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which was reerysldlized from hot ethanol: mp 311-313'; mass 
spectrum m/e 406 (for the cation part, of the molecule, t,he molecu- 
lar ion peak 8.t 441 was absent), 405 (h#It - HC1); 3lP absorption, 
6 - 13.8 (CsHsOIl, from 83'j/, H3P04). 

2,3,4,5-Tetrahydro-8-methyl-2-phenyl-1H-ph0sph0rh0 [4,3-111- 
indole (3b) and Formation of the Oxide 5b.-The conipourrd 3b 
was prepared frorn p-tolylhydrazirie hydrochloride (2.5.5 g, 0.016 
mol) arid ketone 1 (3.08 g, 0.016 mol) by the above procedure. 
The crude product, on fractional recrystallization with aqueous 
ei,hanol, gave 3b, 2.1 g (48%), mp 155-156", m/e 279 (M+), and 
5b, 0.4 g (lo%), mp 203-204", nz/e 295 (Mf). Ot,her data for 
3b are ir 3470 cm-I (NII); nmr (l)CCls) 6 2.09 (m, 2, CHz), 
2.45 (s, 3, CHs), 2.60 (m, 2, CIIp), 3.11 (m, 2, CHi), and 7.16 (m, 
8, ArII and NI-1) (apparent,ly oxidation of 3b t,o 5b occurred chlririg 
re~ryst~allization). The phosphine 3b formed the phosphorlium 
salt, 6b by the previously dcscribcd mei,hod in cluantitative yield, 
nip 209-301°, inass spectrum m,/e 420 (for t,he cation part of the 
molecule, the molecular ion peak at  455 was absent), 419 (M-+ - 
IIC1). 
2,3,4,5-Tetrahydro-8-hydroxy-2-phenyl-1H-phosphorino [4,3-b]- 

indole (3c) and Formation of the Oxide 5c.-The compound 3c 
was prepared frorn p-rnethoxyphenylhydrazinc hydrochloride 
(2c, 4.3 g, 0.024 mol) and ketone 1 (4.7 g, 0.024 mol) by the 
above proccdure, except, that the extraction of thc rcaction mix- 
ture was done with chlorolorm and recrystdlization with chloro- 
fornl-hexane to give 3c: 2.5 g (3(jO/,); mp 100-102" (see footnote 
n ,  Tat)le I); ir 3470 (NII), 3350 cm-I (011); nmr (IICCI,) 6 2.4 
(rn, 2, CITz), 2.72 (m, 2, CI-Zz), 3.06 (111, 2, (;Hz), 4.80 (s, 1 ,  OH), 
and 7.12 (rn, 9, ArH and NIT); 7n/e 281 (ILlt). 

The phosphine 3c formed the phosphoni~lrn salt 6c by the pre- 
vio~lsly described met,liod in 91% yield, mp 265-267', mass 
speclrnm nb/e 422 (for (,he cation part of the molecule, the molecu- 
lar ion peak nt ni/e 437 was absent), 421 (Mf - IIC1). 

The oxide 5c was formed (by air oxidation) when 3c was rc- 
crystallized using rnet,hariol-ether, mp 274-275O, m/e 297 
(NI-I-). 

2,3,4,5-Te trahydro-8-fluoro-2-phenyl-1H-phosphorino 14,s-61- 
indole (3d) and Formation of the Oxide 5d.-The compound 3d 
was prepared horn 4-fluorophenylhy(irazir1c hydrochloride (2d, 
5.42 g, 0.033 mol) and ketone 1 (6.4 I$, 0.033 mol) by ihc abovc 
procedure. The crude proilrlct on fraclional rccryst,allizat,ion 
from ether-hexanc gave 3d, ( j . 9  g (73(:/;), mp 11:5-114°, m/e 283 
(R;l-t.), arid Sd, 0.3 g (30,:,), mp 184-1863", m / e  299 (Mf) .  Oi,her 
data for 3d are ir 3470 cm-' (NIT); nrnr (IICCI?) 6 1.96 (m, 2, 
(:Hz), 2.48 (m, 2, CITz), 2.93 (m, 2, CT12), and 7.02 (m, 9, ArIl 
ant1 N15). The phosphine 3d iorrned t,he phosphonirlrn salt, 6d by 
the previously described rncthotl in cluani,it,at.ive yield, mp 27Ci- 
278", mass spectrum m/e 424 (for the cation part, of the molec:rrlc, 
the molecular ion peak at  m/e 459 was rtbserit), 423 (M+ - ITC1). 

