrazoles.

H abrak en  and M o o re 6 h ave prepared  pure 1,3-di- 
m eth y lpyrazole  (2 ) in  2 0 %  y ie ld  b y  R a n ey  nickel 
ca ta lyzed  h ydrogen ation  o f  5 -ch lo ro -l,3 -d im e th v lp y r - 
azole (3). T h ese  w orkers also rep orted  the position s 
o f  the nm r signals fo r  the m eth y l substiruents. A  
num ber o f reports on  the lith ia tion  o f  1 -m ethylpyrazoles 
have appeared .5’ 10 T h ese  w orkers isolated  produ cts 
correspon d in g  to  lith iation  at the 5 position . O ur rein- 
vest gation  o f  the lith iation  o f  1 -m eth ylpyrazoles has 
show n that lith ia tion  also occu rs on  the l-(la tera l) 
m ethyl grou p . T h e  earlier w orkers had  relied u p on

(1 )  L . C .  B e h r , R .  F u s c o ,  a n d  C . H . J a r b o e  in  " P y r a z o le s ,  P y r a z o lin e s , 
P y r a z o lid in e s , In d a z o le s  a n d  C o n d e n s e d  R in g s ,”  I n te r s c ie n s e , N e w  Y o r k ,  
N . 196 7 , p p  6 - 8  a n d  1 3 -1 6 .

(2 )  T .  L . J a c o b s  in  " H e t e r o c y c l i c  C o m p o u n d s ,”  V o l .  5, R .  C . E ld e r fie ld , 
E d .,  W ile y ,  N e w  Y o r k ,  N . Y . ,  1 9 5 7 , p  55 .

(3 ) K . v o n  A u w e rs  a n d  H . H o llm a n n , Ber., 69, 60 1 , 1282  (1 9 2 6 ) .
(4 ) C .  A . R o ja h n ,  ibid., 5 9 , 607  (1 9 2 6 ).
(5 ) R .  H tlt te l  a n d  M .  E . S c h o n , Justus Liebigs A n n . Chem., 6 2 5 , 55  (1 9 5 9 ) .
(6 ) C . L . H a b r a k e n  a n d  J. A . M o o r e ,  J . Org. Chem., 3 0 ,  1 8 9 ?  (1 9 6 5 ) .
(7 ) H . A .  D e W a ld  a n d  D .  E . B u tle r , U . S . P a te n t  3 ,5 5 8 ,6 0 5  (J a n  1 9 7 1 ).
(8 ) D . E .  B u t le r  a n d  H . A . D e W a ld ,  J . Org. Chem., 3 6 , 2 5 4 2  (1 9 7 1 ).
(9 ) R .  G . M ic e t i c h ,  Can. J . Chem., 4 8 , 2 0 0 6  (1 9 7 0 ).
(1 0 )  P . WT. A l le y  a n d  D .  A . S h ir le y , J . Am er. Chem. Soc., 8 0 , 6271 (1 9 5 8 ) .

the melting points of the acids resulting from the 
carbonation of the lithio intermediates, since most 
of the expected acids were known. Stock, Donahue, 
and Amstutz have reported that the combination of 
sodium ethoxide, diethyl oxalate, and 1-methylpyrazole
(4) reacts on the 1-methyl group.11

We chose to react the lithio intermediates with benz
aldehyde because of the higher yields, greater stability, 
lower water solubility, experimental ease, and non- 
amphoteric nature of the expected products. These 
products would most likely be unknown; however, 
it was felt that the nmr studies of Habraken and Moore,6 
Finar and Mooney,12 as well as those of Tensmeyer 
and Ainsworth13 and others,14a-e w’ould allow differentia
tion between 1,3-, 1,5-, and laterally substituted pyr
azoles. Vapor phase chromatography was performed 
on samples of the crude hydrolyzed reaction mixtures 
as well as on the final products to avoid missing non- 
crystalline products.

The reaction of pure 1,3-dimethylpyrazole (2) with 
an equivalent of n-butyllithium followed by benzalde
hyde resulted in a 90% yield of a 2:1 mixture of 1,3- 
dimethyl-a-pnenylpyrazole-5-met hanol (5) and 3- 
methyl-a-phenylpyrazole-l-ethanol (6).

Because of the yield reported by Habraken and 
Moore6 in their preparation of 2, we also reinvestigated 
the reaction of 4,4-dimethoxy-2-butanone with methyl-

(1 1 ) A . M .  S t o c k ,  W . E . D o n a h u e , a n d  E . D . A m s tu tz , J . Org. Chem., 
23 , 1 84 0  (1 9 5 8 ).

(1 2 )  I .  L . F in a r  a n d  E . F . M o o n e y ,  Spectrochim . Acta, 2 0 , 1269 (1 9 6 4 ).
(1 3 )  L . G . T e n s m e y e r  a n d  C .  A in s w o r th , J . Org. Chem., 3 1 , 1878  (1 9 6 6 ).
(1 4 ) (a )  M .  C o la  t n d  A . P e r o t t i ,  Gazz. Chim. Ital., 94 , 1 26 8  (1 9 6 4 ) ;  (b )  

V . P a p e s ch  a n d  R .  M .  D o d s o n ,  J . Org. Chem., 30 , 199 (1 9 6 5 ) ;  ( c )  T .  Y a m a n -  
c h i  a n d  J . A . M o o r e ,  ibid .. 31 , 42  (1 9 6 6 ) ;  (d )  J . D . A lb r ig h t  a n d  L . G o ld m a n , 
ibid ., 31 , 2 7 3  (1 9 3 6 ) ;  (e )  E .  E . Z a e v ,  V . K . V o r o n o v ,  M .  S . S h v a r ta b e rg , 
S . F .  V a s ile v s k y , Y u .  N . M o lin ,  a n d  I .  L . K o t l ja r e v s k y ,  Tetrahedron Lett., 
N o .  5 , 617  (1 9 6 8 ).
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h ydrazin e  rep orted  b y  B urn ess . 15 W e  h ave  fo u n d  th at 
b y  ch angin g  th e  reaction  tim e and  w ork -u p  con d ition s  a 
9 3 %  y ie ld  o f  a 2 :1  m ixture o f  2 and  1 ,5 -d im ethyl- 
p yra zo le  (7) can  be  ob ta in ed . M ore  im p ortan tly , the 
reaction  o f  this m ixture w ith  n -b u ty llith iu m  and b en z- 
a ldeh yde equ iva len t to  slightly  less th an  the am ou n t 
o f  2 present results in  the con version  o f  th a t isom er 
in to  5 w ith  little  con tam in ation  b y  o th er p rod u cts  
(9 3 -9 9 %  o f  the to ta l crude a lcoh ol b y  v p c ) .  T h e  
trace p rod u cts  are 6 an d  5 -m e th y l-a -p h e n y lp y ra zo le -l-  
eth an ol (8). W e  believe  th at th is result can  b e  best 
expla ined  b y  the in term ediacy  o f  laterally  m eta lated  7 
m eta lating  2 in the 5 position .

S ince 7 apparen tly  does n ot u n dergo  n uclear m etala
t io n 16 and  1 -a lk y l grou ps larger than  m eth y l are n o t 
read ily  m eta lated  (see synthesis D ) ,  w e con clu d ed  
th at a l- (h ig h e r  a lk y l)-3 (5 )-su b stitu ted  p yra zo le  m ix
ture w ou ld  sh ow  preferentia l nuclear m eta lation  at the 5 
p osition  o f the 1,3 isom er. T o  test th is h ypoth esis , a 
m ixture o f  3 -m e th y l-l-p ro p y lp y ra zo le  (9) an d  5 -m eth y l-
1 -p rop y lp yra zo le  (10) (6 3 -3 7 %  b y  v p c ) w as prepared  
b y  a lk y la tion  o f 3 -m eth y lp yra zo le . 15 M eta la tion  o f 
th is m ixture w ith  n -b u ty llith iu m  eq u iva len t to  b o th  
isom ers fo llow ed  b y  an equ iva len t o f  ben za ld eh yde 
resu lted  in  a  9 5 %  y ie ld  o f  3 -m e th y l-a -p h e n y l-l-p ro p y l- 
p yrazole -5 -m eth an ol (11 ). T h is  series o f  reactions co n 
stitu tes a versatile  synthesis o f  isom erica lly  pure 1,3,5- 
trisubstitu ted  pyrazoles from  the read ily  prepared  b u t 
d ifficu lty  separable l,3 (5 )-d isu b stitu te d  p yra zo le  m ix
tures ( A ) .

M eta la tion  o f the 2 :1  m ixture o f  2 an d  7 w ith  n- 
bu ty llith iu m  eq u iva len t to  the to ta l am ou n t o f  pyrazole  
present fo llow ed  b y  reaction  w ith  ben za ld eh yde  gave  a 
4 0 :3 5 :2 5  m ixture o f  5, 6 , and  8 in  9 0 %  com b in ed  
y ie ld . T h e  presence o f  8 (easily  iden tified  in  the nm r) 
led  us to  synthesize pure 7 b y  d eca rb oxy la tion  o f  1,5- 
d im eth y lp yra zo le -3 -ca rb oxy lic  a c id .3 P ure 7 w hen 
treated  w ith  n -b u ty llith iu m  fo llow ed  b y  ben za ld eh yde 
gave an 8 0 %  y ie ld  o f  5 -m e th y l-a -p h e n y lp y ra zo le -l-  
e thanol (8). A d d itio n  o f cycloh exa n on e  to  the lith io 
reagent gave  l- [(5 -m e th y lp y r a z o l- l-y l)m e th y l]c y c lo -  
hexanol ( 12 ). T h u s this sequence affords pure 1,5- 
d isu bstitu ted  pyrazoles (B ) ; it is lim ited  b y  the re la tive  
d ifficu lty  o f  obta in in g  pure l-m eth y l-5 -su b stitu ted  p y r 
azoles.

T h e  m eta lation  o f  1 -m eth y lp yra zo le17 (4 ) w as in 
v estiga ted  in  the sam e m anner resu lting in  a 88%  
y ie ld  o f  a  6 6 :3 4  m ixture o f  1 -m eth y l-a -p h en y lp yra zo le - 
5 -m eth anol (13) and  a -p h en y lp yra zo le - 1-ethanol (14). 
T h e  varian ce o f  ou r results from  som e o f  those rep orted  
earlier on  th e  m eta lation  o f 1-m eth y lp yrazo les  can 
be  expla ined  b y  the inverse o f  our reasons for  ch oosin g  
the reaction  w ith  ben za ldeh yde fo r  d eriva tiza tion  o f 
the m eta lated  in term ediates. T h e  re la tive  in solu b ility  
and crysta llin ity  o f  the a -p h en y l-su bstitu ted  p y ra zo le -1- 
ethanols was fortu itou s.

A s in  the case o f  9 an d  10 , w e con clu d ed  th a t a 1- 
(h igher a lk y l)-p y ra zo le  w ou ld  sh ow  preferential m etala
tion  on  the 5 p osition . T o  test th is hypoth esis , 1- 
p rop y lp y ra zo le  (15) w as prepared  b y  a lk y la tion  o f 
pyrazole . R e a ctio n  and  d eriva tiza tion  o f  15 in  the

(1 5 )  D .  M .  B u rn e ss , J . Org. Chem., 2 1 , 9 7  (1 9 5 6 ).
(1 6 ) T h is  a lso  e x p la in s  t h e  is o la t io n  o f  l ,3 -d im e t h y lp y r a z o le -5 -c a r b o x y l i c  

a c id  fr o m  p r e s u m a b ly  im p u r e  7  (c o n ta m in a te d  b y  2 )  b y  l it h ia t io n  fo l lo w e d  
b y  c a r b o x y la t io n  in  th e  w o r k  o f  H ü t te l  a n d  S c h o n .5

(1 7 ) I .  L . F in a r  a n d  G . H .  L o r d ,  J . Chem. Soc., 3 3 1 4  (1 9 5 7 ).

sam e m anner resu lted  in an 8 1 %  y ie ld  o f  a -p h e n y l-1- 
p rop y lp yrazo le -5 -m eth an ol (16 ). H en ce, this sequ en ce 
also affords pure 1 ,5 -d isu bstitu ted  p yrazoles (C ).

W e  also in vestigated  the reaction  o f 5 -c h lo r o - l-  
m eth y l-3 -su bstitu ted  pyrazoles an d  fo u n d  exclusive 
lateral m etalation . T h u s th e  reaction  o f  3 w ith  an 
equ iva len t o f  n -b u ty llith iu m  fo llow ed  b y  rea ction  o f 
th e  lith io  in term ediate  w ith  b en za ldeh yde g ives a h igh 
y ie ld  o f  5 -ch loro -3 -m eth y l- a -p h en y lp y ra zo le - 1 -ethanol 
(17 ). T h e  nm r spectru m  o f 17 clearly  sh ow s the 
presence o f  th e  3 -m eth y l group  an d  a com p lex  a b c  
pattern  fo r  th e  1-C H 2C H -, dem on stratin g  the p o s it io n  
o f lith iation . R e m o v a l o f  the 5 -ch loro  su b stitu en t 
in th is p ro d u ct or  in oth er derivatives b y  P d -ca ta ly ze d  
h y d rog en a tion  g ives in  h igh  y ie ld  isom erica lly  pure
1 ,3 -d isu bstitu ted  pyrazoles (D ) . T h is  sequence allow s 
the synthesis o f  a  w ide v a rie ty  o f  1 ,3 -d isu bstitu ted  
pyrazoles u navailab le  b y  o th er m eth ods (see E xp eri
m ental S ection  fo r  exam ples 6 , 18, 19, 23, 2 4 ). T h is  
sequence is lim ited  b y  the fa c t  th a t 1 -a lk y l g rou p s oth er 
than  m eth y l react on ly  under forcin g  con d ition s  to  
g ive  com p lex  m ixtures. O ur results are su m m arized  
in  S chem e I.

T w o  generalizations can  b e  draw n from  th is w ork : 
( 1 ) a 1 -m e th y l su bstitu ent on  a p y ra zo le  w ill u n dergo  
m eta lation  w ith  n -b u ty llith iu m  to  som e ex ten t; (2 ) a 
p yrazole  w ith  an u n a ctiva ted  1-substituent and  a 5 -H  
undergoes m eta lation  w ith  n -b u ty llith iu m  exclu sive ly  
on  the 5 position .

W e  be lieve  th at the results o f  lith ia tion  on  1-a lk y l- 
p yrazoles can  b est b e  expla ined  b y  th e  fo llow in g  as 
sta ted  b y  K o s t  and  G ra n d b erg .18 T h e  1-n itrogen  a tom  
o f the n -su bstitu ted  pyrazoles con tribu tes its  e lectron  
pair to  the form ation  o f an arom atic sextet, and  thus 
assum es som e ca tion ic  character w h ich  is ba la n ced  b y  
the slight an ion ic character assum ed b y  the rem ain ing 
ring atom s. T h e  secon d  n itrogen  a tom  in  the ring 
(like th at in  pyrid in e  and  in  con trast to  p y rro le ) con 
tributes tw o electrons in  th e  form a tion  o f  o b on d s 
an d  on e electron  tow ard  the arom atic sextet an d  retains 
an electron  pair w h ich  g ives it  basic properties . T h u s 
the in d u ctiv e  effect o f  the “ ca tion ic  ch aracter”  o f  the
1 -n itrogen  activa tes the 1-m eth y l to  lith ia tion  as w ell 
as th e  5 -h yd rogen  and  the in d u ctive  effect is n o t  trans
m itted  to  th e  3 -h ydrogen . I t  is also possib le  th at the 
free pa ir  o f  electrons on  th e  secon d  n itrogen  a tom  
has an  an ion ic in d u ctive  e ffect on  the 3 -h yd rogen  w h ich  
rein forces the preference for lith ia tion  at th e  five p os i
tion . F inar and  cow ork ers19-20 h ave pu b lish ed  m olecu 
lar orb ita l ca lcu lations o f  1-a lk y lp yrazo les  using b o th  
th e  L C A O -M O  and C N D O /2  m ethods. T h e ir  d a ta  
correctly  p red ict e lectroph ilic  su b stitu tion  b y  brom in e 
at th e  4 p osition . A s w e in terpret their results, the 
d ifferences betw een  the 3 and  5 position s o f  1 -m eth yl
p yra zo le  are to o  sm all to  a ccou n t fo r  the d ifference 
in  rea ctiv ity  tow a rd  n -bu ty llith ium . I t  is possib le  
th at the la tter reaction  is n u cleoph ilic  and  these m olecu 
lar orb ita l ca lcu lations are on ly  accu rate for  e lectroph ilic  
su bstitu tion .

T h e  lith io  reagents resu lting from  lateral or n uclear 
m eta lation  u ndergo the ty p ica l reaction s o f  a lk y l-

(1 8 ) L . N . K o s t  a n d  I .  I .  G ra n d b e r g , Advan. H eterocycl. Chem., 6 , 389  
(1 9 6 6 ).

(1 9 ) I .  L . F in a r , J . Chem. Soc. B , 7 2 5  (1 9 6 8 ).
(2 0 ) R .  E .  B u r t o n  a n d  I .  L . F in a r , ibid., 1 69 2  (1 9 7 0 ).
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an d  ary llith ium  co m p o u n d s .21 A  n u m ber o f exam ples 
h ave b een  in clu ded  in  the E xperim en ta l S ection  ( 12 , 
18, 19, 20 ). S om e o f  the p rod u cts  h ave been  trans
form ed  in to  oth er su bstitu ted  pyrazoles to  dem on strate  
th e  versa tility  o f  these syn th etic  sequences (22, 23, 24, 
25 ).

T h e  nm r spectra  w ere used to  establish  the id en tity  
o f  th e  isom eric p rod u cts  from  the m eta lation  o f  all 
the p yrazoles investigated . O ur results on  the nm r 
spectra  o f  2 and 7 and  m ixtures are essentially  iden tica l 
w ith  those o f  H abrak en  an d  M o o r e .6 A  p oten tia lly  
usefu l m eth od  o f d istinguish ing th e  1,3 and 1,5 isom ers 
w as fou n d  w hen  the spectra  in  C D C I3 were com p ared  
to  those in  D M S O -d 6. T h e  d ou b le t due to  the C -5  
p yrazole  p ro to n  peak  w as sh ifted  to  a  m ark ed ly  low er 
field w hile the C -3  p yra zo le  p ro to n  peak  is fo u n d  at 
essentially the sam e position . Several exam ples o f  
this spectra l difference are record ed  in  the E xperim en ta l 
S ection . T h e  su bstitu ted  a -p h en y lp y ra zo le -l-e th a n o ls  
exh ib it a  com p lex  ab c  p attern  fo r  the - C H 2C H -  proton s, 
a llow ing easy identification .

A n  interesting experim ental sideligh t w as the prep 
aration  o f  a  p y ra zo ly l keton e, l,3 -d im e th y lp y ra zo l-5 -y l 
p h en y l k eton e  (25 ), b y  the slow  ad d ition  o : an excess 
o f  ben za ldeh yde to  the correspon d in g  lith io  reagent.

(2 1 ‘ U . S c h o l lk o p f  in  “ M e t h o d e n  D e r  O rg a n is ch e n  C h e m ie ,”  V o l  1 3 /1 ,  
E .  M  l lle r , E d .,  G e o r g  T h ie m e  V e r la g , S tu t tg a r t ,  197 0 . p  1 7 0 -2 2 4 .

E xperim en ta l S e c tio n 22

Reagents and Starting Materials.— The following were pur
chased (source) and used as received: benzaldehyde (Matheson 
Coleman and Bell); methylhydrazine and hydrazine (Olin); 
styrene oxide (Dow); n-butyllithium and phenyllithium (Lithium 
Corp. of America or Foote Mineral Co.); pyrazole (K & K ). 5-
Chloro-l,3-dimethylpyrazole (3), bp 156-157° (lit. bp 157°), was 
prepared as desribed by von Auwers and Niemeyer.23 5-Chloro- 
l-methyl-3-phenylpyrazole, mp 61-62° (lit. mp 62°), was 
prepared by the method of Michaelis and Dorn.24 3-Methyl- 
pyrazole, bp 109-110° (8 mm) (lit. bp 200-202°), was prepared

(2 2 ) M e lt in g  p o .n ts  (u n c o r r e c t e d )  w e re  ta k e n  in  o p e n  c a p i lla r y  tu b e s  in  
a  T h o m a s - H o o v e r  m e lt in g  p o in t  a p p a ra tu s . I r  s p e c t r a  w e re  d e t e r m in e d  o n  
a  B e c k m a n  I R - 9  in s tru m e n t  a n d  w e re  c o n s is t e n t  w ith  t h e  s t r u c tu re s ;  n m r  
s p e c tr a  w ith  a  V a r ía n  A -6 0  s p e c t r o m e t e r  a t  a m b ie n t  te m p e r a tu r e  (M e « S i) ;  
a n d  v a p o r  p h a se  c h r o m a to g r a m s  o n  a  H e w le t t -P a c k a r d  (F  &  M )  M o d e l  
8  10 in s tru m e n t  w n h  a h y d r o g e n  fla m e  d e t e c t o r .  T h e  c o lu m n  w as 4  f t  X  0 .2 5  
in .  g la ss  a n d  w as p a c k e d  w ith  3 %  O V -1 7  o n  1 0 0 /1 2 0  m e sh  G a 3 -C h r o m  Q . 
T h e  c o lu m n  w as p r o g r a m m e d  fo r  1 5 0 -3 0 0 °  a t  1 0 ° /m in  a n d  t h e  flash  h e a te r  
a n d  d e t e c t o r  w e re  a t  3 0 0 ° .  V p c  a n a ly s e s  are  r e p o r t e d  i f  less  th a n  1 0 0 % . 
W e  are  in d e b t e d  t o  M r .  C .  E .  C h ild s  a n d  a s s o c ia te s  f o r  m ic r o a n a ly s e s  an d  
c h r o m a t o g r a p h ic  c a t a ,  M r .  W .  P e a r lm a n  f o r  th e  c a t a ly t ic  h y d r o g e n a t io n s  
a n d  t o  D r .  J . M .  v a n d e n b e lt  a n d  a ss o c ia te s  f o r  th e  s p e c tr a l  d a t a .  W e  a lso  
a p p r e c ia t e  t h e  m u lt ip o u n d  s a m p le s  o f  a c e t o a c e t a ld e h y d e  1 -d im e th y l  a ce ta l 
fu rn ish e d  b y  H e n le y  & C o . ,  N e w  Y o r k ,  N .  Y .  T h e  r e a c t io n s  w e re  ca rr ie d  
o u t  in  t h r e e -n e ck e d , r o u n d  b o t t o m  flask s  f it t e d  w ith  s i lic o n e  s e a le d  s tirrer , 
th e r m o m e te r ,  re flu x  2o n d e n se r , a n d  a  p r e s s u r e -e q u a liz e d  d r o p p in g  fu n n e l 
u n d e r  a  N 2 a tm o s p h e r e . Y ie ld s  are  b a s e d  o n  n -b u t y l l i t h iu m  c h a r g e d  u n less  
o th e r w is e  in d ica te d .

(2 3 )  K .  v o n  A u w e rs  a n d  F . N ie m e y e r ,  J . Prakt. Chem.., (21 11 0 , 153 
(1 9 2 5 ) .

(2 4 )  A . M ic h a e lis  a n d  H . D o r n , Justus Liebigs A n n . Chem., 3 5 2 , 163 
(1 9 0 7 ).



218 J. Org. Chem., Vol. 37, No. 2, 1972 Butler and Alexander

as described by Burness.15 l,5-Dimethylpyrazole-3-carboxylic 
acid, mp 173-176° (recrystallized from acetonitrile) (lit. mp 
176°), was prepared as described by von Auwers and Hollmann.3 
This acid, mp 165-170°, contained 10% of the other isomer, 
shown by the presence of 2 after pyrolysis. 1-Methylpyrazole
(4), bp 124-126° (lit. bp 124-125°),17 was prepared by alkylation 
of pyrazole.

1.3- Dimethylpyrazole (2).“ —A solution of 5-chloro-l,3-di- 
methylpyrazole (3) (120 g, 0.9 mol) in methanol (500 ml) was 
treated with 20% Pd/C  (1 g) and hydrogen at 50 psi. Hydro
chloric acid (100 ml, 1.17 mol) was added and the reaction mixture 
was concentrated at reduced pressure. The residue was treated 
with 50% NaOH (160 g, 2.0 mol) and extracted with ether. 
The extracts were dried (M gS04) and the solvent and product 
were distilled through a Vigreux column to yield 2: 80 g (92.5%); 
vpc shows a trace (less than 2% ) of the starting material; bp 
135-137° (lit. bp 136-139° );3 nmr (CDC13) 8 (TM S) 7.20 (1 H, 
doublet, 5-H), 5.93 (1 H, doublet, 4-H), 3.75 (3 H, singlet, 1-CH3), 
2.22 (3 H, singlet, 3-CH3); nmr (DMSO-d6) 8 (TMS) 7.51 (1 H, 
doublet, 5-H), 6.00 (1 H, doublet, 4-H), 3.73 (3 H, singlet, 1-CH3),
2.12 (3 H, singlet, 3-CHs).

Anal. Calcd for C5H8N2: C, 62.47; H, 8.39; N, 29.14.
Found; C, 62.20; H, 8.62; N, 29.09. Picrate mp 135-136° 
(lit. mp 136°).3

1.3- Dimethylpyrazole (2) and 1,5-Dimethylpyrazole (7).26— 
Methylhydrazine (184 g, 4.0 mol) was added to stirred and cooled
4,4-dimethoxy-2-butanone (20-25°) (528 g, 4.0 mol). The mix
ture was stirred for 16 hr at room temperature. The mixture of 
cis- and iraras-methylhydrazone was poured into hydrochloric 
acid (780 ml, 6 N) with stirring. All of the methanol was re
moved by distillation and the solution was treated with charcoal, 
filtered through a filter aid, and cooled. The mixture was made 
basic (50% NaOH) and extracted with ether. The extracts were 
dried (M gS04) and distilled through a Vigreux column to yield 
2 and 7, 351 g (91.5%), bp 130-155°. A vpc showed the mixture 
to contain 63.5% 2 and 36.5% 7: nmr (CDC13) 8 (TM S) 7.32 
(1 H, doublet, 3-H), 7.20 (1 H, doublet, 5-H), 5.95 (2 H, doublet, 
2 4-H), 3.77 (3 H, singlet, 1-CH3 of the 1,3 isomer), 3.72 (3 H, 
singlet, 1-CHs of the 1,5 isomer), 2.23 (6 H , singlet, 2 3-CH3); 
nmr (DMSO-de) 8 (TM S) 7.51 (1 H, doublet, 5-H), 7.29 (1 H, 
doublet, 3-H), 6.00 (2 H, doublet, 2 4-H), 3.73 (3 H, singlet, 
1-CH, of the 1,3 isomer), 3.69 (3 H, singlet, 1-CH3 of the 1,5 
isomer), 2.22 (3 H, singlet, 3-CH3 of the 1,5 isomer), 2.12 (3 H, 
singlet, 3-CH3 of the 1,3 isomer).

1.3- Dimethyl-a-phenylpyrazole-5-methanol (5).— A solution of 
2 and 7 (99 g, 1.03 mol of a 64:36 mixture) in ether (11.) was 
stirred and treated dropwise with a re-butyllithium (0.5 mol) 
solution in heptane (350 ml). The mixture was stirred and 
refluxed for 30 min, a sblution of benzaldehyde (63.6 g, 0.6 mol) 
in ether (250 ml) was added in a steady stream, and refluxing was 
continued for 15 min. Water (200 ml) was added, the layers 
were separated, and the aqueous layer was extracted with ether. 
The organic layer was dried (MgS04) and distilled to yield 5:
92.5 g (91.5%); bp 133-135° (0.3 mm); nmr (CDC13) 8 (TMS)
7.33 (5 H, singlet aromatic CH), 5.80 (2 H, singlet, -C H -, 4-H),
5.6-5.1 (1 H, broad singlet, OH), 3.60 (3 H, singlet, NCH3),
2.04 (3 H, singlet, 3-CH3); nmr (DMSO-d6) 8 (TM S) 7.34 (5 H, 
broad singlet, aromatic CH), 6.06 (1 H, broad doublet, OH),
5.8 (1 H, broad doublet, -C H -), 3.63 (3 H, singlet, NCH3),
2.05 (3 H, singlet, 3-CH3).

Anal. Calcd for C i2H i4N20 : C, 71.26; H, 6.98; N, 13.86. 
Found: C, 71.35; H, 7.06; N, 13.63.

3-Methyl-1-propylpyrazole (9) and 5-Methyl-l-propylpyrazole
(10).— A mixture of 3-methylpyrazole16 (104 g, 1.27 mol), propyl 
bromide (187 g, 1.5 mol), and anhydrous potassium carbonate 
(527 g, 3.8 mol) in 2-butanone (700 ml) was refluxed with vigorous 
stirring for 72 hr. Tic showed the absence of starting material. 
The mixture was filtered and treated with hydrochloric acid 
(150 ml, 1.75 mol) and concentrated in vacuo. The residue was 
dissolved in a minimum amount of water and washed with ether. 
The water layer was made strongly basic with 50% NaOH (160

(2 5 ) T h is  is  m e r e ly  a  v a r ia t io n  o n  th e  m e t h o d  o f  H a b r a k e n  a n d  M oore®  
re s u lt in g  in  a  b e t t e r  y ie ld .  M o s t  o f  th e  lo w e r  m o le c u la r  w e ig h t  a lk y lp y r a -  
z o le s  se e m  t o  c o d is t i l l  w ith  m a n y  s o lv e n ts ,  i.e., b e n z e n e , h e p ta n e , m e th a n o l,  
a n d  e a c h  o th e r .  E t h e r  is  t h e  s o lv e n t  o f  c h o ic e  t o  m in im iz e  th is  p r o b le m ; 
h o w e v e r , e v e n  th is  w a s a lw a y s  s e p a r a te d  b y  d is t il la t io n  t h r o u g h  a  V ig re u x  
c o lu m n .

(2 6 ) U s in g  c o n d it io n s  a p p ro x im a t in g  th o s e  o f  B u rn e s s ,16 i.e., 1 h r  a t  
1 0 0 °, o n ly  a  6 5 %  c o n v e r s io n  (v p c )  t o  th e  m ix tu re  o f  cis-  a n d  ira n s -m e th y l-  
h y d r a z o n e  t o o k  p la c e .

g, 2.0 mol) and extracted with ether (four 1-1. portions). The 
combined extracts were dried (MgSO,) and distilled through a 
Vigreux column to yield 9 and 10: 125 g (78% ); bp 51-58° (6 
mm), 63-37% by vpc and nmr; nmr (CDC13) 8 (TM S) 7.40 
(1 H, doublet, 3-H), 7.25 (1 H, doublet, 5-H), 5.99 (2 H, doublet,
2 4-H), 3.99 (4 H, triplet, 2 NCH2- ) ,  2.26 (6 H, singlet, 2 3-CH3), 
2.25-1.55 (4 H, multiplet, 2 -C H 2- ) ,  0.9 (6 H, triplet, 2 -C H 3); 
nmr (DMSO-de) 8 (TMS) 7.52 (1 H, doublet, 5-H), 7.28 (1 H, 
doublet, 3-H), 5.97 (2 H, doublet, 2 4-H), 3.94 (4 H, triplet, 2 
NCH2- ) ,  2.23 (3 H, singlet, 3-CH3 of the 1,5 isomer), 2.12 (3 H, 
singlet of the 1,3 isomer), 2.11-1.4 (4 H, multiplet, 2 -C H 2- ) ,  
0.79 (6 H, triplet, 2 -C H 3).

Areal. * Calcd for C,H12N2: C, 67.69; H, 9.74; N , 22.57. 
Found: C, 67.95; H, 9.81; N, 23.85.27

3-Methyl-a-phenyl-l-propylpyrazole-5-methanol (11).— A solu
tion of 9 and 10 (12.4 g, 0.1 mol) in ether (300 ml) was stirred and 
treated with a solution of re-butyllithium in heptane (0.1 mol). 
The mixture was stirred for 30 min and benzaldehyde (11.6 g, 
0.11 mol) was added rapidly. The reaction was stirred for 2 min 
after the exothermic phase had subsided and water (100 ml) was 
added. The organic layer was dried (MgS04) and distilled to 
yield 11: 14 g (95% based on the amount of 9 present); bp 
115-117° (0.09 mm) (99.7% by vpc); nmr (CDC13) 8 (TMS)
7.32 (5 H, singlet, aromatic CH), 5.88 (1 H, singlet, -C H -), 
5.83 (1 H, singlet, 4-H), 4.9-4.3 (1 H, broad singlet, OH), 3.86 
(2 H, triplet, NCH2- ) ,  2.10 (3 H, singlet, 3-CH3), 2.09-1.15 (2 H, 
multiplet, —CH2—), 0.77 (3 H, triplet, -C H 3).

Anal. Calcd for C,4H18N20 : C, 73.00; H, 7.88; N , 12.16. 
Found: C, 73.04; H, 8.02; N, 12.36.

1,5-Dimethylpyrazole (7).— 1,5-Dimethylpyrazole-3-carboxylic 
acid3 (28 g, 0.2 mol) was pyrolyzed at 240-255° to yield 7:
17.5 g (91%); bp 157-158° (lit. bp 158°);6 nmr (CDC13) 8 (TM S)
7.33 (1 H, doublet, 3-H), 5.96 (1 H, multiplet,28 4-H), 3.74 (3 H, 
singlet, NCH3), 2.23 (3 H, singlet, 5-CH3); nmr (DMSO-A) 8 
(TMS) 7.26 (1 H, doublet, 3-H), 5.98 (1 H, multiplet, 4-H),
3.68 (3 H, singlet, NCH3), 2.21 (3 H, singlet, 5-CH3); 7 picrate 
mp 170-173° (lit. 172° )3 (softens 160°).

5-Methyl-a-phenylpyrazole-l-ethanol (8).—-A solution of 7 (10 
g, 0.104 mol) in ether (350 ml) was treated with a solution of 
re-butyllithium (0.1 mol) in heptane (65 ml) with stirring and 
cooling (20-25°). The mixture was stirred for 30 min and benz
aldehyde (12 g, 0.11 mol) was added. The mixture was stirred 
for 5 min and water (100 ml) was added. The mixture was cooled 
(0°) and the product was filtered and dried to yield 8 : 16 g
(80%); mp 130-132°; nmr (CDC13) 8 (TMS) 7.42 (1 H, doublet,
3- H ), 7.28 (5 H, singlet, aromatic CH), 5.97 (1 H, multiplet,
4- H), 5.30-5.0 (1 H, multiplet, -C H -), 4.90-4.65 (1 H, broad 
singlet, OH), 4.28^4.06 (2 H, multiplet, -C H 2- ) ,  2.04 (3 H, 
singlet, 5-CH3); nmr (DMSO-d6) 8 (TMS) 7.31 (1 H, doublet,
3-H), 7.25 (5 H, singlet, aromatic CH), 5.92 (1 H, condensed 
multiplet, 4-H), 5.70-5.50 (1 H, broad singlet, OH), 5.15-4.75 
(1 H, multiplet, -C H -), 4.25-4.00 (2 H, multiplet, NCH2- ) ,
2.02 (3 H, singlet, 5-CH3).

Anal. Calcd for C,2H,4N20 : C, 71.26; H, 6.98; N, 13.86. 
Found: C, 71.23; H, 7.04; N, 13.91.

1-Propylpyrazole (15).29.M— A mixture of sodium ethoxide (from 
29 g, 1.2 g-atoms sodium metal), pyrazole (68 g, 1 mol), and etha
nol (500 ml) was stirred and refluxed while propyl iodide (220 g, 
1.29 mol) was added dropwise. The mixture was refluxed for 
18 hr and cooled, hydrochloric acid (100 ml, 1.17 mol) was 
added, and the mixture was concentrated at reduced pressure. 
The residue was dissolved in a minimum of water, made strongly 
basic (NaOH), and extracted with ether (four 1-1. portions). 
The extracts were dried (MgS04) and distilled to yield 15: 80 g 
(72%); bp 152-155° (760 mm) (lit. bp 166-1670);30 nmr (CDC13) 
8 (TM S) 7.50 (1 H, doublet, 3-H), 7.37 (1 H, doublet, 5-H), 
6.40-6.13 (1 H, multiplet, 4-H), 4.04 (2 H, triplet, NCH2- ) ,
2.15-1.58 (2 H, multiplet, -C H »-), 0.97 (3 H, triplet, -C H 3); 
nmr (DMSO-de) 8 (TMS) 7.66 (1 H, doublet, 5-H), 7.42 (1 H, 
doublet, 3-H), 6.33-6.16 (1 H, multiplet, 4-H), 4.04 (2 H, triplet, 
NCH2- ) ,  2.13-1.43 (2 H, multiplet, -C H 2- ) ,  0.80 (3 H, triplet, 
-C H 3).

Anal. Calcd for CSH10N2: C, 65.42; H, 9.15; N, 25.43.
Found: C, 65.03; H, 9.13; N, 26.33.27

(2 7 ) T h is  N  a n a ly s is  is  a n o m a lo u s .
(2 8 ) O th e rs  h a v e  r e p o r t e d  th is  as a  d o u b le t .6
(2 9 ) R .  G . J o n e s , J . Am er. Chem. Soc., 7 1 ,  3 99 4  (1 9 4 9 ) .
(3 0 )  C . A lb e r t i  a n d  G . Z e r b i , Farm aco, Ed. S ci., 1 6 , 5 2 7  (1 9 6 1 ) ;  Chem. 

Abstr., 6 8 , 5 6 6 0 c  (1 9 6 3 ).
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15 pi::rate had mp 96-98°.
Anal. Calcd for Ci2Hi3N50 7: C, 42.47; H, 3.87; N, 20.65. 

Found: C, 42.20; H, 3.83; N, 20.35.
a-P h en yl- 1 -propylpyrazole-5-m ethanol (1 6 ) .— A solution of 15 

(22 g, 0.2 mol) in ether (500 ml) was treated with a solution of 
n-butyLithium (0.2 mol) in heptane (140 ml) with stirring and 
cooling (20-25°). The mixture was stirred for 1 hr and benz- 
aldehyce (21.2 g, 0.2 mol) was added rapidly. The mixture was 
stirred for 20 min and water (100 ml) was added. Tne organic 
layer was dried (MgSO,) and distilled to yield 16: 35 g (81%); 
bp 118-120° (0.15 mm); nmr (CDClj) S (TM S) 7.29 (5 H, singlet, 
aromatic CH), 7.16 (1 H, doublet, 3-H), 5.93 (1 H, doublet,
4- H), 5.80 (1 H, singlet, -C H -), 5.16—4.66 (1 H, broad singlet, 
OH), 4.10-3.70 (2 H, multiplet, NCH2-) ,  2.00-1.14 (2 H, 
multiplet, -C H 2- ) ,  0.75 (3 H, triplet, -C II3); nmr (DMSO-d6) 
5 (TM S) 7.35 (5 H, singlet, aromatic CH), 7.31 (1 H, doublet 
partially superimposed on the aromatic singlet, 3-H), 6.23-5.74 
(3 H, complex, 4-H, -C H -, OH), 4.16-3.84 (2 H, multiplet, 
NCH2- ) ,  2.00-1.24 (2 H, multiplet, -C H 2- ) ,  0.74 (3 H, triplet, 
-C H 3).

Anal. Calcd for C,3H16N20 : C, 72.20; H, 7.46; N, 12.95. 
Found C, 72.43; H, 7.51; N, 13.05.

5-C hloro-3-m ethyl-«-phenylpyrazole-l-ethanol (17).— A solu
tion of n-butyllithium in heptane (0.5 mol) was added to a stirred, 
cooled (15-20°) solution of 5-chloro-l,3-dimethylpyrazole23 (3) 
(60 g, 0.46 mol) in anhydrous ether (1 1.). The mixture was 
stirred at 15° for 30 min and a solution of benzaldehyde (53 g, 0.5 
mol) in ether (100 ml) was added. The mixture was stirred at 
reflux for 5 min and cooled, and water (200 ml) was added. The 
organic layer was dried (M gS04) and concentrated, ard the solid 
was triturated with petroleum ether (bp 30-60°) to yield 17: 
90 g (86% ); mp 85-87°; nmr (CDC13) 5 (TM S) 7.31 (5 H, 
singlet, aromatic CH), 5.98 (1 H, singlet, 4-H), 4.97-5.25 (1 H, 
quartet, -C H -), 4.07-4.45 (3 H, multiplet, -C H 2-  and OH), 2.20 
(3 H, singlet, 3-CH3).

Ana’ . Calcd for C,2H13C1N20 : C, 60.89; H, 5.54; N, 11.83. 
Found: C, 60.69; H, 5.51; N, 11.83.

3-M cth yl-a-ph en ylpyrazole-l-eth an ol (6 ).— A solution of 17 
(11.9 g, 0.05 mol) in methanol (120 ml) containing sodium acetate 
(4.3 g, 0.05 mol) was hydrogenated at 50 psi using 20% Pd/C  
(1 g) at 25°. The mixture was concentrated, dissolved in chloro
form, and w'ashed with dilute NaOH and water. The organic 
layer was dried (M gS04) and evaporated. The product was 
recrystallized (n-hexane) to yield 6 : 9.5 g (93%); mp 123-124°; 
nmr (CDC13) S (TMS) 7.28 (5 H, singlet, aromatic CH), 7.17 
(1 H, doublet, 5-H), 5.96 (1 H, doublet, 4-H), 5.2-4.9 (1 H, 
quartet, -C H -), 4.7-4.3 (1 H, broad singlet, OH), 4.3-4.04 (2 H, 
multiplet, -C H 2- ) ;  nmr (DMSO-rf6) S (TMS) 7.45 (1 H, doublet,
5- H), 7.32 (5 H, singlet, aromatic CH), 5.96 (1 H, doublet,
4- H), 5.60 (1 H, doublet, OH), 5.15M.88 (1 H, multiplet, -C H -),
4.12 (2 H, doublet, 1-CH2- ) ,  2.14 (3 H, singlet, 3-CHa).

Anal. Calcd for C12HI4N20 :  C, 71.26; H, 6.98; N, 13.86. 
Found: C, 71.30; H, 7.07; N, 13.78.

5-C hloro-«,a ,3-triphenylpyrazole-l-ethanol (18).— A solution of
5- chloro-l-methyl-3-phenylpyrazole24 (19.3 g, 0.10 mol) in ether
(400 ml) was stirred, cooled (15-20°), and treated with ra-butyl- 
lithium in heptane (0.10 mol). The mixture was stirred for 30 
min and benzophenone (18.2 g, 0.10 mol) was added. After 
stirring for 5 min, water (100 ml) was added, and the organic 
layer was separated, dried (M gS04), and concentrated. The 
solid was recrystallized (methanol) to yield 18: 34 g (90%);
mp 107-109°; nmr (CDC13) S (TMS) 7.9-7.2 (15 H, complex 
pattern, 15 aromatic CH), 6.7-6.55 (1 H, broad singlet, OH),
6.40 (1 H, singlet, 4-H), 4.85 (2 H, singlet, -C H 2-) .

Anal. Calcd for C23H19C1N20 : C, 73.71; H, 5.11; N, 7.47. 
Found: C, 73.49; H, 5.21; N, 7.37.

a,a ,3 -T riphenylpyrazole-l-ethanol (1 9 ).— 18 (12 g 0.032 mol) 
was hydrogenated in the same manner as 17 to  yield 19, 9.5 g 
(87%) (after recrystallization from benzene-petroleum ether): 
mp 124-126°; nmr (CDC13) 5 (TM S) 7.95-7.15 (16 H, complex, 
15 aromatic CH and 5-H), 6.45-6.25 (2 H, doublet with broad 
singlet, 4-H and OH), 4.81 (2 H, singlet, -CH>-).

Anal. Calcd for C23H2„N20 : C, 81.15; H, 5.92; N, 8.23. 
Found: C, 80.96; H, 6.00; N, 8.46.

1- [(5-M ethylpyrazol-l-yl(m ethyl)cyclohexanol (12).— A solu
tion of 7 (9.6 g, 0.1 mol) in ether (300 ml) was treated with a 
solution of n-butyllithium (0.1 mol) in heptane (65 ml). After 
refluxing for 15 min, the mixture was cooled to —78° and a solu
tion of cyclohexanone (11 g, 0.11 mol) in ether (25 ml) was added 
dropwise. The mixture was allowed to warm to room tempera

ture and water (50 ml) was added. The organic layer was dried 
(M gS04), concentrated, and distilled to yield 12: 14 g (72%); 
bp 68-70° (0.15 mm); nmr (CDC13) S (TM S) 7.40 (1 H, doublet,
3- H), 6.03 (1 H, multiplet, 4-H), 4.83-4.35 (1 H, broad singlet, 
OH), 3.93 (2 H, singlet, NCH2- ) ,  2.26 (3 H, singlet, 5-CH3), 
2.0-0.95 (10 H, broad complex, five -C H 2- ) ;  nmr (DMS0-d6) S 
(TMS) 7.28 (1 H, doublet, 3-H), 5.98 (1 H, multiplet, 4-H), 4.47 
(1 H, singlet, OH), 3.92 (2 H, singlet, NCH2), 2.26 (3 H, singlet,
5-CH3), 2.0-0.83 (10 Id, broad singlet, five -C H 2-) .

Anal. Calcd for CnHi8N20 : C, 68.01; H, 9.34; N, 14.43. 
Found: C, 68.30. H, 9.56; N, 14.20.

l,3-D im ethyl-a-phenylpyrazole-5-ethanol (20).— A solution of 
2 and 7 (192 g, 2 mol, 64-36%) in ether (2.5 1.) was stirred and 
cooled ( — 6 to 0°) and a solution of re-butyllithium (1 mol) in 
heptane (630 ml) was added dropwise over 2.5 hr. The pale 
yellow suspension was treated with a solution of styrene oxide 
(120 g, 1 mol) in ether (250 ml) (not exothermic). The mixture 
was refluxed for 2 hr after the addition of THF (1 1.). After 
cooling, water (250 ml) was added, and the organic layer was 
dried (MgS04) and distilled to yield 20: 134 g (62%); bp 123- 
125° (0.1 mm); vpc shows 4%  of a product assumed to be 1,3- 
dimethyl-(3-phenylpyrazole-5-ethanol (21); nmr (CDC13) 5 
(TMS) 7.22 (5 H, singlet, aromatic CH), 5.77 (1 H, singlet,
4- H), 5.05-4.78 (2 H, multiplet superimposed upon a broad sin
glet, -C H - and OH), 3.26 (3 H, singlet, NCH3), 3.1-2.75 (2 H, 
doublet, —CH2—), 2.05 (3 H, singlet, 3-CH3).

Anal. Calcd far Ci3H16N20 : C, 72.20; H, 7.46; N, 12.95. 
Found: C, 72.30; H, 7.56; N, 12.68.

5-B en zyl-1,3-dim ethylpyrazole (22 ). M eth od  A .— To a stirred 
solution of lithium aluminum hydride (20 g, 0.52 mol) in ether 
(600 ml) was added a solution of aluminum chloride (69 g, 0.52 
mol) in ether-toluene (300-100 ml). The mixture was refluxed 
for 5 min and 5 (104 g, 0.52 mol) was added dropwise. The mix
ture was refluxed fcr 1 hr and with caution treated with water 
(20 ml), 25% NaOH (94 g), and water (52 ml). The slurry was 
filtered, concentrated, and distilled to yield 22: 73 g (76%);
bp 77-80° (0.1 mm); nmr (CDC13) S (TMS) 7.50-6.90 (5 H, 
multiplet, aromatic CH), 5.80 (1 H, singlet, 4-H), 3.90 (2 H, 
singlet, —CH2—), 3.60 (3 H, singlet, NCH3), 2.21 (3 H, singlet,
3- CH3).

Anal. Calcd for Ci2Hi4N2: C, 77.37; H, 7.58; N, 15.04. 
Found: C, 77.07; H, 7.73; N, 15.02.

M ethod B .—A solution of 5 (66 g, 0.33 mol) in glacial acetic 
acid (500 ml) was hydrogenated at 50 psi using 20%  P d/C  (10 g) 
as catalyst. The mixture was concentrated and distilled to yield 
22, 52 g (84%), bp 70-74° (90 fi)l ir and nmr spectra identical 
with those from method A.

2 -  (5-Chloro-3-m ethylpyrazol-l-yl)acetophenone (2 3 ) .31—A mix
ture of 17 (23.6 g, 0.1 mol), acetic anhydride (20.5 g, 0.2 mol), 
and dimethyl sulfoxide (300 ml) was heated on the steam bath 
for 18 hr and distilled at reduced pressure to yield 23, 20 g (85%), 
bp 150-155° (0.25 mm), crystallized. Recrystallization from 
ether gave 15 g: mp 109-111°; nmr (CDC13) 5 (TM S) 8.2-7.25 
(5 H, complex pattern, aromatic CH), 6.11 (1 H, singlet, 4-H),
5.53 (2 H, singlet, NCH2- ) ,  2.25 (3 H, singlet, 3-CH3).

Anal. Calcd for C,2H„C1N20 : C, 61.41; H, 4.75; N, 11.93. 
Found: C, 61.38; H, 4.98; N, 12.08.

3 -  M ethyl-l-phenethylpyrazole (2 4 ).— A mixture of 17 (71 g, 
0.3 mol), sodium acetate (25 g, 0.3 mol), and 20% P d /C  (3 g) in 
glacial acetic acid (500 ml) was hydrogenated at 50 psi and 46°. 
The catalyst was filtered and the filtrate was concentrated in 
vacuo and dissolved in ether (11.). This solution was washed with 
dilute NaOH and water and dried (M gS04). Distillation yielded 
24: 51 g (91%); bp 118-120° (10 mm); nmr (CDC13) 5 (TMS)
7.5-6.95 (5 H, multiplet, aromatic CH), 7.02 (1 H, doublet 
superimposed on the aromatic multiplet, 5-H), 5.92 (1 H, doublet ,
4- H), 4.44—1.08 (2 II, multiplet, NCH2- ) ,  3.33-2.95 (2 H, 
multiplet, -C H 2-) ,  2.27 (3 H, singlet, 3-CH3); nmr (DMSO-d6) 
6 (TM S) 7.42 (1 H, doublet, 5-H), 7.20 (5 H, singlet, aromatic 
CH), 5.94 (1 H, doublet, 4-H), 4.45-4.10 (2 H, multiplet, 
NCH2- ) ,  3.28-2.92 (2 H, multiplet, -C H 2- ) ,  2.16 (3 H, singlet,
3-CH3).

Anal. Calcd for C,2H,4N2: C, 77.37; H, 7.58; N, 15.05. 
Found: C, 76.98; H, 7.79; N, 15.10. 31

(3 1 ) J . D .  A lb r ig h t  a n d  L . G o ld m a n , J. Am er. Chem. Soc., 8 7 , 4 2 1 4  
(1 9 6 5 ).
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1,3-Dimethylpyrazol-5-yl Phenyl Ketone (25).32—A mixture of 
2 and 7 (20 g, 0.208 mol, 63-37%) in ether (300 ml) was treated 
with a solution of n-butyllithium (0.1 mol) in heptane (65 ml). 
The mixture was stirred and refluxed for 30 min and benzaldehyde 
(32 g, 0.3 mol) was added dropwise. The amount of benzalde
hyde used for the oxidation was added over a 2-hr period. Water 
(100 ml) was added and the layers were separated. The organic 
layer was evaporated and the residue was mixed with 48% HBr 
(25 ml) and heated on the steam bath overnight to hydrolyze any 
benzyl benzoate. The mixture was poured into excess dilute 
NaOH and extracted with ether (three 250-ml portions). The 
extracts were dried (M gS04) and distilled to yield 25: 17 g
(85%); bp 86- 88° (0 .1 mm); ir 1652 cm“ 1 (C = 0 ); nmr (CDC1,) 
S (TMS) 8.00-7.30 (5 H, multiplet, aromatic CH), 6.44 (1 H, 
singlet, 4-H), 4.12 (3 H, singlet, NCH3), 2.28 (3 H, singlet,
3-CH,).

Anal. Calcd for C12Hi2N20 : C, 71.93; H, 6.04; N, 14.00. 
Found: C, 72.14; H, 6.04; N, 13.75.

Results of Lithiation of Pure 2 with an Equivalent of »-Butyl- 
lithium Followed by Benzaldehyde.— A solution of 2 (9.6 g, 0.1 
mol) in ether (250 ml) was stirred and treated with a solution of 
n-butyllithium in heptane (65 ml, 0.1 mol). The mixture was 
refluxed for 30 min, a solution of benzaldehyde (11.7 g, 0.11 mol) 
was added, and refluxing was continued for 30 min. Water (100 
ml) was added and a vpc showed a 66:34 mixture of 5 and 6 . 
The organic layer was dried (MgSO() and distilled to yield 5 and 
6, 17 g (84%), bp 120-124° (0.2 mm). Fractional crystallization 
from methanol yielded 6 , 3 g, mp 120-122°, ir and nmr identical 
with those of 6 prepared by hydrogenation of 17. In one experi
ment, phenyllithium gave the same mixture of products.

Results of Lithiation of the Mixture of 2 and 7 with a Full 
Equivalent of n-Butyllithium Followed by Benzaldehyde.— A 
solution of 2 and 7 (96 g, 1 mol), 66:34 mixture in ether (1.51.), 
was stirred, cooled ( — 20 to —30°), and treated with a solution 
of re-butyllithium (1 mol) in heptane (630 ml). The mixture was 
stirred for 30 min and treated with a solution of benzaldehyde 
(106 g, 1 mol) in ether (250 ml). After stirring for 30 min, water 
(200 ml) was added and the organic layer was dried (MgSO<). 
A vpc on this solution showed a three-alcohol mixture (40:35:25) 
of 5, 6, and 8 . The organic layer was concentrated and allowed 
to stand overnight. A crop of crystals was separated. This was 
a mixture of 5 and 8, 50 g, mp 109-120° (34:66) by nmr. The

(3 2 ) T h is  c o n s t it u t e s  a  sy n th e s is  o f  k e to n e s  fr o m  lith iu m  re a g e n ts  s im p ly  
b y  a d d in g  an  e x c e s s  o f  a ld e h y d e . T h is  r e s e m b le s  a  v a r ia t io n  o f  t h e  O p -  
p e n a u e r  o x id a t io n  a n d  M e e r w e in -P o n d o r f f -V e r l e y  r e d u c t io n  u s in g  lith iu m  
as th e  m e ta l. M a r s h a l l33 r e p o r t e d  u s in g  p h e n y l  G r ig n a r d  re a g e n t  a n d  
b e n z a ld e h y d e  t o  p r e p a r e  b e n z o p h e n o n e .

(3 3 )  J . M a r s h a ll,  J . Chem. Soc., 105, 5 2 7  (1 9 1 4 ) .

second crop, 21 g, mp 103-105°, was a 66:34 mixture of 5 and 8 . 
Distillation of the mother liquors yielded 5 and 6, 110 g, bp 120- 
145° (0.2 mm), partially crystalline. The total weight of 181 
g corresponds to a 90% conversion of the starting pyrazoles.

Results of the Lithiation of 1-Methylpyrazole (4).17—A solution 
of 4 (16 g, 0.2 mol) in ether (300 ml) was treated with a solution 
of re-butyllithium in heptane (0.2 mol). The mixture was stirred 
for 90 min and benzaldehyde (21.2 g, 0.2 mol) was added at 10°. 
Water (100 ml) was added and the organic layer was separated 
and dried (MgSOj). The product was crystallized from benzene- 
petroleum ether to yield 20 g (62.5%), mp 88.5-92°. A vpc 
indicated a 69:31 mixture. An nmr indicated a mixture of 1- 
methyl-a-phenylpyrazole-5-methanol (13) and a-phenylpyrazole- 
1-ethanol (14). Fractional crystallization from ether yielded 
13: 1.6 g; mp 106.5-110°; vpc 100%; nmr (CDCls) S (TM S) 
7.30 (5 H, singlet, aromatic CH), 7.18 (1 H, doublet, 3-H), 
5.96 (1 H, doublet, 4-H), 5.88 [1 H, doublet (singlet after a 
D 20  wash), -C H -] , 4.86 [1 H, doublet (removed by D 20  wash), 
OH], 3.59 (3 H, singlet, NCH3); nmr (D M S0-d6) 7.35 (5 H, 
singlet, aromatic CH), 7.28 (1 H, doublet, 3-H), 6.2-5.8 (3 H, 
a multiplet superimposed on a doublet at 5.92, 4-H, -C H -, OH), 
3.72 (3 H, singlet, NCHS). An nmr on the crude product (mp
88.5-92°) clearly showed the typical abc pattern for the a- 
phenylpyrazole-l-ethanol (14) as well as the multiplet at 6.20- 
6.00 for the 4-H in a 1-substituted pyrazole.

Anal. Calcd for C „H 12N20 :  C, 70.18; H, 6.42; N , 14.88. 
Found: C, 70.15; H, 6.57; N, 15.07.

The mixture was sublimed and the sublimated compound was 
recrystallized twice from chloroform to yield 14: 0.95 g; mp
123-127°; vpc 100%; nmr (CDC13) 5 (TM S) 7.47 (1 H, doublet,
3-H), 7.29 (5 H, singlet, aromatic CH), 7.24 (1 H, doublet, 5-H),
6.19 (1 H, triplet, 4-H), 5.18-4.92 (1 H, multiplet, -C H -) , 
4.43-3.93 (3 H, multiplet superimposed on singlet at 4.27, OH, 
-C H 2- ) ;  nmr (DMSO-d6) S (TMS) 7.56 (1 H, doublet, 5-H),
7.41 (1 H, doublet, 3-H), 7.29 (5 H, singlet, aromatic CH), 
6.17 (1 H, triplet, 4-H), 5.63 (1 H, doublet, OH), 5.14-4.80 (1 
H, multiplet, -C H -), 4.23 (2 H, doublet, -C H 2-) .

Anal. Calcd for CUH12N20 : C, 70.18; H, 6.42; N, 14.88. 
Found: C, 70.00; H, 6.40; N, 14.77.

Registry No.— 2, 694 -48 -4 ; 5 ,3 2 4 9 2 -9 9 -2 ; 6 ,3 2 4 9 3 -
0 0 -8 ; 7, 694-31-5 ; 8 , 32493-01 -9 ; 9 , 32493-02 -0 ; 10, 
32493-03 -1 ; 11 ,32 4 9 3 -0 4 -2 ; 1 2 ,3 2 4 9 3 -0 5 -3 ; 1 3 ,3 2 5 0 0 - 
65-5 ; 14, 32500-66 -6 ; 15, 32500 -67 -7 ; 15 p icrate ,
32544-40-4 ; 1 6 ,3 2 5 0 0 -6 8 -8 ; 1 7 ,3 2 5 0 0 -6 9 -9 ; 1 8 ,3 2 5 0 0 -
70 -2 ; 1 9 ,3 2 5 0 0 -7 1 -3 ; 2 0 ,3 2 5 0 0 -7 2 -4 ; 2 2 ,3 2 5 0 0 -7 3 -5 ; 
23, 32500 -74 -6 ; 24, 32500-75-7 ; 25, 32500-76-8.
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This report describes a new method for the preparations of 2,3-dihydroxypyrazines 3 containing (a) H, H, 
(b) H, CH3, ( c )  CH3, CH3, (d) H, CsHs, (e) CH3, C 6H5 and (f) C9H5, C6Hs at 5,6 positions. As starting ma
terials, five amino ketals l b - f  were prepared by two steps from phthalimido ketones 4 b -f . Amino ketals la , 
lb , and Id  (Ri =  H) were readily condensed with ethyl oxamate to provide oxamoyl amino ketals 2 in good 
yields, although condensations of amino ketals lc , le , and If, which were stericaliy crowded with methyl or phenyl 
groups, with ethyl oxamate required drastic conditions. The subsequent cvclizations of oxamoyl amino ketals 
2a, 2b, and 2c in acetic acid proceeded in excellent yields to 2,3-dihydroxypyrazines 3a, 3b, and 3c, respectively. 
While a steric hindrance due to the substituents was recognized, cyclizaticns of 2d, 2e, and 2f (R2 = C6H5) in 
acetic acid in the presence of p-toluenesulfonic acid provided the corresponding 2,3-dihydroxypyrazines in 50- 
60% yields. The structures of these 2,3-dihydroxypyrazines were established by conversion to 2,3-dichIoro- 
pyrazines 9 a -f  and subsequently 2,3-diaminopyrazines 10b, lOd, and lOe.

In  1947, M cD o n a ld  an d  E llin g son 1 rep orted  first 
th a t 2 ,3 -d i(M 4 5-a cety lsu lfa m id o)p yra zin e  was h yd ro ly zed  
w ith  h ydroch loric  a cid  to  p rov id e  2 ,3 -d ih y d roxy p y ra - 
zine. Subsequently , variou s m ethods fo r  the prepara
tion  o f  2 ,3 -d ih yd roxyp yrazin e  an d  its 5 ,6 -d im eth y l 
and  5 ,6 -d iph enyl derivatives w ere reported , m ost o f  
w h ich  were derived  via h yd rolysis  o f  the correspon d in g  
a m in o-,2'3 h a lo -,4’6 or  n itrop yra z in e6'7 derivatives. In  
1962, the authors rep orted  brie fly  a new  m eth od  for  
the synthesis o f  2 ,3 -d ih y d roxy p y ra z in e ,8'9 w h ich  in 
v o lv es  cy cliza tion  o f  o x a m oy l am ino acetal, ob ta in ed  
from  eth y l oxam ate  an d  am ino acetal, in  a cetic  acid  
as a  con densin g  agent (S chem e I ) .

Sch em e  I
NH2

ch2

CH
/  \

c2h5o  o c2h5
la

T h e  present p aper reports  th is m eth od  and  its success
fu l a pp lica tion  to  syntheses o f  2 ,3 -d ih yd roxyp yrazin e  
w ith  m eth y l o r /a n d  p h en y l grou ps at 5 an d  6 position s. 
T h is  sequence is ou tlin ed  in  S ch em e I I .  T h is  m eth od  
w ould  b e  app licab le  to  th e  preparation s o f  2 ,3 -d ih y 
droxypyrazin es su bstitu ted  b y  o th er a lk y l or  aryl 
groups.

(1 )  F .  G . M c D o n a ld  a n d  R .  C . E ll in g s o n , J . Am er. Chem. Soc., 69 , 1034  
(1 9 4 7 ).

(2 ) M .  S . H a b ib  a n d  C . W .  R e e s ,  J . Chem. Soc., 3 37 1  (1 9 6 0 ).
(3 ) L .  B e r n a rd i, G . P a la m id e s s i, A .  L e o n e , a n d  G . L a rirJ , Qazz. Chim. 

Ital., 9 1 , 1431 (1 9 6 1 ).
(4 ) G . K a r m a s  a n d  P .  E .  S p o e rr i,  J. Am er. Chem. Soc., 7 8 , 4 0 7 1  (1 9 5 6 ).
(5 ) G . K a r m a s  a n d  P .  E . S p o e r r i ,  ibid ., 7 9 , 680  (1 9 5 7 ) .
(6 ) G . K a r m a s  a n d  P .  E . S p o e r r i ,  ibid ., 7 5 , 5 5 1 7  (1 9 5 3 ) .
(7 ) J . D .  R a t a jc z y k  a n d  J . A .  C a r b o n , J . Org. Chem., 2 7 , 2 6 4 4  (1 9 6 2 ).
(8 ) J . A d a c h i  a n d  K .  K is h im o t o ,  r e p o r t e d  t o  t h e  1 5 th  A n n u a l M e e t in g  

o f  C h e m ic a l  S o c ie t y  o f  J a p a n , T o k y o ,  A p r i l  1962 .
(9 ) T h e  a n a lo g o u s  m e t h o d  f o r  t h e  p r e p a r a t io n  o f  2 ,3 -d ih y d r o x y p y r a z in e

w as a lso  r e p o r t e d :  G . P a la m id e s s i  a n d  M .  B o n a n o m i,  Farm aco, Ed. Sci.,
2 1 , 799  (1 9 6 6 ) ;  Chem. Abstr., 6 6 , 37 8 8 4  (1 9 6 7 ).

S ch em e  II

R, R,
a H H
b H ch3
c ch3 ch3
d H c6h 5
e ch3 Oft
f c6h6 c6H5

Preparation of Amino Ketals lb -f.— T h e  k e y  step  o f 
this syn th etic  m eth od  is the preparation  o f  am ino 
keta ls lb-f because a -am in o  k eton es are read ily  self- 
con d en sed .10 * O ur startin g  m ateria ls, am ino ketals, 
w ere p repared  b y  th e  m eth od  sh ow n  in  S chem e I I I .

S ch em e  III

hoch2ch2qh

H+ *

OH-  or
NH2NH2-H20

l b - f

P h th a lim ido  ketones 4b-dn and 4e12 w ere trans
form ed  in to  their ketals 5 b y  treatm en t w ith  ethylene

(1 0 ) I .  J . K re m s  a n d  P . E . S p o e r r i ,  Chem. Rev., 4 0 , 2 9 0  (1 9 4 7 ).
(1 1 )  J . C .  S h e e h a n  a n d  W .  A . B o lh o fe r ,  J . Am er. Chem. Soc., 7 2 ,  2 7 8 6  

(1 9 5 0 ).
(1 2 ) S h u -S in g  C h e n g , S . J o n sso n , a n d  F . T .  S e m e n iu k , J . Pharm . Sci., 5 1 , 

108 (1 9 6 2 ).
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g ly co l in the presence o f  p -to lu en esu lfon ic a c id  in 
refluxing ben zene w ith  azeotrop ic  rem ova l o f  the w ater 
fo rm ed  (see T a b le  III). K eta liza tion  o f  4f in refluxing 
ben zene w as n o t successfu l, becau se o f  the steric h in 
drance due to  its tw o b u lk y  ph enyl groups. H ow ever, 
in  refluxing toluene the con version  p roceed ed  success
fu lly  to  g ive  5f in a b ou t 6 0 %  yield .

O n  h yd rolysis  o f  p h th a lim ido  keta ls to  am ino 
ketals 1, a steric effect due to  the su bstitu ents o f  5 
on  the ease o f  the h ydrolysis  em erged  (see T a b le  IV ). 
T h u s, 5b-d (R i =  H  or C H 3) cou ld  be  easily  h yd ro ly zed  
b y  treatm en t w ith  3 0 %  aqueous sod iu m  h yd rox ide . 
W hereas h yd rolysis  o f  5e (R j =  C H 3; R 2 =  C 6H 5) 
requ ired  drastic con d ition s (4 5 %  aqueous sod iu m  h y 
d rox id e ), 5e and 5f w ere readily  con v erted  to  1 in 
excellent y ie lds b y  use o f  h ydrazine h yd rate  in  the 
p lace  o f  an aqueous sod iu m  h ydrox ide .

Preparation of 2,3-Dihydroxypyrazines 3 from Amino 
Ketals 1.— F or th e  first step, am ino k eta ls  la, lb, 
an d  Id (R i  =  H ), excep tin g  lc and le (R i =  C H 3), 
w ere easily  con densed  w ith  e th y l oxam ate  in  refluxing 
eth an ol to  g ive  th e  correspon d in g  ox a m o y l am ino 
k eta ls  2 (see T a b le  I). In  th e  con d en sation  o f le

T a b l e  I
C o n d e n s a t i o n  o f A m i n o  K e t a l s  1

A m in o C o n d e n s in g

w i t h  E t h y l  O x a m a t e

R e a c t io n  Y ie ld  o f O th e r
k e ta l s o lv e n t t im e , h r 2, % p r o d u c t s  ( % )

la CJIsOH 6 91.5
lb C2H5OH 6 73.7
lc C2H6OH 4.5 20.6
lc c 2h 6o h 24 54.3 Salt»
lc t-C4H,OH 29 61.5 7c (1.0)
lc ¿-C5H11OH 120 40.3 7c (49.7)
Id C2H5OH 7 67.0
le C2H6OH 7 28.4 6 (20.3)
le i'-CsHhOH 148 61.1 6 (2.4),

If ¿-C6HuOH 120 39.46
7e (3.7)

« 1.5 54.1
» The structure has not been determined. 6 Melting point

in the range of 175-195° because of contamination with minor 
components.

w ith  eth y l oxam ate, a large am ount o f  insoluble  salt 6 
w as p rod u ced  in  the refluxing reaction  m ixture. W h en  
isob u ty l a lcoh o l was used  as a con densin g  so lven t, a 
slight am ou n t o f  oxam ide was form ed  b u t 2c w as o b 
ta ined  in  g o o d  y ield , w h ich  w as con tam in ated  w ith  7c. 
T h e  structures o f  6 an d  7 were con firm ed  b y  elem ental

and spectra l analyses. In  refluxing isoam yl a lcoh ol 
as a con densin g  agent, the y ie ld  o f  7c was increased. 
U nder the sam e con d itions, 2e was prepared  in  61%

y ie ld  and form ation  o f  the insoluble b y -p ro d u cts  (6, 7e, 
and oxam ide) was reduced . T hese  experim ental results 
suggest th a t the steric h indrance to  th is series o f  c o n 
densations is in fluenced  b y  b o th  Rj an d  R2 substituents 
o f  the am ino ketals, and therefore  it  is especia lly  d ifficu lt 
to  condense If w ith  eth y l oxam ate. A ctu a lly , the 
con den sation  p rod u ct ob ta in ed  in  refluxing isoa m yl 
a lcoh o l w as a m ixture o f  2f, 7f, an d  the salt o r /a n d  
oxam ide. A n  im provem en t in  th e  y ie ld  o f  2f was 
was ach ieved  b y  fusing If w ith  eth y l oxam ate  fo r  shorter 
tim e to  redu ce form ation  o f 7f. T h e  results in  a series 
o f  these condensations are satisfactorily  in terpretab le  
b y  considering  their steric h indrances.

C yc liza tion  o f ox a m oy l am ino ketals 2a-c"(R2 =  H  
or  C H 3) in  refluxing g lacia l a cetic  a c id  p ro v id e d  2 ,3- 
d ih ydroxypyrazin es 3a-c in  excellent y ie lds (see T a b le  
I I ) .  In  con trast, 2d-f (R2 =  C 6H 5) w ere u n reactive

T a b l e  II
C y c l i z a t i o n  o f  O x a m o y l  A m i n o  K e t a l s  2

O x a m o y l
a m in o  R e a c t io n  Y ie ld ,
k e ta l S o lv e n t t im e , h r P r o d u c t %
2a CH3COOH 6 3a 98.5
2b C H 3C 0 0 H 93 3b 84.8
2c C H 3C 0 0 H 116 3c 93.7
2d O.OIN HC1 3 8d» 100
2d CF3COOIT 24 8d» 83.2
2d T sOH6-C H 3COOH 93 3d 50.5
2d T sO W -C jIKCOOH 120 3d 61.3
2e 0.1 VH C1 17 3e 50.4
2e CF3COOH' 28 3e 43.2
2e TsOIT-CHsCOOH 107 3e 53.6
2f CFsCOOIU 21 8f 100
2f TsOIP CIJ3COOH 120 3f 52.7

» This compound was converted to 3d  in 21% yield by treat
ment with CH3COOH in the presence of TsOH. 6 TsOH - 
CH3COOH or C2H5COOH (1 g/50 ml). 5 At room temperature. 
d At reflux.

under the sam e con d itions. Som e experim ents under 
various acid ities afforded  fo llow in g  results. T h e  re
a ction  o f  2d w ith  refluxing 0.01 N  h y d roch lor ic  a c id  
p roceed ed  qu an tita tive ly  to  k eton e  8d, an d  th at o f  2e 
w ith  refluxing 0.1 A  h yd roch lor ic  a c id  p ro v id e d  2 ,3 - 
d ih yd roxyp yra zin e  3e. W ith  triflu oroacetic  acid , 2d

an d  2f a fforded  ketones 8d and 8f, resp ective ly , b u t  2e 
gave o n ly  3e. C on sequ en tly , cy c liza tion  to  2 ,3 -d ih y - 
droxypyrazin es 3d-f was successfu l on ly  b y  treatin g  
the o x a m o y l am ino ketals in  refluxing g lacia l a cetic  
acid  or  p rop ion ic  a cid  in  the presence o f  p -to lu en e - 
su lfon ic acid . In  those cycliza tion s, a steric in fluence 
o f  su bstitu ent R i was unrecogn ized , an d  th e  y ie lds 
were in  a range o f 5 0 -6 0 % .

Chlorination and Amination of 2,3-Dihydroxypyra
zines. -T h e  2 ,3 -d ih yd roxyp yrazin es  w ere trea ted  w ith  
excess p h osp h ory l ch loride  to  p rov id e  th e  correspon d in g
2 ,3 -d ich loropyrazin es 9 in 7 0 -9 0 %  yields.
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Som e procedu res fo r  am ination  o f  2 ,3 -d ich loro - and
2-h a lo-3 -am inopyrazin es h ave b een  re p o rte d ,13-17 
w h ich  con sist o f  h eatin g  in  a  sealed vessel w ith  am 
m on iu m  h y d rox id e  in  th e  presence o f  a ctiv a ted  cop p er  
p ow d er fo r  a b o u t 24 h r or  lon ger a t 1 2 0 -1 4 0 ° to  g ive
2 .3 - d iam inopyrazines. B y  th is procedu re , 2 ,3 -d i- 
ch loropyrazin es 9a and  9b  w ere con v erted  n o t  to  d i- 
am inopyrazines 10 b u t to  ch loroam in opyrazin es 11 in

POCl,

6 0 -7 0 %  y ie ld s .18 D iam in op yrazin es 10b, lOd, and  lOe 
w ere prepared  on ly  a t e leva ted  tem perature, 2 0 0 -2 2 0 ° , 
in  2 8 -6 6 %  yields.

E xperim en ta l S ection

Melting points were determined in capillary and are corrected. 
Boiling points are uncorrected. Infrared spectra were recorded 
on Hitachi Model EPI-G3 grating spectrometer. Ultraviolet 
spectra (95% C2H5OH) were recorded on JASCO Model O R D / 
UV-5 spectrometer. Nmr spectra were recorded on JEOL Model 
JNM-C-60HL or JNM-PS-100 instruments with tetramethyl- 
silane as an internal standard.

A . Reaction of a -H alo  K etone and Potassium  P hthalim ide.
2-(A '-P h th alim id o)-l ,2-diphenylacetaldehyde (4 f) .— Potassium
phtha imide (63.0 g, 0.34 mol) was added in small portions to 
a stirred solution of 2-chloro-l,2-diphenylacetaldehyde (75.7 g, 
0.33 mol) in 500 ml of dimethylformamide, and the suspension 
was refluxed for 41 hr. The reaction mixture was allowed to 
stand at room temperature, poured into 1000 m l of water, and 
extracted with 200 ml of chloroform. After further extraction 
with a 100-ml portion of chloroform, the combined chloroform 
extracts were washed with 3%  aqueous sodium hydroxide and a 
large amount of water, dried over magnesium sulfate, and evapo
rated. The crystalline residue was washed with ether to afford 
45.7 g (43.9%), mp 155-158°, of 4 f. Recrystallization from 
ethanol gave colorless crystals, mp 158-159°.

Anal. Calcd for C22H15NO3: C, 77.40; II, 4.43; N, 4.10. 
Found: C, 77.47; H, 4.59; N, 4.23.

B . G eneral Procedure for Ketalization of Phthalim ido  
K etones 4 .— An apparatus for this procedure consists of a 300- 
500-ml three-necked round-bottomed flask (A) fitted on a mantle 
heater and a magnetic stirrer, a condenser (B), and a water 
removable separator (C) with a U-tube (D) packed anhydrous 
calcium chloride. An azeotropic mixture was condensed in B 
to drop into C and returned into A through D.

A solution of phthalimido ketone 4 (0.20 mol) and ethylene 
glycol (50 ml) in 100-200 ml of benzene or toluene in the presence 
of p-toluenesulfonic acid (2.0 g) was refluxed with stirring for 
about 50 hr, and additional ethylene glycol (50 ml) was added 
to it and then refluxed again for the total time indicated in Table
III. The reaction mixture was cooled to room temperature, the 13 14 15 16 17

(1 3 ) R .  C . E ll in g s o n  a n d  R .  L . H e n r y , J . Am er. Chem. Soc., 70, 1 25 7  
(1 9 4 8 ).

(1 4 ) E .  S c h ip p e r  a n d  A .  R .  D a y ,  ibid ., 74, 3 5 0  (1 9 5 2 )
(1 5 ) F .  L . M u e h lm a n n  a n d  A . R .  D a y ,  ibid ., 78, 2 4 2  (1 9 5 5 ).
(1 6 ) R .  H . M a r t in  a n d  Z .  T a ra s ie js k a , B ull. Soc. Chim. Belg., 6 6 , 136 

(1 9 5 7 ) ;  Chem. Abstr., 51, 105 33  (1 9 5 7 ).
(1 7 ) F .  A r m a r e g o , J . Chem. Soc., 4 3 0 4  (1 9 6 3 ).
(IS )  I n  t h e  a b s e n c e  o f  a c t iv a t e d  c o p p e r  p o w d e r ,  lib w a s  o b ta in e d  in  7 7 %  

y ie ld  (see  E x p e r im e n ta l  S e c t io n ) .
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T able III
K etalization  op P hthalimido K etones 4 “

P h th a lim id o R e a c t io n Y ie ld  o f
k e to n e t im e , h r6 », % M p, ° C

4b 100 80.2 93-95“
4c 136 89.0 60-62''
4d 95 94.7 145“
4e 137 93.8 131“
4f 100 59.1 172-173'

“ Satisfactory analytical data (± 0 .3 7 %  for C, H, and N) 
were reported for all compounds: Ed. b Reactions of 4 b -e
were carried out in benzene; toluene was used for 4f. c Re
crystallized from ethanol. d Distilled [bath temperature 250° 
(3 mm)].

benzene layer was separated, and the ethylene glycol layer was 
extracted with two or three 100-ml portions of benzene or ether. 
The combined benzene and/or ether extracts were washed with 
5%  aqueous sodium hydroxide and then with water, dried over 
magnesium sulfate, and evaporated to afford phthalimido ketal 
5, which was purified by recrystallization from ethanol or by 
distillation.

C . General Procedure for H ydrolysis of Phthalim ido K etals
5.— A solution of 5 (0.60 mol) in 500 ml of 15% aqueous sodium 
hydroxide was refluxed with stirring and sodium hydroxide (75 
g) was added in cne or several portions to it. Sodium phthalate 
precipitated on standing at room temperature and was redis
solved by addition of water and the resulting solution was ex
tracted with ether mechanically or on a continuous liquid extrac
tor. The ether extracts were dried over sodium or potassium 
hydroxide pellets, filtered, and evaporated. The residue was 
distilled affording 1 as a colorless oil.

The method of using hydrazine hydrate was as follows. A 
solution of 5 (0.20 mol) in 100 ml (2.0 mol) of 80% hydrazine 
hydrate was refluxed. The reaction mixture was allowed to stand

T able  IV
H ydrolysis of P hthalimido K etal 5“

P h th a lim id o
k e ta l H y d r o ly t i c  r e a g e n t

R e a c t io n  
t im e , hr

Y ie ld  o f  
1 , %

5b 30% NaOH 65 88 .3
5c 30%  NaOH 90 77 .2
5c 80% NH2NH2-H20 46 86.6
5d 30% NaOH 90 87.0
5e 30% NaOH 120 30.4
5e 45% NaOH“ 149 81.3
5e 80% NH2NH2-H20 24 86.5
5f 80% NH2NH2 H2O 48 97.4

“ Ethylene glycol-water-sodium hydroxide (50:15:12) at 150°.

T a b l e  V
P h y s ic a l  P r o p e r t ie s  o p  A m in o  K e t a l s  1“

Amino
ketal

Bp, °C 
(mm) n25D Nmr,6 t

lb 73 (31) 1.4420 8.81 (s, 3 H), 8.55 (s, 2 H, NH 2),

lc 86 (50) 1.4420
7.49 (s, 2 H), 6.19 (s, 4 H) 

8.92 (d, 3 H, 7.1 Hz), 8.75 (s, 3

Id 156 (30) 1.5311

H), 8.64 (s, 2 H), 7.11 (q, 1 
H, 7 .0 Hz), 6.04 (s, 4 H)

8.60 (s, 2 H, CH2), 7.08 (s, 2 H),

le 110-111 (4) 1.5240

6 .6 -5 .7  (br, 4 H), 2 .8 -2 .3  (m, 
5 H)

9.06 (d, 3 H, 7 .5  Hz), 8.49 [s, 2

If 250“ (2) 1.5720

H), 6.87 (q, 1 H, 7 .3  Hz), 5 .95 - 
5 .8  (m, 4 H), 2 .8 -2 .3  (m, 5 H) 

8.22 (s, 2 H), 6,4-6 .0  (m, 4 H),
5.80 (s, 1 H), 2.81 (s, 5 H), 
2.75 (s, 5 H)

“ Satisfactory analytical data (± 0 .3 %  for C, H, and N) were 
reported for all compounds in the table: Ed. 6 Nmr spectra, 
excepting of lb , were determined in CDCb; that of lb  was 
measured in DMSO-d6. “ Bath temperature. Mp 20-22°.
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T able  VI
P hysical P roperties of C ondensation 

P roducts 2 and 7°
-Ir (KBr), cm“'-

Material Mp,6 °C --- FNH —' Amide 1
2a 140-141* 3400, 3310, 3270 1655
2b 121 3400, 3350, 3200 1678
2cd 113 3370, 3310, 3200 1658
7c* 151-152 3310 1653
2d 124JT25 3375, 3320, 3200 1655
2e/ 164-165 3380, 3350, 3250 1675
7e° 211-213 3350 1678
2f 203-204 3400, 3340, 3210 1668
7f 227-229 3370 1668

° Satisfactory analytical values (± 0 .3 %  for C, H, and N) were 
reported for all compounds in the table: Ed. * Recrystallized 
from ethanol. * Lit.9 mp 146°. d Nmr (CDCh) t 8.78 (d, 3, 
J  =  7.4 Hz, CH3CH), 8.68 (s, 3, CH3), 6.01 (s, 4, 0C H 2CH20 ), 
5.83 (d of q, 1, J  =  10.0 and 7.4 Hz, CH3CHNH), 3.29 and 2.40 
(each s, 1 +  1, H2N C = 0 ), 2.43 (br d, 1, J  =  10.0 Hz, CHNH- 
C = 0 ) .  "Nmr (CDC13) r 8.78 (d, 6, J =  7.4 Hz, 2CH3CH),
8.68 (s, 6, 2CH3), 6.00 (s, 8, 20CH2CH20 ), 5.84 (d of q, 2, 
J  =  10.0 and 7.4 Hz, 2CHSCHNH), 2.48 (br d, 2, /  =  10.0 Hz, 
2C H N H C = 0). < Nmr (CDC13) r 8.91 (d, 3, /  = 7.5 Hz, 
CH3CH), 6.4-5,8 (m, 4, 0C H 2CH20 ), 5.60 (d of q, J  =  10.0 and
7.5 Hz, CH3CHNH), 3.83 (s, 1, one proton of NH2C = 0 ) ,  2.9-2.3 
(m, 1 +  1 +  5, C H N H C =0, one proton of H2N C = 0 , and 
C6H5). « Nmr (CDC13) r 8.93 (d, 6, J = 7.5 Hz, 2CH3), 6.4-5.8 
(m, 8, 20CH 2CH20 ), 5.62 (d, of q, 2, J =  10.0, and 7.5 Hz, 
2CH3CHNH), 2.9-2.3 (m, 2 +  10, 2C H N H C =0 and 2C6H6).

pressure giving; the second crop. The combined products were 
recrystallized from ethanol to afford 2.

Compound 7c was obtained by recrystallization of the second 
crop from ethanol. Compound 7e was isolated by extraction of 
the insoluble material in refluxing isoamyl alcohol with hot 
chloroform. The undissolved material in hot chloroform was 
recrystallized from water giving 6 : mp 237-238°; ir (KBr) 3380, 
1693, 1635 (H2N C 0C 02-) ,  3190, 1600, and 1310 cm“ 1 (NH,+).

Anal. Calcd for C13HI8N20 5: C, 55.31; H, 6.43; N, 9.92. 
Found: C, 54.86; H, 6.56; N, 9.67.

Compound 7f was obtained by five recrystallizations of con
densation product in isoamyl alcohol from ethanol (Table VI).

E. General Procedure for Cyclization of Oxamoyl Amino 
Ketals 2.— A solution of 2 (0.10 mol) in 50-100 ml of a hydrolytic 
solvent was refluxed for the time indicated in Table II under 
nitrogen. The reaction mixture was allowed to stand at room 
temperature, the precipitate was collected, and mother liquor 
was evaporated to dryness under reduced pressure. The residue 
was washed with a small amount of water, triturated with hot 
chloroform, filtered, and recrystallized to give 3 or 8 . The physi
cal properties of these compounds are summarized in Table VII.

F. General Procedure for Chlorination of 2,3-Dihydroxy- 
pyrazines 3.— A solution of 3 (20 mmol) in 30-50 ml of phosphoryl 
chloride was heated at 130-180° for the time indicated in Table 
VIII. The cooled solution was poured into ice-water and ex
tracted with three to five 100-ml portions of ether or chloro
form. The combined organic extracts were washed, dried over 
magnesium sulfate, and evaporated to afford 2,3-dichloropyra- 
zine 9.

G. General Procedure for Amination of 2,3-Dichloropyra- 
zines 9.— A mixture of 9 (2.0 mmol) and ammonium hydroxide 
(25 ml) or liquid ammonia (40 ml) in the presence of activated

T able VII
P hysical P roperties  of C yclization  P roducts 3 and 8°

---- ---- Nmr (DMSO-de), r
Ring

Material
3a

Mp, °C (lit.) 
>360* 

O 3 5 0 1)

Uv max («)
234 (5,180), 380 (4,860)

CHi proton C«Ht OH

3b
3c

301-303 dec* 
>360* 

(>3404)

234 (6,770), 315 (6,470) 
232 (7,240), 324 (6,850)

8.10 s 
8.12 s

3.98 s - 1 .0 8  s 
- 1 .0 9  s

3d 288-290 dec* 276 (7,240), 323 (7,240) 3.36 s 2.78-2.32 m - 1 .5 2  s
3e
3f

8ds
8f*

327-328 dec* 
338-339/ 

(335-3406) 
(340-3427) 
202-203* 
200- 201''

270 (5,520), 324 (6,960) 
298 (10,500)

8.10 s 2.62 s 
2.81 m

- 2.11 s 
— 1.44 s

“ Satisfactory analytical values (± 0 .3 %  for C, H, and N) were reported for all camuaunds in the table: Ed. * Recrystallized from 
water, c methanol, ‘'aqueous acetic acid (1:1 v /v ), and “ ethanol, respectively. > Recrystallized from acetic acid and water. The 
infrared spectrum of this compound was identical with that of an authentic sample.6 9 Ir (KBr) 1694, k 1691 cm "1.

at room temperature, 30% aqueous sodium hydroxide or water 
was added to it to redissolve the resulting diketophthazine, and 
the oily layer was separated. The aqueous layer was extracted 
in several times with ether. The combined organic portions were 
worked up in the predescribed manner to give 1. The results and 
physical properties of 1 are summarized in Tables IV and V.

D. Condensation of Amino Ketals 1 with Ethyl Oxamate.— 
The general procedure is as follows. A solution of amino ketal 
1 (0.10 mol) and ethyl oxamate (0.11 mol) in 100 ml of a solvent 
was refluxed for the time indicated in Table I. When an in
soluble material was formed, it was removed hot by filtration. 
If ethanol was not used as the solvent, the following pretreatment 
was carried out: the reaction mixture was evaporated to dryness 
under reduced pressure and the residue was redissolved in ethanol 
with heating.

After cooling to 0°, the precipitate was collected by filtration. 
Into the mother liquor was passed ammonia gas to remove un
reacted ethyl oxamate as oxamide, and the resulting solution was 
boiled and an undissolved matter (oxamide) was removed hot by 
filtration. The solution was evaporated to dryness under reduced

copper powder (and potassium bromide) was heated in a sealed 
tube or a stainless steel autoclave (see Table IX ). The reaction 
mixture was allowed to stand at room temperature, and the 
precipitate was collected, washed with a small amount of water, 
dried, and recrystallized giving amino product 10 or 11.

Registry No.—lb, 3289-19 -8 ; lc, 32493 -50 -8 ; Id, 
32493 -51 -9 ; le, 32493-52 -0 ; If, 32493-53 -1 ; 2a,
9 2 3 -97 -7 ; 2b, 32493-55 -3 ; 2c, 32493-56 -4 ; 2d, 32493- 
5 7 -5 ; 2e, 32493-58 -6 ; 2f, 32493-59 -7 ; 3a, 931 -18 -0 ; 
3b, 32493-61 -1 ; 3c, 32493-62 -2 ; 3d, 32493-63 -3 ; 3e, 
32493-64 -4 ; 3f, 32493-65 -5 ; 4f, 32493-66 -6 ; Sb,
1775-18-4 ; 5c, 32493-67-7 ; 5d, 32493-68 -8 ; 5e, 32493- 
6 9 -9 ; 5f, 32493-70-2 ; 6, 32493-71 -3 ; 7c, 32493-72 -4 ; 
7e, 32493-73 -5 ; 7f, 32493-74-6 ; 8d, 32493-75 -7 ; 8f. 
32493-76 -8 ; 9a; 4858-85 -9 ; 9b, 32493-78 -0 ; 9c, 32493- 
7 9 -1 ; 9d, 32493-80 -4 ; 9e, 32493-81 -5 ; 10b, 32493-82 -6 ; 
lOd, 32493-83-7 ; 10e, 32493-84-8.
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T a b l e  VIII
Chlorination o f  2,3-Dihydroxypyrazines 3“

2 ,3 -D ih y d r o x y -
R e a c t io n

t im e , Y ie ld  o f M p ,  " C
p y r a z in e h r 9 , % ( lit .)

3a 33 63.5 22-25

3t 28 86.1
(22—24 )b 
12'

3c 43 70.9 79-80"

3d 90 77.1
(80-814)
106-107'

3e 96 79.8
(102) '

69-70"
3f 48 69.9 182*

(182-1834)

“ Satisfactory analytical values (± 0 .3 %  for C, H, N, and Cl) 
were reported for all compounds in the table: Ed. f American 
Cyanamide Co., British Patent 612,385 (1948); Chem. Abstr., 
44, 1537 (1950). 'B p  100-101° (20 mm); n25d 1.5498. " Re
crystallized from hexane and '  ethanol. '  S. T. Minovici and
V. Th. Bente, Bull. Sect. Sci. Acad. Roumaine, 4, 185 (1915); 
Chem. Abstr., 10, 606 (1916). » Recrystallized from petroleum 
ether (bp 30-50°). h Recrystallized from acetone.

Acknowledgment.— T h e  authors w ish  to  thank M r. K . 
K ish kn oto , M r . K . K a n ek o , M r. M . Ich in ose, M r. K . 
Ikeda , and M r. Y . N agatsu  fo r  their experim ental
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T a b l e  IX
Amination o f  2,3-Dichloropyrazines 9“

S ta r t in g /------------C o n d i tion s ------------ n Y ie ld , Mp,
m a te r ia l T e m p , ° C T im e , hr P r o d u c t % °c

9a 130-1406 50 Ila 61 167'
9b 150-160' 70 lib 77 113"
9b 200- 220" 60 10b 66 178'*
9d 200- 210' 85 lOd 59 173*
9e 200- 220' 72 10e 28 167-

168*'
“ Satisfactory analytical values (± 0 .3 %  for C, H, and N) 

were reported for all compounds in the table: Ed. b Animation 
were carried out with activated copper powder in liquid ammonia, 
'  ammonium hydroxide (d 0.880), d activated copper powder in 
ammonium hydroxide (d 0.880), and • activated copper powder 
and potassium bromide in ammonium hydroxide (d 0.880), 
respectively. ! Recrystallized from water (lit.16 mp 169°). The 
melting point of a mixture with an authentic sample16 un
depressed and ir spectra were identical. The authors are grate
ful to Mr. T. Kohagizawa for the synthesis of an authentic 
sample. s Recrystallized from ethanol. Mp 113°: G. Palami- 
dassi, Farmaco, Ed. Sci., 18, 557 (1963); Chem. Abstr., 59, 13975 
(1963). h Recrystallized from ethyl acetate and * benzene, 
respectively.

assistances and M r. A . I to  fo r  n m r m easurem ent. T h e  
au th ors are also gratefu l to  D r. T . N ak agaw a  fo r  his 
help fu l suggestions.

Derivatives of Thiacyclobutene (Thiete). V.1 Molecular Reorganization in the 
Reaction of Thiete Sulfone and Tetraphenylcyclopentadienone2“4

D . C . D it t m e r ,* K . I k u r a , J. M . B a l q u is t , a n d  N . T a k a s h in a

Department of Chemistry, Syracuse University, Syracuse, New York 13210 

Received August 17, 1971

Thiete sulfone (1) and tetracyclone react in refluxing m-xylene to yield 1,2,6,7-tetraphenylcycloheptatriene 
(65%, 2) and a bicyclic ketone (15%), l,5,6,7-tetraphenylbicyelo[3.2.1]octa-2,6-dien-8-one (3). When 1,2,3,4- 
tetraphenylcyclopentadiene and thiete sulfone are refluxed in m-xylene, a 77% yield of the Diels-Alder adduct is 
obtained in addition to l,5,6,7-tetraphenylbicyclo[3.2.1]octa-2,6-diene (13%). Thiete sulfone and phencyclone 
give a 69% yield of a cycloheptatriene (4) but no carbonyl compound. Ar_ alternate structure (6) for ketone 3 
was abandoned on the basis of physical data and the conversion of the ketone to 1,5,6,7-tetraphenylbicyclo- 
[3.2.1]octene-6 (8). In dioxane a low (8% ) yield of the Diels-Alder adduct 9 of thiete sulfone and tetracyclone 
is obtained. Decomposition of this adduct in refluxing m-xylene gives only cycloheptatriene 2. A pathway for 
formation of bicyclic ketone 3 through the intermediacy of vinyl carbene (or some species which resembles it) de
rived from thiete sulfone is discussed. Reaction of a vinyl carbenoid species, obtained by the Simmons-Smith 
procedure from 3,3-dichloro-l-propene, with tetracyclone gives a 4%  yield of bicyclic ketone 3.

a , /3-Un sat u rate cl su lfones usually  react n orm ally  as 
d ienoph iles in  th e  D ie ls -A ld e r  cycloa d d it ion  reaction 5 
and a n u m ber o f  add ition s to  th iete  sulfone (th ia cy clo 
butene 1 ,1 -d iox ide) ( 1 ) p roceed  n orm a lly .6 A  log ica l

(1 )  P a p e r  I V :  D .  C . D it t m e r ,  R .  S . H e n io n , a n d  N . T a k a s h in a , J. Org.
Chem., 3 4 , 1 31 0  (1 9 6 9 ).

(2 )  T h is  r e se a rch  w a s s u p p o r t e d  in  p a r t  b y  N a t io n a l  S c ie n c e  F o u n d a t io n  
G ra n ts  G P  726 , 5 5 1 3  a n d  8 0 8 6 , a n d  b y  N a t io n a l  In s t it u t e s  o f  H e a lth  G ra n t  
C A  0 8 2 5 0 , f o r  w h ic h  t h e  a u th o rs  are  g ra te fu l.

(3 ) A  p r e lim in a r y  r e p o r t  o n  s o m e  o f  th is  w o r k  has  b e e n  g iv e n : D .  C .
D it t m e r  a n d  J. M .  B a lq u is t ,  1 5 1 st  N a t io n a l  M e e t in g  o f  th e  A m e r ic a n  C h e m 
ica l  S o c ie t y ,  P it t s b u r g h , P a ., M a r c h  196 6 , A b s tr a c t  K  3 7 . T h e  s t r u c tu re  
o f  c o m p o u n d  3 w a s g iv e n  in c o r r e c t ly  a t  t h a t  t im e .

(4 )  T a k e n  in  p a r t  fr o m  th e  P h .D .  th e s is  o f  J . M .  B a lq u is t ,  S y r a c u s e  U n i-  
v e r s it jq  196 6 .

(5 ) F o r  e x a m p le , s e e  K .  A ld e r , H . F . R ic k e r t ,  a n d  E .  W in d e m u th , Ber., 
7 1 , 2451 (1 9 3 8 ) ;  H . R .  S n y d e r , H .  V . A n d e r s o n , a n d  D .  P . H a lla d a , J. 
Am er. Chem. Soc., 7 3 , 3 2 5 8  (1 9 5 1 ) ;  H .  R .  S n y d e r  a n d  D .  P . H a lla d a , ibid., 
74 , 5 59 5  (1 9 5 2 ).

(6 ) (a )  D .  C .  D it t m e r  a n d  M . E .  C h r is ty ,  ibid ., 8 4 , 3 9 9  (1 9 6 2 ) ;  D .  C .
D it t m e r  a n d  N . T a k a s h in a , Tetrahedron Lett., 3 8 0 9  (1 9 6 4 ) ;  L . A . P a q u e t te ,  
J. Org. Chem., 3 0 , 6 2 9  (1 9 6 5 ) ;  L . A . P a q u e t t e  a n d  T .  R .  P h il lip s , ibid., 30 , 
3 88 3  -,1965). (b )  C y c lo a d d i t io n  o f  d ia z o a lk a n e s  t o  th ie te  s u lfo n e  a ls o  o c c u r s
n o r m a lly  a lth o u g h  c e r ta in  a d d u c ts  lo s e  s u lfu r  d io x id e  a t  1 5 0 ° :  D . C . D it t 
m e r  a n d  R .  G la ssm a n , ibid., 3 5 , 999  (1 9 7 0 ).

rou te to  th iete  sulfones con ta in in g  a fu sed  benzene ring 
in vo lves  the D ie ls -A ld e r  a d d ition  o f  te tra cyc lon e  (tet
raph en ylcyclopen tad ien on e) to  th iete  su lfone fo llow ed  
b y  loss o f  carbon  m on ox ide  an d  tw o  h ydrogen s. In  
fa ct, a num ber o f  tetraph en ylben zen e derivatives are 
o b ta in ed  from  D ie ls -A ld e r  addu cts o f  te tra cy c lo n e .7 
W e have fou n d  that bu tad ien e, furan, an d  2 ,5 -d im eth y l- 
furan, in add ition  to  the dienes rep orted  earlier,64 add 
n orm ally  to  th iete  sulfone. T h is  report is a b ou t an 
anom alous reaction  o f th iete su lfone w ith  te tra cyc lon e .

Product Identification. A Cycloheptatriene and a 
Bicyclic Ketone.— W h en  th iete  su lfon e and  tetra 
cy c lo n e  w ere refluxed in  m -xylen e  (139°) until the 
co lor  o f  te tra cyc lon e  w as d ischarged  (ca. 85 h r), tw o 
gases identified  as sulfur d iox ide  and  ca rb on  m onoxide 
w ere p rod u ced . T h e  m a jor organ ic  p rod u cts  w ere tw o 
solids o f  em pirical form ulas C 31H 24 (6 5 %  y ie ld ) and

(7 )  S ee  th e  r e v ie w  b y  M .  A . O g lia ru so , M .  G . R o m a n e ll i ,  a n d  E . I .  B e c k e r , 
Chem. Rev., 6 5 , 261 (1 9 6 5 ).
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C 32H 24O (1 5 %  y ie ld ). T h ese  were separated  and  iden 
tified  as 1 ,2 ,6 ,7 -tetraph enylcycloh eptatriene (2 ) and
1 ,5 ,6 ,7 -tetraph en ylb icyclo  [3.2.1 ]octa -2 ,6 -d ien -8 -on e  (3).

0

T h e  cycloh epta tr ien e  C 31H 24 w as d im orphous, ex
h ib itin g  m p  6 9 -7 0  and  1 2 7 -1 2 8 ° .3 T h e  form  m elting 
at 1 2 7 -128° can  be con verted  to  th e  form  m elting at 
69° b y  a cy c le  o f  m elting and solid ification . T h e  ul
tra v io le t spectrum  in  aceton itrile  [231 (4 .27 ), 274 
(4 .29 ), 324 nm  (log  e 3 .9 4 )] is sim ilar to  th a t o f  oth er 
cycloh eptatrien es, e.g., h ep ta p h en v lcyc loh ep ta trien e .8 9 
In  the p ro ton  nm r spectrum  the C -7  p ro ton  appears as 
a singlet, r  4 .4 0 ,10 11 th e  C -5  p ro ton  appears as a com p lex  
m ultip let, r  3 .10 -3 .35 , an d  the C -3  and  C -4  p roton s  ap
pear as a com p lex  m u ltip let, r  3 .35 -3 .75 .

F urther ev iden ce  fo r  th e  structure o f  2 is obta in ed  
b y  refluxing 2 ,3 ,4 ,5 -te trap h en y lcycloh ep ta trien eu in 
m -xylen e. A  1 ,5 -hydrogen  sh ift12 occu rs to  g ive  2.

T h e  usefulness o f  th iete sulfone in the synthesis o f  
tetrasu bstitu ted  cycloh eptatrien es is illustrated further 
b y  the reaction  o f  p h en cyclon e  ( 1 ,3 -d iph en y l-2/ / - c v -  
clopenta[Z ]phenanthren-2-one) and  th iete  sulfone. A  
6 9 %  y ie ld  o f  cycloh epta tr ien e  4  w as obta in ed . T h e  
absence o f  p rod u ct from  a 1 ,5 -h ydrogen  m igration  m ay 
be expla ined  b y  the resistance to  d isruption  o f  th e  co n 
ju ga tion  in the phenanthrene part o f  th e  m olecu le .

ence o f  a b ridged  carbon y l g ro u p .13 S tructure 6 w as 
con sidered  in add ition  to  3. T h e  p ro ton  nm r spectru m , 
in particular, in d ica ted  th at th e  structure w as n o t  6 , 
the spectrum , h ow ever, be in g  consistent w ith  3. D o u 
ble and  trip le  irradiation  experim ents established  th a t  
one olefin ic p ro ton  (absorp tion  cen tered  at t 4 .02 ) w as 
cou p led  to  th e  m ethylene proton s, J  =  3 .5 H z, an d  to  
an oth er olefin ic p ro ton  (cen tered  at t 3 .2 ), J  =  9 .5  H z. 
D ecou p lin g  o f  th e  m ethylene proton s ( - C H 2- )  a b sorb 
in g  at r  6.94 redu ced  the six-fine m u ltip let at t 4 .02  to  a 
dou b let, and  fu rth er irradiation  (trip le reson an ce) at 
t 3.02 redu ced  the d ou b let to  a sin g let .14 T h e  p a ttern  
and  m agn itude o f  the cou p lin g  o f  the p ro ton s  in  th e  ke
ton e  are d ifficu lt to  in terpret on  the basis o f  structure
6 . F or instance, the large cou p lin g  con sta n t o f  9.5 H z 
betw een  the olefin ic p roton s is a b ou t th ree  tim es 
g rea ter16 th an  is observed  n orm ally  fo r  a  cou p lin g  con 
stan t betw een  gem inal olefin ic p roton s  su ch  as occu r  in
6 . T h e  rather low -fie ld  absorp tion  (r  3 .02 ) fo r  th e  p ro
to n  at C -2  is an in d ication  o f  desh ield ing  b y  th e  neigh 
borin g  ph en yl g ro u p .16 T h e  mass sp ectru m  o f  th e  k e 
ton e  sh ow ed  th at carbon  m on ox ide  w as lost rea d ily  and 
th at ions correspon d in g  to  trop y liu m  ions are form ed . 
H y d rog en a tion  o f one dou b le  b on d  in th e  b icy c lic  ke
ton e  gave  a com p ou n d  w hich  lack ed  absorp tion  in  the 
in frared  at 1370-1385  c m -1 , ch aracteristic  o f  th e  sym 
m etric d eform ation s o f  a m ethy l group , and had no a b 
sorp tion  in  th e  nm r spectrum  w hich  cou ld  be a ttribu ted  
to  a m eth y l grou p .

In  order to  d ispose o f  any am bigu ity  in th e  in terpre
ta tion  o f the spectra  o f  the b icy c lic  keton e, com p ou n d  
7 w as p repared ; it w as not iden tica l w ith  th e  p rod u ct

C6H5.  /G H :

+

T h e  absorp tion  at 1761 c m “ 1 in  th e  in frared  spectrum  
o f  th e  com p ou n d  o f  form ula  C 32H 24O in d icates th e  pres-

(8 ) X - R a y  p o w d e r  p a t te r n s  o f  t h e  t w o  fo rm s  are  in d is t in g u is h a b le . W e  
w ish  t o  t h a n k  P r o fe s s o r  H a r ry  B r u m b e r g e r  f o r  o b t a in in g  th e s e  d a ta  f o r  us . 
I n fra re d , u lt ra v io le t ,  a n d  p r o t o n  n m r  s p e c tr a  o f  b o t h  fo rm s  are  id e n t ic a l .

(9 )  M .  A . B a tt is te , Chem. Ind. (London), 5 5 0  (1 9 6 1 ).
(1 0 )  T h e  C -7  p r o t o n  o f  h e p t a p h e n y lc y c lo h e p t a t r ie n e  a p p e a rs  a t  t  4 .7 3 :  

R .  B r e s lo w  a n d  H . W . C h a n g , J . Am er. Chem. Soc., 8 4 , 1484 (1 9 6 2 ).
(1 1 ) M .  A . B a t t is t e  a n d  T .  J . B a r to n , Tetrahedron Lett., 2 95 1  (1 9 6 8 ).
(1 2 ) A . P .  t e r  B o r g ,  H . K lo o s te r z ie l ,  a n d  N . v a n  M e u r s ,  Reel. Trav. Chim.

Pays-B as, 8 2 , 7 1 7  (1 9 6 3 ) ;  A . P .  t e r  B o r g  a n d  H . K lo o s t e r z ie l ,  ibid., 8 2 , 741
(1 9 6 3 ).

ob ta in ed  from  th e  b icy c lic  k eton e  b y  red u ction  o f  b o th  
the carbon y l group  and  the less con ju g a ted  d ou b le

(1 3 ) A b s o r p t io n  o f  t h e  c a r b o n y l  g r o u p  o f  b i c y c lo [3 .2 .1 ] o c t a -2 -e n -8 -o n e  
is  a t  1 75 8  c m - 1 : N . A . L e B e l a n d  L . A . S p u r lo c k , Tetrahedron, 2 0 , 2 1 5
(1 9 6 4 ) . A  s t r u c tu r e  f o r  th e  k e to n e  s u c h  as 6  is  u n lik e ly  b e c a u s e  d ih y d r o -  
t e t r a c y c lo n e  has  ir  a b s o r p t io n  f o r  th e  c a r b o n y l  g r o u p  a t  1709  c m - 1 : N .  O .
V . S o n n ta g , S . L in d e r , E . I .  B e ck e r , a n d  P . E . S p o e rr i,  J . Am er. Chem. S oc., 
7 5 , 2 2 8 3  (1 9 5 3 ).

(1 4 ) W e  are  in d e b te d  t o  L e r o y  J o h n so n  o f  V a r ia n  A s s o c ia te s  fo r  a ss is ta n ce  
in  o b ta in in g  a n d  in te rp re t in g  t h e  sp e c tr a .

(1 5 ) R .  M .  S ilv e rs te in  a n d  G . C .  B a ssler , “ S p e c t r o m e t r ic  I d e n t i f ic a t io n  
o f  O rg a n ic  C o m p o u n d s ,”  2 n d  e d , W ile y ,  N e w  Y o r k ,  N . Y . ,  1967 .

(1 6 ) T h e  v in y l  p r o t o n s  o f  3 ,6 -b ip h e n y l -7 ,7 -d im e t h y ln o r b o r n a d ie n e  a b s o r b
a t  r  2 .9 3 : L . A . P a q u e t t e  a n d  L . M .  L e ic h te r , J . Am er. Chem. Soc., 9 2 ,
1 76 5  (1 9 7 0 ).
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bond. T h e  properties o f  th is p rod u ct w ere con sistent 
w ith  stru ctu re 8.

A  p ossib le  rou te to  th e  in d ep en den t synthesis o f 
structure 3 w as suggested  b y  th e  rep orted  rearrange
m ent o f  syn -6-v in y l [3.1.0 ]b icycloh ex -2 -en e  to  b icy c lo - 
[3.2.1 ]o cta -2 ,6-d ien e .17 A ccord in g ly , te tra cyc lon e  w as 
trea ted  w ith  the carben oid  species o b ta in ed  from  3,3- 
d ich loropropen e. A fte r  3 days, a  4 %  y ie ld  o f  a  co m 
pou n d  iden tica l w ith  th e  b icy c lic  keton e, C 32H 24O, w as 
isolated .

0

P o ss ib le  M e ch a n ism s .— T h e  form ation  o f cy c lo - 
h ep ta trien e  2 and b icy c lic  k eton e  3 con ce iv a b ly  cou ld  
p roceed  th rou gh  the D ie ls -A ld e r  a d d u ct 9 as a com m on  
in term ed ia te  (Schem e I ) .

S c h e m e  I

1,5H'

P a th  b  fo r  the form ation  o f  th e  cycloh epta tr ien e , 
w hile plausible, is u n lik ely  since 3 d id  n ot y ie ld  c y c lo -  
h ep 'a trien e  2 w h en  h eated . S everal p rod u cts  w ere o b 
ta in ed  b u t n one cou ld  be  iden tified  as 2 . P ath  a 
is reasonable  since en d o-l,5 ,6 ,7 -te tra p h en y ltr icy c lo - 
[3 .2 .1 .02'4]-6 -octen -8 -on e  (10) y ields 2 ,3 ,4 ,5 -tetraph en - 
y lcycloh ep ta trien e  (11) in  refluxing a ceton itr ile .11 
T h is cycloh epta tr ien e  deriva tive  g ives 2 w h en  it is re
fluxed  in m -xylen e.

(17) C. Cupas, W. E. Watts, and P. v. R. Schleyer, Tetrahedron Lett.,
250c> (1964); J. M. Brown, Chem. Commun., 226 (1965).

C om p ou n d  10 (en do) is n o t an in term ediate  in  the 
fo rm a tion  o f  b icy c lic  k eton e  3 since on ly  cy c loh ep 
tatrien e and  n o  k eton e  is ob ta in ed  from  it. P ossib ly  
exo-10 cou ld  y ie ld  the keton e, ex cep t fo r  th e  rep ort th at 
b o th  exo- an d  erado-tricyclo [3 .2 .1 .O2,4 ]-6-o c te n -8-on es 
decom p ose  to  cycloh eptatrien es, th e  en do decom posin g  
fa ster . 18 T h e  tem perature (1 3 9 °) at w h ich  the reac
tion  o f  th iete  su lfone and  te tra cyc lon e  w as don e is suffi
c ien tly  h igh so th at b o th  isom ers w ou ld  read ily  decar- 
bon y la te  a ccord in g  to  the rate m easurem ents g iven  in 
th e  litera tu re .18

In  v iew  o f these data, d ivergen t p ath w ays m ust exist 
fo r  form a tion  o f  2 an d  3. T o  determ ine if  th e  d iver
gen ce  occu rs before  o r  a fter  th e  form ation  o f  th e  D ie ls -  
A ld er  ad d u ct 9, this a d d u ct w as prepared  in  d ioxane 
so lven t from  th iete su lfone and  te tra cyc lon e  in 8%  
y ie ld . D ecom p osition  o f  9 in refluxing wi-xylene gave 
7 6 %  o f  cyc loh epta tr ien e  2. No  k eton e  3 w as detected . 
F orm ation  o f 3 m ust occu r  b y  a pa th w ay  w h ich  does 
n o t in v o lv e  th e  D ie ls -A ld e r  a d d u ct 9 .19

A n oth er  observation  w h ich  bears on  the m echanism  
o f  the reaction  is the absen ce o f  an y  cycloh ep tatrien e  
in th e  reaction  c f  th iete  sulfone and te tra p h en y lcy clo - 
pentadiene. A  b icy c lic  d eriva tive  (12) an a logou s to  
th e  b icy c lic  k eton e 3 is form ed  in abou t th e  sam e y ie ld  
as th e  la tter and a g o o d  y ie ld  o f  th e  D ie ls -A ld e r  ad d u ct 
13 is ob ta in ed . T h e  la tter  is form ed  in an am ou n t ap
prox im ate ly  eq u iva len t to  th e  am ou n t o f  cy c loh ep 
tatrien e 2 p rodu ced  in the orig ina l reaction . B o th  iso 
m ers o f  13 w ere stable at 139°. A t  300° th e y  y ie ld ed  
te tra ph en ylcyclopen tad ien e , an  unidentified  substance 
an d  tar, b u t no 12 .

r-—i m-xylene
L -so 2 ~

T h e  in ference from  th e  a b ov e  ob servation s is th at 
cyc loh epta tr ien e  2 is p rod u ced  via th e  D ie ls -A ld e r  ad
d u ct 9 w hile b icy c lic  k eton e  3 and  also 12 are n ot. 
Schem e I I  is a ra tiona lization  o f  th e  reaction  path  in 
w hich  cycloh epta tr ien e  is p rod u ced  b y  d ecom p osition  
o f  a D ie ls -A ld e r  a d d u ct ; th e  b icy c lic  k eton e  is form ed

(1 8 )  B . H a lto n , M .  A . B a tt is te ,  R .  R e h b e r g ,  C . L . D e y r u p , a n d  M .  E - 
B re n n a n , J . A m er. Chem. Soc., 89 , 5 9 6 4  (1 9 6 7 ).

(1 9 )  T h e  lo s s  o f  s u lfu r  d io x id e  a n d  c a r b o n  m o n o x id e  fr o m  a d d u c t  9 is 
p r o b a b ly  t h e r m o d y n a m ic a lly  s o u n d  s in c e  th r e e  q u ite  s t a b le  m o le c u le s  are 
fo rm e d . W e  h a v e  o b s e r v e d  th a t  th e  D ie l s -A ld e r  r e a c t io n  o f  m e t h y l  v in y l  
s u lfo n e  a n d  te t ra ^ y c .o n e  g iv e s  a  7 7 %  y ie ld  o f  1 ,2 ,3 ,4 -te t ra p h e n y lb e n z e n e , 
p r e s u m a b ly  fo rm e d  in  an  a r o m a t iz a t io n  b y  lo s s  o f  m e th a n e s u lf in ic  a c id .

U n fa v o r a b le  e le c t r o s t a t ic  in t e r a c t io n  b e tw e e n  th e  s u lfo n e  g r o u p  a n d  th e  
c a r b o n y l  g r o u p  in  9 ( e s p e c ia lly  in  th e  e x o  is o m e r )  m a y  c o n t r ib u te  t o  th e  
in s ta b ility .
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S c h e m e  II

from  a d iradica i or  v in y l carben oid  species, C 3H 4, d e 
rived  from  the d ecom position  o f th iete  su lfon e .20 U n 
der the reaction  cond itions, th iete su lfone alone is d e 
com p osed  com p lete ly  to  tar. K eton e  3 also cou ld  be  
form ed  from  v in y l su lfene20 via its a d d u ct w ith  tetra- 
cy c lo n e ; the a d d u ct then can  undergo loss o f  sulfur 
d iox ide to  g ive  a d iradicai precursor to  3.

Experimental Section21
Diels-Alder Adducts of Thiete Sulfone. A. With Buta

diene.— Butadiene (3 rtil) was transferred by means of a vacuum 
line into a reaction tube containing thiete sulfone22 (1.04 g, 0.01 
mol) in benzene (10 ml); a total of 10 tubes was prepared, sealed 
in vacuo at liquid nitrogen temperature, and placed in an oil 
bath at 110°. After 60 hr the tubes were opened and the con
tents combined. Solvent was removed on a rotary evaporator 
and the residue was treated with 100 ml of methanol to precipi
tate polymer which was removed by filtration. Evaporation of 
the methanol left an oil which solidified on standing. Two 
recrystallizations from ethanol gave 10.3 g (0.065 mol, 65% ) of 
white needles with the structure of 7-thiabicyclo[4.2.0]-3-octene
7,7-dioxide.

Anal. Calcd for CvHwOjS: C, 53.16; H, 6.37; S, 20.24. 
Found: C, 53.40; H, 6.42; S, 20.24.

B. With Furan.—Five sealed tubes each containing furan (5 
ml) and thiete sulfone (2.08 g, 0.02 mol) in 20 ml of benzene 
were prepared as in A. After 40 hr in the oil bath at 110°, the 
tubes were opened, the contents were combined, and the solvent 
was evaporated. The residue was treated with ethanol and

(2 0 ) T h e rm a l  d e c o m p o s it io n s  o f  th ie te  s u lfo n e s  h a v e  b e e n  r e p o r te d  t o
y ie ld  c y c l i c  su lfin a te s  o r  su lt in e s : R .  W . H o ffm a n n  a n d  W . S ie b e r , Angew.
Chem.. Int. Ed. Engl.. 4, 786  (1 9 6 5 ) ;  D . C . D it t m e r ,  R .  S . H e n io n , a n d  N . 
T a k a s h in a , A b s tr a c t s  o f  P a p e rs , 1 5 3 rd  N a t io n a l M e e t in g  o f  th e  A m e r ic a n  
C h e m ic a l  S o c ie t y ,  M ia m i  B e a ch , F la .,  A p r il,  1967 , 1 0 1 -0  a n d  re f  1 ; J . F . 
K in g , K . P ie rs , D .  J . H . S m ith , C . L . M c I n t o s h ,  a n d  P . d e  M a y o ,  Chem. 
C om m un.,31  (1 9 6 9 ).

(2 1 ) M e lt in g  p o in ts  are  u n c o r r e c te d .  In fr a r e d  s p e c t r a  w e re  o b t a in e d  o n  
a  P e r k in -E lm e r  M o d e l  137 o r  521 s p e c t r o m e t e r  a n d  u lt ra v io le t  s p e c t r a  o n  a  
P e r k in -E lm e r  M o d e l  202  s p e c t r o m e t e r .  N ra r  s p e c t r a  w e re  o b t a in e d  o n  a  
V a r ia n  A -6 0  o r  H A -1 0 0  s p e c t r o m e t e r  w ith  T M S  as an  in te rn a l s ta n d a r d . 
M a s s  s p e c tr a  w e re  o b ta in e d  o n  a  P e r k in -E lm e r  H ita c h i  R M U  6 E  in s tru 
m e n t . A n a ly se s  fo r  e le m e n ts  w e re  d o n e  b y  G a lb ra ith  L a b o r a to r ie s , I n c .,  
K n o x v i l le ,  T e n n .,  o r  b y  A lfr e d  B e r n h a r d t  M ik r o a n a ly t is c h e s  L a b o r a to r iu m  
in  M a x  P la n c k  I n s t it u t  fü r  K o h le n fo r s c h u n g , M ü lh e im , W e s t  G e rm a n y .

(2 2 ) D . C . D it t m e r  a n d  M .  E . C h r is ty , J. Org. Chem., 26, 1324 (1 9 6 1 ) ;
P . L . F . C h a n g  a n d  D .  C . D it t m e r ,  ibid., 34, 2791 (1 9 6 9 ).

insoluble material was removed by filtration. The ethanol was 
removed by evaporation, and the product was recrystallized 
twice to yield small white crystals (12 g, 0.07 mol, 70% ), mp 
130°. Spectroscopic data were consistent with the structure, 
9-oxa-3-thiatricyelo[4.2.1.02'5]non-7-ene 3,3-dioxide. The ste
reochemistry (exo or endo) of the product was not determined.

Anal. Calcd for CrHgOsS: C, 48.84; H, 4.68; S, 18.60. 
Found; C, 48.77; H, 4.78; S, 18.67.

C . W ith  2 ,5-D im ethylfuran .— Five sealed tubes each con
taining 2,5-dimethylfuran (5 g) and thiete sulfone (2.08 g, 0.02 
mol) in 20 ml of benzene were prepared as in A and placed in 
an oil bath at 110° for 40 hr. Combination of the reaction 
mixtures, evaporation of the solvent, and recrystallization from 
benzene-ethanol gave white crystals, mp 131° (4.55 g, 0.0228 
mol, 23% ). Spectroscopic data were in accord with the struc
ture , 7 ,8-dimethyl-9-oxa-3-thiatricyclo [4.2.1.02>5] non-7-ene 3,3- 
dioxide. The stereochemistry (exo or endo) of the product was 
not determined.

Anal. Calcd for C9Hi20 3S: C, 53.99; H, 6.04; S, 15.99. 
Found: C, 53.75; H, 6.14; S, 16.15.

Reaction of Thiete Sulfone and Tetracyclone.— A solution of
5.3 g (13.7 mmol) of tetracyclone (Aldrich Chemical Co.), 1.60 g 
(15.6 mmol) of thiete sulfone,22 and 75 ml of m-xylene (Matheson 
Coleman and Bell) was refluxed for 85 hr in an apparatus fitted 
with a gas-tight syringe to collect the evolved gases. During 
the reaction, the color of the solution changed from purple to 
yellow. The solution was cooled to room temperature, and an 
insoluble residue (0.1 g, mp 250°) was removed by filtration. 
The solvent was removed by means of a rotary evaporator and 
the residue was chromatographed on a Florisil (Fischer-F-101) 
column. The first fraction, eluted with a hexane-benzene (2:1) 
mixture, was identified as 1,2,6,7-tetraphenylcycloheptatriene 
(2) (3.80 g, 65% ). Recrystallization from ethanol gave pale 
yellow crystals, mp 69-70°.

Occasionally, especially with shorter reaction times, a second 
form of 1,2,6,7-tetraphenylcycloheptatriene, mp 127-128°, was 
isolated. The infrared spectrum (KBr), ultraviolet spectrum 
(CH3CN), proton nmr spectrum (CDC13), X-ray powder pattern, 
and behavior on thin layer chromatography (silica gel sheets, 
4:1 petroleum ether-benzene) are identical with those of the 
lower melting isomer. The high melting polymorph can be con
verted to the low melting one by melting and resolidification but 
not vice versa.

Anal. Calcd for C3iH24: C, 93.90; H, 6.10; mol wt, 396. 
Found: C, 93.87; II, 6.17; mol wt, 396 (obtained from mass 
spectrum.

The following spectroscopic observations were made: ir 3047 
(sh), 3003 (w), 2959 (sh), 796 (s, C = C H ), 747 (s, C6H6), 730 
(s, C6H5), 687 cm " 1 (s, H C = C H , C6H5); uv (CH3CN) log <£? 
4.27, log e™7“  4.29, log e™4* 3.94: proton nmr (100 MHz in
CDC13) r 2.45-3.03 (multiplet, C6H6), 3.03-3.26 (complex 
multiplet, C-5 H ), 3.44-3.65 (complex multiplet, C-3, C-4 H), 
4.29-4.42 (singlet, C-7 H); mass spectrum (250°, direct inlet 
70 eV)23 m/e 397 (35.5), 396 (100, P), 319 (27, P -  C6H6), 318 
(19, P -  C6H6), 242 (8, P -  2C6H5), 241 (36, P -  2C6IT6 -  H), 
167 (5, P -  3C6H5), 165 (14.5, P -  3C6H6 -  2H).

The second compound, eluted with benzene, was identified as
l,5,6,7-tetraphenylbicyclo[3.2.1]oeta-2,6-dien-8-one (3 ) (0.86 g,
2.05 mmol, 15%). Recrystallization from chloroform-ethanol 
gave colorless crystals, mp 192.5-193.5°.

Anal. Calcd for C32H240 : C, 90.63; II, 5.66; mol wt, 424. 
Found: C, 90.32; H, 5.89; mol wt, 424 (obtained from mass 
spectrum).

The following spectroscopic observations were made: ir 3074 
(sh), 3030 (sh), 3024 (m), 2980 (sh), 1761 (vs, C = 0 ) ,  1605 (m), 
695 cm-1 (vs); uv (CH3CN) log e/// 3.99, log e"6“  4.00, log 
e"e“  4.00, log (270 4.00; proton nmr (100 MHz in CDC13) 
t 2.52-3.30 (complex multiplet, 19 H, 18 aromatic protons and 
one olefinic proton at t 3.02), 3.37-3.60 (multiplet, 2 H, aro
matic protons), 3.84-4.30 (two sets of triplets, J =  9.5, 3.5 Hz, 
1 H, C = C H ), and 6.79-6.95 (complex multiplet, 2 H, CH2); 
mass spectrum (250°, direct inlet, 70 eV)23 m/e 425 (33.3), 424 
(100, P), 396 (83.5, P -  CO). 395 (13.9, [C,H3(C6H5)<]+), 319 
(44.5, [CvHdCeHshU), 305 (30.5, [C6H3(C6H5)3]+).

The gases which were evolved during the reaction were trans
ferred to a gas infrared cell. An infrared spectrum comparison

(2 3 ) P e r c e n ta g e  o f  b a s e  p e a k  is  g iv e n  in  p a re n th e s is . P  =  p a re n t  ion .
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showed these gases to be carbon monoxide24 and sulfur di
oxide.26

Hydrogenation of 1,5,6,7-Tetraphenylbicyclo[3.2 1]octa-2,6- 
dien-8-one (3).— The bicyclic ketone 3 (0.4 g, 0.94 mmol) and 
platinum oxide (40 mg) in 50 ml of ethyl acetate were hydro
genated at room temperature under atmospheric pressure. 
After the hydrogen absorption ceased, the catalyst was removed 
by filtration and the solvent was removed.

The residue was recrystallized from ethanol-chloroform to 
give a monoolefinie ketone (0.3 g, 0.7 mmol, 77%); mp 184- 
186°; uv (CH3CN) 213 nm (log e 4.73), 227 (4.34), 250 (4.06), 
258 (4.03), 265 (3.99); ir (KBr disk), 3080 (sh), 3063 (w), 3030 
(w), 2)52 (m), 2870 (m), 1758 (vs, C = 0 ) ,  1600 (m), 1447 (s, 
CH2), 695 cm-1 (vs); proton nmr (60 MHz in CDC13) r 2.68-3.2 
(complex multiplet, 20 H) and 7.25-7.85 (complex multiplet, 
6 H ); mass spectrum (250°, direct inlet, 70 eV) m/e 426 (5.4, P).

Anal. Calcd for C^IKsO: C, 90.14; H, 6.1. Pound: C, 
90.25; H, 6.28.

Thermal Rearrangement of 2,3,4,5-Tetraphenylcyclohepta- 
triene (11) to 1,2,6,7-Tetraphenylcycloheptatriene (2).— 2,3,4,5- 
Tetraphenylcycloheptatriene (11) (0.6 g, 1.48 mmcl)11 was re
fluxed in m-xylene for 1.5 hr. The solvent was removed and the 
residue was recrystallized from benzene-hexane to yield 11, (0.2 
g, 0.5 mmol, 34%), mp 169-170°. The recovered starting 
material was removed by filtration and the residue was recrystal
lized from acetone to yield the high melting form of 1,2 ,6 ,7- 
tetraphenylcycloheptatriene (0.2 g, 0.5 mmol, 34%), mp 127- 
129°.

Conversion of l,5,6,7-Tetraphenylbicyclo[3.2.1]octa-2,6-dien-
8-one (3) to l,5,6,7-Tetraphenylbicyclo[3.2.1]octa-6-ene (8).— 
The bicyclic ketone 3 (1 g, 2.36 mmol) was dissolved in ethane- 
dithiol (10 ml). Boron trifluoride etherate (10 ml) was added 
with cooling by ice-water. The solution immediately became 
deep red and the mixture was kept at room temperature for 2 
days. The precipitate was removed by filtration and washed 
with methanol to give white crystals (0.3 g, 0.6 mmol, 22.8%), 
mp 275-278°.

Anal. Calcd for C a ^ S z : C, 81.6; H, 5.6; S, 12.8. Found: 
C, 81.73; H, 5.78; S, 12.80.

The thioketal was suspended in dioxane (20 ml) and W-5 
Raney nickel (5 g) was added. The Ni catalyst was removed 
after a 14-hr reflux period and the dioxane was removed. The 
residue was recrystallized from methanol-acetone (50 mg, 0.12 
mmol, 20.3% ): mp 113-115°; ir (KBr disk) 3080 (sh) 3033 (w), 
2950 ;m), 2930 (m), 2903 (w), 2862 (w), 1600 (m), 1443 (s, CH2), 
and 698 cm-1 (vs); uv (CH3CN) 225 nm (log e 4.27), 256 (4.02), 
and 267 (4.00); nmr (60 MHz in CDC13) complex r 2.54-3.22 
(complex multiplet, 20 H), 6.95 (perturbed doublet, 1 H ), 7.5-
8.25 (complex multiplet, 7 H ); mass spectrum (300°, direct 
inlet, 70 eV) m/e 413 (36.7), 412 (100, P), 384 (21.6. P -  C2H4), 
370 (13.3, P -  C3H6), 306 (30, [C6H3(C6H6)31).. 178 (21.6, 
C6H3C = C C 6H5), metastable ion at m/e 357.9 (P — C H ^ C H ,).

Anal. Calcd for C32H28: C, 93.20; H, 6.79. Found: C, 
93.07; H, 6.70.

5-Methyl-l,2,3,4-tetraphenyl-2-norbomene (7). A. 5-Cyano- 
1,2,3,4-tetraphenyl-2-norbomene.— Tetraphenylcyclopent adiene 
(8 g, 0.022 mol), acrylonitrile (6 g, 0.14 mol), and a small amount 
of hydroquinone were heated in benzene solution for 2 days. The 
solvent was removed and the residue was recrystallized from 
chloroform-ethanol (8 g, 0.019 mol), mp 187-189°, :r (KBr disk) 
2230 cm "1.

Aral. Calcd for C32H25N: C, 90.77; H, 5.91; N, 3.31. 
Found: C, 91.02; H, 5.89; N, 3.26.

