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SUmARY 
The synthes is  o f  deuterium l a b e l l e d  spiromustine, a p o t e n t i a l  new 

ant i tumor agent designed s p e c i f i c a l l y  f o r  neoplasms o f  t he  c e n t r a l  nervous 
system, i s  described. E i g h t  deuterium atoms have been incorporated spe- 
c i f i c a l l y  i n t o  the  n i t r o g e n  mustard moiety t o  p rov ide  a deuterated i n t e r n a l  
standard s u i t a b l e  f o r  se lec ted  i o n  moni tor ing by GC/MS. S t a r t i n g  wi th 

ethy lene glycol-dg, diethanolamine-dg i s  produced e f f i c i e n t l y  i n  good y i e l d  
w i t h  no deuterium exchange v i a  a 2-imino-1,3-oxazolidine in termediate.  The 
r e s u l t a n t  diethanolamine-d8 may then be used t o  synthes ize spiromustine-da 

o r  o the r  octadeuterated n i t r o g e n  mustards. 

Keywords: spiromustine-dg, diethanolamine-dg, e thy lene g l yco l -Q ,  
octadeuterated n i t r o g e n  mustards, ant i tumor agents, 
sp i rohydanto in  mustard. 

INTROOUCTION 

Spiromustine (NSC 172112, 3-[2-[bis(2'-chloroethyl )aminolethy1 1-53- 

pentamethylene hydantoin, lit) i s  a p o t e n t i a l  ant i tumor agent t h a t  has been 

designed s p e c i f i c a l l y  f o r  use aga ins t  c e n t r a l  nervous system (CNS) tumors 

(1). T h i s  compound combines a s u b s t i t u t e d  hydanto in  c a r r i e r  w i t h  a n i t r o g e n  

mustard moiety t o  produce a molecule wi th  a l k y l a t i n g  ant i tumor p r o p e r t i e s  
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and a p a r t i t i o n  c o e f f i c i e n t  equal t o  t h a t  o f  t he  well-known ant fconvulsant ,  

phenytoin. I t  i s  hypothesized t h a t  these fea tu res  p rov ide  an a n t i  tumor 

agent t h a t  can cross the  b lood-bra in  b a r r t e r  and thus have a c t i v i t y  aga ins t  

CNS neoplasms. Th is  indeed appears t o  be the  case, s ince spiromustine i s  

a c t i v e  against  several murtne i n t r a c e r e b r a l  tumor systems producing m u l t i -  

p l e  long-term su rv i vo rs  i n  i n t r a c e r e b r a l  ependymoblastoma ( 2 ) .  S i g n i f i c a n t  

ant i tumor a c t i v i t y  i s  a l s o  observed aga ins t  murine L1210 and P388 leukemia, 

816 melanoma, co lon 26 tumor and MX-1 mamnary human tumor xenograft.  For  

these reasons, the Nat ional  Cancer I n s t i t u t e  has developed spiromustine t o  

c l i n i c a l  t r i a l  ( 3 ) .  

la: R =H 
l b  R=D 

2a: R=H 
2b: R=D 

A s e n s i t i v e  and s p e c i f i c  a n a l y t i c a l  method i s  des i red  t o  measure 

i n  b i o l o g i c a l  samples i n  order  t o  c a r r y  ou t  pharmacokinetic s tud ies i n  

conjunct ion w i t h  c u r r e n t l y  conducted c l i n i c a l  t r i a l s .  Several f a c t o r s  must 

be considered i n  developing such an assay. As i s  o f t e n  the case f o r  

n i t rogen  mustards, spiromustine i s  a very r e a c t i v e  compound and i s  q u i t e  

unstable i n  aqueous so lu t i ons .  I t s  h a l f - l i f e  i n  10% dimethylacetamide-90% 

water a t  25' and pH 6 i s  on l y  14.1 min ( 4 ) .  Thus considerable metabolism 

might  be expected i n  v i v o  and f u r t h e r  decomposition i s  poss ib le  a f t e r  c o l -  

l e c t i o n  o f  b i o l o g i c a l  samples. I t  i s  a l so  a n t i c i p a t e d  t h a t  t he  t o t a l  admin- 

i s t e r e d  dose of spirornustine w i l l  on l y  be a few m i l l i g r a m s  i n  the  i n i t i a l  

t r i a l s .  P r e c l i n i c a l  pharmacology (5.6) and tox i co logy  ( 2 )  s tud ies  have 

i n d i c a t e d  t h a t  plasma l e v e l s  o f  pa ren t  drug are l t k e l y  t o  be much l e s s  than 

