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INTRODUCTION 

THE USC of photochcmtcal reactions in preparative orgamc chemistry’ has increased 

considerably durtng the last twenty years. Many structures acccsstblc only with 

difficulty by more conventional means have been made available by the agency of 
radiant cncrgy. 

One of the most common primary photochcmical proccsscs is the homolytic 

dissociation of an appropriate bond to give rise to two fragments each contatnmg an 

unpaired electron. The subsequent fate of these free radicals detcnnincs the synthetic 

usefulness of such photochemical processes. 

It would appear that the nitrogen-oxygen bond in organic nitrite cstcn is particu- 
larly susccptiblc to homolysis. The latter process dots not neccssartly have to result 

from photochemical activation: on the contrary. most of the htcrature on the decom- 

position of nitrites dcscrtbcs pyrolyttc procedures. In the prcscnt rcvicw. howcvcr. 

special emphasis WIII bc given to photolysic. stncc the fragments thcrcby produced arc 
endowed with sufficient cncrgy * to result m subscqucnt behavior not othcnvise 
attainable. 

In fact. a very rcccnt development m the field IS the photolyttc dccomposttion of 

nitrites to alkoxy radicals. folloucd by a stcreosclccttvc intramolecular hydrogen 
abstractton by the latter and rccombinatton of the resultmg carbon radicals wtth NO 

to form nitrox-monomers, dtmcrs or oxtmcs. This novel course WC shall designate 

the Borron Reortton. in honor of the inventor. and cxpcrimcnts central and peripheral 
to its nature will form the core of this rcvtew. 

EARLY WORK 

The photochcmtstry of orgarnc mttitcs seems to have been invcstigatcd first by 

Thompson and his collcagucs. Preliminary studies wcrc reported3 by Purkis and 
Thompson in 1936. and in the following year Thompson and Dainton dcscnbcd’ the 

vapour-phase irradiatton of pnmary. secondary, and tcrttary alkyl mttitcs, usmg both 
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the full mercury arc and filtcrcd radtation. b Then quahtative data ucrc interpreted on 
the basis of decompositton to the NOH radtcal. together uith an aldchyde. kctonc or 

unsaturated hydrocarbon (or a combination of thcsc). 

r&L,_,, . R-CH? - NOH 
,‘\. 

H IIH co’ 1 N,.N,O- -. 
RCO,H 

N,____ 

Thus interpretation of nitnte photolysis differed from the mechanism whtch had 

already been proposed’ r for gas-phase p~&srs of organic nitrrtcs. namely O-NO 
fisston (as the prtmary step) gtvmg an alkoxy radtcal and NO. followed by the forma- 

tion” of carhonyl compounds and alcohols (disproporttonatron) 

e.g. RCH,O-NO -. RCH,O. . NO 

2RCHsO. . RCHO . RCH,OH 

The Thompson-Damton mcchamsm for mttitc photolysts rcmamed untested for 

eleven years unttl Cot and DoumanP reinvestigated the vapor phase photolysis of 

t-butyl nitnte. using a mass spcctromctcr for analysis of the gaseous products. The 
inittal dccomposttton products. acetone and nitrosomethanc.‘” were accounted for by a 
primary dtssociation as shown : 

(CH,),C-‘ON0 - (CH,),CO . CH,NO 

Not only 1s the productron of acetone and nitrosomethanc at variance with the 

mechanism originally proposed for nitnte photolysis. but the products required by 

that mechamsm wcrc shown to be absent by mass spcctrometric analysis. 
In 1952. Gray and Style” exammcd the photolysts of methyl,nitntc over a wide 

tcmpcrature range, using filtered mercury vapor radiation. and proposed. as the 

primary step. O-NO fiscton analogous with the Steacic mechanism for nitnte 

pyrolysis. 
A more cxtcnsivc rnvestigation.r* rcportcd by Tartc. involved the photolysis of 

primary. secondary and tertiary alkyl nitrites. Two decomposition mechanisms were 
constdcrcd. The first. like the proposal of Gray and Style. rcquircs 0-- NO homolysts 

as the trutiatingstcp. Nitrosoalkancscan then bc formed either through recombination 

or secondary rcacttons between radicals and other nttrttc molecules. 
The alternative pathway (prcfcrrcd by Tarte) is idcnttcal to that suggested by Cot 

and Doumani and invokes molecular reanrngcmcnt leadmg cl~rccrlj to nitrosoalkancs 

L The hlccred radlrtton conwlcd of Ihc MO. 2635 and MU ,\ tr~plcc. which 1s absorbed by the nttrlle 
group hut thould no1 lead IO subuqucnc photolyw of tcton~c and l ldchydw reacflon productr. 

* ): W R Stcec~cand G T Shrw. J Chrm PIBJ 2. 145 (19M~anJ subuquent pepus See also C W R. 
Stcacte. Afomw ud Frrr Rdral Reortronr (2nd I.d 1 Vol I. p 219 Rclnhold. New York (1954). 

’ F 0 Rux and F I. Radowshac. J Amrr Chrm .%a- 57. J(o (1935) 
g Thcu pyrolywttud~o vcrc confined IO prlmrry and secondary lover l ltyl mtrlto Subwqucnc mrealga. 

clonr have cncompasud lhc pyrolyrlr of both 1crIw-y and hagher mokulw wclghl l lhyl nllrllt~. and II I) 
now recognwed thaf alLyI raducalc and nltroroaltancr also rcsuI1 from such pyrolyur See P Gray. 
P. Rathbone and A. W~llwn~. J Chrm. Sue )9!2 (1‘460) for a summaw of the rcccnl ItIcraIurc on nllrac 
pyrolyw 

*C S Cue and T F Doumrnl. J Amtr (‘km Sot 70. 1516 (10111) 
I* RepId Jlmcrvrtlon of lhc nllrowmclhanc -as oburrcd. 
‘I J A Gray and D W G S~ylc. Twuu Fordov Sot 48. 1117 (I93.?l 
” P Iartc. Rull Six Rob .Srr /_O#lr 22. 226 (193)) 
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and carbonyl compounds. The latter workers had objected to the existence of methyl 

free radicals in the photolysis of t-butyl nitntc because of the absence of detectable 

amounts of cthane. 
Gowcnlock and Trotman” also scruttmzcd the gas phase photolytrc decomposition 

of alkyl rutrites. Their product analysis was hmttcd to ultraviolet absorpfton measurc- 

mcnts which showed that nitrosoalkancs” were formed in low yield. Bccausc these 

workers wcrc particularly intcrcstcd in the latter class of compounds and hccausc of 

accompanying oximc formation their photolysts studies wcrc not continued. 
The photochcmical investigations surveyed above have provided two reactton 

pathways. Thcsc two apparently distinct mtcrprctattons-I.e. tntramolccular dccom- 

positton with dtrect gcncratton of rutrosoalkanc and a carbonyl compound vs. in&al 

homolyats of thcO-NO bond to give an alkoxy radrcal and NO may bc rcconcilcdby 

postulatmg the followmg state of affairs: the mtritc dots mdccd suffer homolysis. and 

the resulting alkoxy radtcal may undergo rapid decay to give a carbonyl fragment and 
an alkyl radical. The latter. howcvcr. tmmcdratcly combines with NO which is in close 

proximity to it. in prcferencc to the alternative rccomhinatton with a more distant 

second alkyl radical. At any rate. mtnte photolyscs arc now behcvcd to involve 

alkoxy radtcals. and a substantial hody of rcccnt workrb supports this point of VICW. 