B . 5-Aminomethyl-1,2,3,4-tetraphenyl-2-norb om ene.— An 
equimolar LiAlH< ether solution was added at room temperature 
to the above nitrile (4 g, 9.7 mmol) in dry ether (200 ml). The 
reaction mixture was refluxed 2 hr and hydrolyzed with 3 N 
sodium hydroxide solution. The ether layer was separated and 
the aqueous layer was extracted with benzene. The solvent was 
removed and the residue was recrystallized from benzene-hexane 
(3.2 g, 7.5 mmol, 77.5% ), mp 80-82°, ir (neat) 3400 cm-1.

Anal. Calcd for C32H29N: C, 89.92; H, 6.79; N, 3.28. 
Found: C, 89.80; H, 6.67; N, 3.18.

C. 5-M,lV-Dimethylaminomethyl-l,2,3,4-tetraphenyl-2-nor- 
bomene.—The amine prepared in B (7 g, 0.016 mol) was added 
slowly to formic acid (10 g, 90%) cooled with tap water. Form-

(2 4 ) “ T h e  S a d tle r  S ta n d a r d  S p e c t r a ,”  S a d t le r  R e s e a r c h  L a b o r a to r ie s , 
P h ila d e lp h ia , P a .,  1965 , in fr a r e d  s p e c t r u m  1142.

(2 5 ) R e fe r e n c e  2 4 , in fra re d  s p e c tr u m  84 1 .

aldehyde (5 ml, 37% solution) was added and the reaction 
mixture stirred for 2 hr at room temperature and then heated to 
90-100° for 14 hr. Hydrochloric acid (2 ml of 4 N ) was added, 
and the solvent was removed by a rotary evaporator. A small 
amount of water and 2 ml of 18 N sodium hydroxide were added, 
and the mixture was extracted with benzene. After removal of 
solvent, the mixture was separated on silica gel (Will, Grade 950, 
60-200 mesh). The dimethylated amine was eluted with ether 
and recrystallized from benzene-acetone (2.5 g, 5.45 mmol, 
34%,): mp 198-200°; ir (KBr disk) 2880, 2760 cm "1; nmr (60 
MHz, CDC13) r 2.5-3.5 (complex multiplet 20 H), 7.5-7.68 
(complex multiplet, 5 H), 7.5 (singlet, 6 H), 7.75-8.17 (multiplet, 
2 H).

Anal. Calcd for C34H33N: C, 89.92; H, 6.79; N, 3.28. 
Found: C, 89.80; H, 6.67; N, 3.13.

Another isomer, most probably endo, was eluted with methanol 
from the silica gel column (2 g, 4.3 mmol, 27% ): mp 81-85°; 
nmr (60 MHz, CDC13) t 2.35-3.6 (complex multiplet, 20 H), 
complex 6 .3-8.4 (complex multiplet, 7 H), 7.83 (singlet, 6 H, 
endo CH3).

D. 5-iV,jV-Dimethylaminomethyl-l ,2,3,4-tetraphenyl-2-nor- 
bomene Methiodide.— The exo-dimethylamine from C (2.5 g,
5.5 mmol) was dissolved in benzene (40 ml). Excess methyl 
iodide was added and the reaction mixture kept at room tem
perature for 7 hr, after which a white crystalline precipitate was 
removed by filtration, washed with benzene, and recrystallized 
from ethanol-acetone to give 2.7 g (4.45 mmol, 81%) of product, 
mp 255-260° dec. A methiodide (mp 191-196°) also could be 
prepared from the endo isomer; the reaction was much slower.

Anal. Calcd for C36H36NI: C, 70.35; H, 6.03; N, 2.34. 
Found: C, 70.49; H, 6.22; N, 2.48.

E. 5-Methylene-l ,2,3,4-tetraphenyl-2-norbomene.— The 
quaternary ammonium iodide (1 g, 1.6 mmol) was dissolved in 
tetrahydrofuran and a volume of water equal to the volume of 
tetrahydrofuran was added. Freshly prepared silver oxide (1 g) 
was added and stirred for 50 min at room temperature. The 
excess silver oxide and silver iodide were removed by filtration 
and the solvent was removed by means of a rotary evaporator. 
The light brown salt was heated at 240° for 1.5 hr under vacuum 
(water aspirator). The product mixture was dissolved in ben
zene and separated on silica gel. The first compound, eluted 
with hexane-benzene (1:1), was tetraphenylcyclopentadiene (50 
mg, 0.13 mmol, 8.4% ), mp 181° (lit.26 mp 180°). The second 
compound, eluted with the same solvent, was 5-methylene-l,2,3,4- 
tetraphenyl-2-norbornene (recrystallized from methanol-chloro
form) (0.5 g, 1.21 mmol, 76% ): mp 154-156°; ir (KBr disk) 
3040, 1658, and 887 cm ' 1 (C = C H 2); uv (CH3CN) 221 nm (log e 
4.35), 237 (4.05), 261 (4.05), 340 (3.83); nmr (60 MHz in 
CDC13) t  2.65-3.5 (complex multiplet, 20 H), 4.77 (apparent 
doublet, 2 H ), 6.95 (broadened singlet, 2 H), 7.26, 7.77 (AB 
quartet, J  = 8.5 Hz, 2 H).

Anal. Calcd for C32H26: C, 93.65; FI, 6.35. Found: C, 
93.67; H, 6.24.

F. Hydrogenation of 5-Methylene-1,2,3,4-tetraphenyl-2-nor- 
bomene.— The olefin (0.5, 1.2 mmol) was hydrogenated in ethyl 
acetate (50 ml) with 50 mg of platinum oxide at room temperature 
and under atmospheric pressure. The reaction was completed in 
5 min. The catalyst was removed by filtration and the solvent 
was removed. The residue was recrystallized from benzene- 
hexane mixed solvent to give 5-methyl-l,2,3,4-tetraphenyl-2- 
norbornene (7) (0.28 g, 0.67 mmol, 56%): mp 203°; ir (KBr 
disk) 2962, 1458, and 1374 cm“ 1; uv (CH3CN) 222 nm (log € 
4.31), 237 (4.13), and 273 (3.99); nmr (60 MHz in CDC13) r 
2.55-3.5 (complex multiplet, 20 H), 6.52-7.12 (multiplet, 1 H),
7.15-7.65 (complex multiplet, 2 H ), 7.95 (doublet, /  =  9 Hz, 
1 H ), 8.15-8.5 (complex multiplet, 1 IF), 8.59 (doublet, 3 H)

Anal. Calcd for C32H28: C, 93.20; H, 6.79. Found: C, 
92.34; H, 6.78.

1,5,6,7-T etraphenylbicyclo [3.2.1] octa-2,6-dien-8-one from T et- 
racyclone and 3,3-Dichloropropene.— 3,3-IJichloropropene (1.43 
g, 0.013 mol) and a trace amount of iodine catalyst were added to 
0.91 g (0.014 g-atom) of zinc, treated as described by Shank and 
Shechter,27 in 50 ml of ether. The mixture was refluxed for 10 
min and tetraeyclone (5 g, 0.013 mol) suspended in 150 ml of 
ether was added. The refluxing was continued for 3 days. The 
mixture was filtered through Celite, the solvent was removed, 
and the residue was separated on an alumina column. The

(2 6 )  S e e  th e  p a p e r  o f  S o n n ta g , et al., c it e d  in  re f  13.
(2 7 ) R .  S . S h a n k  a n d  H . S h e ch te r , J . Org. Chem., 2 4 , 1 82 5  (1 9 5 9 ).
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products were mainly recovered tetracvclone (3 g, 7.5 mmol, 
60% ), a ketone (0.2 g, 0.5 mmol, 4 .2% ), and an unidentified com
pound (1 g). The melting point and infrared and nmr spectra of 
the ketone were identical with those of 1,5,6,7-tetraphenyl- 
bicyclo[3.2.1]octa-2,6-dien-8-one (3 ) , which was obtained from 
tetracy clone and thiete sulfone.

1,6 ,7,8-Tetraphenyl-3-thiatricyclo [4.2.1.02-5] n on -7-en -9-on e
3 ,3 -D io xid e  (9 ) .— Tetracyclone (3 g, 7.5 mmol) and thiete sul
fone (1 g, 9.6 mmol) were refluxed in dioxane (30 ml) for 1 week. 
The solvent was removed and the residue was separated on a 
silica gel column. The tetracyclone-thiete sulfone adduct (9) 
was eluted with ether and recrystallized from benzene-hexane 
mixed solvent (0.3 g, 0.6 mmol, 7 .8% ): mp 140-150° (it 
resolidified at 190-200° followed by decomposition at 220-221°); 
ir (KBr disk) 1785, 1310, and 1120 cm “ 1; uv (dioxane) 237 nm 
(log e 4.04) and 270 (3.96); nmr (60 MHz in CDC13) r 2.7 
(singlet, 10 H ), 2.9-3.42 (complex multiplet, 10 H ), 4.6 (per
turbed doublet, 1 H ), 5.6-5.96 (multiplet, 1 H ), 6 .1-6.6 (multi
plet, 2 H ). Adduct 9 (0.2 g, 0.4 mmol) was refluxed in m-xylene 
(Eastman Kodak Co.) and the decomposition was followed by 
thin layer chromatography (silica gel). After 3 hr, the adduct 
completely decomposed. m-Xylene was removed and the residue 
was separated on a silica gel column. 1,2,6,7-Tetraphenyl- 
cycloheptatriene (2) (0.12 g, 0.302 mmol, 76% ), mp 64-66°, was 
eluted with hexane-benzene (2 : 1).

Anal. Calcd for C32II2,0 3S: C, 78.68; H, 4.92; S, 6.56. 
Found: C, 78.81; H, 5.10; S, 6.38.

R eaction of Tetraphenylcyclopentadiene and T hiete S u lfon e.—  
Tetraphenylcyclopentadiene (5 g, 0.014 mol) and thiete sulfone 
(1.8 g, 0.015 mol) were refluxed in m-xylene (Eastman Kodak Co.) 
(70 ml) for 2 days. The solvent was removed by a rotary 
evaporator, and the residue was dissolved in benzene and chro
matographed on silica gel. The first compound, eluted with 
hexane-benzene (1:1), was l,o,6,7-tetraphenylbicyclo[3.2.1[- 
octa-2 ,6-diene (12) which was recrystallized from ethanol- 
acetone (1.4 g, 5.2 mmol, 12.7%): mp 140-142°; ir (K B r  disk) 
3040, 1638, and 904 cm“ 1; uv (CH3CN) 218 nm (log e 4.35), 229 
(4.27), 235 (4.24), 345 (3.29); nmr (60 MHz in CDCU) r 2.6-3.57 
(complex multiplet, 21 H), 4.15 (two sets of triplets, J  =  10 and 
3 Hz, 1 H ), 7.36 (quartet, /  = 10 Hz, 2 H), 7.45 (complex 
multiplet, 2 H).

Anal. Calcd for C32H26: C, 93.65; H, 6.35. Found: C, 
93.75; H, 6.28.

The second compound, l,6,7,8-tetraphenyl-3-thiatricyclo- 
[4.2.1.02'6]non-7-en-9-one 3,3-dioxide (1 3 ), was eluted with ether 
and recrystallized from ethanol-acetone (2.4 g, 5.1 mmol, 
36.3%): mp 236°; ir (KBr disk) 1323 and 1130 cm “ 1; uv 
(CH3CN) 217 nm (log e 4.24), 235 (shoulder, 4.11), 260 (3.91); 
nmr (60 MHz in CDC13) r 2.6-3.55 (complex multiplet, 20 H),
4.7 (perturbed doublet, 1 H ), 5.95-6.8 (complex multiplet, 3 H), 
6.89 (singlet, 2 H).

Anal. Calcd for C32H260 2S: C, 81.01; H, 5.48; S, 6.75. 
Found: C, 81.16; H, 5.49; S, 6.67.

A third compound was separated from the other sulfone by re
crystallization and is an isomer of it (2.7 g, 5.6 mmol, 40.7% ): 
mp 115-120°; uv (CH3CN) 213 nm (log e 4.27) and 264 (3.88); 
nmr (60 MHz in CDC13) r 2.4-3.6 (complex multiplet, 20 H),
5.6-6.1 (perturbed doublet, 1 H), 6.45-6.95 (complex multiplet, 
3 H), 6.95-7.8 (complex multiplet, 2 H ). The displacements of 
some of these absorptions to lower field suggests that this isomer 
is the exo. The ir spectra of the two sulfones are almost identical.

Anal. Calcd for C32H260 2S: C, 81.01; H, 5.48; S, 6.75. 
Found: C, 81.14; H, 5.50; S, 6.51.

Hydrogenation of l ,5 ,6 ,7 -T etra p h en y lb icy clo [3 .2 .1 ]o cta -2 ,6 - 
diene ( 12) .— The olefin (0.5 g, 1.2 mmol) was hydrogenated in 
ethyl acetate solvent over platinum oxide. After 5 min the 
hydrogenation was complete and the catalyst was separated. 
The solvent was removed and the residue was recrystallized from 
ethanol-acetone (0.48 g, 1.15 mmol, 96% ). This compound 
was identical with the Raney nickel reduction product from
1,5,6,7-tetraphenylbicyclo[3.2.1]octa-2,6-dien-8-one (3).

Anal. Calcd for C 32H 2 3 : C, 93.20; H, 6.79. Found: C, 
93.07; H, 6.70.

Reaction of Tetracyclone and M eth yl V inyl Sulfone to G ive
1.2.3.4- Tetraphenylbenzene.— A solution of tetracyclone (3.86 g, 
10 mmol) and methyl vinyl sulfone (1.59 g, 15 mmol, K  and K  
Laboratories) in m-xylene (100 ml) was refluxed for 36 hr. The 
reaction mixture was poured into an evaporating dish and allowed 
to evaporate to dryness. The residue was dissolved in benzene- 
chloroform and chromatographed on a column of Florisil. Elu
tion with petroleum ether (bp 35-60°) and evaporation of the 
eluent gave 1,2,3,4-tetraphenylbenzene (2.96 g, 77% ), mp 189- 
190° (lit.28 mp 190-191°). The infrared and ultraviolet spectra 
are in accord with data given in the literature.29

1 ,5-D iphenyl-3 //-cyclohepta[/]phenanthrene (4 ) .— A solution 
of thiete sulfone (1.25 g, 12 mmol) and phencyclone30 (3.82 g, 
10 mmol) in m-xylene (100 ml) was refluxed for 12 hr. The 
m-xylene was removed by evaporation and the residue chro
matographed on a column of Florisil and eluted with 1:1 benzene- 
petroleum ether (bp 65-75°). The solvent was evaporated and 
the residue was recrystallized from benzene-ethanol to yield a 
white, fluorescent product: mp 242-244° (2.75 g, 69% ); ir 
(KBr disk) 3000 (w), 1600 (m), 1480 cm“ 1 (m); uv (CHSCN) 
252 nm (log e 4.75), 261 (4.81), 275 (4.61), 310 (4.06), 340 (3.16); 
nmr (60 MHz, CDC13) r 2.00-3.03 (complex multiplet, 20 H ),
3.20-3.56 (triplet, J  =  7 Hz, 2 H).

Anal. Calcd for C3iH22: C, 94.38; H, 5.62; mol wt, 394. 
Found: C, 94.27; H, 5.67; mol wt (osmometric), 400.

R eg istry  N o .— 1, 7285-32-7 ; 2 , 32513-31 -8 ; 3 ,
32513-32 -9 ; 4 , 32513-33-0 ; 7, 32513-56 -7 ; 8 , 32513- 
57 -8 ; 9 ,3 2 5 1 3 -5 8 -9 ; 1 2 ,3 2 5 1 3 -5 9 -0 ; endo-1 3 ,3 2 5 1 3 - 
60 -3 ; exo-13, 32513-61-4 ; te tra cyc lon e , 479 -33 -4 ;
7 -th ia b icy c lo  [4 .2 .0 ]-3 -octen e  7 ,7 -d iox ide , 32513-62-5 ; 
9 -  o x a -  3 - th ia tr icy clo  [4 .2 .1 ,02>s [n o n -  7 -  ene 3 ,3 -d iox ide, 
32476-23-6 ; 7 ,8 -d im eth y l-9 -oxa -3 -th ia tr icyclo  [4 .2 .1 .-
0 2'5]n on -7 -en e 3 ,3 -d iox ide, 32513-63-6 ; m on oole fin ic  
k eton e  from  3 , 32506-29-9 ; th iok eta l from  3 , 32513-
64- 7 ; 5 -cya n o-l,2 ,3 ,4 -te tra p h en y l-2 -n orb orn en e , 32513-
65- 8 ; 5 -am in om eth y l-l,2 ,3 ,4 -te trap h en y l-2 -n orborn en e ,
32513-66-9 ; exo-5 -.V ,iV -d im eth ylam m om eth yl 1 ,2 ,3 ,4- 
tetraph en yl-2 -norbornen e, 32527-25-6, 32513-68-1
(m e th io d id e ); endo -  5 -  N ,N  - d im eth y la m in om eth y l-
1.2 .3 .4- tetraph en yl-2 -norbornen e, 32513-67-0 , 32513- 
69-2 (m eth iod id e ); 5 m eth y len e-1 ,2 ,3 ,4 -tetraph en yl-2 - 
norbornen e, 32513-70-5.

(2 8 ) V . S . A b r a m o v ,  Bull. Acad. Sei. U RSS, Cl. Sei. Chim ., 3 3 0  (1 9 4 5 ) ;  
Chem. Abstr., 4 0 , 5 0 2 4  (1 9 4 6 ).

(2 9 ) K . M a c k e n z ie ,  J . Chem. Soc., 4 7 3  (1 9 6 0 ).
(3 0 ) W . D i lt h e y ,  I .  t e r  H o rs t ,  a n d  W . S c h o m m e r , J . Prakt. Chem., 1 43 , 

189 (1 9 3 5 ).
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Photochemistry of 1,6-Cyclodecadienes. I. l-Methyl-fjEjjE^-l^-cyclodecadiene1
C l a y t o n  H . H e a t h c o c k ,* 2 R o d n e y  A. B a d g e r ,3 a n d  R o n a l d  A. St a r k e y
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The photochemical behavior of l-methyl-(2?,I?)-l,6-cyclodecadiene (4) has been examined. Diene 4  is con
verted, by direct irradiation in hexane, benzene, or methanol with Vycor- or Corex-filtered light, to a 9 :1 mixture 
of tricyclo[5.3.0.02'6]decanes 6 and 7. None of the isomeric tricyclo[4.4.0.02'7]decane 5 is produced. The same 
conversion is observed, although in low yield, when 4 is irradiated with Pyrex-filtered light in the presence of 
benzophenone, naphthalene, or 2-acetonaptthone but not with fluorenone. The B,Z and Z,Z  isomers of 4  are not 
observed as intermediates in the photoreaction. A mechanistic scheme is proposed, based on conformational 
arguments, for the photochemistry of such 1,6-cyclodecadienes.

T h e  isom eric, tr icy c lic  sesquiterpenes, a -cop aen e  (2 )4 
an d  c -b ou rb on en e  (3 ) ,6 cou ld  co n ce iv a b ly  b e  derived  
from  th e  alternate m od es o f  p h o to cy c lo a d d it io n  o f a  
cyclodecatrien e  such  as 1. Several years ago, w e un

d ertook  an  in vestigation  o f th e  ph otoch em istry  o f  1,6- 
cyclodecad ien es fo r  tw o  reasons. F irstly , such  an  in 
tram olecu lar 2 +  2 cycloa d d it ion  seem ed  a ttractive  as 
a  possible synthetic rou te to  th e  sesquiterpenes 2 an d  3. 
S econ d ly , the suggestion  has b een  m ade th at th e  in  
vivo form ation  o f  2 an d  3 m ight in v o lv e  such a p h o to 
ch em ical step .6'7 A lth ou g h  th e  prob lem s o f  ch em ical 
synthesis o f  cop a en e8 an d  b ou rb on en e7,9 h ave subse
qu ently  b een  so lved  in  o th er  w ays, th e  possible p h o to 
ch em ical con version  o f a  1 ,6 -cyclodecad ien e  to  co m 
pou nds o f  these tw o  ty p e s  con tin u ed  to  in trigue us.

A s a  log ica l first step  in  ou r in vestiga tion  o f this 
prob lem , w e  decid ed  to  exam ine th e  p h otoch em ica l b e 
h avior o f  th e  k n ow n 10 1 -m eth yl-(A ,A r)-1 ,6 -cy c lo d e ca - 
diene (4 ). D ien e  4  seem ed  to  b e  a g o o d  m o del for  tri- 
ene 1 in  th at th e  tw o d ou b le  b on d s p ostu lated  to  react 
are sim ilarly su bstitu ted . I t  lacks th e  isop rop y l group  
and idle th ird  dou b le  b o n d  o f 1. A lth ou gh  th e  isop ro 
p y l grou p  is p ro b a b ly  o f  n o  e lectron ic  con sequ en ce  in  1, 
it m ay  b e  o f  con form ation a l im portan ce . T h e  absence 
o f  th e  A 3 d ou b le  b o n d  is a severe structural change. 
T h is  linkage w ill ob v io u s ly  h ave a  p ro fou n d  effect, 
b o th  con form a tion a lly  an d  e lectron ica lly , in  com p ou n d  
1. T h e  tw o  alternate m od es o f  2 +  2 cy c lo a d d it io n  o f

4 5 6

(1 ) P r e s e n te d  in  p r e lim in a r y  fo r m  a t  th e  1 5 8 th  N a t io n a l  M e e t in g  o f  th e  
A m e r ic a n  C h e m ic a l  S o c ie t y ,  N e w  Y o r k ,  N .  Y . ,  S e p t  8 , 1968 .

(2 )  F e l lo w  o f  th e  A lfr e d  P .  S lo a n  F o u n d a t io n ,  1 9 6 7 -1 9 6 9 .
(3 )  N a t io n a l  I n s t itu te s  o f  H e a lth  P r e d o c t o r a l  F e llo w , 1 9 6 5 -1 9 6 8 .
(4 ) P .  d e  M a y o ,  R .  E .  W ill ia m s , G . B ü ch i,  a n d  S . H . F e a irh e lle r , Tetra

hedron, 21, 619  (1 9 6 5 ).
(5 ) J . K re p in s k y , Z .  S a m e k , F .  S o rm , D . L a m p a r sk y , P .  O ch sn e r , a n d  

Y .  R  N a v e s ,  ibid ., 58, 53  (1 9 6 6 ) .
(6 ) R .  A . B a rn e s , A n . Acad . B rasil. C ienc., 36, 2 3 8  (1 9 6 4 ).
(7 ) M .  B r o w n , J . Org. Chem., 3 3 , 162  (1 9 6 8 ).
(8 ) C .  H . H e a t h c o c k , R .  A . B a d g e r , a n d  J . W .  P a tte r s o n , J r ., J . Am er. 

Chem. Soc., 89, 4 1 3 3  (1 9 6 7 ) .
(9 ) J . D .  W h it e  a n d  D .  N .  G u p t a ,  ibid., 90, 6 17 1  (1 9 6 8 ).
(ID ) J . A .  M a r s h a ll  a n d  G . L . B u n d y ,  ibid ., 8 8 , 4 2 9 1  (1966,1.

diene 4  w ou ld  y ie ld  th e  tr icy c lic  h yd roca rb on s 5 an d  6, 
th e  form er related  to  copaen e and  the la tter to  bou r- 
bon ene.

Experimental Section
l -M e t h y l -( i ’ ,A )-l,6 -cyclo d eca d ien e  (4 ) .— Diene 4  was pre

pared by the method of Marshall and Bundy.10 The crude diene 
was separated from isomeric hydrocarbon impurities by extrac
tion into 10% aqueous silver nitrate solution. The diene was 
regenerated by the addition of aqueous ammonia. Final puri
fication was accomplished by preparative glpc (6 ft X  0.25 in. 
SE-30 on Chromosorb W at 145°, retention time of 4 , 4 min). 
The diene so prepared and purified was a water-clear liquid which 
showed absolutely no impurities by glpc (200 ft X 0.01 in. SF-96 
at 90°, 500 ft X 0.03 in. SF-96-50 at 120°, both flame ionization 
detectors). The uv spectrum of 4 , measured in spectroquality 
hexane, had 180 nm (e 24,700).11 The absorption, at
tributable to the tt —*■ it* transitions of the two isolated double 
bonds, tails strongly toward the red, with measured extinction 
coefficients as follows: 220 nm (e 1100), 240 (430), and 260 (30).

1-M eth yltricyclo [4 .4 .0 .02'7]decane (5 ) .12— A solution of 2.5 g of 
l-methyltricyclo[4.4.0.02'7]decan-8-one8 and 20 ml of 85% hy
drazine hydrate in 100 ml of freshly distilled ethylene glycol was 
heated under dry nitrogen for 2.5 hr at 120°. After cooling, 10 g 
of potassium hydroxide was added and the condenser was replaced 
by a distilling head. The bath was slowly raised to 210° and 
kept at this temperature for 2.5 hr. The water which distilled 
over during this period was retained. The reaction mixture was 
cooled and diluted with 150 ml of water. The aforementioned 
water distillate was added and the whole was extracted first with 
150 ml of ether, then with 150 ml of hexane. The combined 
organic extracts were washed with water and dried over mag
nesium sulfate. Evaporation of the solvent yielded 1.97 g (86% ) 
of hydrocarbon 5 as a clear liquid. The pmr spectrum (in CCU) 
contained complex methylene and methine absorption and had a 
sharp methyl singlet at t  9.20.

Anal. Calcd for C „H 18: C, 87.93; Id, 12.07. Found: C, 
88.04; H, 12.16.

cis, anti, cis-2-M ethyltricyclo [5 .3 .0 .0 2>6]decan -5-on e.— A solu
tion of 21.8 g of 3-methyl-2-cyclopentenone in 165 g (174 ml) of 
cyclopentene was degassed for 30 min with a stream of helium 
and then irradiated with a 440-W Hanovia lamp through Pyrex 
for 21 hr. The disappearance of the 227-nm band in the uv was 
used as a measure of the reaction’s progress. The reaction ap
peared to proceed very cleanly; only one major reaction product 
was seen on glpc analysis. A minor amount of the isomeric 
cis,syn,cis isomer (approximately 10% ) was the sole contami
nant. The solvent was removed by distillation at atmospheric 
pressure through an 18-in. Vigreux column and the residue (27.0 
g) was then distilled at reduced pressure through a 6-in. Vigreux 
column. After collecting a small forerun [1 ml, bp 25-68° (0.25 
T orr)], the product (23.2 g, 63% ) was collected at 68-70° (0.25 
Torr).

The ir spectrum was typical of that expected for a saturated 
cyclopentanone: 1730 and 1150 cm -1. The pmr spectrum
showed only a complex methylene and methine absorption, with 
a sharp angular methyl singlet emerging at r 8.99. Glpc analysis 
(150 ft X  0.01 in. SF-96 at 125°) indicated that the product was 11 12

(1 1 )  M e a s u r e d  o n  a  B e c k m a n  D K - 2 A  “ R a t i o -R e c o r d in g ”  S p e c t r o p h o -  
t o m e te r .

(1 2 )  T h is  p r e p a r a t io n  w as p e r fo r m e d  b y  M r . B r u c e  E .  R a tc l i f f e .
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Figure 1.— Irradiation of diene 4.

a mixture of the cis,anti,cis isomer (90.5%) and the cis,syn,cis 
isomer (9.5% ), as expected.13

Anal. Calcd for CuH160 : C, 80.44; H, 9.82. Found: C, 
80.11; H, 9.72.

cis, anti, cfs-l-Methyltricyclo[5.3.0.026]decane (6).— Into a 
100-ml, three-necked flask were placed 3.25 g of cis,anti,cis- 
l-methyltrieyclo[5.3.0.02'6]decan-5-one (vide supra), 50 ml of 
freshly distilled ethylene glycol, and 20 ml of hydrazine hydrate. 
The mixture was stirred under nitrogen for 5 hr at 125°. Po
tassium hydroxide (13.0 g) was introduced and water was re
moved by distillation through a short Vigreux column until the 
head temperature reached 208°. The distillation column was 
then replaced by a reflux condenser and the mixture was heated 
at reflux for 3.25 hr. The cooled, pale-yellow mixture was 
diluted with 50 ml of ether and extracted with saturated brine 
(three 20-ml portions). Drying and evaporation of solvent gave 
only 206 mg of oil. The initial steam distillate, when worked up 
in the same manner, yielded a further 2.10 g of oily product. 
The total yield of crude hydrocarbon was thus 2.306 g (81%). 
Quantitative glpc analysis showed it to be a mixture of the 
cis,anti,cis isomer 6 (91.3%) and the cis,syn,cis isomer (8.7% ). 
The analytical specimen was obtained by preparative glpc. 
The ir showed only hydrocarbon absorption; the pmr spectrum 
(in CC1<) contained complex methylene and methine absorption 
and had a sharp angular methyl singlet at r 9.08.

Anal. Calcd for CUH,8: C, 87.93; H, 12.07. Found: C, 
88.04, 88.31; H, 12.16, 12.02.

Photochemistry of Diene 4.— Solutions of diene 4 were pre
pared in various spectroquality solvents as follows: 10 mg of 4 
(11 ^1) in 10 ml of solvent. re-Undecane (5 p\) was added to each 
run as an internal standard for glpc analysis. The solutions 
were irradiated through the appropriate filter, in a 15-ml capacity 
quartz apparatus, under helium, with water cooling. Small 
samples (100 pi) were periodically withdrawn by syringe and 
analyzed. Analysis was done on an Aerograph 204B instrument 
with flame ionization detection on the following capillary col
umns: 150 ft X  0.01 in. SF-96, 500 ft X 0.03 in. SF-96. Quanti
tative analysis was accomplished by disc integrator or by nor
malized peak height comparison; peak height normalization 
factors were determined independently to be n-CuH2<, 1; tri
cyclic hydrocarbon 6, 1.86; diene 4, 0.69.

R esu lts

Irrad iation  o f diene 4 in hexane solu tion  (0 .1 % , 6.5 
X  10-2  M )  th rou gh  a V y c o r  fd ter led  to  th e  rapid  p ro 
d u ction  o f a 9 ; 1 m ixture o f  tr icyclic  h yd roca rb on  6 and 
its cis,syn ,cis isom er 7 in  qu an tita tive  y ie ld . T h e

g6  ̂cfo * ab
4 H 7

6

course o f  the reactions is dep icted  graph ica lly  in  F igure 
1. N o  trace  o f  the alternate tr icy c lic  h y d roca rb on  5 
cou ld  be  detected . W h en  a sim ilar experim ent was 
d on e, substitu ting  a C orex  D  filter (1 7 %  transm ission

(1 3 ) P . E . E a to n , A ccounts Chem. Res., 1, 50  (1 9 6 8 ).

at 260 nm , 7 %  transm ission  at 250 n m ), th e  sam e re 
su lt w as ob ta in ed , a lbeit at a m u ch  slow er rate. T h e  
tim e requ ired  fo r  on e-h a lf con version  in  th e  V y c o r  ex
perim ent w as 6 m in ; in  th e  C orex  D  experim en t it  w as 
278 m in. W h en  a P y re x  filter w as used , n o  rea ction  
w as observed .

Sim ilar results w ere ob ta in ed  w h en  d iene 4 w as irra
d ia ted  in  ben zene th rou gh  a C orex  filter (tim e fo r  on e - 
h a lf con version , 35 m in) or in  m eth an ol th rou g h  V y c o r  
(tim e fo r  on e -h a lf conversion , 4  m in ). In  th e  b en zen e 
experim ent, h yd rocarbon s 6 an d  7 w ere aga in  p rod u ced , 
in  a 9 :1  ratio, in qu an tita tive  y ie ld . In  th e  m eth a n ol 
experim ent, a lthou gh  all th e  starting d iene w as co n 
sum ed, h y d roca rb on s  6 and  7 w ere o b ta in ed  (9 :1  ra tio ) 
in  a to ta l y ie ld  o f  on ly  8 3 % . T h e  rem ain ing d iene w as 
apparen tly  con v erted  to  n onvolatile  p rod u cts .

A lth ou gh  d iene 4 fa iled  to  react w h en  irrad ia ted  w ith  
P yrex -filtered  light, reaction  w as ob serv ed  in  th e  pres
ence o f  various sensitizers (T a b le  I ) .  In  th ese  sensi-

T a b l e  I

S e n s i t i z e d  I r r a d i a t i o n s  o f  D i e n e  4 “

S en sitizer
i?T,

k c a l /m o l6
Y ie ld  o f  

6 +  1. %
N o n  v o la t i le  
p r o d u c t s ,  %

Benzophenone 68.5 17 81c
Naphthalene 60.9 36 64
2-Acetonaphthone 59.3 ~ 1 0 '—'90
Fluorenone 53.3 No reaction

° AH irradiations were carried out in hexane solution, 0.065 
M  in diene 4 and 0.1% in sensitizer, with Pyrex-filtered light. 
b Data of W. G. Herkstroeter, A. A. Lamola, and G. S. Ham
mond, J. Amer. Chem. Soc., 86, 4537 (1964). c In this experi
ment, four additional volatile products, representing a total yield 
of 2%  (based on diene 4), were produced. None of these prod
ucts was hydrocarbon 5.

tized  experim ents, m ost o f  th e  d iene w as con v erted  to  
n on vo la tile  m aterial, a lthou gh  tr icy c lic  h yd roca rb on s 
6 and  7 w ere p rod u ced  in  m easurable qu antities w ith  all 
sensitizers ex cep t fluorenone.

In  n one o f th e  experim ents w as there an y  ev id en ce  
for  th e  bu ild -u p  o f any detecta b le  am ou n t o f  an  in ter
m ediate  isom er possessing som e oth er d ou b le  b o n d  g e 
om etry  (i.e., d ienes 8-10). In  on e experim ent, design ed

8 9 10

to  rule ou t th e  possib ility  th a t isom ers such as 8 -1 0  
m ight b e  p rodu ced , bu t h ave th e  sam e g lp c reten tion  
tim e as 4, and thus escape n otice , an irrad iation  o f 4 
w as in terru pted  a fter 1 5 %  reaction . T h e  g lp c  peak  
correspon d in g  in  reten tion  tim e to  4 w as th en  iso la ted  
and  exam ined  spectroscop ica lly . I t  w as fou n d  to  be  
iden tica l w ith  the starting m aterial.

D iscu ssion

T h e  results clearly  show  th at tr icy c lo [5 .3 .0 .0 2'6]d ec- 
anes 6 and 7 are prim ary p h otop rod u cts  o f  d iene 4. 
In  th is system , at least, none o f th e  alternate m od es o f 
p h otocycliza tion , lead ing  to  a tr icy c lo [4 .4 .0 .0 2'7]decan e
(5 ), occu rs. Sim ilar results h ave b een  rep orted  b y  
Scheffer and  L ungle  in the irradation  o f th e  u n con ju 
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gated  d ien e -d ion e  l l . 14’15 T hese  w orkers fou n d  th at 
11 reacts via th e  in term ediate  E,Z  isom er to  g ive  the 
cis,anti,cis p rod u ct 13.

H irose has rep orted  th at germ acrene D  (14), isolated  
from  a natural source, g ives m ain ly  /3-bourbonene (15) 
on  irradiation , a ccom pan ied  b y  a sm all am ount o f  /3- 
copaen e (16).17 N o  m en tion  is m ade o f an y  cis,syn ,cis 
isom er an alogou s to  com p ou n d  7.

Several interesting features can  be  n oted  in  the p h o
toch em ica l beh av ior o f  diene 4. F irstly , th e  on ly  m ode 
o f cyelization  is th a t lead in g  to  th e  tr icv c lo  [5 .3 .0.0 2 6]- 
decane skeleton. T hu s, th e  em pirica l “ R u le  o f  F iv e ,”  
d iscussed b y  B row n 7 and S rin ivasan ,18 is fo llow ed . 
S econ d ly , b o th  th e  cis ,anti,cis  and  cis,syn ,cis isom ers 
are p rodu ced . T h ese  observation s suggest th a t the re
action  occu rs b y  an n on con certed  path , p ro b a b ly  via a
1 ,4 -d iradica l such  as 17.

A  th ird  in teresting feature o f  th e  reaction  is th e  ap
parent absence o f  E,Z, o r  Z,Z  in term ediates. M ou sse - 
bois and D a le  rep ort th a t, fo r  1 ,6 -cyclodecad ien e  itself, 
the various dou b le  b o n d  isom ers are present at equ ilib 
rium  in  th e  ratio  1 8 :1 9 :2 0  =  0 :4 :9 6 .19 Several at
tem pts to  equ ilibrate  d iene 4 b y  th e  d iph en yl disulfide 
m eth od 20 fa iled ; on ly  n on vo la tile  p rod u cts  w ere p ro 
duced .

18 19 20

A s stated  above , Scheffer and  L ungle  established  th at 
diene 11 is con v e rte d  to  p rod u ct 13 via its E,Z  isom er 
12. Isom er 12 w as show n  to  g ive  p rod u ct 13 w ith ou t 
the b u ild -u p  o f th e  Z,Z  isom er 11. T h e  beh av ior o f 
these system s can  b e  exp la ined  b y  th e  fo llow in g  h y 
pothesis.

(1 4 ) J . R .  S c h e f fe r  a n d  M . L . L u n g le , Tetrahedron Lett., 8 4 5  (1 9 6 9 ).
(1 5 ) A n  e a r lie r  r e p o r t  t h a t  c o m p o u n d  11 g iv e s  a  c is ,s y n ,c is  t r ic y c l ic  d ik e 

t o n e 13 has  b e e n  r e fu te d .14
(1 6 )  A .  S h a n i, Tetrahedron Lett., 5 1 7 5  (1 9 6 8 ).
(1 7 ) K .  Y o s h ih a ra ,  Y .  O h ta , T .  S a k a i, a n d  Y .  H iro s e , ibid ., 2 2 6 3  (1 9 6 9 ).
(1 8 ) R .  S r in iv a sa n , A b s tr a c t s ,  1 5 6 th  N a t io n a l  M e e t in g  c f  th e  A m e r ic a n  

C h e m ic a l  S o c ie t y ,  S a n  F r a n c is c o ,  C a li f . ,  A p r  1968 , p  8 6 P .
(1 9 ) E . M o u s s e b o is  a n d  J. D a le , J . Chem. Soc. C, 2 6 4  (1 9 6 6 ).
(2 0 )  C . M o u s s e b o is  a n d  J. D a le ,  ibid., 2 6 0  (1 9 6 6 ).

hv hv hv hv
Z,Z  A* ^  E,Z ^ ± 1  B* *=?■ E,E

ki hi

J/*
1,4-diradical

J
tricyclic product

I f  excited  state A * , reach ed  b y  excita tion  o f the Z,Z  
or E,Z  isom er, has a con form ation  w h ich  precludes 
transannular cyck zation , th en  o n ly  d ou b le  b on d  isom er
ization  can  result. T h is postu late  seem s n ot unlikely 
in  light o f  established  solid -state  con form ation  (21) o f 
d ien e -d ion e  11.21

21

O n the o th er hand, e ither th is E,Z  or th e  E,E  isom er 
can  be  excited  to  a state (B * ) w h ich  is in a con form ation  
am enable to  transannular reaction . A  stu dy  o f m odels 
suggests th at these isom ers m ust exist in  con form ation s 
h avin g  the tw o  dou b le  bon ds in  rather close  p rox im ity , 
as, fo r  exam ple, 22 and  23. I f  the rate con stan t for  
such a cyelization  (fcs) is greater th an  th e  rate con stan t 
fo r  return  to  a grou n d  state {k\ o r  fc2), th en  cyelization  
w ill be  observed  to  th e  exclusion  o f dou b le  b o n d  isom er
ization .

<P^
22 23

T h e  last n otew orth y  feature o f  th e  reaction  is the b e 
h av ior o f  diene 4 in  the sensitization  experim ents. 
W h en  irradiated  in  benzene th rou gh  C orex  D , the diene 
is con v erted  in to  a 9 :1  m ixture o f  tr icy c lic  h y d roca r
b on s 6 and  7 in  qu an tita tive  y ie ld . T h is  result p rob 
ab ly  represents en ergy  transfer from  benzene to  the 
diene. A lth ou gh  no reaction  occu rs w h en  4 is irradi
ated  w ith  P yrex -filtered  light, th e  con version  o f 4 to  6 
an d  7 does occu r in th e  presence o f  various sensitizers. 
A s  show n  in T a b le  I, con version  t o  p rod u ct occu rs w hen  
th e  sensitizer has a trip le t en ergy  o f  > 5 9 .3  k e a l/m o l, 
b u t n ot w ith  fluorenone, w h ich  has a trip le t en ergy  o f
53.3 k ca l/m o l. I f  on e assum es trip let sensitization, 
th en  diene 4 m ust h ave an  accessible trip le t w ith  an en
ergy  o f less th an  59.3 k ca l/m o l, an extrem ely  low  value 
fo r  iso la ted  dou ble  bon ds. H ow ever, a lth ou gh  th e  ab 
sorp tion  m axim u m  for  com p ou n d  4 occu rs at 180 nm , 
th e  b an d  tails stron g ly  tow a rd  th e  red ; th e  extin ction  
coefficien t at 260 n m  is still 30. T hu s, 4 m ay w ell have 
a re la tive ly  low -ly in g  r  -*■ ir*  tr ip le t state available. 
B isch o f an d  H eilbron n er h ave fou n d , b y  p h otoe lectron  
spectroscopy , add ition a l ev iden ce  fo r  stron g  in teraction  
betw een  th e  tw o  dou b le  bon ds in trans,trans- 1 ,6 -cyclo 
decadiene.'22

O n  th e  other hand, th e  observed  reactions o f  4 m ay

(2 1 ) H . L . C a rre ll, B . W .  R o b e r t s ,  J . D o n o h u e , a n d  J . J . V o llm e r , J . Am er. 
Chem. Soc., 9 0 , 5 26 3  (1 9 6 8 ).

(2 2 ) P .  B is c h o f  a n d  E . H e ilb r o n n e r , Helv. Chim. Acta, 53 , 1677  (1 9 7 0 ) .
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result from singlet-singlet sensitization, or sensitiza
tion by upper triplet states. At the present time, the 
multiplicity of the excited state responsible fcr cycli- 
zation should be regarded as uncertain.

The reasons for the low yields in the reactions sensi
tized by benzophenone, 2-acetonaphthone, and naph
thalene are unknown. With the carbonyl sensitizers, 
some 2 +  2 cycloaddition of the sensitizer to the diene 
may occur. In the case of naphthalene, we have no 
hypothesis to explain the diminished yield. This ques
tion cannot be answered until the nonvolatile reaction 
products are investigated.

Registry No.-^i, 1330+33-1; 5, 32722-85-3; 6, 
32659-16-8; 7,32659-17-9; c2s,an+m-2-methyltricyclo- 
[5.3.0.02'6]decan-5-one, 32659-18-0; cis,syn,cis isomer, 
32659-19-1.
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Photochemistry of 1,6-Cyclodecadienes. II. Synthesis and 
Photochemistry of 6-Methyl-l,6-cyclodecadien-3-one1
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Departm ent o f Chemistry, U niversity o f California, Berkeley, California 94720  
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6-Methyl-l,6-cyclodeeadien-3-one (5) has been synthesized by a multistage route and its photochemical be
havior has been examined. Irradiation of dier.one 5, with Pyrex-filtered light in either ether or hexane, gives tri
cyclic ketones 6, 7, and 8. The interesting tricyclo [4.4.0.02’7]decanone 8 arises from a triplet intermediate.

In the previous paper in this series, we reported on 
the photochemical behavior of 1-methyl-(E,E)-l,6-cy- 
clodecadiene (l ) .4 Diene 1 was found to undergo 
photochemical 2 + 2  cycloaddition, probably in a step
wise fashion, yielding only the tricyclo [5.3.0.02'6]decanes 
2 and 3. No tricyclo[4.4.0.02'7]decane (e.g., 4) was pro
duced. In the present work, we have prepared and 
photolyzed the analogous ketone, 5.

Preparation of Dienone 5.—The starting point 
for the preparation of dienone 5, outlined in Scheme I, 
was the readily available Wieland-Miescher diketone 
(9),6 which was transformed by established procedures6 
into the ketal acetate 10. Oxidation of 10 with m- 
chloroperbenzoic acid in chloroform gave a 1:1 mixture 
of epoxides 11 and 12, which could be separated by frac
tional crystallization. Stereostructures were assigned 
to compounds 11 and 12 on the basis of their pmr spec
tra. Williamson has found7 that angular methyl 
groups in trans-fused decalins give broader resonance 
lines (TFi/2 = 0.80 ±  0.20 Hz) than the corresponding 
cis-fused isomers (W i/, = 0.25 ±  0.11 Hz). The higher 
melting isomer, mp 137-139°, was assigned structure 11

(1) This paper was presented in preliminary form at the 158th National 
Meeting of the American Chemical Society, New York, N. Y., Sept 8 , 1968. 
See also, C. H. Heathcock and R. A. Badger, Chem. Commun., 1510 (1968).

(2) Fellow of the Alfred P. Sloan Foundation, 1967-1969.
(3) National Institutes of Health Predoctoral Fellow, 1965-1968.
(4) C. H. Heathcock, R. A. Badger, and R. H. Starkey, J. Org. Chem., 

37, 231 (1972).
(5) (a) P. Wieland and K. Miescher, Helv. Chim. Acta, 33, 2215 (1950); 

(b) S. Ramachandran and M. S. Newman, Org. Syn., 41, 38 (1961).
(6) C. H. Heathcock and R. Ratcliffe, J. Amer. Chem. Soc., 93, 1746 

(1971).
(7) K. L. Williamson, T. Howell, and T. A. Spencer, ibid., 88, 325 (1966).

since it gave a sharp angular methyl resonance. The 
lower melting isomer, mp 65.5-66.5°, was assigned the 
cis structure 12 on the basis of its broad methyl singlet.

Lithium aluminum hydride reduction of 11 and 12 
gave corresponding diols 13 (mp 89-90°) and 14 (mp 
106-107°), respectively, which were converted, by se
lective esterification with methanesulfonyl chloride in 
pyridine, to monomethanesulfonates 15 (mp 104.5- 
105.5°) and 16 (mp 109-110°). The line widths of the 
angular methyl resonances in the pmr spectra of com
pounds 11-14 corroborated the assigned stereostruc
tures.

Base-catalyzed fragmentation8 of either 15 or 16 (or 
a mixture of the two) with potassium ierf-butoxide in 
terf-butyl alcohol gave excellent yields (>95%) of the 
cyclodecenedione monoketal 17, mp 50.5-51.5°. On 
the basis of good analogy,8a the double bond in 17 can 
be assigned the E configuration. Reduction of 17 with 
lithium aluminum hydride in ether gave the crystalline 
hydroxy ketal 18. The overall yield for the eight stages 
from enedione 9 to intermediate 18 was 37%.

Compound 18 was hydrolyzed by refluxing with an 
equal weight of oxalic acid in aqueous acetone. The 
product, /3-hydroxv ketone 19, showed surprising re
sistance to dehydration. Attempts to dehydrate the 
ketol with basic alumina or methanolic potassium hy
droxide led only to recovered starting material, as did 
vacuum distillation from oxalic acid. Treatment of 
19 with even trace amounts of mineral acid gave in
tense violet solutions from which no tractable products 
could be isolated.9

The corresponding acetate, 20, prepared from 19 by 
acetylation with acetic anhydride in pyridine, elimi
nated acetic acid smoothly when warmed to 50° in tri-

(8) (a) P. S. Wharton and G. A. Hiegel, J. Org. Chem., 30, 3254 (1965); 
(b) H. H. Westen, Helv. Chim. Acta, 47, 575 (1964).

(9) Similar behavior was noted with compounds 17, 18, 20, and 5. The 
violet color which is produced immediately upon treating a dilute solution of 
any of these compounds with dilute mineral acid is discharged upon basifica- 
tion.
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ethylamine. The product of this reaction was a mix
ture of the desired a,j3-unsaturated ketone 5 (Xmax 265 
nm; rmax 1665, 1630 cm-1) and its /3,7 isomer 21 (vmax 
1695 cm-1).

While the trisubstituted double bond in 5 must be as
signed the E configuration {vide supra), the geometry 
of the conjugated double bond is uncertain. Attempts 
to separate dienones 5 and 21 by preparative glpc failed, 
since only thermal rearrangement products were ob
tained.10

Photochemistry of Dienone 5. —Dienone 5 was 
irradiated as a 0.1% solution in ether or hexane with 
Pyrex-filtered light. The irradiation was monitored 
by observing the diminution of the t -*■ t* absorption 
band at 265 nm. The volatile photoproduct was a 
mixture of compounds containing tricyclic ketones 6, 
7, and 8. In ether, products 6, 7, and 8 were formed in

relative yields of 32, 3, and 22%, respectively. Several 
additional products, totaling 43% of the reaction prod
uct, were formed and remain unidentified. In hexane, 
the reaction is much cleaner, yielding 6, 7, and 8 in rel
ative yields of 60, 6, and 30%, respectively.

In contrast to the situation obtaining in the case of 
diene l ,4 dienone 5 yields a significant amount of a 
product with the tricyclo[4.4.0.02 7[decane skeleton. 
In order to test the multiplicity of the reactive state in 
this case, we carried out the irradiation of 5 in the pres
ence of piperylene, a well-known triplet quencher.13 
Somewhat to our surprise, the relative rate of forma
tion of product 8 was greatly reduced. The ratio of 6 
to 8 in this experiment (0.1% solution of 5 in a 20:1 
mixture of hexane-piperylene, Pyrex-filtered light) 
changed from 2:1 to 9:1. Thus, 1-methyltricyclo- 
[4.4 0.02i7]decan-S-one (8) must arise from a triplet 
state. The tricyclo[5.3.0.02'6]decanones 6 and 7 either

(10) The thermochemistry of dienone 5 is interesting, although we have 
not made a rigorous study of it. When the crude mixture of 5 and 21 was 
injected into any of several glpc columns at 150-200°, several products 
were formed from thermal rearrangement. The two major products were 
isolated and examined spectrally. The major product with smaller retention 
time was identified as the cis,anti,cis tricyclic ketone 6 , uncontaminated with 
any of its cis,syn,cis isomer 7. The other major product, tentatively as
signed structure 22 on spectral grounds, is identical spectrally and chro- 
matographically -with the minor product isolated from the pyrolysis at 375°

22

of tricyclic ketone 8 .11 When the mixture of 5 and 21 was pyrolyzed in a 
sealed Pyrex tube at 200°, the only product formed was compound 22. The 
thermal lability of 5 is remarkable, in light of the fact that diene 1  is com
pletely stable when heated in a sealed Pyrex tube at 220-240°.12

(11) C. H. Heathcock and B. E. Ratcliffe, J. Org. Chem., 33, 3650 (1968).
(12) C. H. Heathcock, unpublished results.
(13) G. S. Hammond, P. A. Leermakers, and N. J. Turro J. Amer. Chem. 

Soc. 83, 2396 (1961).

OAc
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arise from a siuglet state or an unquenchable triplet. 
A tempting hypothesis is that 1,6-cyclodecadienes al
ways give tricyclo[4.4.0.02'7]decane products from a 
triplet manifold.14

The observation that dienone 5 yields a significant 
amount of the tricyclo[4.4.0.02'7]decane product 8 is in 
striking contrast to the finding by Scheffer and Boire13 
that isogermacrone (23) yields only photoproducts 24 
and 25 upon irradiation. The multiplicity of the re
acting state in this case has not been reported.

(14) This postulate would require that the observed conversion of diene 
l  to products 2 and 3 in the presence of benzophenone, naphthalene, and 2- 
acetonaphthone4 be ascribed to singlet—singlet sensitization. Because of 
concentrations used in that work, this may just be possible. We thank 
Professor Kurt Schaffner for suggesting this possibility.

(15) J. R. Scheffer and B. A. Boire, Tetrahedron Lett., 4005 (1969).
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Experimental Section
Melting points (Pyrex capillary) are uncorrected. Infrared 

spectra (ir) were recorded on a Perkin-Elmer 237 spectrophotom
eter. Proton magnetic resonance spectra were taken on Varian 
A-60 and T-60 spectrometers. Chemical shifts are relative to 
internal tetramethylsilane and are given on the Tiers r scale; 
the multiplicity, peak areas, coupling constant, and proton as
signments are given in parentheses. Elemental analyses were 
performed by the Microanalytical Laboratory, operated by the 
Department of Chemistry, University of California, Berkeley, 
Calif.

4arj-Methyl-S/3-acetoxy-8S,8a/i-oxido-3,4,4a,5,6,7,8,8a-octahy- 
dronaphthalen-2 ( IH  )-one Ethylene Ketal (11).— A chilled
solution of 73.7 g (0.276 mol) of ketal acetate 106 in 100 ml of 
chloroform was treated dropwise with a solution of 55 g (0.320 
mol) of 85% m-chloroperbenzoic acid in 500 ml of chloroform. 
The addition required 42 min. The resulting solution was stirred 
at 0 ° for an additional 2  hr and then at room temperature over
night, during which time solid m-chlorobenzoic acid precipitated 
out. Filtration through sintered glass removed the acid, and the 
excess peracid was destroyed by stirring the filtrate for 30 min 
with 300 ml of 30% sodium sulfite solution. The organic layer 
was separated, washed with 1 0 %  sodium hydroxide (two 250- 
ml portions) and salt solutions (one 300-ml portion), dried, and 
evaporated to yield 81 g of white, semisolid material, the pmr 
(CHCL) of which showed two angular methyl peaks at x 8.90 
and 8 .8 6 , in an approximate ratio of 53:47. The slurry was 
triturated with 50 ml of ether and filtered, giving 39.3 g of white 
solid, mp 135-138°. Recrystallization from ethyl acetate-ether 
gave an analytical sample: mp 137-139°; pmr (CCL) r 8 . 8 6  (s, 
3, angular Me), 8.06 (s, 3, acetoxy Me), 6.08 (m, 4, ketal Hs), 
and 5.04 (m, 1, C - 8  H); ir (CCL) 1730, 1370, 1250, and 1120 
cm-1.

A n al. Calcd for C 15H220 5: C, 63.81; H, 7.85. Found: C, 
63.76; H, 8.02.

4a(3-Methyl-5j3-acetoxy-8«,8a«-oxido-3,4,4a,5,6,7,8,8a-octahy- 
dronaphthalen-2 (l// )-one Ethylene Ketal (12).— The pmr
spectrum of the filtrate above showed that about 90% of the 
isomer with the lower field angular methyl signal had been re
moved. Triturating the mother liquors with pentane and ether 
caused the other isomer to crystallize. Filtration afforded 36.4 
g of white solid, mp 63-67°. A small portion was recrystallized 
from ether: mp 65.5-66.5°; pmr (CHCL) x 8.89 (s, 3, angular 
Me), 8.00 (s, 3, acetoxy Me), 6.17 (s, 4. ketal Hs), and 5.44 
(s, 1 , C - 8  H); ir (CHCL) 1740, 1355, 1230, 1100, and 835 cm -'.

A n a l. Calcd for Ci6H220 5: C, 63.81; H, 7.85. Found: 
C, 63.62; H, 7.69.

For a subsequent preparative-scale reaction, 140.0 g of crystal
line ketal acetate in 600 ml of chloroform was chilled to 0 °, 
treated with 105 g of 85% ro-chloroperbenzoic acid in 1000 ml of 
warm chloroform, and allowed to stir at room temperature over
night. After a work-up similar to that described above, 153 g 
of semisolid was obtained, the pmr spectrum of which showed the 
two angular methyl peaks in a ratio of 58:42, with the upfield 
signal again predominating. The crude product was utilized 
directly in the subsequent reaction.

4a;i-Methyl-5/3,8a/'i-dihydroxy-3,4,4a,5,6,7,8,8a-octahydro- 
naphthalen-2 (l//)-one Ethylene Ketal (13).— A solution of 20.76 
g (74.5 mmol) of crystalline cis-epoxy acetate 11, mp 137-139°, 
in 2 0 0  ml of dry tetrahydrofuran was added to a stirring slurry 
of 12.0 g (316 mmol) of lithium aluminum hydride in 300 ml of 
tetrahydrofuran. The mixture was heated at reflux under a dry
ing tube for 19 hr. The excess hydride was destroyed with ethyl 
acetate and the grey slurry was refluxed with 36 ml of 5 % potas
sium hydroxide solution for 30 min. The organic solution was 
separated from the white slurry by vacuum filtration through 
sintered glass, dried over magnesium sulfate, refiltered, and 
evaporated to yield 17.0 g (95.0%) of colorless oil that solidified 
upon standing. A portion was recrystallized from ether 0 0  give 
a white solid: mp 90-92°; pmr (CCL) t 8.90 (s, 3, W in =  0 . 4  

Hz, angular Me), 8.34 (broad s, 2), and 6.11 (m, 4, ketal Hs); 
ir 3650, 3500, 1080 cm "1.

A n a l. Calcd for CiaH^CL: C, 64.44; H, 9.15. Found: C, 
64.17; H, 9.42.

4a(3-Methyl-5a ,8aa-dihydroxy-3,4,4a,5,6,7,8,8a-octaiydro- 
naphthalen-2 (l i i  )-one Ethylene Ketal (14).— To a stirring slurry 
of 18.0 g (474 mmol) of lithium aluminum hydride in 250 ml of 
tetrahydrofuran was added a solution of 33.7 g (119 mmol) of 
crystalline irans-epoxy acetate (1 2 ) in 2 0 0  ml of dry tetrahydro

furan. Reaction time and work-up procedure were similar to 
reaction of the cis compound above. The yield of crude trans 
ketal diol was 25.5 g (88.5%) of colorless oil that crystallized 
from ether: mp 104-105°; pmr (CHCL) r 9.07 (s, 3, W m  = 0 . 8  

Hz, angular Me) and 6.06 (s, 4, ketal Hs); ir (CHCL) 3630, 3500, 
1090, 1015, and 845 cm "1.

A n al. Calcd for C uHmCL: C, 64.44; II, 9.15. Found: C, 
64.38; H, 9.10.

The crude mixture of 13 and 14 from the large-scale epoxidation 
(152 g, 538 mmol) was dissolved in 600 ml of dry tetrahydrofuran 
and added to 40.0 g (1.05 mol) of lithium aluminum hydride in 
500 ml of tetrahydrofuran over a period of 50 min. The mixture 
was stirred at room temperature for 17 hr and then carefully 
quenched with ethyl acetate until the solvent no longer boiled. 
Then the mixture was treated with 130 ml of 10% potassium 
hydroxide solution and heated at reflux for 45 min. Suction 
filtration removed the white salts which were washed with ether 
(two 300-ml portions). The organic solution was dried and 
evaporated to give 107.1 g (82.3%) of pale yellow oil, shown by 
pmr to be a 58:42 mixture of diols 13 and 14.

4a;3-Methyl-5(3,8ai3-dihydroxy-3,4,4a,5,6,7,8,8a-octahydro- 
naphthalen-2(lif l-one Ethylene Ketal 5-Methanesulfonate
(15) .— A solution of 16.0 g ( 6 6  mmol) of cis-ketal diol (13) in 250 
ml of dry pyridine was treated with 6.00 ml (9.00 g, 78.5 mmol, 
19% excess) of methanesulfonyl chloride. The pale yellow solu
tion was allowed to stand at room temperature for 48 hr before 
being poured into 400 ml of ice water and extracted with chloro
form (three 2 0 0 -ml portions) and ether (one 2 0 0 -ml portion). 
The combined organic layers were washed with water (one 200- 
ml portion), dried, and evaporated to 17.1 g of pale red oil that 
partially solidified. The crude product was dissolved in ethyl 
acetate, decolorized with Norit carbon, and chilled to give 7.49 
g of white crystals: mp 104.5-105.5°; pmr (CHCL) x 9.00 (s, 3, 
angular Me), 7.12 (s, 3, mesylate Me), and 6.06 (m, 4, ketal 
Hs); ir (CHCL) 3580, 1340, 1175, 1 1 0 0 , 1060, 950, and 870 cm"1.

A n al. Calcd for C ,JL .0 6S: C, 52.45; H, 7.54; S, 9.98. 
Found: C, 52.52; H, 7.67; S, 9.79.

The mother liquors were concentrated to give 9.5 g of red gum, 
the pmr spectrum of which displayed two mesyl peaks at x 7.05 
and 7.00 in an approximate ratio of 2:1. After standing at room 
temperature for several days, a sample of cts-mesylate 15 spon
taneously decomposed to a red-brown oily solid.

4a/3-Methyl-5j3,8aa-dihydroxy-3,4,4a,5,6,7,8,8a-octahydro- 
naphthalen-2(l//)-one Ethylene Ketal 5-Methanesulfonate
(16) .— In a similar reaction, 20.0 g (82.7 mmol) of crystalline
trans diol 14 was allowed to react with 7.0 ml (10.5 g, 92 mmol, 
11%  excess) of methanesulfonyl chloride in 250 ml of pyridine 
over a period of 45 hr. After a similar extraction sequence, 26.03 
g of pale red oil was obtained. After decolorizing, an ethyl 
acetate solution afforded 9.52 g of white crystals: mp 98-103°;
recrystallization from ethyl acetate-pentane sharpened the 
melting point range to 109-110°; pmr (CCL) x 9.04 (s, 3, angular 
Me), 7.06 (s, 3, mesylate Me), 6.10 (s, 4, ketal Hs), and 5.20 
(m, 1 , C-5 H); ir (CCL) 3500, 3050, 1360, 1 2 2 0 , 1175, 930, and 
870 cm“ 1.

A n al. Calcd for C „H „0 6S: C, 52.45; H, 7.54; S, 9.98. 
Found: C, 52.34; H, 7.53; S, 9.72.

The crude mixture of ketal diols (13 and 14) (104 g, 440 mmol) 
was dissolved in 500 ml of pyridine and treated with 35 ml (52.5 
g, 460 mmol) of methanesulfonyl chloride. After standing over
night at room temperature, the mixture was poured into 500 
ml of ice water and extracted with methylene chloride (three 
600-ml portions). The extracts were washed with two 300-ml 
portions of water, dried over magnesium sulfate, and evaporated 
under vacuum to give 128 g (94.2%) of red oil that cooled to a 
glass. The pmr spectrum showed that the product was a mix
ture of 15 and 16 in a ratio of 54:46.

(E)-6-Methyl-A6-l,3-cyclodecenedione 3-Ethylene Ketal (17). 
A .— A  lump of potassium metal weighing 897 mg (22.9 mmol) 
was washed with benzene to remove the protective mineral oil 
and added to 300 ml of dry distilled ¡erf-butyl alcohol (distilled 
from CaH2). The mixture was heated at reflux under dry nitro
gen until the metal completely dissolved. Then the solution was 
cooled and maintained at 40-42° while a solution of 7.31 g (22.8 
mmol) of hydroxy mesylate 15 in 200 ml of ¡erf-butyl alcohol was 
added dropwise over a period of 20 min. A pale yellow color and 
a fine white precipitate (potassium methanesulfonate) formed at 
once. The mixture was stirred under nitrogen at 42-52° over a 
period of 2 hr. Then 400 ml of ice water was added, and the 
mixture was saturated with salt and extracted with ether (three



400-ml portions). The extracts were washed with saturated salt 
solution (two 1 0 0 -ml portions) and then with water (one 1 0 0 -ml 
portion), dried, and evaporated to yield 4.54 g (8 8 .8 *%) of yellow 
oil. Distillation from an oil-jacketed still at 35-55° (0.2 mm) 
gave 3.98 g of colorless oil.

B. — The trans-fused isomer 16 (9.13 g, 28.4 mmol), in 200 ml 
of ¿erf-butyl alcohol was added over a period of 1 2  min to a solu
tion of potassium ¿erf-butoxide prepared from 1.11 g (28.4 mmol) 
of potassium metal dissolved in 250 ml of f erf-butyl alcohol. The 
resulting yellow mixture was stirred at 38^4° for 6  hr and then 
allowed to stand at room temperature overnight. After work-up,
5.75 g (90.5%) of white oil was obtained that solidified when 
chilled. Recrystallization from petroleum ether (bp 30-60°) 
gave white crystals with a melting point range of 50.5-51.5°: 
pmr (CC14) r 9.04 (d, 3, /  = 1 Hz, C - 6  Me), 7.33 (s, 2, C - 2  Hs),
6.02 (s, 4, ketal Hs), and 4.88 (m, 1, vinyl H); ir 1715, 1430, 
1355, 1075, and 940 cm-1.

A n a l. Calcd for C 13H20O3 : C, 69.61; H, 8.99. Found: C, 
69.50; H, 8.73.

C. — A solution of potassium ferf-butoxide was prepared under 
nitrogen by dissolving 15.45 g (396 mmol) of potassium in 1500 
ml of dry ferf-butyl alcohol at reflux. Ten hours was required to 
completely dissolve the metal. The solution was cooled to 30°, 
and a solution of 127 g of crude hydroxy mesylate (15 and 16) in 
800 ml of warm ¿erf-butyl alcohol was added dropwise over a 
period of 1.5 hr. The temperature of the dark brown solution 
was maintained at 44° for 12 hr. Ice water (1000 ml) was added, 
the mixture was saturated with salt and extracted with ether 
(three 500-ml portions), and the extracts were washed (three 200- 
ml portions of saturated NaCl and three 200-ml portions of water) 
until no longer basic to pH paper, dried, and evaporated to give 
83.59 g of brown oil (94.0%), the nmr spectrum of which was 
that cf the desired keto ketal. The crude product was dissolved 
in ether and eluted through 320 g of activity I neutral alumina. 
Early fractions gave 43.1 g of water-white oil from which 17.6 
g of crystals precipitated. Later fractions were distilled at re
duced pressure to give 11.35 g of oil that displayed a slightly dif
ferent nmr spectrum from the pure ketal ketone. Partial crack
ing to the dione may have occurred, as a small amount of ether- 
insoluble liquid was produced during the distillation.

A small sample of crystalline 17 (200 mg) in ethancl (2 ml) was 
treated with 8  ml of 2,4-dinitrophenylhydrazine reagent (0.134 
mmol/ml) . 16 After 15 min, the initially yellow precipitate 
darkened to deep red. Filtration and recrystallization afforded 
165 n g  of brick-red solid, mp 136-138°. On the basis of its 
empirical formula and its spectra, this derivative has been as
signed the pyrazole structure 26. The pmr spectrum (in CDC13)

Photochemistry of 1,6-Cyclodecadienes. II

26

had bands at r 8.10 (broad s, 3, vinyl Me), 6.41 (m, 1, vinyl H),
3.68 (s, 1, pvrazole ring H), and 2.10 (m, 3, benzene ring Hs); 
ir (CHCI3) 3200, 3030, 1625, 1600, 1525, 1430, 1353, 1330, 930, 
and 835 cm-1.

A n a l. Calcd for C„H iSN 40 4: C, 59.64; H, 5.30; N, 16.37. 
Found: C, 59.64; H, 5.37; M, 16.40.

8-Methyl-3-hydroxy-A7-cyclodecenone Ethylene Ketal (18).—  
To a stirring slurry of 2.39 g of lithium aluminum hydride in 100 
ml o: dry ether was added over a period of 25 min 5.13 g of crystal
line ketal ketone 17 in 50 ml of ether. The mixture was stirred 
for 2 0  hr at room temperature and then treated carefully with 
ethyl acetate. When the excess hydride had been destroyed, 10 
ml of 1 0 %  potassium hydroxide solution was added and the mix
ture was refluxed for 30 min to precipitate the lithium and alumi
num salts. After filtration, drying, and evaporation a pale 
yellow oil was obtained that crystallized when triturated with 
petroleum ether. The white solid, which weighed 4.45 g, mp

(1 6 ) R .  I .  S h rin er , R .  C . F u s o n , a n d  D .  Y .  C u rt in , “ T h e  S y s te m a t ic  
I d e n t i f ic a t io n  o f  O rg a n ic  C o m p o u n d s ,”  W ile y ,  N e w  Y o r k ,  N . Y . ,  1956 .

43.5-45.5°, was recrystallized from ether-pentane to give the 
analytical sample: mp 46-46.5°; pmr (CC14) r  8.33 (d, 3, /  = 
1 Hz, vinyl Me), 6.10 (s, 4, ketal Hs), and 4.75 (m, 1, C-3 H); 
ir (CC14) 3580, 1120, 1060, and 955 cm“ 1.

A n al. Calcd far C 13H22O3 : C, 68.99; H, 9.80. Found: C, 
68.69; H, 9.89.

8-M eth yl-3-hydroxy-A 7-cyclodecenone (1 9 ).— A solution of 
2.711 g of crystalline hydroxy ketal 18 in 150 ml of reagent grade 
acetone was treated with 2.70 g of oxalic acid dihydrate. The 
resulting mixture was heated at reflux for 15 hr. The solution 
was concentrated to 50 ml on a rotary evaporator, neutralized 
with 35 ml of saturated sodium bicarbonate solution, diluted 
with ether, and separated. The aqueous layer was extracted 
with ether (two 83-ml portions) and the organic layers were com
bined, washed with salt water (two 50-ml portions), and dried 
over magnesium sulfate. Removal of solvent at reduced pres
sure yielded 2.109 g (96.3%) of yellow oil. A portion was dis
tilled through a Hickman still, pot temperature 150-180° (0.2 
mm), head temperature 100-110°. An ir spectrum of the distil
late showed no dehydration. The rest of the crude material was 
triturated with ether-pentane, chilled on Dry Ice, and scratched 
to induce crystallization. The collected solid melted at 41.5- 
43°: pmr (CC14) r 8.28 (s, 3, vinyl Me), 6.06 (m, 1, C-3 H), and
4.75 (m, 1, vinyl H); ir (CC14) 3500, 1700, 1120, 1065, and 1050 
cm-1.

A n al. Calcd for C hHis0 2: C, 72.49; H, 9.95. Found: C,
72.58; H, 10.19.

8-M eth yl-3 -acetoxy-A 7-cyclodecenone (20).— A solution of 5.01 
g of crystalline hydroxy ketone 19 in 50 ml of acetic anhydride was 
treated with 2 . 0  ml of pyridine and allowed to react at room 
temperature for 22.5 hr. The solvent was removed by rotary 
evaporation at 60°, and the residue was diluted with 3 ml of pen
tane. Chilling induced crystallization, and 3.39 g (55.1%) of 
colorless crystals were collected in two crops. Recrystallization 
from pentane gave the analytical specimen: mp 42-43°; pmr 
(CC14) t 8.28 (d, 3, / = 1 Hz, vinyl Ale), 8.09 (s, 3, acetoxy Me),
4.87 (m, 1, C-3 H) and 5.98 (m, 1, vinyl H), 4.87 (1 H multiplet); 
ir (CC14) 1720, 1705, 1350, 1225, 1020 cm“ 1.

A n a l. Calcd for C 13H20O3 : C, 69.61; H, 8.99. Found: C, 
69.24; H, 9.02.

8 -M eth y l-A 2,A7-cyclodecadienone (5) and 8-m eth y l-A 3,A7-cyclo- 
decadienone (21).— A solution of 1.80 g of keto acetate 20 in 80 
ml of triethylair.ine was warmed at 53° for 21 hr. The solvent 
was removed by rotary evaporation and the residue was dissolved 
in 50 ml of ether A white flocculent precipitate (polymer?) 
formed that was removed by filtration. The ether solution was 
washed with water (two 2 0 -ml portions), dried, and evaporated 
to give 1.08 g (82.0%) of yellow oil. The infrared spectrum indi
cated a mixture of a,/?- and /3,-y-unsaturated ketones: 1665 and 
1630 and 1695 cm-1, respectively. The ultraviolet spectra con
firmed the presence of a conjugated enone • m̂ax 265 nm. When 
the crude product was injected onto any one of several vpc col
umns, several products were formed from thermal rearrange
ment. The two major components were identified as tricyclic 
ketone 6  and bicyclic enone 2 2 . 10

Photocyclization of Dienone 5 .— Solutions of dienone 5 (0.1% 
in ether or hexane) were irradiated through a Pyrex filter in a 
15-ml capacity quartz apparatus, under helium, with water cool
ing. Small samples were periodically withdrawn for uv analysis. 
Within 15 min, the absorption band at 265 nm had disappeared. 
After evaporation of the solvent, the volatile photoproduct was 
analyzed by glpc (150 ft X 0.01 in. Carbowax 20AI) and by pmr 
spectroscopy. Quantitative glpc analysis showed that tricyclic 
ketones 6 , 7, and 8  had been produced in the following yields: 
ether, 6:7:8 = 32:3:22; hexane, 6:7:8 = 60:6:30. In the 
experiment in ether, there were several additional, unidentified 
products. The hexane experiment was much cleaner, giving 
very little of any other product. Since we had found that di
enone 5 undergoes thermal rearrangement upon attempted glpc 
analysis, 10 we also analyzed the crude photoproduct by pmr 
spectroscopy. Although the angular methyl singlets of tricyclic 
ketones 6  and 8  coincide when measured in CC14 or CHCL, they 
are separated by approximately 3 Hz in pyridine. Pmr analysis 
of the crude ohotoproduct in pyridine corraborated the glpc 
analysis.

In another experiment, 17 a 0.1% solution of dienone 5in a20:l 
mixture of hexane-piperyline was irradiated in the same manner.
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(1 7 ) T h is  e x p e r im e n t  w as k in d ly  p e r fo r m e d  b y  D r .  R o n a ld  H . S ta r k e y .
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Pmr analysis showed that the 6:8 ratio in this experiment was 
9:1.

c('s,anii,cts-6 -M ethyltricyclo[5.3 .0 .01 2-6] decan-3-one (6) and  
c!s ,sf/n ,crs-6-M eth yltricyclo [5 .3 .0 .02’6]decan-3-one (7 ) .— These
tricyclic ketones, needed for comparison with the photoproducts, 
were prepared as previously outlined.4

1 -M  ethyltricyclo [4 .4 .0 .0 2'7] decan-8-one (8 ) .— This tricyclic 
ketone was prepared as previously outlined.18

(1 8 )  C . H . H e a t h c o c k , R .  A . B a d g e r , a n d  J . W . P a tte r s o n , J r ., J . Am er. 
Chem. Soc., 89, 4 1 3 3  (1 9 6 7 ).
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The geometric isomers of l-benzyl-3-methyl-l-phenylphospholanium bromide (Sa and 5b) undergo hydroxide 
cleavage of benzyl which is accompanied by complete retention of configuration at phosphorus yielding pure iso
mers of 3-methyl-l-phenylphospholane 1-oxide (6a or 6b ). Cleavage of either isomer of 1,3-dimethyl-l-phenyl- 
phospholanium bromide (7a and 7b) produces identical mixtures of cis and trans isomers of 1,3-dimethylphos- 
pholane 1-oxide (2). Base decomposition of the 3-methyl-l,l-diphenylphospholanium salt 8 yields a mixture of 
about equal parts of 6a and 6b.

The cis or the trans phosphonium salt of 1 will under
go cleavage with aqueous sodium hydroxide to afford 
the corresponding oxide 2 with complete retention of 
configuration at phosphorus.2 Recently it was shown 
that the cis and trans isomers of 1-benzy 1-4-methyl-1- 
phenylphosphorinanium bromide (3) are decomposed 
under the same conditions into nonidentical mixtures 
of the isomeric phosphine oxides (4).3 For the latter 
study, the 1-phenyl rather than the 1-methyl com
pounds were chosen because of synthetic convenience.4 
Since Trippett, et al,,5 report that the base cleavage 
results of cfs-l-benzyl-l-phenyl-2,2,3,4,4-pentamethyl- 
phosphetanium bromide (11) are different from those 
of the trans isomer where the two compounds differ 
configurationally, we were cautioned against the as
sumption that the substitutionally different 1-methyl-
1-benzyl- and 1-phenyl-l-benzylphospholanium salts 
(1 and 5, respectively) would behave identically. We 
were therefore prompted to investigate the stereo
chemistry of cleavage of the cis and trans isomers of 5 
in order to determine conclusively that the dissimilarity 
in stereochemical behavior between 1 and 3 is indeed 
due to ring size and not differences in substitution at 
phosphorus.

The stereochemistry of base cleavage of the geo
metrical isomers of 7 was also investigated to enable a 
more confident correlation to be made between leaving 
group ability and stereochemistry of cleavage. Of the 
two stereochemical studies reported in the phospho- 
lane series, benzyl2 and trichlorosiloxide6 as leaving

(1 ) T h is  in v e s t ig a t io n  w a s s u p p o r t e d  b y  N a t io n a l  S c ie n c e  F o u n d a t io n  
G ra n ts  N o . G P -7 4 0 7  a n d  G P -2 5 4 7 9 . A  p r e lim in a r y  a c c o u n t  o f  a  p o r t io n  o f  
th is  w o rk  is  f o u n d  in  re f  6.

(2 )  (a ) K . L . M a r s i, Chem. Com m un., 8 4 6  (1 9 6 8 ) ;  (b )  J . Am er. Chem. 
Soc., 91, 4 7 2 4  (1 9 6 9 ).

(3 ) K . L . M a r s i  a n d  R . T .  C la rk , J . A m er. Chem. Soc., 9 2 , 3791 (1 9 7 0 ).
(4 ) G . M a e r k l ,  Angew . Chem., In t. Ed. Engl., 2 , 620  (1 9 6 3 ).
(5 )  J . R .  C o r f ie ld , J . R .  S h u tt , a n d  S . T r ip p e t t ,  Chem. Commun., 789  

(1 9 6 9 ) .  T h e  cis-  a n d  f r a n s - l - b e n z y l - l -m e t h y l -2 ,2 .3 ,4 ,4 -p e n t a m e t h y lp h o s -  
p h e ta n iu m  b r o m id e s  are  a lso  r e p o r te d  t o  g iv e  n o n id e n t ic a l  p r o d u c t s  on  b a s e  
c le a v a g e .  H o w e v e r ,  it  s h o u ld  b e  n o te d  th a t  th e  re su lts  o f  th is  w o rk  are  a t  
v a r ia n c e  w ith  t h e  w o rk  o f  C re m e r , et al. ( r e f  1 2 ) , o n  t h e  sa m e  s y s te m s  a n d  
u n d e r  s im ila r  c o n d it io n s .

(6 )  W .  E g a n , G . C h a u v ie r e , K . M is lo w , R .  T .  C la r k , a n d  K . L . M a rs i,
Chem. Com m un., 7 3 3  (1 9 7 0 ) .

groups give, respectively, retention and inversion of 
configuration. We have now found that phenyl as a 
leaving group from cis- or trans-7 provides identical 
mixtures of oxides. Since phosphine oxides are known 
to be configurationally stable toward aqueous sodium 
hydroxide,2 3'6’7 it is plausible to assume that cis- and 
trans-7 lead to a common intermediate preceding phos
phine oxide (2) formation. In fact, we have found 
that, when either cis-7 or trans-7 are separately treated 
with 0.5 equiv of sodium hydroxide, under cleavage 
conditions, the remaining undecomposed salt can be 
shown to consist of an approximate 1:1 mixture of cis 
and trans salts. Treatment of either cis- or trans-7 
with a trace of base at room temperature, however, 
was insufficient to produce stereomutation at phos
phorus to a detectible extent.

O h c h 3

Q 0 p
c h 3 r Ph R

1, R =  CH2Ph 3, R =  CH2Ph
2,R  =  0 - 4, R = CT

Scheme I summarizes the stereochemical outcome 
of cleavage reactions of the five pure P-phenylphos- 
pholanium salts covered by this study.

The retention of configuration at phosphorus for 
1 and 5 may be accounted for by (a) equatorial loss of 
benzyl via the conjugate base8 of the initially formed 
phosphorane (9),2 and/or (b) apical loss of benzyl 
from the conjugate base of 10 after an incomplete 
pseudorotational process.9 If formed, 10 would be 
expected to lose benzyl via its conjugate base.8 Place
ment of oxygen in the equatorial position of 10 can be

(7 )  K . F . K u m li ,  W .  E . M c E w e n ,  a n d  C .  A . V a n d e r W e r f ,  J . A m er. Chem. 
Soc., 81, 3 8 0 5  (1 9 5 9 ) .  T h e s e  r e fe re n ce s  g iv e  a  re p r e s e n ta t iv e , b u t  n o t  
e x h a u s tiv e , lis t  o f  su ch  e x a m p le s .

(8 ) W .  E . M c E w e n  in  “ T o p ic s  in  P h o s p h o r u s  C h e m is t r y ,”  V o l .  2 , M .  
G r a y s o n  a n d  E . J . G r if fith , E d .,  In te r s c ie n c e ,  N e w  Y o r k ,  N . Y . ,  196 5 , C h a p 
te r  1.

(9 )  K . M is lo w , A ccounts Chem. Res., 3 , 321 (1 9 7 0 ) .
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d

.CH,

Ph CH2Ph
cis- 5

Sch em e  1“

OH-

'Ha

+ PhCHa

Ph 0
cis- 6

£ H 3

9
PhCH2 Ph 

trans- 5

OH"

£H,

O'*  ''Ph 

trans-6

+ PhCHj

OH-

d

PH,

CH3̂  Ph

cis-7

PH3

Phx ph

ds-6 + trans-6 +  C6He 
50 ±  5% 50 ±  5%

° Prefixes cis and trans relate the stereochemistry of the C- 
methyl and the P substituent surviving the cleavage reaction.

defended since it is the less electronegative oxide 
oxygen which occupies that position in the reactive 
intermediate.10

The phosphonium salts 1 and 5 evidently represent 
examples for which the energy barrier between the 
initially formed phosphorane (9) and one or more 
pseudorotational transformations leading to an equilib
rium mixture of phosphoranes (and hence to a mixture 
of diastereomeric oxides) is higher than stereospecific 
loss of a benzyl group by mechanism a and/or b 
above. However, in the case of alkaline cleavage of 
either the cis or trans isomer of 7 the reaction energetics 
are apparently reversed. For the cleavage of 7 the 
attainment of equilibrium among pseudorotational 
forms of the phosphorane intermediate leading to 
identical mixtures of both isomers of 2 must occur 
more rapidly than stereospecific loss of phenyl. This

(1C) B. R. Ezzell, J. Org. Chem., 35, 2426 (1970).

is a reasonable explanation since benzyl is known to 
be a superior leaving group to phenyl.11

Similar observations have been made by others in 
the phosphetanium series. For example, either the 
cis or trans iscmer of 11 is reported to give identical 
mixtures of phosphetane 1-oxides (13)12 when treated 
with aqueous sodium hydroxide, whereas cleavage of 
the analogous ethoxy isomers (12) occurs stereo- 
specifically with retention of configuration at phos
phorus.13 A rigorous explanation of these phenomena 
has been advanced by Mislow.9'13

12, R = CC2H5
13, R = O-

The outcome of the cleavage of 8 may be explained 
in the same manner as for 7, although, of course, the 
mixture of oxides could be accounted for without in
voking pseudorotation since the phosphorus atom of 8 
is achiral. If the latter is true, which seems unlikely 
in view of the cleavage results of 7, the methyl group 
exerts no perceptible steric effect on the stereochemistry 
of cleavage of 8.

Synthetic Procedures.—The ring system of 5 and 7
was constructed by the McCormack cycloaddition 
reaction14 of isoprene with phenyldichlorophosphine. 
After hydrolysis of the adduct, the resulting 3-methyl-
l-phenyl-2-phospholene 1-oxide (14)16 was hydrogen
ated in the presence of a palladium-on-carbon catalyst, 
the reduction occurring completely stereospecifically 
within the limits of pmr detection (about ± 5 % ) to 
give an oxide' (6a), mp 60-61°, bp 115-125° (0.05 mm). 
This oxide was reduced with phenylsilane, a conversion 
known to occur stereospecifically with retention of 
configuration.2b The phosphine (15a) thus obtained 
was quatemized with benzyl bromide or methyl bro
mide to yield the corresponding phosphonium salts 5a, 
mp 171.5-172°, or 7a, mp ca. 100°, a reaction known to 
proceed with retention of configuration at phosphorus.16 
Cleavage of 5a with refluxing 1 N  NaOH yielded 6a 
having the same characteristics as the oxide obtained 
by hydrogenation of 14. The diastereomeric phos
phonium salts 5b, mp 179.5-180°, and 7b, mp 158.5- 
159°, were obtained by treatment of the oxide 6a with 
hexachlorodisilane617 followed by careful fractional 
distillation on a spinning band column of the resulting 
mixture of diastereomeric phosphines and quaterni- 
zation of the final fraction with benzyl bromide or 
methyl bromide.

(1 1 ) J . M e is e n h e im e r  a n d  L . L ic h te n s ta d t ,  B er., 44, 3 5 6  (1 9 1 1 ) ;  G . W . 
F e n to n  a n d  C .  K .  I n g o ld ,  J . Chem. Soc., 2 3 4 2  (1 9 2 9 ) .

(1 2 ) S . E . C r e m e r  R .  J . C h o r v a t ,  a n d  B . C .  T r iv e d i ,  Chem. Commun., 
769  (1 9 6 9 ) .

(1 3 ) K. E. D e B r u in , G . Z o n , K. N a u m a n n , a n d  K. M is lo w , J. Am er. 
Chem. Soc., 91, 7 0 2 7  1 9 6 9 ) .

(1 4 ) W .  B . M c C o r m a c k ,  U . S. P a te n ts  2 ,6 6 3 ,7 3 6  a n d  2 ,6 6 3 ,7 3 7  ( D e c  22, 
1 9 5 3 );  L . D . Q u in  in  “ 1 ,4 -C y c lo a d d i t io n  R e a c t io n s ,”  J . H a m e r , E d .,  
A c a d e m ic  P re ss , N e w  Y o r k ,  N . Y . ,  196 7 , C h a p t e r  3.

(1 5 ) L . D . Q u in  a n d  T . P . B a rk e t , Chem. Com m un., 9 1 4  (1 9 6 7 ) ;  L . D . 
Q u in , J. P . G ra tz , a n d  T .  P . B a rk e t ,  J . Org. Chem., 3 3 , 1034  (1 9 6 8 ).

(1 6 ) L . D . Q u in  a n d  T .  P .  B a rk e t ,  J . Am er. Chem. Soc., 9 2 , 4 3 0 3  (1 9 7 0 ) .
(1 7 ) K. N a u m a n n , G . Z o n , a n d  K . M is lo w , ibid., 91, 7 0 1 2  (1 9 6 9 ) .
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Retention of configuration for the base cleavage of 
the pure salts 5a and 5b was established by reduction 
with phenylsilane of the oxides resulting from cleavage 
of these salts, quaternizing the resulting phosphine 
with benzyl bromide, and demonstrating by pmr and 
mixture melting points the identity of the salts thus 
obtained with samples of the salts submitted to cleav
age. Mixtures of oxides 2a and 2b ensuing from the 
cleavage of pure 7a and 7b were analyzed by pmr with 
advantage being taken of the differences in chemical 
shifts of the benzyl protons of the diastereomeric salts 
obtained from benzylation of the phosphine mixtures 
yielded by phenylsilane reduction of the oxide mix
tures. The mixture of oxides 6a and 6b, derived from 
the base decomposition of pure 8, was similarly ana
lyzed.

Compound 8 was prepared as an eventual alternate 
route to 15b, but hexachlorodisilane reduction of 6a 
was found to provide a more straightforward access 
to this compound. The preparation of 8 was accom
plished by an adaptation of the Maerkl procedure.4 
The bromide salt of 8 proved to be an intractable oil; 
therefore, the crystalline hexafluorophosphate18 salt was 
prepared, purified, and cleaved.

Experimental Section
General.— Melting points were determined on a Thomas- 

Hoover 6406-K melting point apparatus in capillary tubes (sealed 
with silicone grease for hygroscopic materials) and are uncor
rected; boiling points are also uncorrected. 'H nmr spectra 
were measured at 60 MHz with a Jeolco C-60H spectrometer. 
Operations involving trivalent phosphorus compounds were con
ducted in a nitrogen atmosphere. Moisture-reactive halophos- 
phines and very hygroscopic phosphine oxides were handled in a 
dry atmosphere. Solvents used were dried and/or distilled prior 
to use. Stereoisomeric compounds used were estimated to be 
more than 95% isomerically pure as evidenced by nmr analysis.

3-Methyl-l-phenyl-2-phospholene 1-Oxide (14).— This com
pound was prepared according to the procedure given in ref 15.

3-Methyl-l-phenylphospholane 1-Oxide (6a).— To 121.5 g 
(0.633 mol) of 14 in 150 ml of absolute ethanol was added 5 g of 
5% palladium on carbon, the mixture was hydrogenated in a 
Paar hydrogenator for 20 hr at 45-49 lb in.-2, the solution was 
filtered, the solvent was removed, and the residue was distilled 
in  vacuo to yield 122.5 g of a viscous oil, bp 115-125° (0.05 mm), 
which upon standing formed a crystalline, hygroscopic solid: 
mp 60-61°; nmr (CC1<, TMS) 8 1.1 (d, J  = 6 Hz, CCH3), 1.23- 
2.67 (m, ring protons), 7.23-8.1 (m, P C 6Hf).

A nal. Calcd for ChHi5PO: C, 68.02; H, 7.79. Found: 
C, 68.10; H, 8.04.

3-Methyl-l-phenylphospholane (15a).— To 8.0 g (0.041 mol) 
of 6a in a 25-ml flask cooled to 0°, 4.43 g (0.041 mol) of phenyl
silane was added via pipet in a nitrogen atmosphere. The reac
tion mixture was warmed to 60°. Upon cessation of efferves
cence, the phosphine was distilled to yield 6.75 g of 15a: bp 49- 
51° (0.01 mm); nmr (CC1(, TMS) 8 1.1 (d, J  = 6 Hz, CCH 3),
1.23-2.67 (m, ring protons), 7.23-8.1 (m, P C 6H5).

l-Benzyl-3-methyl-l-phenylphospholanium Bromide (5a).— To
3.1 g (0.0174 mol).of pure 15a in 10 ml of benzene, 6 g (0.0350 
mol) of benzyl bromide dissolved in 10 ml of benzene was added 
drop wise with stirring. White crystals began separating almost 
immediately. The mixture was refrigerated overnight and 
yielded 6.5 g of crude 5a, mp 169-169.8°. Recrystallization 
from 1:15  EtOH-EtOAc produced 5.15 g of pure 5a: mp 171.5- 
172°; nmr (D20, DSS) 8 1.1 (d, J  = 5.3 Hz, CCH3), 1.4-3.2 
(m, ring protons), 3.95 (d, J  =  15 Hz, PCH2Ph), 6.9-7.4 (m, 
P C 6H5), 7.4-7.9 (m, PCC6H5).

A n a l. Calcd for Ci8H22BrP: C, 54.37; H, 7.02. Found: 
C, 54.29; H, 7.24.

Reaction of 5a with Sodium Hydroxide.— To a 25-ml flask

(18) D, B. Denney and S. M. Felton, J. Amer. Chem. Soc., 90, 183 (1968).

containing 2.0 g (0.0057 mol) of 5a was added 11.5 ml of 1 N  
sodium hydroxide. The resulting solution was refluxed gently 
for 20 hr. Early formation of an organic layer indicated that 
the reaction was probably complete within the first 2 hr. Vpc 
analysis of the organic layer removed by azeotropic distillation 
showed only toluene. The aqueous residue was saturated with 
potassium hydroxide and extracted with chloroform. The 
chloroform solution was concentrated and the residue was 
distilled at bp 120° (0.01 mm), yielding 0.8 g of liquid 6a: nmr 
(CCh, TMS) 8 1.1 (d, J  =  6 Hz, CCH3), 1.23-2.67 (m, ring 
protons), 7.23-8.1 (m, PC6H5). 6a was reduced with phenyl
silane as described above and the distillate, 15a, bp 62-68° (0.02 
mm), quaternized with benzyl bromide to give crystals identical 
with 5a in melting point and nmr.

3-Methyl-l-phenylphospholane (15b).— To 26.4 g (0.136 mol) 
of 6a in 100 ml of benzene was added dropwise with stirring at 
room temperature 47.5 g (0.176 mol) of hexachlorodisilane in 50 
ml of benzene.6 Upon completion of the addition, the resulting 
solution was refluxed for an additional 0.5 hr and cooled to 0° 
and 100 ml of 30% sodium hydroxide was added dropwise with 
stirring over a period of 2 hr. A precipitate of white polymeric 
material separated during this addition. The liquid phase was 
decanted in a glove bag under nitrogen, the precipitate was 
washed several times with benzene, and the benzene extracts 
were combined. After drying over anhydrous sodium sulfate, 
benzene was removed and the residual phosphine was distilled 
at reduced pressure, providing 14.55 g of a mixture of 15a and 
15b, bp 84-88° (0.2 mm). Although attempts to achieve vpc 
separation of the two isomers were not successful, considerable 
enrichment was accomplished by use of a Nestor-Faust Auto 
Annular Teflon spinning band column. Five fractions totaling
13.25 g were collected at 51° (0.02 mm) over a period of 14 hr: 
nmr (neat, TMS), 15a, 8 0.93 (d, J  = 6 Hz); 15b, 8 0.81 (d, J  = 
6 Hz). Nmr showed that the last three fractions, totaling 6.2 
g, were very highly enriched in 15b.

l-Benzyl-3-methyl-l-phenylphospholanium Bromide (5b).—  
15b (3.53 g), obtained as the last fraction of the preceding experi
ment, was quaternized in benzene with benzyl bromide in a glove 
bag under dry nitrogen. Crystals formed immediately and were 
allowed to stand overnight. The crude crystals (5.7 g), mp
165.5-167°, were recrystallized four times from EtOH-EtOAc 
to a constant melting point of 179.5-180°. Nmr analysis of the 
final product indicated complete absence of 5a: nmr (D20, 
DSS) 8 1.1 (d, J  =  5.3 Hz, CCH3), 1.4-3.2 (m, ring protons),
3.98 (d, J  = 15 Hz, PCH2Ph), 6.9-7.4 (m, P C 6H5), 7.4-7.9 (m, 
PCC6H5).

A n a l. Calcd for Ci8H22PBr: C, 61.89; H, 6.32. Found: 
C, 62.17; H, 6.45.

Reaction of 5b with Sodium Hydroxide.— 5b (1.96 g) was made 
to react with 1 N  sodium hydroxide under the same conditions as 
described above for 5a. 6b (0.52 g), bp 120° (0.01 mm), was 
obtained: nmr (CCh, TMS) 8 1.16 (d, J  = 5.3 Hz, CCH 3),
1.4-2.6 (m, ring protons), 7.4-8.3 (m, PC6H5). Reduction with 
phenylsilane gave 15b, bp 62-68° (0.02 mm), which was qua
ternized with benzyl bromide to provide a crystalline material 
identical in melting point and nmr with 5b.

1.3- Dimethyl-l-phenylphospholanium Bromide (7a).— To 7.6 
g (0.082 mol) of methyl bromide dissolved in 25 ml of dry benzene 
was added dropwise with stirring 3.65 g (0.0206 mol) of 15a in 
10 ml of benzene. The reaction mixture was stored in the re
frigerator, and the very hygroscopic crystals subsequently were 
removed in a glove bag under dry nitrogen, yielding 5.45 g 
(0.0199 mol) of 7a. The salt oiled out upon attempted re
crystallization from dry ethanol and was finally recrystallized 
from ethyl acetate. Due to its tenacity for traces of water, a 
sharp melting point could not be obtained for this compound, 
mp 100-130° (mainly at 100°). How'ever, the nmr spectrum 
was completely consistent with an isomerically pure salt: nmr 
(D20, DSS) 8 1.26 (d, J  = 4.5 Hz, CCH3), 2.3 (d, J  = 14.3 
Hz, PCH3), 1.5-2.1 (m, ring protons), 7.5-8.1 (m, PC6HS).

A n al. Calcd for Ci2H18PBr-0.15H2O: C, 52.24; H, 6.69. 
Found: C, 52.10; H, 6.46.

1.3- Dimethyl-l-phenylphospholanium Bromide (7b).— 15b (6.2 
g, 0.0348 mol), from spinning band fractionation of 15a and 15b, 
was added dropwise to a stirred solution of 13.3 g (0.14 mol) of 
methyl bromide in 25 ml of benzene; the slightly hygroscopic 
crystals were filtered in a glove bag, yielding 8.7 g (0.318 mol) 
of isomerically impure 7b, mp 155-158°. Seven recrystalliza
tions from 1:5  EtOH-EtOAc yielded pure 7b, mp 158.5-159°. 
Nmr analysis verified the absence of 7a: nmr (D20, DSS) 8 1.26
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(d, J  = 4.5 Hz, CCH,), 2.3 (d, J  = 14.25 Hz, PCH3), 1..5-2.1 
(m, ring protons), 7.5-8.1 (m, P C 6H5).

A nal. Calcd for C,2H18PBr: C, 52.76; H, 6.64 Found: 
C, 52.51; H, 6.85.

Reactions of 7a and 7b with sodium hydroxide were carried out 
as for 5a. Vpc analysis of the organic layer obtainec by azeo
tropic distillation of the reaction mixture showed only benzene to 
be present. Distillation of the oxide mixture derived from 2.0 
g of 7a or 7b gave 0.40 and 0.45 g, respectively, both of bp 70-80° 
(0.1 mm) and mp 45-57°. The nmr spectra were identical in 
every respect: nmr (CCh, TMS) S 1.07 (d, /  = 6 Hz, CCH3),
1.13 (d, J  =  5.3 Hz, CCH3), 1.5 (d, J  = 12.5 Hz, PCH3), 1.3-2.6 
(m, ring protons). The two oxide mixtures were separately re
duced with phenylsilane and quaternized with benzyl bromide, 
each giving a phosphonium salt mixture of mp 154-164°. Com
parison of the nmr spectra of these mixtures with those of known 
mixtures prepared from pure cis and trails isomers of 1-benzyl-
1,3-dimethylphospholanium bromide2 showed the unknown mix
tures to consist of about equal quantities of the two isomers.

Synthesis of 3-Methyl-l,l-diphenylphospholanium Hexafluoro- 
phosphate (8).— A mixture of 50.0 g (0.217 mol) of 1,4-dibromo-
2-methylbutane and 40.2 g (0.108 mol) of tetraphenyldiphos- 
phine in 270 ml of o-diehlorobenzene was added dropwise to 750 
ml of refluxing o-dichlorobenzene over a period of 3 hr. The sol
vent (800 ml) was removed by distillation, the residue was ex
tracted with water, and the water extract was evaporated, leav
ing 41.7 g of a dark, acidic oil, from which crystals could not be 
obtained. A 27-g portion of this oil was dissolved in water and 
titrated to neutrality with 70 ml of 1 A' sodium bicarbonate, 
extracted with ether and then with chloroform. Evaporation of 
the chloroform extract yielded 16 g of a dark glassy oil of which a
7-g portion was dissolved in water and to which a saturated 
solution of 4.0 g of potassium hexafluorophosphate was added.18 
The gv.mmy precipitate formed was triturated with ether. Re
peated recrystallizations from absolute ethanol gave a compound 
of mp 135.5-136.5°.

Ana'.. Calcd for C 17H20P2F 6 '. C, 51.01; H, 5.0S. Found: 
C, 51.08; H, 5.31.

Reaction of 8 with Sodium Hydroxide.— Sodium hydroxide 
(LY, 12 ml) was added to a 25-ml flask containing 2.0 g (0.006 
mol) of 8. The resulting suspension (the hexafluorophosphate 
salt is only slightly soluble in H20) was refluxed gently for 43 hr. 
The oxide mixture was worked up as described for the cleavage 
reaction of 5a and yielded 0.62 g of a mixture of oxides 6a and 
6b, bp 120-125° (0.05 mm). Following previously outlined 
procedures, the oxide mixture was reduced with phenylsilane 
and quaternized with benzyl bromide to give a 93% yield of salt 
mixture of mp 150-156°. Comparative nmr analysis using 
known mixtures of pure 5a and 5b showed this to be an approxi
mately equal mixture of the two isomers.

Base-Catalyzed Isomerization of 7a and 7b.— To a 2-ml pear- 
shaped flask was added 200 mg (733 /»mol) of pure 7a, 15 mg 
(375 /mini) of sodium hydroxide, and 0.3 ml of water. The reac
tion mixture was refluxed gently for a period of 16 hr. The 31P 
nmr spectrum (220 MHz Varian spectrometer) of the reaction 
mixture provided two peaks of equal area at +95.84 and +96.00 
ppm (relative to trimethyl phosphite) as compared with a con
trol solution (100 mg of 7a in 0.3 ml of water) which showed a 
single peak at +95.78 ppm.

An identical study was conducted on a mixture of 7a and 7b 
(27% 7a and 73% 7b). After base treatment the 31P nmr spec
trum showed two signals of equal intensity at +95.94 and +96.09 
ppm as compared with the untreated mixture (100 mg salt mix
ture in 0.3 ml water), which showed signals at +95.86 and 
+96.01 ppm in the ratio of 2 7 :73, respectively.

Registry N o.—cis-5, 32721-82-7; trans-5, 32721-83-8; 
cis-6, 29587-76-6; trans-6, 29587-77-7; cis-7, 32721- 
23-6; trans-7, 32721-24-7; 8, 32721-25-8; cfs-15,
32721-26-9; trans-15, 32721-27-0.
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Under mild acid conditions, cfs-thujopsene rearranges to 1,4,11,11-tetramethylbicyclo[5.4.0]undeca-3,7-diene 
(3). This diene when treated with 0.02 M  perchloric acid in refluxing acetij acid rearranges to tricyclic olefin 4 
whose structure was proved by degradation and by partial synthesis. This extensive rearrangement which in
volves a ring closure and two methyl group migrations finds its thermodynamic driving force in the low free en
ergy of the product. The mechanism of the rearrangement is discussed and its relationship to the rearrangement 
of caryophyllene to neoclovene is noted.

Part A

Under mild acidic conditions, 0.02 M perchloric acid 
in aqueous dioxane, the equilibrating cyclopropylcar- 
binyl and homoallyl cations from czs-thujopsene (1) 
and widdrol (2), respectively, are irreversibly converted

2 1 3
(1) This work was partially supported by Grant GP-8700, National Sci

ence Foundation.
(2) For previous papers in this study see (a) W. G. Dauben and L. E. 

Friedrich, Tetrahedron Lett., 2675 (1964); (b) W. G. Dauben and L. E. 
Friedr ch, ibid., 1735 (1967); (c) W. G. Dauben and E. I. Aoyagi, Tetrahe
dron, 26, 1249 (1970); (d) W. G. Dauben, L. E. Friedrich, P. Oberhansli, 
and E. I. Aoyagi, J. Org. Chem., 37 , 9 (1972).

(3) This work appeared in the Abstracts, IUPAC 5th International Sym
posium on the Chemistry of Natural Products, F-13, London, July 8-13, 
1968, p 296.

(4) National Science Foundation Predoctoral Fellow.

by a ring enlargement and angular methyl group migra
tion to the diene 3.2 This diene is the major product 
formed under These acidic conditions and it is stable for 
long periods, but it is slowly consumed in another reac
tion. This latter process has now been evaluated by 
studying the rearrangement of cis-thujopsene under 
more vigorous reaction conditions, namely, 0.02 M 
perchloric acid in refluxing acetic acid. Under these 
conditions the rearrangement proceeded past diene 3 
and a completely different set of reaction products was 
formed. Three hydrocarbons in a ratio of 14:4:3 were 
obtained and in this paper the structure of the major 
hydrocarbon and its mechanism of formation will be 
discussed.

Through a series of degradation and synthetic steps, 
the structure of the major hydrocarbon was established 
as the tricyclic olefin 4. A possible pathway for the re
arrangement of cis-thujopsene (1) to this olefin 4 may 
conveniently involve the diene 3 as an intermediate.
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Since 3 is not stable indefinitely in acid, the stronger 
acid conditions used in this present study simply in
creased the rate of isomerization of 3 to 4. In this 
isomerization, protonation of the lesser hindered tri- 
substituted double bond would generate the tertiary

5

4

cation 5 which may cyclize to yield the bridgehead cat
ion 6. This strained cation may undergo a Wagner- 
Meerwein rearrangement to afford ion 7, possessing a 
bicyclo[2.2.1]heptane nucleus and the unstrained ter
tiary carbonium ion. A subsequent methyl migration 
would yield the cation 8 which upon loss of a proton 
would give rise to the tricyclic olefin 4. The mech
anistic pathway employing this series of intermediates 
does not necessarily provide, step by step, the driving 
force for the overall rearrangement; the intermediates’ 
only function is to provide a route to the final product 
whose low free energy content provides the driving 
force for the overall reaction. Undoubtedly, the major 
feature of this transformation which accounts for the 
low free energy content of the tricyclic olefin 4 relative 
to the diene 3 is the net transformation of one carbon- 
carbon double bond into two carbon-carbon single 
bonds. The energy for this conversion may be esti
mated from the heats of combustion of cyclohexane and 
ws-2-hexene as 18-20 kcal/mol.5 6 7 This decrease in 
thermochemical energy must compensate for the in
creased strain of a bicyclo [2.2.1 [heptane nucleus, a 
strain which is estimated to be 14-18 kcal/mol.6 The 
additional differential elements of ring strain, non- 
bonded atom interactions, torsional strain, and entropy 
considerations cannot be accurately evaluated.

It is of interest to note that the reaction pathway by 
which caryophyllene (9) is thought to be converted 
under acidic conditions into neoclovene (11) is similar 
to that postulated for the formation of the tricyclic 
olefin 4.7 In caryophyllene, protonation, ring closure, 
and rearrangement can give a bicyclo [3.2.1 [octyl 
bridgehead cation 10 which upon subsequent rearrange
ment leads to neoclovene (11) with a bicyclo [2.2.1 [hep

(5) F. D . Rossini, K. S. Pitzer, R . C. Arnett, R . M . Braun, and G. C. 
Pimentel, “ Selective Values of Physical and Thermodynamic Properties of 
Hydrocarbons and Related Compounds,”  Carnegie Press, Pittsburgh, Pa., 
1953, pp 451, 455.

(6) K . B. Wiberg, private communication.
(7) W . Parker, R. A. Raphael, and J. S. Roberts, J . C h em . S oc . C , 2634

(1969).

tane ring system. In this specific series of transforma
tions, however, the driving force for the reaction should 
be much larger than in the thujopsene series because of 
the strain in the four-membered ring of caryophyllene.

10

Part B

cfs-Thujopsene (1) was allowed to react with 0.02 M  
perchloric acid in refluxing acetic acid and the major 
hydrocarbon formed was purified on a preparative scale 
by chromatography using a silver nitrate impregnated 
silica gel column.

Quantitative elemental analysis of the major hyd o- 
carbon 4 indicated that the compound was isomeric 
with the starting cfs-thujopsene. The nmr spectrum 
of the hydrocarbon showed one vinyl proton, one vinyl 
methyl group, and three quaternary methyl groups. 
The presence of a trisubstituted double bond also was 
indicated by a maximum at 192 nm,8 and that this was 
the only unsaturated linkage in the molecule was indi
cated by a molar extinction coefficient of 8860. There
fore, since the starting thujopsene was tricyclic with 
one double bond, this new olefin 4 must also be tricyclic.

Hydroboration of the tricyclic olefin 4 gave alcohol 
12, which was oxidized to the tricyclic ketone 13 with 
Jones reagent. Alumina chromatography of this ke
tone gave an isomeric ketone 14, indicating that hydro
boration of the olefin 4 gave an alcohol with an axially 
oriented methyl group at C-3. The carbonyl absorp
tion in the infrared spectra of ketone 13 and 14 (1713 
and 1710 cm-1) established that the double bond of the 
olefin 4 was most likely located endocyclic in a six-mem- 
bered ring. Furthermore, a one-proton quartet at 5
2.67 and a tw'o-proton multiplet at 5 1.98-2.31 in the 
nmr spectrum of the ketone 14 tentatively identify 
C-2 as a quaternary carbon atom and C-5 as a methy
lene group.

It was of importance to establish that the alumina 
chromatography of ketone 13 induced only epimeriza- 
tion and not a skeletal rearrangement. Therefore, the 
ketone 14 was reduced with LiAlH4 to alcohol 15. This 
alcohol was identical with the minor alcohol obtained 
from the LiAlH4 reduction of epoxide 16, prepared 
from the reaction of olefin 4 with m-chloroperbenzoic 
acid. The major alcohol 17 of this latter reaction was 
formed by the 1,2-diequatorial opening of the oxirane 
ring, a result often found with epoxides which are of the 
secondary-tertiary type.9 These positional and stereo
chemical assignments were confirmed by reduction of 
ketone 13 with LiAlH4 to yield the hydroboration alco
hol 12 and a new equatorial tricyclic alcohol 18 in 48 
and 33% yield, respectively. Finally, oxidation of al
cohol 15 with Jones reagent gave the more stable ke
tone 14. The selective formation of alcohol 12 and 
epoxide 16 from hydroboration and from epoxidation

(8) R. A. Micheli and T . H. Applewhite, J . O rg . C h em ., 27, 345 (1962).
(9) C. Djerassi, “ Steroid Reactions,”  Holden-jJay, San Francisco, Calif., 

1963, p 636; N. A. LeBel and G. G. Ecke, J . O rg. C h em ., 30, 4316 (1965).
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established that the C-8,9-dimethano bridge of the tri
cyclic hydrocarbon hinders the bottom side of the 
ddhble bond more than the pseudoaxially oriented 
methyl group on C-2 hinders the topside of the double 
bond.

With the substitution and the surroundings of the 
double bond established, the unsaturated linkage was 
cleaved via the formation of the diol 19 with osmium 
tetroxide and scission to keto aldehyde 20 with lead 
tetraacetate. The nmr spectrum of 20 indicated the 
presence of a methyl ketone (3 H, singlet, 8 2.04) con
firming the presence of a vinyl methyl group in the 
olefin 4. Also, the one-proton aldehyde triplet (J =
1.5 Hz, 8 9.63) confirmed the presence of two protons 
on C-5.

OH

C C

21a, R = H 
b, R = CH3

22a, R = H 23 24
b,R = CH,

ROOC

25a, R = H 
b, R = CH3

The keto aldehyde 20 was oxidized to the keto acid 
21a with potassium permanganate. This keto acid and 
its methyl ester 21b failed to react with 2,4-dinitro-

phenylhydrazine and with trifluoroperacetic acid. 
This lack of reactivity is characteristic of highly hin
dered ketones10 and is in agreement with the placement 
of the gem-dimethyl group at C-2. The keto ester 21b 
was reduced under forcing Wolff-Kishner conditions11 
and the acid 22a after conversion to its methyl ester 
22b was degraded according to the Barbier-Wieland 
method. Treatment of 22b with phenylmagnesium 
bromide yielded the carbinol 23 which was dehydrated 
to give the diphenyl olefin 24. The nmr spectrum of 
24 showed a one vinyl proton doublet at 5 6.03 coupled 
to another one-proton doublet at 8 2.07 (J =  11 Hz). 
The absence of further splitting of the allylic proton at 
8 2.07 indicated that the neighboring carbons must be 
quaternary. Oxidation of 24 gave bicyclic acid 25a.

Summarizing the data available, a partial structure 
26 can be formulated. In this structure, three of the

unallocated carbon atoms labeled A -G  must be methyl 
groups, two of which are geminal. The location of 
these latter two methyl groups was achieved by exam
ination of the changes in chemical shifts of the methyl 
groups with the various chemical transformations. 
From the data in Table I, it is seen that the presence of

T a b l e  I
C h e m ic a l  S h if t s  o f  M e t h y l  G r o u p s

Compd Methyl shifts, S

21a 1 . 1 9 ,  1 . 1 9 ,  0 .9 3

21b 1 . 1 5 ,  1 . 1 5 ,  0 .8 8

27b 1 . 2 7 ,  1 . 1 7 ,  0 .8 8

22a 0 .94 ,  0 .88 ,  0 .83

22b 0 .88, 0 .88 ,  0 .8 8

a carbonyl function at C-3 (21a, 21b, 27b) causes two 
methyl groups to resonate at an average field of 8 1.19. 
Removal of the oxygen function (22a, 22b) shifts the 
average absorption of these two methyl groups upfield 
by an average of 5 0.3. Such a large shift is commen-

(10) G. Büchi, R . E. Erickson, and H. Wakabayashi, J .  A m e r . C h em . S o c ., 
83, 927 (1961).

(11) D . H. R . Barton, D . A. Ives, and B. R . Thomas, J . C h em . S o c ., 2056 
(1955).

Ce H -CA
C— Ce

ï Cd

26

\
Ce

bicyclic system
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surate with two methyl groups substituted at C-2, next 
to the carbonyl function. In agreement with this as
signment is the finding that when the keto ester 21b 
wyas oxidized with concentrated nitric acid in acetic 
acid, the half ester 27a was formed. The presence of a 
geminai methyl group accounts for the stopping of the 
oxidation with the loss of only one carbon atom.

This placement of the two geminai methyl groups 
permitted expansion of the partial structure of the tri
cyclic olefin to 28. There remained to be located two

27a, R = H 28

b, R = CH3

methylene groups and a quaternary methyl group. 
If the logical assumption is made that no cyclopropane 
ring would remain under the strong acidic conditions 
utilized for the formation of the tricyclic olefin 4, only 
the structures 29-31 can be formulated for this hydro-

A
29 30  31

carbon. The evidence required to differentiate these 
three structures was provided by bromination followed 
by dehydrobromination of the tricyclic olefin to give 
the optically active conjugated diene 32, [a ]D  —73°.

32

The structure and placement of this new chromophore 
was readily established by its spectral properties. 
When the diene was allowed to react with potassium 
ferf-butoxide in dimethyl sulfoxide, the starting material 
was recovered but was partially racemized, [a ]D  
— 28°.12 To account for these facts, in 29 carbons 1, 2, 
and 6 must be in a potential symmetry plane of the 
molecule whereas C-5 is not in the plane. The base- 
catalyzed removal of the hydrogen on C-6 to yield a 
carbanion would provide a mechanism to racemize 
diene 32. These symmetry demands would not be met 
by dienes derived from 30 and 31 since base treatment 
of them would yield only starting material unchanged 
in optical purity or an isomer, not a mirror image. 
Thus, compilation of all of these data permits structure 
29 to be assigned to the tricyclic olefin 4.

In view of the extensive structural changes undergone 
in this acid-catalyzed rearrangement of thujopsene, an 
unequivocal synthesis of the degradation acid 25a was

(12) The incomplete racemization may be a consequence of the excessive 
strain in the bond angle C -l:C -6 :C -7 which retards the formation of a 
trigonal carbon at C-6  (see J. P. Schaefer and D. S. Winberg, J. Org. Chem., 
30, 2635 (1961), and references cited therein).

performed. Birch reduction of the known p-(tert- 
amyl)toluene (33)13 gave 34 which upon reaction wTith 
potassium ferf-butoxide in dimethyl sulfoxide14 gave a 
86:14 mixture of conjugated diene 35 and nonconju- 
gated diene 34. Distillation of the crude reaction 
product gave material of 90% purity, a purity suffi
cient to permit its use in the Diels-Alder reaction with 
maleic anhydride. The adduct 36 was obtained in 
high yield; the anhydride was hydrogenated and hy
drolyzed to yield the cis diacid 37. Reaction of 37 
with lead tetraacetate under the Grob oxidative bis- 
decarboxylation conditions gave olefin 38 in 65% yield. 
The two vinyl protons of 38 exhibited an AB quartet 
pattern in the nmr spectrum at 8 6.13 and 5.88 (J = 
8 Hz).

Hydroboration of olefin 38 gave the two alcohols 39 
and 40. A minor (~ 10% ) product of the reaction was 
a polar product; this material is postulated to be the 
boronic acid 45 because its infrared spectrum shows 
oxygen-hydrogen stretching absorptions and a strong 
band at 1365 cm-1, characteristic of oxygen-boron 
stretching absorption.16 Upon standing, this polar 
major product no longer exhibited the oxygen-hydro
gen absorptions in the infrared. These data are con
sistent with the known facile trimerization of a boronic 
acid to a boroxine (46).16 This new product when al
lowed to react with excess alkaline hydrogen peroxide 
under reflux in tetrahydrofuran solution gave the ma
jor alcohol 40 in good yield. The structure assigned to 
the major alcohol is in analogy with the finding that the 
major product from the hydroboration of 3,3-dimethyl-
1-cyclohexene is the lesser hindered 3,3-dimethylcyclo- 
hexan-l-ol.

The mixture of alcohols 39 and 40, as well as each in
dividual alcohol, was oxidized with Jones reagent to 
yield ketones 41 and 42. Each ketone showed an nmr 
resonance attributable to the methylene protons adja
cent to the carbonyl group. The methylene hydrogens 
of the major ketone 42 absorb at higher field (8 1.95) 
than the hydrogens of the minor ketone 41 (5 2.07). 
It is to be expected that the tert-amyl group would be 
more shielding than a methyl group,17 and the struc
ture assignments are in agreement with this postulate.

Both ketones 41 and 42 upon oxidation by selenium 
dioxide in o-xylene gave the diketone 43a. Upon re
action with p-toluenesulfonylhydrazine, the diketone 
yielded a keto tosylhydrazone 43b which in chloroform 
solution was filtered through basic alumina to give 
the crystalline diazo ketone 43c. Irradiation through 
Corex of an aqueous tetrahydrofuran solution of 43c 
gave an almost quantitative yield of ketene 44. The 
ketene was converted into the bicyclic acid 25a upon re
action with aqueous acid. The acid and its methyl es
ter were identical with the bicyclic acid and methyl es
ter obtained from the degradation of the tricyclic ole
fin 4.

Several properties of this acid wrarrant comment.

(13) G. W. Hearne, T. W. Evans, V. W. Buis, and C. G. Schwarzer, Ind. 
Eng. Chem., 47, 2311 (1955).

(14) W. G. Dauben and P. Oberhansli, J. Org. Chem., 31, 315 (1966).
(15) C. N. R. Rao, “ Chemical Applications in Infrared Spectroscopy,”  

Academic Press, New York, N. Y., 1963, p 283.
(16) M. F. Lappert, Chem. Rev., 56, 959 (1956).
(17) In a related bicyclic system, it has been reported that bridgehead 

alkyl substituents of several 7-oxabicyclo [2.2.1 ]heptanes diamagnetically 
shield neighboring protons; see S. Seltzer, J. Amer. Chem. Soc., 8 7 ,  1534 
(1965).
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43a, R = 0
b, R = NNHTs
c, R = N2

J

COOR
25a, R = H 

b, R = CH3

The acid could not be extracted from an ethereal solu
tion with half-saturated aqueous potassium bicarbonate 
solution. The related methyl ester 25b could not be 
hydrolyzed with 1.8 I  potassium hydroxide in 90% 
aqueous methanol at reflux temperature in 7 hr. Also, 
the ketene 44 was stable to 1 M  aqueous potassium hy
droxide at room temperature. In contrast, 7-nor- 
bomylcarboxylic acid and 7-norbornylketene are much 
more reactive compounds.18 These and other facts 
suggest that the bridgehead alkyl substituents of 25a 
abnormally hinder the vicinity of the functional group. 
This conclusion is confirmed by the low acidity of acid 
18a, pff*MCS = 8.44.19'20 Secondary aliphatic carbox
ylic acids are generally more acidic by a factor of ten 
than the value found for 25a.21 This abnormal hin
drance by the bridgehead substituents undoubtedly 
also causes the experimental difficulties found in the hy- 
droboration reaction.

In the course of these degradational studies, a variety 
of methods was studied in order to ascertain the best 
way to cleave the unsaturated ring. Of these many 
reactions the Baeyer-Villiger oxidation of kecone 14 is 
worthy of special mention. The lactone 47 formed by 
reaction of 14 with trifluoroperacetic acid was hydro
lyzed on an alumina column to its related hydroxy acid

(18) P. Yates and R. J. Crandall, J. Amer. Chem. Soc., 88 , 1292 (1966).
(19) The acidity of acid 18a was kindly measured by Professor W. Simon, 

Eidg. Techn. Hochschule, Zurich.
(20) P. F. Sommer, V. P. Arya, and W. Simon, Tetrahedron Lett., 18 

(1960); P. F. Sommer, C. Pascual, Y. P. Arya, and W. Simon, Helv. Chim. 
Acta, 46, 1734 (1963).

(21) P. F. Sommer and W. Simon, “ Scheinbare Dissociations Konstanten,”  
Band II, Juris-Verlag, Zurich, 1961.

but when the column was washed with water a mixture 
of both the hydroxy acid and the lactone 47 was ob-

tained. Treatment of the lactone with a solution of 
boron trifluoride etherate in methanol yielded the rear
ranged, dehydrated ester 48 whose structure was read
ily established by its nmr spectrum.

Finally, it is of interest to note the ease of rearrange
ment of the bicyclo [2.2.1 ]heptane system. Thebromo 
ester 49, a 5:3 diastereomeric mixture, was prepared 
from the acid 22a in the standard fashion. Dehydro- 
halogenation of 49 in quinoline gave the unexpected 
fragmentation product 50 which was characterized on

the basis of spectral data. Since the material was opti
cally inactive, the overall elimination of the hydrogen 
bromide and the ring scission appears to be a stepwise 
process rather than a concerted fragmentation reac
tion.22

(22) It has been reported by J. Martin, W. Parker, and R. H. Raphael 
[J. Chem. Soc. C, 343 (1967) ] that attempts to dehydrate the /3-hydroxy ester 
found in the Reformatsky reaction with 1 ,5 -dimethylbicyclo [3.3.1 ]nonan-9- 
one gave the expected unsaturated ester in only 3% yield.
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This abnormal dehydrohalogenation reaction was 
further investigated using a-bromobicyclo [2.2.1 ]hep- 
tane-7-acetic acid and its methyl ester. Using boiling 
quinoline, conditions under which the desired afi-un
saturated ester was shown to be stable, the bromo ester 
yielded only a small amount of reductively debromi- 
nated ester; the major amount of starting material was 
destroyed. Using potassium ¿erf-butoxide in ¿erf-butyl 
alcohol, again no dehydrobromination occurred, the 
only reaction being transesterification to give the ¿erf- 
butyl ester. When the bromo acid was treated with 
potassium ¿erf-butoxide in toluene, a small yield of un- 
saturated acid was obtained. However, when these 
conditions were used with the bromo acid found in the 
degradation study, again only decomposition occurred.

Experimental Section
Infrared spectra were run either with a Perkin-Elmer Model 

137 or Model 237 spectrometer. Ultraviolet spectra were 
recorded with either a Perkin-Elmer Model 202 spectrometer or, 
when necessary, a nitrogen-flushed Beckman Model DK2-A 
spectrometer. Nuclear magnetic resonance spectra were ob
tained with a Varian Model A-60 spectrometer. Optical rota
tions at the sodium d line were calculated from the rotations at 
546 and 578 nm with the Drude equation; these latter rotations 
were measured with a Zeiss LEP-A2 photoelectric polarimeter 
with a 10-cm cell length. Mass spectra were obtained with a 
modified C .E .C . 21-103C mass spectrometer at the University of 
California, Berkeley.

Melting points were measured with a Biichi Schmelzpunkt- 
bestimmungsapparat; they were obtained in unevacuated 
melting point tubes and are uncorrected. Boiling points are 
uncorrected. Vapor phase chromatographies were conducted on 
a Wilkins Aerograph Model A90-P with a helium carrier gas flow 
rate between 50 and 150 ml/min, depending on the need. Com
bustion analyses and molecular weight determinations were per
formed by the Mieroanalytical Laboratory, College of Chemistry, 
University of California, Berkeley.

All extractions were washed with acid or base until neutral, 
water, and saturated salt solution, and dried over anhydrous 
sodium sulfate. The solvent was removed either by distillation 
at reduced pressure or rotary evaporation. All infrared spectra 
and nmr spectra were taken in CCL unless otherwise noted.

Perchloric A cid -A cetic  Acid T reatm ent of cfs-T hujopsene.— A 
mixture of 65.0 g (0.318 mol) of natural c?'s-thujopsene, 500 ml of 
glacial acetic acid, and 1.00 ml of 70% aqueous perchloric acid 
was heated under reflux for 48 hr under an atmosphere of nitrogen 
in the absence of light. The dark brown reaction mixture was 
diluted with water and extracted with hexane to yield 64.7 g of a 
brown, fluid oil. Glpc analysis of the crude product, using 3- 
keto-10-methyl-A4-octalone as an internal standard, indicated 
that the major product of the reaction was formed in 37% yield 
(20% DECS, firebrick, 150°, 5 ft X 0.25 in.) which composed 
ca. 70% of the area of the chromatogram. Infrared and nmr 
spectral analyses of the crude product did not indicate the forma
tion of acetate or alcoholic products. Extensive polymerization 
of the product was reduced by a rapid flash distillation of the 
mixture preceding the slow spinning band distillation. Never
theless, the major product was not separated from other isomeric 
impurities in the mixture.

The major product was purified best on a preparative scale by 
chromatography. Accordingly, 1.00 g of the crude reaction 
product was chromatographed on 30.0 g of 22% silver nitrate 
impregnated on silica gel (height to diameter 9.7). The major 
product was eluted by hexane in fractions 6  through 9 (23 ml/ 
fraction), yield 262 mg, 8 8 %  pure (23%). A pure sample of the 
tricyclic olefin 4 was obtained by preparative glpc (20% DEGS, 
firebrick, 150°, 5 ft X 0.25 in.): bp 112° (9 mm); [a]23n -4 6 ° 
(c 1.41, CHC13); uv max (cyclohexane) 192 nm (« 8860); nmr 5
5.20 (m, 1), 1.67 (sharp multiplet, 3), 1.00 (s, 3), 0.97 (s, 3), 0.87 
(s, 3).

A n a l. Calcd for C,5H24 (204.34): C, 88.16; II, 11.84. 
Found: C, 87.94; H, 11.64.

Hydroboration of Tricyclic Olefin 4.— A solution of 10.0 g of 
tricyclic olefin 4 (70% pure, 0.034 mol) in 125 ml of tetrahydro-

furan, cooled at 0 ° in an atmosphere of nitrogen, was allowed to 
react with 0.084 mol of diborane. The reaction mixture allowed 
to warm to room temperature and stand for an additional 5 hr; 
then 32 ml of 3 M  aqueous sodium hydroxide and 32 ml of 30% 
aqueous hydrogen peroxide were added. The mixture was 
stirred at 40° for 1 hr, and processed in the standard fashion to 
yield 10.90 g of residual colorless oil, which was chromatographed 
on 200 g of Woelm neutral alumina (activity II). Elution with 
650 ml of hexane yielded 6 . 8  g of a fluid oil. The remainder of 
the product was eluted with 400 ml of diethyl ether to yield 4.0 g 
of a viscous oil which slowly solidified. The first fraction was 
rechromatographed to obtain a total of 6 . 8  g of a waxy solid 
(90%). Analysis of the original hexane fraction by glpc (20% 
DEGS, Chromosorb P, 160°, 5 ft X 0.25 in.) indicated that the 
impurities in the starting material did not react with diborane. 
An analytical sample of the tricyclic alcohol 12 was prepared by 
slow recrystallization of a portion of the product from hexane: 
mp 67-70°; [ ct] 23d  + 3° (c 6.81, CHCL); uv at 2 1 0  nm (cyclo
hexane) (e 75); nmr S 3.96 (broad multiplet, 1), 1.17 (s, 3), 1.01 
(d, 3, J  = 7 Hz), 0.98 (s, 3), 0.86 (s, 3).

A n al. Calcd for Ci6H260  (222.36): C, 81.02; H, 11.79. 
Found: C, 81.26; H, 11.57.

Oxidation of Tricyclic Alcohol 12.— A solution of 4.04 g (0.018 
mol) of crude tricyclic alcohol 12 and 125 ml of acetone was cooled 
to —20° and 5.0 ml (1.1 equiv) of Jones reagent was slowly added. 
The mixture was stirred for 15 min, 2  ml of isopropyl alcohol was 
added, and then the mixture was worked up to yield the crude 
tricyclic ketone 13: 3.90 g (98%); [a ]23D — 110° (c 7.02,
CHCL); ir 1713 cm"1; nmr S 2.00-2.37 (m, 3), 1.08 (d, 3, J  = 7 
Hz), 1.03 (s, 3), 0.98 (s, 3), 0.83 (s, 3).

A 2,4-dinitrophenylhydrazone derivative was prepared and 
recrystallized from methyl alcohol, orange crystals, mp 172-183°.

A n al. Calcd for CiJUgNJ), (400.46): C, 62.98; H, 7.05;
N, 13.99. Found: C, 62.80; H, 6.98; N, 13.90.

The crude tricyclic ketone 13 was filtered through 190 g of 
Woelm neutral alumina (activity II) with benzene to yield 3.33 g 
(84%) of tricyclic ketone 14 which solidified after several weeks. 
A small portion of the material was purified by preparative glpc 
(20% DEGS, Chromosorb P, 160°, 5 ft X 0.25 in.): mp 40°; 
M 23d  -5 2 °  (c 7.07, CHCL); ir 1710 cm“ 1; nmr S 2.67 (q, 1 , 
J  = 7 Hz), 1.98-2.31 (m, 2), 0.96 (s, 3), 0.89 (d, 3, J  = 7 Hz),
O. 88 (s, 3), 0.78 (s, 3).

A n al. Calcd for Cj5H2(0 : C, 81.76; H, 10.98. Found: C, 
81.54; H, 10.91.

A 2,4-dinitrophenylhydrazone derivative was prepared, yellow 
solid, mp 180.0-180.5°.

A n al. Calcd for C2iH28N 40 4: C, 62.98; H, 7.05; N, 13.99. 
Found: C, 63.07; H, 6.76; N, 14.28.

