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PREPARATION OF 2,2,Z(2H3bDIAZOETHANE 

Claus O.Meese 
Fischer-Bosch-Institute of Clinical Pharmacology 
AuerbachstraRe 112, D-7000 Stut tgar t  50 (FRC) 

SUMMARY 

2,2,2( H3) Ethyl-N-nitroso-p-toluenesulfonamide @, prepared in three steps from tri- 
deuteroacetonitri le & (overall yield 71%), has been subjected to alkaline decomposition to 
give a f t e r  co-distillation with ether/n-hexane solutions of 2,2,2( H )-diazoethane la. As 

shown by quantitative studies and from NMR and mass spectra,  respectively, carboxylic 
acids were completely converted by under mild reaction conditions into highly labelled 
( >96% d3, (0.3% do) 2,2,2( H3)-ethyl esters. The ready preparation of I (  H1,2)-ethyl 4- 
nitrobenzoate from 9 and unlabelled & under H/D exchange conditions i l lustrates t he  

3 possibility of further introduction of 2H or H into an ethyl group. The molar extinction 
coefficient of la, b has been determined (E(470 nm)=8.4). 
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INTRODUCTION 

The most efficient reagent for the smooth and quantitative conversion of a carboxylic 

acid into i ts  methyl es ter ,  even at low temperature,  is diazomethane (1-4). However, t h e  

analogous preparation of tr ideuteromethyl esters,  useful as stable isotope labelled internal 

standards in the  GC/MS t r ace  analysis of organic acids, from dideuterodiazomethane 

under H/D exchange conditions is less convenient since the appropriate labelled precursor 

is not readily available, a great  excess of highly labelled deuterated solvents has to b e  

applied for i ts  preparation, the d3-methyl e s t e r s  obtained this way show considerable 

scrambling, and no further introduction of deuterium or tritium into t h e  alcoholic par t  of 

the  labelled ester  is possible (5-8). To obtain a general and ready access to  a variety of 

deuterated esters,  a new synthetic route to  hi ther to  unknown 2,2,2( H3)-diazoethane (la) 
was elaborated. 
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RESULTS AND DISCUSSION 

C. 0. Meese 

Solut ions of unlabel led d i a z o e t h a n e  (&) h a v e  been  prepared  in  sa t i s fac tory  yields  f rom N- 

e thyl -N-ni t rosoure thme (9), N-ethyl-N-nitrosourea(l0,l I ) ,  N-ethyl-N-nitroso-"-nitro- 

guanidine (121, and N-nitroso-N-ethylaminoisobutyl m e t h y l  k e t o n e  (13). All t h e s e  pre- 

cursors  a r e  prepared  in f a i r  to m o d e r a t e  yields, b u t  a r e  t h e r m i c a l l y  instable ,  in p a r t  skin 

i r r i ta t ing ,  po ten t ia l ly  carc inogenic ,  and  a r e  t h e r e f o r e  inconvenient  s u b s t r a t e s  for  pre- 

pard t ions  of d -d iazoe thane  la. 

S i n c e  good resu l t s  hdve  been repor ted  for  a number  of d i f f e r e n t  d iazoa lkanes  which hdve 

b e e n  g e n e r a t e d  f rom m o r e  s t a b l e  and  less  tox ic  N-alkyl-N-nitroso-p-toluenesulfonamides 

(14-181, it  s e e m e d  promising to u t i l i ze  t h e  N-ethyl ana logues  and  2 (19) for t h e  

synthes is  of & and & ( S c h e m e  1). 

3 

1. Li AIH, TOSCI ,OH- 
CD3CN - CX3CHZNH; Cc - 

2. HCI 
- 20 &,b_ 

- a : x = D ? H )  

- b : X = H  

S c h e m e  1: Synthesis  of d i a z o e t h a n e  precursors  and  e. 

T h e  desired precursor  w a s  convenient ly  prepared  in e x c e l l e n t  yields by reduct ion  of 

t r i d e u t e r o a c e t o n i t r i l e  w i t h  LiAIH,+ ((20),82%), tosy la t ion  of t h e  label led a m i n e  (92%), 

and n i t rosd t ion  of t h e  su l fonamide  5 (94%). T h e  f o r m a t i o n  of t h e  bis- tosyldte  5 may b e  

c o m p l e t e l y  suppressed if o p t i m u m  reac t ion  condi t ions  a r e  appl ied.  

