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ucw Cheomatography of 1. of this wizture on alwminn?
el chatiin witle ether and methylur ehloride gave .75 .
ot VLoops 172 1738° followed Ly 048 g of V1L mp.
ISt IS Thas 24 g, of the misture bas ronghly 1:1 vom-
posiivn of VT and VI giving an edimated net yield ol 15.0
o ST ol VH mend 18 g (1302 of VL Tl remnining eviide
renction produel wee chromdngrapled to vbinin 6 1. of a
Tl whieh laeked  OH and -Co3CUH bands (odrared)
i ~hoaved satarated and wd-unsghurated earhonyt bands,
s boodd has ool beo Turther examined,

Whalie ) gaf puare VH eoudd De obiained frum 4.2 g0 of
VE wodder ceoditiens deseribed in (h), the <(arting material
was mremvred unehanged  when thanad swis amitted in
st her evperben . When | g of T e-ethynyliestosjerone,*
e 26E Y, was treededd as dn (1) the starting material
wis reeovered wnehinnged.

Epivecizton of V1 1o V'L Prentinent of 210 g, of pire
VL nep, 84 183°, as in (D) shove yvielded 0.4 g, (18.5'%)
af V3o 152 0787, nnd 15 g (00 L ol VL ms 184-
1832, b erystadlization and chronutography.

1-EMnal- Do dtedinectney-Sa-methyl-1,2,3,7,8,8a-hexahydro-
sophtledens, INC Treahment of 3.8 g, of VI, m.p. 181-185°,
At ron teperabire with 13wl of acetic anhydride con-
vndug HHY g of petoloenesalfonie neld vieldmd 2400 g of
prosliel, nep. 1O 1THT after o work ap as above, One
ervstallization from ether-peteedoum ether (hp, 33-35°)
alforded 18 20 (38100 of 1N, wep, HS3=1175 Apuaa B34 tp
e LOA0); infraemd LUt (), LSO (wr, 8.70 (x), 3.76 (2,
RRUT N TITAN TR (| AT RTN

Jual, Caled, ot Cyaldathy:
COTED TR L T T

Cronerision of TN Jo 10 A solation of 103 goof TN i d b
ol 5 e aeid was reflused for 1.3 hro and warked ap
as deseribied e the pregrerntion of T from VL Chromatng-
raphiy of the erade hgquid yicdded 330 g (32670 of 1,
mep. el wised e with produet from VUL 07 -ug°

20 Wiheu the epnmercial oentral Mumimuan Oxide
Wordie wae atseed, extensive Inss due tnifeeomposilion oe-
enrril,

<20 According to the generaltization of DL Barton
wd R, Cunkson, Quast, fler., 10, 11 (1UA6) the ethynyl
sdestals e 172-173°, clntedd Tiest, shioudd hzve nn axial
hydroxyt grovp, ‘Uhis assignment wouh! indieate structure
VI ur the 1729 fsamer as proposed by Nazirov.? Huwever,
ax fuetors responsible for ndsorpiinn of the epimerie aleohols,
V1 sl V1, might bo complicated by the proximity of the
as-tnsitnmled earbouyl function, a definite assigoment
cantal be mude without fnrtlwr evidence, We have preferred
the strnetures given for rensons mentioned 12

(267 We wish (o thank the Upjohwm Co. Kalamnzoo,
Mich., for 1his suophe,
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vor, 26

1-Acelyl-t-o0ra-8a-melhyl-3,4.0,7,8.8a-herahydronuph-
thalenest-trimethylenethiokelnl, X, 'T'o n sugpension of 1.8 g
of I i amixture of & ml. of ether and 2 ml. of boron flworide-
ctherate conled in ice buth, 1 ml. of propnne-1,3-dithiol was
achled dropwise, The snapension soon {urned to n elear mlu-
Hion undd in 2 hr. set to a mosa of needles, ‘The misture was
diszolved in ether, washed with 109% agueans sodium hiear-
honate nid treated ns wsunl, The erade Tiguid deposited 2.2 g,
uf erystals which on reerystolliztion fram ether afforded
2.0 g (78%) of X, nup. THLG-1200°% Apax 230 mp (e
12,8002 infrared (LU0 (%), 0,18 (m) # both of relatively
diminished intensity as compaied to same peaks in L

Anal. Caled. for (WHAOR ©, 6533 H, 7.5; &, 21.8,
Founde: ¢, G5.1, 0.3; I, 7.6, 7.6; 8, 21.46, 21.8,

