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phosphoric acid a t  100O. Heating of V with potas- 
sium hydrogen sulfate in toluene gave a high melt- 
ing (above 300') product which may be a dimeric 
lactone (VII). 

The acid (I) u'as finally obtained in an overall 
yield of 53% by the following conventional method : 
Hydrindeiie-2-carboxylic acid (VIII) , which is 
available from o-xylylene dibromide and ethyl 
acetoacetate5 or diethyl malonate6 in 55 and 69% 
yield, respectively, was subjected to the Arndt- 
Eistert reaction and yielded in 88% yield 2-hy- 
driiidylacetic acid (IX). I ts  methyl ester gave with 
N-bromosucciiiimide the methyl ester of I in 80% 
yield. 

EXPERI&TE?aAL 

2-Carbethoxy?neth~Z-l-hydl.i7Ldone (117). A mixture of I 
mole of 1-hydrindone, 2 moles of pyrrolidine and 600 ml. of 
benzene was subjected to  azeotropic distillation. The ena- 
ment (111) boiled at 142-1.14' ( 2  mm.); 165" (5 min.); 
yield, 05 g. (3570). As the product' proved to  be unstable, 
i t  was immediately treated as follows: 4 mixture of 61 g, of 
the enamine, 55 g. of ethyl hromoacetate, and 180 inl. of 
benzene \vas heated on the water hath a t  80' for 15 min. 
1Vater (00 ml.) \vas added and the benzene layer separated 
arid distilled. €3.1-1. 127-133" (0.01 inin.); yield, 30 g. (41$/0). 

.Anal. Calcd. for C:l~H140,: C, 71 .(\; H, (i.4. Found: C, 
70.2; H, 6.5. 

I-Hydrozy-P-hiidrintlyIucetic acid ( V j  \vas prepuIed sccord- 
ing to  the literature' and recIyst:~llized froni chloroform or  
water, m.p. 131'. 

The inethyl ester :is 1)rqi:ired \vit,li diazometliane, b ,p ,  
11 8" (0.005 mni). 

Anal. C:ilcd. for C12H,,0,: C, 6!J.C); H, 6.8. Found: C, W.8: 
H, 6.5. 
n'o also prepared the followirig derivatives of V. 
I-Hydroz!/-2-hydrindylacetanlide. A mixture of ci g. of the 

nicthyl ester of V and conrentrated :rmmonia \\-:IS kept at 
rooni teniper:iturc for 2 days arid the solid product recr) sta1- 
l i z d  f rom ethanol: ni.p.  170-171". yield) 3 g. (555kj .  

. tna/ .  Calcd. for CllH1,S02: ( " $  (6 ) .  I : H, (i.8. E'oiiiid: 

C:, ti'J.2; H, 7.5. 
l - H ? j c l r o . r y - 2 - h y d / , ~ ~ ~ ( ~ ~ ~ [ / ( ! e ~ o / ~ ~ ~ r ~ ~ ~ , .  h niixture  of ( j  g. of 

the amide and G g. of phosphorus pentoxide was distilled 
in vucuo (b.1). 1i0-%0O0, 20 nini.) and the distillate dissolved 
in benacne. The solution \vas washed with water, dried, and 
concentrated and the solid rcsidue recrvstsllized from 
ethanol, 1n.p. 53". 

Anal. Calcd. for Cl1HllS-O: C:, 70.3; H, 6.4. Found: 
C, 76.1; 13, 5.8. 

