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N-Nitrosamim aldehydes ate a class of ccqmtis which, acomding to recent studies, 

my be n&aImlic intermediates in the activation of certain carcinogenic nitrosamines or 

may occur as euviro-tal carcincgens. Htmever, to our knmledge, no representative of 

this structural class has yet baen reported. Inparticular, ithasheenproposedthat 

4- (N-butyl-N-nitro samino)-butanal (la) my be a critical intermediate in the induction of - 
bladder tars in rats by N-nitroscdi-n-butylamine ard 4-(N-butyl-N-nitrosamino)-butan-l- 

01 @,3). The latter cuqxwd and the corresponding carimxylic acid, 4-(N-butyl-N-nitros- 

amim)-n-butanoic acid, which are both bladder carcinogens in the rat, have been isolated 

frm the urine of rats dosed with N-nitrosodi-n-butylamine (4-6). Similarly, J& is a prob- 

able n&alxJite of N-nitrosohutylmethylamine, which causes esophageal tumxs in rats when 
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administered by inhalation (7) . Both & and the corresponding acid are metabolic prc&~cts 

of N-nitrosobutyhwthyhmine an3 the fonwr is a bladder carcinogen in the rat (8,9). Pri- 

wary (& presumbly unstable) N-nitrostino aldehydes may play a role in the metabolic 

activation of cyclic nitrosamines, such as N-nitrosopyrrolidine (scheme l), if this pro- 

ceeds by an initial enzymatic a-hydroxylation(path a) to give 4 followed by C-N bard 

cleavage to 2 (10, 11). Alternatively, fi-hydroxylation (path b) follcwed by reverse 

aldo ax&nsation (6+7) mmld also give rise to an N-nitrosamino aldehyde (12,13). l?e- 

cent experiments on the dexmposition of Nnitcosmines in strongly acidic mM.ia indicate 
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%EchelE 1. Possible n&abolic pathways fox N-hitrosopyrrolidine activation. 

that 4-(~~yl-N-~~~ )-b&anal (lc) muld react to give a benzyl carboniu~~ ion - 
aads via cleavaqeof thebenzyl-Nbmtiurder thesecorditiona aad thus allowa studyof 

the n&es of dmsition of 2 (14). N-Nibxamino aldehydes (and ketones) have also been 

suggested as constituents of tcbacm amd tobacco stoke (15,X). The carciaogenic tobacco 

ccrqment,N'-nitromnornicotine, is believed to be derived fm nicatine by CH3-N' ChW- 

age am3 nitrosation (17,18). If this is so, one &so expects to find &(N-methyl-N-dtiE- 

an&m)-& (3-~~yl)-~~ fld) and 4-(N-methyl-N-nit~)-1-(3-~i4rlf-l~~ - 

in tobacco, by ring C-N' cleavage and nitrosation. 

Since the parent amino aldehydas are unstable (X9,20), the syntheses of la-d WSTT@ be- 

gunwiththe correspotiing amim alcoI~~ls 3a-d, which for 3a-c ware obtained in 40-W% yield 

by reactionof 4-chlorobutan-l-o1 (Chen. Samples Co., cOlu&m, Ohio) with the appropriate 

amine in refluxinq methanol for 48 hrs. The predation of 4-N~~yl~4-(3-~idyl)- 

butan-1-l (3) is sumnarized in S&EXWS 2. sodium me&oxide catalyzed condensation of - 
ethyl nicotinate with butyrolactone gave dihydro-3-(3-pyridoylj-2-(3H)-furanone (5) which 

was hydrolyzed and decarboxylated with aqueous HCl (3 hrs, 2CP) to give 4-hydroxy-1-(3- 

pyridyl)-l-butanone (9). The latterwas allowed toreactwith sodiumcy.anoLmrohydride and 

rhyme (21) to yield 3d. - 

Nitrosation of 3a-d at pi 5-6 with Naw32 in aguaous HCl gave the nitrosamim alcohols 

2a-d. At this pH, nitrite ester formation was not obsarved (22). The nitrosamino al~~~bols 

2a-dwere oxidized tola-dwithdimthylsulfoxide (IWD) ard dicyclohaxylcarbodiimide (M3c) 

