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S T U D I O R U M  P R O G R E S S U S  

T h e  T o t a l  S y n t h e s i s  o f  D e l p h i n i n e :  A S t e r e o s e l e c t i v e  S y n t h e s i s  o f  a n  A d v a n c e d  R e l a y  C o m p o u n d *  

Some twelve  years  ago we h a v e  deduced  the  s t r u c t u r e  1 
for t he  a lkaloid  de lph in ine  1. A m o n g  var ious  deg rada t ive  
s tudies  wh ich  led to th i s  s t r u c t u r e  proposal ,  a s imple  
and  c o m p a r a t i v e l y  h igh  yie ld  convers ion  of de lph in ine  1 
to  t he  ' a r o m a t i z a t i o n  p r o d u c t '  2 was. d i scovered  2. I t  is 
clear t h a t  2 and  i ts  hydro lys i s  p r o d u c t  3 c o n s t i t u t e  an  
e x t r e m e l y  f avorab le  and  a d v a n c e d  re lay  for t h e  syn thes i s  

The  yie ld  of the  ke t a l  11 a f te r  r ec rys ta l l i za t ion  f rom e the r  
was 88%. 

The  n e x t  ope ra t ion  which  h a d  to  be execu ted  was t h e  
t r ans fe r  of t he  benzy l  b lock ing  group f rom the  p r i m a r y  
to t h e  seconda ry  alcoholic  func t ion ,  i.e. c o m p o u n d  11 
h a d  to be  c o n v e r t e d  to  i ts  i somer  17. W h i l e  t h i s  process  
requ i red  a n u m b e r  of steps,  i t  has  to be  emphas i zed  
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of de lphin ine .  W e  wish  to descr ibe  in t he  p re sen t  com- 
m u n i c a t i o n  a s tereoselect ive  t o t a l  syn thes i s  of c o m p o u n d s  
2, 3 and  4 and  t he  r igorous  iden t i f i ca t ion  of t he  s y n t h e t i c  
ma te r i a l s  w i t h  t he  co r respond ing  ' n a t u r a l '  de lph in ine  
der iva t ives .  The  m e t h o x y  t e t r a l o n e  5s  was c o n v e r t e d  to  
t h e  al lyl  t e t r a l o n e  6 Ibp 118-120 ~ m m  H g ;  m/e = 21614 
b y  t he  STORK 5 py r r o l i d i ne - enam i ne  procedure .  Com- 
p o u n d  6 was s t i r red  in benzene  so lu t ion  a t  60 ~ w i t h  a 
s l ight  excess of sod ium hyd r i de  u n d e r  n i t rogen .  Af te r  
cooling below 20 ~ a smal l  excess of benzy l  c h l o r o m e t h y l  
e the r  s was  added  and  t he  s t i r r ing  c o n t i n u e d  for 18 h. 
The  pure  gemina l ly  s u b s t i t u t e d  p r o d u c t  7 [NMR:  s ingle t  
(2H) z = 5.7 p p m  (benzylic  m e t h y l e n e ) ;  m/e = 336] was 
isola ted b y  c h r o m a t o g r a p h y  on  silica gel in  a yie ld  of 
68% as a colorless oil. 

C o m p o u n d  7 was sub jec ted  to  a ca t a ly t i c  o s m y l a t i o n  
w i t h  osmic ac id - sod ium ch lo ra te  in T H F L  The  two  
d ias te reoisomer ic  diols 8 (A m p  108-109 ~ ]3 m p  125-130 ~ 
were o b t a i n e d  in equa l  a m o u n t s  a n d  a p rac t i ca l ly  q u a n -  
t i t a t i v e  yield.  The  absence  of c a r b o n y l  a b s o r p t i o n  in  t he  
I R  of b o t h  p roduc t s  i nd i ca t ed  t h a t  t h e y  exis ted  as t he  