1 pg/ml f o r  irost o f  the pe r iod  o f  drug exposure. Furthermore, pene t ra t i on  

i n t o  other  body spaces (e.2. t he  CNS) i s  l i k e l y  t o  occur a f t e r  peak plasma 
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l e v e l s  have been reached and t o  be s t r o n g l y  i n f l uenced  by plasma-protein 

drug b ind ing,  so drug l e v e l s  i n  cerebrospina l  f l u i d  and t i s s u e  w i l l  prob- 

ab l y  be much lower  than i n  plasma. Thus, because o f  t h e  chemical p r o p e r t i e s  

of & and the  requirement f o r  maximum poss ib le  s e n s i t i v i t y ,  t he  on ly  fea- 

s i b l e  method f o r  t he  r e l i a b l e  measurement o f  t h i s  compound i n  b i o l o g i c a l  

f l u i d s  and t i ssues  i s  se lected i o n  mon i to r i ng  du r ing  gas chromatography-mass 

spectrometry (GCIMS) analys is .  C ruc ia l  t o  t h i s  t ype  o f  assay i s  s e l e c t i o n  

o f  a proper i n t e r n a l  standard. 

It i s  genera l l y  acknowledged t h a t  the bes t  i n t e r n a l  standard f o r  mass 

spect rometr ic  q u a n t l t a t i o n  i s  t he  s tab le  i s o t o p i c  analog o f  the compound 

under study (7). Th is  i s  because these l a b e l l e d  analogs should behave 

i d e n t i c a l l y  under a l l  chemical and phys i ca l  processes such as ex t rac t i on ,  

d e r i v a t i z a t i o n  and mass spect rometr ic  i o n i z a t i o n  (8). I n  view o f  t h i s ,  

we were i n t e r e s t e d  i n  syn thes i z ing  I deuterated analog o f  sp i romust ine 

f o r  use as an i n t e r n a l  standard. The most i n tense  peak by f a r  i n  the 

e l e c t r o n  Impact mass spectrum o f  Because 

t h i s  i o n  conta ins two c h l o r i n e  atoms, the mass spectrum cons is t s  o f  an 

i s o t o p i c  c l u s t e r  i n  a 9:6:1 r a t i o  separated by 2 arnu i n t e r v a l s ;  i s o t o p i c  

c o n t r i b u t i o n s  from 13C, 2H and 15N a r e  superimposed on t h i s  c l u s t e r  (Table 

1 , compound &I. Tetradeuterated n i t r o g e n  mustards have been repo r ted  

( 7 1 ,  b u t  an octadeuterated compound was f e l t  t o  be inore advantageous f o r  

the f o l l o w i n g  reason. I n  a se lec ted  i o n  n m i t o r i n g  ana lys i s ,  i t  i s  general- 

l y  adv isable t o  moni tor  a t  l e a s t  t r o  i ons  f o r  both the  compound o f  i n t e r e s t  

and the i n t e r n a l  standard t o  i n s u r e  s p e c i f i c i t y  and t o  check f o r  i n t e r f e r -  

ences. I n  the case o f  &, i n  order  to achieve maximum s e n s i v i t y .  these 

would be the  i ons  a t  E/r 154 and 156. Use o f  octadeuterated & as an 

i n t e r n a l  standard would e l i m i n a t e  t h e  ove r lap  a t  215 150 expected w i t h  a 

te t radeu te ra ted  analog and the  need t o  make c o r r e c t i o n s  f o r  t h e  d i f f e r e n t  

i s o b a r i c  species, s ince  the  corresponding i ons  (b) a t  E/g 162 and 164 are 

s h i f t e d  by 8, r a t h e r  than by 4 amu. 

i s  due t o  the  imninlum i o n  2. 