THE ALDOSTERONE PRORLLM 

The current interest m nitnte photolysis whrch occasioned thts essay arose from the 

application of such a photolysis to an cfficicnt parttal synthesis of aldosterone. This 

IS not the first time that a preparative method of organic chemistry has found a fruitful 
area of dcvclopment in the field of steroids: the ux of N-bromosuccinimidel’ and 

of manganese dioxide” are notahlc examples of a stmilar nature: the importance of 

the steroids in biology and the advanced development of physical and chemical 
methods m structure corrclatton have made this class of compounds a favored proving 

ground for a variety of novel, or hcretoforc obscure, chemical transformations. 

The powerful salt-retaining hormone of the adrenal cortex. aldostcrone (I). difTers 

from the great majority of steroids found in nature by virtue of oxygenation of the 

CM,044 

“I e c=o 
o- Ml 

I8 J3F 0 ’ 

angular methyl group at C-13. Thts substituent CXISIS in the form of a masked 
aldehydc. 

I’ t) G Gowcnlock and J Trotmrn. I Chum. Sot 4190 (1933). 1670 (1956). 
‘* The nllro~lkaner pro&ad by photolyur wre l rwmcd to be the ane (on the bow, ol ullrrrtolct 

dnorptton mulma) aa lhocc formed by pyrolyur of the MIK nltntrr. 
I’ Sa P. Gray and A WIIIuams. Chem Rtr S9.219 (19S9). 
‘* C. DFrrw. Chrm. Rtr 4.3. 271 (1948) 
” R M. Evuu. Qy01t Rec. 13.61 (1937). 
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In order to anivc at a synthcsts of such a structure. the following approaches have 
been utthzcd :I8 

(A) Total synthcsts from stmplc. non-stcroidal startmg matcnals. Thus requires 

resolution of a raccmtc mixture. 

(B) Fission of rmg D of a steroid precursor devoid of C- I8 oxygenation. introduc- 

tron of a dcsircd substitucnt mto an angular methyl group temporartly activated by 

adjacent substitution, followed by reconstitution of ring D. The latter operation has 
been bcsct by great drfficulttss. 

(C) Utilization of naturally occurmg stcrordal structures already possessing 

functronal substituents at the C-18 angular methyl group. 

(D) Oxygenation of C-18 by enzymatic means. 
(E) Novel chcmrcal means duphcating thrs cnzymatrc sclcctivity for an isolated, 

non-activated angular methyl group. 

For a vartety of reasons. the last-named approach has proved to be the one by 

means of which a great portton of the available synthetic aldosteronc has actually been 

synthesrzcd. The problem. as stated in the review mcntioncd abovee.lo was to find 
“ncuartige parttalsynthctrsche Mcthodcn. die auf cincr brcttcn Base cmc dircktc und 

selcktivc Substttution dcr rcakttonstragcn Mcthylgntppc I8 von intaktcn Stcroidcn 

crlauhcn”. A number of such methods have. in fact, been rcccntly dcvcloped. 

In gcnsr;ll. means were chosen to gcncratc a highly reactive spcc~cs (free radical, 
diradical such as uncoupled carbonyl, carbenc, or a cationic spccics such as RO’) of 

high cncrgy content. which was located close in space IO the methyl group, thus per- 

mitting the dcsircd direct and sclcctivc attack. Thcsc methods included the Hofmann- 
LofTIcr-Frcytag reaction (transforming 20-amino compounds to conane dcrivativcs), 

gcncration of carbcnc at C-21 via diazokctonc with subscqucnt attack on C-18. 

photochcmical cycli7ation by the irradiation of C-20 kctoncs and, most fruitfully, 

formation of 18,2@cthcr linkages by the action of lead tctraacctatc on 20-hydroxy 

compounds. The more Important factors whtch should be considcrcd in reactions of 
the gcncral type dcscribcd arc (I) availability of startmg material. (2) specifictty of the 

reaction for the dcsircd site -i.c. the reaction should tolcratc the presence of a variety 
of non-intcrfcrmg functional groups tn the molcculc. thus permitting a short synthetic 

sequence. and (3) cficicncy of the procos sclcctcd to assure a high dcgrcc of conversion 

to the dcstrcd product. 
Thcsc considerations led D. H. R. Barton to sclcct nitrite photolysis as a potentially 

urcful tool for the gcncral end in view. As can be seen from the discussion above. 

nitrites arc a good source of alkoxy radtcals. Gcncration of such an alkoxy radical, 
suitahly located within the framework of the rclativcly rigid stcrotd molcculc, might 

result m mtnmoltcular hydrogen abstraction from a prcsclcctcd site. (The excited 
cncrgy state of the alkoxidc radtcal. as guaranteed by its photolytic ongin. mtght make 
such abstractton predominate over the rclativcly trivial dtcproportionation to the 
kctonc). The rcsultmg carbon free radical would then decay m a charactcrtsttc manner 
and, dcpcndmg whtch of the various posstbtlitics ucrc to prcdommatc. might be useful 
in such special aims as aldostcronc synthcsts. 

The cxpcnmcntal work. carried out at the Research Institute of Mcdicmc and 
Chemistry (RIMAC) m Cambridge, Massachusetts. dcmonstratcd that nitntc 

” rhe rubp-ct bar hen ably rcv~cvcd In a rccenl rrl~clc hv K. SchrlTncr. I). Arlgonl and 0. Jcger. Lprrr. 
l fro 16. 169 (IY600). nhlrh should be conrulrcd for IcrJ’ang rcfcrtncts. 
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photolysi5 dtd indeed result in mtramolecular hydrogen abstraction from a desired 

sttc. Morcovcr. the rcsultmg free radical underwent chain termination by recombina- 

tion with NO. presumably the very NO generated by the original photolysis, to form 
the derived nitroso derivative isolated as the oxtme. Thus. direct introduction of 

functtonality into an unacttvated position had been achieved; a functtonality. morc- 
over. which could be castly convcrtcd to an aldchyde or 3 variety of other chemical 

structures. 
A5 apphcd specttically to the synthesis of aldostcronc 2l-acctatc,‘* this involved the 

convcr\ton of corticostcronc acctatc (2. R - H. X -- HJ to tts nttrttc (2. R-NO. 
X :HJ Irradiation of the Iattcr caused prccipttatton of aldostcronc acctatc oxtmc 

2 5 

(2. R - H. X L NOH) ahieh was hydrolyzed to the Jcqtred aldo\tcronc acctatc (3) wtth 
nitrous acid. 

RtCtNr DF.VtL(IYMFSTS 

The rcmatnder of this revtcw will be dcvotcd to a descrtptton of experiments which 

have been carried out at RIMAC and in the Isbortitortcs of the Schertng Corporation 

with the aim of exploiting the Barton Reaction and dclineattng its scope. If nitrite 

photolysts does mdccd give rise to alkoxide free radicals. then It uould bc uccCul to 
cons&r the following reacttons from the point of \ teu ofalkoxide radrc;tl. chcmt\try.ts 

and wc find tt conventcnt to use the classilication of <iray and Wtlltams. as outltncd in 

their cxccllent review. According to these author\. ;rlkoxtde radtcals may react by any 
of the folloutng pathways: 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 

As\octa;ton with-other radtcals, tncludtng dtmcruration. 

Addition to unuturatcd compounds. 

Hydrogen abstraction from another molcculc. 

Disproportionation. 
Rcarrangcmcnt, includmg mtcrnal hydrogen abstraction. 