Lithium  Alum inum  H ydride Reduction of Tricyclic K eton e
13.— A mixture of 300 mg (1.37 mmol) of crude tricyclic ketone
13, 1.02 g (27 mmol) of lithium aluminum hydride, and 100 ml of 
diethyl ether was stirred for 1.5 hr at room temperature; 266 mg 
of the crude product was chromatographed on 13 g of Woelm 
neutral alumina (activity II). Benzene ( 6 8  ml) eluted 145 mg 
(48%) of a white solid. An infrared spectrum of the material 
was identical with the spectrum of tricyclic alcohol 12. An 
additional 8 6  ml of benzene and 60 ml of benzene-diethyl ether 
(95:5) eluted 101 mg (33%) of tricyclic alcohol 18, mp 123-127°. 
A small portion of the alcohol was recrystallized from hexane: 
mp 131-132°; [<*]23d - 5 °  (c 2.84, CHCL); nmr S 3.75^.20 
(broad m, 1) 1.03 (s, 3), 1.01 (d, 3, J  = 7 Hz), 0.98 (s, 3), 0.89 
Ob 3).

A n al. Calcd for C i5H260: C, 81.02; H, 11.79. Found: C, 
81.20; H, 11.50.

Lithium  Alum inum  Hydride Reduction of Tricyclic K eto n e
14. — A mixture of 109 mg (0.49 mmol) of crude tricyclic ketone
14, 100 mg (2.64 mmol) of lithium aluminum hydride, and 15 ml 
of diethyl ether was stirred for 13 hr at room temperature; 115 
mg ( 1 0 0 % ) of the crude product was filtered through a small 
amount of Woelm neutral alumina (activity II) in diethyl ether 
to yield tricyclic alcohol 15: [ < * ] 23d  —5° (c 2.07, CHCL); nmr
S 3.79 (m, 1), 1.00 (d, 3, J  =  7 Hz), 0.96 (s, 6 ), 0.75 (s, 3).

A n al. Calcd for C 15II26O: C, 81.02; H, 11.79. Found: C, 
81.26; H, 11.57.

T reatm ent of Tricyclic Olefin 4 with m -Chloroperbenzoic  
A cid .— A solution of 100 mg (0.49 mmol) of 85% m-chloroper- 
benzoic acid in 3 ml of chloroform was slowly added to a solution 
of 100 mg (0.49 mmol) of greater than 95% pure tricyclic olefin 4 
in 2.0 ml of chloroform at 0°. After 13 hr at 0°, the mixture was 
poured into half-saturated aqueous potassium bicarbonate and
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processed to give a residual light yellow oil, 1 2 1  mg, which was 
filtered through 3 g of Woelm neutral alumina (activity II) with 
hexane to yield 106 mg (99%) of tricyclic epoxide 16: [a ]23D
-4 2 °  (c 0.4367, CHCIj); nmr 8  2.90 (m, 1), 1.16 (s, 3), 0.94 (s, 
6 ), 0.88 (s, 3).

A n al. Calcd for C j5H240: C, 81.76; H, 10.98. Found: C, 
81.70; H, 10.88.

Lithium Aluminum Hydride Reduction of Tricyclic Epoxide
16.— A mixture of 3.50 g (15.9 mmol) of tricyclic epoxide 16, 
1.498 g (39.4 mmol) of lithium aluminum hydride, and 125 ml of 
ethylene glycol dimethyl ether was heated under reflux for 49.5 hr 
under nitrogen. The mixture was allowed to react for an addi
tional three days at room temperature. After work-uo, 3.67 g of 
a residual oil was chromatographed on 180 g of Woelm neutral 
alumina (activity II). Hexane (1115 ml) eluted 457 mg of 
unidentified material which was not investigated. Hexane- 
benzene (330 ml, increasingly greater amounts of benzene) and 
finally oenzenc (1210 ml) eluted two alcohols. Infrared and nmr 
spectra of the first alcohol, 650 mg (18%), were identical with the 
spectra of tricyclic alcohol 15. Jones oxidation of this material 
afforded tricyclic ketone 14, as determined by infrared and nmr 
spectroscopy. The second alcohol solidified after several weeks 
to yield 1.432 g (41%) of tricyclic alcohol 17: ir.p 46-50°; 
M 23d +9° (c 2.69, CHCh); nmr 8 1.33 (s, 3), 1.04 % 3), 0.95 
(s, 3), 0.85 (s, 3).

A nal. Calcd for CbIL sO: C, 81.02; 11,11.79. Found: C, 
80.89; H, 11.62.

Treatment of Tricyclic Olefin 4 with Osmium Tetroxide.— A
mixture of 3.34 g (16.3 mmol) of 90% pure tricyclic olefin 4, 175 
ml of diethyl ether, 4.17 ml of pyridine, and 4.24 g (16.7 mmol) of 
osmium tetroxide was allowed to react at room temperature in the 
absence of light for 1 month (later it was found, 1  week was 
sufficient); the brown tacky crude osmylate was dissolved in 175 
ml of diethyl ether, and reduced with 2.40 g (63 mmol) of lithium 
aluminum hydride (20 hr). The reaction mixture yielded 4.53 g 
of a viscous yellow oil which was chromatographed on 175 g of 
Woelm neutral alumina (activity II). Elution with benzene- 
diethyl ether (increasingly greater amounts of diethyl ether) 
yielded 2.13 g of an unidentified oil: nmr 8 4.83 (broad singlet),
1.61 (narrow multiplet), 0.97 (s), 0.92 (s). The tricyclic diol 19 
was eluted with pure diethyl ether, yield 2.00 g (51%). A small 
portion of the product was recrystallized from carbon tetrachlo
ride: mp 124-125°; [ « ] 23d  + 5 °  (c 2.10, CHC13); nmr 8  3.55 
(broad m, 1), 1.21 (s, 3), 0.97 (s, 3), 0.94 (s, 3), 0.91 (s, 3).

A n a 1. Calcd for C 15H26O2 : C, 75.58; H, 10.99. Found: C,
75.41; H, 10.76.

Treatment of Tricyclic Diol 19 with Lead Tetraacetate.— A
mixture of 1.944 g (8.2 mmol) of tricyclic diol 19, 175 ml of 
glacial acetic acid, and 8.80 g (19.80 mmol) of lead tetraacetate 
was stirred under a nitrogen atmosphere at room temperature for 
40 hr. The solution was diluted with water and extracted with 
four portions of diethyl ether. The combined ethereal solutions 
were processed in the standard manner to yield 1.88 g (98%) of 
crude bicyclic keto aldehyde 20. A small portion of this material 
was rapidly oxidized overnight at room temperature in the 
atmosphere to bicyclic keto acid 2 1 a. Therefore, the crude keto 
aldehyde was used directly in the next experiment: ir 2713, 
1730, 1703 cm -'; nmr 8  9.63 (t, 1, /  = 1.5 Hz), 2.04 (s, 3), 1.13 
(s, 6 ), 0.88 (s, 3).

Oxidation of Bicyclic Keto Aldehyde 20.— A solution of 2.280 g 
(14.4 mmol) of potassium permanganate in 30 ml of water was 
slowly added to a solution of 1.80 g (7.6 mmol) of crude bicyclic 
keto aldehyde 2 0  in 200 ml of acetone. The mixture was stirred 
for 3 hr at room temperature, diluted with water containing 2.0 
ml of concentrated aqueous hydrochloric acid, extracted with 
ether, and processed to yield 1.08 g (53% yield from tricyclic diol 
19) of bicyclic keto acid 2 1 a. A portion of the material was 
recrystallized twice from hexane: mp 104-105°; [a]23n + 4° (c 
4.56, CIICI3 ); ir 1706 cm "1; nmr 8 2.08 (s, 3), 1.19 (s, 6 ), 0.97 
(s, 3).

A n a). Calcd for C,5H2,03: C, 71.39; H, 9.59. Found: C, 
71.50; H, 9.35.

The product failed to react with 2,4-dinitrophenylhydrazine.
Wolff Kishner Reduction of Bicyclic Keto Acid 21a.— A solu

tion of 249 mg (10.8 mg-atoms) of sodium metal in 5 ml of 
distilled diethylene glycol was added to 2 ml (63 mmol) of 
anhydrous hydrazine" - 23 and 300 mg (1.193 mmol) of bicyclic 
keto acid 2 1 a and heated under reflux for 35 hr. The excess

hydrazine was distilled from the solution until the temperature 
in the reaction flask reached 200°. The solution was heated 
under reflux for 27 hr, and worked up to yield 275 mg (98%) of 
bicyclic acid 22a which slowly solidified. A small portion of the 
material was recrystallized twice from hexane: mp 87-88°; 
[ a ] 23d  - 7 °  (c 6.15, C H C I 3 ); ir 1709 cm -'; nmr 8 2.15-2.75 (m, 
2 ), 0.94 (s, 3), 0.88 (s, 3), 0.84 (s, 3), 0.83 (broad t, 3, J  =  7 Hz).

A n al. Calcd for Ci5H260 2: C, 75.58; H, 11.00. Found: 
C, 75.37; H, 10.63.

The acid was esterified with diazomethane and the ester was 
chromatographed on Woelm neutral alumina (activity II). 
Elution with hexane yielded the pure ester 22b: [ « ] 23d  —5° (c
8.13, CHCh); ir 1738 cm“ 1; nmr 8  3.59 (s, 3), 2.13-2.70 (m, 2), 
0.88 (s, 9), 0.83 (broad t, 3, /  = 7 Hz).

A n a l. Calcd for C i6H2 8 0 2: C, 76.14; H, 11.18. Found: 
C, 75.96; H, 10.88.

Treatment of Bicyclic Ester 22b with Phenylmagnesium 
Bromide. To a solution of 8 6  mmol of phenylmagnesium bromide 
was added 2.20 g (8.71 mmol) of bicyclic ester 22b in 25 ml of dry 
ether. The solution was heated under reflux for 9 hr and allowed 
to react at room temperature for an additional 12 hr. The mix
ture was processed in the standard fashion and the crude 3.99 g of 
a yellow oil was chromatographed on 123 g of Woelm neutral 
alumina (activity II). Hexane eluted 554 mg of unreacted ester. 
Hexane-diethyl ether (85:15) eluted 2.239 g of the crude di- 
phenylcarbinol 23 which was rechromatographed on 46 g of 
Woelm neutral alumina (activity II) to yield a total of 989 mg 
(45%) of unreacted ester and 1.390 g (42%) of crude diphenyl- 
carbinol 23. The unreacted ester was allowed to react with an 
ethereal solution of 85.5 mmol of phenylmagnesium bromide as 
previously described. Isolation and alumina chromatography 
yielded a total of 2 . 0 0 1  g (61%) of crude liquid diphenylcarbinol 
23: ir 3597, 3044, 1600, 699 cm“ 1; nmr 8 7.00-7.57 (m, 10), 
0.78 (s, 3), 0.73 (s, 3), 0.48 (s, 3).

A n a l. Calcd for C-jHseO: C, 86.11; 11,9.64. Found: C, 
84.80; H, 9.31.

Dehydration of Diphenylcarbinol 23.— A mixture of 1.75 g 
(4.7 mmol) of diphenylcarbinol 23, 38 ml of water, and 190 ml of 
acetic acid was heated at 90° on a steam bath for 2.5 hr, and 
worked up in the usual way to yield 1.55 g of a yellow oil. The 
material was chrcmatographed on 85 g of Woelm neutral alumina 
(activity I) and 'he diphenyl olefin 24 was eluted with hexane- 
diethyl ether (95:5): yield 1.418 g (74%); [ « ] 23d  +202° (c  

2.85, C H C I 3 ); nmr 8 6.99-7.53 (m, 10), 6.03 (d, 1, /  = 11 Hz),
2.07 (d, 1, J  = 11 Hz), 1.03 (s, 3), 0.83 (s, 3), 0.78 (s, 3), 0.75 
(broad t, 3, J  = 7 Hz).

A n al. Calcd for C2,H3<: C, 90.44; H, 9.56. Found: C, 
90.22; H, 9.77.

Treatment of Diphenyl Olefin 24 with Ruthenium Tetroxide.—
A mixture of 1.57 g of sodium metaperiodate, 121 mg (0.905 
mmol) of ruthenium dioxide, and 30 ml of water was stirred at 0° 
for 30 min. An additional 1.60 g of sodium metaperiodate was 
added to the mixture, followed by the dropwise addition of 1.406 
g (3.92 mmol) of diphenyl olefin 24 dissolved in 76 ml of cold 
acetone (distilled from potassium permanganate). A  black 
precipitate formed immediately. During the next 9 hr at room 
temperature with vigorous stirring, a total of 12.80 g of sodium 
metaperiodate was added in 1.60-g portions in order to remove 
the black precipitate whenever it appeared. The excess ru
thenium tetroxide was destroyed by the addition of 16 ml of iso
propyl alcohol and the mixture was placed in the refrigerator over
night. The mixture was added to an aqueous sodium chloride 
solution containing 1 . 0  ml of concentrated aqueous hydrochloric 
acid and extracted with ether. The combined ethereal extracts 
were washed with water and half-saturated aqueous potassium 
bicarbonate. The basic water solution was washed with diethyl 
ether, acidified with concentrated aqueous hydrochloric acid, and 
extracted with four portions of diethyl ether. The combined 
ethereal extracts were worked up to yield 238 mg of benzoic acid. 
The original base-washed ethereal solution was washed twice with 
water and dried, and the solvent was removed under reduced 
pressure. This material was dissolved in hexane and extracted 
with 50 ml of 1 M  aqueous sodium hydroxide and twice with 
water. The aqueous extracts were combined, washed with hex
ane, acidified with concentrated aqueous hydrochloric acid, and 
extracted with four portions of diethyl ether. The combined 
ethereal solutions were processed to yield 798 mg (91%) of crude 
bicyclic acid 25a: [<x] 23d — 19° (e 4.83, CHC13); ir 1699 cm-1;
nmr 8 1.08 (s, 3), 0.88 (s, 3), 0.85 (s, 3), 0.84 (broad t, 3, J  =  7 
Hz).(23' L. I. Smith and K. L. Howard, Org. Syn., 24, 53 (1944).
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A n a l. Calcd for Ci4H240 2: C, 74.95; H, 10.78. Found: C, 
74.74; H, 10.73.

The methyl ester was prepared with diazomethane: [a ]28D
+ 6° (c 6.46, CHCls); ir 1737 cm“ 1; nmr S 3.58 (s, 3), 0.97 (s, 3), 
0.80 (s, 3), 0.78 (broad t, 3, /  =  7 Hz), 0.77 (s, 3).

A n a l. Calcd for C i5H2602: C, 75.58; H, 11.00. Found: C, 
75.80; H, 10.88.

Bromination-Dehydrobromination of Tricyclic Olefin 4.— A
solution of 120 ml of acetic acid, 6.0 g of sodium acetate, and 6.2 
ml (113.5 mmol) of bromine was added over a period of 20 min to 
a solution of 9.108 g (30.8 mmol) of 70% pure tricyclic olefin 4 in 
125 ml of diethyl ether at 0°. The reaction mixture was allowed 
to react for 0.5 hr at 0° and poured into a solution of 10 g of 
sodium sulfite in water, and the product was extracted with hex
ane. The 15.42 g of crude dibromide was dissolved in 125 ml of
7 -collidine and heated under reflux for 20 min under a N2 atmo
sphere. The mixture was processed in the usual manner to yield 
11.60 g of a brown oil which was chromatographed on 183 g of 
Woelm neutral alumina (activity II). Elution of the chroma
tography column with 570 ml of hexane produced 6.91 g of a fluid 
oil which was further purified by distillation through a 40 cm long 
platinum spinning band column (Nester-Faust) to yield 4.61 g of 
63% pure tricyclic diene 32, yield 46% by vpc analysis (20% 
DEGS, Chromosorb P, HMDS, 157°, 5 ft X 0.25 in.). A pure 
sample of tricyclic diene 32 was obtained by preparative glpc: 
bp 51° (3.0 mm); [ a ] 23D  —73° (c 0.2897, CHCh); uv max 
(cyclohexane) 229 nm (e 15,750), 236 (17,200), 245 (10,900); ir 
3086, 3012, 1629, 1594, 889 cm -1; nmr S 6.05 (q, 1 , J  =  10, 2.5 
Hz), 5.60 (broad d, 1, J  = 10 Hz), 4.94 (narrow m, 1), 4.85 
(broad s, 1), 1.10 (s, 3), 1.02 (s, 6).

A n a l. Calcd for C i5H22: C, 89.04; H, 10.96. Found: C, 
89.34; H, 10.72.

Treatment of Tricyclic Diene 32 with Potassium ferf-Butox- 
ide.— A mixture of 206 mg (0.82 mmol) of 80% pure tricyclic 
diene 32, 4 ml of dry dimethyl sulfoxide, and 1.134 g (10.1 
mmol) of commercial potassium ¿erf-butoxide was allowed to 
react at 40° for 13 hr and then at 52° for 21 hr. The material 
was poured into aqueous sodium chloride and the product was 
isolated in the standard fashion. The 174 mg of a residual oil 
was chromatographed on 15.4 g of Woelm basic alumina (activity 
I I ) ;  elution with 10 ml of hexane produced 47 mg of a colorless oil 
which had a superimpossible infrared spectrum with that of the 
80% pure starting material. Further elution with 10 ml of 
hexane produced an additional 97 mg of impure diene 32 (infrared 
analysis). The tricyclic diene was purified by preparative vpc 
(20% DEGS, Chromosorb P, HMDS, 157°, 5 ft X 0.25 in.): 
[ a ] 23D  —28° (c 0.2642, C H C I 3 ); uv max (cyclohexane) 229 nm 
(e 15,700), 236 (16,600), 245 (10,000).

p-(ierf-Amyl)toluene (33).— A mixture of 63.7 ml of toluene 
and 67 ml of concentrated sulfuric acid was stirred under a 
nitrogen atmosphere at 0° while 16.4 ml (0.15 mol) of (erf-amyl 
alcohol was slowly added over a period of 20 min such that the 
temperature of the mixture did not rise above 10°. The mixture 
was stirred at 0° for 2 hr, poured onto 1000 g of crushed ice, and 
the mixture was worked up to yield 24.2 g of a liquid which was 
distilled through a 40 cm long platinum spinning band column 
(Nester-Faust). The desired product, 13.98 g (57%), distilled 
at 93-99° (19 mm). The majority of the material distilled at 99° 
(19 mm) [lit13 100° (20 mm)]: nmr 5 6.83-7.29 (m, 4), 2.27 (s, 
3), 1.62 (q, 2, /  = 7 Hz), 1.23 (s, 6), 0.67 (t, 3, /  = 7 Hz).

l-Methyl-4-ierf-amylcyclohexa-l,4-diene (34).— A solution of 
900 ml of liquid ammonia (distilled from sodium metal), 400 ml of 
diethyl ether, 370 ml of isopropyl alcohol, and 13.98 g (86.1 
mmol) of p-((er(-amyl)toluene was stirred under reflux. A total 
of 12.9 g (1.86 mol) of lithium metal was added in portions to the 
reaction mixture over a period of 35 min. After stirring the 
reaction for an additional 10 min, the dark blue solution became 
colorless. The mixture was allowed to reflux for 1 additional hr 
and then 100 ml of methyl alcohol was added over a period of 10 
min. Work-up in the standard fashion yielded 13.32 g (97%) of 
a colorless oil which by nmr spectral analysis was pure and con
tained no starting material. A portion of the material was 
further purified by preparative glpc (20% Carbowax 20M, 10% 
KOH, firebrick, 115°, 5 ft X 0.25 in.): ir 3015 cm-1; nmr 5
5.41 (broad m, 2), 2.56 (broad s, 4), 1.65 (broad s, 3), 1.35 
(broad q, 2, J  = 7 Hz), 1.00 (s, 6), 0.71 (broad t, 3, J  = 7 Hz).

A n a l. Calcd for C i2H2„: C, 87.73; H, 12.27. Found: C, 
87.86; H, 12.09.

l-Methyl-4-i-amylcyclohexa-l,3-diene (35).— A mixture of 770 
ml of dimethyl sulfoxide, 15 ml of benzene, and 13.32 g (81.2

mmol) of l-methyl-4-ierf-amylcyclohexa-l,4-diene (34) was 
stirred at room temperature for 0.5 hr while a nitrogen stream 
was bubbled through the solution. After addition of 25.2 g (225 
mmol) of commercial potassium (erf-butoxide, the reaction mix
ture was stirred for 27.75 hr, and worked up in the usual manner to 
yield 22.71 g of material which contained some hexane. Nmr 
analysis of the crude product indicated that the ratio of con
jugated diene to unconjugated diene is 86:14. The material was 
distilled through a 40 cm long platinum spinning band column 
(Nester-Faust), bp 81-86° (10.5 mm), to yield 9.18 g (69%) of 
90% pure product: bp 86° (10.5 mm); uv max (cyclohexane)
268 nm (<= 7285); nmr a 5.53 (s, 2), 2.02 (s, 4), 1.75 (s, 3), 1.37 
(broad q, 2, /  = 7 Hz), 0.99 (s, 6), 0.72 (broad triplet, 3, J  =  7 
Hz).

The product rapidly reacted with air under ambient conditions 
to produce a viscous oil; a sample of the product obtained from 
the center fraction of the distillation gave the following analyses 
on successive days.

A n a l. Calcd for C12H20: C, 87.73; H, 12.27. Found: C, 
86.46; H, 12.66. A nal. Found: C, 79.85; H, 11.02.

l-Methyl-4-ierf-amylbicyclo [2.2.2] oct-5-ene-2,3-dicarboxylic 
Acid Anhydride (36).— A mixture of 9.00 g (54.8 mmol) of 90% 
pure l-methyl-4-ierf-amylcyclohexa-l,3-diene (35) (10% uncon
jugated diene), 35 ml of o-xylene (filtered through Woelm neutral 
alumina, activity I), and 5.50 g (56.1 mmol) of maleic anhydride, 
mp 53-54°, was heated for 2.7 hr at 135° under 1 atm of nitrogen. 
The yellow reaction mixture was worked up to yield 12.93 g 
(100%) of a white solid, mp 66-69°. This material was dissolved 
in benzene and filtered to remove insoluble material (ca . 50 mg), 
and the solvent was removed under reduced pressure. The 
residue had mp 72.5-74.0°; ir 3033, 1845, 1783, 708 cm-1; nmr 
(benzene) 5 5.02 (d, 1, J  = 8 Hz), 5.67 (d, 1, /  = 8 Hz), 2.60 (d,
I, J  = 9 Hz), 2.22 (d, 1, J  = 9 Hz), 1.39 (s, 3), 0.98 (s, 3), 0.90 
(s, 3), 0.82 (broad t, 3, J  =  7 Hz).

A nal. Calcd for C i6H220 3: C, 73.25; H, 8.45. Found: C, 
72.99; H, 8.30.

1 -Methyl-4-ierf~amylbicyclo [2.2.2] octane-2,3-dicarboxylic Acid 
(37).— A mixture of 12.12 g (46.2 mmol) of l-methyl-4-ierf-amyl- 
bicyclo[2.2.2]oct-5-ene-2,3-dicarboxylie acid anhydride (36) and 
98 mg of prereduced platinum oxide in 60 ml of tetrahydrofuran 
(distilled from lithium aluminum hydride) was shaken at room 
temperature under 1 atm of hydrogen gas. The absorption of 
hydrogen ceased after 6 hr. The mixture was processed to yield
II. 46 g (94%) of a viscous oil which solidified overnight, mp 
42-50°. A portion of the product was dissolved in hexane, the 
solution was filtered, and the solvent was removed under reduced 
pressure from the filtrate. The anhydride had mp 44-47°; ir 
1862, 1776 cm -1; nmr S 3.17 (d, \ ,J  = 10 Hz), 2.83 (d, 1, J  = 
10 Hz), 1.13 (s, 3), 0.86 (s, 6), 0.85 (broad t, 3, J  =  7 Hz).

A n al. Calcd for Ci6H2403: C, 72.69; H, 9.15. Found: C, 
72.49; H, 9.10.

A mixture of 4.96 g (18.7 mmol) of the crude anhydride and 25 
ml of 20% aqueous potassium bicarbonate was stirred on a steam 
bath for 1 hr, acidified, and extracted with ether. The solvent 
was rotary evaporated to yield 5.34 g of a light yellow foam. 
Approximately 70 ml of hexane was added to the foam, and the 
foam was scratched with a glass stirring rod to produce a white 
solid and a yellow solution. This mixture was filtered to yield
4.81 g (91%) of diacid 37: mp 144.5-145.5° dec; ir (KBr) 1717 
cm“ 1; nmr (CDC1S) 8 3.24 (d, 1, J  = 11.5 Hz), 2.73 (d, 1, /  =
11.5 Hz), 0.96 (s, 3), 0.80 (s, 6), 0.78 (broad t, 3, /  = 7 Hz).

A n al. Calcd for C i6H260 4: C, 86.05; H, 9.28. Found: C, 
67.99; H, 8.99.

l-Methyl-4-ierf-amylbicyclo[2.2.2]octene (38).— A mixture of
10.10 g (38.2 mmol) of cfs-l-methyl-4-ierf-amylbicyclo[2.2.2]- 
octane-2,3-dicarboxylic acid (37), 70 ml of reagent grade benzene 
(filtered through Woelm neutral alumina, activity I), 4.93 ml of 
pyridine (distilled from p-toluenesulfonyl chloride and then po
tassium hydroxide), and 20.20 g (45.6 mmol) of lead tetraacetate 
(the material was washed free of acetic acid with dry hexane and 
the hexane was removed under reduced pressure to yield a white, 
free-flowing powder) was stirred for 50 min at room temperature 
under 1 atm of nitrogen. The orange opaque mixture was 
slowly heated in an oil bath until carbon dioxide began to evolve 
at 56°. At the end of 1.75 hr, the evolution of carbon dioxide 
had ceased. At this time, the mixture was heated at 75-80° for 
3 hr and allowed to cool to room temperature and stand for an 
additional 3.75 hr. The mixture was poured into ca. 2 1. of 1.1 M  
aqueous nitric acid and extracted with diethyl ether until the
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aqueous layer was clear and colorless. The combined ethereal 
solutions were processed to yield 7.76 g of a fluid orange oil. 
Hexane was added and the mixture was filtered to yield a light 
yellow solution of the crude product in hexane. The solvent was 
evaporated under reduced pressure and the residual oil was chro
matographed on 180 g of Woelm neutral alumina (activity I). 
Elution with 160 ml of hexane and evaporation of the solvent 
under reduced pressure yielded 4.80 g (65%) of the product as a 
colorless, mobile oil: ir 3021, 697 cm-1; nmr 8 6.13 (d, 1, /  = 8 
Hz), 5.88 (d, 1, J  =  8 Hz), 1.09 (s, 3), 0.85 (s, 6), 0.85 (broad t, 
3, /  = 7 Hz).

A nal. Calcd for C ltH,(: C, 87.42; H, 12.58. Found: C,
87.37; H, 12.30.

l-Methyl-4-feri-amylbicyclo [2.2.2] octan-2-ol (40). A— A 30- 
ml aliquot of a solution of borane in tetrahydrofuran (1.26 M  
in boron hydride) was added to a stirred solution of 4.80 g (24.9 
mmol) of l-methyl-4-iert-amylbicydo[2.2.2]octene (38) in 27 ml 
of tetrahydrofuran at 0°. After 15 min an additional 30 ml of 
borane solution was added and the mixture was allowed to warm 
to room temperature and react for 5.25 hr. The excess diborane 
was decomposed by the addition of 9 ml of water followed by the 
addition of 14.4 ml of 3 M  aqueous sodium hydroxide and 14.4 ml 
of 30% aqueous hydrogen peroxide (no exothermic reaction). 
The mixture was stirred for 10 hr at room temperature, diluted 
with water, and extracted with four portions of diethyl ether. 
The combined ethereal solutions were worked up in the normal 
manner to yield 5.250 g of a viscous oil: ir 3635 (weak), 1360 
cm-1 (strong); nmr 8 3.5-4.2 (multiplet). Vapor phase chro
matographic analysis (20% Carbowax 20M, 10% KOH, Chromo- 
sorb W, 170°, 5 ft X 0.25 in.) showed three peaks in the ratio 
24:64:12. The first peak had the same retention time as the 
starting bicyclic olefin. The second and third compounds eluted 
at a much longer retention time. The minor of the latter two 
compounds had a retention time 1.33 times longer than the major 
compound. Both of these latter compounds were collected by 
preparative glpc.

The minor product was a viscous oil, ir 3611 c m '1, and the 
fingerprint region of the infrared spectrum was similar to that of 
the major product which was a white solid: mp 46-49°; ir 3611 
cm“ 1; nmr 5 3.97 (q, 1, J  = 8.5, 2.5 Hz), 0.80 (broad s, 9), 0.79 
(broad triplet, 3, J  = 7 Hz). A dilute nmr spectrum of the 
minor product in carbon tetrachloride showed major absorptions 
for quaternary methyl groups at 8 0.80 and 0.70.

The remaining portion of the 5.250 g was chromatographed on 
150 g of Woelm neutral alumina (activity II). Elution with 
435 mi of hexane gave 1.29 g of a slightly viscous oil which had 
the same glpc retention time as bicyclic olefin 3 8 . Further 
elution of the chromatography column with 240 ml of diethyl 
ether yielded 2.07 g of a light yellow, viscous oil, glpc analysis of 
which showed that over 95% of the chromatogram consisted of 
the two previously mentioned alcohols in the ratio 4.4:1.0. 
The minor alcohol had the longer retention time. This mixture 
of alcohols was collected by preparative glpc.

A n al. Calcd for CnH260: C, 79.93; H, 12.46. Found: C, 
79.68; H, 12.22.

Further elution of the chromatography column with 100 ml of 
diethyl ether produced only 0.01 g of a viscous oil which was not 
investigated. The contents of the chromatography column were 
added to water, the mixture was extracted with three portions of 
diethyl ether, and the ethereal solution was processed in the usual 
manner to yield 0.53 g of a viscous boronic acid 45: ir 3670, 3610, 
3552, 3448, 1365 cm“ 1 (strong, broad); nmr 8 5.50 (very weak 
broad absorption), 1.0-2.0 (multiplet), 0.75 (strong singlet). 
An nmr spectrum of this material which was run less than 24 hr 
later showed no absorptions at 8 5.50. The strong singlet at 3 
0.75 had been replaced by two strong overlapping broad singlets 
at 8 0.77 and 0.70 and the infrared spectrum no longer exhibited 
any oxygen-hydrogen stretching vibrations; these spectral 
features are characteristic of a boroxine 46.

A solution of 460 mg of this latter material 46 in 10 ml of dry 
tetrahydrofuran was allowed to react with 1.0 ml of 30% aqueous 
hydrogen peroxide and 1.0 ml of 3 M  aqueous sodium hydroxide 
under reflux for 2.3 hr. The mixture was diluted with water and 
extracted with three portions of diethyl ether. Tne combined 
ethereal solution was processed to yield 410 mg of a yellow oil. 
Analysis of the crude product by nmr and infrared spectroscopy 
showed major absorptions attributable to the major alcohol 40 in 
addition to a medium-strong absorption at 1365 cm“ 1 and a 
weak absorption at 3645 cm“ 1. Glpc analysis showed only one 
compound, which was collected by preparative vpc. An infrared

spectrum of this product was superimposible with a spectrum of 
the major alcohol 40.

The remaining portion of the crude alcoholic product was dis
solved in 10 ml of reagent grade acetone and treated with 0.5 ml 
of Jones reagent at 0°. The mixture was stirred and allowed to 
come to room temperature over a period of 15 min. The mixture 
was poured into water and the aqueous mixture was worked up 
in the usual manner to yield 372 mg of a fight yellow oil. The 
nmr spectrum showed major absorptions attributable to ketone 
42.

B.— A solution of 5.63 g of 90% pure bicyclic olefin 38 (26.4 
mmol) in 10 ml of dry tetrahydrofuran was allowed to react with
41.6 ml of 1.26 M  boron hydride in tetrahydrofuran at room 
temperature for 45.5 hr. The borane adduct was oxidized by 
the addition of 4.74 ml of 3 M  aqueous sodium hydroxide and 
4.74 ml of aqueous 30% hydrogen peroxide and heating the 
mixture at 47° for 1 hr. The solution was processed in the 
standard manner to yield 6.54 g of a viscous yellow oil. The 
material was chromatographed on 150 g of Woelm neutral 
alumina (activity II). Elution with 300 ml of hexane gave 1.63 
g of an oil with no nmr absorptions downfield from 3 2.0; only 
the complex absorptions of hydrogens substituted on non- 
functionalized carbon atoms were seen between 3 0.6 and 2.0. 
Further elution with 340 ml of diethyl ether gave 4.11 g of a 
viscous oil; glpc analysis of the material showed the presence of 
two alcohols 40 and 39 in the ratio 2.6:1.0 at the same retention 
times as the two alcohols mentioned in the first experiment; the 
minor alcohol had the longer retention time.

l-Methyl-4-terZ-amylbicyclo[2.2.2]octan-2-one 42.— A solution 
of 848 mg (4.0 mmol) of the mixture of bicyclic alcohols 40 and 
39, containing some boroxine from the hydroboration experi
ment, in 25 ml of acetone at 0° was oxidized with 1.0 ml (1.0 
equiv) of Jones reagent to yield 821 mg (98%) of a fluid, light 
yellow oil. Glpc analysis of the material (10% KOH, 20% 
Carbowax 6000, firebrick, 172°, 5 ft X 0.25 in.) indicated that 
two ketones were formed in the ratio of 2.0:1.0 (by area); the 
minor ketone had the longer retention time.

The minor ketone 41 was purified by preparative glpc (same 
conditions as above): ir 1722 cm“ 1; nmr 8 2.07 (broad s, 2), 
0.87 (s, 3), 0.85 (broad t, 3, J  = 7 Hz), 0.78 (s, 6).

The major ketone 42 was purified by preparative glpc: ir 1718 
cm“ 1; nmr 8 1.95 (broad s, 2), 0.92 (s, 3), 0.88 (s, 6), 0.81 
(broad t, 3, J  = 7 Hz).

A n a l. Calcd for ChH240: C, 80.71; H, 11.61. Found: C, 
80.42; H, 11.31.

l-Methyl-4-ieri-amylbicyclo [2.2.2] octane-2,3-dione (43a).— A 
mixture of 1.521 g (7.33 mmol) of the 2.0:1.0 mixture of bi- 
cyclic ketones 42 and 41, 11.5 g (104 mmol) of selenium dioxide, 
and 20 ml of o-xylene was stirred for 10 hr in an oil bath at 140- 
145°. The mixture was processed in the standard fashion and 
a hexane concentrate was analyzed by glpc (G.E. SF-96, 170°,
5 ft X 0.25 in.; chromatography on 10% KOH, 20% Carbowax 
20M, Chromosorb W, 172°, 5 ft X 0.25 in. decomposed the 
product to a carbonyl-containing compound, ir 1718 cm“ 1). 
The hexane solution was evaporated under reduced pressure to 
yield a brown residual oil which chromatographed on 50 g of 
silica gel (the product was unstable on Woelm neutral alumina, 
activity II). The column was eluted with 600 ml of benzene 
and the solvent was evaporated under reduced pressure to yield 
1.508 g of an amber oil which solidified. The material was re- 
crystallized from pentane to yield a total of 697 mg (43%) of 
product: mp 90-91°; uv max (cyclohexane) 456 nm (e 33); ir 
1750, 1732 cm“ 1; nmr 8 1.00 (s, 3), 0.94 (s, 6), 0.86 (broad t, 3, 
J  = 7 Hz).

A n al. Calcd for ChH220 2: C, 75.63; H, 9.98. Found: C, 
75.48; H, 9.72.

l-Methyl-4-fe~f-amylbicyclo [2.2.2] octane-2,3-dione 2-p-Tolu- 
enesulfonylhydrazone (43b).— A mixture of 636 mg (2.86 mmol) 
of l-methyl-4-irri-amylbicyclo[2.2.2]octane-2,3-dione (43a), 533 
mg (2.86 mmol) of p-toluenesulfonylhydrazine, and 7.5 ml of 
chloroform was stirred for 48 hr with the exclusion of light. The 
mixture was filtei'ed through anhydrous sodium sulfate and the 
solvent was removed under reduced pressure to yield 981 mg 
(88%) of bicyclic keto hydrazone 43b. A portion of the product 
was recrystallized from chloroform-methyl alcohol to yield small, 
fight yellow needles: mp 193° (decomposition with gas evolution); 
uv max (EtOH) 229 nm (<= 9710), 289 (10,400), 397 (242); ir 
3218, 1680, 1371, 1166 cm“ 1; nmr 8 7.83 (broad d, 2, /  = 8 
Hz), 7.30 (broad d, 2, J  = 8 Hz), 2.43 (s, 3) 1.05 (s, 3), 0.92 (s, 
6), 0.83 (broad triplet, 3, J  = 7 Hz).
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A n al. Calcd for C2iH,0N2SOs: C, 64.58; H, 7.74; N, 7.17; 
S, 8.21. Found: C, 64.31; H, 8.03; N, 7.33; S, 8.10.

2-Diazo-l-methyl-4-ierf-amylbicyclo[2.2.2]octan-3-one (43c). 
— A solution of 764 mg (1.96 mmol) of l-methyl-4-ieri-amyl- 
bicyclo [2.2.2] octane - 2,3 - dione 2 - p - toluenesulfonylhydrazone
(43b) in 10 ml of chloroform was filtered through 21 g of Woelm 
basic alumina (activity I). The column was eluted with fresh 
chloroform until appreciable amounts of a yellow eluate were no 
longer obtained. The chloroform solution was concentrated 
under reduced pressure. An infrared spectrum of the concen
trated solution indicated that some unreacted hydrazone was 
present in the mixture. The mixture was filtered again through 
21 g of Woelm basic alumina (activity I). Fresh chloroform was 
passed through the column until the yellow diazo ketone no 
longer eluted from the column. The solvent was removed 
under reduced pressure to yield 343 mg (75%) of diazo ketone 
43c, mp 66-69°. A small portion of the product was recrystal
lized from hexane at —78° to yield a pure sample of the product 
as light yellow needles: mp 69-70°; uv max (cyclohexane) 265 
nm (e 12,700), 424 (15); ir 2078, 1651 cm "1; nmr 8 1.22 (s, 3), 
0.98 (s, 6), 0.85 (broad t, 3, J  = 7 Hz).

A n a l. Calcd for CuH22ON2: N, 11.96. Found: N, 12.08.
Irradiation of Diazo Ketone 43c in Water.— Nitrogen gas was 

slowly bubbled through a solution of 118 mg (0.50 mmol) of
2-diazo-l-methyl-4-fc/f-amylbicyclo[2.2.2]octan-2-one (43c) in 25 
ml of 70% aqueous tetrahydrofuran (seven parts tetrahydrofuran 
which had been distilled from lithium aluminum hydride, three 
parts water, by volume) for 30 min. The solution was irradiated 
in a quartz irradiation flask with a 679A-36 Hanovia 450-W 
quartz mercury vapor lamp and a Corex 9700 filter (transmission: 
0%, 255 npi; 50%, 290 m/x) for 20 min under 1 atm of helium 
gas. After standing for 1 hr at room temperature, the solution 
was diluted with 75 ml of 1 M  aqueous potassium hydroxide and 
extracted with two volumes of diethyl ether. The combined 
ethereal solutions were washed with water and saturated aqueous 
sodium chloride and dried over anhydrous sodium sulfate, and 
the solvent was evaporated under reduced pressure to yield 91 
mg (95%) of crude l-methyl-4-ierf-amylbicyclo[2.2.1]-heptyl-7- 
ketene (44): uv max (cyclohexane) 222 nm (t 1260), 301 
(shoulder), 386 (15); ir 2115 cm-1; nmr 8 1.33 (s, 3), 0.93 (s, 6), 
0.88 (broad t, 3, J  =  7 Hz).

A portion of this crude product, 44 mg, was heated under 
reflux for 30 min in a solution of 1.5 ml of ethylene glycol di
methyl ether (distilled from lithium aluminum hydride), 0.5 ml 
of water, and 180 ¿fl of 70% aqueous perchloric acid. After this 
time an additional 1.5 ml of ethjdene glycol dimethyl ether and 
0.5 ml of water were added and the solution was heated under 
reflux for an additional 30 min. The solution was allowed to 
stand for 12 hr at 0°, diluted with 30 ml of 1 M  aqueous potas
sium hydroxide, and extracted with diethyl ether. The alkaline 
extracts yielded 35 mg (70% based on diazo ketone 43c) of a 
colorless oil which solidified. An infrared spectrum of the crude 
product in carbon tetrachloride vras identical with the spectrum 
of bicyclic acid 25a obtained from the degradation of tricyclic 
olefin 4. A portion of the material was recrystallized from 
pentane, mp 80.5-81.5°, p/C*Mcs 8.44.21

A n al. Calcd for CMH „0,: C, 74.95; H, 10.78. Found: C, 
75.12; H, 10.55.

A portion of the acidic product was esterified in the usual 
manner with diazomethane in diethyl ether to yield 78 mg of 
product. The infrared and nmr spectra of this esterified material 
were identical in all respects with the spectra of methyl ester 
25b which was obtained from the irradiation of diazo ketone 43c 
in anhydrous methyl alcohol. A portion of this ester, 60 mg, 
did not hydrolyze in a solution of 9 ml of methyl alcohol, 1 ml of 
water, and 1.21 g of potassium hydroxide pellets, which was 
heated under reflux for 6.5 hr.

Treatment of Tricyclic Ketone 14 with Trifluoroperacetic 
Acid.— A methylene chloride solution of 39.6 mmol of trifluoro
peracetic acid was added to a mixture of 1.14 g (5.2 mmol) of 
tricyclic ketone 14, 12.8 g (90 mmol) of sodium hydrogen phos
phate, and 100 ml of methylene chloride. The reaction mixture 
was stirred and heated under reflux for 8.25 hr. The reaction 
mixture was worked up in the standard fashion to yield 1.14 g 
of a light yellow oil which slowly crystallized to yield 280 mg of 
a white solid, mp 138-140°. The filtrate was concentrated and 
placed in the refrigerator for 2 days. Filtration gave an ad
ditional 102 mg of crude product, mp 100-123°. The total 
yield of tricyclic lactone 47 was 382 mg (31%). Chromatog
raphy of the mother liquors from the recrystallizations on

Woelm neutral alumina (activity II) gave an 11%  yield of un
reacted ketone and a small yield (4%) of an isomeric lactone, ir 
1736 cm-1. In addition a complex mixture of unknown alcohols 
and ketones were eluted from the chromatography column with 
hexane-diethyl ether. These products were not investigated.

Tricyclic lactone 47 could not be purified by alumina chro
matography because it would not elute from the column with 
diethyl ether. When the chromatography column was stripped 
with water, a mixture of lactone 47 and its corresponding hydroxy 
acid were isolated. A portion of the crude tricyclic lactone was 
recrystallized two times from hexane: mp 142-143°; [a]23D
-4 0 ° (c 1.11, CHCla); ir 1729 cm“ 1; nmr 8 4.67 (q, 1, J  = 7 
Hz), 1.27 (d, 3, J  = 7 Hz), 1.00 (s, 3), 0.88 (s, 3), 0.73 (s, 3).

A n al. Calcd for Cj5H240 2: C, 76.23; H, 10.24. Found: C, 
76.39; H, 10.05.

T reatm ent of Tricyclic Lactone 47 with Boron Trifluoride in 
M eth yl A lcohol.— A mixture of 234 mg (0.99 mmol) of tricyclic 
lactone 47, 30 ml of dry methyl alcohol, and 1.7 ml of boron 
trifluoride etherate (freshly distilled) was heated under reflux in 
1 atm of nitrogen for 23.5 hr. The solution was cooled to room 
temperature and allowed to react for an additional 20.5 hr. 
The solution was worked up in the standard fashion to yield 238 
mg of a light yellow, semisolid material which was chromato
graphed on 10 g of Woelm neutral alumina (activity II). Elution 
with 104 ml of hexane yielded 124 mg (50%) of bicyclic unsatu
rated ester 48: [a] 23d - 2 °  (c 10.74, CHC1S); ir 3086, 1745, 1639, 
898 cm-1; nmr 8 4.93 (s, 1, W i/, = 2.0 Hz), 4.79 (m , 1, WT/ 2 =
2.3 Hz), 3.59 (s, 3), 2.35 (septet, 1, J =  7 Hz), 1.08 (s, 3), 0.97 
(s, 6 ).

A n al. Calcd for Ci6H260 2: C, 76.76; H, 10.47. Found: 
C, 77.03; H, 10.64.

Preparation of Bicyclic a-B rom o Esters (4 9 ) .— A mixture of 
263 mg (1.11 mmol) of bicyclic acid 22a, 5 ml of purified thionyl 
chloride, and 220 mg (1.37 mmol) of bromine was heated under 
reflux for 10.5 hr. The mixture was cooled and dropped slowly 
into methyl alcohol at 0°. The methanolic solution was stirred 
for 1 2  hr at room temperature, and processed in the usual way to 
yield 363 mg (99%) of the crude product. The product was a 
mixture of two diastereoisomers: [ a ] 23D + 15 ° (c 1.575, CHCI3); 
ir 1755, 1728 cm-1; nmr 8 4.80, 4.77, 4.66, 4.58 (the four absorp
tions integrated to a total of one hydrogen), 3.73, 3.71 (the two 
absorptions integrated to a total of three hydrogens).

Calcd relative intensities for CuH220 2Br+: m/e 301, 1.000; 
303, 0.9923. Found: m/e 301, 1 .0 0 0 ; 303, 1.00 ±  0.05.

Dehydrohalogenation of a-B rom o E sters 4 9 .— A solution of 
347 mg (1.05 mmol) of a-bromo esters 49 in 6  ml of synthetic 
quinoline was heated at 172° for 2 hr. The mixture was allowed 
to cool to room temperature and was poured into 0.65 M  aqueous 
hydrochloric acid. The mixture was worked up in the usual 
manner and the residual 186 mg of brownish-red oil was chro
matographed on 18 g of Woelm neutral alumina (activity II). 
Elution with 72 ml of hexane yielded 45 mg of an multicomponent 
oil and further elution with 80 ml of hexane gave 44 mg (17%) 
of hydrocarbon 50: [a] 23d  0° (c 2.71, C H C I 3 ); uv max (cyclo
hexane) 194 nm (« 14,700), 204 (13,800); ir max 3021, 1725, 1653 
cm-1; nmr 8 6.85 (d, 1, J  = 16 Hz), 5.63 (d, 1 , J  =  16 Hz), 5.37 
(m, 1), 3.27 (s, 3), 1.80-2.15 (m, 4), 1.05 (s, 3), 0.97 (s, 6 ), 0.67 
(t, 3, J  = 7 Hz); mass spectrum m/e 250.

Further elution with hexane-diethyl ether yielded an addi
tional 62 mg of material but no fraction contained spectral 
absorptions characteristic of the desired unrearranged product.

Registry No.—1, 32435-95-3; 4, 32391-40-5; 12,
32434-51-8; 13, 32434-52-9; 13 2,4-DNP, 32434-53-0; 
14, 32434-54-1; 14 2,4-DNP, 32460-86-9; 15, 32434-
55-2; 16,32434-56-3; 17,32434-57-4; 18,32434-58-5; 
19, 32434-59-6; 20, 32434-60-9; 21a, 32460-87-0;
21b, 32434-61-0; 22a, 32434-62-1; 22b, 32434-63-2; 
23,32434-64-3; 24,32434-65-4; 25a, 32434-84-7; 25a 
methyl ester, 32434-85-8; 27b, 32434-66-5; 32,32460-
88-1; 33,4237-70-1; 34,32434-68-7; 35,32434-69-8; 
36, 32434-70-1; 37 anhydride, 32434-71-2; 37, 32434- 
72-3; 38,32434-83-6; 40,32434-73-4; 41,32434-74-5; 
42, 32434-75-6; 43a, 32434-76-7; 43b, 32434-77-8;
43c, 32434-78-9; '44, 32460-89-2; 45, 32434-79-0; 47, 
32460-90-5; 48, 32434-80-3; 49, 32434-81-4; 50,
32434-82-5.
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In refluxing acetic acid, cis-thujopsene rearranges both to 1,4,11,ll-tetrarr.ethylbicyclo[5.4.0]undeca-3,7-diene 
(3) and to a -  and /3-chamigrenes (11). When perchloric acid is added, diene 3 is converted to tricyclic olefin 4. 
/3-Chamigrene, however, is mainly converted to two transitory tricyclic olefins 19 and 20 which, in turn, are trans
formed into the further rearranged but thermodynamically stable tricyclic olefins 5 and 6. The structures of 5 
and 6 were proven by degradation and partial synthesis. This extensive series of rearrangements is extremely 
sensitive to the acidic conditions employed and this effect has been studied in detail. The mechanisms of these 
rearrangements are discussed and the possible biogenetic significance of this process is evaluated.

Part A

Previous studies with cis-thujopsene (1) showed that 
under mild acidic conditions (0.02 M  perchloric acid in 
80% aqueous dioxane at reflux) a series of cyclopropyl- 
carbinyl-homoallyl rearrangements first occurred to 
yield mainly widdrol (2) and upon prolonged reaction 
time the methyl migrated diene 3 was the major prod
uct. When cfs-thujopsene was allowed to react under 
more acidic conditions (0.02 M perchloric acid in acetic 
acid at reflux) a mixture of olefins of which 3 was the 
major product was formed very rapidly and upon pro
longed heating a final mixture of three compounds in 
the ratio of 70:18:12 resulted. In an earlier study, the 
structure of the major hydrocarbon was established2 to 
be the tricyclic olefin 4. In this present investigation, 
the structures of the two lesser abundant hydrocarbons 
have been shown to be the tricyclic olefins 5 and 6. 
The structures of these two materials were proved by 
degradation and partial synthesis.

It has been found that under the mild acid conditions 
which convert as-thujopsene to widdrol and diene 3, 
frares-thujopsene (7) retains its stereochemical integrity 
and yields, first, mainly epiwiddrol (8) and then the 
diene 9. When 9 was allowed to react under the more 
strongly acidic conditions, refluxing 0.02 M  HC104 in 
acetic acid, again the three hydrocarbons 4, 5, and 6 
were formed but this time in a ratio of 50:30:20. 
Thus, under these forcing conditions some mixing of 
the isomeric series occurred but the different ratio of 
the final products formed from cis- and frans-thujopsene 1

(1) This work was supported in part by Grant GP-8700, National Science 
Foundation.

(2) For the previous paper in this study, see W. G. Dauben and L. F. 
Friedrich, J. Org. Chem., 37, 241 (1972).

(3) This work was reported at the 14th Symposium of the Chemistry of 
Natural Products, Fukuoka, Japan, Oct 28-30, 1970, Abstracts, p 220.

(4) National Institutes of Health Predoctoral Fellow, 1967-1970.

suggested that 5 and 6 most likely were derived from 
a precursor more readily formed from trans-thujopsene.

3

The rearrangements in this series of compounds are 
very sensitive to the experimental conditions and al
though minor amounts of many materials are formed 
under most conditions it is usually possible to find a re
action condition which leads to the accumulation of 
only a few compounds. In earlier studies there were 
indications, by glpc, that /3-chamigrene (11/3), a natu
rally occurring hydrocarbon,5 was formed in the acid- 
catalyzed rearrangements. In the present investiga
tion, it was found that when cfs-thujopsene was heated 
under reflux in glacial acetic acid, 30% of a-chamigrene, 
30% of /3-chamigrene, and 40% of methylmigrated di
ene 3 were formed.6 (rans-Thujopsene (7) under simi
lar conditions yielded these same three materials. 
Knowing that this trans isomer readily forms diene 9, 
it is reasonable that its protonation would yield the al- 
lyl cation 10 which, in turn, would rearrange to yield 11 
and 3. Previous studies2 related to the establishment 
of the pathway of formation of diene 3 have shown that 
cation 10 is not on the major pathway for the rearrange
ment of cfs-thujopsene. Thus, involvement of cation 
10 (or related species) in the rearrangement of cfs-thu- 
jopsene must be minimal. The facile formation of /3- 
chamigrene from diene 9 (and thus from /raras-thujop-

(5) In 1960, S. Nagahama [Bull. Soc. Chem. Jap., 33, 1467 (I960)] re
ported that cis-thujopsene upon reaction with 0.85 M  oxalic acid in 8 % 
aqueous ethanol y.elded widdrol and a new hydrocarbon. During the course 
of our own related studies, S. Ito [Chem. Commun., 186 (1967)] showed that 
this new hydrocarbon was the naturally occurring /3-chamigrene.

(6) Attention must be given to the analytical method employed since 
a-chamigrene and diene 3 are only fully separated at 117° using a 500-ft, 
0.03-m column coated with PPES plus Igepal.
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sene), suggests that the former hydrocarbon is the pre
cursor of 5 and 6. Indeed, when /3-chamigrene (95% 
pure) was refluxed with 0.02 M perchloric acid in acetic 
acid only olefins 5 and 6 were formed.

With /3-chamigrene identified as an intermediate in 
the formation of 5 and 6, a reasonable mechanism for 
their formation can be postulated. Initial protonation 
of /3-chamigrene at the endocyclic double bond to give 
the carbonium ion 12 is expected since it is known from 
the chemistry of the hydrocarbon that it is the lesser 
hindered double bond.8 Ring closure to the exocyclic 
double bond yields the bicyclo [2.2.2 ]octyl cation 13. 
This intermediate (or activated complex), upon Wag- 
ner-Meerwein rearrangement to 14, hydride migration 
to yield 15 to relieve the strain of the bridgehead car
bonium ion, and again a Wagner-Meerwein rearrange
ment, yields the spirano intermediate 16. This latter 
cation has two pathways available to it for rearrange
ments, one giving the ion 17 and subsequently olefin 5 
and the other giving ion 18 and subsequently olefin 6.

This preferred protonation of /3-chamigrene at the 
endocyclic double bond accounts for the inability of the 
compound to reverse back to cation 10 which could 
yield the methyl-migrated diene 3. Therefore, at this 
/3-chamigrene stage the pathway to olefins 5 and 6 is 
split off from that leading to 3 and subsequently olefin
4.

Since this postulated mechanism involves an exten
sive number of steps, it might be expected that by con
trolling the reaction conditions it should be possible to 
build up intermediates of lesser stability which are sep
arated by a high energy barrier from the thermody
namically stable 5 and 6.

When m-thujopsene was allowed to react at 25° 
with 0.02 M  perchloric acid in acetic acid, the results 
given in Table I were obtained. It is seen that cfs-thu-

T a b l e  I
R e a c t i o n  o f  c is- T h u j o p s e n e  w i t h  0 .0 2  M  HC104 

i n  A c e t i c  A c i d , 2 5 °

Time, /■----------------------------Yield of compound, %■
m in 1 3 11« 110 4 19 20

5 Trace 6 2 2 2 16

15 61 2 0 1 5 4

3 0 5 5 1 8 13 6 8
2 4 0 2 0 1 4 4 3 8 2 0 4

7 2 0 1 6 9 1 8 12

jopsene is rapidly rearranged to methyl-migrated diene 
3 and to a- and /3-chamigrene. Under these acidic con
ditions, these compounds undergo further rearrange
ment. /3-Chamigrene is more reactive than methyl- 
migrated diene 3 or a-chamigrene and is transformed 
into two new isomeric hydrocarbons, 19 and 20.7'8

19 20

These data again show that /3-chamigrene does not 
cross over to the methyl-migrated diene 3 which leads 
to 4. Under these room-temperature conditions, 19 
and 20 are stable and no 5 or 6 are formed 

This effect of the acidity of the media was further in
vestigated and the results are given in Table II. It is

T a b l e  II
E f f e c t  o f  A cid  C o n c e n t r a t io n  on  

cts- T h u jo pse n e  R e a r r a n g e m e n t , 4 0 ° ,  1 2  hr

Concn of HCIO* ------------Yield of compounds, %--------
in HOAc, M 4 19 +  20

0 . 0 2 5 5 3 5
0 . 1 4 0 5 5
0 . 5 3 0 6 5
1 . 0 2 5 7 0

apparent from these data that, as the concentration of 
perchloric acid increased, products 19 and 20 related to 
/3-chamigrene increased at the expense of tricyclic ole
fins 4 related to methyl-migrated diene 3. These re
sults again point to the increased tendency of czs-thu- 
jopsene to yield chamigrenes as the acidity of the media 
increases.

(7) The same two compounds also have been prepared from cis-thujop
sene by G. C. Kitchens, A. R. Hochstettler, and K. Kaiser (private communi
cation) using different acid conditions. The structure of 19 was established 
by X-ray crystallography and of 20 by chemical transformations and spectra.

(8) After completion of this work, S. Ito and coworkers [Abstracts of 14th 
Symposium of the Chemistry of Natural Products, Fukuoka, Japan, Oct 
28-30, 1970, p. 174; Tetrahedron Lett., 1149 (1971)] reported of these same 
two hydrocarbons from a reaction mixture obtained by allowing cis-thujop- 
sene to react with a special acidic silica gel (Wako gel Q-50). Their struc
tural assignments were made solely on the basis of mechanistic concepts.
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Sch em e  I

Recalling that /3-chamigrene in refluxing 0.02 M per
chloric acid-acetic acid only yielded hydrocarbons 5 
and 6, the foregoing data indicate that, as postulated 
earlier, the new olefins 19 and 20 must be intermediates 
in the rearrangement of /3-chamigrene to 5 and 6. In
deed, when /3-chamigrene was allowed to react at room 
temperature with 0.02 M perchloric acid-acetic acid, 
first 19 was formed which, in turn, yielded a 30:40 mix
ture of 19 and 20, respectively. When this latter mix
ture of 19 and 20 was heated, 5 and 6 were formed as 
the major products.

1
20

Smarting with either pure 19 or 20, the same 60:40 
equdibrium mixture of the two compounds was formed. 
The intermediate (or activated complex) 13 formed 
from /3-chamigrene has two possible pathways for re
arrangement, ring expansion to unstrained 21 or ring 
contraction to the spiran 14. This facile interconver
sion between 19 and 20 followed by slow formation of 
5 and 6 via 14 clearly points to the higher energy bar
rier for the formation of the bridgehead cation 14 in the 
bicyclo [2.2.2 [octane system.

As with the formation of tricyclic olefin 4 from bi- 
cyclic diene 3, the thermodynamic stability of 5 and 6 
as compared with that of /3-chamigrene arises from the 
fact that the former compounds are tricyclic with one 
tetrasubstituted double bond as compared with the lat
ter which is bicyclic with a lesser substituted double 
bond. In general, a cycloalkene is more stable than its 
acyclic analog by ~ 2 0  kcal/mol. The conversion of 
two relatively unstrained six-membered rings into a bi- 
cyclop .2.1 [octane nucleus has been estimated to in
volve a strain increase of ~ 6 -7  kcal/mol.9 Thus the 
18-20 kcal/mol energy gained by ring closure to a tri
cyclic monoolefin overcomes the slight increase in ring 
strain energy.

Comment should be made on the reasonableness of 
postulating a bridgehead carbonium ion as an inter
mediate (or activated complex) in skeletal rearrange
ments. In this present study, one is concerned with 
the bicyclo [2.2.2 [octane system 14 and in previous 
work in the formation of the tricyclic olefin 4 with a bi
cyclo [3.2.1 [octane nucleus. Recently, Wiberg,9 using 
rates of solvolysis of appropriate bridgehead deriva
tives, estimated the strain energy of bridgehead car
bonium ions of the bicyclo [2.2.1 [heptane, bicyclo- 
[2.2.2 [octane, and bicyclo [3.2.1 [octane systems to be 
31.7, 17.3, and 18.7 kcal/mol, respectively. Clearly, 
bridgehead cations in the latter two systems are of an 
energy such that it is reasonable that rearrangements 
may proceed through them.

With this study of the mechanism of formation of hy
drocarbons 4, 5, and 6, the study of the major rearrange
ments of thujopsene under acid conditions is complete. 
All the major products which appear during the course 
of the rearrangements have been identified. However, 
there are many other materials formed in very small 
amounts and which thus must be viewed as being de-

(9) K. B. Wiberg, private communication.



254 J . O rg . C h em ., V o l . 87 , N o . 2 . 1972 Dauben and A oyagi

rived from minor pathways. The rearrangements of 
thujopsene so far observed by various workers2'6'7 are 
summarized in Scheme I.

As can be seen in Scheme I, the rearrangements of 
cfs-thujopsene are perhaps the most extensive in scope 
of any known sesquiterpene. A study of the isomers 
derived from cjs-thujopsene has also shown that, under 
the proper conditions, many bicvclic materials can 
easily cyclize to give tricyclic compounds. Such re
sults warrant serious consideration and lead to a con
clusion that bicyclic sesquiterpenes can, indeed, be pre
cursors of tricyclic sesquiterpenes. It is apparent that 
cfs-thujopsene occupies an important place in the 
search for intermediates in sesquiterpene biogenesis.

Part B

In a typical preparative experiment using 0.02 M 
perchloric acid in acetic acid at reflux temperature, an 
85% recovery of hydrocarbons was obtained, the com
position of which was 18% of 5, 12% of 6 and 70% of
4. The new hydrocarbons 5 and 6 boiled at a lower 
temperature than 4 and by distillation through a gold- 
plated spinning band column fractions highly enriched 
in 5 and 6 were obtained. Subsequent distillation 
through a Teflon spinning band column yielded 5 in 
greater than 90% purity. Hydrocarbon 6 was more 
difficult to purify since its boiling point was between 
those of 5 and 4 and all fractions were contaminated 
with one or the other of these latter two compounds. 
The olefin was best purified by silver nitrate-silica gel 
chromatography of highly enriched distillation frac
tions.10 Analytically pure samples of 5 and 6 were ob
tained by preparative vpc.

Preliminary investigation of the spectral properties 
of the two materials indicated a close structural rela
tionship. Since hydrocarbon 5 was more readily avail
able, this material was investigated first. The struc
ture elucidation of the closely related 6 was greatly fa
cilitated by the result obtained with 5.

Mass spectral and elemental analyses indicated that 
5 was isomeric with thujopsene. The infrared spec
trum lacked any bands characteristic of a functional 
group and there was no vinyl absorption in the nmr 
spectrum. However, the ultraviolet maximum at 197 
nm indicated a possibility of a tetrasubstituted double 
bond and this was confirmed by a strong absorption at 
1650 cm-1 in the Raman spectrum.11'12 The extinc
tion coefficients of these latter two absorptions allowed 
for only one double bond and hence the compound must 
be tricyclic. Furthermore, from the nmr spectrum, 
there were only three methyl groups all of which are 
quaternary, indicating that one of the methyl groups of 
thujopsene was incorporated into a ring during the 
transformation.

Since the only functional group present in the mole
cule was a tetrasubstituted double bond, only a limited 
degradational scheme could be applied. The following 
degradation scheme (summarized in Scheme II) was 
carried out and the fragments of the degradation were

(10) A supply of highly enriched 5 and 6 was kindly supplied by Dr. G. C. 
Kitchens of the Givaudan Corp.

(11) G. F. Bailey, S. Kint, and J. R. Scherer, Anal. Chem., 39, 1040 
(1967).

(12) The authors wish to thank Dr. J. R. Scherer of the U. S. D. A. West
ern Regional Research Laboratory, Albany, Calif., for obtaining the Raman
spectrum.

Sch em e  II

5 22

27 28 29

identified either by unambiguous synthesis or by com
parison of the spectral data with those of authentic ma
terials.

The hydrocarbon 5 upon reaction with osmium te- 
troxide yielded the diol 22, which was cleaved with lead 
tetraacetate in benzene to give the diketone 23. The 
infrared spectrum of the diketone showed a broad peak 
at 1705 cm-1 indicating the presence of unstrained car
bonyl groups. Since no carbon atoms were lost during 
the cleavage, the original double bond must have been 
endocyclic. This result, combined with the fact that 
all the methyl groups are quaternary, requires that one 
of the methyl groups must be of the angular (or bridge
head) type and the other two must form a gem-dimethyl 
group on a ring.

Treatment of the diketone 23 with aqueous base gave 
a good yield of a single unsaturated ketone. The in
frared absorptions at 1650 and 1620 cm-1 indicated 
that the carbonyl group was conjugated and unstrained. 
The ultraviolet absorption at 254 nm and the absence 
of vinyl proton resonance in the nmr spectrum con
firmed the expected presence of a tetrasubstituted dou
ble bond in the conjugated enone 24.

The enone was ozonized and treated with hydrogen 
peroxide, and the acidic material was allowed to react 
with diazomethane to give the keto diester 25. In ad
dition, lesser amounts of four smaller fragments, 26, 27, 
28, and 29, were isolated, the lactone 29 being isolated 
from the neutral fraction of the ozonolysis. Forma
tion of the smaller fragments upon ozonolysis was most 
likely due to the buildup of some peracids from the ox
ygen in the ozone employed and the peracid, in turn, 
brought about a Baeyer-Villiger type cleavage. Ex
amples of such anomalous ozonolysis reactions have 
been reported by other workers.13

(13) (a) P. R. Story and J. R. Burgess, Tetrahedron Lett., 1287 (1968); 
(b) R. T. Aplin, R. P. K. Chan, and T. G. Halsall, J. Chem. Soc. C, 2322 
(1969).
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Connecting together the smaller fragments of the 
ozonolysis, the keto diester could be formulated as 25, 
30, 31, or 32. The nmr spectrum did not permit differ
entiation between these structures. However, 31 and 
32 were eliminated on the following basis. The mass 
spectrum showed a base peak at m/e 183; a reasonable 
assignment of this peak is 33 or 34 which can arise by

Me02C a

25

MeO,C Me02C

Me02C -—* 7 ^ |
MeOC

30

MeO,C

0

31

MeO,C

+o=c

vCsl̂ |
Me02C-------4 - ^ J

32

MeO,C

a cleavage of the carbonyl group facilitated by the 
presence of an a-^em-dimethyl group. Compared to 
the base peak at m/e 183, the peak at m/e 253, which is 
due to the loss of a carbomethoxy group, is for all prac
tical purposes not present. Although these spectral 
interpretations are not conclusive, they support the 
postulate that the grem-di methyl group is a to the car
bonyl group and 7  to a carbomethoxy group.

3 $
36

40

Further evidence for the placement of the gem-di
methyl group was found in the formation of a single 
enone from the diketone upon base-induced cyclization. 
The four possible enones from which the ozonolysis 
fragments could be obtained are 24, 35, 36, and 37, 
which, in turn, could be obtained from the diketones 
23, 38, 39, and 40, respectively. However, 39 and 40 
upon cyclization would be expected to yield two enones, 
since enolization of either carbonyl group can result in 
ring closure to a bicyclo [3.2.1 [octane ring system. On

the other hand, 23 and 38, having the gem-dimethyl 
group next to one carbonyl group, can only yield one 
such enone; the other would possess a bicyclo[2 .2.1 ]- 
heptane ring system which would not be expected due 
to the extra strain of the ring system.

On the basis of the above arguments, keto diesters 31 
and 32 need not be considered at this time. To dis
tinguish between 25 and 30 by further degradation was 
not feasible, since the amount of material available was 
too limited. Therefore, possible distinctions between 
enones 24 and 35 were evaluated. The enone was 
treated with peracetic acid in buffered acetic acid to 
give an enol lactone 41, which was opened with a trace 
of sulfuric acid in methanol to yield the cyclopentanone 
ester 42. The infrared spectrum possessed a broad

24

band at 1745 cm“ 1 confirming the presence of a cyclo
pentanone and an ester grouping. The nmr spectrum 
showed the continued presence of the three methyl 
groups but more important the presence of a one-proton 
quintet {J = 8 Hz) at 5 2.8 for a single proton on the 
cyclopentane ring a to the carbomethoxy group and 
a broad three-proton band between 8 1.8-2.5 for the 
protons adjacent to the carbonyl group. The total of 
four such a protons is commensurate with the structure 
42 derived from enone 24 but not with keto ester 43, 
which would be derived from enone 35 and demand the 
presence of five such protons. With this establishment 
of structure 24, following back through the foregoing 
discussion leads to the establishment of structure 5 for 
the olefinic hydrocarbon derived from thujopsene.

The structure elucidation of hydrocarbon 6 was car
ried out in an identical manner as described above for 
isomer 5 and is outlined in Scheme III. The structural 
similarities of the two materials were clearly evident 
throughout the degradation. Again, the diketone 38 
derived from cleavage of the double bond 3'ielded only 
one enone 35 upon cyclization, speaking for the place
ment of the gem-dimethyl grouping. The expected 
products from the ozonization of the enone were ob
tained but trie new fragment 45 was specially signifi
cant, since it showed the position of the carbonyl group 
in the primary ozonolysis product. This product is 
formed by a Baeyer-Villiger type of cleavage of 30 fol
lowed by Iwdrolysis and oxidation during the ozonol
ysis.14 The nmr spectrum of cyclopentanone ester 43 
showed the expected five-proton signals assignable to

(14) Oxidation of alcohols during ozonolysis has been reported previously; 
see J. von Euw, A. Lardon, and T. Reichstein, Helv. Chim. Acta, 27, 821 
(1944); E. P. Oliveto, H. W. Smith, C. Gerold, R. Raussen, and E. B. Hersh- 
berg, J. Amer. Chem. Soc., 78, 1414 (1952).
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S ch em e  III  

•OH

O'

M e 0 2C 

45  

+

29 +  28  +  26

desired keto ester 45. Dimethyl a,a-dimethylglu- 
tarate was synthesized from 4,4-dimethylcyclohexenone 
by ozonolysis and esterification and y,7 -dimethyl- 
butyrolactone was prepared by pubbshed procedures.16

45

Experimental Section
those protons a to the carbonyl and ester groupings. 
This finding further substantiates the conclusion ar
rived at with respect to cyclopentanone ester 42.

The structures of the important smaller fragments 
from the ozonolysis were first arrived at on the basis of 
spectral information. The diester 26 was prepared by 
ozonolysis of bicyclic bromide 48, which was prepared 
from 1-methylnorbomene (46). Dibromocarbene in
sertion into 4615 followed by lithium aluminum hydride 
reduction yielded a mixture of bromides 47 and 48 
which were not separated, but the mixture was directly 
ozonized. The resulting diesters 26 and 49 were read
ily separated and their spectral properties permitted 
structure assignment.

26  49

The diester 27 was prepared by ozonolysis of 1- 
methylnorbornene followed by esterification of the acid 
fraction. The cyclopentanone ester 45 also was pre
pared from this same olefin via hydroboration and ox
idation to a mixture of ketones 50 and 51, which upon 
chromatography was separated into its two compo
nents. Peracid oxidation of 51 gave the lactone 52 
which was, in turn, converted into hydroxy ester 53 and

Melting points and boiling points are uncorrected. Infrared 
spectra were obtained with either a Perkin-Elmer Model 137 or 
237 spectrometer using CCU as solvent. Ultraviolet spectra were 
taken on a Beckman DK-2A spectrophotometer. Nmr spectra 
were taken with Varian Models T-60 or HA-100; carbon tetra
chloride was used as the solvent, chemical shifts are given in 8 
with respect to internal TMS. Mass spectra were recorded with 
either a Varian M-66 cycloidal mass spectrometer, modified 
CEC type 21-103 C, or a Finigan quadrupole mass spectrometer. 
Elemental analysis and high-resolution mass spectra were per
formed by the Microanalytical Laboratory, College of Chemistry, 
University of California, Berkeley.

Unless otherwise stated the general work-up of a reaction was 
as follows: after extraction of the desired materials with organic 
solvents (ether or hexane), the solution was dried (MgSCL or 
NajSCh) and concentrated by rotary evaporation of the solvents.

G eneral Procedure of O zonolysis.— Ozonolysis was carried out 
by using the Welsbach ozone generator. For the oxidative work
up of the ozonide, reagent grade ethyl acetate saturated with 
water was used as the solvent. Ozonolysis was carried out at 
— 10° and the solution of crude ozonide was partially  concen
trated by removing ca. three-fourths of the solvent on a rotary 
evaporator. Water and excess 30% hydrogen peroxide (ca. 15- 
fold excess) were added and the resulting mixture was refluxed 
for 2 hr, diluted with saturated aqueous sodium bicarbonate 
solution, and extracted with ether. The ether extract was con
centrated to give the neutral material, and the bicarbonate 
solution was acidified with sulfuric acid. Acidic products were 
back extracted with ether.

T im e Study of R earrangem ents. A . Refluxing Acetic A cid .
— A 0.5 M  solution of cis-thujopsene in glacial acitic acid under 
a nitrogen atmosphere was refluxed, and at definite time inter
vals, 0.1 ml of solution was withdrawn and added to a saturated 
sodium bicarbonate solution. The organic materials were ex
tracted with hexane, the solvent was removed, and the residue 
was analyzed on a 500 ft X 0.02 in. capillary column coated with 
PPE 5 and Igepal.

B . 0 .02  M  H C lO i in Acetic A cid, 2 5 ° .— A 0.5 M  solution of 
cis-thujospene in 0.02 M  HCICh in acetic acid was kept at 25° 
(± 1°) under a nitrogen atmosphere. At definite time intervals 
0.1 ml aliquots were removed and processed and analyzed as 
above.

Perchloric A cid -A cetic  Acid Treatm ent of cis-T h u jop sen e.— A
solution of 1.34 g (6.56 mmol) of cis-thujopsene (1) in 14 ml of 
glacial acetic acid and 20 /¿I of 70% aqueous perchloric acid was 
refluxed under nitrogen for 25 hr. The reaction mixture was

(15) C. W. Jefford, S. N. Mahajan, J. Waslyn, and B. Waegell, J. Amer.
Chem. Soc., 87, 2183 (1965).

(16) A. L. J. Beckwith and J. E. Goodrich, Ausi. J. Chem., 18, 1026
(1965).
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poured carefully into saturated aqueous potassium carbonate 
solution, extracted with hexane, and after solvent evaporation 
the residual oil was chromatographed on Woelm neutral alumina 
to give 1.1 g (85%) of hydrocarbon mixture. Glpc, analysis (5 
ft X 0.25 in. KOH, Carbowax 6000, 140°) showed three major 
materials, 4 , 5 , and 6, in 13:4:3 ratio. Each compound was 
purified by preparative glpc for spectra. Hydrocarbon 5: 
Raman spectrum 1650 cm-1; nmr 0.91 (s, 3), 0.95 (s, 3), 1.1 
(s, 3); uv max (cyclohexane) 197 nm (e 8000); mass spectrum 
m/e (rel intensity) 204 (M+, 45), 189 (100).

A nal. Calcd for C 16H24: C, 88.16; H, 11.84. Found: C, 
87.97; H, 11.68.

Hydrocarbon 6 : Raman spectrum 1650 cm-1; nmr 0.93 (s, 3), 
0.99 (s, 3), 1.06 (s, 3), 2.42 (m, 1); uv max (cyclohexane) 197 nm 
(e 8900); mass spectrum m/e (rel intensity) 204 (M+, 40), 189 
(100).

A n al. Calcd for C i5H2<: C, 88.16; H, 11.84. Found: C, 
87.95; H, 11.66.

Oxidation of 5 with O sm ium  T etroxide.— A solution of 582 mg 
(2.85 mmol) of hydrocarbon 5 in 5 ml of reagent grade pyridine 
was added slowly to 751 mg (2.85 mmol) of osmium tetroxide in 
10 ml of pyridine. The reaction mixture was allowed to stand 
in the dark for 28 days at room temperature, the pyridine was 
rotary evaporated, and the residue was taken up in 15 ml of 
benzene and 15 ml of ethanol. To the brown mixture was 
added a solution of 1 0  g of potassium hydroxide, 1 0  g of mannitol, 
30 ml of water, and 60 ml of ethanol, and the resulting mixture 
was refluxed for 6  hr. The reaction mixture was processed in the 
usual fashion to yield 450 mg of dark brown diol which was re
crystallized from the hexane to give 156 mg of diol 2 2 . Chro
matography of the mother liquor on 30 g of Woelm neu~ral alumina 
(activity II) gave an additional 98 mg of the diol. The total 
yield of diol was 254 mg (37.5%): ir 3660, 3590, 1070, 860 cm-1; 
nmr 0.88 (s, 3), 1.05 (s, 3), 1.13 (s, 3), 2.75 (d, 1, J  = 11 Hz); 
mass spectrum m/e (rel intensity) 238 (M+, 7), 220 (56), 151 
(100), 138 (67).

A n a l. Calcd for Ci6H260 2: C, 75.58; H, 10.99. Found: 
C, 75.71; H, 11.13.

D iketone 23.— To a solution of 25 mg (0.105 mmol) of diol 
22 in 3 ml of dry benzene was added 50 mg (0.113 mmol) of lead 
tetraacetate, the mixture was stirred under dry nitrogen at 
room temperature for 1  hr, and 2  ml of quarter saturated aqueous 
sodium bicarbonate solution was added. The mixture was 
quickly extracted with ether and the ether solution was dried. 
Rotary evaporation of ether gave 22 mg (93%) of white crystal
line diketone 23. Tic (33% ether-hexane) showed only one 
spot and the diol 22 was absent. Glpc (2% SE-30, 5 ft X 0.125 
in., 155°) showed only one peak. A small portion of the diketone 
was recrystallized twice from hexane: mp 105-106°; ir 1705 
cm-1: nmr 0.97 (s, 3), 1.01 (s, 3), 1.31 (s, 3); mass spectrum 
m/e 236 (M+), 208.

Enone 24.— A solution of 24 mg (0.11 mmol) of diketone 23 and 
ca. 1 2  mg of potassium hydroxide in 80% aqueous methanol was 
refluxed under nitrogen for 2.5 hr. The solution was diluted 
with water and worked up to give 18 mg (75%) of pale brown oil. 
Glpc (20% DEGS, 5 ft X 0.25 in., 150°) and tic (20% ethyl 
acetate-hexane) showed only one major compound. The physi
cal properties were determined on glpe-collected material: ir 
1650, 1620 cm-1; nmr 1.03 (s, 6 ), 1.21 (s, 3); uv max (95% 
ethanol) 254 nm (e 10,900); mass spectrum m/e (rel intensity) 
218 (M+, 90), 203 (100), 190 (25), 175 (33).

A n al. Calcd for Ci5H220 : C, 82.52; H, 10.16. Found: C, 
82.44; H, 9.97.

Ozonolysis of Enone 24.— A solution of 350 mg (1.6 mmol) of 
enone 24 in 50 ml of wet ethyl acetate was ozonized as described 
before. Glpc analysis (5 ft X 0.25 in., 5% SE-30, 180°) of the 
neutral residue showed only one major peak. This material was 
purified by preparative glpc. The spectra (ir and nmr) of the 
glpc collected material was identical with those of authentic 7 ,7 - 
dimethylbutyrolactone (29).16

Crude acidic material from the ozonolysis was esterified with 
excess diazomethane to give 351 mg of crude esters wdiich were 
chromatographed on 50 g of Woelm neutral alumina (activity 
III). Elution with 220 ml of 10% ether-hexane gave 85 mg of a 
mixture of three major materials in the ratio of ca. 40:23:20. 
These compounds were later identified as 28, 27. and 26, re
spectively, by comparison of their spectra (ir, nmr, and mass 
spectrum) with the unambiguously synthesized material. Fur
ther elution of the chromatography column with 250 ml of 10% 
ether-hexane gave 154 mg (30%) of oily keto diester 25. Glpc

examination (10 ft X 0.375 in., 5% SE-30, 225°) of the latter 
fraction showed only one major peak and the major material was 
collected from glpc: ir 1740, 1705 cm“ 1; nmr 1.02 (s, 3), 1.10 
(s, 6 ), 2.52 (s, 2), 2.8 (m, 1), 3.58 (s, 6 ); mass spectrum m/e 
(rel intensity) 312 (M+, trace), 249 (1 2 ), 183 (1 0 0 ), 155 (24), 95 
(52). The absorption peaks in the spectra (ir, nmr) of the glpc 
collected material are identical with the major absorption peaks 
in the crude material. The high resolution mass spectrum of the 
glpc collected material was taken: reference peak 304.9824242, 
ratio 1.023467, measured peak 312.1943, possible empirical 
formula CnllwOs. Am (mmu) +0.6.

Peracid T reatm ent of Enone 2 4 .— A solution of 100 mg (0.45 
mmol) of enone 24 in 0.4 ml of glacial acetic acid saturated with 
potassium acetate wras maintained at room temperature and 70 
ml (0.54 mmol) of commercial 40% peracetic acid in acetic acid 
was added and stirred for 2.5 hr. Water (3 ml) wras added and 
the mixture was worked up under standard conditions to yield 
110 mg of crude material (faint odor of acetic acid). Glpc 
analysis (5 ft X 0.125 in., 2% SE-30, 155°) showed the presence 
of starting enone 24 and a new1 product (retention time ca. 1.1 
times that of the enone). The spectra (nmr and ir) indicated 
that the major material was the unreacted enone. A small 
amount of enol lactone 41 (ir 1750 cm-1) was present. The 
crude material wras dissolved in 5 ml of dry methanol, 2 drops of 
concentrated sulfuric acid were added, and the solution was 
stirred at room temperature under nitrogen overnight. After 
work-up, there was obtained 130 mg of crude product. Glpc 
examination indicated the presence of starting enone but the 
peak at 1 . 1  times the retention time of the enone was gone and a 
new peak appeared at a much longer retention time. The crude 
material was chromatographed on 15 g of Woelm neutral alumina 
(activity I I I )  to yield 60 mg of the recovered enone 24 and 28 mg 
(57% based on the recovered starting material) of the keto ester 
4 2 : ir 1745 cm - 1  (broad); nmr 0.72 (s, 3), 0.92 (s, 3), 1.14 (s, 3),
2.78 (quintet, 1, J  = 2.78), 3.58 (s, 3); mass spectrum m/e 
(rel intensity) 266 (M+, trace), 251 (2 2 ), 219 (34), 191 (27), 142 
(35), 125 (100), 109 (54), 95 (46). The high-resolution mass 
spectrum of this material was taken: reference peak 254.9856198, 
ratio 1.043936, measured peak 266.1887, possible empirical 
formula Ci6H260 3, Am  (mmu) +0.5.

O sm ium  Tetroxide Oxidation of the H ydrocarbon 6 .— A 
solution of 595 mg (2.92 mmol) of the hydrocarbon 6  and 761 
mg (3.0 mmol) of osmium tetroxide in 32 ml of dry ether and 
0.75 ml of pyridine was stirred in the dark for 24 days; to the 
crude osmylation product was added 50 ml of 95% ethanol and 
3.0 g (28.8 mmol) of sodium bisulfite (NaHSCh), and the mixture 
was refluxed for 5 hr. After usual work-up, 605 mg of dark brown 
residue was obtained. Chromatography of the residue on 60 g 
of Woelm neutral activity (activity III) gave 396 mg (57%) of 
the diol 44 w+ich crystallized upon standing. A small portion of 
the diol was recrystallized from hexane: mp 99-100°; ir 3640, 
1005 cm“ 1; nmr 0.90 (s, 3), 0.98 (s, 3), 1.12 (s, 3), 2.42 (m, 1); 
mass spectrum m/e (rel intensity) 238 (M+, 1), 220 (40), 151 
(100), 138 (69).

A n al. Calcd for Ci5H260 2: C, 75.58; H, 10.99. Found: 
C, 75.85; H, 10.83.

Diketone 3 8 .— Diol 44 (24 mg, 0.104 mmol) was cleaved with 
lead tetraacetate in a similar manner as described previously for 
the cleavage of diol 2 2 . After work-up, 22 mg (90%) of diketone 
38 was obtained. The diketone was recrystallized from hexane: 
mp 132-133°; ir 1710, 1695 cm-1; nmr 5 1.0 (s, 3), 1.25 (s, 3), 
1.31 (s, 3), 2.95 (m, 1); mass spectrum m/e (rel intensity) 236 
(M+, 17), 218 (3), 208 (8 ), 193 (22), 154 (78), 126 (100).

E none 3 5 .— Diketone 38 (20 mg, 0.085 mmol) was treated with 
base in a similar manner as previously described for the base 
treatment of diketone 23 . After work-up, 18 mg (97%) of enone 
35 (an oil which solidified upon standing) was obtained. The 
enone wras recrj'stallized from hexane: mp 72-74°; ir 1650, 1620 
cm“ 1; nmr 1.07 (s, 3), 1.10 (s, 3), 2.43 (s, 2), 2.75 (m, 1); uv 
max (95% ethanol) 258 (« 9500); mass spectrum m/e (rel in
tensity 218 (M+, 47), 203 (100), 190 (18), 175 (22).

A n al. Calcd for C i5H220: C, 82.52; H, 10.16. Found: C, 
82.73; II, 9.97.

Ozonolysis of Enone 3 5 .— A solution of 123 mg (0.5 mmol) of 
enone 35 was ozonized as described previously. Wet neutral 
residue (27 mg) from the ozonolysis contained v.y-dimethyl- 
butyrolactone. Acidic material from the ozonolysis was ester
ified with diazomethane. The crude esters were chromato
graphed on 30 g of Woelm neutral alumina (activity III). Elu
tion with 50 ml of 10% ethyl acetate-hexane gave 30 mg of a
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mixture of diesters. The major diester (ca. 80%) was 28. In 
addition, small amounts of 26 and 45 were isolated. Further 
elution with 50 ml of 10% ethyl acetate-hexane gave 42 mg (23%) 
of the keto diester 30: ir 1745, 1710 cm-1; nmr S 1.05 (s, 3),
1.1 (s, 6 ), 2.35 (s, 2), 3.6 (s, 6 ); mass spectrum (glpc collected)
m/e (rel intensity) 312 (M+, trace), 281 (7), 24.9 (5), 183 (100), 
155 (28), 123 (35), 95 (46), 81 (67). The spectra (ir and nmr) 
of the glpc collected material (5 ft X 0.25 in., 5% SE-30, 220°) 
were identical in major respect with the spectra of the alumina 
chromatograph fraction 2. The high-resolution mass spectrum 
of the glpc collected material was taken: reference peak
304.9824242, ratio 1.023645, measured peak 312.1937, possible 
empirical formula CnHjgOs, Am (mmu) 0.0.

Peracid Treatment of Enone 35.— Enone 35 (80 mg, 0.37 
mmol) was oxidized with peracetic acid in a similar manner as 
described for the oxidation of enone 24. After work-up and 
chromatography, 40 mg (50%) of starting enone 35 was recovered 
and 15 mg (30% based on recovered starting material) of cyclo- 
pentanone ester 43 was obtained: ir 1745 cm-1; nmr 0.99 (s, 3),
1.02 and 1.06 (two s, total 3 H), 1.2 (s, 3), 2.3 (s, 2), 3.6 (s, 3); 
mass spectrum m/e (rel intensity) 266 (M+, 1), 235 (3), 219 (3), 
193 (2), 155 (8 ), 154 (7), 112 (31), 97 (100), 81 (52); high 
resolution mass spectrum, reference peak 254.9856198, ratio 
1.043935, measured peak 266.1884, possible empirical formula 
C 16H26O3 , Am (mmu) + 0.1. The chromatographed material 
showed only a single spot on tic and a single peak on glpc (2 %  
SE-30, 5 ft X 0.125 in., 155°).

1-Methylnorbomene (46).— The procedure is similar to that of 
Jefford. 15 Methylcyclopentadiene dimer (340 g, 2.12 mol) and 
1 0 . 0  g of sodium bicarbonate were placed in a hydrogenation 
bomb with glass liner. The bomb was charged with ca. 1000 
psi of ethylene and heated to 190° while shaking. After 7 hr, 
heating was stopped, the bomb was cooled, and the mixture was 
processed. Clear liquids distilling between 100 and 115° were 
collected (20-cm column) in two fractions (282 g, 64%). The 
earlier fraction (112 g, 36% 46 and 63% 2-methylnorbornene) 
was further distilled on a Teflon spinning band column to give 20 
g of 1-methylnorbornene (46) of greater than 90% purity.

Bromides 47 and 48.— Potassium ferf-butoxide (16.8 g, 150 
mmol) was added slowly in small portions to a solution of 6  g 
(55 mmol) of 1-methylnorbornene and 13 ml (37.8 g, 150 mmol) 
of bromoform in 70 ml of olefin-free pentane. The resulting 
yellow paste was stirred at room temperature for 14 hr, and after 
work-up, 10.9 g of crude product which contained some ¿erf- 
butyl alcohol and bromoform was obtained. The nmr of the 
crude product indicated the presence of two dibromides as 
previously reported. 17 The crude dibromides were dissolved in 
50 ml of dry ether and added slowly to a suspension of 27 g (71 
mmol) of lithium aluminum hydride in 1 0 0  ml of dry ether. 
The reaction mixture was refluxed under nitrogen for 14 hr, a 
saturated aqueous solution of sodium sulfate was carefully 
added, and the mixture was processed to yield 3.5 g (32%) of 
crude bromides, the nmr of which showed the bromides 47 and 
48 in ca. 3:2 ratio.

Ozonolysis of the Bromides 47 and 48.— A mixture of bromides 
47 and 48 (540 mg, 2.28 mmol) from the preceding experiment 
was ozonized as described previously. After esterification and 
work-up, 320 mg (65%) of a mixture of diesters 26 and 49 in ca. 
3:2 ratio (glpc, 20% DEGS, 5 ft X 0.25 in., 170°) was obtained. 
The diesters were separated on glpc. Peak I (shorter retention 
time and present in lesser amount): ir 1745 cm - 1  (broad); nmr S
1.2 (s, 3), 2.0-2.5 (m, 4), 3.54 (s, 3), 3.56 (s, 3); mass spectrum 
m/e (rel intensity) 214 (M+, 1), 183 (5), 155 (8 8 ), 141 (82), 123 
(63), 81 (100). Peak II: ir 1745 cm - 1  (broad); nmr 1.04 (s, 3), 
2.28 (s, 2), 2.8 (quintet, 1, J  = 8  Hz), 3.58 (s, 6 ); mass spectrum 
m/e (rel intensity) 183 (6 6 ), 154 (51), 141 (100), 77 (81), 81 (75).

A nal. Calcd for CnHi80 4 (Peak II): C, 61.66; H, 8.47. 
Found: C, 61.77; H, 8.39.

Diester 27.— 1-Methylnorbornene (46) (1.0 g, 9.25 mmol) was 
ozonized as described previously. After esterification and work
up 925 mg of crude diester 27 was obtained. The nmr of the 
crude product showed the presence of acidic proton ( S 1 0 .2 ); 
therefore, the crude material was filtered through 60 g of Woelm 
neutral alumina (activity II) to give a neutral fraction (497 mg) 
which was ca. 90% in the desired diester 27. The diester 27 was 
further purified by preparative glpc (5 ft X 0.25 in., 5% SE-30, 
170°); ir 1745 cm-1; nmr 1.22 (s, 3), 2.8 (quintet, 1, J  = 8  Hz),

(17) C. W. Jefford, S. N. Mahajan, and J. Funsher, Tetrahedron, 24, 2921
(1968).

3.48 (s, 3), 3.50 (s, 3); mass spectrum m/e (rel intensity) 200 
(M+, trace) 169 (12), 147 (57), 140 (48), 109 (60), 81 (100). 
The structure of the minor material was not determined, but 
since the starting material contained a small amount of 2 -methyl
norbornene, the impurity was thought to arise from this material.

Dimethyl 2 ,2 -Dimethylglutarate (28).— A solution of 1.0 g 
(8.06 mmol) of 4,4-dimethylcyclohexenone18 was ozonized as 
described previously. After esterification and work-up, 0.9 g of 
crude product was obtained. The glpc analysis (5 ft X 0.25 
in., 5% SE-30, 180°) showed two major materials (40 and 44%), 
a trace of starting material, and ca. 5%  each of unidentified 
materials. The two major peaks were collected on glpc. Peak 
I (shorter retention time and present in 40%): ir 2800, 2700, 
1750 cm "1; nmr S 1.06 (s, 3), 1.78 (s, 2), 2.8 (m, 2), 3.6 (s, 4), 
9.36 (s, 1); mass spectrum m/e 130 (39), 129 (20), 127 (46), 97 
(55), 74 (100), 69 (97). This material was assigned to be 2,2- 
dimethyl-4-carbomethoxybutylaldehyde on the basis of the 
spectral data. Peak II (present in 44%) is the desired diester 
28: ir 1745 cm-1; nmr 1.12 (s, 6 ), 1.6-2.3 (m, 4), 3.56 (s, 3),
3.58 (s, 3); mass spectrum m/e (rel intensity) 157 (7), 129 (84), 
102 (29), 97 (6 0 ), 69 (100).

3-Keto-l-methylnorbomane (51).— To a solution of 4.5 g 
(41.6 mmol) of 85% pure 1-methylnorbornene (the other 15% 
was 2-methylnorbornene) in 50 ml of tetrahydrofuran at 0° 
under nitrogen there was added 60 ml (ca. 60 mmol) of ca. 1.0 M  
solution of disiamyldiborane in tetrahydrofuran. The reaction 
mixture was stirred at 0° for 30 min and an additional 16 hr at 
room temperature. Water (20 ml) was added carefully followed 
by addition of 20 ml of 3 A  sodium hydroxide and 20 ml of 30% 
hydrogen peroxide. The reaction mixture was warmed at 50° 
for 1  hr and worked up in the standard fashion.

The crude alcohols were dissolved in 40 ml of acetone and 
oxidized with Jones reagent. After work-up, 4.35 g of crude 
ketone was obtained. Glpc analysis showed the ratio of
3-keto-l-methylnorbornane (51) to 2-keto-l-methylnorbornane 
(50) to be ca. 4: l . 19 The crude product (4.0 g, 90% of the total 
crude product) was chromatographed on 400 g of silica gel using 
an automatic fraction collector and 2 %  ether-hexane as the 
eluent. 2 -Keto compound 50 was eluted first. 3-Keto-l- 
methylnorbornane (51) was obtained in ca. 85% purity after 
chromatography and was used directly in the next experiment.

Baeyer-Villager Oxidation of 3-Keto-l-methylnorbomane.— To 
a cooled solution of 611 mg (4.15 mmol, 85% pure) of 3-keto-l- 
methylnorbornane (51) in 2.14 ml of glacial acetic acid and 1.5 ml 
of concentrated sulfuric acid, there was added 1.04 ml (8.0 mmol) 
of 40% peracetic acid in acetic acid. The resulting dark solution 
was stirred at room temperature for 2  hr in the dark, poured into 
a cold solution of 8.5 g of sodium carbonate in 100 ml of water, 
and processed to yield 531 mg (91%) of crude lactone 52. Glpc 
examination of the crude material indicated the presence of only 
one major material (91%). The lactone 52 was purified by 
preparative glpc: ir 1750, 1040, 1028, 1000 cm-1; nmr S 1.05 (s, 
3), 2.35 (s, 2), 4.68 (brd, 1); mass spectrum m/e (rel intensity) 
140 (M+, 13), 111 (24), 97 (93), 96 (72), 82 (100).

Similar treatment of the approximate 3:2 mixture of 3-keto- 
and 2 -keto-l-methylnorbornanes gave a crude product whose 
spectra (ir and nmr) indicated only one major product, that of 
the lactone 52. Presumably the lactone formed from 2-keto-l- 
methylnorbornane is a tertiary butyl type lactone and as such it 
is unstable in strong acid and opens to an acid which will be lost 
during alkaline work-up.

Methyl 3-Keto-l-methylcyclopentaneacetate (45).— The crude 
lactone 52 (450 mg, 3.2 mmol) from the previous experiment was 
dissolved in 20 ml of reagent-grade methanol and 0.07 ml of 
concentrated sulfuric acid was added. The reaction mixture was 
stirred at room temperature for 22 hr, diluted with 30 ml of half- 
saturated aqueous sodium bicarbonate solution, and processed to 
yield 410 mg of crude product. The nmr spectrum indicated 
that the crude product was a mixture of starting lactone 52 and 
the hydroxy ester 53 in ca. 1:2 ratio. The crude material was 
dissolved in 1 0  ml of reagent grade acetone and oxidized with 
Jones reagent at 0°. After the usual work-up, 380 mg of oily 
material was obtained. Glpc analysis (20% cyanosilicone, 5 ft 
X 0.25 in., 180°) of crude product showed two materials in ca. 

6 8 %  and 32% yield. They were separated by preparative glpc. 
The minor component (32%) had a glpc retention time and spec-

(18) E. L. Eliel arid C. Lukach, J. Amer. Chem. Soc., 79, 5986 (1957).
(19) Using (-f-)-diisopinocampheylborane, H. C. Brown and coworkers 

[J. Amer. Chem. Soc., 8 6 , 397 (1964) ] obtained a ratio of isomers of 8 8 :12.
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tra (ir and nmr) identical with those of lactone 52. The major 
material (68%) had the following physical properties: ir 1750 
cm“ 1 (broad); nmr 5 1.17 (s, 3), 2.06 (AB quartet, 2), 2.33 (s, 
2), 3.60 (s, 3); mass spectrum rra/e (rel intensity) 170 (M+, 1), 
155 (5), 139 (18), 97 (100). This material was identical with 
one of the ozonolysis product of enone 35.

Registry N o.—1, 32435-95-3; 5, 32435-96-4; 6,
32435- 97-5; 22, 32435-98-6; 23, 32435-99-7; 24,
32436- 00-3; 25, 32436-01-4; 26, 32436-02-5; 27,
32436-03-6; 28, 13051-32-6; 30, 32436-05-8; 35,
32436-06-9; 38,32460-84-7; 42,32436-07-0; 43,32436-

08-1; 44,32436-09-2; 45,32436-10-5; 49,32436-11-6; 
52, 32436-12-7; 2,2-dimethyl-4-carbomethoxybutyl- 
aldehyde, 4007-81-2; perchloric acid, 7601-90-3; 
acetic acid, 64-19-7.
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The synthesis of (±  )-6a/3,7,8,9,10,10aa-hexahydro-3-methoxy-10, lO-dimethyl-6-ff-dibenzo [b,d] pyran-9-one 
(3) from 3-(/3-carbethoxyethyl)-4-methyl-7-hydroxycoumarin (12a) through 12b, 2a, 15a, 16, 17a, 18, 19a, 19b, 
and 20 (Schemes II and III) is described. This multistep transformation involved ring closure to the tricyclic 
unsaturated lactone 2a and conversion to the cyclic ether 17a followed by the introduction of two methyl groups 
at C-10 to give 20.

Mirestrol (la) was isolated1 from the tuber of Pueraria 
mirifica which has been used locally in southeast Asia 
as a rejuvenating drug. The highly potent estrogenic 
activity of mirestrol was reported,1“ '2 but a limited 
supply of the natural resource has restricted extensive 
physiological studies. The structure of mirestrol was 
elucidated3 by X-ray crystallographic studies on the 
monobromo derivative lb.4

This communication deals with the preparation of 
the A,B,C ring system of mirestrol, which is properly 
functionalized for eventual conversion into the penta- 
cyclic ring system of the natural product. The tri
cyclic lactones of type 2 were the first targets and the 
conversion of 2a into 3 was the subsequent objective

2a, R1 = R2 = H
b, R1 = Me, R2 = H
c, R1 = R2 = Me

(1) (a) W. Schoeller, M. Dohrn, and W. Hohlweg, Naturwissenschaften, 
33, 532 (1940); (b) G. S. Pope, H. M. Grundy, H. E. H. Jones, and S. A. S, 
Tait, J. Endocrinol., 17, xv (1958); (c) J. C. Cain, Nature, 188, 774 (1960).

(2} (a) H. E. H. Jones and G. S. Pope, J. Endocrinol., 2 2 , 303 (1961), 
and references cited therein; (b) L. Terenius, Acta Pharmacol. Toxicol., 26, 
15 (1968), and references cited therein.

(3) N. E. Taylor, D. C. Hodgkin, and J. S. Rollett, J. Chem. Soc., 3685 
(I960).

(4) D. G. Bounds and G. S. Pope, ibid., 3696 (1960).

of this study. While all synthetic compounds con
taining asymmetric carbon are racemic, only one 
enantiomer is depicted as a matter of convenience.

Preparation of Tricyclic Lactones 2a, 2b, and 2c.—As 
the most direct approach to obtain 2c, the Pechmann 
reaction of resorcinol with 5 was examined. The latter 
was prepared (Scheme I) by condensation of 2,2-di-

SCHEM E I

OH 0
b, R = C(OH)C02Et

methylcyclohexane-l,3-dione6 and diethyl oxalate to 4a 
followed by pyrolysis. A double condensation product 
4b was obtained as a by-product which gave rise to 7

on pyrolysis. Direct carbéthoxylation of 2,2-dimethyl- 
cyclohexane-l,3-dione with diethyl carbonate in the

(5) I. N. Nazarov, Zh. Obshch. Khim., 23, 1703 (1953); Izv. Akad. Nauk
SSSR, 32 (1956); ibid., 325 (1957); Chem. Abstr., 48, 13667 (1954); 60,
13847 (1956); 51, 14597 (1957).
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presence of sodium hydride did not produce 5, but 
exclusively 6 as the result of an intermolecular aldol 
condensation followed by an intramolecular retroaldol 
reaction (see 8). Unfortunately, 5 did not undergo 
the Pechmann reaction with resorcinol either under 
standard conditions6 or under forcing conditions.7 It 
was desirable to achieve introduction of the geminal 
dimethyl group, as well as formation of ring B and 
ring C in a single reaction, but it was now realized that 
the steric interference between the geminal dimethyl 
group and the aromatic ring had been underestimated.

The Pechmann reaction of resorcinol or its mono
methyl ether with open-chain /3-keto esters followed 
by ring closure to 2c was subsequently examined, in 
the hope that the open-chain compounds would be 
flexible enough to reduce steric interference. While 9a8 
and 9b were obtained by the boron trifluoride procedure, 
the condensation of resorcinol monomethyl ether with 
either 11a9 or lib did not produce 10a or 10b under a 
variety of conditions.

Sch em e  II

1. HaSO,'0
2. MeI-K2CO,

Me

12a, R = H 
b,R = Me

NaH11,
DMSO

0

1. KO-tenf-Bu
2. Mel____________
ieri-BuOH-DMSO

2b, R> = H; R2 = Me 
c, R1 = R2 = Me

b, R = Me
MeîCRCOCHCChEt

CH2CH2C02Et

11a, R = H
b, R = C02Et

Finally 12a,10 the Pechmann reaction product of 
resorcinol and diethyl 2-acetylglutarate, was chosen 
as the starting material and was converted into the 
methyl ether 12b. The latter could be prepared in 
one step, though in less satisfactory overall yield, 
from resorcinol monomethyl ether by the boron tri
fluoride procedure. The methyl ether 12b was readily 
cyclized to 2a (see Scheme II). It is worth noting 
that the double bond in 2a stayed between the aromatic 
ring and lactone group rather than between the aromatic 
and ketonic group. Méthylation of the potassium

(6) Sixteen hours in concentrated sulfuric acid or 3 days in ethanol satu
rated with hydrogen chloride.

(7) (a) Phosphorus oxychloride in boiling toluene; see R. Adams and
B. R. Baker, J. Amer. Chem. Soc., 62, 1401 (1940). (b) Boron trifluoride
in refluxing benzene under the continuous removal of water. A modification 
of the boron trifluoride procedure was first used by Indian workers; see 
L. G. Shah, G. D. Shah, and R. C. Shah, J. Indian Chem. Soc., 32, 302 (1955); 
Chem. Abstr., 50, 4927 (1956). (c) After this work had been completed, a 
novel modification of the Pechmann reaction for a sterically hindered eou- 
marin was published which might be applicable in this case. See G. Büchi 
and S. M. Weinreb, J. Amer. Chem. Soc., 91, 5408 (1969).

(8) This compound was previously synthesized in three steps: B. B.
Dey, J. Chem. Soc., 1633 (1915).

(9) F. Korte, K.-H. Büchel, and L. Schiffer, Chem. Ber., 91, 763 (1958).
(10) M. M. Shah and R. C. Shah, Ber., 71B, 2075 (1938).

enolate of 2 a give rise to a single product 2b. The 
C'-methyl group exhibited a doublet at r 8.50 (J =
7.5 Hz) excluding all structural alternatives. The sub
sequent methylation of 2b using similar conditions 
afforded 2c as the major product (35%), whereas the 
other C-alkylation product 13, an O-alkylation-oxida- 
tion product 14a, and an oxidation product 14b were 
isolated as minor products. The preferential forma
tion of 2c over 13 is similar to the alkylation of Hage- 
mann’s ester.12

Preparation of Tricyclic Ketone 3.—The direct trans
formation of 2c to 3 could not be carried out due to 
steric interference between the C -l aromatic hydrogen 
and the geminal dimethyl group. Once the B ring 
was opened, all attempts to restore the tricyclic sys
tem of 3 were unsuccessful. The synthesis of 3 was 
finally achieved by the transformation of the less 
hindered 2a into 17a (see Scheme III) and subsequent 
introduction of the geminal dimethyl group.

Lithium aluminum hydride reduction of the ethylene 
ketal 15a, which was readily obtained from 2a in the 
usual manner, gave 16. The uv spectrum of 16 showed 
that the aromatic ring and the double bond were not 
coplanar. Treatment of 16 with refluxing aqueous 
acetic acid produced an intractable resin. However, 
when 16 was refluxed in aqueous acetic acid containing a 
weak base, both 17a and 21a were obtained. Though

O

the uv spectrum suggested that the two rings were 
noncoplanar, 21a could be cyclized to 17a upon treat
ment with acid-base or with pyridine. The lithium- 
ammonia reduction of 17a afforded either 22a or 23

(11) A similar cyclization was recorded in the literature: K. E. Fahren- 
holtz, M. Lurie, and R. W. Kierstead, J. Amer. Chem. Soc., 8 8 , 2079 (1966).

(12) (a) C. Th. L. Hagemann, Ber., 26, 876 (1893); (b) R. B. Turner, 
O. Buchart, E. Herzog, R. B. Mofin, A. Riebel, and M. J. Sanders, J . Amer. 
Chem. Soc., 8 8 , 1766 (1966).
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Scheme III

MeO

LiAlHi . H;Q
H+and

base

1. Li, NH3 
TM d ’

MeO"

17a, R = H
b, R = Me (not obtainable)

0
Me. ^CHOR

H'4
H j 1. knh2, nh3

T h
2. Mel
3. H+, HjO

MeO

1. HCQ2Et—KO-fert-Bu
2, t-PrI-K2C03 *

19a, R = H 
b, R “  i-Pr

Na2CQ3, 
H20

depending upon the reaction conditions. The latter 
was also obtained by the borohydride reduction of 22a. 
Reductive alkylation13 of 17a afforded 18.

0 OH

J s A t  
j H J H i

n
M e O ' ^ ^

H 1
"0

/ v f
X X e

22a, R =
b, R =
c, R =

h2
CHOH
CHS-n-Bu

23

The nmr data indicated that the C-10 methyl group 
of 18 is axial and the B /C  ring juncture is trans,14 
as will be discussed later. It is worth emphasizing 
that the axial methyl group is in the more stable con
figuration, as it is free from serious steric interaction 
with the C -l hydrogen. In agreement with this, 18 
was not epimerized upon treatment with either hot 
hydrochloric acid or hot sodium carbonate solution.

An analogous series of reactions starting from the 
ketal of 2b would, in a formal sense, afford 17b and then 
3 by the subsequent reductive alkylation. Actually 
17b could not be isolated, and 21b and 24 were obtained

OH

(13) (a) G. Stork, P. Rosen, N. Goldman, R. V. Coombs, and J. Tsuji, 
J. Amer. Chem. Soc., 87, 275 (1965); (b) G. Stork, P. Rcsen, and N. L. 
Goldman, ibid., 83, 2965 (1961).

(14) The B /C  juncture is predicted to be trans based upon theoretical 
considerations. See ref 13b and G. Stork and S. D. Darling, J. Amer. Chem. 
Soc., 82, 1512 (1960); 86, 1761 (1964).

instead, this result being attributed to serious steric 
interaction of the C -l hydrogen and the C-10 methyl 
in the hypothetical 17b.

Introduction of the C-10 equatorial methyl group 
in 18 was the most difficult part of this work, due not 
only to the steric hindrance, but also to a rather un
expected tendency of 22a, 18, and 20 to readily undergo 
fragmentation giving rise to phenolic substances.

The n-butylthiomethylene derivative 22c, obtained 
via 22b in the well-known manner,15 gave rise to the 
red potassium enolate which reacted with methyl iodide 
under standard conditions.15 Subsequent alkaline 
cleavage of the protecting group to generate 18, how
ever, resulted in phenolic substances. It was later 
found that 18 itself was readily decomposed in boiling 
alkali to phenolic products. This behavior might be 
rationalized by fragmentations as depicted in 25. Vari-

0

ous reagents, both acidic16 and basic, failed to remove 
the protecting group without destroying the compound.

After the TV-methylanilinomethylene17 and trimethy
lene dithioketal groups18 had been examined, attention 
was directed to the isopropoxymethylene group of

(15) R. E. Ireland and J. A. Marshall, J. Org. Chem., 27, 1615, 1620 
(1962).

(16) The original authors15 suggested a possibility of acid hydrolysis of 
this protecting group to the hydroxymethylene group. This idea could not 
be expedited in our hands.

(17) A. J. Birch and R. Robinson, J. Chem. Soc., 501 (1944).
(18) (a) R. B. Woodward, A. A. Patchett, D. H. R. Barton, D. A. Ives, 

and R. B. Kelly, ibid., 1131 (1957). (b) For application to saturated ketones, 
see B. Gaspert, T. G. Halsall, and D. Willis, ibid., 624 (1958).
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C-l H C-60 H C-6a H C-lOa H C-100 Me C-lOa
Compd Solvent (.J, Hz) (J, Hz) V, Hz) (J, Hz) (J, Hz) Me

18 CDC13 3.14 5.75 6.30 9.02 Met boxy 6.28
d q t Overlapped d
(8.5) (10.5, 3.5) (10.5) (7)

c 6d 6 6.20 6.78 7.59“ 9.29 Methoxy 6.70
Overlapped q t q d

(10.5, 3.5) (10.5) (11.5, 4.5) (7.5)
A +  0.27*

19a c d c i3 3.07 5.72 6.28 9.01 Methoxy 6.27
d q t Overlapped d C-8a 1.18, d (1.5)
(8.5) (10.5, 3) (10.5) J  7

c 6h 6 3.35* 6 .11 6.71 7.66“ 9.13 Methoxy 6.67
d q t q d C-8a 1.56, d, (1.0)
(8.5) (10.5, 3.5) (10.5) (11, 5) (7)

A +  0 .1 2 d
3 CDC1, 2.686 5.86 6.40 7.09“ 9.08 8.47 Methoxy 6.28

d q t d s s
(8.5) (10.5, 3.5) (10.5) (11)

C«De 2.806 6.28 6.82 7.56“ 9.15 8.59 Methoxy 6.69
d q t d & s
(9) (10.5,4) (10.5) (11.5)

A +  0 .0 7 d
20 CDCla 2.636 5.81 6.34 7.25“ 9.01 8.32 Methoxy 6.27

d q m Deformed d s s C-8a 1.31, d, (3)
(8.5) (10, 2.5) (10)

C6D6 2 .77s 6.21 6.75 7.65“ 9.05 8.46 Methoxy 6.69
d q t d s s C-8a 1.76, d (3)
(8.5) (10.5, 3.5) (10.5) (11)

A +  0.04*
° The 100-MHz nmr spectra were determined on a Varian HA-100 and chemical shifts are reported in r values downfield from an 

internal standard of tetramethylsilane. b The long-range coupling with the C-lOa proton was observed. “ The long-range coupling 
with the C-l proton was observed. d Solvent shift 3 (CDC13) — 3 (CeD6) or r (C6D6) — T (CDC13).

Johnson and Posvic,19 which, to the best of our knowl
edge, has only been used by the original authors. This 
protecting group, being very sensitive to either weak 
acids or weakly nucleophilic solvents, was easily removed 
after the alkylation. Under carefully controlled condi
tions, the isopropoxymethylene group gave satisfactory 
results. Thus, the hydroxymethylene ketone 19a, which 
was readily prepared from 18, was converted into the iso
propoxymethylene ketone 19b in the usual manner19 
or by simply recrystallizing 18 from isopropyl alcohol. 
The potassium enolate was generated at room tempera
ture20 by treatment of 19b with freshly prepared po
tassium amide21 in ether. Alkylation of the enolate 
with methyl iodide and the subsequent acidic work-up 
afforded 3 and 20 as the major products and small 
amounts of 26 and 27. Cleavage of 20 with boiling 
sodium carbonate solution gave 3 in quantitative yield.

The nmr spectrum (see Table I) of 20 in deuterio- 
benzene exhibited a C-lOa proton (benzylic) signal at r 
7.65 (d, 1, «7 = 11 Hz), clearly demonstrating the 
trans juncture. This doublet was broader than other

(19) W. S. Johnson and H. Posvic, J. Amer. Chem. Soc., 69, 1361 (1947).
(20) At higher temperature, extensive fragmentation to phenolic sub

stances took place.
(21) Commercial potassium amide did not work at all. Sodium hydride, 

freshly prepared sodium amide, and potassium iert-butoxide were examined, 
but invariably failed to generate the enolate at room temperature.

26
0

signals, indicating the long-range coupling with the 
C -l proton which was confirmed by the decoupling 
experiment. It is very reasonable to assume that 3, 
18, 19a, 19b, 20, 22a, 22b, 22c, 26, and 27 all have the 
same B /C  juncture based upon the way of their prep
aration. The C-lOa proton signals of some of these 
compounds (Table I, see also Experimental Section) 
confirmed this view.

It has been mentioned that serious steric interference 
exists between the C -l proton and the C-10a (equa
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torial) methyl group. In line with this, the C -l proton 
signal and the C-10a methyl22 signal of 3 and 20 ap
peared at unusually low field because of this steric 
crowding. The nuclear Overhauser effect confirmed 
this spacial proximity: irradiation of the methyl signal 
at r 8.32 of 20 in deuteriochloroform increased the 
integration of the C -l proton at r 2.63 by as much as
16-20%.

The fact that the C-10 methyl groups of 18 and 19a 
are axial (C-10/3) could be easily deduced from the 
chemical shifts as well as from the upheld solvent 
shifts,23 that is, positive S (CDCU) — 5 (C6D6) (Table 
I). Additional evidence was provided by the normal 
chemical shift of the C -l proton as well as by the 
coupling constant (4.5-5 Hz, suggesting the cis relation
ship) of the C-lOa proton and the C-10a proton.

Lithium in ammonia reduction of 15a followed by 
acidic work-up afforded an oily product which was 
best represented by 28a, though an alternative struc
ture 29a could not be excluded.

0

29a, R = H
b, R = Ac

The nmr signal at r 6.80 (m, 1, W,/2 =  12 Hz) 
suggested that the benzylic proton is equatorial.24 25

OMe

(22) The downfield shift of the C-10a methyl group may be partially due 
to deshielding by the aromatic ring.

(23) (a) N. S. Bhacca and D. H. Williams, “ Applications of Nmr Spec
troscopy in Organic Chemistry,”  Hoiden-Day, San Francisco, Calif., 1964, 
p 169; (b) R. S. Matthews, P. K. Hyer, and E. A. Folkers, Chem. Commun 
38 (1970).

When refluxed in acetic acid-water-pyridine, 28a gave 
the crystalline monoacetate 28b. The downfield shift 
of 0.4 ppm by the -C H 20 -  signal of the latter is better 
rationalized by 28a b than 29a—> b. When nondis- 
tilled ammonia was used in the lithium reduction, 28a 
was obtained along with a crystalline substance 
C14H20O3, best formulated as 30a. The diacetate 30b, 
prepared from 30a by acetic anhydride in pyridine,

30a, R =H  
b, R = Ac

was also crystalline. Wolff-Kishner reduction of 28a 
gave 30a, thus interrelating the two products. The 
hydrogenolysis of the ethylene ketal group in undistilled 
ammonia may be due to the presence of lithium 
amide,26’26 which would have catalyzed a transient 
formation of i.

A similar reduction of 15b in distilled ammonia 
gave 28c, whose nmr signal at r 7.29 (d, 1, J — 2.5 
Hz) indicated that the benzylic proton is equatorial.

Attempted cyclization of 28a or 28c to 31a or 31b 
has so far been unsuccessful.

O

31a, R = H 
b, R = Me

Experimental Section
Melting points were determined in open capillary tubes on a 

Thomas-Hoover Unimelt. All melting and boiling points are un
corrected. The nmr spectra were taken on a Varian A-60 
spectrometer with TM S as an internal reference and the data 
are given in r values (ppm). Unless otherwise stated, concentra
tions were carried out in  vacuo (water pump pressure).

(24) The aromatic ring and hydroxymethyl group in 28a and 28c are more 
likely to be cis than trans, considering the transition states of protonation 
(by ethanol) leading to cis (A) and trans (B) isomers.

(25) Traces of iron present in undistilled ammonia catalyze the formation 
of the alkaline metal amide or the metal alkoxide; for instance, see C. R. 
Hauser and W. H. Peterbaugh, J. Amer. Chem. Soc., 75, 1068 (1964).

(26) The undistilled ammonia contains traces of iron. See H. L. Dryden, 
Jr., G. M. Webber, R. R. Burtner, and J. A. Celia, J. Org. Chem., 26, 3237 
(1961).
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2,2-Dimethyl-4-ethoxalylcyclohexane-l,3-dione (4a). A.—- 
To a suspension of 4.3 g of 56% sodium hydride mineral oil in 
250 ml of anhydrous ether was added a mixture of 14.0 g of 2,2- 
dimethylcyclohexane-l,3-dione5 and 29 g of diethyl oxalate. 
The mixture was stirred under reflux for 3 hr. In case the reaction 
did not start after 30 min of refluxing, 2 drops of ethanol were 
added as an initiator. The reaction mixture was cooled with an 
ice bath, neutralized with aqueous acetic acid, and extracted with 
ether. The ethereal extract was washed with bicarbonate solution 
containing sodium chloride. The bicarbonate washing was 
acidified with hydrochloric acid and extracted with ether. The 
ethereal extract was washed with water, dried over sodium sul
fate, and concentrated, and the residue was distilled. The frac
tion boiling at 120-145° (0.5-1.0 mm) was collected (7.9 g) and 
redistilled, giving 6.7 g (29%) of 4a: bp 120-121° (0.25 mm); 
uv max (MeOH) 312 mM (e 10,600); ir (CHC1,) 1734, 1726, 1623, 
1577 cm“ '; nmr (CDC1,) r 8.58 (s, 6), 7.22 (m, 4, H-5 and -6),
2.61 (s, 1, enolic H).

A n al. Calcd for CuHi605: C, 59.99; H, 6.71. Found: C, 
59.74; H, 6.51.

The neutral fraction gave 6.5 g of ethyl 4-keto-5-methylhexane- 
1-carboxylate:27 bp 65-67° (0.25 mm); ir (CHCL) 1733 (ester), 
1710 cm-1 (ketone); nmr ( C D C I 3 ) r 8.90 (d, 6, J  = 7 Hz).

B.— To a solution of 88.8 g of 2,2-dimethyleyclohexane-l,3- 
dione6 and 200 g of diethyl oxalate in 300 ml of anhydrous ether 
was added 27.5 g of 56% sodium hydride in mineral oil. The 
mixture was refluxed gently (39—42°) for 2 hr and worked up as 
described above. The bicarbonate-soluble fraction gave 24.7 g 
(16.3%) of 4a boiling at 125° (0.4-0.5 mm) and 10 g of higher 
boiling [130-180° (0.8 mm)] material which was mostly 4b. 
The latter was decarbonylated without purification.

2.2- Dimethyl-4-(2-methyl-3,7-heptanedione)cyclohexane-l ,3- 
dione (6).— A suspension of 8.6 g of 56% sodium hydride mineral 
oil in 150 ml of benzene containing 40 g of diethyl carbonate was 
heated to 90°, to which a solution of 14.6 g of 2,2-dimethyleyclo- 
hexane-l,3-dioneB in 100 ml of benzene was added during 1 
hr. The mixture was stirred at 85-90° for an additional 1.5 hr, 
cooled, neutralized with 15 ml of acetic acid, decomposed with 
150 ml of water, and extracted with ether. The ethereal extract 
was washed with bicarbonate solution, dried on sodium sulfate, 
and concentrated to an oily residue, which was distilled through 
a 20-cm column, giving 11.0 g (80%) of 6: bp 168-170° (0.5 
mm); uv max (MeOH) 288 mu  (e 8480); ir (CHCI3) 1720 
(ketones), 1560-1640 cm-1 (enolic 0-diketone); nmr (CDCI3 ) r
8.91 (d, 6, /  = 7 Hz), 8.67 (s, 6), 7.40 (s, 4, H-5 and -6, this 
peak was transformed to m in pyridine), 1.96 (s, 1, enolic H).

A n a l. Calcd for CuHjtO.: C, 68.54; H, 8.62. Found: C, 
68.85; H, 8.93.

2,2-Dimethyl-4-carbethoxycyclohexane-l,3-dione (5).— 4a (15 
g) was distilled in the presence of 0.5 g of soft glass powder and 
a trace (less than 1 mg) of iron powder at a bath temperature of 
180°. The fraction (7.4 g) boiling at 135-145° (12 mm) was 
redistilled through a 20-cm column, giving pure 5: bp 93° (0.5 
mm); uv max (MeOH) 254.5 m u  (e 9340); ir (CHCI3 ) 1723 (ke
tone), 1653 (ester), 1613 cm-1 (enolic C = C ); nmr (CDC13) 
r 8.65 (s, 6), 7.43 (s, 4, H-5 and -6), —2.6 (s, 1, enolic H).

A nal. Calcd for CnHisO,: C, 62.25; H, 7.60. Found: C, 
62.50; H, 7.76.

2.2- Dimethyl-4,6-dicarbethoxycyclohexane-l,3-dione (7).—  
The higher boiling fraction (4b) obtained in the preparation of 
4a was distilled in the presence of soft glass powder. The distil
late, containing long needles, was filtered and the crystals were 
purified by recrystallization from cyclohexane and sublimation 
at 100° (0.05 mm) to give 7: mp 159-161°; uv max (MeOH) 
242 mM (e 18,480); ir (CHC13) 2560-3570 (broad, enolic OH), 
1681, 1652, 1612, 1241 cm - 1  (strongest band); nmr (CDCI3) r
8.65 (t, 6, J  = 7.5 Hz), 8.53 (s, 6), 6.94 (s, 2, H-4), 5.69 (q, 
4, J  = 7.5 Hz), —2.6 (s, 2, enolic H).

A nal. Calcd for CuH2o06: C, 59.14; H, 7.09. Found: C, 
59.07; H, 7.26.

Ethyl 7-Methoxycoumarin-4-acetate (9a).— A solution of 3.7 g 
of resorcinol monomethyl ether, 6.0 g of diethyl acetonedicar- 
boxylate, and 4.2 g of boron trifluoride etherate in 30 ml of

(27) S. Eskola, A. Auvienen, A. Hirvines, T. Rinne, and R. Waris, Suom. 
Kemistilehti, 27B, 88 (1954); Chem. Abstr., 50, 5559 (1956). Undoubtedly
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formed by the reversed Claisen condensation.

benzene was refluxed for 3 hr under continuous water separation. 
Most of the water (totally 0.5 ml) was separated during the first 
1  hr. The reaction mixture was poured into bicarbonate solution, 
stirred for 2 hr, and extracted with additional benzene. The 
benzene extract was washed with water, dried over sodium sulfate, 
and concentrated. Crystallization of the residue from 25 ml of 
benzene-cyclohexane (1:1) yielded 4.3 g (55%) of 9a: mp 101.5- 
103° (lit.8 mp 101.5-103°); uv max (MeOH) 220 m/x (« 17,400),
323.5 (14,130).

Ethyl 7-Methoxycoumarin-4-(2-isobutyrate) (9b).— A solution 
of 7.4 g of resorcinol monomethyl ether, 8.7 g of diethyl 2,2- 
dimethyl-3-ketoglutarate, 28 29 and 4.2 g of boron trifluoride 
etherate in 30 ml of benzene was refluxed for 16 hr under con
tinuous water separation. Totally 0.6 ml of water was separated. 
The reaction mixture was poured into bicarbonate solution, 
stirred for 2 hr, and extracted with benzene. The benzene solu
tion was washed with 2 %  aqueous potassium hydroxide, washed 
with water, dried over sodium sulfate, and concentrated. The 
material remaining was recrystallized from benzene-cyclohexane 
(1:1) to give 1.0 g (11%) of 9b: mp 171.5°; uv max (MeOH) 
220 mM (e 19,250), 322 (13,600); ir (CHC13) 1725 (broad), 1616 
cm-1; nmr (CDCI3) r 8.37 (s, 6 , gem dimethyl), 6.13 (s, 3, 
methoxy), 3.69 (s, 1, H-3).

A nal. Calcd for C i6Hi806: C, 66.19; H, 6.25. Found: C, 
66.01; H, 6.17.

Diethyl 2,2-Dimethyl-3-oxo-4-carbethoxyheptane-l,7-dioate 
(lib ).— To a solution of 3 g of potassium feri-butoxide in 18 ml of 
ethanol was added 92 g of diethyl 2,2-dimethyl-3-ketogluta- 
rate, 28' 29 and the solution was heated to 85°. Ethyl acrylate 
(40 g) was then added and the mixture was stirred at 85-90° for 
4 hr. After cooling, the reaction mixture was poured into iced 
dilute sulfuric acid and extracted with ether. The ethereal ex
tract was washed with bicarbonate solution, dried over sodium 
sulfate, concentrated, and distilled, giving 106 g (80%) of lib : 
bp 131-132° (0.2 mm); ir (CHC13) 1721-1755 cm “ 1 (C = 0 , 
broad); nmr (CDCh) t 8.58 (s, 3), 8.55 (s, 3).

A nal. Calcd for CuHisCb: C, 58.17; H, 7.93. Found: C, 
58.37; H, 7.96.

Ethyl 7-Methoxy-4-methylcoumarin-3-propionate (12b). A.—
To a solution of 300 g of ethyl 7-hydroxy-4-methylcoumarin-3- 
propionate (12a) 10 and 425 g of methyl iodide in 1 1. of acetone 
was added 240 g of potassium carbonate and the mixture was 
stirred under reflux for 3.5 hr. An additional 280 g of potassium 
carbonate and 240 g of methyl iodide were added and the mixture 
was refluxed for another 4 hr. The reaction mixture was filtered 
to remove inorganic substances and the filtrate was concentrated 
and then dissolved in ether. The ethereal solution was washed 
with aqueous alkali, washed with water, dried over potassium 
carbonate, and concentrated to 500 ml. Colorless needles were 
collected and washed with ether, giving 282.7 g of 12b, mp 74- 
75.5°. The second crop (25.8 g, mp 72-73.5°) was obtained on 
concentration of the mother liquor. Occasionally, the product 
did not crystallize, in which case it could be distilled to give 
colorless oil, bp 195-197° (0.08 mm). The oily material showed 
identical spectral data with the crystalline one and crystallized 
upon seeding: uv max (MeOH) 322 m/i (e 17,820); ir (CHCU) 
1711 (broad), 1610 cm" 1 (C = C ); nmr (CDCI3) r 7.58 (s, 3, 
CMe), 7.23 (AB type m, 4, methylenes), 6.14 (s, 3, OMe).

A n al. Calcd for CieHigCh: C, 66.19; H, 6.25. Found: C, 
66.38; H, 6.09.

B.— A solution of 3.7 g of resorcinol monomethyl ether, 6.9 g of 
diethyl a-acetoglutarate, and 4.2 g of boron trifluoride etherate in 
40 ml of benzene was refluxed for 9 hr under continuous water 
separation. The reaction mixture was worked up in the usual 
manner (see preparation 9b) to give 3.5 g (41%) of 12b, bp 205- 
210° (0.5 mm). This product crystallized upon seeding and ex
hibited identical spectra with the specimen prepared by pro
cedure A.

2-(2-Hydroxy-4-methoxyphenyl )-4-oxo- 1  -cyclohexene- 1  -car
boxylic Acid Lactone (2a).— To a solution of 100 g of 12b in 400 
ml of dimethyl sulfoxide was added 15 g of 56% sodium 
hydride mineral oil and the solution was stirred for 2  hr without 
external heating. The dark brown solution was neutralized with 
25 ml of acetic acid and decomposed with 500 ml of water to 
produce a voluminous precipitate. The crystals were filtered 
with suction, then washed with water followed by ether. The 
yellowish needles (67.4 g, 80.2%), mp 222-224°, were recrystal-

(28) W. H. Perkin, Jr., and A. E. Smith, J. Chem. Soc., 83 12 (1903).
(29) L. I. Smith and W. W. Prichard, J. Org. Chem., 4, 348 (1939).
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lized from 1 1. of dioxane giving 51.8 g of 2a: mp 228.5°; uv 
max (MeOH) 319 m/x (e 16,240); ir (CHC1£) 1720 (C = 0 ), 
1620 cm -' (C = C ).

A m '.  Calcd for C,4HI204: C, 68.84; H, 4.95. Found: C, 
68.75; H, 4.69.

2-(2-Hydroxy-4-methoxyphenyl)-3-methyl-4-oxo-l-cyclohexene- 
1-carboxylic Acid Lactone (2b).— To a solution of 25.3 g of 2a 
and 13.5 g of potassium ¿ert-butoxide in 250 ml cf dimethyl 
sulfoxide and 60 ml of ferf-butyl alcohol was added 100 ml of 
methyl iodide. The solution was heated to gentle reflux for 15 
min, evacuated to remove excess methyl iodide, poured into 500 
ml of ice-water, and refrigerated overnight. Yellow crystals 
were collected, washed with water, triturated with 250 ml of 
acetone, and filtered to remove 3.8 g of recovered starting 
material. The acetone filtrate was concentrated and the residue 
was recrystallized from methanol to give 17.1 g of pale yellow 
2b: mp 135°; uv max (MeOH) 322 m/x (« 15,000); ir (CHC13) 
1720 (C = 0 ), 1614 cm -1 (C = C ); nmr (CDC13) r 8.50 (d, 3, 
J  = 7.5 Hz, C-Me), 6.30 (q, 1, J  = 7.5 Hz), 6.11 (s, 3, OMe).