Attempted Preparation of 2,3,4,5-Tetrahydro-8-chloro-2- 
phenyl-1H-phosphorinoL4,3-blindole (3e). Formation of the 
Oxide Se.-The rcaction o f  4-chlorophenylhydrazir~e hydrochlo- 
ride (2e, 3.0 g, 0.017 rnol) and ketone 1 (3.2 g, 0.017 mol) was 
done, as in the general procedure, except that t,hc reaction mixture 
was extracted with cl~loroform. The product did not contain any 
indole 3e, but only the oxide 5e, 2.4 g (46%), mp 220-224", nr/e 
315 (Mt). Ilecrystallization rrom ohloroform-ether gave the 
:tnizlytical sample: mp 223-223"; il. 3470 cm--l (Nl1); nrnr 
(acetone-&) 6 2.62 (rn, 2, CI12), 3.09 (rn, 2, CIIp), 3.62 (m, 2, 
CHz), and 7.25 (m, 9, ArII and NII). Agnirl itpparcr~tly 3e 
was oxidized during purification. 

Attempted Preparation of 2,3,4,5-Tetrahydro-8-bromo-2- 
phenyl-113-phosphorino [4,3-b] indole (3f). Formation of the 
Oxide 5f .-The reaction of 4-bromophenylhydraeine hydrochlo- 
ride (2f, 5.6 g, 0.025 mol) and ket,orle 1 (4.8 g,  0.025 mol) wixs 
done as in the general proccdllrc. The produc:t, did no1 corit,ain 
any indole 3f but only the oxide Sf, 4.7 g (52'j/,), rnp 229-23O0, 
m/e 361 and 359 (&If). I{cc~~ysl,alliznl,ion from metharlol-Hz0 
gave the ar1alytic:tl sample: mp 230-2:D0; ir 3470 cm-I (NH);  
nmr (IICCIJ) 6 2.26 (rn, 2, <:Ha), 2.98 (m, 2, CH2), 3.41i (m, 2, 
CHz), 7.39 (m, X ,  ArH), a.nd 8.08 (s, 1, NH). 

Attempted Preparation of 2,3,4,5-Tetrahydro-8-nitr0-2-phenyl- 
1fI-phosphorino [4,3-b] indole (3g). Formation of the Oxide 5g.-- ,, 1 he reaction of 4-rliljropllenylhydrazil~t: (2g, 0.3 g, 0.003 mol) 
and ketone 1 (0.634 g, 0.003 mol) was done, as iri the above pro- 
cedure, except that thc ree.ctiori nlixt,ure was extracted with 
chloroforn~. The prodr~i:t did not contain any indole 3g, k)u1 only 
the oxide 5g, 0.2 g (XI%), ni/e :U(i (Mf) .  I t  was purificd by 
chromatographing t,llrough neutral altlrnin:~ column anti el111,irig 
with chlorolorm, giving s deep orange solid: rrip 220-2'2" dcc:; 

ir 3470 cm'l (NIT); nmr (I)CC13) 6 1.78 ( ~ n ,  2, CF12), 2.50 (m, 2, 
CHZ), 2.98 (m, 2, CH2), and 7.12 (rn, 9, ArII and NII).  

The 4-nitrophenylhydrazone 4 (R = NO2) wai isolated by boil- 
ing (6 hr) 4-nit,rophenylhydrazine (0.6 g, 0.004 mol) and ketone 1 
(0.64 g, 0.003 mol) in ethanol and diluting (HpO). The solig 
product was collected by fillration: 0.72 g (A6%, based on the 
amount of ketone); rnp 150-1.51'; rimr (L)CCI.,) 6 2.39 (m, 8 ,  
alicyclic TI), 7.03 (d, 2, J = 9 Hz, ArIT), 8.10 (d, 2, J = 9 Hz, 
ArH), 7.37 (m, 3, ArH), and 7.72 (s, 1, NlT); m / r  327 (M+). 
Anal. Calcd for CI71JIHNdO2P: N, 12.84. Found: N, 12.62. 