Although 6 r e p r e s e n t s  a c l o s e  homologue of N-methyl-N-nitroso-p-toluenesulfonarnide, 

t h e  most  widely used s u b s t r a t e  for  t h e  genera t ion  of d i a z o m e t h a n e  (14, l  51, surpris ingly 
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low yields  of 1 w e r e  reached  (1-5%) when analogous reac t ion  condi t ions (5O-7O0C, alkal ine 

alcohol ic  solution, dis t i l la t ion)  w e r e  employed.  A c loser  invest igat ion of t h e  s tab i l i ty  of 3 
revea led  t h a t  rapid deni t rosa t ion  t a k e s  p lace  at  e l e v a t e d  t e m p e r a t u r e s  ( > 44OC). If n e a t  

- 6 b  is h e a t e d  at 82-85OC a violent  decomposi t ion occurs ,  t r a c e s  of e thylene  may b e  

t rapped,  and  the residue mainly cons is t s  of e t h y l  p- toluenesulfonate  1. and ,b (Scheme 2). 

CX3CHN2 

h,b 

+ T-OR' 

- 7:R'=C2HS 

8 : R' = CH, - 

S c h e m e  2: Reac t ions  of 6 and 1 (.: X=D, b: X=H). 

T h e s e  findings a r e  in a c c o r d a n c e  with previous r e p o r t s  on t h e  reac t iv i ty  of N-alkyl-N- 

nitroso-p-toluenesulfonamides (19, 21-23) and explain t h e  low yield in t h i s  react ion.  On t h e  

cont ra ry ,  s a t i s f a c t o r y  yields of I may b e  reached  if t h e  alkal ine decomposi t ion of 6 is  

car r ied  o u t  within s e v e r a l  minutes  at  low t e m p e r a t u r e  and in t h e  presence  of alcohols  

(R -OH, S c h e m e  2). T h e  organic  e x t r a c t s  of t h e s e  reac t ion  mixtures  contain up to 60% of 

desired r. Although t h e s e  solut ions may b e  su i tab le  for  t h e  es te r i f ica t ion  of organic  acids ,  

considerable  amounts  of unwanted tosy la tes  7 o r  8 w e r e  co-ext rac ted .  Since t h e s e  e s t e r s  

m a y  i n t e r f e r e  in a subsequent  ana ly t ica l  der iva t iza t ion  s t e p  (e.g. pyr idine rapidly c o n v e r t s  

- 7, 8 into  t h e  corresponding N-alkyl-pyridinium tosylates) ,  t h e  e t h e r e a l  co-distillation of 

t h e  c r u d e  n-hexane e x t r a c t s  which proceeds  without  subs tan t ia l  loss of d i a z o e t h a n e  

+ lb, is recommended.  

I 

o r  
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The de termina t ion  of t h e  c o n t e n t  of  (d ) d i a z o e t h a n e  in t h e s e  solut ions was  per formed in 

t h r e e  ways: 1) d i r e c t  ac id imet r ic  t i t r a t i o n  (24,25), 2) es te r i f ica t ion  of excess  organic  ac ids  

and q u a n t i t a t i v e  isolat ion of t h e  e t h y l  e s t e r s  formed,  and 3) es te r i f ica t ion  of organic  ac ids  

and H N M R  quant i f ica t ion  in t h e  presence  of known a m o u n t s  of an in te rna l  s tandard.  The  

resu l t s  of t h e s e  t h r e e  methods  w e r e  in good a g r e e m e n t  and  al low t h e  ca lcu la t ion  of t h e  

molar  ex t inc t ion  coef f ic ien t  of and  ( ident ica l  values  of & d.4 0.5) a t  

h max470nm) (26)). Thus, t h e  s p e c t r o p h o t o m e t r i c  method presents  t h e  most  rapid and 

convenient  way of measuring t h e  concent ra t ion  of d i a z o e t h a n e  in t h e s e  preparat ions.  