The lactorte (VI) ,  m.p. 73" from toluene or petroleum ether, 
11.11. 100" (0.5 nini), \vas formed in the folloning esperinicnts: 
( a )  froni 20 g.  of the acid ( V )  in 100 nil. of anhydrous alcohol 
\vi{li gascmus liydrog(Lii hroinide for (i h r . ;  yield, 15 g. (83'5;); 
( I ) )  f rom 5 g. of t h c  :ic:id (V) und 10 g. of osalic acid i n  123 
1111. of boiling toluenrt; ( e )  from 5 g. of thv acid (V), 0.75 p. 
of red phosphorus, 0.25 g. of iodiiiv, 12.5 nil .  of glarinl :icctic 
acid, arid 0.25 ml. of \\-atrr :it IJoiliiig t r inptmturr  for :1 hr.:  
yield, 3.5 g. (789,);  ( d )  froni 10 g. of the methyl ester of V 
n3J i  7 nil. of phosphorus osychloridr i n  10 ml. of pyridine; 
( e )  from 11 g.  of the methyl ester of V with 4 g. of thionyl 
chloride in 4 g. of pyridine at  100' for 1 h r . ;  yirld: 7 g .  (77cr ) .  

Dimeric aniqtli.i'rZe (VII) (? ) .  .I iiiistiirr. of 10 g. of tlia 
:whI ( V j ,  10.6 K .  of potassiuii! Ii?.tlrngc~n siiif':ttc-, :tntl 200 nil. 
of toltic'iic> \viis rc.fl\iscd :rzc,otroliic,:illy for 4 iir. The rt3sultiiig 
product w:is \\-ashid with n z t r r ,  dried, and concentrated 

: l i l t 1  t I i ( 6  r(Liii:iiiiiiig solid l ~ r o ( I i i ~ t  (4 g. :  .to(,; ) rc!c~~ystallized 
fro111 chloroforni n1.p. aboiit 300". 

<4 / /a / .  Calcd. for C:221-121,04: C, 76.1); IT, 5.8. I ~ o ~ n c i :  C, 
i 5 . 7 ;  H, ti.]. 

Hytlri,lderie-g-c.a,.loxcy[ic ucid ( I'IIl), from ivater, ni.p. 
130, vas obtained in 5 6 5  yield f'roni o-sylylerie dibromide, 
ethyl acetoacetate, :~nd sodium clthoxide according to 
Scherks4 and i n  697;. yield with diethyl sodiomalonnte via 
hydrindene-2,2-dicarbosS.iic acid, 1n.p. 193 ", according to 
Baeyrr and Prrkin.6 

Chloride. A mixture of 22.5 g. of VI11 and 50 In]. (Jf thionyl 
chloride. \vas gcxntlj- ht,at,cd until di.woIutioI1. Then the excess 
of thionyl cahloridc, \v:is rc~inovcd in vuct(o arid the residuci 
t w i w  clissolvcd in IJenzrrit, : i d  ag:tiil cwnccntrated in V U C I L O ,  

b.1~.  !!0-!)4O ((J.i i i i n i ) :  108' (2.5 i i i i i i ) .  'IXe c*hloritics cr 
lizcd upon s1:tritliirg; 1n.p. :M". Yiciltl, l!).5 g. (83(;4). 

4-H?/d,,l'ndy/ucelir, acid ( IS ) .  ,It :I. t e n i p c : r : ~ t ~ r ~  OF - lo", 
18.5 g. of tlit, cliloritl(~ of VI11 \\:is : i t l d d  s l o ~ l y  to  :LII cthereal 
solutioil of t r sces~  di:tzuiiicJt hunch (from 01.8 g. of iiitroso- 
niethylurea). After 12 h r .  :it rooni teniperature, the cthcr 
was waporat c d .  Thc remiining yellowish needles of thv 
diaxokc~tone nieltod a t  47" dcc.. It  was dissolved in a inix- 
ture of :35 ml. of benzyl alcohol and 35 nil. of collidine arid 
dewinposed i n  Ixitc-hes of 5 nil. at 180'. To  the cotnbined 
resulting solutions, 100 nil. of benzene was added :tnd the 
solutioii n~;ishc:d with dilute hydrochloric acid and i r 'atcr 
:ind frwd from hrnzene. 'l'he ~ ~ r o t l u c t  \v:ts h y d r o l y z d  for 4 
Iir. with 25 nil. of 50% aqueous potassiuin hytlroside and 50 
1111. of-~i i t~th: inoi ,  tlilutcd with water and, ufter extraction 
Ivitli ( , t  1ic.r. :ic:idificAtl. \.ello\vish c.r>.stals, which iiicJlted :it 01 
:iftvr rc~ct~yst:~llizatioll from petroleum cthcr (b.1). (io-SO") 
or nitr.onic~th:iiic.. l - idd ,  14.5 g. (88G;i.). 