Registry Pilo. -3a, 36720-80-6; 3b, 86720-81 -7 ; 3c, 
36720-82-8 ; 3d, 36720-8-9 ; 4 (It = NOa), 36720-84-0 ; 
5b, 36720-85-1; 5c, 36720-86-2; 5d, 36720-87-3; 5e, 
36720-83-4; 5f, 36720-39-5; 5g, 36720-90-8; 6a, 
36720-91-9; 6b, 36763-71-0; 6c,  36720-92-0; 6d, 
36720-93 1. 
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Altllough rnany substituted cyclopcntenones 
known, no simple derivatives containing only an clcc- 
tron-witl~drawing substitucnt in thc 2 position seem 
to have been reported. Such compounds would bc 
expected to bo rclativcly unstable, sirlcc the substitucnt 
would polarizcl the cnone system further, arid probably 
clnhancc the tendency toward polymerization shown 
by cycalopcntenonc itsc.lf. An unsricccssf~rl attempt 
to  synthcsizcx 2-acctylcyclopmt-2-er1o11e (la) has been 
rcportc~d.~ h recently reported4 mmc~thod for synthe- 
sizing 3-alkyl-2-carboalkoxy~~yclo~~~~r~trno1~~i failed for 
3-mcthyl-2-carbcthoxycyclopcnt-2-c1lone (Ib), the sim- 
plest case investigated, although Ib  had bccln prepared 
by Yatcs previously by a similar route. 

Wc now report thch synt11c.sis of 2-c~:~rhornctl~oxjrcyclo- 
pont-2-cnonc (I(.), a c~ompound of much potc~ntial 
valuc for natural producxts syntll(lsis. TIIP con~pound 
can be obtained in ra. 45% yicdti (nrnr ailalysis) by 
oxidation of 2-carbornctl~oxycyc~lopc~~~tanon(~ (IIa) with 
selenium dioxidv irl rcflrrxing dioxanc~. I)ic~l.~lorodicy- 
anoquinonc (DDQ) oxidation also givcs t 1 1 ~  cornpountl, 
but in low yicld ( 5  -lo%), a i  it i i  polym(~rizcd rlrld~r 
thcl rcaction conditions. Ic is fairly stablc in dioxane 
solution, but attempted purification by any of scveral 
rncthods lcadi to rapid polymerization. l~ractions 
containing cwlorc~tl, modcratc~ly pure. matclrial (nmr 
:~nalysis) wcrcl (1btainc.d by very rapid silica gel cliroma- 
tograplry, but the material ~:olymcrizcd fairly rapidly. 
However, thc corrlpoi~nd could be trapped by adding 
dicmcs to the rcaction rnixturc.. 2,3-Dimctl.iylbutadicnc~ 
reacted smootlrljr at  100" to give the adducat 111, anti 
cyclopcnladirne a t  25" gsvc a 1 . 1  mixturc. of t11c ( d o  
and c.xo udduchts IV, which nc>rc1 ieparatc3d by silica 
gc.1 c11romatoyray)lry. 1')roIyiih of c~itk1c.r isomc,r or 
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the mixture of IV at 438" and trapping at  - 10" 
gavc3 a pure sample of 2-carbomethoxycyclopcnt-2- 
enonc, (Ic). In contrast, adduct I11 was stable under 
these coridit,ions. 

All spectral data on compound Ic are in accord with 
the assigned structurc. The vinyl prot,orl signal in 
the nmr spectrum appears as a triplet ( J  = 2.5 Hz) 
a t  6 8.38. This is a very dcshielded value for a vinyl 
proton and reflects the great polarity in the cnone chro- 
mophore of the compound. 