h e m i - k e t a l  t a u t o m e r s .  The  d ias te reo- i somers  8 were 
t r e a t e d  w i t h  an  excess of m e t a p e r i o d a t e  in  aqueous  T H F .  
The  a ldehyde  9 EIR: 1726, 1715 cm -1 (-CH=O, >C=O);  
N M R :  b r o a d  s ingle t  (1H) z - - 0 . 4 9  p p m  (-CH=O)] was 
o b t a i n e d  in b o t h  cases in  a q u a n t i t a t i v e  yield.  C o m p o u n d  
9 u n d e r w e n t  a q u a n t i t a t i v e  aldol  c o n d e n s a t i o n  to t he  
h y d r o x y  ke tone  10 b y  h e a t i n g  w i t h  a large v o l u m e  of 
0 . 0 3 M  aqueous  m e t h a n o l i c  sod ium h y d r o x i d e  for 30 h 
a t  55 ~ The  h y d r o x y  ke tone  10 o b t a i n e d  in th i s  m a n n e r  
was homogeneous  in TLC and  suf f ic ien t ly  pure  for f u r t h e r  
work  EIR (CC14): 3600, 3475 (OH), 1755 cm -1 (C=O); 
m/e = 338] 8. 

The  h y d r o x y  ke tone  10 was c o n v e r t e d  to  t h e  ke ta l  11 
(rap 95-97~ m/e=382] b y  t r e a t m e n t  w i t h  e thy lene  
glycol and  p- to luenesu l fon ic  acid in re f lux ing  benzene.  

t h a t  these  were s imple  a n d  nea r ly  q u a n t i t a t i v e  and  t h u s  
the overall yield was/inally raised to 8 3 % .  

Ace ty l a t i on  of 11 w i t h  acet ic  a n h y d r i d e  a n d  py r id ine  
gave t he  ace toxy  d e r i v a t i v e  12 Imp 81-82~ m/e = 424]. 
C o m p o u n d  12 was sub jec ted  to  hydrogeno lys i s  in  e t h a n o l  
w i t h  10% pa l l ad ium-charcoa l .  The  oily p r o d u c t  13 was 
homogeneous  in TLC a n d  i m m e d i a t e l y  used for f u r t h e r  
work  [m/e = 334.1426; I R  (CHCI3) : 3550 (OH), 1726 cm -z 
(-OAc)].  The  alcoholic  func t ion  in 13 was now b locked  
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by t e t r a h y d r o p y r a n y l a t i o n  wi th  d i h y d r o p y r a n e  in d ry  
chloroform and  a drop  of hydrochlor ic  acid. The p ro d u c t  
14 was puri f ied by  c h r o m a t o g r a p h y  and  was homo-  
geneous in TLC Ira~e=418; I R  (CHClJ :  no OH band,  
1725 cm -z (-OAc)]. 

The ace toxy  group of 14 was cleaved by  reduc t ion  wi th  
l i th ium a lum inum  hydr ide  and the  oily alcohol 15 was 
puri f ied by  c h r o m a t o g r a p h y  on silica gel [m/e = 376.1882 ; 
I R  (CHCla): 3500 cm -1 (OH), no ca rbonyl  absorpt ion] .  
The secondary  alcoholic group in 15 was  now benzy la t ed  
in d ry  d ioxane  wi th  sod ium hydr ide  and benzyl  chloride 
a t  re f lux  t e m p e r a t u r e  for 18 h. Ch roma tog raphy  on.silica 
gel yielded the  pure  oily compound  16 [m/e = 466; N M R :  
singlet  (5H) ~ =  2.64 p p m  (aromatic  H of the  benzyl  
group)], 

The t e t r a h y d r o p y r a n y l  group was select ively r emoved  
by  t r ea t ing  16 wi th  a large vo lume of me thano l  con- 
t a in ing  1% concen t ra t ed  hydrochlor ic  acid at  room 
t e m p e r a t u r e  for 1 h. The p roduc t  17 was puri f ied by  
c h r o m a t o g r a p h y  on silica gel and  it was an oil homo-  
geneous in TLC tin~e= 382.1772]. The N M R  and I R  
spec t ra  of 11 and  17 clearly showed the  presence  of an 
ident ical  func t iona l  group sys tem.  

The p r i m a r y  alcohol 17 was oxidized by  ch ro mi u m 
t r ioxide  in pyr id ine  and  the  a ldehyde  18 was ob ta ined  
af ter  c h r o m a t o g r a p h y  on silica gel as an oil homogeneous  
in TLC in a yield of 85% t in~e=380.1623; I R  (CC14): 
2700, 1725 cm -~ (HC=O); N M R :  singlet  (1H) v = 0 .17ppm 
(HC=O)]. 