Dccompo\ttton by carbon or hydrogen climinatton. 

Several of these pathways h3ve been ob5crved in nitrite photolysi\ and have already 
been dcscrtbcd: we shall deal with others in due course. 

The Barton Rcactton 15 clearly 3n cxamplc of intramolecular hydrogen abstraction. 
Encrgctrc~llv. this I\ not a favored step. since “C-H bond fission is expected to play 
only a minor role tn the decomposition of alkoxyl radtcals.“D Howcvcr. the cncrgy 
15 not the only factor to be con5tdcrcd. McBay and Tucker” cnumcratc. in addition, 
a stcrtc 3nJ 3 rcpulston f3ctor; clearly. the stcrtc factor must play a very considerable 
role m the Barton Reaction. and in any case, the photolytic ongin of the presumed 

‘* D. II R Barcon and J M Baton. J Amrr Chrm Sot 62. 2641 (1960) 
“Sccrd 13. p ?7h 
‘I H C‘ McRay and 0 I uctcr. J Oq <‘hrm 19. 669 (1954) 



alkoxy radtcal, bccausc of the high cncrgy content of the latter. would bc cxpcctcd to 

factlitate pathways othtrwrsc thermodynamically unfavorable. 

A more dctatled consrdcratton of the ctcrrc factors mvolvcd m intramolecular 

hydrogen abstraction suggest the cxistcncc of a six-mcmbcrcd transition state (4). 

_,_._.---’ 
> 

i  

Structures of thus type wcrc first proposed by Davrs and Noycs” m connectton with the 

irradiation of ketones, and have rcccntly been dtscusscd by YangP and the Swiss 

authors prcv~ously quoted. I” Such a concept would prcdrct attack on the hydrogen of 

a carbon atom removed by two from that holdtng the actrvc abstractor, a course which 

is actually observed. Incrdcntally, a transition state as ptcturcd in 4 would also help to 

explant the observation U that the y~cld of I&ox.tmc from a 20%~nrtritc IS much higher 

than from the corrcspondmg 20fl-rsomcr: examination of the model (4) shows that the 

proposed transition state of the former (a) IS stcrtcally prcfcrablc to the latter (b). smcc 

In 4a the bulktcr methyl group points away from the rest of the molcculs. whcrcas in 4h 

distinct hmdrancc with the rear of ths steroid molcculc, cspccially at C-12. is maru- 

fcstly obscrvcd” 

Conclusive support for the formation of a six-mcmbcrcd transttton state in the 

Barton Rcactioncomcsfrom the work of Kabasakalian PI 01.~ who studied the photo- 

lysis of aromatic alkyl nrtritcs in solution. 3-Phcnyl-I-propyl nitrite did not @vc rlx 

n 

Y 

I4 

5 6 

7 a 

W. U~VIS. Jr and W. A. h’oycs. Jr, J Amrr Chow. Sor 69. 213) (1947) 
N. C Yana and D 0. It Yang. 1. ~mrr Chum Sor m. 2YI3 (19X3) 
A. L ~uubaum. F. I:. Carlon. E. P. 011re10. E Townky. P Kabasakallrn and D Ii. It. Barcon. J Amrr 
Ckm Sot 02. 2973 tlVt&. 

m L Vcllru. C Mulkr. R Bardonruhl and A POIIICVI~. C R AroJ $11. Puru 72s (Ip60). in l rcacllon 
uhwh 6cncnlcr . (‘16 - C20 clhcr hrtd6c by means ol lcrd lclraactlale and which must also ~nrolvc 
conformar~onrl conwderataon< of the hmd hcrc oullancd. rcporl conwbcrrhly hlphcr yeId\ from the 200. 
than from lhc 2O&aomcr h’otr o&M trt proof This bar now ken ratwnrhtrd on l mwvwr tdcnl~cal 
IO oun. Cf 0. C’rlncllo. H Kambcr. J Kclkr. M. LJ Mlhrllortc. D Aw6on1 and 0. Jcgcr. I/r/r. 
Chrm Acta U. 516 (1061) 

a P Kabrrrkrlwt. E. R Townky and M I) Yudar. tn prrpratton. 
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to any nttroso dimcr : the postulated 5-mcmbcred ring transition state (5) apparently 

did not form, in spite of the prcdictcd case of bcnzyl-hydrogen abstraction. QPhcnyl- 

I-butyl mtritc can form a six-mcmbercd transition state (6) and lsolatlon of the corrc- 

spondmg mtroso-dlmer supports this view. A particularly lntngumg Instance IS the 

ncnt higher homologuc. S-phcnyl-I pentyl nitntc. This compound undcrgocs hydro- 
gen abstractlon at C-4 (7) rather than C-S (8); apparently the advantages to be gamed 

from a six-mcmbcrcd \s. a \cvcn-mcmbcrcd complex outwclgh the grcatcr cast of 
bcnql .hydrogcn abstraction. 

WC shall now proceed to cnumcratc systcmatlcally the results so far obtained In an 
lnvcstigation of the Barton Rcactlon. 

I IIklHAMOLCCUI AR HYDROGtN ARSTRACTION 

A. Termination ttrth NO 

The rccomblnatlon of 3 carbon radical with NO is not unprcccdcntcd: NO IS a 
well-known radical trap. n The resultmg monomcnc mtroso compound may then 

dlmcrizc (see next section) or rcarrangc to the oxImc. Such rccombinatlons have been 

obscrvcd for a large number of casts. the mode of alkyl radical generation ranging 

ranging anywhere from the thermal dccomposltion of pcroxldcsA or alkyl mercury 
dcrivativcss to the direct Irradiation of certain orgamc compounds by means of 

y-rays.1° The process In which alkyl free radicals arc generated by irradiation of 

hydrocarbon\ in the prcscncc of mtrosyl chloride to give oximes was first dcscnbcd by 

Lynn.” and this and rclatcd procedures have been investigated In great detail by 
Miiller and his school;n eventually an cconomlcally important synthcsls of cyclo- 

hcxanonc oxlme rcsultcd. 

The Barton Rcactlon proper was first apphcd to steroids. as has already been 
dlscusscd. In the aldostcronc synthesis. le hydrogen at C-18 IS abstracted by an alkoxy 

radical at C-l I,<, the six-mcmbcrcd transitlon state 9 appears convincing. The postu- 
latcd intcrmcdiatc nitroso-monomer IO rcsultmg from recombination of the C-18 

cn,onc W,OAc 
n WI NO1 

radical with NO does not dimcrizc. presumably bccausc stcnc factors prevent the 

convcrgcncc of two steroid molcculcs. but rcarrangcs to the oximc (2. X NOH) 
mstcad. 

*’ Sot N N Semenor. Ayrm (‘Arm. H. 773 (1957). C. N Hmrhclvood. lbrd 69.444h (1957). 
” 1. H. Ralcy. F F RUI and W. E Vaughan J Amrr Chum Sex TO. 06 (1946). 
‘* W A Hry~r and K U Ingold. J Chrm fhrs. 23. 1966 (1933) 
u A Ilcnglcm. Angrw Chrm 72.603 (1960, 
” I V Lynn. J Amrr < htm SOC 41. 166 (1919) rnJ later publeurlonr. 
” I Mullcr. tl Mc~gccr. D Fno. V Hcuschkcl. K. WIIIC. E Wadcllch rod G khmd. Aqpr- <‘hem. 

