
1178 J .  Org Chem., Vol. 44, No. 7, 1979 Notes 

stirring bar. The  flask was cooled to -40 "C and C12 gas was slowly 
bubbled into the stirred solution by evaporation of 27.6 g (0.39 mol) 
of precondensed chlorine a t  such a rate that  the temperature did not 
exceed -30 "C.  After addition was completed the reaction mixture 
was stirred a t  -30 "C for an hour. The acetyl chloride was removed 
by rotary evaporation from a water bath a t  60 "C with the aid of a 
water aspirator, and the residual oil was distilled to yield 45.4 g (78%) 
of the sulfinyl chloride: bp 68 "C ( 2 2  mm) (lit.'" bp 36-38 "C (3.7 
mm)); IR (CHC1;I) 1150 cm-I (S=O); NMR (CDC13) 6 1.91 (d, 3, CH:I), 
3.14. 5.20 (q. 1, CH). The  infrared and NMR spectra were identical 
to those obtained from a sample of the material prepared from 1- 
chloroethanesulfonyl chloride by the method of King.s 

T r e a t m e n t  of 1-Chloroethanesulfinyl Chlor ide (4)  wi th  Tri- 
ethylamine. T rapp ing  of t h e  Intermediate  Thioacetyl Chloride 
S-Oxide (2)  with Chlorine. Into a 250-mL three-neck flask equipped 
with an addition funnel, gas in- and outlet tubes, and a magnetic 
stirrer was placed 100 mL of hexane and 8.10 g (0.080 mol) of trieth- 
ylamine. To this stirred solution at  -30 "C was added dropwise a 
solution of 11.60 g (0.080 mol) of 1-chloroethanesulfinyl chloride in 
30 mL of hexane. After addition was completed, the precipitate of 
triethylammonium chloride was filtered and washed with two 50-mL 
portions of cold (-30 " C )  hexane, and the combined filtrate and 
washings were quickly returned to the cooling bath. All attempts to 
use this solution of thioacetyl chloride S-oxide in reactions with 
diazoalkanes were unsuccessful. To prove its intermediacy in the 
solution it was treated with C12 in the cold. While maintaining the 
temperature a t  -30 " C ,  C12 was flashed over the stirred solution hy 
evaporation of .'. 1 g (0.10 mol) of precondensed chlorine. Evaporation 
of the solvent in vacuo with a water aspirator from a SO "C water bath 
and distillation of the residual brown oil yielded 7.9 g (50%) of a col- 
orless liquid, bp 59 "C: (14  mm).  identified by its spectral data as 
l,l-dichloroeth~inesulfinyl chloride ( 5 )  [IR (CHC1:J 1175 cm-l (S=O): 
NMR (CDC1:I) ri 2.42. (P, CH:1)]. For identification 2.28 g (0.013 mol) 
of the 1,l-dichloroethanesulfinyl chloride was added to 60 mL of 
ethereal perphtalic acid'l iO.047 M; 0.028 mol) a t  0 "C. The phthalic 
acid formed was filtered and rinsed with ice-cold chloroform. The 
combined rinsings and l'iltrate were evaporated from a water bath at 
50 " C  with a water aspirator, yielding an oily solid, which was re- 
crystallized from pentane to give 1.5 g (6ijo/~) of 1,l-dichloroethane- 
sulfonyl chloride (61, mp 37-38.5 "C. The sulfonyl chloride was 
identified by comparison of IR and NMR spectral data and a mixture 
melting point with an  authentic sample prepared by the oxidation of 
1.1 -dichloroethanesulfenyl chloride ( 7 ) .  