790 P. N. Huguenin and J .  A. Kelley 

Table 1 

P a r t i a l  e l e c t r o n  impact mass spect ra o f  sp i romust ine 

I on l a  (R=H) 
- mlz r e l .  i n t  (XI 

l b  (RID) 
- mlz r e l .  i n t .  (XI 

- 2 (35C12) 154 100 162 100 

- 2 (37c12) 158 10 166 10 

c 10111 5t1202 195 3.6 195 3.5 
M-CR2Cl 286 5.4 292 4.7 
M-RC1 299 3.0 306 3 .O 

- 2 (35C137C1) 156 64 164 64 

I n  the case o f  spiromustine. t he  b is(ch loroethy1)amino moiety t o  be 

l a b e l l e d  o r i g i n a t e s  from diethanolainine ( 1 ) .  Thus the  i n i t i a l  goal i s  a 

s t r a i g h t f o r w a r d  synthes is  o f  diethanolamine-d8 (2). Th is  r e p o r t  descr ibes 

the  microscale p repara t i on  o f  2 i n  h igh  i s o t o p i c  p u r i t y  us ing  r e l a t i v e l y  

inexpensive s t a r t i n g  m a t e r i a l s  and i t s  subsequent a p p l i c a t i o n  t o  t h e  syn- 

t h e s i s  o f  spiromustine-d8. It should a l s o  be noted t h a t  2 can p rov ide  a 

rou te  t o  o the r  octadeuterated n i t r o g e n  mustards, f o r  example cyclophospha- 

a i d e  (9,101 and n i t r o g e n  mustard i t s e l f .  

RESULTS AND DISCUSSION 

Diethanolamine i s  u s u a l l y  prepared from ethy lene ox ide and amnonia, 

a f f o r d i n g  both ethanolamine and t r i e thano lamine  as s ide  products  (11). 

Separation from these amino a l coho ls  then r e q u i r e s  f r a c t i o n a l  d i s t i l l a t i o n .  

Th is  procedure was unsu i tab le  i n  the  present  case because o f  t h e  h i g h  c o s t  

o f  te t radeuteroethy lene oxide, t h e  need f o r  spec ia l  gas hand l i ng  equipment, 

the microscale nature o f  t he  synthesis, and the  l o r  y i e l d  o f  des i red  pro- 

duct. Accordingly, an a1 t e r n a t e  rou te  t o  diethanolamine-d8 was developed 

v i a  the 2-imino-1,3-oxazolidines show i n  Scheme 1 (12). Here t h e  deuter- 

a ted precursor  i s  the much l e s s  expensive ethy lene g l yco l -$  which i s  used 

t o  make 2-bromoethanol-d5 (13) .  Since even t h i s  m a t e r i a l  i s  n o t  cheap, a l l  

steps i n  t h i s  approach were f i r s t  opt imized us ing  un labe l l ed  ma te r ia l s .  
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3 5 
Scheme 1 

Reaction of t h e  bas i c  cyanamide anion w i t h  the  ha lohyd r in  f i r s t  forms 

ethy lene ox ide fi + (14) and then undergoes r e a c t i o n  t o  form the 2- 

imino-1,3-oxazol idines 2 and 5. The d i r e c t  format ion of 5 i n  a one p o t  

r e a c t i o n  was n o t  as s t r a i g h t f o r w a r d  as a n t i c i p a t e d  from the  l i t e r a t u r e  (12)  

and requ i red  extens ive m o d i f i c a t i o n  of r e a c t i o n  condi t ions.  Accordingly, 

u n l a b e l l e d  reference samples of 4 and 2 were synthesized by a1 t e r n a t e  rou tes  