A nal. Calcd for CisHuO<: C, 69.75; H, 5.46. Found: C, 
69.54; H, 5.54.

Upon heating the methanol solution, this material was partially 
converted into the dimethyl ketal: mp 159° (recrystallized from 
acetone); uv max (MeOH) 319.5 m/x (e 16,430); ir (CHC13) 1712, 
1611 cm“1; nmr (CDC13) r 8.72 (d, 3, /  = 7.5 Hz, C-Me), 6.76 
(s, 3, acetal OMe), 6.65 (s, 3, acetal OMe), 6.13 (s, 3, phenolic 
OMe).

A nal. Calcd for C i7H20O6: C, 67.09; H, 6.52; OMe, 30.60. 
Found: C, 67.14; H, 6.61; OMe, 29.89.

2-(2-Hydroxy-4-methoxyphenyl)-3,3-dimethyl-4-oxo-l-cyclo- 
hexene-l-carboxylic Acid Lactone (2c), 13, 14a, and 14b.— To a
solution of 5.2 g of 2b in 70 ml of dimethyl sulfoxide was added
2.4 g of potassium ferf-butoxide and the mixture was stirred for 
15 min to dissolve the starting material. A mixture of 15 ml of 
¿erf-butyl alcohol and 20 ml of methyl iodide was added. The 
resulting solution was stirred for 30 min at room temperature, 
heated to gentle reflux for 20 min, cooled, poured into ice water, 
and finally extracted with ether. The ethereal extract was washed 
twice with 3% potassium hydroxide solution, washed with water, 
and dried over potassium carbonate. After evaporation of the 
solvent, recrystallization of the residue from chloroform-ether 
gave 1.9 g of 2c: mp 186.5-188°; uv max (MeOH) 321 m/x (e
15,000) ir (CHC13) 1723, 1626, 1610 c m '1; nmr (CDC1.) r 8.27 
(s, 6, gem dimethyl), 7.14 (m, 4, methylenes), 6.12 (s, 3, OMe).

A nal. Calcd for C16H1604: C, 70.57; H, 5.92. Found: C, 
70.40; H, 5.82.

The mother liquor (2.5 g) was adsorbed on 175 g of silica gel, 
washed with benzene, and eluted with 5%  ethyl acetate-benzene 
and then with 10% ethyl acetate-benzene. The 5% ethyl acetate 
fractions gave successively 14a, 13, and 2c (0.4 g). The 10% 
ethyl acetate fractions gave 14b. Recrystallization from ben
zene-cyclohexane afforded pure 14a: mp 189°; uv max (MeOH) 
260, 287, 299, 325 m/x (<= 53,500, 12,500, 12,500, 6200); ir (KBr) 
1741 cm -1 (C = 0 ).

A nal. Calcd for C^HnO«: C, 71.10; H, 5.22; methoxy,
22.96. Found: C, 70.85; H, 5.07; methoxy 22.00,

Recrystallization from benzene afforded pure 13: mp 156.5°; 
uv max (MeOH) 229 m/x (e 18,200), 317 (10,200); ir (CHC13) 
1770 (lactone), 1678 (ketone), 1621 cm“ 1 (C = C ); nmr (CDC13) 
r 8.58 (s, 3), 7.91 (s, 3), 6.10 (s, 3).

A n al. Calcd for C16Hi60 4: C, 70.98; H, 5.86. Found: C, 
70.57; H, 5.92.

Recrystallization from benzene afforded pure 14b: mp 257.5°; 
uv max (MeOH) 260.5, 287.5, 299.5, 326 mM (<= 53,300, 12,500, 
12,603, 6830); ir (KBr) 3245 (OH), 1708 cm -1 (C = 0 ).

A n al. Calcd for C,5H120 4: C, 70.30; H, 4.72. Found: C, 
70.39; H, 4.74.

7,8,9,10-Tetrahydro-3-methoxyspiro(6H-dibenzo[&,d]pyran- 
dioxolan)-6-one (15a).— A suspension of 150 g of 2a 

and 1 g of p-toluenesulfonic acid in a mixture of 230 ml of ethylene 
glycol and 1.51. of benzene was refluxed for 8 hr under continuous 
water separation. The reaction mixture was washed with potas
sium carbonate solution, dried over sodium sulfate, and concen
trated at atmospheric pressure to 600 ml. Stout, transparent 
crystals of mp 145.5° were obtained (130.5 g). The second crop 
(21.0 g) wTas obtained upon concentration to 200 ml: uv max
(MeOH) 319 m/x (e 17,300); ir (CHC13) 1717 (C = 0 ), 1613 
c m '1 (C = C ); nmr (CDC13) r 8.07 (t, 2, J  = 6.5 Hz, H-8),
7.20 (t, 2, /  = 6.5 Hz, H-7), 7.05 (s, 2, H-10), 6.14 (s, 3), 5.92 
(s, 4, ethylenedioxy).

A nal. Calcd for C^H^Os: C, 66.66; H, 5.59. Found: C, 
66.76; H, 5.64.

7,8,9,10-Tetrahydro-3-methoxy-10,10-dimethylspiro (6/f-di- 
benzo[6,d]pyran-9,2'-[l,3]dioxolan)-6-one (15b).— A suspension 
of 18 g of 2c and 0.5 of p-toluenesulfonic acid in 50 ml of ethylene 
glycol and 500 ml of benzene was refluxed for 48 hr. Work-up in 
the usual manner furnished 18.7 g of 15b: mp 179-180°; uv 
max (MeOH) 319 m/x U 14,600); ir (CHC13) 1725 (C = 0 ), 1626 
cm-1 (C = C ); nmr (CDC13) r 8.42 (s, 6, gem dimethyl), 8.09 
(t, 2, /  = 6.5 Hz, H-8), 7.25 (t, 2, /  = 6.5 Hz, H-7), 6.14 (s, 3),
5.92 (s, 4, ethylene ketal).

A n al. Calcd for CisHmOs: C, 68.34; LI, 6.37. Found: C, 
68.16; H, 6.37.

2-(2-Hydroxy-4-methoxyphenyl)-4-ethylenedioxy-l-cyclohex- 
ene-1-methanol (16).— A suspension of 20.0 g of 15a and 7.0 g 
of lithium aluminum hydride in 1 1. of ether was refluxed for 12 
hr. To the ice-cooled reaction mixture was added, under nitro
gen, a solution of 20 ml of 95.5% sulfuric acid and 6 ml of acetic 
acid in 500 ml of water to decompose excess hydride, and the re
action mixture was extracted with ether. The ethereal extract 
was washed with water, washed with bicarbonate, dried over 
sodium sulfate, and concentrated, giving glassy 16 in quantitative 
yield: uv max (MeOH) 281.5 m/x (e 2980); ir (CHC13) 3675 
(OH), 3480 (OH), 1628 cm“ 1 (C = C ); nmr (CDC13) r 6.23 (s, 3, 
OMe), 6.05 (broad s, 2, -C H 20 -), 5.99 (s, 4, methylenedioxy). 
This material was used in the next step without purification.

6,6a,7,8-Tetrahydro-3-methoxy-9fi-dibenzo[&,d]pyran-9-one 
(17a) and 3-(2-Hydroxy-4-methoxyphenyl)-4-methylene-2-cyclo- 
hexen-l-one (21a). A.— The crude diol 16, prepared from 10 g 
of 15a, was dissolved in a mixture of 250 ml of acetic acid, 200 
ml of water, and 50 ml of pyridine and refluxed for 29 hr. The 
reaction mixture was concentrated, diluted with water, and ex
tracted with ether. The ethereal extract was washed successively 
with water, cold dilute potassium hydroxide solution, and water 
and dried over sodium sulfate. The alkaline washing was acidified 
with hydrochloric acid and extracted with ether. The ethereal 
extract was washed with water and dried over sodium sulfate. 
After removal of the solvent, the neutral fraction was dissolved 
in the minimum amount of chloroform and crystallized by addi
tion of ether to yield 1.9 g of 17a: mp 126°; uv max (MeOH) 
247.5, 303, 346 m/x (<= 6900, 12,000, 20,100); ir (CHC13) 1666 
(C = 0 ), 1600 cm“ 1 (C = C ); nmr (CDC13) t- 6.27 (q, 1, /  = 10.5 
and 12 Hz, H-6cx), 6.19 (s, 3, OMe), 5.63 (q, 1, J  = 10.5 and 5 
Hz, H-6/3) 2.45 (d, 1, H-l).

A n al. Calcd for C i4Hi40 3: C, 73.02; H, 6.13. Found: C, 
73.02; H, 6.18.

The phenolic fraction was concentrated and the residue was 
recrystallized from benzene to give 1.45 g of 21a: mp 116.5-
117.5°; uv max (MeOH) 276 m/x (e 11,500);®° ir (CHC13) 1667 
(C = 0 ), 1622 cm“ 1 (C = C ); nmr (CDC13) r 7.26 (m, 4, A2B2 
type), 6.21 (s, 3, OMe), 4.80 (broad s, 1, vinylic), 4.53 (broad s, 
1, vinylic, 3.81 (s, 1, olefinic).

A nal. Calcd for C i4Hi40 3: C, 73.02; H, 6.13. Found: C, 
73.13; H, 5.96.

B. — A heterogeneous mixture consisting of 16 (prepared from
26.6 g of 15a), 750 ml of acetic acid, 600 ml of water, 150 ml of 
pyrrolidine, and 800 ml of toluene was refluxed for 20 hr. The 
organic layer was separated. The aqueous layer was refluxed 
again with 800 ml of fresh toluene for 20 hr. Both toluene solu
tions were combined, washed successively with water, dilute 
hydrochloric acid, water, dilute alkali, and water, dried over 
sodium sulfate, and concentrated, giving 16.7 g (78%) of 17a.

C. — The dihydroxy compound 16, prepared from 10 g of 15a, 
was dissolved in a mixture of 20 g of potassium hydroxide, 250 
ml of acetic acid, and 200 ml of water and refluxed for 30 hr. 
Work-up in the usual manner gave 1.9 g of 17a and 1.2 g of 21a.

Transformation of 21a to 17a.— A solution of 1 g of 21a and 2 
g of pyridine hydrochloride in 30 ml of pyridine was refluxed for 
5 hr. The reaction mixture was poured into ice water, and after 
the usual work-up (see procedure A for preparation of 17a) gave 
0.2 g of 17a.

A solution of 1 g of 21a and 3 ml of acetic acid in pyridine was 
refluxed for 5 hr. Work-up in the usual manner afforded 0.25 g 
of 17a.

2-Methyl-3-(2-hydroxy-4-methoxyphenyl)-4-methylene-2-cyclo- 
hexen-l-one (21b) and 2-Hydroxy-4-methoxy-2',6,-dimethyl-3'- 
hydroxybiphenvl (24).— A suspension of 4.6 g of the dimethyl

J . O rg . C h em ., V o l . 37 , N o . 2 , 1972 265

(30) The uv maximum is in good accordance with the calculated value
assuming that the benzene ring is not coplanar: 215 -f- 30 +  12 -j- 18 +  5 =
280.
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ketal of 2b and 2.0 g of lithium aluminum hydride in 400 ml 
of ether was refluxed for 7 hr, cooled, and decomposed with 
a solution of 20 ml of 95.5% sulfuric acid and 3 ml of acetic 
acid in 500 ml of water. The ether extract was washed with 
water, washed with bicarbonate solution, dried over sodium sul
fate, and concentrated to a colorless glass. The glass was dis
solved in a mixture of 250 ml of acetic acid, 200 ml of water, 
and 20 g of potassium hydroxide and refluxed for 45 hr. The 
reaction mixture was worked up in the usual manner (see experi
ment for 17a and 21a). The neutral fraction contained only a 
trace of material and gave no hypothetical compound 17b. 
The phenolic fraction (3.4 g) was chromatographed on 272 g of 
silica gel starting with benzene and continuing with increasing 
amounts of ethyl acetate. The biphenyl product was eluted 
quickly with 10%  ethyl acetate-benzene and recrystallized from 
chloroform-benzene to give 86 mg of 24: mp 126.5°; uv max 
(MeOH) 281.5 mM (c 6100); ir (CHCU) 3635 (OH), 3570 cm “ 1 
(OH); nmr (CDC1,) r 8.03 (s, 6 , CM e), 6.17 (s, 3, OMe).

Anal. Calcd for Ci5Hi60 3: C, 73.75; H, 6.60. Found: C, 
73.84; H, 6.57.

The ketonic substance was eluted slowly with the same solvent 
and recrystallized from benzene to afford 703 mg of 21b: mp
142.5-144°; uv max (MeOH) 280 m/j (e 14,400); ir (CHCU) 
3595 (OH), 3340 (OH), 1680 ( 0 = 0 ) ,  1630 (C = C ), 915 cm -' 
(C = C H 2); nmr (CDClj) r 8.29 (s, 3, C-Me), 7.25 (m, 4, A2B2 
type), 6.18 (s, 3, OMe), 5.10 (broad s, 1, vinylic), 4.70 (broad s, 
1, vinylic).

Anal. Calcd for C15H16O3: C, 73.75; H, 6.60. Found: C, 
73.57; H, 6.56.

6a,7,8,9,10,10a-Hexahydro-3-methoxy-6ff-dibenzo [b ,rf] pyran-
9-one (22a).— To a suspension of 2.3 g of 17a in 100 ml of ether 
and 250 ml of ammonia was added 0.5 g of lithium wire. The 
mixture was stirred under reflux for 1 hr, cooled with Dry Ice- 
acetone, decomposed with 6 g of ammonium chloride (added in 
one portion), and set aside to evaporate ammonia. The residue 
was taken up in ether, and the solution was washed thoroughly 
with water, dried over sodium sulfate, and concentrated. Re- 
crystallization of the residue from chloroform-ether separated 1.7 
g of 22a: mp 129-130.5°; uv max (MeOH) 281.5 mp (t 3160),
287.5 mM (e 2720); ir (CHC1,) 1721 cm "1 ( 0 = 0 ) ;  nmr (CDCls) 
T 6.93 (q, 1, Jea.ioa = 12.5, /ioa.100 =  3 Hz, Jioa.io« =  small, 
benzylic H-lOa), 6.24 (s, 3, OMe), 6.20 (t, 1, J  =  10.5 Hz, 
H-6a), 5.67 (q, 1, J^.e/s =  10.5, Jap,6a =  3.5 Hz, H-6/3), 3.04 
(d, 1, H -l).

Anal. Calcd for CitHieOs: C, 72.39; H, 6.94. Found: C, 
72.18; H, 6.86.

6a,7,8,9,10a-Hexahydro-3-methoxy-6H-dibenzo[b,d]pyran-9-ol 
(23). A.— The reaction conditions were the same as for 22a 
(see above) except that the ammonium chloride was added por- 
tionwise. The residue was recrystallized from chloroform-ether, 
giving 23: mp 104-105;31 uv max (MeOH) 281.5 mp (e 2940),
287.5 (2730); ir (CHCI3) 3700 (OH), 3532 cm“ 1 (OH); nmr 
(CDCU) r 6.28 (m, 1, H-9), 6.28 (t, 1, J =  10.5 Hz, H-6a),
6.26 (s, 3, OMe), 5.80 (q, 1, J =  10 and 3.5 Hz, H-6/3), 2.96 
(broad d, 1, J  =  8.5 Hz, H -l).

Anal. Calcd for C„H ;80 3: C, 71.77; H, 7.74. Found: C, 
71.70; H, 7.84.

B.— The identical substance was obtained by sodium boro- 
hydride reduction of 22a in methanol.

6a ,7,8 ,9,10,1 Oa-Hexahydro-3-methoxy-10-methyl-6//-dibenzo- 
[6,d]pyran-9-one (18). A. Reductive Methylation of 17a.—To
a suspension of 13.8 g of 17a in 200 ml of ether and 300 ml of 
ammonia was added 1 g of lithium wire. After 25 min at reflux 
temperature the blue color disappeared. A piece of lithium was 
added and the mixture was stirred for 20 min (still blue), cooled 
with a Dry Ice-acetone bath, and treated with 20 ml of methyl 
iodide. The cooling bath was removed, and the mixture was 
stirred for 4 hr under reflux, set aside overnight to evaporate 
ammonia, and then taken up with ether. The ethereal extract 
was treated with potassium hydroxide solution, water, and 5%  
hydrochloric acid, and filtered to remove the precipitate. The 
filtrate wTas washed with water, dried over potassium carbonate, 
and concentrated at atmospheric pressure to about 15 ml. 
Colorless needles (5.4-7 g) of mp 92° were obtained which were 
used for the next step without further purification. Pure 18 was 
obtained by recrystallization from chloroform-ether: mp 95°; * 105

(31) Some preparations melted at 118.5°. The mixture melting point of
105 and 118.5° specimens was 118.5°.

uv max (MeOH) 282.5 mA (e 3040), 288 (2790); ir (CHC13) 1712 
cm"1 (C=0); nmr (CDCU) t 9.00 (d, 3, /  = 7 Hz, Me-10/3),
6.27 (t, 1, J  = 10.5 Hz, H-6a), 6.23 (s, 3, OMe), 5.70 (q, 1, 
J  =  10.5 and 3.5 Hz, H-6/3), 3.07 (d, 1, H-l).

Anal. Calcd for Ci3Hi803: C, 73.14; H, 7.37. Found: C, 
72.88; H, 7.30.

B. Recovery from 19a.—A solution of 300 mg of 19a in 50 ml
of 20% aqueous sodium carbonate was refluxed for 2 hr, cooled, 
and extracted with ether. After evaporation the residue was 
recrystallized from ether to afford 200 mg of 18, mp 93°. The 
mixture melting point with an authentic sample was 93-94°.

Fragmentation and Equilibrium of 18.—When 300 mg of 18 in 
a mixture of 25 ml of diethylene glycol and 25 ml of 25% potas
sium hydroxide solution was refluxed for 7 hr, the majority of the 
material was transformed into phenolic substances, presumably 
owing to fragmentation (see 25).

A suspension of 300 mg of 18 in 50 ml of 20% sodium carbonate 
was refluxed for 24 hr. The oil crystallized (mp 85°, mixture 
melting point with the starting material 93°) on cooling and was 
recrystallized from chloroform-ether to give the pure starting 
material, mp 95°.

A suspension of 1 g of 18 in 100 ml of 10% hydrochloric acid 
was refluxed for 30 min. The starting material was recovered 
unchanged.

6a,7,8,9,10,10a-Hexahydro-3-methoxy-8-hydroxymethylene- 
6H-dibenzo[b,d]pyran-9-one (22b).—To a solution of 2.3 g of 
22a and 2.0 g of ethyl formate in 30 ml of benzene was added 2.3 
g of potassium icr/-butoxide. The mixture was stirred at room 
temperature under nitrogen for 5 hr, set aside overnight, and de
composed with ice water. The aqueous layer was washed with 
ether, acidified with hydrochloric acid to pH 3, and refrigerated. 
The crystals were collected, washed with water, dried, and re
crystallized from benzene to give 2.3 g of 22b: mp 156-156.5°; 
uv max (MeOH) 289 mp (£ 9300), 313 (14,300); ir (CHC13) 2855 
(broad, OH), 1656 cm“1 (C=0); nmr (CDCU) r 6.23 (s, 3, 
OMe), 6.20 (t, 1, J =  10.5 Hz, H-6a), 5.67 (q, 1, J =  10.5 and 3 
Hz, H-6/3), 2.96 (d, 1, J  = 8.5 Hz, H-l), 1.22 (s, 1, H-8a).

Anal. Calcd for Ci5Hi604: C, 69.21; H, 6.20. Found: C, 
69.43; H, 6.23.

6a,7,8,9,10,10a-Hexahydro-3-methoxy-8-hydroxymethylene-10- 
methyl-6//-dibenz[6,d]pyran-9-one (19a).—This substance was 
prepared in the usual manner (see preparation of 22b) and 
recrystallized from benzene-cyclohexane: mp 126°; uv max
(MeOH) 282.5 mM (e 11,200), 288.5 (11,100); ir (CHCU) 2775 
(broad, OH), 1646 cm-1 (broad, C = 0); nmr (CDCU) r 9.00 (d, 
3, J = 7 Hz, Me-10/3), 6.27 (t, 1, J  = 10.5 Hz, H-6a), 6.22 
(s, 3, OMe), 5.69 (q, 1, J  = 10.5 and 3 Hz, H-6/3), 3.00 d, 1, 
J = 8.5 Hz, H-l), 1.32 (s, 1, H-8a).

Anal. Calcd for Ci6Iti80<: C, 70.05; H, 6.61. Found: C, 
70.13; H, 6.62.

6a,7,8,9,10,10a-Hexahydro-3-methoxy-8-n-butylthiomethylene- 
6H-dibenzo[6,d]pyran-9-one (22c).—A solution of 2.6 g of 22b,
1.1 g of ra-butylmercaptan, and 40 mg of p-toluenesulfonic acid 
in 40 ml of benzene was refluxed for 2 hr under continuous water 
separation. The reaction mixture was diluted with benzene, 
washed with bicarbonate and then with salt solution, dried over 
sodium sulfate, and concentrated. The residue was recrystallized 
from benzene-cyclohexane to yield 2.6 g of 22c: mp 142.5-143°; 
uv max (MeOH) 312 mM (e 19,000); ir (CHCU) 1664 (C =0), 
1546 cm-1 (C=C); nmr (CDCU) r 9.05 (t, 3, J =  6 Hz, CMe),
6.24 (s, 3, OMe), 6.19 (t, 1, J = 10 Hz, H-6a), 5.63 (q, 1, J  =
10.5 and 3 Hz, H-6/3), 2.96 (d, 1, J =  8.5 Hz, H-l), 2.20 (m, 1, 
W>/, = 4.5 Hz, H-8a).

Anal. Calcd for C,9H24S03: C, 68.64; H, 7.28; S, 9.64.
Found: C, 68.47; H, 7.24; S, 9.77.

6a,7,8,9,10,10a-Hexahydro-3-methoxy-8-isopropyloxymethy- 
lene-10-methyl-6//-dibenzo[6/i]pyran-9-one (19b).—A mixture 
of 2.7 g of 19a, 2.7 g of potassium carbonate, and 3.4 g of 2- 
iodopropane in 50 ml of methyl ethyl ketone was refluxed for 6 
hr. After cooling, ice water was added, and the mixture was 
extracted with ether. The ethereal extract was washed twice 
with celd potassium hydroxide solution, washed with water, 
dried over potassium carbonate, and concentrated under nitro
gen. The material which remained was crystallized from cyclo- 
hexane-Skelly A to give 2.3 g of 19b: mp 135°; uv max (MeOH)
281.5 m/x (e 18,900); ir (CHCU) 1670 (C =0), 1582 cm"1 (C=C); 
nmr (CDCU) r 9.07 (d, 3, J =  7 Hz, Me-10/3), 8.67 (d, 6, J  = 6 
Hz, isopropyl), 6.28 (t, 1, J  = 10 Hz, H-6a), 6.25 (s, 3 OMe),
5.80 (m, 1, H-6/3, overlapped with OCHMe2), 3.04 (d, 1, /  = 8 
Hz, H-l), 2.47 (t, 1 , J  = 1.5 Hz, H-8a).
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Anal. Calod for C19H2<0 4: C, 72.12; H, 7.65. Found: C, 
72.05; H, 7.71.

6a,7,8,9,10,10a-Hexahydro-3-methoxy-8-hydroxymethylene-
10,10-dimethyl-6//-dibenzo[6,d]pyran-9-one (20). A.— This en
tire operation was carried out under a nitrogen stream. To 250 
ml of ammonia containing a few pieces of ferric nitrate was added 
10 g of potassium in several portions. After the blue color dis
appeared, the reflux condenser (Dry Ice-acetone) was removed 
and 250 ml of anhydrous ether was added to the ammonia solution 
with vigorous stirring. The bulk of the ammonia was evaporated 
on an acetone-water bath (0-25°) under continuous stirring. 
More anhydrous ether (250 ml) was added to the potassium amide 
suspension and a slow stream of nitrogen w'as bubbled overnight 
through the suspension to remove traces of ammonia. The 
volume of the suspension was then adjusted to 500 ml with anhy
drous ether (about 250 ml was needed). To the cool (0-5°) and 
vigorously stirred potassium amide suspension was added a 
solution of 20 g of 19b in 125 ml of dioxane and a rapid stream 
of nitrogen was passed through to remove ammonia as soon as it 
was formed. The mixture was warmed and stirred vigorously at
22-25° for 20 min. The deep red solution was cooled to 0° and 
145 g of methyl iodide was added during 5 min. The reaction 
mixture was stirred at 0-5° for 30 min and then at room tempera
ture for 3 hr, while a moderate stream of nitrogen was being 
introduced to evaporate methylamine as soon as it was formed. 
The reaction mixture was cooled, decomposed with 250 ml of 
water, and filtered to remove a yellow, crystalline substance (1.5 
g) and the filtrate was taken up in ether. The ethereal extract 
was washed with cold dilute hydrochloric acid, washed with 2%  
salt solution, dried over sodium sulfate, and concentrated, and 
the residue was dissolved in a mixture of 75 ml of water and 250 ml 
of tetrahydrofuran. This solution was acidified with concentrated 
hydrochloric acid, set aside for 24 hr, poured into cold water, 
and extracted with ether. The ethereal solution was washed with 
iced 2% potassium hydroxide, followed by 2%  salt solution, and 
dried over sodium sulfate. The cold alkaline washing was 
acidified and extracted with ether. The ether extract was washed 
with 2%  salt solution, dried over sodium sulfate, and concen
trated. The product which remained was recrystallized from 
ethyl acetate to give 9.55 g (52%) of 20: mp 155°; uv max 
(MeOH) 288.5 mM (e 10,500); ir (CHC13) 1621, 1584, 1511 
cm "1; nmr (CDC13) t 8.98 (s, 3, Me-10/3), 8.29 (s, 3, Me-10a),
7.21 (m, 1, H-lOa), 6.32 (t, l ,  J  — 10.5 Hz, H-6o:), 6.24 (s, 3, 
OMe), 5.77 (q, 1, J =  10 and 2.5 Hz, H-6/3), 2.55 (d, 1, H -l),
1.27 ( i ,  1, /  =  3 Hz, H-8a).

Anal. Calcd for CnH20O4: C, 70.81; H, 6.99. Found: C, 
70.62; H, 6.91.

The. yellow crystalline product which separated from the 
original reaction mixture was repeatedly recrystallized from warm 
chlorcform-dioxane to give 26: mp 287° dec; uv max (MeOH)
281.5 mM (« 8900), 384 (46,000); ir (CHCI3) 1667, 1642, 1617, 
1573, 1505 cm-1, nmr (CDC13) t 9.09 (s, 3, Me-10/3i, 9.04 (s, 3, 
Me-10/J), 8.42 (s, 3, Me-10a), 8.32 s, 3, Me-lOa),' 6.21 (s, 6, 
OMe).

Anal. Calcd for C34H3906N: C, 73.22; H, 7.05; N, 2.51.
Found: C, 73.16; H, 7.20; N , 2.57.

The neutral fraction was adsorbed on SilicAR CC-7 and the 
column was eluted with benzene. The earlier fractions contained 
complex mixtures of trimethylated compounds which were not 
fully characterized. Further elution with benzene produced a 
crystalline product which was triturated with cold ether and then 
recrystallized from benzene-hexane to afford colorless crystals of 
27: mp 122-123°; ir (CHC13) 1714, 1622, 1581, 1509, 1168
cm -1: uv max (MeOH) 282, 288 m/i (e 3300, 2980); nmr (CD- 
Cl3) r 3.08 (d, 1, /  =  8 Hz), 6.25 (s, 3), 8.90 (d, 2, J  = 6.5 Hz), 
9.00 (d, 2, J =  7 Hz).

Anal. Calcd for C16H20O3: C, 73.82; H, 7.74. Found: C, 
73.87; H, 7.74.

6a,7,8,9,10,10a-Hexahydro-3-methoxy-10,10-dimethyl-6H-di- 
benzo[b,d]pyran-9-one (3). A.— A solution of 2.5 g of 20 in 250 
ml of 20%  aqueous sodium carbonate was refluxed for 2 hr, cooled, 
and extracted with ether. The ethereal extract was dried over 
sodium sulfate and concentrated and the residual material was 
recrystallized from chloroform-ether to deposit 2.1 g of 3: 
mp 94°; uv max (MeOH) 282 m^ (3490), 288 (3120); ir (CHC13) 
1719 cm" 1 (C = 0 ) ;  nmr (CDC13) r 9.05 (s, 3, Me-10/3), 8.45 (s, 
3, Me-lOa), 7.05 (d, 1, /  =  11 Hz, H-lOa), 6.37 (t 1, J  =  10.5 
Hz, H-6a), 6.25 (s, 3, OMe), 5.83 (q, 1, J  = 10.5 and 3.5 Hz, 
H-6/3), 2.62 (d, 1, /  = 10 Hz, H -l).

Anal. Calcd for C16H20O3: C, 73.82; H, 7.74. Found: C, 
73.87; H, 7.99.

B.— A suspension of 9.7 g of crude 26 in 200 ml of toluene and 
200 ml of 10% hydrochloric acid was refluxed for 24 hr. The tolu
ene layer was washed and separated into enolic and neutral 
fractions in the usual manner. The enolic fraction gave 4.0 g of 
20, mp 147.5-150°. The neutral fraction (3.2 g) was chromato
graphed to give 1.5 g of 3.

3-(2-Hydroxy-4-methoxyphenyl)-4-hydroxymethyl-l-cyclo- 
hexanone Hemiketal (28a).— To a suspension of 5.8 g of 15a in 
350 ml of distilled ammonia was added 1.0 g of lithium wire. 
After stirring under reflux for 3 hr the reaction mixture was 
cooled with Dry Ice-acetone and 12 g of ammonium chloride (or 
38 ml of ethanol) was added. After evaporation of ammonia the 
residue was taken up with ether, washed with water, and ex
tracted with dilute potassium hydroxide solution. The alkaline 
washing was acidified with hydrochloric acid and extracted with 
ether. The ethereal extract was washed, dried over sodium 
sulfate, and concentrated. The product (3.0 g of colorless glass) 
was chromatographed on 200 g of silica gel using benzene with 
increasing amounts of ethyl acetate. The major fraction was 
eluted with 30% ethyl acetate to give 1.5 g of 28a: ir (CHC13) 
3635 (OH), 3580 (OH), 3425 cm ' 1 (OH); nmr (CDC13) r 6.80 
(m, 1, IFi/j =  12 Hz, benzylic H ), 6.65 (d, 2, J  =  7.5 Hz, 
-C H 20 - ) ,  6.27 (s, 3, OMe).

Anal. Calcd for CI4H,80 4: C, 67.18; H, 7.25. Found: C, 
67.20; H, 7.60.

3- (2-Hydroxy-4-methoxyphenyl )-4-acetoxymethyl-1 -cyclohexa
none Hemiketal (28b).—A solution of 13.2 g of 28a in a mixture 
of 100 ml of acetic acid, 80 ml of water, and 20 ml of pyridine was 
refluxed for 45 hr, cooled, and extracted with ether. The ethereal 
extract was washed successively with water, dilute hydrochloride 
acid, water, and bicarbonate solution, and dried over potassium 
carbonate. Concentration of the dried extract gave 4.4 g of 
crystalline substance which was recrystallized from benzene to 
afford 28b: mp 113-113.5°; uv max (MeOH) 281 (e 3360), 
287 mM (e 3100); ir (CHC13) 3480 (OH), 3445 (OH), 1735 cm“ 1 
(ester); nmr (CDC13) t 7.90 (s, 3, acetyl), 6.24 (s, 3, OMe), 6.88 
(m, 1, IFi/j =  11 Hz).

Anal. Calcd for Ci6H20O6: C, 65.74; H, 6.90. Found: C, 
65.46; H, 6.99.

2,2-Dimethyl-3-(2-hydroxy-4-methoxyphenyl)-4-hydroxymeth- 
yl-l-cyclohexanone Hemiketal (28c).— A suspension of 3.2 g of 
15b in 350 ml of ammonia was reduced with 2 g of lithium and 
worked up as described for 28a. The product gave a major spot 
on tic (silica gel, ethyl acetate) accompanied by two minor 
spots. Purification of this material was not attempted. However, 
spectral similarity to 28a led to the tentative structure 28c: 
uv max (MeOH) 281 mM (e 3970), 287 (3650); ir (CHC13) 3650 
(OH), 3280 cm“ 1 (OH); nmr (CDC13) r 9.08 (s, 3, CMe), 8.72 
(s, 3, CMe), 7.29 (d, l, J =  2.5 Hz, benzylic H ), 6.67 (d, 2, 
J =  7 Hz, -C H 20 - ) ,  6.23 (s, 3, OMe).

2-(2-Hydroxy-4-methoxyphenyl)cyclohexane-l-methanol (30a). 
A.— A suspension of 5.8 g of 15a in 300 ml of ether and 400 ml 
of undistilled ammonia was reduced with 3.0 g of lithium, then 
treated with 33 ml of ethanol and worked up as described for 
28a. The phenolic fraction (5.6 g) gave rise to a crystalline mass 
which was triturated with 50% methanol, filtered, and recrystal
lized from acetone-benzene to yield 1.4 g of 30a: mp 140-141.5°; 
uv max (MeOH) 280.5 mM (e 2920), 286.5 (2480); ir (CHC13) 
3650 (OH), 3300 cm“ 1 (OH); nmr (DMSO-d6) r 6 .S2 (s, 3, OMe).

Anal. Calcd for C14H20O3: C, 71.16; H, 8.53. Found: C, 
71.20; H, 8.37.

B. — A solution of 0.8 g of 28b and 1.0 ml of hydrazine hydrate 
in 30 ml of diethylene glycol was set aside for 2 days, then heated 
to 180-190° in the presence of 1.5 g of potassium hydroxide for 
3 hr. The reaction mixture was poured into 500 ml of water, 
acidified with hydrochloric acid, and extracted with ether. The 
ethereal extract was washed with water, dried over sodium 
sulfate, and concentrated. The residue was recrystallized from 
acetone-benzene to give 0.5 g of 30a, mp 142-143° (no depres- 
sium upon admixture with 30a obtained by procedure A).

C. — Hemiketal (28a) was reduced in an analogous manner to 
give 30a, mp 142-143°.

2-(2-Acetoxy-4-methoxyphenyl)cyclohexane-l-methanol Ace
tate (30b).—The dihydroxy compound 30a was acetylated with 
acetic anhydride and pyridine in the usual manner to obtain 30b: 
mp 71°; ir (CHC13) 1766 (aromatic acetoxy), 1736 cm-1 (ali
phatic acetoxy); nmr (CDC13) t 8.13 (s, 3, acetoxy), 7.68 (s, 3,
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acetoxy), 7.68 (s, 3, acetoxy), 6.23 (q, 1, J =  11 and 9 Hz, one 
of -C H 2O -), 5.95 (q, 1, J  =  11 and 5.5 Hz, one of -C H 20 - ) .

Anal. Calcd for C i8H2406: C, 67.48; H, 7.55. Found: C, 
67.36; H, 7.40.

R eg istry  N o .— la , 2618-41-9 ; 2a, 31582-01-1 ; 2b ,
32632-37 -4 ; 2b d im eth yl ketal, 32632-38 -5 ; 2c,
31582 -04 -4 ; 3 ,32632 -40 -9 ; 4a,32670-67-0 ; 5 ,32670-68-1 ; 
6, 32632-41-0 ; 7, 32632-42-1 ; 9a, 32632-43 -2 ; 9b, 
32632-44 -3 ; lib, 32632-45-4 ; 12b, 31582-00-0 ; 13, 
32670-69 -2 ; 14a, 32632-47-6 ; 14b, 32632-48 -7 ; 15a,
31582-08 -8 ; 15b, 31582-09-9 ; 16, 32632-51 -2 ; 17a,
32632-52-3 ; 18, 32632-53-4 ; 19a, 32632-54 -5 ; 19b,
32632-55 -6 ; 20, 32632-56-7 ; 21a, 31582-11 -3 ; 21b,
32632-58-9 ; 22a, 32632-59-0 ; 22b, 32632-60 -3 ; 22c, 
32632-61-4 ; 23, 32632-62-5 ; 24, 32632-63-6 ; 26,
32632-64-7 ; 27, 32632-65-8 ; 28a, 32632-66 -9 ; 28b,

32670-70 -5 ; 28c, 32632-67-0 ; 30a, 32632-68 -1 ; 30b, 
32632-69-2.
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As a model experiment to construct the C,D,E ring system of mirestrol (1), the unequivocal synthesis o f ( ± ) -  
2/3,4/3-ethano-4,5,6,7,8a,9a:-hexahydro-7,7-dimethylindan-2a-ol-ll-one (2b) from 2,2-dimethylcyclohexanone is 
described in Schemes I and II. This sequence involved elaboration of the starting material to the y-keto ester 
4b, followed by introduction of an acetonyl side chain to obtain 6b. The latter underwent an aldol condensation 
to the unsaturated bicyclic keto acid 7, which was reduced catalytically to the cfs-hydrindanone 18a. Conver
sion of 18a to the diketone 23a and the subsequent intramolecular aldol ring closure gave the desired ketol 2b.

A s a part o f  ou r e ffort t o  synthesize m irestrol ( l ) 2 
and related substances from  the tr icy c lic  k etone 2 a ,1 
we exp lored  an unam biguous synthesis o f  the new  tri
cy c lic  ring system  in corporated  in  the C ,D ,E  rings o f 
the natural p rod u ct. T o  determ ine the feasib ility  o f 
con stru ctin g  such a ring system , w e chose to  con vert a

sim ple analog o f com p ou n d  2a in to  the k eto l 2b, and 
the successfu l synthesis o f th e  latter com p ou n d  is the 
su b ject o f  th is paper. A lth ou gh  all syn th etic  co m 
pounds con ta in in g  a chiral carbon  a tom  are racem ic, 
on ly  one enantiom er is dep icted  fo r  convenien ce.

2 ,2 -D im eth y lcycloh exa n on e , an ob v iou s  m odel for  
2a, w as tran sform ed  b y  con ven tion a l m ethods (see 
S ch em e I )  in to  6 ,6 -d im eth y lcycloh exan on e-3 -carboxylic  
acid  (4a), w h ich  was identica l w ith  th e  authentic speci-

(1) Part I: M. Miyano and C. R. Dorn, J .  O rg. C h em ., 36, 259 (1971).
(2) (a) N. E. Taylor, D. C. Hodgkin, and J. S. Rollett, J . C h em . S oc ., 

3685 (1960); (b) D. G. Bounds and G. S. Pope, ib id ., 3696 (1960),

m en 3 p repared  from  cam ph oric  anhydride b y  a series 
o f k n ow n  p roced u res .3®

O ur next o b je c t iv e , th e  form ation  o f  the fiv e -m em - 
bered  ring, w as in itiated  b y  a lk y la tion  o f th e  m eth y l 
ester 4b w ith  m etha lly l io d id e 4 in th e  presence o f  p o ta s 
sium  teri-butoxide to  afford  a m ixture o f  trans- an d  cis-
2 - m e t h a l l y l - 3  -ca rb o m e th o x y -6 ,6-d im e th y lcy c lo h e x a - 
none (5) (see also 8a and 9a) in  abou t a 3 :1 ratio . 
S ince fu rth er trea tm en t o f  th is m ixture w ith  sod iu m  
m ethox ide  in  refluxing m ethanol d id  n o t s ign ifican tly  
alter th e  ratio o f the isom ers, th e  m a jor  p ro d u ct (low er 
bo ilin g5) was suspected  to  b e  th e  m ore stable  trans co m 
p ou n d  8a. T h is  assu m ption  w as su p p orted  b y  co n 
form ation a l analysis, w h ich  in d ica ted  th at 9a is 0 .55 
k ca l6 less stable than  8a. T h e  m ixture 5 w as p artia lly  
separated  b y  distillation  and m ore e ffective  p u rifica tion  
was a ch ieved  b y  preparative th in  layer ch rom a tog ra p h y  
(see E xperim en ta l S ection ). T h e  nm r spectru m  o f  th e  
m ore abu ndan t isom er possessed a b ro a d  m u ltip let at 
r  6.83 representing th e  h yd rogen  attach ed  t o  C -2 ; th e  
observed  h a lf-height w idth  o f  22 H z is consistent w ith  
a d iaxial cou p lin g  o f H -2  and H -3 , and  th e  m a jor  epim er 
was designated  trans as in  8a. T h e  cis isom er 9a w as 
obta in ed  as a low -m eltin g  solid  w hose nm r d isp layed  a

(3) (a) W. H. Perkin, ib id ., 73, 796 (1898); (b) G. Blanc, B u ll . S o c . C h im . 
F r ., [3] 16, 1193 (1896); [3] 21, 835 (1899).

(4) For a similar procedure, see L. H. Sarett, W. F. Johns, R. E. Beyler, 
R. M. Lukes, G. I. Poos, and G. E. Arth, J . A m e r .  C h em . S o c ., 75, 2112 
(1953).

(5) The von Auwers-Skita rule suggests the trans isomer to boil lower 
than the cis. See, for example, E. L. Eliel, “ Stereochemistry of Carbon 
Compounds,” McGraw-Hill, New York, N. Y., 1962, p 216.

(6) The conformational energy (1.1 kcal) of the axial carbomethoxy group 
was divided by two. See E. L. Eliel, N. L. Allinger, J. S. Angyal, and G. A. 
Morrison, “Conformational Analysis,” Interscience, New York, N. Y., 
1965, p 441.
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Scheme I

CH,
II

c h 3c c h ; i

KO-tert-Bu

'  " 'C02Me 
(cis-trans mixture)

k'" / ^ C 0 2R 
(ds-trans mixture) 

6a, R = Me 
b,R = H

4a, R = H 
b, R = Me

1.0, 2.0H~ aĤ  or 
t.NalO.-OsO, 2.OH“ 3.H+>

K0-terf*Bu

H2/ R h - A 1 A  or 
H ,/P d -C

18a

trims-8a, R = Me 
b, R = H

C02R
cis-9a, R = Me 

b, R = H

b road  signal at r 6.85 w ith  a w id th  at ha lf-height o f 
on ly  7 H z.

In  con trast to  the ester 4b, alk y lation  o f the free acid  
4a under sim ilar con d itions p roceed ed  less efficiently 
and gave rise to  the isom eric acids 8b and 9b, a ccom 
panied b y  appreciable  am ounts o f  starting m aterial. 
T h e  n oncrysta lline trans acid  8b was again the p red om 
inant ep im er and cou ld  b e  con verted  to  8a b y  treat
m ent w ith  d iazom ethane. D u rin g  ch rom atograph ic  
separation  o f  the cis -tran s m ixture o f  7 -k e to  acids 8b 
and 9b, a neutral com p ou n d  w ith  spectra l data  (see 
E xperim ental S ection ) in  agreem ent w ith  10 was iso 
lated. T h e  data  were also consistent w ith  11, a lthough 
this “ trans”  lactone conta ins tw o  significant n on bon ded

interactions and  th erefore  is u n likely  to  be  form ed  under 
such m ild  con d itions.

P eriodate  cleavage o f 5 in  the presence o f  osm ium  
tetrox id e7 a fforded  6a, w hich  was sapon ified  to  6b. T h e  
la tter cou ld  also be obta in ed  from  5 b y  ozon a tion  and 
th e  subsequent alkaline w ork -u p . P urifica tion  o f the 
aceton y l derivatives 6a and 6b resu lted  in  substantial 
loss o f  m aterial and  w as n ot rigorou sly  pursued, since 
the crude produ cts gave accep tab le  results.

T h e  cycliza tion  o f 6a to  12a was com p lica ted  b y  the 
h indered  nature o f  th e  six -m em bered  ketone. E ven

12a, R = Me 
b, R = H

15

a sim pler m odel, 2-a ce to n y l-6 ,6-d im eth y lcy cloh ex - 
an one ,8 u pon  forced  cy cliza tion  a fforded  a fu ra n  14 along 
w ith  th e  five-m em bered  k eton e 13. U p on  treatm en t 
w ith  potassium  terf-butoxide, th e  m eth y l ester 6a gave 
rise to  the triketon e 15, w hile on  th e  oth er hand the 
acid  6b y ie lded  the cy cliza tio n -m ig ra tio n  p rod u ct 
7, rather than  th e  expected  u nsatu rated  k eton e  12b. 
T h e  nm r spectrum  o f 7 revealed  a narrow  trip le t at r 
4.17 w hich  can be  rationalized  b y  the w eak  cou p lin g  
o f the olefin ic p ro ton  w ith  th e  tw o  a lly lic  p roton s 
at C -4  and C -8 (see 16). In  add ition , th e  h y d rog en  at 
C -4  (m ultip let at r  6 .64) was s low ly  rep laced  b y  deu te
rium  on  treatm ent w ith  deuterium  oxide, thus collapsing  
the trip let at r  4 .17 to  a narrow  d ou b let (J  =  2 H z).

V igorou s evolu tion  o f gas was n oted  as com p ou n d  7 
was heated  a b ove  its m elting poin t, also suggesting the 
presence o f  a v in y log ou s /3-keto acid. C onsidering  the 
reaction  con d itions em p loyed , the form a tion  o f 7 was 
apparently  su b ject to  th erm od yn am ic con tro l and the 
ca rb ox y l group  shou ld  be  equ atoria l as in 16.

H ydrinden on es o f ty p e  7 generally  y ie ld  cis-fused  
prod u cts u p on  ca ta ly tic  h y d rog en a tion 9 and presu m ably  
the cata lyst w ou ld  approach  com p ou n d  7 p redom in an tly  
from  the side opp osite  o f  th e  d -oriented  ca rb ox y l group 
to  afford  th e  all-cis saturated  acid  18a. T h is was in
deed  the case, although  the h indered  nature o f  the

(7) For a general procedure, see R. Pappo, D. S. Allen, Jr., R. U. Lemieux, 
and W. S. Johnson, J . O rg . C h em ., 21, 473 (1956).

(8) Prepared by methallylation of 2,2-dimethylcyclohexanone followed by 
ozonation.

(9) R. L. Augustine and A. D. Broom, J . O rg. C h em ., 25, 802 (1960).
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Scheme II

7
H,/Rh

20

oxalyl
chloride

jcdMe,

b, R = OAc

d ou b le  b o n d  caused som e d ifficu lty . F o r  exam ple, 
h yd rogen a tion  in the presence o f  5 %  rh od iu m  on  alu
m ina was sluggish and  gave erratic results, w hile, if  10%  
pallad ium  on  carbon  w as em p loyed  as th e  cata lyst, re
d u ction  o f  7 gave rep rodu cib le  y ields o f  18a (abou t 5 0 % ) 
(Schem e I I ) ,  b u t sign ificant quantities o f  the h yd rogen - 
o lysis p ro d u ct 17 resu lted  and som e starting m aterial 
was recovered . T h e  nm r sp ectru m 10a o f 18a cou ld  n ot 
be  p roperly  in terpreted  in term s o f  a single con form ation  
like 26a, 26b, 27a, 27b,10b or 28. I t  th erefore  seem ed 
lik ely  th at 18a is a con form ation a l m ixture o f  26a and 
26b. In  agreem ent w ith  th e  p rop osed  stereochem istry , 
18a gave  rise to  th e  all-cis h y d rox y  acid  19. A  (1 
orien tation  o f th e  h y d ro x y l grou p  is ex p ected  since the 
axial ca rb ox y l grou p  in  26a and the axial m ethy l group  
in 26b w ou ld  h inder /3-face a ttack  o f the reducing agent. 
C hem ica l ev iden ce  fo r  th e  structure o f 19 was dem on 
strated  b y  its facile  con version  (briefly  h eatin g  a b ove  
its m elting p o in t) to  th e  tr icy c lic  la cton e  20 .

A n  a ttem pted  preparation  o f th e  m ethy l ketone 23a 
from  18a in  the usual m anner10 11 was u nsuccessful; that

(10) (a) One of the methylene protons of the six-membered ring appeared
as an irregular triplet (J = 4 Hz) in benzene solution, which may be com
patible with rapidly equilibrating conformational isomers 26a and 26b, but 
not with conformers 27a and 27b (see footnote 10b) or the fixed structure 28. 
For a similar situation, see protons a and b in N. S. Bhacca, D. P. Hollis, 
L. F. Johnson, and E. A. Pier, “Nmr Spectra Catalog,” Vol. 2, Varian 
Associates, Palo Alto, Calif., 1963, No. 469. (b) Although 26a contains a
greater number of significant 1,3 nonbonded interactions than 26b, this may 
be somewhat compensated by the more severe interaction of the C-7 axial 
methyl group and the C-9 methylene in 26b as compared to the diaxial 
interaction of the C-4 carboxyl and the C-8 methylene in 26a. Since the 
energies of 26a and 26b are roughly comparable, the prospect for equally 
populated species is reasonable. The situation for 27a and its flipped form 
27b is different. Conformer 27b possesses a very serious interaction between 
the axial methyl and the C-9 methylene which is not present in 27a. The 
axial C-4 carboxyl group in 27b also gives rise to significant 1,3 nonbonded 
interactions and one would predict that 27b has a much higher energy content 
than 27a. Conformational analysis indicates that at equilibrium the mixture 
contains at least 99% of 27a at room temperature.

(11) G. Stork and F. H. Clarke, Jr., J . A m er . C h em . S o c ., 83, 3114 (1961).

is, the sod ium  salt 18b was con verted  in to  th e  acy l ch lo 
ride 2 1 , w hich  u pon  treatm ent w ith  excess d iazom ethane 
fo llow ed  b y  w arm  acetic acid  fa iled  to  p rod u ce  the 
acetoxym eth y l k eton e 23b. Instead , th e  p rod u ct was 
a tr icy c lic  substance con ta in ing  a five-m em bered  k eton e  
as well as a six-m em bered  k eton e (ir bands at 1748 and  
1710 c m -1 ). T a k in g  in to  a ccou n t the m echanism  o f 
form ation  (see 29), com p ou n d  22 appeared to  b e  the 
log ica l structure, thus p rov id in g  add itional ev id en ce  for  
th e  stereochem ical assignm ent o f  18a.

T h e  con version  o f the carboxy l group  in 18a to  an 
acety l group in 23a was effected  in g o o d  y ie ld  b y  trea t-
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in g  the acid  ch loride 21 w ith  d im eth ylcadm iu m  in ben 
zene. I t  is w orth  m ention ing  th at the m ethy l k etone 
23a still retained the acety l group  in the con figuration  
w hich  was necessary fo r  the subsequent cycliza tion . 
T h e fa ct th at this was in deed  the less stable configura
tion  was dem onstrated  b y  the ep im erization  o f 23a to  
the m ore stable isom er 24 u p on  treatm en t w ith  p o 
tassium  h yd rox id e  in  aqueous ethanol.

F inally , the desired cy cliza tion  o f  23a to  ketol 2b 
was accom plish ed  in m odest y ie ld  b y  m eans o f p otas
sium  h yd rox id e  in ethanol, or m ore  efficiently, b y  p otas
sium  ferf-butoxide in 5 0 %  ieri-bu ty l a lcoh o l-ben zen e . 
In sp ection  o f the spectra l data  o f  2b le ft no d ou b t co n 
cerning the structure o f  th e  in tram olecu lar a ldol co n 
densation p ro d u ct; th e  signals o f  the m eth y l ketone at 
r 7.83 (s, 3 ), the « -m eth y len e  proton s o f the five-m em - 
bered  ring at r  7.23 (m , 4 ), and th e  five-m em bered  ring 
ketone absorption  at 1742 c m ^1 present in 23a all dis
appeared com plete ly  and w ere rep laced  b y  the signal 
o f  th e  new ly  form ed  six-m em bered  ring a -m eth ylen e  
proton s at r  7 .38 (b roa d  s, 2) and a stron g  a bsorp tion  
o f  the new ly  form ed  h y d rox y l grou p  at 3310 c m -1 .

Experimental Section
Melting points were taken on a Fisher-Johns block and are un

corrected. Unless otherwise stated, infrared spectra were ob
tained as 3%  solutions in chloroform. The nmr spectra were 
determined in deuteriochloroform (unless otherwise stated) on a 
Varian A-60 spectrometer, using tetramethylsilane as an internal 
standard. The expression “ worked up in the usual manner”  
involved the washing of an organic extract with dilute aqueous 
sodium chloride, drying the extract over anhydrous sodium 
sulfate, removal of the drying agent by filtration, and evaporation 
of the solvent under aspirator pressure. All reactions utilizing 
strongly basic reagents were conducted under nitrogen.

6,6-Dimethyl-2-cyclohexen-l-one.— A cold stirred solution of 
63 g of 2,2-dimethylcyclohexanone12 in 500 ml of tetrahydrofuran 
was treated with 80 g of bromine in 75 ml of methylene chloride 
over a period of 30 min, keeping the temperature of the reaction 
mixture below 10°. The yellow solution was stirred for an addi
tional 10 min, then diluted with 650 ml of 10% aqueous sodium 
bicarbonate and poured into 2 1. of cold water. The mixture was 
extracted several times with methylene chloride and the combined 
organic extracts were washed with water, dried, and concentrated. 
The crude bromo ketone was dissolved in 75 ml of dimethyl- 
formamide and added to a hot (140°) suspension of 26 g of mag
nesium oxide in 750 ml of dimethylformamide. The mixture was 
stirred under a nitrogen atmosphere at 140° for 1 hr, then cooled 
in an ice bath as 1.5 1. of cold dilute hydrochloric acid was added. 
After all of the magnesium oxide dissolved, the mixture was 
diluted with about 1.5 1. of ice water and extracted several times 
with ether. The ether extracts were washed with aqueous sodium 
chloride, saturated sodium bicarbonate, and finally wuth satu
rated sodium chloride. After drying, the ether was distilled off 
at atmospheric pressure and the residue was fractionated (20 mm) 
through a 10-in. Vigreux column to yield 57 g o: almost colorless 
unsaturated ketone, bp 55-60°. Spectral properties were con
sistent with the literature:13 ir 1685, 1642, 1390 cm-1; uv max

(12) Prepared by methylation of 2-methylanilinomethylene-6-methyI- 
cyclohexanone in the presence of potassium ieri-butoxide followed by removal 
of the protecting group; see A. J. Birch and R. Robinson, J . C h em . S o c ., 
501 (1944).

(13) J. Warkentin and L. K. M. Lam, C a n . J .  C h em ., 42, 1676 (1964).

(MeOH) 225 mM (e 9150); nmr r 3.11 (sextet, 1), 4.07 (d, 2),
7.61 (m, 1), 8.15 (t, 2), 8.90 (s, 6 ).

3-Cyano-6,6-dimethylcyclohexanone (3).— To a solution of 56 g 
of potassium cyanide and 35 g of ammonium chloride in 300 ml 
of water was added 56 g of 6,6-dimethyl-2-cyelohexen-l-one dis
solved in 600 ml of dimethylformamide. After stirring at 100° 
for 8 hr, the wine red reaction mixture was cooled, diluted with 
water, and extracted several times with ether. The combined 
organic solutions were washed with saturated sodium chloride, 
dried, and evaporated under reduced pressure. The residue was 
distilled at 20 mm to give 33 g of colorless nitrile boiling at 135- 
142°: ir 2250 (CN), 1725 cm“ 1; nmr r 8.81 (s, 3), 8.88 (s, 3).

Anal. Calcd for C 9HI3NO: C, 71.49; H, 8.67. Found: C, 
71.35; H, 8.79.

6,6-Dimethylcyclohexanone-3-carboxylic Acid (4a).— A solution 
of 11 g of the nitrile 3 in 40 ml of dioxane and 220 ml of 10% 
aqueous sodium hydroxide was stirred and refluxed for 4.5 hr. 
The reaction mixture was cooled and diluted with water and 
ether. The aqueous layer was separated, washed with ether, 
acidified with dilute hydrochloric acid, and finally extracted with 
ether. The extract was worked up in the usual manner to produce 
a crystalline residue, which was recrystallized from ether- 
pentane to afford 8.5 g of colorless crystals, mp 82-85°. Re
crystallization from the same solvent pair gave the pure sample: 
mp 87-89° (lit.3a mp 88-89°); ir 1710 cm-1; nmr r —0.93 (s, 1), 
8.83 (s, 3), 8.91 (s, 3).

3-Carbomethoxy-6,6-dimethylcyclohexanone (4b).— A cold so
lution of 30 g of acid 4a in 1.5 1. of ether was treated with a cold 
ethereal solution of diazomethane, prepared from 40 g of N- 
nitrosomethylurea. After a period of 30 min, a few milliliters of 
glacial acetic acic was carefully added to destroy excess diazo
methane. The almost colorless solution was washed with water, 
aqueous sodium bicarbonate, and again with water, then dried 
and concentrated. The residue was distilled at 20 mm to give
28.8 g of pure, colorless ester: bp 120-124°; ir 1745, 1718, 1295, 
1227, 1147 cm "1; nmr t 6.31 (s, 3), 8.83 (s, 3), 8.93 (s, 3).

Anal. Calcd for CioHi60 3: C, 65.19; H, 8.75. Found: C, 
65.36; H, 8.92.

2-Methylallyl-3-carbomethoxy-6,6-dimethylcyclohexanone (5). 
— A total of 7.3 g of potassium metal was dissolved in 220 ml of 
hot ieri-butyl alcohol under an atmosphere of nitrogen. The 
solution was cooled to room temperature and diluted with 440 
ml of benzene followed by 27.6 g of the ester 4b. With rapid stir
ring, 45 g of methallyl iodide4 was added in one portion; the 
temperature of the reaction mixture rose to 40° as potassium 
iodide was immediately precipitated. Stirring was continued for 
about an hour and then the reaction mixture was allowed to 
stand overnight at room temperature. Water was carefully 
added and the mixture was extracted several times with ether. 
The organic solutions were washed with water, dilute aqueous 
sodium thiosulfate, and again with water, dried and concen
trated. The residue was distilled under reduced pressure (2 mm) 
through a 10-in. Vigreux column. After a small forerun, the 
main fraction amounted to 22.3 g of colorless 5 boiling at 122- 
126°. Gas chromatography (4-ft column packed with 8%  SE-30 
on Diatoport S) indicated that this material contained 73.4% of 
the trans isomer and 26.5% of the cis isomer (see below1 for separa
tion). The oil 5 had the following spectral properties: ir 1736, 
1712, 1650 cm-1; nmr t 5.25 (m, 1), 5.36 (m, 1), 6.32 and 6.34 
(two singlets for a total of three protons, the signal at 6.32 being 
the major peak), 8.29 (s, 3), 8.73, 8.78, 8.85, and 8.92 (four 
singlets for a total of six protons with the signals at 8.73 and 8.92 
having much greater intensities).

Anal. Calcd for C14H220 3: C, 70.55; H, 9.31. Found: C, 
70.76; H, 9.55.

Further distillation at 124-129° (2 mm) yielded an additional
5.1 g of colorless oil (56.2% trans and 43.8% cis by vpc). The 
ratio of isomers remained essential^ the same after refluxing with 
sodium methoxide in methanol.

Separation of the epimers was effected by preparative tic 
(silica gel; 95% benzene-5% ethyl acetate). The slightly less 
polar component was a colorless liquid identified as trans-2- 
methylallyl-3-carbomethoxy-6,6-dimethylcyclohexanone (8a): ir 
1737, 1718, 1650, 898 cm“ 1; nmr r 5.30 (m, 1), 5.38 (m, 1), 
6.32 (s, 3), 6.83 (m, 1, W y s =  22 Hz), 8.30 (s, 3), 8.75 (s, 3),
8.92 (s, 3).

Anal. Calcd for CuH220 3: C, 70.55; H, 9.38. Found: C, 
70.77; H, 9.63.

The minor isomer was isolated as an oil which slowly solidified 
to a crystalline mass. Recrystallization from a small amount of



272 J. Org. Chem., Vol. 87, No. 2, 1972 Miyano and Dorn

pentane gave white crystals of cis-2-methylallyl-3-carbomethoxy-
6 ,6-dimethylcyclohexanone (9a): mp 50-51°; ir 1732, 1710,
1650, 1174, 897 cm-1; nmr r 5.26 (m, 1), 5.43 (m, 1), 6.35 (s, 3), 
6.85 (m, 1, W i/, =  8 Hz), 8.31 (s, 3), 8.80 (s, 3), 8.88 (s, 3).

Anal. Calcd for C„H 220 3: C, 70.55; H, 9.38. Found: C, 
70.59; H, 9.33.

Alkylation of 4a.— A stirred solution of potassium ieri-butoxide 
(prepared from 3.4 g of potassium) in 110 ml of tert-butyl alcohol 
was treated with 5.8 g of 4a in 200 ml of benzene, followed by 17 
g of methallyl iodide. The temperature of the reaction mixture 
rose only slightly and after about 5 min potassium iodide began 
to slowly precipitate. Stirring was continued for 2 hr, and after 
standing overnight, the mixture was cooled, treated with 250 ml 
of cold water, and finally washed with ether. The aqueous solu
tion was chilled, acidified with cold dilute hydrochloric acid, and 
extracted with ether. Washing of the organic extract with dilute 
aqueous sodium thiosulfate followed by the usual work-up yielded 
a yellow oil weighing about 8 g. The crude product was taken 
up in benzene and chromatographed on 800 g of silica. Elution 
of the column with 5%  ethyl acetate produced 2.7 g of oil which 
crystallized slowly from pentane to give 315 mg of colorless cis 
acid (9b), mp 128-132°. Further elution with 10% ethyl acetate 
yielded 1.3 g of starting acid 4a. Recrystallization of 9b from 
ether-pentane gave analytically pure cis-2-methallyl-6 ,6-di- 
methylcyclohexanone-3-carboxylic acid: mp 133-134°; ir 1752, 
1723, 1651, 900 cm “ 1; nmr r 5.20 I'm, 1), 5.34 (m, 1), 6.82 (m, 1, 
W i/, =  6 Hz), 8.30 (s, 3), 8.81 (s, 3), 8.90 (s, 3).

Anal. Calcd for Ci3H2o03: C, 69.61; H, 8.99. Found: C, 
69.69; H, 9.06.

Upon prolonged refrigeration the pentane mother liquor from 
the crystallization of 9b deposited 120 mg of hard, colorless 
prisms, mp 75-77°. Examination of the nmr spectrum revealed 
that this product did not contain a methallyl group (no signal 
near r 5.30), but possessed four distinct methyl peaks in addition 
to a pair of isolated protons (bridgeheads) appearing in the t 7.15-
7.45 region. The infrared spectrum showed a single carbonyl 
absorption at 1776 cm-1 (five-membered lactone) and the sub
stance was tentatively identified as 10: ir 1776, 1272, 1185, 
1120 cm “ 1; nmr r 8.58 (s, 3), 8.74 (s, 3), 8.88 (s, 3), 8.95 (s, 3).

Anal. Calcd for Ci3H20O3: C, 69.61; H, 8.99. Found: C, 
69.91; H, 9.16.

The filtrate obtained after the removal of 10 (see above) was 
examined by tic (silica gel; benzene-ethyl acetate-acetic acid 
3 0 :10 :1 ) and found to contain two spots with slightly different 
mobilities; the slower moving material (minor amount) had the 
same Ri value as the cis acid 9b. Separation of the major isomer 
was eventually achieved by preparative tic (SilicAR CC-4; 
98.75% chloroform, 1% ethyl acetate, 0.25% acetic acid) 
affording i:'a?is-2-methallyl-6,6-dimethylcyclohexanone-3-carbox- 
ylic acid (8b) as a nonmobile oil: ir 1750, 1718, 1650, 898 cm-1; 
nmr t 5.27 (m, 1), 5.33 (m, 1), 6.85 (m, 1 W 1/2 =  20 Hz), 8.28 
(s, 3), 8.75 (s, 3), 9.15 (s, 3).

Anal. Calcd for Ci3H20O3: C, 69.61; H, 8.99. Found: C, 
69.33; H, 8.98.

Esterification of 8b and 9b with diazomethane gave 8a and 9a, 
respectively.

2-Acetonyl-3-carbomethoxy-6,6-dimethylcyclohexanone (6a).— 
The methallyl compound 5 (10 g) was dissolved in 134 ml of 
dioxane and 40 ml of water and treated with 25.6 g of sodium 
metaperiodate followed by 3 ml o: 4%  osmium tetroxide in di
oxane. The reaction flask was flushed with nitrogen, tightly 
stoppered, and stirred magnetically for 19 hr. The precipitated 
sodium iodate was filtered and washed well with ether. The 
resulting solution was washed with water, several times with 
dilute sodium thiosulfate, and twice more with water. The usual 
work-up left 7.5 g of brown oil which showed several spots on 
tic (silica gel; benzene-ethyl acetate 5 :1). Neither distillation 
nor chromatography separated all of the impurities, but it was 
found that the crude material was suitable for further modifica
tion. Partial purification could be achieved by chromatography 
on silica; elution with benzene containing 2%  ethyl acetate gave 
6a as a yellow oil: ir 1732, 1715, 1382cm-1; nmr t 6.30 and 6.32 
(two singlets for a total of three protons), 7.75 and 7.77 (two 
singlets for a total of three protons), 8.85, 8.80, 8.90 and 8.93 
(four singlets for six protons).

2-Acetonyl-6,6-dimethylcyclohexanone-3-carboxylic acid (6b).
A.— The crude ester 6a (3 g) was dissolved in 5 ml of dioxane and 
mixed with 10 ml of 30% aqueous sodium hydroxide. After 
standing overnight, the mixture was cooled in ice, acidified with 
5 ml of concentrated hydrochloric acid, and extracted several

times with chloroform. Washing of the extracts with saturated 
sodium chloride was followed by the usual work-up to give 2 g of 
dark brown oil. Although tic (benzene-ethyl acetate-acetic 
acid 30:10:1) revealed that 6b was impure, the crude product 
gave satisfactory results upon further transformation: ir 1718 
cm-1; nmr t 6.55 (broad m, 1), 7.78 (s, 3), 8.74 , 8.78 , 8.93 
(three singlets for a total of six protons).

B.—The methallyl ester 5 (24 g) in 200 ml of methanol and 100 
ml of methylene chloride was cooled to —70° as a stream of 
ozonized oxygen was bubbled through the rapidly stirred solution 
for 105 min. At this point the initially colorless solution became 
blue. Excess ozone was removed under a stream of oxygen and 
the reaction mixture was poured into 2 1. of 2% aqueous sodium 
hydroxide and stirred for 1 hr at room temperature. About 500 
ml of solvent was removed under aspirator pressure and the 
remaining aqueous solution was heated on the steam bath for 2 hr 
and finally allowed to stand overnight, at room temperature. The 
orange reaction mixture was washed with ether, carefully acidified 
with cold dilute hydrochloric acid, saturated with sodium chlo
ride, and then extracted with ether. The combined extracts were 
washed three times with saturated sodium chloride, dried, and 
concentrated to dryness. The residual oil amounted to 13 g and 
was comparable to 6b prepared by saponification of 6a.

6,6-Dimethyldecahydronaphthalene-l,3,5-trione (15).— A mix
ture of 4 g of crude 6a in 25 ml of benzene was treated with a 
solution of 50 ml of ieri-butyl alcohol containing 1.5 g of dis
solved potassium. After stirring at room temperature for 2 days, 
the dark red solution was poured into 400 ml of ice water and 7 
ml of concentrated hydrochloric acid. Ether extraction and the 
usual work-up produced about 3 g of dark green oil, which was 
triturated with ether to give 700 mg of tan crystals, mp 150- 
160°. Two recrystallizations from ethyl acetate gave material 
melting at 145-158°: ir (KBr) 1715 (C==O), 1613 (C = 0  of enol 
form14), 1563 (C = C  of enol14), 1227 cm-1; uv max (0.1 N HC1 
in MeOH) 251.5 m^ (e 13,000); uv max (0.1 N NaOH in MeOH) 
282 m/x (e 23,000).

Anal. Calcd for C12H160 3: C, 69.21; H, 7.74. Found: C, 
69.00; H, 7.72.

Chromatography of the mother liquors on silica yielded intract
able mixtures.

4,5,6,7-Tetrahydro-8a(i/)-7,7-dimethyl-2-oxo-A3<9,-indene-4/5- 
carboxylic Acid (7).15— Crude diketone 6b (30 g) in 300 ml of 
benzene was added to 600 ml of ieri-butyl alcohol containing 20 g 
of dissolved potassium. The resulting mixture was stirred for 
20 hr at room temperature, poured into about 2 1. of ice water, 
acidified with dilute hydrochloric acid, and extracted with ether. 
The usual work-up yielded a crystalline residue, which was tri
turated with ether to afford 15 g of slightly yellow crystals, mp 
160-167° dec. The analytical sample was obtained by recrystal
lization from ethyl acetate: mp 170-172° dec; ir (KBr) 1736, 
1667, 1603, 1410, 1190 cm-1; uvmax (MeOH) 232 mM (e 14,500); 
nmr (CD3SOCD3) r 4.17 (t, 1, J ~  2 Hz), 6.64 (m, 1), 9.03 (s, 
3), 9.37 (s, 3).

Anal. Calcd for Ci2H,60 3: C, 69.21; H, 7.74. Found: C, 
69.49; H, 7.87.

4,5,6 ,7,8a ,9a-Hexahydro-7,7-dimethyl-2-oxoindan-4|3-carbox- 
ylic Acid (18a). A.—The unsaturated ketone 7 (1 g) was dis
solved in 150 ml of methanol and hydrogenated in the presence 
of 200 mg of 5%  rhodium on alumina for 29 hr at atmospheric 
pressure and room temperature. After removal of the catalyst by 
filtration, the filtrate was evaporated to an oil which was dis
solved in benzene and chromatographed on 150 g of SilicAR CC-4. 
The column was washed with increasing percentages of ethyl 
acetate and the fractions eluted with 10%  ethyl acetate were con
centrated and then crystallized from ether-pentane to give 290 
mg of tan crystals, mp 97-102°. Two recrystallizations from the

(14) For a discussion on the infrared spectra of cyclic £-diketones, see 
K. Nakanishi, “Infrared Absorption Spectroscopy—Practical,” Holden-Day, 
San Francisco, Calif., 1962, p 65.

(15) For the sake of uniformity, all of the compounds depicted in Scheme 
II are designated by the following numbering system.
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same solvent mixture furnished colorless 18a: mp 110- 112°;
ir 1745, 1712 cm “ 1; nmr r -0 .3 5  (s, 1), 9.07 (s, 3), 9.20 (s, 3).

Anal. Calcd for C12H18O3: C, 68.54; H, 8.63. Found: C, 
68.46; H, 8.54.

B.— A solution of 10.4 g of 7 in 250 ml of isopropyl alcohol was 
shaken in an atmosphere of hydrogen -with 6 g of 10%  palladium 
on carbon for 18 hr. Removal of the catalyst followed by con
centration gave about 11 g of orange oil, which was taken up in 
benzene and placed on 1000 g of SilicAR CC-4. Elution with 2%  
ethyl acetate yielded about 800 mg of solid, which was recrystal
lized from aqueous ethanol to give colorless crystals of 7,7-di- 
methyl-5,6,7,8-tetrahydroindan-4-carboxylic acid (17), mp 158- 
162°. The analytical sample of the hydrogenolysis product was 
obtained by recrystallization from aqueous ethanol: mp 162-
163°; ir 1686 (conjugated acid), 1645, 1282 cm -1; uv max 
(MeOH) 231.5 m^ (e 11,250); nmr r -1 .7 9  (s, 1), 8.98 (s, 3), 
9.28 (s, 3).

Anal. Calcd for C^HigCh: C, 74.19; H, 9.34. Found: C, 
74.36; H, 9.41.

The material obtained from the 15% ethyl acetate fractions 
was recrystallized from ether-pentane to yield 5 g of product, 
mp 108-110°, which was identical with 18a. Continued elution 
of the above column with 50% ethyl acetate gave about 1 g of the 
starting ketone 7.

4,5,6,7,8a,9a-Hexahydro-7,7-dimethyl-2fl-hydroxyindan-4,'j- 
carboxvlic Acid (19).— A solution of 208 mg of keto acid 18a 
was dissolved in 2 ml of ethanol and neutralized with 0.1 A  
aqueous sodium hydroxide to a phenolphthalein end point. The 
solution was cooled in an ice bath as 500 mg of solid sodium boro- 
hydride was added portionwise. The mixture was allowed to 
warm to room temperature and stand overnight, then cooled and 
carefully acidified with saturated aqueous citric acid. The pre
cipitate was filtered, washed with water, and air dried to give 
185 mg of solid, mp 185-188°. Recrystallization from methanol- 
ethyl acetate separated 157 mg of pure 19: mp 187-189°; ir
(KBr) 3450, 1710 cm “ 1; nmr ( C D 3S O C D 3 ) r 5.80 (m, 1), 9.09 
(s, 3), 9.18 (s, 3).

Anal. Calcd for C12H2„03: C, 67.89; H, 9.50. Found: C, 
68.09; H, 9.58.

4,5,6,7,8a,9a-Hexahydro-7,7-dimethyl-2i3-hydroxyindan-4/3- 
carboxvlic Acid 4/3 —>- 2/3-Lactone (20).— The hydroxy acid 19 
(72 mg) was heated with an oil bath at 190-195° for 1 min. The 
product was cooled and taken up in ether, and the solution was 
washed with 3%  aqueous sodium bicarbonate. Drying and re
moval of the solvent produced 63 mg of crystalline residue which 
gave a single spot on tic (silica gel; 80% benzene-20%  ethyl 
acetate). Recrystallization from pentane followed by sublimation 
(20 mm at a bath temperature of 120°) yielded colorless crystals: 
mp 61-62°; ir 1727, 1380, 1148, 992 cm “ 1; nmr r 5.22 (m, 1), 
7.30 (m, 1), 8.98 (s, 3), 9.11 (s, 3).

Anal. Calcd for CI2HI80 2: C, 74.19; H, 9.34. Found: C, 
73.94; H, 9.44.

l;3,43-Ethano-4,5,6,7,8«,9a-hexahydro-7,7-dimethylindan-2,l 1- 
dione (22).— The saturated ketone 18a (800 mg) was dissolved in 
10 ml of 95% ethanol and slowly treated with 0.1 A  aqueous 
sodium hydroxide to a phenolphthalein end point. The solution 
was allowed to evaporate at room temperature (or concentrated 
under high vacuum) and the solid residue was powdered and dried 
at 65° under high vacuum to a constant weight. The dried so
dium salt 18b, amounting to 770 mg, was suspended in 10 ml of 
dry benzene containing 3 drops of pyridine. The suspension was 
stirred and cooled in a cold water bath as 2.5 ml of oxalyl chloride 
was introduced. After the vigorous reaction subsided, the cooling 
bath was removed and the reaction mixture was stirred at room 
temperature for about 1 hr. The mixture was concentrated; 5 
ml of benzene was added and the evaporation was repeated. The 
residue was mixed with 10 ml of benzene and filtered, and the 
solution of the acid chloride 21 was immediately added to a cold 
ethereal solution of excess diazomethane (prepared from A - 
nitrosomethylurea and dried over potassium hydroxide pellets). 
There was an immediate evolution of gas and the yellow solution 
was allowed to stand in an ice bath for 2 hr. At this point, glacial 
acetic acid was added dropwise and when gas evolution ceased, 
the mixture was gradually poured into 20 ml of warm (60°) glacial 
acetic acid. The solution was heated at 60° for 1 hr, then con
centrated under a stream of nitrogen to a partially crystalline 
residue. An nmr spectrum of this crude material indicated that 
the acetoxy ketone 23b was not formed (no signal in the r 5.00 
region). Preparative tic (silica; 50% benzene-ethyl acetate)

yielded a solid which was recrystallized from ether-pentane to 
give colorless crystals of 22: mp 70-71°; ir 1748 (five-membered 
ketone), 1710 cm -1 (six-membered ketone); nmr t 6.76 (d of m, 
1), 7.12 (m, 1), 8.94 (s, 3), 9.26 (s, 3).

Anal. Calcd for C .jH uA: C, 75.69; H, 8.80. Found: C, 
76.00; H, 8.94.

4/3-Acetyl-4,5,6,7,8a:,9a-hexahydro-7,7-dimethylmdan-2-one 
(23a).— A mixture of dimethylcadmium16 (prepared from 20 ml 
of 3.0 Af methylmagnesium bromide in diethyl ether and 6.0 g 
of anhydrous cadmium chloride) in 35 ml of benzene was stirred 
and cooled in a cold water bath as a benzene solution of the crude 
acid chloride 21 (prepared from 3 g of 18a as described above) was 
added rapidly. The cooling bath was removed and the mixture 
was refluxed for 30 min, cooled, and poured into ice-cold dilute 
hydrochloric acid The product was isolated by ether extraction 
and recrystallized from ether-pentane to give 2.2 g of pure 23a: 
mp 84-86°; ir 1742, 1711, 1150 cm -1; nmr r 7.23 (m, 1), 7.83 
(s, 3), 9.08 (s, 3 ): 9.23 (s, 3).

Anal. Calcd for C i 3H 2o02: C, 74.96; H , 9.68. Found: C, 
74.85; H , 9.76.

4a-Acetyl-4,5,6,7,8a,9a-hexahydro-7,7-dimethylindan-2-one
(24).— Diketone 23a (82 mg), dissolved in 8 ml of methanol, was 
mixed with 8 ml of 1.0 A  aqueous potassium hydroxide and the 
resulting solution was allowed to stand overnight at room tem
perature under nitrogen. The mixture was acidified with dilute 
acetic acid and extracted with ether. The organic extract was 
washed several times with aqueous sodium chloride, dried, and 
evaporated to an almost colorless oil weighing 75 mg. This 
product showed a single spot which migrated slightly faster than 
the starting ketone on tic (silica gel; benzene-ethyl acetate- 
acetic acid 30:10:1): ir 1749, 1712, 1360, 1158 cm-1; nmr r 
7.85 (s, 3), 8.93 (s, 3), 9.10 (s, 3).

Anal. Calcd for Ci3H20O2: C, 74.96; H, 9.68. Found: C, 
75.32; H, 9.59.

2^,4/3-Ethano-4,5,6,7,8« ,9a-hexahydro-7,7-dimethylindan-2a- 
ol-ll-one (2b). A.— A solution of 1.25 g of 23a in 20 ml of ben
zene was added to 20 ml of feri-butyl alcohol containing 350 mg of 
dissolved potassium metal. After standing at room temperature 
for 3 hr, the deep red solution was poured into ice water, acidified 
with cold, dilute hydrochloric acid, and extracted twice with 
ether. The extract was treated in the usual manner to afford a 
partially crystalline residue, which upon recrystallization from 
ether-pentane yielded 510 mg of yellow crystals, mp 100-103°. 
Chromatography of the mother liquor on 60 g of SilicAR CC-4 
gave an additional 150 mg of material upon elution with 30% 
ethyl acetate-benzene. The analytical sample of colorless 2b 
was prepared by recrystallization from ether-pentane: mp 103- 
104°; ir 3610, 1709, 1086 cm“ 1; nmr t 7.38 (broad s, 2) 9.02 (s, 
3), 9.20 (s, 3).

Anal. Calcd far Ci3H20O2: C, 74.96; H, 9.68. Found: C, 
74.90; H, 9.46.

B.—The diketcne 23a (76 mg) was dissolved in 1 ml of anhy
drous ethanol and mixed with 3.5 ml of 4.0 A  ethanolic potassium 
hydroxide. The resulting solution was allowed to stand at room 
temperature for 2 days, then acidified with dilute aqueous acetic 
acid and extracted with ether. The usual work-up and recrystal
lization of the product from ether-pentane yielded 21 mg of tan 
crystals, mp 100-103°. This compound exhibited spectra data 
identical with those of 2b.

Registry No.—1, 2618-41-9 ; 2b, 32632 -70 -5 ; 3,
32632-71-6 ; 4b, 32632-72 -7 ; cfs-6a, 32632-73 -8 ; trans- 
6a, 32640-74-7 ; ws-6b, 32632-74-9 ; trans-6b, 32640- 
7 5 -8 ; 7 ,3 2 6 3 2 -7 5 -0 ; 8a, 32632-76 -1 ; 8b, 32632-77-2 ; 
9a, 32632-78-3 ; 9b, 32632-79 -4 ; 10, 32632-80-7 ; 15, 
32640-65 -6 ; 17, 32640-66 -7 ; 18a, 32640-67-8 ; 19,
32640-68-9 ; 20, 32640-69 -0 ; 22, 32640-70 -3 ; 23a,
32640-71-4 ; 24 ,32640 -72 -5 .
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Samples of Artemisia arbuscula ssp. arbuscula, collected in Montana, contained tatridin-A (1 ) and a new germa
cranolide which was named badgerin. Structure 2 was assigned to the new lactone on the basis of its spectral 
properties and chemical reactions.

T h e  sesqu iterpene lactones o f  th ree subspecies o f  b ig  
sagebrush  (.Artemisia tridentaia) w ere in vestiga ted 2 3 4 in 
th is la b ora tory  as a part o f  our p rogram  on  ch em ica l 
con stitu ten ts o f sagebrush in M o n ta n a .2-4 O ne o f the 
subspecies, A . tridentaia ssp. vaseyana, co lle cted  from  
several location s in th is state gave th e  sam e sesqu iter
pene lacton es th at h ave b een  isola ted  from  A . arbuscula 
N u tt. ssp. arbuscula co lle cted  in an oth er lo ca t io n .5 
T h is  p rom p ted  us to  in vestigate  th e  sesquiterpene lac
ton es  o f  a  M on ta n a  p lan t k n ow n  as A . arbuscula ssp. 
arbuscula.

Results and Discussion

D ifferen t sam ples o f  th is p lant w ere co lle cted  from  a 
1 square m ile area near B adger Pass an d  ex tra cted  w ith  
ch loroform . T ic  analysis o f  th e  extracts  gave  a co n 
sistent pattern  fo r  th e  sesquiterpene la cton e  con ten ts, 
w h ich  w ere qu ite d ifferent from  th ose  rep orted  earlier 
fo r  A . arbuscula ssp. arbuscula.5

E xten s ive  ch rom atograph ic separation  o f  th e  lacton es 
from  the com bin ed  ch loro form  extracts  resu lted  in  the 
iso la tion  o f tw o  pure crystalline lactones a lon g  w ith  
som e gu m m y fraction s and a crysta lline m ixture. O ne 
o f th e  tw o  crystalline lacton es w as identified  as ta tri- 
d in -A 6 (1) b y  its ph ysica l con stan ts, spectra l p roperties  
and  u ltim ately  b y  t ic  and  m ixture m elting  p o in t w ith  
an authentic sam ple. T h e  o th er crysta lline lactone  
w as an u nknow n com pou n d . I t  w as n am ed  badgerin  
and assigned the structure 2 on  th e  basis o f  the fo llow 
in g  considerations.

3, R, = R2 = Si(Me)3
4, R, = Ac; Rj = H
5, R, = Rs = Ac

(1) Established through a grant from Hoerner-Waldorf Corp. of Mon
tana.

(2) F. Shafizadeh, N. R. Bhadane, M. S Morris, R. G. Kelsey, and S. N. 
Khanna, P h y to ch em is try , 10, 2745 (1971).

(3) F. Shafizadeh and W. Bukwa, ib id ., 9, 871 (1970).
(4) F. Shafizadeh and A. B. Melnikoff, ib id ., 9, 1311 (1970).
(5) M. A. Irwin and T. A. Geissman, ib id ., 8, 2411 (1969).
(6) T. A. Geissman, private communication.

Composition and Functional Groups.— M a ss spec
troscop y  and elem ental analysis show ed th e  m olecu lar 
w eigh t o f  280 and  th e  em pirica l form u la  o f  C 15H 20O 5. 
T h e  com p ou n d  h ad  an a,|3-unsaturated 7 -la cto n e , as 
show n  b y  u v  end  absorp tion , ir ban ds at 1766 an d  1639 
c m -1 , an d  th e  nm r spectrum  discussed la ter (see T a b le
I ,  2 ). T h ere  w ere tw o  h y d rox y l groups, w ith  an  ir b a n d  
at 3378 c m -1 , w h ich  form ed  a d i(tr im eth y ls ily l) eth er 
deriva tive  (3 ). O ne o f  these h y d ro x y l g rou p s w as 
read ily  a ce ty la ted  to  g ive  a m on oa ceta te  co m p o u n d  (4) 
and  w as p ro v e d  to  be secon dary  (see T a b le  I  an d  th e  
fo llow in g  nm r discussions). T h e  m on oa ceta te  sh ow ed  
an  ir b an d  at 3510 c m -1  fo r  a free  h y d ro x y l grou p . 
H ow ev er , it cou ld  n ot be  ox id ized  b y  ch rom iu m  tr i
o x id e -a ce t ic  a cid 7'8 or b y  Jon es9 reagen t, in d ica tin g  th e  
tertiary  nature o f  th e  rem aining h y d ro x y l grou p .

T h e  la cton e  m oiety  an d  th e  h y d ro x y l grou ps a cco u n t 
fo r  fou r o f  th e  five o x y g e n  atom s presen t. S ince n o  
o th er  fu n ction a l grou p  cou ld  be  d e te cte d  it b eca m e  e v i
den t th a t th e  fifth  o x y g en  m ust fo rm  an  o x id e  ring. 
T h e  ox id e  ring cou ld  n ot be  c lea ved  on  trea tm en t w ith  
acetic  an h ydride  an d  p -to lu en esu lfon ic  a c id , 10 o r  a ce tic  
an hydride an d  su lfuric a c id ,11 in d icatin g  th e  presen ce  
o f  an  unusually stable ring structure. T h is  a lm ost 
ru led  ou t th e  possib ility  o f  a  labile  ep ox id e  ring  in fa v o r  
o f  a m ore stab le  structure such as a p yra n  d eriv a tiv e . 
U n der th e  e m p loyed  drastic a cety la tin g  con d ition s , 
h ow ever, th e  free h y d rox y l groups in  b a d gerin  w ere 
a ce ty la ted  to  g ive  a crysta lline d iaceta te  (5).

B adgerin  w as n o t ox id ized  b y  sod ium  m eta period a te  
even  a fter  48 hr, nor d id  it fo rm  a b en zen eb oron a te  d e 
r iv a tiv e  on  treatm en t w ith  ben zen eb oron ic  a c id , 12 
sh ow ing  th a t  th e  tw o  h y d ro x y l grou ps are n eith er a d ja 
cen t n or are lik ely  to  be 1 ,3 -d iaxia lly  orien ted .

O ther th a n  th e  m ethy lene  grou p  co n ju g a te d  t o  th e  
la cton e  ca rb on y l fu n ction , bad gerin  h ad  an oth er d ou b le  
b o n d  an d  on  h yd rogen a tion  it  a b sorb ed  2 m ol o f  h y d ro 
gen. T h e  h yd rogen a tion  p rod u ct, w h ich  la ck ed  o le -  
fin ic p ro ton s  in  its nm r spectrum , u n fortu n ate ly  p r o v e d

(7) L. F. Fieser, J . A m e r . C h em . S o c ., 70, 3237 (1948).
(8) W. Herz and G. Hogenauer, J . O rg. C h em ., 27, 905 (1962).
(9) K. Bowden, I. M. Heilbron, E. R. H. Jones, and B. C. L. Weedon,

J . C h em . S o c ., 39 (1946); A. Bowers, T. G. Halsall, E. R. H. Jones, and A. J. 
Lemin, ib id ., 2555 (1953); C. Djerassi, R. R. Engle, and A. Bowers, J .  O rg . 
C h em ., 21, 1547 (1956).

(10) W. Herz, P. S. Subramaniam, P. S. Santhanam, K. Aota, and A. L. 
Hall, J.  O rg. C h em ., 85, 1453 (1970).

(11) M. A. Irwin and T. A. Geissman, P h y to ch em is try , 8, 305 (1969).
(12) F. Shafizadeh, G. D. McGinnis, and P. S. Chin, C a rb oh yd . R e s . , 18, 

357 (1971).
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T able  I
N m r  Spectral D ata  for B adgerin  and D e r ivatives“

Compd C-13 Hb C-13 Ha C-10 — CHî C-8 H C-7 H C-6 H C-5 H C-4 CHj C-l H
Miscel
laneous

2b 6.13 6.07 5.18, 4.99 3.95 3.36 4.40 2.85 1.60 4.33 2.00
(d, 3 .5) (d, 3 .5) (bs, Wi/, =  4) (td, 10, 2) (br) (dd, 8.5, 2) (d, 2 ) (s) (nr) hydroxyls

3e 6.16 5.75 5.28, 5.03 4.07 3.21 4.32 2.67 1.43 4.37 0 . 10, 0.20
(d, 3 .5) (d, 3.5) (bs, W v , =  4) (td, 10, 2) (br) (dd, 8.5, 2 ) (d, 2 ) (s) (nr) [OSi(Me),]2

(s)
2.224“ 6.15 5.42 5.42, 5.15 4.21 3.65 5.35 3.03 1.27 4.48

(d, 3.5) (mx) (mx) (d, 2) (td, 10, 2) (br) (mx) (d, 2 ) (s) (nr) acetate
4‘ 6.10 5.47 5.22, 5.03 4.10 3.60 5.80 3.07 1.50 4.37 2.10

(d, 3.5) (d, 3 .5) (bs, Wi/, = 4) (d, 2) (td, 10, 2) (br) (dd, 8.5, 2) (d, 2) 00 (nr) acetate
5C 6.12 5.40 5.40, 5.13 4.20 3.50 5.62 3.48 1.48 4.47 2.10, 1.96

(d, 3.5) (mx) (mx) (d, 2) (td, 10, 2) (br) (dd, 8.5, 2) (d, 2 ) (s) (nr) acetates
“ These data were obtained with a Varian HA-60 nmr spectrometer. TMS was used as an internal standard for compounds 2, 4, 

and S and CHC13 for 3. Chemical shifts are quoted in S (parts per million) and the signals are denoted by s, singlet; d, doublet; dd, 
doublet of doublets; td, triplet of doublets; br, broad signal; nr, narrow signal; bs, broad singlet; mx, mixed signal. Figures in 
parenthesis denote coupling constants in cycles per second. 6 Pyridine-ds was used as the solvent. c CDC13 was used as the solvent for 
these spectra and in the double irradiation experiments.

to  be  a  m ixture and cou ld  n o t be  iso la ted  as pure iso
m ers.

T h e  nm r spectrum  o f badgerin  (see T a b le  I, 2) 
show ed the fo llow in g  fe a tu re s : a low -fie ld  pair o f  dou 
b lets at 6.13 and  6.07 p p m  (2 H , J  =  3 .5  H z) fo r  m eth 
ylene proton s o f th e  a,/3-unsaturated 7 -la cto n e 2 5'13 
(C -13 H b and C -13  H „); tw o  b roa d  singlets at 5.18 and  
4.99 p p m  (2H , Wi/2 =  4  H z ) , ch aracteristic  o f  u n con 
ju ga ted  exo-m ethylene v in y l p ro ton s2 8 ( C - 1 0 = C H 2) ;  
th ree p roton s  w hich  appeared  to  represent O C H  groups 
includ ing  a tr ip le t o f  dou b lets  at 3.95 p p m  (J  =  10, 2 
H z) fo r  the la cton e  p ro ton  (C -8 H ) an d  a  d ou b let o f  dou 
b lets  at 4 .40  p p m  (J  =  8 .5 , 2 H z  fo r  C -6 H ) on  a narrow  
signal at 4 .33  p p m  (C - l  H ) ;  a  b road  signal cen tered  at
3.36 p p m  (C -7  H ) ;  a  d ou b le t at 2.85 ppm  (1 H , J  = 2  
H z) a lso representing an  O C H  grou p  as d iscussed later 
(C -5  H ) ;  a narrow  singlet at 2 ppm  w h ich  co llap sed  on  
D 20  exch ange sign ify in g  th e  h y d ro x y l p r c t o n (s ) ; an d  a 
sharp singlet a t 1.60 p p m  (3 H ) in d icatin g  a m eth y l 
grou p  on  a ca rb on  a tta ch ed  to  o x y g e n  (C -4  C H 3).

T h e  a b o v e  data  in d ica ted  a germ acran olide structure
(2) w ith  th e  fo llow in g  grou ps: an a„3-unsaturated
lacton e , one secon d ary  h y d ro x y l group , one tertia ry  
h y d ro x y l group , one ox id e  ring, and  an  u n con ju ga ted  
exo-m ethylen e.

Position of the Lactone Ring and the Secondary Hy
droxyl Group.— T h e  b io sy n th e tic  p ath w ays in v o lv ed  in 
the con version  o f frem s-farnesyl p y rop h osp h a te  to  
sesquiterpene lactones in clud ing  eudesm anolides, guai- 
anolides, and germ acran olides generally  lead to  la cton e  
ring enclosure at C -6 o r  C -8 .14 *

A s n o te d  be fore , th e  con ju g a ted  m ethylene proton s, 
C -13  H b and C -13  H a, in  badgerin  gave ch aracteristic  
nm r signals at 6.13 an d  6.07 p pm . In  th e  nm r spectra  
o f  th e  d isily l com p ou n d , th e  m on oa ceta te , and  th e  d i
a ceta te  (see T a b le  I, 3, 4, an d  5), th e  signal from  on e o f 
th e  m ethy lene  p roton s, C -13  H b, rem ained  a lm ost u n 
ch an ged , w h ile  th e  p osition  o f th e  o th er  p ro ton , C -13  
H a, sh ifted  u pheld  to  5 .75, 5 .42, an d  5 .40 ppm , respec
t iv e ly . T h e  near equ iva len ce  o f  C -13  p roton s  in b a d 
gerin  an d  th e  u pheld  shift o f  on e o f  th em  a fter th e  sub
stitu tion  is ch aracteristic  o f  an a -orien ted  h y d rox y l

(13) W. Herz, H. Watanabe, M. Miyazaki, and Y. Kishida, J . A m e r '  
C h em . S o c ., 84, 2601 (1962).

(14) W. Herz in “Recent Advances in Phytochemistry,” Vol. 1, T. J.
Mabry, Ed., Appleton-Century-Crofts, New York, N. Y., 1968, p 231.

group  in  th e  /3 p osition  to  th e  la cton e  m eth y len e  group 
in  a v a rie ty  o : sesqu iterpene lacton es in v estig a ted .16 
A lth ou gh  in  m ost o f  these com pou n ds th e  la cton e  ring 
is en closed  a t C -6 an d  th e  free  h y d ro x y l grou p  is at 
C -8, th e  p ossib ility  o f  th e  reverse situation , th a t is, 
la cton e  closure a t C -8 an d  th e  free  h y d ro x y l grou p  at 
C -6 , shou ld  be  also con sidered .

T h e  d ou b let o f  d ou b lets  at 4 .40  p p m  in badgerin  rep 
resenting an O C H  p ro ton  sh ifted  dow n h eld  in th e  m on o
acetate  deriva tive  (4, T a b le  I )  an d  m erged  w ith  oth er 
signals at 5.42 p p m  so th a t on ly  a p a rt o f  it cou ld  be 
seen  as a narrow  d ou b le t a t 5 .35 p pm . T h is  ch aracter
istic  dow nfield  shift in d ica ted  th a t  th e  p ro to n  (C -6 H ) is 
lo ca ted  under a secon dary  h y d ro x y l grou p  th at has 
b een  a ce ty la te d . 16 T h e  cou p lin g  con stan ts o f  th e  la c
ton e  p ro ton  (C -8 H , /  =  10, 2  H z, T a b le  I )  an d  th e  
p ro ton  under th e  a d ja cen t secon dary  h y d ro x y l group  
(C -6 H , J  =  8 .5, 2 H z, T a b le  I )  in d ica ted  th e  presence 
o f  e ither C -8 a -h y d ro x y l an d  C -6 a -la cton e  or  C -6 a - 
h y d ro x y l and C -8 a -la cton e . In  th e  form er case op en 
in g  and  reclosing o f  the la cton e  shou ld  result in  ch ang
in g  to  th e  m ore stable  C 8 enclosure, w h ile  th e  latter 
structure should  rem ain  u n ch a n g ed .17 B a dgerin  w as 
recovered  u nch an ged  on  op en in g  and  reclosin g  o f the 
la cton e  m oiety , thus show ing  th a t  th e  la cton e  is en
closed  a t C -8 and  th e  secon dary  h y d ro x y l grou p  is at 
C -6 .

Positions of the Tertiary Hydroxyl, the Unconjugated 
Methylene, and the Methyl Functions.— T h e  C -6
p roton  show ed a d ou b le t o f  dou b lets  (J  =  8 .5 , 2) 
suggesting th at it  h ad  o n ly  tw o  n eigh borin g  p roton s, 
one at C -7  and th e  o th er at C -o . T h e  n arrow  dou b let 
at 2.85 p p m  in badgerin  w h ich  sh ifted  to  3.03 p p m  in 
the m on oaceta te  w as assigned to  C -5  H  becau se irradia
tion  o f  this p ro ton  in th e  m on oa ceta te  collapsed  the 
C -6 H  d ou b let to  a singlet and  vice versa.

T h e  C -5  H  d ou b le t sh ifted  fu rth er d ow n fie ld  to  3.48 
p p m  in th e  d ia ce ta te .10 T h ese  shifts, w h ich  are m ore 
clearly  ob served  b y  com paring  th e  spectra  o f  th e  disilyl,

(15) H. Yoshioka, T. J. Mabry, M- A. Irwin, and T. A. Geissman, T etra 
hedron , 27, 3317 (1971).

(16) J. N. Shoolery aijd M. T. Rogers, J . A m e r .  C h em . S o c ., 80, 5121 
(1958); N. S. Bhacca and D. H. Williams, “Applications of NMR Spec
troscopy in Organic Chemistry,” Holden-Day, San Francisco, Calif., 1964, 
p 77.

(17) H. Yoshioka, W. Renold, and T. J. Mabry, C h em . C o m m u n ., 147 
(1970).
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th e  m on oaceta te  and th e  d iacetate  com pou n ds in  ch lo
ro form  solu tion  [T ab le  I , 3, 4 (in C D C 13) and 5], in d i
ca ted  th at th e  C -5  p ro ton  is lo ca ted  betw een  th e  tw o 
h y d ro x y l groups. T h is  m eans th at th e  tertia ry  h y 
d rox y l group  is at C -4 . In  th e  germ acranolide skeleton  
th e  m eth y l and m ethy lene  groups cou ld  be  either at 
C -4  or  C -10 . T h e  presence o f  the tertia ry  h y d rox y l 
group  at C -4  leads to  the assignm ents o f  m eth y l group 
to  th e  sam e position  and  th e  m ethylene group  to  C -10.

Position of the Oxide Ring.— T h e  nm r spectrum  o f 
badgerin  show ed three p roton s  betw een  3.7 and 4.6 
p p m  and on e p ro ton  at 2.85 ppm  w h ich  cou ld  b e  at
tribu ted  to  an O C H  system . T w o  proton s  at 3.95 
and  4 .40 p p m  h ave been  assigned to  C -8 H  and C -6 H , 
respective ly . T h is  leaves the C -5  p ro ton  at 2.85 
ppm  and another p ro ton  (C - l  H ) at 4 .33  p p m  for  the 
tw o ends o f  the ox id e  bridge. Irrad iation  o f  the latter 
p ro ton  in  th e  d iacetate  com p ou n d  a ffected  th e  C -10  
m ethylene p roton s, in d icatin g  that it  is lo ca te d  at C - l  
or  C -9  a lly lic positions. P osition  9 w as elim inated  b e 
cause th e  la cton e  p roton , C -8 H , show ed  a trip le t o f 
d ou b lets  w h ich  on  irradiation  o f C -7  H  in  th e  d iacetate  
co llapsed  to  an oth er com p lex  sign a l18 in d icatin g  the 
presen ce o f  tw o  proton s  at C -9 . T h is  show ed  th at the 
o x id e  ring m ust form  a bridge  b etw een  C - l  an d  C -5 .

T h e  C - l  and C -5  p ro ton s  gave narrow  signals, in d i
ca tive  o f  equ atoria lly  (or pseu doequ atoria lly ) orien ted  
b on d s. C on stru ction  o f a ch em ica l m od e l show ed th at 
these equ atoria lly  orien ted  proton s  h ave th e  8 con fig 
u ration  an d  th e  ox id e  bridge  in vo lves  C - la ,C -5 a  
b on d s.

T h e  a b ov e  data  a ccou n t for  con figuration  o f  all the 
asym m etric centers excep t C -4 . T h e  con figuration  o f 
th e  h y d ro x y l group  at C -4  w as determ in ed  from  sol- 
v en t-in d u ced  ch em ica l shifts o f  the C -6 H  an d  C -4  C H 3 
signals in th e  nm r spectra  o f  th e  m on oaceta te  co m 
pou nds.

In  C D C 13 (see 4, T a b le  I )  th e  signals fo r  C -6 H  and  
C -4  C H 3 appeared  at 5.35 and  1.27 ppm , resp ective ly . 
H ow ever, w h en  pyridine-da (see 4, T a b le  I )  w as used as 
th e  solven t, the C -6 H  signal sh ow ed  a dow n field  shift 
o f  0.45 p p m  to  appear at 5.80 ppm , an d  th e  C -4  C H 3 
signal show ed a  dow n field  shift o f  0 .23 p p m  to  appear at
1.5 p pm . T h ese  solven t shifts in d ica ted  th at th e  C -6 
H  an d  C -4  C H 3 bon d s m ust lie in  the sam e planes as the 
C -4  0  and  C -6 0  bon d s resp ectiv e ly .19'20 In  oth er 
w ords th e  h y d ro x y l groups at C -4  and C -6 are trans. 
S ince th e  C -6 O H , as n o te d  b e fore , is a, th e  C -4  O H , or 
th e  tertia ry  h y d rox y l group , m ust be  orien ted . T h e  
trans con figu ration  o f  the h y d ro x y l grou p  expla ined  the 
fa ilu re o f  badgerin  to  fo rm  a ben zen eboron ate  deriva 
t iv e . A lso , it  cou ld  be  seen  from  a ch em ica l m od el th at 
th e  eclip sed  con form a tion  o f  C -6 H  an d  C -4  O H  form s 
a d ih edra l angle o f  som ew h at m ore th an  60° betw een  
C -6 H  an d  C -5  H  w h ich  is con sistent w ith  th e  observed  
w eak cou p lin g  (J  =  2 H z) b etw een  these proton s.

Absolute Configuration.— T h e  a b ov e  d a ta  g ive  the 
structure o f  badgerin  and the relative con figuration  
o f  all the asym m etric centers. H ow ever, th ey  do n ot 
establish  th e  absolu te  con figuration  o f th e  com pou n ds

(18) M. F. L’Homme, T. A. Geissman, H. Yoshioka, T. H. Porter, W. 
Renold, and T. J. Mabry, T etra h ed ron  L ett., 3161 (1969).

(19) K. Tori, Y. Hamashima, and K. Takamizawa, C h em . P h a rm . B u ll .,  
12, 924 (1964).

(20) C. R. Narayanan, N. R. Bhadane, and M. R. Sarma, T etrah ed ron  
L ett., 1561 (1968).

because all th e  spectroscop ic  and chem ical p rop erties  
th at h ave  been  considered  are eq u a lly  app licable  to  
the m irror im age o f the p rop osed  structure.

I t  is in teresting to  n ote  th a t th e  a b o v e  structure is 
based on  th e  app lica tion  o f th e  re lacton iza tion  ru le17 
established fo r  germ acranolides. I t  cou ld  be argued 
th at th e  new  com p ou n d  w ith  an  o x y g e n  bridge  betw een  
C - l  an d  C -5  m ay  beh ave d ifferen tly  so th a t the relac
ton iza tion  rule is no longer a p p licab le . U n der these 
circum stances th e  a lternative p ossib ility , th a t is, la c
ton e  closure to  C -6 , m ust be con sidered . I f  th e  la cton e  
ring is closed  at C -6 , th en  the o th er  fu n ction a l groups 
on  th e  germ acranolide skeleton  m u st b e  loca ted  as 
show n in structure 6 in order to  a cco m m o d a te  the o b -

served  ch em ical and spectroscop ic  p roperties . A t  th e  
first sight structure 6 seem s to ta lly  d ifferen t from  the 
p roposed  structure o f  badgerin  (2). H ow ever, closer 
observation  indicates th at desp ite th e  differences in 
num bering, structures 2 and  6 are a ctu a lly  m irror im 
ages. C on sequ en tly , th e  p osition  o f th e  la cton e  ring 
w ill be k n ow n  w h en  on e o f th e  enantiom ers is re la ted  to  
a com p ou n d  w ith  k n ow n  absolu te  con figuration  or  vice 
versa. T h is  situation  is rem ark ab ly  sim ilar to  th e  co n 
figurational relationships th at w ere used  b y  E m il 
F isch er at th e  turn  o f the cen tu ry  fo r  determ in in g  th e  
stereoisom erism  o f the m onosaccharides.

Experimental Section21
Isolation of Tatridin-A (1).— Three samples of A . arbuscula 

ssp. arbuscula22 were collected from a one square mile area near 
Badger Pass, Montana (T. 7 S, R . 11 W, Section 11, elevation 
6319 ft), in August 1970. Dried twigs and foliage of the samples 
(400 g each) were separately extracted with chloroform and 
worked up in the usual manner.2'23 The resulting crude dark 
syrups, about 25 g from each sample, were found to have the 
same sesquiterpene lactone pattern by t.lc and were combined 
together. The combined syrup was dissolved in a small amount 
of benzene and chromatographed over 1 kg of silica gel, using 
benzene and benzene-ethyl acetate mixtures of increasing polarity 
as the eluents. The first 4 1. of benzene and 9 1. of the solvent 
mixtures (9:1, 8 :2 , 7:3) eluted colored gums. The following 
eight 150-ml aliquots of the mixed solvents (6:4) furnished a gum 
which crystallized from chloroform-ether and gave a mixture of 
two compounds. The next ten 150-ml aliquots of benzene-ethyl 
acetate (1: 1) contained a transparent gum which crystallized 
from chloroform-ether to give 800 mg of colorless needles of 
tatridin-A, mp 150-160°. Azeotropic removal of the crystalli
zation solvent and recrystallization from methanol gave another 
crystalline form, mp 176-177°, alone or in admixture with an 
authentic sample:24 [<*]18d — 49° (c 1.1, EtOH); mass spectrum 
m/e 264 (M +); uv end absorption; ir bands at 3333 (hydroxyl), 
1762 (-/-lactone), 1666, 1647, 890 cm -1 (unsaturation); nmr 
spectrum in pyridine-d5, doublets of doublets at 6.50, 6.35 ppm

(21) All melting points are uncorrected. The uv and ir spectra were 
recorded on Coleman-Hitachi EPS-3T and Beckman IR-5 spectropho
tometers, respectively.

(22) Samples were collected and identified by M. S. Morris, Professor of 
Range Management, University of Montana.

(23) T. A. Geissman, T. Stewart, and M. A. Irwin, P h y to ch em is try , 6, 901 
(1967).

(24) The authentic sample was obtained from Professor T. A. Geissman 
as the methanol solvate, mp 178-179°.
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(1 H each, J  =  3, 1.5 Hz, C -l l = C H Z) situated on a broad 
base of hydroxyl signals from 6.0 to 6.7 ppm, broad doublets at
5.20 and 5.32 ppm (1 H each, J  =  9.5 Hz, C-5 H and C-9 H), 
a complex signal from 4.4 to 5.1 ppm (3 H, C-3 H, C-6 H, C-8 H), 
a broad signal at 3.0 ppm (1 H, C-7 H), and two narrow doublets 
at 1.88 and 1.68 ppm (3 H each, /  =  1.5 Hz, C-4 and C-10 CH3).

Isolation of Badgerin (2).— The materials remaining in the 
chromatographic column after removal of tatridin-A were further 
eluted with ten 150-ml portions of the same solvent mixture. 
The tic analysis of the eluents showed a single spot, but the 
gummy product, 5 g, obtained on removal of the solvents could 
not be crystallized and glc analysis of a silylated sample indicated 
the presence of two closely related components which remain un
identified.

Continued elution in the same manner gave 1.5 g of a trans
parent gum, which crystallized from chloroform-ether to give 
200 mg of needles of badgerin: mp 207-208°; [<*]18d  +8.50 (c 
1.165, EtOH), mass spectrum m/e 280 (M +), 262 (M — 18); 
uv end absorption; ir bands at 3378 (hydroxyl), 1766 (y-laetone), 
1639 cm-1 (unsaturation).

Anal. Calcd for CioH20O5: C, 64.28; H, 7.14. Found: C, 
64.05; H, 7.27.

A solution of badgerin in pyridine-ds gave the nmr spectrum 
recorded in Table I . Further elutions of the column gave colored 
gums which could not be crystallized.

Di(trimethylsilyl) Derivative of Badgerin (3).— Badgerin (50 
mg) was treated with Tri-Sil reagent (3 ml). The resulting 
solution was warmed for a few minutes and allowed to stand for 1 
hr. The excess solvent was then removed under reduced pres
sure and the residue was extracted with carbon tetrachloride. 
Removal of the solvent from the filtered extract left a residue 
which was used for the spectroscopic investigations. The nmr 
spectrum of this compound is given in Table I.

Badgerin Monoacetate (4).— Badgerin (50 mg) was dissolved 
in pyridine (2 ml) and acetic anhydride (2 ml) and kept over
night. Removal of solvents under reduced pressure and crystal
lization of the residue from methanol afforded a monoacetate 
derivative (4): yield 40 mg; mp 197-199°; ir bands at 3510 (hy
droxyl), 1766 (7-lactone), 1718, 1245 cm -1 (acetate).

Anal. Calcd for Ci7H220 6: C, 63.35; H, 6.83. Found: 
C, 63.57; H, 6 .88.

Badgerin Diacetate (5).— A solution of 50 mg of badgerin in 
10 ml cf acetic anhydride was treated with a drop of concentrated 
sulfuric acid.10 After a few minutes the solution was poured 
over crushed ice and allowed to stand for 1 hr. It was then ex
tracted with chloroform (five 20-ml portions). The extract was 
washed with sodium bicarbonate solution and water. Removal 
of the solvent left a solid which was recrystallized from ethanol 
to give 40 mg of a diacetate (5): mp 189-190°; mass spectrum 
m/e 364 (M +); ir bands at 1776 (y-lactone), 1740 and 1250 cm-1 
(acetate).

Anal. Calcd for Ci9H240 ,: C, 62.63; H, 6.59. Found: C, 
62.29; H, 6 .68.

This compound was also obtained in good yield when badgerin 
(40 mg) was refluxed in acetic anhydride (5 ml) with p-toluene- 
sulfonic acid10 (30 mg) for 1.5 hr.

Hydrogenation of Badgerin.— A solution of 56 mg of badgerin 
in 25 ml of ethanol was stirred with 10% P d/C  catalyst in a hy
drogen atmosphere. The reaction was complete in 2 hr after

absorption of 2 mol of hydrogen. The catalyst was then filtered 
and the filtrate was concentrated to a residue which showed three 
overlapping tic spots. The nmr spectrum of this mixture lacked 
signals for olefinic protons.

Relactonization of Badgerin.25— Badgerin (~ 1 0  mg) was dis
solved in 1 ml of 10%  aqueous sodium hydroxide solution by 
gentle warming. The solution was then cooled in ice and the 
solvent was removed under vacuum without heating. The solid 
residue was dissolved in 2 ml of glacial acetic acid and the solu
tion was again evaporated under high vacuum without heating. 
The residue obtained was taken in cold water and extracted re
peatedly with chloroform. Removal of chloroform under vacuum 
gave badgerin quantitatively.

Attempted Oxidation of Badgerin Monoacetate. A.—The
monoacetate (28 mg) was dissolved in 4 ml of glacial acetic acid 
and treated with 10 mg of chromium trioxide.7'8 The reaction 
mixture was monitored by tic. There was no change after 8 hr, 
when the reagent was destroyed by methanol and the starting 
monoacetate was recovered quantitatively.

B.— The monoacetate recovered from the above experiment 
(25 mg) was dissolved in 20 ml of acetone (purified by distillation 
from KMnCh and stored over K 2C 03) and Jones reagent9 was 
added dropwise with stirring until a persistent orange color 
developed. Stirring was continued for 20 min, after which the 
excess reagent was destroyed with methanol and the starting 
monoacetate was recovered quantitatively.

Attempted Periodate Oxidation of Badgerin.— Badgerin (14 
mg, 0.5 X 10-4 mol) was suspended in a solution of sodium meta
periodate (21.4 mg, 1 X 10-4 mol) in distilled water (10 ml). 
The reaction was monitored by periodic titrations of the mixture 
and a blank. No appreciable amount of periodate was con
sumed in 48 hr. The reaction mixture was then extracted with 
C H C I 3 (5 X 10 mi) and removal of the solvent left a residue which 
was identical with the starting material.

Attempted Preparation of Benzeneboronate Derivative.— 
Badgerin (42 mg) and benzeneboronic acid (22 mg) were added 
to 30 ml of benzene and refluxed for 8 hr in a Dean-Stark ap
paratus.12 The main bulk of benzene was then removed and 
dry ligroin was added to the remaining solution. This gave a 
fine precipitate that was filtered and identified as badgerin.

Registry No.— 2, 3 2 5 5 7 -0 5 -4 ; 3, 3 2 5 5 7 -0 6 -5 ; 4, 
3 2 5 5 7 -0 7 -6 ; 5 ,3 2 5 5 7 -0 8 -7 .
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Thermal degradation of l,6-anhydro-/3-D-glucopyranose-/-14C, -3-uC, and -6-uC gave carbon dioxide, carbon 
monoxide, and a variety of carbonyl compounds that were isolated and traced to the labeled positions. Varia
tions of the yields and radiochemical patterns of the products on addition of sodium hydroxide or zinc chloride 
indicated the nature of the complex consecutive and concurrent reactions involved.

A  v a rie ty  o f  m echanism s h ave been  suggested for  
th e  therm al degradation  o f cellulose and related m odel 
com p ou n d s to  low -m olecu lar-w eigh t p rod u cts .2-5 
T hese  m echanism s are generally based  on  the isolation  
and iden tifica tion  o f the produ cts assum ing th e  form a
tion  o f either free-radica l3 or carbon iu m  ion  interm e
d iates! w ith ou t sufficient evidence. F urtherm ore, th ey  
entail a single pa th w ay  fo r  the form a tion  o f each p rod 
u ct, w h ich  is v ery  u nlikely  under th e  p y ro ly tic  con d i
tions, w hen the m olecu le is ph ysica lly  torn  in to  
p ieces .2 T o  gain further insight in to  the co m 
p lex  nature o f  the p y ro ly tic  transform ations, a sys
tem atic  approach  has been  adapted  in  th is labora
to ry  in v o lv in g  com bination s o f  therm al analysis 
m ethods (d ifferential therm al analysis, th erm ogravi- 
m etric analysis, and d eriva tograph v) and parallel chem 
ica l stu d ies .6-10 T hese investigations h ave show n th at 
h eatin g  o f carboh yd rates results in  transition  o f the 
crysta lline structure, an om erization  o f free  sugar, 
cleavage  o f the g ly cosid ic  b on d , con densation  o f the 
g ly co sy l group , and u ltim ately  degradation  o f th e  m ole
cule th rou gh  acid - and a lkali-cata lyzed  reactions. 
A nalysis o f  the produ cts obta ined  from  th e  pyrolysis 
o f  1 ,6-an h ydro-fi-n -g lu copyranose  (lev og lu cosa n ), b e 
fo re  and a fter treatm en t w ith  zin c ch loride or  sod ium  
hydrox ide , is show n  in T a b le  I .7 T h is  tab le  show s th at 
a d d ition  o f  zin c ch loride  p rom otes the form ation  o f 
char, w ater, and 2-fu ra ldeh yde, w h ich  are th e  expected  
prod u cts  o f  an a cid -ca ta lyzed  d eh ydration  rea ction ,11’12 
w hereas th e  add ition  o f alkali p rom otes the p rod u c
tion  o f low -m olecu lar-w eigh t carbon y l com pou n ds, 
w h ich  m ay b e  accou nted  fo r  b y  b ase-ca ta lyzed  re
arrangem ent and fragm en tation  reactions o f  ca rb oh y 
drates .13

T h ese  data  have been  com bin ed  w ith  the rad ioch em 
ical patterns obta in ed  b y  tracing  th e  in d iv idua l p rod 
ucts to  different segm ents o f  specifically  labeled  sam ples 1 2 3 4 5 6 7 8 9 10 11 12 13

(1) Established through a grant from the Hoerner-Waldorf Corporation 
of Montana.

(2) F. Shafizadeh, A d v a n . C a rb oh yd . C h em ., 23, 419 (1968).
(3) J. B. Berkowitz-Mattuck and T. Noguchi, J .  A p p l .  P o ly m . S c i ., 7 

709 (1963)
(4) G. A. Byrne, D. Gardiner, and F. H. Holmes, J .  A p p l .  C h em ., 16, 81 

(1966).
(5) K. Kato and H. Komorita, A g r . B io l . C h em ., 32 (6), 715 (1968); 

K. Kato, T. Doihara, F. Sakai, and N. Takahashi, S ci. P a p .  C en t. R es . I n s t . ,  
J a p . M o n o p . C o rp ., 108, 361 (1966).

(6) F. Shafizadeh, G. D. McGinnis, R. A. Susott, and II. W. Tatton, 
J . O rg . C h em ., 36, 2813 (1971).

(7) F. Shafizadeh, C. W. Philpot, and N. Ostojic, C a rb oh yd . R es . , 16, 279 
(1971).

(8) F. Shafizadeh and G. D. McGinnis, ib id ., 16, 273 (1971).
(9) F. Shafizadeh, G. D. McGinnis, R. A. Susott, and C. W. Philpot, 

ib id ., 16, 165 (1970).
(10) G. W. Smith and F. Shafizadeh, J . C h em . S oc . B , 908 (1971).
(11) F. H. Newth, A d va n . C a rbohyd . C h em ., 6, 83 (1951).
(12) E. F. L. J. Anet, ib id ., 19, 181 (1964).
(13) R. L. Whistler and J. N. BeMiller, ib id ., 13, 326 (1958).

T able I

Pyrolysis Products of 1,6-Anhydro-)8-d-glucopyranose

Product Neat
— Yield, %-----

-f-ZnCL +  NaOH

Acetaldehyde i . i 0.3 7.3
Furan 1.0 1.3 1.6
Acrolein 1.7 < 0.1 2.6
Methanol 0.3 0.4 0.7
2,3-Butanedione 0.5 0.8 1.6
2-Butenal 0.7 0.2 2.2
1-Hydroxy-2- 

propanone 0.8 < 0.1 1.1
Glyoxal 1.4 < 0.1 4 .9
Acetic acid 1.7 0.7 1.5
2-Furaldehyde 0.9 3.0 0 .4
5-Methyl-2-

furaldehyde 0 .1 0.3
Carbon dioxide 2.9 6.8 5.7
Water 8.7 20.1 14.1
Char 3.9 29.0 16.0
Balance (tar) 74.3 36.8 40.3

of l,6-anhydro-|3-D-glucopyranose-14C  to obtain more  
precise inform ation about mechanism s of pyrolytic  
reactions.

Results and Discussion

Sam ples of l,6 -anhydro-/3-D -glucopyranose-I-14C, -2 - 
UC, and -6 -l i C were prepared from  the corresponding  
labeled D-glucose b y  the standard m eth od14 involving  
alkaline hydrolysis of phenyl /S-D-glucopyranosides. 
T h e products were pyrolyzed w ithout any additive and  
in the presence of 5 %  sodium  hydroxide or 5 %  zinc  
chloride. In  one experiment l,6 -an h ydro-/3 -D -glu copy- 
ranose was prepolym erized in the presence of 5 %  zinc 
chloride before pyrolysis. These experim ents gave  
several sam ples of carbon dioxide, carbon m onoxide, 
and aqueous pyrolysate containing a variety  of car
bonyl com pounds. Sam ples of carbon dioxide were  
converted to barium  carbonate. T h e  carbon m onoxide  
sam ples were oxidized to carbon dioxide b y  iodine pen t- 
oxide15 and also recovered as barium  carbonate. T h e  
carbonyl com pounds present in the pyrolysates were 
converted to  the 2,4-dinitrophenylhydrazone (D N P H )  
derivatives, b y  treatm ent w ith acidic 2,4-din itroph en yl- 
hydrazine, and the resulting D N P H  m ixtures were sep
arated b y  thin layer chrom atography.16 T h e  separa
tion gave sufficient quantities of the D N P H  derivatives  
of 2-furaldehyde, 2,3-butanedione, pyruvaldehyde, 
acetaldehyde, and glyoxal for radio analysis. A ll these  
carbonyl com pounds and som e of the related hydroxy

(14) G. H. Coleman, M eth od s C a rb oh yd . C h em ., 2, 397 (1963).
(15) M. Steinberg, A. Glasner, and E. Levy, A n a l.  C h em ., 34, 1629 

(1962).
(16) G. A. Byrne, J .  C h rom atogr., 20, 528 (1965).
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T a b l e  I I
Specific R adioactivities of 1,6-Anhydro-/3-d- glucopyranose- / - uC'. -S-UC, and -6-uC, 

and T h eir  P yrolysis P roducts in 102 yuCi/MOL
-----Neat'—------------ ■, /--------- -5%  NaOH- -5 %  ZnClr- /•—5% ZnCh, polymerized—'

Compd 1 - " C 2-“ (7 6 - " C 1 - " C 0-14(7 1-14(7 2-i4(7 0-14(7 7—14 (7 2-14(7 0-14 C
l,6-Anhydro/3-D-

glucopyranose 6.08 3.53 5.42 6.08 3.53 5.42 6.08 3.53 5.42 6.08 3.53 5.42
2-Furaldehyde 3.70 3.65 1.94 1.84 3.55 3.97 5.20 3.36 0.90 4.88 3.42 1.17
2,3-Butanedione 1.51 1.93 1.70 1.00 1.09 3.07 3.90 2.02 1.46
Pyruvaldehyde 1.66 0.93 1.04 1.41 1.48 1.67 3.01 1.65 1.61 2.40 1.63 2.06
Acetaldehyde 0.61 1.08 1.96 0.038 1.03 3.00 0.026 0.026 1.62
Glyoxal 0.93 0 .6 8 0.038 1.54 1.70 1.96 1.78 1 .00 1.54 2.17 1.18 1.44
Carbon dioxide 2.08 0.87 0.034 1.90 0.62 0.048 2.65 1.17 0.052 3.03 1 .00 0.53
Carton monoxide 1.28 0.67 0.92 2.32 0.63 0.07 2.22 0.97 0.62 2.88 0 .8 8 0 .6 6

T able  I I I

P ercentage o f  th e  P yrolysis Products T raced to the L abeled C arbons o f  1,6-Anhydro-^-d- glucopyranose

----Neat----- --------- . ✓----------5%  NaOH----------- . ,--------- 5% ZnClî- --------- ' ✓—5% ZnCh, polymerized—•,
Compd 1-14(7 2-i4(7 6 - u C 2-i4(7 ®-»C 0-14(7 2-14(7 2-14(7 0-14(7 2-14(7 2-14(7 0-14(7

2-Furaldehyde 60.8 103.4 35.8 30.2 100.7 73.0 86.0 95.8 16.6 80.3 96.9 21.6
2,3-Butanedione 24.8 54.6 31.3 16.5 31.0 56.5 64.8 57.7 26.9
Pyruvaldehyde 27.3 26.3 19.1 23.3 42.0 30.7 49.7 46.7 29.6 39.5 46.2 38.0
Acetaldehyde 10.1 30.5 36.0 6.3 29.2 55.1 4.4 7.3 29.8
Glyoxal 15.4 19.2 6.9 25.5 48.3 36.0 29.5 28.2 28.2 35.7 33.4 26.6
Car oon dioxide 34.3 24.5 6.3 31.2 17.7 8.9 43.7 33.3 9.5 49.8 28.3 9.8
Caroon monoxide 21.1 18.9 16.8 38.4 18.0 13.7 36.7 27.6 11.4 47.4 24.9 12.2

rivatives h ave been  p rev iou sly  identified  am on g the the first five  carbon s and 7 3 % from  the last. In  the
pyrolysis  p rod u cts  o f  cellu lose and lev og lu cosa n .2-717'18 
T h e  last three b is -D N P H  derivatives cou ld  have also 
been  obta in ed  from  th e  correspon d in g  a -h y d ro x y - 
carbon y l com p ou n d s under th e  em p loyed  experim ental 
con d ition s .16 T h u s, the 2 ,3 -butaned ione b is -D N P H  
m ay  h ave  been  also derived  from  2 -h y d rox y -3 -b u ta - 
none, th e  p y ru v a ld eh y d e  b is -D N P H  from  l-h y d r o x y -2- 
propanone or 2-h yd roxyp ropa n a l, and  the g lyoxa l b is- 
D N P H  from  g lyco la ld éh yde . Q u an tita tive  analysis 
o f  these p rod u cts  carried  ou t b y  gas ch rom atograp h y  
is show n  in T a b le  I.

T h e  specific ra d ioa ctiv ity  o f  th e  labeled  levog lu cosan  
sam ples and th e  isola ted  prod u cts g iven  in  T a b le  I I  
w ere determ ined  b y  th e  standard  liqu id  scin tillation  
and  gel-suspension  cou n tin g  tech n iqu es .19 T h e  radio
ch em ical data  gave th e  percen tage o f each p rod u ct 
orig inating  from  C - l ,  C -2 , and C -6 p osition s o f  the 
sugar m olecu le (see T a b le  I I I ) . T h e  resulting data  on  
rad iochem ical patterns and th e  y ields o f  each prod u ct, 
on  pyrolysis  o f  the an h ydro  sugar under the acid ic, neat, 
alkaline, and prep olym erized  con d itions, w ere used for  
unravelling the nature o f  the reactions in v o lv ed .

2 -F u ra ld eh y d e .— F uran  com p ou n d s are generally  
form ed  from  the acid -ca ta ly zed  d eh ydra tion  o f  ca rb o h y 
drates11'12 and  are n ot v e r y  lik ely  to  in v o lv e  recom bin a 
tions o f th e  sugar fragm ents. O n th is basis 2 -fura lde- 
h yd e  cou ld  h ave  been  d erived  either from  th e  first or 
the last five  carbon s o f  th e  a n h ydro  sugar. T h e  form a 
tion  o f  2-fu ra ldeh yde from  these fragm en ts is con firm ed 
b y  the rad ioch em ica l d a ta  w h ich , w ith in  ± 4 %  experi
m ental error, show  th at in all cases it  con ta in s 100%  
o f C -2 . H ow ever, u n der th e  acid ic con d ition  th is p rod 
u ct originates abou t 86%  from  the first five carbon s and 
1 7 %  from  the last. U n d er the alkaline con d ition  the 
situation  is reversed and  a b ou t 3 0 %  originates from

(17) R. G. Schwenker, Jr., and L. R. Beck, Jr., J .  P o ly m . S e t . ,  P a r t  C , 
(2), 331 (1963).

(18) S. Glassner and A. R. Pierce, III, A n a l. C h em ., 37, 525 (1965).
(19) J. C. Turner, I n t .  J . A p p l .  R a d ia t. I s o to p es , 20, 761 (1969).

absence o f  any add itives th e  results obta in ed  are m ore 
sim ilar to  th e  a c id -ca ta lyzed  rather than  th e  base- 
ca ta lyzed  con d ition .

F orm a tion  o f 2-fu ra ldeh yde from  C - l  to  C -5  is con 
sistent w ith  th e  acid -ca ta lyzed  degradation  p a th w ay  
o f carboh ydrates in v o lv in g  th e  con version  o f th e  enolic 
form s o f  in term ediate 3 -deoxyg lycosu loses  to  furan 
com p ou n d s .12 I t  is also con sistent w ith  th e  observa 
tions o f  K a to  and cow ork ers ,5 w h o h ave identified  3- 
deoxyg lycosu loses am on g the p yro lysis  p rod u cts  o f  cellu 
lose, D-glucose, b -fru ctose , and  D -xylose and h ave  show n  
th at 5 -(h y d rox y m eth y l)-2 -fu ra ld eh y d e  cou ld  form  2- 
fura ldehyde. T h e  3 -deoxyg lycosu loses are p rod u ced  
b y  a general acid - and a lka li-ca ta lyzed  reaction  o f car
b oh y d ra tes .12'13’20 T h e y  are even  form ed  during the 
processing and storage o f f o o d .21-23

C onsidering th at cleavage o f th e  g ly cosid ic  b on d , 
reversib le polym erization , and  open in g  o f th e  ring stru c
tu re  cou ld  readily  take p lace under th e  p y ro ly tic  con d i
tion s ,6 the reaction s in  S ch em e I  a ccou n t fo r  th e  form a
tion  o f  2-fu ra ldeh yde fr o m  C - l  to  C -5  o f  l , 6-anhydro-/J- 
D -glucopyranose. A cco rd in g  t o  th is schem e, 2 -fura lde
h y d e  m ay  be  form ed  either d irectly  from  1 ,6-a n h y d ro - 
/3-D-glucopyrar.ose or  from  its po lym eriza tion  prod u ct. 
S ince it is k n ow n  th at the a n h ydro  sugar is readily  
po lym erized  on  h eatin g  in  presence o f  an acid ic  cata
lyst7'2426 and th e  p o lym eric  m aterial p rov id es  th e  sam e 
p ro d u ct and  iso top ic  pattern  as th e  an h ydro  sugar, the 
latter p ossib ility  ca n n ot be  ignored.