1,I-Dichloroethanesulfenyl Chloride ( 7 ) .  A solution of 19.5 g 
(O.lG7 mol) of ctthyl dithioacetate"' dissolved in 100 mL of pentane 
was cooled to  -..IO "C. Anhydrous CI?. evaporated from ?15.5 g (0.50 
mol) of preconrlensed chlorine. was f'lashed over the surface of the 
stirred solution. The solid ethanesulfur trichloride was filtered 
through a plug < i f  glash wool set in a chilled (-30 " C )  funnel. The 
pentane was eraporated from the filtrate by means of a water aspi- 
rator and the residual yellow liquid was distilled to give 27.4 p (70%) 
of the sulfenyl (chloride: t i p  4!5 "C I28mm) (lit.16 hp  46 " C  ( 2 8  "1); 

I ,1-Dichloroethanesulfonyl Chloride (6) .  An ethereal solution 
ot perphthalic ;acid1.' (488 mL. 0.47 M, 0.230 mol) was added to a so- 
lut  ion of 20.79 p (0.115 mol) of 1.1-dichloroethanesulfenyl chloride 
in 1(!0 m L  ofaiihydrou- ether a t  0 'C. The  mixture was stored over- 
night in a retrigerator a t  -,j '('. The phthalic acid formed was re- 
moved hy filtration anti the solid \vas washed with three 50-mL por- 
tions of anhydrous ether. The ether was removed f'rom the comhined 
filtrate and washings b y  rotary evaporation with a water aspirator to 
yield a yellow oily solid. Recrystallization from pentane yielded 9.0 
k (:18%1 of the sulfonvl chloride: mp 3 - 3 8  "C; IR (CHC1:I) 1390cm-'. 

1R l('lX'l,3! ii L 5 7  (s ,  CH:j). An analytical sample was 
o t'iirt her recrystallizations from pentane followed I]! 

: H ,  1.54; S. 16.25. Found: (', 

loride wi th  Phenyldiazo- 
methane. ci.~-Os~-thiohenzoyl chloride (2 .1  g) was prepared according 
to  the procedure of' King and Durst' from 9.6 g (0.05 mol) ofphenyl- 
methanesult'onyl chloride and 8 mL (0.057 mol) of triethylamine in 
1,a0 mI, of' cyciohesane (freshly distilled from CaH?). .4 solution of 
I,henyldiazoniethane (ca 0.0121 mol) in ether was prepared according 
to the method 01' Yateh and Shapirii': from 5.8 g of sodium 
11 mI, of water. 7 2  mI. otmethanol,  and a solution o f 4  g o  
in Y O  mI, of ether. To a solution of'2.1 p (0.0121 mol) ol'cix~~hiobenzoyl 
chloride in 20 ml. iif'mhydrous ether was added dropwise an ethereal 
srilution of phen?.ldiazc)methane (ca. 0.0121 mol) at room temperature. 
(;ai c,voliitirin wai, noted and after complete addition the mixture was 

NSIR (CDCl:,) 2.54 i s .  CH,O. 

- -  

refluxed for 30 min, 2 mL (0.014 mol) of triethylamine was added, and 
the mixture was refluxed for 2 h. The  precipitated triethylamine 
hydrochloride was filtered and washed with 15 mL of cold (5-10 "C) 
ether. The  filtrate was washed with three 20-mL portions of 3 N hy- 
drochloric acid and two 15-mL portions of water, dried over anhydrous 
magnesium sulfate, and evaporated under reduced pressure to afford 
a solid admixed with an orange oil. Addition of 5 mL of a 1:l mixture 
of ether-ligroin (bp  67-71 "C) to the mixture followed by filtration 
afforded 0.9 g of white plates, mp  141-143 "C. Recrystallization from 
ligroin (bp 67-71 "C) yielded 0.8 g (33.6%) of 2,S-diphenyl-1,3,4- 
thiadiazole, mp  142.5-144 "C (lit.8mp 141-142 "C), which was iden- 
tified by mixture melting point and comparison of its infrared spec- 
trum with that of an authentic sample. 
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The reaction of formaldehyde with amides and imides to  
give N-(hydroxymethy1)amides and -imides 1, followed by 
conversion of 1 into the N-halomethyl derivatives 2, consti- 
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t u t e s  an i m p o r t a n t  e n t r y  into numerous  classes of organic  
compounds.  Unfor tuna te ly ,  higher aldehydes generally result  
in n o  reac t ion  or  in formation of the less synthe t ica l ly  useful 
N,N'-alkylenebis(amides) 3. Phthalimide, for example,  reacts 
readi ly  wi th  fo rma ldehyde  but fails to reac t  with benza lde-  
hyde .  N-(a-Chloroethy1)phthalimide has been ob ta ined  by  
t h e  a l t e rna t ive  procedure  of add i t ion  of d r y  HCI to N-v iny l -  
ph tha l imide , '  but c o m p o u n d s  s u c h  as N-(a-ch lorobenzy1)-  
ph tha l imide  obviously a r e  n o t  ava i lab le  f rom t h i s  me thod .  