(15,161 t o  con f i rm  s t r u c t u r e s  and determine absolute y i e l d s .  The problems 

w i t h  t h i s  r e a c t i o n  appear t o  be caused by the  h ighe r  temperatures r e q u i r e d  

f o r  the  format ion o f  2 from 4 and the  concomitant l o s s  o f  t he  very v o l a t i l e  

e thy lene ox ide which i s  be ing generated i n  s i t u .  The p o s s i b i l i t y  o f  a s ide  

r e a c t i o n  between ethy lene ox ide and the 2-imino f u n c t i o n a l i t y  o f  5 a lso  

e x i s t s .  The e f f e c t  o f  changing pH, temperature, solvents, and p ropor t i ons  

o f  reac tan ts  was i n v e s t i g a t e d  be fo re  the  r e a c t i o n  was f i n a l l y  opt imized as 

a one-pot procedure conducted i n  50% dioxane:water dhere 2-bromoethanol 

was added a t  0" wi th very slow warming t o  room temperature. A 44% y i e l d  

o f  5 cou ld  be r e a l i z e d  be fo re  i s o l a t i o n .  The e f f i c i e n t  i s o l a t i o n  o f  t h i s  

product  was then achieved by methylene c h l o r i d e  e x t r a c t i o n  from a l k a l i n e  

s o l u t i o n  fo l l owed  by c a t i o n  exchange chromatography (82% recovery) .  

- 

Sapon i f i ca t i on  of oxazol i d i n e  5 requ i red  very v iyorous cond i t i ons .  

Treatment o f  2 w i t h  11.6 N potassium hydroxide f o r  3 h a t  r e f l u x  r e s u l t e d  

i n  a 75% y i e l d  of diethanolamine a f t e r  c a t i o n  exchange chromatography. 

Thus a 16% y i e l d  o f  diethanolamine-dg was achieved based on the  ethy lene 

g lyco l -dg s t a r t i n g  m a t e r i a l .  
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POC13 
R- CI + HN(CD2CD20H12 - t7- N(CD~CDZOH)~ - SpiromustinedB 

6 7 

Qfo 
HNYN-= 

0 

Scheme 2 

The condensation o f  d ie thanol  am ine -a  w i t h  sp i rohydanto in  2 (Scheme 2) 

was c a r r i e d  o u t  on on ly  an equimolar bas i s  because o f  t he  need t o  conserve 

the l a b e l l e d  m a t e r i a l .  Accordingly, t he  y i e l d  o f  was on ly  about one-hal f  

o f  t h a t  repo r ted  w i t h  a 3 - f o l d  excess o f  diethanolainine ( 1 ) .  Attempts t o  

opt imize t h i s  p o r t i o n  o f  the syn the t i c  sequence were unsuccessful except 

f o r  a d d i t i o n  of 0.2 equiva lents  o f  18-crown-6-ether as an a l k a l i  metal i o n  

s o l u b i l  i z e r  (17) .  Treatment o f  the dihydroxy compound w i t h  phosphorus 

oxychlor ide then produced spiroinustine-d8 i n  54% y i e l d .  Thus an o v e r a l l  

maximum y i e l d  o f  2.12 i s  poss ib le  f o r  t h i s  sequence o f  reac t i ons  based on 

ethy lene g l yco l  s t a r t i n g  m a t e r i a l .  

Mass spec t ra l  ana lys i s  (Table 1, compound 2) showed t h a t  the syn- 

thes ized SpirOmUStine-d8 cons is ted  o f  97% d8 and 3% d7 species, i n d i c a t i n g  

t h a t  no exchange had occurred du r ing  the synthes is  even though deuterated 

reagents and so lvents  were n o t  used. The deuterium con ten t  o f  & was 

exac t l y  t he  same as t h a t  o f  s t a r t i n g  ma te r ia l .  Equa l l y  impor tant ,  no over- 

l a p  of the i s o t o p i c  c l u s t e r s  due t o  fragment i ons  g and 211 were observed 

i n  the mass spect ra o f  2 and g. Thus, even though the  o v e r a l l  y i e l d  was 

small ,  more than enough h igh  q u a l i t y  spiromustine-d8 was obta ined f o r  use 

as an i n t e r n a l  standard i n  the proposed GC/MS assay from r e l a t i v e l y  inex-  

pensive s t a r t i n g  ma te r ia l s .  