T h e  com petin g  pa th w ay  w h ich  is th e  m ain  sou rce o f
2-fu ra ldeh yde under th e  alkaline con d ition  is related

(20) J. C. Speck, Jr., A d v a n . C a rb oh yd . C h em ., 13, 63 (1958).
(21) A. A. El-Dash and J. E. Hodge, C a rb oh yd . R es ., 18, 259 (1971).
(22) H. Kato and Y. Sakurai, N ip p o n  N o g e ik a g a k u  K a is h i , 38, 536 

(1964); A g r . B io l . C h em ., 28, No. 12, A46 (1964).
(23) S. Oka, A g r . B io l .  C h em ., 33, 554 (1969).
(24) M. L. Wolfrom, A. Thompson, and R. B. Ward, J . A m e r . C h em . S o e .,  

81, 4623 (1959).
(25) J. da S. Carvalho, W. Prins, and C. Schuerch, ib id ., 81, 4054 (1959).
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to  the ob serva tion  o f G ard iner ,26 w h o has isolated  2- 
fu ry l h yd rox ym eth y l ketone from  the p yrolysis  o f  cellu 
lose, 3 ,6-anhydro-D -gludose, and o th er sugars. In  
this pa th w ay  (Schem e I I ) ,  form ation  o f the 3 ,6 -anh ydro
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(26) D. Gardiner, J . C h em . S oc. C , 1473 (1966).

ring leads to  p rodu ction  o f 2-fu ry l h y d rox ym eth y l ke
ton e, w h ich  on  degradation  gives 2-fu ra ld eh yd e  from  
th e  C -2- C -6 fra ction  o f the original com p ou n d .

S ince, as show n  in T a b le  I, th e  yield  o f  2 -fura ldehyde 
is substantia lly  increased in  th e  presence o f  z in c ch loride 
and redu ced  w ith  add ition  o f  sod iu m  h ydrox id e , it  cou ld  
be  surm ised th at th e  form er pa th w ay  is enhanced  b y  
acid ic  con d ition s, w hereas th e  la tter pa th w ay  is n ot 
p rom oted  b y  alkali and m erely  becom es dom in an t b e 
cause th e  com petin g  m echanism  is h indered.

T h e  tw o  com petin g  path w ays even  ap p ly  to  aqueous 
reactions, because m inor quantities o f  2-fu ry l h y d ro x y 
m eth y l k etone have been  obta in ed  from  th e  treatm en t 
o f  sucrose and D -fructose w ith  aqueous acid, w h ich  
results m ain ly  in  the form a tion  o f 5 -(h y d ro x y m e th y l)-
2 -fu ra ld eh yd e .27 A lth ou gh  th e  form a tion  o f  furan  
derivatives is ca ta lyzed  b y  acids, the 3-d e o x y  precursor, 
as n oted  b e fore , is p rod u ced  under b o th  acid ic and  a lka
line con d ition s .12 20 U n der th e  alkaline con d ition , 
h ow ever, it m ore readily  undergoes dea ldolization  and 
oth er degradation  reactions.

2 ,3 -B u ta n e d io n e .— T h is com p ou n d  also fo llow s th e  
pattern  show n  b y  2 -fura ldehyde. U n der th e  acid ic  
con d ition  it  is d erived  m ain ly  from  C - l  (6 5 % ) and  
under th e  alkaline con d ition  m ain ly  fro m  th e  C -6 
(5 6 % ). H ow ever, in  con trast to  2 -fu ra ld eh yd e  th e  
rad ioch em ica l d a ta  in d icate  som e fragm en t recom b in a 
tion  w h ich  in  th is case is qu ite  feasib le  and  m a y  b e

(27) R. E. Miller and S. M. Cantor, J . A m e r . C h em . S o c ., 74 5236 (1952).
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due to  a ld o l con densation  or  com b in a tion  o f  C H 3C O - 
free rad ica ls .2’3 I f  n o  fragm en t recom bin ation  had 
occurred , all o f  the p rod u ct shou ld  have been  derived  
from  C - l - C - 4  (2 5 % ), C -2 -C -5  (3 0 % ), and C -3 -C -6  
(3 1 % ). T h is  leads to  a d iscrepan cy  o f a b cu t 14 % , 
w hich  m ust be  a ccou n ted  fo r  b y  th e  recom bin ation  o f 
n on rad ioactive  carbon  fragm ents from  C -3 to  C -5.

T h e  sam e log ic  also applies to  the rad iochem ical data  
obta ined  under th e  alkaline and acid ic cond itions. 
R ecom b in a tion  o f free  radical fragm ents is also sup
ported  b y  d etection  o f  esr signals and investigations o f 
H eyn s and K lie r ,28 w h o  h ave show n  th at pyrolysis o f  
g lycera ldehyde gives aceta ldehyde and 2 ,3 -butaned ione 
as the first and secon d  largest produ cts . H ow ever, 
these authors also have show n  th at 2 ,3 -butaned ione is 
th e  m a jor pyrolysis p rod u ct o f  D-erythrose and the 
radiochem ical patterns sh ow  a h igh  degree o f  specificity  
rather than  random ness expected  from  extensive frag
m ent recom bination . T h erefore , it seem s v ery  likely  
th at the observed  patterns result from  th e  break dow n  
o f the sugar m oiety  in to  a fou r-ca rb on  fragm ent.

Schem e I I I  show s cleavage o f the sugar m olecule 
under alkaline con d ition  to  D-erythrose th at is con verted
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d irectly  or in d irectly  in to  2 ,3 -butaned ione and other 
prod u cts. T h e  d irect con version  should  in v o lv e  inter- 
m olecular d isproportion ation  o f the a ldotetrose. A c 
cord ing to  S chem e I I I  th e  a n h ydro  ring is first opened  
and the resulting D-glucose m oiety  th en  breaks dow n

(28) K. Heyns and M. Klier, C a rbohyd . R es ., 6, 436 (1968).

to  th e  enolic fo rm  o f  g lyco la ld éh yde  and D -erythrose. 
O pen ing o f the an hydro ring con form s w ith  th e  estab
lished alkaline h ydrolysis o f  the g ly cosid ic  b on d  at high 
tem peratures ,29 b u t under p y ro ly tic  con d itions it is 
accom pan ied  b y  degradation  o f th e  m olecule. F ur
ther tran sform ation  o f g ly co la ld éh yde  and D-erythrose 
g ives g lyoxa l from  C - l - C -2 and 2 ,3 -butanedione, 1- 
h y d ro x y -2-propan on e (isolated  as p y ru va ld eh yd e), 
and aceta ldehyde carry in g  the C -6 label.

Pyruvaldehyde.— A ssum ing th at p y ru v a ld eh y d e  and
l-h y d r o x y -2-p ropan on e are form ed  on ly  th rou gh  pri
m ary  fragm en tation  o f th e  sugar, the results g iven  
in  T a b le  I I I  cou ld  be further an a lyzed  to  sh ow  th e  con 
tr ib u tion  o f th e  cen tra l fragm en t C -3 -C -5  w h ich  
am ou n ts to  5 4 %  for  u ncata lyzed , 2 8 %  for  th e  alkali, 
and  2 0 %  for  th e  acid -ca ta lyzed  con d itions. T h is  in 
d icates th at p y ru v a ld eh y d e  is derived  m ain ly  from  
C -3 -C -5  under the u n cata lyzed  con d ition  and  from  
C - l - C - 3  and C -4 -C -6  under th e  acid ic  con d ition . 
U n der the alkali con d ition  it is form ed  in a m ore random  
fash ion  from  C - l -C -3 ,  C -2 -C -4 , C -3 -C -5 , and C -4 -C -6 .

T h e  rad iochem ical pattern  o f  p y ru v a ld eh y d e  under 
the acid ic con d ition  m ay be a ttribu ted  to  the degrada
tion  o f 3-deoxy-D-e?*2/f/iro-hexosulose. A s seen in 
Schem e I , this com p ou n d  cou ld  break  to  pyru va ld eh yd e  
and  g lycera ldehyde, w h ich  is fu rth er p y ro ly ze d  to  
pyru va ld eh yd e , aceta ldehyde, and  2 ,3 -butaned ione 
carry in g  th e  C -6 label.

T h e  sam e reactions cou ld  take p lace  under th e  alka
line con d ition . H ow ever, in  these cases th e  D-glucose 
m oiety  form ed  a fter open in g  o f th e  a n h ydro  ring cou ld  
also break  dow n  throu gh  S chem e I I I  or m ore ran d om ly  
throu gh  dealdolization  (Schem e I V ) , to  g ive  three

CHO
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carbon  fragm ents w h ich  are read ily  rearranged to  
p yru valdeh yde.

Acetaldehyde.— T h is com p ou n d  is form ed  h eav ily  
from  C -6 and  lig h tly  from  C - l .  U n der th e  alkaline 
con d ition  m ore than  h a lf (5 5 % ) o f th e  aceta ldehyde 
con ta in s the term inal carbon  a tom  o f th e  anhydro 
sugar. T h e  h igh  rad ioch em ica l y ields o f  aceta ldehyde 
from  C -6 under acid ic, neat, and alkaline con d ition s

(29) Elizabeth Dryselius, B. Lindberg, and O. Theander, A cta  C h em . 
S ca n d ., 12, 340 (1958); A. Dyfverman and B. Lindberg, ib id ., 4, 879 (1950).
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an d  its partia l form a tion  from  C -2 under the last tw o 
con d ition s  are con sistent w ith  the therm al degradation  
path w ays presented  b y  Schem es I  and I I I .

Glyoxal.— T h e  rad ioch em ica l data  in d icate  th at g ly - 
oxa l and  its precursor, g ly co la ld éh yde , are derived  
fro m  all the position s, a lthough  under the alkaline 
and acid ic  con d ition s  th e  term inal carbon s are m ore 
fa vored . Schem es I , I I I  and I V  sh ow  h ow  these co m 
pou n d s cou ld  b e  form ed  from  the different fragm ents.

I t  shou ld  be  n oted  th at the y ields o f  aceta ldeh yde, 
g lyoxa l, and  l-h y d r o x y -2-p ropan on e are substantia lly  
increased  w ith  the add ition  o f sod ium  h y d ro x id e .7 T h e  
increased form ation  o f these carbon y l com p ou n d s under 
alkaline con d ition  stron gly  confirm s the p rop osed  de- 
a ldolization  m echanism s, w h ich  h ave m an y cou n ter
parts am on g the norm al alkaline degradation  reaction  
o f ca rb oh yd ra tes .13'20

Carbon Dioxide.— T h is  com p ou n d  originates m ain ly  
from  C - l  and  C -2  position s in all cases. H ow ever, 
the specific ity  is h ighest under acid  con d ition  and low est 
under alkali con d ition .

F orm a tion  o f carbon  d iox ide from  C - l  m ay be  at
tribu ted  to  the b en zy lic  acid  rearrangem ent o f  the 3- 
deoxy-D-eryi/w ’o-hexosulose and p yru va ld eh yd e  to  3- 
deoxy-D -hexon ic acids (m etasaccharin ic acid ) and  lactic  
acid  fo llow ed  b y  d ecarboxy lation . H ow ever, since 
rela tive ly  large quantities o f  carbon  d iox ide  are form ed 
from  b o th  acid  and alkaline con d ition s and  the reaction  
takes p lace even  under m ild  p y ro ly tic  con d ition s w ith  
cellu lose2 and oth er carboh ydrates, including D-glu- 
cose ,30 it seem s that a m ore d irect pa th w ay  shou ld  be  
in vo lved . A  d eh ydration  and reh ydration  rearrange
m ent at C - l  and  C -2 o f  th e  original sugar and decar
b ox y la tion  o f the p rod u ct accord in g  to  S chem e V  cou ld

Scheme V

CHO c = o
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readily  a ccou n t fo r  the carbon  d ioxide form ation . T his 
arrangem ent p roceeds throu gh  a ketene interm ediate 
to  fo rm  a ca rb oxy lic  acid  that is d ecarboxy la ted  under 
the p y ro ly tic  con d itions. A lth ou gh  to  ou r k now ledge 
there is n o  k n ow n  preceden t for  this reaction  w ith  car
boh ydrates, the form a tion  o f ketenes from  carbon y l 
com pou n ds under the p y ro ly tic  con d ition s is w ell 
k n o w n .31

V arious aldehydes, particu larly  aceta ldehyde, cou ld  
also form  carboxy lic  acids and  prim ary  a lcohols th rou gh  
in term olecu lar d isp roportion ation  in v o lv in g  a h ydride  
sh ift. F orm ation  o f m ethanol and  acetic acid  show n  
in T a b le  I  and eryth ritol postu lated  in  Schem e I I I  con 
firm  this hypothesis.

Carbon Monoxide.— T h e  rad ioch em ica l patterns o b 
ta ined  fo r  ca rb on  m on ox id e  are v e ry  sim ilar to  those 
o f  carbon  d iox ide. T h e  re la tive ly  h eavier form ation  
o f  th is com p ou n d  from  C - l  and C -2 is consistent w ith  
the p rop osed  schem es in  w h ich  carbon  m on ox id e  is

(30) Y. Houminer and S. Patai, T etrah ed ron  L ett., 1297 (1967).
(31) J. W. Williams and C. D. Hurd, J . O rg. C h em ., 5, 122 (1940).

derived  b y  d ecarbon y la tion  o f  the v a riou s  a ld eh yd es32'33 
and decom p osition  o f form aldeh yde, under the p y r o ly t ic  
co n d itio n s .34

T h e  ca rb ox y lic  acids derived  from  the rearrangem ent 
or d isproportion ation  reactions cou ld  also p rov id e  car
b o n  m on ox id e  th rou gh  d eca rb on y la tion .35'36 F orm a
tion  o f b o th  carbon  d iox ide and ca rb on  m on ox id e  from  
C - l  o f  th e  a ldehydes is further con firm ed  b y  th e  close ly  
sim ilar iso top ic  patterns th at h ave been  ob ta in ed  fo r  
the tw o  com pou n ds.

T h e  a b ov e  schem es b y  n o  m eans represent all the 
reactions w hich  take place on  p yrolysis  o f  ca rb o h y 
drates. H ow ever, th ey  clearly  in d icate  the n ature and 
m echanism  o f  the reactions in v o lv e d  and  lead  to  the 
fo llow in g  general conclusions.

P yrolysis  o f  carboh ydrates n o t on ly  p rov id es  a varie ty  
o f p rod u cts  b u t also leads to  th e  fo rm a tion  o f the in 
d iv idu a l produ cts  from  different position s o f  the sugar 
m olecule, throu gh  com petin g  path w ays w h ich  fall short 
o f  com plete  random ization .

W ith in  each  p ath w ay  the in d iv idu a l tran sform ation s 
are rem arkably  sim ilar to  k n ow n  aqu eous reactions, 
especia lly  the acid - and a lk a li-ca ta lyzed  degradation  
o f carboh ydrates, b u t the produ cts form ed  b y  the co m 
bin ation  o f  these reactions are further ra n dom ized  b y  
d ecarboxy la tion , decarbon y lation , d isp roportion ation , 
and oth er m olecular rearrangem ents w h ich  are m ore 
preva len t at high tem peratures.

In the absence of solvent the compelling forces for 
molecular rearrangements are provided more by an 
overabundance of energy than by the normal inter- 
molecular and ionic interactions. Thermal anomeriza- 
tion of a-D-xylose, which proceeds as the crystalline 
material is melted,6 clearly shows this point. A  variety 
of ionic and solvent interactions have been proposed 
for cleavage of the cyclic structure in solution which 
are not applicable to the molten state.37

T h e  com petin g  path w ays are con tro lled  b y  ion ic  
species present and the statistica l possib ility  fo r  th e  
first p o in t o f  attack  or  cleavage w ith in  th e  g ly co sy l 
unit. U n der the acid ic con d itions the m olecu le  or its 
po lym eriza tion  p rod u ct degrades b y  elim inations o f  
various b on d s and h y d rox y l groups y ie ld in g  substantia l 
am ounts o f  w ater and char (see T a b le  I ) . U n d er th e  
alkaline con d itions cleavage o f the an hydro  ring and 
break dow n  o f th e  sugar m ainly  th rou gh  reverse a ldoliza - 
tion  gives a varie ty  o f  carbon y l com pou n ds. T h ere  is 
n o  clear line o f  dem arcation  betw een  the tw o  ty p es  o f  
path w ays and b o th  o f them  take place in  th e  absence o f 
additives. T h e  pattern  fo r  pyro lysis  o f  th e  n eat su b 
strate, h ow ever, is closer to  th e  acid ic con d itions, p re
su m ably  due to  the form ation  o f ca rb oxy lic  acids.

Since the above reactions are of a general nature, 
the pyrolysis products of homologous carbohydrate 
compounds like cellulose, starch, l,6-anhydro-/3-D-glu- 
cose, D-glucosides, and D-glucose should be similar. 
There is a considerable amount of experimental support 
for this conclusion,2'7'18 although it does not jibe with

(32) H. Burkett, W. M. Schubert, F. Schultz, R. B. Murphy, and R. 
Talbott, J . A m e r .  C h em . S o c ., 81, 3923 (1959).

(33) J. F. Bunnett, J. H. Miles, and K. V. Nahabedian, ib id ., 83, 2512 
(1961).

(34) A. R. Hall, J. C. McCoubrey, and H. G. Wolfhard, C om b u st. F la m e , 
1, 53 (1957).

(35) E. O. Wilg, J . A m e r . C h em . S o c ., 52, 4729 (1930).
(36) G. A. Ropp, ib id ., 82, 842 (1960).
(37) H. S. Isbell and W. Pigman, A d v a n . C a rb oh yd . C h em ., 24, 13 (1969).
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Figure 1.— The esr signals of l,6-anhydro-/3-D-gluccpyranose 
treated with 5%  sodium hydroxide and pyrolyzed at different 
temperatures.

Figure 2.—The esr signals of l,6-anhydro-/3-D-glucopyranose 
treated with 5%  zinc chloride and pyrolyzed under different 
conditions.

all th e  d a ta  reported  b y  H eyn s and  K lie r .28 D e v e lo p 
m en t o f  a lm ost the sam e p rod u cts7 and iso top ic  p a t
terns from  the an hydro sugar and its p o lym erization  
prod u ct in  th e  presence o f  zin c ch loride also confirm s 
this conclusion .

O ther than  th e  ion ic  reactions, h o m o ly t ic  cleavage 
also p lays a significant role in the p y ro ly tic  degradation . 
H ow ever, th e  signals d etected  b y  esr sp ectroscop y  (see 
F igures 1 and 2) are m ain ly  associated  w ith  the stable 
carbon aciou s residue, rather than  transient free radical 
interm ediates. Som e aspects o f  th e  free radical form a
tions an d  the kinetics o f  the p y ro ly tic  reactions w ill be  
discussed in a fo llow in g  report. T h e  su b jects  th at are 
currently under investigation  shou ld  also shed som e 
light on  th e  significance o f  levog lu cosan  as a m odel com 
pou nd  for  therm al degradation  o f starch  and  cellu lose 
and p rov id e  a com parison  betw een  the p y ro ly tic  re
actions and  field  ion iza tion  w hich  takes p lace on  mass 
sp ectroscop y .

E xperim en ta l S ection

Preparation of Samples.— l,6-Anhydro-/3-D-glucopyranose 
labeled at positions 1, 2, or 6 was prepared by standard methods14 
from commercially available D-glucose-7-14C, -2-u C, and -6-u C 
diluted with non radioactive materials (5 g). Small portions of 
the product were dissolved in methanol and mixed with calculated 
amounts of a solution of sodium hydroxide in methanol or zinc 
chloride in tetrahydrofuran. The solvents were then removed 
under vacuum at 50° to give samples of 1,6-anhydro-j8-D-gluco- 
pyranose containing 5%  sodium hydroxide or zinc chloride. The 
dried materials were kept under anhydrous condition.

Polymerization of the anhydro sugars containing 5%  zinc 
chloride was carried out by heating 100-mg portions at 150° for 
30 min in ampoules sealed under a nitrogen atmosphere.25 
Examination of nonradioactive samples showed the presence of 
30% of a polymer which precipitated from 85% ethyl alcohol and 
the absence of any monomeric material that could be detected by 
tic. Tne entire sample of the polymerized radioactive material 
in each ampoule was used for the pyrolysis experiments.

Pyrolysis.—Samples of treated and untreated 14C-labeled 1,6- 
anhydro-0-D-glucopyranose (100 mg) were placed in small vials 
which were introduced into the pyrolysis apparatus consisting 
of a modified Sargent microcombustion unit attached to a series 
of receptacles. The system was thoroughly flushed with nitrogen 
and the sample was pyrolyzed by heating for 8 min at 600°. 
The pyrolysis products were swept through the system for 3 hr 
with a gentle stream of nitrogen. The pyrolysate containing car
bonyl compounds was condensed in a small flask cooled in a Dry

Ice-acetone bath. The carbon dioxide was recovered as barium 
carbonate in traps containing barium hydroxide solution.38 The 
carbon monoxide remaining in the stream was dried by passing 
through drying tubes (CaCfi and P20 5), oxidized with iodine 
pentoxide,16 and collected as barium carbonate in the last traps.

Isolation of the Pyrolysis Products.— The pyrolysate condensed 
in the cooled flask was combined with washings from the adjoin
ing tubes (5 ml) and treated at room temperature with 10 ml of 
a saturated solution of 2,4-dinitrophenylhydrazine in 2 N HC139 
for 18 hr. The precipitate of mixed DNPH derivatives was 
filtered, washed with water, and dried, yield 12 mg. The mixture 
was dissolved in 6 ml of chloroform, and 1-ml portions of the 
solution were placed as a line on Baker-flex silica gel IB-F tic 
sheet and were developed in three stages with benzene. This 
gave six major zones in addition to the original strip. The top 
five zones from chromatograms were collected and extracted with 
chloroform. The extract was concentrated and rechromato
graphed, and the developed zones were processed to provide the 
compounds listed In Table IV .40-42

Radiochemical Assay.— The samples were counted with the 
Tri-Carb liquid scintillation spectrometer model 314 E operated 
at 6° using a scintillation mixture (Permablend I consisting of 
91% PPO and 9%  Dimethyl POPOP) produced by Packard 
Instrument Co. Before counting, the samples were stored in the 
counter for 20 min to eliminate the effect of light. Duplicate 
samples were counted five times, each time for 10 min to reduce 
the random counting error to less than 2% .

Samples of 14C-labeled l,6-anhydro-0-D-glucopyranose (1 mg) 
were weighed in a scintillation vial and dissolved in 10 ml of a 
toluene-methanol mixture (8 :2) containing 0.4% of Permablend 
I. The solutions were counted using toluene-l4C as a reference, 
with the counting efficiency of 61.76%.

The gel-suspension technique19 was employed for counting the 
samples of barium carbonate and DNPH derivatives absorbed 
on tic silica gel. The barium carbonate sample (~ 0 .5  mg) and 
400 mg of Cab-O-Sil gel forming reagent were weighed in a 
scintillation vial. The mixture was shaken with 10 ml of toluene 
containing 1% of Permablend I to form a gel. The gel was 
counted using standard 14C-labeled barium carbonate as a 
reference, with the counting efficiency of 40.2%.

The DNPH derivatives absorbed on silica were collected from 
tic zones and homogenized. A sample of the homogenized ma
terial (0.2 g) was extracted with 25 ml of chloroform and the 
solution was used for determining the concentration of the DNPH 
derivative by uv spectroscopy. Another sample of the silica 
powder containing a DNPH derivative (300 mg) was used for 
preparation of the gel suspension as before. The DNPH deriva- 38 39 40 41 42

(38) F. Eisenberg, Jr., J .  A m e r .  C h em . S o c ., 76, 5152 (1954).
(39) H. A. Iddles and C. E. Jackson, A n a l. C h em ., 6, 454 (1934).
(40) L. A. Jones, J. C. Holmes, and R. B. Seligman, ibid., 28, 191 (1956).
(41) H. H. Strain J . A m e r . C h em . S o c ., 57, 758 (1935).
(42) M. L. Wolfrom and G. P. Arsenault, A n a l.  C h em ., 32, 693 (1960).
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T able  IY
P hysical P roperties of 2,4-D initrophenylhydrazone D erivatives  I solated from the P yrolysis P roducts

,------------------------------------Found---------------------------—------■ -----------------------------Literature'— --------- —
,---------Uv (CHCli)--------- * -------Uv (CHCls)-------

Rih Mp, °C Iniai. ITifia e X 10-* Mp, °C Imax, é X 10-« Ref

2-Furaldehyde 0.32 222-224 388* 2.90 225 386 2.65 40
2,3-Butanedione (bis) 0.16 312-314 394*, 442 2.92 314-315 41
Pyruvaldehyde (bis) 0.11 298-301 394*, 444 3.81 299-300 41

304-305 42
Acetaldehyde 0.30 164-165 354* 2.22 167 354 2.22 40
Glyoxal (bis) 0.07 330-333 390, 445* 2.42 326-328 41

336-338 42
a Starred wavelengths denote major maxima. b In benzene.

tives produced a strong quenching effect on scintillation that 
was measured by using 14C-labeled toluene as an internal standard. 
The counting efficiency varied within the range of 10-30% ac
cording to the sample and concentration.

Esr Spectroscopy.— Samples of the anhydro sugar (1 part) 
were mixed with ground glass.(9 parts) and ground together 
thoroughly to ensure uniform mixing. The ground samples 
(4-7 mg) were accurately weighed into a 2-mm capillary tube. 
The tube was placed into the cavity of a Varian E-3 esr spectrom
eter heated with a specially designed variable-temperature 
accessory.

R eg istry  N o .— l,6-Anhydro-/3-D-glucopyranose, 498-
07-7.

A ck n ow led g m en ts .— T h e  authors are p leased  to  a c
k n ow ledge  th e  assistance o f  D rs . S. L . J indal and R . A . 
S u sott in  preparation  o f th e  14C -labe led  1 ,6 -anh ydro-/?- 
D -glucose sam ples and  esr studies, resp ective ly . T h e y  
also thank the U . S. P u b lic  H ea lth  S erv ice , F o o d  and 
D ru g  A dm in istra tion  for  G ra n t N o . F D -0 0 0 3 6  in 
su p p ort o f  th is w ork .

Studies on the Vilsmeier-Haack Reaction. IV.1 Convenient Synthesis of 
2,2'-Anhydro-l-/3-i)-arabinofuranosylcytosine (2,2'-Cyclocytidine) and Its Derivatives2
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A carcinostatic nucleoside, 2,2'-anhydro-l-d-D-arabinofuranosylcytosine (2,2'-cyelocytidine) (5), was prepared 
in a yield of 55% by treatment of cytidine (4) with Vilsmeier-Haack reagent 1 or 2. o'-Chloro-5'-deoxy-2,2'- 
anhydro-l-/S-D-arabinofuranosylcytosine (6) and 2',5'-dichloro-2',5'-dideoxycytidine (7) were also prepared by 
prolonged treatment of 4 with 1. Treatment of 5 and 6 with mild alkali gave l-/3-D-arabinofuranosylcytosine (9) 
and 5'-chloro-5t-deoxy-l-0-D-arabinofuranosylcytosine (10), respectively, whereas treatment of either of 6 and 7 
with strong alkali gave 2',5'-anhydro-l-/S-D-arabmofuranosyleytosine (11).

2 ,2 '-A n h yd ro -l-/3 -D -arab in o fu ran osylcy tosm e (2 ,2 '-  
cy c lo cy t id in e ) (5) has b een  show n to  be  an in term e
d ia te3-5 fo r  th e  synthesis o f  a  carcin ostatic n ucleoside,
1-d -D -arabinofuranosylcytosine (9 ),6 an d  b y  itse lf a  p o 
ten t carcin osta tic  a g e n t .7 l-/?-D -A rabi n ofu ranosyl- 
cy tos in e  (9) has b een  synthesized  b y  several procedures, 
such  as (a) from  cy tid in e  via 2 ,2 '-a n h y d ro  in term edi
a tes ,8'8’9 (b ) from  1-d-D -arabinofuranosyluracil, 10 o r  (c) 
from  th e  appropriate  sugars,11-13 b u t m ost o f  these in -

(1) Part III: K. Kikugawa, M. Ichino, and T. Kawashima, Chem .
P h a rm . B u ll ., 19, 2466 (1971).

(2) (a) A preliminary account of part of this work has appeared in K.
Kikugawa and M. Ichino, T etra h ed ron  L ett., 867 (1970). (b) This paper was
presented at the 91th Annual Meeting of the Pharmaceutical Society of 
Japan, April 8, 1971, Fukuoka, Japan, (c) The commonly applied term 
“2,2'-cyclocy tidine’’ has been retained in the title for the convenience of 
“key word index” users.

(3) E. R. Walwick, W. K. Roberts, and C. A. Dekker, P r o c .  C h em . S oc ., 
84 (1959).

(4) I. L. Doerr and J. J. Fox, J . O rg. C h em ., 32, 1465 (1967).
(5) W. V. Ruyle and T. Y. Shen, J . M ed . C h em ., 10, 331 (1967).
(6) S. S. Cohen, “Progress in Nucleic Acid Research and Molecular Bi

ology.” Vol. V, J. N. Davidson and W. E. Cohn, Ed., Academic Press, New 
York, N. Y., 1966, p 1.

(7) A. Hoshi, F. Kanzawa, K. Kuretani, M. Saneyoshi, and Y. Arai, 
G an n , 62, 145 (1971).

(8) W. K. Roberts and C. A. Dekker, J. O rg. C h em ., 32, 816 (1967).
(9) H. P. M. Fromageot and C. B. Reese, T etra h ed ron  L e tt ., 3499 (1966).
(10) J. S. Evans, E. A. Musser, G. D. Mengel, K. R. Forsblad, and J. H. 

Hunter, P r o c .  S o c . E x p .  B io l .  M e d ., 106, 350 (1961).
(11) T. Y. Shen, H. M. Lewis, and W. V. Ruyle, J . O rg. C h em ., 30, 835

(1965).

v o lv e  ted iou s  steps. R ecen tly , 5 an d  9 w ere success
fu lly  syn th esized 14 d irectly  from  4 b y  use o f  a  p artia lly  
h y d ro ly zed  phosphorus o x y ch lo r id e .15 W e  w ish t o  re 
port an  im p roved  m eth od  to  prepare 5, 9, an d  th e ir  d e 
r iva tives.

iV,N '- D im eth yIform am ide (D M F ) com b in es  w ith  
inorgan ic a c id  halides to  fo rm  a ctive  reagen ts (V ils
m e ier-H a a ck  reagents) ,16-18 w h ich  are usefu l as fo rm v l- 
ating, halogen atin g , and  d eh ydroxy la tin g  a g en ts .19 
T hu s, phosphoru s oxych lor id e  an d  th ion y l ch loride  re 
act w ith  D M F  to  form  th e  com p lex  l 18 an d  th e  c o m 
p lex  2 ,17 resp ective ly  (S chem e I ) .  T h e  la tter  m ay  b e  
con v erted  in to  th e  crystalline com p lex  3 b y  rem ov a l o f  
sulfur d io x id e ,17 an d  3 re -form s 2 on  a dd ition  o f su lfur 
d io x id e .20 T h e  reaction  o f  n u cleosides w ith  th e  co m -

(12) B. Shimizu and F. Shimizu, C h em . P h a rm . B u ll, 18, 1060 (1970).
(13) L. E. Orgel and R. A. Sanchez {C h em . E n g . N ew s , Oct 6, 1969) syn

thesized 9 with a plausible prebiosynthetic route.
(14) T. Kanai, T. Kojima, O. Maruyama, and M. Ichino, C h em . P h a r m .  

B u ll ., 18, 2569 (1970).
(15) Y. Furukawa and M. Honjo, ib id ., 16, 2286 (1968).
(16) A. Vilsmeier and A. Haack, C h em . B e r ., 60, 119 (1927).
(17) H. H. Bosshard, R. Mory, M. Schmid, and H. Zollinger, H elv . C h im . 

A cta , 42, 1653 (1959).
(18) H. H. Bosshard and H. Zollinger, ib id ., 42, 1659 (1959).
(19) L. F. Fieser and M. Fieser, “Reagents for Organic Synthesis,” Wiley, 

New York, N. Y., 1967, p 284.
(20) K. Kikugawa and T. Kawashima, C h em . P h a rm . B u ll ., 19, 2627 

(1971).
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plex 3 have been  stud ied  b y  several researchers, a fford 
ing nucleosides ch lorinated  at the base21 or the sugar 
m o ie ty .22 T h is tim e, w e stud ied  the reaction  o f  1 o r  2 
w ith  cytid in e (4) and ob ta in ed  the an hydro n ucleoside 
5 and its derivatives, 6 and 7.

C ytid in e  (4) w as trea ted  w ith  the com plex  1 in D M F  
at room  tem perature fo r  3 hr and  th en  th e  m ixture w as 
treated  w ith  w ater. P aper ch rom atograp h y  show ed  a 
m ajor spot correspon d in g  to  the an hydro nucleoside 5. 
I t  w as isolated as a form ate  5a an d  th en  con v erted  to  a 
hydroch loride 5b (y ie ld  5 5 % ) b y  use o f  ion  sxchange 
colum n chrom atograph ies. T h e  p rod u ct 5b w as iden 
tified as 2 ,2 ,-an h ydro-l-/3 -D -arab in ofu ran osylcytosin e 
h ydroch loride  b y  com parison  o f the p h ysiccch em ica l 
properties w ith  th ose  o f  th e  au th entic sam ple .3-5

W h  en 5b w as h y d ro ly zed  w ith  am m onia, 9 w as o b 
ta ined  qu an tita tive ly . T h e  y ie ld  o f  9 from  4 can  be 
increased to  6 0 %  b y  om ittin g  th e  isolation  o f che in ter
m ediate 5. T hu s, th is p rocedu re con stitu tes a sim ple 
m eth od  to  synthesize 1- 8-n -arab in ofu ran osy lcytosin e
(9) in  con trast to  o th er com p lica ted  m ethods.

T reatm en t o f  cy tid in e  (4) w ith  1 w as p erform ed  at 
room  tem perature for  24 hr (S chem e I I ) .  P aper ch ro
m atograph y  show ed an oth er sp ot h avin g  an R t  va lu e 
larger th an  th a t o f 5. T h e  new  p rod u ct (6) w as iso
lated  from  th e  aqu eous reaction  m ixture in a y ie ld  o f 
6 5 %  b y  use o f  successive ca tion  and  anion  exch ange 
colum ns. T h e  p rod u ct (6) w as identified  as th e  5 '-  
ch lo ro -5 '-d e o x y  derivative  o f th e  an hydro nucleoside 5. 
I t  is k n ow n  th at th e  5 '-h y d ro x y l fu n ction  o f nucleosides 
can  be readily  rep laced  b y  h a logen  a tom s .22'23 T re a t
m ent o f  6 w ith  m ild  alkali gave a m on och lorinated  1-/3- 
D -arabinofuranosylcytosine (10), w h ich  cou ld  be  fu r
ther con v erted  in to  th e  com p ou n d  11 b y  trea tm en t w ith  
strong alkali. E lem en ta l analysis and u ltraviolet ab 
sorp tion  spectrum  su ggested  th at 11 w as 2 , ,5 /-an h y d ro - 
p en tofu ran osy lcytosin e . T h e  com p ou n d  11  cou ld  be 
con verted  in to  th e  k n ow n  2 ',5 '-an h yd ro -l-/3 -D -arab in o - 
furanosyluracil ( 12)24 b y  treatm en t w ith  n itrous acid. 
H en ce th e  structure o f  11 w as firm ly established to  be 
2 ',5 ' - a n h y d ro -1 - /3 -D -arab in ofu ran osylcytosine. T hus, 
th e  structures o f  th e  reaction  produ cts, 6 and  10 , w ere 
e lu cidated  to  be  5 '-ch lo ro -5 '-d e o x y -2 ,2 '-a n h y d ro -l-/3 - 
D -arabinofuranosylcytosine h ydroch lorid e  and 5 '-ch lo ro - 
5 '-d eoxy -l-/3 -D -arab in ofu ran osy lcytosin e , respective ly .

(21) (a) M. Ikehara, H. Uno, and F. Ishikawa, C h em . P h a rm . B u ll., 12, 267
(1964) ; (b) M. Ikehara and H. Uno, ib id ., 13, 221 (1965); (c) J. Zemliika
and F Sorm, C ollect. C zech . C h em . C om m u n ., 30, 1880 (1965); (d) J.
2emlicka, J. Smrt, and F. Sorm, T etra h ed ron  L ett., 379 (1962).

(22) (a) R. F. Dods and J. S. Roth, ib id ., 165 (1969); (b) R. F. Dods and 
J. S. Roth, J . O rg. C h em ., 34, 1627 (1969).

(23) K. Kikugawa and M. Ichino, T etra h ed ron  L e tt ., 87 (1971).
(24) I. L. Doerr, J. F. Codington, and J. J. Fox, J . O rg. C h em ., 30, 467

(1965) .

T reatm en t o f  cy tid in e  (4) w ith  1 for  240 hr gave  a 
new  p rod u ct (7) con ta in ing  twro chlorine atom s in  a 
y ie ld  o f  7 0 % . W h en  7 w as h eated  at 80° for  1 hr in 
w ater, it w as q u a n tita tive ly  con v erted  in to  th e  anhydro 
com p ou n d  6 . S ince 2 '-ch lo ro -2 '-d e o x y cy tid in e  can  be 
easily  con v erted  in to  th e  an hydro  nucleoside 5 ,4 the 
structure o f  7 m ust be  2 ',5 '-d ic h lo r o -2 ',5 '-d id e o x y c y -  
tid ine. P h ysicoch em ica l p roperties o f  7 su pported  the 
a b ov e  structure. T rea tm en t o f  7 w ith  am m onia  
a fforded  10 , p rob a b ly  via th e  a n h ydro  in term ed iate  6 , 
an d  w ith  strong alkali a fforded  2 / ,5 ,-an h yd ro  com 
p ou n d  11  q u an tita tive ly .

T hu s, cytid in e (4) u ndergoes th e  tran sform ation  w ith  
1 in  the fo llow in g  sequ en ce : ( 1 ) an hydro  b on d  form a
tion  betw een  th e  2 and 2 ' p osition s ; (2 ) ch lorination  at 
the 5 ' p osition ; (3) cleavage  o f th e  2 ,2 '-a n h y d ro  bon d  
w ith  chlorine.

T reatm en t o f  cy tid in e  (4) w ith  the com p lex  2 also 
a fforded  5 -7 . In  th is case, h ow ever, 5 '-ch lo ro -5 '-  
d eox y cy tid in e  (8), w hose structure w as established b y  
com parison  w ith  the authentic sam ple ,23 w as also p ro 
duced . T hus, the y ie ld  o f  th e  an hydro com p ou n d  5 
obta in ed  w as low er than  th at ob ta in ed  b y  the com p lex  
1 . R ea ction  o f  cy tid in e  (4) w ith  th e  crysta lline com 
p lex  3 w as also a ttem pted , b u t no reaction  w as o b 
served.

In  order to  prepare 5 '-su b stitu ted  derivatives o f  1- 
/3-D -arabinofuranosvlcytosine, rep lacem ent o f  the 5 ' 
ch lorine a tom  o f 10 w ith  n ucleoph iles  w as a ttem p ted  
b u t w as unsuccessful becau se it w as read ily  a ttacked  
b y  the 2 '-h y d ro x y l fu n ction  a fford in g  1 1 . T rea tm en t 
o f  th e  anhydro com p ou n d  11  w ith  acid  gave  cytosin e
(13) instead o f 9. T h is  ob serva tion  w as n o t u nex 
p ected  in  v iew  o f th e  k n ow n  lab ility  o f  th e  g ly cosid ic  
linkage o f 12 tow a rd  acid  a fford in g  uracil (1 4 ).24 
C leavage  o f the an hydro ring o f 11 b y  halide, azide, or 
b en zy lth io  ion  fa iled , a lthou gh  it is k n ow n  that th e  an
h y d ro  ring in  th e  3 ' ,5 '-a n h y d rox y lo fu ra n osy l n u cleo 
sides can  be  a ttacked  b y  these n u cleop h iles .25 26 27

E xperim ental S e ctio n 26

2,2'-Anhydro-l-/3-D-arabinofuranosylcytosine (5) by the Reac
tion of Cytidine (4) with l.**-—Phosphorus oxychloride (6.0 g, 39 
mmol) was placed in 20 ml of DM P and the mixture was set aside 
at room temperature for 30 min. To the solution was added 1.0 g

(25) (a) J. P. Horwitz, J. Chua, J. A. Urbanski, and M. Noel, ib id ., 28> 
942 (1963); (b) Y. Mizuno, T. Ueda, K. Ikeda, and Y. Miura, C h em . P h a rm . 
B u ll ., 16, 262 (1968); (c) K. Kikugawa, M. Ichino, and T. Ukita, ib id ., 17, 
785 (1969); (d) K. Kikugawa, M. Ichino, T. Kusaraa, and T. Ukita, ib id ., 
17, 798 (1969).

(26) Melting points were determined on a Btlchi Schmerzpunktbestimung- 
sapparat nach Dr. Tottli and not corrected. Ultraviolet absorption was 
measured with a Hitachi recording spectrophotometer, ESP-3T. Optical 
rotations were obtained with a JASCO automatic polarimeter, Model DIP- 
SL. Paper chromatograms were run by the ascending technique on Toyo 
Roshi No. 51A paper, using the following solvent systems: (1) t-PrOH-1 M  
NIRO Ac (pH 4.0) (7:3); (2) n-BuOH-H20  (84:16); (3) 5 M  NH«0 Ac-0.5 
M  EDTA- Na4-saturated Na2B407-Et0H (12:0.3:48:132);”  (4) i-PrOH- 
NH4OH-H2O (7:1:2). The spots were detected under uv light and was 
represented by the symbol R {  with suffix corresponding to the number of the 
solvents. Paper electrophoresis was carried out in the borate buffer system 
(pH 6.0),28 29 and the mobility was represented by the relative value to that of 
cytidine (4). TOD is total optical density.

(27) A. W. Schrecker and I. A. R. Mead, B io ch em . P h a rm a co l., 15, 1443
(1966).

(28) J. F. Codington, R. Fecher, and J. J. Fox, J . A m er . C h em . S o c ., 82, 
2794 (1960).

(29) The complex 1 could be isolated as a gummy solid when POCls was 
treated with an equimolar amount of DMF in anhydrous ether.18 When 4 
was treated with this gummy solid in DMF the same results as described 
here were obtained.
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5a, X  =  HCOO  
b, X  =  Cl
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(4.1 mmol) of cytidine (4) and the mixture was stirred at room 
temperature for 3 hr, then poured into 100 ml of water to destroy 
the reagent. The ultraviolet absorption spectrum of the 
aqueous reaction mixture showed the maxima at 260 and 320 nm, 
and the latter maximum completely disappeared after 3 hr stand
ing at room temperature.30 * Paper chromatography showed one 
main spot having Ru 0.58 and Ru 0.73, an aqueous extract of 
which showed the absorption maxima at 232 and 262 nm (pH 
1-6). The aqueous reaction mixture [TOD280 nm (pH 1) 50,500] 
was applied to a Dowex 50 X 4 (pyridinium form) column 
(2.5 X 40 cm). The column was eluted with 0.1 M  pyridinium 
formate (pH 4.8) to give 4 at the 1700-2300-ml fraction, and 
subsequently with 0.4 M  pyridinium formate (pH 4.8) to give 
the product 5 at the 500-1300-ml fraction. The fraction con
taining the product 5 [TODho nm (pH 1) 13,000] was evaporated 
to dryness after the pH of the solution was adjusted to 4.0 with 
formic acid in order to avoid the degradation of the product. 
Repeated evaporation of the residue with EtOH gave a gum. 
Crystallization from EtOH gave 5a as granules which melted at 
173-174° dec and weighed 735 mg, uv max (pH 1-6) 232 and 
263 nm. It was redissolved in 20 ml of water and passed through 
a Dowex 1 X 4  (Cl- ) column ( 2 X 3  cm). The column was 
washed with 100 ml of water. The combined effluent and 
washings were evaporated to dryness to give a crystalline 
material. Recrystallization from aqueous EtOH gave 5b as 
white needles which melted at 262-264° dec and weighed 615 mg 
(55% ): uv max (pH 1-6) 231 nm U 9600), 263 (10,900), min 
(pH 1-6) 218 (7000), 243 (6600), shoulder (pH 1-6) 282 
(3200); [ « ]“ d -2 1 .0 °  (c 2, H20 )  [lit.3 mp 248-250°; uv max 
(pH 1-7) 231 nm (e 9400), 262 (10,600), min (pH 1-7) 243 (6500); 
[a] 23d -2 1 .8 °  (c 2, II20 ) ] ; Ru 0.58, Hf20.05, flfs0.73.

(30) The substance having the characteristic absorption maxima at 260 
and 320 nm could not be isolated because of its unstability. Thus, it seemed 
that the initial reaction of 4 with 1 afforded the unstable substitution at the
cytosine moiety.

Anal. Calcd for C9H n04N3-HCl: C, 41.32; H, 4.63; N,
16.07. Found: C, 41.44; H, 4.45; N, 16.30.

1-d-D-Arabinofuranosylcytosine (9). A. From 2,2'-Anhy- 
dro-l-/3-D-arabinofuranosylcytosme (5b).—The compound 5b 
(100 mg) was dissolved in 2 ml of water and the solution was 
adjusted to pH 9 with ammonia. The mixture was allowed to 
stand at room temperature for 15 min, acidified with HC1, and 
applied to a column (1 X 1.5 cm) of Dowex 50 X 4 (H+). The 
column, which was washed well with water, was eluted with 50 
ml of 1 N  NIROII. The effluent was evaporated in vacuo. 
Crystallization of the residue from EtOH afforded 78 mg (90%) 
of the pure material of 9: mp 210-212° dec; uv max (pH 1) 282 
nm (e 13,400), min (pH 1) 241 (1600), max (pH 7) 271 (9700), 
min (pH 7) 251 (6500); [ « ¡“ d +158° (c0.5, H20 )  [lit.8 mp 212- 
213° dec; uv max (pH 1) 280 nm (e 13,400), max (pH 13) 273.5
(10,000); M md +151° (c 0.5, H ,0 )]; R{, 0.18, flf30.71; paper 
electrophoretic mobility +0.45.

Anal. Calcd for C9H13O5N3: C, 44.44; H, 5.39; N , 17.28. 
Found: C, 44.65; H, 5.21; N, 17.08.

B . B y the R eaction of Cytidine (4) with 1.— The reaction mix
ture, containing 6.0 g of POCI3 , 1.0 g of 4 , and 20 ml of DM F, 
was stirred at room temperature for 3 hr. It was poured into 100 
ml of water and the aqueous mixture was treated with ammonia 
at pH 9 and room temperature for 15 min. The mixture was 
reacidified with HC1 and was applied to a column (2.5 X 40 cm) 
of Dowex 50 X 4 (H+). The column, which was washed well 
with water, was eluted with 1.0 1. of 1 JV NIItOH. The eluate 
was evaporated in vacuo to dryness, giving a gummy residue. 
It was crystallized from EtOH to afford 604 mg (60%) of 9, mp 
208-211° dec.

5 '-C hloro-5 '-d e o x y -2 ,2 '-an h ydro-1 -/S-D-arabinofuranosylcy- 
tosine (6 ) . A . By the Reaction of Cytidine (4 ) with 1 .— T h e
reaction mixture, containing 6.0 g of POCl3, 1.0 g of 4, and 20 ml 
of DM F, was stirred at room temperature for 24 hr. Paper chro
matography showed two spots having Ru 0.58 and 0.67, corre



sponding to 5 and 6, respectively. An aqueous extract of both 
of these spots showed identical absorption maxima at 232 and 264 
nm (pH 1-6). To the reaction mixture was added 100 ml of 
water. The solution was then applied to a column of Dowex 
50 X 4 (pyridinium form). The column was eluted with 0.1 M  
pyridinium formate (pH 4.8) to give two peaks at the 2500-4500- 
ml fraction (5) and at the 6000-8000-ml fraction (6). The frac
tion containing 6 was evaporated to dryness, and the residue was 
dissolved in 5 ml of water. The solution was passed through a 
column ( 2 X 3  cm) of Dowex 1 X 4  (C l- ). The column was 
eluted with 50 ml of water. Effluent and washings were com
bined and evaporated to dryness. The residue was crystallized 
from EtOH to afford 750 mg (65%) of fine needles of 6. Re- 
crystal.ization from aqueous EtOH gave a pure sample of 6: 
mp 263-265° dec; uv max (pH 1-7) 233 nm (c 9900), 263 (11,300) 
min (pH 1-7) 244 (7800); [« ]“ d -2 5 .3 °  (c 0.5, H ,0 ); Rfl 0.67, 
Rf, 0.11, Rf3 0.78.

B. From 2',5'-Dichloro-2',5'-dideoxycytidine (7).—2',5 '-D i- 
chloro-2',5'-dideoxycytidine (7) (100 mg) was dissolved in 2 ml 
of water and heated at 80° for 1 hr. The mixture was evap
orated to dryness in vacuo, and a crystalline residue was obtained. 
Recrystallization from aqueous EtOH gave 80 mg (80%) of fine 
needles of 6: mp 263-265° dec; uv max (pH 1-7) 231, 263 nm; 
Rf, 0.67, Rf,0.11, R f,0.78.

Anal. Calcd for C»H10O,N,Cl-HCl: C, 38.60; Ii, 3.96; 
N, 15.01; Cl, 25.33. Found: C, 38.82; Ii, 4.00; N, 15.23; 
Cl, 24.97.

2',5'-Dichloro-2',5'-dideoxycytidme (7).— The reaction mix
ture, containing 12.0 g of P0C13, 2.0 g of 4, and 40 ml of DMF, 
was stored at room temperature for 240 hr. Paper chromatog
raphy showed a major spot having Ru 0.84, an aqueous extract 
of whii h showed an absorption maximum at 280 nm (pH 1). The 
reaction mixture was mixed with 2000 ml of water and was applied 
to a column of Dowex 50 X 4 (pyridinium form). The column 
was eluted with 0.1 M pyridinium formate (pH 4.0) to give a 
major peak at the 5000-8000-ml fraction. The fraction was 
evaporated to dryness in vacuo at below 40°. Repeated evap
oration with EtOH gave a gummy residue which was crystallized 
from aqueous EtOH to give 1.61 g (70%) of 7. Recrystallization 
from aqueous EtOH gave fine needles of 7: mp 242-245° dec; 
uv max (pH 1) 282 nm (t 13,500), max (pH 7 ) 272 (9600); 
[ « ¡“ d + 29° (c 0.25, H20 ) ; Rh 0.85, Rf, 0.66, Rf3 0.82; paper 
electrophoretic mobility 0.0.

Anal. Calcd for C9H „0 3N3C12-VzHjO: C, 37.40; H, 4.19; 
N, 14 54; Cl, 24.54. Found: C, 37.54; H, 4.18; N, 14.59; 
Cl, 24.18.

The compound is negative to HIO,-benzidine reagent.31
5'-C hloro-5'-deoxy-l-/3-D -arabinofuranosylcytosine (10). A . 

B y the Reaction of Cytidine (4) with 1.—The reaction mixture, 
containing 6.0 g of P0C13, 1.0 g of 4, and 20 ml of DM F, was 
kept at room temperature for 240 hr. The mixture was treated 
with water and then with ammonia, and desalted as in method B 
of the preparation of 9, affording a residual gum. Paper chro
matography of the residue showed a major spot having Rf, 0.52 
corresponding to 10 and two minor spots having Rf, 0.66 and 0.26, 
corresponding to 7 and 11, respectively. Compound 10 was 
isolated from the residue in a yield of 55% (590 mg) by use of a 
cellulose column (1.8 X 57 cm) with the elution solvent, n- 
BuOH-HoO (84:16). Recrystallization from aqueous EtOH 
gave white needles of 10: mp 202-204.5° dec; uv max (pH 1) 281 
nm (e 13,550), min (pH 1) 241 (1580), max (pH 7) 272 (9650), 
min (pH 7) 251 (6270); [ « P d +163.8° (c 0.5, H20 ) ; Rf, 0.72, 
Rf, 0.52, Rf3 0.78.

Anal. Calcd for C9H120 ,N 3C1: C, 41.30; H, 4.62; N, 16.06; 
Cl, 13.55. Found: C, 41.05; H, 4.59; N, 16.16; Cl, 13.16.

B. From 5 '-C h lo ro -5 '-d eo xy -2 ,2 '-an h yd ro -l-d -u -a ra b in ofu r- 
anosylcytosine (6).—5'-Chloro-5'-deoxy-2,2'-anhydro-l-/3-i)-arab- 
inofuranosylcytosine (6) (100 mg) was dissolved in 5 ml of water 
and the mixture was adjusted to pH 9 with ammonia. After 
standing at room temperature for 15 min it was evaporated to 
dryness. Crystallization from aqueous EtOH afforded 65 mg of 
10, mp 202-204° dec.

2',5 '-A nhydro-l-/3-n -arabinofuranosylcytosine (11). A . B y  
the Reaction of Cytidine (4) with 1.—The desalted reaction mix
ture obtained as in method A of the preparation of 10 was applied

2,2'-Anhydro-1-j3-d-arabinoftjranosylcytosine

(31) J. A. Cifonelli and F. Smith, A n a l.  C h em ., 26, 1132 (1954).

to a column (2.5 X 40 cm) of Dowex 1 X 4  (OH- ),32 which was 
eluted with 30% MeOH. From the 2000-3000-ml fraction 740 
mg (80.0%) of 11 was obtained. Recrystallization from aqueous 
EtOH gave pure needles of 11: mp 257-258° dec; uv max (pH 
1) 282.5 nm (c 13 400), min (pH 1) 242 (1300), max (pH 7) 273 
(9300), min (pH 7) 250 (5000); [ « P d +232.3° (c 0.5, H20 ); 
Rf, 0.57, Rf, 0.25, Rf, 0.72, Rf, 0.63; paper electrophoretic 
mobility 0.0.

Anal. Calcd for CHIuO,!^: C, 47.99; H, 4.93; N, 18.66. 
Found: C, 48.17; H, 5.17; N, 18.27.

The compound is negative to HIO,-benzidine reagent.31
B. From 5'-Chloro-5'-deoxy-l-j3-D-arabinofuranosylcytosine

(10).— 5'-Chloro- 5 ' - deoxy-1-/3 - D-arabinofuranosylcytosine (10) 
(100 mg) was dissolved in 2 ml of 2 N  NaOH and heated at 80° 
for 1 hr. The mixture was acidified with HC1 and absorbed to a 
Dowex 50 X 4 (H+) column (2 X  3 cm). The column, which 
was washed w7ell with water, was eluted with 20 ml of 1 N  
NH,OH, and the effluent was evaporated to dryness. Crystal
lization from EtOH gave 70 mg of white needles of 11, mp 257- 
258° dec.

2 ',5'-Anhydro-l-/3-D-arabinofuranosyluracil (12).— 2 ',5'-Anhy- 
dro-l-/3-D-arabinofuranosylcytosine (11) (300 mg) was treated 
with 1.5 g of N aN 02, 2.2 ml of AcOH, and 5 ml of water at room 
temperature for 3 hr. After the mixture was diluted with 10 ml 
of water, it was passed successively through columns of Dowex 
50 X 4 (20 ml) and Dowex 1 X 4  (H C03- ) (5 ml). Combined 
eluate and washings (about 100 ml) were evaporated to dryness, 
affording 254 mg (85%) of the crystalline product 12. Recrystal
lization from aqueous EtOH gave white needles of 12: mp 258- 
259.5° dec; uv max (pH 7) 265 nm (e 10,500), min (pH 7) 233 
(2000), max (pH 13) 265 (8500), min (pH 13) 242 (4600); 
[ « P d +206.3° (c 0.3, HzO) [lit.24 mp 260-262° eff dec; uv max 
(pH 6.9) 264 nm (e 10,700), min (pH 7) 231 (1900), max (1 N 
NaOH) 264 (8400), min (1 N NaOH) 240 (4270); [ « ]23d +193° 
(c 0.3, H20 ) [ ; Rf, 0.34.

Anal. Calcd for C,H,„05N2: C, 47.79; H, 4.42; N, 12.39. 
Found: C, 47.91; H, 4.31; N, 12.40.

A mixture of 12 and an authentic compound,24 mp 257-259° 
dec, melted at 257-258.5° dec.

Reaction of Cytidine (4) with 2.33— Thionyl chloride (3.0 ml) 
was dissolved in 20 ml of DM F and the mixture was set aside at 
room temperature for 30 min. To the solution was added 2.0 g 
of 4 and the mixture was stirred at room temperature for 3 hr. 
It was then poured into about 50 ml of water and the aqueous 
solution was stirred for 1 hr to remove sulfur dioxide that evolved 
by7 the decomposition of the reagent. The product (5a) was 
isolated in a yield of 30% by a procedure similar to that described 
in the preparation of 5a using 1. 5a was converted into 5b, which 
melted at 262-264° dec: uv max (pH 1-6) 231 nm (t 9600), 262.5 
(10,800), min (pH 1-6) 218 (7100), 243 (6700), shoulder (pH 1-6) 
282 (3300); [«] “ d - 22° (c 2, H20 ) ; Rfl 0.58, Rf, 0.05.

The reaction mixture, containing 3 ml of S0C12, 2 g of 4, and 
20 ml of DM F, was allowed to stand at room temperature for 240 
hr. After addition of water, the mixture was absorbed to Dowex 
50 X 4 (H+) (2.5 X 40 cm). The column was eluted with 1 N  
NH,OII, and the effluent was evaporated to dryness in vacuo. 
Paper chromatography of the residue showed four spots having 
Rf, 0.26 , 0.34 , 0.52, and 0.66 corresponding to 11, 8, 10, and 7, 
respectively. From the gummy residue 5'-chloro-5'-deoxy- 
cytidine (8), which melted at 167-170° dec, was isolated in a yield 
of 20% . Paper chromatographic comparison of 8 (Rf, 0.34) 
with the authentic sample,23 and the mixed fusion test confirmed 
the structure of 8. From the mother liquor, 2',5'-anhydro com
pound 11, which melted at 257-258° dec, was isolated in a yield 
of 35% by use of a Dowex 1 X 4  (OH- )32 column.

Attem pted Cleavage of the Anhydro R ing of 11.—2 ',5 ,-Anhy- 
dro-l-/3-D-arabinofuranosylcytosine (11) (10 mg) was treated 
with 0.15 ml of 0.4 N H2SO, at 100° for 2.5 hr. Paper chro
matography revealed a spot having Rf, 0.53, identical with that 
of cytosine 13, an aqueous extract of which showed the absorption 
maxima at 268 (pH 7) and 282 nm (pH 13). Several attempts to 
open the anhydro ring of 11 by nucleophiles such as Nal-AcOH , 
complex 3—CHC13, LiN3—DM F, and NaSCII2Ph-MeOH under 
heated conditions were made but they were unsuccessful.
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(32) C. A. Dekker, J . A m er . C h em . S o c ., 87, 4027 (1965).
(33) The complex 2 could also be formed by the addition of sulfur dioxide 

to the complex 3.* When 4 was treated with this fuming liquid in DMF, 
the same results were obtained.
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Nucleoside Peptides. III. The Synthesis of iV-[l-(9-Adenyl)-/3-D-ribofuranuronosyl] 
Derivatives of Certain Amino Acids and Peptides
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Benzyl esters of several amino acids and peptides have now been successfully coupled with l-(9-adenyl)-2,3-0- 
isopropylidene-fi-D-ribofuranuronic acid (1) by the DCC method to afford jV-[l-(9-adenyl)-2,3-0-isopropylidene- 
^-D-ribofuranuronosyl] amino acid and peptide benzyl esters. Concomitant acylurea side-product formation was 
inhibited by the addition of IV-hydroxysuccinimide. The title compounds were produced in excellent yields 
when the isopropylidene and benzyl blocking groups were removed by acid hydrolysis and catalytic hydrogenoly- 
sis, respectively. These procedures provide a general method for the attachment of the amino terminus of an 
amino acid or peptide to a carboxylic acid moiety of a nucleoside.

R ece n tly  there has been  a great deal o f  in terest in the 
isolation  and  synthesis o f  n u cleoside am ino acids and 
p ep tid es .1-3 R eason s for  the preparation  and  stu dy  o f 
this class o f  com p ou n d s has b een  ou tlin ed  in  an earlier 
p u b lica tion  su bm itted  from  these labora tories .4 M o s t  
syntheses o f  nucleoside peptides h ave in v o lv e d  either 
th e  cou p lin g  o f an  a m in o1’2’4 o r  h y d ro x y l5 grou p  o f  a 
nucleoside to  th e  ca rb ox y l group  o f  a  b lock ed  am ino 
acid  or  d isp lacem ent o f  a  leav ing  group  on  a nucleoside 
b y  the am ino grou p  o f an am ino a c id .6 In  on e rep ort7 
purine and  pyrim id in e ribofuran u ron ic acids h ave b een  
cou p led  to  u n b lock ed  h igh  m olecu lar w eigh t p o ly p e p 
tides in y ields ranging from  2 to  1 0 % . T h e  w ork  d e 
scribed  in  th is article has p ro v id e d  a general m eth od  for  
the cou p lin g  o f  th eiam in o term inus o f  an am ino acid  or 
p ep tide  to  a free ca rb oxy lic  acid  m oiety  o f  a n ucleoside 
in  g o o d  y ield .

1- (9 -A den y l)-2 ,3 -O -isop rop y l i d e n  e-/3-D-r i b o f u r a n u -  
ron ic  acid  ( 1 ) w as se lected  as th e  n u cleoside reagent 
becau se o f  its so lu b ility  properties an d  ease o f  prepara
t io n .88”13 M jN '-D icy c lo h e x y lca rb o d iim id e  (D C C ) w as 
ch osen  to  effect cou p lin g , since it  has b een  k n ow n  
to  p rov id e  p ep tid e  linkages in  h igh  y ie ld  w ith  little  
or no racem iza tion .9 W h en  1 w as cou p led  to  v a r
ious am ino a cid  ben zy l esters b y  th e  action  o f  D C C , 
y ields ranging from  40 to  5 0 %  o f  th e  desired  p rod u cts
(2) w ere ob ta in ed  (Schem e I ) .  P urification  w as co m 
p lica ted  b y  th e  presence o f  a secon d  p rod u ct (3), 1 5 - 
3 0 %  yields, from  w hich  2 cou ld  n ot be  read ily  sepa
rated . C onsideration  o f th e  m echanism  o f  action  o f 1 2 3 4 5 6 7 8 9

(1) H. A. Friedman, J . M e d . C h em ., 14, 174 (1971).
(2) L. V. Fisher, W. W. Lee, and L. Goodman, ib id ., 13, 775 (1970).
(3) M. P. Schweizer, K. McGrath, and L. Baczynskyj, B io ch em . B io p h y s .  

R es . C o m m u n ., 40, 1046 (1970).
(4) M. J. Robins, L. N. Simon, M. G. Stout, G. A. Ivanovics, M. P. 

Schweizer, R. J. Rousseau, and R. K. Robins, J . A m e r . C h em . S o c ., 93, 1474 
(1971).

(5) Z. A. Shabarova, V. D. Smirnov, and M. A. Prokof’ev, B io k h im iy a ,  
29, 502 (1964).

(6) A. Ballio and S. Barcellona, G azz. C h im . l ia i . ,  90, 517 (1960).
(7) H. Ungar-Waron, E. Hurwitz, J. Jaton, and M. Sela, B io ch em . B io p h y s .  

A c ta , 138, 513 (1967).
(8) (a) R. R. Schmidt, U. Schloz, and D. Schwüle, C h em . B e r ., 101, 590 

(1968); (b) R. E. Harmon, C. V. Zenarosa, and S. K. Gupta, C h em . I n d .  
{L o n d o n ), 1141 (1969).

(9) J. C. Sheehan and G. P. Hess, J . A m e r . C h em . S o c ., 77, 1067 (1955).

D C C  p rop osed  b y  K h oran a  and  cow ork ers10’11 led  to  
th e  assum ption  th at th is b y -p ro d u ct  cou ld  b e  th e  ac
y lu rea  a d d u ct12’13 o f  1 and D C C . T h is  assu m ption  w as 
su bstan tiated  b y  e lem ental analysis. E xam in ation  o f 
its in frared  spectrum , w h ich  exh ib ited  a stron g  b a n d  at 
1640 c m -1  ( -N H C O N H , -~ 1660  c m - 1 ) , 14 su ggested  
th at this b y -p ro d u ct  w as a ctu a lly  A f-acylurea (3) rather 
than  the O -acy lisourea .10

A ttem p ts to  suppress the form ation of acylurea b y 
product b y  changing the solvent m edium  to  m ethylene  
chloride12 were w ithout success. A ddition  of A M iv- 
droxysuccinim ide (N H S ) w ith D C C  has been shown to  
im prove the yields in peptide syntheses15 w ithout in
creasing racem ization;16 therefore 1 w as coupled to  
glycine benzyl ester in the presence of D C C  and N H S  
and gave a 9 1 %  yield of Ar-[l-(9 -a d e n y l)-2 ,3 -0 -iso p r o -  
pylidene-d-D-ribofuranuronosyl]glycine benzyl ester 
(2a). U nder these conditions only a trace of the side 
product w as detected in the reaction m ixture. Sim 
ilarly, com pounds 2b, 2c, and 2d benzyl ester were pre
pared in high yield by treating 1 w ith  the benzyl esters 
of L-alanine, L-phenylalanine, and L-glutam ic acid  
(Schem e I ) .

H ydrolysis of the isopropylidene blocking groups 
w ith 88%  formic acid w as very slow at room  tem pera
ture. W h en  the tem perature was raised to  6 0 -6 5 °  the  
reaction was com plete in 2 - 4  hr. N -[l-(9 -A d e n y l)- /3 -  
D-ribofuranuronosyl]glycine benzyl ester (4a), -L -a la - 
nine benzyl ester (4b), -L-phenylalanine benzyl ester 
(4c), and -L -glutam ic acid dibenzyl ester (4d) were pro
duced in good yields b y  this procedure. Facile h yd ro - 
genolysis of the benzyl blocking groups of 4a-d w as ac
com plished utilizing palladium  on charcoal as catalyst. 
T h e title com pounds A T-[l-(9-adenyl)-/3-D -ribofuran-

(10) H. G. Khorana, C h em . I n d .  {L o n d o n ), 1087 (1955).
(11) M. Smith, J. G. Moffat, and H. G. Khorana, J . A m e r .  C h em . S o c ., 

80, 6204 (1958).
(12) J. C. Sheehan, M. Goodman, and G. P. Hess, ib id ., 78, 1367 (1956).
(13) R. Schwyzer, B. Iselin, H. Kappeler, B. Rinikes, W. Rittel, and H. 

Zuber, H elv . C h im . A cta , 46, 1975 (1963).
(14) J. R. Dyer, “Applications of Absorption Spectroscopy of Organic 

Compounds,” Prentice-Hall, Englewood Cliffs, N. J., 1965, p 36.
(15) E. Wunsch and F. Drees, C h em . B er ., 99, 110 (1966).
(16) J. E. Zimmerman and G. W. Anderson, J . A m e r . C h em . S o c ., 89, 7151

(1967).
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Sch em e  I

H—C—NHj
I
COOCILCgHs

ÇHjCüH,
HCNHCOCHjNHj

ICOOCHAH5

çh2c6h5

h c n h c o c h 2n h c o  

c o o c h 2c 6h 5

OH OH

B =  9-/3-adenyl
a , R =  H;R1 =  CH2C6H5
b, R =  CH3;R1 =  CH2C6H5
c, R =  CHAH^Rj =CH2C6H5

d, R = CH2CH2COOH; R, = CH2C6H5
e, R =  (CH2)4NHC bz; R, =  CH3
f, R = (CH2)4NHCbz;R1 =  H
g, R = (CH2)4NH2

uronosyljglycine (5a), N -[l-(9-adenyl)-/3-D -ribofuran- 
uronosyl ]-L-alanine (5b), N -[l-(9-adenyl)-fl-D -ribo- 
f uranuronosyl ]-L-phenylalanine (5c), and N - [ - l - (9 -  
adenyl)-/3-D-ribofuranuronosyl]-L-glutamic acid (5d) 
were produced by  this m ethod in yields of 58, 71, 89, 
and 7 3 % , respectively.

W h en  1 w as coupled to IW -carbobenzyloxy-L-lysine  
m ethyl ester, !V“-[l-(9 -a d e n y l)-2 ,3 -0 -iso p ro p y lid e n e -  
/3-D -ribofuranuronosyl] -  N ‘ - carbobenzyloxy -  l - lysine 
m ethyl ester (2e) was form ed in 9 1 %  yield. R em oval 
of the m ethyl ester w ith  potassium  hydroxide gave 2f 
while subsequent treatm ent w ith 8 8 %  formic acid re
m oved the isopropylidene blocking group and afforded  
N a- [ 1- (9-adenyl) -/3- d -  ribof uranuronosyl ] - N ‘ - carboben- 
zyloxy-L-lysine (4f). A ttem p ts to rem ove the car
bobenzyloxy group b y  catalytic hydrogenolysis were 
unsuccessful, since 4f w as insoluble in the com m on sol
vents used for hydrogenolysis. T h e  desired product, 
N a- [ 1- (9-adenyl)-/3-D-ribof uranuronosyl ]-L-ly sine (5g), 
was prepared in 7 9 %  yield b y  catalytic hydrogenolysis 
of 2e in 8 8 %  form ic acid.

T h e dipeptide, glycyl-L-phenyl alanine benzyl ester, 
was also coupled w ith 1 in the presence of D C C  and  
N H S . Th is afforded a 9 3 %  yield  of N -  [1 -(9 -ad en yl)-
2 ,3- 0  -  isopropylidene -/3 - d - ribofuranuronosyl ]g lycy l- l - 
phenylalanine benzyl ester (6). R em oval of the iso
propylidene and benzyl blocking groups gave the de
sired product A/’-[l-(9-adenyl)-(3-D -ribofuranuronosyl]- 
glycyl-L-phenylalanine (8) in good yield.

C onfirm ation  th at little  or  n o  racem ization  o f th e  
am ino acid  m oieties h ad  occu rred  w as ascertained  b y

tic, since the products at each step were found to  be 
hom ogenous in several solvent system s.

Experimental Section17
General Procedure A for the Preparation of 2a-d (Table I).—

DCC (453 mg, 2.2 mmol) was added to a mixture of l-(9-adenyl)-
2,3-0-isopropylidene-(3-D-ribofuranuronic acid8“ (1, 642 mg, 2.0 
mmol), the appropriate blocked amino acid (glycine benzyl 
ester,18 330 mg, 2.0 mmol, for 2a; L-alanine benzyl ester,18 396 
mg, 2.0 mmol, for 2b; L-phenylalanine benzyl ester,19 510 mg, 2.0 
mmol, for 2c; L-glutamic acid dibenzyl ester,19 654 mg, 2.0 mmol, 
for 2d), and NHS (230 mg, 2.0 mmol) in DM F (5 ml). The mix
ture was stirred at room temperature for 5 hr. Acetic acid (60 
mg) was added to decompose the excess DCC. The crystalline 
residue was filtered and washed with dichloromethane (40 ml), 
washed successively with water (30 ml), 5%  Na2C 03 (20 ml), and 
water (five 30-ml portions), and dried (M gS04). After evapora
tion of the solvent the residue was treated with a small amount of 
dichloromethane, and the undissolved material was collected 
and discarded. The filtrate was evaporated to dryness to give 
crude product. The analytical samples were obtained either by 
silica gel column chromatography or recrystallization according 
to the conditions given in Table I. Table II gives physical con
stants.

(17) Physical properties were determined with the following instruments: 
melting points, Thomas-Hoover apparatus (uncorrected); uv spectra, Cary 
15 uv spectrometer (pH 1, pH 11, and MeOH); specific rotations, Perkin- 
Elmer Model 141 polarimeter; and ir spectra, Perkin-Elmer Model 257 
(KBr). Where indicated by elemental analyses, solvation was verified by 
nmr spectroscopy in absolute DMSO-de and in the case of hydration, by ex
change with addition of D ¿0  and reintegration of the spectral area where the 
DzO peak had occurred.

(18) N. Izumiya and S. Makisumi, J . C h em . S oc . J a p ., 78, 662 (1957).
(19) L. Zervas, M. Winitz, and J. P. Greenstein, J . O rg. C h em ., 22, 1515 

(1957).
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T a b l e  I

Compd Method Purification Yield, % Formula c
-Calcd, %- 

H N C
-Found, % - 

H N
2a A Column chroma- 91 C22H «N 60 6 • 0 .5H20 17 55.34 5.27 17.60 55.41 5.16 17.55

2b A
tography“

EtOAc*1 63 C23H26N 60 6 57.25 5.43 17.41 56.99 5.72 17.18
2c A EtOAc-n-heptane6 71 CpthHaoNeOe 62.35 5.41 15.05 62.28 5.34 15.07
2d A Column chroma- 92 C32H34N 60„-H 20 59.25 5.59 12.95 59.27 5.61 12.94

4a B
tography“

MeOH6 56 c 19h 20n 6o 6 53.26 4,70 19.61 53.23 5.09 19.64
4b
4c

B
B

EtOH-HiO0 
Column chroma-

82
67

C20H22N eOç • H2O 
C26H26N 606

52.17
60.22

5.27
5.05 16.20

52.40
60.22

5.56
4.95 15.97

4d B
tography8 

Column chroma- 72 C29ÏÏ30N 6O8 58.97 5.12 14.23 58.99 5.24 14.36

5a C
tography'

MeOH6 58 C12H14N 60 6 42.60 4.17 24.84 42.69 4.58 24.58
5b C E t0H -H 2O 71 c 13h 16n 6o 6 44.32 4.57 23.85 44.61 ■ 4.71 24.01
5c C EtOH-H2Os 89 C i9H2oN 606 • 0 .5H20 52.17 4.83 19.21 52.21 4.86 19.28
5d c E t0H -H 2O 73 CióHigNeOs 43.90 4.42 20.48 43.87 4.54 20.51

“ Silica gel column, packed and eluted with EtOAc-n-heptane-CHCl3 (8:1:1 ). b Recrystallization solvent. '  Silica gel colun
packed and eluted with EtOAc-CHCh-EtOH (6:3:1 ). d Compounds were dried (P2O5) in vacuo at 56° for 4 hr before analytical deter
minations.

T a b l e  I I

Physical Constants of Certain A -[1-(9-Adenyl)-/S-d-ribofuranuronosyl] Amino Acids and Peptides
*---------Chromatographic mobilities®----------*

n-PrOH-
EtOH-1 N  coned

5% NH4OAc NH4O H -H 2O
Corapd Mp, °C AS»1, nm («) aS ” . nm («) X“ 'X0H, nm («) NHUHCOj (7:3) (6 :3 :1 )

2a Glass 257 (13,300) 258 (13,400) 259 (16,400)
2b ~ 9 0 255 (15,800) 257 (17,700) 257 (16,000)
2c 134-135 257 (13,200) 257 (13,700) 259 (14,500)
2d Glass 257 (13,200) 258 (11,600) 258 (13,900)
4a 109-110 256 (14,500) 258 (15,500) 259 (15,400)
4b 139 softens 

148 dec
255 (14,400) 257 (19,900) 258 (14,800)

4c Glass 258 (13,100) 258 (14,400) 259 (14,800)
4d Glass 258 (11,900) 259 (9,600) 260 (13,900)
5a 257 (17,400) 258 (18,100) 258 (17,800) 0.62 0.29 0.39
5b 262-263 256 (16,500) 259 (17,100) 259 (16,000) 0.70 0.37 0.45
5c 257 (14,300) 259 (14,900) 254 (15,700) 0.69 0.48 0.59
5d 229-232 257 (14,400) 258 (14,700) 259 (14,800) 0.80 0.18 0.23

“ Chromatograms were developed by the descending technique utilizing Whatman No. 1 chromatographic paper and spots were de
tected with short-wave uv light.

G eneral Procedure B (Table I) for the R em oval of Isopro- 
pylidene G roups. Preparation of Com pounds 4 a -d .— A solution 
of the respective isopropylidene blocked compounds (2 a -d )  in 
88% formic acid (6 ml) was heated at 60-65° (bath temperature) 
for 3-4 hr. The solvent was removed by repeated coevaporation 
with EtOH-MeOH in vacuo to give an amorphous residue. The 
residue was treated according to Table I.

G eneral Procedure C (Table I )  for the R em oval of the Benzyl 
Blocking Groups by Catalytic H ydrogenation. Preparation of 
Com pounds 5 a -d .—-A cooled solution of the respective benzyl 
ester compound (4 a -d , 2.0 mmol) in the appropriate solvent under 
nitrogen atmosphere was hydrogenated using Pd/C  (150 mg) at 
room temperature and on a Parr apparatus at 45 psi for 20 hr. 
The resulting precipitate was dissolved by heating [water (40 ml) 
had to be added to dissolve the precipitate in the preparation of 
5 b ] , the catalyst was removed by filtration (Celite pad) and 
washed with methanol, and the filtrate and washings were 
evaporated to dryness. The residue was recrystallized from the 
appropriate solvent (Table I).

N - [ 1 -(9 -A d en yl )-2,3-O-isopropylidene-d -  d -  ribofuranuronosyl] -  
N ,N '-dicyclohexylurea (3 ) .— A  mixture of 1 (1.9 g, 6 mmol) 
and L-phenylalanine benzyl ester19 (1.5 g, 6 mmol) in DM F (20 
ml) was treated with DCC (1.36 g, 6.6 mmol) in the absence of 
NHS in a manner similar to that used in the preparation of 2a. 
A  solution of the crude product in CHCE was chromatographed 
over a silica gel column (200 g, 4.2 cm). Elution was effected 
with ethyl acetate-n-heptane-chloroform (8 :1 :1 ), and 100-ml 
fractions were collected. Fractions 7-16 contained 2c (1.85 g, 
55%). Fractions 23-24 were combined, and the solvent was

removed to give 3 (680 mg, 22%) as an amorphous foam, which 
was crystallized from isopropyl alcohol: mp 210-211° (sintered); 
[ « ] “ d + 0 .3 ° (c 2, CHCE); 257 nm (<= 15,700), 259
(15,200), XL?H 259 (16,100); ir 1640 cm "1 (-N H CO N H -).

Anal. Calcd for C26H37N70 5: C, 59.18; H, 7.06; N, 18.58. 
Found: C, 59.23; H, 7.17; N. 18.60.

N a- [ 1- (9-Adenyl )-2,3-0-isopropylidene-/3-D-ribof uranuronosyl] - 
A'-carbobenzyloxy-L-lysine Methyl Ester (2e).— A mixture 
of 1 (321 mg, 1 mmol), IV'-carbobenzyloxy-L-lysine methyl 
ester20 (294 mg, 1 mmol), and NHS (115 mg, 1 mmol) in D M F 
(5 ml) was treated with DCC (227 mg, 1.1 mmol) in a manner 
similar to that used in the preparation of 2a; aqueous saturated 
NaHC03 was used instead of 5%  Na2C 03. The crude product 
(2e, 560 mg, 91%) was obtained as a colorless solid, which could 
be utilized in further reactions.

The analytical sample was prepared by purification with a 
silica gel column using ligroin-ethyl acetate-methanol (6 :3 :1 ) to 
elute the desired product. The uv-absorbing fractions were col
lected and concentrated to yield an amorphous solid (dried over 
P2Os at 80° in vacuo for 4 hr): [q:]25d —9.0° (c 1, CHC13);
257 nm (* 14,300), X °"" 259 (14,000), X l'°H 259 (14,300).

Anal. Calcd for C28H35N70 8• H20 : C, 54.62; H, 6.05; N, 
15.92. Found: C, 55.01; H, 6.22; N, 15.52.

A - [1-(9-Adenyl )-2,3-0-isopropylidene-fl-D-ribof uranuronosyl]- 
A'-carbobenzyloxy-L-lysine (2f).— To a solution of 2e (230 
mg, 0.37 mmol) in methanol (5 ml) was added a solution of KOH

(20) M. Bergmann, L. Zervas, and W. F. Ross, J . B io l . C h em ., I l l ,  245
(1935).
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(34 mg) in methanol (5 ml) and water (0.2 ml), and the mixture 
was stirred at room temperature. After 24 hr, KOH (11 mg) 
was added, and the stirring was continued for another 6 hr; the 
reaction was monitored by a silica gel tic using chloroform- 
methanol (9:1). After evaporation of the solvent, 'he residue 
was taken in water (10 ml), and the undissolved material was 
removed by filtration. The filtrate was cooled in an ice-water 
bath, stirred, and acidified to pH 3.5—4 with 20% formic acid. 
The resulting precipitate was filtered, washed with water, and 
dried over P20 5.

This compound was crystallized from ethanol-water to give 
fine needles of 2f (120 mg, 56%): mp 224-226° dec; [ a ] 25D 
-1 6 .5 °  (c l.D M S O ); 256 nm (e 13,800), X”®,11259 (13,800), 
X i r  259 (13,900).

Anal. Calcd for C27H33N 70 8: C, 55.56; H, 5.69; N, 16.80. 
Found: C, 55.63; H ,5.63; N, 16.98.

AG-[l-(9-Adenyl)-/3-D-ribofuranuronosyl]-A,i-carbobenzyloxy- 
L-lysine (4f).— A solution of 2f (250 mg, 0.43 mmol) in 88% 
formic acid (3 ml) was heated at 60-65° (bath temperature) for
2.3 hr. The solvent was removed by repeated coevaporation 
with ethanol. The residue was dissolved in refluxing ethanol 
(10 ml) and the wall of the vessel was scratched to induce crystal
lization of 4f (200 mg, 86% ). This compound was recrystallized 
from DMF-water and dried at 110° over P20 8 in vacuo for 10 hr 
to afford an analytically pure sample: mp 230° (partly melted), 
244-246° dec; [« ]25d -2 3 .9 °  (c 1, DMSO); X”^ 1 257 nm (e
13,700), X’H„ “  259 (13,900), X °"/ 259 (13,900).

Anal. Calcd for C2,H29N70 8: C, 53.03; H, 5.37; N, 18.03. 
Found: C, 52.90; H, 5.52; N , 18.10.

Af“-[l-(9-Adenyl)-/}-D-ribofuranuronosyl]-L-lysine (5g).— To a 
cooled solution of 2f (430 mg, 0.74 mmol) in 88% formic acid 
(20 ml) was added 10% palladium on charcoal (150 mg) under 
nitrogen atmosphere. The mixture was treated with hydrogen 
at room temperature with a Parr apparatus at 45 psi for 18 hr. 
The catalyst was removed via filtration utilizing a Celite pad. 
Then it was washed with cold water. The combined filtrate and 
washings were concentrated to dryness by coevaporation with 
ethanol. The resulting amorphous solid was dissolved in water 
(1 ml), and ethanol (15 ml) was added to give a gummy precipi
tate, which was scratched until a solid was obtained. After the 
mixture had been allowed to stand at 5° overnight, the solid was 
collected, washed with ethanol, and dried to yield 260 mg (79%) 
of 5g.

The analytical sample was obtained by reprecipitation from 
ethanol-water to give an amorphous solid (dried over P20 6 at 80° 
in vacuo for 4 hr); [a]2̂  —19.3° (c 1, H20 ) ;  X°”x' 256 nm («
14,800), X2,“  259 (14,600), x“ £ H 258 (14,800).

Anal. Calcd for C,6H23N,06-2H20 :  C, 43.14; H, 6.11; N, 
22.01. Found: C, 43.23; H, 6.14; N, 21.83.

N  - [ l-(9-Adenyl)-2,3-0-isopropylidene-/?-D-ribofuranuronosyl]- 
glycyl-L-phenylananine Benzyl Ester (6).— A mixture of 
glycyl-L-phenvlalanine21 (6.17 g, 28 mmol), p-toluenesulfonie 
acid monohydrate (5.4 g, 28.6 mmol), benzene (50 ml), and 
benzyl alcohol (50 ml) was refluxed into a Dean-Stark distillation 
apparatus.22 After the azeotropic distillation of water had 
ceased (1.5 hr) the solution was allowed to cool to room tempera

(21) K. R. Rao, S. M. Birnbaum, R. B. Kingsley, and J. P. Greenstein 
J . B io l . C h em ., 198, 507 (1952).

(22) J. P. Greenstein and M. Winitz, “Chemistry of the Amino Acids,” 
Vol. 2, Wiley, New York, N. Y., 1961, p 940.

ture, diethyl ether (800 ml) was added, and the cloudy mixture 
was allowed to stand at 4° overnight. The excess solvents were 
decanted and the residual syrup was twice crystallized from 
ethanol-petroleum ether (bp 30-60°) to give glycyl-L-phenyl- 
alanine benzyl ester p-toluenesulfonate salt (3.5 g). This salt 
(2.96 g, 6.1 mmol) was added to a solution of Na2C 03 (647 mg) in 
water (40 ml) and the solution was extracted with dichloro- 
methane (three 40-ml portions) and dried (MgSO,) and the 
organic phase was evaporated in vacuo. The residue was treated 
with 1 (1.93 g, 6.0 mmol), NHS (690 mg, 6.0 mmol), and DCC 
(1.36 g, 6.6 mmol), in a manner similar to that used in the 
preparation of 2a affording 3.5 g (93%) of the crude product 6.

The analytical sample was obtained by silica gel chromatog
raphy using ethyl acetate-chloroform-methanol (6 :3 :1 ) as a 
developer. The uv-absorbing band yielded an amorphous foam 
(dried over P2Os at 80° in vacuo for 5 hr): [a]25n —15.7° (c 1, 
CHC13); XIT 257 nm (c 14,600), X°”  "  259 (15,000), Xl\0H 259 
(14,900).

Anal. Calcd for C3iH33N7O7-0.5H 2O: C, 59.60; H, 5.48; 
N, 15.69. Found: C, 59.47; H, 5.45; N, 15.72.

JV-[l-(9-Adenyl)-/3-D-ribofuranuronosyl] glycyl-L-phenylalanine 
Benzyl Ester (7).— A solution of 6 (2.8 g, 4.48 mmol) in 88% 
formic acid (24 ml) was heated at 60-65° (bath temperature) 
for 2 hr. The solvent was removed by coevaporation with 
ethanol to give an amorphous foam, which was dissolved in a 
small amount of chloroform-methanol. The solution was ap
plied to a silica gel column (200 g, 4.2 cm) packed with ethyl 
acetate-chloroform-methanol (5 :3 :2 ). Elution was effected 
with the same solvent system, 50-ml fractions being collected. 
Fractions 15-19 were combined and evaporation of the solvent 
gave colorless solids (1.5 g, 56% ).

The analytical sample was obtained by crystallization from 
ethanol: mp 138-140°; [ « ] 25d  —36.5° (c 1, DMSO); X°",‘ 257 
nm (e 14,500), K V '  259 (14,500), x” e°H 260 (15,100).

Anal. Calcd for C28H29N70 7- 1.5H20 : C, 55.80; H, 5.35; 
N, 16.27. Found: C, 55.79; H, 5.44; N, 16.50.

Ar-[l-(9-Adenyl)-/3-D-ribofuranuronosyl] glycyl-L-phenylalanine
(8).— The benzyl ester (7, 500 mg, 0.83 mmol) was dissolved in 
hot methanol (150 ml). To the cooled solution was added a 
suspension of 10% palladium on charcoal (300 mg) in water (10 
ml), and the mixture was hydrogenated at room temperature on 
a Parr apparatus at 45 psi for 20 hr. The catalyst was removed 
by filtration with a Celite pad and wrashed with methanol. The 
combined filtrate and washings were evaporated to dryness to 
give a colorless solid in a yield of 370 mg (92%).

The analytical sarilple was prepared by recrystallization twice 
from ethanol-water and dried over P20 5 at 110° in vacuo for 2 
hr: mp 242-244° dec; [ « ] 25d  -3 0 .8 °  (c 1, DMSO); 258 
nm (e 14,300), X ^ ”  260 (14,400), X™%0H 259 (15,700).

Anal. Calcd for C2,H23N70 7: C, 51.95; H, 4.77; N, 20.19. 
Found: C, 51.89; H, 4.82; N, 20.37.

Registry No.—1, 19234-66-3 ; 2a, 32730-49-7 ; 2b, 
32730-50-0 ; 2c, 32827-42-2 ; 2d, 32730-51-1 ; 2e,
32730-46-4 ; 2f, 32730-47-5 ; 3 , 32730-45-3 ; 4a, 32730-
52-2 ; 4b, 32730-53-3 ; 4c, 32827-43-3 ; 4d, 32730-54-4 ; 
4f, 32730-48-6 ; 5a, 32730-55-5 ; 5b, 32730-56-6 ; 5c, 
32721-40-7 ; 5d, 32721-41-8 ; 5g, 32721-36-1 ; 6 ,3 2 7 2 1 - 
37-2 ; 7 ,3 2 7 2 1 -3 8 -3 ; 8 ,32721 -39 -4 .
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Substituent Effects in the Reaction of A-Benzoyl-/3-arylserinates
with Thionyl Chloride
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The reaction of several pairs of iV-benzoyl-fi-arylserine methyl esters with thionyl chloride has been studied by 
nmr and product isolation. The erythro isomers rapidly form trans oxazolines which react further to give erythro- 
/S-chloro-d-arylalaninates. The reactions of the threo isomers depend upon the electrical effects of the aryl sub
stituents. Thus, internal displacement of chlorosulfite is observed in the case of strongly deactivating groups 
(m-nitro and p-cyano) giving cis oxazolines which do not react further. SNi reaction occurs in the case of the 
ilsreo-p-chlorophenyl analog yielding a rtreo-/S-chloro-/3-arylalaninate without intervention of an oxazoline. threo- 
m-Chlorophenylserinate undergoes both the above reactions as well as Sn2 displacement. Both erythro- and 
¿foreo-p-methoxyphenylserinates give evidence of an additional SnI mechanism.

P rev iou sly , w e rep orted  on  the reaction  o f  som e 
arylserine derivatives w ith  th ion y l ch lor id e .1 T h e  
eri/i/iro -A -acy l-ph en y lserin ate  and  p -n itroph en ylseri- 
nate esters w ere show n  to  u n dergo  rap id  ring closure 
to  trans oxazolines, fo llow ed  b y  a slow er n ucleophile  
in itia ted  con version  to  correspon d in g  /3-aryl-/3-chloroal- 
aninates o f  th e  sam e (erythro) con figuration  (Schem e 
I ) . E a ch  o f these steps occu rred  clean ly  w ith  inversion  
at th e  b en zy lic  center.

Scheme II

R eaction  of T hreo I somers

1

Scheme I

R eaction  of E rythro  Isomers
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T h e  th reo  isom ers reacted  differently , reflectin g  th e  
steric in teractions o f  tw o  eclipsing b u lk y  grou ps in  the 
ensuing transition  state w h ich  w ou ld  lead  to  cis ox a zo 
lines. ¿ /w eo-A -A cylphenylserine esters u nderw en t SNi 
reaction  to  g ive ¿/ireo-/3-chloro-/3-phenylalaninates w ith 
ou t in terven tion  o f an oxazoline (Schem e I I , path  a ). 
O n th e  o th er hand, ¿/¿reo-p-nitrophenylserinates slow ly  
cy clized  to  cis oxazolines w h ich  d id  n ot open  to  j3- 
chloro-|8-(p -n itrop h en y l)a lan in ates  under th e  sam e reac
tion  con d ition s (Schem e I I , path  b ).

W e  su ggested 1 th a t the m arked  difference in  reac
t iv ity  betw een  fhreo-phenyl- and fnreo-p -n itrophenyl- 
serinates w as attribu tab le  to  th e  electron  w ith draw ing 
effect o f  th e  ring substituent. In  th e  case o f  th e  p - 
n itrophenylserinates, such an e ffect deters break ing 
o f  the b en zy lic  C - 0  b o n d  and in v ites  partic ipa tion  o f 
th e  n eigh borin g  am ide g ro u p .2 P artic ip a tion  o f the 
am ide group  in th e  reaction  o f  th e  eryth ro isom ers is 
not u n expected , since a sterica lly  fa v ored  con form er 
o f  th e  ch lorosu lfite  ester w ou ld  place th e  am ide anti- 
cop lan ar to  th e  departin g  group .

(1) S. H. Pines, M. A. Kozlowski, and S. Karady, J . O rg. C h em ., 34, 1621 
(1969).

(2) S. Winstein, B. K. Morse, E. Grunwald, K. C. Schreiber, and J. Corse, 
J . A m er . C h em . S o c ., 74, 1113 (1952).

T h e  results sum m arized briefly  a b ove , an d  th eir 
ra tionalization  p rom p ted  an extension  o f th is research. 
S pecifica lly , if th e  a b ove  attribu tion  is correct, th en  
there sh ou ld  exist ife 'eo-arylserinates w h ich  react w ith  
th ion y l ch loride b y  m echanism s o f both path  a and 
p ath  b, S chem e II , t o  g ive  b o th  th e  cis oxazolin e  (par
tic ipa tion ) and the //ireo-/3-chloroalaninate (S N i) p rod 
ucts. L ik ely  can d idates w ou ld  be th ose  w h ose  sub
s t itu e n t^ ) lie betw een  H  an d  N O , in  e lectron ega 
t iv ity . A  further a im  w as to  ex ten d  th e  scope  o f  th e  
reaction  b ey on d  the “ H ”  en d  o f  th e  scale w ith  an 
e lectron -donating substituent, w here th e  in cip ien t 
b en zy lic  ion  w ou ld  be m ore stabilized . F or th is la tter  
goa l, th e  p -m eth ox y  substituent seem ed  ideal.

S tarting  am ido esters w ere m ade b y  k n ow n  m ethods. 
E a ch  w as ch rom otograp h ica lly  and  sp ectroscop ica lly  
(nm r) free  o f  its d iastereom er. W e verified  th e  stereo 
ch em istry  on  the basis o f  reaction  w ith  th ion y l ch loride  
in  all cases excep t th e  p -m eth ox y  d eriva tive , (a  special 
case, w h ich  is discussed separately , b e low .) T h ose  
isom ers w h ich  rap id ly  an d  clean ly  form ed  trans o x a zo 
lines (S chem e I )  w ere th e  eryth ro  isom ers. In c i
den ta lly , th e  am ino acids from  w h ich  th ey  derive  all 
show ed  low er ?-f v is-a -v is  th eir d iastereom ers in  th e
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ch rom atograph ic system  o f Shaw  an d  F o x .3 A ssign
m ent o f  stereochem istry  on  the basis o f  the presence or 
absence o f  ir absorption  at 11 .90-11 .95  p, first suggested 
b y  B o lh o fer4 and su bsequ ently  su pported  b y  G reen - 
stein  and  W in itz ,5 is n ot a  reliable criterion  w ith  som e o f 
the serines used in  th is w ork .

T h e  stereoch em istry  o f  the tw o  p -m eth oxyp h en y l- 
serinates w as prov ision a lly  assigned on  the basis o f  
tic beh av ior3 o f  th e  parent serines. R ea ction  o f the 
m ethyl ester o f  the eryth ro isom er w ith  ben zim in oeth y l 
ether h yd roch lorid e ,6 a procedu re w h ich  does n ot affect 
the stereochem istry  o f  th e  chiral centers, gave cis-
4 -ca rb om eth oxy -5 -p -m eth ox y p h en y l-2 -p h en y l-2 -ox a zo - 
line, as show n b y  its d istin ctive  nm r spectrum . T h e  
threo ester gave th e  trans oxazoline as th e  m ajor 
p rod u ct in sim ilar reaction  w ith  th e  im ino ether. 
T hese  results su bstan tiated  the orig inal assignm ent.

R esu lts

A s in d ica ted  a b ove , all eryth ro  isom ers o f  the 
derivatized  serines, w ith  the excep tion  o f p -m e th o x y - 
phenylserine (vide infra), rea cted  w ith  th ion y l ch loride 
accord in g  to  S chem e I , clean ly  and  rap id ly  form in g 
trans oxazolines w h ich  op en ed  m ore slow ly to  form  
erythi o-/3-chloroalaninates. T h is  beh av ior w as ex
p ected  from  ou r previou s study .

T h e  th reo  isom ers, on  th e  o th er hand, sh ow ed  an even  
greater v a rie ty  o f  reactions th an  w as p rev iou sly  en
cou n tered .7 ¿ /ireo-m -N itrophenyl- and  p -cy a n op h en y l- 
serinates gave cis oxazolines slowdy accord in g  to  the 
m echanism  o f path  b, S chem e II .

¿/ireo-p-C hlorophenylserinate w as con v erted  to  the /3- 
ch loroalaninate (p a th  a, S chem e I I )  via S m  reaction . 
A s w e h ad  h o p e d ,8 f/ireo-m -ch lorophenylserinate gave 
produ cts correspon d in g  to  b o th  m echanism s. W h at 
w as n o t an ticipated , h ow ever, w as th at th is substrate 
also gave a sizable am ou n t o f  the isom eric erythro-fi- 
ch loroa lan in ate ! S pecifica lly , th e  th ree produ cts, threo- 
/3-chloroalaninate, cis oxazoline, and erythro-P-ch\oro- 
alaninate, w ere form ed  in  th e  approx im ate  ra tio9 o f 
5 0 :3 0 :2 0  w hen the reaction  w as carried  ou t in deu terio - 
ch loroform . S im ilar ratios (5 2 :3 2 :1 6 )  w ere m easured 
w hen the reaction  w as run n eat in th ion y l ch loride.

B o th  erythro- an d  f/ireo -A -b en zoy l-d -p -m eth oxy - 
phenylserine m eth y l esters gave th e  same m a jor re
action  prod u ct, f/ireo-A -ben zoyl-j3 -ch loro-/3 -(p -m eth oxy-

(3) X. N. F. Shaw and Sidney W. Fox, J . A m e r . C h em . S o c ., 75, 3421 
(1953). The relationship rf (th reo) >  rf (ery th ro) holds also for the unsub
stituted phenylserines and p-nitrophenylserines. Our chromatograms were 
run on cellulose plates rather than paper. See also R. Wichert, A r k . K em i,  
25, 231 (1966).

(4) W. A. Bolhofer, J . A m e r . C h em . S o c ., 76, 1322 (1954).
(5) J. P. Greenstein and M. Winitz, “Chemistry of the Amino Acids,” 

John Wiley and Sons, New York, N. Y., 1961, p 2599.
(6) By the procedure of M. Viscontini and E. Fuchs, H e h .  C h im . A cta , 

36, 1 (1953); also ref 1.
(7) The discussion is restricted to the truly dominant products of reaction. 

Close examination of the various nmr spectra of the SOCI2 reactions of threo 
isomers, including those of our previous work,1 revealed small methoxy peaks 
which could be attributed to some of the “mechanistically excluded” prod
ucts. In the case of the iAreo-ra-nitrophenylserinate reaction, for example, 
the by-product was estimated at 5—8% of the total reaction. Its two major 
constituents were identified as er2/£ftro-iV-benzoyl-/3-chloro-/3-(TO-nitrophenyl)- 
alanine methyl ester (by ir, melting point, and tic), and £rans-4-carbo- 
methoxy-5-wi-nitrophenyl-2-phenyl-2-oxazoline (by ir and tic). The th reo -  
0-chloroalaninate was not found. Similar or lesser amounts of by-products 
were estimated for the phenyl,1 p-nitrophenyl,1 p-chlorophenyl, and p-cyano- 
phenyl cases.

(8) See footnote 17, ref 1.
(9) Ratios from nmr integration.

phenyl) alanine m ethy l ester. O ther reaction  produ cts 
o f  these tw o  starting m aterials w ere identified  and 
their id en tity  bears on  th e  nature o f  the reaction  
m echan ism (s) in  this excep tion a l case.

F inally , th e  accu m u lated  ev iden ce  o f  th is an d  our 
previous w ork  allow s statem ent o f  som e nm r spectral 
d istinctions betw een  th e  isom eric oxazolines, /3-chloro- 
alaninates, and am ido alcohols. T h e  cis oxazolines 
show  th e  larger cou p lin g  con stan t o f  th e  C 4- C 5 p roton s
10 .5 -11  H z vs. 7 .5 -8  for  trans, and  a m ark ed ly  higher 
field signal for  the ester m ethoxy l, 5 ~ 3 .2 - 3 .3  vs. ^ 3 .9  
fo r  trans. T h e  th reo  linear com pou n ds show  the 
h igher J h c n h , 8 .5 -9  H z vs. 7 -7 .5  H z fo r  th e  erythro 
isom ers. C oup lin g  con stan ts betw een  th eir v icina l 
a liphatic p roton s are to o  close to  be  defin itive b y  th em 
selves, bu t are slightly  larger fo r  the erythro m em ber 
o f a g iven  pair.

D iscu ssion

R e a ctio n  o f erythro isom ers w ith  th ion y l ch loride 
accord in g  to  Schem e I  m ay now  be  a ccep ted  as general 
in v iew  o f the results reported  here, ou r earlier rep ort , 1 
and som e references c ited  therein . T h e  exception a l 
case w hich  is ob served  w ith  th e  p -m e th o x y  an a log  is 
d iscussed separately  be low . T h e  con version s at each 
step  w ere clean  an d  essentially  com plete . T h e  trans 
oxazolines, all bu t on e o f  w h ich  are oils, w ere separated  
from  traces o f  starting m ateria l or  a lready  fo rm ed  /?- 
ch loro  com p ou n d s b y  ch rom a togra p h y  to  ob ta in  
an a lytica l sam ples, thus sacrificing iso la tion  y ie ld  for 
pu rity . T h e  la tter eriyiliro-/3-chloroalaninates w ere 
ob ta in ed  in near pure form  (tic , nm r) in qu an tita tive  
y ie ld . Sim ple recrysta lliza tion  w as sufficient for 
analysis.

P a rtic ip a tion  o f  the n eigh borin g  am ide grou p  in dis
p lacin g  th e  leav ing  grou p , -O SO C 1, is reason ab le  in 
v iew  o f the sterica lly  fa v ored  a n ticop lan ar con form er 
o f  th e  in term ediate  ch lorosu lfite  ester. N u cleoph ilic  
op en in g  o f  the thus form ed  oxazolin e  in th e  an hydrou s 
system  is an u n excep tion a l secon d  step, an d  requires 
little  elaboration . F ry , fo r  exam ple, used  th e  n u cleo 
ph ilic  open in g  o f oxa zo lin e -4 -ca rb oxy la te  w ith  th io - 
b en zo ic  acid  as th e  k ey  step  in  a synthesis o f  cystine. 
H e also com m en ted  on  th e  possib ility  o f  com p e titio n  o f 
C l -  w ith  th e  th iob en zoa te  under his rea ction  con d i
t io n s .10

T h e  results o b ta in ed  w ith  th e  th reo  isom ers support 
our earlier v iew s con cern in g  th e  im p ortan ce  o f  th e  aryl 
su bstitu ent on  th e  reaction  m echan ism . T h e  p -cy a n o  
an d  m -n itro  substituents, b o th  stron g ly  e lectron ega 
tiv e , destabilize th e  p oten tia l b en zy lic  ca tion  in  the 
sam e w a y  as d id  th e  p -n itro  g ro u p , 1 an d  a ccord in g ly , 
cou ld  be  ex p ected  to  p rom ote  p ro d u ct fo rm a tion  via 
participa tion  o f th e  n eigh borin g  am ide g ro u p .2 F in d in g  
the cis oxazolines as th e  essential p rod u cts  in  these 
instances (a ccord in g  to  Schem e l i b )  is con son an t w ith  
th is v iew . In  th e  case o f  th e  p -ch loro  su bstitu ent, the 
stabilizing resonance effect a p paren tly  ou tw eigh s the 
n egative  in d u ctiv e  e ffect o f  C l, an d  th e  p ro d u ct pre
d icted  b y  path  a (S chem e I I )  (SNi reaction ) is form ed  
qu an tita tive ly .

T h e  m -ch loro  substituent p rov id es  the first clear 
case fo r  m ultip le  reaction  pa th w ay . In  th is case,

(10) E. M. Fry, J . O rg . C h em ., IS, 438 (1950).
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th e  m oderate  —I  e ffect is n ot ov erly  destabilizing, nor 
are there cou n teractive  resonance con tribu tion s. T hu s, 
a b o u t 3 0 %  con version  to  a cis oxazoline is fou n d . T h e  
rem ain ing m ixture o f  threo- and  erythro-fi-ch loroalan i- 
nates can  b e  a ccou n ted  fo r  b y  th e  usual Sn í reaction  
fo r  the form er, and  a heretofore  u n observed  Sn 2 dis
p lacem en t o f  -O S O C 1 b y  ch loride (path  c, S chem e I I ) .  
A n  a lternative  carbon iu m  ion  m echan ism  is re je cte d  on  
the basis o f  th e  findings w ith  th e  p -m eth ox y p h en y l 
an alog  (w here Sn I reaction  is su ggested ) w h ich  differ 
d ram atica lly  from  these, especia lly  w ith  regard  to  
fo rm a tion  o f appreciab le  am ou n ts o f  th e  trans ox a zo 
line.

B o th  th e  eryth ro  and  th reo  isom ers o f  lV -benzoyl-/3 -p- 
m ethoxyph enylserin e  m eth y l ester react rap id ly  at ice 
tem perature w ith  th ion y l ch loride, g iv in g  threo-$- 
ch loroalan inate, trans oxazoline, an d  erythro-fi-chloro- 
alan inate in  th a t ord er o f  im p ortan ce . E v e n  th ou gh  
the con version  o f  trans oxazoline to  erythro-j3-ch loro- 
a lan inate casts d ou b t on  th e  m eaningfu lness o f  rigid  
y ie ld  figures, nevertheless, a cru de estim ate o f  y ields 
from  a rapid , co ld  reaction  is in stru ctive. T hu s, a fter  
10 m in  reaction  at 0° w ith  th e  eryth ro  startin g  m aterial, 
w e find  a p p rox im a te ly  42, 35, an d  1 5 %  o f ihreo-fi- 
ch loroa lan inate, trans oxazoline, and  erythro-^3-ch loro- 
a lan inate, respective ly . In  th e  case o f  th e  th reo  
starting m aterial, th e  com parab le  num bers are ~ 7 0 ,  
15, an d  5 % . In  neither case is a n y  in term ediate  
ch lorosu lfite  ester ob served  in th e  nm r. A  trace  o f the 
cis oxazolin e  can  be  seen in  th e  m oth er liquors re
m ain ing from  iso la tion  o f the m a jor  p ro d u ct o f  the 
th reo  reaction .

T h e  pattern  and rate o f  p rod u ct form a tion  clearly  
distinguishes th is pair o f  serinates from  all th e  others 
w e h ave stu d ied , an d  suggests th a t a com m on  ion ic 
in term ediate  p lays a  role. S tud ies o f  th e  p -an isy l 
carbon iu m  ion  are all t o o  fam iliar to  requ ire  citation , 
and, in  reactions such as th ese, its im p lication  seem s a 
fo reg on e  conclusion .

T h e  ion ic  pa th w ay  to  p rod u cts  m igh t be  an  even  
m ore a ttra ctiv e  exp lan ation  w ere th e  y ie lds from  b o th  
eryth ro  an d  th reo  starting m aterials sim ilar. T h e  raw 
y ie ld  data  su ggest th a t reaction  occu rs n o t on ly  
th rou gh  th e  carbon iu m  ion  in term ed iate , b u t  also 
th rou gh  som e o f  th e  pa th w ays cited  prev iou sly . T h e  
stron gest argum ents fo r  ion ization  are (a) form a tion  o f 
a £/weo-/3-chloroalaninate from  an ery th ro  starting 
m aterial, an d  (b ) form a tion  o f  a  trans oxazolin e  from  
a th reo  starting m aterial. O ne m igh t argue th a t th e  
form er result cou ld  be  exp la ined  b y  an  Sn 2 reaction  o f 
C l a ttack in g  the in term ediate  -O SO C 1 in a v e ry  rap id  
reaction . W e suggest th at, if th is argum ent is va lid , we 
sh ou ld  h ave seen  som e ev iden ce  fo r  th e  sam e reaction  
w ith  eryth ro  starting m aterials. W e  d id  n ot.

E xperim ental S e c tio n 11

¿/ireo-/3-p-Chlorophenylserine.— Prepared from p-chlorobenz- 
aldehyde and glycine according to the method of Holland and 
Nayler,12 the crystals showed mp 186° dec (lit12179° dec).

(11) (a) Melting points are uncorrected. Elemental analyses were per
formed by Mr. R. N. Boos and his associates of these laboratories. Infrared 
spectra were recorded using a Perkin-Elmer Model 137 spectrometer, and 
ultraviolet spectra were obtained by means of a Perkin-Elmer Model 202 
spectrometer. Varian A-60A, T-60, and HA-100 spectrometers were used 
for nuclear magnetic resonance measurements.ub Thin layer chromatog
raphy was performed with commercially available plates. The solvent

Anal. Cal cd for CoH10C1N03: C, 50.13; H, 4.67; N, 6.50. 
Found: C, 49.47; H, 4.66; N, 6.44.

cryffero-ß-p-Chlorophenylserine.— Isolated from acid hydrolysis 
of the corresponding methyl ester (see below), this isomer ap
peared somewhat hygroscopic: mp 185° dec, unsharp; dta 
endotherms at 179 and 196° dec (lit.12 178° dec for “ hemihy- 
drate” ).

Anal. Found: C, 49.92; H ,4.55; N, 6.43. 
¿fira>-/?-p-Methoxyphenylserine.—To 15 g (0.2 mol) of glycine 

and 54.5 g (0.4 mol) of anisaldehyde in 50% ethanol (160 ml) was 
added a solution of 28 g (0.7 mol) of sodium hydroxide in 80 ml of 
water. The reaction was stirred overnight, then acidified to pH 
4 (HC1) and extracted with chloroform. The aqueous layer was 
taken to dryness, and the residue crystallized from 200 ml of 
water. The solids, after recrystallization from hot water, gave
1.7 g of almost pure (tic) flireo-p-methoxyphenylserine. The 
analytical sample, from water, showed (dta) an endotherm at 
203° dec.13

Anal. Calcd for C10II13NO4: C, 56.86; H, 6.20; N, 6.63. 
Found: C, 56.50; H, 6.25; N, 6.57.

cn/i/iro-ß-p-Methoxyphenylserine. -The original mother liquor 
from the isolation of the threo isomer (above) was allowed to 
stand several days. There was deposited 1.7 g of almost pure 
en/i)iro-j3-p-methoxyphenylserine. The analytical sample from 
water showed (dta) an endotherm at 198° dec.

Anal. Found: C, 56.67; H, 6.25; N, 6.87. 
erj/ifero-/3-p-Chlorophenylserine Methyl Ester Hydrochloride.—■ 

A solution of 10.4 g (83 mmol) of glycine methyl ester hydro
chloride, 23.2 g (166 mmol) of p-chlorobenzaldehyde and 11.7 ml 
(84 mmol) of triethylamine in 40 ml of methanol was stirred 2 
days. The crystalline product separated after saturating the 
solution with anhydrous hydrogen chloride. Recrystallization 
of the crude (mp 177°) from ethanol, then methanol, gave an 
analytical sample, mp 188-189° dec.

Anal. Calcd for C10H13Cl2NO3: C, 45.13; H, 4.92; N, 
5.26. Found: C, 45.05; 11,5.05; N, 5.38.

m/iliro-ß-m-Nitrophenylserine Methyl Ester Hydrochloride.—• 
This compound was prepared from m-nitrobenzaldehyde in the 
same way as reported directly above for the p-chlorophenyl 
analog. The analytical sample showed mp 184-185° dec 
(MeOH) (lit.14 mp 190° dec.

Anal. Calcd for C,oH13N20 5C1: C, 43.4; H, 4.74; N, 10.13. 
Found: C, 43.36; H, 4.88; N, 10.10.

cri/i)ira-/3-p-Cyanophenylserine Methyl Ester Hydrochloride.— 
A solution of 10 g (76 mmol) of p-cyanobenzaldehyde, 4.78 g 
(38 mmol) of glycine methyl ester hydrochloride, and 3.84 g 
(38 mmol) of triethylamine in 100 ml of methanol was stirred for 
18 hr. The volatiles were removed, and the residue was warmed 
in dioxane to form a fluid slurry. After cooling, the crystalline 
triethylamine hydrochloride was removed, and the filtrate acidi
fied with 6.5 ml of 6 N hydrochloric acid. The slurry' w'as stirred 
in an ice bath for 2 hr and the product collected, 2.6 g of almost 
pure (nmr) erwi/iro-ö-n-cyanophenylserine methvl ester hydro
chloride, mp 194-197° dec.

ifireo-0-p-Cyanophenylserine Methyl Ester Hydrochloride.—
When the mother liquor solids from the previous experiment were 
stirred in tetrahydrofuran, a crude mixture (5.2 g), mp 153- 
157° dec, was isolated. This solid contained the title compound, 
contaminated with, inter alia, the erythro isomer, and glycine 
methyl ester. Nevertheless, it was satisfactory for benzoylation.

systems reported in the experimental section allowed separation of the 
specific compound from its diastereomer. Cellulose plates (Analtech) were 
used for the serines, and in each case the isomers were shown to be separable 
v ia  the Shaw-Fox3 solvent system. Where the free serines were not directly 
isolated, acid hydrolysates of the corresponding esters were examined. The 
“usual work-up” involves aqueous extractions, drying over sodium sulfate, 
and evaporation i n  va cu o  to dryness. Preparative chromatography was 
carried out either in columns (silica gel H, E. Merck) or on purchased pre
parative plates, (b) The generatizations in the “ Results” section of this 
paper taken in conjunction with the nmr data of Table IV, ref 1 (the entry 
for trans-10, however, should read Ha =  362) characterize the structural 
features of the compounds of this work. Presentation of further tables of 
nmr data seems unwarranted.

(12) D. O. Holland and J. H. C. Nayler, J . C h em . S o c ., 273 (1953).
(13) K. W. Rosenmund and H. Dornsaft [B er ., 52, 1734 (1919)] reported 

mp 185-186°, as did S. Kanao and K. Shinozuka [J. P h a rm . S o c . J a p .,  
67, 218 (1947); C h em . A b str ., 45, 9508A (1951)]. P. B. Mahajani and J. N. 
Ray [C u rren t S c i .  (In d ia ) , 22, 146 (1953); C h em . A b str ., 48, 6964ff (1954)] 
reported mp 155°.

(14) E. D. Bergmann, H. Bendas, and C. Resnick, J . C h em . S o c ., 2564 
(1953).
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Table I
A/-BENZOYL-0-ARYLSERINE METHYL ESTERS

Phenyl -Calcd % ---------- V -Found %—
substituent Isomer® Registry no. Mp "C6 Formula c H N C H N

p-Chlcro e 32721-54-3 1 5 1 .1 -154 .5 ' C „H I6C1N04 61.17 4 .83 4 .20 61.34 4.95 4.23
t 32721-55-4 142-144'.d 60.87 4 .80 4.18

m-Chloro e 32721-56-5 134-136.5« 60.95 4 .69 4.12
t 32721-57-6 9 9 .5 -1 0 1 .5 ' * . f 60.98 4 .77 4 .27

p-Cyano e 32721-58-7 161-165' c 18h 16n 2o 4 66.66 4 .97 8.64 66.44 4 .93 8.74
t 32721-59-8 101-104'.<'•/ 66.71 5 .05 8.73

p-Methoxy e 32721-60-1 154-155.5° c I5h I3n o 5 65.64 5 .82 4 .25 65.43 5 .78 4.22
t 32721-61-2 143.5-145 ' 65.44 5 .65 4.23

m-Nitro e 32721-62-3 1 38 .5 -140 .5 ' C17H16N 206 59.30 4 .68 8.14 59.20 4 .70 7.99
t 32721-64-5 117-120'.^ 59.00 4 .52 8.08

“ e =  erythro, t =  threo. b Superscripts'- » denote recrystallization solvent or solvent combinations: c =  ethyl acetate, d =  ether, 
e = aqueous ethanol, /  = hexane, g — acetonitrile.

Table II
4-Carbomethoxy-5-aryl-2-phenyl-2-oxazolines

Phenyl ,-------------Calcd %-------------. ,-------------Found %•
substituent Isomer Registry no. Mp "C "’1 Formula c H N C H N
p-Chloro Trans Ci7H14C1N03 64.37 4 .47 4 .44 64.69 4 .54 4.39
m-Chloro Trans 64.64 4 .40 4 .69

Cis 32721-64-5 3 6 .5 -8 9 * / 64 .80 4.51 4 .39
p-Cyano Trans 32721-65-6 104 .5 -1 0 6 .5d c 18h un 2o 3 70.58 4.61 9.15 70.60 4.39 8.93

Cis 32721-66-7 132-135' 70.38 4 .70 9 .05
p-Methoxy Trans c 18h 17n o 4 69.44 5 .50 4 .50 69.55 5.77 4 .74

Cis 32721-67-8 9 3 -9 5 'd 69.20 5.57 4 .42
m-Nitro Trans Ci7H 14N 20 5 62.57 4 .32 8.59 62.97 4 .45 8 .50

Cis 32721-68-9 103-105'./ 62.55 4 .38 8 .45
° Where no melting point is given, the compound was an oil. 6 Superscripts'- /  denote recrystallization solvent or solvent combina

tions: c =  ethyl acetate, d =  ether, /  =  hexane.

fn/itro-^-j/i-Chlorophenylserine Methyl Ester Hydrochloride.—
This compound was made from m-chlorobenzaldehyde in the same 
way described for the crylhro-p-cya.no ester. After recrystalliza
tion from ethanol, mp 183-185° dec, the product was pure 
(nmr).

Amido Esters.— The above compounds were all converted to 
their Ar-benzoyl derivatives by the previously mentioned pro
cedure;1 i.e., Fischer esterification, where necessary, was fol
lowed by treatment of the ester hydrochloride in ethyl acetate 
with 2.2 equiv of triethylamine and 1.2 equiv of benzoyl chloride. 
In the case of the crude iAreo-/3-p-cyanophenylserine methyl ester 
hydrochloride, some of the less soluble erythro amido ester was 
removed by crystallization (ether-ethyl acetate) before the threo 
isomer was obtained. The compounds are listed in Table I.

The two remaining amido esters were obtained via hydrolysis 
of the corresponding t.rans oxazolines. The procedure was the 
same in both cases, and is described only for the threo-m-nitro 
analog. The second one (¿Areo-m-chloro) did not form a stable 
solvate. Characterization data are in Table I, also.

<Arfo-A-Benzoyl-/3-m-nitrophenylserine Methyl Ester.— A solu
tion of 1.7 g (5.2 mmol) of ¿rans-4-carbomethoxy-5-?n-nitro- 
phenvl-2-phenyl-2-oxazoline in 20 ml of dioxar.e, 1 ml of water, 
and 2 ml (5 mmol) of 2.5 N  HC1 was stirred for 3 hr at room tem
perature. Sodium bicarbonate (500 mg) was added with a few 
milliliters of water and the mixture stirred overnight. After 
removal of the dioxane in vacuo, the residue was work up in the 
usual way with ethyl acetate. Crystallization from isopropyl 
alcohol gave 1.5 g of an isopropyl alcohol solvate of the title 
compound, mp 74-78°. The analytical sample showed two endo- 
therms (dta) at 79 and 113°. Nmr showed a 1:1 mole ratio of 
the desired compound with isopropyl alcohol.

Anal. Calcd for C,7H,6N20 6-C3H80 :  C, 59.40; H, 5.98; 
N, 6 93; volatiles, 14.85%. Found: C, 59.71; H, 5.48; N, 
7.14; volatiles (by tga), 14.5%.

When the solvate was stirred overnight in water containing a 
few drops of teri-butyl alcohol (as surfactant), the unsolvated 
product was obtained.

Reactions with Thionyl Chloride.—All reactions were initially 
followed in an nmr tube to determine the reaction times most 
appropriate for isolation of the various products. Product identi
ties for oxazolines could be made on the basis of these initial 
spectra. Thus, formation of a trans oxazoline was characterized

by shift of the ester -OCH 3 signal downfield to S ~ 3 .9  and the 
appearance of two doublets between 5 and 6.5 (J = 7.5-8 Hz) 
representing the C4 and C5 protons; a cis oxazoline showed an 
upfield shift of the ester -OCH 3 signal to 3.2-3.3 (aromatic 
shielding1) and more widely split C4 and C5 protons (J =  10.5- 
11 Hz). The stereochemistry of the /3-chloro compounds was 
assigned after isolation of the pure product, and in conjunction 
with the mode of formation.1 Preparative runs were made in 
chloroform, ~ 5 -1 0 %  concentration, with about 5-10-fold excess 
thionyl chloride unless otherwise stated. Reaction times are 
listed in each case below. In some cases, the volatiles were re
moved in vacuo to provide the product (method A); in others, 
the reaction was quenched into ice-water, and the usual work-up 
(of footnote 11) was followed (method B). Physical constants 
and elemental analyses of the oxazolines and /3-chloroalaninates 
which were formed are found in Tables II and III.

A. With cr»iAro-A7-Benzoyl-(3-p-chlorophenylserine Methyl 
Ester.— After room temperature reaction for 10 min and work-up 
by method B, the pure ¿rans-4-earbomethoxy-5-p-chlorophenyl-
2-phenyl-2-oxazoline, an oil, was obtained by chromatography 
(CHC13 containing 1.5% ether).

When extended over the weekend, the same reaction gave 
(method A) crystalline cryiAro-A?-benzoyl-/3-chloro-/3-(p-chloro- 
phenyl)alanine methyl ester, which had been a very minor im
purity of the 10-min reaction.

B. With ¿Areo-.V-Benzoyl-iJ-p-chlorophenylserine Methyl 
Ester.— After 10 min at room temperature, method A work-up 
gave ¿Areo-A,-benzoyl-i3-chloro-/3-(p-chlorophenyl)alanine methyl 
ester, mp 163-136°.

C. With erj/i/iro-A'-Benzoyl-fJ-m-chlorophenylserine Methyl 
Ester.— Reaction for 1.5 min at room temperature and method 
B work-up gave almost complete reaction (tic). Chromatog
raphy (9:1 benzene-ether) gave pure ¿rans-4-carbomethoxy-5- 
m-chlorophenyl-2-phenyl-2-oxazoline, an oil.

Work-up of a 10-min reaction (method A) gave crystalline 
erythro-N-benzoyl - (3 - chloro - (3 -’(to- chlorophenyl )alanine methyl 
ester.

D. With iArco-A’ -Benzoyl-^-m-chlorophenylserine Methyl 
Ester.— A solution of 1.8 g of the title compound in 20 ml of 
chloroform was stirred for 20 hr with a 1 ml of thionyl chloride. 
The residue after removal of volatiles was chromatographed on 
100 g of silica (benzene-ether 8 :1 ). From the earlier fractions
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T able  I I I

îV -B enzoyl-/3-chloro-/3-arylalanine  M ethyl  E sters

/------------ Calcd % -------------. <■-------------Found %-
Phenyl substituent Isomer“ Registry no. Mp “C6 Formula c H N c H N

p-Chloro e 32721-69-0 110- 112. 5d CuHuCUNO, 57.97 4.29 3.98 57.87 4.17 4.04
t 32721-70-3 163.5-165.5' 58.24 4.45 3.92

m-Chloro e 32721-71-4 148-151.5' 57.76 4.25 3.95
t 32721-72-5 106-108'1* 58.05 4.19 3.99

p-Cyano e 32721-73-6 119-121' CI8H15C1N20 , 63.07 4.41 8.17 62.81 4.43 8.07
p-Methoxy t 32721-74-7 155-156' c ,8h 18c in o 4 62.16 5.22 4.03 62.17 5.17 3.97
m-Nitro e 32721-75-8 155-157' Ci,H i5C1N20 5 56.28 4.16 7.72 56.45 4.20 7.92

“ e = erythro, t =  threo. 6 Superscripts'.1* denote recrystallization solvent or solvent combinations: c =  ethyl acetate, d = ether.

was obtained cri/t/iro-A?-benzoyl-0-chloro-/3-(m-chlorophenyl)ala- 
nine methyl ester, mp 145-149°, undepressed on admixture with 
the product from the 10-min thionyl chloride reaction with the 
corresponding erythro amido ester C above). Nmr, ir, and tic 
all support the assignment. Next in increasing polarity was 
if)rro-A'-benzoyl-|3-chloro-ii-(m-chlorophenyl)alanine methyl ester.

The next fraction eluted, 500 mg, consisted mainly of methyl- 
er-benzamido-m-chlorocinnamate, an analytical sample of which 
showed mp 113.5-115.5° (Et0Ac-Et20 ) ;  uv max (EtOH) 278 
nm (log e 4.2), 221 (4.35).

Anal. Calcd for CuHnClNOa: C, 64.67; H, 4.47; N, 4.44. 
Found: C, 64.77; II, 4.37; N ,4.60.

Close examination of the nmr spectrum of the original mixture 
revealed but a trace of this component. In all likelihood, and in 
conformity with the integration values determined on the reac
tion mixture prior to isolation, the cinnamate was generated dur
ing the chromatography.

More polar yet was cfs-4-carbomethoxy-5-m-chlorophenyl-2- 
phenyl-2-oxazoline, which was eluted after the cinnamate.

E . With cri/Mro-A'-Benzoyl-(3-?)-cyanophenylserine M eth yl 
E ster.— Reaction was for 3 min at room temperature. Chro
matography (CHCls-1% acetone) after method B  work-up gave 
the desired trans-4-earbomethoxy-5-p-cyanophenyl-2-phenyl-2- 
oxazoline.

The same reaction extended for 2 days gave directly (method 
A) crystalline frpi)!ro-A7-benzoyl-/3-chloro-/3-(p-cyanophenyl)ala- 
nine methyl ester, mp 114-117°.

F . W ith  /tirio-A '-Benzoyl-fi-/.>-cyanophenylserine M eth yl 
E ster.—Two-day room temperature reaction, work-up by method 
B  gave almost pure cfs-4-carbomethoxy-5-p-cyanophenyl-2- 
phenyl-2-oxazoline, mp 125° from ether.

G . W ith  en/iftro-A7-Benzoyl-/3-p-m ethoxyphenylserm e M eth yl 
E ster .— To a stirred suspension of 100 mg of the title compound in 
1 ml of methylene chloride at 0-5° was added 0.2 ml of thionyl 
chloride. Solution was achieved in 2-3 min. After a total of 
10 min, the reaction was quenched on ice and worked up by 
method B. Crystallization of the residue from ethyl acetate- 
ether gave 44.6 mg (42%) of single spot threo-N-benzoyl-d- 
chloro-/3-(p-methoxyphenyl)alanine methyl ester, mp 152-153° 
dec.

The mother liquor solids, 60 mg, were examined by nmr. Two 
components accounted for essentially the entire spectrum, 
¿rans-4-carbomethoxy-5-p-methoxyphenyl- 2 - phenyl - 2 - oxazoline 
(~ 6 0 % ) and en/t/iro-./V-benzoyl-£i-chloro-/3-(p-methoxyphenyl)- 
alanine methyl ester (■—-30%). A small amount of the threo-0- 
chloro compound also remained.

A similar reaction extended for 1.5 hr at room temperature and 
worked up by method A gave a 47% yield of ¿fireo-0-chloro com
pound, mp 147-149° dec.

The mother liquors resulting from the isolation of the threo-p- 
chloro compound were chromatographed on preparative silica 
plates using 6:1 benzene-ether, then 2%  methanol in benzene. 
The faster moving compound was ir«rj?-4-carbomethoxy-5-p- 
methoxvphenyl-2-phenyl-2-oxazoline, identical (ir, tic, nmr) 
with that formed from the reaction of i/irco-zS-p-methoxyphenyl- 
serine methyl ester and benziminoethyl ether hydrochloride (see 
below). The slower moving material was not the erythro-N- 
benzoyl-/3-chloro-/3-(p-methoxylphenyl)alanine methyl ester, but 
its dehydrochlorination product, methyl-a-benzamido-p-me- 
thoxycinnamate (characterization below).

When the reaction was run in an nmr probe (CDCI3, T ~  5°) 
the first spectrum obtained showed methoxyl signals equivalent 
to at least three species, two of which were clearly the trans 
oxazoline and the threo-l3-ch\oro compound. The former 
amounted to approximately 40-45% of the total. It was not

possible to quantify the others. After 90 min, the oxazoline 
had decayed to about 30%, and, after an additional hour (now at 
room temperature or slightly above), the signals for the oxazoline 
were considerably diminished. Observation over the following 
days showed a steadily increasing complexity of the methoxyl 
region and the growth of a signal attributable to methyl chloride. 
Ultimately, crystalline 4-p-methoxybenzylidene-2-phenyl-2-ox- 
azolin-5-one deposited,1 and was recovered: mp 156-157° (meth
anol) (lit.15 16 mp 158-159°); uv max (methanol)16 252 nm (log e 
4.18)259 (4.22), 383 (4.59).

H . W ith  i7ireo-A?-Benzoyl-/3-p-m ethoxyphenylserine M eth yl 
E ster.—The identical 10-min reaction in the cold as described 
above (G) for the erythro isomer gave 75 mg (71%) of threo-N- 
benzoyl-it-chloro-d-(p-methoxyphenyl)alanine methyl ester, mp
152-153° dec from ethyl acetate-ether. The mother liquor resi
due when examined by nmr showed lines clearly attributable to 
trans oxazoline (-—-60%) and the erylhro-p-cbloro compound 
( 1 5 —20%).  Up to 10% of cis-oxazoline was present.

Extended reaction (1.5 hr at room temperature) gave 64% 
¿firco-ii-chloro compound. From the mother liquors there was 
isolated (by thick plate chromatography) both the trans oxazoline 
(ir and tic), and methyl a-benzamido-p-mcthoxy cinnamate: mp
149-152° from aqueous methanol (lit.17 mp 141-142°); uv max 
(CH3OH) 311 nm (log e 4.4), 228 (4.3).