71.229 (1959) 
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Subsequently, this general procedure of attack at C-18 via the I l-nitrite was 
broadened and resulted in the synthesis of 21 -dcsoxyaldostcronc31 (I I 16) and 19- 

nora1dostcrone.u (17-19) Both synthcscs are outlined rn flow-sheet form. 

C”, 
c 0 

O-* :, 

c 

0 

_ 

19- YorolQor~c~o~r 

Cw_.OAc Cn,OAc 

c 0 c-o 

Inctdcntally. irradiation of stcroidal I IF-nitrites does not ncccssarily result m 

cxcIusivc attack at C-ll): hydrogen abstraction from the other angular methyl group 
may result, as well; the 19norcorticostcronc used as a precursor (III form of its 

acetate) for I9-noraldostcronc (17) arosz from such a coursc.3( Corticosteronc 
3.20-bixthylcnckctaP was acetylated (20) and convcrtcd to the II@-rutritc (21). 
which upon irradration gave both the 1%oximc(22)anda non-crystalline I9-oximc (23). 
The latter. upon treatment wrth acid. gakc the 19.isomer of aldostcronc (24). Alkali 
treatment resulted in a retro-aidol elimmation” to the knowrP 19norcorti- 

costeronc (25). 
Attack at C-18 is also possible from alkoxidc radical at C-20. In their original 

u A t. )iu%rb~m. G BrJbuon Toplaw JnJ E. P Ohreto. unpubhrhed dJtJ. 
u 0. ti. R BJrton Jnd 1 %i &Jron. I Amer. C&m SW Cu. 750 (1961) 
y S Bcmstrln JnJ R II LcnhJrd. I Amrr Chrm SW 77. Zlli (IUYll 
1 C/ 1) H R BJrton JIX! P. fkhflyo. J Chrm .&t,r. R87 (t‘+!,l .kz csp A S HCycr. &rprrrrnrro II.99 

(i95?). 
Jr A ZMJront, H. 1. Rqotd, C Rounkrrw. F Sondhctmer. G H. IhomJr Jnd C f$rrJw. J. Rmrr 

Chrm. Sor 80.6t 10 (fYS%f. 
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IP- N~c~I~calo~ 

- 

26 27 28 

29 30 31 

communication. Barton and co-worker9 report such an attack and subsequent 
transformations as outlmcd (2631). 

The especially strategic location of substttuents at C-20 for attack on the C-18 
angular methyl group has, of course, been noted with a variety of other rcactionst8 

(ri& repro). It was pointed out recently. howcvcr. that slight changes in bond angles 
(brought about by a trigonal C-l I, for instance) might result in sufficient deformatton 

of the molcculc to vittate the dcstred hydrogen abstraction.S 
Incidcntally,whcn the approach outlined(263I)wascarricd out m thcprogcsteronc 

series. tt was possible to preparc a number of substances useful in correlating several 

” 1) H. R. Barron J. H Baton. L E. Gclkr and M M. Fahcr.I. Amrr. Chrm. Lx U. 2640 (1960). 
ab The photolywr ~~OCIWS dcrcrtbd m thlr rcwcw rndc we todad the result of I1ghhc+d~~~3 ruct~ons 

rather than of thwmrl Jccompowrton ctur was l crnuncd by petfonnq the ncctaary controls 
” A Bowcrc and t Ucno~. J Amrr C’hrm Sor 83.49Y6 (1960) 
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independent hncs of inquiry. Thus. oxidation and acid hydrolysis of the nttrile 32 
(analogous to 29) gave nse to 3,2(ldiketo4pregnen-18-oicU acid 33 identical with a 
material dcrivcd from the stcroidal alkalotd concssinc.U 

,-I 
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Similarly. hydrolysis and oxidation of the progcsteronc analoguc of 27 (206) gave the 

20/Clactonc 34, identical with a substance derived from holarrhimine.‘* Finally a 

34 33 

corresponding hydrolyttc oxidation of the isomeric 20r-oxime led to the 20%~lactone 35 

also derived from paravallarinc.‘w 

A third position tn the steroid molecule investigated as to the course of nitrite 

/-x P 
*co’ c-T - 

ON0 1 on 

36 37 

‘* R Pappo. J Anur Chrm .k 81. 1011 (1959) 

CH 1 
I 

-._/ _. 

_- _* 

.I I ’ 

*Co’ l- -- 7’. 
on 

30 

” L Ublcr and F’. %nn. Chrm d Inif. 915 (IPN)) 
a8 1. Lchfcn. Bull. Sot. Chtm (Ff.) 860 (1960) 
u Herr. too. ore of us (A.L.N ) wrhrr IO thank Drt Pappo and Ubkr and Prof. IxMcn for lhelr tmdnrc 

m ctthcr prowdmg umplo or carryng OUI the ncarury comparwn. 
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photolysis was C-6/3. sn The nitrite derived from cholcstane-3@.6/IdioI 

(partial 36) was irradiated.” and the resulting nitroso dimcr 37 (see below) 

4s 

3-acetate 

was con- 

verted to the 19oximc 38 by rcfluxing in 2-propanol. In thts instance, as in all those 

prccedmg. a six-mcmbcrcd transition state would seem to bc required for internal 

hydrogen abstraction. 
As was stated carlicr. the primary product of the Barton Reaction IS considered to 

bc a nitroso compound, which may cithcr dimenzc (see next section) or rearrange to 

the oxtmc. The latter substance. however, may ttsclf react further under the proper 

MO 

43 

circumstances. Thus. an cxamination- of the mother Itquors of the aldostcrone 
ItLoxtmc obtamcd from the irradtatton of corttcostcrone acctatc I I-rutritet’ (2. 
R NO. X = HJ showed the prcscncc of nltronc; the latter was also obtained by 
thermal trcatmcnt or rcfluxing in methanol, of the oxtmc.19 Thts transformation is 

ptcturcd In 39 43 ub 

tk J M lkr~on. pcrsonrl communc.at1on 
tY For n~tronc formrrlon from mtroro Lompoundr. ux W J Il~ct~nbo~~om. Thhr Chrmlm,r of Co&n 

<‘ompund~ (I-JIICJ by I H Rodd, Vol IIIA. p I51 ~luv~cr. Amrlcrdam (IVY). 



2. Formarron 01 wroso dmer 

Attcntton has already been called to the fact that the postulated monomcrtc nitroso 

compound resulting from the Barton Reactton may dtmcnrc (see preccdmg scctton). 

An tnstancc of this kmd tn the sterotd scrtes has been rsportcd (vtde supra. 37). 
In the ahscncc of stcrtc frrctors unfavomblc to dtmcriwttan of the intcrmcdiate 

mononitroso precursors. dtmcrtzatton I\ mdced wldcly obscrvcd. P. Kabasakahan and 

hts co-workers of thcsc L;dboratorics have recently begun a detatlcd study of the 

photolysis of simple org3mc nitrttc cstcrs. In contrast to c3rltcr work. their cxperi- 

mcnts wcrc carried out In solutton: tht\ would prcsum3bly f.tvor the Barton Rcclctton 

and tntcr3ction with solvent molcculcs. Rtgorous quahtattvc tdcnttficatton of rc3ctton 

products w3s c3rrtcd out tn many casts; tn others. quantmrttvc otimatton hy ultra- 

vtolct spcctromctry was employed. 

As an initial study ,” the photochcmt\try of n-octyl nitntc (44) was invcstigatcd. 