1-Acelyl-63-hydrary-Sa-mellyl-3,4,8,7,8 8a-hexahydronaph-
thalene, X1 A solution of 1 g, (5.1 numoles) of I, 200 mg.
(548 vuoles) of godinm borahydride and 1 nl, of water in
10 k. of -huty] aleohol wogs stirred for | hr, at room tem-
pentture, The exeess horohydride was destroyed by adiling
it fow drops of glacial aretie acid and the mixtare ovnpocated
to drvness, After the nsund treatment the crude liguid gave
0.5 . »f erystals, m.p. 111-114°, and the nother Hquor
on chromatography afforded a further 120 mg. of erystals,
Two ervstallizativos from ether-methanol yichied 0.68 g.
(AR9%) of colarless XT mp. US-HT7° Apee 231 M (e
OO infrared 280 (), 0.03 (), 6,10 (m),

Anal, Caled. for CplpQn C, 75,7, H, 8.8, Found=
(%, 75.8, 75.8; 11, 8.4 0.0,

Comrersing nf 1o N1 To w solotion of 1.1 g of T in 10
mb. of dry methacol was added 0013 g, of sodivm hydraside,
The fnitially enlorlesg solution turned durk red instantnne-
onsly on wdding the alkali. After 12 hie. ab room tempera-
hire, the reaction mixture wos aeidified with i few dropm of
gheial nestiv acid und evaporated to drynesa ander aspirntor
pressure. The resbiue dissolved in methylene eldorkde was
treated s usid, The emde Hguid was eliromatographed on
alumiost and clated with 11 ether-bonzene mixtire to oh-
tain 490 . of erystals, mup. TERN-116.5°, (hareonl treat-
meat of an cleer solntion faesi-hed 870 nag (3309} of
cotorfess NITT mipe P16-D)720 Naaa 279 mp (e 25,600);
infrared 5.82 (), 6,02 (2, 604 (v.2), 6.26 (8) p

Anale Caled, for CalpOsr ¢, 7640 Ho T Founds;
€, 78,3, 74 1L 7T, T

Corempes L Onao
Mabnras 25, Ixua

(27) We believe that the methiyl ketonic funetion is (ree
in X for two reasons: (1) the absorption maximum for X1V,
V1, and VI is at 242 mg; (b) the Agax for t-acuetyl-t-cyclo~
hexene types §s ot 232 mp, See Jo DL Chanbey, J. Am.
Chem. Suc., 70, 244 (1948),
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Steric Effects in the Gomberg Reaction!

HAROLD WEINGARTEN
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Tl indlnenee of substitntion erthe to the radien] site in homolytlic nromatic arylatlon waa investigated, Steric cfects were

Formud tn bne fosignificand.

Although the Gomberg renetion has been knswn
in the literature® for nearly forty years, it has

(D) Preseated ute Ui 135th Meeting of the American
Chemieal Sneiety at Boston, Mass, April 1959, Abstr.,
P 470,

heen investigated quantitatively only during the
last ten.® The bulk of these quantitative
studics describe the ratio of biphenyl produets

(2) M. Gomberg and \V, I, Bachmun, J. 4m. Chen.
Soc., 46, 2339 (1024).

WATER_PCB-SD0000054546

il PENGAD 800-631-6389 |

RN §
N V.\g’“ﬁ'

STLCOPCB0003580



Manrcl 1961

derived from the phenylation of substituted aro-
matie solvents, A number of studies have alsp
heen reported in which para-substituied phenyl
radicals wure used rather than phenyl radicals. ¢
Even fewer quantitative studies have been re-
ported deseribing the effect of substitution ortho to
the radienl site.$ In the present work we report the
behavior of several ortho-substituted phenyl radi-
cals, The results of this study have ennbled us to
deseribe the configuration of the product deter-
mining transition state in somewhat more detail.

RESULTS

The influence of substitution ortho to the radical
sile wan investigated by genernting ortho-substi-
tuted phenyl radieals in the presence of o-dichloro-
benzene, The use of o-dichlorobenzene greatly
simplified the produet analysis since only two bi-

TABLE I
0 ~DICHLDROBENZENE RESULTS

. el e % ortho % paro %
@ + @ —egrt3 33t3 2.0
? Gl
[]
N ° 3
2 | —— 663 3ats3 19
Cci F
e
3 —— 55%3 asts Iz
Ci
&
a —— 5434 a6ta L2
8
2 -]
* I — 6653 34k 1o
=

(3) D. H. Hey and G, LI, Willinms, Discussions Faraday
Soe,, 14, 216 (1953),

(4) C. Shih, D, H, Hey, and G, H, Willianw, J. Chen.
Soc., 4403 (1958).