At  th is  po in t  the  s tage was set  to a t t a ch  the  sub- 
s t i t u t ed  bu tane  der iva t ive  des t ined  to  form ring A. The 
synthes is  of th is  e lement  was carr ied out  as follows. 
1-Methoxy-3-cyano-2-propene  9 (mixture  of cis and trans 
isomers) was added  to  a solut ion of sod ium in benzyl  
alcohol and  the  m ix tu r e  was s t i r red for a week at  room 
t empera tu r e .  The crude p roduc t  19 was puri f ied by  
dis t i l la t ion Ibp 115-120~ m m  Hg;  yield 32%; m/e = 
205.1102; N M R :  s inglet  (5H) z = 2.90 p p m  (aromatic  H), 
s inglet  (3H) z =  6.65 p p m  (-OCH3)]. Compound  19 was 
hea ted  a t  ref lux for 50 h w i th  10% sulphur ic  acid in 
methanol .  The m e t h y l  ester  20 was ob ta ined  in a yield 
of 72% [bp 115-125~ m m  Hg;  rn/e = 238; I R  (CHClJ : 
1735 cm -1 (ester); N M R :  singlet  (5H) z :  2.8 p p m  (aro- 
ma t ic  H), two singlets  (3H each) z =  6.37, 6 . 7 0 p p m  
(2 -OCHa)].  Reduc t ion  of the  es ter  20 wi th  l i th ium 
a lum inum  hydr ide  in e ther  gave the  alcohol 21 in a yield 
of 68% [bp 120-125~ m m  Hg;  re~e=210.1257]. 
Finally,  tosy la t ion  of 21 wi th  tosyl  chloride and  pyr id ine  
followed by  exchange of the  tosyl  group wi th  l i th ium 
bromide  in acetone  gave the  b romo der iva t ive  22 in a 
75% yield. The p roduc t  was purif ied by  c h r o m a t o g r a p h y  
on silica gel Era~e=272, 274; h igh resolut ion re~e= 
272.0411; N M R :  singlet  (SH) z = 2.67 p p m  (aromatic  H), 
s inglet  (3H) T : 6.65 p p m  (-OCHs) ]. 

One mole of t he  a ldehyde  I8  in T H F  was added  to five 
moles of the  Grignard  reagent  p repa red  f rom the  b romide  
22 in the  same solvent .  Work -up  and  c h r o m a t o g r a p h y  
on silica gel gave the  alcohol 231~ [NMR: singlet  (10H) 
z =  2.68 p p m  (aromatic  H of benzyls),  mul t ip le t  (4H) 
centered  at  ~ : 6.00 p p m  (dioxolane protons) ,  two singlets  
(3H each) z =  6.31, 6.66 p p m  (2 -OCHa) ] in a yield of 
91%. This  mater ia l  was homogeneous  in TLC and  i t  
t u rned  out  to  be s ter ical ly  homogeneous  wi th  respect  to  
the  R~, R~ a symmet r i c  center  ~. 

The alcohol 23 was oxidized to the  ke tone  24 by  the  
Jones '  reagent  in a yield of 94%. The p roduc t  was 
homogeneous  in TLC wi thou t  pur i f ica t ion [ IR (CCI~): 
1700 cm -~ (ketone), no OH absorpt ion] .  Reduc t ion  of 
com pound  24 wi th  l i th ium a luminum hydr ide  in d ioxane  
at  90 ~ - the  s te reochemical  ou tcome  is t e m p e r a t u r e  

d e p e n d e n t  - gave a m i x t u r e  (yield 97%) of the  alcohols 
25 and 23 in a ra t io  7:3. The p roduc t s  were ace ty la t ed  
for 8 h wi th  acetic anhydr ide  and pyr id ine  a t  room 
t empera tu re .  Only the  desired epimer  25 ace ty la ted  under  
these  condi t ions .  The ace ta te  was sepa ra ted  by  ch romato -  
g raphy  on silica gel and the  pure  ep imer  25 was ob ta ined  
by  saponif ica t ion wi th  methanol ic  po tas s ium hydroxide .  
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* Presented at a seminar at the Organic Chemistry Laboratory, 
ETH, Zurich, Switzerland on June 24, 1969. 
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The  recovered  ep imer  23 was added  to  t he  nex t  oxida-  
t ion  run.  