When the rcactton was carrtcd out in hcptane (no oxygen prtscnt). the principal 

product ~3s found to bc the dtmcr of 4-nitroso-I-octanol (45). The latter ~‘3s therm- 

ally isomeriLcd to oxtmc 46. which was oxiditcd and hydrolyzed to 4-ketoiictanotc 

CH,(CH,),CH,ONO 
44 

- ICH,(CH,), Cy(CH,), CH,OHl, 

CH,(CHJ,CO(CH,),CO,H - CH,(CH,); C (CH,),CH,OH 

47 NOH 46 

- CH,(CH,), CH(CH,),-C 0 

acid (47). Reduction of the ketone gave a hydroxyacid converttble to the y-lactonc (48). 

These transformation products were known compoundP which had been prcparcd 

sarlicr in thcsc same Laboratories. 

No substitution in any but the 4psitton could bc ohwrvsd: this strongly supports 

the concept of a six-mcmbcrcd cyclic transttion state. The notion that the imtial step IS 

dtuoctation of the nttrtte to alkoxy radical and NO is buttrcsscd by the finding that 
the addition of cxccss NO drastically rcduccs ths quantum yield of the rcactton: the 

revcrsc of the dissociation 44 to 49 would result in JUSI that. 

CH,(CH,), CH,O. t NO- CH,(CH,), CH, ON0 
a 44 

The photochemistry of certain aromattc alkyl mtritcs n has already been discussed 

(I rde supra). 
An cxammatton of the ytcld of nitroso-citmcrs from photolysis of a vaticty of 

nitrites of diverse structure” led to the followmg observations. 

(a) The Barton Rcactton. leadingto rntroso-dimcrs, alw3ys rcquircsa six-membered 

ring transition state. 
(b) Yields of rutroso-dime?’ drop sharply when the hydrogen to bc abstracted 

U P KabrukaIIan and E R. Townlcy. J Amrr CIrm Sac In press 
*’ D Papa. E Schwenk and H Cmrbcrg. J 0~ Chrm I4 7% (19191 
U P Kobaukdwt. E R. Tomky and M D. YuJlr. J Amrr (‘km Sor In prot. 
” A, Jctcrm~md by ultravlokt l nalyw. molar l bsorprlrtly of purr n~trou, dmwr OS ca 9wy) 
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intramolecularly is primary rather than secondary or tertiary. (This drop is partially 
of&t in the case of Qhcptyl nitrite (50). where the statistical availability of two 

CH,CH,CH,CH CH,CH,CH, 

&JO 
so 

primary hydrogcns provides compcnsatton.) Thts is in accordance with the grcatcr 

cncrey rcquircmcnts of pnmary C-H bond rupturc.lb 
(c) Nitrosodimcrs may also bc obtamcd by pathways different from the Barton 

Reaction. i.e. C-..C bond fission ((.I& in/ro). Thts is apparent from product analysis, 

and begins to show up for some secondary nitntcs. In the case of certain tertiary 

nitrites (i.e. where the hydrogen to bc abstracted is primary), such compctmg pathways 

may operate. For cxamplc. 2-methyl-2-pcntyl mtritc (51) does not readily undergo the 

CH, W 

CH,CH,C”,:: -CH, c CH, W&H, i”,“, 

bN0 i4 &NO 
51 52 

Barton Reaction. whereas 2.5dimcthyl-2-hcxyl-nitrite (52) dots so m good yield.‘” 
It should bc pointed out that no nitroso dimcrs wcrc ohtamcd in the photolysis in 

solution of t-butyl. I-propyl and ethyl mtritcs. This is m contrast to earlier work4.‘-‘“r3 

carried out in the rupor phuce. 

In addition to the applicatron of the Barton Reaction to aliphatic. aromatic and 

stcroidal compounds, this method has also been applied to a variety of spcctal classes 

of substances. Tables I and 2 hst two of these” together u-tth the absorptivitics due to 

the nitroso-dimcrs. 

Nurltc . 
0-s I. 

-- - -.-.- _- .-. - 

I arncwl 2m I 2R8 

Gcrrnwl 2am 292 

Menthol on00 2Yo 

C~lroncllnl 2700 294 
Ncrnl 2800 294 

Nwte , f; Nirrosodlmcr hy U V 
__ - -. --.--._ _ 

Dcrkun0l I 29 ? 
TcuAccuwl 17 2 
tlcudccam~l 55 2 
Ckradccannl ( 310 



0. Alk!l Radical Inturmrdiute Rearranpmenr r-rrh C-C bissron: 
Termmatron hi Loss of H-Arom 

WC come now IO a cast which start\ out as a typical Barton Reaction-a carbon 
radical is fomtcd via the usual intramolecular hydrogen abstraction in Ihc six- 

mcmbcred cyclic transition st31c -hut the resulting alkyl radical dots not rccombinc 

with NO: instead. a rcarrangcmcnt takes place. Partial structure (53). when irradiated 

in loluenc.m gave an x.,3-unsaturated kctonc which turned out IO he the Ill-nor-D- 
homostcroid ($3). as proved by conversion IO (5S)and hydrogenation IO the known S6.b1 

56 55 

Sequence 53 to 54 is ratIonalticd in the followmg manner: 

53 51 56 

no 0 
- . l 

, ; e-.- w- 
- - 

‘. 

54 60 59 

(Arrows indicate single elcclron movcmenls). 

This mechanism is strcngthcncd by writing Ihc structure as depicted in partial formula 
(59): such rclativcly stable radicals have been implicated in the auttixidation of 

bcnzaldchydc. c~c.~’ 

A possible altcmalivc view would bc the direct rearrangement (58) IO (60). 

The free radical rearrangement rcccntly rcportcd” as formally of the Wagncr- 
Mecnvcin ~ypc would seen to bc another cxamplc of the same order as fhc one here 

described. 

‘*II. Rclmrnn. A S Capomaagl. T Slrruw I P Ol~bcto and D H R Rarton. J. Amer. Chrm. _k. 
In prer* 

*I The actd compound was IE.nor-D.homo-4.l J(I I~).jndro\l~Jlrnc.).I ?.d~onc See 14 Hcusur. 1. 
Wohllahrt. M Midlcf and R Anlltcr. Itrlr Ckrm Artu 42. 2140 (19501. 

11 W. A Watcrr. Phr~ol A~prtrr ~//r~utw Ckrmtrrrr (4th kd J. p I94 Van Nostrand. New York (19X)). 
u J A &non. C J Olsen and J Sqh Walla. J Amrr CArm SW 82. WOO (1960) 



C. Alk.,.l Rahal Inrermtdiare Reorrurqemenr b_v Addrron 

lo cm t.$- L:n.~aIuraIcd lieronc 

Another cast commcnctng by mtramolccular hydrogen abstractton but tcrmmating 

by a path other than tmmcdiate rccombtnatron wtth NO has hcen cncountcrcd during 

mtrite photolysrs. 
Further exammation+h of the mother hquors from the irradtation ofcorttcosteronc 

acetone rntrrtct’(2. R - HO. X H,) -already shown to contarn nttronc 43 - yicldcd 

two addtttomtl products which, on the basis of \ubscqucnt structure elucdatton work. 

were formulated as the r-oximinokctoncs 61 and 62. 

CH,OAc $ HIOAc 

t- 0 

HO .._ 1 
i __‘I 

‘. : ’ .j 

0 in - 
H 0, 

N 

I 

Ho> i ‘O 
.’ t. 
I : _’ 

I’ , 
o.- r ! _. ’ 

N 
OH 

61 62 

For dctailcd dtscussron. the origmal paper should bc consulted. but some of the 
salient points may bc mentioned. The less polar 61 could bc convcrtcd to 62 by heat. 