RCONHR' + CHpO + RCONR'CHZOH 
1 

+ RCONR'CHPX 
2 

( R C O N H ) , C H R "  
3 

We n o w  r e p o r t  a new m e t h o d  for  p repa ra t ion  of N-(tu- 
chloroalky1)phthalimides which  complemen t s  t h e  hydroxy-  
me thy la t ion  a n d  HC1 add i t ion  routes .  

Reac t ion  of po tass ium phthalimide in d imethyl formamide  
wi th  an equimolar  a m o u n t  of a n  wchloroa lkyl  phenyl  sulfide 
4, a n  a ldehyde  equiva len t ,  gives the cor responding  N - [ w  

0 0 

@ $ + RCHClSC,H, - CHRSC,Hi 

4a,  R = H 
b, R = CH, 0 
c ,  R = C,H, 

0 
5a. R = H 
b, R = CH,  
c ,  R = C,H, 

0 

0 
6a, R = H 
b, R = CH, 
c,  R = C,H, 

(pheny1thio)alkyllphthalimide 3 in  t'air t o  good yields.  
T r e a t m e n t  of 5 in me thy lene  ch lor ide  wi th  a n  equiva len t  of 
sulfuryl chloride produces t h e  LV-(tu-chloroalkyl)phthalimides 
6 i n  exce l len t  yields.  T h e  accompanying  p roduc t  p h e n y l s u -  
t'enyl ch lor ide  is removed readi ly  f rom t h e  reaction mix tu re  
concomi tan t  wi th  removal  of so lvent  by ro ta ry  evapora t ion .  

( \ -Amidoalkyl  sulfides have been  prepared  previously f rom 
reaction of 1 or  2 with  mercaptans,I", : '  f rom hea t ing  of amides  
or  imides  wi th  excess d ime thy l  sulfoxide;' a n d ,  more  recently,  
f rom t r e a t m e n t  of amides  wi th  ch loromethyl  me thy l  su l f ide  
in s t rong  acid:; a process re la ted  t o  t h e  procedure  r epor t ed  
he re .  Addi t iona l ly ,  nongenera l  rou te s  a r e  available for t h e  
spec ia l  case  of 2-azetidinones.1i  T h e  conversion of tr-ami- 
doa lkyl  su l f ides  t o  I"v'-(chloroalkyl)amides a p p e a r s  t o  have  
been  r epor t ed  previously only  for t h e  specific example  of a 
penicil l in derivative. '  Bo th  s t e p s  of t h e  p re sen t  procedure  
shou ld  he  appl icable  t o  a wide var ie ty  ot' bo th  sulfides a n d  
a m i d o  a n d  imido  compounds .  

C1, or  SO,Cl, :&& 
C0,CH 

R = phtha l imido  

Experimental Section 
General. Melting points were determined on a Mel-Temp appa- 

ratus and are uncorrected. Nuclear magnetic resonance spectra were 
recorded on a Varian T-60 or EM-360 spectrometer. Elemental 
analyses were performed by Atlantic Microlab, Inc. 