The  alcohol  25 was m e t h y l a t e d  in re f lux ing  d ioxane  
w i th  sod ium h y d r i d e  a n d  an  excess of m e t h y l  iodide for 
5 h. The  m e t h y l  e the r  26 was o b t a i n e d  in a yie ld  of 95~ 
a f te r  c h r o m a t o g r a p h y  on  sil ica gel LNMR: s ingle t  (10H) 
v = 2.68 p p m  (aromat ic  H of t he  benzy l  groups),  s ingle ts  
(3H each) 3 =  6.27, 6.59, 6.62 p p m  (3 -OCHs)]  le. 

The  ke ta l  26 was h e a t e d  u n d e r  ref lux in 75~ aqueous  
acet ic  acid for  18 h. T he  TLC hom ogeneous  ke tone  27 
[ IR  (CC14) : 1755 em -1 (ketone)] was  o b t a i n e d  in  a quan-  
t i t a t i v e  yield. C o m p o u n d  27 was now sub jec t ed  to  
a m i n a t i o n  w i t h  R a n e y  nickel  in  m e t h a n o l i c  a m m o n i a  
exac t ly  as worked  o u t  in our  model  e x p e r i m e n t s  18. How-  
ever, in  t h e  p re sen t  case t he  desired anti i somer  28 was 
ob t a ined  s te reose lec t ive ly  [rat io anti : syn = 10 : 1, overa l l  
y ie ld  97~ 

The  c rude  amine  28 was a c e t y l a t e d  w i t h  acet ic  an-  
h y d r i d e - p y r i d i n e , t h e  benzy l  groups  r e m o v e d  b y  hydro -  
genolysis  and  t he  two l i b e r a t e d  alcoholic func t ions  oxid ized  
b y  c h r o m i u m  t r iox ide  in pyr id ine .  The  d ike tone  29 was 
sepa ra t ed  b y  c h r o m a t o g r a p h y  on silica gel f rom t he  smal l  
a m o u n t  (5%) of the  undes i red  syn ep imer  a n d  pur i f ied  
b y  c rys ta l l i za t ion  f rom me thano l .  The  overa l l  yield of 

l iza t ion  and  t he  m o t h e r  l iquors  were t r e a t e d  aga in  
Imp 266-268 ~ (me thano l ) ;  I R  (KBr) :  1740 (ketone),  
1 6 7 0 c m  1 ( l ac tam) ;  N M R :  s inglets  (3H each) 3 = 6 . 2 0 ,  
6.57, 6.63 p p m  (3 -OCH3) ; m/e = 371;. 

The  ke to  l a c t a m  31 was r educed  w i t h  l i t h i u m  a l u m i n u m  
h y d r i d e  in re f lux ing  dioxane.  The  m i x t u r e  of t he  a m i n o  
alcohols  32 and  33 was s e p a r a t e d  b y  c h r o m a t o g r a p h y  on  
a lumina .  The  ra t io  of t he  two p roduc t s  was 1 :1  a n d  t he  
yield was 76%. The  desired ep imer  32 was recrys ta l l ized  
f rom m e t h a n o l  ~mp. 226-228~ re~e=3591. The  oily 
ep imer  33 was c o n v e r t e d  to  t h e  k e t o n e  34 [ IR  (CCl~): 
1740 c m - l l  b y  Jones '  ox ida t i on  in a q u a n t i t a t i v e  yield.  
The  ke tone  34 was sub jec t ed  w i t h o u t  pur i f i ca t ion  to  a 
r educ t ion  w i t h  sod ium in bo i l ing  abso lu te  e thanol .  The  
alcohols  32 and  33 were aga in  ob t a ined  (yield 74~ 
ra t io  7 : 3) and  sepa ra t ed  b y  c h r o m a t o g r a p h y .  