Absence of the typical spectroscopic fcaturcs of .I’-3ones tmplicatcd ring A of the 

molcculc. Consideration of the ultravtolct spectra permits the s.1.n and anti assign- 

ments as shown, by analogy with the corrcapondmg bcnzil monotimcs. and infrared 

data support the assignment. Mild acetylatton of 61 gave structure 63 with its rather 

typical behavior in the ultravtolct. whcrcas 62 undcrwcnt a second order Rcckmann 
rcarrangemcnt. giving rise to a nitrilo-acid formulated as in 64. (Nitrile absorption is 

modified by conjugation wtth the cyclopropane ring.) This actd was also obtained 

64 



from both monoximes by USC of POCl,/pyridinc. 

mstcad a nitrilolactonc. 65 
A shght change in the workup” gave 

(‘ 
c’ ..’ 

N 
65 

The origin of thcx two kcto-monoximcs. 61 and 62. can be ratlonalixcd as 
follows :a 

The alkoxidc radical 66 abstracts a hydrogen atom from the C-19 angular methyl 
group to give the alkyl radical 67. 

$-HP& 

CL=0 

The latter adds to the z.&unsaturatid system of 

66 67 68 

61+ 62 - 

69 

Ring A to gcncrate another alkyl radical (68) having the unpatred clcctron at C-4. 
Recombination with NO gives 69 which rearranges to the two eonitroso derivatives 

61 and 62. 

Just as the foregoing rearrangement was considcrcd formally analogous to that of 
Wagner Mccrwcin. the rearrangement hcrc d~scusscd bears a corrccpondmg rcscm- 

hlance to the Mlchacl addition. 

II IN fERhlOLf:CULhR HYDROGf:N AHSTRACTION 

A commonly encountered product in the liquid-ph~sc phntt+is of a host of 
organic nitrttcs has been the corrc\ponding alcohol. The propcnstty of alkoxy radtcals 
for abstracting hydrogen from other molecule\ (e.g. solvent) is well documcntcd.M and 
inrcrmolccular hydrogen abstrtiction can bc cxpcctcd to compctc with the inrromolc- 
cular mode of hydrogen tran\fcr (Section I) and indeed with all the decay reactions of 

an alkoxy radical: 
R. 0 XH (C g l&cnq - R-OH * x 

” ObWvJlNm b> tt Rcjmrnn of thee I ahor~loc~cr 
*’ P~IVJIC commumcatlon from Dr J M Hrrron. In~~lutc fur \k41~1nc and firmwry. (‘amhrtdgc. 

Ya*uchuwtt\ 
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However. the cxtcnt to whtch this undcstrablc compctttton occurs IS greatly 

Influenced by the nature of the solvent. as will bc seen below. At this pomt. the rcxr- 

vation must bc made that, in the tax: of pnmary and secondary alkoxy radicals, 

disproportlonation rcactmns (I.c. hydrogen transfer from one radical to another) can 
also lcad to alcohols (and. ncccssanly. carhonyl compounds; see Scctton 111 A) thus. 

2R,R,CH- 0. -* R,R,C 0 f R,R,CHOH 

Striking evidence for intcrmolccular hydrogen abstractton has bccnsccurcd recently 

from dctailcd \tuJlc> with I -oct$ nitrltc. ” Photoljcls of this nltntc. in bcnzcnc solu- 

tion. g3vc 3s the major product Jimcrlc Cnttroso-I-octanol (the pcncsls of this mtro- 

sodlmcr has already been discussed in Scctton I) togcthcr with Itsscr amounts of I- 

octanol and I-octanal. The formation of the two la\t-named productscan bc attnhuted 

to hydropcn abstractIon (A) and di\proportionatlon procc\\cs (B) as shown’ 

CH,(CH,),CH,ONO . CH,(CH,),CH,O NO 

CH,(CH,),CH,O. . XH (rolvcnt) - CH,(CH,),CH,OH . X (A) 

ICH,(CH,),CH,O . CH,(CH,),CH,OH . CH,(CH,),CHO (6) 

The cxtcnt to which intcrmolccular hydrogen abstraction occurs will dcpcnd on the 

cfftcicncy of the solvent (X tl) 3s 3 hydrogen donor, and In&cd \tuJIcs with a variety of 
solvents show that the highest y~cld of 4-nitroso-I-octanol Jlmcr (the product of in/m- 

molecular hydrogen abstraction) occurs when bcn7cnc. 3 poor donor. is used. 
With hcptclnc as solkcnt. howcvcr. not only w3( 4-mtroso-I-octanol dimcr (see 

Scctlon I) formed. but other nltroso dlmcr\ wcrc gcncratcd in apprcciablc quantities. 

These ncu products proved to hc nitro\ohcptanc dlmcrs and nitrosohcptanc-4nitroso- 

I-octanol nr~.~ecl clrmc*r.r. Thcsc rc\ult\ habc been cxplaincd as follows (cquationc I- 6). 

CH,(CH,),CH,ONO L CH,(CH,),CH,O . NO (1) 

CH,(CH,),CH,O - CH,(CH,),CH(CH,),CH,OH I BJrton Rercc1on 
(2) 

CH,(CH,),CH(CH,),CH,OH . NO - CH,(CH,),CHNO(CH,),CH,OHI (1) 

CH,(CH,),CH,O. . CH,(CH,),CH,CH, -. CH,(CH,),CH,OH 

. CH,(CH,),CHCH,-intermolecular hydrogen l batrrctlon* (4) 

CH,(CH,),CHCH, . NO - CH,(CH,),CHNOCH, . tllmer (5) 

CH,(CH,),CHNOCH, t CH,(CH,),CHNO(CH,),CH,OH - rn~xed dlmcr (6) 

The 2-nitrosohcptanc formed according to equations 4 and 5 can dlmcrize clthcr with 
another 2-nitrosohcptanc molcculc or with 3 molcculc of Qnitroso-I-octanol. 

Substitution of tolucnc for hcptanc as solvent rssulted (not unexpcctcdly) in the 
formation of dimcric cft-nitrosotolucnc as well as Cnitroso-I-octanol dimcr. 

111. DECOMPOSITION RFACTIONS 

A. C-H Bond I’rssion 

The formatlon. without carbon skclcton change. of aldehydcs and kctoncs from 

primary and secondary alkyl. ahcycl~c and aryl substituted mtntcs has been widely 
obscncd : 

RCH,-ON0 : RCHO 

II,R, CH-ON0 2 R,R,CO 
* Abstrrrclon from C.2 II here pwurcd In l ctuxl fxcl ~rec~cl~crl rburactlon of the ucondeq hydrogen, 

Y.S obwrvd. 
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These hndings are convemenlly explained either by alkoxy radical decomposition 

through loss of an z-hydrogen (c.g. equation 1) or by a dirproportionation process 

(cf. Section 11). 
R,R,CH-0 . R,R,C 0 f H. (1) 

It has dccn argued $’ that C .H bond fission should not bc a major factor in the 

decomposition of alkoxy radicals. on the assumption (by analogy with alkyl radicals 

and normal molcculcs) that C- H fission will be cncrgetically less favoured than C-C 

fission. 
However. the generation of alkoxy radicals in dilute solution (as in the present 

work) WIII surely suppress the altcrnativc disproportionation mechanism. This general 

effect can bc supplcmentcd. in particular cases. by factors of stmctural origin such as 
stcnc compression (as in the cast of a steroidal I I$-alkoxy radical) or the difficulty of 

a fruitful collision bctwccn two alkoxy radicals bccausc of nearby bulky groups (this 

would bc particularly true In the steroid series where nitrosodlmcr formatlon is rarely 

seen. presumably for similar stcrx reasons; see Section IA). 