Pure 2-carbomcthoxycyclopnt-2-enonc (Ic) polym- 
clrizcs mithin several days a t  - 10" but can be stored 
for prolonged periods in dilute solution a t  - 10". It  
polymrrizc~s very readily with a variety of acidic and 
basic protic. reagents (e.g., anhydrous IIRr,G dic3thyl- 
amine, NaOJlc in l\/leOH, semicarbazide) . Itcac- 
lion with lithium dimcthyl~opper,~ ho~vc'vcr, pro- 
ceeds smoothly lo give 3-methyl-2-carbomcthoxycy- 
clopc.ntanonc (IIb), whose semi(-arbazonch was identical 
wit21 an autl-lenic s an~p lc .~  

Some othcr attempts to obtain 2-carbomethoxyc.y- 
clopcnt-2-(.none (Ic) are of interest. Brornination 
of 2-carbomethoxycy(*lop(>ritanonc (IIa) in CCll gavc 

14- COOMe 

Ia, X - COOEt, R - M e  IIa, R =  H 
b, X =- COMe, R - II b, R -  M e  
c ,  X-COOMe,  R = H  

c~xclusivc~ly t hc 5-bromo isomc.r. Hou c.vc.r, bromina- 
tiorl of IIa  in watcir containing Cu(N0d)a gave the 2- 
bromo isomc,r in good yield, as suggested by a merha- 
rlistic study of the rc>a~tion.~ How-chvc.r, on attempted 
dchydrobrominatiorl, rcarrangcmcmt of the 2-bromo 
isornc.r to the 5-bromo isomer cvidcntlv occurred since 
cithcr isomer gavc only t~-carbomethoxycy~10p~~nt-2- 
c>nonc and much polymcbr, but no Ic, under ally tlchy- 
drobromination conditions investigated. 

Experimental Section 

2-Carbomethoxycyclopentenone-Cyclopentadiene Diels-Alder 
Adduct (IV).-To a solution of 14.2 g (0.10 mmol) of 2-carbo- 
met,hoxycyclopentarione (IIa) in 25 ml of reagent grade dioxane 
was added 12.2 g (0.11 mol) of Se02. No oxidation occurred in 
dioxane which had been distilled from LiAlH4. The mix(.llre 
was refluxed for 25 min, and the black Se was removed by filOra- 
tion. Then 66 g of cyclopentadiene was added and tile dark 
brown solution stirred at  room temperature overnight. 1)istilla- 
tion of all vo1:hlile mataerials a t  0.25 mm was followed by absorp- 
t.ion ol the residue on 23 g of silica, gel and chromatography or1 
600 g of silica gel packed in petroleum ether (bp 40-60"). Aft,er 
elution wit,h 3 1. of petroleurn ether, a 1: I mixture of the t,wo 
stereoisomeric t~dducts 1V (2.9" g )  obtained kiy clnlion wit,h 
10'z ether in petroleum ether (2 : l ) .  More careful rechroma- 

(6)  .T. N .  Marx ,  Tetruhedror~ Lett., 4957 (1971). 
(7) Cf .  H. 0. FIouse, W. I,. Respess, and G. M. \Vl~itesides, J .  Org.  CI~eln 

31, 3128 (1966). 
(8) I<. J. Pederson, Artu .  Cl~ern. Sctlnd., 2 ,  385 (1948). 

Logrz~phy of the combined fractions under the same conditions 
with 5% et,her in pet;roleurri ether gave, in early fractions, one 
pure st,ereoisomer of the adduct IV: ir (film) 3000, 1760, 1730 

, nmr (CCla) 6 0.9-3.4, complex absorpt,ion, 3.63 (3 H, s, 
COOMe) 6.28 (2 IT, t ,  J = 2 I-Iz, vinyl); 2,4-dinit,rophenylty- 
draxone, mp 164-166'. Anal. Calcd for C18H,sN40ti: C, 
55.96, H, 4.70. Found: C, 55.87; IT, 4.65. 

Further elntion with the same solvent mixture gave the same 
isomer contaminated with increasing  amount.^ of its stereoisorner, 
which was obtained essentially pure in later fractions: ir (film) 
3000, 1760, 1730 cm-l; rirnr (CCla) 6 0.8-3.4 (complex absorp- 
tion), 3.70 (3 H, s, COOMe), 8.20 (2 IT, t ,  J = 2 Hz, vinyl Ii's). 
2-Carbomethoxycyclopentenone-2,3-Dimethylbutadiene Ad- 

duct (III).-To a total SeOz oxidation mixture from 1.42 g of 2- 
carbomethoxgcyclopemtanoiie as described above was added 
0.74 g of 2,s-dimethylbutadiene and t,he mixture heated in a 
sealed tube for 6 hr a t  100". The adduct I11 was isolated (256 
mg) as the only monomeric produd, by chrom:ttography over 
silica gel: ir (CCl4) 1760, 1730 cm-l; nmr (CCl,) 6 1.65 (6 H, 
broadened s, Me's), 1.8-2.5 (mnlt), 3.70 (3 11, a, COOhIe); 
simicarbaxone, Inp 207-208" (ethanol). Anul. Calcd for 
Cl41121Na03: (:, 60.20; H, 7.58. Found: C, 60.45; II, 7.95. 
This cornpound was recovered unchanged upon attempted 
pyrolysis :it 438'. 