75.4; H, 7.:<. 
. L ~ u / .  C::11<.(l. for C ~ I H ] ; ~ ? :  (', T5.O: H, 6.8. Pollrid: C ,  

r? \v;ts l i r ( . [ ~ ; i w d  froii i  I T . ! )  g. :ind diazo- 
!.it.ld (14.5 g.), l) .p,  90' (0.7 inin); ? i y y - "  

1.5168. 
dna l .  Calctl. for C1~Hln02 :  C;, 75.8; H, 7.4. Foiind: C, 

75.4:  H, 7 . 7 .  
. I fethyl 2- inden~/acrtate  (ah I). h mixture of 13.6 g. of the. 

foregoing ester, 12.8 g. of .\~-l)roriiosucciiiirnide and 125 nil. 
of c-arlioii tetr:ichlorid(b \vas rrfluxed for '30 inin., filtcrctl, 
nntl cwiicwitr:ttcd. The reyidiit' \vas rc:fl\isc:d for 2 hr. with 
15 nil. of pyridinr :md 40 nil. of 1)c~iizenc~. 'The s o l ~ ~ t i o ~ i  \Y:IS 

w:ishvtl i t  it11 cl i l r i t c .  hydrochkoric. ac id  :~nd a; i tcsr  :ill<{ o o r i c w  
t r : i t d j  : i i i d  the prutl(irt tlistilleti in  uucuo, b.p. 95-9f i "  
(0.01 i i i i i i .  j : 2  nJI?,'  1 .5-141. \-iyld, 1 1  g .  CSO(;i:). 

. I n c t i .  C:11rtl. for ~ l ~ H 1 2 (  ).: ('. ?t i . ( \ :  TI, (j.4. Found: c', 
i t i . 8 :  11, (i.3. 

2-lndeu!/lucetic mid (I) ,  ol,taincd I J ~  :ilkalinc hydrolysis 
of the wter, \vas rcrryst:illizcd froin nitromethane and 
melted at 12.i0( lit.,* m.p. ]I( \ -1  15'); > icld, practically quan- 
tit at  i ve. 

.Anal. Calcd. for CllHI0U2: C, 75.!J; H, 5.8. Found: C, 
75.9; H, ,%9. 
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'I'he SSnthesis of Some vic-I)ihalo-l,Z-dihq- 
drodicy clopentadienenitroso Halides 

T'rcr F r i v  V-rr,ntn JR i\n CIIICITI F. Cr I.BERSO\ 



~ ~~~ 

I11 53 
I v 54= 
v 37 

VI 46 
IX 48 
s 47 

X I  83 
XI1 43 

203-205 dec. 
189-189.5 
163-1 64 
159-164b 
159-160 
168--169 5 
148-1123 5 
170-171.5 

44 i 2  4 51 
33 59 3 92 
38 37 3 87 
29 88 3 01 
44 72 4 51 
33 50 3 92 
38 37 3 87 
29 88 3 01 

45.09 4 . 5 3  
33 .84  3 . 5 7  
38.42 3.90 
29.42 3 .10  
44 .38  4 . 6 8  
33.15 3 . 5 6  
37.86 3 . 7 5  
30 .14  3 .29  

All products ivere difficult to  rrcrystallizca Iirwuse of their insolubility in lon- boiling solvents and their tendency to mono- 
nierizc :iiitijor drcompose :it higher teinperaturc~s. The  higher boiling solvents (>loo") seem to give purer products but loss 
during recrystallization is often consider:rl)le. Uiilcss otherwise indicated, the compounds reported here rrere recrystallized 
froin chloroform, a solvent which does not caiisc. tiecomposition of the nitrosohalides. a Recrystallized from toluene. Re- 
ported,3m.p. 211 o from amyl alcohol. 