E therea l  solutons of d iazoe thane  1. a r e  s t a b l e  for  s e v e r a l  weeks  if s tored  at -SO°C, and no 

insoluble polymer ic  methyl-methylenes beeing d e t e c t e d .  However ,  at a m b i e n t  t e m p e r a -  

t u r e  t h e s e  samples  show a s teady  d e c r e a s e  in concent ra t ion  6 1 0 %  in 5 hr)  which is 

enhanced in t h e  p r e s e n c e  of  alcohols. P u r e  solut ions of 1. c o n v e r t  o rganic  carboxyl ic  ac ids  

(e.g. 9-11) in q u a n t i t a t i v e  yield in to  t h e  corresponding chemica l ly  and isotopical ly  pure 

e thyl  e s t e r s  (Scheme 2, Fig.1). Thin layer  chromatography,  I H  , 13C N M R  spec t roscopy,  

and  mass  s p e c t r o m e t r y  fai led to revea l  t h e  presence  of s ign i f icant  amount  of by-products. 

F igure  1: (A) P a r t i a l  H NMR s p e c t r a  (CDClj ,x : t race  of H 2 0 )  and (8) par t ia l  mass  

s p e c t r a  (70 eV,hl+' region)  of label led and unlabelled e t h y l  e s t e r s  G, k ,g ,  and 5, 2. 
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The comple te  retention of deuterium throughout all synthetic s teps  may be  judged from 

t h e  H NMR spec t ra  and mass spec t ra  in t h e  significant ranges and in comparison with t h e  

unlabelled e thyl  es te rs  (Fig.1). 

1 

To examine t h e  possibility of t he  introduction of tr i t ium or further deuterium in t h e  

course of t h e  preparation of (deuterium labelled) e thyl  esters,  was  subjected to H/D 

exchange (D20,0D-)in a model experiment and then allowed to r eac t  with 4-nitrobenzoic 

acid-dl (from 9 preequilibrated with D20)  (Scheme 2). The e s t e r  obtained this way 

showed conversion to 47% CD2, 49% CHD, and 4% CH2 by mass spectrometry.  

In conclusion, *, readily prepared from trideuteroacetronitri le 2, provides a convenient 

source of highly labelled d -diazoethane la. This reagent allows the  simple and 

e f f ec t i ce  preparation of deutera ted  e thyl  e s t e r s  and permits t h e  further introduction of 

2H or 3H into t h e  methylene group of t h e  ester. 
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EXPERIMENTAL SECTION 

Materials: Trideuteroacetonitri le (Fluka, ) 99 a tom% D), toluene-4-sulfochloride (Fluka, 

> 99%), dioxane (E.Merck, < 0.01% H20), lithium aluminium hydride (E.Merck, powdered, 

95%), deuterium oxide (E.Merck, 99.75%), sodium deuteroxide (Aldrich, 40% soh. in 

D20,99 a tom% D). 

x: Si02  60-F254 (E.Merck, "Fertigplatten"); solvent system (I): EtOAc/n-hexane (2:3), 
solvent system (11): EtOAc/n-hexane (1:5). -Melting points, mp, uncorrected (Electro- 
thermal). - (KBr/film, cm- 1: Perkin-Elmer 283, only intense or charac te r i s t ic  

absorptions a r e  reported. - NMR (80 MHz/ H,20 MHz/ C-proton decoupled): Bruker WP 

80, 39OC, int. stand. TMS(CDC13) or 3-(trimethylsilyl) propionic acid-d4 (D20),  shifts  in 

ppm ( 8 -scale). - UV/VIS: Zeiss PMQ 3 and Perkin-Elmer 330, in nm ( E  ), d = l  cm. - MS 
(70 eV,EI): Hewlett-Packard 5985, f ragments  ,reported as m/z (rel. abund., %). 

1 

I 13  

2 - 2,2,2( H3) -Ethylamhe hydrochloride, & 

A suspension of lithium aluminium hydride (5.9g, 0.1 5 mol) in 200 ml  of dry  diethyl e the r  

(freshly distilled f rom LiAIH4) was stirred fo r  20 min under argon atmosphere. Then t h e  
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soln. was cooled to 0-5OC and (CD3 CN, 5.2 ml, 4.4g, 0.1 mol, d r ied  over  CaCI2)  w a s  

added over  a period of 2 hr. The  reac t ion  m i x t u r e  was s t i r red  for  a f u r t h e r  1 5  rnin and  

t h e n  successively quenched at t h e  s a m e  temp.  during 3 hr  wi th  t h e  dropwise addi t ion of 

H 2 0  (6 ml), 20% aq. NaOH (4.5 ml), and H 2 0  (21 ml). Volat i le  a m i n e  and most  of t h e  e t h e r  

were  distilled into a receiving f lask charged  with 200 rnl of rapidly s t i r red  I n  HCI (OOC). 