The  h y d r o x y  a m i n e  32 was m e t h y l a t e d  w i t h  s o d i u m  
hyd r ide  a n d  m e t h y l  iodide in re f lux ing  d ioxane  for 3 h. 
The  oily p r o d u c t  35 was pur i f ied  b y  c h r o m a t o g r a p h y  on  
silica gel ~yield 9 6 % ;  N M R :  s inglets  (3I t  each) T =  6.23, 
6.68, 6.73, 6.77 (4 -OCH~), 7.73 p p m  (N-CHs) ; m/e = 387]. 
C o m p o u n d  35 was oxidized w i t h  an  excess of p o t a s s i u m  
p e r m a n g a n a t e  in  ace tone-ace t ic  acid (20:1) a t  r oom 
t e m p e r a t u r e  for 24 h. The  c rude  fo rmyl  d e r i v a t i v e  36 
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pure  29 f rom the  c rude  a m i n e  28 was 50~ Emp 100-102~ 
I R  (KBr)  : t745, 1720 cm -z (ketones),, 1660 em -1 (amide) ; 
N M R :  s ingle ts  (3I-I each) z =  6.23, 6.52, 6.57 p p m  
( 3 - O C H 3 ) ,  s ingle t  (2H) 3 = 5 . 9 3 p p m  ( - C - C H 2 - O - ) ;  
m/e = 403]. O 

The  d ike tone  29 was  h e a t e d  for  6 h w i t h  5 moles of 
p o t a s s i u m  cyan ide  s in  aqueous  e t h a n o l  u n d e r  reflux.  
The  l a c t a m o l  30 resu l ted  s tereospecif ica l ly  in  a yield of 
91% Emp 235-238 ~ (ch loroform-e ther ) ;  I R  (KBr) :  1720, 
1665 cm -z (amides) ;  N M R :  s inglets  (3H each) r =  6.18, 
6.58, 6.66 p p m  ( 3 - O C H s ) ,  8.08 p p m  (-C-CHa) ]. 

O 
The  l ac t amo l  30 was now  conve r t ed  to t he  ke to  l a c t a m  

31 in a n  overa l l  yield of 64~ b y  ref lux  in  m e t h a n o l -  
c o n c e n t r a t e d  hydroch lo r i c  acid (1 : 1) for  3 X 24 h. Af te r  
each ref lux  per iod  t he  p r o d u c t  was  s epa ra t ed  b y  crys ta l -  

z2 Compound 26 is significantly different in the NMR from the 
methylation product of the alcohol 23 [singlets (3H each) T = 6.29, 
6.47, 6.67 ppm]. The two compounds differ also very strongly by 
their chromatographic behaviour. Consequently, the stereochemical 
purity of 26 is assured. 

la K. WIESNER and J. SANTROCH, Tetrahedron Lett. (1966), 5939. - 
K. WI~SNER, WEN-LING KAO and J. gANTROCH, Can. J. Chem. 
47, 2431 (1969). 

14 A direct conversion of 35 to 2 was also achieved by an excess of 
potassium permanganate in acetone-acetic acid (5 days; yield 
82%). 

was pur i f ied  b y  c h r o m a t o g r a p h y  on  silica gel (yield 95%) 
a n d  c rys t a l l i za t ion  f rom e the r  Imp 158-160~ N M R :  
s ingle t  (1H) v = 2.17 p p m  (N-CH=O) ; I R  (CC14) : 1662 em -1 
(N-CH=O) ;  m/e=4011. Jones '  ox ida t i on  of c o m p o u n d  
36 gave  t he  s y n t h e t i c  r acemic  c o m p o u n d  2 in a yie ld  of 
67%.  The  oily p r o d u c t  was pur i f ied  on  silica gel p la tes  

,OCH s OGH 3 

IH ~ R 1  

0 %0 
OCH~ "OCHs 

31 32 R I = H, 

R 2 = OH, R s = H 

33 R I = H, 

R 2 = H, R s = OH 

34 Iq I = H, 

R2R s = =O 

35 R 1 = -CH 3, 
R e = - O C H 3 ,  R 3 = H 

36 R 1 : -C ~ O  
x, H ' 

R e = - O C H a ,  R s = H 



15. 9. 1970 Specialia 1033 

un t i l  TLC homogeneous .  Over  500 m g  of t he  pure  m a t e -  
r ia l  were syn thes i zed  [ I R  (CC14): 1690, 1655, 1600 cm 1; 
N M R :  s ing le t  (1H) z = 1 . 9 3  p p m  (N-CH=O),  s ingle ts  
(3I t  each) z = 6 . 1 2 ,  6.72, 6.74, 6.77 p p m  (4 -OCHa) ;  
m/e = 415] 1~. The  s y n t h e t i c  c o m p o u n d  2 was h y d r o l y z e d  
b y  h e a t i n g  w i t h  m e t h a n o l - c o n c e n t r a t e d  hydroch lo r i c  
acid (9 : 1) a t  r e f lux  for 24 h. The  p r o d u c t  3 was  pur i f i ed  
b y  c h r o m a t o g r a p h y  and  c rys ta l l i za t ion  f rom e the r  [yield 
9 4 % ;  m p  176~ m / e =  387]. 