the dibromo derivative IV by direct addition of 
bromine to the cyclopentenyl double bond. This 
compound which contains an incipient nitrogen 

mustard moiety in the O=K-CI-I-CH-X 
funct,ioii has been extensively tested as a nitrogen 
mustard agent in the antitumor screening program 
of the Cancer Chemotherapy Kational Service 
Center, Sational Institutes of Health. In  this 
communication we are reporting the synthesis of 
the dibromonitroso chloride IT' and the nitroso 
hromide dimer (VIII) of' emo-dicyclopentndiene and 
the subsequent preparation for test,ing of seven 
vic-dihalo-1,2-dihydrodicpclopentadieileitroso hal- 
ides. 

The dichloro derivative (111) of the dimeric endo- 
nitroso chloride I was prepared h y  direct chlorina- 

I I  

I. 9 = CI 
11. S = l3r 

r- 1 

111. s = CI: K = Cl 
IV.  X CI; ~t = Br ~ 

V. X = Br; R = C1 
VI. X = Br: R = Br 

tion and by the same general route the dichloro 
(V)  and tlihromo (1-1) derivatives of the dimeric 
endo-nitroso bromide 11 were prepared. In  the 
r.~o-dic?lclopentadiene series the dichloro (IX 
:md XI) and dihromo (X and XII) derivatives of 

I h I 

1-11 \ = CI IS s = C1. It = ci 
VI11 J. = 131 S s = CI: I t  = 131 

SI. S = 13r: 11 = C'1 
S I I .  S = l l r ;  11 = l3r 

the nitroso chloride (1-11) and nitroso bromide 
(17111) dimers have also been prepared. 

EXPERIMEKTIL 

;\n:ilysc~ are by Lh-. Ing. A Schoeller, hlikroarialytisches 
I,aborstorium, TT'cJst Germany. 

I'reparation of the nitloso halides. Thc nitroso halide 
diinc.rs, I, 11, 1-11! arid YIII, wore prepared from the olefins 
I )y the usual rnc,thod* usiiig isoamyl nitrite and either concd. 
h~~drochloric or coricd. hydrobroniic acid t o  g'nerate the 
desired nitrosyl halide. T h e  nil  rosobromitle of ero-dicyclo- 
pent adiene T'III, not previously reportrd ill the literaturt,, 
was ohtained by dropwise addition of :I solution of 45 nil. 
of 955% ethanol and 45 nil. of coned. hydrobromic acid to a 
stirred, ice cold solution of 60 g. (0.45 mole) of ezo-dicj-clo- 
pentadiene, 57 g. of isoamyl nitrite, 45 ml. of glacial acetic 
acid, and 45 ml. of 95% ethanol. The solid product, was fil- 
tered, washed t,horoughly with 95% ethanol and then with 
ether t,o yield 93 g. (847,) of the nitroso bromide YIII. 

sample was further purified by recrystallization from 
chloroform; m.p. 157-158", mised melting point ivith a 
sample of th(, eritlo isomer (reported3 ii1.p. 157") wis 149- 
153". 

.1na/. C:tled. for (CioHIJ3rSO)s: C, 49.(iO; H, ,LOO Found: 
C, 49.B;  H, 5.12. 

Chlorination of' the nitroso halides. A suspensioii of 10 g. of 
dimer in 200 ml. of chloroform was cooled in a Dry ice- 
acetone bath and stirred vigorously while chlorine gas was 
hubbled through. In  every case, the solid dissolved mithin 30- 
50 min. giving a bright yellow chlorine saturated solution. 
After the solid had disappeared, stirring was continued with 
slow addition of chlorine for about 30 min. Then excess 
chlorine was removcd hy evacuat,ing a stirred solution with 
ail aspirator. Thc cooling Ixith WRS allo\vcd to warm slowly 
to room tt~inlier:ttur(~. Tlir. ytbllo\v color dis:ippp:tred slowly 
:md i i  ivhitp suspcjtision rrsiiltrd. T i l t s  sidw of thc. rwctioii 
f l w ~ l c  u.(Brr Lvashed ivith !15f'i t>thaiiol, ivhirh :ilso tvntiod to 
precipit:ite the product, a i id  the solid \\-:is collrcted 1)y fil-  
tratioii. III all CIM'S adtlitioiial product u m  obtuiiird from 
thr. filt8r:itc :iltc,r it hat1 bren :illowcd to reniuin :it room tem- 
1)er:itiire for ntiout 24 hr. 2111 of the cornpoutids were oh- 
taineci :is colorlcvs solids after ivnsliing \\.it11 954; ethanol 
and ni th  rsther. .AnaIysrs n r r e  performed on samples re- 