(6) R. L. Daunley and M, Sternfeld, J. Am, Chem. Soc,,
76, 4643 (1954).

(6) D. H, Hey, in Theorelical Organic Chemisiry—The
Kekuie Symposium, Bitterworths, London, 1959, p. 257,

(7) The luborntory method we used to gencrate phenyl
nnd substituted phenyl radieuls involved treuttnent of the
dinzonfum chloride with sodinm ncetate, Yields were be-
tween 30 and 60%. We do not feel these low yields reflect
a fractionation of produets or preproduct intermediates
since the worl of D. I, DeTur und H, J. Scheifels, Jr.,
J. Am. Chem. Soc., 73, 1442 (1951); R. Huisgen und R,
Grushey, Ann,, 607, 49 (1957); D. R, Angood, D. H, Huy,
and Q. L. Willioma, J. Chem. Soc., 2004 (1952); and D, H.
Hoy, A. Ncchvatal, and T. S. Robinson, J. Chem. Soc.,
2802 (1951) demonstrates that biphenyl product ratios
are nearly unchanged over a yield range between 15 to
above 8% using varlous radical sources under a wido range
of conditions, Neverthcless, it should be pointed out that
the ArAr’H. intermedinte has been shown by D, I, DeTar
and R. A, Long, J. Am. Chem. Soc., B0, 4742 (1958) to yield
produets other than biphenyls where Ar'H is uasubstituted,

STERIC EFFECTS IN THE GOMBERG REACTION
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phenyls can be formed. The experimentul results
are recorded in Table 17

Phenyl and p-chloropheny! radicals were used as
controls (Reactions 1 and 2) and found not lo
vary significantly in produet rtio from eneh other.
Furthermore, their o/p ratio agrees with that re-
corded for the phenylation of chlorobenzene,d®
ortho-Chloro and ortho-bromo  substitution are
seen to lower measurably the o/p ratio (Renctions
3 and 4) while o-methyl substitution (Reaetion 5)
remaing at the eontrol value. These resulis have led
us to the conclusion that while ortho-hnlo substitu-
tion may give rise to unfavorable dipolar repul-
sions in the transition state, sterie effects are rela-
tively unimportant.

To canvinee ourselves of the lack of importance
of sterie efferts severnl experiments were carried
out with m-dichlorobenzene (Table 111, A control
experiment with phenyl radieals revealed an 0,070,
ratio equivalent to that obtained with o-dichloro-
benzene in elose adherenee to the principle of ad-
ditivity. The usc of o-methylpheny! radienls showed
a small slerie offect, but even here the o,0-position
is the most renctive, Ortho-chloro suhstitution cuuses
a more marked decrense in o,0-product ns would be
expected.

TABLE I
m~DICHLOROBENZENE RESULTS
% 0 %0p, %o
(X3 ¢
H\, - (\ e 46%2  aaf2 0%
rr'nk‘;l.‘l S
o 2L
2 o
=
o~ aots  astax 2%y
CN3
3 ° + +
— 25%3 59tz gt

Producet structural assignmenls were made by
one of three methods depending on the compound:
(1) independent synthesis, (2) isolation from the
reaction mixture followed by oxidation to the sub-
stituted benzoic acids, and (3) comparison of struc-
ture to relative vapor phase chromatographic re-
tention time® (para isomers ahways had higher
retention times than ¢rtho). The produects of Re-
action 1 (Table 1), 2,3-(ortho) and 3,4-dichloro-
biphenyl (para), were independently synthesized
and the para izomer shown to have the higher
retention time. Two crystalline compounds were
isolated from the product of Reaction 2. QOxida-

(8) R. Huiggen and R. Grashey, Ann., 607, 4€ (1057).

(0) Gas chromatography was our principal wa .tvucal
tool nud the chromatographic areas were shown to ue pro-
portional to mele per cent.
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TABLE

X RETESENT

WHEINGARTEN

VoL, 28

1

BIPHENYL DERIVATIVES

Carhon, Ty Hydrogen, ¢ Halogen, 5%

Cumpound M (LiL MUY Found Caled. Found  Cubd, Fouud  Caled.
2.8- Diehlorobiphenytt 97 TR 2 64.8 L6 3.7 3.6 31 8 31.8
3 - Diclilrobipheny 14 48 (=19 0° (46°%)
24-Dichiorobiphenyls REDE BRI N 047 B8 3.0 R 3.8 31.8
14.3-Dicldorabiphenyle 31.0-82 0° @uea
datel = Trichinrobiphieny 4 T3 0-7LY 6.7 5.0 2.7 27 411 43
o Prehiorabiphieny S, 8-K7 8 58.2 88.0 3.2 2.7 410 i3
L Urichlurobiphuy e 28, 1-28.8° 655.9 Hi.0 2.7 2.7 41,2 .y
S0 Privhhrobiphenyde 00, -G 4 (ue) H5.4 a6 0 TR 2.7 41.3 410
m. vy bl
6. 305, H° 474 47.7 2.0 2 9.02 [ IR

3.4-Hichtora-2"-bromaldphenyt?