Pyrolysis of Adduct IV. 2-Carbomethoxycyclopent-2-enone 
(Ic).--A 1: 1 mixture of the two isornerir adducts 1 V  (676 mg, 
3.3 mmol) was heated at  60-65° and carried by a slow stream (2 
ml/minj of Nz through :I heated inlet system into a 50-ml pyrol- 
ysis chamber heated to 438' with a lead bat,h (contact time 20- 
30 sec). The exit gases were condensed in a IT-tube c:ooled in an 
ice-salt bath, conditions which allowed the cyclopentadiene to 
escape. After 3 days, the tube contained 263 rng (57%) of pure 
2-carbomethoxycyclopent-2-enone (Ic): A:&"," 220 nrn (t 

>8000); umr (CI)C~:I) 6 2.70 (4 I-I, mldt ), 3.92 (3 H, s, Me), 
8.38 (1  H, t ,  J = 2.5 Hz, vinyl I-I). The compound polymerized 
on standing a few hours neat a t  room temperature or after several 
days in a refrigerator but can be kept, for extended periods in dry 
ether solution in a refrigerator. It also polymerized during at- 
tempts to form a crystalline derivative or to effect rea.ctiori with 
a nu~nbcr of nuclcophiles in protic media, as mentioned in the 
text. 

2-Carbomethoxy-3-methylcyclopentanone (IIb).-To a sus- 
pension of 114 mg (0.50 mmol) of pure dry CuI in 1 0  ml of dry 
ether was added by syringe 26 mg (1.2 m~nol) of md,hyllit,hium 
(0.67 ml of 1.8 M ethereal solut,ion). The rcsl~lting pale ycllow 
sohltion was cooled to - 78' (Dry Icc-acetone) and 150 rrtg (1 .O6 
mrnol) of 2-carbomethoxycyclopent-2-enone in 10 ml of ether 
was added dropwise. The mixture was allowed to wa.rrn to room 
t,eniperat~lre during 1.5 hr, then poured into a satnrated NllnCl 
solulion. Concentrated NH40H was added nnl.il solution was 
complete. Then the ether layer was washcd and dried (RIIgSOa) 
arid the ct,hcr evaporaled to give an oil (100 mg) showing one 
spot, on tlc and one peak on vpc: ir (CC14) 1765 arid 1735 cm-' 
(ketone and ester of keto form) arid 1665 and I690 (esi,er and 
double Ir)ond of en01 form); nmr (CC14) 6 1.22, 1.24 (3  H tot,al, 
d, J = 6 IIx, C-:3 Me's of eriol and keto form), 2.3-2.0 (complex 
absorpl,ion), 3.81 (3 IT, s, COOMe); semicarb:txone, nip 168- 
169.5" (TTzO), no depression on a,dmixture with a sample kindly 
s l ~ ~ ~ l i e d  by Professor Y a t e ~ ; ~  2,4-dinitrophenyl1lydra;sone 
(EtOIT-II20), mp 127.5-128.5". Anal. Calcd lor (:I4111tiNnO~: 
C, 50.00; IS, 4.80. Found: C, 50.05; TI, 4.48. 

2-Bromo-2-carbometho~ycyc1opentanone.--To an  aqueous so- 
lution (250 nil) which was 0.10 M in Knr, 0.15 M in IINO1, and 
0.1 0 M in CU(NO:~), was added 14.2 g of 2-carbomethoxycyclo- 
pentanone (0.1 0 mol). An aqueous solntion oont.aining 16.0 g 
of Ur2 (0.10 mol) was added during 0.5 hr. Ether ext,ractiori 
gave 20.8 g (94%) of 2-hromo-2-c>zrbomot,hoxy(;y(;lopentarione, 
homogcr~cous by tlr: nmr (CCl4) 6 2.31 (6 11, mull), :3.8(i ( 3  11, 
s, COONc), absence of absorption at 2.8-3.2 due to the (:-2 1-1 of 
starting n~aterit~l.  
5-Bromo-2-carbomethoxycyclopentanone.--Trc:ttment of 1.42 