In cases where thcsc factors arc all operative at one and the same time. it can 
therefore bc supposed that C -H fission WIII predominate over disproportionation 

reactions. 
B. C- C Fusion 

Previous sections of this review have dealt with the Barton reaction (together with 

deviations which nevcrthclcss proceed Co intramolecular hydrogen abstraction) and 

trivial competing reactions-hydrogen abstraction from solvent, disproportionation, 

C- It fission. 
WC shall now consider another reaction path which frequently compctcs with the 

Barton reaction, namely alkoxy radical decomposition by C-C clcavagc: 

RCH,O - n. I CH,O (1) 

R,R,CHO. -. II,, t R&HO or R, t R,CHO (2) 

R,R,R,CO -. R, 1 R,R,CO or R,. - R,R,CO or R,. R,R,CO (3) 

ln the cast of alkoxy radicals derived from alicyclic nitrites. ring fission can occur 

as shown: 

Specific examples for proccsscs (I) to (4) will now bc given. 

I Pfrniar,. alk0.r~ radical clucomporitiort 

The surprising failure of ethyl and I-propyl nitrites (which cannot furnish the 
6-mcmbcrcd cychc transition state needed for intramolecular hydrogen abstraction) 
to gcncratc nitroso dimcrs in solution IIU C -C decomposition (equations 5.7) has 
already been noted [Section I A (2)). 

ht 
R -CH, ON0 ----c R CH, 0 . NO 

I 
Nor observed (5) 

R CH,-0. . R CH,O 

R NO + RN0 
I 

where R (6) 

J I1 H. CH, or C,H, (7) 
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Analogously, I-butyl nit&c (70) failcdU to give dtmeric I-nitrosopropane, the 

expected product of 3 decomposition rcactioo. although a modest yield of dlmeric 

I-nitroso4butanol (71) resulted via the Barton reaction. 

CH,(CH,),CH,ONO - (CH,NO(CH,),CH,OH), 

70 71 

The only pnmary alkoxy radical which has so far been shown lo undergo C-C 

fission (see however. Section 1118-5 on nitrites h~orq on o.r,qm funcrion on the z- 

corhon atom) is that dcrivcd from 2-phcnyl I<thyl nitrite’“’ (72). Photolysis of 72 in 

bcnzcnc gave c+nitrosotoluenc dimcr (75) and formaldehyde in accord with the 

mechanism shown 

\ : ‘A cn~-cn,oNo 2.’ * 
.= f 

?2 

c’ ?)_ cw,.* no .-. ._* 

73 

I’ \ 0 - cn2.* CH)O 
- 

74 

(3 / \ \_ CHpO--dhOf 

75 

In this instance, then. the alkoxy radical (73) can suffer C -C fission to give the 

resonance-stabilized bcn7yl radical (74). 

2. Scrondar,* olko.r!. radrcol decomposirron 

A large group of \ccondary alkyl nitrites has been investigated rcccntlyJ’ and the 
salient results will bc summarized hcrc. 

In the caw of 2-propyl nitrite,” whcrc methyl radicals arc the only possible result 
of C -C fission. no nitrosodlmer was obscrucd. Howcvcr. 3-pentyl mtritc (76) which 

can Jccompow to g~\c crhl.1 radicals gave (albeit in low y~cld) dimcnc nltrosoethanc 

(77): 

CH,CH, 

‘CH-ON0 
/ 

CH,CH, 

76 

CH,CH,., 
\ , 

G--o. 

CH,CH/, 

CH,CH,. t NO 

CH,CH, 
hr 

- CH-0 . NO 

CH,CH, 

- CH,CH, + CH,CH,CHO 

- CH,CH,NO -0 dlmrr 

77 



3-Hcxyl mtntr* (78) can g~vc nsc IO erh,l or pr’p.,‘I radicals by the carboncarbon 

tissmn rcactton. In fact. horh I-nitrosopropanc dimcr (80) and I-nitrosotthane dimer 

drmsr (79) wcrc formed (a~ well as I-nitroso-4hcxanol dimer. the tntramolccular 

hydrogen ahvtraction product). 

CH,CH, 
\ 

CH ON0 . . (CH,CH,NO), (CH,(CH,),NO), 

CWC”,), 
78 I9 00 

The porn1 I\ further tllustratcd by 2-hcxyl nrtritr *U (HI) and ?-hcptyl mtrttc” (82) 

both of whtch gave only I-nrtroso butane dtmcr (83) by the C-C fisston rcactmn (as 

well as good y~clds of the rntramolccular hydrogen abstractton products). 

CH, C,“. 

CH ON0 l (CH,(CH,),NO), - CH-ON0 

C”,(C”,), CHAC~O, 
81 81 82 

Thcsc examples, then, suggest that in C-C fission reactions of secondary nttrncs. 

cleavage leading to the larger of two radtcals is gcncrally more hkcly. 
In addition, the last IWO cxamplcs show that the Barton rcactton involvmg inlra- 

molecular hydrogen abstraction at a secondary carbon atom is favored over the C-C 

fission reaction. Thus generalization is supported ‘e by the observation that 5-nonyl 

nitrite, which has IWO available secondary carbon atoms for intramolecular hydrogen 

abstractron. gave no cvidcncc for products of C-C fisston. 

3. Tc*rliar,* alhox_v rad~col decompc>ririon 

In contra,t lo the results obtamcd by vapor phase photolysrs (c/. sectton cntrtlcd 

Early Work). t-butyl nrtrrtc In solutton a6 failed IO product nitrosomcthanc Jimcr. 

Howcvcr. the formatron of ;rcctonc tc\titicd IO the expected C-Cclcavagc reaction. and 

hcncc to the formation of methyl radicals. 
Intcrcstrngly. 2-methyl-2-butyl and 2-methyl-2-pentyl mtntcs” (84 and 85 rcspcc- 

t~vcly) furnished nnro\octhanc Jtmer and I-mtrosopropanc drmer rcspccttvcly in 

good yield (cquatmns I and 2). 

CH, C% 

C - (CH,CH,NO), (CH,),CO (I) 

CH,CH, ‘0 NO 

84 

C”, CH, I 
C - (CH,CH,CH,NO), - (CH,),CO (2) 

CWCH,), O--NO 

85 

In the case of 2-methyl-2-pentyl nitrtt@ (85) the results indicated that decom- 
position of a tertiary alkoxy radical by C-C fission is favored over intramolecular 
hydrogen abstractton from a primor! carbon atom. Howcvcr. when intramolecular 
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hydrogen abstraction from a secondary or tertiary carbon is posstblc, no C-C fission 

is observed (see Section I). 

4. C-C Fhon rcacrions of ahcyclic alkoxy radical 

An example of ring fission sufiered by an alicyclic alkoxy radical has rcccntly 

been observed* In the steroid scrics through photolysis of steroidal I7-nitrites, such as 

86. which resulted in the corresponding hydroxamic acids (part structure 87). 

ON0 OH 

1, . _i_ ! : _ ._ i 4.) 0 
c 

..- 1 I 

86 67 

Structure-proof for the specific products 88 and 89 was obtained by reduction 

(zinc-acetic acid) IO the lactams 90 and 91 rcspcctivcly. The constitution of the 

lactam (91) is well csIablishedW and authentic lactam (90) was prcparcd in these 

laboratories by Rcckmann rcarrangcmcnt of the appropriate I7-oxime. 