« Independently synthesized eia Gorabwerge reaction, * W. Blnkely aml H. AL Sewrbovough, . Chen. Sory, 3007 (1927).

e 1. Hinkel and 1L Hey, Jo Chi, Sae,, 2786 (1928), 9 Isolated from Reaetion 2, Tabde I, ¢ Tsoluted from Reaction 23,
Table 1. 7 L. Mageareli, DL Gatd, and B, Longo. Guzz,, 63, 654 (1933). ¢ Isolated from Renetton 4, Table 1,

vion of the enmponent with the higher retention
vime yielded 8 mistee of 3d-dichiornbenzoie and
S hlorohenzoie weids proving it to he the para
Camer, In nsimtler way the component with the
nigher retention time was shown to be the para
i=omer it Renctions 3 and 4, By amdogy with the
preceding  examples  the  camponent  with the
higher retention time from Reaetion 5 was assumed
to he the para tsmmer,

The products of Renetion | (Table 1D nree 206+
dichlorohiphenyt (0,00, 24-diehlorobiphenyt o,
and 35-dichlorobiphenyl (mom 2,4- and 3.5-Di-
chlarohipheny! were independently syothesized and
wsed o gssign struetnres to the ehrorantogeaphie
peitks, The stroeturid assignments for Reactions 2
and 3 were made by amdogy with Renetion 1,

DIRCUSSION

Althomhe i has been suggested vhat hand foma-
tion in the transition state has progressed almost (o
spt hyvhvidization,™ we consider this hyputhesis
untenalde, The lack of contrast shown in Gomberg
renction relative moes, particularly the faetor of
only twenty-fold  hetween  henzene  and naph-
thadene,” and the high proportion of meta- suh-
stitufion avgne strongly Tar o fong, “e-fike” ud
in the yransition state, Forthermore, the transition
gtare pieture must permit us to rationalize the
dipokar repulsions we believe we have observed ind
the lack of significnnt sterie effects, The (ransition
stale most consistent with the above reguirements
i deserthed e Fige 1o Tn this representation
the diveetion of the Torming C—C hand is nearly

perpendicular e plane of the o-dichlorabenzene |

ring, The pline of the rdical bearing ring
approximately bisects the o-dichlorabenzene ving
at the earbon to which it s hecoming nttached,
The diveetion of the C—IH bund at 1he earbon
widergoing substitution is only shiglhuly madified.

(10) D. R, Augood and G. 1. Wilhnwms, Chem, Revs., 57,
183 (1957).
(1) 11, Huisgen aad G, Sorge, Jnn., 566, 102 (1050).

FIGURE 1

In thig pransition state rhe carbon-hadogen dipoles
are able to internet, while stevie pressures hetwem
the substitoent groups ave minimal, The substil-
went N is pietured as being away from the o-
divhlarnbenzene  rving  sinee ane examination  of
models shows sipnifieant stevie repulsions are pos-
sible hotween N and the ring if 1T and X ave inter-
changed.

EXEERIMENTALY

Gonthery reaction, Generol mcthod, "F'a (L1 mole of aniline
or suhstitided anitine wag added 30 mibo of coned. hydro-
chlorie neid and 1he mixture was cooled in an dee tinth, To
this mixture was stowly added o solution of 1 g, (0.45 mole)
of sodinm nitrite in 15 ml, of waler, keeping the tempernture
helow 5°, If all of the solid ditd not dissobve it was filtered
out hefure the next atep, “Ihis solation of dinzonium salt was
uedded ta 3 mib, of cold solvent—snubstrate (o- or n=diehtoro-
benzent or benzene) with vigorous stivring, followed hy the
adilition of an agueons satutlon of 50 g of sedinm aectate
trihvdnde, The iee bath was removed nnd the reaetion mix-
ture ullowed to stir at roma tewperatare wntil the evolution
of nitrogen snbsided. The {empernture of the reaction was
gradually raised until no more nitragen was evolved. Be-
tween 80 and 10054 of the throreticad nitrogen was eolleeted.