200 ml of E t Z O  w e r e  added to t h e  whi te ,  g ranular  inorganic  res idue  and dis t i l la t ion w a s  

cont inued unt i l  t h e  distilling E t  0 w a s  neut ra l  (ca. 3 x 200 ml). The  e t h e r e a l  layer  f r o m  

t h e  rece iver  w a s  discarded,  t h e  aqueous  phase  w a s  e v a p o r a t e d  to dryness  on a r o t a r y  

evapora tor ,  redissolved in dry EtOH (200 ml), c o n c e n t r a t e d  under  vacuum, and  recrys ta l -  

l ized f rom h o t  dry EtOH under  t h e  addi t ion of  e t h y l  acetate. Fi l t ra t ion  and drying (P205)  

a f forded  pure  - 3a (6.9g, 82%), m p  99-107°C (fused capi l lary) ,  as colourless ,  highly 

hygroscopic  plates .  

- Anal. Calc. for  C2H5D3CIN (84.5): C 28.41, (H+D) 13.10, C I  41.93, N 16.56. 

Found: C 28.21, (H+D) 13.09, C1 41.82, N 16.81. - H NMR (D20):  3.08 (broad s, CH2), 4.8 

(HOD); do+dl+d2 (1.5% by in tegra t ion  at 1.27 ppm (CH3 resonance  of 2). - 13C NMR 

(D20):  37.7(CH2), 2: 14.6(CH3), 37.7(CH2). - E: 3050 (broad), 1606, 1483, 1469, 1163, 

914. 

2 

1 

N-2,2,2(Lt-13) Ethyl-p-toluenesulfonamide, 5 

A cold  soln. of NaOH (136.433, 3.4 mol) in w a t e r  (300 rnl) w a s  added slowly to d s t i r red  

soln. of - 3a (59.4 g, 0.7 mol) in t h e  s a m e  so lvent  (150 ml, 0-5OC). During 6.5 hr  a soln. of 

p-tolylsulfonylchloride (143 g, 0.75 rnol) in 200 ml of dry  1,4-dioxane was  added. The  

redct ion mixture  was s t i r red  for addi t ional  1 7  h r  (-4OC) and t h e n  h e a t e d  at 50-60°C in a 

w a t e r  ba th  (30 min). Removal  of t h e  organic  solvent  under  reduced  pressure and addi t ion 

o f ' w a t e r  (1000 ml) g a v e  a c l e a r  s o h  f r o m  which a f t e r  ac id i f ica t ion  to pH 1-2 (20% HC1) 

crys t .  sulfonamide & precipi ta ted.  The  solid product  w a s  f i l t e red  of f ,  thoroughly washed 

with w a t e r ,  and  t h e n  dr ied (P205), yield 131.2 g (92.5%), rnp 64OC (fi : mp 62.5-63.5 (19)). 

T h r e e  recrys ta l l iza t ions  f rom boiling n-hexane did not  c h a n g e  t h e  rnp. As judged f r o m  

TLC (Rf  0.54(1), 0.15(II)) and i t s  ana ly t ica l  and s p e c t r a l  propert ies ,  t h i s  procedure  g a v e  

pure '(a f r e e  of di- tosylate  2 (mp 114-6OC, g: Rf 0.73(1)). 
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- Anal. Calc. fo r  C9HIOD3N02S (202.3): C 53.44, (H+D) 7.97, N 6.92, S 15.85. 

Found: C 53.42, (H+D) 7.80, N 6.92, S 16.03. - H-NMR (CDCl3): 2.43 (s,3H,aryl-Ci3), 

3.00 (dJz5.8 Hz, 2H, CH2), 4.28 (t,  3=5.8 Hz, IH, NH), 7.32 and 7.77 (d each, 5=8.5 Hz, 

4H, aryl-Hf, do+dl+d2 < 1% by integration at 1.10 ppm (CH3 CH2-resonance of 5). 133_ 

- NMR (CDC13): 21.5 (aryl - CH3), 38.2 (CH2); 127.0, 130.0, 137.5, 143.7 (aryl). No 

resonance signal was observed at 15.0 ppm (CH3CH2 of 4&). - 

1 

- IR: 3280, 2234, 1602, 1428, 1323, 1312, 1164, 1090, 900, 812.- 

- MS: 202 (49,M+'), 184(78,M+'-CD3), 155(80,M+'-NHCH2CD3), 91(100,C7H7), d3  ) 9696, 

do < 0.2% (by multiple ion detection, MID). 