,t:illizcd froiii c.hloroforni. Ticldi.. ni('1ting points a n d  
:iii:il>-tic:il rl:iln art '  givrn i n  T:ihlc I. 
-~ 

( I )  l'hctrc. is ;iiiiI)igiiit~, i i i  t l io  positioii of Cht. douhle bontl 
i l l  tht '  nitroso h:ilitl('s :inti cwriscqiicntly in  the dihalo prod- 
Iicts. Jt i s  not known whether the olefinic center rserciser: 
s twic rotitrol in t h e  hnlonitros:~tioii reaction. 

( 2 )  G. I h m i e r  and -4. Spilker, Be?., 29, 552 (IX!l(;,. 
( 3 )  RIIIV,  .J .  P h ~ t j ~ .  Soc., 1.7.79 (1XNi). 
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Bromination of the nitroso halides. Ten grams of the dimer 
\\'as suspended in 200 ml. of chloroform. T o  the nitroso 
chlorides, 8.88 g. of bromine in 20 ml. of chloroform was 
added slowly with stirring. To the nitroso bromides, 6.6 g. 
of bromine in 20 ml. of chloroform was added. The reaction 
was stirred for 1 hr. after the addition of bromine was com- 
plete, and then the solution was evacuated a t  the aspirator 
a t  room temperature with vigorous stirring. The solution 
became colorless and the product precipitated. The reactions 
were worked-up in exactly the manner described for the 
chlorination reactions. Pertinent data are given in Table I. 

Acknowledgment. The support of this investiga- 
tion by a Research Grant (CY-4298) of the National 
Institutes of Health, Public Health Service, is 
greatly appreciated. 

DEPARTMENT OF CHEMISTRY 
DUKE UNIVERSITY 
DURHAM, N. C. 

On the Preparation of Codeinone 

WILLIAM  KING,^ W. G. PENPRASE,' AND MILTON C. 
KLOETZEL 

Received January 10, 1961 

The methods of Rapoport and Rei&* and I-Iighet 
and Wildman3 for the preparation of codeinone, 
although the best yet devised for this ketone, re- 
quire a lengthy preparation of either silver car- 
bonateZ or manganese d i ~ x i d e . ~  From our experi- 
ence, a modification of the original conditions of 
Rapoport eliminates the silver carbonate prepara- 
tion and shortens the reaction time. We have found 
commercial silver carbonate in only 300 mole per 
cent excess to  be as effective as the specially pre- 
pared reagent in 500 mole per cent excess. Although 
oxidation did not take place in boiling benzene, the 
reaction in refluxing toluene or xylene was coin- 
plete within ten to fifteen mjiiutes and yielded 80- 
85% of crude codeinone, m.p. 178-180°. The same 
yield was obtained with or without mechanical stir- 
ring. 

Conditions also have been found for several 
Michael-type additions of nitrogen, carbon, and 
sulfur compounds to  the conjugated carbonyl sys- 
tem of codeinone in benzene solution. In  particular, 
adducts of piperidine, morpholine, nitromethane, 
and N,N-diethyldithiocarbamic acid were prepared. 
When these reactions were attempted in ethanol 
solution extensive darkening and decomposition 
were observed. 