N - [  (Pheny1thio)methyllphthalimide (5a). Chloromethyl phenyl 
sulfide8 (31.7 g,  0.20 mol) was added in 15 min to a stirred suspension 
of 37.0 g (0.20 mol) of potassium phthalimide in 150 mL of dimeth- 
ylformamide. The  mixture was heated on a steam bath for 4.0 h and 
then was added to 600 mL of ice water. After 10 min, the resulting 
mixture was filtered to obtain 47.9 g (89%) of crude product, m p  
116-120 "C. Recrystallization from 350 mL of carbon tetrachloride 
gave 20.0 g of material with m p  126-127 "C (lit.," m p  127 "C) and 9.0 
g of a second crop with mp 120-123 "C. 
N-[a-(Phenylthio)ethyl]phthalimide (5b). Heating a stirred 

mixture of 19.1 g (0.11 mol) of cu-chloroethyl phenyl sulfideg and 20.6 
g (0.1 1 mol) of potassium phthalimide in 85 mL ot'dimethylformamide 
l'cir 7.0 h on a steam bath and w o r k u p  as above gave a golden brown 
5ciIid. This material was treated with 600 ml, ot' boiling chlorof'orm. 
and the mixture was treated with charcoal and subsequently con- 
c,entrated to -400 mt,, diluted with 250 ml, of petroleum ether ,  and 
t'iltered. Concentration of' the filtrate gave 17.1 g L%I%) of' white 
product. m p  113-114 "C. Recrystallization from 200 m1. of ethanol 
gave 11.:3 g: mp 116-117 "C; NMR (CI1CI:~I d 7.90-7.1:i (complex, 9). 
.i.76 (q ,  1 , J  = 7 Hz), and 1.93 id, 3 . J  = 7 Hzl. 

Anal. Calcd for C I G H ~ : I N O ~ S :  C. 67.82: H. 4.62: S. ll.:32. Found: C .  
li7.86; H. 4 . 6 :  S, 11.27. 

N-[a-(Phenylthio)benzyl]phthalimide (5c).  Similar treatment 
11t'L:1.5 g (0.10 tnol) ofwchlorobenzyl phenyl sulfide"' and 18.5 g (0.10 
mol) of potassium phthalimide in 100 mL of' dimethylf'cirmaniide gave 
ii hrown oil. This oil was dissolved in chlorotorm and dried ( M g S 0 4 ) ,  
a n d  the solution was concentrated. T h e  residrie crystallized u p o n  
ctantiing f o r  2 days. The  solid was dissolved i n  1i10 ni l ,  ( i t  methylene 
c.hliiride: the solution was extracted u.ith t w o  IOO-mL portions ot 3'0 
\odium hydroxide solution. dried (MgS041.  anti concentrated. The 
residue crystallized upon trituration Lvith petrolwin1 ether to give 18.3 
:: (.5-1%) ( i t '  light tan solid: m p  9-1--9~ ' C y :  S h l H  l ( ' l ) ( ~ 1 4 i  d 7.85-7.12 
Iccimplex, 14) and 6.80 (s. 1).  

;NO?S: C .  7,3.!)2: H. 1 

hthalimide (cia). A 3oIutioti i t !  2.7 g iO,iM) 
n i o  ol'siilfiiryl chitiride i n  10 mL of' methvlent. chloride wiis added 
(lrop\!ise i n  15 inin t o  d stirred solution ( i t  5,:i :: (!).i)20 m r l i  ot.ia in 
40 n i l .  ( i f '  inethylene chloride. 'l'he solution was .tirrrtl tor  ? . ( I  h more 
;itid t h e n  ccincentratetl on  a rotary evaporator. 'l'he yolid rr>idue was 
collected with the aid of petroleum ether to obtain 3.5 g (90%) of white 
product whose NMR spectrum and melting point agreed with those 
of'an authentic sample. 

AT-(a-Ch1oroethyl)phthalimide (fib).  Similar trratment ,it .i.7 
2 1 l l . l l 2 l l  moll c i t  .ib gave I i .4 g !81"q3~ of white p r ~ ~ d u c t :  n ip  
( l i t . 2  mp I l i l - 1  1 1  '('1: S h I K  ~( ' IX ' I ,~ l  i, 8,(1:3 ic.omples. -11. 
.J = 7 HLI.  and 2.18 ( t i .  :i. ./ = 7 Hz). Kecryitalli/ntion t'roni $10 m l ,  ( i t  
I)t,n7eiie~ petroleum ether 1 ]:>I gave ? , I  :: l i t  iit 

l O ( I  102 a ( ? .  

And. ( 'a lcd  for  ( ' I ~ ~ H ~ C ' I S O ~ :  ( ~ .  .i7.,Nl: H. 
( ' ,  ,-i7.49: H. :i.H9: ( ' I ,  16.76. 