EXPERIMENTAL 

Me1 ti ng po in ts  were determined on a Thomas-Hoover c a p i l l  ary  me1 ti ng 

p o i n t  apparatus and are uncorrected. l H  NMR spect ra were recorded on a 
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Var ian HR-220 spectrometer i n  D20 with 3 - ( t r i m e t h y l  s i l y l  1-1-propane-sulfon- 

i c  ac id  (TSP) as an i n t e r n a l  reference. E lec t ron  impact mass spect ra were 

obta ined on a VG A n a l y t i c a l  7070E double focuss ing mass spectrometer v i a  a 

d i r e c t  i n s e r t i o n  probe t h a t  was 1 i n e a r l y  temperature programmed from ambient 

t o  300". Spectra were acqui red a t  a scan speed o f  Esldecade and a reso lu -  

t i o n  o f  2000 w h i l e  us ing a VG A n a l y t i c a l  2035 data system. Compound p u r i t y  

was determined by gas chromatography (GC). A Varian Aerograph 2740 gas 

chromatograph equipped w i t h  a flame i o n i z a t i o n  de tec to r  was temperature 

programed as i n d i c a t e d  and separat ions were c a r r i e d  o u t  on the  apppropr i -  

a t e  2 mn i d  x 1.83 m g lass columns packed f o r  on-column i n j e c t i o n .  Both 

the i n j e c t o r  and de tec to r  were mainta ined a t  250" w h i l e  a he l ium c a r r i e r  

gas f l aw  o f  30 ml/min was employed. Thin l a y e r  chromatography (TLC) was 

p e r f o n e d  on Analtech s i l i c a  gel GHLH p l a t e s  o f  2 5 0 ~  thickness, and the 

spots were v i s u a l i z e d  by iod ine.  Elemental analyses were performed by 

Ga lb ra i th  Laborator ies,  Inc., Knoxv i l l e ,  TN. 

Ethylene glycol-d6, 99 atom per  cent  D, was purchased from Stoh le r  

Isotopes. 2-Bromoethanol was obta ined from A l d r i c h  Chemical Co. and re -  

d i s t i l l e d  before use. HPLC-grade dimethyl formamide (DMF) from Burdick and 

Jackson was tw ice  d i s t i l l e d  be fo re  use. A n a l y t i c a l  grade Dowex 50W-X8 

c a t i o n  exchange r e s i n  was sequen t ia l l y  p re t rea ted  wi th 1N NaOH and I N  HCL 

before being converted t o  the  a m n i u m  form w i t h  1N (NHqI2S04. 

2-Bromoethanol-ds. The method o f  Chaudhuri 9. (13) was employed s t a r t -  

i n g  wi th 5 g (73.5 mnol) o f  e thy lene g lyco l -dg and 2.6 m l  (27.7 m l )  o f  

phosphorus t r i b romide .  F r a c t i o n a l  d i s t i l l a t i o n  of t he  r e s u l t i n g  r e a c t i o n  

m ix tu re  a t  30 mn Hg gave some ethy lene dibromide (38-40') and 5.1 g 2-bro- 

moethanol-dg (58-62". 51% y i e l d ) .  GC ana lys i s  on a column o f  10% Carbowax 

20M on 80/100 mesh Supelcoport, temperature programmed froin 65 t o  110" a t  

2"/cmin, i n d i c a t e d  a p u r i t y  o f  94% f o r  2-bromoethanol (e thy lene dibromide, 

Q = 5.0 min; 2-bromoethanol, t R  = 14.7 m in l .  

2-Imino-3-(2'-hydroxyethyl)-l ,3-0xaz01 i d i n e  (5,  un labe l l ed  reference) .  The 

procedure o f  Matveev (16) was used w i t h  a mod i f i ed  r e a c t i o n  workup s ince a 

smal ler  sca le p repara t i on  s t a r t i n g  w i t h  on l y  5 g (47 n o 1 1  diethanolamine 
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was c a r r i e d  out. A f t e r  t he  product  res idue  was e x t r a c t e d  w i t h  25 m l  E- 
dioxane t o  remove unreacted diethanolamine, t he  lower  non-dioxane so lub le  

phase was d i sso l ved  i n  25 m l  methanol. One-half o f  t h i s  s o l u t i o n  was 

evaporated t o  dryness and t h e  res idue  was d i sso l ved  i n  30 m l  c o l d  5 N NaOH 