F ina l ly ,  a c e t y l a t i o n  of the  s y n t h e t i c  s econda ry  a m i n e  
3 w i t h  acet ic  a n h y d r i d e - p y r i d i n e  gave  c o m p o u n d  4 in a 
yie ld  of 95% Imp 188-190 ~ (hexane-e the r ) ;  I R  (CC14): 
1685, 1650, 1600 cm-1;  N M R :  s ing le t  (3t{) z = 7.90 p p m  
(-C-CHa)  ; m/e = 429]. 

O 
The  t o t a l l y  s y n t h e t i c  r a c e m a t e s  2, 3 and  4 were p r o v e d  

to  be  iden t i ca l  w i t h  t h e  co r re spond ing  op t ica l ly  ac t ive  
' n a t u r a l '  c o m p o u n d s  = b y  TLC in severa l  sys tems,  IIR in 
ch lo ro fo rm a n d  c a r b o n  t e t r ach lo r ide ,  N M R  a n d  mass  
spect roscopy.  W o r k  on  t he  cons t r uc t i on  of t h e  C - D  r ing  
s y s t e m  of de lph in ine  is in  progress  15 

Zusammenfassung. Die s te reose lek t ive  T o t a l s y n t h e s e  
eines D e l p h i n i n a b b a u p r o d u k t e s  wird  beschr ieben .  Dieses 
P r o d u k t ;  das  5 R inge  und  5 S u b s t i t u e n t e n  bes i tz t ,  i s t  
yon  D e l p h i n i n  aus  le ich t  zug/ ingl ich u n d  k a n n  desha lb  
als R e l a i s - V e r b i n d u n g  ftir die T o t a l s y n t h e s e  dieses Alka-  
loids dienen.  
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Chromosomes and Some Issues of the Evolution of the Ground Squirrel Genus Citellus (Rodentia: 
Sciuridae) 

Chromosome  analysis ,  c o m b i n e d  w i t h  o the r  m e t h o d s  
of s y s t e m a t i c  zoology, pa l eon to logy  a n d  zoogeography,  
can  be  used to  give all i n t e g r a t e d  ana lys i s  of t he  evo lu t ion  
of t a x o n o m i c a l l y  d iscre te  f auna l  e lements .  Such  ana lyses  
are of special  va lue  in s tud ies  of t he  evolu t ion ,  in  r e l a t i on  
to  space and  t ime,  of al l ied E u r a s i a n  a n d  N o r t h  A m e r i c a n  
forms.  

The  evo lu t ion  of t he  c h r o m o s o m e  c o m p l e m e n t s  of 
Nearc t i c  Citellini has  been  t h o r o u g h l y  s tud ied  b y  NADLER 
et  al.~-l~ The  u n d e r s t a n d i n g  of t he  evo lu t ion  of the  en t i r e  
Ho la rc t i c  genera,  however ,  requi res  inc lus ion  of t he  
Pa l ea rc t i c  species. T he  p r e s e n t  s t u d y  concerns  t he  chro-  
mosomes  of 6 species a n d  20 subspecies  and  forms  of t he  
genus  Citellus, a n d  a d iscuss ion of t he  resu l t s  in  con-  
j u n c t i o n  w i t h  those  of NADLER. I n  t he  course  of t h e  
s tudy ,  we h a v e  p roduced  a h y p o t h e t i c a l  r e c o n s t r u c t i o n  
of t he  evo lu t i on  of t he  k a r y o t y p e s  of t he  species s tudied ,  
w i t h  p a r t i c u l a r  reference to  t he  cor re la t ion  of t he  r a n g e  
of species w i t h  s imi la r  a n d  dif fer ing c h r o m o s o m e  com- 
p l emen t s .  