2 N-2,2,2( tJ3) Ethyl-N-nitroso-p-toluenesulfonamide, & 

To a s t i r red  soh. of 5 (8.2 g, 40.6 mnol) in 96% a c e t i c  ac id  (80 rnl) and wa te r  (8 ml) was 

added at O°C, over 30 min, a s o h .  of NaN02  ( 5  g) in water  (10 ml). Stirring was continued 

for  1 hr and then  t h e  reaction mixture was slowly diluted (30 m i d  with 450 ml of cold 

water.  The resulting yellow prec ip i ta te  was fi l tered off,  repeatedly washed with water,  

and dried over  P205  in t h e  dark. This afforded 8.9 g (94%) of pure @, mp 42-44OC. A 

sample  recryst .  f rom EtOAc/n-hexane had t h e  s a m e  m p ( 2 :  mp 42-43.5OC(I 9)). 

- TLC: Rf 0.68(1), 0.39 (11)- &., Calc. for  C9H9D3N2O3S (231.3): C 46.74, (H + D) 6.54, N 

12.11, S 13.86. Found: C 46.78, (H + D) 6.67, N 12.04, S 13.97. - 

IH-NMR (CDC13): 2.46(s, 3H, aryl-Cl-i3), 3.76 (broad s, 2H, CH2), 7.38 and 7.91 (d each, 

3 4 . 3  Hz, 4H, aryl-I-J), do+dl+d2 < 0.6% by integration at 1.0 ppm (CH3CH3-resonance of 

- 6b).- C-NMR (CDC13): 12.2 (very weak quint., Jz19.5 Hz, CD3), 21.7 (aryl-CH3), 38.4 

(NCH2); 128.3, 130.6, 135.5, 146.3 (aryl). No signal occured at 12.8 ppm (CH3CH2 of $&I.- 

13 

- IR: 2242, 1601, 1510, 1383, 1198, 1180, 1156, 1086, 848, 663.- 

UV/VIS (5.57-10-3 m/n-hexane): 412 (7931, 395 (883), 380 (5911, -366, shoulder (-'1.8); 

superimposable with 2.- 

When stored in the  dark and under refrigeration (4OC), pure cryst .  & (as well as $&) 

showed no decomposition a f t e r  six months. Solutions (EtOAc, CDCl,) of 6 a r e  s tab le  at  

ambient  temp. for  at least  48 hr if kept  in the  dark but reveal t he  slow formation of 2 
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when exposed to light. When n e a t  i s  h e a t e d  above  i t s  mel t ing  point, a rapid 

deni t rosa t ion  t a k e s  place. Above 82OC t h e  decomposi t ion b e c o m e s  violent  and  e t h y l e n e  

may b e  ident i f ied by H-NMR when t h e  escaping g a s e s  a r e  t rapped  in  cold CDCl (s inglet t  

a t  5.4 pprn which disappeared if argon g a s  is bubbled through t h i s  soh.  for  a few minutes). 

Besides s o m e  insoluble mater ia l  t h e  residue mainly consis ts  of a 1:l mix ture  of + and 7 
(e thyl  p- toluenesulfonate  7 is isolated as a n  o i l  by p r e p a r a t i v e  layer  chromatography 

(SiO2-6O, Rf 0.32 (!I), ident ica l  wi th  a n  a u t h e n t i c  sample). 

1 
3 

2 2,2,2( H ) - Diazoethane ,  

CAUTION: Prior  to s y n t h e t i c  work rev iews  on t h e  c h e m i s t r y  of d iazoa lkanes  should be  

consul ted,  e.g. (1). 