Anal. Calcd for CigHnN04: C, 69.44; H, 5.50; N, 4.50. 
Found: C, 69.59; 11,5.59; N ,4.48.

This product, obtained in 14% yield w'as probably formed by 
dehydrochlorination of the cnp/iro-d-chloroalaninate during the 
chromatography.

In the nmr probe (CDCR, T ~  3°) the earliest spectra repre
sented about 70% thrco-/3-cb\oTO compound, with no evidence for 
the chlorosulfite ester of the starting material. A methoxyl 
signal attributable to the trans oxazoline ester could be seen, 
amounting to no more than 10-15% of the total. The signal 
corresponding to the cis oxazoline ester methyl group was not 
discernible.

I . W ith  cn/iliro-.Y-Benzoyl-S-in-nitrophenylserine M eth yl 
E ster .—To 3.35 g of the title compound in 42 ml of chloroform 
was added 5 ml of thionyl chloride. After 5-min stirring, the 
reaction was quenched into ice water. After usual work-up, the 
residue was chromatographed (benzene-ether, 95:5). There was 
obtained 2.3 g of pure trons-4-carbomethoxy-5-m-nitrophenyl- 
2-phenyl-2-oxazoIine, an oil.

Overnight reaction at room temperature, followed by method 
A work-up, gave crystalline erytfiro-A7-benzoyl-)J-chloro-i3-(m- 
nitrophenyl)alanine methyl ester, mp 148-153°.

J. W ith  threo-jV-Benzoyl-j3-m-nitrophenylserme M eth yl
E ster.— A mixture of 200 mg of the title compound in 5 ml of 
chloroform was stirred at 40° overnight with 1 ml of thionyl 
chloride. After method A work-up, the crystalline residue was 
triturated with ether containing ethyl acetate. Filtration gave 
174 mg of solids (a) and mother liquors containing 37 mg of resi
due (b).

The mixture (a) consisted of cfs-4-carbomethoxy-5-m-nitro- 
phenyl-2-phenyl-2-oxazoline and its hydrochloride, as evidenced 
by its single spot tic (6 :1 C6H6-E t20 , then 2%  AleOH in C6H6). 
The ethyl acetate soluble portion gave an analytical sample.

When the hydrochloride-containing portion (+A gN O j test, 
ir) was dissolved in methanol and chromatographed on a prepara

(15) H. E. Carter and J. W. Hinman, J . B io l . C h em ., 178, 403 (1949).
(16) D. A. Bassi, V. Deulofeu, and F. A. F. Ortega [J . A m e r .  C h em . S o c .. 

75, 171 (1953)] reported very similar values from ethanol.
(17) N. K. Kochetkov, E. I. Budovskii, R. M. Khomutov, and M. Ya. 

Karpeiskii, J . G en . C h em . U .S .S .R ., 29, 70 (1959).
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tive plate (2% MeOH in OsHA, there was obtained, in addition 
to more cis oxazoline, a small amount of erythro-N-benzoyl-/3-ra- 
nitrophenylserine methyl ester, mp 135-137°, which arose from 
oxazoline hydrolysis (and O —* N acyl migration) during work-up. 
This component was not present in the original crystalline pre
cipitate (a).

The residue (b), which consisted of three major components 
was separated on thick plates (6:1 C6H6-E t20 , *hen 2%  MeOH 
in CeH6). The most polar of the three was cis oxazoline, the 
major reaction product. Next was the isomeric trans oxazoline 
(ir, tic), and least polar was erythro-N-benz,oy\-fl-ch\oro-l3-(m- 
nitrophenyl)alanine methyl ester (melting point, ir, tic).

CTS-4-Carbomethoxy-5-p-methoxyphenyl-2-phenyl-2-oxazo- 
line.— An intimate mixture of 200 mg of eryi/iro-p-methoxyphenyl- 
serine methyl ester, made by Fisher esterification of the more 
polar of the two p-methoxyphenylserines, and 200 mg of benz- 
iminoethyl ether hydrochloride was heated on the steam bath for 
30 min.6 Chromatography (3.5% MeOH in C6H6) gave 110 mg 
of crude product, the nmr of which clearly established the con
figuration as the cis oxazoline. The product was crystallized 
from ether-hexane. The same chromatography gave a vivid 
yellow fraction which was shown to be 4-p-methoxybenzylidene- 
2-phenyl-2-imidazolin-5-one: mp 295° dec from isopropyl alcohol 
(lit.18 mp 289-290°); uv max (MeOH) 254 nm (log e 4.39), 394 
(4.54); M + 278, CnH14N 20 2, mol wt 278.3.

¿rcms-4-Carbomethoxy-5-p-methoxyphenyl-2-phenyl-2-oxazo- 
line.—When 400 mg of the threo isomer of p-methoxyphenyl-

(18) A. R. Kidwai and G. M. Devasia, J .  O rg . C h em ., 27, 4527 (1962).

serine methyl ester underwent the same reaction as described 
directly above, there was obtained 124 mg of the title product, 
a light yellow oil, after chromatography on silica gel plates with 
6 '1  benzene-ether, then 2%  methanol in benzene.

R eg istry  N o .— T h io n y l ch loride, 7719-09-7 ; threo- 
/3 -p -m ethoxyphenylserine 32721-76-9 ; erythro-fi-p- 
m ethoxyph enylserin e, 32721-77-0 ; erythro-fd-p-ch loro- 
phenylserine m eth y l ester h ydroch loride , 32721-78-1 ; 
ery i/iro-d -p -cyanopheiiy lserm e m eth y l ester h y d ro 
ch loride, 32721-79-2 ; (ft,reo-/5-p-cyanophenylserine 
m eth y l ester h ydroch loride , 32721-80-5 ; erythro-fi-m- 
ch lorophenylserine m eth y l ester h ydroch loride , 32721-
81 -6 ; m eth y l a-ben zam ido-ra-ch lorocinn am ate, 32730-
62-4 ; m eth y l a - ben zam ido -  p - m ethoxycinn am ate, 
32730-63-5.

A ck n ow led g m en t.— W e  are gratefu l to  M essrs. 
R . Zerfing, D . H arris, and especia lly  D r. A . W . D ou glas 
w ho fo llow ed  our reactions in  th e  nm r, p rov id ed  our 
spectra , and helped in  correlatin g  relationships. W e  
also g lad ly  acknow ledge w arm  en couragem ent o f 
D r. P . I. P o lia k .19

(19) Deceased, May 10, 1971.
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l,2,3,4,6,7,12,12b-Octahydro-2,4-d:ketoindolo[2,3-a]quinolizine (3), a tetracyclic keto lactam, has been pre
pared as an intermediate in the synthesis of pentacyclie indole alkaloids from tryptamine (2a) and citric acid.
6-Methoxytryptamine (2b) has also been used in place of 2a. 3 has been reamed with carbethoxy methyl vinyl
ketone (15) to produce the expected cyclized adduct, l,2,3,4,5,7,8,13,13b,14-decahydrobenz[p]-l-carbethoxy-
2,5-diketoindolo[2,3-a]quinolizine (16). 16 reduces smoothly with Pt and H2 to produce the tetrahydro adduct
18. Lithium aluminum hydride reduction of 18 produces a pentacyclie db l 21. The stereochemistry of 21 is 
discussed.

M o st  o f  the to ta l synthesis w ork  in  the reserp ine2 
and the y o h im b in e 3 areas4 ( 1 ) has in v o lv e d  p recon 
stru ction  o f the stereoch em ica l relationships o f  the 
D / E  rings b e fore  con den sation  w ith  tryp tam in e (2a) 
or  6-m eth oxytryp ta m in e  (2b ) to  form  the p en tacyclie  
skeleton.

l

H
2a, R = H
b, R=OCH3

In  this paper a stepw ise con stru ction  o f rings A  
th rou gh  E  is explored . In  outline, it w as envisaged 
th at 2a or 2b m ight b e  com b in ed  w ith  a m od ified  /3-oxo- 
g lu taric acid  to  y ie ld  a k eto  lactam  o f ty p e  3 w hich  then 
cou ld  b e  a lkylated  w ith  a su bstitu ted  m eth y l v in y l 
k etone and cyclized  to  y ie ld  a p en ta cyclie  precursor 
o f  1 .

O
4a, R = H
b, R = C 2H5

(1) (a) Supported in part by the National Institute of Mental Health, 
(b) Presented in part before the Division of Organic Chemistry, 159th 
National Meeting of the American Chemical Society, Houston, Tex., Feb 
1970, Abstracts, No. ORGN 15.

(2) R. B. Woodward, F. Bader, H. Bickel, and R. Kierstead, T etra h ed ron , 
2, 1 (1958).

(3) E. Van Tamelen, M. Shamma, A. Burgstahler, J. Wolinsky, R. Tamm, 
and P. Aldrich, J . A m e r .  C h em . S o c ., 80, 5006 (1958); 91, 7315 (1969).

(4) (a) J. Poisson, A n n .  C h im . (P a r is ) ,  9, 99 (1964); (b) R. H. F. Manske 
in "The Alkaloids, Chemistry and Physiology,” Vol. VIII, R. H. F. Manske, 
Ed., Academic Press, New York, N. Y., 1965, p 694; (c) E. Schlittler in 
"The Alkaloids, Chemistry and Physiology,” Vol. VIII, R. H. F. Manske,
Ed., Academic Press, New York, N.Y., 1965, p 287; (d) I. Ernest and B. 
Kakac, C h em . I n d .  (L o n d o n ), 513 (1965); (e) for a different stepwise ap
proach, see Cs. Szantay, L. Toke, and K. Honti, T etra h ed ron  L ett., No. 22, 
1665 (1965).

S ynthesis R e su lts .— C itric acid, an inexpensive 
startin g  m aterial, was read ily  con v erted 5 to  /3-oxoglu- 
taric acid  (4a) w h ich  in  tu rn  was esterified8 to  y ie ld  4b 
as a prelim inary to  preparing the desired a ldeh ydo es
ter 5. T o  ob ta in  5, 4b was con verted  to  the ketal ester 
6a w h ich  was con verted  to  its d isod ium  salt 6b, and 
th en  cyclized  w ith  oxa ly l ch loride to  g ive  the anhydride
7.7 7 was th en  transform ed w ith  ethanol to  the acid  es-

(5) R. Adams, K. M. Chiles, and C. F. Rassweiler, O rg. S y n ., 6, 5 (1925).
(6) R. Adams and H. M. Chiles, “Organic Syntheses,” Collect. Vol. I, 

Wiley, New York, N. Y., 1947, p 237.
(7) R. Adams, J .  A m e r . C h em . S o c ., 42, 599 (1920).
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ter  8a w h ich  on  treatm ent, w ith ou t purification , w ith
ox a ly l ch loride  gave 8b . R osen m u n d  redu ction 8
8b  again w ith ou t purification  gave the b lock ed
d eh y d o  ester 5.

0
II

H— C CO,Et 

0 ^ 0

RO,C CO Ry0
i____ i

o

3
d

o

1____ 1 6a, R = C2H5 1____ 1
5 b, R =  Na 7

C onden sation  o f  5 and tryp tam in e (2a) then  pro
ceed ed  sm ooth ly  w ith ou t purification  o f  in term ediates 
to  y ie ld  the k eto  lactam  3. T h u s 5 and 2a reacted  in 
g lacia l a cetic  acid  to  g ive a red  gu m  w hose infrared 
peaks in d ica ted  an ester at 1720 c m -1 , a ketal at 946 
c m -1 , and  a stron g  peak  at 1626 c m " 1 due to  a C = N  
v ibra tion . S olu tion  o f th is S ch iff’s base in ethanolic 
h yd rogen  ch loride and subsequent treatm en t w ith  b o il
ing 1 0 %  su lfuric acid  con verted  it to  3 in an overall 
y ie ld  from  5 o f 3 5 % .

A s a structure p ro o f 3 seem ed readily  con vertib le  
to  9, w h ich  had  been  earlier prepared  b y  S w an 9 using a 
d ifferent route. A ccord in g ly  the k eto  lactam  3 was 
b lock ed  to  g ive  the ketal 10, w hich  was then  redu ced  
to  11 and h y d ro ly zed  to  g ive  9 identica l in every  re

sp ect w ith  an au th entic sam ple k in d ly  supplied  b y  D r.
G . A . Sw an. A n  add ition a l sod iu m  boroh y d rid e  re
d u ction  o f 3 gave the expected  h y d ro x y  la ctam  12. 
O ur interest in the resperpine series led  us to  condense
6 -m eth oxytryp tam in e  (2b) and 5 under slightly  differ
ent con d ition s to  g ive  the lactam  13 b u t w ith  the ketal 
grou p  still in ta c t .10

A lth ou gh  the ph ysica l properties o f  the te tra cyc lic  
k eto  lactam  3 generally  correspon ded  close ly  to  its as
signed structure, it was m ost interesting to  note  that 
its /3-dicarbonyl system  failed  to  g ive  a positive  m etha- 8 9 10 11 12 13

(8 )  E . M o s e t t ig  a n d  R .  M o z in g o ,  Org. React., 4, 3 6 2  (1 9 4 8 ).
(9 )  L . H . G r o v e s  a n d  G . A . S w a n , J . Chem. Soc., 6 5 0  (1 9 5 2 ).
(1 0 )  S e v e ra l  o th e r  a p p ro a ch e s  w h ic h  d id  n o t  le a d  t o  3  o r  a  v a r ia t io n  o f  

i t  in c lu d e  a t t e m p t e d  r e a c t io n  o f  d ie t h y l  e t h y le n e d io x y g lu t a r a t e  (6a) o r  
th e  c o r re s p o n d in g  d im e th y l  e s te r  w ith  t r y p t a m in e  (2a) u n d e r  a  v i d e  v a r ie t y  
o f  c o n d it io n s .  S ta r t in g  m a te r ia ls  w e re  g e n e ra lly  r e c o v e r e d  e x c e p t  in  a  
s e a le d  t u b e  w h e re  th e  d it r y p ta m id e  o f  /3 -e th y le n e d io x y g lu ta r ic  a c id  w as 
o b t a in e d  in  a  lo w  y ie ld .11 R e a c t io n  o f  t r y p t a m in e  (2a) w ith  /3 -e th y le n e - 
d io x y g lu t a r ic  a n h y d r id e  (7) g a v e  t h e  e x p e c t e d  g lu ta r a m ic  a c id  b u t  it ,  o r  
its  e s te r  o r  th e  d e r iv e d  g lu ta r im id e , c o u ld  n o t  b e  c y c li z e d  t o  fo r m  r in g
0.12.13

(1 1 )  E . B e s t h o r n  a n d  E . G a r b e n , Ber., 3 3 , 3 44 2  (1 9 0 0 ).
(1 2 ) E . S c h lit t le r  a n d  T .  A lle m a n n , Helv. Chim. Acta, 3 1 , 128  (1 9 4 8 ).
(13) N . I t o h  a n d  S . S u g a sa w a , Tetrahedron, 1, 45  (1 9 5 7 ).

nolic ferric ch loride te s t14 and  th at its ir sp ectru m  in 
K B r  h ad  a g ood  k eton e peak  at 1724 c m -1 certa in ly  
ind icative o f  little  if any en olic  character under these 
con d itions. H ow ever, 3 d issolved  readily  in  aqueous 
base and  also was con verted  w ith  acetic anhydride to  
the enol acetate 14.

Reaction with Carbethoxymethyl Vinyl Ketone
(15).— T h e  tetracyc lic  k eto  lactam  (3), ca rb eth ox y 
m ethyl v in y l k eton e (15),15 and a basic ca ta lyst, potas
sium  h yd rox id e  in m eth an ol,16 were a llow ed  to  react in 
refluxing m ethanol to  g ive after standing overn igh t a 
crysta lline p rod u ct w h ich  in  tim e was sh ow n  to  be  the 
p en ta cy clic  M ich a e l ad d u ct 16. T h e  ir sp ectru m  o f 
16 h ad  the pecu liar p rop erty  o f  h a v in g  n o  ca rb o n y l 
a b sorp tion 17 a b ove  1635 c m -1 . T h u s the satu rated  
ester an d  k eton e absorptions o f  3 and 15 w ere rep laced  
b y  stron g  absorptions at 1635, 1592, and 1558 c m - 1 . 
T h e  1635 and 1592 c m -1  bands w ere in terpreted  to  be 
representative o f  the chelated  enol 16 in accordan ce  
w ith  the w ork  o f  R h o a d s18 on  enolizable cy c lic  /3-keto 
esters. T h e  absence o f higher frequ en cy  absorp tion  
associated  w ith  the k eto  form  was rationalizable in 
term s o f  the report o f  A lbrigh t and G o ld m a n 19 th at 
a -yoh im b in on e  (17) was com p lete ly  en olic  and  h ad  n o  
a bsorp tion  a b ove  1642 c m -1 . 16 did  h ave a peak  in
its n m r spectru m  at 5 13.5 p p m  w hich  cou ld  be  assigned 
to  an en olic  h y d rog en ,19 b u t its mass spectru m  w as in 
determ inate since it d ecom p osed  in  the in stru m en t to  
low  m olecu lar w eight fragm ents.

H yd rogen a tion  o f  16 p roceeded  sm ooth ly  w ith  p la t
inum  o x id e ,20 apparently  a ccom pan ied  b y  the u p tak e 
o f fou r  atom s o f  h ydrogen , since the m ass sp ectru m  o f  
the p rod u ct 18 h ad  a stron g  paren t peak  at 382 m ass 
units correspon d in g  to  the m olecu lar w eight o f  18. 
T h e  ir spectru m  o f  the tetrah ydro  addu ct 18 sh ow ed  
tw o stron g  saturated  ca rb on y l absorptions at 1722 and

(1 4 ) R .  L . S h r in e r , R .  C . F u s o n , a n d  D .  T .  C u r t in , “ T h e  S y s t e m a t ic  
I d e n t i f ic a t io n  o f  O rg a n ic  C o m p o u n d s .”  5 th  ed , W ile y ,  N e w  Y o r k ,  N . Y . ,  
1 9 6 4 , p 127.

(1 5 ) N . N a z a r o v  a n d  S. I .  Z a v y lo v ,  J . Gen. Chem. U SSR , 23, 1701 
(1 9 5 3 ).

(1 6 ) S . I .  Z a v y lo v ,  G . V . K o n d r a t in a , a n d  L . F .  K u d r y a n t s e v a , ibid ., 31, 
3 4 4 9  (1 9 6 1 ) ;  R .  H o h e n lo h e -O e h in g e n , M onatsh. Chem., 93, 5 7 6  (1 9 6 2 ) ;  
E .  W e n k e r t ,  A .  A fo n s o ,  J . B .  B r e d e n b e r g , C .  K a n e k o , a n d  A .  T a h a r a , 
J . Am er. Chem. Soc., 86, 2 0 3 8  (1 9 6 4 ) ;  S . W .  P e lle t ie r , R .  L . C h a p p e l l,  a n d  
S . P r a b h a k a r ,  ibid., 9 0 , 2 8 8 9  (1 9 6 8 ).

(1 7 ) L . J . B e l la m y , “ T h e  In fr a r e d  S p e c t r a  o f  C o m p le x  M o le c u le s ,”  2 n d  
e d , W ile y ,  N e w  Y o r k ,  N . Y . ,  195 8 , p  3 4 .

(1 8 )  S . J . R h o a d s ,  A . W . D e c o r a ,  J . C .  G ilb e r t ,  T .  G a r la n d , M .  J . U r b ig k it ,  
a n d  R .  J . S p a n g le r , Tetrahedron, 19, 1625 (1 9 6 3 ) . T h e y  a ls o  r e p o r t  t h a t  
e n o liz a b le  c y c l i c  /3 -k eto  este rs  d e v e lo p  an  in s ta n ta n e o u s  a n d  in te n s e  b lu e  t o  
b lu e -p u r p le  c o lo r a t io n  w ith  H e n e c k a ’ s  fe rr ic  c h lo r id e  r e a g e n t . 16 g a v e  an  
im m e d ia te  d a rk  b lu e  c o lo r  w ith  th is  re a g e n t . 3 g a v e  n o  c o lo r  a t  a ll a n d  
15 w a s  w in e  re d . R h o a d s ,  et al., a lso  r e p o r te d  a  d a rk  g re e n  c o lo r  f o r m e d  
w ith  e th a n o lic  c u p r ic  a c e ta te  a n d  t h e ir  /3 -k eto  e s te rs . 16 g a v e  a  s im ila r  
d a r k  g re e n  c o lo r  w ith  th is  re a g e n t.

(1 9 )  J . D .  A lb r ig h t  a n d  L . G o ld m a n , J . Org. Chem., 30, 1 0 0 7  (1 -965).
(2 0 ) S . S ie g e l a n d  G . V . S m ith , J. Am er. Chem. Soc., 82, 6 0 8 2 , 6 0 8 7  

(1 9 6 0 ) . T h e  d o u b le  b o n d  c o m m o n  t o  r in g s  D  a n d  E  a t  C is  a n d  C 20 in  16 
m ig h t  b e  e x p e c t e d  t o  r e d u c e  s m o o t h ly  c is  u n d e r  th e s e  c o n d it io n s  in  v ie w  
o f  th e  e x p e r im e n ts  o f  F . L . W e is e n b o r n , ibid ., 79, 4 8 1 8  (1 9 5 7 ) ,  le a d in g  t o  
s y n th e t ic  1 7 -d e s m e th o x y d e s e r p id in e .
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1610 c m -1  correspon d in g  to  a saturated  ester and 
lactam , respective ly . S ince 18 had a secon dary  
alcoh ol, b a ck  ox idation  using the m od ified 19 N ,N '-d i- 
cycloh exy lca rb od iim id e  m eth od  o f P fitzer and M o ffa t t21 
p rod u ced  the k etone 19. 19 had  no saturated  carbon y l

17

absorption  at all, b u t rather a stron g  d ou b let at 1641 
and 1617 c m -1  consistent w ith  an enolized  /3-keto ester. 
T h is result, fo llow in g  A lb righ t and G o ld m a n ,19 22 can 
be used to  assign a cis D / E  ring ju n ction  in  19 and also 
in 18. T h e  m ass spectru m  o f 19 h ad  no parent peak ; 
h ow ever, th is was n ot surprising since the oth er /3-keto 
ester 16 also h ad  none. R e d u ctio n  o f  19 w ith  p lat
inum  oxide and h yd rogen , a lthough  on  an extrem ely  
sm all scale, gave a d ih yd ro -19  w h ich  was iden tica l in 
all respects w ith  the tetrah yd ro  M ich a e l ad d u ct 18. 
R egen eration  o f  18 this w ay  suggests th at sim ilar steric 
fa ctors  m ay be  op erating  in  the red u ction  o f 18 and 
the M ich a e l a d d u ct 16. I f  a -c is  ad d ition  o f h ydrogen  
to  the h indered  enol is fa vored , as m olecu lar m odels 
seem  to  in dicate , then  th e  ca rb eth oxy l and h y d ro x y l 
groups w ou ld  be  /3-cis. T h is  con clu sion , cou p led  w ith  
the lik e lih ood  th at D / E  in 18 is cis fused, p laces 18 in 
the a lloyoh im bin e (20) fam ily . I f  the C 3 h yd rogen  o f 
18 is a th en  it w ou ld  b e  orien ted  as in a lloyoh im bin e
(20 ), bu t if  it  is /3 it  w ou ld  be  as in  ep ia lloyoh im bine.

OH OH OH
20 21 22

In  order to  get som e idea  as to  the orien tation  o f  the 
C 3 h ydrogen  and also to  rem ove  the la ctam  ca rb on y l 
group at C 2i,23 the lith ium  alum inum  h ydride  redu c-

(2 1 )  K .  E . P f itz e r  a n d  J . C . M o f fa t t ,  J . A m e r . C h em . S o c ., 85, 3 02 7  
(1 9 6 3 ).

(2 2 ) A lb r ig h t  a n d  G o ld m a n 19 o x id iz e d  y o h im b in e ,  w h ic h  h a s  D / E  tra n s , 
t o  y h h im b in o n e  a n d  o b s e r v e d  n o  e n o lic  c h a r a c te r , b u t  a -y o h im b in e  (22) 
w ith  D / E  c is  o n  o x id a t io n  t o  a  a r -y o h im b in o n e  (17) w a s  h ig h ly  e n o lic .

(2 3 )  I n  th is  s y n t h e t ic  s c h e m e  t h e  la c ta m  c a r b o n y l  a t  C 21 t h r o u g h  its  
e n o l a t  C 21- C 20 r e p re se n ts  a  w a y  o f  c o n v e r t in g  th e  D / E  ju n c t io n  f r o m  cis  
t o  tra n s  a n d  t h e r e b y  e n te r in g , w ith  th e  p r o p e r  s u b s t itu e n ts , t h e  re se rp in e  
a n d  th e  y o h im b in e  area s  u s in g  a  c o m m o n  s y n t h e t ic  p la n .

tion  o f 18 to  y ie ld  21 was accom plish ed . T h e  crysta l
line d io l 21 show ed  n o  a bsorp tion  in  the ca rb on y l re
g ion  b u t had tw o bands in  the C H  region  at 2805 and 
2755 c m -1 w hich  were n ot in  18. T hese  so-called  
B oh lm an n  bands h ave been  su ggested ,24 25 n ot w ith ou t 
d issen t,26 to  b e  in d ica tive  o f  an axial a -C 3 hyd rogen . 
S ince W en k ert27 has suggested th a t a /3-C3 h yd rogen  
m ight have an nm r peak  at 5 4 .6  p pm , the nm r spec
trum  o f 21 was scrutin ized. N o  peak  oth er than  from  
the deu terated  d im eth yl su lfoxide at 2.5 and  3.7 ppm  
cou ld  b e  fou n d  from  3.4 to  7 ppm , again in d ica tin g  th at 
the C 3 h yd rogen  o f  21 was a. W h ile  the mass 
spectru m  o f 21 show ed  a parent peak  equal to  th e  m olec
ular w eight o f  th e  d io l and  the iso top ic  analysis was 
con sistent w ith  its em pirica l form ula , it  w as o f  con 
siderable im portan ce  to  n ote  the appearance o f a large 
rti/e M  — 1 peak  ch aracteristic  o f  yoh im bin e-lik e  alka
lo id s28 and arising from  loss o f  the C 3 h ydrogen . T h e  
elem ental analysis requ ired  in clusion  o f  0 .75 m ol o f 
ethanol to  fit the com b u stion  analysis. S o lv a tion  o f 
this sort is also ch aracteristic  o f  the diols from  y oh im 
b in e 29 and a -y o h im b in e .30

I f  the stereoch em istry  o f  the d io l is th a t show n  in 
dl-21, th en  a lloyoh im bin e  (20) is th a t a lkaloid  w hich  
shou ld  reduce to  op tica lly  a ctiv e  21. U n fortu n ately  
it was n ot available, a -y oh im b in e  (22) was, how ever, 
and, although  the C 17 h y d ro x y l w as n ow  a, the rest o f 
the m olecu le was sim ilar to  20. R e d u ctio n  o f 22 
y ie ld ed  the d iol 23, w h ich  h ad  the expected  B oh lm an n  
bands at 2795 and  2745 c m - 1 ; h ow ever, the rest o f  the 
ir spectru m  o f  23 show ed  th at it was defin itely  d iffer
en t from  syn th etic  d iol 21. S ince the mass spectra  o f 
21 and  the d io l from  a -y oh im b in e  23 shou ld  be very  
sim ilar, th ey  were com p ared  and  fou n d  to  be  nearly

identical. H ow ever, there w ere definite slight differ
ences in  in ten sity  o f  the peaks due in  part to  the 
slightly  d ifferent stereoch em istry  and also to  possible 
im pu rity  d ifferences.

A lth ou gh  oth er experim ents w ere a ttem pted , espe
cia lly  on  the in itia l M ich a e l a d d u ct 16 or its im m ediate 
tran sform ation  produ cts, th ey  w ere indefinite due pre
su m ably  to  the tw o  D / E  d ou b le  b on d s in  16. T h is 
generally  m irrors the reported  in stab ility  even  tow ard  
recrysta lliza tion  o f  A 15(20,-y o h im b in e 31 due m ost 
likely  to  the dou b le  b o n d  com m on  to  the D / E  rings.

(2 4 ) F . B o h lm a n n , C h em . B er ., 9 1 , 2 1 5 7  (1 9 5 8 ).
(2 5 ) E .  W e n k e r t  a n d  D . K . R o y c h a u d h u k l,  J . A m e r . C h em . S o c ., 78, 

6 4 1 7  (1 9 5 6 ).
(2 6 ) W . E .  R o s e n , T etra h ed ron  L e tt ., No. 14, 481  (1 9 6 1 ).
(2 7 ) E . W e n k e r t  a n d  B . W ic k b e r g ,  J . A m e r . C h em . S o c ., 84, 4 9 1 4  (1 9 6 2 ).
(2 8 ) L . D .  A n t o n a c c io ,  N . A . P e re ira , B . G ilb e r t ,  H . V o r b r u e g g e r , H . 

B u d z ik ie w ic z ,  J . M .  W ils o n , L . J . D u r h a m , a n d  C . D je r a s s i ,  ib id ., 84, 2161 
(1 9 6 2 ).

(2 9 ) R .  C . E lc e r f ie ld  a n d  A . P . G r a y , J .  O rg. C h em ., 16, 5 0 6  (1 9 5 1 ).
(3 0 ) A . C h a t te r je e  a n d  P . K a rre r , H elv . C h im . A c ta , 33, 8 0 2  (1 9 5 0 ) ;  

A . C h a t te r je e  a n d  S. C . P a k ra sh l, J . I n d ia n  C h em . S o c ., 36, 684  (1 9 5 9 ) .
(3 1 ) K .  T .  P o t t s  a n d  D . R .  L il je n g re n , J . O rg . C h em ., 28, 3 0 6 6  (1 9 6 3 ) .
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Experimental Section
All microanalyses were obtained from the Galbraith Labora

tories, Knoxville, Tenn., or from Dr. Alfred Bernhardt, Micro- 
analytical Laboratory, Max Planck Institute, Ruhr, West Ger
many. The melting points of all compounds up to and including 
13 were determined on a calibrated apparatus heated at 1 deg/ 
min and are corrected. All others were obtained on a Hoover- 
Thomas melting point apparatus heated at 1 deg/min and have 
not been corrected. All boiling points are uncorrected. The ir 
spectra were run on a Perkin-Elmer Infracord or Model 21, 421, 
or 521 recording ir spectrophotometer. The nmr spectra were 
run on a Varian HA-60 or HR-60 nmr instrument. The uv spec
tra were run on a Cary 14 recording uv spectrophotometer. The 
mass spectra were obtained from Morgan Schaffer Corp., Mon
treal, Canada.

Starting Materials.—Tryptamine (2a) was prepared from in
dole by the Brutcher and Vanderwerff modification [ / .  Org. 
Chem., 23, 146 (1958)] of the Speeter and Anthony32 synthesis of 
substituted tryptamines. 6-Methoxytryptamine (2b) was syn
thesized using the Woodward method.2 Conversion of citric acid 
to diethyl /3-ethylenedioxyglutarate (6a)33 was routine.5'6

Disodium 0-Ethylenedioxyglutarate (6b).— A solution of 35.6 g 
(0.89 mol) of sodium hydroxide in 400 ml of hot absolute ethanol 
was added dropwise with stirring to a hot solution of 73.1 g (0.297 
mol) of diethyl /3-ethylenedioxyglutarate (6a) in 400 ml of ethanol 
over a 1-hr period. The mixture was refluxed for an additional 
hour, filtered hot through a sintered glass funnel, and washed 
with hot ethanol to give 67.7g (97.2%) of 6b as a snow-white pow
der. Recrystallization from water-ethanol afforded colorless 
blades.

Anal. Calcd for C7H80 6Na2: C ,35.91; H, 3.44. Found: C, 
35.61; H, 3.42.

d-Ethylenedioxyglutaric Anhydride (7).— To a suspension of
52.8 g (0.22 mol) of the crude disodium salt 6b in 11. of chloroform
was added, with rapid stirring, a solution of 38.1 ml (0.45 mol) of 
oxalyl chloride in 300 ml of chloroform over a 5-min period. The 
mixture was maintained at 45-50° (water bath) for 1 hr, fil
tered hot through Celite, concentrated to one-third volume under 
vacuum, and heated to boiling followed by saturation with low- 
boiling petroleum ether (bp 30-60°) and chilling to yield 29.5 g 
of 7. Concentration of the liquors yielded 3.3 g more of 7 for a 
combined yield of 85%. 7 on recrystallization from chloroform-
petroleum ether gave colorless needles: mp 112-113°; ir (CHCL) 
1828, 1779 (anhydride C = 0 ) ,  1055 (CO), 952 c m -' (ketal COC).

Anal. Calcd for C7IJ 8Os: C, 48.87; H, 4.67. Found: C, 
48.86; H, 4.59. >

4-Carbethoxy-3-ethylenedioxybutyric Acid (8a).— A mixture of
21.85 g (0.127 mol) of (3-ethylenedioxyglutaric anhydride (7) and
14.8 ml (0.254 mol) of absolute ethanol was gently refluxed for 24 
hr. After removal of the excess ethanol under vacuum there re
mained 26.58 g (96.0%) of the half-acid ester as a colorless, vis
cous oil which was always used for further reactions without puri
fication. 8a had in the ir spectrum (CHC13) 1720 (acid and ester 
C = 0 ) ,  1365 (CH3), 1035 (ester CO), and 950 cm-1 (ketal COC).

4-Carbethoxy-3-ethylenedioxybutyryl Chloride (8b).— To a so
lution of 26.58 g (0.12 mol) of unpurified half-acid ester 8a in 250 
ml of dry benzene was added 27 ml (0.30 mol) of oxalyl chloride 
and the mixture was refluxed for 2 hr, after which the solvent was 
removed under vacuum. The resulting oil was triturated several 
times with a total of 1 1. of low-boiling petroleum ether. The 
triturants were combined, treated with Darco, and filtered and 
the petroleum ether was removed under a stream of dry air on a 
water bath to yield 19.66 g (68.5%) of the acid chloride 8b as a 
mobile, pale yellow liquid: ir (CHCI3) 1785 (acid chloride C = 0 ) ,  
1720 (ester C = 0 ) ,  1365 (CHS), 1030 (ester CO), and 950 cm ' 1 
(ketal COC). 8b suffered complete decomposition on attempted 
distillation and was used further without purification.

4-Carbethoxy-3-ethylenedioxybutyraldehyde (S).— A mixture 
of 200 ml of dry xylene, 4.0 g of 5%  palladium on barium sulfate,8 
and 40 mg of "quinoline sulfur” 8 was heated under a stream of hy
drogen to remove traces of water, then cooled; 19.66 g (0.083 mol) 
of the unpurified acid chloride 8b was added and the mixture was 
heated to reflux. When hydrogen chloride evolution ceased after 
1 hr, the mixture was cooled and filtered through Celite and the 
solvent was removed under vacuum. There remained a residue

(3 2 )  N . E .  S p e e te r  a n d  W . C . A n th o n y ,  J. Am er. Chem. Soc., 76, 6 20 9  
(1 9 5 4 ).

(3 3 )  R .  K u h n , J . Prakt. Chem., 139, 156 (1 9 4 0 ).

which was distilled to yield 10.31 g (61.4%) of the almost colorless 
aldehyde 5 : bp 120-122° (1.3 mm); ir (CHC13) 1720 (ester and al
dehyde C = 0 ) ,  1360 (CH3), 1030 (ester CO), 948 (ketal COC). 
The 2,4-dinitrophenylhydrazone of 5 after two recrystallizations 
from ethanol had mp 111.5-113.0°.

Anal. Calcd for Ci6Hi8N40 8: C, 47.12; H, 4.74; N, 14.66. 
Found: C, 47.35; H, 4.72; N, 14.55.

l,2,3,4,6,7,12,12b-Octahydro-2,4-diketoindolo[2,3-a]quinoli- 
zene (3). A. Ar-[|3-(3-Indolyl)ethyl]-4-carbethoxy-2-ethylene- 
butylimine (Schiff’s Base).— To a hot solution of 3.20 g (0.02 
mol) of tryptamine (2a) in 25 ml of glacial acetic acid was added 
at once a solution of 4.04 g (0.02 mol) of the aldehyde ester 5 in 25 
ml of glacial acetic acid. The mixture was refluxed for 2 hr, then 
cooled and poured into a large volume of ice-water. It was then 
extracted twice with chloroform using added sodium acetate to re
duce emulsion formation, washed twice with water, dried (Na2- 
S04), and stripped of solvent under vacuum to give 5.18 g (75.2%) 
of the Schiff base as a red-orange oil which could not be crystal
lized: ir (CHCL) 1732 (ester C = 0 ) ,  1638 (C = N ), 1040 (ester 
CO), 948 cm“ 1 (ketal COC).

B.— To 5.18 g (0.015 mol) of the above Schiff’s base in a 250-ml 
beaker was added 150 ml of 10% sulfuric acid. The mixture was 
heated on a hot plate with constant stirring until, after a few 
minutes of ebullition, the keto lactam product 3 began to preci
pitate. Heating was continued until this ceased and then the mix
ture was cooled, filtered, and washed (H20 ) .  The keto lactam 3 
was freed from traces of the Schiff’s base by trituration with cold 
ethanol. After final filtration and washing with ethanol, 0.96 g 
(25.2%) of 3 was obtained as a white solid. Recrystallization from 
ethanol-water gave 3 as clusters of colorless needles: mp 242°
dec; ir (KBr) 1724 (ketone C = 0 ) ,  1644, 1622 cm -1 (lactam 
C = 0 ) .

Anal. Calcd for C1BH14N20 2: C, 70.85; H, 5.55; N, 11.02. 
Found: C, 70.81; H, 5.74; N, 11.04.

The phenylhydrazone recrystallized from ethanol-water had 
mp 219° dec.

Anal. Calcd for C21H20N4O: C, 73.23; H, 5.85; N, 16.27. 
Found: C, 73.27; II, 6.08; N, 16.27.

A solution of 2.67 g (0.00775 mol) of the above Schiff’s base in a 
minimum amount of 20%  ethanolic hydrogen chloride was allowed 
to stand for 24 hr at room temperature. The resulting tan crys
tals were filtered, washed first with ethanol and the with ether, 
to yield 1.19 g of an unstable tan intermediate. This product 
readily dissolved in 100 ml of 10%  sulfuric acid, which was then 
heated on a hot plate for 10 min with accompanying ebullition. 
At the end of that time reasonable pure white crystalline keto lac
tam 3 separated out. Filtration and washing with water yielded 
0.90 (46%) of 3. Recrystallization from ethanol-water yielded 
3 as white, flocculent crystals, mp 243-244° dec.

1,2,3,4,6,7,12,12b-Octahydro-2-ethylenedioxy-4-ketoindolo- 
[2,3-a|quinolizine (10).—A solution of 1.00 g (0.00393 mol) of the 
keto lactam 3 and 40 mg of p-toluenesulfonic acid in 100 ml of te- 
trahydrofuran and 50 ml of 2-methyl-2-ethyl-l,3-dioxolane, pre
pared by a previously described method,34 was refluxed for 21 hr, 
cooled, poured into benzene, washed twice with 10%  sodium car
bonate and twice with water, and dried (Na2S04), and the solvent 
was removed under vacuum to give 0.20 g (17%) of the ketal 10 as 
a yellow, granular solid: ir (CHC13) 1628 (lactam C = 0 ) ,  946 cm -1 
(ketal COC). Further purification was not attempted.

l,2,3,4,6,7,12,12b-Octahydro-2-ketoindolo[2,3-o] quinolizine
(9 ) .— To a refluxing suspension of 0.5 g of lithium aluminum hy
dride in 50 ml of diethyl ether was added slowly a solution of 0.11 
g (0.00037 mol) of the crude ketal 10 in 100 ml of diethyl ether. 
The mixture was refluxed for 1 hr and after cooling water was 
cautiously added. The resulting mixture was filtered through 
Celite and the filter cake was triturated several times with diethyl 
ether. After the combined filtrate and triturants were evapo
rated to dryness, the crude reduction product was dissolved in 
10%  sulfuric acid, refluxed for 18 hr, cooled, made basic with 
sodium hydroxide, extracted with chloroform, washed (H20 ) ,  and 
dried (Na2S04), and the solvent was removed under vacuum to 
give 0.02 g of the ketone 9 . Recrystallization from benzene-low 
boiling petroleum ether afforded 9 as yellow needles, mp 178.5- 
179° (lit.9 mp 180-180.5°). A mixture melting point with an au
thentic sample of 9 kindly supplied by Dr. Swan9 had a value of
181.5-182.2° and was therefore undepressed.

(34) H. J. Dauben, B. Löken, and H. J. Ringold, J. Amer. Chem. Soc.,
76, 1359 (1954).



Synthetic Indole Alkaloids J. Org. Chem., Voi. 37, No. 2, 1972 301

di-l,2,3,4,6,7,12,12b-Octahydro-2-hydroxy-4-ketoindolo[2,3- 
a]quinolizine (12).—To a solution of 0.50 g (0.00197 mol) of the 
keto lactam 3 in 55 ml of absolute ethanol was added 0.50 g of 
sodium borohydride. The mixture was heated briefly to effect 
solution of the hydride and then allowed to stand for 45 min. A 
small volume of water was then added and the mixture was cau
tiously heated to boiling to destroy the excess hydride. While 
ebullition was maintained, 100 ml of water was added gradually 
to displace the ethanol. The solution was chilled, filtered to re
move a faint cloudiness, and allowed to stand overnight, where
upon 0.19 g (40%) of colorless crystals of 12 were deposited. Re
crystallization from ethanol-water gave colorless, feathery nee
dles: mp 144-146° dec; ir (KBr) 1650, 1580 cm- '- (lactam C = 0 ) .

Anal. Calcd for Ci5H16N20 2: C, 70.29; H, 6.29; N, 10.93. 
Found: C, 70.35; H, 6.36; N, 10.99.

l,2,3,4,6,7,12,12-b-Octahydro-2-ethylenedioxy-4-keto-10- 
methoxyindolo [2,3-a] quinolizine (13).— Solutions of 0.42 g 
(0.00221 mol) of 6-methoxytryptamine (2b) prepared by the 
method of Woodward2 and 0.45 g (0.00221 mol) of the ester alde
hyde 3 each in 25 ml of benzene were combined and refluxed for 18 
hr, 5 mg of p-toluenesulfonic acid was added, and the mixture was 
refluxed for another 2.5 hr. The solution was filtered hot, and 
the filtrate on standing deposited 0.19 g (26%) of 13 as tan granu
lar crystals. Recrystallization of 13 from chloroform-low boil
ing petroleum ether gave 13 as clusters of almost white needles: 
mp 231-232°; ir (KBr) 1620 (lactam C = 0 ) ,  945 cm-1 (ketal 
COC).

Anal. Calcd for Ci8H20N2O4: C, 65.84; H, 6.14; N, 8.53. 
Found: C, 65.60; H, 6.31; N, 8.42.

lV-[/?-(3-Indolyl)ethyl]-/3-ethylenedioxyglutaramic Acid.— To a 
refluxing solution of 10.69 g (0.0667 mol) of tryptamine (2a) in 
800 ml of chloroform was added dropwise with stirring over a 2 hr 
period a solution of 11.49 g (0.0667 mol) of (i-ethylenedioxyglu- 
taric anhydride (7) in 500 ml of chloroform. The mixture was 
then stirred for 2 hr with occasional application of heat to main
tain the temperature just below reflux. Finally 700 ml of low- 
boiling petroleum ether was added and the mixture was chilled to 
give 21.39 g (96.6%) of the glutaramic acid which on recrystalli
zation from ethyl acetate-petroleum ether gave almost white 
crystals: mp 166-167° dec; ir (KBr) 1721 (acid C = 0 ) ,  1620, 
1567 (amide C = 0 ,  956 cm-1 (ketal COC).

Anal. Calcd for CnH2oN205: C, 61.43;. H, 6.07; N, 8.43. 
Found: C, 61.40; H, 6.03; N, 8.33.

N -[d-(3-Indolylethyl)] -/3-ethylenedioxyglutarimide.— To a mix
ture of 50 g of phosphorus pentoxide and 250 g of sand suspended 
in 500 ml of dry pyridine at 75° (water bath) was added dropwise 
with vigorous stirring a solution of 5.00 g of the above glutaramic 
acid in 250 ml of pyridine over a period of 1 hr. During this time 
the temperature was increased to 85-90°. The mixture was 
stirred at this temperature for an additional 4 hr, then filtered hot, 
and the residue was washed with hot pyridine. The combined 
filtrate and washings were stripped of solvent under vacuum and 
the resulting oil was triturated with cold, saturated sodium bicar
bonate solution. The resulting tan, granular product was fil
tered, washed, and dried to give 3.28 g (69.4%) of the glutari- 
mide, which upon recrystallization from ber.zene-low boiling 
petroleum ether gave colorless crystals: mp 155.5-156°; ir (CHCh) 
1734, 1681 (imide C = 0 ) ,  948 cm-1 (ketal COC).

Anal. Calcd for CI7H18N20 4: C, 64.95; H, 5.77; N, 8.91. 
Found: C, 64.99; H, 5.60; N, 8.74.

1,2,4,6,7,12,12b-Hexahydro-2-acetyl-4-ketoindolo [2,3-a] - 
quinolizine (14).-—To a mixture of 0.2 g (7.9 X 10-1 mol) of keto 
lactam and 0.2 g (2. 6 X 10-3 mol) of sodium acetate was added 
10 ml (0.09 mol) of acetic anhydride. The mixture was stirred 
overnight at room temperature and in the morning it was added 
to 40 ml of ice-water, stirred for 0.5 hr, and extracted twice with 
50-ml portions of diethyl ether. The ether solution was dried 
over sodium sulfate, filtered, and concentrated on a Rotovap to 
yield finally 0.085 g (39.8%) of the crude enol acetate (14). 14
was recrystallized from anhydrous ether to give colorless, cubic 
crystals: mp 196-197 dec; ir (KBr) 1766 (acetyl C = 0 ) ,  1652 
(C = C ), 1637, 1598 cm-1 (lactam C = 0 ) ;  uv max (95% EtOH) 
289 mu (e 8.0 X 103), 282 (10.5 X 103), 273 (10.9 X  10s), 223 
(43.0 X  10! ).

Anal. Calcd for C „H 16N20 3: C, 68.91; H, 5.44; N, 9.42. 
Found: C, 69.04; H , 5.51; N, 9.33.

1,2,3,4,5,7,8,13,13b, 14-Decahydrobenz [51] -l-carbethoxy-2,
5-diketoindolo[2,3-a]quinolizine (16).— To a solution of 1.0 g 
(3.9 X 10-3 mol) of keto lactam 3 in 50 ml of hot methanol was

added first a solution of 0.03 g (5.2 X 10-4 mol) of potassium hy
droxide in several milliters of methanol and then 0.60 g (4 X 10-s 
mol) of freshly prepared carbethoxymethyl vinyl ketone (15). 
The solution formed was gently refluxed under nitrogen for 0.5 hr 
and then allowed to cool overnight. In the morning the crystal
line product was filtered, washed with 20 ml of cold methanol, and 
recrystallized from ethanol-water to yield 0.65 g (42.2%) of 
rhomboidlike crystals of the keto lactam adduct (16): mp 195° 
dec; ir (KBr) 1635, 1595, 1560 cm-1 (lactam and keto ester C = 0 ,  
C = C ); uv max (95% MeOH) 224 m/a (e 46,000), 269 (17,000), 
289 (10,000), 338 (6700); nmr (C2DeSO) S 1.25 (t, 3), 2.6 (d, 3), 
4.28 (d, 2), 7.25 (d, 2), 11.01 (s, 1), 13.4 (s, 1).

Anal. Calcd for C22H22N20 4: C, 69.83; H, 5.86; N, 7.40. 
Found: C, 69.83; H, 5.61; N, 7.48.

l,2,3,4,4a,5,7,8,13,13b,14,14a-Dodecahydrobenz[g]-l-car- 
bethoxy-2-hydroxy-5-ketoindolo[2,3-a]quinolizine (18).— To a so
lution of 0.50 g (1.32 X 10-3 mol) of the keto lactam adduct 16 
in 250 ml of absolute ethanol was added 50 mg of platinum oxide. 
The mixture was placed in a Parr hydrogenator, flushed with hy
drogen four times, and shaken under 55 lb of pressure at room 
temperature for 12 hr. After filtration, the filtrate was con
centrated on a Rotovap and the crude solid was then dissolved in 
hot methanol, treated with Darco, filtered, and allowed to crys
tallize. There was obtained 0.10 g (20.5%) of the tetrahydro ad
duct 18 as white rhomboid needles: mp 228-231° dec; ir (KBr) 
3290 (indole NIT', 1722 (ester C = 0 ) ,  1610 cm-1 (lactam C = 0 ) ;  
uv max 224 m/i \t 40.000), 273 (8800), 283 (8700), 289 (6900); 
nmr (C2D 6SO) 6 0.8 (t, 2), 1.54 (t, 3), 2.77 (d, 3), 3.68 (s, 3), 4.75 
(s, 2), 7.05 (t, 1), 7.3 (m, 1); mass spectrum m/e 382, 364, 335, 
291, 186, 170, 169, 144, 91, 55, 18.

Anal. Calcd for C22H26N20 4: C, 69.09; H, 6.85; N, 7.33. 
Found: C, 68.96; II, 6.75; N, 7.41.

l,2,3,4,4a,5,7,8,13,13b,14,14a-Dodecabenz[gr]-l-carbethoxy- 
2,5-diketoindolo[2,3-a]quinolizine (19).— To 0.1 g (5.2 X 10-4 
mol) of 18 was added 0.5 g (0.0024 mol) of A.A'-dicyclohexylcar- 
bodiimide, 0.12 g (0.0012 mol) of crystalline orthophosphoric 
acid, and 0.3 ml of dimethyl sulfoxide, and the mixture was stirred 
for 24 hr at room temperature. To the orange-tan mixture was 
then added 5 ml of methanol-water (3:2) and stirring was con
tinued for an additional 0.5 hr. The resulting slurry was filtered 
and the filter cake was washed with 5 ml more of the methanol- 
water solution. The filtrate was diluted with 40 ml of ice-water, 
made basic with aqueous ammonia, and filtered. The resulting 
filter cake was washed with water, dried, dissolved in hot meth
anol, treated with Darco, filtered, and allowed to crystallize to 
yield 0.035 g (34.1%) of the keto ester of the dihydro adduct 19 
as white needles: mp 139-142°; ir (KBr) 3290 (indole NH), 1641, 
1617 cm-1 (ester, ketone, lactam C = 0 ,  C = C ).

Anal. Calcd for C22H24N20 4: C, 69.46; H, 6.36. Found: C, 
69.32; H, 6.42.

l,2,3,4,4a,5,7,8,13,13b,14,14a-Dodecabenz[g]-l-hydroxy- 
methyl-2-hydroxy[2,3-a]quinolizine (21).—21 was obtained by 
the following precedure.

A solution of 0.1 g (2.62 X 10-4 mol) of tetrahydro adduct 18 
in 15 ml of purified tetrahydrofuran was added dropwise to a 
stirred mixture of 0.1 g (0.004 mol) of LiAlH4 in 25 ml of tetra
hydrofuran under a nitrogen bed. The mixture, which turned 
pea-green, was refluxed for 1 hr, cooled, cautiously treated with 
5 ml of water-tetrahydrofuran, and then refluxed for an additional 
0.5 hr. It was then filtered hot through a Celite bed to give a fil
trate which was dried (Na2S04) and concentrated on a Rotovap. 
The crude solid residue was dissolved in hot ethanol, treated with 
Darco, filtered, and allowed to crystallize to give 0.061 g (71.5%) 
of the pentacyclic diol 21 as white crystals: mp 189-191° dec; ir 
(KBr) 3280 (indole NH), 2805 and 2755 cm-1 (Bohlmann24 
bands); uv max 224 mu (« 33,000), 275 (7100), 283 (7500), 289 
(6100).

Anal. Calcd for C2oH26N20 2- 3/ 4EtOH: C, 71.54; H, 8.52; 
N, 7.76. Found: C, 71.42; H, 8.51; N, 7.77.

Registry N o .— 3 , 32296-83-6 ; 3 phenylhydrazon e, 
32296-84-7 ; 5 , 32296-85-8 ; 5 2 ,4 -D N P , 32296-86-9; 
6b , 32296-87-0 ; 7, 32296-88-1 ; 8a, 32296-89-2 ; 8b, 
32367-46-7 ; 10, 32296-90-5 ; 12, 32296-91-6 ; 13,
32296-92-7 ; 14, 32296-93-8 ; 16, 32296-94-9 ; 18,
32296-95-0 ; 1 9 ,3 2 2 9 6 -9 6 -1 ; 21, 32296-97-2 ; N -[0 -(3- 
in doly l) e th y l J-0-ethylenedioxyglutaram ic acid, 32296-
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9 8 -3 ; N -[/3 - (3 -  in d oly leth y l) ] -  /3 -  eth y len ed ioxyg lu tar- 
im ide, 32367-47-8.
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The interaction of simple peptides and carbonyl compounds has been investigated and found to be a fairly gen
eral reaction in weakly alkaline media. The reaction appears to be reversible and the most stable products have 
been obtained using alicyclic and acyclic ketones and acyclic aldehydes. In the present work, the sodium salts of 
several dipeptides were treated with ketones or aldehydes in refluxing methanolic or aqueous solutions. The prod
ucts were shown to be imidazolidinyl peptides. This is apparently the first general investigation of what appears 
to be a common reaction of peptides.

T h e  condensations o f  a ldehydes and keton es w ith  
substances con ta in in g  b o th  am ide and  am ine fu n ction a l 
grou ps h ave been  reported  in the literature. T h e  
prod u cts  o f these reactions are generally  h eterocyclic  
com pou n ds w hich  have b o th  the am ide and  am ine n itro
gen  atom s in  the n ew  ring system .

D a v is  and  L e v y 2 described  the con densation  o f ace
ton e  w ith  th e  a -p h en y lg lyc in e  am ide (1) to  y ie ld  an 
oxazolid in e 2, w h ich  rearranged, a fter trea tm en t w ith  
pyrid in e , to  a 4-im idazolid in on e 3. S im ilarly, o th er

PhCHCONIfi +  CHjCOCH.,

n h 2

1

Ph NHX
ch3c h 3

2

Ph ,0

NH NHX
ch3 ch3

w ork ers3 fou n d  th at isob u tyra ldéh yde, ben za ldeh yde, 
an d  cycloh exan on e reacted  w ith  the am ides o f  ca rboben - 
zoxya m in o  acids 4  in the presence o f  a su lfon ic acid  
ca ta lyst to  afford  l-ca rb ob en zoxy -4 -im id a zo lid in on es  
5 and oth er produ cts. P rim ary  and  secon dary  am ides

RCHCONHR1
I

PhCH20CNH +  R2COR3

O
4

0  Rv .0
II ) — (

PhCH20C— N NR1

R2 R3 
5

o f  2 -am in oben zoic  acids 6 u ndergo the sam e ty p e  o f 
con d en sation  reaction  w ith  a ldeh ydes4 and  k eton es .6
l,2 ,3 ,4 -T etra h yd ro -4 -q u in a zo lon es  8 w ere obta in ed  
a fter  isom erization  o f th e  in itia lly  form ed  im ine 7. A n

(1 ) P r e s e n t e d  a t  th e  J o in t  S o u th e a s t—S o u th w e s t  R e g io n a l  M e e t in g  o f  th e  
A m e r ic a n  C h e m ic a l  S o c ie t y ,  N e w  O rlea n s , L a ., D e c  197 0 .

(2 ) A . C .  D a v is  a n d  A . L . L e v y ,  J . Chem. Soc., 3 4 7 9  (1 9 5 1 ).
(3 ) U . Z e h a v i  a n d  D .  B e n -Is h a i,  J . Org. Chem., 2 6 , 1097  (1 9 6 1 ).
(4 ) T .  A .  K .  S m ith  a n d  H . S te p h e n . Tetrahedron, 1 , 3 8  (1 9 5 7 ).
(5 )  G . F .  F ie ld ,  W .  J . Z a l ly ,  a n d  L . H . S te rn b a ch , J . Org. Chem., 3 6 , 777

(1 9 7 1 ).

im idazolid inone k n ow n  as hetacillin  (10) has b een  re
p orted  in  o th er w ork .6 I t  w as prepared  b y  th e  action  
o f aceton e  on  the com m ercia lly  im portan t pen icillin ,

am picillin  (9 ), in a w eak ly  basic aqueous m edium . 
A ld eh yd es  and  oth er ketones w ere also successfu lly  
con den sed  w ith  9.

PhCHCONH— |— X S\ X H 3 h+

k  + CH3COCH3 “ *
C02Na

9

T h e  reaction  o f form aldeh yde w ith  proteins and p e p 
tides has b een  rev iew ed7 and the form a tion  o f  4 -im id az- 
olid in on e derivatives was p ostu lated  in  som e o f  th e  
cases. A side  from  this w ork , how ever, there has b een  
n o  system atic  an d  th orou gh  stu d y  o f  th e  in tera ction  o f  
ca rb on y l com p ou n d s w ith  peptides.

In  th is paper, w e  report on  w h at appears to  b e  a 
general con densation  reaction  o f a ldeh ydes an d  k eton es  
w ith  a v a rie ty  o f  d ipeptides. T h e  reaction  is appar-

(6 )  G . A . H a r d c a s t le , J r ., D .  A . J o h n so n , a n d  C .  A . P a n e t ta ,  ibid., 31, 
897  (1 9 6 6 ).

(7 )  D .  F r e n c h  a n d  J . T .  E d sa ll, Advan. P rotein  Chem., 2 , 2 7 7  (1 9 4 5 ).
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T a b l e  I
I m id a zo l id in y l  P e p t id e s  12

-------------------------------------------------------------I m id a z o l id in y l  p e p t id e s  12-
I n f  ra re d c 
c a r b o n y l  

a b s o r p t io n
D ip e p t id e  

s o d iu m  sa lt  11
C a r b o n y l

c o m p d R e g is t r y  n o . Ri r 2 R i R * Mp, ° C
fr e q u e n c y ,0 
/— c m -1— » c

C a le d , % b 
H N

/------F o u n d , '
C  H

% b------«
N

D ig ly c in e A c e t o n e 3 2 3 8 0 -9 0 -8 H H C H a CH a 1 2 0 -1 2 5 1675 1601 4 3 .2 9 5 .6 7 1 4 .4 3 4 3 .1 6 5 .7 8 1 4 .2 8
G ly c y l-E L -p h e n y l-

a la n in e A c e t o n e 3 2 3 8 0 -9 6 -4 H b z c h 3 CH a 1 7 5 -1 8 0 1670 1605 5 9 .1 5 5 .9 8 9 .8 6 5 8 .9 5 6 .1 5 1 0 .0 2
L -L e u cy l g ly c in e A c e t o n e 3 2 3 1 9 -3 3 -8 i-Bu H CH a CH a 8 5 -9 0 1670 1601 5 2 .8 0 7 .6 0 1 1 .2 0 5 2 .9 5 7 .7 3 11.11
D L -A la n y lg ly c in e A c e t o n e 3 2 3 1 9 -3 4 -9 C H 3 H C H a c h 3 1 5 0 -1 5 5 1675 1602 4 6 .1 5 6 .2 5 1 3 .4 6 4 6 .2 8 6 .4 1 1 3 .3 2
D ig ly c in e C y c lo h e x a n o n e 3 2 3 8 0 -9 7 -5 II H - t C H , ) r 2 1 0 -2 1 5 1660 1610 5 1 .2 0 6 .4 5 1 1 .9 5 5 1 .1 4 6 .3 9 1 1 .8 4
D ig ly c in e I s o b u t y r a ld e 

h y d e 3 2 3 1 9 -3 5 -0 H H t-B u H 1 9 5 -2 0 0 1675 1602 4 4 . 1 5 d 6 .4 5 d 1 2 .9 0 d 4 4 .5 1 6 .4 5 1 2 .4 6
D ig ly c in e C y c lo p e n t a n o n e 3 2 3 1 9 -3 6 -1 H H ~ (C H , ) 4- 1 6 2 -1 6 7 1675 1610 4 6 . 6 0 e 6 . 22 e 1 2 . 10e 4 6 .6 5 5 .9 2 1 2 .4 0

° All products show no amide II band in region 1525-1565 cm“ 1. b Microanalyses were performed by Alfred Bernhardt, 5251 Elbach, 
Germany. c Infrared spectra were prepared using Nujal mull. d Calculations based on the hemihydrate of the imidazolidinyl peptide. 
6 Calculation based on the two-thirds hydrate of the imidazolidinyl peptide.

en tly  reversible and  the p rod u cts  are 4 -im idazolid i- 
nones accord in g  to  e lem ental analysis, spectra l proper
ties, and com parison  w ith  prod u cts  obta in ed  in pre
v iou s and related  w ork  (som e o f w h ich  is c ited  a b o v e ). 

A lkali m etal salts o f several d ipep tides 11 w ere

R‘CHCONHCHC02Na + R’COR*
I \

NH2 R2
11

NH NCHC02Na + H20

12

treated  w ith  ca rb on y l com p ou n d s in m ethan olic  or 
aqueous solu tion . T h e  salt w as p rob a b ly  necessary 
in order to  k eep  the con cen tra tion  o f the zw itterion ic 
form  o f the d ipep tid e  as low  as possib le . T h is  postu 
lation  w as su p p orted  b y  th e  ob serva tion  that little  or 
n o  con densation  occu rred  w h en  the reaction  w as at- 
tem p ed  in  w eak ly  alkaline solu tion .

T h e  rea ctiv ity  o f the ca rb on y l com p ou n d s used  in 
this con den sation  reaction  varied  greatly  dep end ing  
on  certain  structural features o f  these reagents. F or 
exam ple, aceta ld eh yd e  reacted  exoth erm ica lly  and 
alm ost v io le n tly  w ith  d ig lycin e  ( I I ,  R 1, R 2 =  H ) to  
y ie ld  a v e ry  com p lex  reaction  m ixture th at resisted  
attem pts to  separate it in to  its com pon en ts. A ceton e , 
cyc lopen tan on e, cycloh exan on e , and isobu tyra ldeh yde 
con densed  read ily  w ith  several d ipeptides zo a fford  
stable and  ch aracterizable  im idazolid in yl peptides 12. 
B enza ldeh yde, p -n itroben za ldeh yd e, and acetoph en one 
w ere reactive  tow a rd  d ig lycin e  b u t th e  produ cts w ere 
labile and easily reverted  to  th e  starting m aterials w h en  
attem pts w ere m ade to  isolate and  id en tify  them . 
F luorenone and cam ph or d id  n ot react w ith  d ig lycin e 
at any observab le  rate.

T h e  n a t u r e  o f  t h e  g r o u p s  R 1 a n d  R 2 i n  t h e  d i p e p t i d e  

1 1  a l s o  s h o w  a  m a r k e d  i n f l u e n c e  o n  t h e  r a t e  o f  t h e  c o n 

d e n s a t i o n  r e a c t i o n .  I f  R 1 w a s  s m a l l e r  i n  s i z e  t h a n  R 2 
[ D L - a l a n y l - D L - p h e n y l a l a n i n e  (11, R 1 =  C H 3; R 2 =  
P h C H 2) ;  g l y c y l - L - l e u c i n e  (11, R 1 =  H ; R 2 =  (C H 3) 2- 
C H C H 2) ;  a n d  g l y c y l - D L - a l a n i n e  (11, R 1 =  H ; R 2 =  
C H 3)] ,  t h e  r e a c t i o n  r e s u l t e d  i n  a  c o m p l e x  m i x t u r e  a n d  

t h e  p r o d u c t s  w e r e  u n s t a b l e  a n d / o r  n o t  e a s i l y  i s o l a t e d .  

A n  e x c e p t i o n  t o  t h i s  w a s  g l y c y l - D L - p h e n y l a l a n i n e  

(11, R 1 =  H ; R 2 =  P h C H 2), w h i c h  p r o d u c e d  a  s t a b l e

im idazolid in yl peptide  w ith  aceton e  (see T a b le  I ) . 
O n the o th er hand, if R 1 w as th e  sam e size as, or larger 
in size than  R 2 [d iglycine (11, R 1, R 2 =  H ) ;  L -leu cyl- 
g lycine (11, R 1 =  (CFI3) 2C H C H 2; R 2 =  H ) ;  DL-alanyl- 
g lycine (11, R 1 =  C H 3; R 2 =  H ) ] ,  the reaction  m ix
ture con ta in ed  essentially  one p ro d u ct w h ich  w as usually, 
b u t n ot a lw ays, easy to  isolate and  purify . DL-Phenyl- 
alanyl-DL-alanine (11, R 1 =  P h C H 2; R 2 =  C H 3) w as 
an excep tion  to  this rule. T h is  w as n ot com p lete ly  
u n expected  since it is a m ixture o f  d iastereoisom ers. 
T hese  results appear to  in d icate  the b u lk y  R 2 groups 
offer steric h indrance to  the form a tion  o f a b o n d  w ith  
th e  am ide n itrogen  a tom  and thus preven t th e  form a
tion  o f stable cy c lic  produ cts . A ltern a tive ly , large 
R 1 groups facilita te  th e  cycliza tion  process .8

T a b le  I lists all o f the con den sation  p rod u cts  th at 
w ere stable enough  to  be  iso la ted  in pure form  and char
acterized. T h e  im idazolid in one ring structure w as 
su pported  m ainly  b y  in frared spectra . A ll o f the co m 
pou n ds sh ow ed  a carbon y l stretch ing  ban d  for  a cy c lic  
tertia ry  am ide (am ide I  ban d ) at a b ou t 1675 c m -1 . 
T h is  frequ en cy  w as in agreem ent w ith  th at (1695 c m “ 1) 
rep orted  for  the y -la cta m  ca rb on y l stretch ing  b an d  o f 
the potassium  salt o f hetacillin  (1 0 ).6 T h e  carbon y l 
stretch ing  absorp tion  for  th e  ca rb oxy la te  grou p  ap
peared  at abou t 1605 c m -1  (1620, 1610 c m “ 1 in  the 
potassium  salt o f  hetacillin6) and  th e  am ide I I  b a n d 9 
(am ide N H  deform ation ), w h ich  w as a stron g  ban d  
fou n d  b etw een  1525 and 1565 c m “ 1 in th e  sp ectra  o f 
th e  d ipep tide  starting m aterials 11, w as sign ificantly  
absen t in those o f  the p rod u cts  12.

T h e  nm r spectra  o f  th e  im idazolid in y l pep tid es  12, 
w ere prepared  and w ere in agreem ent w ith  the typ es  and 
num bers o f  p roton s fou n d  in  th e  p rop osed  structures. 
U n like th e  in frared data, h ow ever, the nm r in form ation  
cou ld  n ot be  used  to  exclu de the p ossib ility  th at the 
p rod u cts  h ad  the Schiffs base (im ine) structure.

T h e  present research has u n cov ered  a new  class o f 
grou p-specific  reagents for  use in  pep tid e  and, possib ly , 
in  p rote in  chem istry . T h ese  reagen ts are sim ple a lde
h yd es  (isobu tyra ldeh yde) and  k eton es  (aceton e , cy c lo - 
pentanone, cycloh exan on e) and th e  group  fo r  w hich  
th e y  are specific is the a -am in oam ide m oiety  fou n d  in 
alm ost all peptides and  proteins. G rou p -specific  rea-

(8 ) F o r  a  r e v ie w  o f  th e  l ite ra tu re  c o n c e r n in g  th e  b e n e fic ia l  e f fe c t  o f  a lk y l  
s u b s t itu e n ts  o n  th e  e a se  o f  r in g  c lo su re , s e e  B . C a p o n , Quart. Rev. Chem. Soc., 
18, 109 (1 9 6 4 ).

(9 )  L . J . B e l la m y  “ A d v a n c e s  in  In fr a r e d  G r o u p  F r e q u e n c ie s ,”  M e t h u e n  
a n d  C o .,  1968 , p p  28 6 , 287 .
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gents have been  ch iefly  responsible for  the e lucidation  
o f stru ctu re -a ctiv ity  correlations in proteins.

C ontin u in g  w ork  on  this p ro je ct  is con cern ed  w ith  
the stereoch em istry  o f  the produ cts 12 w h ich  have been  
prepared  from  op tica lly  active carbon y l com pou n ds 
an d  d ipeptides 11.

Experimental Section10
General Procedure for the Preparation of Imidazolidinyl Pep

tides (12).— This procedure was used for the preparation of all 
of the imidazolidinyl peptides listed in Table I except that pre
pared from diglycine and cyclopentanone. The dipeptide free 
acid ( 10.0 mmol) was dissolved (or suspended) in a small amount 
of water and the resultant mixture was treated with 10 ml of 1 
N NaOH. The aqueous solvent was removed by distillation 
under reduced pressure and the residual solid (dipeptide sodium 
salt, 11) was found to be homogeneous by thin layer chromatog
raphy (the Rt of 11 was always greater than that of the dipeptide- 
free acid). The dipeptide sodium salt 11 (10.0 mmol) was dis
solved in about 30 ml of methanol. The resultant solution was 
then treated with 20-25 mmol of the appropriate aldehyde or 
ketone and this was followed by heating of the reaction mixture 
to the reflux temperature for 3 hr. Thin layer chromatographic 
inspection indicated that an equilibrium between the reactants 
and the products was established during this time period and that 
further heating beyond 3 hr did not increase the yield of the prod
ucts (usually two new tic zones were observed with larger Rt 
values than those of the reactants). The reaction mixture (now 
light yellow to dark brown) was concentrated by distillation 
under reduced pressure until all of the solvent was removed. 
The oily residue was then dissolved in a minimum amount of * 20

(1 0 ) T h in  la y e r  c h r o m a to g r a m s  o f  th e  r e a c t io n s  m ix tu re s  w e re  ru n  o n
20  X  2 0  c m  g la ss  p la te s  c o a t e d  w ith  a  250-fi t h ic k  la y e r  o f  s i lic a  g e l  (C a m a g  
D F - 5 ) .  S p o t t in g  w a s p e r fo rm e d  u s in g  2  p i o f  a  1 %  s o lu t io n  a n d  th e  d e 
v e lo p in g  s o lv e n t  s y s te m  w a s o n e  o f  th e  fo l lo w in g : m e th y le n e  c h lo r id e -
m e th a n o l (7 0 -3 0  o r  5 0 -5 0 )  o r  e t h y l  a c e t a t e -m e t h a n o l  ( 5 0 -5 0 ) .  T h e  e lu te d  
zo n e s  w e re  d e t e c t e d  as c o lo r e d  areas a fte r  s p r a y in g  w ith  a  0 .3 %  s o lu t io n  o f  
n in h y d r in  in  l - b u t a n o l - 2 ,4 ,6 -c o ll id in e  (9 5 -5 )  f o l lo w e d  b y  h e a tin g .

MeOH-EtOAc or MeOH-acetone (both 50:50) and this solution 
was placed on a column of silica gel (E. Merck, 70-375 mesh). 
The column was eluted with the same solvent that was used to 
dissolve the oily residue. The w/w  ratio of adsorbent to sample 
was about 66 to 1. The column fractions were collected and 
combined according to their thin layer chromatograms. Usually 
the original oily reaction product which was placed on the column 
was separated into two homogeneous products, one of which was 
obtained in a much greater yield than the other. The foregoing 
manipulations were performed as quickly as possible in order to 
avoid undue decomposition which was known to occur spon
taneously with some of the products. The major product eluted 
from the column was usually an oil. It was stored in a desiccator 
(hygroscopic) for several hours, during which time it usually 
crystallized. Recrystallization was accomplished from a mix
ture of methanol and petroleum ether (bp 30-60°). Infrared, 
elemental analysis, and melting point data for the products are 
listed in Table I. Accurate calculations of yields were made in 
the experiments involving diglycine-isobutyraldehyde (57.5%), 
diglycine-cyclohexanone (36.0%), and diglycine-acetone 
(40.2%). The yields of products from the other experiments 
were estimated to be in the same range.

Condensation of Diglycine and Cyclopentanone. Preparation 
of an Imidazolidinyl Peptide in an Aqueous Medium.— Diglycine 
(10.0 mmol) and an equimolar amount of CH3ONa were mixed 
and stirred in a small amount of dry methanol for a few minutes. 
The methanol was removed under reduced pressure and the resi
dual solid (11, R 1, R 2 = H) was homogeneous according to tic. 
This diglycine sodium salt and 10.0 mmol of cyclopentanone were 
added to 15 ml of distilled water and the resultant mixture was 
stirred at room temperature for 24 hr. After this time, the 
brownish-red product was isolated, chromatographed, crystal
lized, and recrystallized exactly as described in the general pro
cedure. The physical constants for this product are listed in 
Table I. The estimated yield was similar to the yields obtained 
in the general procedure.
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7-ierf-Butylnorbornadiene was synthesized from the corresponding 7-ferf-butoxy compound and feri-butyl- 
lithium. Hydroboration and oxymercuration of the ferf-butyldiene occurred exclusively with the sterically un
encumbered anti double bond via exo,cis addition. Diimide reduction and catalytic hydrogenation occurred 
preferentially with the anti double bond even though both exo,cis and endo,cis additions were involved. The 
study of these various reactions has provided synthetic routes from the ieri-butyl diene to the isomeric syn- and 
anh-7-fcrf-butylnorbornenes. The chemistry of 7-ierf-butylnorbornadiene has been contrasted with that of 
norbornadienes substituted in the 7 position with an oxygen radical.

P rev iou s papers from  these and  oth er laboratories 
h ave illustrated th e  preference o f  norbornad ienes and 
norbornenes su bstitu ted  in  th e  7 position  w ith  an 
oxygen -bearin g  substituent to  experience electroph ilic  
ad d ition  to  the syn  d ou b le  b o n d 2“ 7 (eq  1). T h is  p re f
erence has been  ascribed  to  “ ch ela tion ”  o f  the entering 
electrophile  b y  the syn  dou b le  b on d  an d  the 7 sub-

(1 ) P r e s e n te d  in  p a r t  a t  th e  1 5 9 th  N a t io n a l M e e t in g  o f  th e  A m e r ica n  
C h e m ic a l  S o c ie t y ,  H o u s to n , T e x . ,  F e b  1970 , A b s tr a c t  P E T R  103.

(2 ) B . F ra n zu s  a n d  E . I .  S n y d e r , J. Am er. Chem. Soc., 87, 3 42 3  (1 9 6 5 ).
(3 )  W .  C . B a ird , J r ., B . F ra n zu s , a n d  J . H . S u rr id g e , ibid., 89, 4 1 0  (1 9 6 7 ).
(4 )  B . F ra n zu s , W . C . B a ird , J r ., E .  I .  S n y d e r , a n d  J. H . S u rr id g e , J. Org, 

Chem., 32, 2 8 4 5  (1 9 6 7 ).
(5 ) W .  C . B a ird , J r. a n d  M .  B u z a , ibid., 3 3 , 4 1 0 5  (1 9 6 8 ).
(6 )  G . W .  K lu m p p , A . H . V e e fk in d , W . L . d e  G ra ff, a n d  F . B ic k e lh a u p t ,  

J u stu s  Liebigs A n n . Chem., 706, 47  (1 9 6 7 ).
(7 ) J . H a y w o o d -F a r m e r ,  R .  E . P in c o c k , a n d  J. I .  W e lls , Tetrahedron, 22, 

2 00 7  (1 9 6 6 ).

stituent, w h ich  stabilizes th e  tran sition  s ta te .3-6 In  
th is w a y , th e  poten tia lly  adverse steric in h ib ition  p re 
sented  b y  th e  syn-7 substituents w as ov e rco m e  b y  
th is e lectron ic  effect.

T h e  p roposition  w as su bsequ ently  a d v a n ced  th a t, in 
reactions w here this e lectron ic  effect w as n on op era tive , 
steric fa ctors  w ou ld  b ecom e d om in a n t.4 C a ta ly tic  
h yd rogen a tion  o f the syn  and  anti isom ers w as show n 
to  be  con tro lled  b y  steric param eters (fcanti »  fcsyn) ;  
sim ilar redu ction  o f  the n orbornad iene deriva tives  w as 
less sensitive to  steric con tro l an d  w as in fluenced  pri
m arily  b y  coord in ation  con tro l.8’9

(8 ) B . F ra n zu s , W .  C . B a ird , J r ., a n d  J. H . S u rr id g e , J . Org. Chem., 33, 
1 28 8  (.1968).

(9 ) W .  C . B a ird , Jr., B . F ra n zu s , a n d  J. H . S u rr id g e , ibid., 34, 2 9 4 4  (1 9 6 9 ) .
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X =  OH, OOCCH3, OC(CH3)3

a n t i

A gain st this b a ck grou n d  an  in vestiga tion  o f the reac
tions o f  norbornenes and  n orbornad iene  su bstitu ted  in 
the 7 position  b y  a grou p  th at possessed a large steric 
requ irem ent b u t no po lar fu n ction a lity  w as undertaken . 
T h is  study w as m ade possible b y  th e  ava ilab ility  o f  7- 
ieri-bu ty ln orborn ad ien e10 an d  b y  th e  d eve lop m en t o f  
syn th etic rou tes to  syn- an d  anti-7-terf-b u ty ln orb or- 
nenes. T h is  paper describes these syntheses and  the 
various add ition  reactions o f  7 -ierì-bu ty lnorborn ad ien e 
th at led  to  th em . A  su bsequ ent p aper w ill discuss the 
chem istry  o f  th e  isom eric terf-butylnorbornenes.

Results and Discussion

7-ferf-B u ty ln orbom ad ien e  (1) w as synthesized  from  
7-ieri-bu toxyn orborn ad ien e  an d  terbbutyllith ium  a c 
cord in g  to  th e  p roced u re  d escribed  b y  W itt ig  an d  O t- 
t e n ;10 iso la ted  y ie ld s ran ged  fro m  50 to  6 0 % . T h e  
nm r spectrum  o f  1 (T a b le  I )  e x h ib ite d  tw o  features re
quiring com m en t. In  con trast to  o th er 7 -su bstitu ted  
n orbornadienes, b o th  th e  syn  (5 6.34) and the an ti (5 
6 .80) v in y l h yd rogen s appeared  as trip le ts ; i.e., th e  syn  
v in y l p roton s  w ere n ot sp lit b y  the anti-7  h y d rog en  as 
had  b een  prev iou sly  o b se rv e d .11 Since th is long-range 
cou p lin g  w as also absen t in  th e  spectrum  o f syn-7- 
¿ert-butylnorbornene (2 ), it  w as con clu d ed  th at this 
criterion  fo r  con figu ration a l assignm ent o f  th e  7 sub
stituent w ith  respect t o  th e  dou b le  b on d s is n ot app li
cab le  to  th e  7-tert-butyl com pou n ds. S econ d ly , the 
syn  v in y l p roton s  o f 1 experien ced  a 24 -H z d iam agn etic 
sh ift re la tive  to  th e  v in y l resonance o f norbornad iene 
com p a red  to  an average  shift o f  ~ 1 0  H z  fo r  o th er  7- 
su bstitu ted  n orb orn a d ien es .10’ 11 T h e  ch em ica l sh ift 
difference betw een  the syn  and anti v in y l h ydrogen s 
o f 1 w as 27 .6  H z  com p a red  to  an average va lue o f 6 H z. 
T hese  spectra l d a ta  clearly  in d ica ted  th at th e  7-tert- 
b u ty l d iene possessed  unique structural features.

C a ta ly tic  h yd rogen ation , d em on stra ted  prev iou sly  
to  be sensitive to  steric fa ctors ,4’8’9 seem ed  a reasonable 
approach  to  th e  synthesis o f  s?/n-7-fer£-butylnorbornene 
(2 ). H y d rog en a tion  o f  7 -feH -bu tyln orborn ad ien e (1) 
p roceed ed  as illustrated  in  S chem e I ;  p ro d u ct d istribu 
tion  as a fu n ction  o f  ca ta lyst is sum m arized  in  T a b le  
I I . U nlike h yd rogen a tion  o f th e  p rev iou sly  stud ied  
norbornadienes, red u ction  o f  the 7 -ieri-bu ty l com p ou n d  
y ie ld ed  si/w -7-ieri-butylnorbornene (2) as th e  exclusive 
olefinic p rod u ct. N o  anti isom er (3) w as d etected  
(w ithin the lim its o f  v p c  analysis) at an y  tim e during

(1 0 ) G . "W ittig  a n d  J. O tte n , Tetrahedron Lett., 601 (1 9 6 3 ).
(1 1 )  E . I .  S n y d e r  a n d  B . F ra n zu s , J . A m er. Chem. Soc., 8 6 , 1 16 6  (1 9 6 4 ).
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Scheme I

Reactions op 7-íerf-BüTYLNORBORNXDiENE

T a b l e  II

Hydrogenation op 7-íerí-BuTYLNORBORNADiENE 
✓ ----------------P r o d u c t  c o m p o s it io n ,  % ----------------

C a ta ly s t
D ie n e

1
S y n

2
S a td

4

N  o r t r i-  
c y c la n e  

5 M e t h o d

Pd/C 17 57 14 1 2 a
H Pd/C 33 38 7 2 2 a ,  b
H Pd/C 3 91 0 7 a, by c
Pd/C 0 0 88 12 d
H Pd/C 0 0 72 28 e
PtO, 2 1 58 18 2 a

a Gas buret, H2 consumption. 50-60% of theory. b Prereduced 
catalyst. c Norbornadiene present. d Parr hydrogenator, 30 
psig, 100% reaction. '  Brown hydrogenator, prereduced catalyst, 
100%  reaction.

the reaction , a reflection  o f rem arkable se lect iv ity  for  
the sterica lly  unh indered  anti dou ble  b o n d  o f th e  diene. 
T h e  failure to  observe  an y  anti isom er ca n n ot be as
cribed  to  its rap id  redu ction  to  7 -ierf-bu ty lnorborn an e
(4). T h e  com p etitiv e  rates o f  red u ction  o f syn- and 
an (i-7 -(erf-bu ty ln orborn enes, kanti/k syn ~  9 .6, are to o  
close  to  perm it to ta l destru ction  o f an y  in itia lly  form ed  
anti isom er b y  this p ro ce ss .12’ 13 

T h e  p rod u ction  o f  syn -7 -ferf-bu ty ln orbom en e  (2) b y  
h yd rogen a tion  w as m axim ized  b y  th e  a dd ition  o f  n or
bornadiene, or norbornen e, to  th e  reaction  (T a b le  I I , 
line 3 ) .8’ 9 T h e  re la tive  rates o f  red u ction  o f n orb or
nene an d  2 (-—-40:1) com p le te ly  suppressed th e  h y d ro 
gen ation  o f  th e  la tter to  saturated  p rod u ct 4. T h e  
synthesis o f  syn -7-(erf-bu ty ln orborn en e b y  th is p roce 
dure has p ro v id e d  isola ted  y ields o f  6 0 -7 0 % . H y d ro 
gen a tion  o f  th e  (erf-butyl diene 1 in the presence o f  nor-

born ad ien e also fa iled  to  p rod u ce  an y  anti isom er, 
th ereb y  prov id in g  add ition a l ev iden ce  for  the absen ce 
o f  th is p oten tia l redu ction  prod u ct.

H o m ocon ju g a tiv e  h ydrogen ation  o f 7 -(erf-bu ty ln or- 
born ad ien e (1) prod u ced  3 -ierf-bu ty lnortricyclan e  (5) 
in  am ou n ts ranging from  ~ 1 0 %  ov e r  p la tin um  an d  
n on preredu ced  pallad ium  cata lysts  to  ~ 3 0 %  ov e r  p re
redu ced  pa llad ium . T h ese  y ie lds and  ca ta lyst sensitiv
ities w ere com parab le  to  th ose  ob served  fo r  n ortr i- 
cyclen e  form a tion  during th e  red u ction  o f  7 -a ce to x y - 
and  7 -(erf-b u tox y n orb om a d ien e .9 Such  h o m o co n ju g a 
t iv e  red u ction  is m ost reason ab ly  ascribed  t o  en d o - 
cy c lic  ca ta ly s t-d ie n e  com p lexa tion  fo llow ed  b y  h y d ro 
gen  tran sfer th rou gh  a x -h om oa lly lic  m e ta l-o le fin  
co m p le x .14-16

T h e  stereoch em istry  o f  th e  h y d rog en a tion  o f  7-tert- 
b u ty ln orborn ad ien e  (1) w as assessed b y  u tiliz ing  deu 
teriu m  as th e  redu cin g  gas. T h e  course o f  deu teriu m  
ad d ition  is sum m arized b y  e q  2, w h ere th e  va lu es in

exo,cis 40 (72) 30 (60)
endo,cis 60 (28) 70 (40) 100 (100)

parentheses are fo r  correspon d in g  7 -a ce toxy  co m 
p ou n d s.9 T h e  d irection  o f deu teriu m  ad d ition  w as 
d eterm in ed  b y  nm r analysis (T a b le  I ) . 17 In sp ection  o f  
th is com p arative  data  has show n th at th is red u ction  has 
in v o lv e d  p redom in an tly  en do,cis  a d d ition . T h e  re 
sults represent a  departure from  th ose  o b ta in ed  from  
the 7 -a ce toxy  derivatives in th at the roles o f  steric 
and  coord in a tion  con tro l have been  reversed . T h e  
h igh  level o f  en do ,cis  red u ction  o f th e  an ti o le fin ic 
b o n d  o f 1 w as in d ica tive  o f  en d ocy c lic  coord in a tion  o f 
th is site w ith  th e  cata lyst. T h e  preferen ce o f  th e  anti 
b on d  for  en do red u ction  is b e lieved  to  reflect th e  d e
v e lop m en t o f  structural strain  in the e x o cy c lic  ca ta lyst 
com p lex ; the source o f  such strain  m ay  be  b o n d  angle 
d eform ation , or  n on b on d ed  in teraction  betw een  th e  7 - 
(erf-butyl grou p  an d  the syn  x  orb ita ls . In  v iew  o f  th is  
d egree  o f  en do red u ction  it w as particu larly  sign ifican t 
th at no en d o ,c is  ad d ition  to  th e  syn  b o n d  o f  th e  d ien e  
1 to  g ive  an ti-7 -ferf-bu ty ln orbom en e  occu rred . T h e  
fa ilure to  observe  anti p rod u ct is a ttr ib u ted  to  th e  d e 
sire to  a v o id  steric repu lsion  betw een  th e  (erf-butyl 
grou p  and  th e  exo ,cis  5 ,6  h yd rogen s gen era ted  b y  
e n d o cy c lic  red u ction  o f the syn  dou b le  b on d .

T h e  red u ction  o f syn -7 -ferf-bu ty ln orborn en e (6) to  
te tradeu tera ted  n orbornane (7) w as clearly  sterica lly

(1 2 ) A n t i  p r o d u c t  w a s  p re se n t  in  ca se s  w h e re  &anti/fcSyn =  17. S ee  re f 9 .
(1 3 )  F o r  c o m p a r is o n , w h e n  t h e  7  s u b s t itu e n t  w as m e th y l,  k&nti/kayn =  2 :

V . A . M ir o n o v ,  B . D . P o lk o v in k o v ,  E .  P .  M ik o s ,  T .  M .  F a d e e v a , a n d  A .  A .
A k h re m , Izv. A kad. N auk SS SR , S er. K him . N auk, 118  (1 9 7 0 ).

(1 4 )  D . R .  C o u ls o n , J. Am er. Chem. Soc., 91 , 2 0 0  (1 9 6 9 ) .
(1 5 )  M .  G re e n  a n d  R .  I .  H a n c o c k , J . Chem. Soc. A ,  2 0 5 4  (1 9 6 7 ) .
(1 6 )  H . A . Q u in n , M .  A . M c K e r v e y ,  W .  R .  J a c k s o n , a n d  J . J . R o o n e y ,  

J. Am er. Chem. Soc., 92, 2 9 2 2  (1 9 7 0 ).
(1 7 )  F o r  p e r t in e n t  b a c k g r o u n d , see  re f  9, fo o t n o t e s  1 2 -1 5 .
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con trolled  and  gave 8 0 %  en do,cis  deu teration . T h e  
com parable  reaction  in th e  7 -acetate  series occu rred  
w ith  6 0 %  exo ,cis  a d d ition .9 In  b o th  cases th e  form a
tion  o f th e  n ortr icy clic  deriva tive  w as to ta lly  e n d ocy clic .

S ince th e  parent olefin , norbornad iene, d id  n o t ex
perience either e n d o cy c lic  or  h om ocon ju g a tiv e  h y d ro 
gen a tion ,9 th e  presence o f  a 7 su bstitu ent m ust be a 
necessary con d ition  fo r  these reactions. A  rationale 
for  th is beh av ior is suggested  b y  eq  3, w here th e  react
ing system  is considered  to  com prise  equ ilibria  betw een  
tw o isom eric e x o cy c lic  com p lexes  and  an e n d ocy clic  
com plex. In  th e  case o f  n orbornad iene ( X  =  H ), 
ki and k2 »  k3, and  h om ocon ju g a tiv e  an d  en d ocyclic  
redu ction  are n ot com p etitive . W h en  X  is acetoxy ,

X =  H, OOCCH3, OCCCH3)3, (CH:i)3C

£erf-butoxy, or  ¿erf-butyl, th is k in etic  relationsh ip  is 
alteren to  th e  exten t th a t k3 b ecom es com p etitive  and  
even  dom inan t. T h e  effect o f  the 7 -o x y  radicals on  
this situation  m ay  be ascribed  to  steric h indrance to  
reaction  o f  th e  syn  dou b le  b o n d  an d  d ea ctiva tion  o f the 
anti dou b le  b on d  th rou gh  e lectron  d e loca liza tion .4'5 
F o r  7 -ierf-bu ty ln orborn ad ien e  an d  oth er 7 -a lky l deriva 
t iv e s ,” ’ 18 steric sh ielding o f  th e  syn  b o n d  is ob v iou s ly  
im p orta n t; th e  influence o f  th e  7-ferf-buty l grou p  on  
the re a ctiv ity  o f  th e  an ti b o n d  ca n n ot be  ascribed  to  
de loca lization  and  m ust in v o lv e  th e  strain fa ctors  cited  
a b ove .

T h e  red u ction  o f 7-fer ¿-butyl n0rbornadiene (1) to  
st/n -7-ferf-butylnorbornene (2) in  8 4 %  se lectiv ity  w as 
accom plish ed  w ith  th e  ch em ica l redu cin g  agent d iim ide 
(Schem e I ) . W h ile  th is h igh  degree  o f  se lectiv ity  w as 
in a ccord  w ith  th e  sen sitiv ity  o f  d iim ide red u ction  to  
steric a pproach  co n tr o l,19 th e  fo rm a tion  o f  anti-7-tert- 
b u ty ln orb orn en e  (3) an d  7 -ferf-bu ty ln orborn an e (4) 
as b y -p ro d u cts  w as to ta lly  u n exp ected . C on tro l 
experim ents show ed  th a t, a lth ou gh  th e  syn  olefin  2 w as 
passive to  diim ide, the anti isom er 3 w as redu ced  to  7- 
ferf-bu ty ln orbom an e (4 ).

In  order to  stu dy  th is reaction  in d eta il th e  red u ction  
was carried  ou t using d id eu teriod iim id e ;3 e q  4 illus
trates th e  results. T h e  ob served  level o f  en do ,cis  
redu ction  w as w ith ou t p receden t and  represen ted  a

(1 8 ) H . C . B r o w n  a n d  J . H . K a w a k a m i,  J . Am er. Chem. Soc., 92, 201 
(1 9 7 0 ).

(1 9 ) F o r  re v ie w s  o n  th e  c h e m is tr y  o f  d i im id e , see  (a ) C . E . M ille r , J .
Chem. Educ., 42, 254  (1 9 6 5 ) ;  (b )  S . H ü n ig , H . R .  M ü lle r , a n d  W . T h ie r ,
Angew. Chem., In t. Ed. Engl., 4, 271  (1 9 6 5 ) ;  ( c )  F .  A y lw a r d  a n d  M . S a w is -
to w sk a  Chem. In d . {London), 4 8 4  (1 9 6 2 ).

9
,---------------------%  D 2 d is t r ib u t io n --------------------- *

6 9 7
exo,cis 60 30 65
endo,cis 40 70 35

com p lete  departure from  norm al d iim ide reactions. 
T h e  deuterium  distribution  in 6 has show n th at th e  re
d u ction  o f th e  ¿erf-butyl d iene has in v o lv e d  e n d ocy clic  
d iim ide a ttack  in ad d ition  to  th e  a n ticipa ted  e x ocy clic  
reaction . W h ile  6 w as n ot th e  precu rsor o f  7, it has 
b een  dem on strated  th a t th is en d ocy c lic  reaction  p ro
du ced  an£i-7-£erf-butylnorbom ene, w h ich  was subse
qu en tly  rap id ly  redu ced  to  satu rated  p ro d u ct .20 C on 
tro l experim ents h ave show n  th a t th e  an ti isom er is 
redu ced  w ith  10 0 %  exo ,cis  ad d ition  (eq  4 ). T h is  fa ct, 
cou p led  w ith  th e  overa ll deu teriu m  d istribu tion  fou n d  
in  tetradeu terio -7 -ferf-bu ty ln orborn an e (7), has in
d ica ted  th at th e  form ation  o f  dideuterio-anti-7-tert- 
bu ty ln orborn en e  (9) has in v o lv e d  b o th  en d ocy c lic  
(7 0 % ) and  ex o cy c lic  (3 0 % ) red u ction  o f  th e  syn  d ou b le  
b o n d  o f the diene.

T h e  failure o f  syn -7-terf-bu ty ln orborn en e (2) to  
y ie ld  7 -ferf-bu ty ln orborn an e (4) is a scribed  to  th e  hin 
drance to  exo  a ttack  b y  the ¿erf-butyl grou p  an d  to  endo 
a ttack  b y  the en do 5,6 h ydrogen s. T h a t th e  syn  
dou b le  b on d  o f  the diene 1 d id  experience a  sm all d e 
gree o f  ex o cy c lic  red u ction  (5 %  o f th e  to ta l rea ction ) is 
b e lieved  to  reflect a m ore fa vora b le  geom etric  d isposi
t ion  betw een  the ¿erf-butyl grou p  an d  the six -m em bered  
cy c lic  tran sition  state in v o lv e d  in  d iim ide red u c
t io n s .21’22

Since d irect con version  o f 7 -ferf-bu ty ln orborn ad ien e 
(1) to  (m ff-7 -ferf-butyln orbornen e (3) b y  ch em ica l or 
ca ta ly tic  red u ction  w as clearly  n o t feasib le , th e  reac
tion  sequ en ce show n in  Schem e I  w as se lected  as a route 
to  th is olefin . O xym ercu ration  o f n orborn en es and 
norbornad ienes h ad  b een  show n to  occu r  exo,cis , to  
be  free  o f  rearrangem ents, and  to  occu r  on  th e  less h in 
dered  side o f  "h e  m o lecu le ;23 con sequ en tly , oxym er
cu ra tion  appeared  to  p ro v id e  a usefu l synthesis o f  exo-
5 -h y d roxy -s i/n -7 -£ erf-b u ty ln orb orn en e-2  (11). W hile  
nm r experim en ts24 con firm ed  th at th e  oxym ercu ration  
reaction  h ad  occu rred  exo ,cis  w ith  th e  an ti d ou b le  b on d  
o f th e  ¿erf-butyl d iene, b o roh y d rid e  red u ction  o f  the

(2 0 )  S u ch  a  se q u e n ce  h a s  b e e n  o b s e r v e d  in  t h e  7 -a c e t o x y  s e r ie s .3
(2 1 )  E .  J . C o r e y ,  W .  L . M o c k ,  a n d  D .  J . P a s t o ,  J . Am er. Chem. Soc., 83, 

2 9 5 7  (1 9 6 1 ) .
(2 2 ) D iim id e  r e d u c t io n  o f  7 ,7 -d im e t h y ln o r b o r n e n e  a lso  g a v e  e x o .c is

a d d it io n :  H . C . B r o w n , J . H . K a w a k a m i,  a n d  K .- T .  L iu , u n p u b lis h e d  re
su lts . T h e  a u th o rs  t h a n k  P r o fe s s o r  B r o w n  f o r  a  p r e p r in t  o f  th e se  d a ta .

(2 3 ) (a ) H. C . B r o w n  a n d  P . G e o g h e g a n , Jr ., J . A m er. Chem. Soc., 89, 
1522 (1 9 6 7 ) ;  (b )  H . C . B r o w n  a n d  W . J . H a ra m a r , ibid., 89, 1524 (1 9 6 7 ) ;
(c )  H . C . B r o w n , J . H . K a w a k a m i, a n d  S . Ik e g a m i, ibid., 8 9 , 1525  (1 9 6 7 ) ;
(d )  T .  G . T r a y lo r  a n d  A . W . B a k e r , ibid., 85, 2 7 4 6  (1 9 6 3 ).

(2 4 ) H . C . B ro w n , M .-H .  R e i ,  a n d  K .- T .  L iu , ibid., 92, 1 76 0  (1 9 7 0 ).
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organ om ercu ria l23a d id  n o t y ie ld  an y  o f  th e  desired 
a lcoh ol (11 ). T h e  reaction  had  proceed ed  as show n 
b y  eq  5 to  g ive  an 8 0 %  y ie ld  o f  endo-5-tert-b\ity\-anti-7-

chem istry , the degree o f  each  bein g  determ in ed  b y  the 
steric and  strain dem ands o f the reactin g  species. 
H y d rob ora tion  w ith  9 -B B N , w h ich  a lso  in v o lv e s  a 
cy c lic  m echanism , occu rred  on ly  exo  due to  th e  re lu c
tan ce  o f  th e  system  to  aQ com m odate such  a b u lk y  re
agent in an en d ocy clic  con figu ration . F in ally , these 
results h ave  re in forced  th e  v iew  th a t th e  prin cip les 
govern in g  th e  reactions o f  th e  paren t olefin , n orb orn a - 
d iene, ca n n ot b e  app lied  ind iscrim inately  to  th ose  o f  its 
d er iv a tiv es .9

E xperim ental S ection\
11 13

X =  H or Ac

h y d roxyn orb orn en e-2  (10 ), a p rod u ct o f  th e  now  w ell- 
established radical rearrangem ent en coun tered  in the 
b o roh y d rid e  red u ction  o f such n orborn en yl m ercuria ls.26 
A  1 2 %  y ie ld  o f  b y -p ro d u ct  w as also form ed , w h ich  has 
been  arbitrarily  assigned the n ortr icy clic  structure 13; 
a sam ple o f  sufficient pu rity  to  perm it accu rate  id en ti
fica tion  cou ld  n o t be  ob ta in ed , b u t th e  form ation  o f  13 
w ou ld  be con sisten t w ith  k n ow n  ch em istry .5'25’26 T h e  
exclusion  o f 11 from  the p rod u ct m ixture an d  th e  s ix fo ld  
dom inan ce o f 10 ov e r  13 h ave n ot b een  ob serv ed  in 
th e  previou s studies c ited . S ince th e  p rod u cts  are 
d erived  from  h yd rogen  transfer to  rap id ly  equ ilibrat
in g  n orborn en y l ^  n ortr icy cly l rad ica ls,25d it w as ap 
paren t th at in  this case th e  rad ica l p recursor to  10 w as 
th e  p referred  th erm od yn am ic species b y  v irtu e  o f 
bein g  th e  least strained  con figuration .

H y d rob ora tion  o f 7 -ieri-bu ty lnorborn ad ien e  (1) w ith
9 -B B N 27 p rod u ced  th e  desired exo 5 -a lcoh o l 11 (Schem e 
I )  in 9 0 %  yield . C a ta ly tic  h yd rogen a tion  and  tosy la - 
tion  gave  th e  exo tosy la te  o f  12 in 8 1 %  y ie ld . A t 
tem pts  to  in du ce e lim ination  w ith  potassium  tert- 
bu tox id e  in d im eth yl su lfoxide w ere unsuccessful. D e - 
h y d ro tosy la tion  w ith  the potassium  salt o f  2 -cy c lo -  
h e x y lcy c lo h e x a n o l28 gave a  4 7 %  y ie ld  o f  anti-7-ter t- 
b u ty ln orb orn en e  (3); th e  overa ll y ie ld  from  7-tert- 
bu ty ln orborn ad ien e  w as 3 4 % .

In  sum m ary, syn th etic  rou tes to  syn- and  anti-7- 
ferf-butylnorbornenes from  a com m on  precursor, 7- 
ferf-butylnorbornadiene, have been  realized. In  gen 
eral, add ition s to  th e  ¿erf-butyl d iene h ave show n a 
m arked  preference fo r  the sterica lly  unh indered  anti 
d ou b le  b on d  in  con trast to  th e  syn  d ou b le  b o n d  reac
tion s experien ced  b y  7 -o x y  su bstitu ted  norbornadienes. 
A d d ition s  to  th e  anti d ou b le  b on d  in v o lv in g  cy clic  
transition  states (h ydrogen ation , d iim ide red u ction ) 
h ave exh ib ited  b o th  e x ocy clic  and  e n d ocy clic  stereo-

(2 5 ) (a ) G . A . G r a y  a n d  W . R .  J a ck s o n , J. Am er. Chem. Soc., 9 1 , 6205  
(1 9 6 9 ) ;  (b )  G . M .  W h ite s id e s  a n d  J. S a n  F i l ip p o ,  J r ., ibid., 92, 6611 (1 9 7 0 ) ;  
(c )  V . M .  A . C h a m b e rs , W .  R .  J a ck s o n , a n d  G . W . Y o u n g , Chem. Commun., 
1 27 5  (1 9 7 0 ) ;  (d )  G . A . G ra y , W . R .  J a ck s o n , a n d  V . M .  A . C h a m b e r s , J. 
Chem. Soc. C, 2 0 0  (1 9 7 1 ).

(2 6 )  K , P a n d e  a n d  S . W in s te in , Tetrahedron Lett., 3 39 3  (1 9 6 4 ).
(2 7 ) E . F . K n ig h ts  a n d  H . C .  B ro w n , J. A m er. Chem. Soc., 90, 5 2 0 0  (1 9 6 8 ).
(2 8 )  H. C . B r o w n , J . H . K a w a k a m i, a n d  S . M is u m i,  J. Org. Chem., 35, 

1360 (1 9 7 0 ).

Infrared spectra were recorded on a Beckman IR-5A spectro
photometer. Nmr spectra were recorded on Jeol Minimar, 
Varian Associates A-60, and Varian Associates HA-100 spectrom
eters using tetramethylsilane as an internal standard. Analyt
ical vapor phase chromatography (vpc) was performed on a 
Perkin-Elmer 154D fractometer and a Perkin-Elmer Model 226 
capillary gas chromatograph. Preparative scale vpc was per
formed on a Varian Aerograph Model A-700. Melting points 
and boiling points are not corrected. All reagents were ob
tained from commercial sources and were used as received.

7-ierf-Butylnorbornadiene ( l ) .10— To a 500-ml round-bottom 
flask equipped with a stirrer, a thermometer, a dropping funnel, 
and a reflux condenser were added under nitrogen 81 ml of a
1.24 M  solution of ierf-butyllithium in n-pentane (0.1 mol)29 and 
160 ml of dry ra-pentane. A solution of 16.4 g (0.1 mol) of
7-ierf-butoxynorbornadiene30 in 100 ml of dry n-heptane was 
added dropwise with stirring at —20° over a period of 2 hr. 
The reaction mixture was allowed to warm to room temper
ature. The pentane was removed by distillation, and simul
taneously 100 ml of dry ra-heptane was added. The reaction 
was stirred and refluxed for 2 hr. The reaction was cooled to 0° 
and 10 ml of isopropyl alcohol was added. The heptane solution 
was washed twice with 125-ml portions of water and dried over 
magnesium sulfate. The solvent was removed on a rotary 
evaporator at 40° (50 mm), and the residue was distilled through 
a Monel spiral Todd column to give 8.0 g (54%) of 7-ieri-butyl- 
norbornadiene, bp 98-100° (85 mm), ?i 20d  1.4702 (lit.10 n20d  
1.4718). Vpc analysis (4 m X 0.25 in. 20% squalane column, 
160°, 70 ml/min helium) gave a single peak, retention time 25 
min, purity 98%.

Anal. Calcd for CnHI6: C, 89.18; H, 10.82. Found; C, 
89.12; H, 10.86.

The nmr spectrum is included in Table I .
Hydrogenation of 7-ierf-Butylnorbornadiene.— Into a gas 

buret hydrogenation assembly were placed 8 ml of methanol and 
106 mg of 10% palladium on charcoal. The catalyst was ex
posed to hydrogen, and a solution of 2.34 g (14.2 mmol) of 
7-ierf-butylnorbornadiene in 10 ml of methanol was injected 
through a septum. After ~ 7 3 %  of the theoretical quantity of 
hydrogen had been absorbed, a 7-ml sample was withdrawn. 
The vpc analysis of the product is given in Table III.

T a b l e  III
R e t e n t io n  t im e

C o m p d
✓— (m in  f r o m  a ir )— x 

a b
P e r
c e n t

7-ierf-Butylnorbornadiene (1) 25.0 14.2 0
sj/re-7-ierf-Butylnorbornene (2) 26.5 13.7 57
3-£erf-Butylnortricyclane (5) 35.0 16.5 29
7-£erf-Butylnorbornane (4) 38.5 17.0 14
“ 4 m X  0.25 in. 20% squalane, 160°, 70 ml/min. b 300 ft X 

0.01 in. DC-550 silicone, 115°, 30 psig.

No <m£f-7-ierf-butylnorbornene (3) was detected in an amount 
exceeding 1%. The syn isomer (retention time 26.5 min) was 
separated in >98%  purity on a 12 ft X 0.375 in. 20% SE-30 
silicone column at 160° and 110 ml/min and was shown to be 
identical with an authentic sample.

The remainder of the reaction mixture was hydrogenated to 
completion to give a mixture of 3-£erf-butyInortricyclane (29%)

(2 9 ) F o o t e  M in e ra l  C o . ,  E x to n , P a .
(3 0 ) F r in t o n  L a b o r a to r ie s , V in e la n d , N . J .
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and 7-ZerZ-butylnorbornane (71%). The two hydrocarbons were 
separated by preparative vpc (20 ft X 0.375 in. 20% squalane 
column, 160°, 110 ml/min) to give samples of >98%  purity. 
The nmr data are presented in Table I.

7-ZerZ-Butylnorbornane (4) had t i20d  1.4650. Anal. Calcd 
fo rC „H 2„: C, 86.76; H, 13.24. Found: C, 86.47; H, 13.50.

3-ierf-Butylnortricyclane (5) had nmv  1.4666. Anal. Calcd 
for C iiH i8: C, 87.93; H, 12.07. Found; C, 87.70; H, 12.27.

The influence of various catalysts and catalyst prereduction on 
the hydrogenation of 7-ZerZ-butylnorbornadiene was evaluated by 
previously described techniques.4 Representative data are 
shown in Table II.

A sample of the 7-ZerZ-butyl diene (1) was reduced with deuter
ium according to the procedure described above. The products 
were separated by preparative vpc to provide individual samples 
of the deuterated hydrocarbons 6, 7, and 8 in 98% purity. The 
nmr data are summarized in Table I. Analysis of the exo.endo 
proton areas gave a measure of the relative amounts of exo.cis 
and endo.cis deuterium addition;17 these values are listed in 
Table I.

syn-7-tert-Butylnorbornene (2).— In a gas buret apparatus a 
mixture of 215 mg of 10% palladium on charcoal, 4.0 g (43.5 
mmol) of norbornadiene, and 3.0 g (20.2 mmol) of 7-ZerZ-butyl- 
norbornadiene (1) in 50 ml of methanol was hydrogenated at 
ambient conditions. The hydrogenation was taken to ~ 7 0 %  
of completion (~ 2 .2  1. of hydrogen). In a duplicate run 2.5 g 
(17.0 mmol) of 1 was reduced. The combined reaction mixtures 
were filtered, and the filtrate was added to 250 ml of water. 
The hydrocarbons were extracted with pentane (three 50-ml 
portions), and the combined extracts were dried over magnesium 
sulfate. The pentane, norbornene, and norbornane were re
moved by distillation through a Monel spiral Todd column. 
The residue (3.7 g) was heated at 100°(90 mm) on the Todd 
assembly to sublime residual norbornane. Distillation of the 
residue gave 3.5 g (64%) of syra-7-ZerZ-butylnorbornene, bp 102° 
(90 mm), nmD 1.4654. Vpc analysis on a capillary column (see 
above) gave a product peak at 13.7 min, purity 89.5%. The 
nmr spectrum is presented in Table I.

Anal. Calcd for CuH i8: C, 87.93; II, 12.07. Found: 
0,87.63; H, 12.30.

Diimide Reduction of 7-icri-Butylnorbornadiene.— To a
stirred solution of 2.0 g (13.5 mmol) of 7-ZerZ-butylnorbornadiene 
(1) and 2.9 g (15.0 mmol) of potassium azodicarboxylate in 5 ml 
of methanol-di was added dropwise a solution of 1.85 g (30 mmol) 
of acetic acid-di in 10 ml of methanol-di. The reaction was 
stirred at room temperature under nitrogen for 30 min; a second 
charge of diimide (7.5 mmol of potassium azodicarboxylate and 
15 mmol of acetic acid-di) was added to ensure total reduction of 
the diene. The reaction was poured into water and extracted 
with pentane. Removal of the pentane by distillation gave 1.43 
g (71%) of product which contained 83.5% 5,6-dideuterio-sj/n- 
7-ZerZ-butylnorbornene (6) and 16.5% 2,3,5,6-tetradeuterio-7- 
ZerZ-butvlnorbornane (7). The two hydrocarbons were sep
arated by vpc (SE-30 silicone column) to give individual samples 
of 99% purity. The nmr spectra are given in Table I with the 
deuterium distribution noted.

To a mixture of 3.0 g (20.3 mmol) of 7-ZerZ-butylnorbornadiene 
and 5.8 g (30.0 mmol) of potassium azodicarboxylate in 15 ml 
of methanol was added a solution of 3.6 g (60 mmol) of acetic 
acid in 15 ml of methanol. The acetic acid solution was added 
in three equal portions, and a sample of the reaction was with
drawn subsequent to each addition. The sample was shaken 
with water and pentane, and the pentane layer was analyzed by 
vpc (200 ft X  0.02 in., 50% phenylsilicone-50% nitrile silicone 
column, 70°, 16 psig). The results are summarized in Table IV.

T a b l e  IV
-Product distribution, %'-

Sample Diene (1) syn (2) anti (3; Satd (4)
1 50 41 5 4
2 32 57 4 7
3 21 65 3 11
4“ 0 83 2 15
5» 0 84 0 16

“ Sampled 30 min after sample 3. b Additional 0.5 g of potas
sium azodicarboxylate added. c Retention time, minutes from 
C6Hi2: diene, 11.0; syn, 10.5; anti, 12.5; satd, 13.5.

The reaction mixture was added to 25 ml of water and was 
extracted twice w.th pentane. The extract yielded 2.4 g of 
product.

Hydroboration of 7-ierf-Butylnorbornadiene.—To 40 ml of 
0.78 M  9-BBN27 in retrahydrofuran was added dropwise a solution 
of 4.5 g (30.4 mmol) of Zerf-butyl diene (1) in 15 ml of tetrahydro- 
furan. The reaction was stirred under nitrogen for 20 min at 
room temperature; 15 ml of 6 N  sodium hydroxide and 12 ml of 
30% hydrogen peroxide were added, and the reaction was re
fluxed for 1 hr. The reaction mixture was saturated with sodium 
chloride, and the tetrahydrofuran layer was separated and dried 
over magnesium sulfate. The ether was removed by distillation, 
and the residue was slurried with pentane. The slurry was 
washed with water, and the pentane layer was separated and 
dried. The pentane was removed by distillation to give 4.5 g 
(90%) of ezo-5-hydroxy-s!/n-7-iert-butylnorbornene-2 (11), crude 
mp 64-69°. Purification by sublimation at 80° (150 mm) gave 
white needles, mp 63.5-64.5°.

Anal. Calcd for CnH180 :  C, 79.34; H, 10.90. Found: 
C, 79.13; H, 10.72. Nmr (CDC13) S 5.85 (m, 2, H C = C H ),
3.80 (m, 1 ,J  =  11.3 Hz, endo HCO), 2.56 (s, 1, OH), 2.50-2.83 
(m, 2, > C H ), 2.14 (m, 1, exo >C H 2), 1.20-1.66 (m, 2, endo 
> C H 2, HC-ZerZ-Bu), 0.85 [s, 9, (CH3)3C ].

ezo-2-Hydroxy-ariZi-7-ZerZ-butylnorbornane (12).— The un
saturated alcohol (4.5 g) was hydrogenated in 75 ml of methanol 
over 200 mg of 10% palladium on charcoal. The product was 
isolated by dilution with water and pentane extraction; the 
yield of saturated alcohol was 4.3 g (98%), mp 84.5-85.5° (after 
sublimation). Acetylation with acetyl chloride-pyridine gave a 
single ester, retention time 21 min (from CDC13) on a 300 ft X 
0.01 in. DC-550 silicone column, 150°, 30 psig.

Anal. Calcd for CuH20O: C, 78.51; H, 11.98. Found: C, 
78.30; H, 11.71. Nmr (CDC13) 5 3.68 (m, l ,  J  =  11.5 Hz, 
HCO), 2.16 (s, 1, OH), 1.94-2.28 (m, 2, > C H ), 1.03-1.91 (m, 7, 
exo >C H 2, endo >C H 2, HC-ZerZ-Bu), 1.00 [s, 9, (CH3)3C ].

A solution of 3.6 g (21.4 mmol) of exo-2-hy dxoxy-anti-7-tert- 
butylnorbornane ( 12) in 60 ml of pyridine was cooled to 0°, and 
freshly purified tosyl chloride (8.4 g, 44 mmol) was added with 
stirring. The mixture was stored at 0° for 16 hr, poured into 
200 ml of water, and extracted with ether (four 50-ml portions). 
The combined extracts were washed with cold 10% hydrochloric 
acid and water and were dried over magnesium sulfate. The 
ether was removed under vacuum at 30° to give 5.6 g (82%) of 
the tosylate as a viscous, pale yellow oil. The tosylate was 
recrystallized with difficulty from pentane at —60°; the tosylate 
was insufficiently stable to permit accurate elemental analysis. 
Nmr (CDC13) S 7.76 , 7.30 (m, 4, aromatic H ’s), 4.32 (m, 1, 
J  =  11.5 Hz, HCO), 2.41 (s, 3, CH3- ) ,  2.19 (m, 2 , > C H ), 0.95- 
2.00 (m, 7, exo,endo >C H 2, HC-Zerf-Bu), 0.90 [s, 9, (CH3)3C ].

araZi-7-Zerf-Butylnorbornene (3).— For preparative purposes 
the tosylate described above was stored at 0° in ethereal solution 
until needed. The dehydrotosylation was a modification of the 
procedure described by Brown.28 To 20 g of 2-cyclohexyIcyclo- 
hexanol and 10 ml of 1,4-diisopropylbenzene was added 2.6 g of 
potassium. The reaction was heated at 130° until all of the 
potassium had dissolved. The solution was cooled to room 
temperature, and a solution of the tosylate prepared from 4.7 g 
(28 mmol) of 12 in 10 ml of 1,4-diisopropylbenzene was added. 
The reaction was stirred vigorously and was rapidly heated to 
140° and maintained at this temperature for 1 hr. The cooled 
reaction mixture was poured into 150 ml of water and extracted 
three times with 50-ml portions of pentane. The extract was 
dried over magnesium sulfate, and the pentane was removed by 
distillation. The residue was distilled at 130° (60 mm) through 
a Monel spiral Todd column; 11-12 ml of distillate was collected 
and redistilled to give 1.95 g of cmZf-7-Zeri-butylnorbornene, bp 
107° (87 mm), vpc purity 85%. The olefin was purified by 
preparative vpc (13 ft X 0.375 in. 3%  Dowfax on Chromosorb W , 
120°, injector and detector at 250°, 200 ml/min helium) to give
1.2 g of 97% pure material, rtaoD 1.4721. Vpc (2 m X 0.25 in. 
20% polypropylene glycol column, 175°, 80 ml/min) gave a 
single peak, retention time 5.4 min. The yield based on starting 
alcohol was 47%. The nmr spectrum is listed in Table I.

Anal. Calcd for CnHls: C, 87.93; H, 12.07. Found: 
C, 88.05; H, 12.07.

Oxymercuration of 7-ZerZ-Butylnorbornadiene.— To a stirred 
suspension of 1.6 g (5 mmol) of mercury(II) acetate in 5 ml of 
water and 2.5 ml of tetrahydrofuran was added 700 mg (4.7 
mmol) of 7-ZerZ-butylnorbornadiene in 2.5 ml of tetrahydrofuran. 
The reaction decolorized in ~ 6 0  sec; stirring was continued for
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15 min. The reaction was decomposed with sodium hydroxide- 
sodium borohydride23“ and worked up in the usual manner.6 The 
crude product was aeetylated with acetyl chloride-pyridine to 
give 900 mg (92%) of acetate ester. Vpc analysis (300 ft X 
0.01 in. DC-550 silicone column, 115°, 30 psig) gave a mixture of 
two esters, retention time 30.0 min (87%) and 34.5 min (13%). 
Neither ester was shown by comparative vpc to be exo-5-acetoxy- 
s!/7i-7-/erf-butylnorbornene-2 (11), retention time 27.5 min (from 
hydroboration of 1). A pure sample of the major ester was 
separated by preparative vpc (10 ft X  0.375 in. 20% FFAP 
column, 170°, 110 ml/min) and was shown by nmr to be endo-5- 
iert-butyl-anii-7-acetoxynorbornene-2 (10).

Anal. Calcd for C13H20O2: C, 74.96; H, 9.68. Found: 
C, 74.68; H, 9.57. Nmr (CDC13) S 5.96 (m, 2, H C = C H ), 
4.26 (m, 1, J =  5 Hz, HCO), 2.50-2.88 (m, 2, > C H ), 2.03 
(s, 3, CH3CO), 1.60-1.88 (m, 2 , exo >C H 2), 0.95 (s, 1, endo 
>C H 2), 0.80 [s, 9, (CH3)3C] .31

(3 1 )  T h e  p o s it io n  a n d  s te r e o ch e m is tr y  o f  th e  a n it -7 -a c e t o x y  g r o u p  w as
e s ta b lis h e d  b y  c o m p a r a t iv e  n m r  w ith  o th e r  a c e t o x y n o r b o r n e n e s .11

The reaction of the 7-ierf-butyldiene with mercury( I I )  tri- 
fluoroacetate in benzene-«!« was studied by nmr.24 The spectrum 
of the diene was immediately replaced by that of the exo,cis 
mercuration adduct of the anti double bond: S 5.80 (dq, 2,
H C = C H ), 4.85 (d, 1, HCO, J  =  8 Hz), 2.93 (m, 2, >  CH), 2.30 
(d, 1, HgCH, J  =  8 Hz), 2.20 (s, 1, HC-ierf-Bu), 0.86 [s, 9, 
(CH3)3C ]. An identical experiment with norbornadiene gave the 
following nmr spectrum: 5 6.00 (dq, 2, H C = C H ), 4.88 (d, 1,
HCO, J  =  8 Hz), 2.90 (m, 2, > C H ), 2.18 (d, 1, HCHg, J =  
10 Hz), 1.50 (s, 2, >C H 2). Both spectra were unchanged after 
24 hr at room temperature.32

Registry No.—1, 32640-82-7 ; 2 , 32640-83 -8 ; 3, 
32640-84 -9 ; 4, 32640-85-0 ; 5, 32670-72 -7 ; 10, 32640-
9 0 -7 ; 11, 32640-91-8 ; 12, 32640-86 -1 ; 12 (to sy la te ), 
32640-87 -2 ; exo,cis  m ercu ration  a d d u ct o f  the anti 
d ou b le  b on d , 32640-89-4 ; a d d u ct , o f  n orborn ad ien e  
and  m e rcu ry (II ) triflu oroacetate , 32640-88-3.

(3 2 )  T h e  a u th o r s  th a n k  D r .  R .  L . H a r tg e r in k  f o r  th e s e  n m r  m e a su re m e n ts .
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T h e  reaction  o f  triphen ylph osph in e dihalides w ith  
a lcohols to  g ive  ha lides1 is a useful syn th etic  p roced u re .2 3 
T h e  reaction  m echanism  in aceton itrile  has been  p ro 
posed  as show n  in eq  1.® T h e  reaction  m ay  also p ro-

fa s t  +  _  s lo w
R3P X 2 +  R'OH — >- R 3POR' +  X H X  — >-

R 3P = 0  +  R 'X  +  H X (1)

ceed  satisfactorily  w hen  d im eth ylform am ide (D M F ) is 
used as the so lv e n t.1'2 W e  rep ort here a secon d  p ath 
w a y  fo llow ed b y  this reaction  w hen don e in D M F .

W h en  N -b e n zo y l-N -m e th y l-4 -h y d ro x y a d a m a n ta n -l- 
am ine4 (1) is allow ed to  react; w ith  triphen ylph osph in e 
d ibrom ide  in D M F  at ice -ba th  tem peratures, a crysta l
line precip ita te  form s. T h e  spectra l an d  an alytica l 
properties o f  th is rela tive ly  stable  p rod u ct w ere n ot 
consistent w ith  th e  expected  b rom ide  structure 4. In 
stead , elem ental analysis show ed  th a t, in  a dd ition  to  
brom ine, the em pirical form ula  h ad  also ga ined  the 
elem ents o f  C 3H 6N . T h e  nm r spectrum  suggested th at

(1 )  G . W ile y ,  R .  L . H e rs h k o w itz , B .  M .  R e in ,  a n d  B . C . C h u n g , J . Am er. 
Chem. Soc., 8 6 , 9 6 4  U 9 6 4 ) .

(2 )  Cf. L . F .  F ie se r  a n d  M .  F ie se r , ‘ R e a g e n ts  fo r  O rg a n ic  S y n th e s is ,”  
W ile y ,  N e w  Y o r k ,  N . Y . ,  1967 , p p  1 2 4 7 -1 2 4 9 .

(3 )  G . A . W ile y ,  B . M .  R e in ,  a n d  R .  L . H e rs h k o w itz , Tetrahedron Lett., 
2 5 0 9  (1 9 6 4 ).

(4 ) M .  E . H e rr , R .  A . J o h n so n , H . C . M u r r a y , L . M .  R e in e k e , a n d  G . S.
F o n k e n , J . Org. Chem., 33 , 3201 (1 9 6 8 ).

part o f  th is gain  cou ld  be  accou n ted  for  b y  tw o m eth y l 
grou ps a ttached  to  a h eteroa tom  such  as n itrogen . T h e  
in frared spectrum  show ed  the absence o f  an O H  b on d  
and a n ew  stron g  absorp tion  b a n d  a t 1710 c m -1 . T hese  
d a ta  suggested th at the p rod u ct h ad  structure 2a, 
an (a lkoxym eth y len e)d im eth ylim m on iu m  brom id e . 
S tructure 2 is, in  fact, an im m om ium  ether halide, a 
structural ty p e  for w h ich  con siderable  preceden t ex ists.5 
F or  exam ple, an analogous structure has been  assigned 
to  the salts obta in ed  from  the reaction  o f  d im eth y l- 
form im in ium  ch loride w ith  either ieri-butyl a lcoh ol or 
d im eth ylben zylcarb in ol, a lthou gh  the prod u cts  were 
ch aracterized  b y  elem ental analyses o n ly .5c R e la ted  
structures h ave frequently  been  p ostu lated6 and  o c 
casion ally  isola ted7 as in term ediates in V ilsm eyer for - 
m y la tion  reactions.

C onsisten t w ith  structure 2a w as the ob servation  th a t 
the com p ou n d  w as w ater soluble and  was rap id ly  h y 
drolyzed , g iv in g  form ate ester 3 as th e  p rod u ct. T h e  
structure o f  3 was apparent from  th e  elem ental analyses 
and  th e  in frared  spectrum  (ester ca rb on y l a t 1730 
c m -" 1) , as well as the fa ct th a t it underw en t fu rth er h y 
drolysis under alkaline con d ition s to  g ive  the startin g  
a lcoh ol 1. T h e  la tter result show s th a t the con figu ra 
tion  o f  the oxygen  substituent in  1 has been  reta ined  
th rou gh ou t these transform ations.

A n  (a lk oxym eth y len e)d im eth ylim m on iu m  iod id e  in 
term ediate  (2b) also form ed  w hen  iod ine was used in 
the reaction  instead o f  brom ine. F orm ate  ester 3 was 
also ob ta in ed  from  this in term ediate  u p on  h ydrolysis .

A n  in term ediate  o f  the a b ov e  ty p e  ap p aren tly  form ed  
w hen the d iol l-b e n zo y l-l-m e th y l-4 ,6 -d ih y ro x y a d a m a n -

(5 ) C f. (a ) R .  R o g e r  a n d  D . G . N e ils o n , Chem. Rev., 6 1 , 179 (1 9 6 1 ) ;  
(b )  F . H . S u y d a m , W .  E . G re th , a n d  N . R .  L a n g e rm a n , J . Org. Chem., 3 4 , 
2 9 2  (1 9 6 9 ) ;  ( c )  Z .  A r n o ld ,  Collect Czech. Chem. Commun., 2 6 ,  1 7 2 3 i(1 9 6 1 ).

(6 ) Cf. H . J . B e s tm a n n , J . L ie n e rt , a n d  L . M o t t ,  Justus Liebigs A n n . 
Chem., 7 1 8 , 24  (1 9 6 8 ). N o t e  A d d e d  i n  P r o o f .— S ee  a ls o  T .  D a h l ,  R .  
S t e v e n s o n , a n d  N . S. B h a c c a ,  J . Org. Chem., 3 6 , 3 2 4 3  (1 9 7 1 ) .

(7 ) C f. G . F e rré  a n d  A .-L .  P a lo m o , Tetrahedron Lett., 2 16 1  (1 9 6 9 ).
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3

ta n -l-a m in e  (S) was a llow ed to  react w ith  triphen yl- 
phosphine d ibrom ide  in  D M F . T h e  p rod u ct actu a lly  
isolated  from  w ork -u p  o f  the reaction , w h ich  in v o lv ed  
aqueous con d itions, was the d iform ate  ester 6. Saponi
fication  o f  6 gave startin g  d io l 5.

° R OR
5, R =  H
6, R ------ CH

II
0

C onversion  o f  th e  salt 2a to  b rom id e  4 was a ttem pted  
b y  refluxing in toluene, b u t it rem ained  unchanged . 
H ow ever, w hen fused  at its m elting  poin t, 2a was con 
verted  in to  4 in g o o d  y ield . T h in  layer ch rom a to 
graph ic analysis o f  4 sh ow ed  it  to  consist o f  tw o co m p o 
nents, suggesting th at a m ixture o f  ep im eric C -4  b ro 
m ides h ad  been  obta ined .

A ttem p ts  to  isolate  in term ediates such  as 2 from  re
action  o f  tr iphen ylph osph in e dihalides w ith  o th er al
cohols under the sam e con d ition s h ave  n ot been  su c
cessful. In  still an oth er case, the reaction  o f  4 - (4 '-  
h y d rox ycy c loh exy l)cy c loh ex a n on e  (7 )8 w ith  triph en y l-

(8 ) G . S . F o n k e n , M .  E . H e rr , a n d  H . C . M u r r a y , U . S . P a te n t  3 ,2 8 1 ,3 3 0  
(O c t  25 , 1 9 6 6 ).

ph osph ine d iiod ide, b o th  the iod id e  8 and the form ate 
9  were d etected  am ong the rea ction  produ cts.

° - o - c

’“ O - O -1  + o - C ^ C y o"H

I t  seem s p lausible th at a  m echan ism  sim ilar to  that 
postu lated  for the form ation  o f th e  V ilsm eyer reaction  
in term ediates6 is in v o lv ed  here also. Su ch  a sequence 
is show n  in  eq  2. I t  m ay  be  n oted  th a t no inversion  o f

(C6H5)3PBrBr~ 

+

CH:!

CH-

(C6H5)3PBr

CH. + yO
N = C ^  

CH/  H 
Br-

-ROH L+ROH (2)

(C6H5)jP = 0  

+
CH. /■

CH,
Br

OR

H

(C6H5),P-^Br 

CH. * T oK +  ' / T  +  HBr

c h ;
„N-srC— OR

^  I
H

the a lcoh ol con figuration  is requ ired  b y  this m echanism . 
W e have n ot stud ied  the e ffect o f  o th er  variables on  
th is reaction .

Experimental Section

4-(A'-Benzoyl-Ar-methyl-l-aminoadamantoxymethylene)di- 
methylimmonium Bromide (2a).— A mixture of 28.5 g of N- 
benzoyl-A-methyl-l-adamantanamin-4a-ol (1), 150 ml of di
me thylformamide, and 27.5 g of triphenylphosphine in a nitrogen 
atmosphere and with ice cooling was stirred and treated dropwise 
with 16.0 g of bromine during 15 min. During this addition, the 
original solids dissolved and a precipitate separated. The 
product was reccvered by filtration, washed quickly with ether 
and placed in a vacuum desiccator, yield 33.34 g, mp 187-192° 
dec. For analysis a sample was recrystallized from methylene 
chloride-hexane: mp 195-198° dec; ir (Nujol) 1710 (C H = N ), 
1650 cm” 1 (amide); nmr (CDCI3) 5 10.35 (s, 1, N = C H O ), 7.33 
(s, 5, C6H5), 5.55 (m, 1, CHOC = N ), 3.64 (s, 3, C = N C H 3), 3.29 
(s, 3, C = N C H 3), 2.81 (s, 3, NCH3).