Materials and methods. The  k a r y o t y p e s  of t he  fol lowing 
forms  of Citellus h a v e  been  s tudied .  C. (s. str.) felictus 
relictus Kaschk . ,  W e s t e r n  T ien  Shan,  K u r a m i n s k y  r idge 
nea r  K a m t c h i k  pass, 2300 in above  sea level,  3 ~ ,  9 ~)~. 
C. eelictus ralli K u z n e t s o v ,  Cen t ra l  T i en  Shan ,  I s syk  Ku l  
bas in ,  T e r s k y  Ala  T au  ridge, s o u t h  of t he  t o w n  Pr jeva l sk ,  
2100 m, 2 ~c~. C. dauricus daurieus B r a n d t ,  T r a n s b a i -  
kalia,  Ch i t a  region,  env i rons  of t h e  vi l lage Borzia ,  6 c~c~, 
5 99. C. pygmaeus pallidus Orlov,  K a l m y k  A.S.S.R. ,  
S t a t e  f a rm  'Po l inn iy ' ,  3 c?~, 3 99. C. p. pygmaeus Pall. ,  
b e tween  Volga a n d  Ura l  r ivers ,  lef t  b a n k  of Volga, n o r t h  
of A s t r a k h a n ,  1 ~, 2 99. C. (ColoboHs) /ulvus oxianus 
Thom. ,  Cen t ra l  Kyzy l  K u m  deser t ,  B u k h a r a  region,  
env i rons  of t he  vi l lage Mubarek ,  2 <y(~. C. ~. orlovi Ogn., 
b e t w e e n  Volga  a n d  U r a l  r ivers ,  nea r  s t a t i o n  Dassang,  
2 ~ ,  1 ~2. C. ]. nigrimontanus A n t i p i n :  M u y u n  K u m  
desert ,  D j a m b u l  region,  env i rons  of t he  vi l lages  Ak-kol  
and  Oik  1 ~, 2 9~;  p l a in  a t  t he  foot  of t h e  m o u n t a i n s ,  
n o r t h  of Trans i l i j sk i  Ala  Tau,  74 k m  wes t  f rom A l m a  
Ata,  2 d'd ~, 1 9; nea r  A l m a  A t a  1 ~, 1 9- C. erythrogenys 
erythrogenys I3 rand t :  r i g h t  b a n k  of Ob, Novos ib i r sk  

region, env i rons  of t he  vi l lage Toguchin ,  2 ~ ,  2 $9;  
be tween  Ob a n d  I r t i sh ,  b e t w e e n  t h e  t o w n  B a r n a u l  a n d  
t he  vi l lage K a l m a n k a ,  1 c?; s.w. Al ta i  m o u n t a i n s ,  r i gh t  
b a n k  of I r t i sh ,  env i rons  of t he  vi l lage Predgorno je ,  1 d ~, 
1 9. C. er. brevicauda B r a n d t :  Ala -Kul  bas in ,  nea r  Uch-  
Aral,  4 c~ ,  nea r  Ajaguz  1 ~. C. er. carruthersi Thorn  : 
Za i ssan  bas in ,  B u r a n  3 c?c?, 3 95;  nea r  K o k p e k t y ,  5 c?c?, 
5 ~9. C. undulatus stramineus Obolensky,  S. w. Dzunga -  
r i an  Ala  Tan ,  u p p e r  course of Karoy ,  2400 m, 4 d~ ,  2 ?9. 
C. u. eversmanni B r a n d t ,  A l t a i  m o u n t a i n s ,  T c h n j s k y  
h ighway ,  1400 m, 1 6, 1 9. C. u. undulatus Pall. ,  S o u t h  
T ransba ika l i a ,  S a y a n  m o u n t a i n s ,  T u n k i n s k y  basin,  r i g h t  
b a n k  of I rku t ,  1 ~, 1 9. 

Subspecif ic  d i s t inc t ions  of Citellus are g iven  accord ing  
to GROMOV n a n d  VASSILJEVA 12. 

W e  h a v e  c a u g h t  m o s t  of t he  g round  squir re ls  in  t he  
field du r ing  t he  Middle  As ian  a n d  S ibe r i an  exped i t ions  
t h r o u g h o u t  1965-1968. The  cytological  p r e p a r a t i o n s  were 
m a d e  b y  t he  s t a n d a r d  me thods ,  m a i n l y  f rom bone  
m a r r o w  ceils a n d  more  r a re ly  f rom spleen a n d  cornea l  
ep i the l ia l  cells. The  p r e p a r a t i o n  p rocedure  inc luded  
colchin iza t ion ,  p l a c e m e n t  in  a h y p o t o n i c  so lu t ion  of 
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