N-(a-Chlorobenzy1)phthalimide (6c). Similar treatment ot '4.2 
g \ O . O l ; 3  moll l i t  5c gave 2.7 g 18O",tl of white pr1)duct: m p  91)-91 O(': 
1,1111 l('1X'l,,l 7.9:i--7.2C (complex). This material g a l e  a good ?le- 
in t' i i  t a I i~ na I y s  is. R ec ryst a I I i za t ion r e i  ii I t ed i ti ina t er i al ) t  a 11 i\\(> r 
melting p o i n t  and  inl'erior analysis. 

A i d  ('alcd t'or ( ' j - , H ~ J ' l N O ~ :  ('. l;Ii,:\l: H. . \ . - I :  ( '1,  1:j.il.i. Found: 
( ' .  M , : i 7 :  H. :i.7:: ( ' 1 ,  12.99. 

Registry  no.---^ la, 7?i(r5-91-li: Ab, l:L.i:7-?.i-!l: - I C ,  7 6 % - : i 1  .4: sa, 
: \ X i 7 - : \ l l - 2 :  .ib, 69177-58-8: 5c, 69177-5$1-9: Iia, 17564-64.6: fib, 
3 1 1  7-X-11: 6c, 691 77-60-2: potassium phthalimide. 11174-82-4: sulfuryl 
c,tiloride. 77i)l -25-.i. 
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Regiospecific Synthesis of Isogabaculine 
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Recently, Mishima and co-workers reported the isolation 
of the amino acid gabaculine (1)  from Streptomyces toyo- 
caensis. This curious compound, discovered in the course of 
studies on enzyme inhibitors, exhibited activity against 
y-aminobutyrate aminotransferase (GABA-T). 

Rando has set forth an interesting proposal wherein the 
activity of 1 arises from its competitive reaction with pyridoxal 
phosphate. I t  is felt that  Schiff base formation is followed by 
irreversible conversion to N-(m-carboxypheny1)pyridox- 
amine phosphate.3 Presumably, the generation of 2 involves 
the usual Schiff base condensation from 1 4- pyridoxal phos- 

&A, -- 7 @$JHb’ 

N-CH, pyd H* 
Ha H Ha’  

3 
M 

2 pyd = pyridoayl ,... I 
e--. 

phate, followed by tautomerizations of Ha and Hb, succes- 
sively. In the light of these conderations, it would be of interest 
to  examine the behavior of compound 3 with pyridoxal 
phosphate. I t  will be recognized that hydrogens a’ and b’ in 
compound 3 are related in an allylic sense to hydrogens a and 
b in 1 .  

Syntheses of gabaculine have been described by Mishima2 
and subsequently by Sha rp le~s .~  We have been concerned with 
developing general routes to dihydrobenzenes containing 
heteroatoms a t  one of the sps3 carb0ns.j Our approach, sum- 
marized below. involves Diels-Alder reactions of methyl 
$nitroacrylate (4),6 which achieve substitution patterns not 

H e i  
5 - 6 

A.+ 
7 
A.. 

accessible via the more precedented use of propiolate esters. 
It seemed attractive to apply this method to a synthesis of 
compound 3, which we have termed “isogabaculine”. An ef- 
ficient regiospecific synthesis of 3 is described below. 

Cycloaddition of the recently described 1-(N-acylamino)- 
1,3-diene 87 with nitroacrylate 4 provided the Diels-Alder 
adduct 9, which crystallized directly from the reaction medi- 
um in 68% yield. Examination of the mother liquors of the 
cycloaddition reaction indicated 9 to be the principal com- 
ponent. Chromatography of the mother liquors on silica gel 
afforded first, traces of an oily regioisomer of 9 whose NMR 
spectrum [6 3.36 (CeCOrMe, dd, J = 12 and 6 Hz] indicated 
it to be structure 12. I n  pure form only ca. 0.5% of 12 was ob- 
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tained, though in fact, there may well have been as much as 
1% present in the crude reaction mixture. There was next 
eluted additional traces of an apparent stereoisomer of 9, 
though this was not obtained in pure form. The next fractions 
contained additional quantities of 9. However, for preparative 
ease, the mother liquors were in fact not processed in the 
synthesis. 