The organic phase wag winshed severdd times with water,
dricd over magnesium sulfnte, and the oxcess of solvent
removed by reduced pressire distilution, The desired prod-
uct was colleeted by distillation through a simple Clnisen

(12) Melting poiuts nre correrted. Analyses re per-
formed by the Analytienl Hepartment, Monsanto { Jrmieal
Co., Dayton, Ohio.
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distilling head. The produet was annlyzed by gns chro-
mutograpliy without further puriliention.  Ylelds were
penerally between 30 und 009, Tuble I sumimarizes the
anulyses wiul melling points of the hiphenyl produets.

Vapor phase chromalographic methad, The gus chromatog-
nyhy was enrried out with either o Porkio-Ishaer Model
134C or a Pye Argon lnstrument, The Perkin-Limer wus
equipped with o 2-n1. stainless steel column packed with lire
brick C-22 (mesh 40-60) impreginfed with Dow Corning
Rilienne Fluid 550 (109%). The cluent was heliun and the
calumn tempernturo was in the rango of 180-200°, The
Pye Argon wan equipped with n 4.5-foot eofumn pneked with
Celite (mesh 80-100) impregnated with Dow  Coruing
Silirone Fluid 530 (5%,). The cluent wns nrgon and the
colitin teiuperature was in the range of 150-160°.

Ozxidalion of biphenyl derivatives, Generol method, One gram

¢=10hO-p L NUIROHENZOYL PERUXIDE

R R RS T e e e e
5255

of bir'.eoyl derivative was dissnlved in 20 mb of acetie
neid ). Three grams of chromic hydeide wns added 10
n golution of 1 mb of water ftr 20 nid. of neetie aweid, The
two preparntions were combined nnd heated on n stewm hath
for 2 hr. "The renction mixture wis then poured into exeess
ice water nid the precipitnte colleeted nnd reerystallizad
from benzene, Thie henzoir neid prodiet was then ddentified
by mixed melting point with authentie sumple or by infra-
red annlysis,

Aclknowledgment. 'The authur wishes to thank
William D, Ross and Juames M. Scldater for their
excellent work on the gus chrnmatographic nouly-
508,

DayroN, Oum

[Conrmmuroy rrast wiue Deealraene or Cupysyry, Fuorma Seary Unsveusiey|
o-fodo-p’~-nitrobenzoyl Peroxide!
WOLFGANG HONSBERG asn J. . LEFFLER
Teeceived Juue 18, 1960
Bia(o-ivdohunzoyl) peroxide nud o-iodo-p’-nitrobenzoy! perovide decompose by a eoneerted free cadien) meehanism
teading to heterogyelie indo radicals, The ehange from an o’-iodo to a p'-nitro substituent markedly deevlerates the tlvcpn|~

positivn rather tam areelernting 36 or wonld he expeeted for an lonie mechanism, The deesiposttion of e-indo-p'-nitro-
benzayt peroxide is not subject to acid eatalysis but s necelernted to nn disual extent by pular sobvents, Vinyd eladn poly-

erization is initiated by the peroxide even in polar solvents,

The (l«-('()mpnsitinn of his(o-iodobenzoyl) per-
oxide (D) is a Tast reaetion m\o)\'m{, participaiion
wl the ortho iodo substituent in the eleavage of the
peroxide hond.? The main product is a cyclic

0 —
l
—I)O(

e g
A 1 ] NS

n

0
|l b= s =\
CHO U(:——o—o—c-@ﬂm, — |eH— “ﬁ

compound (IT), presumably arising from the re-
combination of free radicals. Howevor, the initia-

(1Y Thia Investigntion was supported by a grant from the
Nutional Scienee Foundation,

__.!/‘\

N . F N
(V] ]K)J [\ J [/0 ‘J\;‘/\”

tion of polymerization hy the pernxide (1) is in-
efficient, probahly bevnuse of primary recombinn-
tion of the radicals, but leaving open the possibility
of some coneurrent, nonradical  decomposition,

9T 9
oC L

) XTI

Al

o 1 g

? E— TR Eq. 2

R RS N B

=0
S—
%

O=C
PO ORI B AR

0
| I =
oH;O—@‘0~C—o-c—<\:/>—NO,
The most likely nonradien] reaction pn(h w ould hoe

decomposl( ion into ion pairs (Bquation2) ar "ngous

(2) J I Lelller, R. D, Faulkner, and C. C, Pelroponlus
J. Ao, Chen, Soe,, 80, 5135 (1D3R).
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