OH 

The formatIon of Ihc hydroxamrc acids can bc rationalized in the following way 
(92 .97): 

0 NO 0’ 

92 93 94 

*0 

OH 

‘& 0 
e ; 7 .b 

. 

I 

4; 
.- 

I 

‘,“$ _ ,_ ‘.I- NY--n 

\ I /‘..’ 

97 96 95 

“C If RobInwon. 0 (inoj. A Marchell. R Wavnc. F Townlcy. P Kabrrrtrlw,, L P WIVCIO and 
I) H R Hatlon. J Amrr Chrm Sor 03. 177l’(I%l) 

*’ H H Rcgrn and I N Hayes. J Amrr Chrm Sor 78.619 (1956) One of UI (C It R ) wrhcr to thank 
L)r Rcgan for an rurhcnilr cprctmcn of compound 91. 



The alkoxy radtcal(93) undcrgocs ring fission to g~vc the tertiary radical (94) which 

combrncs with YO to g~vc the terttary nitroso-aldchydc (95). The steps 95 to 97 then 

constitute a plausible route from the mtrosoaldchyde (95) to the obscrvcd product 97. 

Extcnston of the reaction to I7-mtrrtcs of the 1.2.5(10)-cstratricnc scrics agam Icd 

to the isolatton of hydroxamtc acids. the structures of which w‘crc sccurcd by reduction 

to known”” lactams. Hewer-cr. m addttton. tsomcric hydronamic acids wcrc also 

obtained from the rcactton mtxturcs: these latter arise from t\omensm at C-13. in 

accord with the proposed mcchantsm.“ 

The altcrnattvc decomposition pathway for a C- 17 alkoxy radtcal, mvolvtng 

clcavagc of the bond bctwccn C- 16 and C- 17. should lead to the nitroto aldehydc (98) 

and thence to the rutrosodtmcr or oxtmc (99): 

99 

It has not been posstblc, however. to isolate such compounds from the photolyscs 

of I7-nitrites. Presumably cleavage to give a tertiary radical is greatly favored rclativc 

to the formation of a primary radical. 

Howsver, rcccnt work” with cyclopcntyl nitrttc (100) has shown that the dimeric 

*I The thermal dccompwtlon of stcroldrl 17~b1~hydropccrox~dcr has been mvoclgated by Vclluz and co. 
rotkcn [L?Yl/ Sot Chtm tr I484 (IWZ)] -8th the followmg retultr 

1 he komposttlon of (1) mosl probably proccals ‘10 Ihe l ltoxy radical (Iv) vhach should cleave to the 
C.11 rad~ul mtcrmcd~alc (VJ. rubscqucnc rmg closure 81*1ng rlu lo lhc cpmcrlc lrc~ones (II) and (Ill). 



Some rcenI dc\clopnwnls m Ihc prcparat~rc photoly of orpanlc nltrlks 57 

mtrosoaldchydc (101) is formed. The latter compound has been converted to the 

dialdchydc monoxrmc (102). characterized as the brs-oximc. 
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5. Carbon-carbon jmon in r-ox_qenared nitrites 

An intercstmg scrtcs of dcgradatrve reactions has been observed in the stcrord 

sencsU In an attempt to cxtcnd the synthesis of I&t-substituted substances rclatcd to 

aldostcronc by the Barton reaction, the rcccntly dcscribcd 3.3: ZI.ZI-brs(cthylcnc- 
droxy)_S-prcgncn -2Ofi-01 (102. R - HP was convened to its nitrite. and photolyrcd. 

The resulting matcrral turned out to be the ctro-aldchydc (104). as was proved by an 

mdcpcndcnt synthcsic (105” to 104). 
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This carbon-carbon fission is very probably facihtatcd by the relative stability of 
the cxpelted fragment (106): 
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The questton arose. what kind of substitucnts would favor such a fission reactioo. 
A number of aliphatic 1.2.glycol dinitrites are known to suffer similar oxidative 
cleavage in pyrolytic experiments,” 
method. 

and a similar fate was expected by the photolytic 

Indeed, the stcroidal glycol 17~,2O~-dihydroxy-~*~prc~en-3~ne” (107) gave a 
nitnte which, upon irradiation, gave rise to I‘-androstenc-3.17-dione (108). 
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Two further examples involve x-hydroxyketones (109) and (I IO) which also undcr- 
went oxidattvc fission: 



Some rcccnf Jcvclopmcnrs an the prcparr~~\c photolysls of orgrmc nctrltcs JY 

It would appear, then. that in the special cast where a rutritc to be photolyzcd IS 

origlnally subsriturcd by a certain type of oxygen-beanng moiety. an oxidatlvc fission 

occur\ durmg photolysis in cornpetitIon with. and perhaps lo the exclusion of, altcmatc 

modes of rcacllon. The full scope of this rcacrion is under investigation. 

IV. ASSOCIATION WITH OTHER RADICALS 

There IS one lnstancc rn the course of rcccnt work which would sctm 10 hear out the 

concept of a photolytlcally gcncratcd alkoxy rddlcal rccombming dlrcctly wth another 

fragment. Kabasakahcln and TownIcy” obscrtcd that the photolysls of I-octyl nltntc, 

in the prcscncc of oxygen, results m ;i good yield of the corrc\pondmg n11ra1c ‘I’hls 

may hc ratlonali7cd by accepting the proposal of Hanst and Calvcrt Of 

2N0 . 0, + NO, (1) 

CH,(CH,), CH,O t NO, + CH,(CH,),CH,ONO, (2) 

Altcrnarcly, the direct oxidation of light-actwattd nitrlrs may Ix consldcrcd 

CH,(CH,).CH ,ONO . hr -- CH,(CH,),CH,ONO* !3) 

ICH,(CH,),CH,ONO* 0, . 2CH,(CH,),CH,ONO, (‘) 

Constdcrlng. houchcr. the mr‘chanlsm proposed for mtratr formation dunng nitrite 

pyrolysis In the prctcncc of lK;Oz~. the prcscnt rc\ic\scr\ consldcr (I) and (2) prcfcrable. 

CON(‘I.LSION 

Rcccnl dcvclopment, In the photochcmtstry of orgaruc rutrItes hake shown rhat 

all data may bc cxplamcd by the known reaction pathways of alkoxy radicals. 

A spcctal fcaturc is the ovcrridmg lmportancc of lntramolccular hydrogen abstraction 

(Barton Rcactlon) when photolyscs arc carncd out in solution. and when a postulated 

six-mcmbcred transition complex can form. From the preparative point of WW, 
nitrite photolysis opens the way to il \anc1y of structures hcrctofore nor caslly 

acccsclhls. 

Acl,no*-lr&menrs-Wc wuh 10 thank Professor D. II. R. Barton for t-us kind inlcrc% In thls rc~cw. 

Thanks arc also due IO Dn S4. M Pcchcr. J. hi. Beaton and thcu colk~ at the Research ln.wtu~c 

for Mc&cmc and ChemNry. ~1 ucll 1% Dn Kabauhahdn. OlIvelo and Rcunann of rhea L;lbora- 
tories for permirrlon to present thclr data. some prior 10 puhllr-atlon. We arc also rndcbkd 10 Dn 

TopIn*. Hcnog. Meyer and Mr. Shapwo. alw of thru I aboratorlcc. for thclr helpful crI(wrn dur- 
mg the preparation of this paper 