sa tu ra ted  w i t h  NaCl be fo re  being ex t rac ted  w i t h  5 x 130 m l  CH2C12. The 

organic  e x t r a c t s  were combined, d r i e d  over K2CO3, and then evaporated t o  

dryness. The r e s u l t i n g  res idue was f u r t h e r  d r i e d  i n  vacuo ove rn igh t  t o  

g i v e  1.29 g o f  a whi te  c r y s t a l l i n e  product  i n  c o n t r a s t  t o  t h e  p rev ious l y  

repo r ted  o i l  (12,161. An i d e n t i c a l  workup o f  t h e  o t h e r  h a l f  o f  t he  s o l u t i o n  

gave an a d d i t i o n a l  0.98 g o f  product  (37% t o t a l  y l e l d ) .  A 0.5 g p o r t i o n  o f  

t h i s  product  was tw ice  r e c r y s t a l l i z e d  from isopropanol, m.p. 92'. 

Anal. Calcd f o r  C5H10N202: C, 46.14; H, 7.74; N, 21.52 - 
Found: C, 46.00; H, 7.75; N, 21.33. 

R f  = 0.47, CHC13: MeOH: conc NH40H (75:25:7, v /v) .  - TLC: 

h - N M R  (D,O: 6 4.30 (t, 2, J=7 Hz,  H-51, 3.70 ( t ,  2, J=5 Hz, H-2' - 
3.59 ( t ,  2, J=7 Hz, H-41, 3.32 ( t ,  2, J=5 H z ,  H-1').  

Mass Spectrum: - -  m/z ( r e l a t i v e  i n t e n s i t y )  130 (M?, 5.2). 100 (321, 99 (19 

86 (591, 85 (281, 56 (100). 

, 

2-Imino-3-(2'hydroxyethyl)-1,3-oxazolidine-dg(5). To a f l a s k  immersed i n  

an ice-water  ba th  and con ta in ing  5.3 m l  water was added 1.6 g (18.6 mnol) 

ground disodium cyanamide. To t h i s  s t i r r e d  s o l u t i o n  5.3 m l  e-dioxane was 

added as a cosolvent  f o l l owed  by 1.45 m l  (20 mnol) 2-bromoethanol-d5. The 

i c e  bath was a l lowed t o  remain i n  p lace so t h a t  t he  r e a c t i o n  m ix tu re  would 

on l y  warm up t o  rooin temperature very s lowly .  A f t e r  24 h, t he  r e a c t i o n  

m ix tu re  was cooled t o  0' i n  an i c e  ba th  and a second p o r t i o n  o f  1.45 m l  

2-broinoethanol-d5 was added. The same warming procedure as above was 

fo l l owed  and the r e a c t i o n  m ix tu re  was maintained a t  room temperature f o r  

43 h. The r e a c t i o n  m ix tu re  was then concentrated t o  approximately one - th i rd  

o f  i t s  volume, d i sso l ved  i n  50 m l  5N NaOH sa tu ra ted  w i t h  NaCl , and e x t r a c t e d  

with 4 x 250 m l  CHzC12. A f t e r  combination, t he  organic  e x t r a c t  was d r i e d  

- 
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over K2CO3, f i l t e red ,  evaporated t o  dryness, and then dr ied  overnight - i n  

- vacua t o  give 1.86 g o f  an o i l y  product. Analysis by TLC using CHC13: 

MeOH: conc NH40H (18:6:1, v/v) indicated two spots corresponding t o  4 
and - 5. The product was applied to  a 22 x 260 mn Dowex 50W-X8 ca t ion  

exchange column i n  the NH4' form a t  a f l o w  r a t e  o f  1.2 ml/min. The column 

was then rap id l y  r insed w i th  200 m l  water and the oxazol ldines were eluted 

a t  a f l o w  ra te  o f  1.2 ml/min w i t h  1000 m l  o f  a l i n e a r  gradient from 0.5 t o  

2.0 N NH40H. A f te r  an I n i t i a l  200 m l  f r a c t i o n  was col lected, 30 m l  port ions 

were col lected, evaporated and analyzed by TLC. A minor quant i ty o f  4 was 

found i n  f rac t ions  4 and 5 w i th  f rac t ions  7-13 containing the main product 

- 5. These f rac t ions  were combined, evaporated t o  residue, and dr ied  - i n  

vacua t o  y i e l d  0.89 g o f  c r y s t a l l i n e  compound 2 (34% y ie ld ) .  