The reac t ion  and e x t r a c t i o n  was  car r ied  o u t  in a wel l -vent i la ted re f r igera t ion  c h a m b e r  

(+QoC). Comple te ly  ident ica l  resul ts  may be  obta ined  for  la and E. 
To a magnet ica l ly  s t i r red  soh. of KOH(I2.5g, 0.22 mol) in methanol  (100 ml) w a s  added 

solid 3 (2.3g IOmmol) in o n e  portion. A f t e r  1.5 - 2 min t h e  m i x t u r e  w a s  rapidly e x t r a c t e d  

wi th  cold n-hexane (6x50 ml)  and t h e  combined layers  w e r e  t h e n  dired immedia te ly  over  

KOH (pellets). The  procedure  should b e  t e r m i n a t e d  a f t e r  a b o u t  20 min. The c r u d e  e x t r a c t  

(30) w a s  di luted with e t h e r  (100-200 ml), placed in a f lask connec ted  with an e f f i c i e n t  

condenser  cooled with c i rcu la t ing  i c e  w a t e r  (a l l  g lassware  with smooth  surfaces ,  "Diazald 

Kit", Aldrich) and w a t e r  b a t h  at 65OC. Dist i l la t ion in to  a pre-cooled rece iver  (-7SOC) was  

cont inued during .., 30 min unt i l  t h e  d is t i l l a te  w a s  co lour less  (ca. 150-250 ml). Depending 

on  t h e  volume of e t h e r  used and distilled, c o n c e n t r a t i o n s  of  (or E) a r e  in t h e  r a n g e  of 

0.02-0.06 mmol/ml,  yield 45-55%. As judged f rom IH-NMR t h e s e  yellow e t h e r e a l  solut ions 

conta ined  44 to 52 vol% of n-hexane b u t  no  d e t e c t a b l e  a m o u n t s  of methanol  ( < I ~ 0 1 % ) .  The 

varying ra t ios  of t h e  so lvents  d o  not  a f f e c t  t h e  s p e c t r o p h o t o m e t r i c  de te rmina t ion  of I, as 

di lut ion with equal  volumes of e i t h e r  n-hexane or  e t h e r  resul ts  in ident ical  rel. 

absorbances  ( E at  470 nm). 

-3 - 
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1 0 5 5  

Stabi l i ty  of I 

A t  2 l 0 C  (pro tec ted  f rom l ight)  co-dis t i l la tes  of L showed 5-10% decomposi t ion a f t e r  5 hr. 

In t h e  presence  of 33 vol% of e thanol  o r  methanol  t h e  concent ra t ion  of i decreased  

rapidly (40% decomp.  a f t e r  5 hr, and  40% decomp.  a f t e r  30  min, respect ively) .  If s tored  

for  f ive  weeks  a t  -80°C, samples  of L conta ined  ca. 75-80% of t h e  ini t ia l  concent ra t ion .  

Prolonged drying over  KOH should be  avoided b e c a u s e  an insoluble yellow p r e c i p i t a t e  is 

f o r m e d  slowly. If s tored  in a s toppered  flask, any  pressure  caused  by l ibera ted  n i t rogen  

g a s  should b e  released weekly. 

Determina t ion  of d i a z o e t h a n e  

1. Ti t ra t ion  

T o  an a c c u r a t e l y  known excess  of pure  benzoic  ac id  in a c e t o n e  or  e thanol  is added at 4OC 

a known volume of cold d iazoe thane  solution. A f t e r  rapid decolourizat ion i c e  w a t e r  i s  

added and excess  ac id  is  immedia te ly  t i t r a t e d  with 0.1 n NaOH (phenolphthalein). 

I r reproducible  resul ts  w e r e  obta ined  with minera l  acids ,  a c e t i c  acid,  propionic acid,  

methanol  as solvent ,  and when t h e  mixtures  w e r e  t i t r a t e d  slowly at a m b i e n t  tempera ture .  

A soh.  of & (E(470 nmk0.451)  g a v e  a conc. of of 0.055 mrnol/ml ( & (470 nm)=8.2), a 

s a m p l e  of (E(470 nmk0.207)  showed a c o n t e n t  of 0.025 rnmol/ml (E (470 nm)= 8.3). 

2. Es te r i f ica t ion  (excess  acid)  

An e t h e r e a l  co-dis t i l la te  of la (25.0 ml,  E(470 nm)=0.201) w a s  added at 4OC to a soh. of 

4-ni t robenzoic  acid 2 (331.2 mg, 2 mmol,  f reshly sublimed) in E t O A c  (100 ml). A f t e r  

evapora t ion  t h e  cryst .  res idue w a s  suspended in EtOAcln-hexane (3m1, 1:5, sov. (11)). 