(23). In atypicalprccedure for theoxidation, 2a (10 ml) was di.s&olv& in 50 ml drpr - 

~2~~5~~~~. To this were added 1.2 ISI drypyridine, 0.6ml freshlydis- 

till&CF3CmB, and 9.0 qrYx. Themixt~ewas stirred at rckmt~ature for 24 hrs. 

and g~~~-~che.?i with H20. The agueousphasewas extracted threatimeswithbenzene, and the 

ambinad benzene extracts were wasb& with H20, dried (Na2S04), and cmncentrated. Calm 

chmmtography of tha residue on silica gel with elution by CH2C12 and CH,Cl,/Et20: 40/10, 
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Schema 2: Synthesis of 4-N+X&hylamino-4- (3-pyridyl)-but-an-L-01. 

gave the nitrosamino aldehyde la (6 mnol, 60%). Distillation gave analytically pure la - - 

(3 mwl), bp 97-100°/0.15 rsn. For the highlywater soluble lb and la, the originalben- - 

zene solution was extracted 3 times with H20, and the H2O extracts were saturated with 

NaCl and re-extracted 6 times with equal volumes of cH2C12. The resulting concentrate 

was then purified by column chrcs&qraphy, as above. The spectral properties of la-d 

are sumnarized in Table 1. In each case la-d were mixtures of Z-and E- iscmers. The 

ratio E/Z was approximately 1.0 for la&, _ but was 2.8 for lb and 4.2 for Id, as deter- - 
mined by nmr (24). All new wunds gave correct elemental analyses. 

Table 1. Spectral properties of nitrosamino aldehydes la-d. 

7' 
NMR (CDq: 6 values for R CH2N(NO)CKX CR -CHO 

a b 2 2 c - - 

Ha * Hc others _ 
z z - 

- 
E E 

la 4.28, t 3.61., t 3.61, t 4.28, t 9.55, m 2.80-0.99, ll& m - 

lb 3.70, s 3.05, s 3.54, t 4.10, t 9.70, s 2.71-l-40, 4H, m - 

lc 5.22, s 4.72, s 3.42, t 4.02, t 9.56, m 7.27, 5H, m - 
2.60-1.35, 4H, m 

Id 3.48, s 2.78, s 6.20, t 5.59, t 9.70, s 9.20-6.80, 4H, m - 
2.65-2.40, 4H, m 

IR (film): 
-1 

la-d: 2730, 1720 (-GIO), 1430 (N-N=@ cm -- 

w (E~OH) ?nax (c): la: 234(7549), 350(92) - 111: 235(7800), 347(76) 

&: 237(7584), 355(75) _ Id: 230(6486), 258(sh) (3726), 351(69) 

MS, m+ (rel. irk.): la: 172(l), 155(23), 142(53), 127(16), 99(51), 98(56) - 
84(83), 71(100), 70(78), 57(50) 

l&b: 130(3), 100(88), 99 (49) I 85(48), 73000) 

&: 206(.1), 176(11), Yl(lOO), 65(15) 

Id: 207(3), 177(3), 148(100), 120(30), 119(30), 92(49) - 

Alternate methods of oxidation of nitrosaminc alcohol 2b including use of activated - 
Mno2, Cr03/pyridine, and >ones reagent, and reaction of the chlorccarbonatos or tosylates 

from 2b with LMSO and base gave low and irreprcducible yields of the desired aldehyde. 

Nitrosamino aldehyde lb could also be prepared by reaction of N&IO2 with N-methyl-A-l- - 
pyrrolinium chloride, but only in 5-10% yield. I'he major product was N-methyl-2-pyrrol- 

idone. However, the formation of lb in this reaction may be of biological importance - 
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(13). This transf-tionisanalogous to the forrraldehydecatalyzed nitro~ation of 

pyrrolidine (25). 

Tne nitrosamim aldehydes (la-d) are relatively stable canpounds which did not develop 

detectable (by glc or tic) impurities when stored in CH2Cl2, under N2' and at 0" for 2 xwnths 

or sxxe. Storage of these canpou&s in the open air without solvent did lead to slow (~10% 

after 30 days) appearance of secot%lary prcducts, presurrahly due to oxidation. Thechenistry 

aryl carcincgenicity of la-d is currently under investigation. 
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