Anal. Calcd for C.iH29N20 2Br: C, 59.85; H, 6.94; N, 6.65; 
Br, 18.97. Found: C, 59.46; H, 6.77; N, 6.63; Br, 19.45.

A-Benzoyl-A-methyl-l-adamantanamin-4a-ol Formate (3). 
The compound 2a (1.5 g) was dissolved in 10 ml of water; crystals 
began to separate almost immediately; and, after 1 hr, these 
were collected, washed with water, and dried, yield 1.04 g, mp 
93-95°. The analytical sample obtained from aqueous acetone 
melted at 95-97°: ir (Nujol) 1730 (formate), 1630 cm 1 
(amide); nmr (CDC13) 8 8.08 (s, 1, H C = 0 ) , 7.35 (s, 5, C6H5),
5.1 (m, 1, CH O -), 2.83 (s, 3, NCH3).

Anal. Calcd for C19H23N 0 3: C, 72.82; H, 7.40; N, 4.47. 
Found: C, 72.60; H, 7.36; N, 4.27.

Hydrolysis to A’-Benzoyl-A'-methyl-l-adamantanamin-4a-ol
(1).— A sample cf the formate ester 3 was heated with methanol 
and 10%  aqueous sodium hydroxide to give 1 identical in all re
spects with authentic material.
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i'V-Benzoyl-Ar-methyl-l-adamantanamine-4a,6a-diol Diformate
(6).— A mixture of 3.01 g of iV-benzoyl-V-methyl-l-adamant- 
anamine-4a,6a-diol (5), 20 ml of dimethylformamide, and 5.5 g 
of triphenylphosphine under nitrogen was stirred in an ice bath 
and treated dropwise with bromine until an orange color per
sisted. After 1 hr, the mixture was diluted with water and ex
tracted with methylene chloride; the extract was washed with 
5%  sodium bicarbonate solution and dried (Na2S04). The sol
vent was removed and the residue was recrystallized from ace
tone-water: yield 1.20 g; mp 142-144°; ir (Nujol) 1730 
(formate), 1630 cm“ 1 (amide); nmr (CDC13) 5 7.96 (s, 2, H C = 0 ),
7.25 (s, 5, C6H5), 5.08 (m, 2, CH O -), 2.79 (s, 3, NCH3).

Anal. Calcd for C20H23NO5: C, 67.21; H, 6.49; N, 3.92. 
Found: C, 67.31; H, 6.64; N, 4.56.

Hydrolysis to A7-Benzoyl-Ar-methyl-l-adamantanamine-4a,6a- 
diol (5).— A sample of the diformate ester 6 was converted to the 
free diol by warming in methanol and 10%  aqueous sodium hy
droxide solution. This product was identical in all respects with 
compound 5.

4-(A’ -Benzoyl-A?-methyl-l-aminoadamantoxymethylene)di- 
methylimmonium Iodide (2b).— When iodine was substituted in 
place of bromine in the above reaction with 1, the product iso
lated was the iodide salt 2b: mp 150° dec; ir (Nujol) 1695 
(C H = N ), 1640 cm -1 (amide).

Anal. Calcd for C2,H29N20 2I: C, 53.85; H, 6.24; N, 5.98; I,
27.10. Found: C, 53.82; H, 6.22; N, 5.82; I, 27.00.

A'-Benzoyl-Ar-methyl-4t-bromo-l-adamantanamine (4).— The 
compound 2a, 5.59 g, was heated in an oil bath at 200-205° for 
15 min. The mixture was cooled, treated with 25 ml of water, 
and extracted with methylene chloride; the extract was washed 
with water and dried (Na2S04); the extract residue was chroma
tographed over 200 g of Florisil by the gradient elution method 
with 4 1. of solvent SSB containing increasing proportions of 
acetone from 0 to 25%; cuts of 70 ml each were collected. Resi
dues from fractions 15-20 contained the C4-bromo product 4. 
Tic of this material on a silica gel microplate developed ten 
times with 10% acetone in Skellysolve B showed this to be a 
mixture of 4a- and 4/3-bromo compounds. A sample recrystal
lized from ether-pentane melted at 96-99°.

Anal. Calcd for C18H22NOBr: C, 62.07; IT, 6.37; N, 4.02; 
Br, 22.95. Found: C, 62.38; II, 6.36; N, 4.19; Br, 22.81.

Reaction of 4-(4'-Hydroxy)cyclohexylcyclohexanone (7) with 
Triphenylphosphine Diiodide.—Triphenylphosphine (5.80 g, 
0.022 mol) and 4-(4'-hydroxy)cyclohexylcyclohexanone (7)8 
(3.92 g, 0.020 mol) were dissolved in dimethylformamide (55 
ml). Iodine crystals (5.06 g, 0.020 mol) were added to the 
solution over a period of 20 min at room temperature. After 
stirring at room temperature for 5 hr, the solution was light 
yellow. Methanol (5 drops) was added, causing most of the 
color to disappear. The solution was poured into water (300 
ml) and the resulting cloudy mixture was extracted with ether 
(five 60-ml portions). The ether solution was washed with 5% 
NaHC03 solution (100 ml) and with water, then dried over 
M gS04. The dry ether solution was concentrated under reduced 
pressure, giving a mixture of liquid and crystals. This mixture 
was lixiviated with Skellysolve B (four times) and the solution 
was concentrated under reduced pressure. The residue was 
passed through silica gel (300 g) in 1:1 ethyl acetate-Skellysolve 
B, separating the products (fractions 1 and 2) from triphenyl- 
phosphine oxide. The presence of a formate ester (9) in the 
product mixture (fraction 2) was suggested by spectral evidence 
(a signal at S 8.00 in the nmr and a band at 1720 cm-1 in the ir 
spectrum). Hydrolysis (5 ml of 5%  NaHC08 plus 50 ml of 
CH3OH) of the product mixture (fractions 1 and 2, reflux for 20 
min) caused disappearance of one product (on tic) and appearance 
of starting keto alcohol 7, some of which crystallized and was 
recovered. The remaining product mixture was chromato
graphed on silica gel (300 g, 3.5 cm column) packed with 20% 
ethyl acetate in Skellysolve B. Elution with the same solvent 
(335-ml fractions) gave fraction 1, crystalline triphenylphosphine, 
identified by ir spectrum; fraction 2, triphenylphosphine and an 
olefinic component, S 7.3 and 5.65, respectively, in the nmr spec
trum; fraction 3, olefinic component plus 4-(4'-iodo)cyelohexyl- 
cyclohexanone; fraction 4, 4-(4'-iodo)cyclohexylcyclohexanone
(8), S 4.84 in the nmr for ICH, 0.551 g of viscous oil.

R eg istry  N o .— D M F , 68 -12 -2 ; 2a, 32653-72 -8 ; 2b , 
32653-73-9 ; 3 , 32653-74-0 ; 4 a , 32653-75-1 ; 4/3,
32653-76-2 ; 6 ,3 2 6 5 3 -7 7 -3 ; 8 ,32 6 7 0 -5 9 -0 .
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M icrob ia l oxygen ation  o f JV -benzoylheptam ethyl- 
enim ine has p rov id ed  a source o f  the 5 -oxo  d eriva tive  
1, w h ich  can  be  m odified  to  m olecules th a t  u ndergo 
transannular rea ction s .1 D escr ib ed  b e low  are tw o  ad 
d ition a l, unusual transannular reactions en cou n tered  
in w ork  w ith  com pou n ds derived  from  1.

In tercep tion  o f  K eta l H y d ro lys is  b y  T ransann u lar 
A m in e .— A  large v a rie ty  o f  n ucleophiles o th er  th an  
w ater p a rtic ipa te  in reactions w ith  acetals and  ketals. 
U nder an hydrou s con d itions, the a c id -ca ta ly zed  ex
change w ith  a lcohols is well k n ow n ,2 w hile o th er  re
ports h ave dem onstrated  reaction  w ith  h y d r id e ,3 G ri
gnard  reagen ts,315’4 im ide n itrogen ,5 and am ine n itrog en .6 
P artic ip a tion  o f oxygen 7 and  su lfur8 in th e  h yd ro lysis  
o f  acetals has also been  observed .

W ith  the excep tion  o f the unusual exam ple cited  
a b ove , am ine ketals generally  form  stable acid  sa lts9 
under anhydrous cond itions. W e h ave h yd ro lyzed  sev 
eral am ine ketals w ith  no apparent an om alies .1 H o w 
ever, w hen  the am ine ketal 3, prepared  from  1 via 2

l

CICHjCN
Na2C03

(1 ) R .  A . J o h n so n , M .  E . H err , H . C . M u r r a y , a n d  G . S. F o n k e n , J . Org. 
Chem., 3 3 , 3 18 7  (1 9 6 8 ).

(2 )  Cf. E .  H . C o r d e s , Prog. Phys. Org. Chem., 4 , 1 (1 9 6 7 ).
(3 ) Cf. (a ) E . L . E lie l, V .  G . B a d d in g , a n d  M .  N . R e r ic k ,  J . Am er. Chem. 

Soc., 8 4 , 2 37 1  (1 9 6 2 ) ;  (b )  P . C . L o e w e n , W . W . Z a ja c ,  J r ., a n d  R .  K . 
B r o w n , Can. J . Chem., 4 7 , 4 05 9  (1 9 6 9 ), a n d  e a rlier  p a p e rs  c it e d  th e re in .

(4 ) (a ) M .  R .  K u lib e k o v , D okl. Akad. N auk Azerb. SS R , 2 0 , 15 (1 9 6 4 ) ; 
Chem. Abstr., 61, 10579Ä  (1 9 6 4 ) ;  (b )  R .  A . M a llo r y ,  S . R o v in s k i ,  a n d  I . 
S ch eer , P roc. Chem. Soc., 4 1 6  (1 9 6 4 ) ; R .  A . M a llo r y ,  S . R o v in s k i ,  F .  K o h e n , 
a n d  I .  S ch e e r , J . Org. Chem., 3 2 , 1417  (1 9 6 7 ) ;  ( c )  D .  L e d n ic e r , ibid., 2 9 , 
2 4 8 0  (1 9 6 4 ).

(5 )  H . E .  J o h n so n  a n d  D .  G . C r o s b y , ibid., 2 7 , 2 07 7  (1 9 6 2 ).
(6 ) G . B ia n c h e t t i ,  D . P o c a r ,  P . D .  C r o c i ,  G . G . G a llo , a n d  A . V ig e v a n i, 

Tetrahedron Lett., 1637  (1 9 6 6 ).
(7 ) B . C a p o n  a n d  D .  T h a c k e r , J . Am er. Chem. Soc., 8 7 , 4 2 0 0  (1 9 6 5 ) .
(8 )  J . C .  S p e c k , J r ., D .  J . R y n b r a n d t ,  a n d  I .  H . K o c h e v a r ,  ibid., 8 7 , 4 9 7 9  

(1 9 6 5 ).
(9 ) Cf. W . R .  H a rd ie , J . H id a lg o , I .  F . H a lv e rs ta d t , a n d  R .  E . A lle n , J .  

M ed. Chem., 9 , 127 (1 9 6 6 ).
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b y  a know n p ro ced u re ,10 was allow ed to  react w ith  
aqueous (7 0 % ) perch loric acid  in  ethanol at tem pera
tures o f  1 0 -3 0 ° , a w ater-soluble  salt 4  was obta in ed  
after 15 m in. T h e  in frared spectrum  (see E xperim ental 
S ection ) o f  the salt show s th e  presence o f  a h y d rox y l 
grou p , and the nm r spectru m  show s that the ethylene 
g lyco l m oiety  rem ains in  the m olecu le . A  structure 
fitting these requirem ents, an d  those o f  the elem ental 
analysis, is the one th at results from  in terception  b y  
the am ine n itrogen  o f  an  in term ediate ion  during the 
hydrolysis o f  the ketal.

It ssem s probab le  that the redu ced  b a s ic ity 11 o f the 
cya n o  m ethyl-substituted  am ine 3 allow s p roton ation  o f 
a ketal oxygen  to  com p ete  w ith  p roton a tion  o f the ni
trogen . T h e  prox im ity  o f  the n itrogen  to  the poten tia l 
ketal earbon ium  ion  perm its the n itrogen  to  in tercept 
the h ydrolysis either b y  a ttack  as the earbon ium  ion

CH,CN

form s or in a con certed  a ttack  on  the carbon  as the ox - 
on ium  ion  form s and the C - 0  b on d  breaks. T h e  latter 
pa th w ay  m ay  be  expected  to  accelerate the rate o f  the 
h ydrolysis  reaction .

Transannular Enamine.— W e  w ere curious as to  
w hether an enam ine cou ld  con v en ien tly  b e  prepared  
from  in term ediate  1 and  w ou ld  u ndergo transannular 
reaction . T o  this end, a W itt ig  reaction  o f 1 w ith  
m eth y ltriph en y lph osph on iu m  brom id e  w as carried  out. 
T h e  resu lting m ethy lene  am ide 5 w as redu ced  w ith  
lith ium  alum inum  h ydride , g iv in g  the transannularily  
d isposed enam ine 6.

(CJUPCHjBr 
NaH 

DMSO

Several experim ents show  that 6 m ay  react as either 
a transannular enam ine or as a ty p ica l am ine. T hu s, 
from  reaction  w ith  7 0 %  aqueous perch loric  acid, there 
was ob ta in ed  a crysta lline salt h av in g  the properties o f  
structure 7a and a residual m ixture con ta in ing  7a and 
tertiary  am ine perch lorate , 8a. R e a ctio n  o f 6 w ith  ei
ther oen zoy l ch loride or  a cety l ch loride  in d ioxan e re
su lted  in form ation  o f  crystalline salt 7b in y ields o f  78

and 6 9 % , respectively . F orm ation  o f  th is salt un
d ou b ted ly  resu lted  from  the presence o f  hydrogen  
ch loride in the reaction , even  th ou gh  efforts were m ade 
to  m aintain  an hydrou s con d itions. F inally , reaction  
o f 6 w ith  m ethyl iod ide resu lted  in isolation  o f salt 8b 
in low  yield .

A  few  related transannular enam ine reactions have 
been  reported  previou sly . T ransannular cyclization  
o f n itrogen  to  a styrenelike olefinic b on d  has been 
stu d ied ,12 as has been  cycliza tion  to  the olefin ic b on d  o f 
unsaturated la ctam s.13 M ore  recen tly , cy c liza tion  to  
an ex ocy clic  m ethylene group  has been  n o te d .14

Experimental Section

l,4-Dioxa-9-azaspiro[4.7]dodec-9-ylacetonitrile (3).— A solu
tion of l,4-dioxa-9-azaspiro[4.7]dodecane (2)1 (10.215 g, 0.0597 
mol) in benzene (25 ml) was added slowly to a stirred mixture of 
chloroacetonitrile (6.0 g, 0.0795 mol) in benzene (125 ml) and 
anhydrous sodium carbonate (4.0 g). During the course of addi
tion (15 min), the mixture was warmed to near the reflux tem
perature and ther. was heated to reflux with stirring for 18 hr, 
giving a light yellow solution over a brown and white precipitate. 
The precipitate was dissolved in dilute aqueous sodium bi
carbonate solution. The benzene layer was washed twice with 
water and dried over magnesium sulfate. Concentration of the 
benzene under reduced pressure gave an oil which crystallized 
upon cooling. T ie crystalline material dissolved in hot Skel- 
lysolve B, leaving a small amount of gummy, yellow residue and 
giving a colorless solution. Cooling gave colorless crystals 
(8.960 g), mp 77-78°. A second crop, mp 75-77° (1.726 g, 
total 10.686 g, 0.0508 mol, 85%), was obtained from the con
centrated filtrate Recrystallization from Skellysolve B gave 
colorless needles, mp 78-79°, rc=N 2220 cm-1 in Nujol.

Anal. Calcd for C,iH18N20 2 (210.27): C, 62.83; H, 8.63; 
N, 13.32. Found: C, 62.44, 63.24; II, 8.35, 9.02; N, 13.80, 
13.74.

4-Cyanomethylhexahydro-7a-(,j-hydroxy )ethoxy-l//-pyrrolizin- 
ium Perchlorate (4).— Aqueous 70% perchloric acid (5 drops) 
was added to a solution of 3 (0.105 g, 0.000500 mol) in absolute 
ethanol (2.0 ml), which was kept cold on an ice bath. An oily 
precipitate formed, which solidified. Ether (6.0 ml) was added 
to the mixture, which was kept at room temperature overnight. 
The solid, mp 160-170° (0.122 g, 0.000393 mol, 78%) was col
lected by filtration and washed with ethanol (3.0 ml). Two re
crystallizations from ethanol gave colorless crystals: mp 184-
186°; roH 3 540 cm 1 in Nujol; nmr (DMF-di) 5 4.83 (s, NCH2CN),
4.59 (OH), 3.91 (m, 8 H, N+CH2- ,  -O CH 2-) ,  2.42 (m, 8 II, 
CCH2C).

Anal. Calcd for C „H 19N20 6C1 (310.74): C, 42.51; II, 6.16; 
N, 9.02. Found: C, 42.85; H, 6.26; N, 9.13.

At temperatures lower than 10°, a solid precipitated immedi
ately upon addition of the perchloric acid to 3. The solids ob
tained in this way varied from having weak hydroxyl absorption 
to strong absorption at 3350 cm-1 and exhibited wide melting 
point ranges, probably the result of varying degres of ketal hy
drolysis at the lower temperatures.

l-Benzoyb5-methyleneheptamethylenimine (5).— Sodium hy
dride (0.0700 mol) was washed with pentane (three 50-ml por
tions), the flask was flushed with nitrogen until the hydride was 
dry, and dimethyl sulfoxide (100 ml) was added. The mixture 
was stirred and heated to 75-80°. After 15-20 min at this 
temperature, bubbling stopped and a clear, yellowish solution 
was obtained. The solution was cooled on an ice bath and methyl
triphenylphosphonium bromide (25.0 g, 0.070 mol) was added, 
giving a yellow-orange solution. After 10 min, a solution of 
l-benzoylhexahydro-5(2//)-azocinone ( l )1 (12.35 g, 0.0.>34 mol) 
in dimethyl sulfoxide (50 ml) was added, causing the resulting 
solution to bcome warm. The solution was stirred at room tem
perature for 16 hr and poured into water (80 ml). The aqueous 
solution was extracted with pentane (five 75-ml portions).

(1 0 ) R .  P . M u ll,  M .  E . E d b e r t ,  a n d  M . R .  D o p e r o ,  J. Org. Chem., 2 6 , 1 95 3  
(1 9 6 0 ).

(11 ) G . W .  S te v e n s o n  a n d  D .  J . W ill ia m s o n , J . Am er. Chem. Soc., 8 0 , 
5943  (1 9 5 8 ), r e p o r t  th a t  1 - c y a n o m e th y lp ip e r id in e  has  p K & 4 .5 5  w h ile  1- 
m e th y :p ip e r id in e  has  p K a 10 .08 .

(1 2 ) F . L . P y m a n , J. Chem. Soc., 817  (1 9 1 3 ).
(1 3 ) L . A . P a q u e t t e  a n d  L . D .  W ise , J . Am er. Chem. Soc., 8 7 , 1561 (1 9 6 5 ).
(1 4 ) D . W . B r o w n , S . F . D y k e , G . H a r d y , a n d  M . S a in sb u ry , Tetrahedron 

Lett., 2 60 9  (1 9 6 8 ) ;  M .  S a in sb u ry , D . W . B r o w n , S . F . D y k e , a n d  G . H a r d y . 
Tetrahedron, 2 5 , 1881 (1 9 6 9 ).
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The pentane solution was washed with 1:1 dimethyl sulfoxide- 
water (two 50-ml portions) and with 50% aqueous sodium 
chloride. The pentane solution was dried over magnesium sul
fate and concentrated to a colorless oil, which crystallized when 
kept in the refrigerator overnight. Recrystallization from cold 
Skellysolve B gave 5.05 g (0.022 mol, 41% ) of crystals, mp 36- 
37°. Two recrystallizations from cold Skellysolve B gave 
colorless crystals: mp 36-37°; vc-o 1625, rc~c 1600, 1575, 
1495, r_cH2 880, rph 780, 730, 700 cm-1 in Nujol; nmr (CDC13) 
8 7.33 (s, 5 H, C6II5), 4.86 (s, 2 H, = C H 2), 3.8-3.15 (m, 4 H, 
NCH2), 2.45-1.50 (m, 8 H, -C H 2- ) .

Anal. Calcd for C,5H19NO: C, 78.56; II, 8.35; N, 6.11. 
Found: C, 78.10; II, 8.32; N, 6.51.

l-Benzyl-5-methyleneheptamethylenimine (6).— A solution 
of 5 (5.05 g, 0.0220 mol) in ether (50 ml) was added to a mixture 
of lithium aluminum hydride (3.5 g) and ether (200 ml). The 
mixture was heated at reflux temperature for 5 hr. Ethyl 
acetate and water were added to consume the excess hydride and 
the inorganic solids were collected by filtration. The ether fil
trate was dried over magnesium sulfate and concentrated to an 
oil. The oil was transferred to a 10-ml distillation flask with 
ether and distilled, giving 3.687 g (0.0171 mol, 78%) of colorless 
oil: bp 78-80° (0.05 mm); Xmai in 95% ethanol 258 m/̂  
(e 508), 263 (362), 268 (254); r_CH 3060, 3020, rC_c 1630, 1595, 
1490, rph 724 , 700 cm-1 on the oil; nmr (CDC13) 8 7.29 (m, 5 H, 
C6H5), 4.76 (s, 2 H, = C H 2), 3.61 (s, 2 H, NCH2C6H5).

Anal. Calcd for C,5H21N: C, 83.66; H, 9.83; N , 6.51. 
Found: C, 84.14, 82.96; H, 10.53, 9.93; N, 5.44, 6.18.

4-Benzylhexahydro-7a-methyl-li/-pyrrolizinium Perchlorate 
(7a). Aqueous perchloric acid (70%, 20 drops) was added to a 
solution of 6 (0.42 g, 0.0195 mol) in absolute ethanol (5.0 ml). 
The solution was heated to reflux for 90 min. Addition of ether 
(25 ml) caused rapid separation of a first crop of 0.148 g of color
less crystals, mp 195-198°. Recrystallization from absolute 
ethanol gave colorless crystals: mp 215-216°; rc_c 1580,
1495, rph 770, 710 cm" 1 in Nujol; nmr (DMF-riv) 8 4.53 (s, 
PhCIRN), 3.63 (m, -C II2NCII2- ) ,  2.32, 2.26 (s, -C H 2- ) ,  1.75 
(s, -C H S).

Anal. Calcd for C,6H22N0,C1: C, 57.05; II, 7.02; N, 4.44. 
Found: C, 56.79; H, 7.10; N, 4.85.

The filtrate from the isolation of product above was kept in the 
freezer overnight. Colorless crystals, appearing to be a mixture 
of 7a and 8a, mp 60-80°, 140-145° (0.269 g), formed and were 
collected: r„CH 3140, rC-c  1630, 1575, 1492, rPh 751, 697 cm -' 
in Nujol. Two recrystallizations from ethanol-ether gave 
colorless crystals, softening at £0-100°, mp 140-145°. Re- 
crystallization of 0.16 g from absolute ethanol, preceded by heat
ing in refluxing ethanol for 1 hr, gave colorless crystals (0.03 g), 
partial softening at 140-150°, mp 190-205°.

4-Benzylhexahydro-7a-methyl-l//-pyrrolizinium Chloride (7b). 
A. From Attempted Benzoylation of l-Benzyl-5-methylene- 
heptamethylenimine.— A solution of 6 (0.314 g, 0.00146 mol) 
in dioxane (reagent grade, 5.0 ml) was added to a solution of 
benzoyl chloride (0.218 g, 0.00156 mol) in dioxane (5.0 ml). 
Crystals began forming after 30 min at room temperature and 
were collected after 22 hr, giving 0.289 g (0.00115 mol, 78%) of 
product, mp 282-284° dec. Two recrystallizations from ethanol- 
ether, the last preceded by decolorization with activated char
coal, gave colorless crystals: rr.p 295-296 subl; j-c_c 1600,
1580, 1495, pPh 770, 720 cm“ 1 in Nujol; nmr PhCH2N (8 4.68, 
singlet), -C II2-  (2.35, 2.29, singlets), -C H 3 (1.82, singlet) in 
dimethj-lformamide-di at 95°.

Anal. Calcd for C i5H22NC1: C, 71.54; H, 8.81; N, 5.56. 
Found: C, 71.46; II, 8.99; N, 5.79.

B. From Attempted Acetylation of l-Benzyl-5-methylene- 
heptamethylenimine.—The above compound (7b) was obtained 
from addition of a solution of 6 (0.387 g, 0.0018 mol) in dioxane 
(dried over sodium, 5.0 ml) to a solution of acetyl chloride 
(0.153 g, 0.00195 mol) in dioxane (5.0 ml), giving, after 6 hr, 
0.313 g (0.00125 mol, 69%) of product, mp 272-275° dec. The 
infrared spectrum in Nujol is identical with that of the above 
product.

l-Benzyl-l-methyl-5-methyleneheptamethyleniminium Iodide 
(8b).—Excess methyl iodide was added to a solution of 6 
(0.143 g, 0.665 mol) in methanol (5 ml). After 3 days at room 
temperature, the now yellow solution was partially concentrated 
by evaporation on the steam bath. Ether was added to the solu
tion, which became cloudy. Crystals slowly formed and, after 
cooling the mixture in the refrigerator, were collected, mp 187- 
189°. Two recrystallizations from methanol-ether gave color

less crystals of 8b: mp 184-186°; nmr (CDC13) 8 7.7 (m, 5 H, 
-C 6H5), 5.00 (s, 2 H, = C H 2 or -N C H 2Ph), 4.93 (s, 2 H, = C H 2 
or NCH2Ph), 3.66 (m, 4 H, -N C H 2- ) ,  3.18 (s, 3 H, -C H 3), 2.35 
(m, 8 II, -C H 2- i .

Anal. Calcd for C16H2,NI: C, 53.78; H, 6.77; N, 3.92. 
Found: C, 53.73; H, 6.75; N, 4.36.

R egistry  N o .— 3, 32674-93-4 ; 4 , 32674-94 -5 ; 5, 
32674-95 -6 ; 6 ,3 2 6 7 4 -9 6 -7 ; 7a, 32674-97 -8 ; 7b , 32670- 
60 -3 ; 8a , 32670-61-4 ; 8 b , 32653-78-4.

R e a c t io n  o f  C y a n id e  I o n  w it h  A r o m a t i c  N it r i le s  

a n d  A r o m a t ic  H e t e r o c y c l ic  C o m p o u n d s  in  D ip o la r  

A p r o t i c  S o lv e n ts . C y a n id e  E x c h a n g e 1
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T h e  cya n a tion  o f e lectron egative ly  su bstitu ted  aro
m atic com p ou n d s and o f u nsaturated  h y d roca rb on s  
con ta in in g  ex ten ded  tt system s b y  treatm en t w ith  so
d ium  cyan id e  and an ox id izing  agent in ap rotic  so lven ts 
offers a ttractive  syn th etic  possib ilities .2 T h e  reac
tion  has been  considered  to  p roceed  via reversib le  add i
tion  o f cyan id e  ion  to  the substrate to  y ie ld  a  carban - 
ion  (e.g., 1, from  9 -cyan oan th racen e) w h ich  is then

H CN

y
CN
1 2

con v erted  to  the cyan ation  p rod u ct b y  the a ction  o f  the 
ox id izin g  agent. A  sim ilar a dd ition  o f cyan ide  ion  to  a 
h e terocy clic  arom atic system  has b een  p rop osed  b y  
H ap p  an d  J a n zen 3 to  a ccou n t for  the esr spectru m  o b -
served  w hen  acridine is treated  w ith  cyan ide  ion  in air- 
satu rated  d im eth ylform am id e  ( D M F ) ; th e  spectru m  is 
th at o f  the rad ica l an ion  resu lting  from  the action  o f 
ox y g en  on  the carban ion  2. T h ese  authors have also 
stu d ied  the esr spectru m  o f the rad ica l an ion  form ed  
b y  the attack  o f oxygen  on  the 9 -cyan oan th racen e 
ad d u ct (1 ). In  the p resen t stu d y , u ndertaken  b e fore  
the p u b lica tion  o f the w ork  o f H a p p  and Janzen, the 
ox id izin g  agent (sod ium  a n th raqu in on e-a -su lfon ate , a -  
S A S) preferred  for  the con version  o f 9 -cyan oan th racen e  
and cyan ide  ion  to  9 ,10 -d icyan oan th racen e has b e e n  
fou n d  h igh ly  effective  for the con version  o f acrid ine and 
sod ium  cyan ide  to  9 -cyan oacrid ine . T h is  resu lt is in 
a ccord  w ith  the postu lation  o f the sim ilar in term ediates 
1 and 2. F urther ev iden ce  for  in term ediates su ch  as 
1 and 2 has b een  sou ght b y  the use o f  labeled  cyan id e  
ion  in reaction s w ith  e lectron ega tive ly  su b stitu ted  a ro 
m atic com pou n ds. T h e  use o f  labeled  cya n id e  in  the

(1 )  G r a te fu l  a c k n o w le d g m e n t  is m a d e  t o  th e  U . S . A r m y  R e s e a r c h  O ff ic e  
fo r  p a r t ia l  su p p o r t  o f  th is  w o r k  [G ra n t  D A - A R O ( D ) - G 8 5 7 ] .

(2 ) (a )  B . E .  G a lb ra ith , K .  E . W h ita k e r , a n d  H . R .  S n y d e r , J . Org. Chem., 
34, 1411 (1 9 6 9 ) ;  (b )  K . E . W h ita k e r  a n d  H . R .  S n y d e r , ibid., 35, 30  (1 9 7 0 ).

(3 ) E . H . J a n ze n  a n d  J . W .  H a p p , ibid., 35, 96  (1 9 7 0 ).
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C y a n i d e  E x c h a n g e

M o le

T able I

R e g is t r y r a t io  o f T e m p ,6 T im e , R a d io  R e c o v e r y ,
no. R u n S u b stra te  (S ) K C N “ :S ° C hr a c t iv it y 0 %

1210-12-4 1 9-Cyanoanthracene 4:1 80 2 0.91 30
2 9-Cyanoanthracene 4:1 23 5 0.348 70
3 9-Cyanoanthracene 1:1 80 0.75 0.626 80
4 9-Cyanoanthracene 2:1 80 0.75 0.755 69

1217-45-4 5 9,10-Dicyanoanthracene 4:1 80 5 1.09 60
5326-19-2 6 9-Cyanoacridine 4:1 65 20 0.800 67
2510-55-6 7 9-Cyanophenanthrene 4:1 100 24 0.970 70
16001-13-1 8 9-Cy ano-10-phenyl- 4:1 100 24 0.060 65

anthracene
1467-01-2 9 9-Cy ano-10-methyl- 4:1 100 24 0.020 30

anthracene
3029-30-9 10 1,4-Dicyanonaphthalene 4:1 100 3 0.068 38

11 1,4-Dicyanonaphthalene 4:1 100 8 0.180 28
12 4,4'-Dicyanobiphenyl 4:1 130 24 0 82
13 1-Cyanonaphthalene 4:1 100 24 0 51
14 2-Cyanonaphthalene 4:1 100 24 0
15 1,3-Dicyanobenzene 4:1 100 24 0 31
16 1,4-Dicyanobenzene 4:1 100 24 0
17 1,4-Dicyanocyclohexane 4:1 100 24 0 42
18 Stearonitrile 4:1 100 24 0 35

110-61-2 19 Succinonitrile 4:1 100 24 0.97 15
° The radioactivity of the potassium cyanide was 2.00 j*Ci of 14C/mmol of the compound. 6 ± 5 ° . c Radioactivity is expressed in 

microcuries of 1,C/'mmoI of compound. Measurements are done by liquid scintillation and are accurate to ± 2 % .

cya n a tion  reactions also prom ises to  afford  a v e ry  sim ple 
m eans o f  in trod u cin g  labeled  cy a n o  grou ps in to  certain  
arom atic  and h e te ro cy c lic  system s.

T rea tm en t o f  9 -cyan oan th racen e w ith  2 m ol o f  car- 
bon -14  labeled  potassium  cyan ide  in the presence o f  1 
m ol o f  th e  qu in on e a -S A S  a t 80° fo r  2 hr p rod u ced  an 
8 0 %  y ie ld  o f  9 ,10 -d icyan oan th racen e w ith th e  sam e 
m illim olar ra d io a ct iv ity  as th at o f  th e  cyan id e  em 
p loy ed . A  reaction  run  for  4 hr a t 100° y ie ld ed  a p rod 
u ct  o f  m illim olar ra d io a ct iv ity  1.34 tim es th at o f  the 
cyan id e  em p loyed . T h ese  resu lts w ou ld  be exp ected  
if exch ange occu rs w ith  th e  p rod u ct, 9 ,1 0 -d icya n o- 
anthracene, and  n ot w ith  the organ ic reagent, 9 -cy a n o - 
anthracene, under th e  con d ition s  em ployed .

In  th e  absence o f  ox id izin g  agent, 9 -cyan oan th racene 
undergoes exchange w ith  cyan ide  ion  (run 1, T a b le  I ). 
A lso , u n der th e  con d ition s  used, D M F  solu tions o f  9- 
cyan oan th racen e and  cyan id e  ion  generate th e  9,10- 
d icya n o  com p ou n d , p resu m ab ly  as a resu lt o f  e lectron  
transfer betw een  the carban ion  form ed  and the parent 
a rom atic  co m p o u n d .2b In  runs 2 -4 , th e  per cen t re
co v e ry  and th e  ex ten t o f  exchange are show n  to  depen d  
u p on  the tem perature , the cyan ide  con cen tra tion , and 
the du ration  o f  th e  reaction . A s m ore drastic con d i
tion s are em p loyed , the am ou n t o f  labeled  9 -cy a n o 
anthracene b ecom es  sm aller and  the ex ten t o f  exchange 
b ecom es greater.

I f  th e  exchange reaction  p roceed s  b y  the a ttack  o f 
cyan id e  ion  on  th e  ca rb on  a tom  a tta ch ed  to  the cya n o  
grou p , th en  there sh ou ld  be  v e ry  little  d iffer
ence in rea ctiv ity  betw een  9 -cyan oan th racen e an d  9- 
cyan o-10 -m eth y lan th racen e  or  betw een  9 -cya n oa n - 
thracene an d  9 -cyan o-10 -ph en ylan th racen e. H o w 
ever, the m eth y l- and  ph en yl-su bstitu ted  com p ou n d s 
p roved  to  be  v e ry  u nreactive (runs 8 and  9).

T h ere fore , it  is m ost lik e ly  th at th e  exchange reac
tion  w ith  9 -cyan oan th racen e proceed s th rou gh  the 
same carban ion  (1) p ostu la ted  as the in term ediate  for

the cyan ation  reaction . T h e  exchange m ight result 
from  a p ro ton  m igration  in the carban ion , fo llow ed  b y  
loss o f  the cyan id e  ion ; a ltern ative ly , p roton a tion  o f 
the carban ion  during the aqu eous w ork -u p , fo llow ed  
b y  the loss o f  h yd rogen  cyan ide , w ou ld  give the sam e 
result.

C N

In  the la tter path w ay , the 9 ,1 0 -d icya n o-9 ,1 0 -d ih y - 
dro deriva tive , 4, correspon ds to  th e  h yd rocyan ation  
prod u cts w h ich  have b een  ob ta in ed  in g ood  y ields from  
som e h igh ly  u nsaturated  h yd rocarbon s b y  the same 
experim ental p roced u re .2“ I f  the exchange reaction  
occu rs b y  this p a th w ay , then  th e  use o f  deu terated  or 
tritia ted  w ater in  th e  final h yd ro lysis  o f  the reaction  
m ixture prepared  from  9 -cyan oan th racen e and  so-
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d iu m  cyan ide  shou ld  result in  the form ation  o f deu te
rium  or tritiu m  labeled  com pou n ds. A  solu tion  con 
ta in in g  4 eq u iv  o f  cyan ide  and  1 eq u iv  o f  9 -cy a n o - 
an th racene w as h eated  at 80° fo r  2 hr before  the reac
t io n  m ixture w as added  to  tritia ted  w ater. T h e  9- 
cyan oan th racen e w as recovered  in rad ioch em ica lly  
pure form  and the 10 p osition  was fou n d  to  be  labeled  
w ith  tritiu m  to  the exten t o f  3 9 % . In  a sim ilar experi
m en t in  w hich  deu teriu m  ox ide  w as used in p lace o f 
tritia ted  w ater, the 10 position  o f 9 -cyan oan th racen e 
was fou n d  to  be labeled  w ith  deu teriu m  to  the exten t 
o f  4 1 % , as determ in ed  b y  deu teriu m  analysis and nm r 
an d  mass spectra l data . I t  thus appears th at abou t 
8 0 %  o f the recovered  9 -cyan oan th racen e is derived  
from  th e  d ih ydro  deriva tive  (4).

I t  w ou ld , o f  course, be  desirable to  isolate 9 ,10- 
d icyan o-9 ,10 -d ih yd roan th racen e  and stu dy  its d e - 
h yd rocy a n a tion . Severin  and  S ch m itz  have reported  
th at 9 -n itroanthracene reacts w ith  sod ium  b oroh yd rid e  
in  D M F  to  g ive a solu tion  w h ich  u pon  trea tm en t w ith  
an  ion  exchange resin (acid  form ) generates 9 ,10-d i- 
h yd ro -9 -n itroa n th ra cen e .4 W e have fou n d  th at this 
process applied  to  9 -cyan oan th racen e g ives a 6 5 %  
y ie ld  o f  9 ,10 -d ih yd ro-9 -eyan oan th racen e, bu t w ith
9 ,10 -d icyan oanthracen e the on ly  p rod u ct isolated  
o th er than  starting m aterial w as 9 -cyan oan th racen e, 
w h ich  w as ob ta in ed  in 5 0 %  yie ld . T h e  fa ct th at none 
o f the redu ction  p rod u ct o f  9 -cyan oan th racen e was 
fou n d  suggests th at 9 -cyan oan th racene is n ot form ed  
until a fter the excess boroh yd rid e  has been  d estroyed  
b y  the acid  treatm en t. I t  seem s qu ite lik ely  th at the 
d ih y d rocy a n o  com p ou n d  is its precursor.

T h e  observation s m en tion ed  a b ove  su pport th e  v iew  
th at the carban ion  1 is in v o lv ed  in the cya n a tion  and 
exchange reactions o f  9 -cyan oan th racene. T h is  car
ban ion  is form ed  reversib ly , and in the presence o f  the 
qu in on e, a-S A S , it is con verted  to  the cya n a tion  p rod 
u ct. E xchan ge does n ot o ccu r  w ith  9 -cya n oa n 
thracene in the presence o f  ox id izin g  agent, since in  
the aprotic  reaction  m edium  p roton a tion  o f 1 can not 
occu r  to  g ive the d ih ydro  in term ediate  4, as d em on 
strated  in the in itial synthesis o f  labeled  9 ,1 0 -d icya n o- 
anthracene, in w hich  the m illim olar ra d ioa ctiv ity  o f 
the d icya n o  com p ou n d  is the sam e as th at o f  the 
K 14C N  used in itia lly . H ow ever, under m ore drastic 
con d ition s  it w as fou n d  th at b o th  ad d ition  and  ex
ch ange w ith the p rod u ct occu rred , as ev id en ced  b y  the 
increased  m illim olar ra d ioa ctiv ity  in the d icya n o  co m 
pou nd . In  run 5, the dinitrile w as heated  w ith  a fou r
fo ld  excess o f  labeled  cyan ide  at 80° for  5 hr; exchange 
d id , in deed , occu r, as 2 7 %  of the cy a n o  grou ps were 
rep laced .

In  th e  absence o f  added  ox id izing  agent the carban 
ion  s low ly  undergoes e lectron  transfer w ith  9 -cya n o- 
anthracene, and  9 ,10 -d icyan can th racen e and as yet 
u nknow n red u ction  p rod u cts  are form ed . A lso  the 
p ortion  o f  the carban ion  su rv iv in g  to  the end  o f the re
a ction  period  is con v erted  b y  h yd rolysis  to  9 ,10- 
d icyan o-9 ,10 -d ih yd roan th racen e , w h ich  loses h y d ro 
gen  cyan id e  to  regenerate 9 -cyan oan th racene. T h is  
is the rou te b y  w h ich  exchange w ith  rad ioactive  
cyan id e  occu rs, b u t there is substantial loss in the p ro 
cess becau se  o f  the form ation  o f  9 ,1 0 -d icy a n o 
an thracene. T h e  best m eth od  o f  preparing  labeled

(4 ) T .  S e v e r in  a n d  R .  S ch m itz , Chem. Ber., 95, 1417 (1 9 6 2 ).

9 -cyan oan th racen e b y  the exch ange process requ ires 
th e  use o f  h igh ly  rad ioactive  cy a n id e  and short reac
tion  periods.

In  o th er experim ents (runs 6 -1 9 ) ,  variou s arom atic 
and a liphatic n itriles were trea ted  w ith  carbon -14  la
b eled  potassium  cyan ide . O f th e  arom atic  n itriles 
studied , on ly  9 -cyan oacrid in e , 9 -cyan oph en an th ren e, 
and  1 ,4 -d icyan onaph th a len e  w ere fou n d  to  u nd ergo  
the exchange reaction . In  the reaction  w ith  9 -cy a n o 
phenanthrene, n one o f  the d icya n o  co m p o u n d  w as d e 
te c te d ; the phenanthrene deriva tive  does n o t ap p ear to  
u ndergo  the e lectron  transfer process w h ich  occu rs  
w ith  9 -cya n oa n th ra cen e .2b O f the a liphatic n itriles 
stu d ied , on ly  su ccinon itrile  w as fou n d  to  u n d ergo  ex
change w ith  labeled  cyan ide. S ince the cya n id e  ion  
is a v e ry  stron g  base in  d ipolar ap rotic  so lven ts, th e  
reaction  w ith  succinon itrile  m ay  be  exp la ined  b y  p ro 
ton  abstraction , fo llow ed  b y  loss o f  cy a n id e  and  th en  
b y  h yd rocy a n a tion  to  g ive labeled  su ccin on itrile .

T h e  rea ctiv ity  o f  arom atic n itriles in  cya n id e  ex
change seem s to  depend  on  the a b ility  o f  th e  substrate  
to  form  a M eisenheim er-like com p lex . In  turn , fo rm a 
tion  o f this com p lex  depends on  th e  a b ility  o f  the cy a n o  
group  to  stabilize the carban ion  su fficien tly  to  c o m 
pensate for  the loss in  a rom aticity . T h e  re la tive  ease 
o f  a d d ition  to  arom atic n uclei, anthracene >  p h en 
anthrene >  naphthalene >  benzene, has b een  corre 
la ted  w ith  the am ou n t o f  stabilization  en ergy  lost in 
form in g  the a d d u ct .5 6 T h u s, fo r  exam ple, the stab ili
za tion  en ergy  lost in  goin g  from  anthracene to  9 ,10- 
d ih ydroan th racene is less than  the loss w ith  ph en 
anthrene. B ecause the form ation  o f a  M eisen h eim er 
com p lex  also in volves a certa in  loss in  a rom a ticity , a 
sim ilar argum ent can be m ade fo r  the re a ctiv ity  o f  sim 
ple  arom atic n itriles tow ard  exchange. T h is  argum ent 
can  also be e m p loyed  to  expla in  the successfu l cya n a 
tion  o f  acrid ine and the unsuccessfu l reaction s w ith  
qu inoline, isoqu inoline, and  pyrid in e . F or  the la tter 
com pou n ds, the stabilization  o f th e  an ion ic in term ed i
ates is insufficient to  com pen sate fo r  the loss in  arom a
tic ity .

Experimental Section

Melting points are uncorrected and were determined with a 
Kofler micro hot stage apparatus. Infrared spectra were ob
tained by use of potassium bromide discs and a Perkin-Elmer 521 
infrared spectrophotometer. Microanalyses for carbon, hydro
gen, and deuterium were performed by Mr. J. Nemeth and asso
ciates. Yellow carbon-14 labeled compounds were burned to car
bon-14 carbon dioxide and water. The radioactive carbon diox
ide was absorbed in Hyamine hydroxide before adding a toluene 
scintillator and counting with a Packard liquid scintillation spec
trometer. Radioactive samples which did not give colored solu
tions were dissolved in a toluene scintillator and counted. Yel
low tritium-labeled compounds were also burned to carbon diox
ide and tritium water. The radioactive water was dissolved in a 
dioxane-based scintillator and counted. The Bush Channels ra
tio method was used to correct for quenching in all radioactive 
samples assayed .e

Materials.—Unless otherwise specified, commercially available 
reagents were used without purification. The dimethylforma- 
mide was stored over Linde T jrpe 4A Molecular Sieve for 2 weeks 
before use. Finely divided sodium cyanide (98%), potassium 
cyanide-14C, and a-SAS were dried for 24 hr at 110° under vacuum 
and stored over calcium sulfate in a tightly closed container.

(5 ) F . G . B o r d w e ll,  “ O rg a n ic  C h e m is t r y ,”  M a c m illa n , N e w  Y o r k ,  N . Y . ,  
1963 , p  540 .

(6 ) E . T .  B u sh , Anal. Chem., 36, 1082 (1 9 6 4 ).
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The millimolar radioactivity of the potassium cyanide-I4C was
2.00 juCiof 14C/mmoI of compound.

General Procedure for Cyanide Exchange.— A mixture of sub
strate (1.0 mmol) and potassium cyanide-14!? (0.26 g, 4.0 mmol) 
in DMF (25 ml) was stirred under dry nitrogen in a 50-ml, three
necked flask equipped with a gas inlet tube dipping into the liquid, 
a reflux condenser with a calcium sulfate drying tube, and a ther
mometer. After the mixture had been heated at a specified tem
perature and for a specified time (see Table I), it was poured into 
150 ml of a 1:1 solution of water and saturated ammonium chlo
ride. The aqueous mixture was filtered. If the substrate was 
appreciably soluble in water, a chloroform extraction was used, 
followed by evaporation of the chloroform. Purification was ac
complished by column chromatography with silica gel (20 g) and 
elution with cyclohexane, mixtures of cyclohexane-benzene, and 
finally benzene. Identification of the compounds was done by 
comparison with the known compounds by tic, melting point, ir, 
and elemental analysis.

Preparation of 9,10-Dicyanoanthracene with Potassium Cya- 
nide-14C.— A mixture of 9-cyanoanthracene (0.20 g, 1.0 mmol), 
labeled potassium cyanide (0.13 g, 2.0 mmol), and or-SAS (0.31 g,
1.0 mmol) in 25 ml of DM F was heated at 80° for 2 hr. The re
action mixture was poured into water and filtered hot. The solid 
product (0.18 g, 80%) was purified by recrystallization from chlo
roform and by column chromatography. The melting point 
(335°) and the infrared spectrum were identical with those of 9,10- 
dicyanoanthracene.2b A sample was combusted and analyzed by 
liquid scintillation counting. The measured radioactivity was
2.00 /LzCi of 14C/mmol of compound.

An identical experiment was run at 100° for 4 hr. The radio
activity of the purified 9,10-dicyanoanthracene was 2.68 ¿¿Ci of 
14C/mmol of compound.

Preparation of 9-Phenyl-10-cyanoanthracene.—To a solution 
of 9-phenylanthracene (0.508 g, 2.0 mmol) in 25 ml of carbon di
sulfide in a 50-ml, three-necked, round-bottomed flask equipped 
with thermometer, addition funnel, and reflux condenser, bromine 
(0.32 g, 2.0 mmol) in 25 ml of carbon disulfide was added dropwise 
over a 30-min period at 23°. Stirring was continued for 3 hr. 
The excess bromine and carbon disulfide were removed by evap
oration to yield a yellow solid (0.50 g) which was mixed with cu
prous cyanide (1.7 g, 20 mmol) in 80 ml of DMSO and heated un
der reflux for 4 hr. The reaction mixture was poured into 500 ml 
of a 1:1 solution of water and concentrated ammonium hydroxide. 
The acueous mixture was filtered to yield a brownish precipitate, 
which was dried. The product was extracted from the solid with 
chloroform to separate it from the residual cuprous cyanide. An 
intensely yellow solid was obtained after evaporation of the chlo
roform. Tic showed two spots, one of which corresponded to 9- 
phenylanthracene. The mixture was separated by silica gel 
chromatography to give 9-phenyl-10-cyanoanthracene, mp 198- 
200° (lit.7 mp 199-200°), in an overall yield of 65%.

Preparation of 9-Methyl-10-cyanoanthracene.— The method of 
Calas and Lalande8 was used to prepare 9-methyl-10-cyanoan- 
thracene from 9-methylanthracene by bromination in carbon di
sulfide, followed by treatment with cuprous cyanide. The latter 
reaction was carried out in DMSO. A yellow solid, mp 204-205 
(lit.8 mp 205°), was obtained after silica gel chromatography and 
crystallization from ethanol.

Hydrolysis of Reaction Mixture with Tritiated Water.— A mix
ture of 9-cyanoanthracene (0.20 g, 1.0 mmol) and sodium cyanide 
(0.20 g, 4.0 mmol) in 25 ml of DM F was heated for 2 hr at 80°. 
The reaction mixture was then poured into 100 ml of tritiated wa
ter (0.484 /nCi of tritium/mmol of water). After purification of 
the yellow solid obtained, a 45% recovery of starting material was 
found. Combustion of a sample, followed by a liquid scintilla
tion measurement of the water obtained, showed that the com
pound contained 0.19 ¿uCi of tritium/mmol of compound.

Hydrolysis of Reaction Mixture with Deuterium Oxide.—The 
reaction was performed exactly as the preceding one, except that 
deuterium oxide (100 g) was used in the work-up. Analysis of the 
water obtained from a burned sample showed that 4.5%  of the hy
drogen present in the compound was deuterium. A mass spec
trum showed a similar increase in the 204 peak; an nnr spectrum 
also showed a reduction in the peak at S 8.55.

(7 ) C . D u fra is se  a n d  J. M a th ie u , Bull. Soc. Chim. Fr., 302 (1 9 4 7 ).
(8 ) R .  C a la s  a n d  R . L a la n d e , ibid., 7 7 0  (1 9 5 9 ).

Reaction of 9-Cyanoanthracene with Sodium Borohydride.— In
a three-necked, 100-ml, round-bottomed flask equpped with a re
flux condenser, gas inlet, and 50-ml dropping funnel were placed
1.0 g (5.0 mmol) of 9-cyanoanthracene and 30 ml of DM F. Ni
trogen was bubbled through the mixture. A solution of sodium 
borohydride (0.38 g, 10 mmol) in 25 ml of DM F was then added 
dropwise over a 0.5 hr period. The purple mixture was then 
stirred for an additional 2 hr at room temperature and then poured 
onto 50 ml of Dowex 50W-X8 acid resin which had been washed 
with DM F. After hydrogen evolution ceased, approximately 
0.5 hr, the DMF solution was separated from the resin by suction 
filtration and then poured into a solution prepared from 275 ml of 
water and 25 ml of saturated ammonium chloride solution. The 
mixture was allowed to stand overnight and was then filtered to 
give 0.85 g of a pale yellow solid, mp 110-113°. Recrystalliza
tion from heptane gave 0.65 g of white needles, mp 115- 
116°.

Anal. Calcd for Ci6H „N : C, 87.80; H, 5.37; N, 6.83. 
Found: C, 87.85; H, 5.32; N, 6.73.

Reaction of 9,10-Dicyanoanthracene with Sodium Borohydride.
— In a three-necked, 100-ml, round-bottomed flask equipped with 
a reflux condenser, gas inlet, and 50-ml dropping funnel were 
placed 0.228 g (1.0 mmol) of 9,10-dicyanoanthracene and 35 ml of 
DMF. The mixture was heated to 60°, as nitrogen was bubbled 
through the solution. After the 9,10-dicyanoanthracene had dis
solved, a solution of sodium borohydride (0.076 g, 2.0 mmol) in 10 
ml of DMF was added dropwise over a 0.5-hr period. The purple 
mixture was then stirred for 2 hr at 60° and poured onto 20 ml of 
Dowex 50W-X8 acid resin which had been washed with DMF. 
After hydrogen evolution had ceased, approximately 15 min, the 
DMF solution was separated from the resin by suction filtration. 
Some of the 9,10-dicyanoanthracene was lost because of its insolu
bility in DMF. The DM F solution was then poured into 300 ml 
of water containing 25 ml of saturated ammonium chloride solu
tion. After a few minutes the mixture was filtered, and the solid 
obtained (0.13 g) was dried and dissolved in chloroform. The 
solution was then evaporated onto silica gel and put on top of a 
15-g column. Elution with 1:1 benzene-cyclohexane gave 0.10 
g (50%) of 9-cyanoanthracene and 0.025 g of 9,10-dicyanoan
thracene.

Cyanation of Acridine.— In a 50-ml, round-bottomed flask 
equipped with a gas inlet, condenser, and thermometer were 
placed acridine (1.78 g, 10 mmol), sodium cyanide (1.0 g, 20 
mmol), a-SAS (3.41 g, 10 mmol), and 40 ml of DMSO. The 
mixture was heated for 3 hr at 90° and was then poured into 300 
ml of water containing 25 ml of 10% sodium hydroxide. After a 
few minutes, the mixture was filtered while it was still warm. 
After thorough washing, the solid was dried and dissolved in 200 
ml of chloroform; decolorizing charcoal and anhydrous magnesium 
sulfate were added to the solution. Filtration and evaporation of 
the solvent gave 1.66 g (83%) of a yellow solid: mp 181-182°
(lit.9 mp 180-181°); ir 2220, 1630,1520, 1150,750 cm“ 1.

Anal. Calcd for C„H 8N2:C , 82.35; H, 3.92; N, 13.73. Found: 
C, 82.36; II, 3.98; N, 13.46; mol wt, 204 (mass spectrum).

Hydrolysis of 9-Cyanoacridine-14C to 9-Acridinecarbamide-l4C. 
—A mixture of the labeled 9-cyanoacridine (0.13 g, 0.800 ¡xCi of 
14C/mmol of compound) and 3 ml of 90% H2SO< was heated on a 
steam bath for 3 hr. The mixture was then poured into 200 ml of 
water and a 10% KOH solution was added until the pH of the so
lution was 11. The solid (0.146 g) was collected, washed with 
water, and then dried. The material was recrystallized twice 
from ethanol. The purified samples gave a melting point of 264- 
265° (lit.10 mp 263-264°). Radioassay gave a value of 0.786 
MCi of 14C/mmol of 9-aeridinecarba.mide.

Anal. Calcd for CuHI0N2O: C, 75.68; H, 4.50; N, 12.61. 
Found: C, 75.42; H, 4.39; N, 12.47.

R egistry  N o .— K * C N , 32319-17-8 ; 9 ,10 -d icyan o- 
an th racene-£ -14C, 32319-25-8 ; 9 -cy a n o -9 ,1 0 -d ih y d ro - 
anthracene, 32319-26-9 ; 9 -acrid in ecarbam id e-I4C, 
32319-27-0.

(9 ) N .  S . B r o z d o v  an d  O . M .  C h e rn ts o z , Zh. Obshch. K h im ., 2 1 , 1918  
(1 9 5 1 ).

(1 0 ) G . I .  B ra z  a n d  S. A . K o r e ,  ibid., 2 3 , 8 6 8  (1 9 5 3 ).
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T h e  Stephen  red u ction  o f nitriles n orm ally  gives rise 
to  an aldim ine com p lex  th at affords th e  a ldeh yde on  
h y d ro ly s is .1 W ib a u t and O verh off isola ted  2 ,6-d i- 
ch loro-4 -am in om eth y lpyrid in e  as th e  end p rod u ct o f 
the Stephen  redu ction  o f 2 ,6 -d ieh loro -4 -cyan op yrid in e .2

In  th e  course o f  th e  synthesis o f  sym path om im etic  
am ines, w e observed  th at the redu ction  o f aroy l cyan ides 
b y  th e  S tephen  m eth od  leads to  the correspon d in g  
aroylm eth ylam ine h ydroch lorides in  g ood  yields. 
T a b le  I  sum m arizes the results.

T a b l e  I
Ste p h e n  R ed u ction  o f  A r o y l  C y a n id e s

.-------A r C O C H 2N H 3 +  C l - —
A r C O C N Y ie ld ,

A r - % Mp, ° C

Phenyl“ 67 184-186 dec6
2-Methylphenylc 78 160-161 dec6
3-Methylphenylc 50 174-175 dec«1
4-Methylphenyle 62 208-210 dec*
4-Methoxyphenyl' 60 197-199 dec'
3,4,5-Trimethoxyphenyl" 56 254-255 dec6
2-Furyl* 50 249-250 dec'

0 T. S. Oakwood and C. A. Weisgerber, “ Organic Syntheses,”  
Collect. Vol. I l l ,  Wiley, New York, N. Y., 1958, p 112. * S. 
Cheng, S. Jonsson, and F. T. Semeniuk, J. Pharm. Sei-, 51, 
108 (1962). e F. Asinger, A. Saus, H. Offermanns, and H. D. 
Hahn, Justus Uebigs Ann. Chem., 691, 92 (1966). J G. Jones,
J. Chem. Soc., 1918 (1960). e J. F. Eastman and S. Selman, 
J. Org. Chem., 26, 293 (1961). ! H. E. Baumgarten and J. M. 
Petersen, J . Amer. Chem. Soc., 82, 459 (1960). « G. P. Schie- 
menz and H. Engelhard, Chem. Ber., 92, 1336 (1959). 6 A. 
Sonn, ibid., 58, 1103 (1925). * E. Fischer and F. Brauns, 
ibid., 46, 892 (1913). '  O. Dann, H. Ulrich, and E. E. Moeller, 
Z. Naturforsch., 7b, 344 (1952).

T h e  am ino ketones can  b e  redu ced  to  am ino alcohols 
w ith  h yd rogen  in  the presence o f  a pallad ium -on - 
carbon  ca ta ly s t;3 h ow ever, d irect red u ction  o f acy l 
cyan id es  to  am ino alcohols is perferred .4

Experim ental Section

Reduction Procedure.—Anhydrous stannous chloride (28.0 g, 
0.15 mol) in 100 ml of anhydrous ether was saturated with hydro
gen chloride at room temperature. While the mixture was stirred 
in an ice-water bath, 0.1 mol of the aroyl cyanide was added drop- 
wise. After 3 hr the mixture was filtered and the residue was 
washed with anhydrous ether. The residue was suspended in 500 
ml of water containing 5 ml of hydrochloric acid, and was then 
saturated with H2S. The tin sulfides were removed by filtration 
and the filtrate was evaporated in a rotary still. The residual 
aroymethylamine hydrochloride was purified by crystallization 
from acetone-ether.

(1 )  E . M o s s e t ig ,  Org. Rend.., 8 , 2 4 6  (1 9 5 4 ).
(2 )  J . P . W ib a u t  a n d  J . O v e rh o ff ,  Réel. Trav. Chim. P a ys-B a s, 82, 55 

(1 9 3 3 ).
(3 ) G . N . W a lk e r  a n d  M . A . M o o r e ,  J. Org. Chem., 26, 4 3 2  (1 9 6 1 ).
(4 ) A . B u rg e r  a n d  E . D . H o m b a k e r ,  J . Am er. Chem. Soc., 74, 5 51 4  (1 9 5 2 ).
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In  con n ection  w ith  som e oth er w ork , w e n eed ed  sam 
ples o f  I  and  I I , th e  preparation  o f w h ich  has b een  d e 
scribed  b y  W o rre ll .1

b, X =  Br
c, X = I

C on den sation  o f  d im eth yl m alonate and  a lly l iso 
th iocyan ate  gave IV . H ydrazin olysis o f  IV , fo llow ed  
b y  reaction  w ith  h yd roch loric  acid, d id  n ot, h ow ever, 
y ie ld  I, m p 1 2 0 -1 2 1 °, as described , bu t the h ydrazide  
V I , m p  120-121° (Schem e I ) . N o  a ttem p t w as m ade

CH30 2C H. 
IV

Schem e  I

CH30 2U H N ^ i i  ^  CH30 2Cn HN^sV / X

a > s  _  „  „ r VCILAC

NH,NH;

° ' c\ T i
+ /  ^SH

NH,NHC

0
VI

Va, X =Br
b, X =  I
c, X =  OH
d, X =  ON02

L-CH.COOH

O

to  d ifferentiate betw een  the tw o  possible g eom etric  iso
mers.

T h e  structure o f  I  had  been  based  on  its sufur anal
ysis (C a lcd  fo r  C 6H 90 2N S -2 H 20 :  S, 16.4. F o u n d :

(1) D. E. Worrell, J. Amer. Chem. Soc., 64, 2061 (1932).
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S, 16.4), w h ich  is close to  th a t o f  V I  (S, 15.95). M icro 
analysis in d ica ted  form ula  C 7H ii0 2N sS rather th an  
C 6H i304N S . T h e  nm r spectru m  o f  V I  sh ow ed  bands 
characteristic o f  th e  a lly l grou p , w h ich  w ere in  th e  sam e 
p osition  as in  th e  startin g  m aterial IV , on e low -field  
exch angeable  p ro ton  at 10.1 ppm , and a b roa d  band  
(5 H ), th e  position  o f  w h ich  w as con cen tra tion  depen 
den t (N H -N + H 3, N H , and S H ). T h e  m a jor  feature o f  
th e  in frared  spectru m  w as a  v ery  b roa d  b an d  at 3 5 0 0 - 
2300 c m -1 , ty p ica l o f  an am ine salt.

R ea ction  o f  V I  w ith  iod in e  gave , as described , a com 
pound, m p  2 1 3 -2 1 4 ° , w h ich  does n o t h ave th e  structure 
o f  l i e ,  b u t V I I I .2

In  order to  con firm  th e  structure o f  th e  h ydrazin o- 
lysis p rod u ct V I , d iester I V  w as trea ted  in an a n a logou s 
m anner w ith  m eth y lh ydrazin e . T h e  u nstable p rod u ct 
obta in ed  appeared  to  h ave th e  cy c lic  structure V I I ,2 
as ev iden ced  b y  its e lem ental analysis and nm r spec
trum , w hich  in d ica ted  th e  presence o f  an V -m e th y l 
grou p  (5 3.2 ppm , sin g let), an a lly l grou p , an d  on ly  
three exch angeable  p roton s  (D 20 ) .

W orre ll’ s con version  o f  IV  to  V a  an d  V b  cou ld  be 
duplicated. H ow ever, trea tm en t o f  V a  w ith  a lcoh o lic  
silver nitrate d id  n o t g ive  th e  a lcoh o l V c  as d e scr ib ed ,1 
b u t n itrate V d . C om p ou n d  V d  gave  a  p ositive  test 
fo r  th e  n itrate grou p  (d iph en ylam in e an d  sulfuric 
a c id ) .3

I t  appears th at th e  position  o f  th e  dou b le  b on d  in V a  
and  V b  is e x o cy c lic  an d  n o t e n d o cy c lic  ( I I I ) ,  as had  
been  described . T h e  assignm ent fo r  th e  position  o f 
the dou b le  b on d  is b ased  m ain ly  on  th e  nm r spectra  o f 
V a  and  V b , w h ich  d o  n o t sh ow  th e  low -fie ld  p ro ton  H a 
o f  com p ou n d  IV  (8 5 .6  ppm , sin glet), bu t in d ica te  the 
presence o f  a ty p ica l N - H  p ro ton  at 3 .0 -6 .0  p p m  (b roa d  
ban d ). In  add ition , V a  and  V b  absorb  at lon ger w a ve
length  [X^a0xH 285 nm  (* 12,500) ] th an  IV  [ X ^ n  2 74 
nm  (e 13 ,400)].

T h e  p osition  o f  th e  d ou b le  b on d  in V I  and  V I I  is 
based on  th e  fa ct th a t b o th  com p ou n d s form  a cuprous 
salt (th io l),4 an d  b o th  show  secon d ary  am ine absorp 
tion  in th e ir  ir spectra . N o  experim en tal w ork  w as 
done to  find ou t w h y  reaction  o f  IV  w ith  h ydrazine and 
m ethylhydrazin e ga v e  the h yd ra z id o  acid  V I  and  the 
pyrazolid in ed ion e  V I I , resp ective ly .

Experim ental Section

Melting points were determined on a Gallenkamp block and 
are uncorrected. Mass spectra were obtained on an AE1-MS-902 
mass spectrometer at 70 eV using a direct-insertion probe. Nmr 
spectra were recorded on a Varian Associates T-60 spectrometer. 
Ir spectra were obtained on a Unicam SP1000 and a Perkin- 
Elmer 257 infrared spectrophotometer. Ultraviolet spectra were 
determined with a Unicam SP-800 spectrophotometer. Micro
analyses were carried out by A. Bernhardt Mikroanalytisches 
Laboratorium, Elbach uber Engelskirchen, and C. Daessle, 
Montreal.

Carbom ethoxy M eth yl M alonate M onothioallylam ide (IV ) .—  
This compound was prepared according to the procedure of 
Worrell1 with the following modification: the mixture of the
sodium salt of dimethyl malonate and allyl isothiocyanate was 
refluxed for 24 hr with vigorous stirring. This ensured that most 
of the sodium metal had reacted and minimized the possibility of 
any large excess of sodium igniting when the mixture was poured

(2 ) S ee  E x p e r im e n ta l  S e c t io n .
(3 ) F . F e ig l, “ S p o t  T e s t s  in  O rg a n ic  A n a ly s is ,”  7 th  e d , E ls e v ie r , N e w  Y o r k ,  

N .  Y . ,  1966, p  178 .
(4 )  R e fe r e n c e  3, p  2 22 .

into ice water. After recrystallization from ethyl alcohol-water, 
a 56% yield of IV was obtained: mp 42-43° (lit.1 yield 66% ; 
mp 42-43°); ir (KBr) 3335, 3385 (NH), 1750, 1715 cm“ 1 
(C = 0 ) ;  nmr (CDC13) 5 3.9 (s, 6 ), 4.4 (t, 2 ), 5.6 (s, 1), 5.2-6.4 
(m, 3), 4.0-6.0 (s, broad, NH); uv max (95% C2H5OH) 274 nm 
(e 13,400); mass spectrum (70 eV) m/e 231 (M +).

Anal. Calcd for C9H130 4NS: C, 46.75; H, 5.62; N, 6.06; 
S, 13.85. Found: C, 47.03; H, 5.48; N, 5.87; S, 14.03.

Reaction of IV  with Brom ine (V a ).— The procedure of Worrell 
was followed exactly: yield 68% ; mp 152-154° (lit.1 yield 68% ; 
mp 153-154°); ir (KBr) 3200, 1615, 1650 cm“ 1; nmr (DMSO-d6) 
S 3.9 (s, 6), 4.1 (m, 2), 3.6 (m, 3), 3.0-6.0 (broad, 1, NH); 
uv max (95% ethanol) 285 nm (c 12,500); mass spectrum (70 
eV) m/e 309 (M+), 311 (M+ +  2).

Anal. Calcd for C9H120 4NSBr: C, 34.95; H, 3.88; N, 4.53; 
S, 10.36; Br, 25.85. Found: C, 34.92; H, 3.83; N, 4.53; 
S, 10.61; Br, 25.96.

The iodo derivative Vb was prepared in a similar manner, mp
156-157° (lit.1 mp 156-157°).

Reaction of V a with Silver Nitrate (V d ).— This compound was 
prepared according to Worrell: yield 65% ; mp 104-105° (lit.1 
mp 104-105°) (after drying under vacuum at 40°, mp 81-82°); 
ir (KBr) 3220, 1650, 1660, 1630 (O N 02), 1285, 870-855 cm “ 1 
(ON); nmr (DMSO-d6) « 3.8 (s, 6), 3.95 (m, 3), 4.7 (m, 2), 9.8 
(broad, 1, NH); mass spectrum (70 eV) m/e 292 (M +), 229 
(M + — H N 03). It was difficult to obtain good analytical values 
because of the unstability of Vd.

Anal. Calcd for C9H120,N 2S: C, 36.99; H, 4.11; N, 9.59; 
S, 10.95. Found: C, 37.48; H, 4.29; N, 9.63; S, 10.87.

Reaction of IV with H ydrazine (V I).— The procedure of Worrell 
was followed except for the following modification in the work-up: 
the concentrated deep red solution was added slowly, with vigor
ous stirring, to an iced solution of 5 N  hydrochloric acid. If this 
was not strictly followed an intractable gum was obtained which 
could not be crystallized. During the reaction a strong odor of 
hydrogen sulfide was detected, probably due to gross decomposi
tion of the thioamide. A 20% yield of crystalline product was 
obtained. It turned yellow upon standing for several weeks. 
Water of hydration was removed by drying the compound under 
vacuum at 60° for 4-6 days: mp 120-121°; ir (KBr) 3300, 
3000-2300 (NHjU str), 1630-1520 (C -0  str), 1480, 1430, 1230, 
1040, 1000, 940, 775 cm "1; nmr (DMSO-d6) S 4.3 (t, 2), 5.35 
(m, 1), 5.1 (m, 1), 6.0 (m, 1), 3.0-6.0 (broad, 5), 10.1 (broad, 
1); uv max (95% C2H6OH) 293 nm (e 16,500), 255 (14,300).

Anal. Calcd for C ,H „03N3S: C, 41.79; H, 5.47; N, 20.89; 
S, 15.95. Found: C, 42.02; H, 5.27; N, 21.16; S, 15.72.

Reaction of IV  with M ethylhydrazine (V II ) .— VII was prepared 
according to the procedure described for VI, except that the deep 
red solution was worked up after 2-3 hours. The resulting 
crystalline solid (25%) was recrystallized from ether-hexane: 
mp 186-188° (dried under vacuum at 40° overnight); ir (KBr) 
3320, 2800-2700 (NCH3); nmr (DMSO-d6) « 3.2 (s, 3), 4.5 
(t, 2), 5.3 (m, 1), 5.6 (m, 1), 5.9 (m, 1), 4.0-9.0 (broad, 3, 
exchangeable with D 20 ) ; uv max (95% EtOH) 295 nm (e 18,800), 
258 (16,000).

Anal. Calcd for CaHu0 2N3S: C, 45.07; H, 5.16; N, 19.72; 
S, 15.02. Found: C, 45.53, 44.51; H, 5.13, 5.31; N , 19.96; 
S, 14.83.

Reaction of V I with Iodine (V IH ).— The compound was pre
pared according to the published procedure.1 The product was 
dried overnight under vacuum at 100° to yield 75% of a colorless, 
crystalline product: mp 213—214° (lit.1 213-214°); ir (KBr)
3300, 3000-250C (NH3+), 1640 cm“ 1; nmr (DMSO-de) S 3.0 
(m, 2), 3.3 (m, 2) 3.6 (m, 1), 5.0-10.0 (broad, 5, exchangeable 
with I120 ) ;  uv max (95% EtOH) 295 nm (« 22,400).

Anal. Calcd for O,Hl0O3N3SI: C, 24.50; H, 2.94; N, 12.25; 
S, 9.33; I, 37.01. Found: C, 24.67; H, 2.97; N , 12.43; S, 
9.60; 1,37.11.

R eg istry  N o . - I V ,  32444-37-4 ; V a , 32444-38-5 ;
V b , 32444-39-6 ; V d , 32444-40-9 ; V I , 32444-41-0 ;
V I I , 32444-42-1 ; V I I I ,  32444-43-2 ; hydrazin e, 302-
01- 2 .
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T h e  preparations o f  7 -n itro -l,3 ,5 -triazaad am an tan e
(4) an d  o f l,3 ,5 -triaza -7 -ad am an ty lam in e  (7) are dis
c losed  in a U . S. P a te n t .1 W e had  been  stu dy in g  the 
prep aration  and  properties o f  4 before  the c ited  pa ten t 
cam e to  ou r a tten tion , an d  w e w ish  to  su bm it ou r re 
sults at th is tim e.

P re v io u s ly ,1 com p ou n d  4 w as prepared  b y  h eatin g  a 
m ixture o f  ethanol, p a ra form aldeh yde, am m onium  ac
etate , an d  n itrom eth ane. W e  fou n d  th a t 4 cou ld  also 
be prepared  from  tr is (h yd roxym eth y l)n itrom eth a n e , 
am m onium  h ydrox id e , and para form aldeh yde.

Som e reactions carried  ou t w ith  4 are show n in 
Schem e I. O f these, perhaps th e  on ly  ones requ iring 
com m en t are reactions o f  4 and o f l,3 ,5 -tr ia za -7 -a d a - 
m an tylam in e (7) w ith  acetic  an hydride an d  o f  7 w ith  
isopropen y l acetate . On a ttem p ted  acety la tion  o f 7 
w ith  acetic  an hydride, 5 -a ce ta m id o -3 ,7 -d ia ce ty l-l,3 ,7 - 
tr ia za b icyclo [3 .3 .1 ]n on a n e  (9} w as iso la ted  rather than  
the ex p ected  7 -aceta m id o-l,3 ,5 -tria za a d a m a n ta n e  (10). 
C om p ou n d  10 w as finally  prepared  b y  lon g  refluxing o f 
7 in isop rop en y l acetate .

A fte r  9 h ad  b een  identified , th e  reaction  o f 4 w ith  
acetic  an hydride w as studied, and w as fou n d  to  lead  to  
a g o o d  y ie ld  o f  3 ,7 -d ia ce ty l-5 -n itro -l,3 ,7 -tr ia za b icy c lo - 
[3.3.1 [nonane (2 ). S im ilar p rod u cts  w ere form ed  
from  ben zo ic  and prop ion ic  anhydrides. T h e  b icy c lo 
nonanes w ere identified  b y  analysis and b y  nm r. T h e  
form ald eh yd e  form ed  w as identified  b y  its d istin ctive  
odor.

T h e  nm r spectrum  o f  4, tak en  in  triflu oroacetic  acid, 
is sim ple, and  consists o f  a sharp peak  at 5 4 .23  (6 H ) 
and  an A B  system  at 84.75 and 5.07 ( 6 H , / Ab =  13 H z). 
T h e  single peak  is a ttribu ted  to  the six h y d rog en  atom s 
on  carbon  atom s 6, 8, an d  10, w hile th e  A B  system  is 
form ed  b y  sp litting  betw een  th e  axia l and equatoria l 
h y d rog en  atom s on  ca rb on  atom s 2, 4, an d  9.

T h e  nm r spectrum  o f  3 ,7 -d ia ce ty l-5 -n itro -l,3 ,7 -tr i- 
a za b icy clo  [3.3.1 [nonane (2 ), tak en  in d im ethyl-«^  sulf
oxide, is com plex , a lthough  the m eth y l peak  (6 H ) at 
5 2.11 is easily identified . B ased  on  six h yd rogen  atom s 
for  th e  m ethy l groups, the rest o f  th e  peaks in tegrate 
for  a to ta l o f  ten  h yd rogen  atom s.

T h e  course o f  the reaction  form in g 2 is n ot know n, 
b u t d oes n ot in v o lv e  sp litting  ou t form ald eh yd e  as 
m ethylene acetate. W h en  m ethylene acetate was 
added  to  a reaction  m ixture o f  4 and acetic  an hydride a 
new  peak  appeared  at 5 5 .70 in the nm r spectrum .

T h e  form ation  o f  2 from  4 and acetic an hydride is 
sim ilar to  the reaction  o f 1 ,3-d iazaadam antane w ith  
n itrous acid  an d  to sy l ch loride 2 in w h ich  form a ld eh yd e  
is sp lit ou t an d  th e  correspon d in g  d in itroso and  d itosy l 
deriva tives  are form ed . I t  is also sim ilar to  these and 
oth er reaction s o f  hexam ethylenetetram ine w h ich  lead

(1 ) N . w. G a b e l,  U . S. P a te n t  3 ,3 0 1 ,8 5 4  (J a n  31, 1 9 6 7 ).
(2 )  H . S te t t le r  a n d  R .  M e r te n , Chem. Ber., 9 0 , 8 6 8  (1 9 5 7 ).
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to  3,7 derivatives o f  1 ,3 ,5 ,7 -tetraazab icyclo  [3.3.1 ]- 
n on an e ,3 and  particu larly  to  th a t o f  acetic  an hydride 
w ith  hexam ethylenetetram ine, w h ich  w as fou n d  to  lead 
to  a 6 .5 %  y ie ld  o f  3 ,7 -d ia ce ty l-l,3 ,5 ,7 -te tra a za b icy c lo - 
[3.3.1 [n on ane.4

W e h ave fou n d  th at the reaction  o f  h exam eth y len e
tetram ine and acetic  anhydride at room  tem perature 
for  4 m in g ives a 4 5 %  y ie ld  o f  3 ,7 -d ia ce ty l-l,3 ,5 ,7 - 
te tra a za b icy c lo [3.3.1 [nonane, b u t at 90° for  45 m in 
on ly  9 %  o f th e  b icy c lic  p rod u ct w as isolated . P resu m 
a b ly  further reaction  leading to  th e  te tra a ce ty lte tra - 
zocine occurs, bu t the b icy c lic  d iacety l com p ou n d  cry s 
tallizes preferentia lly . H ow ever, w ith  prop ion ic  a n h y
dride at 90° fo r  2 hr, a 3 9 %  y ie ld  o f  1 ,3 ,5 ,7 -tetrapro- 
p ion y locta h yd rotetra zocin e  w as isolated . T h e  nm r 
spectru m  (C D C 13) con sisted  o f a stron g  peak  at S 5.34 
(8 H ), a qu artet at S 2 .60 (8 H ), an d  a tr ip le t at S 1.15

(3 ) W . L . M o s b y ,  “ H e te r o c y c l ic  S y s te m s  w ith  B r id g e h e a d  N it r o g e n  
A t o m s ”  P a r t  T w o ,  In te r s c ie n c e ,  N e w  Y o r k ,  N . Y . ,  1961 , p p  1 3 9 3 -1 3 9 8 .

(4 ) E . A r is t o ff ,  J . A . G ra h a m , R .  H . M e e n , G . S . M y e r s ,  a n d  G . F .  W r ig h t ,  
Can. J. R es., 2 7 B , 5 2 0 -5 4 4  (1 9 4 9 ). S ee  a lso  M .  D o m in ik ie w ic z ,  Arch. 
Chem. Farm ., 2 , 7 8  (1 9 3 5 ) ;  Chem. Abstr., 3 0 , 10298 (1 9 3 6 ).
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(12 H ). A  D reid in g  m odel o f  th is com p ou n d  in d icated  
it to  be a  v e ry  flexib le ring.

Experimental Section

All melting points were taken in open capillary tubes and are 
uncorreeted. The nmr spectra were determined using a Varian 
A-60A spectrometer, and ir spectra were taken or. a Perkin-Elmer 
Model 21 spectrometer using a KBr disk.

7-Ni:ro-l,3,5-triazaadamantane (4).—To 150 ml of 28% 
ammonium hydroxide was added 75.0 g of tris(hydroxymethyl)- 
nitromethane. The solution was heated in a 40° bath and stirred 
with a magnetic stirrer. After 30 min seven 15-ml portions of 
38% formaldehyde solution were added at 15-min intervals. 
Cooling and filtration gave 26.0 g of product (28%). This was 
recrystallized from 700 ml of water using 2.0 g of decolorizing 
carbon to give 18.9 g of white crystalline product. In a sealed 
capillary 4 decomposed over the range 260-310° (lit.1 mp 315°).

Following the procedure in ref 1, a mixture of 125 ml of ethanol, 
15 g o: nitromethane, 50 g of paraformaldehyde, and 58 g of 
ammonium acetate was stirred and refluxed for 6 hr. The re
action mixture after 12 hr cooling was filtered to give 8.7 g of 
product. This is in contrast to the 35 g of sublimed product 
reported in ref 1.

The above procedure was modified by adding only 23 g of 
paraformaldehyde to the other ingredients, stirring and refluxing 
for 1 hr, adding 11 g of paraformaldehyde, stirring and refluxing 
for 1 hr, adding another 11-g portion of paraformaldehyde, and 
then stirring and refluxing for 6 hr. Cooling and filtration gave
20.8 g (45%).

1.3.5- Triaza-7-adamantylamine (7).—To 700 ml of methanol 
was added 100.0g o f 4. This mixture was reduced for 4 hr at 50° 
under a hydrogen pressure of 1000 psi in a stainless steel rocking 
bomb using 30 g of a slurry of Raney nickel in methanol as catalyst. 
The reaction mixture was cooled, filtered, and evaporated to 
dryness in vacuo. The residue was dissolved in 800 ml of hot 
benzene, and the solution was concentrated to 300 ml. Cooling 
and filtration yielded 74 g of product melting at 213-217°. 
This was recrystallized from 600 ml of benzene to give 58 g of 
white crystals melting at 218-220° (lit.1 mp 300-310°). Anal. 
Calcd for C7H,4N4: C, 54152; H, 9.15; N, 36.33. Found: C, 
54.80; H, 9.29; N, 36.11.

l,3,5-Triaza-7-adamantylhydroxylamine (3).— A mixture of
50.0 g of 4, 600 ml of water, and 1.0 g of 5%  palladized carbon 
was reduced at 30° in a stainless steel rocking bomb for 2 hr 
under 1000 psi of hydrogen. The mixture was filtered and evapo
rated co dryness in vacuo. Then 600 ml of re-butyl alcohol was 
added, and the solution was concentrated to 100 ml. Cooling for 
12 hr followed by filtration gave 39.4 g of product, mp 221-223°. 
Recrystallization from 90% re-butyl alcohol-10% water raised 
the mu to 227-229°. Anal. Calcd for C7H hN40 : C, 49.39; 
H, 8.28. Found: C, 49.61; H, 8.17.

1.3.5- Triaza-7-adamantyldimethylamine (5).—To 150 ml of 
methanol was added 9.2 g of 7, 9 ml of 37% formaldehyde solu
tion, and about 5.0 g of a suspension of Raney nickel in water. 
This mixture was reduced for 4 hr at room temperature and 50 psi 
of hydrogen in a Parr hydrogenation apparatus. After concentra
tion in vacuo the residue was dissolved in 50 ml of acetone, mixed 
with 20 ml of cyclohexane, and then evaporated to 20 ml. 
Filtration gave 6.3 g, mp 100-108°. Recrystallization from cyclo
hexane raised the mp to 106-108°. Anal. Calcd for CgHi8N4: 
C, 59.30; H, 9.95. Found: C, 59.12; H, 10.04.

A'-Phenyl-Ar'-(l,3,5-triaza-7-adamantyl)urea (6).—The residue 
from the reduction of 9.2 g (0.05 mol) of 4 with Raney nickel was 
dissolved in 100 ml of hot benzene. After cooling, 6 ml of phenyl 
isocyanate were added; the mixture was stirred for 5 hr and then 
filtered. The product was recrystallized twice from nitromethane 
to give 5.3 g of product which decomposed above 200°. Anal. 
Calcd for C14H19N50 : C, 61.52; H, 7.01; N, 25.62. Found: C, 
61.42; H, 7.00; N, 25.77.

A'-(2-Nitroisobutyl)-l,3,5-triaza-7-adamantylamine (8).— To
7.7 g (0.05 mol) of 7 in 150 ml of methanol was added 5.0 g of 
2-met-iyl-2-nitro-l-propanol. The solution was refluxed for 1 hr, 
then evaporated to dryness. The residue was crystallized from 
100 ml of cyclohexane plus 20 ml of ethanol to give 2.9 g, mp 
213-216°. Anal. Calcd for C „H 21N50 2: C, 51.74; H, 8.30; 
N, 27.43. Found: C, 51.63; H, 8.32; N, 27.43.

7-A;etamido-l ,3,5-triazaadamantane (10).—To 50 ml of iso- 
propenyl acetate was added 6.0 g of 7, and the mixture was re

fluxed for 24 hr. After cooling for 12 hr, 5.8 g of product was 
recovered, mp 182-188°. The ir spectrum of this product was 
identical with that of a small amount previously prepared using 
a 6-hr refluxing period. This product melted at 188-191°. 
Anal. Calcd for CgHi6N40 :  C, 55.08; H, 8.22; N, 28.55. 
Found: C, 55.09; H, 8.07; N, 28.71.

5-Acetamido-3,7-diacetyl-l,3,7-triazabicyclo[3.3.1Jnonane (9).— 
A mixture of 10 ml of acetic anhydride and 3.0 g of 7 was hea*ed 
on the steam bath for 30 min, then mixed with 100 ml of water. 
The solution was then evaporated to dryness in vacuo. The 
residue was crystallized from 25 ml of isopropyl alcohol to give 
0.7 g, mp 232-266°. Anal. Calcd for Ci2HMN40 3: C, 53.71; 
H, 7.52; N, 20.88. Found: C, 53.80; H, 7.57; N, 20.73.

3,7-Diacetyl-5-nitro-l,3,7-triazabicyclo[3.3.1]nonane (2).— 
The previous experiment was repeated using 4 in place of 7, and 
crystallizing the product from 40 ml of isopropyl alcohol. This 
gave 2.9 g of product, mp 158-161°. Anal. Calcd for C ioHi6- 
N ,0 ,: C, 46.87; H, 6.29. Found: C, 46.92; H, 6.57.

5-Amino-3,7-diacetyl-l,3,7-triazabicyclo[3.3.1]nonane (1).— 2 
(10 g) was reduced for 4 hr at 50 psi and room temperature in 
150 ml of methanol using about 5 g of a suspension of Raney 
nickel in water. Recrystallization from methanol plus acetone 
gave 4.4 g, mp 180-182°. Anal. Calcd for C ioH i8N40 2: C, 
53.08; H, 8.02; N, 24.76. Found: C, 53.20; H, 8.03; N, 
25.00.

5-Nitro-3,7-dipropionyl-l ,3,7-triazabicyclo [3.3.1) nonane.—To
50 ml of propionic anhydride was added 10 g of 4, and the mixture 
was heated for 45 min on the steam bath. It was then stirred 
with 200 ml of ice water and concentrated to dryness in vacuo. 
The residue was crystallized twice from isopropyl alcohol (100 
ml and 75 ml) tc give 10.6 g, mp 145-147°. Anal. Calcd for 
Ci2H20N4O4: C, 50.69; II, 7,09. Found: C, 50.89; H, 7.22.

3 ,7-Dibenzoyl-5-nitro-l ,3,7-triazabicyclo [3.3.1 j nonane.— A 
mixture of 9.2 g of 4 and 19.6 g of benzoic anhydride was heated 
for 4 hr on the steam bath. The mixture was then treated with 
50 ml of hot isopropyl alcohol and filtered. Addition of 40 ml of 
water to the filtrate, followed by cooling overnight, gave 8.2 g 
of crystals, mp 160-189°. Recrystallization from aqueous iso
propyl alcohol gave 5.1 g, mp 239-240°. Anal. Calcd for C2oH20- 
N40 4: C, 63.15; H, 5.30. Found: C, 62.95; H, 5.53.

1.3.5.7- Tetrapropionyloctahydrotetrazocine.— A mixture of 50 
ml of propionic anhydride and 10 g of hexamethylenetetramine 
wras heated for 2 hr on the steam bath. It was then cooled and 
mixed with 200 ml of water. After 30 min this mixture was 
concentrated in vacuo, and the residue was crystallized twice from 
50 ml of isopropyl alcohol to give 7.3 g, mp 152-154°. Anal. 
Calcd for C,6H,8N40 4: C, 56.46; H, 8.29; N, 16.46. Found: 
C, 56.56; H, 8.35; N, 16.37.

3.7- Diacetyl-l,3,5,7-tetraazabicyclo[3.3.1]nonane.—To 50 ml
of acetic anhydride was added 10 g of hexamethylenetetramine. 
The solution was heated on the steam bath for 15 min, then mixed 
with 200 ml of ice water. This mixture was then concentrated 
in vacuo, and the residue was taken up in 100 ml of hot ethyl 
acetate. On cooling and filtering 2.2 g of crystals were obtained, 
mp 190-196°. Recrystallization from an ethanol-ethyl acetate 
solution raised the mp to 193-195°. Similar experiments with 
reaction times of 45 min (steam bath) and 4 min (room tempera
ture) gave, respectively, 1.4 and 6.8 g. Anal. Calcd for C 9H16- 
N40 2: C, 50.92; H, 7.60. Found: C, 51.17; H, 7.60.

R eg istry  N o .— 1, 32515-99-4 ; 2 , 32516-00-0 ; 3 ,
28820-72-6 ; 4 ,1 4 6 1 2 -2 8 -3 ; 5 ,3 2 4 7 6 -1 6 -7 ; 6 ,3 2 4 7 6 -1 7 - 
8 ; 7, 14707-75-6; 8, 32476-19-0 ; 9 , 32516-01-1 ; 10, 
32476-20-3 ; 5 -n itro -3 ,7 -d ip ro p io n y l-l,3 ,7 -tr ia za b icy c lo - 
[3.3.1 (nonane, 32516-02-2 ; 3 ,7 -d ib e n zo y l-5 -n itro -l,3 ,7 - 
tr iazab icyclo  [3.3.1 [nonane, 32516-03-3 ; 1 ,3 ,5 ,7 -tetra - 
p rop ion y loctah yd rotetra zocin e , 32516-04-4 ; 3 ,7 -d iace- 
ty l-l,3 ,5 ,7 -te tra a zo b icy c lo [3 .3 .1 ]n o n a n e , 32516-05-5.

A ck n ow led g m en t.— T h e  p ossib ility  o f  preparing 4 
w as suggested b y  P rofessor C . D . H urd. D r. H . L. 
W eh rm eister suggested th e  use o f  isopropy liden e acetate 
to  prepare 10. T ech n ica l assistance w as g iven  b y  M r.
H . E . D av is , and analyses w ere b y  M r. W . P . B o y ll 
o f  this laboratory .
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A  C o n v e n ie n t  P r o c e d u r e  f o r  t h e  P r e p a r a t io n  

o f  2 -A r y la z ir in e s

A lf r e d  G . H o r tm a n n , D a v id  A . R o b e r t so n , 
an d  B a ib a  K. G il la r d

Department of Chemistry, Washington University,
St. Louis, Missouri 63130

was fou n d  that, if  instead  a large excess o f  N a N 3 (> 2 .1  
equ iv ) is used, th en  com plete  con version  o f 2a to  3a 
and further con version  o f 3a to  4a cou ld  b e  e ffected  al
m ost com p lete ly  at room  tem perature w ith ou t requiring 
the use o f  any other base. H ow ever, th e  m eth od , 
as a d irect rou te from  2a-f to  4a-f necessitated  lon g  
reaction  tim es for  com plete  conversion , and thus an 
alternate p rocedu re (Schem e I) w as d ev e lop ed  w h ereby

Received June 30, 1971
Sch em e  I

In  con n ection  w ith  studies on  the synthesis and re
action s o f  3 -a ry l-l-a za b icy c lo b u ta n e s ,1 a series o f  2- 
(para -su bstitu ted )ph en ylazirines was requ ired . W e 
h ave fou n d  th at several sim ple m od ification s o f  Sm ol- 
in sk y ’s orig inal ro u te 2 to  2 -phenylazirine result in  a 
con ven ien t procedu re  for  the preparation  o f large quan
tities o f  these substances in con sistently  h igh  overall 
y ie ld . C on tin u in g  interest in  the rea ction s1’3 and 
p h otoch em istry 4 o f azirines p rom pts us to  record  this 
p rocedu re w hich  has been  in  use in our la b ora tory  for 
several years.

T h e  original ro u te 2 from  la to  Sa in v o lv es  con version  
o f  2a in to  3a using N a N 3 in d im eth ylform am ide, iso
lation  and  treatm en t o f  crude 3a w ith  potassium  tert- 
b u ty la te  in  benzene to  y ie ld  4a (a fter w ork -up  and  ch ro 
m a togra p h y ), and finally  a p yrolysis  o f  4a w h ich  w as ac
com plish ed  b y  passing a stream  o f its v a p o r  in  n itrogen  
th rou gh  a h o t tu be  at 350° and  20 m m  to  p rodu ce  crude 
5a in a b ou t 6 0 %  overa ll yield .

O ur attem pts to  prepare 5a in com parab le  y ie ld  on  a 
large scale failed, p rim arily  as a result o f  losses incurred 
during the len gth y  pyrolysis  step due to  p o lym eriza tion  
o f  the v in y l azide 4a in  the reservoir. T h e  d ifficu lty  was 
overcom e  b y  h eatin g  a solu tion  o f 4a in refluxing to l
uene fo r  a b ou t 1.5 h r.6 H ow ever, th e  azirine 5a o b 
ta ined  in  this m anner ( ~ 7 0 %  y ie ld ) was con tam inated  
w ith  a b ou t 5 %  o f  1-brom ostryrene from  w h ich  it  cou ld  
be separated  on ly  b y  carefu l fraction a l d istillation .

F urther studies in d icated  that the b rom ostyren e im 
p u rity  arose from  d eh ydroh a logen ation  o f 2a w h ich  was 
alw ays present in  the crude b ro m o  azide 3a (a long  w ith  
sm all am ounts o f  v in y l azide 4a) w hen  the specified 
equimolar am ou n ts2 o f 2a and N a N 3 were used to  con 
v e rt  2a to  3a. I t  cou ld  be  d em on stra ted6 th a t azide 
ion  is a sufficiently strong base to  e ffect d eh ydroh a lo
gen ation  o f som e o f the azido brom ide  3a as it is form ed ; 
con sequ ently , som e o f the lim ited  q u a n tity  o f  azide ion  
used in th is step  is con v erted  to  h yd razo ic  acid  w hich  
is in effective in con vertin g  the rem aining 2a to  3a. I t

(1 )  (a ) A .  G . H o r tm a n n  a n d  D . A .  R o b e r t s o n ,  J . Am er. Chem. Soc., 8 9 , 
5 9 7 4  (1 9 6 7 ) ;  (b )  J. L . K u rz , B .  K .  G illa rd , D . A . R o b e r t s o n , a n d  A . G . 
H o r tm a n n , ibid., 9 2 , 5 00 8  (1 9 7 0 ).

(2 )  G . S m o lin sk y , J . Org. Chem., 2 7 , 3 5 5 7  (1 9 6 2 ) .
(3 ) G . S m o lin sk y  a n d  B . I .  F e u e r , ibid., 3 1 , 1423  (1 9 6 6 ) ;  S . S a to , H . 

K a t o ,  a n d  M .  O h ta , Bull. Chem. Soc. Jap ., 4 0 , 1014  (1 9 6 7 ) ;  N . J . L e o n a r d  
a n d  B . Z w a n e n b u r g , J. Am er. Chem. Soc., 8 9 , 4 4 5 6  (1 9 6 7 ) ;  A . H a ssn e r  a n d  
F . W . F o w le r , ibid., 9 0 , 2 8 6 9  (1 9 6 8 ) ;  J. C ia b a t t o n i  a n d  M . C a b e ll ,  Jr., 
ibid., 9 3 , 1482  (1 9 7 1 ).

(4 ) A . P a d w a  a n d  J . S m o la n o ff,  ibid., 9 3 , 5 4 8  (1 9 7 1 ) ;  B . S in g h  a n d  E . F . 
U llm a n , ibid., 8 8 , 1844 (1 9 6 6 ) ;  F . P . W c e r n e r ,  H . R e im lin g e r , a n d  D .  R . 
A r n o ld ,  Angew. Chem., In t. Ed. Engl., 7 , 130 (1 9 6 8 ).

(5 )  F o r m a t io n  o f  a z ir in es  u p o n  p y r o ly s is  o f  v in y l  a z id e s  in  re flu x in g  a p r o t ic  
s o lv e n t s  h a s  a lso  b e e n  o b s e r v e d  b y  o th e r s ; see  F . W . F o w le r , A .  H a ssn er , 
a n d  L . A . L e v y , J . Am er. Chem. Soc., 8 9 , 2 07 7  (1 9 6 7 ) ;  K . I s o m u r a , S. 
K o b a y a s h i ,  a n d  H . T a n ig u ch i, Tetrahedron Lett., 3 4 9 9  (1 9 6 8 ) ;  F . P . W o e r n e r  
a n d  H . R e im lin g e r , Chem. Ber., 1 0 3 , 1 90 8  (1 9 7 0 ).

(6 )  T h e  r e a c t io n s  w e re  s tu d ie d  b y  w itn d ra w a l o f  a l iq u o ts  f r o m  th e  re 
a c t io n  m ix tu re s  a n d  a ssa y  o f  th e  o rg a n ic  p r o d u c t s  b y  n m r  s p e c t r o s c o p y  a fte r  
is o la t io n  via a  n o rm a l w o rk -u p  p r o ce d u re .

Br2
c c C

Br Br

a, X =  -H e, X = “ Cl
b, X =-OCH3 f , X — Br
c, X =-CH 3 g, X = -CF3
d, X =  -F

NaN,
DMSO1

NaOH
DMSO1

x — c — c h2

5a-g

CF, C— X

6, X = -O H
7, X = -CH3
8,  X = -CH2Br

CF,

OR Br
I I

CH— CH,

9, R = H
10, R = S02CH3

4g 5g

the d ibrom ides 2a f were d issolved  in D M S O  and 
treated w ith  abou t 1.5 m ol eq u iv  o f  N a N 3 fo llow ed  a fter 
12 -24  hr b y  a d d ition  o f N a O H  d irectly  to  th e  D M S O  
solutions in the form  o f either pellets or  (p referab ly ) 
5 0 %  aqueous solu tion  to  hasten  the d eh ydroh a logen a 
tion . P yrolysis  o f  the cru de azidostryrenes 4a-f in 
refluxing toluene afforded  th e  azirines 5a-f in  5 5 -6 5 %  
overa ll y ie ld  from  la-f after sim ple d istillation .

T h e  com m ercia l n on ava ilab ility  o f  p -triflu orom eth y l- 
styrene p rom p ted  the d evelopm en t o f  an a lternate 
rou te to  5g (6 -*■ 7 8 -*■ 9 -*■ 10 [3g] —»- 4g — 5g).
In terestingly , on ly  10 and 4g w ere in  ev iden ce  as the 
reaction  betw een  10 and N a N 3 p roceed ed ;6 n on e o f  the 
in term ediate azido b rom ide  3g cou ld  be  detected .

Experimental Section

Melting and boiling points are uncorrected. Infrared spectra 
(ir) were recorded on a Perkin-Elmer Model 457 spectrophotom
eter; nuclear magnetic resonance (nmr) spectra were recorded on a 
Varian A-60A instrument using TMS (& =  0.00) as an internal 
standard. Basic alumina (Alcoa F-20; 100-200 mesh) was used
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for column chromatography. Microanalyses were performed by 
Galbraith Laboratories, Inc., Knoxville, Tenn. 37921.

2-P henyl-l-azirine (5a).—Bromine (80 g, 0.50 mol) in 100 ml 
of CCh was added slowly to a stirred and cooled (15-20°) solu
tion of styrene (52.1 g, 0.50 mol) in 400 ml of CC14. After the 
addition was complete, the CC14 was removed in vacuo and the 
remaining residue of crystalline 1,2-dibromostyrene (2a) was 
dissolved in 750 ml of dimethyl sulfoxide (Fisher, certified). 
The resulting solution was placed in a three-necked flask fitted 
with a heavy-duty mechanical stirrer and a gas inlet tube. A 
slow stream of N2 was passed through the apparatus. With the 
aid of an ice bath, the solution was maintained at 15-20° during 
the addition of 49 g (0.75 mol) of sodium azide and for 45 min 
afterward. The mixture became thick with precipitated azido 
bromide 3a and was stirred for a further 13 hr at 24-26°.7 After 
cooling to 12° the reaction mixture was treated with a solution of
20.0 g (0.50 mol) of NaOH in 20 ml of H20 . The temperature 
rose to 19°. Stirring was continued at ambient temperature 
(24-26°) for 24 hr. The mixture was poured into 2 1. of 2%  
aqueous NaHC03 solution and extracted with CH2C12 (technical). 
The combined extracts were washed with H20 , filtered through 
cotton (premoistened with CH2C12), and evaporated to yield 
crude 1-azidostyrene 4a as a red oil: nmr (CCh) 8 4.82 (d, 1,
7  = 2.1 Hz), 5.27 (d, 1, 7  =  2.1 Hz), and 7.1-7.6 (m, 5).8 
The oil was diluted with 200 ml of petroleum ether (bp 63-69°) 
and passed through a column of alumina (200 g) using an addi
tional 800 ml of the same solvent as an eluent. The eluate was 
evaporated and the residual pale yellow oil was dissolved in 
toluene (1.2 1., reagent grade). The solution was refluxed until 
the evolution of nitrogen ceased (1.5 hr). Removal of the solvent 
and distillation of the crude product, using a 6-in. Vigreux 
column, afforded 36.7 g (63%) of 2-phenyl-l-azirine (5a), 
bp 58.0-58.5° (2.8 mm). The azirine was ~ 97 -98%  pure, as 
determined by comparison of the integrated area of the peaks in 
the phenyl region (215 units) vs. the area of the 2 H singlet at
8 1.61 (84 units).

2 -(4 '-M eth o xy p h en y l)-l-a zirin e  (5 b ).— Azirine 5b was prepared 
essentially as described for 5a, starting with dibromide 2b pre
pared from 16.78 g (0.125 mol) of 4-methoxystyrene (lb ) (Borden 
Chemical Co.) and reducing the quantities of other reagents ac
cordingly. A solution of 2b in 180 ml of DMSO was stirred for 
20 hr after the addition of NaN3 (12.35 g, 0.188 mol) and for 7.5 hr 
after the addition of NaOH [6.75 ml, 0.125 mol, 1:1 (w /w) solu
tion in H20 ]; the usual work-up procedure (including filtration 
of crude 4b through 50 g of alumina) was followed by refluxing a 
solution of 4b in toluene (600 ml) for 1.5 hr. Distillation afforded
9.93 g (54%) of 5b as a pale yellow liquid, bp 101-102.5° (2.8 
mm), which readily solidified. An nmr assay indicated that the 
distilled product was of > 97 %  purity.

A  sample of 5b obtained earlier using the procedure described 
by Smclinsky for the preparation of 5a exhibited mp 29-31°; ir 
(CCh) 1730, 1610, 1500, 1450, 1440, 1320, 1300, 1280, 1240, 
1160, 1030, 980, and 830 cm“ 1; nmr (CCh) S 1.64 (s, 2 ), 3.87 (s, 
3), and 6.9-8.0 (m, 4).

Anal. Calcd for C9H0NO: C, 73.45; FT, 6.16; N, 9.62. 
Found: C, 73.40; H, 6.08; N, 9.70.

2 -(4 '-M eth y lp h en yl)-l-a zirin e  (5 c ).— Azirine 5c was prepared 
essentially as described for 5a, starting with dibromide 2c ob
tained from 29.5 g (0.25 mol) of 4-methylstyrene (2a) (Borden 
Chemical Co.). A solution of 2c in 350 ml of DMSO was stirred 
for 21 hr after the addition of 24.7 g (0.38 mol) of NaN3 
and for 60 hr after addition of 10 g (0.25 mol) of NaOH (pellets). 
The usual work-up procedure followed by fibration through 
alumina, pyrolysis, and distillation, as described for 5a, afforded
18.7 g (57%) of 5c: bp 74.8-76.3° (5 mm); nmr (CCh) 8 1.60 
(s, 2), 2.37 (s, 3), and an A2B2 pattern centered at 8 7.25 and 
7.70. An nmr assay indicated that the distilled product was of 
~ 96 %  purity.

2-(4 '-F lu orophenyl)-l-azirine (5 d ).— Azirine 5d was prepared 
as described for 5a, starting with 24.4 g (0.20 mol) of 4-fluoro- 
styrene (Sigma Chemical Co.) and reducing the quantities of 
other reagents accordingly to yield 16.9 g (63%) of distilled 
azirine 5d of >95%  purity (nmr assay) after two distillations:

(7 ) A n  a liq u o t  w ith d r a w n  fr o m  th e  m ix tu re  a t  th is  t im e  c o n ta in e d  3a a n d  
4a in  a  ra tio  1 .0 :1 .0 ;  n o n e  o f  th e  s ta r t in g  d ib r o m id e  2a c o u ld  b e  d e te c te d .  
T h e  a z id o  b r o m id e  3a e x h ib it s  n m r  8 (C C h )  3 .4 5  (d , 2 , J  =  6 .5  H z ) ,  4 .6 7  (t, 
1 , J  =  6 .5  H z ) ,  a n d  7 .3  p p m  (s, 5 ) .

(8) T h e  d e s c r ip tio n  o f  t h e  n m r  sp e c tr u m  o f  4a as “ tw o  s in g le  sh a rp  lin es  
a t  r  5 .6 8  a n d  4 .6 8  . . .  ”  in  re f 2  is a p p a r e n t ly  in  error.

bp 63-66° (5.5 mm); nmr (CCh) 8 1.63 (s, 2 ), 7.13 (~ t ,  2 , 7  ~
8.3 Hz), and 7.80 (—dd, 2, 7  ~  5.5, 8.3 Hz).

2-(4'-Chlorophenyl)-l-azirine (5e).— Azirine 5e was prepared 
as described for 5c, starting with 34.5 g (0.25 mol) of 4-chloro- 
styrene (Borden Chemical Co.) and yielding 22.7 g (60%) of dis
tilled product, bp 86- 88° (5.5 mm), which was 87% pure by nmr 
assay. Sublimation at 40° (0.3 mm) afforded crystalline ma
terial (mp 42.5-44.5°) of > 95%  purity: nmr (CCh) 8 1.65 (s, 
2) and 7.3-7.8 (sym A2B2 pattern, 4).

2-(4'-Bromophenyl)-l-azirine (5f).— Azirine 5f was prepared 
on an 0.05-mol scale essentially as described for 5c. The product 
(> 9 8 %  pure) was isolated in 54% yield by preparative sublima
tion: mp 72-73.7°; nmr (CCh) 8 1.66 (s, 2 ) and 7.61 (s, 4). A 
thrice-sublimed sample exhibited mp 73-74.5°.

4'-Trifluorometayiacetophenone (7).— A 300-ml three-necked 
flask containing a magnetic stirring bar was charged with 150 
ml of anhydrous ether and 10.0 g (0.0525 mol) of 4-trifluoro- 
methylbenzoic acid (6) (Pierce Chemical Co.). The solution 
was placed under N2 and methyllithium [50 ml of a 2.1 M  solu
tion in ether (Alfa Inorganics)] was added dropwise at 0-5° over 
a period of 45 min. The reaction solution was poured onto ice 
and washed with H20  until the washes were neutral, dried 
(Na2S04), and evaporated to yield 9.6 g (99%) of crude ketone 
7. Chromatography on alumina using CHCl3-petroleum ether 
(bp 63-69°) (1:4 by volume) as eluent afforded pure 4'-trifluoro- 
methylacetophencne (7): mp 30-33° [lit. bp 79-80° (8 mm);9 
bp 81-84° (8-9 mm)10]; nmr (CCh) 2.56 (s, 3) and 7.55-8.14 
ppm (m, 4); ir (CCh) 1695, 850, 720, and 610 cm -1.

2-Bromo-l-(4'-trifluoromethylphenyl)ethanol (9 ) .— Crude 2- 
bromo-4'-trifluoromethylacetophenone (8 )10 (7.5 g, 0.028 mol; 
contained about 2 mol %  each of the corresponding dibrominated 
and unbrominated ketone by nmr analysis) was dissolved in 100 
ml of CH3OH. The solution was cooled in an ice bath and H20  
was added to the point of cloudiness (about 10-20 ml). A solu
tion of 0.28 g (0.0074 mol) of sodium borohydride in ethanol 
(the minimum volume that would give complete solution) was 
added dropwise with stirring and continued cooling. Ten minutes 
after the addition was complete, the solution was concentrated to 
half volume in vacuo. The concentrated solution was diluted 
with 250 ml of H20  and extracted with CH2C12. The extracts 
were dried (Na2S04) and evaporated in vacuo leaving 7.4 g (98%) 
of crude 2-bromc-l-(4'-trifluoromethylphenyl)ethanol (9) as a 
mixture of diastereomers: nmr (CC14) 3.35-3.95 (m, 3), 4.70-
5.05 (m, 1), and 7.2-7.7 ppm (m, 4); ir (neat) 3400, 1620, 1480, 
1420, 1325, 1110-1180, 1070, 1025, 850, and 680 cm "1.

2-(4'-Trifluoromethylphenyl)-l-azirine (5g).— Crude 2-bromo- 
l-(4'-trifluoromethylphenyl)ethanol (9) (20.6 g, 0.077 mol) was 
dissolved in 80 ml of anhydrous pyridine and 7 ml (0.090 mol) of 
methanesulfonyl chloride was added. The solution was cooled 
(ice bath) for 1 hr and allowed to stand at ambient temperature 
for 3 hr. The reaction solution was diluted with 150 ml of ben
zene and washed successively with water, 10% IIC1, H20 , 5% 
Na2C 03, and H20 . The benzene solution was dried (Na2S04) 
and concentrated in vacuo leaving 21.3 g (68% ) of a mixture of 
crude 2-bromo-l-(4'-trifluoromethylphenyl)ethanol methane- 
sulfonates (10): nmr (CCh) 2.92 (m, 0.72), 3.55-3.73 (m, 0.35), 
5.60-5.90 (m, 0.25), and 7.4-7.9 ppm (m, 1.00).11 The crude 
mixture of methanesulfonates (21.3 g, 0.061 mol) was dissolved 
in 100 ml of AhA'-dimethylformamide and 4.5 g (0.069 mol) of 
sodium azide was added. The solution was stirred for 26 hr at 
ambient temperature. The reaction solution was diluted with 
H20  (500 ml) and extracted with petroleum ether (bp 35-40°) 
until the extracts were colorless. The combined extracts were 
dried (Na2S04) and evaporated in vacuo leaving 16 g of red oil. 
The nmr spectrum of the crude product indicated that the reac
tion was incomplete. The crude product was again dissolved in 
A.N-dimethylformamide (80 ml) containing 0.9 g (0.014 mol) 
of sodium azide. After 18 hr the reaction was worked up as be
fore yielding 13.0 g (100%) of crude 1-azido-dMrifluoromethyl
styrene (4g). The crude product was chromatographed on 
alumina with petroleum ether (bp 63-69°) as eluent yielding
10.5 g (63%) of 95% pure l-azido-4'-trifluoromethylst,yrene 
(4g): bp 40-45° (1.8 mm); nmr (CCh) 5.01 (d, 1, J -  2.5 
Hz), 5.47 (d, 1, .7 =  2.5 Hz), and 7.41 ppm (s, 4); ir (CCh)

(9 ) E . T .  M c B e e , S . R e s c o n ic h , L . R .  B e lo h la v , a n d  H . P . B ra e n d lin , 
J . Org. Chew.., 28, 3E79 (1 9 6 3 ).

(1 0 ) W . T. C a ld w e ll  a n d  G . C . S ch w e ik e r , J . Am er. Chem. Soc., 78, 5884 
(1 9 5 3 ).

(1 1 ) S in ce  th e  p r o d u c t  is im p u re , th e  in te g r a te d  p e a k  areas d o  n o t  s im p lify  
t o  a  r a t io  o f  w h o le  n u m b e rs  o f  p ro to n s .
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2200, 2140, 2110, 1615, 1410, 1320, 1295, 1175, 1140, 1120, 
1095, 1070, 1020, 910, 850, and 620 cm-1. The impurity in the 
azidostyrene was assumed to be another 1-substituted styrene: 
nmr (CCR) 5.60 (d, 1, J =  2.1 Hz) and 5.80 ppm (d, 1, J =  2.1 
Hz).

The partially purified l-azido-4'-trifluoromethylstyrene (4g) 
(4.6 g, 0.0216 mol) was refluxed in toluene (300 ml) until the 
evolution of nitrogen ceased (1 hr). The toluene was evaporated 
in vacuo and the residue was distilled yielding 2.8 g (70%) of 2- 
(4,-trifluoromethylphenyl)-l-azirine (5g): bp 42-44° (1.2 mm);
nmr (CC1,) 1.74 (s, 2) and 7.6-8.2 ppm (m, 4); ir (CC14) 1750, 
1735, 1620, 1420, 1325, 1180, 1140, 1110, 1070, 1020, 995, 850, 
and 600 cm-1.

Anal. Calcd for C9H6NF3: C, 58.30; H, 3.26; N, 7.55. 
Found: C, 58.12; H, 3.20; N, 7.33.

The azirine 5g also contained about 4 mol %  of the same im
purity (1-substituted styrene) which was present in the azido
styrene 4g. The impurity could not be removed by repeated 
recrystallization of the azirine 5g from petroleum ether at —40°.

R eg istry  N o .— 3a, 29847-04-9 ; 4a , 16717-64-9 ; 4g , 
32654-71 -0 ; 5a , 7654-06-0 ; 5b , 32687-32-4 ; 5 c , 32687- 
3 3 -5 ; 5d , 32687-34-6 ; 5e , 32687-35-7 ; 5 f, 17631-26-4; 
5g , 32687-37 -9 ; 7 ,7 0 9 -6 3 -7 ; 9 ,3 2 6 8 7 -3 9 -1 ; 1 0 ,3 2 6 8 7 -
40-4.
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P etro leu m  R esearch  F u n d , adm inistered b y  the A m er
ican  C hem ica l S ocie ty , fo r  su pport o f  this w ork .

S t e r e o c h e m is t r y  o f  T r o p a n e  Q u a t e r n i z a t io n s 1

U. O . de  la  C am p ,2 A. T. B o t t in i,* C. C. T h u t , J. G a l , 
an d  A. G . B e l l e t t in i

University of California, Davis, California 95616 

Received December 7, 1970

In  1964, M a cG illa v ry  and F o d o r3 reported  the 
results o f  an X -r a y  d iffraction  stu dy  o f an iV -ethyl- 
trop in ium  brom id e  w hich  in d ica ted  th at the m ajor 
p rod u cts  from  reactions o f iV -ethylnortropine ( l b )  and 
trop ine ( la )  w ith  m ethy l and eth yl iod ide, respectively ,

a
1, a =  OH; b =  H a,R = CH3
2, a =  H; b =  OH b, R =  C2H5
3, a,b = 0  c, R =  PhCH2
4, a =  b = H

are form ed  b y  equatorial attack . T h ree  years later, a 
grou p  at Sheffield4 questioned M a cG illa v ry  and F o d o r ’s 
results and suggested th at these m ajor quatern ization  
produ cts, as w ell as th e  m ain prod u cts  from  oth er 
quatern izations o f  tropanes and 3 -substitu ted  tropan es,5 
are form ed  b y  axial attack . T h e  fo llow in g  year, F odor,

(1 ) S u p p o r te d  in  p a r t  b y  G ra n t  C A -0 5 5 2 8  fro m  th e  N a t io n a l  C a n c e r  
In s t it u t e ,  U . S . P u b lic  H e a lth  S e r v ic e .

(2 )  D e p a r t m e n t  o f  C h e m is tr y , C a li fo rn ia  S ta te  C o lle g e  a t  D o m in q u e z  
H ills , G a r d e n a , C a lif .  904 2 7 .

(3 )  C . H . M a c G i l la v r y  a n d  G . F o d o r ,  J . Chem. Soc., 5 9 7  (1 9 6 4 ) ;  se e  a lso  
P . B e n c i ,  C . H . S ta m , a n d  C . H . M a c G i l la v r y ,  Tetrahedron Lett., 2 4 3  (1 9 7 1 ).

(4 ) D .  R .  B r o w n , R .  L y g o ,  J. M c K e n n a ,  J. M .  M c K e n n a ,  a n d  B . G . 
H u t le y ,  J . Chem. Soc. B , 1184 (1 9 6 7 ).

(5 ) G . F o d o r ,  K . K o c z k a , a n d  J . L esty& n , M agy. K em . Foly., 59, 242
(1 9 5 3 ) ;  J . Chem. Soc., 1411 (1 9 5 6 ).

M edin a , and M a n d a v a 6 rep orted  th a t em pirical corre la 
tions o f  nm r chem ical shifts o f  exo a h ydrogens in d i
ca ted  th at the m ain  prod u cts  from  reactions o f  trop in e  
and pseu dotrop in e  (2a) w ith  eth y l iod id e  are form ed  b y  
different stereochem ical path w ays, nam ely, equatoria l 
a ttack  on  trop ine and axial a ttack  on  pseu d otrop in e .7 In  
th at sam e year, tw o  o f u slla and F o d o r  and M a n d a v a llb 
reported  th at h ydrolysis  o f  the la cton e  form ed  fro m  
pseu dotrop in e  b rom oa ceta te  gave the sam e X -c a r b o x y -  
m eth y lpseu dotrop in iu m  brom id e  as is fo rm ed  b y  
h yd rolysis  o f  the m ain p rod u ct from  qu atern ization  o f 
p seu dotrop in e (2a) w ith  eth y l b rom oaceta te . B ecause 
th e  la cton e  was form ed  b y  in ter- rather th an  in tra 
m olecu lar rea ction ,8 these resu lts11 led  to  th e  erroneous 
conclusions (1) th at the N -ca rb ox y m eth y lp seu d otro - 
p in ium  brom ides w ere form ed  b y  axial a ttack  on  n itrogen  
and, th erefore , (2) th a t the structural assignm ents 
orig inally  m ade b y  F od or , K oczk a , and L esty a n 5 to  
the e th oxyca rb on y lm eth y la tion  p rod u cts  w ere in 
correct.

R esu lts  described  here and in  a recent paper b y  F o d o r  
and cow ork ers8 establish con clu sive ly  th a t th e  pre
dom in an t pa th w ay  fo r  e th y lation  as w ell as m eth y la tion  
(or d eu teriom eth y la tion ), a lk oxyca rb on v lm eth y la tion , 
and o th er quatern izations o f  trop ine ( l a ) ,  p seu d o
trop in e  (2a ), trop inon e (3a ), and several related  co m 
pou nds is b y  equatoria l attack.

T h e  m a jor  p rod u ct from  pseu dotrop in e  (2a) and  
eth y l b rom ide  was obta in ed  in > 9 8 %  pu rity  (nm r) b y  
tw o  crysta llizations from  m ethanol o f  th e  7 4 :2 6  
m ixture o f  diastereom ers w ith  <5n c Hj 3-12 and 2.98 ppm , 
resp e ctiv e ly .12 T h e  crystals are orth orh om bic, space 
grou p  Pbca, w ith  u n it cell d im ensions a =  11.93, 
b =  14.15, c =  13.32 ±  0 .004 A , dobsd (flota tion ) 1.45, 
eicaicd 1-45, Z  =  8. A  crysta l was grou nd  to  a sphere 
o f  d iam eter 0.31 m m , and intensities w ere m easured 
on  a P ick er au tom atic d iffractom eter using N i-filtered  
C u K a  radiation  (X 1.5418) and th e  6-26 scan m ode to  a 
va lue o f  26 =  133°. O ut o f  1952 m easured reflections, 
1648 w ere considered  to  be  observed . T h e  data  w ere 
corrected  fo r  absorp tion  effects (j j R  =  0 .784) in 
a dd ition  to  the usual data  treatm ent. T h e  position  
o f the brom ine a tom  was fou n d  from  a th ree -d i
m ensional P atterson  m ap. A  F ourier su m m ation  
phased on  the brom ine a tom  im m ediately  revealed  the

(6 ) G , F o d o r ,  J . D .  M e d in a , a n d  N .  M a n d a v a , Chem. Com m un., 581 
(1 9 6 8 ).

(7 ) T h is  in c o r r e c t  t e n ta t iv e  c o n c lu s io n  c o n c e r n in g  th e  s t e r e o c h e m is t r y  
o f  q u a n te rn iz a t io n  o f  p s e u d o tr o p in e  w ith  e t h y l  i o d id e  r e su lte d  fr o m  m is -  
a s s ig n m e n t  o f  th e  b a n d  d u e  t o  th e  h y d r o x y l  g r o u p  t o  th e  e q u a to r ia l  m e t h y l  
g r o u p . I n  t h e  s o lv e n t  u se d  fo r  e x a m in a t io n  o f  th e  n m r  s p e c tr a  o f  th e  d ia -  
s te r e o m e r ic  J V -e th y lp se u d o tro p in iu m  sa lts , t h e  t w o  iV -m e th y l b a n d s  a re  
c o in c id e n t .  O u r  resu lts  a n d  th o s e  o f  F o d o r ,  et al.,8 c o n f ir m  th e  c o n c lu s io n  
r e a ch e d  b y  C lo s s 9 in  1959  th a t  e x o  a  h y d r o g e n s  o f  N  s u b s t itu e n ts  in  th e  e q u a 
t o r ia l  c o n f ig u ra t io n  o f  t r o p a n e  a n d  3 -s u b s t it u t e d  t r o p a n e  sa lts  a re  m o r e  
s h ie ld e d  th a n  w h e n  in  th e  a x ia l c o n fig u ra tio n . T h e  o p p o s i t e  is g e n e r a lly  
th e  ca se  fo r  p ip e r id in e  s a l t s .10

(8 )  G . F o d o r ,  R .  V . C h a s ta in , J r ., D .  F re h e l, M .  J . C o o p e r ,  N . M a n d a v a ,  
a n d  E . L . G o o d e n , J. Am er. Chem. Soc., 93, 4 0 3  (1 9 7 1 ). W e  t h a n k  P r o fe s s o r  
F o d o r  f o r  in fo r m in g  us o f  th e ir  r e su lts  p r io r  t o  p u b lic a t io n .

(9 ) G . L. C lo s s , ibid., 81, 5 4 5 6  (1 9 5 9 ).
(1 0 ) F o r  e x a m p le s , se e  (a )  T .  M .  M o y n e h a n , K .  S ch o fie ld , R .  A . Y .  J o n e s , 

a n d  A . R .  K a t r it z k y ,  J . Chem. Soc., 2 1 8  (1 9 6 2 ) ;  (b )  H . O . H o u s e  a n d  C . G . 
P it t ,  J. Org. Chem., 31, 1062 (1 9 6 6 ) ;  ( c )  A . T .  B o t t in i  a n d  M . Iv . O ’ R e ll ,  
Tetrahedron Lett., 4 2 9  (1 9 6 7 ).

(1 1 ) (a ) C . C . T h u t  a n d  A . T .  B o t t in i ,  J . Am er. Chem. Soc., 90, 4 7 5 2  
(1 9 6 8 ) ;  (b )  N . M a n d a v a  a n d  G . F o d o r ,  A b s tr a c ts ,  5 1 s t  A n n u a l C o n fe r e n c e  o f  
th e  C h e m ic a l  In s t it u t e  o f  C a n a d a , V a n c o u v e r ,  B .  C .,  J u n e  1968 , p  56.

(1 2 ) B o t h  s a m p le s  h a d  m p  > 3 0 0 ° .  T h e  m e lt in g  p o in t  is  a  p o o r  c r it e r io n  
o f  p u r i t y  f o r  sa lts  o f  la  a n d  lb . Cf. S . P .  F in d la y ,  J . Am er. Chem. Soc., 75, 
3 20 4  (1 9 5 3 ) ;  G . F o d o r ,  Acad. Chim. Acad. Sci. H ung., 5, 3 7 9  (1 9 5 5 ) .  S ee  
a lso  K . Z e ile  a n d  W . S ch u lz , Chem. Ber., 8 8 , 1 07 8  (1 9 5 5 ).
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positions o f  the atom s heavier than  h ydrogen  and 
show ed th at th e  eth y l grou p  was equatorial. A fter  
three cycles o f  fu ll-m atrix  least-squares refinem ent w ith 
independent iso trop ic  tem perature factors, the R index 
was 0 15.13 A  persp ective  draw ing o f  the con form ation  
o f the m olecu le  is sh ow n  in  F igure 1.

O xidation  w ith  ruthenium  o x id e 14 o f  the 7 4 :2 6  
m ixture o f  IV -ethylpseudotropin ium  brom ides and o f the 
7 2 :2 8  m ixture o f  d iastereom eric salts obta in ed  from  the 
reaction  o f eth yl b rom ide  w ith  trop ine (5n c h 3 3.01 and 
2 .98  ppm , resp ectiv e ly , in  d ry  D M S O -d 6; 5 3.02 p p m  in 
D 20 )  gave 7 4 :2 6  and 7 1 :2 9  m ixtures o f  A -e th y ltro - 
p inon ium  brom ides w ith  oN C h 3 3.32 and  3.18 ppm . 
T reatm en t o f  trop inon e (3a) w ith  a ten fo ld  excess o f  
eth y l brom ide  in  aceton itrile  gave a 7 5 :2 5  m ixture o f  
the sam e salts, the m a jor  p rod u ct be in g  iden tica l w ith  
the m a jor p rod u ct from  the a b ove  oxidations. T hus, 
quatern izations w ith  e th y l b rom ide  o f trop ine and 
trop inon e, as w ell as pseu dotrop in e , occu r pre
dom inan tly  b y  equatoria l attack .

W e  have also related the stereoch em istry  o f  quatern i
zations o f  la, 2a, and 3a w ith  deu teriom eth yl benzene- 
sulfonate and w ith  eth y l b rom oaceta te . T h e  ca. 
7 0 :3 0  (Snchj 3.02 and 2.98 ppm  in  D M S O -d 6; 3.00 
ppm  in D 20 )  and 7 2 :2 8  (5Nc h 3 3.18 and 3.03 ppm ) 
m ixtures obta in ed  from  trop ine and pseudotropine, 
respectively , and deu teriom eth yl benzenesu lfonate gave 
on  ox idation  w ith  ruthenium  ox ide  correspon d in g  
m ixtures o f  the A -d eu teriom eth y ltrop in on iu m  benzene- 
su lfonates w ith  5n c h , 3.38 and 3.21 ppm . T h e  m ajor 
p rod u ct from  each  o f  these ox id a tion s  was iden tica l 
w ith  th e  m a jo r  p ro d u ct  obta in ed  d irectly  from  trop inon e 
and deu teriom eth yl benzenesu lfonate. S im ilar ox ida 
tions o f  the 9 2 :8  (5n c h 3 3.25 and 3.16 ppm ) and 9 1 :9  
(<>n c h 3 3.38 and 3.00 p p m ) m ixtures o f  diastereom ers o b 
tained from  trop ine and pseudotropine, respectively , and 
eth yl brom oaceta te  gave 9 2 :8  and 9 0 :1 0  m ixtures o f  the 
sam e salts w ith  oNCh 3 3.57 and 3.34 ppm  obta ined  
d irectly  from  trop in on e  and eth y l b rom oaceta te  in  a 
ratio o f  8 2 :1 8 .

W e also exam ined quatern izations o f trop ine (la), 
pseu dotrop in e (2a), and tropan e (4a) w ith  eth yl 
brosy la te , eth y l ch loride, eth y l iod ide, ethyl ch loro - 
acetate, and eth y l iodoaceta te . U n der otherw ise 
identica l reaction  con d itions, th e  stereoch em ical re
sults o f  these a lkylations d id  n ot d iffer sign ificantly  
from  those obta in ed  w hen  b rom ide  was the leaving 
group . Further, under otherw ise identica l reaction  
con d ition s , the stereoch em istry  o f  these quatern izations 
was n ot changed  sign ificantly  w hen  the so lven t was 
aceton itrile , benzene, or  m ethanol.

F o d o r  and cow ork ers8 carried  ou t an X -r a y  crysta l 
structure analysis o f  the d ih ydrate  o f  N -ca rb ox y m eth y l- 
p seu dotrop in iu m  brom ide  prepared  from  the m ajor 
p rod u ct from  pseu dotrop in e and eth y l brom oaceta te , 
and th ey  fou n d  th at th e  ca rb oxym eth y l grou p  is 
equatorial. T hese  w orkers also used chem ical m ethods 
to  correlate the stereoch em istry  o f  the predom inant 
p rod u ct from  trop ine and eth y l brom oaceta te  w ith  th at

(1 3 ) L is t in g s  o f  s t r u c tu re  fa c to r s ,  c o n fo r m a t io n a l  p a ra m e te rs , c o o r d in a te s , 
a n d  is o tr o p ic  t e m p e r a tu r e  fa c to r s  w ill  a p p e a r  fo l lo w in g  th e s e  p a g e s  in  th e  
m ic ro film  e d it io n  o f  th is  v o lu m e  o f  t h e  jo u r n a l. S in g le  c o p ie s  m a y  b e  o b 
ta in e d  fr o m  th e  R e p r in t  D e p a r t m e n t ,  A C S  P u b lic a t io n s ,  1155  S ix te e n th  
S tre e t , N .W .,  W a s h in g to n , D .  C . 2 0 0 3 6 . R e m it  c h e c k  o r  m o n e y  o r d e r  fo r  
$ 3 .0 0  fo r  p h o t o c o p y  o r  $ 2 .0 0  f o r  m ic ro film .

(1 4 ) H . O . H o u s e  a n d  B . A . T e fe r t il le r , J . Org. Chem., 31, 1068 (1 9 6 6 ).

Figure 1.— Perspective of the major product from pseudotropine 
and ethyl bromide.

o f the m ajor produ cts from  pseu dotrop in e (2a), trop i
none (3a), and tropan e (4a) w ith  eth y l b rom oaceta te  as 
w ell as the m a jor p rod u cts  from  la, 2a, and 4a w ith  
eth y l brom ide  and la w ith  deu teriom eth yl iod ide.

T hu s, ou r results and the X -r a y  structural deter
m ination  o f F o d o r  and cow ork ers8 con firm  their 
chem ical correlations o f  th e  stereoch em istry  o f  the 
m a jor  e th oxyca rb on y lm eth y la tion  and eth y lation  p rod 
ucts. In  add ition , ou r resu lts w ith  th e  d eu terio - 
m eth y la tion  produ cts, togeth er w ith  F o d o r  and  co 
w orkers ' correlation  b y  ch em ical m eans o f the stereo
chem istry  o f  *he m a jor  produ cts from  trop in e  w ith  
deu teriom eth yl iod ide and eth y l b rom oa ceta te ,8 estab
lish that deu teriom eth ylation  o f  p seu dotrop in e and 
trop in on e also occu rs p redom in an tly  b y  equatorial 
attack .