D i e t h a n o l w i n e - % A .  Compound 2 (0.84 g, 5.7 m o l )  was ref luxed f o r  3 h 

w i th  13 m l  11.6 N KOH. This so lu t ion  was then stored overnight a t  5' 

before being d i l u ted  w i t h  130 m l  water and a c i d i f i e d  w i th  30 m l  6N H C l .  

Cation exchange chromatography uslng the same procedure as described above 

gave diethanolamine e l u t i n g  i n  the f i r s t  200 m l  o f  the NH4OH gradient. 

Evaporation o f  t h i s  f r a c t i o n  t o  dryness fol lowed by fu r the r  drying i n  vacuo 

f o r  1 h gave 644 mg o f  compound 3 (92% y i e l d ) .  GC analysis on a column 

packed w i th  60/80 mesh Tenax GC temperature programed from 130-125' a t  

8'/min indicated a s ing le  major peak w i th  the same t R  as a diethanolamine 

standard (10.8 min). 

Mass Spectrum: -- m/z ( r e l a t i v e  i n tens i t y )  113 (M?, 0.81, 112 (M-H, 0.31, 

111 ( M-D. 0.71, 80 ( l oo ) ,  62 (561, 45 (40). 

3-[2-[bis(2'-hydroxyethyl)amino]-5,5-pentamethylenehydantoin-dg (7). Com- 

pound a, 1.07 g (4.6 m o l ) ;  ground potassium iodide, 768 mg (4.6 m l ) ;  

diethanolamine-*, 457 mg (3.8 mnol) and 18-crown-6-ether, 204 mg (0.8 m o l )  

were dissolved i n  22 ml DMF and s t i r r e d  f o r  15 h a t  100'. The OMF was 

removed under reduced pressure, the residue treated w i th  saturated NaHC03 

so lu t ion  and water, and t h i s  mixture twice extracted w i th  ethyl  acetate. 

The organic phase was washed w i th  water, d r ied  over NazSOq, f i l t e r e d  and 
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evaporated. Af te r  drying overnight  i n  vacuo, a c r y s t a l l i n e  sample weighing 

981 mg was obtained. Recrys ta l l iza t ion  from toluene gave 477 mg of compound 

- 7.  GC ana lys i s  on a column packed w i t h  3% OV-17 on Supelcoport 120/140 

mesh and temperature programmed from 200 - 240' a t  2'/min and comparison 

t o  a s i l y l a t e d  reference sample of non-labelled 1. ( 4 )  ind ica ted  a y i e l d  of 

25% and some contamination w i t h  compound 5. 
Spiromustine-dg ( l b ) .  Phosphorus oxychloride (3.75 ml) and 450 mg recrys-  

t a l l i z e d  - 7 (1 .5  mnol) were heated a t  80' f o r  1 .5  h. The reagent  was removed 

a t  reduced pressure (30 mn H g ) ,  1.5 ml conc. HC1 was added, and the f l a s k  

was gent ly  heated with a hot a i r  blower u n t i l  t h e  o i l y  res idue dissolved.  

This so lu t ion  was added t o  cold s a t u r a t e d  NaOAc, producing a white prec ip i -  

t a t e  which was twice ex t rac ted  w i t h  e thyl  a c e t a t e .  The organic f r a c t i o n s  

were combined, washed with water, dried over Na2S04, f i l t e r e d  and evaporated 

t o  dryness. The c r y s t a l l i n e  residue was dr ied  overnight  in  vacuo and then 

twice r e c r y s t a l l i z e d  from 2-propanol t o  give 141 mg of pure spiromustine-&, 

m.p. 123' ( l i t .  ( 1 )  125-126"). GC ana lys i s  using the same condi t ions 

described f o r  compound 1 ind ica ted  a s i n g l e  peak with t R  = 21.5 m i n .  
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