Excess  acid was  f i l t e red  off and t h e  f i l t r a t e  was subjec ted  to a shor t  column (2.5 x 10 c m )  

charged  with equal  a m o u n t s  of a lumina  ( lower layer ,  Woelm neut ra l  TSC) and s i l ica  (upper  

layer). Elution with solv. (II),  evapora t ion  and drying in V ~ C U O  (10 min, 0.01 mbar)  l e f t  

116.1 mg(0.586 mmol)  of pure  cryst .  &. Assuming a q u a n t i t a t i v e  reac t ion  ( see  below) a 

concent ra t ion  of of 0.023 mmol /ml  w a s  ca lcu la ted ,  i.e. 8 (470 nmld .7 .  
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- 3. IH-NMR determina t ion  

To t h r e e  s a m p l e s  of pure  9 (0.1 mrnol/50 ml E t 2 0 )  w e r e  added  at 4 O C  (a) 2 ml, (b) 3 ml, 

and  (c) 4 ml, respect ively,  of  an e t h e r e a l  soln. of d3-diazoethane (E(470 nm)=0.176). 

Af te r  t h e  addi t ion of 0.1 mmol/ml E t 2 0  of in te rna l  s tandard  (methyl  4-phenylbenzoate  

(31)) t h e  m i x t u r e  was  evapora ted ,  redissolved (c) o r  suspended and f i l t r a t e d  (a,b), 

respect ively,  in 2 ml of  CDC13. In tegra t ion  of t h e  OCH3 signals  (3.95 ppm) and OCH2 

s ingle t s  (4.43 pprn) in t h e  IH-NMR s p e c t r a  g a v e  a n  in i t ia l  conc. of la of 0.021 0.001) 

mmol/ml,  i.e. & (470 nrnk8.4. A s imilar  procedure  using lo and a soln. of & (E(470 

nm)=0.451) a f forded  a conc.  of 112 of 0.053 mmol/ml (6 (470 nm)=8.5). 

As a resul t ,  f rom numerous de te rmina t ions  a mean molar  ex t inc t ion  coef f ic ien t  ( a t  470 

nm) of & =8.4(+- 0.5) was  obtained.  

Es te r f ica t ion  (excess  1) - g e n e r a l  p rocedure  

To a soln. of pure  4-ni t robenzoic  ac id  9 (169.3 mg, 1.01 mmol) in dioxane (50 ml) w e r e  

added at 4OC 60 rnl of a soln. of (0.025 mmol/ml). A f t e r  removal  of e x c e s s  r e a g e n t  

with a g e n t l e  s t r e a m  of iner t  gas t h e  soln. w a s  evapora ted  and dr ied (30 min, 0.01 mbar)  

to give pure  (TLC, 'H-NMR) cryst .  !& (196.4 mg, 97.8%, m p  57-58OC). S ince  & is  

s l ight ly  volat i le  in vacuo t h e  es te r i f ica t ion  with excess  L m a y  b e  regarded  as quant i ta t ive .  

Instead of d ioxane  any o ther  acid-free solvent  may b e  used, in t h e  presence  of methanol  

e t h y l  e s t e r s  a r e  formed exclusively. In t h e  case of ac ids  which conta in  o t h e r  funct ional  

groups (e.g. a l ipha t ic ,  a l lyl ic ,  o r  phenol ic  hydroxyl) i t  is essent ia l  to remove  e x c e s s  

immedia te ly  a f t e r  es te r i f ica t ion .  

2 - 2,2,2( H3)-Ethyl 4-ni t robenzoate ,  E, 

prepared  as descr ibed above  (97.8%), m p  57-8OC (unchanged if recrys t .  f rom n-hexane), 

- TLC: Rf  0.52 (10.- Anal. Calc .  for  C9H6D3NO4 (198.2): C 54.54, (HtD)  6.10, N 7.07. 

Found: C 54.58, (H+D) 6.26, N 6.91. - H-NMR (CDC13): 4.43 (broad s, 2H, OCH2), 8.14- 

8.39 (symm.m, 4H, aryl-H). - 13C-NMR (CDCI3): 61.9 (CH2), 165.0 (C=O), 123.8, 131.0, 

136.3, 150.9 (aryl-C). - - IR: 3125, 2978, 1724, 1613, 1529, 1354, 1327, 1304, 1283, 1105, 

1 
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714. -MS: - 198 (16,M+'), 181 (56, M+'-OH), 168(42, M+'-C2H2D2), 150(100,M+'-OCH2CD3). 