The stereochemistry of 9 can not be defined with certainty. 
It would appear that the E relationship of the carbomethoxy 
and nitro groups of 4 gives rise to a trans relationship of these 
groups in 9. Indeed, the coupling constant between the “nitro” 
and “carbomethoxy” methine protons is 12 Hz. The coupling 
constant between the “nitro” and “urethane” methine protons 
is 5 Hz. This would tend to suggest the arrangement shown 
in 9, wherein the carbomethoxy and nitro groups are equato- 
rial while the urethane is quasi-axial. However, this assign- 
ment is not definitive since the stereoisomer of 9 could not be 
obtained in sufficiently pure form for meaningful NMR 
analysis. In any case, in keeping with earlier findings,j es- 
sentially complete regiochemical control was exerted by the 
nitro group. 

Treatment of 9 with 1 equiv of diazobicycloundecene (DBU) 
furnished the dihydrobenzene derivative 10 in 70% yield. 
Conversion of 10 into “isogabaculine” (3) was accomplished 
in two steps. Hydrolysis of the ester with aqueous NaOH fol- 
lowed by acidification and immediate extraction with meth- 
ylene chloride afforded the intermediate carbamate acid 1 1  
in 73% yield. Treatment of 11  with a 10% aqueous HCl solution 
and passage of the resultant acidic solution through an ion- 
retardant ion resin (Bio-Rod AG llA8),  followed by lyophi- 
lization of the appropriate fractions, gave dl-isogabaculine (3) 
as a white powder in 55% yield. Investigation of the biological 
properties of 3 is planned. 

Experimental Section8 
Diels-Alder Reaction of Methyl Nitroacrylate (4) with tert- 

Butyl trans-1,3-Butadiene-l-carbamate (8). Formation of 
Methyl 5-( N-tert-Butoxycarbonylamino)-6-nitro-3-cyclohex- 
ene-1-carboxylate (9). A solution of 1.250 g (9.5 mmol) of nitroac- 
rylate6 4 in benzene (3.5 mL) was added in dropwise portions over a 
6-min period to a stirred solution of carbamate 8; (1.613 g, 9.5 mmol) 
in benzene (6.5 mLi at room temperature. After stirring for 3 h a t  room 
temperature, the reaction mixture was filtered and the solid that was 
obtained was washed once with benzene ( 5  mL) to furnish 9 (1.934 
g, 68%)) as a colorless, analytically pure solid: mp 166-168 “C; A,,, 
(CHCI:]) 2.94, 5.77, 5.81, 6.41, 7.32 pm: 6 (MezSO-ds. 250 MHz) 1.36 
(9 H. s, t w t -  butyl). 2.05-2.13 and 2.44-2.56 (2  H, m, allylic CHz), 
2.50-3.60 (1 H,  m, R&HCO?Me), 3.65 (3 H, s, OCHa), 4.78-4.86 (1 
H, m, RzCHNC02), 5.10 (1 H, d of d ,  J = 12  and 5 Hz, RPCHNO~) ,  
5.62-5.67 and 5.77-5.82 (2  H, m, olefinic), 7.25 (1 H, d.  J =.9.7 Hz, 
NH) .  

Anal. Calcd for C13H20N206: C. 51.99: H. 6.71; N .  9.33. Found: C, 
52.31: H, 6.74; N, 9.20. 
Methyl 5-( tert-Butoxycarbonylamino)-2,5-dihydrobenzoate 

(10). A cooled (5 “ C )  solution of 9 (1.503 g, 5.0 mmol) in T H F  (20 mL) 
was treated with a solution of DBU (0.767 g, 5.0 mmoli in THF (5 mL) 
to form a yellow solution. A colorless precipitate began to form after 
15 min. The reaction mixture was stirred for 6 h. during which time 
the temperature was gradually allowed to return to room temperature. 
The reaction mixture was poured into water (25 mI,) and then ex- 
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