g of 2-c:arbornethoxy(;yclopentanonc in 10 ml of CCla with I .liO g: 
of Rre in 10 nil of CCla by dropwisc addition with stirring and 
then washing and drying (RItgSO,) ga,ve :I quanlitative yield of 
the 5-brorrto isomer, liomogcneous by tlr: rtrnr ((>(>14) 6 2..?O 
(-5 H, mllll,), 3.89 ( 3  II, s, COORZe), 4.88 (1 H, nl1111, C-5 I*). 

5-Carbomethoxycyclopent-2-enone .-To 1 .I g of 5-bromo-2- 
carl)omethoxycyc.lopentanonc in 10 ml of 1)MF under Nz was 
added :: g of powdered C>RCO:~, and the ~ n i x t ~ u c  was refluxed 10 
tni~r. The coolctl mixt,ure was filtered, diluted with water, and 
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extracted with ether. After washing, drying, and removal of 
the ether, 460 mg of oily 6-carboniethoxycyclopent-2-enone was 
obtained: nmr (CC14) 6 2.0-3.6 (mult,), 3.82 (3 11, s, COOhfe), 
6.45 (1 H, ninlt,, C-2 II) ,  8.17 ( I  TI, mull;, C-3 8 ). No carbomgl 
derivative coulld be obtained. 

Substitution of 1.2 g of 2-bron~o-2-cark)omethoxycyclopen- 
Idamone for the 5-bromo isomer in the above procedure gave (nmr 
analysis) 0.4 g of an oil containing mostly 5-carbornethoxycyclo- 
pent-2-cnone and some 2-carbomethoxycyclopenta~~one (con- 
tarriiriani in the starting mat,erial), but no 2-casbomethoxycgclo- 
pal-2-enone (Ic), since the signal ai, 6 8.38 was absent,. 

Other dehydrobromination reagents whose action on the above 
compounds was investigated include Li2C0.%-1,iBr--l>h,lF; 1,s- 
di;tzabicyclo[5.4.0]undec-5-ene (DBIJ); 3-ethyl-2-~net~hylpyr- 
idine; and KC)Bu-t. These reagents gave only polymeric ma- 
terial. 

Registry No.-Ic, 36601-73-7; IIb, 18067-33-9; 
IIh l)N1', 31i601-75-9; 111, 36601-76-0; cxo-IV, 36601- 
77-1; endo-IV, 36622-61-4; IV DNl', 36596-39-5; 
2-brorno-2-carbomethoxy cyclopentanone, 36596-60-8; 
5-bromo-2-carbornethoxycycloper~tanone, 36596-61-9; 
.7-c:trborncthoxycyclopent-2-(~11o1ie, 36596-62-0. 
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The lithium or potassium salts of 2-nitropropane 
react cxolh~.rmically \zith carbon trt,rachloridc in 
DAIS0 saturattd with nitrogen to yield 2,;Minitro- 
2,3-dimctliylbutanc~ in approximately 50% yield. A1- 
though a varic.ty of proccdurc~'*~ are available for pro- 
ducirrg thv synthetically useful vicirial diriitrotillranes2 
in high yields, the carbon letrachloridc oxidalive di- 
mcrization of riitroalkyl anions reported irr this rlote may 
prove to be a bynthcticalIy usel'ul reaction bccausc, of its 
greatw simplicity arid speed, especially with in situ 
preparation of the anion by use of cornmcrcial potas- 
sium terl-butoxide. 