2,2,2( H3)-Ethyl 4-phenylbenzoate, E, 2 

prepared as described above f rom la and 4-phenylbenzoic acid lo (99.7 mg, 0.5 mmol), 

114.0 mg(98.9%), mp 49.5-50.5OC (n-hexane), x: Rf  0.57 (111.- Anal. Calc. for 

C15HIID302  (229.3): C 78.57, (H+D): 7.47. Found: C 78.37, (H+D) 7.59. - H-NMR 

(CDC13): 4.40 (broad s, 2H, OCH2), 7.4 - 8.2 (m, 9H, aryl-HI.- 13C-NMR (CDC13): 60.9 

(CH2), 166.9 (GO) ,  127.3, 127.6, 128.4, 129.2, 129.7, 130.4, 140.5, 145.9 (aryl-C). - - IR: 

1714, 1613, 1298, 1285, 1121, 753. - - MS: 229 (83, M"), 199 (19, M+'-C2H2D2), 181 (100, 

M+'-OCH2CD3); do < 0.6% (MID). 

1 

2 2,2,2( H3)-Ethyl and e thyl  oc tadecanoate ,  & and E, 

analytical  samples  of s t ea r i c  acid (0.5 mg) in 0.5 ml of EtOAc were esterified with 

excess and &, respectively. G C  analysis showed a single peak with identical  retention 

t imes.  - -  MS (14a): 315 (41, M"), 286 (4, M+'-C2H5), 272 (22, M+'-C3H7), 267 (9, M+'- 

OCH2CD3), 160 (20, Mf'-CIIH23), 104 (75, C5H6D302+), 91 (100, C4H5D302+'); 

do < 0.3%, determined by MID. 

-- MS (14b): 312 (50, M"), 283 (5, M+'-C2H5), 269 (26, M+'-C3H7), 267 (15, M+'-OCH2CH3), 

157 (17, M+'-CI1Hz3), 101 (54, C5H902+), 88 (100, C4HgO2+'). 

The f ragments  of fi, 
Fig. 1. 

Synthesis of 15 by H/D exchange 

8 ml of a soh. of diazoethane & (0.038 mmol/ml) were  shaken vigorously for 1 min at 4OC 

with 2 ml D 2 0  and 2 ml of 40% sodium deuteroxide. The  upper layer was separa ted  and 

then  added to a s t i r red  mixture of 4-nitrobenzoic acid 9 (38 mg, 0.227 mrnol) in E t  0 (50 

ml) and D 2 0  (10ml). The organic phase was dried (Na SO ) and evaporated to give a solid 

residue which was recryst. from hot n-hexane (ca. 0.2 ml). TLC (Rf 0.52(11)) showed a 

single spot for - 15 (40.0 mg, 89%). - IH-NMR (CDC13, s e e  Fig. 1): 1.3-1.5 (m, 3H, CH3), 

4.43 (complex q., 'J (H,H) = 7.3 Hz, 'J (H,D) = 1.5 Hz, ca. 0.6H, OCHD/OCHZ), 8.15-8.40 

(symm. m, 4H, aryl-H). Irradiation at 4.43 ppm transformed t h e  multiplett  of CH3 into a 

singlet. From integration an isotope r a t io  of 50% d l  (1  (*H)-ethyl 4-nitrobenzoate) and 

around the  molecular ion (normalized intensit ies) a r e  shown in 

2 

2 4  

50% d2 (1,l ( 2 H2)-ethyl 4-nitrobenzoate) was estimated. - 13C-NMR (CDCl3): 14.1 (CH3), 
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61.8 (weak m, J=23 Hz, OCHD/OCD2), 165.1 (C=O); 123.8, 131.0, 136.3, 150.9 (aryl-C).- 

- IR : 3124, 2979, 1723, 1608, 1529, 1348, 1325, 1304, 1296, 1278, 1103, 870, 712.- 

- MS : 197 (3, M+'/d2), 196 (4, M+'/dl), 180 (21, M+'/d2-OH), 179 (2O,M+'/d,-OH), 167 (38, 

M+'- C2H3D/C2H2D2), 150 (100, M+'- OCHDCH3/0CD2CH3). In comparison with - 12b t h e  

isotopic composition was established in the  range  of m/z 176-182 (M+'- 17): 47% d2, 49% 

d l ,  ca. 4% do. -%. Calc. for CqH7.5D1.5N04 (196.7): C 54.96, (H+D) 5.38, N 7.12. 

Found: C 54.89, (H+D) 7.08, N 5.34. - 
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