(1) Chemical Laboratory, Los Angeles Police Depart- 

(2) H. Rapoport and H. ?IT. Reist, J .  rlm. Chem. Soc., 77, 

(3 )  R. J. Highet and K. C. \Vildman, J .  A m .  Chem. Soc., 

ment. 

400 (1955). 

77, 4399 (1955). 

EXPERIMENTAL 

Codeinone. To a solution of 10 g. (0.033 mole) of codeine 
in 150 ml. of toluene (reagent or technical grade) in a 500- 
ml., three necked flask fitted wit,h a condenser was added 25 
g. (0.091 mole) of commercial silver c:trbonate (Baker and 
Adamson). The olive-gray nlixture was heutal to reflux un- 
der a slow stream of nitrogen. After the color had changed 
to gray and then black (about 5 min.), reliux was cont.inued 
for another 5 min. The insoluble mixture of silvrr and silver 
salts was removed by filtration and was washed kvith hot 
benzene. The combined organic solutions were concnntrated 
with addition of petroleum ether (b.p. 69") until crystalliza- 
tion began. Filtration gave 4.0 g., of codeinone m.p. 185'. 
A second crop of 4.2 g., m.p. 178-180°, brought the yield to 

Piperidine adduct. Codeinone (4.0 g.) was heated to re- 
flus for 1 hr. in 75 ml. of dry benzene containing 9 ml. of 
piperidine. The solvent was evaporated and the residue was 
recrystallized from 95% ethanol to give 2.6 g. of colorless 
rhombic crystals, m.p. 190-191" dec., A,":: 5.85 p. 

Anal. Calcd. for C23H30N103: C, 72.22; H, 7.90; N, 7.32. 
Found: C, 72.08; H, 8.20; N, 7.87. 

Morpholine adduct. Codeinone (2.0 g.) was heated to re- 
flus for 2 hr. in 75 ml. of dry benzene containing 10 nil. of 
morpholinc. The organic solution was washed twice with 
water and evaporated to dryness. Recrystallization from 
absolute ethanol gave colorless crystals, m.p. 208-210' 
dec., A::: 5.86 p. 

Anal. Calcd. fur C2&,?;204: C, 68.72; H, 7.34; K, 7.28 
Found: C, 68.67; €I, 7.26; N, 7.33. 

Nitromethane adduct. Kitromethane (3 ml.) was added to 
a solution of 1 g. of sodium in 50 ml. of absolute ethanol. 
The excess solvent was decanted from the white precipitate 
which was then washed by decantation with absolute alco- 
hol, dry ether, and finally dry benzene. A solution of 1.5 g. 
of codeinone in 50 ml. of dry benzene was added to thc 
sodium salt. The mixture was heated to reflux for 2 hr. and 
filtered. The filtrate was evaporated and the residue rccrys- 
tallized from benzene and then from ethanol to give 0.45 g. 
(25%) of white powder, m.p. 199-200", A::: 5.83, (3.48, and 

Anal. Calcd. for C19H24N~Oj: C, 63.33; H, 6.70; K,  7.71. 
Found: C, 63.51; H, 6.83; N, 7.7-1. 

.~,h'-L)iethyldithiocarbanaic acid adduct. Triethglaminoniiirn 
K,LY-diethyldithiocarbamate was prepared according to thp 
procedure of Buess4 from 1.9 ml. of triethylamine, 0.8 ml. of 
carbon disulfide, and 1.4 ml. of diethylamine. iZ solution of 
2.0 g. of codeinone in 50 ml. of benzene ~ 3 s  added to the 
reagent. X day later t.he solvent was removed a t  room tern- 
perature. Thc product, washed with water and dried, weighed 
2.6 g. (86y0). Recrystallization from a mixture of benzene 
and petroleum ether gave a white microcrystalline powder, 
m.p. 80-85" dec., which decomposed s l o ~ l y  on standing. 

Anal. Calcd. for C2,3H30N203S2: C, 61.85; H, 6.76; N, 6.29. 
Found: C, 60.78; 11, 7.12, N, 6.27. 

8.2 g. (82L1,), A,":: 6.0 p. 

7.30 /A (XO2). 
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