D u rin g  the course o f  this w ork , w e ob served  th at 
p ro d u ct ratios obta in ed  from  qu atern izations o f  tro 
p in on e (3a) change as the reactions p roceed . F or 
exam ple, quatern ization  o f 3a (0 .5  M )  w ith  deu terio 
m eth y l benzenesu lfonate (0.5 M ) at 30° in  a ce ton itr ile -^  
gave a p rod u ct ratio o f  8 8 :1 2  a fter 30 m in, w hen  the 
reaction  was 7 0 %  com plete , and th is ra tio  decreased  to  
a con stan t va lue o f  7 7 :2 3  a fter 24 hr, w hen  th e  reaction  
was com plete . A d d ition  o f e ither trop in on e  or  pyrid ine 
resu lted  in a further gradual change o f th is ra tio  to  
5 0 :5 0 . A  possible m echanism  fo r  th is and sim ilar 
equilibrations in vo lves  open in g  o f the b icy c lic  qu ater
nary salt b y  th e  w eak  base15 to  th e  correspon d in g
6 -d ia lk y lam in o-2 -cycloh epten on e, fo llow ed  b y  M ich ael- 
ty p e  add ition  to  g ive  one or  th e  o th er o f  the diastereo
m eric sa lts.16 T h is  m echanism  gains su pport from  the 
ob servation  th at d im ethylam ine h yd roch lorid e , in  the 
presence o f  d im ethylam ine, adds to  2 ,6 -cycloh ep ta d i- 
enone to  g ive  A -m eth y ltrop in on iu m  ch loride in  g ood  
y ie ld .17

Significantly , treatm en t w ith  pyrid in e o f the 8 7 :1 3

(1 5 ) T r e a t m e n t  w ith  s t r o n g e r  b a s e  u n d e r  m o r e  v ig o r o u s  c o n d it io n s  g iv e s  
a  m ix tu re  o f  c y c lo h e p t a d ie n o n e s ;  se e  J . M e in w a ld ,  S . L . E m e r m a n , N .  C . 
Y a n g , a n d  G . B tich i, J . A m er . Chem. Soc., 77, 4 40 1  (1 9 5 5 ).

(1 6 ) A  p o s s ib le  a lte rn a t iv e  m e ch a n is m  is  m e n t io n e d  b r ie f ly  in  re f 8 .
(1 7 )  A . T .  B o t t in i  a n d  J . G a l, J. Org. Chem., 3 6 , 1 71 8  (1 9 7 1 ).
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an d  3 7 :6 3  ( 5 N c h ,  4.42  and 4.47 p p m ) m ixtures o f  
d iastereom eric salts obta ined , respective ly , from  qu a- 
tem iza tion s  o f  trop inon e (3a) w ith  ben zy l brosy la te  and 
.ZV-benzyInortropinone (3c)17 w ith  m eth y l b rosy la te  gave 
th e  sam e 7 2 :2 8  m ixture, the predom in an t isom er bein g  
th e  m a jor  p rod u ct o f  th e  ben zy la tion . E ssentially  the 
sam e p rod u ct ratio w as obta in ed  on  a dd ition  o f  iV -m eth- 
y lben zy lam in e h yd roch loride  to  2 ,6 -cycloh eptad ien on e. 
I f  on e allow s th at th e  N -b en zy ltrop in on iu m  salt w ith  
th e  ben zy l grou p  equatoria l is the m ore stable, these 
results in d icate  th at qu atem ization s o f  trop in on e w ith  
ben zy l brosy la te  and N -b en zy ln ortrop in on e w ith  m ethy l 
b rosy la te  also occu r  p redom in an tly  b y  equatorial 
a ttack . A s reactions o f  ben zy l b rosy la te  w ith  trop ine 
(la), pseu dotrop in e (2a), and tropan e (4a) g ive  p rod u ct 
ratios (9 0 :1 0 ) sim ilar to  th a t obta in ed  w ith  trop inon e 
(3a), and, in  v iew  o f  the sim ilar stereoch em istry  seen in 
a lk oxycarbon y lm eth y lation s, deu teriom eth ylations, or 
eth ylation s o f  the fou r  bases, it  seem s lik ely  th at the 
ben zy lation s o f  la, 2a, and 4a also occu r  m ainly  b y  
equatoria l attack.

Experim ental Section18

Amines and quaternizing agents used were either obtained com
mercially or prepared following well-described procedures. Un
less noted otherwise, quaternary salts were prepared at 30° 
from equimolar amounts of amine and quaternizing agent. Pre
parative runs were carried out in acetonitrile with initial con
centrations of 0.2-0.5 M ;  for other runs, initial concentrations 
were 0.07-0.10 M .

Nmr spectra were determined with a Varían A-60A system of
10- 20%  solutions of the quaternary salts in deuterium oxide, 
dimethyl-ds sulfoxide, or equal volumes of these solvents con
taining 1%  3-trimethylsilyl-l-propanesulfonic acid sodium salt. 
Several reactions in acetonitrile containing 1%  TMS were also 
followed directly by nmr. The ratio of the diastereomeric salts 
was taken as equal to the intensity ratio of the bands due to the 
A’-methyl protons and, when possible, the V-benzyl protons. At 
least eight determinations of product compositions from reactions 
with high (> 7 :1 )  and moderate (~ 3 :1 )  degrees of stereoselec
tivity gave average deviations of 3 and 2% , respectively. Chem
ical shifts of the bands used for analysis were not changed sig
nificantly (± 2  cps) when the anion was changed from bromide to 
chloride or iodide; change of anion from bromide to brosylate 
resulted in similar upfield shifts of these bands (c/. ref 10b and 
10c). Assignment of bands in the nmr spectra of salts other than 
bromides was confirmed by examination of the spectra of mix
tures of these salts and the corresponding bromides.

Ruthenium oxide solutions were prepared as described by 
House and Tefertiller,14 and oxidations were carried out with 
approximately 200 mg of mixed quaternary salts. Yields of crude 
products, which were analyzed by nmr, ranged from 92-99% .

The V-benzyltropinonium brosylates and V-deuteriomethyl 
benzenesulfonates, as 0.3-0.5 M  solutions, were equilibrated in
12-96 hr at 39° in 0.15 M  solutions of pyridine in either aceto- 
nitrile-ds or deuterium oxide. Attempts to equilibrate the 
A,-ethoxycarbonylmethyItropinonium bromides with pyridine in 
acetonitrile-d3 were complicated by rapid saponification, as 
indicated by the appearance in the nmr spectrum of the upfield 
bands due to ethanol.

A-Benzyltropinonium chloride was prepared in 67% yield by 
allowing a mixture prepared from 206 mg ( 1.9 mmol) of 2 ,6- 
cycloheptadienone, 300 mg (1.9 mmol) of Af-methylbenzy lamine 
hydrochloride, 20 m1 of Af-methylbenzylamine, and 1 ml of 
methanol to stand at room temperature for 58 hr.

Registry No.—la, 120-29-6 ; 2a, 135-97-7 ; 3a,
532 -24 -1 ; 2a reaction  p rod u ct w ith  e th y l b rom ide , 
32515-65-7 .

(18) For details of most of the work summarized here, see C. C. Thut,
Ph.D. thesis, University of California, Davis, 1970.
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T h e  th ree spin  system  o f  trisubstitu ted  ben zenes has 
been  exten sively  stu d ied ,2 b u t little  d a ta  on  su bstitu ted  
naphthalenes have appeared. T h e  spectra  o f  2 ,4 -d i- 
n itroh alobenzen es are sim ple first-order spectra  w h ich  
m ay  be  com p a red  to  the classic d a ta  o f  the h a lo - 
benzenes. W e  an ticipated  finding  m ore  com p lex  A B - 
C D  spectra  for  the 2 ,4 -d in itroh a lon aph th a len es and 
look ed  for  sim ilar com parisons w ith  the h aloben zen e 
spectra .

Experim ental Section

The 2,4-dinitrohalobenzenes were samples prepared for previ
ous work.3 Similarly, the preparation and purification of the 2,4- 
dinitrohalonaphthalenes are described.4 The nmr spectra of the
2,4-dinitrohalobenzene series were observed with a Varian T-60, 
in 10% solution (acetone solvent) with TMS as an internal 
standard. The T-60 was calibrated against the Jungnickel6 
standard solution. The naphthalene series spectra were ob
served on a Varian HA-100.6 The naphthalene samples were run 
in degassed dioxane solution; the solutions were less than 10%  
by weight. The chemical shifts and coupling constants were 
calculated on a control Data Corp. computer, CDC-6400 with 
the laocn3 program, as modified by J. T . Gerig.7

Results and Discussion

T h e  ca lcu lated  ch em ica l shifts and cou p lin g  con stan ts  
are presented  in T ab les I, I I , and I I I .  C om parison  o f

T able I

C hemical S h i f t s  for
1-X -2,4-D initronaphthalenks in D ioxane

P r o to n -Chemical shift from dioxane at 100  M e , H z
no. X  == Cl X  == B r X  7= I

3 512 .60 ±  0 .00 504 .7 ±  0 .00 493.3 ± 0 ..00
5 494 .80 ±  0 .02 419 .35 ±  0 ..02 483..21 zb 0. 02
6 436 .23 ±  0.03 433 .23 ±  0 ..02 428..77 ± 0 ..03
7 431 .97 ±  0 .03 429 .98 ±  0. 02 424. 09 ± 0 . 03
8 506 .67 ±  0 .02 503 .07 ±  0 . 02 496. 10 ± 0 .02

ou r d a ta  w ith  th a t o f  S m ith  an d  Ih rig  indicates th a t  
there is reasonable  agreem ent (T a b le  I I I ) .  W e believe  
th at the m axim um  error in  absolu te  ch em ica l sh ift w ill 
b e  ±  1 H z. T h e  benzene series ga v e  first-order spectra , 
b u t  the napthalene series gave  com p lex  spectra .

(1 ) T a k e n  (in  p a r t )  fr o m  th e  S e n io r  I n d e p e n d e n t  S t u d y  T h e s is  o f  A .  H . 
K a p p e lm a n , T h e  C o l le g e  o f  W o o s te r ,  197 0 .

(2 ) L . M .  J a c k m a n  a n d  S . S te rn h e ll, “ A p p lic a t io n s  o f  N M R  S p e c t r o s c o p y  
t o  O rg a n ic  C h e m is t r y ,”  P e r g a m o n  P re ss , E lm s fo r d ,  N . Y . ,  1969 , p p  94 , 173 , 
20 5 , 30 6 .

(3 ) J . D .  R e in h e im e r , R .  C . T a y lo r ,  a n d  P . E . R o h r b a u g h , J . Am er. 
Chem. Soc., 8 3 , 835  (1 9 6 1 ).

(4 ) R .  C . K ra u ss  a n d  J . D .  R e in h e im e r , Can. J . Chem., 4 5 , 77  (1 9 6 7 ) .
(5 ) J . L . J u n g n ick e l, A nal. Chem., 3 5 ,  1985  (1 9 6 3 ).
(6 ) W e  g r a te fu lly  a c k n o w le d g e  th e  s u p p o r t  o f  D r .  B r ia n  K ie t h  a n d  D r .  

H e n r y  S a b le  o f  C a se  W e s te rn  R e s e r v e  f o r  th e se  sp e c tr a .
(7 ) l a o c n 3, A . A . B o t h n e r -B y  a n d  S . M .  C a s te lla n o , a s  m o d if ie d  b y  

J . T .  G e r ig , p e rso n a l c o m m u n ic a t io n .
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Table II
C oupling C onstants for  the 

1-X -2,4-D initronaphthalenes in D ioxane

J X = Cl X = B r X I

3 ,5 0 0 0
5 ,6 8 .64 ± 0 .04 8 .49 ± 0..03 8..56 ± 0 .04
5 ,7 1.17 ± 0 .04 1 .29 ± 0. 03 1,.05 ± 0 .04
5 ,8 0 .75 ± 0 .03 0 .57 ± 0. 02 0..58 ± 0.03
6 ,7 7 .16 ± 0.03 6 .91 ± 0. 02 6..93 ± 0.03
6 ,8 1.20 ± 0 .04 1..12 ± 0. 04 0..98 ± 0 .04
7 ,8 8.59 ± 0 .04 8.,66 ± 0. 04 8..56 ± 0 .04

T a b l e  III
C hemical Shifts and C oupling  C onstants for 

1-X -2 ,4 -D initrobenzenes in A cetone
S u b 

s t itu a n t VZ

-C h e m ic a l  sh ift -
Vb V6

«■— C o u p lin g  c o n s ta n t— « 
J 3,5 «/a, 6 Js.s

F<= 530.2 515.7 466.1 3 .0 0.2 9.3
c : 530.8 512.6 483.4 2.49 0.10 8.85
CJ 529.8 512.3 483.2 2.70 0.36 8.81
Br 527.9 506.6 494.0 2.63 0.26 8.76
I 523.5 495.4 510.7 2.54 0.02 8.80

“ T  Schaefer, Can. J. Chern., 40, 431 (1962). h S. L. Smith and 
A. M. Ihrig, J. Mol. Spectrosc., 22, 241 (1967).

W ith  the d a ta  o f  S pieseck i and S ch neider,8 a p lo t was 
m ade o f  the ch em ica l sh ift o f  th e  h a lobenzene p roton s 
vs. the P au lin g  e lectron ega tiv ity  o f  th e  halogen . T h e  
sam e ty p e  p lo t  fo r  the ch em ical sh ifts o f  th e  2 ,4 -d i- 
n itroh alobenzen es show s strik ing sim ilarities. T h e  H 3 
and H 5 in  th e  2 ,4 -d in itroh aloben zen es series are qualita
t iv e ly  sim ilar to  th e  m eta  proton s  o f  th e  halobenzene 
series; H 6 correspon ds to  th e  orth o  proton s  in th e  h a lo- 
benzenes. T h e  tw o  n itro  groups a ffect th e  m agn itude 
o f  the ch em ica l sh ift, b u t  th e  nature o f  the halogen  still 
controls the rela tive ch em ica l sh ift w ith in  the series.

T h e  2 ,4 -d in itrohalonaphthalenes gave a m u ch  m ore 
com plex  spectra  th an  th e  benzene series. H 3 appears 
as an intense singlet w ith  a  com p lex  A B C D  spectrum  
for  the o th er p roton s, H 5, H 6, H 7, and  H 8. S ince the 
a p roton s o f  n aphthalene h ave a greater chem ical sh ift 
th an  jS, the assignm ent o f  H 6 and H 8 to  the dow nfield  
portion  o f  th e  spectra  is obv iou s. S ince there is no 
cou p lin g  b etw een  the su bstitu ted  and unsubstitu ted  
rings, th e  correct assignm ent o f  one o f  the p roton s (H fi or 
H s) is essential. F rom  th is on e correct assignm ent, 
all e th er sh ifts an d  cou p lin g  constants are ca lcu lated  
via l a o c n 3. T h e  assignm ent o f  H 8 to  the low er field 
is based  on  th e  d a ta  o f W e lls .9 T h e  e ffect o f  the n itro 
groups on  H 5, H 6, H 7, an d  H 8 can be  ca lcu la ted .9 T hese 
ca lcu lations in d icate  th a t r8 =  510, v6 =  503, vc, =  499, 
and  p7 =  437 H z. In  o th er w ords, the order is H 8 >  
H 5 >  H 6 >  H 7. T h e  d a ta  o f T a b le  I  fo llo w  this pattern . 
I f  on e draw s resonance structures o f  the l-h a lo -2 ,4 -d i- 
n itronaphthalenes, b o th  the 2- and the 4 -n itro  groups 
show  resonance form s w ith  +  charges on  th e  6 and 8 
positions. I f  e lectron egativ ity  is th e  m a jor  fa ctor  in 
chem ical shifts, these tw o proton s  shou ld  be  dow nfield  
w ith  respect to  p roton s  5 and  7. T h e  a b ove  argum ent 
has the im p licit assum ption  th at the halogens d o  n ot 
greatly  a ffect the shift, and  th a t their e ffect is a pertur
b a tion  on  the m a jor e ffect o f  the n itro  groups. Is  this 
assum ption  correct or can  w e arrive at a satis fa ctory  as
signm ent on  oth er bases? A n  a lternative m eth od  is to

(S) H . S p ie se ck i a n d  W .  G . S ch n e id e r , J . Chem. P hys., 35, 731 (1 9 6 1 ).
(9 ) R .  P .  W e lls , J . Chem. Soc., 1967 (1 9 6 3 ).

ap p ly  th e  ch em ical sh ift changes o f  h alogens in  the ortho, 
m eta, an d  para  position s in  ben zene to  th e  naphthalene 
series. I f  H 8 is regarded  as m eta  to  the halogen  and  H 6 
as para, w e arrive a t th e  fo llow in g  q u a lita tive  resu lt:

1-chloro v» =  610 (for N 0 2 groups) ( — 2) (?fi-Cl) =  508 Hz
vì =  503 (for N 0 2 groups) ( — 8) (p-Cl) =  495 Hz

1-bromo vs =  510 ( — 6) (m-Br) =  504 Hz
ve. =  503 ( - 2 )  (p-Br) =  501 Hz

1-iodo vs =  510 ( - 1 5 )  (m-l) =  495 Hz
vs — 503 ( - 3 )  (p-I) =  500 Hz

T hese  assum ptions g ive  th e  sam e qu a lita tive  order as 
the previous assum ptions fo r  th e  ch loro  an d  b ro m o  co m 
pou nds, b u t n ot fo r  iod o . T h e  iod in e  a tom  is large, and 
th e  peri positions o f  n aphthalene are closer than  the 
m eta  positions o f  th e  benzene. I t  is p rob a b le  th a t the 
con tribu tion s o f  b o th  th e  m -B r ( — 6) and th e  m -l ( — 15) 
are to o  n egative ; th eir rea l con trib u tion  w ou ld  be  m ore 
tow ard  the orth o  halogens, w h ich  are p ositive . T h is 
approach , th ou gh  som ew h at argum entative, su pports 
th e  first. T h e  peri e ffect has been  discussed b y  Zw eig , 
L ancaster, and N e g lia .10 T h e  effect o f  a peri su bstit
u ent is to  sh ift th a t p ro ton  dow n fie ld ; th e  low -field  
p ro ton  is alw ays at the a p osition  peri to  th e  su bstit
uent. In  our com pou n ds, H s is th e  a and  peri position  
and sh ou ld  b e  the low -fie ld  p ro ton . H en ce, th e  as
signm ents vs >  Vi and  ve, >  V! w ere accepted .

C om parison  o f the 2 ,4 -d in itroh a lon aph th a len e series 
w ith  th e  benzene series show s th e  m eta  pattern  is fo l
low ed . In  each  case, th e  ch em ical sh ift o f  th e  ch loro  
com p ou n d  is slightly  greater th an  th e  b ro m o , w hich, in 
turn, is con siderab ly  greater th a n  th e  iod o  com pou n ds.

C oup lin g  constants d o  n o t v a ry  m u ch  w ith  respect 
to  change in  halogen . T h e  orth o  cou p lin g  constants, 
J 5,6 an d  J 7(8, are a b ou t equ a l (8 .5  H z ) and greater than  
J 6,7 (7.0 H z ). T h e  m eta  cou p lin g  constants, J s,7 and 
J 6,7, sh ow  n o  p ron ou n ced  trends and h ave th e  va lu e  o f 
(1 .0 -1 .3 ) H z. T h e  para  cou p lin g  con stan ts range from  
0.75 to  0 .6 H z.

R eg istry  N o .— l-C l-2 ,4 -D in itron a p h th a len e , 2401-85- 
6 ; l-B r-2 ,4 -d in itron aph th a len e , 2401-86 -7 ; 1-1-2,4 -d in i- 
tronaphthalene, 4112-02 -1 ; 1 -C 1-2,4-din itrobenzene,
9 7 -00 -7 ; l-B r-2 ,4 -d in itrob en zen e , 584 -48 -5 ; 1-1-2,4-
d in itrobenzene, 709-49-9.

(1 0 ) A . Z w e ig , J . E .  L a n ca s te r , a n d  M .  T .  N e g lia , Tetrahedron, 23, 2 57 7  
(1 9 6 7 ).
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A  successful p rocedu re  fo r  p ep tide  synthesis using 
the con tro lled  reaction  o f  JV -carboxy a -am in o acid  
anhydrides (N C A ’s) in an aqueous system  has been
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T able I
R e s u l t s  o f  S y n t h e s e s  o f  A - G l y c y l  P e p t i d e s

P e p t id e
Y ie ld ,

% [a ]D ,  d e g C
— C a lc d ,  %—  

H N C
-------- F o u n d , %-

H N

Gly-Gly 90 36.36 6.11 21.20 36.55 6.20 21.50
Gly-L-Ala 87 -5 9 .0  (c 2.5, 0 .5  A H C l)“ 41.08 6.91 19.17 40.75 7.12 19.34
Gly-L-Val 91 —19.5 (c 2 .0 . water)6 48.25 8.12 16.08 48.33 8.25 16.26
Gly-i^Leu 92 — 36.4 (c 2.5, water)' 51.04 8.58 14.88 51.12 8.61 14.80
Gly-L-Phe 89 41.0 (c 2.5, water)11 59.45 6.35 12.60 59.60 6.46 12.55
Gly-irLeu-L-Ala 86 — 59.2 (c 2.4, water)' 50.94 8.18 16.21 51.05 8.20 16.14
“ -5 9 .3 °  (c 2, 0.5 N  HC1): B. F. Erlanger and E. Brand, J. Amer. Chem. Soc., 73, 3508 (1951). b -1 9 .9 ° (c 2, water): K. R. Rao,

S. M. Birnbaum, R. B. Kingsley, and J. P. Greenstein, J . Biol. Chem., 198, 507 (1952). c —36.3° (c 2, water): F. H. Carpenter and 
D. T. Gish, J. Amer. Chem. Soc., 74, 3818 (1952). d 40.8° (c 2.5, water): ref 2. * —59.0° (c 2.5 water): E. Abderhalden and A. 
Fodor, Z. Phys. Chem., 81, 1 (1912).

deve lop ed  b y  the M e rck  g rou p .1,2 T h e  procedu re  was 
satisfactorily  used b y  K o p p e l and cow ork ers3 to  pre
pare som e oligopeptides. T h e  usefulness o f  this syn
th etic  m eth od  was dem onstrated  b y  th e  to ta l synthesis 
o f  th e  S protein  o f R N a se  A .4-8 In  the aqueous system , 
h ow ever, g lycin e  N C A  reacted w ith  an am ino acid  as 
a n ucleophile  to  g ive  h y d a n to ic  acid  as a side p rod u ct 
to  the extent o f  m ore th an  2 0 %  even  at the op tim al 
p H  o f 10.2. 2 ,5 -T h iazolid ined ione (g lycine N T A ), 
therefore , was used to  avo id  the form ation  o f the h y 
d a n to ic  a c id .9,10

A n oth er N C A  m eth od  fo r  p ep tide  synthesis using 
the h eterogeneous system  aceton itrile -w ater has been  
rep orted  b y  u s .11,12 W ith  ord inary  stirring and addi
tion  o f  sod ium  carbon ate, the m eth od  perm itted  the 
synthesis o f  peptides w ith ou t such side reactions as 
p olym erization  and h ydrolysis o f  the N C A .

A  distinct d ifference in  the form ation  o f  the h yd a n to ic  
acid  w as fou n d  betw een  th e  N C A  m eth od  in the aque
ous system  and th at in  the heterogeneous system . 
In  the reaction  o f  N C A  w ith  an am ino acid  or  a pep
tide in our previou s synthesis,11 a ttention  was n ot paid  
to  the form ation  o f th e  h y d a n to ic  acid  because the 
desired peptide was obta ined  in high y ie ld 1213 and the 
b y -p ro d u ct, if  it h ad  been  form ed , cou ld  not react w ith  1 2 3 4 5 6 7 8 9 10 11 12 13

(1 ) R .  G . D e n k e w a lte r , H . S ch w a m , R .  G . S tra ch a n , T .  E . B e e s le y , D . 
F . V e b e r , E .  F . S c h o e n e w a ld t , H . B a rk e m e y e r , W .  J . P a le v e d a , Jr ., T .  A . 
J a c o b ,  a n d  R .  H irs ch m a n n , J . Am er. Chem. Soc., 8 8 , 3 1 6 3  (1 9 6 6 ).

(2 ) R .  H irs ch m a n n , R .  G . S tra ch a n , H . S ch w a m , E  F .  S c h o e n e w a ld t , 
H . J o sh u a , B . B a rk e m e y e r , D . F .  V e b e r , W .  J. P a le v e d a , J r ., T .  A .  J a c o b , 
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(1 2 ) R .  K a ta k a i ,  M .  O y a , K . U n o , a n d  Y .  Iw a k u r a , ibid., in  p ress .
(1 3 ) I z u m iy a , et al., s y n th e s iz e d

Z  Z

H — L -L y s — L -L y s— O H

in  8 7 %  y ie ld  b y  t h e  N C A  m e t h o d  in  th e  h e te ro g e n e o u s  s y s t e m : N . M it -  
su y a su , S . T e r a d a , K . N o d a , M .  W a k i ,  T .  K a t o ,  a n d  N .  I z u m iy a , P r o c e e d in g s  
o f  th e  8 th  S y m p o s iu m  o n  P e p t id e  C h e m is tr y , O sa k a , J a p a n , 197 0 , p  5.

N C A . In  the reaction  o f g lycine N C A  w ith  g lycin e  in  
h eterogeneous system , g lycy lg lycin e  was obta in ed  in  
9 0 %  yield . Such a y ie ld  cou ld  n o t be  exp ected  from  
th e  results in  the aqueous system  reported  b y  the 
M erck  group . G lycyl-L -leueine was also ob ta in ed  in 
9 2 %  y ie ld  b y  the reaction  o f L -leucine in  th e  h etero 
geneous system  aceton itrile -w ater con ta in in g  sod ium  
carbon ate w ith  glycine N C A  in aceton itrile . A  tri
p ep tide  w ith  N -term inal g lycine, g lycy l-L -leu cy l-L - 
alanine, was also synthesized b y  the N C A  m eth od  in  the 
h eterogeneous system . T h e  sod ium  salt o f  L -alanine 
was treated  w ith  L-leucine N C A  and the d ip ep tide  
form ed  was treated  w ith  g lycine N C A . T h e  resu lting 
tripeptide was recrystallized  from  aqueous eth an ol to  
g ive  pure tripeptide (8 6 %  overall y ie ld ). S om e N - 
g ly cy l d ipeptides were also prepared  in h igh  y ields in 
the heterogeneous system  and these results are sum 
m arized in T a b le  I.

T hese results strongly  suggest th a t few  side reactions 
occu rred  in th e  heterogeneous system . T h is  w as dem 
onstrated  b y  the synthesis o f  g lycy l-L -tryp top h an . 
A fter  the reaction  o f g lycine N C A  w ith  L -tryp top h an  
in  the heterogen eous system , the aqueous layer o f  the 
system  was analyzed  b y  th in  layer ch rom atograp h y . 
A ll o f  th e  E hrlich  positive  com pon en ts d e tected  on  
silica gel w ere n inhydrin  positive . N o  com p on en t 
th at was E h rlich  p ositive  and n inhydrin  n egative  cou ld  
be  d e tected  b y  tic . T hese com pon en ts w ere qu an tita 
tiv e ly  determ ined  as u nreacted  L -tryp toph an  (1 % ) ,  
g lycy l-L -tryp top h an  (9 6 .5 % ), and g ly cy lg ly cy l-L -try p - 
toph an  (2 .5 % ).

T h e  form a tion  o f N -term inal g ly cy l peptides in h igh  
y ields w ith ou t form ation  o f h y d a n to ic  acid  is consistent 
w ith our previous suggestion11 th at the N C A  in  the 
h eterogeneous system  m ay  b e  p ro tected  from  side re
actions b y  the aceton itrile  layer. T h e  h y d a n to ic  acid  
form ed  in  th e  hom ogen eous system  m ay be  derived  
from  the isocyan ate  I I I  form ed  from  the N C A  anion I I .2

R
1

H C -C
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IIII n
T h e  rapid  p olym erization  o f  N C A  (a  side reaction  in 
th e  peptide  synthesis b y  the N C A  m eth od ) via th e  N C A  
an ion 2,14 does n ot occu r  in aceton itrile16 or  in th e  h eter-

(1 4 ) M .  G o o d m a n  a n d  J . H u tch is o n , J . Am er. Chem. Soc., 8 8 , 3 6 2 7  
(1 9 6 6 ).

(1 5 ) Y .  Iw a k u r a , K .  U n o , a n d  M . O y a , J . P olym . Sci., Part A - l ,  6 , 2 1 6 5  
(1 9 6 8 ).
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ogeneous system  o f a ceton itrile -w ater. S ince g lycine 
N C A  can not b e  transform ed to  the isocyan ate  through  
the N C A  anion in  the heterogeneous system , h yd a n to ic  
acid  is n o t form ed  in  this system .

Experim ental Section

Glycine N C A .16— Into a suspension of 10 g of finely powdered 
glycine in 400 ml of dry tetrahydrofuran, dry phosgene was 
bubbled at 45° with magnetical stirring. A clear solution was 
obtained after 2 hr. The solution was concentrated at reduced 
pressure at 30°, then glycine NCA crystallized out. To the 
residue was added 200 ml of «-hexane in order to crystallize out 
the NCA completely. The crystals of the product w'ere filtered 
off and dried over P20 5 in a vacuum desiccator. The crude prod
uct was recrystallized twice from ethyl acetate to yield 9.8 g 
(73%) of the chlorine-free NCA,17 mp 100° (lit.18 100°).

General Procedure for Synthesis of Glycyl D ipeptides.—To a 
solution of 0.01 mol of a-amino acid and 1 g of sodium carbonate 
in 10 ml of 1 N  sodium hydroxide and 40 ml of water was added 
40 ml of acetonitrile and the system was cooled to —10°. A solu
tion of 1.2 g (0.012 mol) of glycine NCA in 24 ml of acetonitrile 
was acded to the system and allowed to react for 3 hr at —10° 
with stirring. The aqueous layer of the system was washed with 
50 ml of acetonitrile under cooling and neutralized with concen
trated sulfuric acid. Sodium sulfate was removed by addition of 
200 ml of ethanol followed by filtration and the alcoholic solution 
was concentrated in vacuo at 35°. Addition of 50 ml of ethanol 
and 100 ml of diethyl ether to the residue gave a crystalline 
product. The crude product was recrystallized from aqueous 
methanol to yield a crystalline dipeptide.

Glycyl-L-leucyl-L-alanine.— To a heterogeneous system of 50 
ml of acetonitrile and 50 ml of 0.2 N  sodium hydroxide containing 
0.89 g (0.01 mol) of L-alanine and 1 g of sodium carbonate was 
added a solution of 1.73 g (0.011 mol) of L-leucine NCA in 17.3 
ml of acetonitrile. The condensation reaction was allowed for 2 
hr at —10° with stirring. After the reaction the acetonitrile 
layer of the system was separated off and the aqueous layer was 
washed with 100 ml of acetonitrile under cooling. The solution 
was warmed to 40° for 5 min. Then 50 ml of acetonitrile and 20 
ml of 0.2 N  sodium hydroxide were added to the solution and 
the system was cooled again to —10°. After the addition of
I . 2 g (0.012 mol) of glycine NCA in 24 ml of acetonitrile, the 
system was kept at —10° for 3 hr with stirring. The aqueous 
layer of the system was treated by the same manner as above, 
washing, neutralization, and condensation. The crude product 
was recrystallized from aqueous ethanol.

Reaction of Glycine N C A  with L-Tryptophan.— To a solution 
of 2.05 g (0.01 mol) of L-tryptophan and 1 g of sodium carbonate 
in 10 ml of 1 N  sodium hydroxide and 40 ml of water, 40 ml of 
acetonitrile was added and the system was cooled to —10°. 
After the addition of 1.2 g of glycine NCA in 24 ml of acetonitrile 
the system was allowed to stand for 3 hr with stirring. The 
aquec us layer of the system was washed with 50 ml of acetonitrile 
and diluted with water to a volume of 50 ml. A 40-/xl sample of 
the solution was analyzed by tic on silica gel in pyridine-water 
(4:1). A strip showed three ninhydrin-positive spots, unreacted 
L-tryptophan (Ri 0.57), glycyl-L-tryptophan (Rt 0.39), and 
glycylglycyl-L-tryptophan (Ri 0.18). Three Ehrlich-positive 
spots were detected on another strip, L-tryp‘ ophan (iff 0.57), 
glycyl-L-tryptophan (Rt 0.39), and glycylglycyl-L-tryptophan 
(Rt C.18). Then the pertinent areas of the tic developed anew 
were scraped off and extracted with 100 ml of water. The trans- 
mittancy of the extracts was measured at 280 m/a.19 The residual 
sample was treated as above to isolate the dipeptide. The crude 
product was recrystallized from methanol to yield 2.33 g (89%) 
of a pure dipeptide: [qt]d 33.5° (c 2.5, 5 N  HC1) [lit.20 [<*]d 34.3°

(1 6 ) Y .  I w a k u r a  K . U n o , a n d  S . K a n g , J . Org. Chem ., 30, 1158 (1 9 6 5 ). 
W e  sy n th e s iz e d  g ly c in e  N C A  b y  th e  r e a c t io n  o f  g ly c in e  w ith  p h o s g e n e  in 
te t ra h y d r o fu r a n . T h e  r e a c t io n  t im e  n e e d e d  in  p h o s g e n a t io n  o f  th e  a m in o  
a c id  w a s s h o r te r  in  th is  s o lv e n t  th a n  in  a n y  o th e r  s o lv e n ts .  H ig h  y ie ld  an d  
h ig h  p u r it y  o f  t h e  p r o d u c t  w e re  o b ta in e d  in  th is  s o lv e n t .

(1 7 ) M .  O y a , K .  U n o , a n d  Y .  Iw a k u r a , K ogyo K agaku Zasshi, 69, 741 
(1 9 6 6 ).

(1 8 ) H . L e u ch s , Ber., 39, 8 5 7  (1 9 0 6 ).
(1 8 ) U v  s p e c tr a  o f  p e p t id e s  w e re  m e a su re d  w ith  S h im a zu  M P S -5 0  L  a n d  

H ita c h i P e r k in -E lm e r  139 s p e c tr o p h o to m e te r s .
(2 0 ) K .  R .  R a o ,  S . M .  B ir n b a u m , R .  B . K in g s le y ,  a n d  J . P .  G re e n ste in ,
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(c 2, 5 N  HC1)]. Anal. Calcd for Ci3H15N30 3: C, 59.75; H, 
5.80; N, 16.08. Pound: C, 59.94; H, 6.06; N, 16.15.

Registry No.—G ly cin e  N C A , 2185-00-4 ; G ly -G Iy , 
556-50-3 ; G ly -L -A la , 3695-73-6 ; G ly -L -V al, 1963-21-9; 
G ly -L -L eu , 869-19-2 ; G ly -L -P h e, 3321-03 -7 ; G ly-L - 
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5 -F lu orou racil (1 ) is a  cy to to x ic  an alog  o f uracil o f 
use in  b ioch em ica l research  and also o f a certain  value 
in m ed icin e .2 T h is  deriva tive  o f  uracil is ty p ica lly  pre
pared  b y  a to ta l synthesis as expressed  in C hart I 3

w h ich  requires th e  use o f  a persistent and  insidious 
tox in , flu oroacetic acid. T h e  d iscovery  th at flu oroxy - 
trifluorom ethane (C F 3O F ) is a usefu l reagen t fo r  the 
h eretofore  difficult d irect e lectroph ilic  fluorination  o f 
a rom atic  com p ou n d s4 led  us to  con sider th a t th e  reac
tion  o f C F 3O F  w ith  uracil (2) (or an  a ppropria te  d eriv 
a tive  th ereo f) m ight lead  d irectly  to  5 -fluorouracil (or a 
derivative  th ereo f) and thus con stitu te  a  con ven ien t 
synthesis o f  such com pou n ds. W e  n ow  report th at the 
d irect con version  o f uracil to  5-flu orouracil m ay  be ac
com plish ed  in  h igh  y ie ld  b y  e lectroph ilic  fluorination .

E lectrop h ilic  su bstitu tion  at the 5 position  o f the 
pyrim id in e ring is w ell k n ow n .6 U racil itself under
goes n itration  at p osition  5 w ith ou t com p lica tion ,6 and

(1 ) F o r  n o . 53 , see  D . H . R .  B a rto n , T .  J . B e n t le y ,  R .  H . H e sse , F . M u t -  
terer, a n d  M . M .  F e c h e t ,  Chem. Commun., 9 1 2  (1 9 7 1 ).

(2 )  G . R a m ir e z , et al., Am er. J . Surg., 12 0 , 4 0 0  (1 9 7 0 ) ;  J . D u le ,  Bull. Soc. 
Fr. Dermatol. Syphiligr., 7 7 , 218  (1 9 7 0 ) ;  L . Y .  D e e m a rs k y , et al., Cancer, 
2 6 , 771 (1 9 7 0 ) ;  M .  S. M itc h e l l ,  et al., ibid., 2 6 , 8 8 4  (1 9 7 0 ) ;  M .  H u rs th o u se , 
Brit. J . Dermatol., 8 2 , 2 1 8  (1 9 7 0 ).

(3 )  R .  D u s ch in sk y , E . P le v e n , a n d  C . H e id e lb e rg e r , J . Am er. Chem. Soc., 
7 9 , 4 5 5 9  (1 9 5 7 ).

(4 ) D .  H . R .  B a r to n , et al., Chem. Commun., 8 0 6  (1 9 6 8 ).
(5 )  C . W . K e n n e r  a n d  A . T o d d  in  “ H e te r o c y c l ic  C o m p o u n d s ,”  V o l .  6, 

R .  C . E ld e r fie ld , E d .,  W ile y ,  N e w  Y o r k , N . Y . ,  1957 , p p  235  ff.
(6 ) T .  B . J o h n so n , J. Am er. Chem. Soc., 3 0 , 19 (1 9 0 8 ) ;  Chem. Abstr., 

2 , 2 79 2  (1 9 0 9 ).
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reacts with halogens to afford at least initially 5-sub- 
stituted products.7 Although the latter reactions are 
often further complicated by addition of halogen to the 
initial substitution product,711 successful monohalo gena- 
tion can be achieved.7b We find that uracil dissolved 
in water, trifluoroacetic acid, or preferably a mixture 
thereof, reacts slowly but cleanly with C F 3 O F  to afford 
a mixture of 5-fluorouracil and a second substance in 
variable proportions. The companion product, which 
is quite unstable, may be smoothly converted to 5- 
fluorouracil by heating. Indeed, heating in vacuo of 
the total crude reaction product leads to isolation by 
sublimation of 5-fluorouracil in approximately 85% 
yield.

The precursor of I shows no high-intensity absorb- 
tion in the uv, no -OCF3 or CF3CO-absorption in the 
infrared or 19F nmr spectra, and exhibits a complex series 
of resonances at 6 5-6 ppm in the lH nmr spectrum. 
These characteristics, together with the thermal con
version to 5-fluorouracil, suggest that this material is 
an addition product of uracil. The 19F nmr spectrum, 
which consists of a doublet (J = 45 Hz) at 4>* 207.6, 
and the composition, C4H5N2O3F, lead to expression 3 
for this product.8 The formation of adduct 3 at the 
expense of 5-fluorouracil is promoted as expected by 
the presence of water in the reaction medium. This is 
fortunate, as, while 1 undergoes some reaction with 
CF3OF to afford overfluorinated by-products, adduct 
3 is essentially inert to CF3OF and an aqueous medium 
thus ensures a very clean reaction product.

While we have found uracil inert to exposure to per- 
chloryl fluoride ( F C I O 3 )  under conditions considerably 
more forceful than required to ensure reaction with 
C F 3 O F ,  this substrate does react avidly with elemental 
fluorine. Although little 5-fluorouracil is formed in the 
reaction of uracil with F2, heating the reaction mixture 
in vacuo leads to the sublimation and isolation of 5- 
fluorouracil in approximately 60% yield. The spectral 
and chromatographic properties of the progenitor of
5-fluorouracil formed in this reaction suggest that it is 
analogous with or identical with 3. Therefore, while 
it is possible that the direct fluorination of uracil with 
elemental fluorine may afford yields of 5-fluorouracil 
comparable to those achieved by fluorination with 
C F 3 O F ,  the reaction with the latter reagent is more 
easily controlled and the reagent itself is more amenable 
to utilization with usual laboratory techniques.

It is appropriate to point out that, as methods are 
extant for the conversion of 5-fluorouracil to other 5- 
fluoropyrimidine derivatives,9 the method described in 
this paper provides a synthesis of such derivatives, 
particularly the important 5-fluorocytosine.

Experimental Section

All melting points were taken on the Kofler hot stage and are 
reported uneorrected. 'H nmr spectra were obtained at 60 MHz 
using a Varian T-60 spectrometer and are reported as shifts 
downfield from internal tetramethylsilane (6 ). 19F nmr spectra
were obtained at 56.4 MHz on the above instrument and are 
reported as shifts from internal C F O I 3 (0 *). Ir spectra were 
obtained with a Perkin-Elmer Model 137 spectrometer. Solu
tions of C F 3O F  were prepared by passing the gaseous reagent into

(7) (a) T. B. Johnson, J. Amer. Chem. Soc., 65, 1218 (1943). (b) T.
Nishnvaki, Tetrahedron, 2 2 , 2401 (1966).

(8) Microanalysis suggest that 3 may be accompanied by 5- 1 0 % of the 
analogous 5,6-difluoro-5,6-dihydrouracil adduct.

(9) K. Undheim and M. Gacek, Acta Chem. Scand., 23, 294 (1969).

CFCI3 at —78°; aliquots were treated with an excess of aqueous 
K I and the concentration of CF3OF was estimated by titration 
of the I2 liberated (CF3OF +  2KI +  H20 —  h  +  2KF +  
2HF +  C 02).

C F 3O F  is a powerful oxidant and while we have experienced no 
difficulty with its use certain precautions are indicated: all reac
tions should be conducted with adequate shielding, accumula
tion of the reagent in the presence of oxidizable substances should 
be avoided, material for handling of the reagent should consist 
of glass, Teflon, Kel-F, or passivated metals. On no account 
should P V C ,  rubber, polyethylene or sim ilar substances be used.

Fluorination of Uracil with CF3OF— Uracil (0.336 g, 3 mmol) 
in a mixture of trifluoroacetic acid ( 6  cc) and water ( 2 0  cc) was 
added to a solution of CF3OF (4.5 mmol) in CFC13 (50 cc) at 
— 78° in a pressure bottle. The precipitated uracil redissolved 
in the aqueous layer when the mixture was warmed up to room 
temperature. The mixture was vigorously stirred for 15 hr. 
The excess CF3OF was removed with nitrogen and solvent was 
removed under reduced pressure. The solid residue was sub
limed at 210-230° under reduced pressure (0.5 mm) to give crude
5-fluorouracil (0.365 g, 94%), mp 260-270°. Recrystallization 
from methanol-ether gave pure 5-fluorouracil (0.33 g, 85%), 
mp 282-283°, mmp (with authentic 5-fluorouracil) 282-283°. 
'H nmr, 19F nmr, ir, and uv spectra were identical with those of 
authentic, 5-fluorouracil.

In a companion fluorination as above, the crude products were 
not subjected to heat, but instead separated by preparative t.lc 
(silica gel GF 254; methanol-chloroform 20:80) into a fraction 
having Rt 0.5 (5-fluorouracil) and a fraction having Ri 0.3 (ad
duct 3 which on heating was quantitatively converted to 5-fluoro- 
uracil): x (KBr) 3300 (s), 1720 (s), 1475 (m), 1250 (m), 1140 
(m), 1080 (m), 880 (m), 800 cm- 1  (m). The proton nmr showed 
a complex pattern of resonances at 5 5-6 ppm (AB pattern of an 
ABX system). The 19F nmr had <t>* =  207.6 ppm (broad doublet, 
J  =  45 Hz). The mass spectrum had a molecular ion at m/e 
148+; accurate mass, m/e 148.0291 (ealed for C.H 5FN 20 3, m/e 
148.0284). A nal. Caled for C.H 5FN 20 3 : C, 32.45; H, 3.40; 
N, 18.92; F, 12.83. Found: C, 32.26; H, 3.5; N, 18.90; 
F, 13.84.

Fluorination of Uracil with Fluorine.— Fluorine gas diluted 
liberally with nitrogen was passed at room temperature into a 
vigorously stirred solution of uracil (150 mg, 1.34 mmol) in 
water (50 cc). After the disappearance of starting material 
(nmr control; ca. 2.5 mmol F2) the solvent was removed under 
reduced pressure and the residue w*as sublimed to give 5-fluoro
uracil (95 mg, 0.74 mmol, 55% yield) identified by comparison 
with authentic 5-fluorouracil.

Registry N o .- l ,  51-21-8; CF3OF, 373-91-1.
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The A-noraporphines constitute an important sub
group of alkaloids corresponding to the more widely 
found N-methylated bases, the aporphines.1 The 
aporphines may be obtained not only by total synthesis 
but, when practical, also by the N-methylation of A - 
noraporphines. On the other hand, A-noraporphines 
have been available only by isolation and by total syn
thesis via their A-benzyl derivatives. We now report 
the first procedure for the conversion of aporphines 
into the corresponding A-noraporphine bases.

(1) For recent reviews of the aporphine alkaloids, see (a) M. Shamraa in 
“ The Alkaloids,”  Vol. 7, R. H. F. Manske, Ed., Academic Press, New York, 
N. Y., 1967, p i ;  (b) M. P. Cava and A. Venkateswarlu, Annu. Rep. Med. 
Chem., 331 (1968). Earlier reviews are cited in these references.
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A recent study of the mechanism of the reductive 
déméthylation of trimethylamine A-oxide by sulfur 
dioxide2 led us to investigate the applicability of this 
reaction to the aporphine series. Thus, ( —)-nuciferine 
(1) was treated with hydrogen peroxide in aqueous 
methanol at room temperature to give the corresponding 
A-oxide 2. Reductive déméthylation of 2 to (—)- 
nornuciferine (3) was achieved in fair yield (34%) by

1,R = C H 3 

3, R = H

4, R = H
5, R = CH3

6 , R = CH3

7, R = H

9, R = CH3 

11, R = H

reaction with liquid sulfur dioxide, followed by hydrol
ysis with hydrochloric acid; under these conditions 
very little nuciferine was regenerated and the product 
was readily purified. Under similar conditions, the 
rare alkaloid (-f)-nordicentrine (4) was obtained in 
32% yield from the relatively common aporphine, (+ ) -  
dicentrine (5). Also, (+)-A-methylovigerine (6) was 
demethylated in 28% yield to (+)-ovigerine (7). Since 
racemic 6 has been synthesized,3 this conversion com
pletes the formal total synthesis of natural ovigerine 
except for the resolution of racemic 6.

(2) J. C. Craig and K. K. Purushothaman, Tetrahedron Lett., 5305 (1969). 
Earlier work is cited in this reference.

(3) M. P. Cava and M. Srinivasan, Tetrahedron, 26, 4649 (1970).

The reaction conditions employed proved to be suffi
ciently mild to allow the N-demethylation of two repre
sentative phenolic aporphines to be carried out, al
though yields were not so good as with the nonphenolic 
examples. Thus, (+)-A-methylnandigerine (8) and 
(+)-A-methylhernovine (9) afforded (+)-nandigerine
(10) and (+)-hernovine (11 ) in 22 and 18% yields, 
respectively.

Since the objective of this study was a simple pre
parative conversion of aporphines into A-noraporphines, 
we were interested in avoiding procedures which 
afforded mixtures of water-insoluble reaction products. 
It was found, indeed, that such mixtures were produced 
from ( —)-nuciferine A-oxide (2) under a variety of 
conditions. For example, reaction of 2 with sulfur di
oxide in methanol-benzene, followed by hydrolysis with 
dilute acid, gave a 5:2 mixture of ( —)-nuciferine and 
( —)-nornuciferine. A similar reaction, followed by 
dilute base hydrolysis, gave a mixture of ( —)-nuciferine, 
( —)-nornucifer:ne, and dehydronuciferine (12) in a 
ratio of about 8:2:5. The formation of dehydro
nuciferine in the alkaline hydrolysis reaction is rather 
interesting, since it probably arises by way of a base- 
catalyzed elimination of an intermediate of structure 13 ; 
the isomeric structure 14 is the expected intermediate 
which gives rise to ( —)-A-nornuciferine, on the basis 
of what is known concerning the mechanism of the cor
responding déméthylation of trimethylamine A-oxide.2

Experimental Section4 5

(— )-Nornuciferine (3) from (— )-Nuciferine (1).— A solution 
of ( — )-nuciferine (1, 0.100 g) in methanol (10 ml) and 30% 
hydrogen peroxide ( 2  ml) was stirred at room temperature over
night, after which time tic showed the complete disappearance 
of 1. A suspension of 5% Pd on charcoal (0.020 g) was added 
and the mixture was stirred for 2  hr in order to decompose excess 
hydrogen peroxide. The filtered solution was saturated with 
sodium chloride and extracted with chloroform. Evaporation 
of the dried (Na2SO,) extract gave an oil, which was further dried 
by repeated addition of 2:5 methanol-benzene and evaporation 
in  vacuo to give a foam of N -oxide 2 (0.100 g). To this foam was 
added liquid sulfur dioxide ( 1 0  ml), followed by lV,lV-dimethyl- 
acetamide (1 ml). After48 hr at about —70°,excess liquid S02 was 
removed, concentrated hydrochloric acid ( 1  ml) was added, and 
the mixture was heated (steam bath) until S0 2 was no longer 
evolved. Basification with aqueous ammonia, followed by chloro
form extraction, yielded a crude product (0.043 g) wdrich was 
purified by chromatography on silica. Elution with chloroform 
gave a few milligrams of recovered 1 , after which chloroform- 
methanol (99:1) eluted the major product, which was converted 
to the hydrochloride. After several crystallizations from 
methanol-ethyl acetate there was obtained 0.039 g (34%) of pure 
( — )-nornuciferine hydrochloride, mp 268-270° dec (lit.6 mp 
264-266°), [a]Kr (EtOH) -12 2 ° .

(+)-Nordicentrine (4) from (+)-Dicentrine (5).— The N- 
oxidation and subsequent demethylation of 5 were carried out as 
in the nuciferine case to give 4 in 32% yield. The product was 
crystallized from methanol as its hydrobromide, mp 262-265° 
dec (lit.6 mp 278° dec), (EtOH) +34°.

(+  )-Ovigerine (7) from ( +  )-A-Methylovigerine (6 ).— The 
usual conditions afforded 7 (28% from 6 ), isolated as the crys-

(4) Melting points are uncorrected and were determined using a Thomas- 
Hoover apparatus. Infrared spectra were determined in KBr using a Perkin- 
Elmer Model 137 instrument. Tic analyses were carried out using 9:1 
chloroform—methanol with silica plates. The identity of all products was 
confirmed by ir and tic comparison with authentic alkaloids from natural 
sources.

(5) S. M. Kupchan, B. Dasgupta, E. Fujita, and M. L. King, Tetrahedron, 
19, 227 (1963).

(6) A. Venkateswarlu, Ph.D. Dissertation, Wayne State University, 
1969.
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talline hydrochloride, mp 298-300° dec (lit.7 mp 300° dec), 
[«]“ D (EtOH) +207°.

(+)-Nandigerine (10) from ( +  )-iV-Methylnandigerine (8 ).—  
The usual conditions afforded 10 (22% from 8 ), isolated as the 
crystalline hydrochloride, mp 242-245° dec (lit.7 mp 245-247° 
dec), [a]“ d (EtOH) +240°.

( +  )-Hemovine (11) from (+  )-A7-Methylhemovine (9).— The 
usual conditions afforded 11 (18% from 9) as crystals, mp 235- 
237° dec (lit.7 mp 236-240° dec), [<*]“ d (EtOH) +253°.

Reaction of A;-Oxide 2 with Sulfur Dioxide in Methanol- 
Benzene.— Dried Ar-oxide 2 (50 mg) was dissolved in 1:1 metha
nol-benzene (20 ml) and S02 was passed into the mixture for 0.5 
hr. Aqueous hydrochloric acid (2 A7, 10 ml) was added and the 
solution was refluxed for 3 hr. Basification with ammonia, 
followed by chloroform extraction, gave a crude product (40 mg), 
shown by tic to contain only nueiferine (1) and nornuciferine (3). 
Chromatography on neutral alumina gave 1 (25 mg) and 3 
( 1 0  mg).

The above experiment was repeated, with the modification that 
the A'-oxide S02 complex was refluxed not with acid, but with 
5%  aqueous sodium hydroxide. Preparative tic (2% MeOH in 
C I I C I 3, A1203) gave 1  (38 mg), 3 (18 mg), and dehydronuciferine 
(12, 25 mg).

Registry No.—3, 32557-14-5; 4, 25394-59-6; 7,
6410-87-3; 10,5544-70-7; 11,5544-69-4.

Acknowledgment.—We thank the National Institutes 
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work.

(7) M. P. Cava, K. Bessho, B. Douglas, S. Markey, R. F. Raffauf, and 
J. A. Weisbach, Tetrahedron Lett., 1577 (1966).

Inductive Effects on 
Molecular Ionization Potentials. IV.

Hydrogen Sulfide and Mercaptans

L e o n a r d  S .  L e v i t t *  a n d  B a r b a r a  W .  L e v i t t

Chemistry Department, School o f  Science,
The University o f Texas at E l Paso, E l Paso, Texas 73999
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The ionization potentials of alkyl free radicals, R ■, 
have been correlated1 with the polar substituent con
stants, a*, and we have shown recently that the ioniza
tion energies of alcohols,2 ethers,3 and amines4 are lin
ear functions of both ir* and the inductive substituent 
constants, or.

We now demonstrate that the ionization energies of 
thiols, RSH, are also linear functions6 of both <7* and 
or. The gas-phase expulsion of an electron from the 
nonbonding lone pair on the sulfur atom of a mercaptan 
molecule is in accord with the equation

El .+
R— S— H — >  R— S— H +  e -

and the ionization potential, E\, of course, corresponds 
approximately to the energy of the highest occupied 
molecular orbital.6-8 The entire chemistry of thiols,

(1) A. Streitwieser, Jr., Progr. Phys. Org. Chem., 1, 1 (1963).
(2) L. S. Levitt and B. W. Levitt, Chem. Ind. {London), 990 (1970).
(3) B. W. Levitt and L. S. Levitt, Experientia, 26, 1183 (1970).
(4) B. W. Levitt and L. S. Levitt, Israel J. Chem., 9, 71 (1971).
(5) The ionization potentials of X-SH  have been correlated with the 

three-parameter extended Hammett equation: E\ =  3.22ai +  9.06<rR -j- 
10.37 [M. Charton and B. I. Chart-on, J. Org. Chem., 34, 1882 (1969)].

(6) R. S. Mulliken, J. Chem. Phys., 3, 564 (1935).
(7) T. Koopmans, Physica, 1, 104 (1933).
(8) J. C. Lorquet, Rev. Mod. Phys., 32, 312 (1960).

Figure 1.— A plot of ionization potentials, E i, of the thiols vs. 
the inductive substituent constants, or, of the corresponding R 
groups.

in fact, is dependent upon the behavior of the 3p sulfur 
lone pair electrons. Electron-releasing alkyl groups 
bonded to the S atom of a thiol molecule should ob
viously facilitate the electron removal, and thereby 
lower the E\, and the presence of electron-withdrawing 
groups should likewise cause an increase in the re
quisite ionization energy.9 It is interesting that we 
are able to include hydrogen sulfide as the simplest thiol 
in the series.

Table I presents the <j* and the ox10 values together 
with the photoionization potentials11 (eV) for various 
aliphatic mercaptans and hydrogen sulfide.

T a ble  I

Thiol n
Ei, eV 
(exptl)“

Ei, eV 
(eq la)

Ei, eV 
(eq 2)

H2S +  0.49 0 10.46 10.46 10.46
MeSH 0 -0.046 9.44 9.45 9.44
EtSII - 0 . 1 0 -0 .0 55 9.29 9.25 9.24
re-PrSII - 0 . 1 2 -0.058 9.20 9.18 9.17
n-BuSH - 0 .1 3 — 0 .0606 9.14 9.14 9.13
f-PrSH - 0 .1 9 -0.064 c 9.05 9.04
ferf-BuSII -0 .3 0 -0.074 8.79 8.77 8.81
° Reference 11. b Value suggested in ref 3. c Experimental 

value not available.

An excellent correlation is shown in Figure 1 where 
the Ei values are plotted vs. <x\. The equation for the 
correlation line is given by

E  rsh = E s ts +  ajiri ( 1 )

The slope, ar, is found to be 22.2 and therefore we have
■ Ersh = 10.46 +  22.2or (la)

(9) The same effect manifests itself in a greater basicity, the greater is
the electron density at the S atom of the mercaptan molecule, similar to that 
recently demonstrated for alcohols: L. S. Levitt and B. W. Levitt, J.
Phys. Chem., 74, 1812 (1970); also Tetrahedron, 27, 3777 (1971).

(10) R. W. Taft, Jr., and I. C. Lewis, ibid., 6 , 210 (1959).
(11) K. Watanabe, T. Nakayama, and J. Mottl, J. Quant. Spectrosc. 

Radiat. Transfer, 2, 369 (1962).
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It is seen that this relation is much simpler than that 
obtained in ref 5.

Using the polar substituent constants, <r*, one ob
tains a correlation from which it is found

# R S H  =  S j i e s e  +  a * a *  =  9 .4 4  +  2 .08<r* (2 )

These correlations indicate that the effect of alkyl 
substituents on the S atom is primarily an inductive one.

In the last two columns of Table I we show a com
parison between the experimental ionization energies 
and those calculated using eq la  and 2. The agree
ment is excellent. A calculated value is also given for 
Me2CHSH for which an experimental value has not yet 
been obtained.

The ai and the a* constants are, of course, analogous 
to the reaction constants pi and p*, and are a measure 
of the susceptibility of the reaction site (the S atom) to 
substituent effects. The ar value of 22.2 obtained here 
may be compared to those observed in the correlation 
of Ei s of alcohols2 (ai =  37.5) and for ethers3 (aj = 
28.0). These comparisons show that the S atom is con
siderably less sensitive to inductive effects than is the 0  
atom, probably due to the larger radius of the S atom.

Registry No.—Hydrogen sulfide, 7783-06-4; methane- 
thiol, 74-93-1; ethanethiol, 75-08-1; 1-propanethiol, 
107-03-9; 1-butanethiol, 109-79-5; 2-propanethiol, 
75-33-2; 2-methyl-2-propanethiol, 75-66-1.

Silver-Assisted Displacements on Sulfur. 
A New Thiolsulfonate Ester Synthesis

In the case of di-ferf-butyl disulfide, the correspond
ing thiol ester was not obtained after heating the reac
tion mixture under reflux either 2 hr in aqueous acetone 
or 4 hr in aqueous dioxane. A black silver sulfide pre
cipitate slowly formed and isobutylene was detected 
in the gas phase above the reaction mixture. The 
large steric factor associated with the feri-butyl groups 
apparently prevents nucleophilic displacement by the 
methanesulfinate anion and elimination slowly occurs 
instead.

Although we have not yet applied kinetic techniques 
to elucidate the mechanism of this reaction, it seems 
reasonable to postulate that the transformation is ini
tiated by silver ion-disulfide complex formation followed 
by nucleophilic displacement on sulfur (eq 2, 3).

Ag+

RSSR +  Ag

(  :0 :
V |

f
RSSR (2 )

O

R— S -r S — R +  S — CH3 
J  v  / I I

RSAg +  CH3SSR (3)
II
O

The disulfide sulfur on which the attack occurs 
would be rendered more electrophilic by metal ion co
ordination by the adjacent sulfur, while the very in
soluble silver mercaptide would become an effective 
leaving group.

An alternate pathway (eq 4-6) is not ruled out, but

RSSR +  A g 4

Ag + 

RSSR (4)

M ichael D . B en tle y ,* 1 Irw in  B. D ouglass, 
and  John A. L acadie

Departm ent o f  Chemistry, University o f  M aine, 
Orono, M a in e 04473

Received J u ly  29, 1971

Ag

RS— S— R ■

RS+ +  CH3S02-  •

RSAg +  RS +

O
II

R— S— S— CH3 

O

(5)

(6 )

Kice1 2’3 has recently described the dramatic effects 
of cooperative electrophilic-nucleophilic assistance in 
scission of sulfur-sulfur bonds. In the present paper, 
we report a probable member of this mechanistic class, 
the facile cleavage of alkyl disulfides by silver nitrate 
and sodium methanesulfinate to produce thiolsulfonate 
esters in high yield.

We have found that addition of a solution of silver 
nitrate in aqueous acetone to a solution of equivalent 
quantities of sodium methanesulfinate and alkyl di
sulfide in the same solvent leads to rapid formation of 
thiol ester and insoluble silver alkylmercaptide accord
ing to eq 1.
RSSR +  AgN03 +  CH3S02Na —

O

CH3SSR +  RSAg +  NaNOs (1)
II
O

R = CH3, C 2H5, or (CH3)2CH

(1) Author to whom correspondence should be addressed.
(2) John L. Kice, A cco u n ts  C h em . R es ., 1, 58 (1968).
(3) John L. Kice, "Sulfur in Organic and Inorganic Chemistry,” A. Sen-

ning, Ed., Marcel Dekker, New York, N. Y., 1971, p 197.

seems less likely since there was no evidence of alkane- 
sulfenic acid formation (i.e., disproportionation prod
ucts) which should occur by competitive nucleophilic 
attack on the sulfenium ion by water.

The isolation of solid silver nitrate-alkyl disulfide 
complexes has been reported.4 In several instances, 
we have observed formation of a white precipitate, 
probably the disulfide complex, which rapidly disap
peared with formation of the yellow alkyl mercaptide. 
The silver mercaptides, identified by gas chromatog
raphy of the mercaptans formed by acidification of 
the salts with concentrated HC1, were formed 
quantitatively and there was no evidence for the pres
ence of silver ion-disulfide complex in the final prod
uct mixtures.

It is significant that no alkyl sulfenylmethanesul- 
finates (I) could be detected as products of our reac-

RSOSCHs

!»
I

(4) P. C. Ray, N. Adhikari, and H. Ray, J . In d ia n  C h em . S o c ., 8, 689 
(1931).
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tions. These would have occurred via nucleophilic 
displacement by sulfinate oxygen, rather than sulfinate 
sulfur, on the silver ion-disulfide complex. This ob
servation is consistent with the recent study of Meek 
and Fowler5 on alkylation of the ambident p-tol- 
uenesulfinate anion, where it was shown that alkyla
tion with hard alkylating agents yielded esters while 
similar reaction with soft alkylating agents resulted in 
sulfone formation.

Experimental Section

Methyl Methanethiolsulfonate.— To a solution of dimethyl 
disulfide [0.5 g, 0.0053 mol, bp 108° (1 atm)] in 20 ml of 75% 
acetone-water was added a solution of silver nitrate (Fisher- 
ACS, 0.99 g, 0.00585 mol) and sodium methanesulfinate6 '7 

(0.542 g, 0.0053 mol) in 20 ml of water. A bright yellow pre
cipitate formed immediately. The mixture was stirred at room 
temperature for 30 min and the silver methylmercaptide was 
separated by suction filtration. The filtrate was diluted with 
water and extracted with several portions of ether. The com
bined ethereal extracts were dried over sodium sulfate and the 
ether was evaporated under reduced pressure to yield a colorless 
oil (0.63 g, 94%) whose ir and nmr spectra were identical with 
those of authentic methyl methanethiolsulfonate. In addition, 
the compound exhibited a parent peak in the mass spectrum at 
m/e 126 and was also shown to be pure by gas chromatography 
on a 6  ft Triton-X305 column at 160°.

Ethyl Methanethiolsulfonate.— To a solution of 2.44 g (0.02 
mol) of diethyl disulfide in 75 ml of a 50% aqueous acetone solu
tion was added 75 ml of a 50% aqueous acetone solution con
taining 4.25 g (0.025 mol) of silver nitrate and 2.53 g (0.025 mol) 
of sodium methanesulfinate. A white precipitate formed im
mediately. The mixture was brought to reflux temperature 
and the precipitate rapidly became bright yellow. Heating at 
reflux was continued for 4 hr and the product mixture was 
filtered. The cooled filtrate was extracted several times with 
ether and the combined ethereal extracts were dried (Na2S04) 
and evaporated to yield 2.6 g (93%) of a colorless oil whose nmr 
spectrum in CDCU (5 3.37, s, 3 H; 3.21, q, J  = 7 . 5  Hz, 2  H;
1.45 t, J  =  7.5 Hz, 3 H) was consistent with that expected for 
pure ethyl methanethiolsulfonate. The distilled ester, bp 101° 
(4 mm), had a refractive index, rc25d 1.5005. The mass spec
trum showed a parent peak at m/e 140 and the ir spectrum 
exhibited strong absorptions at 1310, 1130, 955, and 750 cm-1. 
A nal. Calcd for C 3H80 2S2: C, 25.76; H, 5.75; S, 45.74. 
Found: C, 25.88; H, 5.72; S, 45.88.

Isopropyl Methanethiolsulfonate.— The procedure used was 
similar to that described for ethyl methanethiolsulfonate with 
the modification that the mixture was heated under reflux for 6  hr. 
From 3.0 g (0.02 mol) of diisopropyl disulfide (K and K ) was 
obtained 2.5 g of product whose nmr in CDCfi (5 1.47, d, J  = 
7 Hz, 6  II; 3.32, s, 3 H; 3.70, h, J  =  7 Hz, 1 H) was consistent 
with that expected for isopropyl methanethiolsulfonate. The 
ester, distilled at 102° (5 mm), exhibited a refractive index 
( w 25d )  of 1.4910. The ir spectrum (neat) consisted of strong 
absorptions at 2980, 2940, 1320, 1130 ,1055, and 750 cm“ 1, and 
the mass spectrum exhibited a parent peak at m/e 154. A nal. 
Calcd for C 4II10O2S2 : C, 31.14; H, 6.53; S, 41.58. Found: 
C.31.23; H, 6.54; S, 41.71.

Registry N o.—Methyl methanethiolsulfonate, 2949- 
92-0; ethyl methanethiolsulfonate, 2043-76-7; iso
propyl methanethiolsulfonate, 32846-80-3; silver ni
trate, 7761-88-8; sodium methanesulfinate, 20277- 
69-4.
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(7) Richard V. Norton, Gordon M. Beverly, and Irwin B. Douglass, ibid.,

32, 3645 (1967).
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Synthesis of TV-Fluoronitramines1
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Little work has been reported on the synthesis and 
reactions of W-halo~W-nitro amine derivatives. N,N'~ 
Dich loro-¥,¥ '-dinitro-1,2-ethylenedi ami ne, isolated by 
Smart and Wright2 in 1948, remained the sole example 
of this class of compounds until the recently reported 
synthesis of simple N-chloro-N-nitroalkylamines by 
the chlorination of aqueous salts of alkylnitramines.3 
The synthesis of N-chloro-N-nitrocarbamates by this 
method was reported by Thomas4 in 1955. N-Bromo- 
N-nitro amine derivatives have not been reported. N- 
Chloro-iV-nitro amines and A - c h 1 oro -N- n i tro c arb am a t es 
are explosive compounds2 and decompose rapidly on 
storage.4

We have synthesized N-fluoro-W-nitrobutylamine, 
the first W-fluoronitramine, by two independent, gen
erally applicable procedures. The compound was ob
tained in 84% yield in the fluorination of aqueous alkali 
salts of butylnitramine under reaction conditions sim
ilar to those employed in the fluorination of aqueous 
nitronate salts5 and carboxylic acid salts (eq l) .6 The

C4H9N N 0 2 “K + +  F 2 — > C4H9N FN 0 2 +  K F  (1)

compound was characterized by elemental analysis as 
well as infrared and nmr spectra. Its fluorine nmr spec
trum exhibited a triplet at <t> —1.10. N-Fluoro--¥- 
nitrobutylamine was stored at room temperature for 
several months without apparent decomposition. On 
the other hand, in one instance a sample of the com
pound exploded on distillation at 60°. This method of 
preparation of N-fluoro-W-nitro amines is of general 
utility. Graff, et al.,7 used our general procedure8 to 
synthesize other AMluoronitramines for thermal stabil
ity studies.

N-fluoro-N-nitrobutylamine was also synthesized by 
treating methyl N-butyl-N-fluorocarbamate with 100% 
nitric acid (eq 2). Since N-alkylW-fluorocarbamates

C4H9NFCOOCH3 +  H N 0 3 — >
C4HoN FN 0 2 +  C 0 2 +  CH30 N 0 2 (2)

are readily available by the fluorination of alkylcar- 
bamates,9 this route to N-fluoro-N-nitro amines is also 
of general synthetic utility.

(1) This work was supported b y  the Office of Naval Research. The ex
perimental work was carried out at the Aerojet-General Corp., Azusa, Calif.

(2) G. N. R . Smart and G. F. Wright, Can. J. Res., 26B, 257 (1948).
(3) V. P. Ivshin, A. L. Fridman, and S. S. Novikov, Izv. Akad. Nauk 

SSSR, Ser. Khim., 640 (1970).
(4) G. R. Thomas, U. S. Patent 2,772,306 (N ov 27, 1956).
(5) V. Grakauskas and K. Baum, J . Org. Chem., 33, 3080 (1968).
(6) V. Grakauskas, ibid., 34, 2446 (1969).
(7) M . Graff, C. Gotzmer, Jr., and W . E. McQuistion, ibid., 32, 3827 

(1967); J. Chem. Eng. Data, 14, 513 (1969).
(8) Private communication prior to  their work of ref 7.
(9) V. Grakauskas and K . Baum, J . Org. Chem., 34, 2840 (1969).
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The nitrolysis of M-butyl-M-fluorocarbamate most 
likely proceeds by the electrophilic displacement of 
carbomethoxycarbonium ion by nitronium ion (eq 3).
C<H9NFCOOCH3 +  N 02+ — >-

C,H ,N FN 0 2 +  [+COOCH3] (3)

This mechanism is analogous to that proposed for the 
fluorinalysis of N-alkyl-N-fluorocarbamates to the cor
responding NjN-difluoroalkylamines.9 The nitrolysis 
of Ar,/v'-dialkylformamides has also been reported.10

Experimental Section

Fluorinations were conducted in a three-necked flask following 
the previously described technique.6 ’6 Adequate sa fety shielding 
should be used when handling IV-fluoro-iV-nitrobutylamine.

Fluorination of Butylnitramine.— Butylnitramine (11.8 g, 0.1 
mol) and 0 . 1  mol of potassium hydroxide in 250 ml of water 
were fluorinated with 0.1 mol of fluorine over a period of 45 min. 
A yellow liquid separated. The product was extracted with 70 
ml of methylene chloride, and was washed with 75 ml of cold 
saturated aqueous sodium bicarbonate and 75 ml of water. 
The methylene chloride solution was dried with sodium sulfate 
and distilled to give 11.5 g (8 6 % yield) of A-fluoro-Ar-nitro- 
butylamine: bp 40° (25 mm); proton nmr (CCh) S 0.98 (m, 
CH3), 1.62 (m, two internal C Il2 ’s), and 6.07 (d, t, J hf = 
35, J bh  = 11 Hz, -C H 2); fluorine nmr <f> — 1.10 (t, J bf =
33.5 Hz); ir 3.39 (m), 3.50 (m), 6.18 (sh), 6.35 (sh), 6.84 (w),
7.01 (w), 7.25 (w), 7.55 (sh), 7.76 (s), 7.93 (sh), 8.14 (w), 
8.96 (w), 9.40 (w), 9.61 (w), 10.05 (w), 11.35 (m), and 12.10 ¡i 
(m).

A nal. Calcd for C,H 9N 2F 0 2: C, 35.3; H, 6.7; N, 20.6; F, 
14.0. Found: C, 35.0; H, 6.3; N, 21.2; F, 14.3.

Nitration of Methyl A'-Butyl-A'-fluorocarbamate.— Methyl 
N-butyl-A'-fluorocarbamate (4.0 g, 0.027 mol) was added drop- 
wise over a 15-min period to 25 ml of 100% nitric acid at —5°. 
Carbon dioxide was evolved. The mixture was stirred for 20 
min and then poured on 100 g of crushed ice. The product was 
extracted with two 2 0 -ml portions of methylene chloride, dried 
over scdium sulfate, and distilled to give 3.1 g (84% yield) of 
A-fluoro-JV-nitrobutylamine, bp 40° (25 mm).

Registry N o.—N-Fluoro-N-nitrobutylamine, 14233-
86-4.

(10) J. H. Robson, J. Amer. Chem. Soc., 77, 107 (1955).

Amine Hydrochlorides by Reduction 
in the Presence of Chloroform1

J ohn  A. Se c r ist  II I * 2 an d  M a r sh a l l  W. L ogue

Departm ent o f  Chemistry, School o f  Chemical Sciences, 
U niversity o f  Illinois, Urbana, Illinois 61801

Received June 24, 1971

We have developed a new method for the preparation 
of amine hydrochlorides from azides, nitriles, oximes, 
and nitro compounds. Catalytic reduction of these 
compounds in a solvent containing a small amount of 
chloroform leads directly to the corresponding amine 
hydrochlorides. In addition to trapping unstable 
amines as the hydrochloride, an important advantage of 
the present procedure lies in the fact that it provides a 
method for the preparation of amine hydrochlorides 
that contain functional groups which might be unstable 
to reduction conditions employing acidic media. As 
can be seen from Table I, reduction in the presence of

(1) Generously supported by a research grant (GM 05829) from the 
National Institutes of Health.

(2) National Institutes of Health Predoctoral Fellow, 1969-1971.

T a b l e  I
R e d u c tio n  D a t a “

Compd
Proton
source Catalyst

Time,
far

Yield,
%

1 CHC13 Pd/C 1.5 92
re-PrCN CHC13 P t0 2 4 96

HC1 P t0 2 1.75 95
C 6H6CN CHCls P t0 2 2 98

HC1 P t0 2 1.5 97
p-CH ,CJbN 0 2 CHCI3 Pd/C 1.5 89l

HC1 Pd/C 1.5 93“
n-PrN02 CHC13 P t0 2 18 40d

c h c i 3 P t0 2 15 61*
HC1 P t0 2 24 59'

n-C6H 13C H = N  OH CHCls P t0 2 1 97
HC1 P t0 2 2 60

“ Standard conditions are 3 atm, 2 mmol of starting material, 
50 ml of absolute EtOH, 1 ml of CHC13 or 1 ml of concentrated 
HC1, 100 mg of 10% Pd/C or 50 mg of P t02, except as noted. 0 

b 83% after sublimation. c After sublimation. d 0.2 ml of CHC13. 
e 0.1 ml of CHC13. 1 0.2 ml of concentrated HC1. " Only 1.0 
mmol of 1  was employed.

chloroform affords comparable yields to those afforded by 
reduction in the presence of hydrochloric acid.

Methyl 5-azido-5-deoxy-2,3-0-isopropylidene-/3-D-ri- 
bofuranoside ( l ) ,3 which contains the acid-labile iso- 
propylidene and acetal functions, was found to be re
duced cleanly in the presence of chloroform to the cor
responding amine hydrochloride 2 without affecting

2

either of these acid-sensitive groups. By contrast, 
reduction in the presence of methanolic hydrogen chlo
ride also resulted in removal of the isopropylidene group 
and anomerization, as judged by nmr. Attempts at 
reduction of 1 under similar conditions in ether con
taining hydrogen chloride resulted in recovery of un
changed 1.

Reduction of aromatic and aliphatic nitriles as well 
as p-nitrotoluene occurred readily in the presence of 
either chloroform or hydrochloric acid. In the ab
sence of a protcn source the reduction of 1-nitropropane 
produced propylamine, characterized as the hydrochlo
ride, in 95% yield after 1.75 hr. Under the standard 
conditions with either chloroform or hydrochloric acid, 
1-nitropropane was not reduced to any appreciable ex
tent.4 Upon decreasing the quantity of chloroform 
and hydrochloric acid, however, reduction was facil 
itated.

Heptaldoxime was reduced readily in the presence of 
either chloroform or hydrochloric acid, although the 
yield in hydrochloric acid was considerably lower. In 
both cases an additional ether-soluble product was 
formed.

As a mechanistic test, a blank solution of absolute 
ethanol, chloroform, and catalyst was hydrogenated for 
1 hr. The resulting solution gave a positive silver ni-

(3) J. A. Secrist III and N. J. Leonard, J. Amer. Chem. Soc., in press.
(4) Nitroalkanes are known to be reduced with difficulty in the presence 

of acids; see P. N Rylander, “ Catalytic Hydrogenation over Platinum 
Metals,”  Academic Press, New York, N. Y., 1967, pp 168-174.
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trate test,6 indicating the presence of ionic chloride. It 
appears, therefore, that the reaction occurs by hydro- 
genolysis of the chloroform to produce very small quan
tities of hydrogen chloride, which combines immedi
ately with the amine as it is formed by reduction.

Experimental Section6

General Procedure.— The hydrogenations were carried out on a 
Parr apparatus as indicated in Table I followed by filtration 
through Hyflo-Supercel and evaporation of the solvent under 
reduced pressure. Unless otherwise indicated, the material left 
after evaporation to dryness was used for characterization.

Methyl 5-amino-5-deoxy-2,3,-0-isopropylidene-j3-D-ribofurano- 
side hydrochloride (2 ) was obtained as a colorless solid, mp
189.5- 190° dec. Recrystallization from absolute EtOH gave 2, 
mp 200.5-201.5° dec (lit.7 201.5-202°).

n-Propylamine hydrochloride, n-butylamine hydrochloride, 
and benzylamine hydrochloride were obtained as colorless solids, 
mp 153-154° (lit.8 155-158°), 201-203° (lit. 9 ' 16 195 and 215°), 
and 253-254° (lit. 1 1  255-256°), respectively.

p-Toluidine hydrochloride was obtained as a gray solid, mp
233.5- 237.5°. Sublimation gave colorless material, mp 238.5- 
239.5° (lit. 12 238-240°).

re-Heptylamine Hydrochloride.— After filtration of the hydro
genation mixture through Hyflo-Supercel, the filtrate was 
evaporated to dryness. The residue was then washed with 
ether to give a colorless solid, which turned to a gel (2 0 0 °) 
and became fluid at 256-259°. An authentic sample prepared 
by a Gabriel synthesis behaved identically.

Registry No.—2, 14131-79-2; chloroform, 67-66-3; 
n-propylamine HC1, 556-53-6; n-butylamine HC1, 
3858-78-4; benzylamine HC1, 3287-99-8; p-toluidine 
HC1, 540-23-8; n-heptylamine IIC1,142-93-8.

(5) Pretested chloroform gave a negative silver nitrate test.
(6) All melting points were determined on a Thomas-Hoover capillary 

melting point apparatus in sealed capillaries and are corrected.
(7) N. J. Leonard and K. L. Carraway, J. Heterocycl. Chem., 3, 485 (1966).
(8) E. Linnemann and V. Zotta, Justus Liebigs Ann. Chem., 161, 45 

(1872).
(9) E. Linnemann and V. Zotta, ibid., 162, 4 (1872).
(10) W. H. C. Rueggenberg and M. M. Falkof, J. Amer. Chem. Soc., 67, 

2052 (1945).
(11) M. Konowalow, Ber., 28, 1861 (1895).
(12) C. A. Bischoff and P. Walden, Justus Liebigs Ann. Chem., 279, 130 

(1894).

Metal-Amine Reactions.lab Selective 
1,2'-Reductive Dimerization of Naphthalene

L. E. H a r r is 2 and  E. J. E is e n b r a u n *

Departm ent o f Chemistry, Oklahoma State University, 
Stillwater, Oklahoma 71,071,

P. W. F l a n a g a n , M. C. H am m in g , and  G . W. K een

Research and Developm ent Department,
Continental Oil Com pany, P onca City, Oklahoma 71,601

Received M arch 23, 1971

The reduction of naphthalene with sodium and 
amines yields numerous products, including 1,2-dihy- 
dronaphthalene (1), 1,4-dihydronaphthalene (2), 1,2,3,-
4-tetrahydronaphfhalene (3), reductive amination prod-

(1) (a) E. J. Eisenbraun, R. C. Bansal, D. V. Hertzler, W. P. Duncan, 
P. W. I\. Flanagan, and M. C. Hamming, J. Org. Chem., 35, 1265 (1970); 
(b) R. C. Bansal, E. J. Eisenbraun, and P. W. K. Flanagan, J. Amer. Chem. 
Soc., 88 , 1837 (1966); (c) L. Reggel, H. W. Sternberg, and I. Wender, 
Nature {London), 190, 81 (1961).

(2) Continental Oil Company Fellowship, 1970—1971, and National Aero
nautical and Space Administration Trainee, 1969-1970.

ucts, C2o dimers, and decreasing amounts of C30 and 
C40 products.111“0 The product distribution varies 
considerably depending on reaction conditions and the 
selection of the amine. la'b If steric effects are present 
in the amine, reductive amination diminishes and re
ductive dimerization may increase; e.g., piperidine gave 
46% reductive amination of naphthalene and 11% of a 
mixture of C2o dimers, whereas dipropylamine caused 
formation of 6% of 4 and 55% of a mixture of reductive 
dimerization products1*1 now known to be 5, 6, and 7. 
In our current work with sodium and dipropylamine 
using a specialized apparatus,3® the yield of 4 is 12% 
and the combined yield of 5, 6, and 7 is 62%. In the 
earlier work, two C20 dimers, 1,1', 2,2', 3,3',4,4'- 
octahydro-2,2'-binaphthyl and 5,6,6a,6b, 11,12,12a,- 
12b-octahydrodibenzo [a,<7]biphenylene, were frequently 
observed, particularly with primary diamines.lb We 
now know there are, however, systems in which they 
are minor products or may not appear. One of these, 
sodium and dipropylamine, was chosen for detailed 
study because the resulting C2o dimer mixture was 
less complex. Indeed, we have learned that in this 
system a remarkably selective formation of l,2'-coupled 
C2o dimers results. The major component of the 
dimer fraction,311 a colorless crystalline hydrocarbon, 
is shown to be l'^ 'jfl'A '-tetrahydro-l^'-binaphthyl
(5). It gives a molecular ion m/e 258.1408 and both 
analytical and spectral data are consistent with struc
ture 5. Hydrocarbon 5 shows uv absorption character
istic of an aliphatic-substituted naphthalene and forms 
a picrate that can be decomposed by stirring with petro
leum ether and eluting through a column of basic alum
ina. The hydrocarbons 6 and 7 did not form picrates.

0 c r N<

At room temperature, dimers 5, 6, and 7 were formed 
in the ratio 73:11:16, respectively. At higher tem
peratures (40-80°) dimer 5 was the C20 hydrocarbon 
formed almost exclusively.

To obtain pure 6, a mixture of 5, 6, and 7 was treated 
with Pd/C  in refluxing toluene30 and the resulting mix
ture of 5 and 6 was separated by column chromatog
raphy. The ir spectrum of 6 thus prepared from 7 is 
very similar4® to that of 6 obtained by hydrogenation

(3) (a) E. J. Eisenbraun and H. Hall, Chem. Ind. {London), 1158 (1971).
(b) Correspondence regarding this reference hydrocarbon and other samples 
should be addressed to Mr. A. J. Streiff, American Petroleum Institute, 
Carnegie-Mellon University, Pittsburgh, Pa. 15213. (c) L. E. Harris,
W. P. Duncan, M. J. Hall, and E. J. Eisenbraun, Chem. Ind. {London), 403 
(1971).

(4) (a) Dimer 6 from both sources is a liquid. It should be recognized
that 6 may possibly be a mixture of racemates and hence minor differences in 
the infrared spectra of samples from independent sources are to be expected, 
(b) J. M. Springer, C. W. Hinman, E. J. Eisenbraun, P. W. K. Flanagan, 
and M. C. Hamming, J. Org. Chem,, 35, 1260 (1970). (c) H. L. Retcofsky,
L. Reggel, andR. A. Friedel, Chem. Ind. {London), 617 (1969). (d) We thank
Mr. J. W. Burnham for a sample of 8 prepared by acid-catalyzed dimeriza
tion of 1 -tetralone.
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of 84W with Pd/C  and its nmr spectrum is consistent 
with structure 6. Dimer 7 was identified by its nmr 
and uv spectra and its facile disproportionation with 
Pd/C  catalyst in boiling toluene to 5 and 6.So

8  9

Evidence for the absence of any dimers with a 1,1' 
or 2,2' ring system among the reaction products was 
obtained by total aromatization. Treatment of the 
reaction mixture of 5, 6, and 7 with Pd/C  at 350° gave 
a 92% yield of 1,2'-binaphthyl (9). Analysis of this 
dehydrogenation product by glc showed that 1,1- and 
2,2'-binaphthyl were absent. A sample of the 1,2'- 
binaphthyl prepared by Pd/C  dehydrogenation of 
6 from 8 was compared with 9 from the dehydrogena
tion of 5, 6, and 7 and these were found through melt
ing point of a mixture and spectral comparison to be 
identical.

Additional evidence that 5 could not be represented 
by structure 12 was obtained by reducing 5 with Pd/C  
to 6:10 (62:38) and by reduction of 5 with sodium and 
diethylamine, and then treating with Pd/C  in refluxing 
toluene30 to give 5:6:10 (62:1:37). Since glc studies 
of these mixtures showed that l l 5 was not present, it 
is unlikely that 12 or 13 are formed. The presence of 
the latter would be revealed by its ready dispropor
tionation to 6 and 12 in the presence of Pd/C  in boiling 
toluene.30

12 13

Experimental Section6

The amines, obtained from Union Carbide Co., were dried by 
stirring (24 hr) with KOH, decanting, and distilling from fresh 
KOH. The high-purity naphthalene was a gift from Sun Oil 
Co. The sodium (Matheson Coleman and Bell) was reagent 
grade, Vie to ‘A  in. spheres, and was washed with sulfuric acid 
treated petroleum ether6“ before use. The 10% Pd/C catalyst 
was purchased as a stock item from Engelhard Industries, 
Newark, N. J.

(5) An authentic sample of hydrocarbon 11 was kindly supplied by W. D. 
Vanderverff, Sun Oil Co.

(6) (a) The petroleum ether, bp 60-68°, was distilled before use. (b) 
Glc analyses for the hydrocarbons were obtained on a Hewlett-Packard 
Model 5750 glc apparatus fitted with thermal conductivity and hydrogen 
flame detectors using helium as the carrier gas. For the dimer hydrocarbons, 
a 0.25 in. X 11 ft column of 5% UC W-98 methyl vinyl silicone rubber coated 
on acid-washed and DMCS-treated Chromosorb G (80-100 mesh) at 265° 
was used. For the steam-volatile hydrocarbons, a 0.25 in. X 10 ft column 
of 25% Carbowax 20M coated on Chromosorb W (30-60 mesh) at 190° was 
used, (c) This yield was calculated from the amount of unrecovered naph
thalene and was based on the mixture of 5, 6, and 7.

Melting points were determined with a Hoover-Thomas capil
lary tube melting point apparatus and are corrected. The uv 
and ir spectra were obtained with a Cary Model 14 and a Beck
man Model IR-5A spectrophotometer, respectively. The nmr 
spectra (CCh) were obtained with Varian HR-60 and HA-100 
instruments (TMS standard) and mass spectra with a Consoli
dated Electrodynamics Corp. Model 21-103C mass spectrometer. 
The elemental analyses were carried out by Galbraith Labora
tories, Inc., Knoxville, Tenn.

Reduction of Naphthalene with Sodium and Dipropylamine.—
To 12.8 g (0.1 mol) of naphthalene and 250 ml of di -«-prop
ylamine (bp 109°) in the reaction flask5“ was added 9.2 g (0.4 g- 
atom) of sodium over a period of several hours. A dark brown 
color developed within 20 min. The mixture was stirred at 
room temperature for 24 hr and then withdrawn from the un
reacted sodium. The reaction mixture was poured cautiously 
over 400 ml of crushed ice and an orange emulsion resulted. 
This was extracted with 500 ml of ether (three portions) and the 
ether layer, which contained the hydrocarbons, was washed with 
water, twice with 10% aqueous HC1, and then with water until 
neutral. The acidic extracts and water washings were combined, 
made basic with NaOH, and extracted with ether. The ether 
layer was washed with water, dried (Na2S04), and concentrated 
to yield 1.7 g of amine fraction.

The ether layer containing the amine-free hydrocarbons was 
dried (Na2S04) and concentrated. The solution was steam dis
tilled and both the pot residue and steam distillate were ex
tracted with ether and dried (Na2S04). Distillation of the ex
tract of the steam distillate yielded 6.3 g of steam-volatile hydro
carbons. These were shown by glc analysis to be a mixture of 
unreacted naphthalene and 3 in a 93:7 ratio.

The ether extract of the steam-distillation pot residue was 
concentrated (rotary evaporator) to yield 6.4 g of a dark, viscous 
oil. This material was distilled [175-180° (0.2 mm)] to give
4.3 g (62%)6° of a light yellow oil which was shown by glc analy
sis to be a mixture of 5:6:7 (73:11:16).

Isolation and Identification of l',2',3',4'-Tetrahydro-l,2'- 
binaphthyl (5).— A portion (1 g) of the distilled dimer mixture 
was dissolved in absolute ethanol, and picric acid ( 1  g) was added. 
This mixture was heated until solution was complete, then al
lowed to cool slowly. The crystalline picrate was filtered out 
and washed with absolute ethanol. After recrystallization from 
the same solvent, the yellow needles melted at 101-104°. The 
hydrocarbon was regenerated by stirring the picrate with pe
troleum ether (bp 60-68°) and eluting through basic alumina. 
The clear oil obtained upon concentration of the solution was 
triturated with petroleum ether until crystals formed. Re- 
crystallization from methanol gave 5 as white needles: mp 64- 
65°; ir (melt) 3030, 2820, 1600, 1580, 1515, 1498, 1458, 1439, 
1402, 1255, 951, 799, 779, 760, and 743 cm-1; mass spectrum 
(70 eV) m/e (rel intensity) 258 (73), 154 (31), 153 (43), 130 
(47), 128 (34), 104 (100); nmr (CCh) 6  8.08-6.72 (broad m, 11, 
Ar H, sharp s at 6.92), 3.91-2.44 (overlapping m, 5, Ar CH and 
Ar CH2), and 2.28-1.61 (m, 2, CH2); uv max (95% C 2Ii5OII) 
226 m u (e 83,600), 274 (7345), and 283 (8240).

A nal. Calcd for C 20HI8: C, 92.98; H, 7.02. Found: C, 
93.15; H, 7.08.

Isolation and Identification of l , l ' , 2 ,2 ',3 ,3 ',4 ,4 '-Octahydro- 
1,2'-binaphthyl (5) and l ' , 2 ' , 3 ,3 ',4 ,4 '-Hexahydro-l,2 '-binaph- 
thyl (7).— The mother liquor recovered from the picrate 
preparation in the previous scheme was concentrated, petro
leum ether was added, and the slurry was poured onto a 
column containing basic alumina. Elution with petroleum ether 
yielded a mixture of the three dimers 5, 6 , and 7 in which the 
latter two were shown by glc studies to be the major constituents.

This dimer fraction (1.5 g) was mixed with 10% Pd/C (0.15 
g) and 1 0 0  ml of toluene in a 2 0 0 -ml, one-neck flask equipped 
with condenser and magnetic stirring bar. After being refluxed 
for 2  hr, the suspension was filtered to remove catalyst and con
centrated to give 1.4 g of viscous oil containing 5 and 6  and none 
of 7.

This oil was chromatographed (1.25 X 18 in. column) over 
silica gel (30-200 mesh) and basic and acidic alumina. Dimer 6  

was eluted in the first fraction with petroleum ether.6“ After 
distillation, 6  was obtained: bp 175-180° (0.2 mm); ir (film) 
3010, 2925, 1700, 1670, 1490, 1450, 1435, 1040, 948, 762, 739 
cm-1; mass spectrum (70 eV) m/e (rel intensity) 262 (8 ), 132 
(21, 131 (100), 130 (30), 129 (17), 115 (15), and 91 (22); nmr 8 

7.32-6.72 (m, 14, Ar H) and 3.08-1.12 (overlapping m, 14,
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Ar CH, Ar CH2 and CH2); uv max (95% C 2 H 5 O H ) 256 mu 
(c 2280), 267 (1935), and 274 (1950).

A n al. Calcd for C20H22: C, 91.55; H, 8.45. Found; C, 
91.32; H, 8.67.

Dimer 7, isolated from the mixture by preparative gas 
chromatography (UC W-98 on acid-washed Gas-Pack W), 
was a viscous liquid: bp 180° (0.2 mm); ir (film) 3000, 
2900, 2820, 1480, 1450, 1430, 1040, 1020, 806, 767, 737 cm“ 1; 
mass spectrum (70 eV) m/e (rel intensity) 260 (51), 131 (63), 
130 (62), 129 (100), 128 (74), 115 (43), and 104 (69); nmr 
(CCl,) S 6.97 (m, 8 , Ar H), 5.83 (t, 1, vinyl), 3.2-2.45 (m, 6 , Ar 
CH2), 2.4-1.4 (overlapping m, 5, Ar CH 2CH2 and > C =CH CH ); 
uv max (95% C 2H5OH) 202 mM (e 10,100) and 268 (5500).

A n al. Calcd for C 2oH20: C, 92.26; H , 7.74. Found: C,
92.10; H, 7.90.

Synthesis of 1 ,2 '-Binaphthyl (9) by Dehydrogenation of C 2o 
Dimers.— The dimer fraction (4.3 g of 5, 6 , and 7) was mixed 
with 10% Pd/C (0.5 g) in a 50-ir.l one-neck flask equipped with 
reflux condenser and gas outlet tube. As the flask was lowered 
into a preheated (350°) Woods metal bath, vigorous evolution 
of gas occurred. After 10 min, gas evolution had subsided, but 
heating was continued for 1 hr. After cooling, the residue was 
dissolved in petroleum ether,6“ filtered, and concentrated to give 
4.0 g of viscous yellow oil. The latter was distilled [153-158° 
(0.02 mm)] to give 3.9 g (92%) of light yellow solid. This con
stitutes a 57% yield of 9 based on the amount of reacted 
naphthalene. After elution through alumina and silica gel with 
petroleum ether,6“ followed by concentration of the solution, a 
white solid was obtained: mp 73.5-77.5° (lit.7 mp 76°); mmp 
with 9 prepared from 8 , 30 76-77°; mass spectrum (70 eV) m/e 
(rel intensity) 254 (100), 253 (72), 252 (53), 250 (13), 127 (10), 
126 (27); nmr (CDC13) 5 7.18-8.05 (m).

Reduction of 5 with Sodium and Diethylamine.— To 6.5 g 
(0.025 mol) of 5 in 250 ml of diethylamine was added 2.3 g (0.1 
g-atom) of Na over a period of several hours. A dark brown 
color developed in less than 1  min and persisted throughout the 
reaction time of 22 hr. The reaction mixture was quenched in 
ice and extracted with ether, and the ether solution was ex
tracted with 10% HC1.

The ether remaining after washing with water was dried 
(Na2SO<) and concentrated to give 5.8 g of hydrocarbons. The 
acidic and aqueous extracts were combined, made basic with 
NaOH and extracted with ether, dried (Na2SCM, and concen
trated to give 0.7 g of nonvolatile amines.

The hydrocarbon fraction showed a trace of 6  and 7, 10% of 5, 
and 89% of an undetermined mixture. When the latter (2.5 g) 
was treated as before with Pd/C (0.25 g) in 100 ml of refluxing 
toluene for 5 hr,3“ a viscous oil (2.1 g) was obtained which showed 
the ratio 5:6:10 (62:1:37) by glc.6b

Isolation and Identification of l',2'.3',4',5,6,7,8-Octahydro- 
l , 2 '-binaphthyl (1 0 ).— The mixture from the preceding reduction 
was eluted with petroleum ether6“ through a column of silica gel 
and basic, acidic, and neutral alumina. From the first fraction 
which eluted from the column, pure 10 was obtained: bp 175- 
180° (0.2 mm); ir (film) 2990, 2800, 2690, 1580, 1488, 1455, 
1433, 772, 743, 716 cm-1; mass spectrum (70 eV) m/e (rel inten
sity) 262 (50), 131 (27), 130 (100'/ 129 (23), 115 (21), 104 (100); 
nmr (CCh) 6 6.96 (m, 7, Ar H), 3.30-2.45 (m, 9, Ar CH and 
Ar CH2), 2.12-1.45 (m, 6 , CH2); uv max (95% C 2H5OH) 258 
m/i (e 1208), 267 (1085), 274 (8 8 8 ).

A n a l. Calcd for C20H22: C, 91.55; H, 8.45. Found: C, 
91.83; H, 8.40.

Catalytic Reduction of 5, 6 , and 7.— A mixture (3.6 g) of 
5:6:7 (32:9:9) was stirred (Teflon-covered magnet) at 25° in a 
500-ml fluted flask with 0.4 g of 10% Pd/C and 150 ml of 95% 
ethanol. Hydrogen ( 1  atm) was introduced and after 5 days, 
5 and 7 had disappeared. After filtration (Dicalite Filter-aid) 
and concentration, a viscous oil remained (3.2 g) which proved 
to be a mixture of 6 : 1 0  (62:38) by glc analysis.

Registry No,—5, 32675-22-2; 6, 27426-98-8; 7, 
23439-78-3; 9,4325-74-0; 10,32675-26-6; naphthalene,
91-20-3.
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On the Preparation of 1,4-Dicarboxycubane1
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The synthesis of cubane and several important deriv
atives including the 1,4-diacid was reported in a com
munication in 1964.2 Recently, Chapman and his as
sociates3 have reported a closely related alternative 
route, chosen because of difficulties encountered in their 
attempts to follow the preparative method outlined by 
Eaton and Cole2 for the synthesis of 1,4-disubstituted 
cubanes. We wish to report that we have employed 
the original approach without difficulty. The pro
cedures derive from those employed by Cole4 5 and are 
described fully in the Experimental Section. We note 
in particular that the conversion of the caged dimer

III to 1,4-dicarboxycubane (IV) was accomplished with 
potassium hydroxide in 55% yield and with sodium 
hydroxide in 44 (first experiment), 70, 75, 78, and 72% 
yield, respectively.

Experimental Section

2-Cyclopentenone (I).— A mixture of cyclopentendiols (100 g, 
1 . 0  mol) was converted to 2 -cyclopentenone by the method of 
Depuy and Eilers. 6 A second fractionation of the initial product 
provided colorless 2-cyclopentenone (47 g, 57%, bp 151-154°).

2,4-Dibromo-3a,4,7,7a-tetrahydro-4,7-methanoindene-l,8- 
dione (II).— 2-Cyclopentenone (50 g, 0.61 mol) was added to a 
slurry of Ar-bromosuccinimide (240 g, 1.45 mol) in carbon tetra
chloride (700 ml). The reaction mixture was heated to reflux, 
stirred vigorously, and illuminated with a General Electric sun 
lamp to start the reaction. After the initial exothermic reac
tion had subsided, additional 2-cyclopentenone (50 g) was added. 
The solution was refluxed for 3 hr. The cooled reaction mixture 
was filtered and the filtrate was concentrated in  vacuo at room 
temperature. The residue was dissolved in anhydrous ether (11.) 
previously saturated with lithium bromide (dried overnight at 
100° in  vacuo). The solution was cooled to —30°. Bromine 
(1.17 mol) was then added dropwise at a rate approximately 
equal to the reaction rate. The bath temperature was maintained 
at —30 to —35°. After the bromination reaction was complete,

(1) This research was supported by a grant from the National Science 
Foundation.

(2) P. E. Eaton and T. W. Cole, Jr., J. Amer. Chem. Soc., 8 6 , 962, 3157 
(1964).

(3) N. B. Chapman, J. M. Key, and K. J. Toyne, J. Org. Chem-, 36, 3860 
(1970).

(4) T. W. Cole, Jr., Dissertation, University of Chicago, 1966.
(5) C. H. Depuy and K. L. Eilers, Org. Syn., 42, 38 (1962).
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methylene chloride (750 ml) was added slowly while the tempera
ture was maintained at —25 to —30°. Triethylamine (228 g,
2.26 mol) was then added dropwise in 2.5 hr. During this 
additior the temperature was maintained at — 2 0  to —30° 
for the first 90 min. The temperature was allowed to rise to 
— 10° ever the last hour. Further methylene chloride (about 
250 ml) was added to aid stirring. When the addition was 
complete, water (11.) was added. The mixture was then filtered 
to collect the solids, and the organic and the aqueous layers of 
the filtrate were separated. The aqueous layer was extracted 
with methylene chloride. The filter cake was washed with hot 
methylene chloride six times. The combined organic layers were 
washed with hydrochloric acid ( 6  M ,  300 ml) twice followed by 
brine (300 ml) twice. The organic phase was dried over mag
nesium sulfate. Removal of the solvent in  vacuo yielded crude 
II (42 g). Recrystallization from ethyl acetate provided color
less needles of the product, mp 155-155.5°. The mother liquor 
(which contained a skin irritant) was refrigerated and a second 
batch of solid was obtained. This material was worked up to 
yield additional II (21 g). The overall yield was 33%. The 
spectroscopic properties of the product were identical with those 
reported by Eaton and Cole . 2

6,10-Dibromopentacyclo[5.3.0.02 '6 .03 I°.04 ’8]deca-5,9-dione (III).
— Dimer II (5 g, 15.7 mol) was dissolved in hot methanol (60 ml) 
and then cooled to room temperature. Metnanolic hydrogen 
chloride (2 ml) was added. The mixture was transferred to a 
Pvrex irradiation cell with additional methanol (20 ml). The 
solution was irradiated with an Ilanovia 450-W mercury lamp 
for 90 min. The solvent was removed in  vacuo. The orange 
waxy solid was dissolved in benzene (300 ml) and the mixture 
was boiled to remove methanol. The hot benzene solution was 
passed through basic alumina ( 1 0  g) and the column was flushed 
with hot benzene. The solution was evaporated to dryness. 
The solid was dissolved in benzene (10 ml). n-Hexane was 
added dropwise to precipitate the product. Recrystallization 
from benzene yielded III (4.2 g, 84%, mp 228-230°). The 
predict exhibited the spectroscopic properties reported by Eaton 
and Cole . 2

1 ,4-Dicarboxycubane (IV).— In a typical experiment, com
pound III (5.0 g, 15.7 mmol) was added to sodium hydroxide 
solution (25%, 50 ml). The mixture was refluxed (110°) for 2 hr, 
then cooled to 0°. The solution was neutralized by the dropwise 
addition of cold concentrated hydrochloric acid. The tempera
ture of the solution was kept near 0°. As the pH was reduced 
the solution changed from dark brown to light tan. The pre
cipitation of the product appeared to be complete between pH 
and 1 and 3. Filtration yielded the desired product as a very 
light tan powder (2.3 g, 75%). Pure 1,4-dicarboxycubane, mp 
226° dec, was obtained by recrystallization from acetic acid. 
The crude diacid (2.3 g, 11.9 mmol) was dissolved in methanol 
(50 ml) containing the hydrogen form of methanol washed Bio- 
Rad cation exchange resin AG 50w.-X8 (300 mg). The mixture 
was refluxed for 12 hr. The warm solution was filtered to col
lect the resin and 1 ,4-dicarbomethoxycubane (2.35 g, 90%, mp 
16.-162° after recrystallization from methanol) precipitated as 
the solution cooled.

Registry No.—II, 32846-64-3; III, 25867-85-0; 
I V  32846-66-5.

Formation of an Unusual Dihydropyrazine 
Di-/V-oxide during Hydrolysis of 

an a-Oximino Acetal

compounds were needed for the spectrographic infor
mation they would yield. The most important of these 
was 2-amino-3-methyl-6-phenylpyrazine 1-oxide (3) 
which was to be synthesized via the pathway shown in 
eq 1. It was therefore necessary to prepare the un-

2 3

known phenylglyoxal 2-oxime 2. The conversion of 
the known2 3 phenylglyoxal acetal to a mixture of the 
Z and E isomers of 1 was accomplished in 93% yield by 
the conditions shown in eq l .4 The next step, the acid 
hydrolysis of an a-oximino acetal to the corresponding 
a-oximinoaldehyde (eq 2), is at face value a simple

R V N° H

EtO 'OEt
H

+ 2EtOH (2 )

reaction. The yields in this type of conversion are 
reported to be good, and the desired product is easily 
isolable (R, yield: isobutyl, 63% ;5 sec-butyl, 64% ;6 
methyl, 82%6). We therefore anticipated no diffi
culties in the conversion of 1 to 2. Reaction conditions 
similar to those stated in the literature5'6 were used for 
the hydrolysis of 1. After the isolation and recrystal
lization procedure described in the Experimental Sec
tion, physical data on the colorless crystals obtained 
(71% yield) clearly indicated that this material was 
not the expected phenylglyoxal 2-oxime. The 100- 
MHz nmr spectrum (DMSO-cy of the compound iso
lated (Figure 1) shed considerable light on its structure. 
The singlet at t 2.73 corresponds to the protons of a 
phenyl ring which is not directly attached to an electron- 
withdrawing center. The two multiplets at r 1.60- 
1.85 and 2.42-2.64 represent phenyl ring protons which 
are separated due to a powerful electron-withdrawing 
element attached directly to that aromatic ring.7 Fur
thermore, the two doublets at r 2.21 and 3.84 and the 
doublet of doublets at r 3.68 indicate an ABX spin

T im oth y  P. K a h pe t sk y  an d  E m il  II. W h it e *

Departm ent o f  Chemistry, The Johns H opkins University, 
Baltim ore, M aryland 21218

Deceived J u ly  26, 1971

In connection with the synthesis and structural eluci
dation of Cypridina etioluciferamine,1 certain model

(1) T. P. Karpetsky and E. H. White, J. Amer. Chem. Soc., 93, 2333 
(1971).

(2) W. Madelung and M. E. Oberwegner, Justus Liebigs Ann. Chem., 
490, 232 (1931); Chem. Abstr., 26, 474 (1932).

(3) W. Madelung and M. E. Oberwegner, Chem. Ber., 65B, 936 (1932); 
Chem. Abstr., 26, 4584 (1932).

(4) The preparation of 1 was modeled after a method originally applied 
to isobutyrophenone: H. M. Kissman and J. Williams, J. Amer. Chem. Soc., 
72, 5323 (1950).

(5) J. J. Gallagher, G. T. Newbold, W. Sharp, and F. S. Spring, J. Chem. 
Soc., 4870 (1952).

(6) G. T. Newbold, W. Sharp, and F. S. Spring, ibid., 2679 (1951).
(7) For example, we have found that the phenyl ring protons in 2-amino-

3-methyl-6-phenylpyrazine 1-oxide (3) are separated into two multiplets 
at r 2.10-2.28 and 2.45-2.63.
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Figure 1.— 100-MHz mur spectrum (r 0-5.5, DMSO-de) of 
2,5-dihydroxy-3,6-diphenyl-5,6-dihydropyrazine 1,4-dioxide (4). 
Upper curve offset, 400 Hz.

system under the influence of some powerful electron- 
withdrawing substituent. The infrared spectrum of 
this material shows a medium-intensity band at 1595 
cm“ 1 interpretable as the imine N-oxide stretch (C =  
N +— O- ).8-10 Finally, the elemental analysis in
dicates that this unknown compound has a molecular 
formula that is consistent with that of phenylglyoxal
2-oxime (CsEbNCh) or some multiple thereof.

Our interpretation of these facts is that the unknown 
material is 2,5-dihydroxy-3,6-diphenyl-5,6-dihydropy- 
razine 1,4-dioxide (4). This material probably arises 
from the dimerization of two molecules of 2 with con
comitant bond shifts as shown in eq 3. Reactions of

this sort, involving nucleophilic attack of the nitrogen 
of an oxime on an aldehydic carbonyl, are known. For 
example, this type of condensation has been used to

(8) R. F. C. Brown, V. M. Clark, and A. Todd J. Chem. Soc., 2105 (1959).
(9) R. F. C. Brown, V. M. Clark, I. O. Sutherland, and A. Todd, ibid 

2109 (1959).
(10) J. Thesing and W. Sirrenberg, Chem. Be?., 92, 1748 (1959); Chem., 

Abstr., 54, 4537 (1960).

prepare benzimidazole 3-oxides1112 and is the basis for 
a synthetic route to purine 1-oxides.1213

The stereochemistry of the substituents about the 
5 and 6 carbons of the dihydropyrazine 1,4-dioxide 
ring is believed to be as shown in structure 4. These 
assignments are supported by the coupling constant 
(3 Hz) between the protons on the 5 and 6 carbons in
dicating that they are cis axial equatorial. This struc
ture is also consistent with the proposed reaction 
mechanism.14

The formation of 4 from 1 appeared to be a major 
stumbling block in our synthesis of 2. However, upon 
examining the change in the 100-MHz nmr spectrum 
(DMSO-de,) of 4 with time, it was seen that the complex 
pattern characteristic of the protons of 4 slowly disap
peared, to be replaced by the three-line spectra one 
would expect for 2. The half-life of this conver
sion, as measured by nmr integration, was found 
to be 110 min at 40°. After removal of the DMSO at 
reduced pressure, the infrared spectrum (KBr) of the 
remaining oil had a strong band at 1698 cm-1 indicative 
of an unsaturated aldehyde, and the absorption at 
1595 cm“ 1 characteristic of 4 had completely disap
peared. Thus, although 4 is the thermodynamically 
stable form in certain solvents, 2 is the thermodynam
ically stable form in DMSO. We were thus able to 
use 4 as a direct source of 2, which was not character
ized but which was directly converted to the desired 
model compound 3 in moderate yield.15 In addition, 
we found that the conversion of 4 to 2 is reversible, 4 
being produced when 2 is subjected to the conditions 
given in the Experimental Section for the synthesis of 
4 from l .16 This fact indicates that the acetal 1 prob
ably goes through the aldehyde 2 during the production 
of the heterocycle 4.

It is interesting to note that structures related to 4 
have never been reported as products of hydrolysis of 
a-oximino acetals. Whether the hydrolysis of 1 repre
sents a special case or whether the dihydropyrazine 
di-N-oxides have been previously overlooked is a mat
ter for speculation at this time. Only recently have 
papers appeared on the preparation and properties of 
such 2,3-dihydropyrazine 1,4-dioxides as 5.17'18 Fi-

Me^ .N

0

j  Me
Me

1 Me' 
O

5 11 12 13 14 15 16 17 18

Me

(11) A. J. Boulton, A. C. G. Gray, and A. R. Katritzky, Chem. Commun., 
741 (1966).

(12) R. N. Castle, Ed., “ Topics in Heterocyclic Chemistry,”  Wiley, 
New York, N. Y., 1969, pp 22, 23.

(13) E. C. Taylor and E. E. Garcia, J. Amer. Chem. Soc., 8 6 , 4721 (1964).
(14) The possibility of 4 being a substituted 5,6-dihydropyridazine 1,2- 

dioxide was ruled out by the nmr and infrared spectra of 4.
(15) The preparation of 3 and other substituted 2-aminopyrazine 1-oxides 

using titanium tetrachloride as a condensing agent will be the subject of a 
future publication (see also ref 1 ).

(16) The ease of reversiblility of the dimerization reaction might explain 
the somewhat anamolous ultraviolet spectrum of 4. On the basis of model 
compounds, one would expect an absorption above 280 nm for 4: T. Thesing 
and W. Sirrenberg, Chem. Ber., 91, 1978 (1958). However, if 4 dissociates 
in ethanol to give 2 , the spectrum of an acetophenone oxime derivative would 
be expected, as found.

(17) M. Lamchen and T. W. Mittag, J. Chem. Soc. C, 2300 (1966).
(18) M. Lamchen and T. W. Mittag, ibid., 1917 (1968).
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nally, substituted 2,3-dihydropyrazine 1,4-dioxides 
offer intriguing possibilities for biologic investigation, 
since :t is know that different iV-oxides such as 
nicotinamide N-oxide, various purine N-oxides, 4-nitro- 
quinoline iV-oxide, and chlordiazepoxide function 
variously as biological oxidants, antimetabolites, 
oncogenic agents, and tranquilizers.19

Experimental Section20 1 2 3

2,5-Eihydroxy-3,6-diphenyl-5,6-dihydropyrazine 1,4-Dioxide
(4).— To a solution of 4.57 g (23.4 mmol) of phenylglyoxal di
methyl acetal oxime4 5 6 (4) in 22.5 ml of glyme was added 22.5 ml 
of a pH 3.5 buffer (1 N  acetic acid, 0.1 N  sodium acetate; the 
oxime was insoluble in this buffer alone or in aqueous methanol). 
This homogeneous solution was stirred and refluxed. Tic (East
man alumina sheets no. 6063, acetone as eluent) indicated a slow 
reaction rate and 24 hr was required for 1 (R i 0.49) to disappear 
and to be replaced by a new compound (R s 0.22). The solution 
was then cooled to room temperature, and the solvents were 
partially removed under reduced pressure (water aspirator). 
The resulting orange oil and pale yellow liquid was treated with 10 
ml of water and extracted with ethyl acetate (three 50-ml 
portions). These extracts were combined and dried over sodium 
sulfate; the solvent was then removed to give 3.5 g of an orange 
oil that crystallized into colorless prisms (perhaps the dimeriza
tion occurs at this stage). Recrystallization of this material from 
ethyl acetate-benzene gave 1.98 g (13.3 mmol, 57%) of colorless 
prisms. A second crop of 0.50 g (3.4 mmol, 14%) was obtained 
by concentrating the mother liquor. Infrared spectra run on 
these two crops of crystals were identical with one another and 
with that of the analytical sample. This latter sample was 
prepared by recrystallizing the material twice from ethyl acetate- 
benzene to give colorless prisms: mp 114.5-117.5°; uv max 
(MeOH) 221.0 nm (log e 4.31) and 249.0 (4.00, shoulder); ir 
(KBr) 3225, 3050, 2935, 2875, 2815, and 1595 cm“ 1; 100-MHz 
nmr (DMSC-d6) r — 1.82 (singlet, 0.83 H),* 1.60-1.85 (multiplet, 
1.84 H), 2.21 (doublet, 1.01 H , J  =  9.0 Hz),* 2.42-2.64 (multi
plet), 2.73 (singlet, 8 . 6 6  II together with previous multiplet),
3.68 (doublet of doublets, 0.84 H, J  =  9.0 and 3.0t Hz ), and 3.84 
(doublet, 0.78 H, /  = 3.0 Hz).

A nal. Calcd for Ci6HHN20 4: C, 64.42; H, 4.73. Found: 
C, 64.49; H, 4.85.

Phenylglyoxal 2 -Oxime (2).— After 745 mg (2.50 mmol) of 
of 2,5-dihydroxy-3,6-diphenyl-5,6-dihydropyrazine 1,4-dioxide 
(4) was dissolved in 1.5 ml of dimethyl sulfoxide (which previously 
sat over 5 A molecular sieves for 12 hr), dry nitrogen was 
blown over the clear solution before it was capped. The stirred 
reaction solution was then heated to 44-46° for 25 hr. The 
solvent was then removed by freeze-drying. The resultant oil 
had ir (KBr) 3125 and 1698 cm-1. As ample of 4 decomposed in 
a similar manner in DMSO-ds had 1 0 0 -MHz nmr r —3.20 (singlet, 
0.98 H),* 0.35 (singlet, 1.01 H), and 2.58 (singlet, 5.02 H). The 
material obtained was at least 95% pure by nmr and was not 
purified further but used immediately in the preparation of 3.

Peaks indicated by an asterisk disappear on addition of D 20; 
that indicated by dagger collapses to a doublet (J  = 3.0 Hz).

Registry No. —2 ,32538-02-6; 4 ,32538-03-7.
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(19) The role of N-oxides in metabolism and the biologic properties of 
various types of iV-oxides have been reviewed: M. H. Bickel, Pharm. Rev., 
21 (4), 325 (1969).

(20) The infrared spectra were taken on a Perkin-Elmer Model 337 
spectrophotometer Ultraviolet spectra were recorded using a Cary Model 
14 spectrophotometer using matched 1-em quartz cells. Nmr spectra were 
run by Mr. Joseph Ahnell using a Yarian HA-iOO spectrometer. Melting 
points were taken using a Kofier hot-stage microscope and are uncorrected.
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A New Synthesis of cis-Jasmone
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The synthesis of cfs-jasmone (1) has received con
siderable attention in recent years.1“ 10 This contribu
tion stems from our recent discovery of the thermal 
rearrangement of 3-cyclopropyl-3-oxopropanoates (2) 
to 2-cyclopentenones (3).11 m-Jasmone (29-32% over-

l i e -
II

Î 2
" ch ' ^ cooc2h5

500-600°
1-3 mm 

glass wool
0

2 0

A
+  co +  c2h5oh

1__!L
x Ri

3

all) and the acetylenic analog 6 (39% overall) were 
prepared as shown in Scheme I.12

Experimental Section

Melting points were determined on a Mel-Temp apparatus, 
and neither melting points nor boiling points were corrected. 
Microanalyses were performed by Spang Microanalytical Lab
oratories, Ann Arbor, Mich. Preparative gas-liquid chromatog
raphy (glpc) was done on a Varian-Aerograph Model A90-P3 
thermal conductivity machine, and retention times were com
pared on a Varian Aerograph Model 1200 flame ionization 
machine; individual conditions are noted below. Infrared data 
were obtained with a Perkin-Elmer Model 237B grating spec
trophotometer, and nmr spectra were recorded on a Varian 
Model A-60 A nmr spectrometer. Mass spectra were done on a 
Varian-Atlas Model CH-7 (modified) mass spectrometer by 
Professor R. R. Engel (Queens). Pyrolyses were done with a 
Hevi-Duty Electric Company Type 77-T (600 W, “ Multi- 
Unit” ) tube oven.

Ethyl 2-(l'-Methylcyclopropanecarbonyl)-4-heptynoate (5).—  
Keto ester 5 was prepared by a standard alkylation sequence11 

using 5.02 g (0.105 mol) of 50% sodium hydride dispersion in 
mineral oil, 17.02 g (0.130 mol) of 2 , 13 and 10.25 g (0.100 mol)

(1) G. Biichi and B. Egger, J. Org. Chem., 36, 2021 (1971).
(2) G. Stork, G. L. Nelson, F. Rouessac, and O. Gringore, J. Amer. Chem. 

Soc., 93, 3091 (1971).
(3) J. Ficini, J. D. Angelo, J. P. Genêt, and J. Noiré, Tetrahedron Lett., 

1569 (1971).
(4) L. Crombie, P. Hemesley, and G. Pattenden, J. Chem. Soc. C, 1024 

(1969).
(5) M. Fetizon and J. Schablar, Fr. Ses Parfums, 1 2 , 330 (1969).
(6) T. Akiyama, Yugagaku, 17, 217 (1968); Chem. Abstr., 69, 45980k 

(1968).
(7) K. Sisido, Y. Kawasima, and T. Isida, Perfum. Essent. Oil Rec., 57, 

364 (1966).
(8) T. Yoshida, A. Yamaguchi, and A. Komatsu, Agr. Biol. Chem., 30, 

370 (1966).
(9) J. Schablar (Synarome), German Patent 1,959,513 (1970); Chem. 

Abstr., 73, 44996r (1970).
(10) P. Bedoukian, Perfum. Essent. Oil Rec., 57, 495 (1966); this is a re

view article with 20 references.
(11) W. F. Berkowitz and A A. Ozorio, J. Org. Chem., 36, 3787 (1971).
(12) The Alkyne 6 has previously been partially hydrogenated to 1 in 

72.6% yield.7 8 9
(13) Ketone 2 was prepared by carbéthoxylation of methyl methylcyclo- 

propyl ketone in 80% yield. 11 The starting ketone was obtained either from 
Aldrich Chemical Co., Cedar Knolls, N. J., or by the procedure of N. L. 
Goldman, Chem. Ind. {London), 1024 (1963), which starts with a-acetyl-a- 
methyl-7 -b uty rolac tone.
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Sch em e  I

2 (Rj =  CH3; Rj =  H)

6

of l-chloro-2-peutyne14 (freshly distilled, bp 122.5°) in 400 ml of 
dry benzene. Work-up gave 25.75 g of amber oil which was 
fractionated on an 18-in. Teflon annular spinning band column 
and gave 3.67 g of 2 and 12.68 g of keto ester 5 (68.5% based on 
unrecovered 2 ).

A portion of the product was redistilled for analysis: bp 
86.5° (0.005 mm); ir (CCh) 5.71 (ester CO) and 5.89 fi (ketone 
CO) (no peak was observed in the region 4.5-5.0 n ); nmr 
(CDClj) 5 4.18 (q, 2, J  =  7.2 Hz, -COOCH 2CH3), 3.82 (t, 1, 
J  =  7.5 Hz, -COCHRCOO-), 2.65 (d, t, 2, J  = 7.5, 2.2 Hz, 
-CH CH 2C = C -), 1.85-2.4 (m, 2, -C = C C H 2CH3), 1.40 (s, 3, 
> C C H 3), 1.25 (t, 3, /  = 7.2 Hz, -COOCH,CH3), 1.07 (t, 3, 
J  = 7.5 Hz, C = C C H 2CH3), 0.6-1.1 (m, 4, cyclopropyl CH2); 
mass spectrum (70 eV) m/e 236 (molecular ion).

A nal. Calcd for C hH2o0 3: C, 71.16; H, 8.53. Found: C, 
71.02; H, 8.59.

Ethyl 2-(l'-Methylcyclopropanecarbonyl)-efs-4-heptenoate (4). 
Method A.— Keto ester 4 was prepared by a standard alkylation 
sequence11 using 0.80 g (0.0165 mol) of a 50% dispersion of 
sodium hydride in mineral oil, 2.549 g (0.0150 mol) of 2,13 and 
2.406 g (0.023 mol) of as-l-chloro-2-pentene15 in 55 ml of dry 
benzene. Work-up gave 3.5 g of pale yellow oil which was frac
tionated on an 8 -in. stainless steel spinning band column and 
gave 1.796 g (50%) of 4, bp 68.5-72° (0.005 mm), which was 
substantially pure by thin layer chromatography (benzene, silica 
gel G).

Method B.— Keto ester 4 was also prepared by partial hydro
genation of 7.09 g (0.030 mol) of 5 in a mixture of 75 ml of ab
solute ethanol, 150 mg of synthetic quinoline, and 150 mg of 5% 
palladium on barium sulfate (Engelhard Industries) at 765 mm

(14) Kindly provided by Dr. W. I. Taylor of International Flavors and 
Fragrances, Union Beach, N. J.

(15) The alkenyl halide was the gracious gift of Professor G. Stork, Chem
istry Department, Columbia University, New York, N. Y.

and room temperature. 16 Hydrogen uptake (745 ml, 101%) 
ceased abruptly after 33 min. The reaction mixture was filtered 
through Celite which was washed thoroughly with ethanol. The 
filtrate and ethanol washes were combined and concentrated under 
reduced pressure to give 7.19 g of green oil. The oil was dis
solved in 75 ml of benzene, washed twice with cold dilute hy
drochloric acid and once with saturated aqueous sodium bi
carbonate, then dried over magnesium sulfate and concentrated 
under reduced pressure to give 6.74 g of green oil. This was 
fractionated as before, giving 5.811 g (83%) of 4, bp 67-75° 
(0.005 mm), also pure by thin layer chromatography.

The materials prepared by methods A and B were shown to be 
identical by comparison of thin layer chromatography Rt values 
and infrared spectra. Keto ester 4 exhibited ir (CCh) 5.71 (ester 
CO) and 5.89 a (ketone CO) (no peak was observed in the region
4.5-5.0 n )\nmr (CC14) & 5.21 (symmetrical m, 2, consistent with 
CH2aCH x= C H vCH2b with Ar = 10.5 Hz, J xy = 10 Hz, J „ . by =
6.5 Hz, / ,y.b* = 1 Hz), 4.07 (q, 2, J  =  7 Hz, COOCH2CH 3), 
3.50 (t, 1, J  = 7.5 Hz, -COCHRCOO-), 2.46 (broadened tri
plet, 2 , J  =  6.5 Hz, -CH CH 2C = ), 2.05 (broadened pentuplet, 
2, J  =  7 Hz, = C C H 2CH3), 1.35 (s, 3, > C C H 3), 1.23 (t, 3, J  =  
7 Hz, COOCH2CH3), 0.95 (t, 3, J  = 7.5 Hz, = C C H 2CH3), 
0.5-1.0 (m, 4, cyclopropyl CH2); mass spectrum (70 eV) m/e 
238 (molecular ion).

A n al. Calcd for CuH220 3: C, 70.56; H, 9.30. Found: 
C, 70.73; H, 9.44.

cfs-Jasmone (1).— Pyrolysis11 of 1.297 g (0.00545 mol) of 4 
at 515° and 1-5 mm (glass wool packing) gave 1.067 g of mobile 
yellow oil which was fractionated on an 8 -in. stainless steel spin
ning band column and gave 0.512 g (57%) of 1, bp 52.5° (0.05 
mm). A repeat with 4.863 g (0.0204 mol) of 4 at 535° and 1-5 
mm (glass wool packing) gave 3.416 g of crude 1 which, after 
distillation as before, gave 1.785 g (53%) of 1. Further purifica
tion by preparative glpc17 gave material which was identical by 
glpc, 18 ir, nmr, and mass spectrum analyses with authentic ma
terial (kindly provided by Professor Stork).

3-Methyl-2-(2'-pentynyl)-2-cyclopentenone (6 ).— Pyrolysis11 of 
3.516 g (0.0149 mol) of 5 at 540° and 0.5-2 mm (glass wool 
packing) gave 2.725 g of crude 6 which was distilled on an 8 -in. 
stainless steel spinning band column and gave 1.260 g (53%) of 
6 , bp 79° (1.5 mm). A portion of this material was further 
purified by preparative glpc , 17 giving pure 6 : ir (CC14) 5.86 
(conjugated CO) and 6.04 /i (C = C ) (no peak was observed in the 
region 4.5-5.0 m); nmr (CCh) S 2.99 (br s, 2 , = C C H 2C = ) , 2.83- 
1.83 (m, 9), 2.21 (br s, 3, ring CH3), 1 . 1 2  (t, t, 3, J  = 7, 0.5 
Hz, = C C H 2CH3); mass spectrum (70 eV) m/e 162 (molecular 
ion). The 2,4-dinitrophenylhydrazone derivative had mp 164- 
165° (lit.7 mp 166°).

Registry No.—1, 4907-07-7; 4, 32979-72-9; 5,
32969-89-4; 6,7051-37-8.
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(16) The procedure of D. J. Cram and N. L. Allinger, J. Amer. Ckem. Soc., 
78, 2.518 (1956).

(17) A 20 ft X 3A in. column packed with 30% SE-30 silicone gum rubber 
on Chromosorb P at 175° was used.

(18) A 5 ft X Vs in. column packed with 20% SE-30 silicone gum rubber 
on Chromosorb P at 180° was used.
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HALF ESTER, HALF ACID CHLORIDE
Half esters half acid chlorides have long been important 
synthetic building blocks. #*#%  4» u

One of the hardest to make: 2 2 5
2 COCI

16,387-2 Ethyl malonyl chloride
Also available:

M3530-4 Methyl chloroformate
E4310-1 Ethyl oxalyl chloride
C1104-9 Methyl succinyl chloride
M3535-5 Methyl glutaryl chloride

$9.50/5 g. $30/25 g.

$6.50/500 g.
$7.25/25 g.
$6.50/25 g. $15/100 g. 
$15.60/50 g.

K O S H L A N D ' S  R E A G E N T S

•If /V ? :

Koshland’s Reagent I

2 - H y d r o x y - 5 - n i t r o b e n z y l  b r o m i d e

C H 2Br 
- O H

o n

A highly sensitive reagent for tryptophan 
residues at neutral and acidic pH.

H. R. Horton and D. E. Koshland, Jr.
J. Amer. Chem. Soc., 87, 1126 (1965).

16,290-6 2-Hydroxy-5-nitrobenzyl bromide 
$3.75/5 g. $11/25 g.

2 - M e t h o x y - 5 - n i t r o b e n z y l  b r o m i d e

Koshland’s Reagent II
j p ^ r O C H 3

O 2  F I
Introduces into enzymes a colored group sensitive 
to environmental changes. The reagent is selec
tive for tryptophan, methionine and cysteine. 
The chromophoric group is not sensitive to 
variations in pH (from pH< 3 to pH>10).

D. E. Koshland, Jr., H. G. Latham and H. R. 
Horton, U.S. Pat. 3,380,893 (1968).

16,348-1 2-Methoxy-5-nitrobenzyl bromide 
$6.50/5 g. $20/25 g.

n-BUTYLBORONIC ACID

n_ r  U B 'OH
n-Butylboronic acid reacts rapidly with 1,2 
and 1,3 diols, and «-and /9-hydroxy acids, to 
give cyclic boronates which are suitable for 
G.C. examination. 1 This technique has been 
applied to the separation of carbohydrates. 2

1. C. J. W. Brooks and I. Maclean, J. Chromatog. Sci., 9, 18 (1971).
2. F. Eisenberg, Jr., Carbohydrate Res., 19, 135 (1971).

16,324-4 n-Butylboronic acid $10/5 g. $36/25 g.

'MMsm F or ou r lo te s t  C a ta lo g ,  w rite t o -, . -

Aldrich Chemical Company, Inc.
C R A F T S M E N  Í N  C H E M I S T R Y

940 WEST S AI NT  PAUL AVENUE MI LWAUKEE,  WI SCONSI N 53233
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