Tablc I lists thc y i~ lds  of products obtained uridcr 
several reaction conditioris. Sinct. both carbon tcttra- 
chloride and the 2-nitropropyl ariion are stable to oxy- 
gc.n, the rtlduction in dimer yield and the formatior1 of 
acetone when the rcactiorl solution is saturated with 
oxygtXn instead of nitrogc.11 suggtJst that the reaction 
proccc.ds vza 2-nitropropyl radicals which arc. trapped 
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TABLE I 
R I . A C T I ~ N  O F  CC14 WITH 2-NITROPROPYL ANION I N  IIMSO 

[2-Nltro- [t-nuOI<l. ---Products, mol Oj,--- 
[CClrl, M propane], M Gas  Dirner C1- Other 

1.8 0 . 3  (Li salt) Nz 50 70 60 (CIIC13) 
I 8  0.3(Lisal t )  O2 30 40 CIICl,, 

aeetorie 
1.8" 0.3(Lisal t )  Nz 40 70 50 (CIICl,) 
0 .4  0.22 0.22 Nz 0 80 
0.22 0 22 0.22 Nz 50 80 
0 .4  0.22 0.22 0 2  30 40 

fl Solvent: 2 : 1 I )hISO-ryrlohexene. 

by ~ x y g c n . ~  Quenching thc reaction with 6 N HNO, 
and Volhard titration of the liberated chloridc indi- 
cated that the rcaction is complete within 1-2 min 
R ith DhlSO or 2 : 1 DRISO-cyclohrxene as solvent. 
No d ~ t ~ c c t a b l ~  rcaction occurs in 1 hr with (%her, cyclo- 
hcxcnc, carbon tetrachloride, ethanol, or 10:2 tert- 
butyl alcohol-wtztcr as solvent. Because CCl4 undcr- 
goes nuclcophilic substitution with carbanions4 and is 
:zlso a good acceptor of clcctrons, with the intermediate 
carbon tctrachloridc radical anion exothermically dc- 
composing to trichloronlethyl radical and chloride 
anion,Vwo mrchanisms for thr  rcaction arc immedi- 
atcly conceivable: mechanism A, consisting of nu- 
clcophilic substitution on carbon tctrachloridc by 2- 
nitropropyl anion to form trichloromcthyl carbanion 
and 2-chloro-2-nitropropane, which rcacts with 2- 
nitropropyl anion by a radical anion process to form 
the d i m ~ r , ~  and mechanism B (cq 1-6). 

cci, + o,N++No..- + O,N+NO~ + CCI,.- ( I )  

cc1,-- - CCI,. + Cl- (5) 

CCl,. -+ HCCI, (and  other products?)  (6) 

Wc tcntat,ivcly favor mcchanisrn R as tJhe mechanism 
of thc rcactiorl Cor thc folloning reasons. (a) Alcch- 
:inism A involves thc formation of trichloromcthyl 
carbanion, which should rapidly drcompose to dichloro- 
carbene which is trappablc by ~yclohexc~rie.~ Whcrl 
the rcactiorl was corlducted in 2: 1 DAIS0 cyclohexcnc 
solvent no dichloronorcaranc was detectable. (b) The 
yield of dinicr in the carbon tc.trachloridc rcaction was 
reduced from 50 to 30% when the reaction was carricd 
out in thc prcschncc of oxygen instcad of nitrogen ('Fable 
I). In mclchanism A dimcr is formed via thtx rcaction 
of 2-nitropropyl anion ui th 2-chloro-2-nitropropatit.. 
Whcn this rc~action was conducted in oxygen- iribtcad 
of nitrogen-saturated DAIS0 solutio~is, the yield of 
tlirnc.r decreased from 65 to <5y0 a t  22" and from 80 
to 10% at  60' (Tablc 11) (stkc also ref 3). It  thcrctforc 
appearb unlikely that 2-cl-1101-0-2-nitropropanc is an 
mtchrrncdiatc in t h ~  carbon tetrachloride mediated 
tlimerization of 2-nitropropyl anion us required by 
inccharlisrrl A. (c) The dimt\rization of 2-riitropropyl 

(3) C .  11. Russell, ib id . ,  76, 1595 (1954); G. A. Rnssell a n d  \Y. C. Uanen, 
i b i d . ,  88, 5663 (1966); G.  A. Rrissall and \V. C. Ilanen, ib id . ,  90, 347 (1968). 

(4) C. Y. Dl~yers,  S. D. Ijoyd, 11. 12.:. Pinnids, and R. G. S r n i l h ,  rhid., 91, 
7.510 (1909). 

(5) R. E. Fox and K. 1C. Clirran, J. Chem. F'lrys., 34, 1595 (1961); W .  E. 
TTrent\vortI~, R. 8. necker, and R. Tang, J .  I'hya. Chem., 71, 1662 (1'367). 
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